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Tabela 8: Dopustni razponi HI-Bond sovpreznih stropov - MSN

PRILOGA F: POZICIJSKI NACRTI
List 1: Kosovnica
Risba 1: 3D pogled (A3)
Risba 2: Tloris nadstropja (A3)
Risba 3: Tloris strehe (A3)
Risba 4: Prerez 1-1, 2-2 (A3)
Risba 5: Prerez B-B (A3)
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1 UVvOD

V diplomski nalogi bo prikazana izdelava projekta jeklene oziroma sovprezne konstrukcije v obsegu
Projekta za gradbeno dovoljenje (PGD).

Uporaba jeklenih konstrukcij se pri nas v zadnjih letih ves ¢as poveéuje. Te konstrukcije se najvec
uporabljajo pri gradnji industrijskih objektov in nakupovalnih sredis$¢, narasca pa tudi uporaba pri
gradnji poslovnih, zabavis¢nih, Sportnih in ekoloskih objektov. Jeklene konstrukcije nam omogocajo
premoscanje velikih razponov in prostore brez ovir, kot so stebri in stene. Ostale prednosti jeklenih
konstrukcij so $e: hitra montaza (strosek gradbisca), dobro razmerje med nosilnostjo in tezo
konstrukcije, enostavno vzdrzevanje, dolga zivljenska doba, enostavno kombiniranje z drugimi
materiali in enostavna kontrola izdelave in montaze. Jeklo pa ima tudi nekaj pomanjkljivosti, kot so:
zahtevni detajli, potrebna je velika natan¢nost pri projektiranju, izdelavi in montazi, akustika ter
toplotna stabilnost.

Namen diplomske naloge je stati¢na analiza konstrukcije in dimenzioniranje nosilnih elementov
objekta. Diplomska naloga bo narejena v skladu z veljavnimi evropskimi standardi za gradbene
konstrukcije in pripadajo¢imi slovenskimi nacionalnimi dodatki. Dimenzioniranje na potresno
projektno stanje bo prikazano na dva nacina in sicer, konstrukcije z majhnim sipanjem energije ter
konstrukcije s sposobnostjo sipanja energije. Prikazan bo tudi izra¢un znacilnih stikov konstrukcijskih
elementov. Stati¢na analiza in dimenzioniranje bo opravljeno s pomo¢jo komercialnega
racunalniskega programa SCIA Engineer 14, pozicijski na¢rti bodo zrisani v Tekla Structures.

Lokacija obravnavanega objekta se nahaja v Grosuplju. Jeklena stavba je pravokotne tlorisne oblike
zunanjih dimenzij 12,10 m v pre¢ni smeri in 32,20 m v vzdolzni smeri. Visina stavbe je 9,50 m.
Objekt ima dve etazi. V pritli¢ju je predvidena proizvodnja in skladis¢enje, nadstropje pa je
namenjeno pisarnam. Temeljenje objekta ni del te diplomske naloge.
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2 TEHNICNO POROCILO

2.1 ZASNOVA

Grafi¢na zasnova objekta je prikazana na sliki 1. Jeklena konstrukcija objekta ima dve etazi zunanjih
tlorisnih dimenzij 12,10 m v pre¢ni smeri in 32,20 m v vzdolzni smeri. ViSina stavbe je 9,50 m.
Naklon strehe je 6°. Svetla visina pritli¢ja (proizvodnja in skladis¢enje) je 5,00 m, nadstropja (pisarne)
pa 3,00 m. Nosilna konstrukcijaje je sestavljena iz momentnih okvirov v pre¢ni smeri, medosna
razdalja med njimi je 5,30 m. Okviri so med seboj povezani s ¢lenkasto vpetimi sovpreznimi nosilci.
Horizontalno nosilnost v vzdolzni smeri zagotavljajo okviri s centri¢nimi povezji na zunanjih stenah in
strehi.

2.1.1  Streha

Streha je dvokapnica z naklonom 6°. Na stresne lege so polozeni stres$ni paneli Trimo SNV 150.
Stresni paneli se pritrdijo na konstrukcijo po navodilih proizvajalca.

2.1.2 Fasada

Fasada se izvede s fasadnimi paneli TrimoRaster FTV R 150. Paneli so pritrjeni direktno na stebre
objekta po navodilih proizvajalca.

2.1.3  Medetazna konstrukcija

Medetazna konstrukcija je sestavljena iz armirano betonske monolitne plos¢e in jeklenih nosilcev IPE.
Spodnja in zgornja armatura v plos¢i je iz armaturnih mrez. Sovprezni nosilci so ¢lenkasto pritrjeni v
primarne nosilce momentnega okvirja. Na sovprezne nosilce so privarjeni strizni ¢epi, Ki v povezavi s
plosco tvorijo sovprezno konstrukcijo.

2.1.4  Temeljenje

Temeljna tla so dobro nosilna. Objekt je temeljen na to¢kovnih temeljih, ki so povezani s temeljnimi
gredami. Stebri so ¢lenkasto pritrjeni na tockovne temelje. Temelji prevzemajo vertikalno in
horizontalno obteZzbo preko stebrov ter jo prenasajo v temeljna tla. Za raznos tla¢ne obtezbe je med
temeljem in ¢elno plocevino stebra vgrajeno betonsko podlitje. Grede zagotavljajo stabilnost objekta
in podlago za fasadne panele. Dimenzioniranje temeljev ni vklju¢eno v diplomsko nalogo.

2.1.5 Spoji

V projektu so upostevani znacilni Spoji:

e momentni spoj precke na steber,

e clenkasti spoj primarnega in sekundarnega nosilca,
e spoj natezne diagonale in stebra,

e Clenkasti spoj stebra na temelj.
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Slika 1: Zasnova nosilne jeklene konstrukcije



4 Nuci¢, G. 2016. Projekt dvoetaznega poslovno proizvodnega objekta.
Dipl. nal. — VSS. Ljubljana, UL FGG, Odd. za gradbenistvo, Operativno gradbenistvo.

2.2 MATERIAL

Material uporabljen v projektu:

o jeklo kvalitete S235 JR
Objekt bo ogrevan. Jeklo S235 JR pri najvecji dovoljeni debelini elementov 40 mm lahko
uporabimo pri referen¢ni temperaturi nad -10°C.

e jeklo kvalitete S235 JO
Jeklo S235 JO se uporabi za zagotovitev lokalne duktilnosti, to je za elemente, v katerih je
predvideno sipanje energije (SIST EN 10025: za cone sipanja se izbere S235 JO ali podobno
mehko in dovolj zilavo konstrukcijsko jeklo).

e vijaki kvalitete 8.8

e Dbeton kvalitete C25/30

e armaturne mreze kvalitete S500

2.3 OBTEZBA

V izraCunih so zajete obtezbe:

o lastna teza jeklene konstrukcije,

e stalna obtezba strehe,

e stalna obtezba medetazne konstrukcije,

e stalna obtezba fasade,

o spremenljiva obteZba medetazne konstrukcije,
e spremenljiva obtezba snega,

o spremenljiva obteZba vetra,

e spremenljiva potresna obtezba.

2.4 RACUN NOTRANJIH SIL IN POMIKOV

Notranje sile in pomiki so ra¢unani po teoriji drugega reda (nelinearni izraun) z upostevanjem
zacetne globalne nepopolnosti. Staticna analiza in dimenzioniranje je opravljena s pomocjo
komercialnega racunalniskega programa SCIA Engineer 14.

2.5 POTRESNOODPORNA ANALIZA

Potresnoodporna analiza konstrukcije je narejena po metodi vodoravnih sil (linearno elasti¢na analiza
»Base Shear«). Potres se obravnava za vsako od obeh glavnih smeri posebej (ravninski model).
Predstavljena bosta dva nacina projektiranja jeklenih konstrukeij, konstrukcije z majhnim sipanjem
energije (nizka stopnja duktilnosti) in konstrukcije s sposobnostjo sipanja energije (srednja stopnja
duktilnosti).

2.6 PREDPISI IN STANDARDI

Projekt je narejen v skladu z veljavnimi evropskimi standardi za gradbene konstrukcije in
pripadajo¢imi slovenskimi nacionalnimi dodatki.
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3 VPLIVI NA KONSTRUKCIJO
3.1 LASTNA IN STALNA OBTEZBA KONSTRUKCIJE

3.1.1  Lastna teZa jeklene konstrukcije

e primarni jekleni nosilci (lastna teza je zajeta v izraCunu z racunalniskim programom)
e sckundarni jekleni nosilci (lastna teZa je zajeta v izraGunu z ra¢unalniskim programom)
o stresne jeklene lege (lastna teZa je zajeta v izracunu z raunalni§kim programom)

3.1.2 Stalna obtezba strehe

e stre$ni paneli TRIMO SNV 150 ... 0,30 kN/m?
®  SPUSCEN SETOP 1vevvveriririiereseseeseetetes e tese s b se s b ss s es 0,20 kN/m?
o 1aNKE INSLAlACIE ....vevveeeeeieceeeeeeeee e 0,10 kN/m?

gs = 0,60 kN/m?

3.1.3  Stalna obtezba medetazne konstrukcije

Slika 2: Medetazna konstrukcija po plasteh

e zakljucni sloj - parket, d =2 CM ..o 0,14 kN/m?
e cementni estrih, d =5 CM ..o 1,20 kN/m?
e toplotna izolacija - ekspandiran polistiren, d =5cm .................. 0,03 kN/m?
e AB plos¢a + plocevina, d = 12 CM ...cocvevevevevererereieee e 2,50 kN/m?
®  ANSLALACIIE cvovvieeiecececececececeee ettt 0,20 kN/m?

Om = 4,57 kKN/m?

3.1.4  Stalna obteZzba fasade

o fasadni paneli TRIMO FTV 150 .....cccccoviiiiiiniiiceee e 0,30 kN/m?
gr = 0,30 KN/m?
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3.2 SPREMENLJIVA OBTEZBA

3.21 Koristna obtezba nadstropja

©  PHSAINIE ..vviviiiceetcee et 3,00 KN/m?

®  Predelng SEENE ......c.cveeiiciceeecece et 1,30 KN/m?
Gm = 4,30 KN/m?

3.2.2  Obtezba snega na strehi

Za Grosuplje, ki je na nadmorski visini 350 m se izbere cona A2 (slika 1 v nacionalnem dodatku SIST
EN 1991-1-3:2004/0A101:2008).

Obtezba snega s na strehi
s=u;*Co Ce+5,=08-10-1,0-159kN/m? = 1,27 kN/m?

u; =0,8 oblikovni koeficient obtezbe snega (naklon strehe je 6°)
C. =10 koeficient izpostavljenosti
C:=1,0 toplotni koeficient

Karakteristi¢na obtezba snega na tleh s, (cona A2 na nadmorski visini A = 350 m)

~ 12081+ () | = 12081+ (22) ] = 159 souyme
Sk = 728) |~ 728) | = P9 KN/m

3.2.3  Vplivi vetra

Za Grosuplje, ki je na nadmorski visini 350 m se izbere cona 1 (slika 1 v nacionalnem dodatku SIST
EN 1991-1-4:2005/0A101:2007).

Osnovna hitrost vetra vy
Vp = Cqir * Cseason " Vpo = 1,0-1,0-20m/s = 20m/s
Vpo = 20 m/s temeljna vrednost osnovne hitrosti vetra

cqir = 1,0 smerni faktor
Cseason = 1,0 faktor letnega ¢asa

Tlak pri najvegji hitrosti ob sunkih vetra gy(z) na visini z
1
qp(2) =[1+7-1,(2)] 5P v2(2) = c,(2) " qp = 2,3-0,25kN/m? = 0,58 kN/m?

p = 1,25 kg/m3 gostota zraka
Osnovni tlak vetra gy,

1 2 1 3 2 2 2
qb=5-p-vb=§-1,25kg/m -(20m/s)” = 250 N/m* = 0,25 kN/m

Faktor izpostavljenosti c,(z)
ce(z) =¢c.(9,25m) = 2,3 (slika 4.2 v standardu SIST EN 1991-1-4:2005)

z=925m viSina objekta
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kategorija terena je Il (slika 4.1 v standardu SIST EN 1991-1-4:2005)

3.2.3.1 Tlak vetra na notranje ploskve objekta

Tlak vetra na notranje ploskve w;
Wi = qp(2) *

dp(z;) najvedji tlak pri sunkih vetra.
z; referenc¢na visina za notranji tlak (enaka referen¢ni visini ze za zunanje tlake).
Cpi koeficient notranjega tlaka.

V preglednici 1 sta navedeni vrednosti notranjega zracnega tlaka w; z upostevanjem priporocenih
vrednosti koeficientov notranjega tlaka cpi. Vrednosti veljata za celoto (vsa podro¢ja od A do J).

Preglednica 1: Koeficienti in obtezbe notranjega tlaka

Podro&je | qp(z) [KN/m?] Cpi wi [KN/m?] Opomba
A ... ] 0,58 +0,20 +0,12 notranji tlak
A .., 0,58 -0,30 -0,17 notranji srk

3.2.3.2 Tlak vetra na zunanje ploskve objekta

Tlak vetra na zunanje ploskve we
We = Qp(ze) " Cpe

dp(2) najvedji tlak pri sunkih vetra

Ze referenc¢na visina za zunanji tlak je prikazana na sliki 3 (ze=h c¢ejeh <b, qp
je konstanten po visini)

Cpe koeficient zunanjega tlaka

stran stavbe, ki je referenéna razpored tlakov
izpostavljena vetru viSina po visini stavbe
b

0p(2) = qp(Ze)

Slika 3: Referen¢na vi$ina in razporeditev tlakov po vi$ini stavbe

Koeficienti zunanjega tlaka na navpi¢ne stene

Na sliki 4 je prikazana razdelitev sten na podrocja za obravnavani objekt pri delovanju vetra v smeri X
in razmerju e >d.
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Dolzina e
e = min{b ali 2h} = min{31,80 m ali 18,50 m} = 18,50 m
b =31,80m dolzina stranice objekta pravokotno smeri delovanja vetra

h=925m  viSina objekta
d =11,70 m dolzina stranice objekta vzporebno smeri delovanja vetra

L d L

| |

tloris
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_ — T~

\ Y
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#—eld d-e/5

T naris d)

Slika 4: Razdelitev sten na podroc¢ja pri delovanju vetra v smeri X in razmerju € > d

Priporo¢ene vrednosti koeficientov so v preglednici 2 (h/d = 0,79 in preglednica 7.1 v standardu SIST
EN 1991-1-4:2005).

Preglednica 2: Koeficienti in obteZbe zunanjega tlaka na navpicne stene pri delovanju vetra v smeri X

Podrodje | qu(z) [KN/mM?] | cpe We [KN/m7]
A 0,58 1,20 0,70
B 0,58 0,80 0,46
D 0,58 +0,77 +0,45
E 0,58 0,44 0,26

Na sliki 5 je prikazana razdelitev sten na podrocja za obravnavani objekt pri delovanju vetra v smeri Y
in razmerju e < d.

DolZina e
e = min{b ali 2h} = min{11,70 m ali 18,50 m} = 11,70 m
b =11,70m dolzina stranice objekta pravokotno smeri delovanja vetra

h=925m  viSina objekta
d =31,80 m dolzina stranice objekta vzporebno smeri delovanja vetra
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Slika 5: Razdelitev sten na podro¢ja pri delovanju vetra v smeri Y in razmerju e < d

Priporocene vrednosti koeficientov so v preglednici 3 (h/d = 0,29 in preglednica 7.1 v standardu SIST
EN 1991-1-4:2005).

Preglednica 3: Koeficienti in obtezbe zunanjega tlaka na navpi¢ne stene pri delovanju vetra v smeri Y

Podro&je | qp(z) [KN/m?] Cpe We [KN/m?]
A 0,58 -1,20 -0,70
B 0,58 -0,80 -0,46
C 0,58 -0,50 -0,29
D 0,58 +0,71 +0,41
E 0,58 -0,31 -0,18

Koeficienti zunanjega tlaka na dvokapno poSevno streho

Na sliki 6 je prikazana razdelitev dvokapnice na podroc¢ja za obravnavani objekt pri delovanju vetra v
smeri X (6= 0°).

Dolzina e
e = min{b ali 2h} = min{31,80 m ali 18,50 m} = 18,50 m

b =31,80m dolzina stranice objekta pravokotno smeri delovanja vetra
h=9,25m  viSina objekta
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Slika 6: Razdelitev dvokapnice na podro¢ja pri delovanju vetra v smeri X (6 = 0°)

Priporocene vrednosti koeficientov so v preglednici 4 (naklon strehe o = 6° in preglednica 7.4a v
standardu SIST EN 1991-1-4:2005).

Preglednica 4: Koeficienti in obtezbe zunanjega tlaka za dvokapnice pri delovanju vetra v smeri X

Podro&je | qp(z) [kKN/m?] Cpe We [KN/m?]

-1.62 -0,94

Iy A

-1,1 —-0,67

6 058 | 00 | so0n
057 _

: 058 | o0 | o0

| 0,58 —0,58 -0,34

-0,64 -0,37

) 058 | Lots | +010

Na sliki 7 je prikazana razdelitev dvokapnice na podro¢ja za obravnavani objekt pri delovanju vetra v

smeri 'Y (6 =90°).

DolZina e

e = min{b ali 2h} = min{11,70 m ali 18,50 m} = 11,70 m
b =11,70m dolzina stranice objekta pravokotno smeri delovanja vetra

h=925m  viSina objekta
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Slika 7: Razdelitev dvokapnice na podro¢ja pri delovanju vetra v smeri Y (6 = 90°)

Priporo¢ene vrednosti koeficientov so v preglednici 5 (naklon streh o = 6° in preglednica 7.4b v
standardu SIST EN 1991-1-4:2005).

Preglednica 5: Koeficienti in obtezbe zunanjega tlaka za dvokapnice pri delovanju vetra v smeri Y

Podroéje | Qp(z) [KN/m?] Cpe we [KN/m?]
F 0,58 -1,57 -0,91
G 0,58 -1,30 -0,75
H 0,58 —-0,69 —0,40
| 0,58 -0,59 -0,34

3.2.3.3 Neto tlak na steno ali streho

Neto tlak (razlika med tlakoma na nasprotnih ploskvah) w
w = Qp(ze) "Cpe — Qp(ze) TCpi = We — W

V preglednicah 6, 7, 8 in 9 so prikazani neto tlaki na navpi¢no steno ali dvokapno streho pri delovanju
vetra v smeri X ali Y za vsa podrocja.

Preglednica 6: Neto tlaki w (razlika med zunanjim in notranjim tlakom) na steno in streho pri
delovanju vetra v smeri X

Podrogje | qp(z) [KN/m?] Cpe o We [KN/mM?] | wi [KN/m?] | w [KN/m?]
A 0,58 -1,20 | +0,20 -0,70 +0,12 -0,82
B 0,58 -0,80 | +0,20 -0,46 +0,12 -0,58
D 0,58 +0,77 | +0,20 +0,45 +0,12 +0,33
E 0,58 -0,44 | +0,20 -0,26 +0,12 -0,38
F 0.58 -1,62 | +0,20 -0,94 +0,12 -1,06

’ +0,02 | +0,20 +0,01 +0,12 -0,11

G 0.58 -1,16 | +0,20 -0,67 +0,12 -0,79
+0,02 | +0,20 +0,01 +0,12 -0,11

Y 0.58 -0,57 | +0,20 -0,33 +0,12 -0,45
+0,02 | +0,20 +0,01 +0,12 -0,11

I 0,58 -0,58 | +0,20 -0,34 +0,12 -0,46
] 0.58 -0,64 | +0,20 -0,37 +0,12 -0,49
’ +0,18 | +0,20 +0,10 +0,12 -0,02
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Preglednica 7: Neto tlaki w (razlika med zunanjim tlakom in notranjim srkom) na steno in streho pri
delovanju vetra v smeri X

Podrodje | qp(z) [KN/m?] Cpe Cpi we [KN/m?] | wi [kN/m?] | w[kN/m?]
A 0,58 -1,20 | -0,30 -0,70 -0,17 —-0,53
B 0,58 -0,80 | -0,30 0,46 -0,17 -0,29
D 0,58 +0,77 | 0,30 +0,45 -0,17 +0,62
E 0,58 -0,44 | -0,30 0,26 -0,17 -0,09
F 0.58 -1,62 | -0,30 -0,94 -0,17 0,77

' +0,02 | 0,30 +0,01 -0,17 +0,18

-1,16 | -0,30 -0,67 -0,17 -0,50

G 0,58 +0,02 | 0,30 +0,01 -0,17 +0,18
H 0.58 -0,57 | 0,30 -0,33 -0,17 -0,16
+0,02 | 0,30 +0,01 -0,17 +0,18

| 0,58 -0,58 | 0,30 -0,34 -0,17 -0,17
] 0.58 -0,64 | -0,30 -0,37 -0,17 -0,20
+0,18 | 0,30 +0,10 -0,17 +0,27

Preglednica 8: Neto tlaki w (razlika med zunanjim in notranjim tlakom) na steno in streho pri
delovanju vetra v smeri Y

Podrodje | qp(z) [KN/m?] Cpe Cpi we [KN/m?] | w;i [KN/m?] | w [KN/m?]

A 0,58 -1,20 | +0,20 -0,70 +0,12 -0,81

B 0,58 -0,80 | +0,20 0,46 +0,12 —-0,58

C 0,58 -0,50 | +0,20 -0,29 +0,12 -0,41

D 0,58 +0,71 | +0,20 +0,41 +0,12 +0,30

E 0,58 -0,31 | +0,20 -0,18 +0,12 -0,30

F 0,58 -1,57 | +0,20 -0,91 +0,12 -1,03

G 0,58 -1,30 | +0,20 -0,75 +0,12 -0,87

H 0,58 -0,69 | +0,20 -0,40 +0,12 -0,52

I 0,58 -0,59 | +0,20 -0,34 +0,12 0,46

Preglednica 9: Neto tlaki w (razlika med zunanjim tlakom in notranjim srkom) na steno in streho pri
delovanju vetra v smeri Y

Podrodje | qp(z) [KN/m?] Cpe Cpi we [KN/m?] | wi [kN/m?] | w[KN/m?]
A 0,58 -1,20 | -0,30 -0,70 -0,17 -0,52
B 0,58 -0,80 | 0,30 —-0,46 -0,17 -0,29
C 0,58 -0,50 | 0,30 -0,29 -0,17 -0,12
D 0,58 +0,71 | 0,30 +0,41 -0,17 +0,59
E 0,58 -0,31 | 0,30 -0,18 -0,17 -0,01
F 0,58 -1,57 | -0,30 -0,91 -0,17 -0,74
G 0,58 -1,30 | 0,30 -0,75 -0,17 -0,58
H 0,58 -0,69 | -0,30 0,40 -0,17 -0,23
| 0,58 -0,59 | 0,30 -0,34 -0,17 -0,17
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3.2.34 Sila trenja vetra

Ucinek trenja vetra na ploskve se lahko zanemari, ¢e je izpolnjena neenacba
Ayzp < 4Aprav

Ayzp  povrsina vseh ploskev vzporednih (ali pod majhnim kotom) z vetrom.
Aprav povrsina vseh ploskev pravokotnih na veter (privetrnih in zavetrnih).

Kontrolo pogoja izvedemo lo¢eno za delovanje vetra v smeri X in Y. Na sliki 8 so oznacene smeri
vetra in posamezne ploskve.

Slika 8: Smeri delovanja vetra in posamezne ploskve

Povrsine ploskev:
8,64 m+9,25m
A;=1170m - > = 104,66 m?
A, =8,64m 31,80 m = 274,75 m?

A; =5,88m 31,80 m = 186,98 m?

Kontrola pogoja pri delovanju vetra v smeri X:
Ayzp = 2A; + 243 = 2- 104,66 m? + 2 - 186,98 m? = 583,28 m?
Appay = 24, = 2+ 274,78 m? = 549,50 m?
Ayzp(= 583,28 m?) < 44ppay (= 2198,00 m?) v

Ucinek trenja vetra na ploskve pri delovanju vetra v smeri X se zanemari.

Kontrola pogoja pri delovanju vetra v smeri Y:
Ayzp = 24, + 243 = 2+ 274,75 m? + 2 - 186,98 m? = 923,46 m?
Appay = 24, = 2-104,66 m? = 209,32 m?
Ayzp(= 923,46 m?) < 4Appay (= 837,28 m?) %

Uc¢inek trenja vetra na ploskve pri delovanju vetra v smeri Y se ne zanemari.
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Sile trenja Fs delujejo v smeri vetra, vzporedni zunanjim ploskvam. Upostevajo se samo na delu
referencne povrsine Ar, Ki je prikazana na sliki 9.

Referen¢na povrsina A

Slika 9: Referenéna povrsina Ay pri delovanju vetra v smeri Y

Trenjske sile zaradi trenja vetra F
Ffr =Crr Qp(Ze) 'Afr

Crr koeficient trenja (preglednica 7.10, SIST EN 1991-1-4:2005)
Cirstena = 0,01 (gladka ploskev, npr. jeklo, gladek beton)
Cirstrena = 0,04 (zelo hrapava ploskev, npr. gube, rebra, pregibi)

qp(z.) najvedji tlak pri sunkih vetra, referen¢na visina ze je enaka visini stavbe h =
9,25 m.

Agr  referencna povrsina je dana na sliki 9. Sile trenja se upoStevajo na delu
zunanjih ploskev, vzporednih s smerjo vetra, ki so za razdaljo, manj$o od 2b
ali 4h, oddaljene od privetrnega kapu ali vogala.

min{2b ali 4h} = min{23,40 m ali 37,00 m} = 23,40 m
Afy stena = 8,40 m - 8,64 m = 72,58 m*
Afr,streha =8,40m- 5,88 m = 49,39 m?

Sila trenja na eno steno:
Fer stena = Cfr stena " Qp (h) * Afr stena = 0,01+ 0,58 kN/m? - 72,58 m? = 0,42 kN

Sila trenja na eno stresino:

Fer strena = Cfr,strena * dp (h) - Afr strena = 0,04 - 0,58 kN/m? - 49,39 m? = 1,01 kN

Sila trenja se upoSteva pri pritrjevanju stresnih in fasadnih panelov na konstrukcijo.
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4 MEDETAZNA KONSTRUKCIJA

Medetazna ali stropna konstrukcija je sestavljena iz armiranobetonske plosée s profilirano plo¢evino in
jeklenih nosilcev, ki skupaj tvorijo sovprezno konstrukcijo.

