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Prostorna celi¢na reSetka kao rjeSenje za nosivu konstrukciju vidikovca ,,Nebeska

Setnica — Skywalk Biokovo*

SaZetak:

Tema ovog diplomskog rada je proracun alternativne varijante postojece konstrukcije —
vidikovac ,,Nebeska Setnica — Skywalk Biokovo* koja se nalazi na vrhu litice Biokova. Nosivi
sustav spomenute konstrukcije ,,Nebeska Setnica — Skywalk Biokovo®, izveden je od
prednapetog betona, dok se u ovom radu analiziraju dvije modificirane verzije ¢iji su nosivi

sustavi izvedeni od tropojasne, odnosno ¢etveropojasne Celicne resetke.
Kljucéne rijeci:
Celik, vidikovac, »Skywalk®, konstrukcija, nosivi sustav

Spatial grid steel as a solution for the load bearing structure of lookout ,,Nebeska

Setnica — Skywalk Biokovo*

Abstract:

The topic of this diploma thesis is the calculation of an alternative variant of an existing
structure - the lookout "Nebeska Setnica — Skywalk Biokovo" which is located at the top of the
cliff Biokovo. The load bearing system of the mentioned construction "Nebeska Setnica —
Skywalk Biokovo" is made of prestressed concrete, while in this paper we analyze two modified

versions whose load bearing systems are made of three band or four band steel grid.
Key words:

Steel, lookout, ,,Skywalk®, construction, load bearing system
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1. TEHANICKI OPIS

1.1. Opis konstrukcije

Predmet ovog rada je proraun celi¢ne konstrukcije vidikovca. Konstrukcija vidikovac
,,Nebeska Setnica — Skywalk Biokovo“ nalazi se na vrhu litice Biokova, na podrucju info centra
“Ravna Vlaska” u Parku prirode Biokovo, smjesten na k.¢. 6945/25, k.o. Tucepi. Dio gradevine,
Setnica ,,Nebeska Setnica — Skywalk Biokovo* izlazi izvan litice i oblika je potkove. Glavna
konstrukcija sastoji se od tropojasne Celi¢ne resSetke €iji je radijus unutarnje strane gornjeg
pojasa 8,5 metara, dok je radijus vanjske strane 10,5 metara. Projicirana udaljenost gornjeg i
donjeg pojasa tropojasne resetke iznosi 2 metra.

Gornji i donji pojas jednakih su dimenzija — u prvim poljima konstrukcije izvedeni su od profila
CFRHS 180x120x8 (mm), dok su na ostalim poljima neSto manje dimenzije - CFRHS
180x100x5 (mm). Horizontale koje povezuju unutarnju i vanjsku stranu gornjeg pojasa
izvedene su od profila CFRHS 70x70x4 i jednakih su dimenzija duz gradevine. Vertikale i
dijagonale predmetne gradevine takoder su pojacane u prvim poljima i izvedene su od profila
CFRHS 100x100x5 (mm), dok su na ostalim poljima predvideni profili CFRHS 90x90x5 (mm).

Pod 1 ograda Setnice su izvedene od stakla.. Za pod 5x16mm, a ogradu 3x16mm, termicki

obradenog stakla.

1.2. O proracunu konstrukcije

Proracun unutarnjih sila, momenata savijanja i dimenzioniranje elemenata celi¢ne konstrukcije
provedeno je u skladu s Eurocode-om. Prora¢unom konstrukcije obuhvaéena su sva djelovanja
na konstrukciju. S obzirom na lokaciju objekta, posebna paZnja posvecena je opterecenju
snijega na konstrukciju. Za potrebe dimenzioniranja elemenata konstrukcije odredena je
mjerodavna kriticna kombinacija opterecenja za provjeru granic¢nih stanja. Rezultati prikazani
u grafickome dijelu projekta ukljucuju rezne sile. Analiza konstrukcije provedena je racunalnim
software-om SCIA Engineer 20.0 dok su spojevi izraCunati pomocu software-a IDEA StatiCa
21.0. Sve mjerodavne kombinacije su uzete u obzir, te je svaki element konstrukcije

dimenzioniran u skladu njihovim reznim silama.
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1.3. Materijali

Materijal za izradu nosive konstrukcije S275. Svi elementi konstrukcije izradeni su od iste
kvalitete Celika, a medusobno su povezani zavarivanjem. Vijci koriSteni za izvedbu ovog
krovista industrijske hale su M16 kvalitete 8.8. Spojevi elemenata konstrukcije ukljucuju
dodatne plocice i ukrute, takoder iste kvalitete ¢elika. Pod je izveden od termicki obradenog

stakla 5x16mm dok je ograda izvedena od stakla 3x16 mm.

1.4. Antikorozivna zaStita

Svi dijelovi ¢eli¢ne konstrukcije moraju biti zasti¢eni od korozije prema odredbama
"Pravilnika o tehnickim mjerama i uvjetima za zastitu celi¢nih konstrukcije od korozije". Kao
vrsta zaStite od korozije odabrana je zaStita pocincavanjem. Ukupna debljina zastitnog sloja
usvaja se 200 um. Svi dijelovi konstrukcije se takoder premazuju i zavr$nim slojem premaza.

Nakon zavrSene izvedbe svakog sloja potrebno je provjeriti debljinu 1 prionjivost namaza.

1.5. Montaza

Montaza se mora provesti prema planu montaze. Medustanja konstrukcije u fazi montaze
potrebno je provjeriti vodeéi raCuna o mjestima hvatanja u fazama podizanja i montaze.
Elementi konstrukcije se izraduju u tvornicama te transportiraju na gradiliSte i zatim montiraju
(montaZni nacin izgradnje). Potrebno je obratiti posebnu paZznju na montazu i transport da bi se

izbjegla nepotrebna oStecena.
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2. ANALIZA OPTERECENJA

2.1. Stalno opterecenje

- vlastita tezina automatski je uklju¢ena u raCunalni program

2.2. Vjetar

- pritisak vjetra na vanjske povrsine: We= 0p*Ce(Ze)*Cpe [KN/M?]
gdje je:

gref — poredbeni tlak vjetra pri srednjoj brzini vjetra

Ce(ze)— koeficijenti izloZenosti koji uzimaju u obzir neravnine terena
Ze;zi — poredbene visine za lokalni ili unutarnji tlak

Cpe;Cpi — Vanjski i unutarnji koeficijent pritiska
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Slika 1.2.1. Zemljovid podrucja optereéenja vjetrom

Gb =3+ p - VEIKN/M?]

N |-

gdje je:
Vb — 0snovna brzina vjetra

p — gustoca zraka (p=1,25 kg/m®)
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Osnovna brzina vjetra vy ,dana je izrazom:

Vb= Cdir * Cseason * Vb0

gdje je:

Vp — 0snovna brzina vjetra

cdir — koeficijent smjera vjetra (obi¢no uzima vrijednost 1,0)

Cseason — koeficijent ovisan o godiSnjem dobu (obi¢no uzima vrijednost 1,0)

Osnovni pritisak vjetra:

Vb = 30 (m/s) — ocitano za predio Ravna Vlaska

Cs =C

Vp =Vpo - Cyir - C

season

=10

season

=30-1,0-1,0= 30 (m/s)

=125

1
qp, = =* 1,25 % 30%2 = 562,5

2

z 00
[m]

40
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Slika 1.2.2. Prikazi koeficijenata izloZenosti
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Ce(z)=3 - ocitani faktor izloZenosti za kategoriju II.

qp(Z) =dqp" Ce(z)
kN
qp(z) =056-3=1,68 W

a) Ograda
Aref =21,0 - 1,20 =25,2 m?

Ce= Cro- ‘P
Cro - koeficijent sile bez uc¢inka kraja
A=L/b=21/12=175

¢ - omjer punoce
A — zbroj projiciranih povrSina pojedinih elemenata
A — ukupna povrsina

¢0=1,0

! 10 2 70 200
Slika 1.2.3. Orijentacijske vrijednosti faktora u¢inka kraja W kao funkcije omjera punoce @ |
vitkosti A
Y=0,77

U nacionalnom dodatku smije se odrediti cfo. Za sve elemente bez toka preko slobodnog kraja
preporucena vrijednost je 2,0. Ta vrijednost temelji se na mjerenjima u uvjetima slabe

turbulencije. Pretpostavlja se da je to sigurna vrijednost. (1)
Slijedi: ¢t =2,0 - 0,77 = 1,54

Fw=1,68-154 - 252 =65,20 kN
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Raspored optereéenja u Evorove

2,741

Rubesa Lucia

1,.3705

1,200

Slika 1.2.4. Prikaz povr$ine ograde
Al=1,6446 m?
Za vertikalni rubni dio ograde:
n — broj stakala

| — vertikalni rub ograde —» 1=1,2 m

Tw = 8920- 5 43 kN
12

n

W2 =FTW =243 _ 4 53 KN/m'

1,2

b) Rub ograde

Aref =21,0 - 0,08 = 1,68 m?

Koeficjent vanjskog tlaka ovisi o Reynoldsovu broju

Re = b'Vm(Ze)
14

b — promjer stupa (8 cm = 0,08 m)
J - kinemati¢ka viskoznost zraka (V =15-10° [mz / SD

Vm(Ze) - srednja vrijednost brzine vjetra (poredbena brzina vjetra)
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Rubesa Lucia
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Slika 1.2.5.. Raspodjela tlaka na valjku pri razli¢itim Reynoldsovim brojevima

Re Cmin Cpo,min ap Cpo,h
5-10° 85 -2,2 135 -0.4
2-10° 80 -1,9 120 -0,7
10’ 75 -1,5 105 -0,8

Tablica 1.2.1. Tipi¢ne vrijednosti krivulja sa slike iznad
a,;, - Mjesto najmanjeg tlaka
Coomin - Vrijednost najmanjeg koeficijenta tlaka
a, - mjesto odvajanja strujanja

Chon - koef. tlaka zavjetrenog djela valjka

p — gustoéa zraka (1,25 kg/m?)

v, (z,) = /2%: /T—jfzsl,% m/s

Re = 222508 576533,3 = 2,7653 - 10°
15-10

Koeficijent vanjskog tlaka valjka
Cpe = Cp,O “Via

Cpo - koeficijent vanjskog tlaka elementa beskonacne vitkosti

W . - koeficijent umanjenja s obzirom na vitkost
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Koeficijent umanjenja zbog vitkosti

W,.=1za

Cpe = CpO,h v,

0<a<a,
360" —a, < <360

o, <a<360—c,

va.=lza 0 <a<a,
360" —a, <a <360
W=V, a,<a<360-—a,

A=L/b=21/0,08 = 262,5

¢0=1,0

W
1,0

0,9

0,8

0,7

0.6

@
0,1 | bR
/ v
0.5 L — T ///;
—
08 1T
/
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A 49_///—‘
/
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200

Rubesa Lucia

Slika 1.2.6. Koeficijent umanjenja na osnovi vitkosti y u ovisnosti o prora¢unskoj vitkosti A

I za razliCite stupnjeve punoce @

v=1,0
Istovrijedna hrapavost Istovrijedna hrapavost
Vrsta povrsine Vrsta povrsine
[mm] [mm]
staklo 0,0015 glatki beton 02
uglacani metal 0.002 blanjano drvo 05
fina boja 0,008 grubi beton 1.0
prskana boja 0.02 gruba rezana drvo 20
sjajni celik 0.06 hrda 20
lijevanc Zeljezo 0.2 zide 20
galvanzirani calik 0.2

Tablica 1.2.2. Istovrijedna hrapavost povrsine k
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Cw_o 4
14
0,18-og(10-kib)
1,2 | .
10°
1,0
10°
) 10"
= (Rer )" -
0,6
04
0,2
0,0 '
10° 2 3 4 6 810 2 3 4 6 810 Re

Slika 1.2.7. Koeficijent sile c za kruzne valjke bez toka preko slobodnog kraja i za razlicite
istovrijedne hrapavosti k/b
k/b=0,05/80 =610
Ocitano: cfo= 0,6

c=0,6-1,0=0,6
Fw=1,68-0,6 - 1,68 =1,69 kN

Raspored optereéenja

| — duzina polukruznog luka

E "7” = 10,57 = 32,99 m
Fw _ 1,69 _ 1,69 _

W3 =—==~"—==——=0,05 kN/m'
1 1 32,99
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2.2.1. Vjetar na tropojasnu reSetku
Fw= qp- Cf - Avef

Fw — ukupna sila na konstrukciju gref — poredbeni tlak vjetra
ct — koeficijent sile (sluzi za izra¢un ukupne sile)
Avef — referentna povrsina konstrukcije

c) Resetka

Aref = 289120 cm?

Ct=Cro'Pu

A=L/b=21/2=115

Br. _ Polozaj konstrukcije, Proracunska vitkost 4
vjetar okomito na ravninu stranice

gl
P {
1 fb
zgtb zg=r2b

za bsl Za poligonalne, pravokutne i profile ostrih
rubova te za reSeticaste konstruke je-
-1 k=b, <1,5b ~ k= b,s15b za 250 m i=14 ib&1=T0.
odabire s& manja vrednost
b zal<15m =2 b 4=T0,
£ adabire s& manja vriednost
2 Za krudne va je:
zal250 m 4=07. b i=T0,
bs{ 7777~ odabire s& manja vrjednost
| i Zalc15 mA=ibili=T0,
bo 22.5b odabire s& manja vriednost
Za meduvrpednost | smije se upotrebliavat
ineama interpolacja.
L
2 /
1 ’
'
b FTTTTTTTY
: 21 r rrr:rr’ ::[b
[ '
- :

L
by 22,50
Mt Ikl _
———A za |>50 m. A=07,06 1=T70,

b b odabire se weca wrjednost
B = |¢ I |¢ zaj<15m A=l A=T70,

¢ odabire se veca wrjednost

| b | Za meduvrpednost | smie se upotreb avat
' I:!x:| insama interpoiec o
, e I— Zx 2b

Slika 1.2.1.1. Preporucene vrijednosti za vitkost A
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TAYAYAY

| | A=tb

L |

(p:A/Ac

"1 10 4 70 200
Slika 1.2.1.3. Orijentacijske vrijednosti faktora ucinka kraja W kao funkcije omjera punoce @
I vitkosti A
¢=05
A=11,5 - ¥»=0,92

Co
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2 B e, el
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P
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Slika 1.2.1.4. Koeficijent sile cfo za prostornu resetkastu konstrukciju s elementima kutnika
Koeficijent sile cr za reSetkaste konstrukcije i skele s paralelnim pojasevima:
Ocitano: cfo = 1,0 (trostrana opcija)
¢t =0,92-1,0
cr =0,92
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Raspored optereéenja

Fw= qp- Cf - Avef
Fw=1,68-092 - (209712‘100'2) =32,41 kN

Vanjski dio- vanjski dio preuzima 60% ukupne sile

N
Slika 1.2.1.5. Prikaz segmenta vanjskog dijela tropojasne ¢eli¢ne reSetke
Fw-vanjski= 0,60-32,41= 19,45 kN
Gornji pojas:
Fw=19,45/2 =9,73 kN

Tw =272~ 0,81 kN
12
w1 =22 =281 — g 30 kN/m
l 2,741

Unutarnji dio

2213

N

Slika 1.2.1.6. Prikaz segmenta unutarnjeg dijela tropojasne celi¢ne resetke
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Fw-unutarnii' = 0,40'32,41: 12,96 kN

Gornji pojas:

Fw=12,96/2 =6,48 kN

Fw _ 848_ 5 54 kN

n 12

w1 =222 =2% 94 kN/m
l 2,219

Donji pojas

Fu=32,41

Tw = 2220 2,70 kN

n 12

w1 =222=27% — 1 10 kN/m
l 2,459

Rubesa Lucia

Slika 1.2.1.7. Prikaz opterecenja vjetrom na tropojasnu ¢eli¢nu konstrukciju
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2.2.2. Vjetar na Cetveropojasnu reSetku

d) ReSetka
Q= A/Ac

0,7 4

8] 0 i 70 200

Slika 1.2.2.1. Orijentacijske vrijednosti faktora ucinka kraja W kao funkcije omjera punoce @
I vitkosti A

¢=05

A=11,5 - ¥»=0,92

Cy
—Jle-p = =1 -
{
f / / / *i‘)d\
4 i ./ / Y /
“\‘7[ /
R e
oL ~~ f
3 \/:’ LT i / -
-~ B ’
“‘ML - i S~ %\_\ j-_— /
B -:K\-\ T ~L_ R =
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Slika 1.2.2.2. Koeficijent sile cfo za prostornu resetkastu konstrukciju s elementima kutnika
Koeficijent sile cr za reSetkaste konstrukcije i skele s paralelnim pojasevima:
ce=Cro W
Ocitano: cro= 2,0
cr=0,92-2,0
cr=1,84

Raspored optereéenja

Fw= qp Ct - Avref
Fw=1,68"1,84 - (289120'100'2) = 89,37 kN
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Vanjski dio — vanjski dio preuzima 60% ukupne sile

2741

2000

Rubesa Lucia

Slika 1.2.2.3. Prikaz segmenta vanjskog dijela ¢etveropojasne ¢eli¢ne resetke

Fuw-vanjski = 0,60-89,37= 53,62 kN
Gornji i donji pojas:
Fw=53,62/2 =26,81 kN

Tw = 2080 2,23 kN

n 12

w1 =223 =22 — (81 kN/m
l 2,741

Unutarnji dio

Q2>

2,000

2219

Slika 1.2.2.4. Prikaz segmenta unutarnjeg dijela ¢etveropojasne ¢eli¢ne resetke
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Fw-unutarnii' = 0,4089,37= 35,75 kN

Gornji i donji pojas:

Fw=35,75/2 =17,88 kN

o= %= 1,49 kN

n 12

w1 =222 =% _ (67 kN/m
l 2,219

Rubesa Lucia

Slika 1.2.2.5. Prikaz opterecenja vjetrom na Cetveropojasnu ¢eli¢nu konstrukciju
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2.3. Snijeg

Rubesa Lucia

Proracun je izvrSen za Platformu Vidikovac (,,Nebeska Setnica — Skywalk Biokovo*) na

predjelu Ravne Vlaske, P.P. Biokovo. Za lokaciju gradevine u zoni II — Zalede Dalmacije,

Primorja i Istre iz karte snjeznih podrucja za nadmorsku visinu 1200 — 1300 m (1228 m), oCitana

je karakteristi¢na vrijednost opterecenja snijega na tlu:

- Sk :7 kN/m2

» Republika Hrvatska
. Kerta snjeznih podrucja

L — Lol 1000
s NN G & N 5
-1 7 W | A Ieobiga 1500 v
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RDITOSH, Kent b esowdon s e " »"" '
= ¥& sy HoY Vita ed 50000 gannaks
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Slika 1.3.1. Karta podrucja za optere¢enja snijegom
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Rubesa Lucia

wsamorska | 1.poarce— | 2POUAC | & podru | 4 pouruce -
e 0 "r""l"':,'jfm'z‘]’t“"' Primorja i Istre Hrvatska 9°’SE‘:NTH'1‘£?‘5'“'
[kN/m?] [KN/m?]

100 0,50 0,75 1,00 125
200 0,50 0,75 1,25 1,50
300 0,50 0,75 1,50 175
400 0,50 1,00 1,75 2,00
500 0,50 1,25 2,00 2,50
600 0,50 1,50 225 3,00
700 0,50 2,00 2,50 3,50
800 0,50 2,50 2,75 4,00
900 1,00 3,00 3,00 4,50
1000 2,00 4,00 3,50 5,00
1100 3,00 5,00 4,00 5,50
1200 4,00 6,00 4,50 6,00
1300 5,00 7,00 7,00
1400 6,00 8,00 8,00
1 500 9,00 9,00
1 600 10,00 10,00
1700 11,00 11,00
1 800 12,00

Tablica 1.3.1. Optereéenje snijegom za snjezna podruéja i pripadaju¢e nadmorske visine

Opterecenje snijegom:

Sk = Wi - Ce - Ci - sk (KN/m?)

gdje vrijedi:

- Ui - koeficijent oblika za opterecenje snijegom krov nagiba 0° <o <30° — 1i=0,8

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

- C, - toplinski koeficijent = C, =1,0

s, =0,80*10*10*7,0=56 (kN/m?)
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Raspored optereéenja — snijeq

a) Pod

2741
C
“ %
{
B1 /

A | 2210 |B

Slika 1.3.2. Prikaz povrSine poda jednog polja

Slika 1.3.3. Tlocrtni prikaz povrSine poda cijele konstrukcije
Al1=B1=1,16747 m?
C1=D1=1,29412 m?
S = Asudjelujuce * Sk
Za tocku:
A— S=AIl sk =1,16747 - 5,6 = 6,54 kN
B— S=(Al +Bl) sk =(1,16747 - 2) - 5,6 = 13,08 kN
C—S=(Cl+D1)- sk =(1,29412 - 2) - 5,6 = 14,50 kN
D— S=DI - sk =1,29412 - 5,6 = 7,25 kN
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Slika 1.3.5. Prikaz opterecenja snijegom na ¢etveropojasnu ¢eli¢nu konstrukciju
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2.4. Temperaturno djelovanje

Republika Hrvatska ‘
Karta najviih temperatura zraka ., Republika Hrvatska
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Slika 1.4.1. Zemljovid podruéja optereéenja temperaturom
Promatrani objekt nalazi se na podruéju Splita do 1300 m nadmorske visine:
Najvisa temperatura u hladu: Tmax = 35 °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 = 35 °C- 10°C=25°C

2) Maksimalna negativna temperaturna promjena: Tmin= -20 °C-10°C= -30°C
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Slika 1.4.2. Prikaz opterecenja maksimalnom pozitivnom temperaturnom promjenom na

tropojasnu celi¢nu konstrukeiju

Slika 1.4.3. Prikaz opterecenja maksimalnom negativnom temperaturnom promjenom na

tropojasnu Celi¢nu konstrukciju
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Slika 1.4.4. Prikaz opterecenja maksimalnom pozitivnom temperaturnom promjenom na

¢etveropojasnu celicnu konstrukciju

Slika 1.4.5. Prikaz opterecenja maksimalnom negativnom temperaturnom promjenom na

Cetveropojasnu Celicnu konstrukceiju
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2.5. Prometno opterecenje (pjesaci)

Dinamicki ucinci tretirani su kao staticki. Navala pjeSaka na cijelom rasponu konstrukcije
zaseban je model optereéenja (qw = 5,0 KN/m?)

Raspored optereéenja u évorove

(Povrsine su definirane za prethodno optere¢enje snijegom)
P = Asudjelujuce * Jfk

Za tocku:

A—P=A1" g« =1,16747 - 5,0 =5,84 kN

B— P=(Al+Bl1) - gwx=(1,16747 - 2) - 5,0 = 11,68 kN
C—»P=(C1+Dl) gk=(1,29412 - 2) - 5,0 = 12,94 kN
D—P=DI " g«=1,29412 - 50=6,47 kKN

Slika 1.5.1. Prikaz prometnog opterecenja na tropojasnu ¢eliénu konstrukciju
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Slika 1.5.2. Prikaz prometnog opterecenja na ¢etveropojasnu ¢eli¢nu konstrukciju
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3. KOMBINACIJE OPTERECENJA ZA CELICNU
KONSTRUKCIJU

3.1. Dijagrami reznih sila za kombinacije djelovanja kod
tropojasne resetke
3.1.1. Kombinacija djelovanja 1

K1: 1,35 -V.T+ 1,5 - S+ 0,3 FW+O,6 . Tmin

q
Vg
i
]
¥
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“.T-"-::-%"-:-.--.._._'l,'ll!_l!!!l||m"q ,}ﬁjlﬁﬁéﬂﬂ :
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Slika. 2.1.1.1. Momentni dijagram opterecenja kombinacije 1 — Mx (KNm)
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—29,07kNm- + - -

Slika. 2.1.1.3. Momentni dijagram optere¢enja kombinacije 1 — Mz (KNm)



Rubesa Lucia

:l hﬁb#’.
| R
VA7

Fakultet gradevinarstva, arhitekture i geodezije

Slika. 2.1.1.4. Dijagram popre¢nih sila opterecenja kombinacije 1 — Vy (kN)

Slika. 2.1.1.5. Dijagram poprecnih sila opterecenja kombinacije 1 — Vz (kN)
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33,79 kN

\ (.

Slika. 2.1.1.6. Dijagram uzduznih sila optere¢enja kombinacije 1 — N (kN)
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3.1.2. Kombinacija djelovanja 2

Ke=1,35-V.T+1,5-P+0,3 Fw + 0,6 - Trmax

Slika 2.1.2.1. Momentni dijagram opterecenja kombinacije 2 — Mx (KNm)



Rubesa Lucia

Fakultet gradevinarstva, arhitekture i geodezije

Slika 2.1.2.2. Momentni dijagram opterecenja kombinacije 2 — My (KNm)

Slika 2.1.2.3. Momentni dijagram opterecenja kombinacije 2 — My (KNm)
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Slika 2.1.2.4. Dijagram poprecnih sila opterecenja kombinacije 2 — Vy (KN)

Slika 2.1.2.5. Dijagram poprecnih sila opterecenja kombinacije 2 — Vz (KN)
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Slika 2.1.2.6. Dijagram uzduznih sila optere¢enja kombinacije 2 — N (KN)
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3.1.3. Kombinacija djelovanja 3

Ks=135-V.T+0,8-S+ 1,5 Fw+0,6 - Tnin

" =3 i 7

LI
llllllllllllllllllllllll
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Slika 2.1.3.2. Momentni dijagram opterecenja kombinacije 3 — My (KNm)

Slika 2.1.3.4. . Dijagram popre¢nih sila optere¢enja kombinacije 3 — Vy (kN)
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Slika 2.1.3.6. Dijagram uzduznih sila optere¢enja kombinacije 3 — N (kN)



Rubesa Lucia

1,35-V.T+0,4-P+ 1,5 - Fw+0,6 - Tmax

Fakultet gradevinarstva, arhitekture i geodezije

3.1.4. Kombinacija djelovanja 4

K4

Slika 2.1.4.1. Momentni dijagram optere¢enja kombinacije 4 — Mx (KNm)

Slika 2.1.4.2. Momentni dijagram optere¢enja kombinacije 4 — My (KNm)
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— Mz (KNm)

Slika 2.1.4.3. Momentni dijagram opterecenja kombinacije 4

Slika 2.1.4.4. Dijagram poprecnih sila opterecenja kombinacije 4 — Vy (KN)
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Slika 2.1.4.6. Dijagram uzduznih sila opterec¢enja kombinacije 4 — N (KN)
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3.1.5. Kombinacija djelovanja 5

Ks=1,35-V.T+04-P+0,3 -Fw+ 1,5 Tmax
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Slika 2.1.5.1. Momentni dijagram opterecenja kombinacije 5 — Mx (kNm)

577 kNm W

Slika 2.1.5.2. Momentni dijagram opterecenja kombinacije 5 — My (KNm)
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Slika 2.1.5.4. Dijagram poprecnih sila opterecenja kombinacije 5 — Vy (kN)
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Slika 2.1.5.6. Dijagram uzduznih sila optere¢enja kombinacije 5 — N (kN)
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3.1.6. Kombinacija djelovanja 6

Ke=135-V.T+0,8-S+0,3-Fw+ 1,5 Tnin
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Slika 2.1.6.2. Momentni dijagram optere¢enja kombinacije 6 — My (KNm)
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Slika 2.1.6.3. Momentni dijagram optere¢enja kombinacije 6 — Mz (KNm)
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Slika 2.1.6.4. Dijagram poprecnih sila opterecenja kombinacije 6 — Vy (kN)
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Slika 2.1.6.6. Dijagram uzduznih sila optere¢enja kombinacije 6 — N (kN)



Fakultet gradevinarstva, arhitekture i geodezije Rubesa Lucia
3.2. Dijagrami reznih sila kod Cetveropojasne reSetke
3.2.1. Kombinacija djelovanja 1

KI=135-V.T+1,5-S+0,3 Fw+ 0,6 - Tmin

Slika 2.2.1.1. Momentni dijagram optere¢enja kombinacije 1 — Mx (KNm)
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Slika 2.2.1.3. Momentni dijagram opterecenja kombinacije 1 — Mz (KNm)
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g%

Slika 2.2.1.4. Dijagram poprecnih sila opterecenja kombinacije 1 — Vy (KN)

71

Slika 2.2.1.5. Dijagram popreénih sila opterecenja kombinacije 1 — Vz (KN)
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Slika 2.2.1.6. Dijagram uzduznih sila opterecenja kombinacije 1 — N (kN)
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3.2.2. Kombinacija djelovanja 2

K2=135-V.T+15-P+0,3- Fw+ 0,6 - Tmax

94 kNm

Slika 2.2.2.1. Momentni dijagram optere¢enja kombinacije 2 — Mx (KNm)

Slika 2.2.2.2. Momentni dijagram optere¢enja kombinacije 2 — My (KNm)
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Slika 2.2.2.4. Dijagram poprecnih sila opterecenja kombinacije 2 — Vy (kKN)
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6.5

Slika 2.2.2.5. Dijagram poprec¢nih sila opterec¢enja kombinacije 2 — Vz (KN)

451,98 kN

Slika 2.2.2.6. Dijagram uzduznih sila optere¢enja kombinacije 2 — N (kN)
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3.2.3. Kombinacija djelovanja 3

K3=1,35-V.T+0,8-S+1,5 Fw+ 0,6 - Tmin

Slika 2.2.3.2. Momentni dijagram opterecenja kombinacije 3 — My (KNm)
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Slika 2.2.3.3. Momentni dijagram opterecenja kombinacije 3 — Mz (KNm)

Slika 2.2.3.4. Dijagram poprecnih sila opterecenja kombinacije 3 — Vy (kN)



Fakultet gradevinarstva, arhitekture i geodezije Rubesa Lucia

8.8

Slika 2.2.3.5. Dijagram poprec¢nih sila opterec¢enja kombinacije 3 — Vz (KN)

Slika 2.2.3.6. Dijagram uzduznih sila optere¢enja kombinacije 3 — N (kN)
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3.2.4. Kombinacija djelovanja 4

Ks=1,35-V.T+04-P+ 1,5 - Fw+0,6 - Tmax

20 kNm

Slika 2.2.4.2. Momentni dijagram opterecenja kombinacije 4 — My (KNm)
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Slika 2.2.4.3. Momentni dijagram opterecenja kombinacije 4 — Mz (kNm)

Slika 2.2.4.4. Dijagram poprec¢nih sila opterecenja kombinacije 4 — Vy (KN)
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Slika 2.2.4.5. Dijagram poprec¢nih sila opterec¢enja kombinacije 4 — Vz (KN)

145,20 kN

= A=\
AT,

S

Slika 2.2.4.6. Dijagram uzduznih sila optere¢enja kombinacije 4 — N (kN)
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3.2.5. Kombinacija djelovanja 5

Ks=1,35-V.T+04-P+0,3 -Fw+ 1,5 Tmax

BB kNm

Slika 2.2.5.2. Momentni dijagram opterecenja kombinacije 5 — My (KNm)
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Slika 2.2.5.4. Dijagram poprecnih sila opterecenja kombinacije 5 — Vy (KN)
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Slika 2.2.5.5. Dijagram popreénih sila opterecenja kombinacije 5 — Vz (KN)

B\ 174 94 kN

Slika 2.2.5.6. Dijagram uzduznih sila optere¢enja kombinacije 5 — N (KN)
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3.2.6. Kombinacija djelovanja 6

Ke=135-V.T+0,8-S+0,3-Fw+ 1,5 Tnin

E

Z .

K . .
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Slika 2.2.6.2. Momentni dijagram opterecenja kombinacije 6 — My (KNm)

Rubesa Lucia
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Slika 2.2.6.4. Dijagram poprecnih sila opterecenja kombinacije 6 — Vy (kN)
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4.8

1P

Slika 2.2.6.5. Dijagram poprec¢nih sila opterec¢enja kombinacije 6 — Vz (KN)

95,99 kN

—Z66,31 kN

Slika 2.2.6.6. Dijagram uzduznih sila optere¢enja kombinacije 6 — N (kN)
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3.3. Granicno stanje uporabljivosti

Hod pjesaka moze izazvati znacajne vibracije pjesackih mostova. Da bi se osigurala udobnost
korisnika pjesackih mostova potrebno je zadovoljiti norme za grani¢na stanja uporabljivosti.
Kriteriji udobnosti za pjeSake (za uporabljivost)
1. Kriterije komfora treba definirati najve¢im prihvatljivim ubrzanjem bilo kojeg dijela
rasponskoga sklopa:
NAPOMENA: Odgovaraju¢i kriteriji smiju se definirati u nacionalnom dodatku ili za
pojedini projekt. Preporuc¢uju se sljedeée najveée vrijednosti ubrzanja (m/s?) bilo kojeg
dijela rasponskoga sklopa
a) 0,7 za vertikalne vibracije
b) 0,2 za horizontalne vibracije pri uobicajenoj upotrebi
c) 0,4 za uvjete izuzetnog gomilanja ljudi.
2. Provjeru kriterija udobnosti treba provesti ako je osnovna frekvencija rasponskoga
sklop manja od
a) 5 Hz za vertikalne vibracije
b) 2,5 za horizontalne (boé¢ne) i torzijske vibracije (2)
U nastavku su prikazane frekvencije za tropojasnu i ¢etveropojasnu reSetku. Budu¢i da su u oba

slucaja frekvencije vece od 5 Hz — nije potrebna provjera kriterija udobnosti.

Eigen frequencies

N f J w?
: CM1
1 [e01 [37,75 142469 | 017
2 |10,37 6517 [4247,00 | 0,10
3 [13,24 [83,19 |6920,90 | 0,08
4 14,08 |88,45 |782349 | 0,07
5 [1592 [100,01 [10002,77 | 0,06
6 |1592 |100,05 [10009,04 | 0,06
7 [17,00 [106,80 [11406,84 | 0,06
8 |[17,48 |109,85 [12066,51 | 0,06
9 [18,10 [113,75 [12939,35 | 0,06
10 |18,62 |[117,00 [13689,97 | 0,05

Tablica 2.3.1. Prikaz frekvencija za tropojasnu resetku
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R J

Eigen frequencies

{_[HZ

51 [1

Mass combination CM1
1 |593 [37,26 1388,14 0,17
12 11,38 (7149 5110,65 0,09
3 |13,57 |8526 [7269,89 0,07
4 13,72 [86,20 [7429,95 0,07
5 14,38 |90,33 8160,02 0,07
6 |14,47 90,91 |[8265,.22 0,07
7 14,48 |90,98 8277,85 0,07
8 15,77 |99,06 9812,71 0,06
9 |1596 [100,30 [10059,27 | 0,06
10 [16,84 |105,84 |11201,10 0,06

Tablica 2.3.2.. Prikaz frekvencija za Cetveropojasnu resetku

Rubesa Lucia
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4. DIMENZIONIRANJE CELICNE
KONSTRUKCIJE

4.1. Dimenzioniranje tropojasne ¢elicne konstrukcije
4.1.1. Gornji pojas

Gornji pojas sastoji se od dva poprecna presjeka. Unutarnja strana prvog polja gornjeg pojasa
je dimenzija 180x120x8 (mm) dok su na ostalim dijelovima gornjeg pojasa odabrani profili
dimenzija 180x100x5 (mm).