41 ZASNOVA

Grafi¢na zasnova sovprezne konstrukcije je prikazana na sliki 10. Jekleni sekundarni nosilci so
zasnovani kot prostolezeci, clenkasto podprti na primarne jeklene nosilce. Razpon sekundarnih
nosilcev je 5,30 m, medosna razdalja med njimi je 2,35 m. Valovi plo¢evine potekajo pravokotno na
sekundarne nosilce.

primarni jekleni nosilec

it H —% <l
(&} (&}
R 2
3 3
= =
S F— sovprezna sfropna & &
—1 plod¢a s profilirano > S 3
! RE— plocevino g %
potek reber plocevine S 2
2 2
3 3
M H —x —o]
234 4|’ 234 4L 234 4L 234 4|’ 234
1170
sovprezna stropna plos¢a s profilirano plo¢evino
X X X X X 2
raéunski model - niz prostolezedih nosilcev
. S & . S

Slika 10: Zasnova sovprezne medetazne konstrukcije

4.2 SOVPREZNA PLOSCA S PROFILIRANO PLOCEVINO

Sovprezna plosc¢a je sestavljena iz strjenega armiranega betona in profilirane ploc¢evine. Plo¢evina
sluzi tudi kot delovna platforma, opaz za beton in kot natezna armatura. Lahka armaturna mreza se
dodaja zaradi boljSega pre¢nega raznosa obtezbe, sluzi pa tudi za zagotavljanje zadostne protipozarne
odpornosti in za zmanjSevanje vpliva krérnja betona na formiranje razpok. Za povecanje upogibne
nosilnosti in vzdolznega striga dodamo v vsak val ali vsak drugi val palice rebraste armature. Pri
projektiranju sovpreznih stropov je potrebno upostevati dve razli¢ni projektni stanji, montazno stanje
(profilirana plocevina kot opaz) in konéno stanje. Kontrola sovprezne plosce s plocevino je izvedena
po Beg, Hladnik in Moze, 2003. Uporabljene tabele so v prilogi E.
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Beton C25/30
Plocevina HI-Bond 55

Slika 11: Sovprezna plo$¢a s profilirano plo¢evino, betonom in armaturo

421 Podatki
Material
Beton C25/30
Plogevina HI-Bond 55, t = 0,8 mm, f, = 250 Mpa
Armatura S500
Strizni ¢epi Nelson &epi 019, fu = 45 kN/cm?
Geometrija
h=12cm debelina plosce
d,=12-5,5/2=9,25cm efektivna debelina plosce
L =234cm razmak med nosilci (podporami)
b>10cm Sirina podpor
Obtezba
Lastna (plo¢evina + beton)
strjen beton g1 = 2,41 KN/m?
svez beton g1 = 2,53 KN/m?
Stalna (poglavije 3.1.3) gs = 1,57 KN/m?
Koristna (poglavje 3.2.1) q = 4,30 kN/m?

4.2.2  Montazno stanje - faza betoniranja

Sovprezne plos¢e med gradnjo ne podpiramo, saj je plo¢evina sposobna prevesti obtezbo svezega
betona na razponu do 250 cm.

Priloga E, Tabela 1: Dopustni razponi HI-Bond ploc¢evine v vlogi opaza:
L% = min{270 cm, 250 cm} = 250 cm > L = 234cm v
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4.2.3 Kon¢no stanje

4.23.1 Kontrola razmaka med podporami

MSN - Mejno stanje nosilnosti

Obtezba

Psamsy = 1,35-9gs + 1,5-q = 1,35-1,57kN/m? + 1,5 - 4,30 kN/m?
Psamsy = 8,57 kN/m?

Po metodi delne strizne vezi upostevam: metoda B6

strizna odpornost plocevine - SN

trenje na podpori - TP

kon¢no sidranje - KS

o Nelson ¢ep @19 v vsakem valu (na 15 cm),

o  Cepi morajo biti privarjeni skozi plo¢evino,

o a= 105 mm, upoStevam odmik ¢epa od roba plo¢evine, zagotavlja
maksimalen vpliv kon¢nega sidranja.

armatura - A

o RA @10 v vsakem valu (na sredini vala).

Priloga E, Tabela 8: Dopustni razponi HI-Bond sovpreznih stropov - MSN:

Psamsy = 8KN/m? - L™ = 468 cm

Psa,mMsN = 10 kN/l’I‘l2 — [Max — 431 cm

z linearno interpolacijo dobimo pri
Psamsy = 8,57 kKN/m? - L™ = 442 cm
LM% =442 cm > L =234cm vV

MSU - Mejno stanje uporabnosti

Obtezba

Psamsv = 9s + ¢ = 1,57kN/m? + 4,30kN/m?
Psamsu = 587 kN/m?

Priloga E, Tabela 2: Dopustni razponi HI-Bond sovpreznih stropov - MSU:
Psamsy = 5KN/m? — LM% = 427 cm

Psamsy = 6 KN/m? - L™ = 409 cm

z linearno interpolacijo dobimo pri
Psda,msu = 5,87 kN/lTl2 — [Ma% = 425 cm
LM% = 425cm > L =234cm vV

4232 Potrebna armatura

Negativna armatura nad podporami (zgornja armatura proti razpokanju betona)

Apotr

neg.arm.

=0,004-100cm" (12 cm — 5,5 cm) = 2,6 cm?/m

Armatura za raznos obtezbe (priporocena, teoreticno nepotrebna)

APt =0,002-100 cm - (12 cm — 5,5 cm) = 1,3 cm?/m
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V obeh med seboj pravokotnih smereh je potrebno poloziti enako armaturo. Izbrana mreza je Q131. V
vsakem valu je palica RA @10 (na 15 cm).

4.3 SEKUNDARNI SOVPREZNI JEKLENI NOSILEC

Beton C25/30
Plo¢evina HI-Bond 55

IPE 220

Slika 12: Sovprezni nosilec

Dolocitev visine jeklenega nosilca na osnovi enacbe: h = b/25 = 530 cm/25 = 21,2 cm
Izberem prerez IPE 220, hipe = 22 cm.

431 Podatki
Material

Jeklo S235

Strizni epi  Nelson ¢epi @19, f, = 45 kN/cm?
Geometrija

hce=12cm debelina plosce

heett = 12 —5,5/2 = 9,25 cm efektivna debelina plosce
L=234cm razmak med sekundarnimi nosilci
b=530cm dolzina sekundarnih nosilcev

Obtezba
Lastna
° IPE 220 Jipe = 0,262 kN/m
e Sovprezna plosca s ploCevino
o strjen beton Qest = 2,41 KN/m? - 234 m = 5,64 KN/m
o sveZbeton Josv = 2,53 KN/m? - 2,34 m = 5,92 KN/m
Stalna (poglavije 3.1.3) gs = 1,57 kN/m? - 2,34 m = 3,67 KN/m
Koristna (poglavje 3.2.1) q=4,30 kN/m?- 2,34 m= 10,06 kKN/m
Obtezba med betoniranjem gm=0,75kN/m? - 2,34 m = 1,76 kN/m

e obmod¢je 3 m - 3 m (kopicenje betona) - 10% lastne teZe betona
Qm = 0,10 - 2,53 kN/m? = 0,25 kN/m? 0z. min. gm1 = 0,75 KN/m?
e izven obmocja (delavci, oprema) gmz = 0,75 kKN/m?
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4.3.2  Montazno stanje - faza betoniranja

43.2.1 MSN - Mejno stanje nosilnosti

Obtezba

qea = 1,35 g1pg + 1.5 (gesv + qm) = 1,35-0,262kN/m + 1,5 (5,92 + 1,76) kN/m
qea = 11,87KkN/m
Maksimalni moment v polju in pre¢na sila

qpa b* 11,87 kKN/m - 5,3% m?
8 8

_qgab 11,87 kKN/m-5,3m

2 2

Razred kompaktnosti

Mgy = = 41,68 kNm

= 31,46 kN

e stojina (notranji tlaceni del)

c 177 mm

=——=30<72-¢=72 - l.razred kompaktnosti
ty 59mm

_ [z fes_
T Tz

e pasnica (previsni deli pasnic)
c 40,05 mm

— = =435<9-¢=9 - l.razred kompaktnosti
ty 9,2 mm

1 1
c=§(b—tw—2r)=§-(110—5,9—2-12)mm=40,05mm

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).

e strig
h, 201,6 mm € 1 L
—=———=34,17<72-—=72" =60 - stojina je kompaktna
tw 5,9 mm n 1,2

Upogibna nosilnost prereza (1. razred kompaktnosti)

23,5 kN /cm?
Mpl,Rd = Wpl,y - f_y = 285 Cm3 - —/
Ymo 1,0

Mgq = 41,68 kKNm < My, pq = 66,98 kNm v/

= 6697,5 kNcm = 66,98 kNm

Strizna nosilnost prereza

fy 23,5kN/cm?
v =4, ———=1427cm?  ——
plL,Rd v f_3 Vo f_3 ] 1’0

Ay =A—=2bts+(t, +27)tf

= 193,61 kN

A,=334cm?—-2-11cm-0,92cm+ (0,59 cm+2-1,2cm) - 0,92 cm
A, =10,41cm? >nhy, t, =1,2-20,16 cm- 0,59 cm = 14,27 cm?
A, = 14,27 cm?
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Vpa = 31,46 KN < Vg = 193,61 kN v/

Interakcija M +V
Veqa = 31,46 KN < 0,5 Vp,; rqg = 96,81 KN - kontrola interakcije ni potrebna

Boc¢na zvrnitev (poenostavljeno preverjanje - metoda tlacene pasnice)
Pri elementih stavb z bo¢no podprto tlaceno pasnico ni nevarnosti bo¢ne zvrnitve, e je za
razmik med sosednjima bo¢nima podporama L. oziroma za pripadajoco vitkost tlacene
pasnice A izpolnjen pogoj (glej tudi sliko 13):

— _kele _—— Mcpa
A = - < Ao —2
T i, 7 My
e i i e idiideivi] tr
A > 3¢ 2 . T'_:_ll o(M)
L. X bo¢na podpora *jhw/(i
§§ hl hy
_L[—]
M, gq

Slika 13: Metoda tlacene pasnice

L o<1 Mcga iz 6697,5kNcm 2,93 cm-93,9 235 16
¢ =40 Ty Tk, 4168 kNem 094 _ ooem
23,5 kN /cm?
M pa = W, Dy 285 cm3 (235 KN/em” 6697,5 kNcm
Ym1 1,0

W, = Wy, = 285 cm® za 1.razred kompaktnosti

e 102,09cm4'_293
2= fas T [1186em2 T Y77

LY b® (h,/6)t3 _092 113 . (17,7/6) - 0,593
2= 12 12 12 12

= 102,09 cm*

hay 17,7 ,
A =bty+= 6, =11-092+——-059 = 11,86 cm

A =939¢=939-1=939
k. = 0,94 korekcijski faktor, odvisen od momentne linije

AC,O = ALT,O + 0,1 = 0,4 + 0,1 = 0,5

_L _ 530 cm =995~ 3
", T 23516em . 407
L 530cm
Leaej === = 176,67 cm

Nosilec je potrebno v fazi betoniranja 2-krat bo¢no podpreti z za¢asnim povezjem na razdalji
177 cmin 353 cm.
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4322 MSU - Mejno stanje uporabnosti

Obtezba
qea = 91pE + 9esv + Gm = 0,262kN/m + 5,92 kN/m + 1,76 kKN/m
qgqa = 7,94KN/m

Kontrola pomikov

_ 5qgab* _ 5-0,0794kN/cm-530* cm*
384 Eg I, 384-21000 kN/cm? - 2770 cm*

_ b _530 cm
Waor = 550 = T 250
w = 1,40 cm < wgop = 2,12cm V'

= 1,40 cm

=2,12cm

4.3.3 Koncno stanje

433.1 MSN - Mejno stanje nosilnosti

Obtezba

qea = 1,35 (gipe + Gese + 9s) T 1,57 ¢q
qeqa = 1,35- (0,262 + 5,64 + 3,67)kN/m + 1,5- 10,06 kN/m
qra = 28,01 kN/m

Maksimalni moment v polju in precna sila

b?> 28,01 kN/m - 5,3% m?
Mpq = 1242 / = 98,35 kNm
8 8
qgab 28,01 kN/m-53m
2 2

Sodelujoca $irina prereza in geometrijske karakteristike

= 74,23 kN

b eff

kS N T - Lo
= ______)I;_____@rﬁva_laﬂoc_ev@_ £

©
*7*77777;*77713’7777777*

&5 ‘ﬁ(_l
©
Tiee =

Slika 14: Prerez nosilca in plosce s plo¢evino
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besf =2 bey = 266,25 cm = 132,5 cm
b 530 cm

e1 =3 3
5,5 cm

= 66,25 cm

heerr =12 cm — =9,25cm

AIPE = 33,4 sz
IIPE = 2770 Cm4
A =besr heerr = 132,5cm-132,5 cm = 1225,63 cm?

_bepr hlepr  132,5cm-9,25% cm®
°© 12 12

Vplive lezenja se uposteva z razmerjem elastiénih modulov (t = ty)
Ne =2ng=2"677=13,54

E; 21000 kN/cm?

= 8738,96 cm*

= = = 6,77
"0 = T 3100 kN/cm?
A , 122563 cm? 5
ASOU :AIPE +E: 33,4 cm +W: 123,92 cm
I, + A, a?
Isop = ILipg + Ajpg afpg + ————
, 873896+ 1225,63 - 4,957 .
Isop = 2770 + 33,4 - 13,43% + = 11657,55 cm
13,54
Rypg heerr 22 9,25
= —_— —_ - - - 12 - . = 1
a > h > > + > 8,38 cm
A 13820 343
e = & e U0 123921354 0

TXITRILILIILS
SRIERLIXIIAIRIALILIR

[1959:9.9.9.9.9.9.9.9.9.0.0.9.9.9.9.9.9:9, %—
0696909:9:9:9:9.9:9.9.9.9.9.9.0.9.
ERRRRRIRRRRRRRRRRRKK N

cf

hIPE

===

plRd

—

Slika 15: Napetostno stanje sovpreznega nosilca
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Nc,f = Npl,Rd
Nef = a feq Xpi ber
fy 23,5kN/cm?
N. =A —/ =334cm? ——— = 7849 kN
N. 784,9 kN
_ pl,Rd _ ) _ _ \/
Xpl = = > =4,18cm < h., =6,5cm
a%beff 0’85.M.132’5 cm
c

1,5
hc» = 6,5cm viSina betona nad valom
My ra = Npira z = 784,9 kN - 20,91 cm = 16412,26 kNcm

hips Xp1 22 4,18
_ he -2t =224 12 - 2" = 2091
Py Tt T T 2 o

MEd = 98,35 kNm < Mpl,Rd = 164‘,12 kNm v

Kontrola strizne nosilnosti - vertikalni strig
Predpostavka: celotno strizno silo prevzame jekleni nosilec

Vpira = 193,61 kN ...(poglavje 4.3.2.1)
Vea = 74,23 kN < Vp pg = 193,61 kN v/

Interakcija M + V
Vea = 74,23 KN < 0,5 Vp; rqg = 96,81 kN — kontrola interakcije ni potrebna
4.3.3.2 Kontrola ¢epov — vzdolZni strig

Upostevana je polna sovpreznost.

Strizni ¢epi Nelson 19:

d=19cm
hge =9 cm
fu = 45 kN/cm?
f e £
I Bl

¥

F—bo—r IPE 220

Slika 16: Vzdolzni prerez sovpreznega nosilca s ¢epi

Vzdolzna strizna sila
Fep = Npjra = 784,9 kN (poglavje 4.3.3.1, slika 15)

Strizna nosilnost ¢epov z glavo
Projektna strizna nosilnost enega avtomatsko varjenega éepa

Prq = min{Pgy 1 ali Ppy,} = 73,73 kN
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2 . 2 2
08f, % 0,8 - 45 kN/cm? -#
P = — = 81,66 kN
Rd,1 Yo 1,25 ’
029 ad? \/fo Ecp, 0,29-1-1,9%2-./2,5-3100
Rd2 — = = 73,73 kN
' 12 1,25
=1 fse _ 9 cm = 4,74 > 4
a=L 2 d 19cm

Projektna strizna nosilnost enega ¢epa, skupaj s profilirano jekleno plocevino (valovi so

precno na podporni nosilec)

Pipq = k¢ Prqg = 0,61+ 73,73 kN = 44,98 kN

ky =27 Do (Pse =£-L5-<i—1)=061<k = 0,85
tTyn, hy, \hy Vi 55 \55 T T Thmax T

n.-=1 Stevilo ¢epov v valu (ne vec kot 2)

b, =7,5cm srednja Sirina vala plocevine

hy, =5,5cm  viSina vala ploCevine

Stevilo in razpored &epov

_ L _530cm_1519
2n 2-1745 >0
Fof 7849 kN

= 17,45 (= 18 ¢epovna L/2)

" Pra  4498kN
e=1519cm=>5d=95cm v
e=1519cm < min{6d;80cm} =72cm v

Izberem 36 ¢epov na 530 cm v vsakem valu, eqej = 15 cm.

Pogoj za enakomerno razporeditev cepov
Mpirasov 164,12 KNm

= =245<25 Y
My raipe 66,98 KNm

4.3.3.3 MSU - Mejno stanje uporabnosti

Obtezba
qea = 1,0 (gipg + gest + 9s) + 1,0 q
Gpa = 1,0+ (0,262 + 5,64 + 3,67) kN/m + 1,0 - 10,06 kN/m
qegq = 19,63 kN/m

Kontrola pomikov

5 qgq b* 5:0,1963kN/cm - 530* cm*
w = = = 0,82 cm
384 E;I,,, 384-21000 kN/cm?-11657,55 cm*
b 530 cm

=2,12cm

Waor = 550 = " 250
w=0,82cm < wgop =2,12cm vV
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5 OKVIRI

5.1 ZASNOVA

Konstrukcija je v vzdolzni smeri sestavljena iz 7 okvirov. Medosni razmaki med njimi so enaki, to je

5,30 m (slika 1). Pri dimenzioniranju obravnavamo najbolj obremenjeni notranji okvir v osi 2 in

zunanji okvir v osi 1. Na sliki 17 je prikazana grafi¢na zasnova notranjih momentnih okvirov 2, 3, 4, 5
in 6. Zunanja (¢elna) okvira s centricnim povezjem 1 in 7 imata na sredini e dva stebra na katera se
pritrdi ¢elna fasada in sta ¢lenkasto vpeta v okvir. Dopustna razdalja med podporami za fasadne panele

je 6,50 m (poglavje 9 Streha in fasada).

5 sa«/’v\s,ss = 5 sst/ﬁ\s 88 5
+8,64 o = . S
sy a2 N el Ry
| S S
+544 | o o
_;L | Lo ¢ &
] N N
] o o
i =4 %
1 Yol w0
LOOAF Okvir 2 :_ Okvir 1

® © ® ©

Slika 17: Zasnova notranjega in zunanjega okvira

5.2 VPLIVI NA OKVIRE

5.2.1  Obtezba na notranji momentni okvir 2

Vplivno obmocje obtezbe na en notranji okvir b = 5,30 m.

Lastna teza
Lastna teza jeklenih nosilcev okvira je zajeta v izracunu s programom SCIA Engineer.
Stalna obtezba
o medetazna konstrukcija Om = 24,93 KN/m
Om=0'mb +ngpreb/L
Om = 4,57 KN/m? - 5,30 m + 6 - 0,262 kN/m - 5,30 m/ 11,70 m

e streha gs= 3,18 kN/m
gs =¢'sbh=10,60 kKN/m?- 530 m
e fasada gr= 1,59 kN/m

gr=0'tb=0,30 kN/m? - 5,30 m
Spremenljiva obtezba
e koristna obtezba medetaze Om = 22,79 KN/m
Ogn=Q0'mb=4,30 KN/m? - 5,30 m



Nuci¢, G. 2016. Projekt dvoetaznega poslovno proizvodnega objekta.
Dipl. nal. — VSS. Ljubljana, UL FGG, Odd. za gradbenistvo, Operativno gradbenistvo.

e sneg s= 6,73 kN/m
s=s'b=1,27 kN/m?- 530 m

e veter
Za dvokapnice je treba obravnavati $tiri primere, kjer so najvecje ali najmanjse vrednosti za
podrocja F, G in H kombinirane z najvecjimi in najmanjSimi vrednostmi v podroc¢jih I in J.
Mesanje pozitivnih in negativnih vrednosti na isti str§ini ni dovoljeno. Za obravnavani
okvir izberem dve kombinaciji vetra, ki delujeta najbolj neugodno. Na sliki 18 je prikazana
obtezba vetra (delovanje vetra v smeri X) na vse okvire in posebaj na okvir 2, ki je najbolj
obremenjen.

Slika 18: Obtezba vetra na okvire pri delovanju vetra v smeri X in okvir 2

Preglednica 10: Kombinacija 1 - obtezba vetra (w1) na okvir 2 (pri delovanju vetra v smeri X
in notranjem srku)

Podro&je | w' [KN/m?] | b[m] | wl=w"b[kN/m] Opomba
D +0,62 5,30 +3,29
E —0,09 5,30 —0,48
g 18:12 2:22 18:;2 +0,95 | &irina podrocja je 1,85 m
H +0,18 5,30 +0,95 Sirina podrocja je 4,03 m
I -0,17 5,30 -0,90 Sirina podrocja je 4,03 m
J +0,27 5,30 +1,43 Sirina podrocja je 1,85 m

Preglednica 11: Kombinacija 2 - obtezba vetra (w2) na okvir 2 (pri delovanju vetra v smeri X
in notranjem tlaku)

Podrogje | w' [KN/m?] | b[m] | w2 =w"b [kN/m] Opomba
D +0,33 5,30 +1,75
E -0,38 5,30 -2,01
g _8:11 2:22 _8:21 —0,58 | &irina podro&ja je 1,85 m
H -0,11 5,30 -0,58 Sirina podrocja je 4,03 m
| —0,46 5,30 2,44 Sirina podrocja je 4,03 m
J -0,02 5,30 -0,11 Sirina podrocja je 1,85 m
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Na sliki 19 je prikazana razporeditev vse obtezbe na okvir 2 v programu SCIA Engineer.

W2F + W26 = 0,58 w21=058 ~w2s=011 —w2,=244

B = G NEEX K]
wlr+wic=095 wih=0,95 —wly=143 i i
W M s=6,73
_ T S S D N U
1gf;;sg_\wwvvwvwvvwvvwvwvvwvvwvv[ g 1’ e
WD:!_ - //——\ J _WE:’
w20=1,75xi\:§ qn=2279 i;)/i P
) B g
> B Ve
ES v [
1 B N gn=2093 ‘s
B =l W > >
> = M Wl T
=l wE o
S = v [
K e v > >
> = W Y 2 .
> —>$ $—> B
= M MB b

Do
Do

Slika 19: Obtezba na momentnem okviru 2 v kN/m

5.2.2  Obtezba na zunanji okvir 1 s centri¢nim povezjem (Sistem nateznih diagonal)

Vplivno obmodje obtezbe na en zunanji okvir b = 2,65 m.

Lastna teza
Lastna teza jeklenih nosilcev okvira je zajeta v izraCunu s programom SCIA Engineer.
Stalna obtezba
e medetazna konstrukcija gm = 12,47 KN/m
gn=0'mb + ngpee b/L
Om =4,57 KN/m? - 2,65 m + 6 - 0,262 KN/m - 2,65 m/ 11,70 m

e streha gs= 1,59 kN/m
gs =g'sb=0,60 KN/m? - 2,65 m
o fasada gn= 1,69 kN/m

gr= 1,73 kN/m
gn=g'tb+g'tA/L =0,30 kN/m? - 2,65 m + 0,30 KN/m? - 25,72 m?/ 8,64 m
gr = g'r AL = 0,30 KN/m? - 53,22 m?/ 9,25 m
Spremenljiva obtezba

e koristna obtezba medetaze gm = 11,40 KN/m
Om =0'm b =4,30 kKN/m? - 2,65 m

® Sneg s= 3,37 kN/m
s=s'b=1,27kN/m?-2,65m



28 Nugié, G. 2016. Projekt dvoetaznega poslovno proizvodnega objekta.
Dipl. nal. — VSS. Ljubljana, UL FGG, Odd. za gradbenistvo, Operativno gradbenistvo.

e veter
Za dvokapnice je treba obravnavati Stiri primere, kjer so najvecje ali najmanjse vrednosti za
podro¢ja F in H kombinirane z najvec¢jimi in najmanjSimi vrednostmi v podro¢jih I in J.
Mesanje pozitivnih in negativnih vrednosti na isti str§ini ni dovoljeno. Za obravnavani
okvir izberem dve kombinaciji vetra, ki delujeta najbolj neugodno. Na sliki 20 je prikazana
obtezba vetra (delovanje vetra v smeri X) na zunanji okvir 1.

W'

-

1

Slika 20: Obtezba vetra na okvir 1 pri delovanju vetra v smeri X

Preglednica 12: Kombinacija 1 - obtezba vetra (w1) na okvir 1 (pri delovanju vetra v smeri X
in notranjem srku)

Podro&je | w' [KN/m?] | b[m] | wl=w"b[kN/m] Opomba
D +0,62 2,65 +1,64
E —0,09 2,65 —0,24
F +0,18 2,65 +0,48 Sirina podrocja je 1,85 m
H +0,18 2,65 +0,48 Sirina podrocja je 4,03 m
I -0,17 2,65 -0,45 Sirina podrocja je 4,03 m
J +0,27 2,65 +0,72 Sirina podrocja je 1,85 m

Preglednica 13: Kombinacija 2 - obtezba vetra (w2) na okvir 1 (pri delovanju vetra v smeri X
in notranjem tlaku)

Podrogje | w' [KN/m?] | b[m] | w2 =w"b [kN/m] Opomba
D +0,33 2,65 +0,87
E 0,38 2,65 -1,01
F -0,11 2,65 -0,29 Sirina podrocja je 1,85 m
H -0,11 2,65 -0,29 Sirina podrocja je 4,03 m
I -0,46 2,65 -1,22 Sirina podrocja je 4,03 m
J -0,02 2,65 —0,05 Sirina podrocja je 1,85 m
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Na sliki 21 je prikazana razporeditev vse obtezbe na okvir 1 v programu SCIA Engineer.

w21=029 ~w2y=0,05 w2 =122
KA A A SR T 7T

wir =048 Win=048 ~wli=072 "~ 45
s=337

PR T TR TN TR T TR T TR T RN A

w2r=0,29

gf1:1’59 [V VYV VYV VYV VYV VYV VYV VYVVYVVYVYVYYVVY V] gf1=1’59
wip= 1,64_—\_ " _ﬂw1 e=0,24
w2o=087 — Pl BN qm=11,40 |/ VB Dl —w2e=101

N\ B v %

S BMUL LM L D LM B

> _>‘J/ i ‘l/_> >

E —> W \y// N N [P >

v W v

Ky \\—gm=12A7 {\\—gm=1J3 vE [

> —> W Vi v >l >|

> —{ Y M Y > >

S B M v B

Ed —> | V| | [ >

> —>{ |V V] v B> P

> — Vi Vi Vi > [

S B M v v B

P N v ME P

o
Dy

Slika 21: Obtezba na okviru 1 v kN/m

5.2.3  ObteZzne kombinacije

Za vsak kriti¢ni obtezni primer je treba dolociti projektne vrednosti u¢inkov vplivov s kombiniranjem
vrednosti vplivov, za katere se ocenjuje, da se bodo pojavili so¢asno.