S

Slika 3.1.1.1. Prikaz polozaja popre¢nog presjeka
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ﬁ

~\

N

</

Mame

Type
Shape type

Initial shape

Source and Type d...

Source description
Type description
Parameters

Material

Rectangular hollow se...

Profile Library filter
General

Draw colour

Colour

Fabrication
Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Rubesa Lucia

Prva dva polja - donji ...
CFRHS180X120X8
Thin-walled

Available

Rautaruukki Oyj / Stru...

Cold formed sguare a...

S 275 ~ .
CFRHS180X120X8

All cross-sections v
Normal colour v
cold formed v

Slika 3.1.1.2. Poprecni presjek unutarnje strane prvog polja gornjeg pojasa
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EC-EN 1993 Steel check ULS
Linear calcudation

Combination: 1.

Coordinate system: Prinzipal

Extreme 10: Globel

Selection: B16, Bis3

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

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

1./ 1.35*Viastita tefing + 1.50*snijeg + 0.30%vjetar +
0.60*termperaturn -

yup for resistance of cross-sections | 1,00 |
Yy for registance to irstabilty 1100 |
yu for resistance of net sections 1,25 |
Yield strength 1:, 275,0 ' MPa
Ultimate wm@ 430,0 | MPa
Fabnication Cold formed |

«::SECTION CHECK::...
The critical check is on position 0,000 m

Internal forces Calculated  Unit

Normal force Nge | 533,79 | kN
Shear force Vyes 6,98 kN
Shear force Vied | 1944 kN
Torson  |Teg  [°3,52  (kWNm
Bending moment Mg | -29,07 kNm
Bending moment | Mezs | -9,60 kNm

Ciassification for cross-section design
Classification according to EN 1993-1-1 artide 552
Clazsification of [nternal and Outstand parts according o EN 1993-1-1 Tabée 5.2 Sheet 1 8 2

o1 o3 Class 2
[kN/m?) [kN/m?) [-] . - . Limit

5,993e+04 | -3433e+04 |-0,57
-5,486e+04 | -3,020e+05

430,00 |1

156 |8 1-1,9216+05 [5510e+04 |-349 10,22 11950 (14528 (172,08
Note: The Cussification lrnits have been set according to Serni-Comp+,
The cross-section Is dassified as Class 1

Tension check

Accerding to EN 1933-1-1 articke 6.2.3 and formula (6.5)
Cross-section area A 4,32400-03 [m?
Plastic tension resistance (Npsdq | 1189,10 KN
Ultimate tension resistance  |Nugs | 1338,71 KN
Tension resstance  Neps | 1189,10 N
 Unity check i 0,45

Bending moment check for My
According to EN 1993-1-1 articke 6.2,5 and formuls (6,12),(6.13)

Plastic section modulis  [Way  [2,5314e-04 [m*
Plastic bending moment Mm 69,61 kNm
Unity check 0,42 -

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

[Plastic section modulus | Waz | 1,9157e-04 [m?

Plastic berding moment  Maesd | 52,68 kNm
Unity check | 0,18

Shear check for V,

According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
Shear cormection factor  |n [120 g
‘Shaar area A, 1,7206e03 |m¥
Plastic shear resstance for V, | Vgug | 274,61 Ll
Unity check | 0,03 -




Fakultet gradevinarstva, arhitekture 1 geodezije

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 ared As 2,5%4%¢-03 _|m?
Plastic shaar resistance for V, | Vosss | 41192 kN
Uniity check | 0,05 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fibre |1

Total torsional moment [Tes (114 |MPa

Elastic shear resstance [tas | 1588 |MPa

Unity check 1007 |-

Combined Shear and Torsion check for V, and 1.4
According to EN 1933-1-1 articke 6.2.6 & 6.2.7 and formuda (6.25),(6.28)

Plastic shear resstance for Vyand | Varere 254,85 |[kN
Toa H (RS
Unity check 1003 |-

Combined Shear and Torsion check for V. and Tyed
According to EN 1993-1-1 articke 6.2.6 & 6.2.7 and formula (6.25),(6.28)

Plastic shear resistance for V; and  |Voresg | 38227 kN

|Tea | EOE |
Unity check 0,05 |-

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

Design plastic moment resistance | Mayre  |51,15  [kNm
reduced due to Nes

of ben ratio y a 2,15
Design plastic moment resistance | Mazsd 34,85 | kKNm
reduced due to Nes
|Exponent of bending ratio 2 B 2,15

Unity check (6.41) = 0,30 + 0,06 = 0,36 -

Note: Snca the shear forces are less than half the plastc shear resistances ther =ffect on the moment

resistances s neglected.
The member satisfies the saction check.
wSTABILITY CHECK::..

Classification for member buckling design

Declsive position for stability dassification: 0,000 m

Classification according to EN 1993-1-1 artide 5.5.2

Classification of [nternal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet | & 2

Id Type ¢ t o1 o2 W ’
[mm] [mm] [kN/m?] [kN/m?] -] [-1 Limit

[-]
1064 12,00

c/t Class 1

Class 2
Limit
-]

Rubesa Lucia

1
3
5
7

-1,921e405 | 5510e+04 |-349 10,22 119,50 |149,

172,08

480,00 |1

Note: The Cassification kmits have been set according to Sermi-Comps+.
The crass-section is dassified as Class 1

Lateral Torsional Buckling check

According to EN 1993-1-1 articke 6.3.2.1

Note: The cross-section concems an RHS saction with 1 [ b < 10 { A
This section is thus not susceptible to Lateral Torsional Buckling.

The member satisfies the stability check,
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Rubesa Lucia

Slika 3.1.1.3. Prikaz polozaja popre¢nog presjeka

Z

|Name

Type
Shape type
Initial shape
4 Source and Type d...
Source description
Type description
4 Parameters
Material
Rectangular hollow se...
Profile Library filter
4 General
Draw colour
Colour
Fabrication
4 Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

‘ Gornji pojas

CFRHS180X100X5
Thin-walled

Available

Rautaruukki Oyj / Stru...

Cold formed square a...

S 275 L
CFRHS180X100X5

All cross-sections =
MNormal colour v
cold formed =
O

C

C

Slika 3.1.1.4. Popre¢ni presjek gornjeg pojasa na ostalim poljima
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EC-EN 1993 Steel check ULS

Linear calcidation
Combination: 1.

Coordinate system: Prinzipal
Extreme 10: Global

Selection: 817..B19, 821, B22, B24, 625, B27, B28, B3C, B31, B144. 8146, B148, B149, B15¢, BI52, B154, B1SS, B157, B158

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

[Member B17 (0,000 / 2,741 m |CFRHS180X100X5 [S275 1. (043 - |

Note: EN 1993-1-3 artiche 1,1(3) specifies that this part does not apply to cold formed CHS and RHS sections.

The default EN 1933-1-1 code check & executed instead of the EN 1993-1-3 code chedk,

Combination key
1./ 1.35*Viastita tefine + 1.50*snijeg + 0.30%vjetar +
0.60*temperatura -

Partial safety factors

| v for resistance of cross-sections | 1 ‘
1,00
25

Y for resistance to instabiity

yuo for resistance of net sections

Yield strength | f, 12750 MPa |
Ultimate strength | . 4300 [MPa_|
Fabncation | Cold formed | |

i :SECTION CHECK::...
The critical check is on position 0,000 m

Internal forces Calculated Unit
Normal force Ngs 310,04 (kN
Shear force Vees | 1,89 kN
Shear lorce Vees |-1,93 | kN
Torson  |Tea  |-2,11 Lkm
Bending moment | Mygq | 1,46 | kNm
Bending moment | Mezg | -2,70 | KNm

Ciassification for cross-section design
Qassificatior. according to EN 1993-1-1 artide 5.5.2
Clazsification of Internal and Owstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 8 2

Rubesa Lucia

o3 Y| ke 0 c/t Class 1 Class 2
[kN/m?] <1 <1 [-] [<] Limit Limit
[-] [-]
1 11 a5 |5 -1,036e+05  -1,545e+05 |
3 (1 (165 |5 |-1,568e405 |-1,35de05 |
5 I 85 |5 -1,317e+05  -8,083e+04
7 N1 165 [5 -7,64%9+04 | -9,994e+04

Note: The Classification lrnits have been set according to Semi-Comp+,
The cross-section Is dassified as Class 1

Tension check

According to EN 1993-1-1 articlke 6.2.3 and formula (6.5)
Cross-section area A 2,63600-03 [m? |
Plastic tension resistance Npzg | 724,90 KN
Ultimate tension resistance  Nuasa | 816,11 N
Tension resstance Neps (72490 |KN |
Unity check | 043 |

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

Plastic section modulus  [Way  [1,5402e-04 [m®
Plastic bending moment | Mayes | 42,36 kNm
Unity check i 0,03 -

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

[Plastic section modulus  |Wn, 1025904 |[m? |

Plastic bending moment  Mass | 28,21 KNm |
Unaty check | 0,10 - |
Shear check for V,

According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
Shear vorrection factor.  ~ In (120 [
| Shaar area A 94143204 @

Plastic shear resstance for V, | V, 140,47 [t
Unity chack 0,01 |-
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Shear check for V;

According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Shear correction factor n - 11,220 Y
' Shear aroa As 1,6946e-03 | m*
 Plastic shaar resstance for V; | Voass | 259,05 kN
Unity check 0,0t -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fibre |1

Total torsional moment |Tes | 12,7 |MPa
Elastic shear resstance [Tes | 158,8 | MPa
Unity check 008 |-
Combined Shear and Torslon check for Vy and 1yeq

Accerding to EN 1993-1-1 anticke 6,2.6 & 6.2.7 and formula (6,25),(6,28)

Plastic shear resstance for Vyand | Varyms [137,52 kN
Teg . : 5
Unity check 001 |-

Combined Shear and Torsion check for V. and Tyed
According to EN 1993<1-1 articke 6.2.6 & 6.2.7 and formula (6.25),(6.28)

Plastic shaar resistance for V; and | Vautasd | 247,53 kN
Unity check 001 |-
Combined bending, axial force and shear force check
According to EN 1953-1-1 article 6.2.9.1 and formula (6.41)

Design plastic moment resistance | My pe 32,32 (kNm
reduced due to Ned

| Exponent of bending ratio y a 2,09
Desion plastic moment resistance | Mazed 19,19 (kNm

reduced due to Ne
Exponent of bending ratio z B 2,09

Unity check (6.41) = 0,00 + 0,02 = 0,02 -

Note: Sinca the shear forces are less than half the plast shear resistances their effact on the moment
resstances s neglectad.

The member satishies the saction chedk.
W STABILITY CTHECK::..

Classification for member buckling design
Decisive position for stabdity dassification: 0,000 m
Classification according to EN 1993-1-1 artide 5.5.2
Classification of Internal and Ouwtstand parts according to EN 1993-1-1 Table 5.2 Sheet | & 2
o L W ke © ¢/t Classl Class2 Class3 Class
[kN/m?]  [-] [-] [ [-] Limit Limit Limit
[-] -1 [-]

1 ] -1,036e+05 |-

3 |r |165 5 |
5 -1, ,083e+04
7 -7,849404 | -9,994e+04

Note: The Classification lmits have been set according to Semi-Comps.
The cross-section is dessified as Class 1
Lateral Torsional Buckling check

According to EN 1993-1-1 articke 6.3.2.1
Note: The crass-section concemns an RHS saction with 1 / b < 10/ Aws'.

This section Is thus not susceptible to Lateral Torsional Buckling.
The member satisfias the stabllity check,
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4.1.2. Donji pojas

Donji pojas sastoji se od dva popre¢na presjeka. Prvo 1 drugo polje donjeg pojasa je dimenzija
180x120x8 (mm) dok su na ostalim dijelovima donjeg pojasa odabrani profili dimenzija
180x100x5 (mm).

Slika 3.1.2.1. Prikaz polozaja popre¢nog presjeka

|Name ‘ Prva dva polja - donji ...
Type CFRHS180X120X8

Z Shape type Thin-walled
Initial shape Available

/ \ Source and Type d...
/f \\ Rautaruukki Oyj / Stru...

Source description

Type description Cold formed sguare a...
Parameters
Material 5275 =
Rectangular hollow se... CFRHS180X120X8
V Profile Library filter All cross-sections v
b General
Draw colour Normal colour w
Colour
Fabrication cold formed v
N Buckling curves

s \ /_)/ Edit buckling curves
Y Flexural buckling y-y c

Flexural buckling z-z C

Slika 3.1.2.2. Poprecni presjek donjeg pojasa na prva dva polja
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EC-EN 1993 Steel check ULS

Linear calcidation

Combination: 1,

Coordinate system: Prinzipal
Extreme 10: Globat

Selection: 899, Bi3D, B183, B154

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

[Member B194 (0,000 / 1,240 m |CFRHS180X120X8 'S275 (1. (0,99 - |

Note: EN 1993-1-3 artide 1,1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1933-1-1 code check & executed instead of the EN 1993-1-3 code chedk,

Combination key
1./ 1.35*Viastita tefine + 1.50%snijeg + 0.30*vjetar +
0.60*temperaturs -

Partial safety factors

ywo for resistance of cross-sections | 1,00 |
Y for resistance to instabilty 100 |
v for resistance of net sections 1,25 |

[ Material |
Yiedd strength |t 2750 IMPa |
Ultimate strength | f.  [430,0 MPa |
Fabncation Cold formed

.::SECTION CHECK::...
The critical check is on position 0,000 m

Internal forces Calculated Unit

Normal force Ngs -871,97 kN
Shear force Vegs | 16,70 | kN
Shear force Vies 17,73 | kN
Torson  |Teg (2,87 [kNm
Bending moment | Mg | -19,12 | kNm
Bending moment | Mezs | -14,44 | kN

Ciassification for cross-section design
Classification according to EN 1993-1-1 artide 552
Clazsification of Internal and Oucstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 8 2

o3 w Ko Class 3 Class
(kNfm?] " -1 [T [ imi Limit
1 11 96 i) 3,622¢+05 | 2,205e+05 0,61 1,00 112,00 |2588 31,43 40,65 1
3 |1 1156 |8 12,003e405_|3,774e+04 10,19 {100 [1950 2588  |31,43  [48,90 |1
5 |1 % |8 4,121e+04 | 1,829e+05 |0,23 1,00 |1200 |2588 |3143 |4804 |1
7 |1 156 '8 2,030e+05 | 3,656e+05 |0,56 1,00 |1950 |2588 31,43 41,54 1

Note: The Cassification limits have been set according to Sermi-Comp+,
The cross-section Is classified as Class 1§

Compression check

According to EN 1953-1-1 articke 6.2.9 and formula (6.9)
Cross-section ares A |4,32400-03 [m?

| Compression resistance  |Nezs | 1189,10 kN
Unity check 10,73 -

Bending moment check for My
According to EN 1993-1-1 articke 6.2.5 and formula (6.12)4(6.13)

Plastic section modulus  Way 25314204 |m? |
Plastic berding moment | Mgyee | 69,61 kNm |
Unity check | 10,27 A= |
Bending moment check for M.
Accoeding to EN 1993-1-1 articke 6.2.5 and formula (6.12){6.13)

Plastic section modulus Wt 1,9157e-04 [m3

Plastic bending moment | Mpara | 52,68 kNm
Unity check | 0,27 .

Shear check for vV,

According to EN 1993-1-1 articke 6.2,6 and formula (6,17)
Shear_comaction factor n___ |12 [
Shedr area Ay 1720603 md
Plastic shear resslance for Vy [ Vpgae (274,61 kN
Unity check | 0,06 .
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Shear check for V;

According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
Shear corection fector, o 1,20 |
'Shear arc A 2,5%4e03 |m’
Plastic shaar resstance for V; [Vaess | 41192 kN
Unity check } 0,04 -

Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 9,3 MPa
Elastic shear resstarce | Tas 1588 MPa
Unity check I 10,06 |-

Combined Shear and Torsion check for V, and 1y g4
According to EN 1993-1-1 article 6.2.6 & 6.2.7 and formuia (6.25),(6.28)

Plastic shear resstance for Vyand | Varyes (258,50 (kN

| Teq -
Unity check 006 |-

Combined Shear and Torsion check for V. and Tyed
According to EN 1993-1-1 articke 6.2.6 & 6.2.7 and formula (6.25),(6.28)

Plagtic shear resstarce for V: and [Vurara [387,75 kN
Ted |
Unity check 0,05 i-
Combined bending, axial force and shear force check
Accoeding to EN 1993-1-1 article 6.2.9.1 and formula (6.41)

Design plastic moment resistance | My e | 24,75 [kNm
reduced due to Ned
 Expanent of bending ratio y a 4,23
Design plastic moment resistance | Muyzsd 16,87 |KNm
reduced due to Ned
_Exponent of bending ratio z B 4,23

Unty check (6.41) = 0,34 + 0,52 = 0,85 -

Note: Sinca the shear forces are less than half the plast shaar resistances ther effect on the moment
resistances s neglacted.

The member satishies the saction chedk.
Wi STABILITY THECK::..

Classification for member buckling design

Declsive position for stability dassification: 0,000 m

Classification according to EN 1993-1-1 artide 5.5.2

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

1 ks 0o c/t Class 1 Class 2
1 1 [ [l Limit Limit
]

1 A 10,61 1]
3 56 (B |2,003e+ 404 0,19 r |
5 |1 '8 a4 0,23 1 |
7 |1 156 |8 2,030e+05 | 3,656e+05 0,56 1,00 |19,50 [25488 31,43 41,54 1 ]

Note: The Casslification kmits have been set according to Semi-Comps+.
The crass-section is dessified as Class 1

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

Buckling parameters vy [

Sway type | sway non-sway |
System length L 1,240 1,240 'm
Bucding factor kL (0,70 L.
Bucing length |l 1,240 0,668 \m
Critical Euler load [Ner 12473949 | 26916,25 kN
Slendermness A r1.9,03 1825 I
Relative slendemess Ad |0,22 0,21

LUmit slenderness | Amio 10,20 0,20

Note: The slenderness or compressicn force is such that Flaxural Bucking effacts may be ignored
according to EN 1993-1-1 article 6.3.1.2(4).

Torsicnal(-Flexural) Buckling check

According to EN 1993-1-1 articke 6.3.1.1 and formuta (6,46)

Note: The cross-section concems a RHS section which s not susceptible to Torsionall-Fexural} Bucklihg.

Lateral Torsional Buckling check
Accerding to EN 1933-1-1 article 6.3.2.1
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Note: The cross-section concerns an RHS section with h /b < 10 [ Aw '
This saction Is thus not susceptible to Lateral Torsional Budding.

Bending &nd axial

compression cliack
According to EN 1993-1-1 articke 6.2.3 and formula (6.61)(6.62)

Bending and axial compression check parameters
methne

Interaction atemative ‘methcd 1
Cross-section area A 4,3240e-03 md
Plastic section modulus Weyy  12,5314e-04 m?
Plastic section modulus Wep 1915704 m?
Design compression foree Nes  |B71,97 kN
Design bending moment Mypd | <19,12 kNm
(maximum)

Design bending mornent Mea |-14,44 KN
{maximum)

Characteristic COMPression Nap 118910 kN
resstance

Charactenistc moment resistance | Mywme | 69,61 kNm
Characteristic_moment resistance | M.z 52,68 kNm
Reduction factor X 1,00

Reduction factor X 1,00

Reduction factor T 1,00

Interaction factor Kyy 0,59

Interaction factor kye 0,34

Interaction factor Kz 0,36

Interaction factor ky 058

Maximum moment My g4 i derived from beam B194 pesition 0,000 m,
Maximum moment M, =4 is derved from beam B194 posttion 0,000 m,

Interaction method 1 parameters

Critical Euler load Ney 2473949 kN
Critical Euler load Nz 26916,25 kN
Elastic critical load Norr 27731148 kM
Plastic section modulus Wyy  |2,5314e-04 m
Elastic section modulus Wy 2,0393e-04 m?
Plastic section modulus Wpa 1,9157e-04 m?
Elastic section modulus Wyp | 1,6307e-04 m?
Second moment of ares Iy 1,8353e-05 mt
Second moment of area 1; 9, /84406 mt
Torsional constant L 2,1564e-05 m?
Methad for equivalent momert Table A2 Line 1 (Uinear)
factor Cegp

Ratio of end moments Wy 0,13

Equivalent moment factor Crws  |D,76

Method for eguivalent moment Table A.2 Une 1 (Unear)
factor Creo

Ratio of end moments ™ -0,43

 Equivalent moment factor Creo 0,69

Factor ™ 1,00

Factor He 1,00

Factor €y 0146

Factor ar 0,00

Critical moment for unifoem Mo p 4878,55 kNm
bending

Relative slendemness Agy  |0,12

Limit relative slendemess At | 0,27

 Equivalent moment factor Corw 0,76

Equivalent moment factor Corg 0,69

Equivalent moment factor Corit 1,00

Factor byy 0,00

Factor or 0,00

Factor dyy 0,00

Factor e 0,00

Factor 1,24

Factor Wy 1,17

Factor Ny 0,73

Maximum relative siendemess | Awmac | 0,22

Factor 1,32

Factor Ce 1,24

Factor (e 1,3

Factor Co 1,23

Ungy check (6.61) = 0,73 + 0,16 + 0,09 = 0,99 -
Unity check (5.62) = 0,73 + 0,10 + 0,16 = 0,99 -

The membear satisfies the stablity

check,

Rubesa Lucia
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Slika 3.1.2.3. Prikaz polozaja popre¢nog presjeka

Rubesa Lucia

‘Name

Type

Shape type

Initial shape
Source and Type d...
Source description
Type description
Parameters
Material
Rectangular hollow se...
Prafile Library filter
General
Draw colour
Colour
Fabrication
Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

‘ Donji pojas

CFRHS180X100X5
Thin-walled

Available

Rautaruukki Oyj / Stru...

Cold formed square a...

S 275 ol
CFRHS180X100X5

All cross-sections -
MNormal colour v
cold formed E

C

C

Slika 3.1.2.4. Poprecni presjek donjeg pojasa na ostalim poljima
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EC-EN 1993 Steel check ULS

Linear calcidation

Combination: 1,

Coordinate system: Prinzipal

Extreme 1D: Global

Selection: 8131..6134, B184..B1E7, B195

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

|Member B184 | 0,000 / 2,459 m | CFRHS180X100X5 S275 |1. (0,83 - |

Note: EN 1993-1-3 artiche 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 chedk,

Combination key
1. { 1.35*Viestita tefine + 1.50%snijeg + 0.30*vjetar + \
0.60*temperatura -

Partial safety factors

ywo for resistance of cross-sections | 1,00 1
you for redstance to irstabilty 1,00 |
yup for resistance of net sections 1,25 |
Material

Yield strangth [f, |275,0 | MPa
Ultsmate strength ' f.  |430,0 | MPa
Fabrication | Coid formed |

.::SECTION CHECK::...
The critical check is on position 0,000 m

Internal forces Calculated Unit

Normal force Ngz | -331,66 | kN
Shear force Vygs | -0,90 kN
Shear force Veied | 1,56 | kN
Torson  |Tee  |-0,34 | Khm
aetdlnu moment Myga | 2 73 {
Bending moment | Musd \ 1,39 | kNm

Ciassification for cross-section design
Classification according to EN 1993-1-1 artide 5.5.2
Clazsification of Internal and Oucstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

t o1 o3
{(mm] [mm] [kN/m?] [kN/m?] [-]

a5
165 11,00 |3300 2588 31,43 £
85 0,78 1,00 [1700 |2588 |31,43 3807
165 0,70 1,00 |33,00 |25488 31,43 39,28
Note: The Ciassification lrmits have been set according to Serni-Comp+.

The cross-section s dassified as Class 3

v

Semi-Comp+ properties

Material cosfficient 3 0,92
Flange dass 2 slendemess limt | Baye 131,43
Flange class 3 slendemness limit | B, 35,13
Web class 7 slendemess limit  |[fa,.  |76,73
Web chss 3 slendemess limit Biys= 114,63
Web class 2 slendemess limit | Bazy 31,43
Web class 3 slendemess limit | Bagn  [35,13

Web slendemess ratio /'t 33 00
Flange slendemess ratio oty 17,00

Reference slenderness ratio My 0,00
Raference shndemess ratio sz 0,42
Interpolated saction modulus Wiy 1,5402e-04 'm?
Interpofated saction modulus Wi  [9,7393e-05 [ m?

Note: The resistance for this semi-compect section has been cakulated according to Semi-Comp+.

Compression check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
Cross-section area  [A 2636003 [m?
Compression resistance  |Nesd | 724,90

| Unity check 0,4¢

Bending moment check for My
Aerording to EN 1933-1-1 article 6.2.5 and formule (6.12)06.13)
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Interpolated section modubus Was 150e-04 | md
| Interpofeted bending resistance  |My.pg [42,36 kN
Uity chick 0,06 —
Bending moment check for M.

According to EN 1993-1-1 aricle 6,25 and formuda (6.12),06.13)
Interpolated saction modubus W 47 305e-05  |m?
Interpoisted bending resstance  |Mages | 26,78 EMm
Uity check 0,05 :
Shear check for v,

Aocording to EN 1953-1-1 aticle 6.2.6 and formula (6.17)
Shear cormection factor f 1,20

Shear arsa By 9414304 |md
Pastic shear resstance for Y, [ Voad [ 14947 kM
Uriity check 0,01 E
Shear check for V.

According to EN 19893-1-1 article 6,26 and formula [6.17)
Shear correction [acor [l 20

Shear srea As [L846e-03  |m®
Mastic shear resstance for V;  [Vpaes | 269,05 kM
Urity check 0,01

Torsion check

According to EN 1953-1-1 ardicle 62,7 and formula [6.23)
Index of fibre Fibre |1

Total torsional moment  (Tes (2,1 [MPa

Elaslic shear resstance | Tad 1588 [MPa

Urity check ool |-

MNobe: The unity check for torsion & lower than the limit value of 0,05 Therefore torsion s considered as
nsignificant and & ignoned in the combined checks,

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.9.1 and formula (6,41}

Interpofated moment resistance | Muagad (22,98 | kM
reduced d e o MNed
 Exponent _of bending_retio y a_ 2,17
Interpolated momert reskbanoe | Mpaers [ 14,53 | kKNm
|rebuced] due bo Med o
| Fxpanent of bending ratio 2 g 2,17

Unity check (8.41) = 0,01 + 0,01 = 0,02 -

MNobe: Since the shear foroes are less than half the plastic shear resistances their effect on the moment
resstances s neglectad.

The member satisfies the saction chede
= ESTABILITY CHECK::...

Classification for member buckling design

Declsivie position for stabllity dassification: 0,000 m

Classification accarding to EN 1993-1-1 artkde 5.5.2

Classification of Internal and Qutstand parts according o EN 1993-1-1 Table 5.2 Sheet 1 & 2

i o3 Wy k= 1) Class 1 Class 2 Class 3 Class
[mm] [kNSm?] [N ] I-1 -] = Liirmit Limit
[-] [-]
i 1 a5 3 1,308+05 | 1,602e+05 | 0,84 1,00 17,00 2588 43 A7, 24 i
3 |1 165 5 1605405 | 1,205%+05 0,75 1,00 [33,00 |2543 31,43 36,45 3
5 1 85 5 11772405 | 9,155a4+04 |0,7B Lo00 1700 |2588 3143 36,07 1
710 165 3 §,122e+04 | 1,3120+05 0,70 1,00 |33.00 [2588 343 35,28 3

MNobe: The Cassification mits have been seb according to Semi-Comp#,
The cross-section is dassified as Class 3

Flexural Buckling check

According to EN 1983-1-1 aicke 6,311 and formula (6,46)

Buckling parameters ¥y frd

Sway typs SWEy | non-sway
Sysbem length L 2459 (2450 m
|Buckding factor k 1,98 091
| Buckding kength by 4874 |23246 m
Critical Fuler load Mer 98065 | 1855,30 kN
Slendarness A FaGd (5425
Ralative slendemess A 085 052

Lirnit slandamess hmp |0,20  [020

Byriding curee | L 3

| Imperfection [a 049 (648
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Buckling parameters

factor X 0,62 0,77 |
Bucking resistance [News |452,87 (55855 (kN |
Flexural. Buckling verification
IC aea A 26360203 |md
Budding resstance | Nnps |452,87 kN
Unity check 0,73 =

Torslonal(-Flexural) Buckling check

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

Note: The crass-section concerns & RHS section which i not susceptible to Torsional(-Fexural) Buckling,
Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concems an RHS saction with 1 /b < 10 [/ Ags'.

This section is thus not susceptible to Lateral Torsional Buckling.

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

Bending and axial compression check parameters
Interaction method

alternative method 1
Cross-section area A 2,6360e-03 m?
|Interpoiated saction modulus | Wy, |1,5402e-04 m2 |
Interpolated section modulis Wiz 9,7393e-05 m?
Design compression force Nea 133166 kN
Design bending moment Moes |-2,73 kNm
Design bending moment Murd 1,39 kNm
(maximum)
Characteristic comprission New 724,90 kN
resistance
Characteristic moment e |Mym (42,36 kNm
herecteristic moment resistance | Muw. | 26,78 KNm
| Reduction_factor Xe 0,62
Raduction factor X 0,77
Reduction factor X 1,00
Interaction factor kyy 0,99
Interactice factor Ke 061
Interaction factor ky  |081
|interaction factor Ka 1,0b

Maximum mament My eq is derlved from baam 8184 position 0,000 m.
Maximum moment Mzsd is derived from beam B184 postion 0,000 m.

Interaction method Lporemeters |

Crtical Euler load Ney | 980,65 N

Critical Euler load Neox 1856,30 KN

Elastic critical load Ner 142231,02 KN

Ini section modulus Wi, 1,5402e-04 m!

| Elastic section modulus. Wy | 1,2991e-04 \m?
polated saction modulus (Wi 9,7393e-05 m!

Elastic_section modulus Wiz 9,0350e-05 m

Second moment of area Iy 1,1242e-05 mt

Second of ared 1z 4,5177e-06 mt

Torsonal constant e 1,0448e-05 mt

Method for equivalent moment Table A2 Line 2 (General)

factor Cryo

Design bending moment My g2 -2,73 kNm

{maximum)

Maxil relative deflacti [ 0,3 mm

Equivalent At factor Cma | 0,83

Method for equivalent moment Table A2 Une 2 (General)

factor Cesn

Design bending morment Mees 1,39 KNm

(maximum)

Maxi relative deflaction 8, -0,5 mm

| Equivalent factor Creo  |0,91

| Factor He 0,84

Factor He 0,85

Factor &y 0,17

Factor ar 0,07

Critical moment for uniform Mo p 1147,62 KNm

bending

Relative slendermness A3 0,19

| Limit relative dlendemess Asippem | 0,28

Equit facior Coy 0,63

| Equivalent moment facior Cre  |0,91

Equivalent momient factor Gz 1,00

Factor by 0,00

Interaction method 1 parameters |
|Factor [ [

Factor dur 0,00

Factor e 0,01 _
Factor, Wy [IFE]

| Factor W 1,08

Eactor ng [PES

Maximum relative slendemess | hea o | 086

Factor Ca 1,06

Factor Ca 0,86

Factar Cp 0,85

Factar Car 1,00

Unity check {6.61) = 0,73 + 0,06 + 0,02 = 0,83 -
Unity check (6.62) = 0,59 + 0,05 + 0,06 = 0,70 -

The member satisfies the stability check.
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4.1.3. Vertikale

Rubesa Lucia

Vertikale se sastoje od dva poprecna presjeka. Dimenzije vertikala u prvom polju su 100x100x5

(mm) dok su na ostalim dijelovima odabrani profili dimenzija 90x90x5 (mm).

Slika 3.1.3.1. Prikaz polozaja popre¢nog presjeka

<

Source description
Type description
4 Parameters

Material

Profile Library filter
4 General
Draw colour
Colour
Fabrication
4 Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

4 Source and Type d...

Rectangular hollow se...

‘Name | Prvo polje - vert. i dijag.
Type CFRHS100X100X5
Shape type Thin-walled

Initial shape Available

Rautaruukki Oyj / Stru...

Cold formed square a...
5275 v .
CFRHS100X100X5

All cross-sections b

Normal colour =

cold formed bt
O

Slika 3.1.3.2. Popre¢ni presjek vertikala na prvim poljima



Fakultet gradevinarstva, arhitekture 1 geodezije Rubesa Lucia

EC-EN 1993 Steel check ULS
Linear calcdation

Combination: 1.

Coordinate system: Prinzipal

Extreme 10: Global

Selection: 8105..6108, B159..8162

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

[Member B108 (2493 / 2,493 m | CFRHS100X100X5 'S275 (1. [0,95- |

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 1933-1-1 code chedk s executed instead of the EN 1993-1-3 code chedk,

1./ 1.35*Viastita tefine + 1.50™snijeg + 0.30%vjetar +
0.60*temperaturs -

yw for resistance of cross-sections | 1,00 |
you for resistance to instabilty 100 |
Yo for resistance of net sections 1,25 |
Yiedd strength |, 2750 (MPa_|
Ultimate strength  f. |4300 | MPa
Fabnication Cold formed |

i :SECTION CHECK::...
The critical check is on position 2,493 m

Internal forces Calculated  Unit

Normal force Mgz | -275,52 | kN
Shear force Vegs (2,04 kN
Sheaar force Vied | 0,57 kN
Torson [ Ted |0,97 | kNm
Banding moment | Mygy 0,14 kNm
Bending moment | Mess | 3,27 kNm

Ciassification for cross-section design
Classification according to EN 1993-1-1 artide 552
Classification of Internal and Owstand parts according to EN 1993-1-1 Tabde 5.2 Sheet 1 8 2

£ o1 o3 w ke Class 2 Class 3| Class
[mm)] [mm] [kN/m?) [kN/m?] (] [ [- i Limit Cimit
{-]

9,640e+04 | 1,990e+05

5

5 12,086e+05
(5 | 1,013e+05 |0,50
7 ) 1 9,062e+04

Note: The Cassification lrmits have been set according to Sermi-Comp+,
The cross-section Is dassified as Class 1

Compression check

According to EN 1993-1-1 articke 6.2.4 and formula (6.9)
Cross-section area A 11,8360e-03 |m?
Compresslon resistance  |Nezq | 504,90 KN
Unity cheack 0,55 =

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

Plastic section modulus  Way 6,4590e-05 'm?
Plastic bending moment  Mayee | 17,76 kN
Unity check | 0,01 -
Bending moment check for M;

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

Plastic section modulus W 64590605 |mi |

Plastc bending moment  Mgiare | 17,76 khm_|
Uity check 0,18 |

Shear check for vV,
According to EN 1993-1-1 articke 6.2,6 and formula (6.17)

Shear corraction factor n___ 11,20 !

| Shedr ares Ay 91800204 | ad
Plastic shear resslance for Vy, | Vo, rd | 145,79 (kN
Unity check 0,01 E
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Shear check for V,

According to EN 1993-1-1 article 6.2.6 and formula {6.17)
Shear correction factor o 10—~
Shear aroa Ay 9,1800e-04 | m?
| Plastic shaar resstance for V; | Vgzes | 145,75 kN
Unity chenk 0,00 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 53 MPa

Elastic shear resstarce | Tra 1588 |MPa

|Unity check 0,03 |-

Note: The unity check for torslon is lower than the lmit value of 0,05. Therefore torsion Is considered as

insgnificant and is ignared in the combined checks.