5.2.3.1 MSN - Mejno stanje nosilnosti

Splos$na oblika kombinacije u¢inkov vplivov je

z Y6,j Gkj + Y01 Qk1t+ z Yo,i Yo,i Qk,i
j=z1 i>1

kjer so:

Gy,j  lastna in stalna obtezba

Qk1  prevladujoci spremenljivi vpliv

Qk,;  ostali spremenljivi vplivi

y varnostni faktor (1,35 za lastno in stalno obtezbo ter 1,5 za spremenljivo obtezbo)

Yo kombinacijski faktor, ki izraza majhno verjetnost, da bi ve¢ spremenljivih vplivov nastopilo
istocasno v maksimalni vrednosti (0,7 za koristno obtezbo, 0,6 za obtezbo vetra in 0,5 za
obtezbo snega)



30

Nuci¢, G. 2016. Projekt dvoetaznega poslovno proizvodnega objekta.
Dipl. nal. — VSS. Ljubljana, UL FGG, Odd. za gradbenistvo, Operativno gradbenistvo.

Preglednica 14: Obtezne kombinacije za MSN

Lastna in Koristna
Kombinacija | stalna obtezba obtezba Obtezba snega | ObteZba vetra
G Q S W
MSN1 1,35-G 15-Q 15-05-S 15-0,6-W1
MSN2 135-G 15-Q 15-05-S 15-0,6 - W2
MSN3 1,35-G 15-0,7-Q 15-S 15-0,6-W1
MSN4 135-G 15-0,7-Q 15-S 15-0,6 - W2
MSN5 135-G 15-0,7-Q 15-05-S 15- W1
MSNG6 1,35-G 15-0,7-Q 15-05-S 15-W2
MSN7 135-G 15-Q 15-05-S /
MSN8 1,35-G 15-0,7-Q 15-S /
MSN9 135-G 15-Q / 15-0,6 - W1
MSN10 1,35-G 15-Q / 15-0,6 - W2
MSN11 1,35-G 15-0,7-Q / 15-Ww1
MSN12 135-G 15-0,7-Q / 15 - W2
MSN13 1,00 -G / / 15-Ww1
MSN14 1,00 -G / / 15 - W2
5.2.3.2 MSU - Mejno stanje uporabnosti
Splosna oblika kombinacije u¢inkov vplivov je
Z Gi,j + Qr1 + Z Yo,i Qi
j=1 i>1
kjer so:
Gi,j  lastnain stalna obtezba
Qx1  prevladujoci spremenljivi vpliv
Qk,;  ostali spremenljivi vplivi
Yo kombinacijski faktor, ki izraza majhno verjetnost, da bi ve¢ spremenljivih vplivov nastopilo

isto¢asno v maksimalni vrednosti (0,7 za koristno obtezbo, 0,6 za obtezbo vetra in 0,5 za
obtezbo snega)

Preglednica 15: Obtezne kombinacije za MSU

Lastna in Koristna
Kombinacija | stalna obtezba obtezba Obtezba snega | ObteZba vetra

G Q S W
MSU1 G Q 05-S 0,6 - W1
MSU2 G Q 05-S 0,6 - W2
MSU3 G 0,7-Q S 0,6 - W1
MSU4 G 0,7-Q S 0,6 - W2
MSU5 G 0,7-Q 05-S W1
MSUG G 0,7-Q 05-S W2
MSU7 G Q 05-S /
MSU8 G 0,7-Q S /




Nuci¢, G. 2016. Projekt dvoetaznega poslovno proizvodnega objekta.
Dipl. nal. — VSS. Ljubljana, UL FGG, Odd. za gradbenistvo, Operativno gradbenistvo.

31

MSU9 G Q / 0,6 - W1

MSU10 G Q / 0,6 - W2

MSU11 G 0,7-Q / W1

MSU12 G 0,7-Q / W2
5.2.4  Globalna nepopolnost v pre¢ni smeri

Pri pomic¢nih okvirih se vpliv nepopolnosti uposteva z nadomestnimi globalnimi nepopolnostmi v
obliki nadomestnega vodoravnhega zamika okvira (slika 22).

1 243
¢ = o an am 200-5-7:0,00289
1
¢o=ﬂ
2 2 2
“h_ﬁ_ﬁ_o’&% vendar§SahS1,0

= o5 (10 2)= s (101) 2

m =2 S§tevilo stebrov (nosijo vsaj 50% povprecne navpicne obtezbe)

d, =¢-1000 = 2,89 mm/m

5.3 MSN - MEJNO STANJE NOSILNOSTI

53.1

Analiza momentnega okvira 2

Kot merodajno obremenitev upoStevam ovojnico obteznih kombinacij MSN z globalno nepopolnostjo
v pre¢ni smeri. Rezultati iz programa SCIA Engineer so prikazani na slikah 23, 24, 25 in 26.
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B3/I + I var (HEA450; 350

Slika 23: Stati¢ni model
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3
% 28,32

434,97

Slika 24: MSN — Ovojnica momentov My [KNm]
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Slika 25: MSN — Ovojnica pre¢nih sil V [KN]
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Slika 26: MSN — Ovojnica osnih sil N [kN]
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5.3.2 Dimenzioniranje momentnega okvira 2

Racunske kontrole so izvedene s programom SCIA Engineer in so v prilogi (Priloga A — Kontrola
nosilnosti in stabilnosti momentnega okvira 2). V' nadaljevanju je prikazan povzetek izpisa.

53.2.1  Steber (B2) - HEA 450, S235

Notranje koli¢ine (MSN9)
Ngq = 466,47 kN (tlak)
Viga = 72,21 kN

M, 54 = 380,04 kNm

Razred kompaktnosti prereza

e stojina (notranji tlaceni del)

c
— = 29,91 < 33,00 - 1.razred kompaktnosti

w

e pasnica (previsni deli pasnic)

c
o= 5,58 <9 - 1.razred kompaktnosti
f

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).

Nosilnost prereza

o tlak
A
Nepa = l = 4183,00kN > N;; = 466,47 kN v/
Ymo
e strig
A V3
Voira = % =892,15kN > V; = 72,21 kN v
MO

Odpornost elementov proti nestabilnosti

e uklonska nosilnost

A
Np ra = XAy = 3045,44 kN > N;; = 466,47 kN v
Ym1
e tlacno in upogibno obremenjeni elementi
Ngq My gq + AMy, gq M, gq + AMy gq <
Xy NRk ry My,Rk yz MZ,Rk -
Ym1 AL Ym1 Ym1
0,114+0,534+0,00=065<1 v
Ngq My pq + AMy g M, ga + AM, gq <1
Xz NRk zy My,Rk z Mz,Rk -
Ym1 ALt Ym1 Ym1

0,15+ 0,28+0,00=043<1 Vv
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5.3.2.2 Precka medetaze (B3) - HEA 450 in vuta 350, S235

Notranje koli¢ine (MSN1)
Ngg = 112,36 kN (nateg)
Vig = 369,76 kN
M, 5q = 557,15 kNm
Razred kompaktnosti prereza

Prerez (HEA 450 + vuta) spada v 3. razred kompaktnosti (elasti¢ni prerez).
Nosilnost prereza

e nateg
Af,
Niga = —= = 6008,53 kN = Nz = 112,36 kN v/
Ymo
e upogib
Wermin 5
My ra = % = 885,70 kKNm > M,, ;q = 557,15 kNm v/
e strig
TEd
—=050<1VY
fy/(‘/§ Ymo)

e upogib, strig in osna sila

2 2 5
OxEd 0zka \ _ [ Oxka Os5a Tra _ )
<fy/yM0> ' <fy/y“°> <fy/yM0> (fy/)’m) 3 <fy/VM0> 069=1

Odpornost elementov proti nestabilnosti

e bocna zvrnitev upogibno obremenjenih elementov
E = 0,19 < ALT,O = 0;4‘0

Vpliv bo¢ne zvrnitve se lahko zanemari.

53.2.3 Precka strehe (B5) - IPE 300 in vuta 250, S235

Notranje koli¢ine (MSN3)
Ngg = 187,88 kN (tlak)
Vgg = 70,17 kN
M, gq = 125,80 kNm
Razred kompaktnosti prereza
Prerez (IPE 300 + vuta) spada v 3. razred kompaktnosti (elasti¢ni prerez).
Nosilnost prereza
o tlak

A
Nera = y_fy = 2025,06 kN > Ng; = 187,88 kN v/
Mo
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e upogib
W
Mgy ra = M = 264,55 kNm = M,, ;4 = 125,80 KNm 4
Ymo
e strig
TEd
——=0,17<1V
fy/(\/§ Ymo)

e upogib, strig in osha sila

2 2 2
Ox,Ed 0zEd Ox,Ed OzEd TEd
. . — . - =055<1VY
<fy/VMo> * <fy/VM0) <fy/VM0) <fy/VM0> +3 (fy/yM0> 0 =1

Odpornost elementov proti nestabilnosti

e uklonska nosilnost

A
Np ra = X fy = 1034,10 kN > Ng; = 187,88 kN v
Ym1

e bocna zvrnitev upogibno obremenjenih elementov
Mgq
M,

Vpliv bo¢ne zvrnitve se lahko zanemari.

P ——
= 0,13 < ALT,O = 0,16

e tlacno in upogibno obremenjeni elementi

Ngq My gq + AMy, gq My gq + AMy gq <1
Xy NRk ry X My,Rk vz Mz,Rk -

Ym1 LTy Ym1
0,10+0,514+0,00=061<1 VY

Nga My ga + AMy gq My gq + AM; gq <1
Xz NRk Zy My'Rk zz MZ,Rk -

Ym1 ALt Ym1 Ym1

0,17+ 0,49 +0,00=066<1 v

5.3.3  Analiza okvira 1 s centri¢nim povezjem

Kot merodajno obremenitev upostevam ovojnico obteznih kombinacij MSN z globalno nepopolnostjo
v pre¢ni smeri. Rezultati iz programa SCIA Engineer so prikazani na slikah 27, 28, 29 in 30.

5.3.4 Dimenzioniranje okvira 1 s centri¢nim povezjem

Racunske kontrole so izvedene s programom SCIA Engineer in so v prilogi (Priloga A — Kontrola
nosilnosti in stabilnosti okvira 1 s centricnim povezjem).
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B6/IPE140

g
L)
]
=z
~
~
-]

Slika 27: Stati¢ni model

-21,61

=t
6’11
—
10,93
T

/ - 29,18

-0,01

Slika 28: MSN — Ovojnica momentov My [KNm]
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22,45 7 >
. i :
o9 | = |
ud 19,79
» =
i ?ﬂ
3 I
‘2_5,11 4,42 ,02 9,02
X £ /X /\
Slika 29: MSN — Ovojnica pre¢nih sil V [KN]
§
B
|2
| 8 8
H 5 5
-50.25
¥ @ B 2 t|
4‘?— I{, ™ :: z -
|| -13715 -263,76 -148,34
7ay A

Slika 30: MSN — Ovojnica osnih sil N [KN]
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54 MSU - MEJNO STANJE UPORABNOSTI

Kot merodajno obremenitev upoStevam ovojnico obteznih kombinacij MSU z globalno nepopolnostjo
v pre¢ni smeri.

5.4.1 Kontrola vertikalnih pomikov momentnega okvira 2

Kontrola vertikalnih pomikov precke medetaze
L 11700 mm

Waop =250— 250 =46,8mm = w = 24,3 mm
Kontrola vertikalnih pomikov precke strehe
L 5880 mm
wdop=250= 550 =23,5mm=w = 10,9 mm
g ¥ 3
7136 A J— 130
o "
T =]
3 06
-11,2
%
26

b A

Slika 31: MSU - Ovojnica pomikov elementov v lokalni Z smeri [mm]
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5.4.2  Kontrola vertikalnih pomikov okvira 1 s centri¢nim povezjem

Kontrola vertikalnih pomikov precke medetaze

L _ 5850 mm

Weaop = JE0= 280 = 23,4mm = w = 10,5 mm

Kontrola vertikalnih pomikov precke strehe

_ L _ 5880 mm
Waor =550~ 7 250

=23,5mm = w = 8,5 mm

=
q ” -
-9,0
=2
- N
Lo
w
9,7
0,6
d S |
» "
£+ ‘?6‘
i N
2 7 9,1

24

- X A

Slika 32: MSU - Ovojnica pomikov elementov v lokalni Z smeri [mm]
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6 STRESNE LEGE

6.1 ZASNOVA

Dopustna razdalja med legami za stre$ne panele je 3,40 m (poglavje 9 Streha in fasada).

5,88 5,88

okvir
O u|
> &8
@ =i
zatega o
Q.
Yol
[Yo)
©
N
O u

Slika 33: Zasnova stresnih leg in zateg med njimi

6.2 VPLIVI NA STRESNE LEGE

6.2.1  Obtezba
Vplivno obmocje obtezbe na notranjo (Srednjo) lego v polju je b = 2,94 m.

Lastna teza
Lastna teza stre$nih leg je zajeta v izraCunu s programom SCIA Engineer.
Stalna obtezba
gs = g'sb cos « = 0,60 KN/m? - 2,94 m- cos 6° = 1,75 kN/m
Spremenljiva obtezba
sneg
s=s'bcosa=1,27 KN/m? - 2,94 m- cos 6° = 3,71 kN/m
veter
W = W'naxb = 0,27 KN/m? - 2,94 m = 0,79 kN/m
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6.2.2  Izbocne sile momentnega okvira - nepopolnosti pri globalni analizi povezij

Izbocne sile q¢ na vodoravna povezja, ki podpirajo niz tlaénih pasov upogibnih nosilcev (slika 34),
dolo¢imo z izrazom

m
(eg + 64)
qa = ZNEd,i 8 L—zq
i=1

Ce se sistem podprtih elementov in povezja raduna po teoriji drugega reda, se dq V izrazu zanemari,
nepopolnosti e pa se upostevajo z izbocno silo q¢. Da lahko odigrajo svojo vlogo, morajo biti povezja
dovolj toga in dq naj ne bi presegal L/500 ali celo L/1000.

N. = My _ Pl
Eh 8h
e ey s A, h — visina nosilcev
L
eO = am e
500

a, = 0,5(1+lj
m

|
N
m=5 4 ~——J m — Stevilo podprtih elementov
~— 6, — upogibek povezja v lastni
ravnini zaradi g, in vseh drugih
zunanjih  obtezb  (upogibov
\KK znanih po teoriji prvega reda)
|
|
[y PP bl
Slika 34: Nadomestna izbo¢na sila pri vodoravnem povezju
Yt Neag 1 2,5-111,50KkN + 66,22 kN
= — ~ = . = 0,54 kN
9a=F =] 55,0 11,70 m /m
Npqs = a2 _ 3340 KNM _ )y 5y
Edz= ph, 7 030m

Mgg, = 3592 KkNm moment v polju streSnega nosilca okvira IPE 300
h, =30 cm viSina streSnega nosilca okvira IPE 300

m, = 2,5 S§tevilo podprtih elementov (notranji okviri, polovica obteZbe srednjega
okvira gre na drugo povezje)

v Mea _ 11,92 KNm
Ed1™ h, 0,18 m

Mgg, = 11,92KkNm moment v polju streSnega nosilca okvira IPE 180

= 66,22 kN

h;y =18 cm viSina streSnega nosilca okvira IPE 180
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1
b= 55,0
L=11,70m

Izbo¢na sila v drugi (srednji) legi
P=gq,b=054kN/m-2,94m = 1,59 kN

6.2.3

Obtezne kombinacije

prim=3,5iné,; =

1

1500

Preglednica 16: Obtezne kombinacije za MSN in MSU

Lastna in
Kombinacija | stalna obtezba | ObteZba snega | Obtezba vetra Izbo¢na sila
G S W P

MSN - Mejno stanje nosilnosti

MSN1 135-G 15-S 15-06-W 10-P

MSN2 135-G 15-05-S 15-W 10-P
MSU - Mejno stanje uporabnosti

MSU1 G S 0,6 - W 1/1,4-P

MSU2 G 05-S W 1/1,4-P

Na sliki 35 je prikazana razporeditev vse obtezbe na stresni legi v programu SCIA Engineer.

WY VVV VYV VYV YV VYV VYV VYV VYV VYV VYV YV VYV VYV VY YV VYV VY] W

E

W\ Os S
P U J VIV IV VPP I IV il b4V )] O
— X X X X X P
a=6° 5,30 ﬁl/ 5,30 /|/ 5,30 ﬁI/ 530 ﬂl/ 5,30 ﬂl/ 5,30
+¥— 6,30 (IPE 200) /l/ 19,20 (IPE 180) ﬁ\/ 6,30 (IPE 200
31,80

Slika 35: Obtezba na stresni legi

6.3 MSN - MEJNO STANJE NOSILNOSTI

6.3.1

Analiza streSne lege

Kot merodajno obremenitev upostevam ovojnico obteznih kombinacij MSN. Rezultati iz programa

SCIA Engineer so prikazani na slikah 36, 37 in 38.



44

Nuci¢, G. 2016. Projekt dvoetaznega poslovno proizvodnega objekta.
Dipl. nal. — VSS. Ljubljana, UL FGG, Odd. za gradbenistvo, Operativno gradbenistvo.

Slika 37: MSN — Ovojnica pre¢nih sil V; in Vy [kKN]
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Slika 38: MSN — Ovojnica osnih sil N [kN]

6.3.2 Dimenzioniranje stresne lege

Racunske kontrole so izvedene s programom SCIA Engineer in so v prilogi (Priloga B — Kontrola

nosilnosti in stabilnosti stresne lege). V nadaljevanju je prikazan povzetek izpisa.

6.3.2.1 Lega - IPE 200, S235, L = 6,30 m

Notranje koli¢ine (MSN1)
Nggq = 1,59 kN (tlak)
Vygq = 0,82 kN
Vzea = 0,04 kN
My gq = 19,35 kNm
M, pq = 0,16 kNm

Razred kompaktnosti prereza

e stojina (notranji tla¢eni del)

c
— =28,39 < 71,36 — l.razred kompaktnosti
w
e pasnica (previsni deli pasnic)
c
- =4,14 <9 - 1l.razred kompaktnosti
f

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).
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Nosilnost prereza

o tlak
A
Nega = A _ 669,75 kN > Ny = 1,59 kN v/
Ymo
e upogib
Woiy 1
Myplyra = —’; Myo Y = 51,94 kNm > M, ;4 = 19,35 kNm v/
W
My ke = —22 1y _ 10,48 1Nm > M, gq = 0,16 kNm v/
Ymo
e strig
Ay (fy/V3)
Volyrd = y;o = 244,02 kN =V, zq = 0,82 kN v/
A V3
LzRd = % = 190,17 kN = V, ;g = 0,04 kN v/

e upogib, strig in osha sila

y,Ed zEd

[MNde] [MNZRd
0,14+0,02=0,16<1 Vv

Odpornost elementov proti nestabilnosti

o uklonska nosilnost
Ngq
NCT'
Vpliv uklona se lahko zanemari.

=0,01 <£0,04

e bocna zvrnitev upogibno obremenjenih elementov

L, =2,65m
Iy v
Mb,Rd = XLT Wply = 40,21 kNm > M yEd = 19,35 kNm
Ym1
e tla¢no in upogibno obremenjeni elementi
Nga My ga + AMy gq My gaq + AM; gq <
Xy NRk yy My,Rk yz Mz,Rk -
Ym1 LTy Ym1
0,00+0,684+0,06=0,74<1 v
Ngq My gq + AMy, gq My g + AM; gq <
Xz NRk 24 My,Rk 7 MZ,Rk -
Ym1 ALt Ym1 Ym1

0,00+0,36+0,05=041<1V
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6.3.2.2 Lega - IPE 180, S235, L =19,20 m

Notranje koli¢ine (MSN1)
Ngq = 1,59 kN (tlak)
Vyea = 1,24 kN
V,5a = 24,01 kN
My gq = 21,67 kNm
M, g4 = 0,64 kNm

Razred kompaktnosti prereza

e stojina (notranji tlaceni del)

c
= =27,55<71,26 - 1l.razred kompaktnosti

w

e pasnica (previsni deli pasnic)

c
== 4,23 <9 - l.razred kompaktnosti
f

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).

Nosilnost prereza

e tlak
A
Nera = Ay _ 561,65 kN > Nz = 1,59 kN v/
Ymo
e upogib
Woiy 1y
Myiyra = %Oy = 39,01 kNm > M,, 5y = 21,67 kNm v/
w
My 2 ra = ;'f'z Iy _ 8,13 kNm > M, zq = 0,64 kNm v/
MO
e strig
A, (fy/V3)
VoLyra = % = 207,83kN = V,, g = 24,01 kN v
A V3
Vpl,Z.Rd = %g) == 152,01 kN 2 VZ,Ed = 0,64 kN \/

e upogib, strig in osna sila

Myea 1% [ Mpq 1P
[ y,Ed ] + [ z,Ed ] < 1
MN,y,Rd MN,Z,Rd

0,31+0,08=039<1V
Odpornost elementov proti nestabilnosti
e uklonska nosilnost

Nga

=0,01 <0,04

cr
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6.3.3

Vpliv uklona se lahko zanemari.

boc¢na zvrnitev upogibno obremenjenih elementov
Mgq

P —
Mcr = 0,16 < ALT,O = 0,16

Vpliv bo¢ne zvrnitve se lahko zanemari.

tlacno in upogibno obremenjeni elementi

Ngq My pq + AMy, gq M, gq + AM, gq <1
Xy Nk ry X M, ri vz M, i -

Ym1 LTy Ym1
0,00+0,56+4+0,08=064<1V

Nga My ga + AMy gq My gq + AM; gq <1
Xz NRk 4 My,Rk “ Mz,Rk -

Ym1 ALt Ym1 Ym1

0,00 +0,29+0,08=037<1V

Dimenzioniranje zateg med streSmimi legami

Srednja lega je podprta proti bo¢ni zvrnitvi preko dveh diagonal. Diagonali sta vpeti v momentna
okvira. Spodnja in zgornja lega pa sta podprti proti boéni zvrnitvi preko nateznega in tlacenega

elementa v srednjo lego.

2,65

nateg b tlak

5,30

2,65

2,94 ! 2,94 2,94 2,94

) ’

Slika 39: Zasnova elementov zateg
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Slika 40: Obremenitev zateg srednje stre$ne lege [kN]

6.3.3.1 Diagonalna natezna zatega

Sila, ki odpade na diagonalni zategi
R = 2,37 kN
Ngg=(n—1DR=(3-1):237kN = 4,74 kN

n = 3 Stevilo stresnih leg na polovici strehe (spodnja in zgornja lega prevzame
polovico obtezbe)

Sila v eni diagonalni zategi (nateg)
Ngq/2 _ 2,37kN

N, = = = 3,27 kN
Edl™ Cosa ~ cos43,5°
Potrebni prerez natezne palice
f
Ngqg < Npipa = ——
Ymo
Ymo 1,0
A>Ngg;— =3,27kN* ————— = 0,14 cm?
= NEa1Tp 23,5kN/cm? cm

Izberem jekleno palico ¢12, A4.; = 1,13 cm?

6.3.3.2 Natezna zatega

Sila, ki odpade na natezno zatego
R =2,37kN
R 2,36kN

N = ==

= 1,19 kN
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Potrebni prerez natezne palice

1,0
A Ny M — 1,19 kN -

. —0,05cm?
3 235kN/cmz >

Izberem jekleno palico ¢12,A4.; = 1,13 cm?

6.3.3.3 Tlac¢na zatega

Sila, ki odpade na tlacno zatego
R = 2,37 kN
R 2,37kN

N = —=

=1,19kN

Uklon tlacene palice

f
Npq < Npgq = x A =2
Ym1

A1<3 - x>01
NEd VMl _ 1,19 kN 1,0

A> =
xfy 0,1-23,5kN/cm?

= 0,50 cm?

Izberem jekleno cev ¢26,9 mm; t = 2,6 mm; Ag4,; = 1,98 cm?

6.4 MSU - MEJINO STANJE UPORABNOSTI

Kot merodajno obremenitev uposStevam ovojnico obteznih kombinacij MSU. Pomiki stresne lege v
lokalni Z in Y smeri so prikazani na sliki 41.

Kontrola vertikalnih pomikov stresne lege v lokalni Z smeri
_ ;5300 mm

Wdor =350 ~ 250
Kontrola vertikalnih pomikov stresne lege v lokalni Y smeri

_ ly _ 2650 mm
Vaor =550 =~ 250

=21,2mm:=w = 7,9 mm

= 10,6 mm = v = 1,3 mm
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Slika 41: MSU - Ovojnica pomikov lege v lokalni Z in Y smeri [mm]
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7 HORIZONTALNO POVEZJE

7.1 ZASNOVA

Horizontalno povezje v ravnini strehe je sestavljeno iz nateznih in tla¢nih elementov. Prevzema vetrno
obtezbo in izbocne sile momentnih okvirov.

R EEE

__________________ ____.

| ___@

94—

11,70
7L2,94v‘92,94~7‘#2,94~f2
T [

: __.@

5,30 5,30 5,30 5,30 5,30 5,30
31,80

Slika 42: Zasnova horizontalnega povezja - zavetrovanja

7.2 VPLIVI NAPOVEZJIE

7.2.1 Obtezba vetra

Obtezba vetra na steno pri delovanju vetra v smeri Y (poglavje 3.2.3.5, preglednica 9)
w = wp = 0,59kN/m?

Na sliki 43 so prikazana vplivna obmocja obteZbe vetra, ki jih preko to¢kovnih sil prevzamejo natezni
in tla¢ni elementi horizontalnega povezja.

| 7‘;1,60#»1,60%

Slika 43: Vplivna obmocja obtezbe vetra
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Sile, ki se prenesejo na posamezna obmocja

lei =w Ai
Preglednica 17: Tockovne sile vetra

Obmocje w Ai Fuw,i
[kN/m?] [m?] [kN]

1 0,59 3,50 2,07

2 0,59 6,95 4,10

3 0,59 7,67 4,53

4 0,59 6,95 4,10

5 0,59 3,50 2,07

7.2.2  Izboé¢ne sile momentnega okvira — lokalne nadomestne nepopolnosti

Izra¢un izbocne sile P, ki odpade na en tla¢ni element, je opisan v poglavju 6.2.2. P je izboc¢na sila 3,5
okvirov (polovica srednjega okvira 4 se prenese na drugo povezje).

P =1,59kN

7.2.3  ObteZne kombinacije

MSN
15F,+10P
MSU
1,0F, + Ly
1,4

Na sliki 44 je prikazan stati¢ni model in razporeditev vse obteZbe na povezju v programu SCIA
Engineer.

A A

Slika 44: Razporeditev obtezbe na horizontalno povezje
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7.3 MSN - MEJNO STANJE NOSILNOSTI

7.3.1  Analiza horizontalnega povezja

Rezultati iz programa SCIA Engineer so prikazani na sliki 45.

»
Q1
s -

P al

™~

10,03

-7,42 -9,76 -14,23

™./

-14,23 -9,76

Slika 45: MSN — Osne sile v elementih povezja [KN]

7.3.2  Dimenzioniranje elementov povezja

7.3.2.1 Natezni element, S235

Maksimalno obremenjeni natezni element

Ngg = 10,03 kN
Potrebni prerez natezne palice
Ymo 1,0
A>Ngz— =10,03kN: ————— = 0,43 cm?
U, 23,5kN/cm? cm
Izberem jekleno palico $12,A44,; = 1,13 cm?
7.3.2.2 Tlacni element, S235
Maksimalno obremenjeni tlaceni element
Ngg = 14,23 kKN
Prerez tlaCenega elementa
Ymo 1,0
A>Ngg— =1423kN: ————— = 0,61 cm?
ETf 23,5kN/cm? cm

Izberem jekleno cev ¢60,3 mm; t = 3,2 mm; Ag,; = 5,74cm?

Uklon tlacenega elementa
L, =530cm
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xAfy, 012 5,74cm? - 23,5 kN/cm?

Nppa = =16,19kN > N;; = 14,23 kN v
' YMm1 1,0
uklonska krivuljaa — y = 0,12
- Ly 530 cm
A= 2,79

iA,  2,023cm-939

Y 23,5cm4_2023
YT AT [57aemz T oUeem

[ = 23,5 cm*
A, =939 ¢ =939

7.4 MSU - MEJNO STANJE UPORABNOSTI

Kot merodajno obremenitev upostevam kombinacijo MSU. Pomiki stre$nega nosilca okvira so
prikazani na sliki 46.

27
27

-3,6
-3,6

o

wX
iR

Slika 46: MSU — Pomik stresnega nosilca okvira [mm]

Kontrola horizontalnega predpostavljenega pomika stresnega nosilca okvira pri izracunu izbo¢ne sile
momentnega okvira (poglavje 6.2.2)

L 1170 cm
~ 1500 1500

(Sq =0,78cm > 6§ =0,36cm
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8 POTRESNO PROJEKTNO STANJE

Kombinacija vplivov za potresno projektno stanje (SIST EN 1990, poglavje 6.4.3.4)
Gx + Vi Apa + Y2 Qp
kjer so
V- Agg potresni vpliv (potresne sile)
Gr + Y, - Q,  nepotresni vliv (gravitacijske sile)
Yi faktor pomembnosti stavbe (SIST EN 1998-1, poglavje 4.2.5)
Y, koeficient za spremenljive vplive (SIST EN 1998-1, poglavje 4.2.4)

8.1 GLOBALNA ANALIZA

Konstrukcija je pravilna v tlorisu in po visini. Dovoljena poenostavitev po SIST EN 1998-1, poglavje
4.2.3:

¢ Ravninski model (omogocena obravnava potresa za vsako smer posebe;j)

e Metoda vodoravnih sil (linearno elasticna analiza »Base Shear«)

o Faktor obnasanja 0 = qrer (Ni redukcije q faktorja zaradi neregularnosti konstrukcije).

Izpolnjen je tudi pogoj SIST EN 1998-1, poglavje 4.3.3.2.1, omejitev osnovnih nihajnih ¢asov v obeh
glavnih smereh X in Y (glej raun nihajnih ¢asov):

AT,
< C
T = {2,0 s

Po Beg, Pogacnik, 2009, sta za projektiranje potresno odpornih stavb predvidena dva nacina
projektiranja (preglednica 18), vezana na:

a) konstrukcije z majhnim sipanjem energije,

b) konstrukcije s sposobnostjo sipanja energije.

Preglednica 18: Nacini projektiranja jeklenih konstrukcij

. . L Stopnja duktilnosti Obmocja referencnih vrednosti faktorjev
Nacini projektiranja .. ..
konstrukeij obnasanja g
a) konstrukcije z majhnim . <1,5
) konstrukeije 2 maj DCL (nizka) N ="
sipanjem energije vsi razredi kompaktnosti pre¢nih prerezov
15<qg<2
. 1., 2. ali 3. razred kompaktnosti pre¢nih prer.
b) konstrukcije s DCM (srednja) > <pq <4 P P
sposobnostjo sipanja ) N
P .. 10 SIpany 1. ali 2. razred kompaktnosti pre¢nih prerezov
energije
. 4<q<8
DCH (visoka) S
1. razred kompaktnosti pre¢nih prerezov
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Pri nacinu a) se lahko notranje sile izracunajo z elasti¢no globalno analizo, dimenzioniranje pa se v
celoti opravi v skladu s standardi iz skupine Evrokod 3. Tak pristop se priporoca le za podro¢ja z
nizko seizmicnostjo (ag < 0,08 g, a3 S <0,1 g). Takih podrocij v Sloveniji ni, vendar se nacin a) brez
vecjih pomislekov lahko uporabi za enoetazne stavbe in za geometrijsko pravilne vecetazne stavbe. Pri
zahtevnejsih konstrukcijah (izrazita geometrijska nepravilnost, izjemno velike mase, velika visina) je
uporaba vprasljiva in se priporo¢a upostevanje nac¢el metode nacrtovanja nosilnosti vsaj za najbolj
izpostavljene konstrukcijske elemente.

Pri nacinu b) je treba dolociti obmocja sipanja energije, kjer se bo konstrukcija obnasala neelasti¢no in
kjer je treba zagotoviti zadostno duktilnost in nosilnost.

V diplomski nalogi sta predstavljena oba nacina, in sicer
e Poglavje 8.2 Konstrukcije z majhnim sipanjem energije, nacin a)
e Poglavje 8.3 Primer konstrukcije s sposobnostjo sipanja energije, nacin b)
Na koncu poglavja je primerjava dimenzioniranih konstrukcijskih elementov na oba nacina.
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8.2 KONSTRUKCIJE Z MAJHNIM SIPANJEM ENERGIJE

Prereze vseh stebrov notranjih okvirov pove¢amo iz HEA 450 na HEA 500 in zunanje (krajne)
sekundarne nosilce medetaze iz IPE 220 na IPE 240 (glej dimenzioniranje elementov).

8.2.1 Izraéun mas

Kombinacija vplivov za potresno projektno stanje (SIST EN 1998-1, poglavje 3.2.4)
Y6+ XY Qi Kerje yYpi =9 Py

Slika 47: Razporeditev mas po etazah in racunski model

Preglednica 19: Izratun mase objekta po etazah

Gk 1 — lastna in stalna teZa medetaze

[KN/m] [m] kosov [KN]
Steber HEA 500 1,521 4321 10 65,71
Steber HEA 220 0,495 4,32 4 8,55
Steber HEA 160 0,298 2,72 2 1,62
Steber IPE 140 0,127 1,60 2 0,41
Precka HEA 450 1,373 11,70 5 80,32
Precka HEA 220 0,495 11,70 2 11,58
Sekundarni nosilci IPE 220 0,257 530 | 24 32,69
Sekundarni nosilci IPE 240 0,301 530 | 12 19,14
Vertikalno povezje, celne plocevine, vijaki, ... Ocena 10% teze 22,40
[kN/m?] [m?] [KN]
Stalna teza (AB plosca, parket, estrih, ...) 4,480 372 1666,56
Fasada FTV 150 (bo¢na in Celna) 0,291 387 112,62
[kN/100] kosov [kN]
Cepi @19 0,236 1296 3,06
Gki1[kN] | 2.028,60
[ko] 206.798
Q1 — koristna teza medetaze
[kN/m?] [m?] [KN]
Koristna teza (pisarne, predelne stene, ...) 4,300 372 1599,60
Qw1 [kN] | 1.599,60
[ka] 163.058
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Gk 2 — lastna in stalna teZa strehe

[KN/m] [m] kosov [KN]
Steber HEA 500 1,521 160 | 10 24,34
Steber HEA 220 0,495 1,60 4 3,17
Steber IPE 140 0,127 2,21 2 0,56
Stresni nosilec IPE 300 0,414 5,88 10 24,34
Stresni nosilec IPE 180 0,184 5,88 4 4,33
Stresna lega IPE 180 0,184 19,20 6 21,20
Stres$na lega IPE 200 0,220 6,30 12 16,63
Vertikalno in horizontalno povezje, zatege, vijaki, ... Ocena 10% tez 9,60
[kN/m?] [m?] [kN]
Stalna teza (spuséen strop, instalacije, ...) 0,300 372 111,60
Fasada FTV 150 (boc¢na in ¢elna) 0,291 191 55,58
Fasada SNV 150 (streha) 0,291 402 116,98
Gk, [kN] 389,80
[ka] 39.735

Teza 1. etaze

Fu1=Gg1+ @ ¥y Qrq = 2028,60 kN + 0,8 0,3 - 1599,60 kN = 2412,50 kN

=08 kategorija A do C: zasedba nekaterih etaZ je povezana

Y,1=03 kategorija B: pisarne

Teza 2. etaze - strehe
Fuz = Gy, = 389,80 kN

Delez etaznih mas za okvir 1 in 2 ter okvir A

D @ [3 4

X C

Slika 48: Tloris konstrukcije z oznac¢enimi deli za ravninsko analizo potresa

Pre¢na smer X (prvi in sedmi okvir sta obremenjena polovicno)

@ Fui  241250KkN
Ry =g = —————=402,08kN (40.987 kg)
@ FY  402,08kN
Ry = b= —""—— = 201,04 kN (20494 kg)
Frz 389,80 kN
F& = = = 6497kN (6.622kg)
@)
F2 64,97 kN
FO) = M2 =32,49kN (3.311kg)

2 2
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Vzdolzna smer Y

w _ Fui 241250 kN
Ry ==+ ="————=120625kN (122.961kg)
Fy, 389,80 kN
FY = % = ———=194,90 kN (19.867 kg)

8.2.2  Faktor obnaSanja ¢

Pre¢na smer X:
e momentni okvir (notranji), okvir s centri¢nim povezjem (zunanji)
e precni prerezi so v 1., 2., 3. ali 4. razredu kompaktnosti
e razred nizke duktilnosti (DCL): q<1,5

gx = 1,5

Vzdolzna smer Y:
e okvir s centri¢nim povezjem
e precni prerezi so v 1., 2., 3. ali 4. razredu kompaktnosti
e razred nizke duktilnosti (DCL): q< 1,5

Qv = 1,5

8.2.3  Nihajni ¢asi

Osnovni nihajni ¢asi Ty vseh ravninskih modelov so doloc¢eni v SCIA Engineer
Tl(f() = 0,81s notranji momentni okvir 2
TS() = 0,20 s zunanji okvir 1 s centri¢nim povezjem
T,y = 0,70 s  vzdolzni okvir A s centricnim povezjem

8.24  Spekter pospeskov

Objekt se nahaja v naselju Grosuplje. Podatke o pospeskih temeljnih tal dobimo iz karte potresne
nevarnosti Slovenije, veljavne v ¢asu uporabe standarda.

Projektni pospesek tal

a, =0,200g
Tiptal C

S=115

Ty =0,20s

Tc=0,60s

Tp, =2,00s

Na sliki 49 so prikazana obmocja nihajnih ¢asov.
Ty <TY < T¢

Te < TR, Toy < Tp
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0,45
= 040 T———— — — —
035 T T NTTT T 11T 1 I
030 —f———F——N— - ——
0,25 — e B
’ N
0,20 /
0,15 |
0,10 +——— — — ~—
S 0,05
0,00

rojektni pospesek Sd [

0,0 0,5 1,0 1,5 2,0 2,5 3,0
nihajni ¢as T [s]

Slika 49: Projektni spekter, faktor obnasanja q = 1,5

Projektni pospesek v smeri X, okvir 2

2,5 [ T,

2 _
Sax =0agS @)
TI,X

— =pa;=02-02g=004g
ax

S@ 02411522 0’60] = 07284 g =
d, X - %% g ) 1’5 0,81 - Y% g - pX,Z g

Projektni pospesek v smeri X, okvir 1

(1) 2,5 2,5
Six=0gS—=02g" 1,15-1—5= 03839 =px19

qx )
Projektni pospesek v smeri Y
2,5 | T,
Say =ag S —|=Ba;=02:029=004g
gy [Ty
Sax=02g-1,115 25 [0’60 =0,329g =
ax =Yg 1, 15 lo70l = " g=brg

8.25  Celotna precna sila (»Base Shear«) posameznega okvira

Celotna precna sila Fp na mestu vpetja konstrukcije (SIST EN 1998-1, poglavje 4.3.3.2.2)
Fyi = Sai(Twi) mi A =p; gm; A =p; Fy; A
A=1,0
Precni okvir 2

FR =pxz- (R +Fiy ) = 0,284+ (402,08 KN + 64,97 kN) = 132,64 kN

Pre¢ni okvir 1
Y =pxa- (B +Fiy ) = 0,383 (201,04 KN + 32,49 kN) = 89,44 kN
Vzdolzni okvir A

Fyy =y - (Bt + F) = 0,329 (1206,25 kN + 194,90 kN) = 460,98 kN
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8.2.6  Torzijski vpliv

Vpliv nakljucne torzije o (SIST EN 1998-1, poglavje 4.3.3.2.4)

x. .
6=1+1,2-L—‘:<1+1,2-£>

e, Le,i

bX b X Fb X bX Fb X

Foy @

O) (2 3 Q4 5 6 [ K
7

3 5
—y—f—y—t

y2 ¥6

bX bX

Le,

16

Ley

16 14 12 /’/
W 112 1,4 1,6

Slika 50: Torzijski vpliv - analiza z dvema ravninskima modeloma

Smer X, okvir 2

Ley/3
Spo=1+12-228 = 1+1,2-£= 1,4
Le,Y Le,Y
Smer X, okvir 1
Loy/2
§i,=1+12-22=1+12- ex/2 _ 16
ey eY
Smer Y, okvir A
X, L 2
Spc=1+12-25=1412- ex/2 _ 1,6
Lex Lex
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8.2.7  Razdelitev sil po viSini

Vodoravne sile Fi v etazah (SIST EN 1998-1, poglavje 4.3.3.2.3).

Zi " Fui
F,=F, ——t
4 b ZZ] . FM]
\LFW
F e
2%
J/Fwn
F
£ 1
3T
o £
"
N3
"
N
L —
Slika 51: Razdelitev sil po visini
Sile za okvir 2
(2)
@) _ -2 Al FMl _ 5,4‘4 ' 4‘02,08 .
E =F" - = 132,64 - = 105,55 kN
1 X 2 FP 4 z,-FD 5,44 - 402,08 + 8,64 - 64,97
(2)
(2) (2 Zy FMZ 8,64 ' 64,97
E~ =F" - = 132,64 - = 27,09 kKN
2 X 2 FP 4 7, FD 5,44 - 402,08 + 8,64 - 64,97
Sile za okvir 1
(1
(1) (1) Al FMl 5,44' ' 201,04
E =F" - = 89,44 - = 71,17 kN
1 X 2 FD 4 7, - ED 5,44 - 201,04 + 8,64 - 32,49
(€]
(1) (1) Zy FMZ 8,64 . 32,49
E~7 =F- = 89,44 - = 18,27 kN
2 X 2 FD 4 7, - ED 5,44 - 201,04 + 8,64 - 32,49
Sile za okvir A
FY =F Py 460,98 >44-1206,25 366,84 kN
= b,y . e ) . = )
1 2 ED + 2, - FD 5,44 - 1206,25 + 8,64 - 194,90
(4)
Z, ' F 8,64 - 194,90
EY =Fyy - 2__M2 = 460,98 - = 94,14 kN

7 - FA%) +2z,- FAEI:;) 5,44 -1206,25 + 8,64 - 194,90
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8.2.8  Kontrola nosilnosti v pre¢ni smeri — momentni okvir 2

8.2.8.1 Gravitacijski del obtezbe

G+, - Ok
Yo=¢ P, =08:03=0,24
Lastna teza

Lastna teza jeklenih nosilcev okvira je zajeta v izraCunu s programom SCIA Engineer.
Stalna obtezba

¢ medetazna konstrukcija Om = 24,93 KN/m
e streha 0s= 3,18 kN/m
e fasada gr= 1,59 kN/m

Spremenljiva obtezba
e koristna obtezba medetaze Om = 22,79 KN/m

8.2.8.2 Potresni del obtezbe

Fi=y;-F® 68,5=1,0-10555kN - 1,4 = 147,77 kN
Fy=y; B8, =1,0-27,09kN- 1,4 = 37,93 kN
y; =10 faktor pomembnosti stavbe (kategorija Il - obi¢ajne stavbe)

Na sliki 52 je prikazana razporeditev gravitacijske in potresne obtezbe na okvir 2 v programu SCIA
Engineer.

Js

[V VYV VYV VVYVVYVVYVYVYVYVVVYVYVVYVYYVYVYVVVYV]
F£{> e e
qm

F1

dm

gf gf

[E<<<c<c<c<c<c<c<cc<cc<c<e<e<e<y

| S S S T P S S S e S e P S S O i S e

Do
Do

Slika 52: Obtezba na momentnem okviru 2

8.2.8.3 Analiza momentnega okvira 2

Kot merodajno obremenitev upostevam ovojnico gravitacijske in potresne kombinacije. Rezultati iz
programa SCIA Engineer so prikazani na slikah 53, 54, 55 in 56.
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B1/HEA500

Slika 53: Statié¢ni model
© =
8 Q
A N
8
by
T T T Y B B et

307,76

E 7

Slika 54: Momenti My [kNm], gravitacijska in potresna obtezba

B2/HEA500

666,81
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Slika 55: Prec¢ne sile V [kN], gravitacijska in potresna obtezba

29,74 |

-134,70 -332,73

[ I

x

Slika 56: Osne sile N [kN], gravitacijska in potresna obtezba
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8.2.8.4 Dimenzioniranje momentnega okvira 2

Racunske kontrole so izvedene s programom SCIA Engineer in so v prilogi (Priloga C — Potresno
projektno stanje, faktor obnasanja g = 1,5; Nosilnost prerezov in stabilnost momentnega okvira 2).
Steber se poveca iz HEA 450 na HEA 500 zaradi pogoja »Odpornost elementov proti nestabilnosti,
tlacno in upogibno obremenjeni elementi«. V nadaljevanju je prikazan povzetek izpisa za steber HEA
500.

8.2.8.4.1  Steber (B2) - HEA 500, S235

Notranje kolic¢ine
Ngq = 317,77 kN (tlak)
Vgq = 120,65 kN
M, gq = 632,27 KNm

Razred kompaktnosti prereza

e stojina (notranji tlaceni del)

c
= 32,50 < 33,00 - 1.razred kompaktnosti

w

e pasnica (previsni deli pasnic)

c
= = 5,09 <9 - 1l.razred kompaktnosti
f
Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).

Nosilnost prereza

o tlak
Afy
N¢rqg = — = 4653,00 KN = Ngz = 317,77 kKN v
Ymo
e upogib
W.
Mpl,Rd = pl’—yﬁy = 928,26 kNm > My,Ed = 632,27 kNm \/
Ymo
e strig
A V3
Voira = M = 1020,02 kN = Vg; = 120,65 kN v
' Ymo

e upogib, strig in osna sila
My yra = 928,25kN > M, g = 632,27 kNm v/
Odpornost elementov proti nestabilnosti
e uklonska nosilnost
XAfy
Ym1

Np,ra = =3373,00 kN > Ngg = 317,77kN v

e bocna zvrnitev upogibno obremenjenih elementov

L, =544m
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fy

My ra = X1 Wpry I 859,98 KNm > M, zy = 632,27 kNm v
M1
e tlacno in upogibno obremenjeni elementi
NEa My,ga + AMy a K Mz gq + AM, g <1
Xy NRk ry X My,Rk yz Mz,Rk -
Ym1 LTy Ym1
0,07+ 0,80 +0,00=0,87<1 Vv
Ngq My pq + AM,, gq tk Mzpa + AMzpa _
Xz Nri i My, rk z M, ri a
Ym1 ALt Ym1 Ym1

0,09+0,42+0,00=051<1V

8.2.9  Kontrola poskodb (kontrola relativnih pomikov etaz) — okvir 2

Pogoj za stavbe, pri katerih so nekonstrukcijski elementi pritrjeni na konstrukcijo tako, da deformacije

konstrukcije nanje ne vplivajo (SIST EN 1998-1, poglavje 4.4.3.2)
-75,0

dr,i v < 0,010 ' hi
A A

Slika 57: Horizontalni pomiki etaz za potresni del obtezbe [mm]

v(;=10)=0,5

5,83 cm + 5,81 cm
2

7,55 cm + 7,50 cm
2

drq1=deq1qx = ( ) -1,5=582cm-1,5=8,73 cm

dyy=deq1qx = ( —5,82 Cm) -1,5=2,56cm

1. etaza
dyq-v=2873cm-0,5=437cm<0,010-h; =0,010-544cm =544 cm v
2. etaza - streha

dypv=256cm-0,5=128cm < 0,010-h, =0,010-320 cm = 3,20 cm 4
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8.2.10 Kontrola nosilnosti v prec¢ni smeri - okvir 1 s centri¢nim povezjem (sistem nateznih
diagonal)

8.2.10.1  Gravitacijski del obtezbe

G+, - Q
Y,=¢- P, =08-03=0,24
Lastna teza

Lastna teza jeklenih nosilcev okvira je zajeta v izraCunu s programom SCIA Engineer.
Stalna obtezba

e medetazna konstrukcija gm = 12,47 KN/m
e streha 0s= 1,59 kN/m
o fasada gn= 1,69 kN/m

gr= 1,73kN/m

Spremenljiva obtezba
e koristna obtezba medetaze gm = 11,40 KN/m

8.2.10.2 Potresni del obtezbe

Fo=y;-F?.6,,=10-71,17kN - 1,6 = 113,87 kN
Fy=v;-E"-68,,=10-1827kN" 1,6 = 29,23 kN
y; =10 faktor pomembnosti stavbe (kategorija Il - obi¢ajne stavbe)

Na sliki 58 je prikazana razporeditev gravitacijske in potresne obteZbe na okvir 1 v programu SCIA
Engineer.
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Slika 58: Obtezba na okviru 1 s centri¢nim povezjem

8.2.10.3  Analiza okvira 1 s centri¢nim povezjem

Kot merodajno obremenitev upostevam ovojnico gravitacijske in potresne kombinacije. Rezultati iz
programa SCIA Engineer so prikazani na slikah 59, 60, 61 in 62.
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Slika 59: Stati¢ni model
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Slika 60: Momenti My [kNm], gravitacijska in potresna obtezba
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Slika 61: Pre¢ne sile V [kN], gravitacijska in potresna obteZba
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Slika 62: Osne sile N [kN], gravitacijska in potresna obtezba
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8.2.10.4 Dimenzioniranje okvira 1 s centri¢nim povezjem

Racunske kontrole so izvedene s programom SCIA Engineer in so v prilogi (Priloga C — Potresno
projektno stanje, faktor obnasanja g = 1,5; Nosilnost prerezov in stabilnost okvira 1 s centri¢nim
povezjem). Povecata se diagonali v obeh nadstropjih zaradi pogoja »Natezna nosilnost prereza«.

8.2.11 Kontrola poskodb (kontrola relativnih pomikov etaz) — okvir 1

Pogoj za stavbe, pri katerih so nekonstrukcijski elementi pritrjeni na konstrukcijo tako, da deformacije
konstrukcije nanje ne vplivajo (SIST EN 1998-1, poglavje 4.4.3.2)

dr,i v < 0,010 ' hi

vy =10)=0,5

50

-20,6

1,9

o 124

A A A
Slika 63: Horizontalni pomiki etaz za potresni del obtezbe [mm]

1,29 cm + 1,18 cm
2

2,13 cm + 2,06 cm
2

dry=deq1"qx = ( ) -1,5=1,24cm-1,5=1,86cm

drp=deqqx = ( — 1,24 Cm) -1,5=1,28 cm

1. etaza
dy;-v=186cm-0,5=093cm <0,010-h; =0,010- 544 cm = 5,44 cm v
2. etaza - streha

dyy-v=128cm-0,5=0,64cm<0,010-h, =0,010-320cm =320cm v
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8.2.12 Kontrola nosilnosti v vzdolZni smeri — centri¢no povezje (sistem nateznih diagonal)

8.2.12.1  Gravitacijski del obteZbe

Gravitacijski del obteZbe na diagonale nima vpliva, vpliv na stebre je Ze zajet v analizi precne smeri X.
Vpliva samo na precke.

G+, - Q
Y, =¢- l,l)z,l =08-0,3=0,24

Lastna teza
Lastna teza jeklenih nosilcev okvira je zajeta v izracunu s programom SCIA Engineer.
Stalna obtezba
e medetazna konstrukcija Om = 5,35 KN/m
Om=0'mb' =457 kN/m?- 1,17 m
Spremenljiva obtezba
o koristna obtezba medetaZe gm = 5,03 KN/m
gn=0'mb' = 4,30 kKN/m? - 1,17 m

8.2.12.2  Potresni del obtezbe
Potresni del obtezbe se razdeli na dve povezji.

1 1
Fi=57 oA 57 1,0-36684KkN-16 = 293,47 kN

1 1
Fo =571 E™ 5,0 = 57 1,0-94,14kN- 1,6 = 7531 kN

y; =10 faktor pomembnosti stavbe (kategorija Il - obicajne stavbe)

Na sliki 64 je prikazana razporeditev gravitacijske in potresne obtezbe na centri¢no povezje v
programu SCIA Engineer.

F2
L Qm
Fro WL UG gm

Slika 64: Obtezba na centri¢énem povezju
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8.2.12.3  Analiza centri¢nega povezja

Kot merodajno obremenitev upostevam ovojnico gravitacijske in potresne kombinacije. Rezultati iz
programa SCIA Engineer so prikazani na slikah 65 in 66.
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B5/IPE240
: -0,83 ' ' —T596
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O
P
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Slika 65: Stati¢ni model in momenti My [KNm], gravitacijska in potresna obtezba
&
-
¢
a 1 1 1 1 1 1 1 1 1 1 A
R
>3 1,85 I
B RS
EEN
0,26 1~6;16 20,87 1=~5;
A(/<\
a
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8 :
-1,20 -456,55
A VAN A

Slika 66: Precne sile V [KN] in osne sile N [kN], gravitacijska in potresna obtezba
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8.2.12.4 Dimenzioniranje centri¢nega povezja in preck

Racunske kontrole so izvedene s programom SCIA Engineer in so v prilogi (Priloga D.3: Nosilnost
prerezov in stabilnost centri¢nega povezja - potresno projektno stanje, faktor obnasanja q = 1,5).
Poveca se precko iz IPE 220 na IPE 240 zaradi pogoja »odpornost elementov proti nestabilnosti,
tlacno in upogibno obremenjeni elementi«. V nadaljevanju je prikazan povzetek izpisa.

8.2.12.4.1 Pretka (BS) - IPE 240, S$235

Notranje kolicine
Ngg = 367,15 kN (tlak)
Vgq = 10,27 kN
My gq = 21,16 kNm
Razred kompaktnosti prereza

e stojina (notranji tlaceni del)

c
— =130,71 < 33,00 - 1.razred kompaktnosti

w

e pasnica (previsni deli pasnic)

c
o= 4,28 <9 - l.razred kompaktnosti
f

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).