Combined bending, axial force and shear force check
According to EN 1953-1-1 articke 6.2.9.1 and formula (6.41)

reduced due to Ney

Design plastic moment resistance | Maype 10,45 [kKNm

| Exponent of bending rato y a 2,50
Design plastic moment resistance | Muyesd 10,45 kWM
reduced dus to Nes

Exponent of bending ratio 2 1B 2,50

Note: Since the shear forces are less than halfl the plastic shear redstances ther effect on the moment

resistances ks neglected.
The member satisfies the saction chadc
+ISTABILITY CHECK::...

Classification for member buckling design
Decisive position for stabdity dassification: 2,493 m
Classification according to EN 1993-1-1 artide 5.52

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5,2 Sheet 1 & 2

o a3

[kN/m?) [ [kN/m?)

v Ko
Bl -}

Class 2
Limit
[-]

Class 3
Limit
i

Rubesa Lucia

Class

Note: The Cassification lmits have been set according to Semi-Comp+.

The cross-section s dassified as Class 1
Flexural Buckling check

According to EN 1993-1-1 articks 6.3.1,1 and formula (6.46)

Buckling parameters Yy =

Swey type Lo |sway  nom-sway |
System length L 2493 12493 m
 Bucding factor k 1,00 0,74

Budding length i 2493 |1835 m
Critical Euler load | Ner 904,24 166370 kN
| Slenderness A 64,87 147,75

Relative slendemess A 0,75 0,55

Limit slenderness (et |020 1020

Budding curve | C [4
 Imperfection la 049 049
Raduction factor % 0,70 081

Buddng resistance INuzg |351,04 |411,28 (kN
Flexural Buckling verification

Cross-section area (A |1,8360e-03 m?

Budkdng resstance | Nepe | 351,04 kN

Unity check 0,78

Torslonal(-Flexural) Buckling check

According to EN 1993-1-1 article 6.3.1.1 and farmuta (6.46)
Note: The cross-section concemns a RHS section which is not susceptible to Torsional(-Rexural) Buckling,

Latera! Torsional Buckling check
Pccovding to EN 1993-1-1 articke 6.3.2.1

Nete: The cross-section concerns an RMS saction with h /b < 10 / A

This saction |5 thus not susceptible to Lateral Torslonal Budkling.

111 85 | (5 9,6400+04 | 1,0900+05 | C,48 1,00 (17,00 (2588 |31,43 42,78 |1 |
3 1 8 |5 2,052e405 | 2,096e405 |0,98 1,00 [17,00 (2588  [31,43 (3538 |1
511 8 |5 2,038+05 |1,0136+05 0,50 1,00 (17,00 (2588 (31,43 |4256 |1
7.1 85 '3 9,499¢+04_[9,052¢+04 0,95 1,00 [1700 |2588  |3143 3570 |1
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Bending and axial compression check
According to EN 1953-1-1 articke 6.3.3 and formula (6.61){6.62)

Bending and axial compression chedk perameters
Interacticn method atemative method 1

| Cross-section_area A 1,8360e-03 |m?
Plastic section modulus Way  |6,4590e-05 mi -
 Plastic section modulus ez 6,4590e-05 m
Design compression force Neg  |275,52 kN
Design bending moment Myes |-1,64 kN
| {maximurn)

Design bendng moment Myrg 13,27 kNm
| {maximum)

Characteristic cormpression Nex 504,90 kN
| Characteristic moment resistance | Mygs: 17,76 kNm
Cheracteristic moment resistance M.w (17,76 kN
Reduction factor X 0,70

Reduction_factor % 0,81

Reduction factor Ay 1,00

Interaction factor Kyy 1,01

Interaction factor K 037

Interaction factor key 10,74

Interaction factor K 0,63

Maximum moment My e Is derived from beam B108 position 0,000 m.
Maximum moment M. g4 is derived from beam BI08 position 2,493 m.

Crtical Euler load Ny 904,24

| bending
Relative slendemess

0,18

Uit relative slendemess

0,27

| Equivalent moment factor

N

Critical Euler load Mo | 166870 KN
Elastic critical load Ner 120853,32 kN
Plastic section modulus Weiy 6,4590e-05 m?
Elastic section modulus Wy 5,4220e-05 m?
Plastic section modulus Wels 6,4590e-05 ml
Elastic section modulus Was 5,4220e-05 m?
Second moment of area Iy 2,7110e-06 mt
Second moment of area I 2,7110e-06 mt
Torsonal constant It 4,4052e-06 m!
Method for equivalent moment Tabie A.2 Line 2 {General)
factor Cogn
Design bendng mornert M, e -1,64 kNm
{maximum) :
Maximuin relative defiaction LR 1,0 mm
Equi t t factor Crws 0,86
Method for eguivalent moment Table A2 Line 1 (Linear)
factor Creo
Ratio of and moments e -0,56
| Equivalent moment factor Crven | 0,62
| Factor T 0,68
Factor M= 0,9
Factor € 0,20
Factor ar 0,00
Critical moment for uniform Me g 568,32 kNm

L)

A2

Cory

0,86

| Equivalent moment factor Cove 0,62
Equivalent moment factor Coiv 1,00
Factor b 0,00
Factor or 0,00
Factor dir 0,00
Factor eur 0,00
| Factor Wy 1,19
Factor We 1,19
Factor ng 0,55
Maximum relative slendemess  Agaoe | 0,75
| Factor [ 1,07
Factor Ce 1,08
| Factor [ 0,56
| Factor Ca 1,14

Uny check (6.61) = 0,78 + 0,09 + 0,07 = 0,95 -
Unity check (5.62) = 0,67 + 0,07 + 0,12 = 0,85 -

The member satisfies the stablity

check,

Rubesa Lucia
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Rubesa Lucia

Slika 3.1.3.3. Prikaz polozaja popre¢nog presjeka

<

|Name | Vertikala

Type CFRHS90X90X5
Shape type Thin-walled
Initial shape Available

4 Source and Type d...
Source description
Type description

4 Parameters
Material
Rectangular hollow se...
Profile Library filter

4 General
Draw colour
Colour
Fabrication

4 Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Rautaruukki Oyj / Stru...

Cold formed sguare a...

S 275 - .
CFRHS90X90X5

All cross-sections v
MNormal colour =
cold formed =
O

C

C

Slika 3.1.3.4. Poprec¢ni presjek vertikala na ostalim poljima
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EC-EN 1993 Steel check ULS

Linear calcidation

Combnation: 1.

Coordinate. systemm: Prinzipal

Extreme 10: Global

Selection: BA09..BL26, B178, B129, H163, B1A2

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

|Member B115 [0,000 [ 2,619 m |CFRHS30N90XS (5275 [1. |0B4 - |

Note: EN 1993-1-3 article 1,1(3) spacifies that this part does nat apply to cold formed CHS and RHS sections.
The default EN 19%3-1-1 code chedk & eweputed instead of the EM 1993-1-3 code chedk,

1. f 1.35"Viastita tefine + 1.50%nijeg + 0.30%jelar +
|ﬂ-ﬂ*ter_rw_wm g |

o fof resistance of orass-sections
i Por resistance to iretahiity 1,00
o for resistance of nel sections 1,25

Wiekd strength i, |275,0 MPa
Ultimate strength | f | 4300 MPa
[Fabrication Cokd formed

weiESECTION CHECK::..
The critical check is on pasition 0,000 m

Internal forces Calculated Unit
Mormal fonce Mga | =-204,07 kM
Shear force Woga | -042 kN
Shear lorce Wied [0,03 kM
Torsan Tea | -0,18 kPm
Banding mament | Mygs | -0,01 kP
Banding mament | Mess | 062 kM

Classification for cross-section design
Classification acearding b BN 1993-1-1 artide 5.5.2
Clazsification of [nternal and Oucstznd parts acoording Do EM 1993-1-1 Tabdbe 5.2 Sheet 1 & 2

Rubesa Lucia

) o1 [ g k- o Clasz 3 Class
(mm] “[mm] [knim7] (&RNTmA] [T [T [-] it
1 ]I 5 ] 1,130e+05 | 1,372e+05 (082 1,00 1500 2588 31,43 3744 1
3 1 75 5 1,388e+05 |1,382e+05 |1,00 100 | 1500 25488 31,43 35,18 1
5 I 75 5 1,366e+05 | 1,133e4+05 |0,82 1,00 |1500 [Z588 3143 3743 1
7 1 75 5 1,108:+0% [1,113+05 [0,99 1,00 1500 [2588 314 35,19 1

MNote: The Classification lrnits have been set according o Serni-Comp+,
The cross-section s dassified as Class 1

Compression check

Aecerding to EN 1933-1-1 article 6.2.4 ared formuda [6.9)
Cross-section anea A i 6360e-03  [md
Com| on reststance | Mesq | 449,50 ki
Uity chieck 045 =

Bending moment check for M,
According to EN 1993-1-1 articke 6.2.5 and formula [6.12),{6.13)

Mastic section modules | Wy 5141005 | m?
Plastic berding moment  |Map | 14,14 kHrn
Urity chick 0,00 E

Bending moment check for M;
According to EM 1993-1-1 articke 6.2.5 ard formula [6.12),(6.13)

Plastic sectian moduls  [Wee  [51410e-05 [n¥d
Mastic berding momant | Mpiges | 14,14 kNm
Uity check 0,04 -

Shear check lor Vy
According to EN 1963-1-1 articke 6.2.6 and formula [6.17)

\Shear comackicn factor n 120

Shedr ares By 8. 1800e-04 |md
Mastic shear resulares o W, | Voaas | 12557 L
 Urety check 0,00 -
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Shear check for V;

According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
| Shear correction factor n_ 1,20

|Shear area A 8,18002-04 | m?
 Plastic shaar resstance for V; | Vpasg | 12987 kN
Uriity cherk i 0,00 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment [Tes | 2,5 MPa

Elastic shear resstance  [Tad 158,8  |MPa

|Unity check 1002 |-

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

Combined bending, axial force and shear force check
According to EN 1953-1-1 articke 6.2.9.1 and formula (6.41)
Design plastic moment resistance  |[Muyre 19,97 | KNm |
reduced due to Nes !
Exponent_of bending ratio y a 2,16 |
Design plastic moment resistance | Myesd 9,97 | KNm
reduced due to Nes ‘
Exponent of bending rato 2 |B 2,16 |

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

Note: Since the shear forces are less than half the plastic shear resistances ther effect on the moment
resstances ks neglected.

The member satisfies the saction chad.
- STABILITY CHECK::...

Classification for member buckling design

Decisive position for stabdity dassffication: 0,000 m

Classification according to EN 1993-1-1 artide 5.5.2

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

o1 o3 /it Class 2

[mm]| [kN/m?] | [(&N/m2] | [}] . Limit

Rubesa Lucia

Class3 Class

Limit

-]

Note: The Classification méts have been set according to Semi-Comp+.
The cross-section Is dassified as Class 1

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

Buckling parameters Yy (2

Sway type | SWay  |non-Swey |
System length L 2619 |2619 m

| Budding factor Ik 111 056

Bucdding length I 2918|1465 m
Critical Euler load (N 46548 186419 kN
Slendarness A 8499 4265

Relative slendemess A 1058 049

Limit slenderness Ao 0,20 |0,20

Buddng curve < c

 Imperfection < 049 049

Reduction factor X 0,55 085

Bucdng resstance | Nuss | 248,46 | 38145 (KN

Flexural Buckling verification
Cross-secticn area (A 1,63502-03 |m?

Buddng resstance | Nops | 248,46 kN
Unity check ; 0,82

Torslonal(-Flexural) Buckling check
According to EN 1933-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Rexural) Buckling,

Lateral Torsional Buckling check

Pccording to EN 1993-1-1 articke 6.3.2.1

Nete: The cross-section concerns an RHS saction with h /b < 10 / A2’
This saction |5 thus not susceptible to Lateral Torsional Budding.

V) 7R ¥ AN 1,1300+05 | 1,372¢+05 |82 1,00 (1500 (2588 13143 (3742 (1 |
3 1 75 5 1,3882405 | 1,382e405 |1,00 1,00 (1500 [2588 (31,43 (3518 |1
5 11 75 5 1,3666+05 | 1,123e+05 |0,82 1,00 [1500 (2588 [3143 (3743 |1
7 11 173 S 1,108¢+05 |1,113e+05 0,99 11,00 [1500 2588 [31,43 |3519 |1 |
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Bending and awial compression check

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

Interacticn rmethod aitemative method 1

Croszsection araa A 1, f3sha-00 | m?

Plastic section modulus Wipy, |5,1410a-05 m*
Plastic sectiom modulus Wil |5 1410e-05 m

' Design compression force MNeg | 20407 kM
Design Bending  monment Myea 0,06 kM
{maximum)

Design bending moment: Mypa 0,62 kN
FrEimILT

Characterislic cormnprassion Mo | 449,90 kN
recetanoe

Characteristic moment reststance | My | 14,14 kM
Charscteristic momert resistance | Mow | 14,14 kHrmi
Faduction factor Wy 0,55

Raduction factor ¥ 0,85

Reduction factar ¥t 1,00

Interaction factor K 1,32

Interaction factor ki 0,249

Interaction fector Key 1,39

Interaction factor [ 0,59

Maximum mament Myeq s derived from beam B115 pesition 1,091 m.
Maximuim mament Mygq 15 desived from Beam B115 pasition 0,000 m.

Critical Euler load

Moy | 469,48 L
Critical Euler Ioad Mesg 1864,19 ]
Flastic critical load 5 Shy 106851E8,53 KM
Mastic section modulus Wi ply 5,1410e-05 m?
[Elastic sectiom modulus Wy &, J87De-0% m?
Plastic section modulus Ve 5, 1410e-05 m?
Elastic section modulus Wais 4,287 005 m!
Second roment of area 1 1,5293=-06 mt
Second moment of area Iz 1,5293e-06 it
Torsonal constant It 3,1626e-06 m
Methaod for eguivalent moment Table A2 Line 7 {General)
.‘ﬂ:l' Efd'_l]
Design bendng mormert My 22 0,06 kNm
{manimiunmg
Maximuin relathe deflaction f, -0,1 min
Equivalent moment fackor Cor 0,57
Methad for eguivalent moment Table A2 Line 1 {Lingar)
fatid Creo
Ratio of end moments Yz -0,73
Equivadent mament factor Crrgn 0,59
[Factor s 0,74
Factor He 0,54
Factor Ey 0,01
[Factor [ Th s 0,04
Critical marment for wiform Mz 6,40 EMm
bending
Bzlatiee slendemness Aewld 0,19
Lirnit redathee shendermess A (0,21
Equivalent moment factor Cors 0,487
Equivalent mament factor Crve 0,59
Eqquivalent_moment factor CrelT 1,00
[Factor by 0,0
Factaor CiT 0,00
Factar dir 0,00
Factor [ 0,0
[Factaor Wy 1,20
Factor We 1,70
Factor Ngl 0,45
Maximurm relative skendemess | Agage | 0,58
[Factar Cia 0,55
Factor Cr 1,0
[Factor Cy 0,73
[Factor Cor 1,10

Unity check (6.61) = 0,82 + 0,01 + 0,01 = 0,84 -
Unity check {5:62) = 0,53 + 0,01 + 0,03 = 0,57 -

The mambsar satisfies the stabity

check,

Rubesa Lucia
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4.1.4. Dijagonale

Rubesa Lucia

Dijagonale se sastoje od dva poprecna presjeka. Dimenzije dijagonala u prvom polju su

100x100x5 (mm) dok su na ostalim poljima odabrani profili dimenzija 90x90x5 (mm).

Slika 3.1.4.1. Prikaz polozaja popre¢nog presjeka

‘Name ‘ Prvo polje - vert. i dijag.
Type CFRHST00X100X5
Shape type Thin-walled

Initial shape Available

Source and Type d...
Source description
Type description
Parameters

Material

Rectangular hollow se...
Profile Library filter
General

Draw colour

Colour

Fabrication

Buckling curves

Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Rautaruukki Oyj / Stru...

Cold formed square a...

5275 > i
CFRH5100X100X5

All cross-sections d

MNormal colour E

cold formed d

Slika 3.1.4.2. Popreéni presjek dijagonala na prvim poljima
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EC-EN 1993 Steel check ULS

Linear calcidation
Combination: 2,

Coordinate system: Prinzipal
Extreme 10: Global
Sedection: 8135, BIE

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

[Member B135 0,000 / 3,175 m CFRHS100X100X5 'S275 (2. (0,87 -

Note: EN 1993-1-3 artide 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1953-1-1 code check is executed instead of the EN 1993-1-3 code chedk,

Combination key
2./ 1.35"Viastita tefine + 0.30%vjetar + 0.60*temperatura

+ + 1,50*pjesaci

ywo for resistance of cross-sections | 1,00 |
Yo for resistance to instabiity 100 |
yug for resistance of net sections 1,25
Yield strength |t, |275,0 MPa |
Ultimate strength | f.  |430,0 [MPa_|
Fabncation Cold formed

. iSECTION CHECK::...
The critical check is on position 0,000 m

Norma Ne: |-180,92

| force |
Shear force Ve« 0,68 kN
Shesr force Vees 1,33 | kN
Torson | Trda |-0,66 LkNm
Bending moment | Mygy | -1,32 | kNm
Bending moment | Mess | -1,18 | KNm

Ciassification for cross-section design
Classification according to EN 1993-1-1 artide 5.5.2
Clacsification of Internal and Outstand parts according to EN 1993-1-1 Tabie 5.2 Sheet 1 & 2

01 o3 2 Class 2 Class
[kn/m?)  [kN/m?] [T [T [- i Limit
[

| 1,031e+05

5,713e+04 10,58

5,680e+04 |
0,672e+04 |
Note: The Cassification s have been set according to Sermi-Comp+.
The cross-section s dlassified as Class 1

I
i &

1

I

Compression check

According to EN 1933-1-1 article 6.2.4 and formula (6.9)
Cross-section ares A [1,8360e-03 [m?
Compression resistance | Nesg | 504,90 kN
Urity check 10,36 =

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

Plastic section modulus Wiy 6,45902-05 mi |
Plastic bending moment Mgy e | 17,76 kNen
Uity check 0,07 = |

Bending moment check for M,
Accoeding to EN 1993-1-1 articke 6.2.5 and formula (6.12) (6.13)

Plastic section modulus  Wa:  [64590e-05 |m?

Plastic bending moment  Mgane | 17,76 KNm_|
Unity check | 0,07 |
Shear check for V,

According to EN 1993-1-1 articke 6.2,6 and formula (6.17)
(Shear comection fator  |n (120 |
Shear area by 91800204 o
Plastic shear resslance for Vy | Vegre | 145,75 kN
Unaty check 1 0,00 ‘
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Shear check for V,
According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
Shear correction factor n 1,20

| Shear area A 9,18002-04 | m?
Plastic shear resistance for Ve |Vaesg | 14575 kN
Unity check i 0,01 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 7,3 MPa

|Elastic shear resstance | Tad 1588 |MPa

Unity check 1 1005 |-

Note: The unity check for torsion is lower than the it 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 articlke 6.2.9.1 and formula (6.41)
[Design plastic moment resistance | Maype | 14,76 [kNm
reduced due to Nes
Exponent of bending ratio y a 194
Design plastic moment resistance | Myesd | 1476 |kNm
reduced due to Nes
Exponent of bending rato 2. B 194

Unity check (6.41) = 0,01 + 0,01 = 0,02 -

Note: Since the shear forces are less than half the plastic shear resistances ther effect on the moment
resistances ks neglectad.

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

Classification for member buckling design

Decisive position for stability dassffication: 3,175 m

Classification according to EN 1993-1-1 artide 5.5.2

Classification of [nternal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o

L 85 | |5 4,9270+04 | 7,9920+04_ |C,62 1,00 [17,00 [2588  [3143 (4046 [1 |
3|1 a5 5 £,4802404 | 1,461e+05 |0,56 100 [1700 [2588 (3143 [4111 |1 i
s |1 85 5 1,479¢+05 |1,177¢+05 |0,80 1,00 {1700 [2588 (31,43  [3780 |1

7 1t I8 5 11,124e+05 |5,110e+04 0,45 1,00 |1700 2588 [31,43 (43,32 |1

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

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

Buckling parameters vy =z

Swaytype | |swey |non-sway |
System length L 3175 13175 m
|Budding factor k 1,16 0,63

Budding length b 3696 (199  m
Critical Euler load Nee 141122 141054 kN
Slendarness A 96,20  |5193

Relative slenderness gl 1,11 0,60

Uit slendemess _\Amip_|020 020 |
Buddng curve C C

Imgerfection a 049 049

Readuction factor X 048 0,79

Buddng resistance | Nuaq (242,34 397,08 kN
Cross-section area A 1,83602-03 |m?

Buddng resstance Nope  [242,34 kN

Unity check 0,75

Torslonal(-Flexural) Buckling check
Accerding to EN 1933-1-1 article 6.3.1.1 and formuta (6,46)
Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-FAexural) Buckling.

Latera! Torsional Buckling check

Accovding to EN 1993-1-1 articke 6.3.2.1

Necte: The cross-section concemns an RHS saction with h /b < 10/ Az’
This saction I5 thus not susceptible to Lateral Torsional Budding.
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Bending and axial compression check

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

Bending -and axial compression chedk psrameters
Interaction method atemative method 1

Cross-zection area A 1,8360e-03 |m?
Plastic section modulus Wisyy | 6,4590Ce-05 m?
Plastic_section modulus - We: | 6,45900-05 me
Design compression force Neg 180,92 kN
Design bending momant Myes [1,95 kN
(maximum)

Design bending moment Mers -1,19 kNm
{maximum)

Characteristic comprassion 504,90 kN
resstance

Characteristic moment resistance | Mys (17,76 kNm
Characteristic moment resistance  M.w (17,76 kN
Reduction factor Xy 0,48

Reduction factor X 0,79

Reduction factor Kex 1,00

Interaction factor Ky 1091

Interaction factor Ky 0,28

Interaction factor ky 087

Interaction factor ks 0,59

Maximum moment My eq is derived from beaam B135 position 3,175 m.
Maximum moment M. gq Is derived from beam B135 position 0,000 m.

Interaction method 1 parameters
Nz

Crtical Euler load 411,22 N
Critical Euler load Nes 1410,94 N
Elastic critical load Ner 20772,76 N
Plastic section modulus Wy 6,4590e-05 m?
Elastic section modulus Wiy 5,4220e05 m?
Plastic section modulus Wy | 6,4590e-05 m?
Elastic section modulus Wiz 5,4220e-05 m?
Second moment of area 1y 2,7110e-06 m
Second moment of area I 2,7110e-06 m!
| Torsional constant It 4,4052e-06 mt
Methad for eguivalent moment Table A2 Line 2 (General)
{actor Copn

Design bendng mornert My e 1,95 KNm
{maximium)

Maximuin relative defiaction 8, -14 men
Equivalent moment factor Corya 0,73

Method for eguivalent moment Table A2 Line 1 (Linear)

factof Creo

Ratio of end moments Wz -0,81

Equivalent moment factor Coan 0,57

.F_acw He 0,71

Factor He 0,97

Factor [ 0,37

Factor ar 0,00

Critical moment for uniform Mes 445,83 KNm
bending

Relative slendemess A 0,20

Limit relative slendemess Aase | 0,28

Equivalent moment factor Cory 0,73

Equivalent moment factor Cere 0,57

Fquivalent moment factor CentT 1,00

Factor bu o‘w

Factor T 0,00

Factor dir 0,00

Factor ewr 0,00

Factor Wy 1,19

Factor W: 1,19

Factor ngl 0,36

Maximum relative siendemess | Argaae | 1,11

Factor Cyy 1,02

Factor Ce 0,98

Factor Cy 0,87

Factor Coy 1,07

Uniy check (6.61) = 0,75 + 0,10 + 0,02 = 0,87 -
Unity check (5.62) = 0,46 + 0,10 + 0,04 = 0,59 -

The member satisfies the stablity

check.

Rubesa Lucia
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EC-EN 1993 Steel check ULS

Linear calcidation
Combinatien: 1.

Coprdinate system: Frincipal
Extreme 10: Globwal
Selection: 8135, BIED

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

[Member B135 [0,000 [ 3,175 m | CFRHS100X100¥5 (S275 (1. [0,94 - |

Mete: BN 1993-1-3 article 1,1(3) specifies that this part does not apply to cold formesd CHS and RHS sections.
The default EN 19%3-1-1 code chedk & ewecuted instead of the EM 1993-1-3 code chedk,

1./ 135" astita tefine + 1.50%snijen + 0.30%jetar +
|ﬂ-ﬂ‘mm : |

o for resistance of cross-sections
i For nesistance to irstabiity 1,00
wop For redstance of net sections 125

iekd strength f, |275,0 MPa
Ultimate strength | £ [430,0 MPa
Fabrication Cold formed

ESECTION CHECK::..
The critical check is on position 0,000 m

Internal forces Calculated  Unit
Mormal force Mg DR kN
Shear force Weps | 075 kN
Shear force Wems | 1,43 kN
Tarskon Tra 0,72 kMm
Banding moment | Mygy | -1,42 kNm
Bending mament | Mess [ -1,30 kN

Classification for cross-section design
Classification according bo EM 1993-1-1 artide 5.5.2
Clazsification of [nternal and Ouwstand parts acoarding 1o BN 1993-1-1 Tabke 5.2 Sheet 1 & 2

d Type 'c t o1 a3 L = 8 ! 2 E Class

[mm) “[mm] [kNjm?] [KNfma] [-]

1,132e+05 [0,73 1,00 |1700 2588 34 3,71

1 ]I 3 1,531e+03 1
3 1 85 5 1,072e+05 | 6,256e+04 |058 1,00 (1700 |2588 31,43 41,06 1
5 |1 a5 5 B,234e+04 |1,032e+05 |0,60 1,00 [17,00 |2588 |31,43 (4072 |1
7 85 5 1,082e+05 | 1,578e+05 0,71 1,00 (17,00 [7588 (31,43 (38,08 |1

Mote: The Clessification lrnits have been set according to Serni-Comp+,
The cross-section s dassified as Class 1

Compression check

Aecoeding to EN 1933-1-1 article £.2.4 ared formula [6.9)
Crass-section anea A 18360603 |
o on mesitance  [Mesa | 504,50 [
Urity check U] =

Bending moment check for My
According to EN 19%3-1-1 articke 6.2.5 and formula [6.12),06.13)

Mastic section modulus [ Wy bB4590e-05 [m?
Plastic berding moment | Mayed (17,76 kHrm
Uity chieck 0,08 E

Bending moment check for M;
According to EN 1093-1-1 article £.2.5 and formula [6.12),(5.13)

Plastic sectian modulis | W 64500605 |
Mastic barding momeant | Muged | 17,76 lhim
Unity check 007 -

Shear chech for v,
According to EN 1983-1-1 articks 6,2.6 and formula [6.17)

Shear oemadtion factor n_[120
Shesr ares fy 4, 1800204 md
Plaglic shear redslaies for V, | Veyas | 145,73 KM
 Uriy check 0401




Fakultet gradevinarstva,

arhitekture i geodezije

Shear check for V;
According to EN 1953-1-1 articke 6.2.6 and formula (6.17)
[Shear correction factor. [y J1320— [
| Shear aroa As 9,1800e-04 | m?
Plastic shear resstance for V; |Voae | 14575 kN
Uity check i 0,0t -
Torsion check
According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1
Total torsional moment | Tes 8,0 MPa
Elastic shear resstance | rd 158,8 |MPa
|Unity check 0,05 |-

Combined Shear and Torsion check for V, and 14
According to EN 1933-1-1 articke 6,

2.6 & 6.2.7 and formuia (6.25),(6.28)

Plastic shear resstance for Vyand | Varyes 138,39 |KN
TR
Unity check 001 |-

According to EN 1993-1-1 articks 6,

Combined Shear and Torsion check for V. and Teed

2,6 & 6.2.7 and formula (6.25),(6.28)

Plastic shear resistance for V; and
Tes

Vaterg | 13839 (kN

Unity check

Combined bending, axial force

and shear force check

Accoeding to EN 1953-1-1 articke 6.2.9.1 and farmula (6.41)

Design plastic moment resistance | Magyne (14,00 [kNm
reduced due to Ned

 Exponent of bending ratio y a 2,01

Design plastic moment resistance | Mazpd (14,00 [kNm
reduced due to Ned

|Exponent of bending ratio 2 B 2,01

Unity check {6.41) = 0,01 + 0,01 = 0,02 -
Note: Snce the shear forces are less than half the plaste shear resistances ther =ffect on the moment

resistances s neglected.

The member satishes the saction chedk,

WSTABILITY CHECK::..

Classification for member buckling design

Decisive position for stabdity dassification: 3,175 m
Classification according to EN 1993-1-1 artide 5.5.2
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5,2 Sheet | & 2

[mm] [mm] [

85 |5

Id Type ¢ t oy o3 ¥

K,
-] I
0,62

KN/m2]  [kN/m?2]

-]

5|3

85 '5

9,275+04

0,58

1, 1,6106+05 10, 079

c/t
-]

Rubesa Lucia

| |

e

a5 |5

1,226e+405 | 5549%+04 0,45

1,00

31,43

Note: The Cassification lmits have been set according to Semi-Comp+.,

The cross-section is dassified as Class 1

Flexural Buckling check

According to EN 1993-1-1 articke 6.3.1.1 and formula (6.46)
Buckling parameters Yy z
Sway type swey non-swey
System length L 3175 3175  m
Buckling factor 3 1,16 063 |
Buckding length L 3,696 1,996 'm
Critical Euler load Ner 411,22 141094 kN
Slenderness A |9620 51,93 |
Relative slendemess Al 111 0,60
Limit slendemness Aio 10,20 0,20
Bucding curve ¢ [
action a 049 049
| Reduction factor X 048 0,79
| Budding resistance Nysg |242,34 |397,08 kN
Flexural Bockling vennmt.ion
Crogs-zection ares 1,8360-03 |Im
Buuding resstarke Nm 242,34 ,_Alm_
Unity check I~ 10,82 -
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Torsional(-Flexural) Buckling check
According to EN 1953-1-1 articke 6.3.1.1 and formula (6.46)

Note: The craoss-section concerns @ RHS section which i not susceptible to Torsional(-Flexural) Buckling.

Lateral Torsionai Buckling check

According to EN 1993-1-1 artick 6.3.2.1

Note: The cross-section Loncems an RHS saction with '/ b < 10 / Awx™
This section is thus not susceptible to Lateral Torsional Budkding.

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

Bending and axial compression check parameters
Interaction method

atemative method 1
 Cross-section area A 1,8350e-03 m |
Plastic section modulus W, | 6,4590e-05 m?
Plastic_ section modulus Wei: | 6,4590e-05 m?
Design compression force Neg 197,65 kN
Design bending moment Myes |2,14 kN
(maximum)

Design bending momeant Mies 1,30 kNen
(maximum)

Charadtenistic compression Nu 504,90 kN
resstance

Characteristic moment resistance | Myg, 17,76 kN
Cheracteristic moment resistance  |M.w (17,76 kN
Reduction factor Ky 0,48

Reduction factor X 0,79

Raduction factor LY 1,00

Interaction factor Kyy 0,89

Interaction factor Kz 0,27

Interaction fector ke 0,89

Interaction factor Kz 0,59

Maximum moment M, g is derlved from baam 8135 position 3,175 m.
Maximum moment M, 4 Is derived from beam B135 position 0,000 m.

Interaction method 1 parameters

Crtical Euler load Ny 411,22 KN
Critical Euler load Ne: |1410,94 N
Elastic criteal load Nz 12077276 N
Plastic section modklus Wiy 6,4590e05 m?
Elastic section modulus Wely 5,4220e-05 m?
Plastic section modulus Weis 6,4590e45 ml
Elastic section modulus Waz 5,4220e-05 m!
Second moment of area Iy 2,7110e-06 mt
Second moment of area 1. 2,7110e-06 m!
| Torsional constant Ie 4,4052e-06 m!
Method for equivalent moment Table A2 Line 2 (General)
factor Cryp

Design bending moment My e 2,14 kNm
(maximum)

Maximum relative deflection o, -15 mm
Equivalent moment factor Cory2t 0,70

Method for equivalent moment Tablke A2 Line 1 (Linear)

factor Ceeo

Ratio of end moments e -0,82

 Equivalent moment factor Crrgo 0,56

Factor My 0,68

Factor Me 0,97

Factor £y 0,37

Factor ar 0,00

Critical maement for uniferm Moo 445,83 KNm
bending

Relative slendemess Aeipd 0,20

Limit relative sendermess At | 0,28

 Equivalent moment factor Cory 0,70

Equivalent moment factor Cos 0,56

Equivalent moment factor Cert 1,00

Factor by 0,00

| Factor or 0,00

Factor dur 0,00

Factor our 0,00

Factor Wy 1,19

 Factor W 1,19

Factor Ny 0,39

Maximum relative slancemess A | 111

Factor 1,03

Factor Cee 0,59

Factar oy 0,88

Factor Ca 1,08

Rubesa Lucia
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Unity check (6.61) = 0,82 + 0,11 + 0,02 = 0,94 -
Undy check {6.62) = 0,50 + 0,11 + 0,04 = 0,65 -

The memiber satishies the stability oheck,

Slika 3.1.4.3. Prikaz polozaja popre¢nog presjeka

‘Name ‘ Dijagonala

Type CFRHS90X90X5

Shape type Thin-walled

Z Initial shape Available
Source and Type d...
Source description Rautaruukki Oyj / Stru...
Type description Cold formed square a...
Parameters
Material 5275 > .
Rectangular hollow se... CFRHS90X90X5
Yy Profile Library filter All cross-sections

General
Draw colour Mormal colour -
Colour I
Fabrication cold formed -

Buckling curves

Edit buckling curves

Flexural buckling y-vy C

Flexural buckling z-z C

Slika 3.1.4.4. Poprecni presjek dijagonala na ostalim poljima
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EC-EN 1993 Steel check ULS

Linear calaidstion

Combination: 1.