Nosilnost prereza

o tlak
Af,
Nepg = — = 918,85 kN > Ngy = 367,15kN v
Ymo
e upogib
W,
My ra = pl'—ny = 86,25 kNm = M, g = 21,16 kNm v
Ymo
e strig
A V3
Vpira = A U5 /V3) _ 259,52 kN > Vg = 10,27 kN v/
' Ymo

e upogib, strig in osna sila
My gq = 21,16 KkNm < My ), pg = 64,67 kNm v/
Odpornost elementov proti nestabilnosti
e uklonska nosilnost
_XAfy

Ny ra = = 795,67 kN > Ng; = 367,15kN v/
Ym1
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e tlacno in upogibno obremenjeni elementi

Ngq My pq + AMy, gq M, gq + AM, gq -1
Xy Nk ry X M, ri vz M, Rk -

Ym1 LTy Ym1
0,44+0,39+4+0,00=083<1V

Nga My ga + AMy gq My, gq + AM; gq <1
Xz NRk zy My,Rk z MZ,Rk o

Ym1 ALt Ym1 Ym1

0,47+ 0,21+0,00=068<1 v

8.2.12.4.2 Precka (B6) - Cev 101,6 x 4, S235

Notranje kolicine
Ngq = 75,06 kN (tlak)
Vga = 0,00 kN
My gq = 0,00 kNm
Razred kompaktnosti prereza

e cevni prerezi
d .
= 25,40 < 50,00 - 1.razred kompaktnosti

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).
Nosilnost prereza
o tlak

A
Negra = l = 288,11 kN > Ng; = 75,06 kN v/
MO

Odpornost elementov proti nestabilnosti
o uklonska nosilnost
XAfy

M1

Npra = = 79,19 kN > Ng; = 75,06 kN v’

8.2.12.4.3 Diagonala (B7) - L 50x40x5, S235

Notranje koli¢ine
Ng4z = 85,71 kN (nateg)
Nosilnost prereza
e nateg
Afy

Nt,Rd - = 100,35 kN = NEd = 85,71 kN v
Ymo
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8.2.12.4.4 Diagonala (B8) - U 160, S235

Notranje kolicine
Ngg = 531,47 kN (nateg)
Nosilnost prereza

e nateg

A
Nt ra = y—fy = 564,00 kN > Ng; = 531,47kN vV
Mo

8.2.13 Kontrola poskodb (kontrola relativnih pomikov etaz) — okvir A

Pogoj za stavbe, pri katerih so nekonstrukcijski elementi pritrjeni na konstrukcijo tako, da deformacije
konstrukcije nanje ne vplivajo (SIST EN 1998-1, poglavje 4.4.3.2)

dr,i v < 0,010 ' hi
v(y;=10)=0,5

wz
o

-23,2 -21,7

0/1

A A
Slika 67: Horizontalni pomiki etaz za potresni del obtezbe [mm]

1,44 cm+ 1,20 cm
2
2,32cm+ 2,17 cm
2

dry =deq1qy = ( ) -1,5=1,32cm-1,5=1,98 cm

drpy=deq1 qy = ( - 1,32 Cm) -1,5=1,39cm

1. etaza

drp1-v=198cm-0,5=099cm < 0,010 h; =0,010- 544 cm = 5,44 cm v
2. etaza - streha

dyrv=139cm-0,5=0,70cm < 0,010 - h, = 0,010-320 cm = 3,20 cm v
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8.3 PRIMER KONSTRUKCIJE S SPOSOBNOSTJO SIPANJA ENERGIJE

Prereze vseh stebrov notranjih okvirov povec¢amo iz HEA 450 na HEA 500 (glej dimenzioniranje
elementov).

8.3.1 Izraéun mas

Kombinacija vplivov za potresno projektno stanje (SIST EN 1998-1, poglavje 3.2.4)
Y6+ XY Qi Kerje yYpi =9 Py

- 0

M,

Preglednica 20: Izratun mase objekta po etazah

Gk,1 — lastna in stalna teza medetaze

[KN/m] [m] kosov [KN]
Steber HEA 500 1,521 432 10 65,71
Steber HEA 220 0,495 4,32 4 8,55
Steber HEA 160 0,298 2,72 2 1,62
Steber IPE 140 0,127 1,60 2 0,41
Precka HEA 450 1,373 11,70 5 80,32
Precka HEA 220 0,495 11,70 2 11,58
Sekundarni nosilci IPE 220 0,257 530 | 36 49,04
Vertikalno povezje, ¢elne ploCevine, vijaki, ... Ocena 10% teze 22,40
[KN/m?] [m?] [kN]
Stalna teza (AB plosca, parket, estrih, ...) 4,480 372 1666,56
Fasada FTV 150 (bo¢na in ¢elna) 0,291 387 112,62
[kN/100] kosov [kN]
Cepi @19 0,236 1296 3,06

Gi1 [KN] | 2.028,60
[kgl | 206.798

Qx1 — koristna teza medetaze

[KN/m?] [m?] [kN]

Koristna teza (pisarne, predelne stene, ...) 4,300 372 1599,60

Qk1 [kN] | 1.599,60
[ka] 163.058




Nuci¢, G. 2016. Projekt dvoetaznega poslovno proizvodnega objekta.

Dipl. nal. — VSS. Ljubljana, UL FGG, Odd. za gradbenistvo, Operativno gradbenistvo.

79

Gk 2 — lastna in stalna teZa strehe

[KN/m] [m] kosov [KN]
Steber HEA 500 1,521 160 | 10 24,34
Steber HEA 220 0,495 1,60 4 3,17
Steber IPE 140 0,127 2,21 2 0,56
Stresni nosilec IPE 300 0,414 5,88 10 24,34
Stresni nosilec IPE 180 0,184 5,88 4 4,33
Stresna lega IPE 180 0,184 19,20 6 21,20
Stres$na lega IPE 200 0,220 6,30 12 16,63
Vertikalno in horizontalno povezje, zatege, vijaki, ... Ocena 10% tez 9,60
[kN/m?] [m?] [kN]
Stalna teza (spuscen strop, inStalacije, ...) 0,300 372 111,60
Fasada FTV 150 (bo¢na in ¢elna) 0,291 191 55,58
Fasada SNV 150 (streha) 0,291 402 116,98
Gk [KN] 389,80
[ka] 39.735

Teza 1. etaze

Fu1=Gg1+ @ ¥y Qrq = 2028,60 kN + 0,8 0,3 - 1599,60 kN = 2412,50 kN

=08 kategorija A do C: zasedba nekaterih etaz je povezana

Y,1=03 kategorija B: pisarne

Teza 2. etaze - strehe
Fuz = Gy, = 389,80 kN

Delez etaznih mas za okvir 1 in 2 ter okvir A

D @ [3 4

X C

Slika 69: Tloris konstrukcije z oznac¢enimi deli za ravninsko analizo potresa

Pre¢na smer X (prvi in sedmi okvir sta obremenjena polovicno)

@ Fui  241250KkN
Ry =g = —————=402,08kN (40.987 kg)
@ FY  402,08kN
Ry = b= —""—— = 201,04 kN (20494 kg)
Frz 389,80 kN
F& = = = 6497kN (6.622kg)
@)
F2 64,97 kN
FO) = M2 =32,49kN (3.311kg)

2 2
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Vzdolzna smer Y

w _ Fui 241250 kN
Ry ==+ ="————=120625kN (122.961kg)
Fy, 389,80 kN
FY = % = ———=194,90 kN (19.867 kg)

8.3.2  Faktor obnaSanja ¢

Pre¢na smer X:
e momentni okvir (notranji), okvir s centri¢nim povezjem (zunanji)
o disipacija energije v preckah momentnega okvira in nateznih diagonalah
e precni prerezi so v 1. ali 2. razredu kompaktnosti
o razred srednje duktilnosti (DCM): g <4
ax=4

Vzdolzna smer Y:
e okvir s centri¢nim povezjem
e disipacija energije v nateznih diagonalah, tlacne se izklonijo
e precni prerezi so v 1. ali 2. razredu kompaktnosti
e razred srednje duktilnosti (DCM): g < 4

8.3.3  Nihajni ¢asi
Osnovni nihajni ¢asi T1 vseh ravninskih modelov so dolo¢eni v SCIA Engineer
Tl(f() = 0,81s notranji momentni okvir 2

TS() = 0,20 s zunanji okvir 1 s centri¢énim povezjem

T,y = 0,70 s  vzdolzni okvir A s centricnim povezjem

8.3.4  Spekter pospeskov

Objekt se nahaja v naselju Grosuplje. Podatke o pospeskih temeljnih tal dobimo iz karte potresne
nevarnosti Slovenije, veljavne v ¢asu uporabe standarda.

Projektni pospesek tal

a, =0,200g
Tiptal C

S=115

Ty =0,20s

Tc=0,60s

Tp =2,00s

Na sliki 70 so prikazana obmocja nihajnih ¢asov.
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Ty <TS) < T¢

Te < TR Ty < Tp

014 _h

a0,
= 0,12 \

0,08 N
0,06 IS

4
0,0 \

s 0,02

0,0 0,5 1,0 1,5 2,0 2,5
nihajni ¢as T [s]

Slika 70: Projektni spekter, faktor obnasanja q = 4

Projektni pospesek v smeri X, okvir 2

@ _ 2,5 | T; - _ _
Sd'x—agSq— =) _ﬁag—0,2-0,29—0,04g
X T1,X
@ 2,5 10,60
Sax=02g-115- ol [0,81] =0,106 g =px2 9

Projektni pospesek v smeri X, okvir 1
) 2,5 2,5
Sax =09 S q—X= 02g- 1,15-T= 0144 g=px1 9

Projektni pospesek v smeri Y

2,5 [T,

Say =agS — |7—|2Bag=02-029g=004g
qy |Tiy

S,vy=02g"1,15 25 [0’60 =0,123 g =

ax = Y291, 4 0,70 =\ g="prg

8.3.5  Celotna precna sila (»Base Shear«) posameznega okvira

3,0

Celotna precna sila Fp na mestu vpetja konstrukcije (SIST EN 1998-1, poglavje 4.3.3.2.2)

Fpi=Sai(Toi))miA=p; gmi A =p; Fy; A
A=10

Precni okvir 2

FR =pxz- (RS +F) = 0,106 (402,08 KN + 64,97 kN) = 49,51 kN

Prec¢ni okvir 1

Y =pxa- (B +Fiy ) = 0,144+ (201,04 KN + 32,49 kN) = 33,63 kN
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Vzdolzni okvir A
Fyy =py - (Y + Fi)) = 0,123 (1206,25 kN + 194,90 kN) = 172,34 kN

8.3.6  Torzijski vpliv

Vpliv nakljuéne torzije J (SIST EN 1998-1, poglavje 4.3.3.2.4)

x. .
5=1+1,2-—‘=<1+1,2-£>
Le,i Le,i
Fb,x Fox Fox Fox Fox Fox Fb,X
Foy @ — & 1,6
Y
2
O) (2) 3 4 5 6 7 —% 4
i
R
F
bY 16
Ux o
b o
y2 y6
y yr
Ley
16 14 192 /I/

W 12 14 16

Slika 71: Torzijski vpliv - analiza z dvema ravninskima modeloma

Smer X, okvir 2
Loy/3
86 =1+ 12-228 _ 1412 ex/3 _ 1,4
Ley Ley
Smer X, okvir 1
Loy/2
Sip=1+12-2 _ a1z ke
eyY Le,Y
Smer Y, okvir A
X, L 2
Spc=1+12-25=1+12- ex/2_ 16
Le,X Le,X
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8.3.7  Razdelitev sil po viSini

Vodoravne sile Fi v etazah (SIST EN 1998-1, poglavje 4.3.3.2.3).

z; - Fiy;
Fi=Fy =
4 b ZZ] . FM]
\LFMZ
F e
2%
\LFW
F
= 1
3T
o £
"
"
N
Slika 72: Razdelitev sil po visini
Sile za okvir 2
(2
@ _ -~ Al FMl _ 5,44' . 4‘02,08 _
E =F" - = 49,51 - = 39,40 kN
1 X FD 2, FD 5,44 - 402,08 + 8,64 - 64,97
()
() (2) Zy FMZ 8,64 " 64‘,97
E =F"- = 49,51 = 10,11 kN
2 b.x 7 F]\5121) + 2z, FAEIZZ) 5,44 - 402,08 + 8,64 - 64,97
Sile za okvir 1
(€Y)]
(1) (1) Al FMl 5,44' ' 201,04
E =F" - = 33,63 = 26,76 kKN
1 X FD 42, - FD 5,44 - 201,04 + 8,64 - 32,49
(€]
D 1) Zy FMZ 8,64 " 32,4‘9
E“7 =F - = 33,63 = 6,87 kN
2 b.x 7 Fﬂﬁ? + 2z, F,\E,lz) 5,44 -201,04 + 8,64 - 32,49
Sile za okvir A
E® = F 2By 172,34 >4 1206,25 137,15 kN
= b)Y ' = ) : = ,
1 2 FD 2, ED 5,44 - 1206,25 + 8,64 - 194,90
(4)
7z F, 8,64 - 194,90
E® =F,y- 2__M2 = 172,34 = 35,19 kN

7 - FA%) +2,- FAEI:;) 5,44 -1206,25 + 8,64 - 194,90
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8.3.8  Kontrola nosilnosti v pre¢ni smeri - momentni okvir 2

8.3.8.1 Gravitacijski del obtezbe

G+, - Ok
Yo=¢ P, =08:03=0,24
Lastna teza

Lastna teza jeklenih nosilcev okvira je zajeta v izracunu s programom SCIA Engineer.
Stalna obtezba

e medetazna konstrukcija Om = 24,93 KN/m
e streha 0s= 3,18 kN/m
e fasada gr= 1,59 kN/m

Spremenljiva obtezba
e koristna obtezba medetaze Om = 22,79 KN/m

8.3.8.2 Potresni del obtezbe

Fi=y; F% 8,5=1,0-3940kN- 1,4 = 55,16 kN
Fy=y; - 68,6=10-10,11kN- 1,4 = 14,15 kN

y; =10 faktor pomembnosti stavbe (kategorija Il - obi¢ajne stavbe)

Na sliki 73 je prikazana razporeditev gravitacijske in potresne obteZbe na okvir 2 v programu SCIA
Engineer.

Js

VYV VYV VYV VY VYV VYVVYVVYVYVVYVYVVYVYVVYVYVVY V]
Ry e
qm

F1

gf gf

[E<<<c<c<c<c<c<c<ccccceceec<ce<ce<y

(253 T T S i I S o = S S 0 o o i e S ]

o
o

Slika 73: Obtezba na momentnem okviru 2

8.3.8.3 Analiza momentnega okvira 2

Notranje sile in momenti za gravitacijski in potresni del obtezbe so prikazani na slikah 74 do 79.
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-13,61

ge'el-
3,16

145,77

-145,77 ZI0;0% W 212,70

A
Slika 74: Momenti My [kNm], gravitacijska obtezba

A

Slika 75: Pre¢ne sile V [kN], gravitacijska obtezba

~75,29 5

{6 B 8 BB 6 6 I O N T ) S A O N ) Y O P T ) B DA AR

-235,01

234,99
Slika 76: Osne sile N [kN], gravitacijska obtezba
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memﬂ 189,11

A

Slika 77: Momenti My [KNm], potresna obtezba

31,92

34,55 34,76
Slika 78: Pre¢ne sile V [kN], potresna obtezba
:
& $
[ AR AR AR R AR R ARRARI
&
8
36,10 -36,10

Slika 79: Osne sile N [kN], potresna obtezba
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8.3.8.4 Kontrola kompaktnosti prerezov

Kontrolo kompaktnosti izvedemo za precke z vutami, ostali precni prerezi so v 1. razredu
kompaktnosti (SCIA Engineer).

Prec¢ka HEA 450 in vuta 350, S235
-10,4 kN/cm?

30— 3 (nateg)

i
LLL
111
2,7
4

==

44
&

344
40,36

Il
7
L

1

35
38,64

o

7

9,7 kN/em?
(tlak)

Slika 80: HEA 450 in vuta, geometrija ter normalne napetosti
e stojina vute (notranji tlaceni del)

c (35—-2,1-2,7)cm
tw - 1,15 cm

= 126,26 <33-¢=33,00

e pasnica (previsni deli pasnic)

1,1
c (32—0—’75—2,7) cm
— = =558<9-£=9,00
tr 2,1 cm

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).

e precni prerezi v strigu

h, (44-2-21)cm €
— = =3461<72-—=72—
tw 1,15 cm n 1,2

)

= 60,00

Stojina HEA 450 je kompaktna (ni nevarnosti lokalnega izboCenja plocevine).
hy, (35-21)cm

£ 1,0
T M —2861<72:—=72-——=
- 1i5em 8,61<7 " 7 12 60,00

Stojina vute je kompaktna (ni nevarnosti lokalnega izboc¢enja plocevine).
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Precka IPE 300 in vuta 250, S235

-2,3 kN/em?
N~ )
F157+S  (nateg)
-+ = ﬁlgm k-
<
© - 2
3 s
#-0,71 A
~ P — j_‘u—) —
5 — |
~ @ ~
&
4,1 kN/em?

(tlak)
Slika 81: IPE 300 in vuta, geometrija ter normalne napetosti

stojina vute (notranji tlaceni del)
c (25—-1,07—-15) cm
tw 0,71 cm

=31,59 <33:-¢=33,00

stojina IPE 300 (notranji tlaceni del)

< _ (30—2-1,07—2-1,5)cm= 35,01 < 36-5= 36-1,0= 105,57
tw 0,71 cm T« 0,341
=1 19,77 cm 0341
30c ’
pasnica (previsni deli pasnic)
c (12—5— 0'271 - 1,5) cm

— = =528<9:-£=9,00
tr 1,07 cm €

Prerez spada v 1. razred kompaktnosti (plasti¢ni prerez).

precni prerezi v strigu

h, (30-2-1,07)cm ¢ 1,0
— = =2604<72-—=72-— = 60,00
tw 1,07 cm n 1,2

Stojina IPE 300 je kompaktna (ni nevarnosti lokalnega izboéenja plo¢evine).
hy, (25-1,07) cm

£ 1,0
—=———=2236<72-—=72-—=60,00
tw 1,07 cm n 1,2

Stojina vute je kompaktna (ni nevarnosti lokalnega izbocenja plocevine).
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8.3.8.5 Globalna duktilnost

Pogoj duktilnosti za vecetazne okvirne konstrukcije (SIST EN 1998-1, poglavje 4.4.2.3)

z Mgpe =13 Z Mgy

2. Mg . je vsota projektnih upogibnih nosilnosti stebrov, ki se stikajo v vozliscu.
2. My, je vsota projektnih upogibnih nosilnosti nosilcev, ki se stikajo v vozliscu.

Pogoj duktilnosti preverimo za vozlis¢e medetaZze momentnega okvira.

120 i 930
=l
pl,Rd,c AN
= \ ) HEA 450
<C
(NN ]
Ly 4%
MpI,Rd,b
N
pl,Rd,c
MHEA450
plRd,b
/
AM

Slika 82: Vozlis¢e medetaze

fy 5 23,5kN/cm?
Mg = My ra,c = Wpiy,c'—— = 3949 cm® - ————— = 92802 kNcm
Ymo 1,0

Wpiy,e = 3949 cm®  steber HEA 500
Mgy = My rap = MYF543° + AM = 75576 kNem + 19503 kNem = 95079 kNem

23,5 kN /cm?
M,’i%?,%" = Wyiy yf_y = 3216 cm3 1—0/ = 75576 KNcm
MO ’

Wpiyp = 3216 cm®  precka HEA 450
AM = Vpim * Lyyta = 162,53 kN - 120 cm = 19503 kNcm

2-MYEA®  2-75576 kNem
VPLM = JHEA450 = 930 cm

2+ Mg, = 185604 kNcm > 1,3+ Mg, = 123603 kNcm v/

= 162,53 kN

Plasti¢ni ¢lenek se razvije v prec¢ki medetaze, tik pred zacetkom vute.
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8.3.8.6 Vpliv teorije drugega reda

Vpliv teorije drugega reda (SIST EN 1998, poglavje 4.4.2.2)

1. etaza

_ PtOt,l " dT,l _ 470 kN " 86,60 mm
Y7 Vs hy  69,31kN- 5440 mm

drq =deg1qx =21,65mm-4 = 86,60 mm
h; = 5440 mm

Prorq1 =2-235KN =470 kN

Viors = 34,55 kN + 34,76 kN = 69,31 kN

=0,108 < 0,100 x=

2. etaza

Ptz dyy  61,82KN-2540 mm
2™ Vior2 hy  1415kN-3200 mm

dry = (dey — deq) " qx = (28,00 mm — 21,65 mm) - 4 = 25,40 mm
h, = 3200 mm

Ptz =2-31,41 kN = 61,82 kN

Viotz = 7,93 kN + 6,22 kN = 14,15 kN

=0,035<0,100 v

Vpliv teorije drugega reda je potrebno upostevati s faktorjem ks, saj pogoja nista izpolnjena v obeh
etazah.

1 1
" 1-6 1-0,108
6 = max {6,;6,} = 0,108

S faktorjem ks pomnoZzimo horizontalni vpliv (seizmiéni del) potresnega projektnega stanja.

ks =1,12

8.3.8.7 Dimenzioniranje pre¢ke medetaze HEA 450, S235

Posebna pravila za pomiéne okvire (SIST EN 1998-1, poglavje 6.6.2).
Obremenitev
Mgy = Mgag + ks * Mpq g = 159,04 KNm + 1,12 - 149,09 kNm = 326,02 kNm
Ngq = Ngq g + ks Ngg g = 46,67 kKN — 1,12 - 28,54 kN = 14,71 kN (nateg)
Vea = Vgag + Veam = 147,76 kN + 162,53 kN = 310,29 kN
2Mpyrap 275576 KNem

= = 162,53k
Ed,M L 930 cm 62,53 kKN
Kontrola upogibne nosilnosti
M 32602 kN
Ed__ _ cm _043<10 v
Mpl,y,Rd 75576 kKNcm
fy , 23,5kN/cm?
Mpl,y,Rd = Wpl,y -— =3216cm°-——— = 75576 kNcm
Ymo 1,0

Wy, =3216 cm®  pretka HEA 450
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Kontrola osne sile

Ngg  1471kN

Npira 4183,00 kN

=0,004<0,15 vV

fy , 235 kN/cm?
Npiga = A- = =178,00 cm* - ————— = 4183,00 kN
Ymo 1,0
A = 178,00 cm? precka HEA 450
Kontrola prec¢ne sile
v, 310,29 kN
Ed__ =027<05 v
Vprra 116357 kN
v 4 - g5 g emz. RSN/ em® L eas7kN
= f— = , cm-——————-= ,
plL,Rd v \/§ Yato \/§ . 1’0
( A—thf+(tw+27")tf=
4, = max{ =198—-2-30-2,1+ (1,154+2-2,7)-2,1 = 85,76 cm?
n hw tw =
k =1,2-39,8-1,15 = 54,92 cm?

8.3.8.8 Dimenzioniranje precke strehe IPE 300, S235

Posebna pravila za pomi¢ne okvire (SIST EN 1998-1, poglavje 6.6.2).
Obremenitev
Mgg = Mg + ks - Mggg = 5,75 kNm + 1,12 - 19,31 kNm = 27,38 kNm
Ngq = Nggg + ks * Nggp = 7529 kN + 1,12 - 5,76 kN = 81,74 kN (tlak)
Vea = Vgag + Veam = 13,68 kN + 33,69 kN = 47,37 kN
2 Mpyypap 214758 kNem

V, = = 33,69 kN
FaM L 876 cm '
Kontrola upogibne nosilnosti
M 2738 kNcm
L =019<10 v
Mpl,y,Rd 14758 kNcm
fy ; 23,5kN/cm?
Myyyra = Wyiy =2 = 628 cm3 - —————— = 14758 kNcm
Ymo 1,0

Wpiy = 1420,32 cm3  precka IPE 300

Kontrola osne sile

Npg  81,74kN
Npra 126430 kN

=0,06<0,15 v

fy , 23,5kN/cm?
Npjpa = A*—— =53,80 cm* - —————— = 1264,30 kN
Ymo 1,0

A = 53,80 cm? precka IPE 300
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Kontrola prec¢ne sile
Vea 33,69 kN

= =01<05 v
Vorra 344,76 KN
fy 23,5 kN/cm?
|74 =A, ———=2541cm? - ——— = 344,76 kN
plL,Rd v \/§ Yato \/§ . 1’0
A—=2bty+(ty +21)t; =

= —_92.1c. . . — 2

A, = max{ " 53,80 -2-15-1,07+(0,71+2-1,5)-1,07 = 25,41 cm

nhy t, =
=1,2-27,86-0,71 = 23,74 cm?

8.3.8.9 Dimenzioniranje stebra HEA 500, S235

Steber se poveca iz HEA 450 na HEA 500 zaradi pogoja »Nosilnost prerezov, osno upogibna
nosilnost«.

Posebna pravila za pomi¢ne okvire (SIST EN 1998-1, poglavje 6.6.3).
Obremenitev

Mgq = Mgag + 1,1 Vop " Q- ks - Mgq

Ngq = Ngqg + L1 Vop Q- ks Neag

Vea = Veac + L1 Yoy Q ks Vear

kjer so
You faktor dodatne nosilnosti (SIST EN 1998-1: 6.2), y,, = 1,25
Q najmanjsa vrednost (); za vse nosilce (precke) z obmocij sipanja
Q. = MpLy ra,i {fy}
Y Mpq; (Mg + Mg}
o - MSD, ra _ 75576 kNem _
7 y@® T 32602kNem -
1 = min Ed

2)
q - Mpl,y,Rd _ 14758 KNcm _ 4
27 7@ T 2738kNem
Ed

Prerez stebra ob vpetju 1-1 (slika 83)
Mizt =0
Ni7'=23501kN+1,1-1,25-2,3-1,12-36,10 kN = 362,88 kN
Vag! =2680KkN+1,1-1,25-2,3-1,12- 34,76 kN = 149,92 kN

Prerez stebra pod prvo etazo 2-2 (slika 83)
ME;% = 145,77 kNm + 1,1+ 1,25-2,3-1,12- 189,11 kNm = 815,60 kNm
N2;? =218,06 kN +1,1-1,25-2,3-1,12- 36,10 kN = 345,93 kN
VZ;2=2680kN+1,1-1,25-2,3-1,12- 34,76 kN = 149,92 kN
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Meq [kNm] Neg [kN]

Veq [kN]

815,60 345,93

" 0,00 ' 362,88

149,92

149,92

Slika 83: Diagrami notranjih koli¢in za steber

Kontrola zunanjih stebrov pomi¢nega okvira za potresnoodporne jeklene stavbe se izvede pri okviru s
centri¢énim povezjem, kjer se uposteva kombinacija obremenitve iz obeh smeri X in Y.

8.3.9  Kontrola poskodb (kontrola relativnih pomikov etaz)

Pogoj za stavbe, pri katerih so nekonstrukcijski elementi pritrjeni na konstrukcijo tako, da deformacije

konstrukcije nanje ne vplivajo (SIST EN 1998-1, poglavje 4.4.3.2)
dT,i v < 0,010 ' hi
v({;=10)=0,5

-27,9

A

A

Slika 84: Horizontalni pomiki etaz za potresni del obtezbe [mm]

2,17cm+ 2,16 cm
2

2,81l cm+ 2,79 cm
2

dr,l = de,l qx = (

dr,Z = de,l qx = (

1. etaza

dy,-v=2868cm-05=434cm<0,010-h; =0,010-544cm =544 cm v

2. etaza - streha

dypv=252cm-0,5=126cm < 0,010-h, =0,010-320 cm = 3,20 cm v

—-2,17 cm) ‘4 =252cm

)-4=2,17cm-4=8,68cm
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8.3.10 Kontrola nosilnosti v vzdolZni smeri — centri¢no povezje (sistem nateznih diagonal)

8.3.10.1  Gravitacijski del obtezbe

Gravitacijski del obteZbe na diagonale nima vpliva, vpliv na stebre je ze zajet v analizi precne smeri X.
Vpliva samo na precke.