Coordinate system: Prinzipal
Extreme 10: Global

Selection: 8136,.6140, B185..8193

[Member B191 (0,000 /3,175 m |CFRHS90X90X5 'S275 [1. (0,82 - |

Note: EN 1993-1-3 artice 1.1(2) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code chedk s executed instead of the EN 1993-1-3 code chedk,

Combination key
1./ 1.35"Viastita tefine + 1.50%snijeg + 0.30%vjetar + ’

| 0.60*ternperatura -

yswn for resistance of cross-sections  |1,00 |
Y for redstance to instabilty  |1,00
yip for resistance of net sections 1,25 |
[ Material ]
Yiedd strength |f |275,0 [MPa |
Ultimate strength | f.  |430,0 | MPa
Fabncation Cold formed |

«::SECTION CHECK::...
The critical check is on position 0,000 m

Normal force MNgs | -167,85 kN
Shear force Vyes |-0,10 kN
Sheer force Vies 0,38 | kN
Torson | Vea |-021 LkNm.
Bending moment | Mz 10,29 | kNm
Bending moment | M.ss 0,08 | kNm

Classification according to EN 1993-1-1 artide 5.52
Classification of Internal and Ouwstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 8 2

Id Type ¢ t o1 03 w ks o c/t Class 1 Clast 2 Class 3 Class
[kN/m?] [kNTm?] [-] . Limit Limit Cimit
{-]

11 9,4656+04 | 9,796e+04 0,97 1,00 [1500 [2588 |31, 554 |1

34 s s 9,693e+04 |1,101e+05 |090 | 11,00 |1500 [2588 131,43 3641 |1
5 ]I 5|5 1,106e+05 |1,073e+05 0,97 1,00 |1500 12588 [3143 13550 1 @ |
711 7515 1,064e+05 [9,5176+04 |0,89 1,00 [1500 [2588 (3143 (3646 |1 |

Note: The Cassification lrnits have been set according to Sermi-Comp+,
The crass-section Is dassified as Class 1§

Compression check

Accerding to EN 1993-1-1 articks 6.2.4 and formula (6.9)
Cross-section area [ 11,6360e-03 [m?
Compression resistance  |Nezs | 449,90 kN
Unity check 10,37 -

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

Plastic section modulus W, 51410205 |m?
Plastic bending moment Moy | 14,14 ()
Unity check 0,02 =

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

Plastic section modulus  Woate 51410605 [m? |

Plastic bending moment | Mgy | 14,14 _|kNm_|
Unity check 0,01 . s
Shear check for V,

According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
Shear comaction factor  n (120 |
Sheur area Ay 8,1800e 04 n¥
Plastic shear resslarce for V, | Vpgad | 129,87 (kN
Unity check 0,00 -1 ]
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Shear check for V,
According to EN 19593-1-1 articke 6.2.6 and formula (6.17)

[Shear corection factor, — [n (1,20 [
|Shear aroa As 8,18002-04 | m?
Plastic shaar resstance for Ve | Vpeps | 12987 kN
Unity check 0,00 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 29 MPa
Elastic shear resstarce | Tas 158,8 MPa
Unity check | 1002 |-

Note: The unity check for torslon s bower than the Bmit value of 0,05. Therefore torsion Is considered as
nsgnificant and is ignored in the combined checks.

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

Design plastic moment resistance | Maype 11,49 [kKNm
reduced due to Ney

Exponent of bending ratio y a 1,97

Design plastic moment resistance | Mayeps |11,49 [kNm
reducad due to Ney

| Exponent of bending ratio 2 B 1,97

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

Note: Since the shear forces are less than half the plastic shear redstances ther effect on the moment
resstances IS neglected.

The mamber satisfizs the saction chade

i :STABILITY CHECK::...

Classification for member buckling design

Decisive position for stablity dassification: 2,722 m

Classification accerding to EN 1993-1-1 artide 5.5.2

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

o o3 W Ka Class 3
[(kN/m?2] | [kN/m?) [ [+] | [} [- . (L

9,0920+04 |B,391e+04 |C,92 1
8,5232404 | 1,121e405 0,76 1
1,144e+05 | 1,214e+05 |0,94 1,00 |1500 |2588 31,43 35,85 1
515 1,201e+05 |9,318e+04 0,78 1,00 (1500 (2588 (31,43 (3809 |1

Note: The Classification mits have been set according to Semi-Comp+,
The cross-section s dassified as Class 1

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

\n.nul-
-—I-

Buckling parameters Yy e
Sway type __|Swey  [non-sway |
m length L 3175 13175 m
Budding factor k 100 081
Budding length Lo 3,175 |2,566 m
Critical Euler load Ner 396,61 |60745 kN
Slendarness A 9246 7471
Relative slenderness | At 107 Q.86
Urnit slenderness Ansio|020 10,20
Budding curve 1 < [
a 049 049
Raduction factor o 0,50 0,62
|Budding resistance INoz4 |226,36 (25083 kN
(Cross-section area A |16360e-03 |m?
Buckdng resstarce  Nope | 226,36 kN
Unity check 0,74 -

Torslonal(-Flexural) Buckling check
According to EN 1993-1-1 articke 6.3.1.1 and formuta (6,46)
Note: The cross-section concerns a RHS section which is not susceptiblke to Torsional(-Fexural) Buckling,

Lateral Torsional Buckling check

According to EN 1993-1-1 articke 8.3.2.1

Ncte: The cross-section concerns an RHS saction with h /b < 10 f Ais’
This section Is thus not susceptible to Lateral Torsional Budding.



Bending and axial compression check
Accoeding to EN 1093-1-1 anticle 6.3.3 and formula (6.61)(6.62)

Bending and axial compression chedk parameters

Fakultet gradevinarstva, arhitekture i geodezije

Interaction _rmethod atemative method 1
| Cross-zection area A 1,6360a-03 |m
Plastic section modulus Wats  |5,1410e-05 m*
Plastc section modulus Wee:  5,14100-05 m
' Design compression force Neg  |167,85 kN
Design bending morment Mg 0,71 KNm
(maximum)
Design bending moment Mg |-0,22 kNm
{maximum)

COMpression Nex 449,90 kN
resistance
|Characteristic moment resistance | Myg; | 14,14 kNm
Characteristic moment resistance | M.w. 14,14 kNrn
Reduction factor Xy 0,50
Reduction factor e 0,62
Reduction factor L 1,00
Interaction factor Kyy 1,46
Interaction factor Ky 041
Interaction factor ke 1,52
Interaction factor kg 10,73

Maximum moment Myeq is derived from beam B191 pesition 2,268 m.
Maximum moment M.z Is derived from beam B191 position 3,175 m.

Interaction method 1 parameters

\Crtical Euler load Ny 396,61 N
Critical Euler load Ny 607,45 N
Elastic critical load Nee v 108518,26 kN
Plastc section modulus Wey 5,1410e-05 m?
Elastic section modulus Wy 4,2870e-05 m?
Plastic section modulus Was | 5,1410e-05 m?
Elastic section modulus Wiz 4,2870e-05 m!
| Second moment of area 1y 1,9293e-06 m
Second moment of area 1 1,5293e-06 mt
Torsional constant I 3,1626e-06 m?
Method for equivalent moment Table A.2 Line 2 {General)
:m C..,a

Design bendng mornert My 2 0,71 KNm
| (maximun :

Maximuin relative deflaction 8, -2,0 mm
 Equivalent moment factor Coryt 1,05

Method for eguivalent moment Table A2 Line 1 (Linear)

factof Creeo

Ratio of end moments [ -0,38

 Equivalent moment factor Cergn 0,64

Factor My 0,73

Factor (18 0,87

Factor £ 0,16

Factor ar 0,00

Critical moment for uniform M=o 318,61 KNm
bending

Relative slendemess A 0,21

Umit relative slendemess Awase 0,19

 Equivalent moment factor Coy. 1,05

Equivalent moment factor Core 0,64

Equivalent moment factor Cori7 1,00

| Factor bir 0,00

Factor ar 0,00

Factor dor 0,00

| Factor [ 0,00

Factor Wy 1,20

Factor Wi 1,20

Factor Ny 0,37

Maximum relative skendemess | Ao | 1,07

Factor [ 0,91

Factor Cyz 0,95

Factor Cyy 0,63

Factor Co 1,06

Unty check (6.61) = 0,74 + 0,07 + 0,01 = 0,82 -
Unity check (6.62) = 0,60 + 0,08 + 0,01 = 0,69 -

The member satisfies the stablity

check,

Rubesa Lucia
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4.1.5. Horizontale

Horizontale se sastoje od popre¢nog presjeka dimenzija 70x70x4 (mm).

Slika 3.1.5.1. Prikaz polozaja popre¢nog presjeka

Rubesa Lucia

|Name | Horizontala
Type CFRHSTOXT70x4
Shape type Thin-walled

4 Initial shape Available

Source description
Type description
4 Parameters

Material

Profile Library filter

4 General
Draw colour
Colour
Fabrication

4 Buckling curves

Edit buckling curves

Flexural buckling y-y

Flexural buckling z-z

Slika 3.1.5.2. Popreéni presjek horizontala

4 Source and Type d...

Rectangular hollow se...

Rautaruukki Oyj / Stru...

Cald formed sguare a...

S 275 L
CFRHSTOX70X4

All cross-sections -
MNormal calour b
cold formed b
O



Fakultet gradevinarstva, arhitekture i geodezije Rubesa Lucia

EC-EN 1993 Steel check ULS

Liriear calculaticn

Combination: 2.

Coordinate . system: Principal

Extreme 1D: Global

Selection: B14, Bi5, B20, B23, B26, B29, B32, Bi4i, 3142, Bi47, B150, B153, B156

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

[Member B15 [0,000 / 2,000 m [CFRHS70X70X4 [S275 [2. [0,32 - |

MNote: 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
2./ 1.35*Vlastita teZina + 0.30*vjetar + 0.60*temperatura
+ + 1.50*pjesaci

ymo for resistance of cross-sections | 1,00
ym1 for resistance to instability 1,00
ymz for resistance of net sections 1,25

Yield strength fy |275,0 MPa
Ultimate strength |fu | 430,0 MPa
Fabrication Cold formed

«..::SECTION CHECK::...
The critical check is on position 0,000 m

Internal forces Calculated Unit
Normal force Ned 88,29 kN
Shear force Vyed |-0,53 kN
Shear force Vzed  |041 kN
Torsion Ted 0,11 kNm
Bending moment | Myed |-0,15 kNm
Bending moment  |Mzed | 0,63 kNm

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

1d - Type ‘c e [ e ]| | W] ke —jm  c/t Class.1 Class 2|

[-]  Limit — Limit
[-1 [-1
11 58 4 -1,057e+05 |-5484e+04
3 |1 58 4 -5,215e+04 |-6,401e+04
5 |1 58 4 -6,834e+04 |-1,192e+05
7 1 58 4 -1,219e+05 |-1,100e+05

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

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

Cross-section area A 1,0150e-03 | m?
Plastic tension resistance Npird | 279,12 kN
Ultimate tension resistance |Nurd | 314,24 kN
Tension resistance Nerd [ 279,12 kN
Unity check 0,32 -

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

Plastic section modulus Woly 2,4760e-05 |m?
Plastic bending moment | Mpiyrd | 6,81 kNm
Unity check 0,02 -

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

Plastic section modulus  |Wpiz 2,4760e-05 |m3
Plastic bending moment | Mpizra | 6,81 kNm
Unity check 0,09 -

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 Ay 5,0750e-04 |m?
Plastic shear resictance for Vv |Vplyrd [80,58 kN
Unity check 0,01 -
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Shear check for V:
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

Shear correciion factor n 1,20

Shear area Ay 5,0750e<04 |m?
Plastic shear resistance for Vz || Vizre | 80,58 kN
Unity check 0,01 -

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 3,0 MPa
Elastic shear resistance | Trd 158,8 |MPa
Unity check 0,02 -

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

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

Design plastic moment resistance |Mwu,yrs |6,00 |kNm
reduced due to Ned
Exponent of bending ratio y a 1,87
Design plastic moment resistance |Muzrd 6,00 | kNm
reduced due to Ned
Exponent of bending ratio z B 1,87

Unity check (6.41) = 0,00 + 0,01 = 0,02 -

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

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification according to EN 1993-1-1 article 5.5.2

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

1 [+ 3] "9 [k

o L b A 8 L

11 ]I 58 |4 -1,057e+05 | -5,484e+04 - | .
3 I 58 4 -5,215e+04 |-6,401e+04
5 I 58 4 -6,834e+04 |-1,192e+05
I 58 4 -1,21%e+05 |-1,100e+05

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

Lateral Torsional Buckling check

According to EN 1993-1-1 article 6.3.2.1

Note: The cross-section concerns an RHS section with 'h/ b < 10 / Arei2".
This section is thus not susceptible to Lateral Torsional Buckling.

The member satisfies the stability check.
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Rubesa Lucia

4.2. Dimenzioniranje Cetveropojasne ¢elicne konstrukcije

4.2.1. Gornji pojas

Gornji pojas sastoji se od popre¢nog presjeka dimenzija 180x100x5 (mm).

Slika 3.2.1.1. Prikaz polozaja popre¢nog presjeka

Z

|Name

Type
Shape type

Initial shape

Source and Type d...

Source description
Type description
Parameters

Material

Rectangular hollow se...

Profile Library filter
General

Draw colour

Colour

Fabrication
Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Slika 3.2.1.2. Poprecni presjek gornjeg pojasa

| Gornji pojas

CFRHS180X100X5
Thin-walled

Available

Rautaruukki Oyj / Stru...

Cold formed square a...

5275 v =
CFRH5180X100X5

All cross-sections d

MNormal colour -

cold formed d
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EC-EN 1993 Steel check ULS

Linsar calcidation
Combination: 1.

Coordinate system: Prinzipal
Extreme 10: Global
Selection: All

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

Note: EN 1993-1-3 articde 1,1(3) specifies that this part does not apply to cold formed O4S and RHS sections.

The default EN 1993-1-1 code chedk & exocuted instead of the EN 1993-1-3 code chedk,

!1. [ 1.35%1C1 + 1.50%snijeg + 0.60*termperatura - +
0.30*vjetar
| Partial safety factors |

Partial safety factors

ywo for resistance of cross-sections | 1,00
you for resistance to instabilty 100
yug for resstance of net sections 1,25
| Matertat |
Yield strength |f, [275,0 MPa |
Ultimate strength | . |430,0 |MPa_|
Fabrication Cold formed |

i :SECTION CHECK::...
The critical check is on position 0,000 m

Internal forces Calculated Unit

Normal force Mg | 55228 kN
Shear force Vygs 291 kN
Shaar force Veed 14,22 kN
Torson | Te¢ [L08 | KNm
Bending moment | Mgy | 8,30 kNm
Bending moment | Mesg (4,23 kNm

Ciassification for cross-section design
Classification. according to EN 1993-1-1 artide 5.5.2
Classification of Internal and Oustand parts according o EN 1993-1-1 Table 5.2 Sheet 1 8 2

Rubesa Lucia

o1 o3 W ke 0 ¢/t Class1 Class 2] Cass 3 ' Class
[kN/m?) [kN/m?] [ (<7 [-] [<) Limit Limit Limit

1 |1 -1,8472+405 | -1,051e+05 |

3 (1 [165 |5 |-1,041e#05 |-2,60e+05 [

5 |1 85 |5 -2,344e+05 | -3,140e+05 |

7 |1 165 5 -3,150e+05 | -1,931e+05 |

Note: The Classification lmits have been set according to Serni-Comp+.
The cross-section s dassified as Class 1

Tension check

According to EN 1993-1-1 articke 6.2.3 and formula (6.5)
Cross-section area A 2,6360e-03 [m® |
Plastic tension resistance  MNpsg | 724,90 N
Ultimate tension resistance |(Nuas | B16,11 KN
Tension resistance Neps  [72490 (RN
Unity check \ 0,76

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

Plastic section modulis  [Wey,  [1,5402¢-04 [m® |
Plastic bending moment  Muyes | 4236 kNm |
Unity check [ 0,70 -

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

Plastic section modulus | We; 10259004 [

Plastic bending moment | Maase | 28,21 KNm |
Unity check | 0,15

Shear check for V,

According to EN 1953-1-1 articke 6.2.6 and formula (6.17)
Shear correction factor |n (1200 [
Sheur area Ay 94143004 'm7
Plastic shear resstance for V, | Viug | 149,47 Kl
Unity check 0,02 -
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Shear check for V;

According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
[Shear correction fector. — |n (1,20 |
' Shear aroa As 1,6946e-03 | m?
Plastic shaar resstance for V, | Voeee | 23905 kN
Unity check | 0,02 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula {6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 5,5 MPa
Elastic shear resstance | Tad 158,8 |MPa
|Unity check 1004 |-

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

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

‘Design plastic moment resistance | Maype | 1345 |kKNm
reducad due to Ney

Exponent of bending ratio y a 4,82

Design plastic moment resistance | Myesg (7,98 kNm
reduced due to Net

|Exponent of bending ratio z. B 14,82

Unity check (6.41) = 0,10 + 0,05 = 0,14 -

Note: Since the shear forces are less than half the plastic shear resistances their effect on the moment
resstances |s neglectad.

The member satisfias the saction chade

«i:STABILITY CHECK::..

Classification for member buckling design

Decisve position for stabidity dassification: 0,000 m

Classification according to EN 1993-1-1 artide 5.5.2

Classification of [nbernal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

Id Type ¢ £ o1 a2 ¥l ke o c/t Class1 _ Cass 2 Class 3 | Class

[mm)| [mm)| (kN/m?] BeR/m?] (01 [ [] [}  Umit “ Limit [~ Limit
[-]

S B AN -1,8476+05 | -1,0510+05 ‘ '
3 165 5 -1,041405 | -2,260e+05 | ‘
5 1 8 |5 -2,344e+05 | -3,140e+05 ‘ \
7 1V 1165 |5 -3,150e+05 | -1,931+05 I |

Note: The Cassification kmits have been set according to Semi-Comp+,
The crass-section s dassified as Class 1

Lateral Torsional Buckling check

According to EN 1993-1-1 articke 6.3.2.1

Note: The cross-section concems an RHS saction with 1 / b < 10/ A’
This saction is thus not susceptible to Lateral Torgonal Budkling.

The member satisfies the stability check,
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4.2.2. Donji pojas

Donji pojas sastoji se od popre¢nog presjeka jednakih dimenzija kao i gornji pojas — 180x100x5

(mm).

Slika 3.2.2.1. Prikaz polozaja popre¢nog presjeka

‘Name ‘ Daonji pojas
7 Type CFRHS180X100X5
Shape type Thin-walled
Initial shape Available
/— _\\ Source and Type d...
Source description Rautaruukki Oyj / Stru...
Type description Cold formed square a..
Parameters
Material 5275 ol
Rectangular hollow se... CFRHS180X100X5
V Profile Library filter All cross-sections ¥
, General
Draw colour Normal colour ¥
Colour |
Fabrication cold formed -
N Buckling curves
B Edit buckling curves
=Y " 4 Flexural bucklingy-y ¢
Flexural buckling z-z c

Slika 3.2.2.2. Poprecni presjek donjeg pojasa
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EC-EN 1993 Steel check ULS

Lirear calcidation
Combinatien: 1.

Coprdinate system: Principal

Extreme 10: Global
Selection: Al

EN 1993-1-1 Code Check
Mational anrex: Standard EN

|Member B43 (0,000 / 2,741 m |CFRHS1BO0X100X5

[s278 |1

[o68 - |

MNote, EN 1993-1-3 artide 1,1(3) specfies that this pant does nol apply to odld formed CHS and RHS sections.
The defeult EN 19%3-1-1 code chedk is executed instead of the EM 1993-1-3 code cheds,

1. f L3FL01 + 1.90%nijeg + 0.60*ternperatura - +
0. 30*jetar

wu fof resistance of oross-sedtions
e for resistance 1o irstabiity 1,00

o for redstance of nel sections 125

iekd strength £ 2750 MPa
Ulimate strength | f [430.0 MPa
Fabrcation Cold formed

i SSECTION CHECK::..
The critical check is on position 0,000 m

Mormal foroe Mga | =221 39 kM
Shear force Wops | =029 kM
Shear force Wees | 2,53 kM
Torson Tra =0,43 kim
Banding maoment | Mygs | -64% ]
Bendirg mament | Meza | 1,00 kM

Ciassification for cross-section design
Ulassification according be EM 1593-1-1 artide 5.5.2
Claasification of [nternal and Owstand parts acoording o EM 1993-1-1 Tabde 5.2 Sheet 1 & 2

Id Type 'c
[mm]

o1

[mm]  [kNjm7)

Clas= 3

Limit
[-]

Rubesa Lucia

1 |1 as 3 1,251e+05 |1,440e+05 |087 1,00 [17.00 |2588 31,43 36,80 1
3 |1 165 5 1,422e+05 | 4,685e+04 | 033 1,00 | 3300 X588 31,43 45,77 3
5 |1 a5 5 4 70Be+04 |2 404ar04 | 0,56 1,00 [17,00 [3588 (3143 (445 |1
7l 165 |5 2,582e+04 [ 1,211e+05 |01 100|300 (2588 (3143 (4832 |3

Mote: The Clasification fnits have been set according to Sermi-Comp.,

The cross-section Is classified as Class 3

Material nu:;u:lmt E 0,92

Flange class 2 slendemess limit | Bz, | 31,43

Flange dass 3 slerderness limit | B | 3513

‘Web class 7 slendemess limit Biypm | 76,73

‘Web clss 3 slendemess limit Bipm 11463

‘Web clags 2 slendemness limit Bree |30,43

Web class 3 slendemess limit Bire |35,13

‘Web skendemess ratio Cta 3,00

Flange skndemess ratio ity 17,00

Reference slendemess ratio Gty | 0,00

Raference skernderness ratio Citrae | 0A4Z
Interpofated section modulus Wiy 1, 5402e-04 |m?
Interpofsted saction modulus Wi 9,7333e-05 | m*

Mote: The resstance (o this sermi-compect section hes been calculated aceording to Semi-Comps.

Compression check
Acrording to EN 1983-1-1 articke 6.2.4 and formula [6.9)

Cross-section area

A 16360e-03  |[md

Compression_resstance

Nead | 724,50

kM

Uiy check

031

Bending moment chack for My
Aovording bo EN 1953-1-1 aricks 6.2.5 and formule (6.12),06.13)
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Interpolated section modulus Wi 1540004 | m?
|Interpolated bending resistance  |Magpg | 42,36 kM
| Uniity check _ (815 -]

Bending moment check for M.
According to EM 1993-1-1 articke 6.2.5 and fonmada {8.1.2),06.13)

Interpodated sartion modudus Wiz 4230305 m?
Interpofated bending resstance  |Magps | 26,78 EMm
Unity check 0,04 '

Shear check for v,
According to EM 1953-1-1 anicle 6.2.6 and formula [6.17)

Shear cormection factar f 1,20

Shear area Ay 9414304 |md
Mastic shear resstance for ¥, [ Voees | 14947 kM
Urity check 000 &
Shear check for V.

According to EN 1993-1-1 article 6.2.6 and formula [6.17)
Shear correction lacior ] 1,20

Shear area Ay 1694603 [mf
Mastic sheaar resstance for ¥y [ Vpaed [ 26905 kM
Uriity check 0,0t -
Torsion check

According to EN 1953-1-1 articke 6.2,7 and formula [6.23)
Index of fibrz Fibre |1

Total torsional moment  |[Tes |26 |MPa
Elastic shear resistance  [Tas | 1588 |MPa
Uity chack 0,02

Nobe: The unity check for torsion s kewer than the lirit walue of 0,05 Thenefore torsion b5 considered as
insignificant and & ignoned in the combined checks,

Combined bending, axial force and shear Force check
According to EN 1993-1-1 article §.2,9.1 and formula (6.41)

Interpofated moment resistance | Maages (2942 | kNm
reduced d e to Ne
| Expanent of bending ratio y a_ 1,86
Interpolated momerk resistanoe | Muaers (1860 | kNm
reduced due to Ny AL
| Exponent of bending ratio 2 B 186

Uity check (6.41) = 0,06 + 0,00 = 0,07 -

Mobes Sinpe the shear forces are less than half the plastic shear resstances their effect on the moment
rasstances is neglectad.

The mambsar satisfies the saction chade
LESTABTLITY CHECK:..

Classification for member buckling design

Dieclsve position for stabdity dassification: 0,000 m

Classification accarding to BN 1993-1-1 artkde 552

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

[ ma ] k= o =t Clazss 1 Class 2 Class 3

!
[kMfm?]  [kNfm?] [-] [] [-] Liimit Limit
-]

1 ]I 2 1,251e+05% | 1.40e+05 | 0,87 1,00 1700 3588 3143 36,E0 1
3 165 5 1,42%e+05 |4,688e+04 |033 1,00 |3300 |548 31,4 45,77 3
3 1 85 3 4, F788e+04 | 3,404e+04 | 0,56 100 |1700 |3588 31,43 41,45 1
701 165 E] 1,580e+0d | 1,21 1e+05 0,21 1,00 [3300 2588 EIRE 48,13 3

Mobe: The Cassification imits have been set according o Semi-Comp+.
The cross-section & dassified as Class 3

Flexural Buckling check
Arcording to EM 1953-1-1 articke 6.3,1.1 and formula (6,46)

Buckling parameters Yy =z

Sway fype Sy NOn-Sway
System length L 274 (2741 m
| Buckling factor k 180 0457

| Buckiing kength by 4925|1843 m
Critical Fuler load Mer 950,534 |32755,76 kN
Slendarnes: A 1542 4453
Relathve slendemess | by |O87  [0,51

Lt slandanmess Amip, |9,20 0,20

Byriding curve 1 c c

| Irmperfiection [a 049 [049
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Buckling parameters

Flexural. Buckling | verification

(Cross-section area  |A 26350203 Im?
BuLxing resstarce | Nape |448,83 kN
Unity check [ 0,49 -

Torslonal(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a RHS section which i not susceptible to Torsional(-Flexural) Buckling,

Lateral Torsional Buckling check

According to EN 1993-1-1 articke 6.3.2.1

Note: The cross-section concems an RHS saction with 1 [ b < 10/ Ay’
This section is thus not susceptible to Lateral Torsional Budkling.

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

Bending and axial compression check parameters

Interaction method atermative method 1

Cross-section area A 2,6350e-03 m?
Interpoiated section modulus Wiy, | 1,5402e-04 m?
Interpolated section modulus Wiz 9,7383e-05 m*
 Design compression force Neg 122139 kN
Design bending moment Moes -6,49 kNm
(maximum)

Design bending moment Myed 1,00 kN
{maximum)

Charactenistic compression Nu 724,90 kN
resstance

Characteristic moment resistance |Mya (42,36 kNen
Characteristic moment resistance | M.s 26,78 kN
Reduction factor K062

Reduction factor e 084

Reduction factor T [1,00

Interaction factor Kyy 1,05

Interacticn factor ke 0,59

Interactior factor kg 1082

Interaction factur Kap 1,63

Maximum moment My eq is derived from b2am 843 pesition 0,000 m.
Maximum moment M:sd is dermed from beam B43 pesiton 0,000 m,

Interaction method 1 parameters

Critical Euler load Noy 960,54 N
chal Euler load Neos 2755,76 kN
Elastic critical load N r 142015,30 kN
Interpoiated section modulus Wi, 1,5402e-04 m’
Elastic section modulus Wty 1,2491e-04 m?
Interpolated saction modulus (Wi | 9,7393e-05 m
Blastic section modulus Wiz 9,0350e-05 m?
Second moment of area 1y 1,1242e-05 mt
Second moment of area Iz 4,5177e-06 m!
Torsonal constant I 1,0448e-05 mt
Method for equivalent moment Table A2 Line 2 (General)

factor Cesynt

Design bending moment M, 5 -6,49 KNm
(maximum)

Maximum relative deflaction & 1,3 mm
Equivalent moment factor Cryt 0,92

Method for equivalent moment Tabke A2 Une 2 (General)

factor Cren

Design bending moment M: e 1,00 &Nm
(maximurmn)

Maximum relative deflaction 0, -0,4 mm
Equivalent moment factor Cren 0,9

Factor M 0,%0

Factor e 0,99

Factor £y 0,62

Factor T 0,07

Critical moment for uniform Moo 1028,67 kNm
bending

Relative slerdemness Arwi 3 0,20

| Limit refathe slendemess Agaie | 0,26 .

Equivalont moment facior Cow 0,92

 Equivalent moment facior Cors 0,96

Equivalent moment factor Coit 1,00

Factor byr 0,00

Rubesa Lucia
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Interaction method 1 parameters

|Factor cT 0,00
Factor dir 0,00
Factor BT 0,02 _
[Factor Wy 1,13
Factor we 1,08
Factor Nl 0,31
Maximum relative slendemess | hearw | 0,87
Factar Ca 1,02
[Factar Ca 0,89
[Factar Cxy 0,92
Factar Cer 0,53

Unity check (6.61) = 0,46 + 0,16 + 0,07 = 0,68 -
Unity check [B.62) = 0,37 + 0,13 + 0,04 = 0,53 -

The member satisfies the stability check.

Rubesa Lucia
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4.2.3. Vertikala

Rubesa Lucia

Vertikale ¢etveropojasne resetke sastoje se od poprecnog presjekaa dimenzija 70x70x4 (mm).

Slika 3.2.3.1. Prikaz polozaja popre¢nog presjeka

<

|Name | Vertikala

Type CFRHS70X70X4
Shape type Thin-walled
Initial shape Available

4 Source and Type d...
Source description
Type description

< Parameters

Material

Rectangular hollow se...

Profile Library filter
< General
Draw colour
Colour
Fabrication
< Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Slika 3.2.3.2. Poprecni presjek vertikala

Rautaruukki Qyj / Stru...

Cold formed square a...

S 275 v I
CFRHS70X70X4

All cross-sections =
Normal colour v
cold formed =
O
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EC-EN 1993 Steel check ULS
Linear calcidation

Combination: 1.

Coordinate system; Prinzipal

Extreme 1D: Globad

Selection: All

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

[Member B63 (2,000 / 2,000 m |CFRHS70X70X4 [S275 1. [0,30- |

Note; EN 1993-1-3 articdde 1.1(3) specifies that this part does not apply to cold formed CHS and RHS sections.
The default EN 1993-1-1 code chedk s executed instead of the EN 1993-1-3 code chedk,

Combination key
1. [ 1.3571C1 + 1.50%snijeg + 0.60*termperatura - +
0.30*vjetar

Partial safety factors

v for resistance of cross-sections  [100
s for redstance to instabiity 100
yue for resistance of net sections 1,25
Material
Yiedd strength |t |275,0 | MPa
Ultimate strength £, |430,0 | MPa
Fabrication Cold formed

. :SECTION CHECK::...
The critical check is on position 2,000 m

Internal forces Calculated Unit

Normal force Nge | -25,22 kN
Shear force Vyes -0,74 kN
Shear force Veea 0,54 kN
Torson T 014 [kNm
Banding moment | Mygs | 0,87 kNm
Bending moment | Myza | -0,79 | kNm

Ciassification for cross-section design
Classificatior. according to EN 1993-1-1 artide 552
Clazsification of Internal and Owtstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 8 2

< t o1 o) c/t Class 1| (Class 2 Class 3 | Class
[(mm] [mm] [kN/m7) KN/ m?] (-] -1 [- . Limit Limit
[-] -]

-4,680e+04
2,375e+04

~|9,651e+04
2,5%6+04

Note: The Cassification limits have been set according to Serni-Comp+.
The cross-section is dassified as Class 1

Compression check

According to EN 1953-1-1 articke 6.2.4 and formuda (6.9)
Cross-section_area A [1,0150e-03 [m?
Compression resstance  |Neag | 279,12 kN
Unity check 10,09 =

Bending moment check for My
According to EN 1993-1-1 articke 6.2.5 and formula (6.12),46.13)

Plastic section modulus rwa. 2476005 |m?
Plastic banding moment Mg,_ 6,81 KNm
Unity check 0,13 -
Bending moment check for M,

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)
Plastic section modulus  [Wae  [24760e-05 [md |
Plastic banding moment 1”11:34 681 [kNm_|
\Unity check 0,12 |

Shear check for vV,
According to EN 1993-1-1 aticle 6.2.6 and formula (6.17)

(Shear comaction factor  n (120 |
 Shedr ares by 50750204 |md

Plastic shear resslance for V, | Vg as 80,58 |kN
Unnty check 0,01 [«1 ]
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Shear check for V;

According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Shear corredtion fector  |n 1,200
‘Shear aroa As 5,0750e-04 | m?
Plastic shaar resstance for V; | Vpass | 80,58 kN
Unity chenk 0,01 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 4,1 MPa

Elastic shear resstance | Taa 1588 |[MPa

|Unity check 0,03 |-

Note: The unity check for torslon s lower than the lmit value of 0,05. Therefore torsion Is considered as
insgnficant and is ignared in the combined checks.

Combined bending, axial force and shear force check
According to EN 1953-1-1 articke 6.2.9.1 and formula (6.41)

Design plastic moment resistance | Maype 6,81 [kNm |
reduced dus to Nes

Exponent of bending ratio y a 1,68

Design plastic moment resistance | Myess |6,81 | kNm
reducad due to Nes

Exponent of bending rato z B 1,68 |

Unity check (6.41) = 0,03 + 0,03 = 0,06 -

Note: Since the shear forces are less than halfl the plastic shear redstances their effect on the moment
resistances ks neglected.

The member satisfies the saction chadc

< SSTABILITY CHECK::...

Classification for member buckling design

Decisive position for stabdity dassification: 2,000 m

Classification according to EN 1993-1-1 artide 5.52

Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5,2 Sheet 1 & 2

o1 a2 v 4 Class 3 Class 3
[kN/m?) [kN/m7) [<1 <1 [- . Limit
Il
ENL 198 | . |4 1,6752+04 -4 680e+04 -2.79 0,26 | 14,50 [126,28 = 14557 |36357 |1 |
3 |1 58 4 “4,634e+04  2,375e+04  |-195 10,34 14,50 |98,22 113,22 236,28 |1
5 |1 58 4 3,297«+04 | 9,651e+04 034 1,00 | 14,50 |25,88 31,43 45,53 1
71 58 4 19,606e+04 | 2,596e+04 0,27 | 100 (1450 |2588 (3143|4704 |1

Note: The Cassification lmits have been set according to Semi-Comp+.
The cross-section s dassified as Class 1

Flexural Buckling check
According to EN 1993-1-1 articke 6.3.1,1 and formula (6.46)

Buckling parameters Yy =

Sweytype | |sway  [non-sway | |
System length L 2000 |2,.000 m
Budding factor k 110 (052

Budding length by 2,200 |1035 m
Critical Euler load [N (30881 (139504 kN

| Slendarmess i) 8254 |3883

Relative slenderness A 095 045

Uit slenderness (Amig 020 10,20

Budding curve | C [4

Imperfection a 049 049

Raduction factor X 0,57 087

Buddng resstance Nuz4 |156,83 |243,40 kN_|
Cross-section area (A 1,0150e-03 |m?

Buckdng resstance  Nepe | 158,83 kN

Unity check 0,16

Torslonal(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and farmuta (6.46)
Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Rexural) Buckling,

Lateral Torsional Buckling check

Pccovding to EN 1993-1-1 articke 6.3.2.1

Nete: The cross-section concerns an RHS saction with h [ b < 10/ Aws’
This saction 5 thus not susceptible to Lateral Torsional Budkding.
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Bending and awial compression check

According o EM 1993-1-1 artice £.3.3 ard formula (6.61),(5.62)

Interaction rmethcd albermative method 1

| Cross-section_area A 1,01500=03 | m?

| Plastic seriion moduls Wial, | 2,47602-05 m*
Mastic section maodulus Wikl |2 A7G0a-05 m

| Design comprassion foroe Megg | 25,22 kN
Design bending momeant Myes | 0,87 kN
{mengimum}

Design bending momeant: My |-0,7% khrm
mrEximu

Charscterislic cormprssion MNaw 279,12 kM
resEtance

Charecteristic moment resistance | My 6,81 kN
Charsdteristic moment resistance | Mow |6 81 khrni
Beduction factor ¥y 0,57

Reduction factor ¥z 0,87

Reduction factor LT 1,00

Interaction factor [ 0,75

Interaction factor ki 0,35

Interaction Factor Ky 048

Interaction factor Kz 0,59

Maximum mament My is derived from beam Ba3 position 2,000 m.
Maximum maoment M.zq s derived from beam BE3 position 2,000 m.

Critical Euler Ioad My 308,81 i
Critical Euler Ioad My 139504 kM
Elastic critical load Meem BY566,73 kM
PMastic section modulus Wo'ply 24760e-05 m?
Elastic section modules Wely 2,061 0e-05 m?
Flastic section modulus Wz | 3476005 m?
Elastic section modulus Wileis 2,0610e-05 m
Second mament of area 1 212007 vt
Second moment of area Te 7,2120e-07 !
Torsonal constant I 1,1852e-06 m
Method for eguivalent moment Tabie A2 Line 1{Linear)
fm 1:”-”]

Ratio of end moments Uy -0,23

Eulvalent moment factoe Cren  [0,73

Mathad for egubvalent moment Table A2 Line 1 (Linzar)
factor Crzn

Ratk of end moments 1z 0,68

Equivalent mament factor Criziy 0,60

Factor e 0,5

Factor i 1,00

Factor Ey 1,70

Factor aur 0,00

Critical moment; for wniform e 189,42 kMm
bending

Ralative slendenmess Ara 0,19

Limit ralatve shandemess e aie | 0,28

Equivalent mament fackor [ 0,73

Erjuivalent mament factor Core 0,60

Equivalent mament factor [ 1,00

Factar bir 0,00

Factor ELT 0,00

Factar it 0,0

Factar e 0,00

Factor wy 1,70

Factor Wr 1,20

Factor gl 0,09

Maximum relative slendemess  [Agsae | 055

Factor Ci 1,01

Factar Cg 1,000

Factar Cn o,

Factor Cax 1,02

Unity check (6.61) = 0,16 + 0,10 + 0,04 = 0,30 -
Unity check {5.62) = 0,10 + 0,06 = 0,07 = 0,25 -

The mamber satisfies the stability

check.
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4.2.4. Dijagonale — horizontalne gornje

Dijagonale — horizontalne donje, sastoje se od dva poprecna presjeka. U prvom i drugom polju

su dimenzija 110x110x5 (mm) dok su na ostalim poljima dimenzija 90x90x5 (mm).

Slika 3.2.4.1. Prikaz polozaja popre¢nog presjeka

|Name | Prva polja (dijagonale ...
Type CFRHST10X110X5
Shape type Thin-walled

z Initial shape Available

Source and Type d...

Source description Rautaruukki Qyj / Stru...
Type description Cold formed square a...
Parameters
Material 5275 >
Rectangular hollow se... CFRHS110X110X5

Yy Profile Library filter All cross-sections ~ ~
General
Draw colour MNormal colour v
Colour |
Fabrication cold formed v

Buckling curves

Edit buckling curves

Flexural buckling y-y C

Flexural buckling z-z C

Slika 3.2.4.2. Poprecni presjek dijagonala — horizontalnih gornjih na prvim poljima
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EC-EN 1993 Steel check ULS

Lirear calcidation
Combination: 1,

Coprdirate. system: Principal
Extrerme 10: Global
Selection: Al

EN 1993-1-1 Code Check
Mational anney: Standard EN

|[Member B180 0,000 [ 3,175 m | CFRHS110X110X5 (5275 (1. (0,93 - |

Note; BN 1903-1-3 article 1,1(3) spacifies that this part does not apply to cold formed CHS and RHS sactions.
The default EN 1993-1-1 code chedk is emecuted instead of the BN 1993-1-3 code chedk,

1. FL3%LCL + 1.50%snijeg + 060" Ternperatura - +
0.30*jetar |

v fof resistance of oross-sections
o for Pesistance bo irstabiity 1,00
Yo for resistance of net sections 1,25

Wiedd strength £ [2750 MPa
Ultrmate strength | £ | 430,0 MPa
[Fabrication Cold formed

! tSECTION CHECK::..
The critical check is on position 0,000 m

Internal forces Calculated  Unit
Mormial fonce Mg =204 55 ki
Shear force Wops | -L71 kM
Shesr Porce Wepd | 2,28 kM
Torsion Trd 0y3 kMm
Bending moment | Mygy | -3,36 khmi
Bending moment | Meza | 2,31 kMim

Cinssification for cross-section design
Classification according bo BN 1593-1-1 artide 5.5.2
Clazsification of Inkernal and Ouwstznd parts according 0o BN 1993-1-1 Tabde 5.2 Sheet 1 & 2

! 04 a3 W ke i Claszs. 3| Class

[mm] [mm] [knim?] [(&NFm3] [T [-]
1 ]I 95 3 1482e+05 | 2,07Be+0% 0,71 1,00 |1900 |25488 ] 39,01 1
3 |1 45 5 2,063e+05 | 1,095e+05 0,58 1,00 | 1900 [25488 31,43 41,13 1
5 |1 a5 5 1,11884+05 | 5231e+04 [047 1,00 |13,00 |2588 31,43 43,10 1
7 |1 95 5 S,304e+04 | 1,405+0% 03B 1,00 |1900 |25488 3143 44,72 1
Nobe: The Clasification lirmits have been set according o Serni-Comp+,
The cross-section Is classified as Class 1
Compression check
Aecording bo EN 1983-1-1 adicke 6.2.4 and formula [6.9)
Crogs-section ares A 2036003 |me
Ciom on resstance  |Mesd | 559,00 ki
Urity check 047 -

Bending moment check for My
According to EN 1993-1-1 articke 6.2.5 and formula [6.12)06.13)

Maste section modulis [ Wy 7927008 | m?
Pastic banding moment  |[May e | 2180 kNrm
Unity check 0,15 E

Bending moment check for M;
Acoeeding to EM 1993-1-1 articke 6.2.5 and formula [6.12),(6.13)

Flastic section modulus | Wale 75270e-05  |m¥

Mastic bending momeant | Mpged | 21,80 klm
Unity check 0,11

Shear check for V,
According to EN 1953-1-1 articke 6.2.6 and formula [6.17)

| Shear curmaction factor n_ L2

Shedr ares Ay 1018303 md
Mastic shear resslace for V| Veead | 161,63 ki
| Uy check 001 .
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Shear check for V;
According to EN 1953-1-1 article 6.2.6 and formula (6.17)
Shear corection factor [y (120 T
‘Shear area A 1,0180e-03 | m?
Plastic shaar resstance for V; | Vpaeg | 151,63 kN
Uniity cherk i 0,01 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 6,6 MPa

Elastic shaar resstance | Twa 1588 |MPa

Unity check 004 |-

Note: The unity check for torsion &5 lower than the Bmit value of 0,05. Therefore torsion ks considerad as
insgnificant and & ignored in the combined checks.

Combined bending, axial force and shear force check
According to EN 1953-1-1 articke £.2.9.1 and formula (6.41)

Design plastic moment resistance | Muype [14,93 [kNm
reducad due to Nes

Exponent of bending ratio y 1] 2,22

Design plastic moment resistance | Muess 14,93 kNm
reduced due to Ney

|Exponent of bending rato 2 1B 222 |

Unity check {(6.41) = 0,04 + 0,02 = 0,05 -

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

resistances ks neglacted.

The member satisfies the section cheadc

- SSTABILITY CHECK::...

Classification for member buckling design

Decisive position for stabdity dassification: 0,000 m
Classification according to EN 1993-1-1 artide 552
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5,2 Sheet 1 & 2

o o3

[kN/m?] | [&N/m

w
4 [

Class 3
Limit
3

Rubesa Lucia

Note: The Uassification lmas have been set according to Semi-Comp+,

The cross-section Is dassified as Class L

Flexural Buckling check

According to EN 1993-1-1 articke 6,3.1.1 and formula (6.46)

Buckling parameters Yy Z

Swey typ2 sway non-sway |
System length L 3175 3,175 'm
Budkding factor K 100 100 ‘
Budding length Iy 3175|3175 L -
Critical Euler load Ner 75640 75640 kN
Slendarness A 7469 17469

Relative slenderness Ay |086 086

Limit slenderness [Anio |020  |0,20 il
Buddng curve i (4 <

| Imperfection la 049 1049

Raduction factor % 062 0,62

|Budding ressstance [Nozd |349,58 [349,58 (kN
Cross-section area | A 2,0360e-03 |m?

Budkdng resstance Nope 349,58 kN

Unity check 0,76

Torsional(-Flexural) Buckling check
According to EN 1933-1-1 article 6.3.1.1 and formuta (6.46)
Note: The cross-section concemns a RHS section which is not susceptible to Torsienal(-Fexural) Buckling,

Lateral Torsional Buckling

check

Pecovding to EN 1993-1-1 articke 6.3.2.1
Ncte: The cross-section concerns an RHS saction with h /b < 10/ A
This saction |5 thus not susceptible to Lateral Torsional Budding.

ENL 95 5 1,4820+05 |2,0780+05 |C,71 100 19,00 |2588 EIRE] 35,01 1 |
3 |1 95 |5 2,063e405 | 1,195e+05 0,58 1,00 |19,00 25488 3143 41,13 1 |
5 |1 95 |5 1,118e+05 | 5,221e+04 |0,47 1,00 |1%,00 2588 31,43 43,10 1
7 |1 95 3 5,264e+04 | 1,405+05 |0,38 100 [1900 (2588  [31,43 44,72 1
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Bending and axial compression check
According to EN 1953-1-1 articlke £.3.3 and formula (6.61)(8.62)

Bending and axial compression check parameters

Design bending momeant Mi (2,31 kN
PRI

Charactiristic comprission Mo 559,50 kN
resistance

Charaderistic moment resistance | My (21,80 kM
Characteristic moment resistance | Mow | 21,80 kN
Reduction factor iy 0,62

Reduction factor i 0,62

Reduction factor Kt 1,00

Interaction factor [ 0,84

Interaction factor kg 0,38

Interaction factor ks 0,55

Interaction factor bz 0,60

Maximum mament My pq 5 derived from beam B1ED position 0,000 m.
Maximum maoment Megq I8 dierived from beam BL80 position 0,000 m.

Critical Euler load Plese Fhb,40 L]
Critical Euler load Ples s Fh6,40 kM
Elastic critical |oad M=t 135025,04 kM
Plastc section modulus Wy 7,527 0e-05 m’
Elastic section modulus Wty B, BA00e-05 m?
Plashic section rodul s Wos 7,0270e-05 i
Elastic section modules Wao | G,6900e-05 m
Second mament of area 1y 369506 mit
Second mament of anea I 3, 6795e-06 !
Torsinal constant Ie 5,5360e-06 m?
Methiad for equikalent moment Table A2 Line 24General)
m ‘:ﬁ_l]

Design bendng momert Mpea  |-3,36 kHm
{ireslmiumg

Maximuin relathve defiaction R onF L]
Equivalent moment fackor Coreet 0,71

Methad for eguivalent moment Table A2 Line 1 {Linear)

factor Crzn

| Reaticr of and moments Yz -0,67

Equivalent maoment factor Corgn 0,52

Factor b, 083

Factar Hz 0,E3

| Factar £y 0,39

| Factar a7 0, e

Critical morment far uwnilarm Mg 603,07 kMm
|Bending

Helative slenderness A 0,19

Lirnit relative slendermess hrd i | 0,30

Equivalent moment fackor Cory 0,71

Equivalent mament factos Crea 0,52

Equivalent moment factor CeriT 1,00

[Factar bt 0,00

Factar LT 0,00

Factor dit 0,00

Factar [-Thy 0,00

Factar Wy 1,18

Factar W 1,18

Factor Ny 047

Hazimum relative slendermess | hgaey | 088

Factar Ca 1,08

Factar Coz 1,07

| Factar Cyy 0,58

| Factar [+ 1,12

Unty check (6.61) = 0,76 + 0,13 + 0,04 = 0,93 -
Unity check (5.62) = 0,76 + 0,09 + 0,06 = 0,91 -

The membar satisfies the stablity check.
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Slika 3.2.4.3. Prikaz polozaja popre¢nog presjeka

Rubesa Lucia

|Name | Dijagonala horizontal...
Type CFRHS90X90X5

Shape type Thin-walled

Initial shape Available

Source and Type d...

Source description
Type description
Parameters

Material

Rectangular hollow se...

Profile Library filter
General

Draw colour

Colour

Fabrication
Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Rautaruukki Oyj / Stru...

Cold formed square a...

5275 ol
CFRHS90X90X5

All cross-sections E
MNormal colour -
cold formed v

Slika 3.2.4.4. Poprecni presjek dijagonala — horizonatanih gornjih na ostalim poljima
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EC-EN 1993 Steel check ULS

Lirear calcidation
Combnation: 1.

Coprdirats system: Frinzipal
Extreme 10: Globad
Selection: All

EN 1993-1-1 Code Check
Mational anrex: Standard EN

[Member B136 0,000 / 3,175 m | CFRHS90X90XS |S275 [1. 0,64 - |

Mote: BN 1993-1-3 artiche 1.1(3) spedfies that this part does nol apply to cold formed CHS and RHS sections.
The defeult EN 1953-1-1 code chedk i emecuted instead of the BN 1993-1-3 code ched,

1. 135501 + 1.50%snijeg + 0u60"ternperatura - +
|{r.3l:l*vmr

yu for pesistance of oross-sections

i For nedstance o irdtability 1400
yug for redstance of net sections 1,25
Yiedd strength f, |[z750 MFa
Ultimate strength | £ [430,0 MPa
Fabrication Cold formed

L<iESECTION CHECK:..
The critical check is on position 0,000 m

Nomal fornce Mg =133,00 ki
Shear force Wegs | 0,06 kM
Shear force Vee | -0,12 kM
Torskan Ted | -0,18 khm
Banding moment | Mgy | 064 khmi
Bending moment | Meza | 0,21 kMm

Ciassification for cross-section design
Classification according b EM 1993-1-1 artkde 5.5.2
Classification of Internal and Oustand parts acoording to BN 1993-1-1 Tabde 5.2 Sheet 1 & 2

i [} w k= —m i 2 | Class 3| Class

(kMim?] [eNTm2] [T [T [-) - it i Limit

= -]
1 ]I 3 T034e+04 | 6,326e+04 080 1,00 [1500 [2588 31,43 36,57 i
3 ]I EE 5 GAdTet0d | BO1Ze+04 [072 1,00 [1500 2548 31,43 36,68 1
5 |1 75 5 0,137e+04 |0041e+04 0,92 1,00 |[1500 |2588 (31,43 36,15 1
701 i3 3 9.630e+04 | F353e+04 (075 1,00 1500 |2588 31,43 36,43 1
Mobe: The Clessification lrmits have been set according to Serni-Comp+,
The cross-secton s dassified as Class 1
Compression check
Aceording to EN 1933-1-1 aricle 6.2.4 ard formule [6.5)
Cross-section anea A 1,6360e-03  |me
Cim on reststance | Mesza | 449,00 ki
Urity check 0,30 =

Bending moment check for My
According to EN 1993-1-1 article 6,25 and formula (6.12),(6.13)

PMastc section modulus | Wey 51410e-05 | m?
Mastic berding moment  |Mayra | 14,14 kMrni
Urity check 0,05 E

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

Plastic sectian modules | Wi 3,1410e-05 |m¥

Mastic bending momant | Mpiges | 14,14 khm
Unity check 0,01 :

Shear check for V,
According to EN 19%3-1-1 articke 6.2.6 and formula [6.17)

Shear comadicn factor no |10

Shedr ares By 8180004 |md
Mastic shear resslance Tor ¥y | Vegas | 128,67 kM
Uiy chack 0,00 -
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Shear check for V;

According to EN 1953-1-1 articke 6.2.6 and formula (6.17)
[Shear correction fector [ [1,20 1,
' Shear area A 8,18002-04 |m?
 Plastic shaar resstance for V. | Vo.pq | 12987 kN
Unity cherk | 0,00 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 2,5 MPa

Elastic shear resstance | Trd 1588 |MPa

Unity check 1002 |-

Note: The unity check for torsion s lower than the lmit value of 0,05. Therefore torsion s considerad as
insignificant and i ignored in the combined checks.,

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

Design plastic moment resistance | Muype [12,85 [KNm
reduced due to Ned

Exponent of bending ratio y o 1,84

Design plastic moment resistance | Myesd | 12,85 kNm
reduced due to Ney

(Exponent of bendng rato 2 | B 1,84 |

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

Note: Since the shear forces are less than half the plastic shear resstances ther effect on the moment
resistances s neglectad.

The member satisfies the section chade

- 2STABILITY CHECK::...

Classification for member buckling design

Decisve position for stabdity dassification: 0,000 m

Classification according to EN 1993-1-1 artide 5.5.2

Classification of [nternal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

o a3 v ks L Class 2
[kN/m7?) [kN/m?2) ) (-] . Limit
-]
ENL YN E 7,1340+04 | 6,326r+04 |C,8C 1,00 115,00 2588 31,43 36,57 1 =1
3 |1 75 'S 6,437e+04 | B,913e+04 (0,72 1,00 1500 2548 31,43 36,88 1
5 |1 75 5 9,132¢+04 |9,941e+04 |0,92 1,00 115,00 |2588 31,43 36,15 1
711 73 3 9,8300+04 | 7,353e+04 0,75 1,00 (1500 [2588 (31,43 (3849 |1

Note: The Cassification lmits have been set according to Semi-Comps+.
The cross-section s dassified as Class L

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

Buclkding parameters Yy =z

Sway type | |sway  |nonsway |
System length L 3175 13,175 'm
 Budding factor k 1,00 085

Bucding length o {3175 |2,709  m
Critical Euber load Ner 396,61 |544,75 kN
Slendarness A 92,46 78,90 i
Relative slenderness Al 107 091 |
Unit slenderness |Anio |020 020 .
Budding curve C C

 Imperfection a 049|049

Reduction factor X 0,50 0,59

|Budding resistance Nogzd |226,36 |26744 (kN |
Cross-section area  |A  1/63502-03 |m?

Bucking resstance  Nows 226,36 kN

Unity check | 0,59 .

Torslonal(-Flexural) Buckling check
According to EN 1953-1-1 articke 6.3.1.1 and formuta (6.46)
Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Fexural) Buckling,

Latera! Torsional Buckling check

Pccovding to EN 1993-1-1 articke 8.3.2.1

Ncte: The cross-section concerns an RHS saction with h /b < 10/ A2
This section |5 thus not susceptible to Lateral Torslonal Budding.
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Bending and axial compression check

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

Interaction rethcd altemative method 1

Crossesection araa A 1,5 3603 | m?

| Plastic section modulis Wig, |5,0410-05 m3
Mastic section modulizs Wizt |5 14 00e-05 m

 Design comprassion force Meg | 13300 kN
Deesign bending moment Mea 0,64 kM
{maximum)

Design bending moment Maps |-0,21 kNmi
N I L

Charactiristic comprission Mg | 449,50 kN
resistance

Characteristic moment resistance | Myg; | 14,14 kM
Characteristic moment resistance | Mome | 14,14 kNrn
Reduction factor Y 0,50

Reduction factor 1 0,5%

Recluction factor Hur 1,00

Interaction factor Ky 049

Interaction factor kg 0,55

Interaction fector ke 0,75

Interaction factor ks 0,80

Maximum mament Myeq i derived from beam B136 position 0,000 m.
Maximum moment M. eq s desived from beam B136 position 0,000 m.

Critical Euler Ioad Moy Ja,61 [0]
Critical Euler Ioad [ 544,75 L]
Elaslic critical load Mesm 10851626 kN
Plastic section modulus Wy 5,1410e-05 m?
Elastic section modules [ &, JAT0e-0% m?
Plasgtic saction modulies W s 5,1410e-05 ml
Elastic section modules Wiz 4, M7 0e-05 m!
Secnnd mament of area 1y 1,5293a-06 mrt
Second moment of amea Iz 1,8293e-06 it
Torsional constant 1t 1,1626e-06 e
Method for equivalent moment Table A2 Line 2 {General)
h‘m 1:|u-|.,|]

Design bendng mormert: My e 0,64 kHm
{rratimun

Maximuin relative deflaction R -0,7 T
Equivalent mament factor Corset 0,81

Method for eguivalent moment Table A2 Line 1 {Linear)

fackof Craen

Ratir of end moments iz 0,04

Equivalent mament factor Crran o7

Factar Th 0,B0

Factar He 0,E8

Factar Es 0,18

Faitar - Thi 0,00

Critical moment Tar uniferm Me 318,61 ENm
bending

Belathee slenderness Aeald 0,21

Lirnit redative sendermess Al | 0,26

Equivalent mament factor Cory 0,81

Equivalent moment factor Coe 0,77

Equivalent mament factor CoelT 1,00

Factar bt 0,00

Factar LT 0,00

Factor dir 0,00

Factar [ 0,00

Factor Wy 1,20

Factor W 1,20

Factor Npi 0,30

Maximum relative skendemess | hpeee | 1,07

Factar Ciny 1,00

Factar C 0,89

Factor Cx 0.E?

Factor [+ 1,01

Uity check (6.61) = 0,59 + 0,04 + 0,01 = 0,64 -
Unity dieck (5:62) = 0,50 + 0,03 + 0,01 = 0,54 -

The member satisfies the stabity

check,

Rubesa Lucia



Fakultet gradevinarstva, arhitekture i geodezije

4.2.5. Dijagonale — horizontalne donje

Slika 3.2.5.1. Prikaz polozaja popre¢nog presjeka

[]

Rubesa Lucia

|Name | Prva polja (dijagonale ..
Type CFRHS110X110X5
Shape type Thin-walled

Initial shape Available

Source and Type d...

Source description
Type description
Parameters

Material

Rectangular hollow se...

Profile Library filter
General

Draw colour

Colour

Fabrication
Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Rautaruukki Oyj / Stru...

Cold formed square a...

S 275 -
CFRHS110X110X5

All cross-sections -
MNormal colour -
cold formed -
C

Slika 3.2.5.2. Popreéni presjek dijagonala — horizontalnih donjih na prvim poljima
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EC-EN 1993 Steel check ULS

Linear calcidation
Combination: 1.

Cogrdirate system: Frinczipal
Extreme 10: Global
Selection: All

EMN 1993-1-1 Code Check
Mational annex: Standard EN

|Member 693 |0,000 / 3,175 m |CFRHS110XK110M5 (5275 (L. |087 - |

Mote; EN 1993-1-3 artide 1,1(3) specifies that this part does not apply e oold formed CHS and RHS sections.
The defsult EN 1953-1-1 code chedk & exsouted instead of the EN 1993-1-3 code chedk,

1. f 1355101 + 1.50%snijeg + 060" ternperatura - +
0.30*"vjetar

won for resistance of cross-sections [ 1,00 |

yiu for resistance o irstability i
o for resstance of nel sections 1,25

Material

iedd strength . |275.0 MPa
Ultmarte strength | 2 |430,0 MPa
Fabncation Cold formed

i SSECTION CHECK:...
The eritical check is on position 0,000 m

Internal forces Calculated Unit
Monmial force Mgs | -2¥6,37 kM
Shear force Wops |025 kM
Shear Porce Weed | 0,01 kM
 Torskan Ted | 0,14 kim
Banding moment | Mygy | =037 kMM
Bending moment | Meza | -0,16 kN

Classification for cross-section design
Ulassification according bo BN 1993-1-1 artids 5.5.2
Clazsification of Internal and Ouwcstznd parts aooording 0o EM 1993-1-1 Tabke 5.2 Sheet 1 & 2

[ Tt oy w [ ci't Class X Class
[mm)] [mm] [kNfm] 1 [-] imni imi Limit
[-]
1 |1 95 3 1,431e+05 | 1,330e+05 |097 1,00 1900 (2588 343 35,48 1
3 |1 a5 5 1,782e+05 | 1,288e+05 093 1,00 1900 |358% 31,43 35,58 1
5 | 95 5 1,785e+05 | 1,326e+05 |0,97 1,00 |[1900 |2588 31,43 35,51 1
71 a5 5 1,333e+05 |1,428e+05 [0,93 1,00 (1900 (2588 (3143 (3595 |1

Mote: The Classification lrmits have been set according to Serni-Comp+,
The cross-section 15 dassified as Class L

Compression check
Aecording to EN 1933-1-1 adicle 6.2.4 and formula [6.9)
Cross-section area A 060e-03 [m®
Com on resitance | Meaa | 559,50 ki
Urity chack 049 =

Bending moment check for My,
According ko EN 1993-1-1 articke 6.2.5 and foomula (6.12),(6.13)

Masthe section modulus | Wy FET0e-05 | m?
Mastic berding moment  Mays | 2180 kMrmi
Unity check 0,02 E

Bending moment check for M,
According to EN 1953-1-1 amticke 6.2.5 and formula [6.12)(6.13)

Plastic section modulus  [Wee [7,9270e05 [md

Mastic berding momeant | Mpged | 21,80 kNm
Uity check 0,01 :

Shear check for Vy
According to EM 1953-1-1 anticke 6.2.6 and formula [6.17)

Shear comadicn fachor n_ L0

Shedr area fig LO1EGe-03 | mdf
Plastic shear resslaree for ¥y | Megas | 161,63 ki
| Urmy check 0,00 .
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Shear check for V;
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
[Shear comedtion fector n o [120 ]
| Shear aroa A 1,0180e-03 |m?
| Plastic shaar resistance for Ve | Voes | 15163 kN
\Uniity cherk 0,00 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fibre |1

Total torsional moment | Tes 1,3 MPa

Elastic shear resstance  [Tas | 158,8  |MPa

Unity check 001 |-

Note: The unity check for torsion s bower than the limit value of 0,05, Therefore torsion is considered as
inggnificamt and & ignored in the combined checks,

Combined bending, axial force and shear force check
According to EN 1953-1-1 articke 6.2.9.1 and formula (6.41)

Design plastic moment resistance | Mayee 14,33 [kNm
reduced due to Ney

Exponent of bending ratio y a 2,29

Design plastic moment resistance | Myesd | 14,33 |kNm
reduced due to Nes

|Exponent of bending rato 2 B 12,29 |

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

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

The member satisfies tha saction chadk.

W iSTABILITY CHECK::..

Classification for member buckling design

Decisive position for stabdity dlassification: 3,175 m

Classification according to EN 1993-1-1 artide 5.5.2

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

It 95 ] 1,475p+05 | 1,6380+05 |C90 1,00 19,00 |2588 EIRE] 36,39 1 =
3 i1 95 ) 1,628e+05 | 1,269e+05 |0,78 1,00 |1900 |2588 3143 38,04 1
5 |1 95 5 1,241e+05 | 1,078¢+05 |0,87 1,00 19,00 [2588 314 36,81 1
71 95 3 1,088e+05 |1,447e+05 |0,75 11,00 [1900 [2588 [3143 [3844 |1

Note: The Cassification lmits have been set according to Semi-Comp+,
The cross-section s dassified as Class 1

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

Buckling parameters Yy z
Swey type | |swey  [non-sway :
System length L 3175 [3,175 m
Budding factor k 1,00 1,00
Bucding length by 3175 (3,175  m
Critical Euler load Ner 75640 75640 kN
Slendarness A 7469 7469
Relative slendemess hy 1086 0,86
Uit slenderness Mo 1020 (0,20
Budding curve C C

a 049 049
Readuction factor ¥ 0,62 0,62
8Budding resistan INogg [349,58 (349,58 kN
Cross-section avea (A 2,03602-03 |m?
Budkdng resstance | Nspe | 349,58 kN
Unity check | 0,79 .

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 articke 6.3.1.1 and formuta (6.46)
Note: The crass-section concemns a RHS section which is not susceptible to Torsional(-Fexural) Buckling.

Lateral Torsional Buckling check

Prcovding to EN 1993-1-1 articke 6.3.2.1

Necte: The cross-section concerns an RHS saction with h /b < 10/ As’
This saction is thus not susceptible to Lateral Torsionad Budding.
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Bending and axial compression check

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

Interactiocn rmethcd altemakive method 1

| Cross-section area A 2 035005 | m?

 Plastic section modulus Wigy |7,0270e-05 m*
Plastic section miodulus Wip: | 7,92700-05 m

 Design compression forca Meg | 276,37 kN
Design bending moment Myed |-1,39 kN
{maximum)

Design bending momenk: Mepg |0,63 kMm
rEximum,

Characteristic cornprission Ml | 559,50 kN
messtance

Charaderstic moment resistance | My | 2180 kM
Characteristic moment resistance | Mo | 21,80 kNrm
Reduction factor My 062

Reduction factor i 0,62

Reduction factor WL 1,00

Interaction factor . 1,06

Interaction factor K 0,51

Interaction fachor Ky 0,74

Interaction factor [ 0,78

Maximum mament My Is derived from beam B93 position 3,175 m.
Maximum moment My cq I8 derivad from beam B93 position 3,175 m.

hod 1 porameters

Critical Euler Ioad [ 56,40 L]
Critical Euler Ioad ey 56,40 L]
Flastic critical load Me T 133025,08 kM
Mastic section modules W' ply 7,92 7005 m?
Elastic section modulus Wels B, B900e-05 m?
Plastic section modulus L 7,82 70e-05 m?
Elastic_section modulus Wiz 6, 6900e-05 m?
Second moment of anaa 1y 3679506 m
Second moment of ansa Iy 3,6795e-06 mit
Torsional constant It 5,8360e-06 m
Method for eguivalent moment Table A2 Line 2 {General)
m '|:.u-|._|]

Design bendng momart: M es -1,78 kNm
{radmum)

Maximuin relative defiacton R (K M
Equivalent moment factor Corat 0,85

Methad for eguivalent moment Table A2 Line 1 {Linear)

fasckor C

Ratio of and moments Y= 0,25

Equivalent moment fackor Crrgnn 0,66

Factor [T 082

Factar He oB2

Factor Es 0,15

Factor ayr 0, e}

Critical morment for uniferm Mz BOE,07 EHm
bending

Helative slendemness heal g 0,19

Lirnit relative shendermess haie | 0,25

Equivalent moment fackor Cory 0,85

Equivalent moment factor Cre 0,66

Eqjuivalent mament factor CordT 1,00

Factor bir 0,10

Factar CiT 0, e

Factor dir 0, 0ol

Farctor [ [

Faictor Wy 1,18

Factor W, 1,18

Factor ngi 049

Maximum relative skendemess | hgree | 0,85

Factar Gy 1,04

Factor Ciz 1,01

Factor Cy 05

Factor [+ 1,10

Unity check (6.61) = 0,79 + 0,07 + 0,01 = 0,87 -
Unity check (5.62) = 0,79 + 0,05 + 0,02 = 0,86 -

The mamber satisfias the stab ity

chieck,

Rubesa Lucia
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Slika 3.2.5.3. Prikaz polozaja popre¢nog presjeka

‘Name

Type

Shape type

Initial shape
Source and Type d...
Source description
Type description
Parameters
Material
Rectangular hallow se...
Profile Library filter
General
Draw colour
Colour
Fabrication
Buckling curves
Edit buckling curves
Flexural buckling y-y

Flexural buckling z-z

Rubesa Lucia

‘ Dijagonala horizontal...

CFRHS90X90X5
Thin-walled

Available

Rautaruukki Oyj / Stru...

Cold formed square a...

S 275 ol
CFRHS90X90X5

All cross-sections -
MNormal colour -
cold formed v

C

C

Slika 3.2.5.4. Poprec¢ni presjek dijagonala - horizontalnih donjih na ostalim poljima
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EC-EN 1993 Steel check ULS

Lirear calcidation
Combinatien: 1.