G+, - Qk
Y, =¢@- ¢2,1 =08-03=0,24

Lastna teza
Lastna teza jeklenih nosilcev okvira je zajeta v izracunu s programom SCIA Engineer.
Stalna obtezba
e medetazna konstrukcija Om = 5,35 KN/m
Om=0'mb' =457 kN/m?-1,17m
Spremenljiva obtezba
e koristna obtezba medetaze gm = 5,03 KN/m
Om=0'mb' =4,30 kN/m? - 1,17 m

8.3.10.2 Potresni del obtezbe

Potresni del obtezbe se razdeli na dve povez;ji.

1 1
F=5v P 8,0 = 57 1,0-13715kN 1,6 = 109,72 kN

1 1
=5 E® 8,0 = 57 1,0-3519kN - 1,6 = 28,15 kN

y; =10 faktor pomembnosti stavbe (kategorija Il - obi¢ajne stavbe)

Na sliki 85 je prikazana razporeditev gravitacijske in potresne obtezbe na centri¢no povezje v
programu SCIA Engineer.

F2
ALl am
F i e N | 9m

Slika 85: Obtezba na centri¢énem povezju
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8.3.10.3  Analiza centri¢nega povezja

Notranje sile in momenti za gravitacijski in potresni del obtezbe so prikazani na slikah 86 in 87.

©
=
b= 5
o
g
2
86+ %
! g
] E
-31,42 -31,70
n 0,01 7 i 7 L
A A A : N a 2, A

Slika 86: Momenti M [kNm], pre¢ne sile V [KN] in osne sile N [kN], gravitacijska obtezba

[T e

™ ” IIERIERVN

00

=
-137,

-158,51

(RNRRRNNEENN

LI TTTTTT]

%
%eé
-0,76 15,
A

Slika 87: Momenti M [kNm], pre¢ne sile V [KN] in osne sile N [kN], potresna obtezba

-0,41

’\‘
e O

8.3.10.4 Diagonalni elementi

Posebna pravila za okvire s centri¢nimi povezji (SIST EN 1998-1, poglavje 6.7.1)
At — A
AT + A~
kjer sta A* in A~ povrsini vodoravnih projekcij pre¢nih prerezov nateznih diagonal, pri ¢emer imajo
vodoravni potresni vplivi pozitivno ali negativno smer. Velja za diagonali v obeh etazah.

=0<0,05 vV

Vsi prerezi so v 1. razredu kompaktnosti (SCIA Engineer).
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8.3.10.4.1 Dimenzioniranje diagonale (B7) - L 25 x 3, S235

Notranje kolicine
Ngq = 30,56 kN (nateg)
Nosilnost prereza
e nateg

Af, 1,42 cm? - 23,5 kKN/cm?

=33,37kN > N.; = 30,56 kN v/
Ymo 1,0 ka

Nt ga =

8.3.10.4.2 Dimenzioniranje diagonale (B8) - U 65, S235

Notranje kolic¢ine
Ngg = 199,24 kN (nateg)
Nosilnost prereza
e nateg

Af, 9,03 cm?-23,5kN/cm?

= 212,21 kN = Nz = 199,25 kN v
Ymo 1,0 ka

Nira =

8.3.10.5 Nosilci in stebri

Posebna pravila za okvire s centri¢nimi povezji (SIST EN 1998-1, poglavje 6.7.4). Faktor dodatne
nosilnosti za nosilce in stebre, ki so obremenjeni z osno silo

Npira,i
Q = min 2%t

Ed,i

Npi,ra,i Projektna nosilnost diagonale i pri nominalni trdnosti fy,nom

Ngq; projektna vrednost osne sile v isti diagonali i pri potresnem projektnem stanju

Enakomerno sipanje v diagonalah se zagotovi z omejitvijo razlike velikosti najve¢jega in najmanjs$ega
faktorja dodatne nosilnosti

'Qm ax

<1,25
min

Vsi prerezi so v 1. razredu kompaktnosti (SCIA Engineer).

Izracun faktorjev dodatne nosilnosti

_ Npyras  212,21kN

QO = = = 1,07
Y7 Npa1  199,25kN
23,5 kN/cm?
Nledl =A1'f_y=9,03 sz'—/=212,21 kN
Y YMmo 1,0
N. 33,37 kN
-QZ — plLRd,2 1'09

Nea,  30,56kN
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23,5 kN /cm?
Npira2 = 4z i = 1,42 cm? —/ = 33,37 kN
pLRa,
Ymo 1,0
Q 1,09
_max 2 =1,02<1.25 v
Qmin 1,07

Q = min {Q;;Q,} = 1,07

8.3.10.5.1 Vpliv teorije drugega reda

Vpliv teorije drugega reda (SIST EN 1998, poglavje 4.4.2.2)

1. etaza
Pior1-dyq  63,40KkN - 48,60 mm
g, = —= = = = 0,004 < 0,100 v
Y7 Vit hy ~ 137,87 kN - 5440 mm
dy1=deq'qx =12,15mm -4 = 48,60 mm
h; = 5440 mm
Pyor1 =2-31,70 kN = 63,40 kN
Viot1 = Fy + F, = 109,72 kN + 28,15 kN = 137,87 kN
2. etaza
Prorp-d 10,14 kN - 34,00 mm
g, =22 T2 _ = 0,004 < 0,100 v

Viotz *hy ~ 28,15kN-3200 mm

dry =(dey —de1) qx = (20,65 mm — 12,15 mm) - 4 = 34,00 mm
h, = 3200 mm

Potp = 2:5,07kN = 10,14 kN

Viot2 = F, = 28,15kN

Vpliv teorije drugega reda ni potrebno upostevati, saj sta pogoja izpolnjena za obe etazi.

8.3.10.5.2 Dimenzioniranje precke (B6) - Cev 88,9 x 3, S235
Notranje kolicine

Ngg = Npag + 1,1 ¥op - Q- Npgp = 0KN + 1,1- 1,25 - 1,07 - 27,45 kN = 40,39 kN (tlak)

Yor = 1,25 faktor dodatne nosilnosti (SIST EN 1998-1, poglavje 6.2)
Nosilnost prereza

o tlak

Af, 810cm?-23,5kN/cm?

Nepg = —2 = = 190,35 kN > Nz = 40,39 kN v/
Ymo 1,0

Uklon tlacenega elementa

L, =530cm
XAf, 0,26-810cm?-23,5kN/cm?

Np,ra = =

YMm1 1,0 = 49,49 kN = Nggp = 40,39kN v
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uklonska krivuljaa — y = 0,26
1= L_u 530 cm

il, 304cm-939

T 74,76cm4_304
T a7 [B810cmz ™

I = 74,76 cm*
A =939¢ =939

1,86

8.3.10.5.3 Dimenzioniranje precke (B5) - IPE 220, S235

Obremenitev
Mgg = Mg + 1,1 Yo, - Q- Mggp = 23,93 kNm + 0 kNm = 23,93 kNm
Nga = Ngag + 11 ¥op - Q- Nggg = 0+ 1,1-1,25- 1,07 - 137,00 = 201,56 kN (tlak)
Vea = Veag + L1 Yop - Q- Vggp = 18,06 kN + 0 kN = 18,06 kN
Kontrola osno upogibne nosilnosti
Ngg 201,56 kN

= =0,26<0,25 x
Npira 784,90 KN
23,5kN/cm?
Npjra = A~ f—y = 33,40 cm? - —/ = 784,90 kN
Ymo 1,0
A = 33,40 cm? precka IPE 220

Osna sila vpliva na zmanj$anje projektne plasti¢ne upogibne nosilnosti prereza.

Mgq  2393,00 kNcm

= =039<10 vV
Myyra 6156,71kNcm

Mpl,y,Rd
My y rq = min 1—n
LyRd' 7 _Ac .
pLy 1-05a

23,5 kN/cm?
M1y ra = Wpiy f—y = 285,00 cm? —/

Ymo 1,0
Wpl,y = 285,00 cm? precka IPE 220

M 171 669750 kN 12026 (is671kn
PLYRA T 05, ’ N1 705-039 ’ cm

Npgg 201,56 kN

Npira 78490kN

= 6697,50 kNcm

n= 0,26

A—-2bt; 3340-2-11-0,92
a = min A - 33,40
0,5

=0,39

My y ra = 6156,71 kNcm
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Kontrola strizne nosilnosti
Vea 18,06 kN

= =0,08<0,5 v
Vpira 215,86 kN
fy 23,5kN/cm?
|74 =4, —=——=1591cm? - ———— = 215,86 kN
pLRd v \/§ " )/MO \/§ * 1,0
A=2bty+(ty +21)t; =
—_ _ . . . . — 2
A, = max{ = 33,40—-2-11-0,92+ (0,59 +2-1,2):0,92 = 1591 cm

nhy t, =
=1,2-20,16-0,59 = 14,27 cm?

8.3.10.5.4 Dimenzioniranje stebra (B2) - HEA 500, S235

Kombinacija potresnega vpliva za smer X in Y (SIST EN 1998-1, poglavje 4.3.3.5.1)
a) Egax "+" 0,30 Egqy,
b) 0,30 Eggy "+" Egay

Kombinacije vplivov
a) Eggx "+" 0,30 Eggy,

Prerez 1-1 stebra ob vpetju (slika 88)

Mig' = Mgag + (L1 Yo - QPT6K - ks Mgy ) + 0,30 - (1,1 ¥,y - QU9 - My, p) =
=0+ (0)+030-(0) =
= 0kNm

Nga' = Ngag + (L1 ¥y - QP7K% - ks - Npgrp) + 0,30 - (1,1 ¥y - QU9 - Npgy, ) =
=23501+(1,1-1,25-2,3-1,12-36,10) + 0,30-(1,1-1,25-1,07 - 158,51) =
= 235,01 kKN + 127,87 kN + 69,96 kKN = 432,84 kN

Via' = Viae + (1'1 Vou " QPTEKE ks Veare) + 0,30 (1,1 y,, - Q449 . VEdy,E) =
=2680+(1,1-1,25-2,3-1,12-34,76) + 0,30 - (0) =
= 26,80 kN + 123,12 kN + O KN = 149,92 kN

Prerez 2-2 stebra pod prvo etazo (slika 88)

M33% = Mg + (L1 ¥op - QP76 - ks - Mpgy p) + 0,30 (1,1 ¥,y - Q449 - My, p) =
=14577 + (1,1-1,25-2,3- 1,12 - 189,11) + 0,30 - (0) =
= 815,60 KNm

N£z% = Ngag + (L1 ¥pp - QP76 ks - Negp ) + 0,30 - (1,1 -y, - Q499 - NEdy,E) =
=218,06+(1,1-1,25-2,3-1,12-36,10) + 0,30-(1,1-1,25-1,07 - 158,51) =
= 218,06 kN + 127,87 kN + 69,96 kN = 415,89 kN

VEZ? = Veag + (L1 Vop - QPTH% ks Viaxp) + 0,30 (L1 yop - Q49 - Vggy p) =
=2680+(1,1-1,25-2,3-1,12-34,76) + 0,30 - (0) =
= 149,92 kN
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Mgq [kNm] Neg [KN] Veg [kN]
926,03 451,54 170,05

®

0,00 468,72 170,45 1

Slika 88: Kombinacija a), diagrami notranjih koli¢in za steber

b) 0,30 Egay "+" Egay

Prerez 1-1 stebra ob vpetju (slika 89)

Mia" = Mgag + 0,30 (L1 ¥y - QP7K kg Mgy ) + (1,1 yop - Q%9 - Mgy, p) =
=0+0,30(0) + (0) =
= 0kNm

Nga" = Ngag + 0,30 (1,1 yop - QP7¥@ - ks - Nparp) + (L1 ¥op - Q9 - Ny p) =
= 235,01+0,30-(1,1-1,25-2,3-1,12-36,10) + (1,1-1,25-1,07 - 158,51) =
= 235,01 kN + 38,36 KN + 233,20 kN = 506,57 kN

Vid" = Veae + 0,30 (L1 ¥ - QP7KE - ks - Vg ) + (L1 yop - Q9 - Vi ) =
= 26,80+ 0,30 (1,1-1,25-2,3 - 1,12 - 34,76) + (0) =
= 26,80 kKN + 36,94 kN + 0 KN = 63,74 kN

Prerez 2-2 stebra pod prvo etazo

MEg? = Mg + 0,30 (L1 ¥y - QPTK - kg Mpgyp) + (L1 Vo - Q¥ - Mpay ) =
= 145,77+0,30-(1,1-1,25-2,3-1,12-189,11) + (0) =
= 346,72 KkNm

NEz® = Ngag + 0,30 (1,1 yop - QP7% - ks - Npgrp) + (L1 ¥op - QU9 - Ny ) =
= 218,06 + 0,30 - (1,1-1,25-2,3+1,12-36,10) + (1,1 - 1,25 - 1,07 - 158,51) =
= 218,06 kKN + 38,36 KN + 233,20 kN = 489,62 kN

Vi =Vege + 0,30 (L1 ¥y - QP7K ks Vipgrr) + (L1 Vo - Q¥ - Vg ) =
= 26,80+ 0,30 (1,1-1,25-2,3- 1,12 - 34,76) + (0) =
= 63,74 kN
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Neg [kN] Veq [kN]

489,62 63,74

O

s

0,00 50657 || 6374

Slika 89: Kombinacija b), diagrami notranjih koli¢in za steber

Merodajna kombinacija obteZb iz obeh smeri je a) Eggy "+" 0,30 Eggy.

Kontrola osno upogibne nosilnosti
Ngg  432,84kN

= =0,09<0.25 v
Npira  4653,00 kN
23,5 kN/cm?
Npira = A f—y = 198,00 cm? —/ = 4653,00 kN
Ymo 10
A = 198,00 cm? steber HEA 500
0,5h,t 0,5-44,4-1,20- 23,5
Ngg = 432,84 kN < wholy = 626,04kN v
Ymo 1,0
Osna sila ne vpliva na zmanj$anje projektne plasticne upogibne nosilnosti prereza.
M 81560 kNcm
CL =088<10 v
My ra  92801,50 kNcm
fy , 23,5kN/cm?
My ra = Wpiy - —— = 3949 cm® - ————— = 92801,50 kNcm
Ymo 1,0
Wy, = 3949 cm?® steber HEA 500

pLy

Kontrola strizne nosilnosti

Vea 149,92 kN

= =0,15<05 vV
Vorra  1020,02 kN
fy 23,5kN/cm?
|7 =A, - —=——=7518cm? - ——— = 1020,02 kN
pLRd v \/§ " yMO \/§ " 1,0
A—thf+(tw+2r)tf=

— —_7. . . } — 2

A, = max{ " 198 —-2-30-23+(1,2+2-2,7)-2,3=7518cm

n hw tw =
=1,2-444-1,2 = 63,94 cm?
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Odpornost elementov proti nestabilnosti

e uklonska nosilnost

fi
Npra = X A =2 > Ngg
Ym1

( ! _ 1
X = min i(ﬁ + ’(I)Z _ zz 0,544‘ + 4/ 0,54'4-2 — 0,272

1,0

= 0,984

$=05[1+a(A-02)+7 =
=0,5-[1+0,21-(0,27 — 0,2) + 0,27%] = 0,544
@=021  (SISTEN1993-1-1:6.3.1.2)

- Af, 198 cm? - 23,5 kKN/cm?
ﬂ_ = = = 0,27
N, 64171 kN

_m?El, m*-21000kN/cm?- 86970 cm*

Ner = 2z (544 cm)?
Npa _ 432,84 kN
N..  64171kN

Vpliv uklona se lahko zanemari.

= 64171 kN

= 0,007 < 0,04

e bocna zvrnitev upogibno obremenjenih elementov

£, 235
Myra = Xur Wty -2 = 0,979+ 3949 - =% = 90853 kNem = My, = 81560 kNm ¥

M1 ,
( 1 1

= \/ > = = 0,979

=2 0,599 +,/0,5992 — 0,75 0,49
b + w’¢fT =B Aur
oo = i) ! 4,165
720492 7
LT
1,0

_ — —2
¢r =05 [1 +arr (ALT - ALT,O) + B ALT] =
=0,5-[1+0,21- (0,49 — 0,40) + 0,75 - 0,492] = 0,599
a;r = 0,21 (SIST EN 1993-1-1: 6.3.2.2)

— Wiy f 3949 cm? - 23,5 kN/cm? -
A = / Py — = 0,49 > ;7 = 0,40
LT M,, 383030 kNcm LT.0

M. =C— [ELGI +n2E1“’EIZ—177
SR AN (k, L)? 71,0544
21000 - 10370 - 8077 - 309 + T 21000+ 5643000 21000-10370 _ ...,
(1,0 - 544)2 - cm

¢, = 1,77 (k, = 1,0)
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e tlacno in upogibno obremenjeni elementi

NEd My Ed
—+ kyy——=<1
Npl,Rd ry My,pl,Rd
Y Ym Ty
432,84 kKN 81560 kNcm
+ 0,628 - =0,09+056=065<1V

0,984 - 4653 kN/1,0 0,979 -92801,5 kNem/1,0

- Ngq )
C 1+(A-02)——mM
i < ( ) Ay Npl,Rd/VM1

Crmy (1 +0,8 L)
\ Xy Npl,Rd/YMl

0,6 (1+(027 0,2) 43284 kN )—0628
’ ’ "®7 0,984 -4653kN/1,0/

kyy:mmt 0,6 (1+08 43284 kN )—0645
’ "~ 0,984 -4653kN/1,0/

Faktor nadomestnega upogibnega momenta
Cny=06+04Y=06+04-0=06<04

kyy = min <
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8.3.11 Kontrola poskodb (kontrola relativnih pomikov etaz) — okvir A

Pogoj za stavbe, pri katerih so nekonstrukcijski elementi pritrjeni na konstrukcijo tako, da deformacije
konstrukcije nanje ne vplivajo (SIST EN 1998-1, poglavje 4.4.3.2)

dT,i v < 0,010 . hi
v(y;=10)=0,5

-17,0 d -16,1

o

A A

Slika 90: Horizontalni pomiki etaZ za potresni del obteZbe [mm]

1,27cm+ 1,16 cm
2

2,11 cm+ 2,02 cm
2

dr,lzde,l'qY=( )'4=1,22cm-4=4,88cm

dyy=de1 qy = ( - 1,22 Cm) -4 =13,40cm

1. etaza
dry'v=488cm-0,5=244cm <0,010-h; =0,010-544 cm = 5,44 cm v
2. etaza - streha

dy, v =340cm-0,5=1,70 cm < 0,010 - h, = 0,010 - 320 cm = 3,20 cm v’
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8.3.12 Kontrola nosilnosti v pre¢ni smeri - okvir 1 s centri¢nim povezjem (sistem nateznih
diagonal)

8.3.12.1  Gravitacijski del obtezbe

G+, - Q
Y,=¢- P, =08-03=0,24
Lastna teza

Lastna teza jeklenih nosilcev okvira je zajeta v izraCunu s programom SCIA Engineer.
Stalna obtezba

e medetazna konstrukcija gm = 12,47 KN/m
e streha 0s= 1,59 kN/m
o fasada gn= 1,69 kN/m

gr= 1,73kN/m

Spremenljiva obtezba
e koristna obtezba medetaze gm = 11,40 KN/m

8.3.12.2 Potresni del obtezbe

Fo=y;-F®68,,=10-2676kN-1,6 = 42,82 kN
Fy=v; E"-68,,=1,0-687kN-1,6 = 10,99 kN
y; =10 faktor pomembnosti stavbe (kategorija Il - obicajne stavbe)

Na sliki 91 je prikazana razporeditev gravitacijske in potresne obtezbe na okvir 1 v programu SCIA
Engineer.

Js
(VY VNV VYV VYV VYV VYV VYV VYV VYV VYV VYV

L FIEES el |

T
T

gm N

LD
Ll

<<

<

Fi

g gr gft

[€<<<<<c<<c<c<c<c<c<cc<c<cc<c<c<<<q

XL LT EEEE XXX

LR S S S S R S LS

e
Ds

Slika 91: Obtezba na okviru 1 s centri¢nim povezjem

8.3.12.3  Analiza okvira 1 s centri¢nim povezjem

Notranje sile in momenti za gravitacijski in potresni del obtezbe so prikazani na slikah 92 do 97.
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Slika 92: Momenti My [kNm], gravitacijska obteZba
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Slika 93: Prec¢ne sile V [kN], gravitacijska obtezba
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Slika 94: Osne sile N [kN], gravitacijska obtezba
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-1,38

7 1,38

- E op't
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-55,99

-3,35 —
A
Slika 95: Momenti My, [kNm], potresna obtezba
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Slika 96: Pre¢ne sile V [kN], potresna obtezba
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Slika 97: Osne sile N [kN], potresna obteZba
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8.3.12.4  Diagonalni elementi

Posebna pravila za okvire s centriénimi povezji (SIST EN 1998-1, poglavje 6.7.1)
AT — A"
At + A~
kjer sta A* in A~ povrsini vodoravnih projekcij pre¢nih prerezov nateznih diagonal, pri ¢emer imajo
vodoravni potresni vplivi pozitivno ali negativno smer. Velja za diagonali v obeh etazah.

=0<0,05 v

Vsi prerezi so v 1. razredu kompaktnosti (SCIA Engineer).

8.3.12.4.1 Dimenzioniranje diagonale (B7) - Palica @12, S235

Notranje kolic¢ine
Ngg = 9,05 kN (nateg)
Nosilnost prereza
e nateg
Af, 1,13 cm?-23,5KkN/cm?
Yio 10

Ny ra = = 26,56 KN > Ngz = 9,05 kN v/

8.3.12.4.2 Dimenzioniranje diagonale (B8) - U 65, S235

Notranje kolic¢ine
Ngg = 73,13 kN (nateg)
Nosilnost prereza
e nateg
Af, 9,03 cm?-23,5kN/cm?
Yio 1,0

Ny ra = = 212,21 kN > Ng; = 73,13kN v

8.3.12.5 Nosilci in stebri

Posebna pravila za okvire s centri¢nimi povezji (SIST EN 1998-1, poglavje 6.7.4). Faktor dodatne
nosilnosti za nosilce in stebre, ki so obremenjeni z osno silo

Q) = min —Npl’Rd’i
Ed,i
Ny ra,i Projektna nosilnost diagonale i pri nominalni trdnosti fynom

Ngq;  projektna vrednost osne sile v isti diagonali i pri potresnem projektnem stanju

Enakomerno sipanje v diagonalah se zagotovi z omejitvijo razlike velikosti najve¢jega in najmanjsega
faktorja dodatne nosilnosti

Qmax <125
min -

Vsi prerezi so v 1. razredu kompaktnosti (SCIA Engineer).
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Izracun faktorjev dodatne nosilnosti

_ Npira1  212,21kN

Q= = =290
Y7 Npq:  73,13KkN
23,5 kN /cm?
Ny raa = 41 i = 9,03 cm? —/ = 212,21 kN
Ymo 1,0
0 - Npiraz 2656 kN 503
27 Ngap  905kN 7
23,5 kN/cm?
Npira2 = 4z Iy = 1,13 cm?  23,5kN/cm” = 26,56 kN
Ymo 1,0
Q 2,93
7 = =101<1,25 v
Qmin 2,90

Q = min {Q;Q,} = 2,90

8.3.12.5.1 Vpliv teorije drugega reda

Vpliv teorije drugega reda (SIST EN 1998, poglavje 4.4.2.2)

1. etaza
Ptotl - dT 1 260,67 kN - 18,40 mm
6, = . == = 0,016 < 0,100 v
' Vee1hy  53,81kN-5440 mm
dr1 =deqqx =4,60mm-4 = 18,40 mm
h; = 5440 mm
Pror1 = 68,12 kN + 124,13 kN + 68,42 kKN = 260,67 kN
Viot1 = F1 + F, = 42,82 kN + 10,99 kN = 53,81 kN
2. etaza
P -d 42,11 kN - 13,00 mm
6, = tot2 " Ar2 _ 0,016 < 0,100 v

Viotz "Rz~ 10,99 kN -3200 mm

dT,Z = (de,z - de,l) ‘dx = (7,85 mm — 4‘,60 mm) 4 = 13,00 mm

h, = 3200 mm
Pot1 = 13,39 kN + 15,18 KN + 13,54 kN = 42,11 kN
Viot2 = F, = 10,99 kKN

Vpliv teorije drugega reda ni potrebno upostevati, saj sta pogoja izpolnjena za obe etazi.
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8.3.12.5.2 Dimenzioniranje precke medetaze HEA 220, S235

Obremenitev

Mgq = Mgag + 1,1 Yoy - Q- Mgz = 32,18 KNm + 1,1+ 1,25 - 2,9 - 3,95 kNm
= 47,93 kNm

Nga = Nggg + 1,1 Vop - Q- Npgp = —6,65 kN + 1,1- 1,25+ 2,9 - 52,08 kN
= 201,02 kN (tlak)

Vea = Veag + L1 Vo - Q" Vggp = 42,82 kN + 0 kN = 42,82 kN

Kontrola upogibne nosilnosti
Mgq 4793 kNcm

= =036<10 v
Myiyra 13348 kNem
fy ; 23,5kN/cm?
Myiyra = Wpiy - —— = 568 cm B 13348 kNcm
Ymo )
W1y = 568 cm? precka HEA 220
Kontrola osne sile
N, 201,02 kN
CL =0,13<0,15 v
Nyiga  1511,05kN
23,5 kN/cm?
Nyira = A- Iy _ 64,30 cm? 235 KN/em” 1511,05 kN
' Ymo 1,0
A = 64,30 cm? precka HEA 220
Kontrola precne sile
V, 42,82 kN
Ed__ =0,15<05 v
Vprra 279,90 kN
fy 23,5 kN/cm?
V. =A, ——— = 20,63 cm? - ——— = 279,90 kN
plL,Rd v \/§ Yo \/§ . 1’0
( A=2btr+ (ty+27)tr =
— — . . . . — 2
A, = max{ =643-2-22-11+(07+2-1,8)-1,1 = 20,63 cm
nhy t, =
k =1,2-18,8-0,7 = 15,79 cm?

8.3.12.5.3 Dimenzioniranje precke strehe IPE 180, S235

Obremenitev
Mgg =Mgag + 1,1 ¥op Q- Mggp =595kNm + 1,1+ 1,25-2,9- 1,38 kNm = 11,45 kNm
Ngg = Nggg+ 1,1 Yoy Q- Npgg = 9,24 kN + 1,1 1,25-2,9- 9,57 kN = 47,40 kN (tlak)
Vea = Veag + 11 Vop - Q- Vpqp = 544 kN + O kN = 5,44 kN

Kontrola upogibne nosilnosti

Mgg ~ 1145kNcm
My yra  3910,40 KNcm

=029<10 v
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fy 5 235 kN/cm?
Myiyra = Wiy - —— = 166,40 cm® - —————— = 3910,40 kNcm
Ymo 1,0
Wy, = 166,40 cm®  precka IPE 180
Kontrola osne sile
N 47,40 kN
Ed__ -008<015 v
Npira 561,65 kN
23,5 kN /cm?
Npgg = A Iy _ 23,90 cm? (235 KN/em” 561,65 kN
Ymo 1,0
A = 23,90 cm? precka IPE 180
Kontrola precne sile
v, 5,44 KN
Ed__ =0,04<05 v
Vpira 151,96 kN
fy 23,5kN/cm?
V. =A, —2 — =11,20cm? - —— = 151,96 kN
plL,Rd v \/§ a0 \/g ] 1,0
( A—thf+(tw+27")tf=
= —2. . . . — 2
4, = max{ =2390-2-91-08+(0,53+2-0,9):0,8=11,20cm
n hw tw =
\ =12-164- 0,53 = 10,43 cm?