Coordinate. system: Principal
Extreme 10: Global
Selection: All

EN 1993-1-1 Code Check
Matienal anrex: Standard EN

[Member B96 (0,000 { 3,175 m |CFRHSS0X90XS [$275 (1. [0,65- |

Note; BN 1993-1-3 artiche 1,1(%) specilies that this pant does nol apply to cold formed CHS and RHS sections.
The defsult EN 1953-1-1 code check i executed instead of the EM 1993-1-3 code chadk,

1. f 135501 + 1.50%snijeq + 060" ternperatura - +
0.30*wjetar

v Fof resistance of ongss-sections |

o For redstance to irstabilty 100
Y for resistance of nel sections 125
Wiekd strength f |27s0 MPa
Ultimarte strength | £ [430,0 MPa
Fabrication Cold formed

::SECTION CHECK::...
The eritical check is on position 0,000 m

Internal foroes Calculated Unit
Mormal force Mgz | -13548 kM
Shear force Wogs |-0,01 kM
Shear force Wees | 0,71 kN
Tarskan Tea | 0,09 kMm
Banding moment | Mygy | -0,85 kMm
Bending mament | Mesd | 0,03 kMm

Ciassification for cross-section design
Classification accerding bo EM 1993-1-1 artide 5.5.2
Clazeification of [nbernal and Ouestznd parts acoarding to BN 1993-1-1 Table 5.2 Sheet 1 & 2

Rubesa Lucia

o4 a3 w e Clazss.3| Clags

[mm] “[mm] [kNimT] [kNfmI] [T [-] Limit
1 ]I 3 E oo+ | 1,042e+03 0,95 1,00 1500 [25488 31,43 35,73 1
3 ]I 75 5 1,023e+05 | 6014e+04  [058 1,00 1500 |35488 31,43 0,58 i
5 |1 75 5 6,659:+04 |6,152e+04 |092 1,00 [1500 (7588 (3143 3608 |1
7l 73 3 6,33%+04 | 0A55e+04 | 0,66 1,00 [1500 [3588 31,43 35,68 1
Note: The Chassification limits have been sef acoording to Sermni-Comp+,
The cross-section |s dassified as Class 1
Com check
Aecording to EN 1983-1-1 aticke £.2.4 and farmula [6.9)
Crass-section area i 1,6360e-03  |[me
G on resstance  |Meszg | 449,90 kM
Urity check 0,30 =

Bending moment check for My
According to EN 1993-1-1 articke 6.2.5 and foomula (6,12),06.13)

Mastic sectian modules | Way 5.1410e-05 | m?
Plastic berding moment | Maym | 14,14 khirn
Urity chick 0,08

Bending moment check for Mz
Aecording to EN 1993-1-1 article 6.2.5 and formula [6.12),(56.13)

Plastic section moduls  [Wee  [5,1410e-05 [
Plastic barding moment | Mpged | 14,14 kNm

Uriity check 0,01

Shear check for ¥,
According to EN 195G-1-1 articke 6,26 and fonmula [6.17)

Shear comaction factor n_ [120

Shedr area Ay 8.1800=04 |md
Plastic shear resslarme lorVy | Vagpea | 179,57 kM
[ Ury-check 0,00 :
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Shear check for V;
According to EN 1993-1-1 articke 6.2.6 and formula (6.17)
Shear correction factor 1 1,20

Shear area As 8,18002-04 ' m?
Plastic shaar resstance for V, | Voasg | 12987 kN
Uity cherk i 0,01 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fibre |1

Total torsional moment | Tes 1,2 MPa

Elastic shear resstance | Tag 1588 |MPa

Unity check 0,01 -

Note: The unity check for torsion s lower than the lmit value of 0,05. Therefore torsion Is considerad as
insgndficanmt and & ignored in the combined checks,

Combined bending, axial force and shear force check
According to EN 1993-1-1 articke 6£.2.9.1 and formula (6.41)

Design plastic moment resistance | Muyes 12,73 |KNm |
reduced due to Nes

Exponent of bending ratio y a 1,85

Design plastic moment resistance | Muyess [12,75  kNm
reducad due to Nes

|Exponent of bending ratio 2 B 1,85

Unity check {(6.41) = 0,01 + 0,00 = 0,01 -

Note: Since the shear forces are kess than half the plastic shear resstances ther effect on the moment
resstances s neglectad.

The member satisfies the section chadke

- 2STABILITY CHECK::...

Classification for member buckling design

Decisve position for stablity dassification: 0,000 m

Classification according to EN 1993-1-1 artide 5.52

Classification of [nternal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

7 a3 W ks D 7} Class 3 Class

(kN/m?] | [kN/m?) | [+]1 @ (-] [-) S Limit
e

1 75 | |5 9,000p+04  1,0420+05 | (,95 1,00 (1500 (2588 13143 (3573 |1 |
3 75 5 1,023e405 | 6,914e404 |0,68 1,00 (1500 (2588 (31,43 (3958 |1 w
5 (1 75 5 6,659e+04 | 6,1526+04 0,92 1,00 (1500 (2588 (31,43 (3608 |1 I
7 [1__[75__I5 6,3390+04 |9,6550+04 |066 | 11,00 |1500 2588 31,43 (39,88 |1

Note: The Cassification bmits have been set according to Semi-Comp+.
The cross-section Is dassified as Class 1

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

Buckling parameters Yy =
Sway type sway  |non-sway |
System length L 3175 (3,175 |m

factor 3 1,00 0,79 |
Budding length e |3175 12,502  m
Critical Euler load Ner 396,61 639,00 kN
Slenderness A 9246 |7285 |
Relative slenderness Ay 107 0,84 !
Linit slendemness |Anlp (020 0,20 i -
Budding curve C C ;

a 049 049

Reduction factor X 0,50 0,64
Bucdng resstance [ Nuz4 [226,36 (286,88 (kN
(Cross-section area A 1,6360e-03 |m?
Buddng resstance Ngpe | 226,36 kN
Unity check 0,60 .

Torslonal(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formuls (6.46)
Note: The cross-section concemns a RHS section which is not susceptible to Torsional(-Aexural) Buckling,

Latera! Torsional Buckling check

Accovding to EN 1993-1-1 articke 6.3.2.1

Ncte: The cruss-section concems an RHS saction with i /b < 10/ Az’
This saction 15 thus not susceptible to Lateral Torsional Budkling.
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Bending and axial compression check
According to EM 1993-1-1 articke £.3.3 and formula [6.61)(8.62)

Interacticn methcd altermative method 1

| Cross-section_araa A 1 G350a-03 [ m?

| Plastic seriion modulus Wig,y |5,1410a-05 m*
Mastic section miidulus Wizl |5 1410a-05 m

| Design comprassion foroe [y ] 135,48 kN
Design bending monant Myga |-0,85 kMim
{maximum}

Design bending momeank: Myps (0,13 kNmi
rnaximum

Characteristic comprssion M | 49,50 kN
resstance

Characteristic moment resistance | Mygs | 14,14 kM
Charaderistic moment resistance | Mom | 14,14 kNrn
Reduction factor Ky 0,50

Reduction fachor % 0,54

Reduction factor Kt 1,00

Interaction factor Ky 0,82

Interaction factor ki 0,74

Interaction factor Key 0,63

Interaction factor [ 1,14

Maximum mament Mg 5 derfved from beam B96 position 0,000 m.
Maximum mament Megq 15 derived from beam B96 pesition 0,000 m.

cthod L parameters |
Critical Euler Ioad [ 396,61 (]
Critical Euler load Mess £39,00 kN
Elastic critical load Me 108518, 26 kN
PFastic section modulus Wo'py 5,1410e-05 m?
Elastc section modulus Wity 4, 287 D=5 m?
Plastic section modulus Was 5, 1410e-05 m?
Elastic section modulus: Wiz 4, 37005 m?
Second mament of area I 1,5293a-06 mrt
Second moment of area I 1,5203a-06 mrl
Torsienal constant It 3,1626e-06 mi
Methiod for equivalent moment Table A2 Line 2 {General)
fm '|:|u-r_|]
Design bendng momert: [ 0,85 kHm
{rrsdmism)
Maximuin relathve- defiaction X 0,3 mim
Equivalent moment factor Coruct 0,70
Methad for eguivalent moment Tablke A2 Lire 1 {Lingar)
factor C
Ratio of and moments iz 0,64
Equivalent mament fackor Ceran 0,95
Faitar Hs 0,60
Factar He 0,51
Faictor Ey 0,24
Factor [ Th g 0,0
Critical morment for wiferrm Mz 318,61 EMm
bending
felative slendemess Argla 0,1
Lirnit relatice slendermess hrdgie | 0,33
Equivalent mament factor Cors 0,70
Equivalent moment factor Core 0,05
Erjuivalent_meament factor CerlT 1,00
Farctar bt 0, 0e
Factar <k} 0, O
Factar dit 0,00
Factor [ 0,0
Faitar Wy 1,00
Factor W 1,20
Factor Ngl 0,30
Maximum relative skendemess | Agrse [ 1,07
Factar G 1,03
Factar Co 0,77
Factor [ 0,93
Factor G 0,06

Unity check (6.61) = 0,60 + 0,05 + 0,01 = 0,65 -
Unity chieck (5.62) = 0,47 + 0,04 + 0,01 = 0,52 -

The membsar satisfies the stablity

check,

Rubesa Lucia
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4.2.6. Dijagonala — vertikalna

Slika 3.2.6.1. Prikaz polozaja popre¢nog presjeka

Rubesa Lucia

‘Name ‘ Prva polja (dijagonale ...
Type CFRHS100X100X5
Shape type Thin-walled

z Initial shape Available

Source and Type d...
Source description
Type description
Parameters

Material

Rectangular hollow se...

Profile Library filter

[]

General
Draw colour
Colour
Fabrication

Buckling curves

Edit buckling curves

Flexural buckling y-y

Flexural buckling z-z

Rautaruukki Oyj / Stru...

Cold formed square a...

S 275 L
CFRHS100X100X5

All cross-sections b
Mormal colour b
cold formed -

C

C

Slika 3.2.6.2. Poprecni presjek dijagonala — vertikalnih na prvim poljima
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EC-EN 1993 Steel check ULS

Lirear calcidation
Combnation: 1.

Cogrdinate. system: Prinzipal
Extrerme 10: Global
Sedection: Al

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

|Member B74 (0,000 / 3,393 m [CFRHS100X100MS (5275 (1. [091- |

Note: EN 1993-1-3 article 1,1(3) spacifies that this pant does nol apply to cold formesd CHS and RHS sections.
The defautt EN 1953-1-1 code chedk is ewecuted instead of the EN 1993-1-3 code ched,

1. L3550 + 1.50%snijeg + 0.60%temperatura - +
0.30%jetar

o Fof resistance of oross-sectiong
i for resistance o iretabiity 00

¥ for resistance of nel sections 1,25

Yiekd strength £ 2750 MPa
Ultsmate strength | £ |430,0 MFPa
Fabncation Cold formed

«:SECTION CHECK:...
The eritical check is on position 0,000 m

Internal forces Calculated Unit
ormal force Mga | -217.53 kM
Shear force Vegs [0 kM
Shear force Wees | 0,54 kM
Torsion Tra 0,20 kMm
Banding moment | Mygs | =118 kMm
Bending moment  |Meza | -0,92 kMim

Ciazsification for cross-section design
Classification according bo EM 1993-1-1 artide 5.5.2
Clazsification of [nkernal and Ouwstand parts according o B 1993-1-1 Tabée 5.2 Sheet 1 & 2

o1 o3

[kWim®]  [ENFm?] [-]

Rubesa Lucia

1 ]I 3 1,536e4+05 | 1,240e+05 [0.81 1,00 1700 [2588 31,4 ) 1
ER 845 5 1,210e+05 | 6,303e+04 |0,60 1,00 [1700 |25488 31,43 38,31 1
5 |1 a5 5 B,344a+04 |1,13%e+05 |0,74 1,00 [17.00 |2588 31,43 3,55 1
P a5 3 1,160e+05 |1.531e+05 0,76 1,00 [1700 |588 3143 3B,35 1
Mobe: The Chssification limits have been set according o Semi-Comps,

The cross-section |s dassified as Class 1

Compression check

Aerording o EN 1953-1-1 articke 6.2.4 ard formula [6.9)

Cross-section anea A 1836003 [me

Com on reststance | Mosq | 504,50 ki

Urity chiack 043 =

Bending moment check for My
Aocording to EN 1993-1-1 articke 6.2.5 and formula (6.12),06.13)

Mastic section modules Wy B,4590e-05 | m?
Plastic berdirg momemt (Mo (17,76 kMrni
Unity chick 0,07 E

Bending moment check for M
Acoording to EN 1953-1-1 afticks 6.2.5 and formula [6.12),{6.13)

Plastic section moduls  [Wo.  |64500e05 |md
Mastic bending momant  |Mpzea | 17,76 klm
U check 005 :

Shear check for V,
According to EN 1953-1-1 anticke 6.2.6 and formula [6.17)

Shear oomedion factor n ]

Shedr area By 4. 1800=-04 md
Mastic shear redslance for ¥y [ Vegas | 145,73 kM
[Urey-check 0,00 -
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Shear check for V;

According to EN 1953-1-1 articlke 6.2.6 and formula (6.17)
[ Shear correction factor 0 (1,20 [
' Shear ared A 9,1800e-04 | m*
Plastic shaar resstance for V; | Voapg | 14575 kN
Unity cherk 0,00 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 2,2 MPa

Elastic shear resstance | Thas 1588 |MPa

\Unity check 0,01 |-

insgnificant and is ignored in the combined checks,

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

Design plastic moment resistance | Myyee (13,09 |kNm
reduced due to Nes

Exponent of bending ratio y a 2,10

Design plastic moment resistance | Mayers 13,09 [kNm
reducad due to Nes

|Exponent of bending ratio 2 B 2,10

Unity check (6.41) = 0,01 + 0,00 = 0,01 -

Note: The unity check for torsion s lower than the fimit value of 0,05. Therefore torsion s considerad as

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

The member satisfizs the section chadk.
. :STABILITY CHECK::...

Classification for member buckling design

Decisive position for stability dassification: 0,000 m
Classification according to EN 1993-1-1 artide 5.5.2
Cassification of Internal and Outstand parts according to EN 1993-1-1 Table 5,2 Sheet 1 & 2

Rubesa Lucia

Note: The Cassification kmits have been set according to Semi-Comp+.

The cross-section Is dassified as Class 1

Flexural Buckling check
According to EN 1993-1-1 articke 6.3.1.1 and formuta (6.46)

Buckling parameters Yy =

Sway type | |Sway [non-Sway |
System length L 3393 (3393 Im
\Budding factor k 100 10,70

 Bucding fength i 3393 [2375 'm
Critical Euler load | Ner 488,03 |995,98 kN
Slenderness L) 8830 |61,81

Ralative slendemess w102 0,71

Uit slendemness o |020 10,20 I
Buddng curve | 9 c

Imperfection la 049 049

Reduction factor X 053 0,72

(Bucdng resstance [ Nea4 (267,63 (362,14 (kN
(Cross-section area (A |1,8380e-03 m?

Bucdng resstance Nepe | 267,63 kN

Unity check 0,81

Torsional(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concems a RHS section which is not susceptible to Torsional(-Rexural) Buckling,

Lateral Torsional Buckling check
Accovding to EN 1993-1-1 articke 8.3.2.1

Ncte: The coss-section concerns an RHS section with h /' b < 10/ A2

This saction |5 thus not susceptible to Lateral Torsliopal Budding.

o o3 W Class 1
(kN/m2] | (kN/m2) [ T3] Limit
[+
ENL a5 Q 1,536p+05 | 1,249+05 |C,381 1,00 |17,00 (2588 IR 37,56 1 =]
3 |1 85 ) 1,210e+05 | B,393e+04 0,69 100 |1700 |2588 31,43 39,31 1
5 |1 a5 5 B,344e+04 | 1,122e+05 |0,74 1,00 |1700 (2588 31,43 38,55 1
7 |1 a5 15 1,1600+05 | 1,531e+05 |0,76 1,00 1700 |2588 3143 (3835 |1
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Bending and axial compression check
According to EN 1993-1-1 articke 6.3.3 and formula {6.61){6.62)

Bending and axial compression chedk parameters
Interaction_method atermative method 1

Cross-zection area A 1,8360e-03 |m?
Plastic section modulus Wal, |6,4590e-05 m*
Plastic section modulus Vo 6,4590e-05 m*
 Design compression force Neg 217,53 kN
Design bending morment Myes |-1,18 kN
{maximum)
Design bending moment Myeg |-0,92 kNm
(maximum)

compression N 504,90 kN
resstance
(haracteristic moment resistance | Myge  |17,76 kN
Characteristic moment resistance |M.w (17,76 kN
Reduction factor K 0,53
Reduction factor % 0,72
Reduction factor Xur 1,00
Interaction factor ky 11,03
Interaction factor Kz 0,56
Interaction factor Ky 0,95
Interaction factor Ksr 098

Maximum moment My eq is derived from baam 874 position 0,000 m.
Maximum moment M. g4 Is derived from beam B74 position 0,000 m.

Interaction method 1 parameters

Critical Euler load Ney | 488,03 kN
Critical Euler load N 995,98 N
Elastic critical load Nt 120736,71 kN
Plastic section modulus Wy 6,4590e-05 m?
Elastic section modulus Wely 5,4220e05 m?
Plastic section modulus Wy | 6,4590e-05 m?
Elastic section modulus Wiz 5,4220e-05 m?
‘Second moment of area 1y 2,7110e-06 mt
Second moment of area Is 2,7110e-06 m!
Torsonal constant Ie 4,4052e-06 m?
Methad for equivalent moment Table A2 Line 2 {Geneal)
factor Coupy

Design bendng mormert My ge -1,18 kKNm
{maximum)

Maximuin relative defiection 8, 1,3 mm
Equivalent moment factor Corya 0,80

Method for equivalent moment Table A2 Line 1 (Linear)

factor C

Ratio of end moments [ 0,23

Equivalent moment factor Cergn 0,83

Factor T 0,73

Factor 18 0,93

Factor £ 0,18

Factor ar 0,00

Critical moment for uniform Mep 417,14 kNm
bending

Relative slendemess A 0,21

Uit relative slendemess Awases | 0,27

Equivalent moment factor Cory 0,80

Equivalent moment factor [ 0,83

Equivalent moment factor Cout 1,00

Factor bir 0,00

Factor or 0,00

Factor di 0,00

Factor [0 0,00

Factor Wy 1,19

Factor we |1,19

Factor ng 0,43

Maximum relative slendemess | A | 1,02

Factor Cyy 1,02

Factor Cp 0,82

Factor Cy 0,85

Factor Cu 1,01

Unty check (6.61) = 0,81 + 0,07 + 0,03 = 0,51 -
Unty check (5:62) = 0,60 + 0,06 + 0,05 = 0,71 -

The mamber satisfies the stablity

check,

Rubesa Lucia
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o 4

Rubesa Lucia

Slika 3.2.6.3. Prikaz polozaja popre¢nog presjeka

|Name | Dijagonala vertikalna (...
Type CFRHS90X90X5

Shape type Thin-walled

Initial shape Available

Source and Type d...

Source description Rautaruukki Oyj / Stru...
Type description Cold formed square a...
Parameters

Material 5275 v .
Rectangular hollow se... CFRHS90X90X5

Profile Library filter All cross-sections b
General

Draw colour Normal colour b
Colour |

Fabrication cold formed =

Buckling curves
Edit buckling curves
Flexural buckling y-y c

Flexural buckling z-z c

Slika 3.2.6.4. Poprecni presjek dijagonala — vertikalnih na ostalim poljima
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EC-EN 1993 Steel check ULS

Coordinate sysu.am: Erinzipal
Extreme 10: Global
Sedection: All

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

|Member BB1 0,000 / 2,987 m

| CFRHS90X90X5

s275 1.

078 - |

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 1933-1-1 code chedk s executed instead of the EN 1993-1-3 code chedk.

Combination key
1. /1354101 + 1.50%snijeg + 0.60*termperatura - +
10.30*%vjetar

ywn for resistance of cross-sections |1,00 |
Yo for resistance to instabifty 100 |
yug for resistance of net sections 125 |
(Material ]
Yiedd strength f, |2750 | MPa
Ultknate strength  £. |430,0 MPa |
Fabncation ' Cold formed |

«::SECTION CHECK::...

The critical check is on position 0,000 m

Internal forces Calculated Unit

Normal force Ngs | -172,30 | kN
| Shear force Vegs (071 | kKN
Shear force Vied 0,29 | kN
Torsion T |-0,29 [ kNm
Banding moment | Mygy | -0,40 [ kNm
Bending moment | Meza | -1,54 | KNm

Ciassification for cross-section design
Classification according to EN 1993-1-] artide 552
Classification of Internal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

Ko

-7 [

Class 2 Class 3 Class

Limit
[]

Limit
[]

Rubesa Lucia

1|1 75 2588 (3143 (41,03 |1
3 |1 75 4e+04_|6,373e+04 | 2588 3143 37,70 |1
5 1 75 6,667e+04 |1,264e+05 10,53 588 (3143 4201 |1 @ |
711 75 1,3146+05 | 1,470e+05 588 3143 (3647 (1

Note: The Clssification frnits have been set according to Serni-Comp+,

The cross-section s dassified as Class 1

Com) check

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
Cross-section area A 1,6360e-03 |m*

| Compression resistance | Nesg | 449,90 kN

Unity chack 0,38 =

Bending moment check for My

According to EN 1993-1-1 articke 6.2.5 and formula (6.12){6.13)
Plastic section modulus ~ Way | 5,1410e05 |m? |
Plastic bending moment  Mayee | 14,14 kN

|Urity check 1 0,03 1=

Bending moment check for M,
According to EN 1953-1-1 article 6.2

.5 and formula (6.12)(6.13)

Plastic section moduls | Waie | 5,1410605 |md |
Plastic bending moment | Mpzae | 14,14 kNm_|
Unity check ‘ 0,11 < ]

Shear check for V,
According to EN 1993-1-1 articke 6.2

.6 and formuda (6.17)

Shear comaction factor in 1120 |
| Shear ares Ay 81800204 oF

Plastic shear resslance for Vy | Vegas | 129,87 kN |
'Unity check | 0,01 =1 |
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Shear check for V;

According to EN 1953-1-1 articke 6.2.6 and formula (6.17)
Shear correction fector |n (1,20 |
 Shear aroa A 8,18002-04 | m?
Plastic shaar resstance for Ve | Voeps | 12987 kN
Urity cherk i 0,00 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment | Tes 4,1 MPa

Elastic shoar resstance | Tad 1588 |MPa

Uity check 003 |-

Note: The unity check for torsion & lower than the lmit value of 0,05. Therefore torsion ts considerad as
insignificant and i ignared in the combined checks,

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

Design plastic moment resistance | Muype [11,26  [kNm
reduced due to Nes

Exponent of bending ratio y a 1,99

Design plastic moment resistance | Myess 11,26 |[kNm
reduced due to Nes

|Exponent of bending ratio 2 B 1,99

Unity check (6.41) = 0,00 + 0,02 = 0,02 -

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

The member satisfizs the section chade

i :STABILITY CHECK::...

Classification for member buckling design

Decisive position for stablity dassification: 0,000 m

Classification according to EN 1993-1-1 artide 5.52

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

o

1|1 75 | .|5 1,4400+05 | B,4360+04 _|C,56 1,00 |1500 |2588 (33,43 (41,00 [ |
31 755 7,934e404 _ 6,3/3e404 0,80 1,00 [1500 (2588 (31,43 (37,70 |1
5 (1 5|5 6,6676+04 | 1,264e+05 0,53 1,00 (1500 (2588 31,43 (4200 |1
71 75 5 13,314e+05 [1,470e+05 089 | (1,00 [1500 [2588 3143 [3647 |1

Note: The Classification mits have been set according to Semi-Comp+,
The cross-section Is dassified as Class 1

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

Buckling parameters Yy =

Sway type sway  [nomsway |
System length L 2987 2987 m

| Budkding factor K 1,00 0488

Bucding length e 12987 (2626 |m
Critical Euler load Ne  |448,10 |580,02 kN
Slenderness A 8699 76,46

Relative slendemess At 1,00 0,88

Uit slendemess Ao 020 020

Budding curve | [ <

Imperfection a 049 049

Raduction factor X 0,54 061

Buddng resstance  [Nead 242,39 |275,21 kN

Flexural Buckling verification

Cross-section area | A 1,6360e-03 |mé
Bucding resistance | Naee | 242,39 kN
Urity check 1 0,71 .

Torsional(-Flexural) Buckling check
According to EN 1933-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concemns a RHS section which is not susceptible to Torsional(-Fexural) Buckling.

Lateral Torsional Buckling check

Accovding to EN 1993-1-1 articke 6.3.2.1

Nete: The cross-section concerms an RHS section with h /b < 10/ A2
This section |5 thus not susceptible to Lateral Tarslonal Budkling.
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Bending and awial compression check
According ko EN 1953-1-1 article £.3.3 and formula [6.61),(5.62)

Bending-and axial compression check parameters

Interaction rmethod altemative method 1

Cross-section ansa A 1,6360a-03 m?
Plastic sertion maodulus Wig, |5,0410e-05 m#
Plastic section modulus Wioi: |5 14108-05 m

 Design compression foroe Mgg |172,30 kM
Design bending morment Mies | -0,40 kM
{maximumg

Design bending moment: Myps |-1,54 kHNrm
EX I

Characteristic cornpression Mo 449,90 kN
resistance

Charaderistc moment resistance | Myps | 14,14 kM
Characteristic moment resistance | Mose | 14,14 kHrn
Beduction factor o) 0,54

Feduction fackor i 0,61

Feduction factor g 1,00

Interaction factor [ 0,95

Interaction factor kg 043

Interaction fector Ky 0,73

Interaction factor ks 07s2

Maximum mament My g 5 derfved from beam B81 position 3,000 m.
Maximum mament Mezq Is derived from beam BEL pesition 0,000 m.

Interaction method 1 parameters

Critical Euler load Plese 448,10 L]
Critical Euler load Ples s 580,02 ]
Flastic crifical load M= 10854610 kM
Mastic section modulus W' ply 5,1410e-05 m?
[Elastic section modulus LU 4, 207 0e-05 m?
Mastic section modulus Wi 5,141 0e-05 md
Elastic section rmodulus Waio 4,287 005 m?
Second maoment of area 1y 1,8203a-06 mit
Second mament of area I 1,5093:-06 mit
Torsanal constant It 3, 1626e-06 mA
“ethad for eguivalent moment Table A2 Line 2 {General)
..‘adi:l' Eﬁ_l]

Design bendng momert [ -0, kHm
i bmiurng

Maximuin relathve defizction 8, 04 mim
Equivalent moment factor Corert 0,77

Methad for eguivalent moment Table A2 Line 1 {Linear)

Takor Crasn

Ratio of and moments iz -0, 30

Equivalent mament fackor Cregn 0,63

| Factar M [ s ]

Factar Hz ()

| Factor Ey 0,0

| Factor ar 0,00

Critical morment far uifarm Mg 338,70 KHm
bending

Relative slenderness A [l

Lirnit relative shendemiess hagie | 0,29

Equivalent moment factor Cory 077

Equivalent mament factor [ 0,63

Equivalent meament factor CoiT 1,00

[Farctor byt 0,00

Factar LT [N ]

Factor dir 0,00

Factor [ 0,06}

Factor Wy 1,00

Factar W 1,20

Fartor Mgl 0,38

Maximum relative slendemess | Agowss | 1,00

Factar G 1,03

Factar Co 0,58

| Factor Cyy (=]

| Factor o 1,00

Unity check (6.61) = 0,71 + 0,03 + 0,05 = 0,78 -
Undty check {5.62) = 0,63 + 0,02 + 0,08 = 0,72 -

The mamber satisfies the stablity

check,

Rubesa Lucia
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4.2.7. Horizontala — gornja

o o
e e
NP SR
s . AN

Slika 3.2.7.1. Prikaz polozaja popre¢nog presjeka

|Name | Horizontala gornja
Type CFRHSTOX70X4
Shape type Thin-walled
Z Initial shape Available
4 Source and Type d...
Source description Rautaruukki Oyj / Stru...
Type description Cold formed square a...

4 Parameters
Material 5275 adl
Rectangular hollow se.. CFRHSTOX70X4

}'T Profile Library filter All cross-sections -
4 General

Draw colour MNormal colour =

Colour ]

Fabrication cold formed -

4 Buckling curves

Edit buckling curves |

Flexural buckling y-y C

Flexural buckling z-z C

Slika 3.2.7.2. Poprec¢ni presjek horizontala — gornjih
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EC-EN 1993 Steel check ULS

Linear calcidation
Tombination: 1.

Coprdirate system: Frincipal
Extreme 10: Global
Selection: All

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

|Member B112 [0,000 / 2,000 m |CFRHSTON7ON4 (5275 [1. (064 - |

Mote: BN 1993-1-3 article 1,1(%) specifies that this pant does nolb apply to cold formed CHS and RHS sections.
The default EN 19%3-1-1 code chedk s exeouted instead of the BN 1993-1-3 code chedk,

1. 039101 + 1.50%snijeg + 0.60"terngeratura - +
|{r.3tl"vje£r

o for resistance of oross-sections

o For resistance to irstability 100
o for resdstance of net sections 1,25
iedd strength t |27s.0 MPa
Ultimate strength | £ |430,0 MPa
[Fabncation Cold formed

i tSECTION CHECH::...
The critical check is on position 0,000 m

Internal forces Calculated  Unit
Mormal fonce Mg =30 58 kM
Shear force Weps |-0,13 kN
Shear Torce Werd | -1,35 kN
Torskon Trd 0,02 kMm
Banding moment | Moy | 1,58 khm
Bending moment | Meza (0,17 kMt

Ciassification for cross-section design
Classification according o EN 1993-1-1 artlde 5.5.2
Clazsification of Internal and Ouwestznd parts according o BN 1993-1-1 Tabke 5.2 Sheet 1 & 2

Id Type 'c L oy o W k= o c Clazs1l| |(Class 2 Class 3 | Cla=s
[mm] [mm] [kN/m?]  [kNim<]  [-] 1 [-] |

1 ]I 58 4 -4, 008e+04 | -2 GRSe+04

3 |1 58 1 1,605e+04 | 1,105e+05  [-0,15 067 | 14,50 |30,92 37,30 58,58 1

5 1 58 4 1,181e+05 | 1,047e+05 0,89 1,00 | 14,50 |25,88 31,43 36,57 1

7 1 58 4 O498e+04 | -3,223e+04 |0 34 0,75 |14,50 [37.50 44,85 65,63 1

Note: The Classification rnits have been set acoording to Semi-Camp+,
The cross-section s classified as Class 1

Compression check

Aecording bo EN 1983-1-1 aricke 6.2.4 and formula (6.9)
Cross-section_area A 1,0150e-03 [m?
Com on resstance  [Mess | 279,12 ki
Unity check 0,14 =

Bending moment check for My
According to EN 1953-1-1 article 6.2.5 and formula (6.12),06.13)

Mastie section modulis  [Way 2476005 | m?
Plastic bending moment | Moy 6,81 kNrm
Urity check 0,23 g

Bending moment check for M,
According to EN 1993-1-1 article £.2.5 ard formula (6.12)46.13)

Plastic section modules | Wi 24760e-05  |[m?

Mastic bending moment | Mpiges [ 681 khm
Uity check 002 :

Shear check for v,
According bo EN 1953-1-1 articke 6.2.6 and farmula [6.17)

| Shear comedtion factor  (n (120

Shear area B 50750204 |md
Pastic shear radslance for Vy | Vgyas 80,58 kM
 Urity check 0,00 .




Fakultet gradevinarstva, arhitekture i geodezije Rubesa Lucia

Shear check for V,
According to EN 1953-1-1 articke 6.2.6 and formula (6.17)
Shear corredtion fector n 1,20 -
| Shear area A 50750e-04 | m?
| Plastic shaar resstance for V; |Vozss | 80,58 kN
Uriity cherk 0,02 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment [Te« | 0,5  |MPa

Elastc shear resstance | Tad 1588 |MPa

|Unity check 1000 |-

Note: The unity check for torsion s lower than the lmit value of 0,05. Therefore torsion Is considerad as
nsgnificant and & ignored in the combined checks.,

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

Design plastic moment resistance [Muype 6,81 [kNm |
reduced due to Ned

|Exponent of bending ratio y a 1,70

Design plastic moment resistance | Muyesd |6,81 | kKNm
reduced due to Ned

Exponent of bending ratio 2 B 1,70

Unity check (6.41) = 0,08 + 0,00 = 0,09 -

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

The member satisfies the saction chad

.- :STABILITY CHECK::..

Classification for member buckling design

Decisve position for stabdity dassification: 0,000 m

Classification according to EN 1993-1-1 artide 5.5.2

Classification of [nternal and Outstand parts according to EN 1993-1-1 Table 5.2 Sheet 1 & 2

] @ L ks ; t Class 3 | Class

(kN/m?) [ [kN/m?) (01 T (<)
11 58 || -4,008e+04 | -2,6650+04 ey )
3 1 . -1,695e404 | 1,103e405 |-0,15 (087 (1450 3092 |37,30 |58,58 |1
5 (1 58 |4 1,1816+05 | 1,047¢+05 0,89 (1,00 (1450 (2588 (31,43 (3657 |1
7 11 58 |4 94980404 [-3,223e+04 |-034 1075 (14,50 [37,50 |44,85 |6563 |1

Note: The Cassification lmits have been set according to Semi-Comp+.
The cross-section s dassified as Class 1

Flexural Buckling check
According to EN 1993-1-1 artick 6.3,1.1 and formuta (6.46)

Buckling parameters Yy z

(Sway type A |sway  non-sway |
System length L 2000 2,000 m
Bucking factor k(167 069

Bucding length b 3342 1373 m
Critical Euler load | Ner 133,82 |793,13 kN
Slendarness [A 125,38 |51,50

Relative slendemess [ At 144 0,59

Uit slenderness [Anio 1020 0,20

Budding curve 3 C
 Imperfection a 049 049
Reduction factor X 033 0,79

|Bucding resstance INea4 [9303 [22034 (kN

Flexural Buckling verification

Cross-section area A |1,0150e-03 |m? |
Buddng resstance | Nees  |93,03 kN
Unity check 043

Torslonal(-Flexural) Buckling check
According to EN 1933-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a RHS section which is not susceptible to Torsional(-Hexural) Buckling,

Lateral Torsional Buckling check

Accovding to EN 1993-1-1 articke 6.3.2.1

Nete: The cross-section concerns an RHS saction with h [ b < 10/ A<’
This saction |5 thus not susceptible to Lateral Torsional Buckling.
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According to EN 1993-1-1 article 6.3.3 and formula (6.61),{5.62)

Interaction rethcd atemative method 1

| Crosz-section_anaa A 1,01 50005 | m?