8.3.12.5.4 Dimenzioniranje stebra HEA 220, S235

Obremenitev
Mgg = Mgge + 1,1 Yoy Q- Mggg
Ngg = Nggg + 1,1 ¥op - Q- Nga g
Vea = Veae + 11 Voo " Q- Viap

Prerez stebra ob vpetju 1-1
Mgg' =0
NE;1=6843kN+1,1-1,25-2,9-56,00 kN = 314,83 kN
Vgz'=210kN + OkN = 2,10 kN

Prerez stebra pod prvo etazo 2-2
M2;?2 =11,43kNm+ 1,1-1,25-2,9- 0,40 kNm = 13,19 kNm
NZ;%=56,54KkN + 1,1-1,25:2,9 56,00 kN = 302,94 kN
V272 =210kN+1,1-1,25-2,9-0,07 kN = 2,41 kN

Kontrola osno upogibne nosilnosti
Ngq 302,94 kN

= =0,21<0,25 v
Nyira  1511,05 kN
23,5 kN/cm?
Npra = A f—y = 64,30 cm? —/ = 1511,05 kN

Ymo 1,0
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A = 64,30 cm? steber HEA 220
0,5hy tyfy, 05-188-0,7-235
Ymo 1,0

Ngg = 314,83kN < = 154,63 kN

Osna sila vpliva na zmanj$anje projektne plasticne upogibne nosilnosti prereza.
Mgy 1319 kNcm

= =0,11<10 v
Myyra  12051kNcm
Mpl,y,Rd
My y ra = min 1-n
PLYRA T 05 g
fy , 23,5kN/cm?
My .y ra = Wpyy - —— =568 cm® - —————— = 13348 kKNcm
Ymo 1,0
Wy, = 568 cm® steber HEA 220
M 1=m 13348KN 12021 o051k
PLYRA T 05q M 1705-025 cm
Ngq 302,94 kN
n= = = 0,21
Npira 1511,05kN
A—thf 64,30—-2-22-1,1
. = = 0,25
a = min A 64,30
0,5
Kontrola strizne nosilnosti
V 2,41 kN
Ed _ =0,01<05 vV
Vorra 279,90 kN
fy 23,5kN/cm?
Vv =A, - ——=20,63cm? - ————— = 279,90 kN
plL,Rd v \/§ Yo \/§ . 1’0
( A=2btr+ (ty+27)tr =
—_ — . . . . — 2
A, = max{ =643-2-22-11+(074+2-1,8)-1,1 = 20,63 cm
n hy ty =
k =1,2-188-0,7 = 15,79 cm?
Odpornost elementov proti nestabilnosti
e uklonska nosilnost
23,5 kN/cm?
Nyra =x A f—y = 0,877 - 64,3 cm? —/ = 1325 kN > Ng; = 302,94 kN v
' Ym1 1,0
1 1
( - : _= 0877
4 = min id) . /¢2 2 0744+/0,7447 0,63
1,0

$=05[1+a(1-02)+7 =

=0,5-[1+4021-(0,63—0,2) + 0,632] = 0,744
a =021 (SIST EN 1993-1-1: 6.3.1.2)
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- Af, 64,3 cm? - 23,5 KN/cm?
A= = = 0,63
N,, 3789 kN

n?El, w?-21000kN/cm?-5410 cm*
car = 7 = > = 3789 kN
5 (544 cm)

e boc¢na zvrnitev upogibno obremenjenih elementov

£, 23,5
My ra = Xir Wiy = 0,953 568 - ——- = 12721 kNem 2 My, gq = 1319 kNm v/
M1 ,
1 1
= \/ = = = 0,953
-2 0,645+ +/0,645% — 0,75 0,58
b + \fﬁbfT — B Aur
Xir = min< 1 2 973
720582 7
LT
1,0

— - —2
¢rr =05 [1 +apr (ALT - ALT,O) + B ALT] =
—0,5-[140,21- (0,58 — 0,40) + 0,75 - 0,582] = 0,645
@y =021  (SIST EN 1993-1-1: 6.3.2.2)

l Woy f; 568 cm? - 23,5 kN/cm? _
ply Jy )
hur \/M—cr J 39549 kNem 0,58 2 A0 = 0,40

21000 - 1950 - 8077 - 28,50 + - 21000 193300-21000-1950 _ o o\
’ (1,0 - 544)2 - cm
C, = 1,77 (k, = 1,0)
¢ tlaéno in upogibno obremenjeni elementi
NEd My Ed
—  tkyy—a——<1
Npira 7Y Mypira
Y Ym Lt Ym1
302,94 \N + 0,659 1319 kNem =0,23+0,07=030<1 Vv
0,877-1511kN/1,0 0,953 -13348kNcm/1,0 LT =

(Cmy (1 +(2-102) L)

Xy sz,Rd/VM1

kyy = min Ny
k Cmy (1 * 0’8)(3/ Npl,Rd/VMl)
302,94 kN
P {0‘6 ' (1 +(063-0.2) 5877 1511,05 kN/l,O) = 0,659
vy 302,94 kN
| 06 (1 +08- 5877 151108 kN/1,0) =0.710

Faktor nadomestnega upogibnega momenta
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Cmy =0,6+0,4 =0,6+0,4-0=0,6< 0,4

8.3.13 Kontrola poskodb (kontrola relativnih pomikov etaz) — okvir 1

Pogoj za stavbe, pri katerih so nekonstrukcijski elementi pritrjeni na konstrukcijo tako, da deformacije
konstrukcije nanje ne vplivajo (SIST EN 1998-1, poglavje 4.4.3.2)

dT,i v < 0,010 . hi
v(y;=10)=0,5

1,9

'

0,7

4,6

-0,8

A A A
Slika 98: Horizontalni pomiki etaz za potresni del obtezbe [mm]

0,48 cm + 0,44 cm
2

0,80 cm + 0,77 cm
2

dr,lzde,l'qY=( )'4=0,46cm-4=1,84cm

dyy=de1 qy = ( - 0,46 cm) -4 =1,30cm

1. etaza
dyy1-v=184cm-0,5=092cm <0,010- h; = 0,010 544 cm = 5,44 cm v
2. etaza - streha

dy-v=130cm-0,5=0,65cm<0,010-h, =0,010-320cm =3,20cm v
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8.4 POVZETEK POTRESNEGA PROJEKTNEGA STANJA NA OBA NACINA

8.4.1 Momentni okvir 2

»250)I + I
1 + 1var (1PE300; 2500+ Tvar (TPE30y, 559

pamm———

_’—’_/ \‘QQ
S B

= T

i
7

I + I var (HEA450; 350)

HEA500
HEA500

Slika 99: Okvir 2, MSN in MSU ter PPS, q=1,5

Preglednica 21: Okvir 2, razred nizke duktilnosti (DCL), faktor obnasanja q = 1,5

Element SN i Kriti¢en pogoj povecanja
MSU q=15 pogoj p )

Odpornost elementov proti nestabilnosti, tlacno in upogibno

Stebe HEA 450 | HEA 500 . . .
' obremenjeni elementi (poglavje 8.2.8.4.1)

Precka | HEA 450 | HEA 450
Precka IPE 300 IPE 300

Preglednica 22: Okvir 2, razred srednje duktilnosti (DCM), faktor obnasanja q = 4

Element SN s Kriti¢en pogoj povecanja

Nosilnost precnih prerezov, upogib in osna sila (poglavje

Steber | HEA 450 | HEA 500 8.3.10.6.3)

Pre¢cka | HEA 450 | HEA 450
Precka IPE 300 IPE 300

Preglednica 23: Horizontalni pomiki etaz za potresni del obtezbe

Pomik, PPS Pomik, PPS Dopustni
g=15 g=4 pomik

1. etaza 4,37 cm 4,34 cm 5,44 cm

2. etaza 1,28 cm 1,26 cm 3,20 cm

Etaza
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8.4.2

ey

1’5}189:—:::::’—"\

Okvir 1 s centri¢nim povezjem (sistem nateznih diagonal)

2 = T
(S o ——
£
E U
E 3 ’
& Q,?f’-"
HEA220 :

i — 7!
[-] (-]
a a

o 5,
ﬁ 2 3 5
= = T
= y
")
S

Slika 100: Okvir 1, MSN in MSU ter PPS, g =1,5

Preglednica 24: Okuvir 1, razred nizke duktilnosti (DCL), faktor obnasanja q = 1,5

Element MSN in PPS Kriti¢en pogoj povecanja
MSU q=15
Steber HEA 220 | HEA 220
Precka HEA 220 | HEA 220
Precka IPE 180 | IPE 180
Diagonala 012 U 65 Nosilnost preénih prerezov, nateg (poglavije 8.2.10.4)
Diagonala 012 L 20x3 | Nosilnost precnih prerezov, nateg (poglavje 8.2.10.4)

Preglednica 25: Okvir 1, razred srednje duktilnosti (DCM), faktor obnasanja q = 4

Element MSN in PPS Kriti¢en pogoj povecanja
MSU q=4

Steber HEA 220 | HEA 220

Precka HEA 220 | HEA 220

Precka IPE 180 | IPE 180
Nosilnost pre¢nih prerezov, nateg in faktor dodatne nosilnosti

Diagonala 012 U 65 Q za zagotovitev enakomernega sipanja energije v diagonalah
(poglavje 8.3.12.9.2)

Diagonala 012 012

Preglednica 26: Horizontalni pomiki etaz za potresni del obtezbe

. Pomik, PPS Pomik, PPS Dopustni
Etaza .
q=15 q=4 pomik
1. etaza 0,93 cm 0,92 cm 5,44 cm
2. etaza 0,64 cm 0,65 cm 3,20 cm
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8.4.3

Okvir A s centri¢nim povezjem (sistem nateznih diagonal)

CFCHS101.6X4

HEA500

~Loy 0
X i*s;
IPE240
< 8
% 3
=
° 4
&

Slika 101: Okvir A, MSN in MSU ter PPS, q=1,5

Preglednica 27: Okvir A, razred nizke duktilnosti (DCL), faktor obnasanja q = 1,5

Element MSNin PPS Kriti¢en pogoj povecanja
MSU q=15
Steber HEA 450 HEA 500 | Momentni okvir 2, PPS, q=1,5
Preika IPE 220 IPE 240 Odpo_rnost element_ov _proti nest_abilnosti_, tla¢no in
upogibno obremenjeni elementi (poglavje 8.2.12.4.1)
Preika Cev Cev Odpornost elementov proti nestabilnosti, uklonska
060,3x3,2 | ©101,6x4 | nosilnost (poglavje 8.2.12.4.2)
Diagonala / U 160
Diagonala / L 50x40x5

Preglednica 28: Okvir A, razred sredn;j

e duktilnosti (DCM), faktor obnaSanja q = 4

Element MSN in PPS Kriticen pogoj povecanja
MSU q=4
Steber HEA 450 HEA 500 | Momentni okvir 2, PPS, q=4
Precka IPE 220 IPE 220
Precka Cev Cev Odpornost elementov proti nestabilnosti, uklonska
060,3x3,2 | ©88,9x3 | nosilnost (poglavje 8.3.10.6.1)
Diagonala / U 65
Diagonala / L 25%3

Preglednica 29: Horizontalni pomiki etaz za potresni del obtezbe

. Pomik, PPS Pomik, PPS Dopustni
Etaza .
g=15 g=4 pomik
1. etaza 0,99 cm 2,44 cm 5,44 cm
2. etaza 0,70 cm 1,70 cm 3,20 cm
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9 STREHA IN FASADA

R

®

— —
- i
< ><
P P
— .
b -
>< ><
g, Py
e -
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ey P
~— —
>< ><
& >
o Prag

Slika 102: Zasnova strehe in fasade

9.1 STRESNI PANELI

Na stresne lege so pritrjeni ognjevarni stre$ni paneli Trimo SNV 150. Debelina panela je 15 cm.
Dopustna razdalja med legami za stre$ne panele Trimo SNV 150 pri obremenitvi snega 1,27 kN/m? je
3,40 m (Priloga D: Stre$ni paneli Trimo - dopustne razdalje med podporami). Paneli se pritrjujejo na
lege po navodilih proizvajalca.

9.2 FASADNI PANELI

Direktno na stebre so horizontalno pritrjeni fasadni paneli TrimoRaster FTV R 150. Debelina panela je
15 cm. Dopustna razdalja med stebri za fasadne panele TrimoRaster FTV R 150 pri pritisku vetra 0,59
kN/m? in srku vetra 0,30 kN/m? je 6,50 m (Priloga D: Fasadni paneli Trimo - dopustne razdalje med
podporami). Paneli se pritrjujejo na stebre po navodilih proizvajalca.
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10 ZNACILNI SPOJI

Spoje dimenzioniramo kot polno nosilne, da zagotovimo nastanek plasti¢nega ¢lenka v preckah in
diagonalah.

Rd > 1,1 Yov Rfy

Ry odpornost spoja v skladu s SIST EN 1993-1-8

Rr,  plasti¢na odpornost priklju¢enega elementa, sposobnega sipati energijo,
izracunana na podlagi projektne vrednosti napetosti teenja fy

Yo = 1,25 faktor dodatne nosilnosti (SIST EN 1998-1, poglavije 6.2)

10.1 VIJACENI MOMENTNI SPOJ PRECKE NA STEBER

10.1.1 Zasnhova

A-A <€|
_.__Iv__._ __.___IV___.__

HEA 500 i

L L
1 12

J
S

G| oo oo

HEA 450

44

103

S N VR —— | -

\_
7~

GO | oo oo

#124—35

|
T
|
|
!
|

<

b—30—F F——a9—F 120 a2

Slika 103: Vijaceni momentni spoj

10.1.2 Obremenitev

Mgg = 1,1 ¥4, Mpgp = 1,1-1,25-95079 kNcm = 130734 kNcm
Mgap = Mpirap + AM = 75576 KNcm + 19503 kNem = 95079 kNcm

fy 5 23,5kN/cm?
Mpl,Rd,b == Wpl,y,b = 3216 cmrr—m———— = 75576 chm
Ymo 1,0
Wpyiyp = 3216 cm®  precka HEA 450
AM = Vypim * Lyyta = 162,53 kN - 120 cm = 19503 kNcm
2 Mpl,Rd,b 275576 kNcm
pLM = JHEA450 = 930 cm

Vea = L1 yop - Vig = 1,1-1,25-310,29 kN = 427 kN

= 162,53 kN
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Via = Veag + Vpuu = 147,76 kN + 162,53 kN = 310,29 kN

10.1.3 Dimenzioniranje spoja

Dimenzije ¢elne plocevine in razpored vijakov

Vijaki M27; 8,8
d =27 mm premer vijaka
dy = 30 mm premer luknje za vijak
A = 5,73 cm? prerez vijaka
Ag = 4,59 cm? strizni prerez vijaka
fup = 80 KN/cm? natezna trdnost vijaka

Razporeditev vijakov (slika 104)
e; = 2dy =54 mm
p1 = 3dy = 81 mm
e, = 1,5d, = 40,5 mm
p2 = 3dy =81 mm

e o 0y
;“gr: CCICITITIIIIIIIIC /
e e S
e =
He e .
L X e 4 ¢ 3
‘_;"% N . e v . '-‘ﬂ?h Z::_
Qe e
e ¢ g
e ¢
&il: S = I — i
) © & S EeE e
 brok 156 trok
30

Slika 104: Izbrane dimenzije ¢elne plocevine, razpored vijakov in sile v vijakih
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Sile v vijakih v eni vrsti

_1"Mgg  8,05cm-130734 kNcm

A=—57 = 21072 cm? = 4994 kN

F, = 1y Mgy _ 17,50 cm - 130734 kKNcm — 10857 kN
Yrf 21072 cm? ’

F, = 13 Mgy _ 26,95 cm - 130734 kNcm — 16720 kN
Yrf 21072 cm? ’

F, = 1y - Mgy _ 42,45 cm- 130734 kNcm — 263.37 kN
Yrf 21072 cm? ’

F, = 15 Mgq _ 51,45 cm- 130734 kNcm — 31920 kN
Y 21072 cm? '

F, = Te* Mgq _ 60,45 cm - 130734 kNcm — 375 04 kN
Y 21072 cm? '

F, = 17 Mgq _ 69,45 cm - 130734 kNcm — 430.88 kN
Yrf 21072 cm? ’

P, = Tg - Mg4 _ 83,95 cm - 130734 kNcm — 52084 kN = E
nr? 21072 cm? ' max

Kontrola natezne nosilnosti vijaka
Fnax _ 520,84 kN

F, ., = =
t,Ed n 2

=26042kKN<F,pq v

n =2 Stevilo vojakov v eni vrsti

0,9 fup A _09-

80kN/cm? - 5,73 cm?

Fira = y
M2

Kontrola strizne nosilnosti vijaka
Vea 427 kN

F, oy =—2
vEd ™ 18

125 = 330,05 kN

=23,72kKN<F,pq v

m =18  strizno silo prevzamejo vsi vijaki

0,6- fub " A

1 0,6 - 80 kN/cm? - 4,59 cm?

= 176,26 kKN

Fypa=n- =
' Ym2

n =1 strizna ravnina

Interakcija nateg in strig

FiEa Fyka
1,4 Fira  Fyra

0,56+0,13=0,69<1,0 vV

<10

Kontrola nosilnosti na bo¢ni pritisk

Celna plo¢evina tep = 30 mm, (tg, = d)

1,25

25-a-fy-d-t 250667362723

Fb,Rd =

Ym2 1,25
fu =36kN/cm?  natezna trdnost S235

=29823KkKN=F,pq Vv
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t= min{tf, tép} = 2,3 cm

tr = 2,3 cm HEA 500

4@ _ % _ 67
3d, 33 '
pp 1 9 1
= ——=———-2=10,75
a=min{3d, 4 '3 4
80
Tu 80 _ )22
f. 36
1,0

Kontrola preboja plocevine

06 fy'm-dy-t 06-36-m-426-23
Ym2 1,25

dym =42,60 mm premer glave vijaka

Bp,ra = =531,90kN > Fypq v

10.1.4 Steber v obmoc¢ju spoja

Pasnica stebra v obmocju netezne obremenitve
tr=23mm =05ty =15mm v
tr=23mm=>0,8-d=21,6mm v
(Ce pogoja nista izpolnjena, dodamo podlozne ploscice)
Kontrola vnosa koncentrirane sile Fc v steber

Silo Fc prevzamejo del stojine stebra in pre¢ne ojacitve stebra.

A-A <

o s .._..__._.._.N_._.____.
HEA 500 i
2] .,
i HEA 450 | ¢
|
© |
o |
T |
jv
ﬁgf <—F;
S
i —t ____J____
td td <
oﬁ O 49—} 120 k

Slika 105: VVnos koncentrirane sile ter pre¢na in dodatna ojaditev

FC=

1

F, = 2235kN

n
=1
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Sila, ki jo prevzame stojina

fy 23,5kN/cm?
—=2575cm-1,2cm-—— = 726,15 kN
Ymo 1,0

beff:tf+2t(:p+2a\/§+5K

NRd,W = beff tw

besr =23+2-3+2:0,6:V2+5-3,15=2575cm
a=05t,=05-12cm=0,6cm debelina zvara med pasnico stebra in
precno ojacitvijo
K=tf+a\/§= 2,3cm+0,6-\/§cm= 3,15 cm

Sila, ki odpade na precne ojacitve
Nrapo = F¢c — Nggw = 2235 kN — 726,15 kN = 1508,85 kN
fy

NRd,po < bpo tpo
Ymo

. < NrapoYuo _ 150885 kN - 1,0
PP~ by fy  30cm-23,5kN/cm?

= 2,14 cm

Izbrana debelina pre¢ne ojatitve t,,, = 2,2 cm
Stojina stebra v strigu
Vea = Fe = 2235kN < Vg
_ Ay fy 7518cm?-23,5kN/cm?
LRd — \/§YM0 - \/§ 1’0
A=2btr+ (ty +27)t =
=198-2-30-23+(1,2+2-2,7)+2,3 =75,18 cm?

nhy ty, =
=1,2-444-1,2 = 63,94 cm?

= 1020 kN

Vp

A, = max

Stojino stebra je potrebno dodatno ojacati.
AVgq = Vgg — Vprra = 2235 kN — 1020 kN = 1215 kN

Mg < hy tgp —L—

V3 Ymo

AVegV3ymo  1215kN-v3-1,0

tyy > - = 2,29
o =""n 7 39 cm - 23,5 kN/cm? cm

Izbrana debelina dodatne ojacitve stebra t;, = 1,2 cm obojestransko.

10.1.5 Zvari

Vsi zvari so kotni polno nosilni.
Amax = 0,46 t
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10.2 VIJACENI CLENKASTI SPOJ PRECKE NA PRECKO

10.2.1 Zasnhova

<& | A-A

) IPE 220 |

44
A
1
T
i

HEA450 )\

' 30 f

Slika 106: Vijaceni ¢lenkasti spoj

10.2.2 Obremenitev

Veqa = 74,23 kN (poglavje 4.3.3.1)

10.2.3 Dimenzioniranje spoja

Dimenzije vezne plocevine in razpored vijakov

Vijaki M24; 8,8
d =22 mm premer vijaka
dyp = 24 mm premer luknje za vijak
A =3,8cm? prerez vijaka
As = 3,03 cm? strizni prerez vijaka
fup = 80 kN/cm? natezna trdnost vijaka

13—t

-+
| I
<~
& |4
< : <
w ©

;,5 f-3,3-4-33-F

Slika 107: Razpored vijakov
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Razporeditev vijakov (slika 109)
e, = 2dy=48mm
p1 = 3dy =72 mm
e, = 1,5d; =36 mm
A =5mm

Debelina vezne plocevine

h2, t
Mgq < Wyp f—y=—vp = f—y
Ymo 6 Ymo

6 Mgq Ymo B 6-282,07 kNem - 1,0

P hi,f,  (154cm)?-23,5kN/cm?

= 0,30 cm

Mgy = Vgg (A+e,) = 74,23 kN - 3,8 cm = 282,07 kNcm

Izbrana debelina vezne ploevine t,, = 1 cm
Kontrola strizne nosilnosti vezne plo¢evine

_ Ayfy 154.cm®-23,5kN/cm?
LRa = = 7310
A, = hyy ty, =154 cm- 1 cm = 15,4 cm?
0,5 Vypa = 104,47 kN > Vgq = 74,23 kN v/

Vp

= 208,94 kN

Zvar med vezno plocevino in nosilcem
a=4mm 3mm<ac<046t=4,6mm)
L, =h,,p—2a =154cm—2-0,4cm = 14,6 cm

Kontrola nosilnosti zvarov

C Ve TAZBN
I 2al, 2-04cm-146cm cm
Mg _ 6Mpq __6-282,07kNem

= = = 9,92 kN/cm?
W, 2al, 2-04cm- (14,6 cm)? /em

v +n2 = /(6,36 cm)2 + (9,92 cm)? = 11,78kN/cm? < fora ¥

fu _ 36 kN/cm?
V3Byyumz V3:08-125

Kontrola strizne nosilnosti vijaka

fow,ra = = 20,78 kKN/cm?

Vea 74,23 kN
F,,=—=T=37,12kN
m =2 strizno silo prevzameta oba vijaka
Mgy 282,07 kNcm

22 6,4 cm

p1 =6,4cm  razmak med vijakoma

Fopq = /sz +F2 =+/(37,12kN)2 + (44,07kN)2 = 57,62 kN < F, oy v
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0,6 * fup " As 0,6 - 80 kN/cm? - 3,03 cm?

v,Rd n Yuz 1,25 ’
n =1 striznaravnina

Ve

T

: <

Lo | L
ANPA
[ FV

. <

©

Fm i /\ I AT MEd

RNA

: Fo | @

1

38—

Slika 108: Strizna nosilnost vijaka

Kontrola nosilnosti na bo¢ni pritisk

25-a-f,-d-t 25-063-36-2,2-0,59
Ym2 1,25

f., =36kN/cm? natezna trdnost S235

Fyra = =58,88kN > F, g = 57,62 kN v

t = min{tw, t,,p} = 0,59 cm
tw = 0,59 cm IPE 220

—=——=20,63
3dy 3-24
pp 1 6,4 1
== ——=0,64
a=min{3d, 4 3-24 4
80
fun _80_ ;02
w36
\ 1,0
Strizni iztrg (»Block Shear«)
) IPE 220
Anv =

________/\/________

Slika 109: Strizni iztrg
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36
Verfra = 0,5 Ay f—u + A, f—y =05-124-——+4,31-

Yum2 NERIT 1,25 V3:1,0
2,4 cm

)

= 76,33 kN

d
Ane = (ez — 7()) tr = (3,3 cm — ) 0,59 cm = 1,24 cm?

Apy = (61 +p1 —1,5d,) t; = (454 6,4 —1,5-2,4)- 0,59 = 4,31 cm?
Versra = 76,33 kN = Vgq = 74,23 kN v

10.3 SPOJ NATEZNE DIAGONALE NA STEBER

10.3.1 Zasnhova

HEA 500 |

7

42,7

1,24 414 ¥
Slika 110: Spoj diagonale na steber
10.3.2 Obremenitev

Npa = 1,1 Vop - Nygg = 1,1- 1,25 - 564 kN = 775 kN
Af, 24cm?-23,5kN/cm?

N = = 564 kN
tRd = 10
10.3.3 Dimenzioniranje spoja
Vijaki M30; 8,8
d =30 mm premer vijaka
dy = 33 mm premer luknje za vijak

A = 7,07 cm? prerez vijaka
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Ag = 5,61 cm? strizni prerez vijaka

fup = 80 kN/cm? natezna trdnost vijaka
Razporeditev vijakov (slika 113)

e, = 2dy =66 mm

p1 = 3dy =99 mm

e, = 1,5d, = 49,5 mm

| | L
; 7 ' 1
|
|
| ! U160 |
R S -~
NPARN TR 7 A
' i |
il | |
1 ]
|
L |
F—6—F—9—F—9—F—9—F-6—F
Slika 111: Razpored vijakov
Kontrola strizne nosilnosti vijaka
Ngg  775kN
Fypa = -1 - 194 kN < Fypg ¥
m =4 strizno silo prevzamejo vsi vijaki
0,6 - <A 0,6 -80kN/cm? - 5,61 cm?
Fyrg=1" fun A _ . / = 215,42 kN
' Ym2 1,25
n =1 strizna ravnina
Vezna ploc¢evina
N, 775kN- 1,0
by = —Ea MO =1,18cm
fy (b—dy) 23,5kN/cm?- (31,18 cm — 3,3 cm)
b=2x=2-1559cm = 31,18 cm
x =tgy-1=1tg30"-27 cm = 15,59 cm
l=3p;=3-9cm =27 cm
Izbrana debelina vezne plocevine t,,, = 1,4 cm
Kontrola neto prereza
A 21,53 cm? - 23,5kN/cm?
Ngq = 775 kN < =& Iy _ fem” _ 5058 kN x

Ymo 1,0
Aper =A—d-dy=24cm?—-0,75cm- 3,3 cm = 21,53 cm?
Na osnovni U profil privarimo podlozno plocevino.