Plastic section modulus Wig, | 24760e-05 m*
Plastic section modules Was | 2,4760e-05 mi

 Design compression forca MNeg (30,58 kM
Deesign bending miorment Myes | 1,58 KNrm
{maximum)

Design bending moment: My 0,07 kN
TrEimLm

Charaderstic comprssion M | 279,12 kN
mesistance

Characteristit moment reststance | Myes 6,81 kM
Cheraderistic moment resistance | Mom  [6,81 KN
Feduction fador ¥y 0,33

Reduction fackor ¥z 0,79

Reduction factor Hur 5,00

Interaction factor [ 0,36

Interaction factor [ 0,35

Interaction fector Ky 0,76

Interaction factor [ 0,67

Maximum moment My bs derived from B2am B112 position 0,000 m.
Maximuim moment Magq 15 derived from beam B112 pagition 0,000 @,

hod 1 parameters

Critical Euler Ioad Moy 13382 (]
Critical Euler load Ples s 793,13 (]
Flastic critical load Mem 67566,73 EN
Mastic section modules W'py 2,4760e-05 m?
[Elastic section modulus W ey 2,061 De=0% m?
PMastic section modulus Weis 1 476RDe-05 m?
Elastic section madulies Wiz 2,061 0e-05 md
Second moment of anaea 1 7, 212007 m*
Second moment of amea Iz 7,3120e-07 !
Torsonsl constant Ik 1,1852e-06 mA
Method for equivalent moment Table A2 Line 2-{General)
i‘m ‘:ﬁ_l]

Design bendng mormert: [ 1,38 kMm
{imaimium)

Maximuin relative defiaction 8, -1,0 min
Equivalent moment factor Cogn | 0,77

Methad for equivalent moment Table A2 Line 1 {Linear)

Tk Crac

Ratio of end moments Yz 0,61

Equivalent moment factor Cran 0,64

[Factor Hs [ ]

Factor He 0,548

[Factor Ex 1,97

[Factor ar 0,0}

Critical moment for wniform M 185,43 kMm
bending

Belatiee slendemness Aeal 0,19

Lirnit redative shendermess Araies | 0,31

Equivalent moment factor Co 077

Equivalent moment factos Crve 0,64

Equivalent mament factes CenlT 1,00

[Factor byr 0,0

[Factor LT LERE ]

Factor dir 0,00

Factor [ 0,0

[Factor Wy 1,00

Factor We 120

Factor Ne 0,14

Maximum relative slendemess  [Agrge | 1,44

Factar Gy 0,58

Factor Co 0,52

[Factor [+ 0,85

Factor e 1,060

Unity check (6.61) = 0,43 + 0,20 + 0,01 = 0,64 -
Undty check (5:62) = 0,18 + 0,18 + 0,02 = 0,37 -

The mambsar satisfies the stablity

check,

Rubesa Lucia
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4.2.8. Horizontala — donja

e -
— ;f'\'

Slika 3.2.8.1. Prikaz polozaja popre¢nog presjeka

‘Name ‘ Horizontala donja
Type CFRHSTOX70X4
Shape type Thin-walled
Z Initial shape Available
Source and Type d...
Source description Rautaruukki Oyj / Stru...
//’ \\\ Type description Cold formed square a...
Parameters
Material 5275 - =
Rectangular hollow se.. CFRHS70X70X4
}' Profile Library filter All cross-sections E
General
Draw colour Maormal colour =
N Colour
N Fabrication cold formed -
~ MY _/ Buckling curves
Edit buckling curves
Flexural buckling y-y o

Flexural buckling z-z c

Slika 3.2.8.2. Poprec¢ni presjek horizontala — donjih
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EC-EN 1993 Steel check ULS

Coordinate s;'st'an: Prinzipal
Extreme 10: Global
Selection: All

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

[Member B47 10,000 / 2,000 m |CFRHS70X70X4 [S275 1. (0,68 - |

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

1. / 1.35%1C1 + 1.50%snijeg + 0.60*ternperatura - + 1

10.30*vietar

|ywn for resistance of cross-sections  |1,00 |
Y for redistance to irstability 1,00

yue for resistance of net sections 1,25

Yield strength | 12750 MPa |
Ultirmate strength | f.  430,0 MPa
Fabncation Cold formed

«::SECTION CHECK::...
The critical check is on position 0,000 m

Internal forces Calculated  Unit

Normal force Mgz 69,58 | kN
Shear force Vye2 |°0,06 kN
Shear force Vied | -1,46 | kN
Torson Tea 0,01 Tkhm
Bending moment | Mygs | 1,53 | kKNm
Bending moment | Mess | 0,06 | kKNm

Ciassification for cross-section design
Classification according to EN 1993-1-1 artide 552
Classification of Internal and Owstand parts according o EN 1993-1-1 Table 5.2 Sheet 18 2

id Type 'c o1 o3
[mm]} [mm] [knN/m?] [kN/m?] (-]

-3,991e+03 | 9,730e+02 | ‘ 14,50
(1,3 ‘ | 14,50 |2

1273e+05 [4,161e+03 (0,03 | 1

Note: The Classification limits have been set according to Sermi-Comp+.,
The crass-section Is dassified as Class 1§

Compression check

According to EN 1993-1-1 article 6.2.4 and formuda (6.9)
Cross-secticn area A 11,0150e03 |m?

| Compression resistance  |Nezgq | 279,12 kM
Unity check 10,25 =

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

Plastic section modulus | Wiy 2,4760e-05 |m?
Plastic bending moment My | 6,81 kNeny
Unity check 0,22 -

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

Plastic section moduls Wi 24760e-05 |m?
Plastnc bending moment \M;gulg 681 Nm
Unity check 0,01 -

Shear check for V,
According to EN 1993-1-1 article 6.2,6 and formula (6.17)

| Shear comaction factor in__ [1,20 |
Shedr area Ay 50750e 04 @
Plastic shear resslance for V, | Vg ae 80,58 (kN
\Unaty check 0,00 -1 |

Rubesa Lucia
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Shear check for V,
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Shear corredtion facter | 1,20 |
Shear aroa As 50750e-04 Im?
 Plastic shaar resstance for V; | Voasg | 80,58 kN
Uity cherk 0,02 -
Torsion check

According to EN 1993-1-1 articke 6.2.7 and formula (6.23)
Index of fibre Fbre |1

Total torsional moment  |Tes | 0,1 MPa

Elastic shear resstance  |ths | 1588 [MPa

Wity check | (000 |-

Note: The unity check for torsion is lower than the limit value of 0,05. Tharefore torsion |5 considerad as
insgnificamt and & ignored in the combined checks.

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

Design plastic moment resistance | Muype 6,59 | KNm |
reduced due to Ney
Exponent of bending ratio y a 1,79
Design plastic moment resistance | Mwesd [6,59  kNm
reduced dus to Ned
Exponent of bending ratio z B 1579 |

Unity check (6.41) = 0,07 + 0,00 = 0,07 -

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

The member satisfies the saction ched.
. :STABILITY CHECK::...

Classification for member buckling design

Decisve position for stabdity dassffication: 2,000 m

Classification according to EN 1993-1-1 artide 5.5.2

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

o a2 L ks | @ o/t Class 1. Class 2. Class 3 | Class

[kN/m?) [kN/mT] [-1 [*] [-] [} Limit Limit Limit
[-] i-] &)
11 1 1,#M82+05 |1,3%972405 097 |
1 4 1,304e405 | 9,751e+02 |001 131,43
5 |1 58 4 -7,606e+03 | -2,566e+03 [
7 |1 58 4 6,711e+03 | 1,362¢+05 |0,05 1,00 [1450 |2588 31,43 52,42 1

Note: The Cassification lmits have been set according to Semi-Comp+.
The cross-section Is dassified as Class 1

Flexural Buckling check
According to EN 1993-1-1 artick 6.3.1.1 and formuta (6.46)

Buckling parameters Yy z
Sway typa | Sway  [non-sway |
System length L 2000 2000 m
|Bucking factor k 117072
Budding length by 2347|1442 m__
Critical Euler load Ner 271,39 |71879 kN
Slenderness A 83,04 54,10
Relative slendemess Aa 101 0,62
Uit slenderness Anip 1020  |0.20
Budding curve e <
a 049 049
Reduction factor X 0,53 077
|Bucding resstance  [Nbad 14843 (21537 (kN
Flexural Buckling verification
Cross-section area  |A  [1,0150e-03 |m?
Buddng resstance | Neps | 148,43 kN
Unity check 047

Torslonal(-Flexural) Buckling check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
Note: The cross-section concerns a RHS section which s not susceptible to Torsional(-FAexural) Buckling,

Latera! Torsional Buckling check

According to EN 1993-1-1 articke 6.3.2.1

Necte: The cross-section concerns an RHS section with '/ b < 10/ A
This saction |5 thus not susceptible to Lateral Tarslonal Buckling.



Bending and axial compression check
Accoeding to EN 1953-1-1 articke £.3.3 and formula [6.61)(6.62)

Fakultet gradevinarstva, arhitekture i geodezije

Interaction miethed alternative method 1

| Cross-section area A 1,01 50a-03 [m?

Plastic sertion modulus Wi,y | 2,47602-05 m*
Mastic section modulus Wiks | 2 4FGi0e-05 ms

 Design compression forca Megg | 60,58 kN
Diesign bending mormsnt Myed |-1,61 kN
{maximum)

Design bending moment Mopa | -006 kNm
AT L

Characteristic comprission M | 279,12 kN
reskEtance

Characteristic moment resistance | My | 6,81 kM
Characteristic moment resistance | Muwm |6 81 kN
Reducthan factor Yy 0,53

Feductian factor ¥z 0,7

Reduction factor ¥t 1,00

Interaction factor [ 0,89

Interaction factor K 0,30

Interaction fector key 0,67

Interaction factor K 0,55

Maximum mament My e is derived from beam B47 position 2,000 mo
Maximum moment Myeq Is derived from beam B47 position 2,000 m.

Critical Euler load Nery 271,39 L]
Critical Euler lnad Mooy J18,79 L]
Elastic critical load Mer EY5E6,73 kM
Mastic section modulus Wey 24760e-05 m?
Elastic section modulus Wely 2,06 10e-0% m?
PMastic section modulus Wes 1,4760e-05 m?
Elastic section modulus Weis 2,06:10e-05 m?
Second moment of area 1 1,2120e-07 mt
Second moment of area I 7,2120e-07 mit
Torsional constant Ik 1,1852e-06 m?
Methad for equivalent moment Table A2 Line 2 {General)
fm 1:”-”]

Design bendng mormart Myes -1,61 kHm
{maimiurng

Maximuin relaiive deflaction R 0,7 e
Equivalent moment factor Corya 0,78

Methad for eguivalent moment Tabke A2 Line 1 {Linear)

Tatior Cren

Ratie of and moments [ 0,58

Equivalent moment fackor Crran 0,54

Factor Th 0,6

Factor He 0,54

Factor Ey 1,14

Factor a7 0,00

Critical moment for wiformm Mers 189,42 kMM
bending

felative slenderness Al 0,19

Lirnit redative slendermess A | 0,31

Equivalent moment fackor [ [

Equivalent maoment factes Cove 0,54

Equivalent mament factor ConlT 1,00

Factor bt 0, 0y

Factor T R ]

Factor dir 0,00

Factor [ 0,00

Factor Wy 1,30

Factor Wz 1,20

Factor Ngl 0,25

Maximum_relative slendemess | g [ 1,00

Factor [ 1,02

Factor Co 1,02

Factor Cay 0,52

Factor [V 1,06

Unity check (5.61) = 0,47 + 0,28 + 0,00 = 0,68 -
Undty check (5:62) = 0,32 + 0,16 + 0,01 = 0,49 -

The member satisfles the stab ity

check,

Rubesa Lucia
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4.3. Odabir glavne nosive konstrukcije

Analiziraju¢i rjeSavanje izvedbe ,Nebeska Setnica — Skywalk Biokovo“ kao celi¢ne
konstrukcije, zakljucak je da su oba rjeSenja, tropojasna reSetka i Cetveropojasna resetka,
moguca i funkcionalna za ovaj konkretni sluc¢aj. Medutim, rjeSenje s Cetveropojasnom reSetkom
kao glavnom nosivom konstrukcijom zahtjeva vecu koli¢inu utroSenog materijala, nego je to u
opciji s tropojasnom resetkom kao glavnom nosivom konstrukcijom. (Slika 3.3.1.,Slika 3.3.2)

Iz navedenog razloga, opcija s tropojasnom resetkom je optimalnija te ¢e se u nastavku samo

ona razmatrati.

* Bill of material

Selection: All
Material Mass Surface Volume
[kal [m?] [m3]
Steel 78354 | 153,185 9,9815e-01
Total 7835,4| 153,185| 9,9815e-01

Slika 3.3.1. Ukupna koli¢ina utro$enog materijala kod tropojasne ¢eli¢ne konstrukcije

Bill of material

Selection: All
Material Mass Surface Volume
[ka] [m?] [m?]
Steel 8835,5| 187,649| 1,1255e+00
Total 8835,5| 187,649 1,1255e+00

Slika 3.3.2. Ukupna koli¢ina utroSenog materijala kod cetveropojasne ¢eli¢ne konstrukcije

Rubesa Lucia
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5. SPOJEVI GLAVNE CELICNE
KONSTRUKCIJE

Spojevi glavne Celicne konstrukije izraCunate su pomocu software-a IDEA StatiCa dok su

montazni nastavci segmenata izracunati preko Eurokoda.

5.1. Spoj donji pojas - vertikala

Project: i
Project no: StatiCa’

Author:

Project name
Project number

Author

Description

Dtz QY62021
Design code EM

Steel 5275
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Project:

H L
Project no: (e /=/= | StatiCa
Author R p—

Project item Con N51

Design

Mame Con N51

Descrption

Analysis Stress, sfrain/ loads in eguilibrium

Beams and columns

V- a- Offset Offset Offset

Mame Cross-section Direction Pibch Rotation EX ey Bz Ful'_:es
[l [ [ [mrm] [mm] [rmim]
B117 | 1- CFRHSOOXD0X5{RHS20x00) 0.0 0.0 0.0 0 D 0 Position
B118 1 - CFRHSOOXDOXS{RHS20x00) 0.0 0.0 0.0 0 0 0 Position
B118 1 - CFRHSOOXD0X5{RHS20:00) 0.0 0.0 0.0 0 0 0 Position
B120 1 - CFRHSOOXDOX5{RHS20:00) 0.0 0.0 0.0 0 0 0 Position
2- { .
132  CFRHS1B0X100X5(RHS 180x100) a0 o0 % ¢ 0 0| Posiion
S 0.0 0.0 0.0 0 0 0 Position

CFRHS1B0X 100X 5{RHS 180100}

Cross-gections

Name Material
1- CFRHE20X00X5{RHS00:00) 5 275
2- 5 275

CFRHS180100X5(RHE 180100}
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Project: )
Project no: .{_'_"_Lﬁ;,-' StatiCa
Author: T

Load effects (forces in equilibrium)

H Wy Vz Mx My Mz
Hame Member
[ki] [kM] [kN] [kMNm] [kMm] [kMm]
1{1) Bi17 -170.5 0.1 -0.8 0.0 -0.3 05
B118 140 -0.2 0.1 -0.1 -0.3 05
B119 244 0.0 05 02 0.1 03
B120 -178.3 0.1 -0 01 0.z 06
B132 1128 0.3 -0.2 0e -0.1 05
B133 53p -1.1 -0.8 -1.0 03 -1.0
Check
Summary
Hame Value Status
Analysis 100.0% QK
Flates 0.2 =<50% QK
Welds 201 < 100% QK
Buckling Mot calculated
GMMNA Caleulated
Plates
Thickness OEg £p) OCEg
Name — Loads [MPa] 5] [MPa] Status
B117 50 1.41) 2752 0.1 00 QK
B11E 50 1.41) 2751 0.0 00 QK
Bi118 50 1.41) 276.9 0.8 00 QK
B120 50 1.41) 2754 04 0o oK
B132 50 1.41) 2751 0.0 0o oK
B133 50 1.41) 2432 0.0 00 oK
Design data
f, E
Material ¥ -
MPa] [*]
5275 2750 50

Symbol explanation

Epy Sirain

OEg Eq. stress
TEEg Contact stress
fy Yield strength

Elm Limit of plastic strain
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Project: .
Project no: [[#]=]=] StatiCa"

Cumdmw poaterysry st vewws
Author:

b

Overali check, 1.(1)

[%]
i 150%
|
705 I
o A 100%
{5.00)

0.91 & —

Strain check, 1.(1)
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Project:
Project no: StatiCa”

Author:

[MPa]

275.0

-170.5 225
(¥ | 1783 250

e g 175
150

12%

i

Equivalent stress, 1.(1)
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Project:

T - L' L
Project no: [/=/=/=] BtatiCa
Author [

Welds (Plastic rediztribution)

fem sage T ol W 0N S e M e Ga pa SO
B133-w 3 E110 ety 274 101 1072 04 474 2108 504 @81 173 OK
B132-w 3 E11D A0 122 141y 4011 28 345 116 -2304 921 230 OK
BiiT-arcd B8 ety 28 141y | 2766 0O -161F -1010 -167.7 @30 650 OK
E110-w 4 E118 ety 176 141) 2735 00 300 -337 -1533 676 118 OK
Bi33-arcd  E120 A3 0 170 141) 3072 04 -2034 1313 -1480 982 308 OK
Bi32-arc5  EB120 A0 114 141)  3pED 08 1602 108 -2077 983 6BET OK
B110-w 2 B120 30 g2 141y | 3334 00 -1206 -1312 -1104  B24 206 OK
B132-w 3 B117 FEXY 213 14{1)  3@B3 1.1 354 2051 1021 984 2E0 OK
B120-w 3 B117 A3 e 136 1.41)  30E3 10 132 -1205 -1057 @84 465 OK
A0 274 141) 3068 02 47 174 1330 821 111 OK
A3 0 122 141)  30e3 11 -26B0 1507 53T 984 140 OK
A0 2B 141y | 3@72 04 2834 1328 D05 @B 440 OK
A0 176 1.(1) 1327 00 551 405 538 328 101 | OK
ety 170 1.{1)  3DE6S 12 -1524 -11B4 1786 985 174 OK
LY 114 1{1) 3071 02 -1972 -1645 -111.5 981 260 OK
A0 g2 141y | 3W6TF 00 947 -1265 1620 @BO 337 OK
A0 313 1{1) | 3673 04 1966 -243 1078 922 17 OK
ety 136 1.41)  30EE 13 45 1BB1 -1327 Q85 407 OK
B133-w 1 B132-w 1 20 Bl 141} QK
Bi3%-arc1  B132-arc1 30 4 10N Ok
B13%3-arc2  E132-arc? 30 4 10N QK
B133-arc3  E132-arc3 30 4 10N K
B133-arc 10 E13Z-arc 10 30 4 10N K
B133-arc 11  BE132-arc 11 30 4 10N K
B133-arc12  B132-arc12 30 4 10N Ok
B133-w 2 E132-w 2 20 160 1.(1) K
B13%-arc4  B132-arc4 30 4 10N (]
Bi3%-arc5 | B132-arc5 30 4 10N Ok
B13%-arc8  B132-arc8 30 4 10N K
B133-w 3 B132-w 3 30 Bl 1.41) Ok
B133-arc7  E132-arc7 30 4 1N K
B13%-arc8  B132-arcd 30 4 10N Ok
B133-arc®  E132-arcd 30 4 10N K
B133-w 4 B132-w 4 20 160 1.(1) K
Design data
Bw T Rd 08 o
8] [MPa) [MPa]

SIS 0.85 44.7 309.6
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Project:
Project no:
Auvthor:

Symbol explanation

Epy
Tw.Ed
TwRd

Buckling

Strain

Equivalent siress

Equivalent stress resistance

Perpendicular stress

Shear sress paralel to weld axs

Shear stress perpendicular to weld axis
Ferpendicular stress resistance - 0.8 fwiyM2
Corelation factor EM 1203-1-8 tab. 4.1
Lhilization

Weld capacity ulilization

Buckling analysis was not caleulated.

Code settings

Itam Value Unit
YLD 1.00
¥t 1.00
Yz 1.25
Yu3 1.25
[~ 1.50
Yinst 1.20

Joint coafficient B

D.&r

Effectwe area - influence of mesh size  0.10

Friction coefficient - concrete 0.25

Friction coefficient in slipresistance 0.30

Limit plastic strain 0.05

Weld stress evaluation Flastic redistrbution
Detading No

Distance between bolts [d) 220

Distance between bolts and edge [d] 1.20
Concrete breakout resistance check Both

Use calculated ob

in bearing chack. ez

Cracked concrate Yes
Lozal deformation check No
Local deformation limit 0.03
Geomeafrical nonlinearity (GMMA) fes
Eraced system No

Rubesa Lucia

[[a[=]=] StatiCa"
Reference
EM 1983-1-1: 6.1
EM 1983-1-1:8.1
EM 1283-1-1: 8.1

EN 1983-1-8: 2.2
EN 1992-1-1:2.4.24
EM 18824: Table £.1
EM 1083-1-8: 825

EM 1983-1-3
EM 1993-1-3 tab 3.7
EM 1983-1-5

EM 1993-1-3: tab 3.3

EM 1983-1-3: tab 3.3

EM 19824:7214and 7225

EM 1983-1-3: tab 3.4

EM 19924

CIDECT DG 1,3-1.1

CIDECT DG 1,3-1.1

Analysis with large deformations for hollow s=ction joints
EM 1983-1-3: 52258
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5.2. Spoj Gornji pojas — horizontale — dijagonale - vertikale

Project: i
Project no: [/2[=]=] StatiCa"

oAt pnkiveis Sotvisiie
Author:

Project item Con N22

Design

Name Con N22

Descrption

Analysis Stress, strain/ loads in equilibrium

Beams and columns

. : B-. Y- a- Offset  Offset  Offset Forces
Name Cross-section Direction Pitch Rotation ex ey ez g
rl iy ] om]  fmm]  [mm] o=
B25 ::l-:RHSWOXIOOXEv(RHSIBOxIDD) 0.0 00 0.0 0 0 0 Position
B26 2 - CFRHS70XT0X4(RHS70x70) 0.0 0.0 00 0 0 0 Position
i (‘.‘.I-:RHS1BOX1DOX5(RHSISDx100) | =22 o8 . J o | F=on
B110 3 - CFRHS00XQ0X5(RHS20x20) 00 0.0 0.0 0 0 0 Position
B122 3 - CFRHSS0X0X5(RHSS0x20) 00 0.0 0.0 0 0 0 Position
B138 4 - CFRHSO0X0X5(RHSS0x20) 00 0.0 0.0 0 0 0 Position
B132 4 - CFRHSO0X0X5(RHSS0x20) 00 0.0 0.0 0 0 0 Position
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Projeet:
Froject no:
Author:

Cross-sections

Name
1-

CFRHS 1900 100X5(RHS180x100)
2 - CFRHETOXTOX4(RHSTOxTO)
3 - CFRHS20X90X5(RHE00x00)
4 - CFRHE00X 90X 5(FHE00x00)

Load effects (forces in equilibrium)

Hame
11} B25
B26
B2B
B119
B122
B138
B13m
Check
Summary
Hame
Analysis
Plates
Welds
Buckling
GMMA
Plates
Name
B25
B28
B23
BE118
B122
B138
B13g
Design data
Material

SIS

Member [::I] (kM)
-80.3 -1.0
188 -0.5
-154 4 0.4
-24.7 0.0
-516 0.1
167 .8 0.1
1206 0.0
Value
100.0%
14<50%
202 < 100%
Mot calculated
Calculated
Thickness Loads
[mm]
50 1.41)
40 1.41)
50 1.41)
50 1.41)
50 1.41)
50 1.41)
50 1.41)
[Mfga]

Material
5275
5275
5275
5275
Vz Mz
[kN] [kMm]
0.3
0.0
-0.3
0.3
-04
-0.2
-0.3
TEd Ep
MFa] [%]
2764 07
275.3 02
ATRT 04
2780 14
2762 0.8
2754 04
2755 0z
750

1.5
01

-12
-0.2

02
02z

-02

OK
OK
OK

Rubesa Lucia

[[a[==] StatiCa"
My Mz
[kMm] [kMm]
0.8 0B
-0.1 05
0.2 06
0.8 -0.3
0.y 02
0.6 02
i 02
Status
e
[MFF;i] Status
0.0 oK
0.0 OK
0.0 oK
0.0 OK
00 OK
0.0 OK
00 OK
Etm
%]
50
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Project:
Project no:
Author:

Symbol explanation
£y
OEd

§7 3

Overall check, 1.(1)

Strain

Eq. stress

Contact stress

Yield strength

Limit of plastic strain

Rubesa Lucia
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Goa Ay patartar s vt rawes
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Project: —
Project no: E:::'/ StatiCa“
Ak R g R

(%]
150%

100%
(5.00)

Strain check, 1.(1)
[MPa]

275.0

225
200
175

{< 0.0

Equivalent stress, 1.(1)
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Rubesa Lucia

Project:

Project no: llz/=/=] StatiCa"
Author: [ sp—

- < e R
B12Z-arc4 B25-arc 10 40 2 1 OK
B12Z-arc4 B2G-arc 11 40 1.1} OK
B122-w 2 B2f-arc 12 4.0 4 141 OK
Design data
Bw TwRd 09 o
[ [MPa] [MPa]

5275 D.85 4.7 3098
Symbol explanation

Epy Strain

TwEd Equivalent stress

CwRd Equivalent stress rezistance

o) Perpendicular stress

T Shear stress parabel to weld axs

T Shear sress perpendicular to weld axis

08ao Perpendicular stress resistance - 0.9 fwiyM2

Bw Corelation factor EN 12083-1-B tab. 4.1

Lt LHilization

e Weld capacity utilization
Buckling
Buckling analysis was not calculated.
Code settings

ltem Value Unit Reference

Yo 1.00 EM 1883-1-1: 8.1

Y1 1.00 EM 1883-1-1: 8.1

Yz 1.25 EM 1883-1-1: 8.1

Y3 1.25 EM 1883-1-8:2.2

Yo 1.50 EM 1882-1-1:2.4.2.4

Yinst 1.20 EM 19824: Table 4.1

Juoint coefficient g 0.87 EM 1983-1-8:6.2.5

Effective area - influence of mesh sze  0.10

Friction coefficient - concrete 0.25 EN 1993-1-3

Friction coefficient in slip-resistance 0.30 EM 1983-1-3 tab 3.7

Limit plastic strain 0.05 EM 1883-1-5

Weld stress evaluation Plastic redistribution

Detading No

Distance between bolts [d) 2.20 EM 1993-1-8: tab 3.3

Distance between bolts and edge [d] 1.2 EN 1993-1-3: tab 3.3

Concrete breakout resistance check Both EN10824:72 14 and 7.2.25

Use calculated ab in bearing check. Yes EM 1883-1-3: tab 2.4
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Project:
Project no:
Author:

ltem
Cracked concrete Yes
Lecal deformation check No
Local deformation limit 0.0
Geometrical nonlnearity (GMMA) Yes

Braced system No

Value

Unit

Rubesa Lucia

[[a]=]=] StatiCa"

o e prsteeyag oy

Reference
EN 19824
CIDECTDG 1,3-1.1
CIDECTDG 1,3-11
Analysis with large deformations for hollow section joints
EM 1983-1-3: 5225
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5.3. Spoj Temelj — donji pojas

Project:
Project no:
Author:

Project data

Project name

Project number

Author

Description

Date a/14/2021
Design code EM

Material

Sree 5275
Concrete C25/30

Rubesa Lucia

[[#[==] StatiCa"
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Project:
Project no:
Author:

Project item CON1

Design

Name CON1

Description

Analysis Stress, strain/ simpified loading

Beams and columns
Direction

Name Cross-section

[l I
00

1 - doniji

COL  ojas{RRO1BOX120XEK)

v -
Pitch

-80.0

Rubesa Lucia

StatiCa*

a- Offset Offset Offset
Rotation ex ey ez
[l [mm] [mm] [mm]

0.0 0 0 0

Forces
in

Nods

Cross-sections

1 - doniji
pojas(RRO 180X 120X8K)

Anchors

Bolt assembly

MIGEE M18688

Material

S275

Gross area

[mm?]

Diameter fu
{mm] [MPa]

16 800.0 201
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Project: .

T = = a
Project no: g =] StatiCa
Author: . N

e L TR

Load effects (equilibrium not required)

N Vy Vz Mx My Mz
Name Member [kN] [kM] [kN] [kt [kMm] [kNm]

LE1 coL -BG3.0 13001 17T 0.0 0o oo

Foundation block
Item Value Unit

CB1

Dimensions B2 x 1000 mim

Depth 600 mim

Anchor MiGE.E

Anchoring length 200 mim

Shear force transfer Friction
Check
Summary

Name Value Status

Analysis 100.0% 0K

Flates 0.2 <50% Ok

Anchors 8.0 = 100% Ok

Welds BB.1 < 100% 0K

Concrete block 626 < 100% 0K

Shear 500 < 100% 0K

Buckling Mot calculated
Plates

Thickness OEg Ep) TEEy
Name [mm] Loads [MPa] %] M7 Status

coL 100 LE1 2755 02 00 Ok

BP1 200 LE1 1488 0.0 00 Ok
Design data

. T, E
Material ¥ -
MFa] [*%]
5275 2750 50

Symbol explanation

Epy Sirain

OEd Eq. stress
OCEg Contact stress
fy Yiedd strength

Eim Limit of plastiz strain
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Project:
Wno: IDEa m.

Cooutme pabertas s wateeme
Author:

Overall check, LE1

[%]
150%

100%
{5.00)

0.2 o e

Strain check, LE{
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Project:

TxT=—=1 Hy
Project no: U=y StatiCa
Author-

8630 [MPa]
2750
250
225
200
175
120
125
100
5
50
25
ke 0.0
Equivalent stress, LET]
Anchors
Men VEa  MRoc VRd.cp Ug g Uty
Sha Item Loads Status
Pe [M]  [&N] [kM] [kN] 0 I | [%]
i Al LE1 14 oo 2430 3432 7B 0o 22 0K
A2 LE1 B4 oo 2430 3432 po 0o 22 0K
A3 LE1 3 oo 2430 3432 TE i} 22 0K
-rl -P Ad LE1 6.1 oo 2430 3432 B6 oo 22 0K
Design data
MRg VRds
Grade &
[kM] [kM]
MIGEE-1 712 502

Symbol explanation
MEg Tension force
VEs Resultant of shear forces Vy, Vz in bolt
MNraz Diesign resistance in case of concrete cone falure under tension load - EN1882-4 - CL. 7.2.1.4
"-’ﬁu,q;. Diesign resistance in case of concrete prycut failure - EN19824 - CL7.22 4

Uty UMlization in tension
Uty Utdization in shear
Ut UMtdization in tension and shear

Mrae Diesign tensde res'siance of a fastener in case of steel failure - EN1202-4 - C1. 7 2.1.3
VRos Diesign shear resistance in case of steel fadure - EN18B2-4 - CL7 22201
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Project:
Project no:
Author:

Welds (Plastic redistribution)

Throat th. Length TwEd Ep|
ftem  Edge Loads =
? [m] [mm] MPa] [
BP1  COL 450 525 | LE1 J@r1 03
Design data
Pw
[l
5275 0.85
Symbol explanation
Epy Strain
TwEd Equivalent stress
TwRo Equivalent stress resistance
g Perpendicular stress
T Shear stress paralel to weld axis
T Shear stress perpendicular to weld axis
08o Perpendicular stress resistance - 0.9"fuiyM2
B Corelation factor EM 1203-1-8 tab. 4.1
Ut Litilization
e Weld capacity utilization
Concrete block
o Aam T
ltem Load
= [mm] [mm?] [MPa]
CB1 LE1 33 42450 210
Symbol explanation
= Biearing width
B Effective arza
o Average stress in concrete
ky Concentration factor
FF The ultimate bearing strength of the concrets block
[1; LUtilization
Shear in contact plane
¥ W WV
Mame Loads ¥ z Rd.y
L [kM] L]
BP1 LE1 13001 17T xRy

Rubesa Lucia
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o) M T 1] Uitz Statu
MPa] [MPa] [MPa] [%]  [%] =
2768 54 1644 931 @70 OK

Ty Rl 09 o
[MPa] [MFa]
4047 3008
ll:J FN Ut
H MPa] (%1 Status
300 135 626 OK
VRdz Verd Ut
kN k] ] Status
227 00 500 OK
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Project:
Project no:
Author:

Symbol explanation

Vy

Wz
VRay
VRoz
Vern
1

Euckling

Shear force in base plate Vy
Shear force in base plate Vz
Shear resistance
Shear resistance

Concrete bearing resistance
Utlization

Euvckling analysis was not calculated.

Code settings

ltem Value

¥uo 1.00

¥ 1.00

¥z 1.25

LTE! 1.25

Yo 1.50

¥inst 1.20

Joint coefficient Bj 0.87
Effective area - influence of mesh sze 0,10

Friction coefficient - concrete 0.25

Friction coefficient i slip-resistance 0.30

Lirnit plastic strain 0.05

Weld stress evaluation Plastic redistribution
Detading No

Distance between bolts [d] 2.1

Distance between bolts and edge [d] 1.20
Concrete breakout resistance check Both
Use calculated ab in bearing check. Yes

Cracked concrete Yes
Local deformiaton check No
Local deformiation limit 0.03
Geomeincal nonlnearity (GMMNA) No
Brazed system No

Unit

Rubesa Lucia

[=]=]=] StatiCa"
Reference
EN 1993-1-1: 6.1
EN 1993-1-1: 6.1
EN 1993-1-1: 6.1
EN 1993-1-8:2.2

EM 1992-1-1:2.424
EN 1092-4: Tabke 4.1
EN 1993-1-8: 6.2.5

EN 1993-1-3
EN 1993-1-3 tab 3.7
EN 1993-1-5

EN 1993-1-3:tab 3.3

EN 1093-1-3: tab 3.3
EN19924:-T214and 7225
EN 1993-1-3:tab 3 4

EN 10924

CIDECTDG 1,3-1.1
CIDECTDG 1,3-1.1

Analysis with large deformations for hollow secton joints

EN 1093-1-8: 5225
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A A
mm* x 10 m*/m
180x120 40 1800 2295 0586 104997 11666 13997 676  S6381 9397 10617 496 116017 15455
180x120 50 2230 2836 D583 127737 14193 17152 671 68397 1100 12995 491 142383 18784
180x120 B0 2640 3363 0579 149134 16570 20171 666 79630 13272 15265 487 167688 21913
180x120 7.1 3050 3885 0569 167573 18619 22041 657 89515 14919 17375 480 194925 25049
180x120 80 3400 4324 0566 183533 20393 25314 651 97844 16307 19157 476 215635 27482
180x120 B8 3690 4704 0562 196728 21859 27319 647 104700 17450 20661 4.72 233235 29513

Tablica 4.3.1. Prikaz povrSina popre¢nog presjeka
Minimalna potrebna povrsina presjeka pri utjecaju tla¢ne sile:

N¢ "Ymo — 863
Anmin = fy 27,5

=31,38 cm?

31,38 cm? < 43,24 cm?
Presjek zadovoljava.
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5.4. Spoj Temelj — gornji pojas

Project:
Project no:
Author:

Project data

Project name
Project number

Author

Description

Date 2M4:2021
Design code EN
Material

Steel 5275

Concrete C2o30

Rubesa Lucia

[[#]==] StatiCa"
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Project:
Project no:
Author:

Project item CON1

Design

Name CON1

Description

Analysis Stress, strain/ simplified loading

Beams and columns

Rubesa Lucia

[[#]=]=] StatiCa"

- p - Direction vy-Pitch a-Rotation Offsetex Offsetey Offsetez -
Name Cross-section r ] 1l {mm] [mm] {mm] Forces in
COL 1-RHS120/80/5.0 0.0 -20.0 0.0 0 0 Node
b
“a
Cross-sections
Name Material
1-RHS120/80/5.0 5275
Anchors
Diameter fu Gross area
Name Bolt assemb
y [mm] MPa] mm?)
M1688 Mi688 16 8000 201
Load effects (equilibrium not required)
N Vy Vz Mx My Mz
s i [kN] [kN] [kN] [kNm] [kNm] [kNm]
LE1 coL 240 19.1 -301.1 0.0 0.0 0.0
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Project:
Project no:
Authvor:

Foundation block

ltem Value

cB1

Dimensions 8BD x B20

Depth 600
Anchor M16 3.8
Anchoring length 300
Shear force transfer Friction
Check
Summary

Name Value

Analysis 100.0%

Plates 0D <=50%

Anchors 328 < 100%

Welds 25.5 < 100%

Concrete block Mot calculated

Shear 562 = 100%

Buckling Not calculated
Plates

Hame Th'[f:;;ss Loads [:;E’;] [i':]

coL 00 LE1 7249 0.0

BP1 200 LE1 126.3 0.0
Design data

Material fy
[MPa]

S 275 275.0
Symbol explanation

£q Strain

Ogg Eq. stress

OCEq Contact stress

fy Yield strength

€fim Limit of plastic strain

oK
OK
OK
oK

oK

Rubesa Lucia

[[a[==] StatiCa"

[

Unit

mim

mirm

mirm

Status

TCEg

[MPa] Status
0.0 OK

0.0 OK

Elim

[%]
5.0
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Project:
Project no: 10eg, m.
Author: G pesternsy miramins
Overail check, LE1
%]
2i0 v
150%
100%
{5.00)
00, () Se— ()50

Strain check, LE1
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Project: .
Project no: [a[==] StatiCa"
Author: I e

[MPa]
4.0
2750

250

-301.1 il

225
200
175
150
125
1040

5

i 0.0

Equivalent stress, LE1

Anchors
MNEed VEd MRrd o VRd Uitg Utg Utgg
Shape Item Loads P Status
[kM]  [kNI [kN] [kN] ] [ [%]
T g | A1 LE1 120 0o 1444 /T 328 oo 18.8 OK
£ 4
A2 LE1 120 0.0 1444 L ) 328 oo 18.3 0K
_|‘;‘ .f! A3 LE1 e 0o 1444 /T 328 oo 1.8 OK
—_ A4 LE1 12.0 0o 1404 /T 28 0o 13.8 0K
Design data
Mras VRos
Grade
[kM] [kM]
M22 102 -1 1640 101.0
Symbol explanation
MEd Tension force
VEd Resultant of shear forces Wy, Vz in bolt
MNRde Design resistance in case of concrete cone fadure under tension load - EN18824 - CL. 7214

VRocp Design resistance in case of concrete pryout failure - EN19824 - L 7.22.4

ity LUitdization in tension
Utg Utlization in shear
Ut Utdization in tension and shear

Meg g Design tensde resistance of a fastener in case of steel failure - EN1882-4 - CL.72.1.3
VeRds Design shear resistance in case of steel fadure - EN1802-4 - CLY 2231
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Project:
Project no:
Author:

Welds (Plastic redistribution)

Throat th. Length TwEd £
ltem  Edge ] fmm] Loads MPa]  [%]
BP1 COL 435 474 LE1 1032 00
Diesign data
|-3“.
L'.l

5275 085
Symbol explanation

Epy Strain

T Ed Equivalent stress

TwRd Equivalent stress resistance

T Perpendicular siress

I Shear stress paralel to weld axs

TL Shear siress perpendicular to weld axis

1] Perpendicular stress resistance - 0.9 fuyM2

P Corelation factor EM 1983-1-8 tab. 4.1

Lt Liilization

Ue Weld capacity utilization
Shear in contact plane

W, V. v
Mame Loads ¥ L Rdy
[kM] [kM] [kM]

BF1 LE1 1.8 =31 i
Symbol explanation

Wy Shear force in base plate Wy

Wz Shear force in base plate Vz

VRdy Shear resistance

VRaz Shear resistance

Ve R Concrete bearing resistance

It Utilization
Buckling
Buckling analysis was not calculated.
Code settings

ltem Value Unit

Yo .00

LS .00

Yz i.25

Yz 1.25

Yo 1.50

Rubesa Lucia

[[=[=]=] StatiCa®
oL T O T
[MPa] [MPa] [MPa] [%] |
708 -300 188 255 130 OK
TwRo 09 o
[MPa] [MPa]
4047 300 6
VRdz VeRd 1]
Stat
[kN] [kN] %] =
B.5 0.0 52 0K
Reference

EM 1983-1-1: 6.1
EM 19g2-1-1: 6.1
EM 1993-1-1: 6.1
EM 1983-1-3: 2.2
EM 1982-1-1: 2.4.2.4
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Project:
Project no:
Author:
Item
¥inst
Joint coefficient Bj

Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in ship-resistance
Limit plastic strain

Weld stress evaluation

Detailing

Distance between bolts [d]

Distance between bolts and edge [d]
Concrete breakout resistance check
Use zalculated ab in bearing check.
Cracked concrete

Local deformation check

Local deformation limit

Geomefrical nonlinearity {GMMNA)
Braced system

Value
1.20
0.87
0.10
0.25
0.30
0.05

Plastic redistribution

No
2.20
1.20
Both
Yes
Yes
N
0.03
Yes
No

Rubesa Lucia

[[a[=F] StatiCa"

Referenca
EN 1882-4: Table 41
EN 1993-1-8:8.25

EM 1893-1-8
EN 1993-1-B tab 2.7
EN 1993-1-5

EN 1993-1-B:fab 3.3

EN 1993-1-B:fab 3.3

EN 1992-4: 7214 and 7.22.5

EN 1993-1-B: tab 3.4

EN 19924

CIDECTDG1,3-141

CIDECTDG 1,3-11

Analysis with large deformations for hollow section joints
EN 1993-1-B: 5225

Buduci da se prenosi tla¢na sila, spoj unutarenjeg pojasa usvojen je isti kao i spoj vanjskog

pojasa resetke.

NAPOMENA: Pri dimenzioniranju betonskog temelja potrebno je provjeriti gnjecenje betona

ispod podlozne plocice.

120x80
120x80
120x80
120x80
120x80
120x80
120x80
120x80

120x80

2.5 1.53 959 0391 19575 3263
3D 8.96 1141 0390 23020 3837
40 11.70 1495 0386 29459 49.10
5.0 14,40 1836 D383 35314 58.86
6.0 1700 2163 0379 40606 6768
11 19.40 2465 0369 44206 13.68
80 21.40 27.24 0366 47583 7931
88 23.10 29.44 0362 S01.79 8363
100 2560 3257 0357 53414 89.02

3907
4620
5977
12.45

8425

93.59
10197
108.75

11782

452 10519 2630 2965 331 21582 4323
449 12343 3086 35.02 329 25547 S0.80
444 15729 3932 4523 324 33124 649
439 18778 4694 5474 320 40227 7777
433 21503 5376 6355 315 468.54 89,40
424 23441 5860 7068 308 53511 9999
418 25166 6292 7693 D4 584.04 10801
413 26484 6621 8197 3100 623.54 11433
405 281.14 70.29 88.68 294 67559 122.44

Tablica 4.4.1. Prikaz povrsina poprec¢nog presjeka

Minimalna potrebna povrSina presjeka pri utjecaju tla¢ne sile:

Anin =

Ncr “Ymo _

fy 27,5

11,27 cm? < 14,40 cm?
Presjek zadovoljava.

=11,27 cm?
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5.5. Montazni priklju¢ak na gornjem i donjem pojasu

N= 158,05 kN (vlak)
Vz =0,40 kKN
1) Osnovni materijal:

Celik S275
f, =275 N/mm?

E =210GPa
2) Kontrola vara

- duZina vara pojasnice:

I, = 2-180+2-100=560 (mm)

- max debljina vara s obzirom na debljinu stijenke nosaca

amax = 0.7 * tmln

tmin:5mm

=a, =07t =0.7-5=3.5mm

aodabrano =3 mm

Za pretpostavljeni var a=3 (mm):

Fw.Rk

Fwrd = ™
w

pri ¢emu se F,, gk dobije iz tablice

Rubesa Lucia

OTPORNOST ZAVARA U UVALI

f

Fw.Rrk = 'J—é-u‘ﬁ—"
" Pw

a - debljina zavara

L - duZina zavara
By - koeficijent korelacije

a -

L

OTPORNOST ZAVARA F,, g ZA ZAVAR DUZINE 100 mm

Debljina zavara
a [mm] 3 i 5 6 7 8 9 10 12
Fe 360

77.9 | 1039 | 129.9 | 1559 | 181.9 | 207.8 | 233.8 | 259.8 | 311.8
B, =0.8
Fe 430

876 | 116.8 | 146.0 | 175.2 | 204.4 | 233.7 | 262.9 | 292.1 | 350.5
Py =0.85
Fe 510

98.1 130.9 | 163.6 | 196.3 | 229.0 | 261.7 | 294.4 | 327.2 | 3926
By =0.9
Za duZinu zavara razliéitu od 100 mm, gomnje vrijednosti mnoziti s L/100.

Tablica 4.5.1. Otpornost zavara u uvali
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Foe L 87.6 560

- uzduznasila: F g =
uvjet nosivosti:

N=F

w,Sd < FW,Rd
158,05 kN < 392,45 kN

F

" 1.25 100 1.25 100

wrk L _87.6 200

- poprecna sila:

uvjet nosivosti:

N,=F,<F

w,Rd

0,40 < 140,16 kN

— Var a=3 mm zadovoljava

3) Proracun vijaka

Fupa = 125 100 1.25 100

Pretpostavljeni vijci: M 16, k.v. 8.8 , n=4 vijka

- udaljenost cmin Vijaka od ruba pojasnice:

Cmin=2-d+av/2= 2-16+3v/2=35,46 mm

Usvojeno c= 40 mm.

- otpornost vijaka na vlak:

=392.45 kN

= 140,16 kN

Rubesa Lucia

KARAKTERISTICNA VLACNA OTPORNOST ZA JEDAN VIJAK U [kN]
H F 9t A
s = 0:9: :
g D —— t.Rk ub * s
 —
PROMJER
VIJKA KV. 12 16 20 22 24 27 30 36
d [mm]
VLAGNA 46 | 303 | 565 | 882 | 109.1 | 127.1 | 165.2 | 202.0 | 294.1
OTPORNOST 56 | 379 | 70.7 | 110.3 | 136.4 | 1589 | 206.6 | 252.5 | 367.7
Fy rk [kN] 8.8 60.7 | 113.0 | 176.4 | 218.2 | 254.2 | 330.5 | 403.9 | 588.2
10.9 | 75.9 | 141.3 | 2205 | 272.7 | 317.7 | 413.1 | 504.9 | 735.3

Tablica 4.5.2. Karakteristi¢na vlacna otpornost za jedan vijak

F 113,0
Fg =—& =5 = 904KN
M1 ’
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uvjet nosivosti:

Firo > Fiso /4

90,4 > 158,05/4
90,4 kN > 39,51 kN

- otpornost vijaka na posmik:

KARAKTERISTICNA POSMICNA OTPORNOST ZA JEDAN VIJAK
| JEDNU POSMIENU POVRSINU U [kN]

AERa
- = I Fvrk = Cy - fup - As

gdje je: C1=0.6 za klasu 4.6, 56 i 8.8
Cy=05 za klasu 4.8, 5.8, 6.8 i 10.9

PROMJER d

i et | 2| 18 [ | 22 | e | ® 36

PROMJER do

e mey | B[ 8] 2| 2| 2| % 39

POVRSINA As

SEzaRE vigka | mmz)| 83 | 157 | 265 | 303 | 353 | 4s0 | s&1 | 817

POSMIENA KV.

OTPORNOST 46 | 202 | 37.7 | 588 | 727 | 847 | 1102 | 1346 | 196.1

Fy.rk U [kN] 56 | 253 | 471 | 735 | 909 | 1059 | 137.7 | 168.3 | 245.1
88 | 405 | 754 | 117.6 | 145.4 | 169.4 | 2203 | 260.3 | 392.2
109 | 422 | 785 | 1225 | 1515 | 17655 | 229.5 | 2805 | 4085

Rubesa Lucia

Tablica 4.5.3. Karakteristi¢éna posmicna otpornost za jedan vijak i jednu povrSinu

78,5
= ——=62,8kN
1,25

uvjet nosivosti:

v

F ,Rd > Fv,Sd
62,8 kN >F o, =V, /4=0,4/4=0,1 kN
- interakcija uzduzne i odrezne sile na vijak:

I:V,Sd Ft,Sd

FV,Rd 14- Ft,Rd -

0,1 4 39,51 <1
62,8 1,4-904
0,31<1
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— Vijci zadovoljavaju

4) Proracun ploce

Rubesa Lucia

KARAKTERISTICNE VRIJEDNOSTI OTPORNOSTI PO JEDNOM VIJKU ZA
PREPORUCENE DETALJE | DEBLJINU LIMA t=10 mm U [KN]
82.1, -0 FD.Rk=2.5'a'fu-d't
P, "
% il ey B | 1. 4oy 0
o o - min{ i -
mSAM"E“ rmml 12 | 16 | 20 | 22 | 24 | 27 | 30 | 36
o ;"gm’ 13 | 18 | 22 | 24 | 26 | 30 | 33 | 29
KOMPAKTNI | & 20 | 275 | 35 (375 | a0 | 45 | s0 | eo
DETALJ PPz | 30 | 40 | s0 | 55 | 60 |675 | 75 | %0
e 20 | 25 | 30 |35 | 35 | 40 | 4 | ss
Fe 360 | 554 | 707 | 914 | 1018 | 1108 | 1215 | 1364 | 1682
Fe 430 | 662 | 84.4 [ 109.1 | 1215 | 1323 | 1451 | 1629 | 1985
Fe 510 | 785 | 100.1 | 129.4 | 144.1 | 1569 | 1721 | 1932 | 2354
PREPORUCENE | 4 30 40 50 55 60 70 75 20
VRIEDNOST! 1p.p, | 40 | 55 | 70 | 75 | 80 | 0 | 100 | 120
e, 25 | 30 [ 0 | 45 | 50 | 55 | 60 | 7
Fe 360 | 83.1 | 1067 | 136.4 | 151.3 | 186.2 | 1823 | 2045 | 2402
Fe 430 | 992 | 127.4 | 1629 | 1807 | 1985 | 217.7 | 244.3 | 2077
Fe 510 | 117.7 | 1511 1932 | 2143 l 2354 | 258.2 | 289.8 | 3531
VELIKA e 0 | 55 | 70 | 75 | 8 | s0 | 100 | 120
NOSVOST PPz | 50 | 70 | 8 | 95 | 100 | 15 | 130 | 1s0
e 35 | s0 | 60 | 65 | 70 | 80 | s0 | 110
Fe 360 | 108.0 | 144.0 | 180.0 | 198.0 | 216.0 | 243.0 | 270.0 | 324.0
Fe 430 | 129.0 | 172.0 | 215.0 | 2365 | 258.0 | 200.3 | 3225 | 387.0
Fe 510 | 153.0 | 204.0 | 255.0 | 2805 | 206.0 | 3443 | 3825 | 459.0
Za meduvrijednosti « potrebno je karakteristiénu vrijednost Fy, gy lineamo interpolirati,
Za druge debljine plods lp potrebno Je vrijednosti iz tablice pomnoiiti s 1, / 10,

Tablica 4.5.4. Karakteristi¢ne vrijednosti otpornosti po jednom vijku za preporucene detalje i

b

pl,min

b

pl,min

debljinu lima 10 mm
a=h+ (c+e1) =180+ (40 + 40) = 260 mm

=2-¢,+p,=2-30+55=115mm

Odabrane dimenzije ploce: 200x300 mm

—b+2-a-4/2+20 mm=100+2 - 332 + 20 = 128.49 mm
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Proracun debljine ploce:

- pritisak po omotacu rupe osnovnog materijala:

F e =Vs /4=0,1kN=F,

Fa b 1274 tp
= R P . — —F, ,=0,1 kN
bR 1,25 10 1,25 10 bsd

:tplm‘” =0,01 mm

- savijanje ploce od vla¢nih vijaka:

Mg, = F g 1€ =39,51-2:0,05=3,95 kNm

2 min

M <Wmin-fy:> . :1_1.|\/|Sd:bp,-t pl

Sd — 1,1 min fy 6

1,1-3,95'6
gomn _ [L1-Mgg -6 (22222 =0 178 om
pl b -f 30-27,5
pl y

- tpl,odabrano =10 mm

Usvojene dimenzije ploce: 300x380x10 mm

Rubesa Lucia
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5.6. Montazni priklju¢ak na vertikalama i dijagonalama

N= 138,97 kN (vlak)
Vz =0,79 kN

1) Osnovni materijal:
Celik S275

f, =275 N/mm?

E =210GPa

2) Kontrola vara

- duzina vara pojasnice:

I, = 4-90=360 (mm)

- max debljina vara s obzirom na debljinu stijenke nosaca
Ay = 0.7t

tmin=5mm

=a, =07t =0.7-5=3.5mm
aodabrano =3 mm

Za pretpostavljeni var a=3 (mm):

_ Fume L 87.6 360
wRI 1925 100 1.25 100

- uzduzna sila: =252,29 kN
uvjet nosivosti:
N = FW,Sd S FW,Rd

138,97 kN < 252,29 kN

£ _Fua L 876 180
WA T 195 100 1.25 100

- poprecna sila: = 126,14 kN

uvjet nosivosti:

Np = I:W,Sd < FW,Rd

0,79 <126,14 kN

— Var a=3 mm zadovoljava
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3) Proracun vijaka
Pretpostavljeni vijci: M 16, k.v. 8.8 , n=4 vijka
- udaljenost cmin Vijaka od ruba pojasnice:
Cmin=2-d+av/2= 2-16+3v/2=35,46 mm
Usvojeno c= 40 mm.
- otpornost vijaka na vlak:
F o 1130

Fipg =—==—== 90,4 kN
b 4 125

uvjet nosivosti:

Fire > Fisa /4
90,4 > 138,97/4
90,4 kN > 34,74 kN

- otpornost vijaka na posmik:

F
Fop = = =
¥
78,5
= —=62,8kN
1,25

uvjet nosivosti:

Fori > Foso

62,8 kN >F, o, =V, /4=0,74/4=0,19 kN

- interakcija uzduzne i odrezne sile na vijak:

F F
V,Sd + t,5d <1
FV,Rd 14- Ft,Rd

0,19 N 34,74 <1
62,8 1,4-904
0,28<1

— Vijci zadovoljavaju

Rubesa Lucia
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4) Proracun ploce
a=h+(c+e1) =90+ (40 +40) =170 mm
b =2-e,+p,=2-30+55=115mm

pl,min

b =b+2-a-4/2+20 mm=90 +2 - 32 + 20 = 118,49 mm

pl,min
Odabrane dimenzije ploce: 200x200 mm
Proracun debljine ploce:

- pritisak po omotacu rupe osnovnog materijala:
Fosa =Ves [4=0,19kN=F, g,

F, re tp| 127,4 tp1
= o 0= 19c  1g ~[psa=019kN
=705 10 125 10 [ pseTO19

:tplm‘” =0,02 mm

- savijanje ploce od vla¢nih vijaka:

Mgy = F g -C=34,74-2:0,05=3,47 kNm

2  min

M < Woin Ty ~w. =11 Mse By - o

Sd — 1,1 min fy 6

1,1-3,47-6
t min _ 11-Mg, -6 — |[—=0,204 cm
pl b -f 20-27,5
pl y

- tpl,odabrano =10 mm

Usvojene dimenzije ploce: 300x300x10 mm
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6. PRORACUN PODNE STAKLENE
KONSTRUKCIJE

6.1. Popis normi za proracun staklenih elemenata

EN 572 Glass in Building - Basic soda lime silicate glass products

EN572-1 Glass in Building - Basic soda lime silicate glass products - Part 1:
Definitions and general physical and mechanical properties EN 1036 Glass in
building - Mirrors from silver coated float glass for internal use

EN 1096 Glass in building - Coated glass

EN 1296 Glass in building - Insulating glass units

EN 1748-1 Glass in Building - Basic borosilicate glass products

EN 1748-1-1 Glass in Building - Basic borosilicate glass products - Part 1:
Definitions and general physical and mechanical properties

EN 1748-2 Glass in Building - Basic glass ceramics products

EN 1748-2-1  Glass in Building - Basic glass ceramics products - Part 1:
Definitions and general physical and mechanical properties

EN 1863 Glass in building - Heat strengthened soda lime silicate glass

EN 1863-1 Glass in building - Heat strengthened soda lime silicate glass - Part 1:
Definition and description

EN 1990 Eurocode — Basis of

structural design EN 1991 Actions on

tructures

EN 1991-1-4 Wind

Geotechnical design

EN 1998 Design of structures for earthquake

EN 12150 Glass in building - Thermally toughened soda lime silicate safety glass
EN 12150-1 Glass in building - Thermally toughened soda lime silicate safety
glass - Part 1: Definition and description

EN 12337 Glass in building - Chemically strengthened soda lime silicate glass
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EN 12337-1 Glass in building - Chemically strengthened soda lime silicate glass
- Part 1: Definition and description

EN ISO 12543 Glass in building - Laminated and laminated safety glass

EN ISO 12543-1  Glass in building - Laminated and laminated safety glass -
Part 1: Definitions and description of component parts

EN 13024 Glass in building - Thermally toughened borosilicate safety glass
EN 13024-1 Glass in building - Thermally toughened borosilicate safety glass -
Part 1: Definition and description

prEN 13474-1 Glass in building - Determination of the strength of glass panes -
Part 1: Glass and glass products for fenestration

prEN 13474-2  Glass in building - Determination of the strength of glass panes -
Part 2: Common glass applications other than fenestration

prEN 13474-3: Glass in building - Determination of the strength of glass
panes - Part 3: General method of calculation and determination of strength
of glass by testing.

EN 14178 Glass in Building - Basic alkaline earth silicate glass products

EN 14178-1  Glass in Building - Basic alkaline earth silicate glass products -
Part 1: Definitions and general physical and mechanical properties

EN 14179 Glass in building - Heat soaked thermally toughened soda lime
silicate safety glass

EN 14179-1 Glass in building - Heat soaked thermally toughened soda lime
silicate safety glass - Part 1: Definition and description EN 14321-1 Glass in
building - Thermally toughened alkaline earth silicate safety glass

EN 14321-1 Glass in building - Thermally toughened alkaline earth silicate
safety glass - Part 1: Definition and description

EN 14449 Glass in building - Laminated glass and laminated safety glass -

Evaluation of conformity/Product Standard
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6.2. Proracun staklenog elementa

Staklo se oslanja na sekundarnu ¢eli¢nu konstrukciju, koja se sastoji od radijalno postavljenih
konzolnih nosaca na razmaku cca 2.5 m. Na svaki od tih konzolnih nosaca dolaze vertikale
ograde, te s vanjske i unutarnje strane L profili koji tangencijalno povezuju konzolne nosace.
Staklo ograde oslonjeno je na njih i vertikale ograde (s 3 strane), dok staklo poda oslanja se na
4 brida. Predvideno je lamelirano staklo za pod i za ogradu. Za pod 5x16mm, a ogradu 3x16mm,
termicki obradenog stakla. Na slici 2. prikazan je 3D model jednog segmenta kruznog dijela.
Polovinu kruga podijeljeno je na 12 dijelova (0=15°). Ravni dijelovi trebaju biti istog ili manjeg

razmaka okvira 1<=2200mm.

Slika 5.2.1. Tlocrtni prikaz staklenih elemenata

Zadatak je dimenzionirati podni element trapezastog oblika koji je oslonjen na celi¢nu
konstrukciju (sekundarne konstrukcije). Duljina duZe stranice trapeza iznosi 2.671 metra, a

krace 2.149 metra.
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6.2.1. Proracun prema Europskim normama

Pod je izveden od lameliranog stakla od 5 slojeva d=5*16mm. Racunska otpornost staklenih

elemenata se izraCunava prema izrazu:

_ "r"mud 'k.sp 'fg'.ﬁ'
fg:cﬁ -

YM., 4

fgx — karakteristitna otpornost na savijanje
kmoa — faktor trajanja opterectenja

ks, — faktor utjecaja povrsine

Yu.a — parcijalni faktor za staklo

Kmod = 0.29 za vlastitu tezinu, kmod = 0.74 za vjetar, kmod=0.8 za pokretno opterecenje,
kmod = 0.43 za snijeg

0,29-1-45 N

fg,d(v. t.) = T = 725mm2

= 7,25 MPa

f9.a(s) = 10,75 Mpa

fg.a(@-0.) = 20,0 Mpa

fg.a(vjetar) = 18,5 Mpa
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6.2.2. Prorafun prema grani¢nim stanjima

GRANICNO STANJE NOSIVOSTI
Kod proracuna prema grani¢nom stanju nosivosti mora biti dokazano da je maksimalno
naprezanje (projektirana vrijednost djelovanja) manje od dopustenog naprezanje (projektirane

vrijednosti otpornosti).
Racunsko opterecenje:

1) Snijeg —qgs = 5.6 kN/m?
2) Pokretno optereéenje = 5 kN/m?
3) Vijetar - qw= 1,68 kN/m2

Uvjet nosivosti :

T imax =/ god

&

Maksimalno vla¢no naprezanje izra¢unava se prema izrazu:

=k| ‘-—-IZ'FHJ
1

{Tl'llil'\

Dimenzije a i b su stranice panela (a mora biti manja dimenzija). PovrSina panela A=a-b.

Debljina panela oznacava se s h.
Odnos stranica je definiran: A=a/b

Bezdimenzionalni koeficijent opterecenja:

(LAY Ee
P _|\ 4-.‘;1J| E

Kako bi odredili vrijednost bezdimenzionalnog koeficijenta ki, koristimo se tablicom 5.2.2.1.
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Tablica 5.2.2.1. Tablica za odredivanje koeficijenta kg

A=2/2,713 = 0,74 — A=0,7 (strana sigurnosti)

pak
A=alb 0 1 2 3 5 10 20 30 100 200 300
1,0 0.268 | 0.261 | 0.244 | 0.223 | 0.190 | 0152 | 0.135 | 0.130 | 0.129 | 0.128 | 0.128
0,9 0.287 | 0278 | 0258 | 0234 | 0.197 | 0.155 | 0.137 | 0.131 | 0.130 | 0.129 | 0.129
0.8 0.304 | 0295 | 0273 | 0.247 | 0.205 | 0.159 | 0.138 | 0.131 | 0.130 | 0.130 | 0.130
0,7 0.314 | 0306 | 0285 | 0261 | 0218 | 0.165 | 0.140 | 0.130 | 0.129 | 0.129 | 0.129
0,6 0314 | 0309 | 0294 | 0274 [ 0235 | 0.176 | 0.143 | 0120 | 0127 | 0,126 | 0.126
0,5 0.300 | 0298 | 0290 | 0279 | 0255 | 0.197 | 0.151 | 0.128 | 0.124 | 0123 | 0.122
04 0.268 | 0.268 | 0.266 | 0.262 | 0.252 | 0.221 | 0.171 | 0.129 | 0.119 | 0.116 | 0.116
0,3 0217 | 0217 | 0217 | 0216 | 0215 | 0.208 | 0.189 | 0.141 | 0.116 | 0.107 | 0.105
0.2 0.149 | 0.149 | 0.149 | 0.149 | 0.149 | 0.149 | 0.148 | 0.140 | 0.123 | 0,100 | 0.091
0,1 0.075 | 0075 | 0075 | 0.075 | 0075 | 0.075 | 0.075 | 0.075 | 0.075 | 0.074 | 0.073

U sluc¢aju laminiranih elementa mora se uzeti u obzir PVB sloj ¢ija je posmicna ¢vrstoca bitno

manja od ¢vrstoce stakla. U ovom slu¢aju govorimo o popustljivosti medusloja. Budu¢i da je

ovaj stakleni element sastavljen od vise elemenata iste debljine, potrebno je izracunati efektivnu

debljinu lameliranog stakla.

h =

ef .. j

(hn'{'.n' )‘
i:‘:ﬂj +2ah,, )

o - koeficijent koji se krece u vrijednosti od 0 do 1. 0 znaci da nema prijenosa

posmic¢nih naprezanja (nema veze izmedu dva panela), a 1 oznafava potpuni

prijenos posmicnih naprezanja (nema pomaka medu panelima, kruti Spoj).

hi, hj - debljine staklenih elemenata

hm;j - udaljenost od srednjeg pancla do srediSta cjelokupnog laminiranog

elementa

U tablici 5.2.2.2. Prikazane su neke vrijednosti efektivnih debljina od dva elementa istih

debljina. U tablici prikazane su proracunate efektivne debljine laminiranog stakla sastavljenog

od dva elementa iste debljine.

Glass thickness Short dyration loads (7 = (.2) Long duration loads (@ = 0.0)
mm Aerw MM hef o MM b MM he:oi MM
343 4,42 4.90 3.78 4.24
4+ 4 5.89 6.53 5.04 5.66
5+5 7.34 8.17 6.30 7.07
6+ 6 8.84 9.80 7.56 8.49
8§+8 11.79 13.06 10.08 11.31
10 + 10 14.74 16.33 12.60 14.14

Tablica 5.2.2.2. Efektivne debljine lameliranog stakla sastavljenog od dva elementa

jednake debljine
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Proradun za svako optereéenje posebno:

a) Snijeq:
« _ (26712000 5 5.6:1073 _ ok
p = (4-(60.34)2) 70000 - 0-111-p7 =1
k, =0.306

Nakon proracunatih vrijednosti, uvrStavamo ih u izraz za maksimalno naprezanje

a =k|'--:

max

- Fy
1 2671:2000
Omax — 0.306 - m)

—

+5.6+-1073 = 2.55 MPa

A uvjet za grani¢no stanje nosivosti

Tmax =S 5 255 Mpa < 10.75 Mpa

b) Pokretno opterecenje:

. (2671-2000)2 51073
4-(60.34)2 70000

=0.099-p* =1

k, = 0.306

Nakon proracunatih vrijednosti, uvrStavamo ih u izraz za maksimalno naprezanje

gﬂlil'\

A
=k '—_|'F
1 e d

26712000

. . -3 —

Omax = 0.306

A uvjet za grani¢no stanje nosivosti

Tmes < e 228 Mpa < 20.00 Mpa

c) Vijetar:
« _ (26712000, 1681073 _ ok
- (4-(60.34)2) 70000 =0033-p" =1
k, =0.306

Nakon proracunatih vrijednosti, uvrStavamo ih u izraz za maksimalno naprezanje

=k| "—‘;'Fd
1

gl'llil'\
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2671-2000

Omax — 0.306 - W

) +2.4-1073 = 1.10 MPa

A uvjet za grani¢no stanje nosivosti

Tmax = Jea _ 1,10 Mpa < 18.5Mpa

Prema izracunu, vidljivo je da je nosivost stakla podnog elementa zadovoljena, medutim, jako
malo iskoristena. U slu¢aju mjerodavnog grani¢nog stanje, praksa je da se ostvari iskoristivost

veca od 75 %.
GRANICNO STANJE UPORABLJIVOSTI

Prema europskim normama konstrukciju i njene elemente potrebno je kontrolirati ne samo
prema grani¢nim stanjima nosivosti ve¢ 1 na grani¢na stanja uporabljivosti. Mora biti

zadovoljen uvjet da je maksimalni progib manji od dopustenog progiba.
Winax< Wq

Maksimalni progib wy,,, odreduje se prema izrazu:

(=]

, Fy
max 4 h E

[

Koeficijent k, odreduje se prema tablici 3.

P

A=alh 0 1 2 3 3 10 20 50 100 200 300
1,0 0.0461 | 0.414 | 0.0354 | 0.0310 | 0.0255 | 0.0189 [ 0.0137 | 0.0088 [ 0.0062 | 0.0044 | 0.0036
0,9 0.0452 | 0.0409 | 0.0351 | 0.0309 | 0.0254 | 0.0188 | 0.0136 | 0.0088 [ 0.0062 | 0.0044 | 0.0036
0.8 0.0437 | 0.0399 | 0.0346 | 0.0305 | 0.0253 | 0.0183 | 0.0136 | 0.0087 [ 0.0062 | 0.0044 | 0.0036
0,7 0.0404 | 0.0377 | 0.0333 | 0.0297 | 0.0248 | 0.0186 | 0.0136 | 0.0087 [ 0.0062 | 0.0044 | 0.0036
0.6 0.0354 | 0.0339 | 0.0309 | 0.0281 | 0.0240 | 0.0183 [ 0.0134 | 0.0087 | 0.0062 | 0.0044 | 0.0036
0,5 0.0287 | 0.0281 | 0.0267 | 0.0251 | 0.0222 | 0.0176 | 0.0132 | 0.0086 [ 0.0062 | 0.0044 | 0.0036
0.4 0.0208 | 0.0207 | 0.0204 | 0.0199 | 0.0187 | 0.0159 | 0.0125 [ 0.0085 | 0.0061 | 0.0044 | 0.0036
0,3 0.0128 | 0.0128 | 0.0127 | 0.0127 | 0.0125 | 0.0119 | 0.0105 | 0.0079 | 0.0039 | 0.0043 | 0.0035
0,2 0.0059 | 0.0059 | 0.0050 | 0.0059 | 0.0059 | 0.0059 | 0.0038 [ 0.0055 | 0.0048 | 0.0038 | 0.0033
0,1 0.0015 | 0.0015 | 0.0015 | 0.00L5 | 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.00L5 | 0.0015

Tablica 5.2.2.3. Tablica za odredivanje koeficijenta k,

Prema normama maksimalni dopusSteni progib iznosi wd=a(b)/150. Medutim, mnogi
projektanti smatraju da ovakav strogi zahtjev nije racionalan iz razloga §to je glavni uzrok

progiba panela optere¢enje vjetrom koje je prema normama dano za povratni period od 50
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godina. Zbog ovih razloga mnogi projektanti uzimaju manje vrijednosti od ovih definiranih

normama (1/100). Dopusteni progib se izracunava prema:

_a(b)
"a =700

a(b) —a i b su stranice panela (a mora biti manja dimenzija)

a(b)_2000_

Wa = 00100 2cm
k, =0.0377
a) Snijeg
4 Fy

(2671-2000)2.  5.6-1073

Wmax = 0.0377 " —22053 70000

= 0.404 mm

0.404 mm < 20 mm
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7. NACRTI
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