ANgg = Nggz — 505,8 kN = 775 kN — 505,8 kN = 269,2 kN
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ANgq4 Yumo 269,2-1,0
typ = = =1,35cm
fy(h—do—2(t+7)) 235-(16—-3,3—2-(1,05+ 1,05))

Izbrana debelina podlozne plocevine t,, = 1,4 cm
Kontrola nosilnosti na boc¢ni pritisk

2,5-a-fu-d-t_4 2,5-067-36-3-1,4
Ym2 - 1,25
f. =36 kN/cm? natezna trdnost S235

t= min{tu, t,,p} =1,4cm

Fyra =m = 810,4kN > Nyy = 775kN v/

ty =d+ty,, =075cm+ 1,4cm = 2,15cm

( ey 6
s =5—5=067
3dy 3-3
pp 1 9 1
. ——=———=-=0,75
a=min{3d, 4 3-3 4
80
fu 80 02
fu 36
1,0

10.3.4 Zvari

Debelina zvara
3mm<a<046t=>552mm
t= min{tw, t,]p} =1,2cm

Izbrana debelina zvara a = 5 mm
Dolzina zvarov in prerez

ljys=41—2a=41L4cm—2-0,5cm = 40,4 cm
lyy, =1, —2a=427cm—2-0,5cm = 41,7 cm
A=2-a" (s +lp2) =2-05cm- (40,4 cm + 41,7 cm) = 82,1 cm?

Kontrola nosilnosti kotnega zvara

f fu 36 kN/em® g kN/cm?
_ - = 20, cm
vw,Rd \/§,BW Yoo \/'3_) -0,8-1,25
Ngg 775kN
O = =g teme = HIN/em® < fowra Y
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10.4 CLENKASTI SPOJ STEBRA NA TEMELJ

10.4.1 Zasnova

50

/.

N

N
7‘;10 ¥

746/]
61
A-A
N -
| [—] I .
o
L A ¢

Slika 112: Spoj stebra na temelj

10.4.2 Obremenitev

Reakcije okvira A s centricnim povezjem
Ngg = R, =391 kN (nateg, izvlek)
Vgqa = R, = 370kN

Reakcije momentnega okvira 2

Ngg =R, =496 kN  (tlak)

10.4.3 Dimenzioniranje

Izbrana debelina celne plocevine tg, = 3 cm
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Zvar med ¢elno plo¢evino in stebrom HEA 500 (polno nosilen)
3mm<ar <046t = 10,58 mm
t= min{tf, t(‘fp} = 2,3cm
Izbrana debelina zvara a; = 10 mm
3mm<a, <046t =552mm
t= min{tw, t(‘fp} =1,2cm

Izbrana debelina zvara a,, = 5 mm
Sidrni vijaki M33; 8,8

d =33 mm premer vijaka

dy = 36 mm premer luknje za vijak
A = 8,55 cm? prerez vijaka

As = 6,94 cm? strizni prerez vijaka
fup = 80 kN/cm? natezna trdnost vijaka

Kontrola natezne nosilnosti vijaka

Npq 391KkN
Fipa = —*=—>—=196kN < Fypq ¥

n =2 Stevilo vojakov v spoju

09 fup-A _09-80 kN/cm? - 8,55 cm?

Fpy = = 492,48 kN
bR Ym2 1,25
Kontrola strizne nosilnosti vijaka
Vga 370kN
Fyga = - 18 185kN < Fypq v
m=2 strizno silo prevzameta oba vijaka
0,6 - A 0,6 - 80 kN/cm? - 6,94 cm?
Fypa =7" fun' 25 . / = 266,50 kN
' Ym2 1,25

n =1 strizna ravnina
Interakcija nateg in strig

Ft,Ed Fv,Ed
1,4- Ft,Rd Fv,Rd

<10

0,284+ 0,69=097<1,0 vV
Sidrna plo¢evina
Izbrana sidrna ploc¢evina dimenzij a/t = 120/15 mm
Kontaktne napetosti
Apn = a?> —m (dy/2)?> = (12 cm)? — - (3,6 cm/2)? = 133,82 cm?

fex  2,5kN/cm?
faa="7=———
Ye 1,5

Nsra = Agn fea = 133,82 cm?- 1,67 kN/cm? = 223,48 kN = F, ;g = 196 kN

= 1,67 kN/cm?
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10.4.4 Betonsko podlitje

Izbrana debelina betonskega podlitja t;, = 5 cm
Odpornost ploskve pri enakomerno razdeljeni obtezbi v obliki koncentrirane sile

Act , ,  [14400 cm?
FRdu = ACO de A_O = 2990 cm~ - 3,33 kN/cm ' m = 21850 kN
C

Frau < 3 Aco fea = 32990 cm? - 3,33 kN/cm? = 29870 kN v
Za betonsko podlitje uporabimo beton C50/60

foe _ 5kN/cm?

== = 3,33 kN 2
Ye 1,5 /em

fea =

Obremenjena povrsina
Aqo = by d; = 46 cm - 65 cm = 2990 cm?
by =b+2(ty +tp,) =30cm+2-(3+5)cm=46cm
d1=h+2(tép+tbp)=49cm+2-(3+5)cm=65cm
Projektna ploskev raznosa obremenitve
Ay = by dy =120 cm - 120 cm = 14400 cm?
b, =120cm <3 b, =138 cm

d, =120cm £ 3d; =195 cm

bz—b1=92Cm

htem=100cm2{dz_dl=55mrl

Sodelujoca povrsina podlitja

Fot n Fof
R — I
- - _—
| | |
| |
R SR | / A('I
S =
o Z J %_,
o ] *
| |
~ O | L
o | I I
A e P
’ll/ hw ’Il,

Slika 113: Sodelujoca povrsina podlitja

_, fy _3 23,5 kN/cm? _ 183
c=lo SO 137487 kN/em2 - 1,0 o0
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Nosilnost podlitja

Ay 2 14400 cm? ) ,
fia = B; Ay fea =3 | 5990 emz 333 kKN/em?® = 4,87kN/cm
2

ﬁj=§

b—t,
Aogp = b+ 200 (h+20) =2 (hy = 20) (%)

3 ,2
A =B0+2-483)-(49+2-483)—2-(444—2-4,83)" (T) = 1326 cm?

Kontrola nosilnosti podlitja
Fera = Aefs fia = 1326 cm? - 4,87kN/cm? = 6458 kN
Ngq = 496 kN (tlak) < F.pq v
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11 ZAKLJUCEK

V diplomski nalogi sem izdelal stati¢no analizo objekta iz jeklenih nosilnih elementov. Izdelal sem
tudi vse potrebne kontrole nosilnosti pre¢nih prerezov ter stabilnosti nosilnih elementov konstrukcije v
skladu z veljavnimi predpisi in standardi Evrokod in pripadajo¢imi slovenskimi nacionalnimi dodatki.
Dimenzioniranje na potresno projektno stanje je prikazano na dva nacina in sicer, konstrukcije z
majhnim sipanjem energije ter konstrukcije s sposobnostjo sipanja energije. Dimenzionirani so tudi
znacilni spoji obravnavane jeklene konstrukcije.

Za notranje in zunanje (¢elne) precne okvire je bila merodajna obtezba za precke (horizontalne
nosilne elemente) iz kombinacij mejnega stanja nosilnosti (MSN). Pri potresnem projektnem stanju za
oba nacina je bilo potrebno povecati prereze stebrov in nateznih diagonal. Horizontalni pomiki etaz
zaradi potresne obtezbe S0 enaki ne glede na nacin potresnega projektiranja, katera sta bila
konstrukcije z majnim sipanjem energije ter konstrukcije s sposobnostjo sipanja energije.

Za vzdolzne okvire s centricnimi povezji pa je bila merodajna obtezba potresnega projektnega stanja.
Razlika med obema nacinoma potresnega projektiranja je ocitnejSa. Pri nacinu konstrukcije z majhnim
sipanjem energije so potrebni pre¢ni prerezi elementov, ki prenasajo potresno obtezbo (tlaene precke
in natezne diagonale), vecji. Zaradi vecje togosti okvira pa so pomiki manjsi kot pri okviru
dimenzioniranem na nacin konstrukcije s sposobnostjo sipanja energije.

Pri izdelavi diplomske naloge sem nadgradil znanje pridobljeno tekom $tudija. Bolje sem se seznanil s
predpisi in standardi Evrokod za projektiranje jeklenih in sovpreznih konstrukcij. Naucil pa sem se
tudi uporabljati ra¢unalniski program SCIA Engineer za stati¢no analizo in dimenzioniranje gradbenih
objektov.
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PRILOGA A: 1ZPIS IZ PROGRAMA SCIA ENGINEER 14

Priloga A.1: Kontrola nosilnosti in stabilnosti momentnega okvira 2 - MSN

Priloga A.2: Kontrola nosilnosti in stabilnosti okvira 1 s centri¢nim povezjem (Sistem
nateznih diagonal) - MSN






1. Priloga A.1

Linear calculation

Member CS Name Part Swayy Ly ky ly Lamy lyz |ILTB
- m [-] [m] [-] [m] [m]

Sway z Lz kz Iz Lam z
[m] [-] [m] [-]

Bl CS2 1|Yes 5440| 1,00/ 5,440| 28,76| 5,440| 5,440
No 5440| 1,00/ 5,440| 74,58

B1 CS2 2 |Yes 3,200 1,00| 3,200| 16,92| 3,200| 3,200
No 3,200| 1,00| 3,200| 43,87

B2 CS2 1|Yes 5,440 | 1,00 5,440 28,76 | 5,440| 5,440
No 5440| 1,00/ 5,440| 74,58

B2 CS2 2 |Yes 3,200 1,00| 3,200| 16,92| 3,200| 3,200
No 3,200| 1,00| 3,200| 43,87

B3 Cs4 1|Yes 11,700| 1,00, 11,700 42,11 2,340| 2,340
No 2,340| 1,00| 2,340| 32,76

B3 CS4 2 |Yes 11,700| 1,00| 11,700 45,68| 2,340| 2,340
No 2,340| 1,00] 2,340| 32,32

B3 Cs4 3| Yes 11,700| 1,00| 11,700 49,69| 2,340| 2,340
No 2,340| 1,00] 2,340 31,86

B3 Cs4 4| Yes 11,700 | 1,00| 11,700 54,13| 2,340| 2,340
No 2,340 1,00| 2,340| 31,40

B3 Cs4 5|Yes 11,700 | 1,00| 11,700 58,84| 2,340| 2,340
No 2,340 1,00] 2,340| 30,94

B3 Cs4 6 |Yes 11,700| 1,00| 11,700 61,84| 2,340| 2,340
No 2,340| 1,00] 2,340 32,10

B3 Cs4 7 |Yes 11,700| 1,00| 11,700 61,84| 2,340| 2,340
No 2,340 1,00] 2,340 32,10

B3 Cs4 8| Yes 11,700| 1,00| 11,700 61,84| 2,340| 2,340
No 2,340 1,00| 2,340 32,10

B3 Cs4 9|Yes 11,700| 1,00| 11,700 61,84| 2,340| 2,340
No 2,340| 1,00] 2,340 32,10

B3 Cs4 10 | Yes 11,700| 1,00, 11,700 61,84 | 2,340| 2,340
No 2,340| 1,00] 2,340| 32,10

B3 Cs4 11 | Yes 11,700| 1,00, 11,700 58,84 | 2,340| 2,340
No 2,340| 1,00] 2,340| 30,94

B3 Cs4 12 | Yes 11,700| 1,00, 11,700 54,13| 2,340| 2,340
No 2,340| 1,00] 2,340| 31,40

B3 CS4 13| Yes 11,700| 1,00| 11,700 49,69| 2,340| 2,340
No 2,340| 1,00] 2,340| 31,86

B3 Cs4 14 | Yes 11,700| 1,00, 11,700 45,68 | 2,340| 2,340
No 2,340| 1,00] 2,340 32,32

B3 Cs4 15| Yes 11,700| 1,00, 11,700 42,11 2,340| 2,340
No 2,340| 1,00| 2,340| 32,76

B4 Ccs7 1|Yes 5882| 1,00| 5,882| 31,38| 2,941 2,941
No 2,941| 1,00] 2,941 90,70

B4 Ccs7 2| Yes 5882| 1,00| 5,882| 34,13| 2,941 2,941
No 2941 1,00] 2,941| 88,90

B4 Ccs7 3| Yes 5882| 1,00| 5,882| 37,25| 2,941 2,941
No 2,941| 1,00| 2,941 87,06

B4 Ccs7 4 |Yes 5882| 1,00| 5,882| 40,72| 2,941 2,941
No 2,941| 1,00 2,941 85,19

B4 Ccs7 5|Yes 5882| 1,00| 5,882| 44,40| 2,941 2,941
No 2,941| 1,00 2,941| 83,27

B4 Ccs7 6 |Yes 5882| 1,00| 5,882| 47,20 2,941 2,941
No 2,941 1,00 2,941 87,82

B4 Ccs7 7 |Yes 5882| 1,00| 5,882| 47,20 2,941 2,941
No 2941| 1,00] 2,941| 87,82

B5 CSs7 1|Yes 5882| 1,00| 5,882| 31,38| 2,941 2,941
No 2941| 1,00] 2,941| 90,70

B5 CS7 2| Yes 5,882 | 1,00 5,882 34,13| 2,941 2,941
No 2941| 1,00] 2,941| 88,90

B5 CSs7 3| Yes 5882 1,00| 5,882 37,25| 2,941 2,941
No 2941| 1,00] 2,941| 87,06

B5 CS7 4 |Yes 5,882 | 1,00 5,882 40,72 2,941 | 2,941
No 2941| 1,00] 2,941| 85,19

B5 CS7 5| Yes 5,882 | 1,00 5,882 44,40 | 2,941 | 2,941
No 2941| 1,00] 2,941| 83,27

B5 CS7 6| Yes 5,882 | 1,00 5,882 47,20 2,941 | 2,941
No 2,941 | 1,00 2,941 87,82

B5 Ccs7 7 |Yes 5882| 1,00| 5,882| 47,20 2,941 2,941
No 2,941 1,00 2,941 87,82
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4. Result classes
4.1. Result classes - All MSN Nonlinear

All MSN Nonlinear | MSN1nelin

MSN2nelin
MSN3nelin
MSN4nelin
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MSN5nelin
MSN6nelin
MSN7nelin
MSN8nelin
MSN9nelin
MSN10nelin
MSN11nelin
MSN12nelin
MSN13nelin
MSN14nelin

4.1.1. Check of steel

Nonlinear calculation, Extreme : Member

Selection : All

Class : All MSN Nonlinear

Member css mat Case dx un.check sec.check stab.check
[m] [-] [-] [-]
Bl CS2 - HEA450 S 235 | MSN7nelin 5,440 0,63 0,62 0,63
B2 CS2 - HEA450 | S 235 |MSN9nelin 0,000 0,65 0,11 0,65
B3 CS4-I+1Ivar |S235 |MSN1nelin 10,980 0,69 0,69 0,00
B4 CS7-I+1var |S235 |MSN3nelin 0,000 0,61 0,50 0,61
B5 CS7-I+1var |S235 |MSN3nelin 0,000 0,66 0,55 0,66
063

2

X

////////////////////://///7//////

Nonlinear calculation, Extreme : Cross-section

Selection : All

Class : All MSN Nonlinear

[Member B2 [8,640 m |HEA450 [S 235 |MSN9nelin [0,65 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00

Gamma M1 for resistance to instability 1,00

Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu |36,0 kN/cm®
Fabrication Rolled
...::SECTION CHECK::...

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

0.65]
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Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 29,91
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 5,58
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

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

The critical check is on position 0.000 m

Internal forces Calculated Unit

N,Ed -466,47 kN
Vy,Ed 0,00 kN
Vz,Ed 72,21 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

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

A 178,0000 |cm’

Nc,Rd 4183,00 kN

Unity check ]0,11 -
Shear check for Vz

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

Eta 1,20

Av 65,7550 |cm’
Vpl,z,Rd 892,15 kN
Unity check |0,08 -

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 29,91
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 5,58
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

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

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 5,440 5,440 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,440 5,440 m
Critical Euler load Ncr 44612,92 | 6632,41 kN
Slenderness Lambda 28,76 74,58

Relative slenderness 0,31 0,79
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b
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Buckling parameters Yy zz
Imperfection Alpha 0,21 0,34
Reduction factor Chi 0,98 0,73
Buckling resistance Nb,Rd |4082,77 3045,44 kN

Flexural Buckling verification

Cross-section area A 178,0000 |cm’
Buckling resistance Nb,Rd | 3045,44 kN
Unity check 0,15 -

Compression and bending check
According to article EN 1993-1-1 : 6.3.3. and formula (6.61), (6.62)
Interaction Method 1

kyy 1.062

kyz 0.899

kzy 0.559

kzz 1.114

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 178.0000 |cm’
Wy 3216.6700 |cm’
Wz 966.6670 can’
NRk 4183.00 kN
My, Rk 755.92 kNm
Mz,Rk 227.17 kNm
My, Ed 380.04 kNm
Mz, Ed 0.00 kNm
Interaction Method 1

Mcr0 1798.25 kNm
reduced slenderness 0 | 0.65

Psi y 0.000

Psi z 1.000

Cmy,0 0.996

Cmz,0 1.017

Cmy 0.999

Cmz 1.017

CmLT 1.052

muy 1.000

muz 0.980

wy 1.109

wz 1.500

npl 0.112

aLT 0.996

bLT 0.000

cLT 0.390

dLT 0.000

eLT 1.110

Cyy 0.999

Cyz 0.849

Czy 0.960

Czz 0.962

Unity check (6.61) = 0.11 + 0.53 + 0.00 = 0.65
Unity check (6.62) = 0.15 + 0.28 + 0.00 = 0.43

Shear buckling check
in buckling field 1
According to article EN 1993-1-5 : 5. & 7.1. and formula (5.10) & (7.1)

Table of values
hw/t | 34.609

The web slenderness is such that the Shear Buckling Check is not required.
The member satisfies the stability check.
[Member B3 [11,700 m [I+ Ivar |S 235 |MSNilnelin [0,69 - |

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm’
Ultimate strength fu [36,0 kN/cm?
Fabrication Welded

Warning: Strength reduction in function of the thickness is not supported for this type of cross-section. ” I
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Classification for cross-section design

According to EN 1993-1-1 article 5.5.2

Warning: Classification is not supported for this type of cross-section.
The section is checked as elastic, class 3.

The critical check is on position 10.980 m

Internal forces Calculated Unit

N,Ed 112,36 kN
Vy,Ed 0,00 kN
Vz,Ed -369,76 kN
T,Ed 0,00 kNm
My, Ed -557,15 kNm
Mz,Ed 0,00 kNm

Section properties

A 2.556822e+004 mm’
Ay/A 10.711 Az/A 0.271

Iy 1.194644e+009 mm* | Iz 1.419727e+008 mm*
lyz 1.084202e-007 mm* | It 3.051402e+006 mm*
Iw 7.561526e+012 mm®
Wely |3.768931e+006 mm’ | Welz |9.464847e+005 mm’
Wply |4.608365e+006 mm® | Wplz |1.445252e+006 mm’
cy 242.74 mm cz 150.00 mm

dy -0.00 mm dz -12.31 mm

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

A 255,6822 |cm’
Npl,Rd 6008,53 kN
Nu,Rd 6627,28 | kN
Nt,Rd 6008,53 kN
Unity check | 0,02 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.14)

Wel,y,min  |3768,9311 |cm’
Mel,y,Rd 885,70 kNm
Unity check ]0,63 -

Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formula (6.19)

Tau,Vz,Ed 6,8 | kN/em’
Tau,Rd 13,6 | kN/cm?
Unity check 0,50 |-

Note: No shear area is given for this section/fabrication, therefore the plastic shear resistance cannot be
determined. As a result the elastic shear resistance according to EN 1993-1-1 article 6.2.6(4) is verified.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.1(5) and formula (6.1)

Fibre 19

Sigma,N,Ed -0,4 | kN/ecm®
Sigma, My, Ed -12,5 | kN/em®
Sigma,Mz,Ed 0,0 kN/cm®
Sigma,tot,Ed -13,0 | kN/cm®
Tau,Vy,Ed 0,0 kN/cm®
Tau,Vz,Ed 5,7 kN/cm?
Tau,t,Ed 0,0 kN/cm®
Tau,tot,Ed 5,7 kN/cm?
Sigma,von Mises,Ed | 16,3 |kN/cm’
Unity check 0,69 |-

The member satisfies the section check.

Lateral Torsional Buckling Check
According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 3768.9311 cm’
Elastic critical moment Mcr 24288.26 kNm

Relative slenderness Lambda,LT | 0.19
Limit slenderness Lambda,LT,0 0.40
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LTB length |2.340 | m
k 1.00
kw 1.00
C1 1.88
c2 0.05
C3 1.00

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

The member satisfies the stability check.

[Member B5 [5,882m |[I+Ivar |S235 |MSN3nelin |0,66 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00

Gamma M1 for resistance to instability

1,00

Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu | 36,0 kN/cm?
Fabrication Welded

Warning: Strength reduction in function of the thickness is not supported for this type of cross-section.

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Warning: Classification is not supported for this type of cross-section.

The section is checked as elastic, class 3.

The critical check is on position 0.000 m

Internal forces Calculated Unit

Bending moment check for My

According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.14)

Wel,y,min 1125,7556 |cm’

Mel,y,Rd 264,55

kNm

Unity check |0,48

Shear check for Vz

N,Ed -187,88 kN

Vy,Ed 0,00 kN

Vz,Ed 70,17 kN

T,Ed 0,00 kNm

My, Ed -125,80 kNm

Mz,Ed 0,00 kNm

Section properties

A 8.617282e+003 mm’

Ay/A ]0.555 Az/A  10.453

Iy 3.027227e+008 mm* | Iz 9.059495e+006 mm*
lyz 2.168404e-007 mm* | It 2.452421e+005 mm*
Iw 4.016613e+011 mm®

Wely |1.125756e+006 mm® | Welz |1.207933e+005 mm’
Wply |1.339771e+006 mm®> | Wplz | 1.888354e+005 mm’
cy 257.16 mm cz 75.00 mm

dy -0.00 mm dz -4.55 mm
Compression check

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

A 86,1728 |cm’

Nc,Rd 2025,06 | kN

Unity check ]0,09 -

According to EN 1993-1-1 article 6.2.6 and formula (6.19)

Tau,Vz,Ed 2,2 | kN/em®
Tau,Rd 13,6 | kN/cm?
Unity check 0,17 |-

Note: No shear area is given for this section/fabrication, therefore the plastic shear resistance cannot be
determined. As a result the elastic shear resistance according to EN 1993-1-1 article 6.2.6(4) is verified.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.1(5) and formula (6.1)

Elastic verification
Fibre 26
Sigma,N,Ed 2,2 |kN/em’
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Elastic verification

Sigma, My, Ed 10,7 |kN/cm?
Sigma,Mz,Ed 0,0 |[kN/em’
Sigma,tot,Ed 12,9 | kN/em?
Tau,Vy,Ed 0,0 |kN/em®
Tau,Vz,Ed 04 | kN/cm®
Tau,t,Ed 0,0 |kN/ecm®
Tau,tot,Ed 04 | kN/cm®
Sigma,von Mises,Ed |12,9 | kN/cm’
Unity check 0,55 |-

The member satisfies the section check.

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 5,882 2,941 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,882 2,941 m
Critical Euler load Ncr 18136,59 |[2171,07 kN
Slenderness Lambda 31,38 90,70

Relative slenderness 0,33 0,97
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve b C

Imperfection Alpha 0,34 0,49

Reduction factor Chi 0,95 0,56

Buckling resistance Nb,Rd | 1926,74 1134,10 kN
Cross-section area A 86,1728 |cm’

Buckling resistance Nb,Rd |1134,10 |kN

Unity check 0,17 -

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

Torsional Buckling length 2.941 m
Ncr, T 3205.89 | kN
Ncr, TF 2168.48 | kN
Relative slenderness Lambda, T |0.97

Limit slenderness Lambda,0 0.20

Buckling curve C

Imperfection Alpha 0.49

A 86.1728 | cm’
Reduction factor Chi 0.56

Buckling resistance Nb,Rd 1133.40 |kN
Unity check 0.17 -

Lateral Torsional Buckling Check
According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 1125.7556 o’
Elastic critical moment Mcr 981.96 kNm

Relative slenderness Lambda, LT | 0.52
Limit slenderness Lambda,LT,0 0.40

LTBlength |2.941 |m
k 1.00
kw 1.00
C1 1.96
c2 0.05
C3 1.00

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

Compression and bending check
According to article EN 1993-1-1 : 6.3.3. and formula (6.61), (6.62)
Interaction Method 1
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Table of values

kyy 1.082

kyz 1.117

kzy 1.039

kzz 1.073

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 86.1728 cm’
Wy 1125.7556 |cm’
Wz 120.7933 |’
NRk 2025.06 kN
My,Rk 264.55 kNm
Mz,Rk 28.39 kNm
My, Ed -125.80 kNm
Mz, Ed 0.00 kNm
Interaction Method 1

Mcr0 501.98 kNm
reduced slenderness 0 |0.73

Psiy -0.160

Psi z 1.000

Cmy,0 0.993

Cmz,0 1.021

Cmy 0.998

Cmz 1.021

CmLT 1.073

muy 0.999

muz 0.960

wy 1.190

wz 1.500

npl 0.093

aLT 0.999

bLT 0.000

cLT 0.359

dLT 0.000

elLT 0.509

Cyy 0.990

Cyz 0.830

Czy 0.939

Czz 0.971

Unity check (6.61) = 0.10 + 0.51 + 0.00 = 0.61
Unity check (6.62) = 0.17 + 0.49 + 0.00 = 0.66

The member satisfies the stability check.
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1. Priloga A.2

Linear calculation

Member CS Name Part Swayy Ly ky ly Lamy lyz ILTB
- m] [-] [m] [] [m] [m] |

Sway z Lz kz Iz Lam z
[m] [-] [m] [-]

B1 CS2 1| Yes 5440| 1,00| 5,440 59,31| 5,440 5,440
No 5440 1,00| 5,440 98,53

B1 CSs2 2 |Yes 3,200 1,00| 3,200 34,89| 3,200 3,200
No 3,200 1,00| 3,200 57,96

B2 CS2 1|Yes 5440| 1,00| 5,440 59,31| 5,440 5,440
No 5440 1,00] 5,440 98,53

B2 CS2 2 |Yes 3,200 1,00| 3,200 34,89| 3,200 3,200
No 3,200 1,00| 3,200 57,96

B3 CS2 1| Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS2 2 |Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS2 3|Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS2 4|Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS2 5|Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS2 6 | Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B4 CS3 1| Yes 5882 1,00 5,882 79,23 | 2,941 | 2,941
No 2,941 1,00| 2,941 143,06

B4 CS3 2 |Yes 5882 1,00 5,882 79,23 | 2,941 | 2,941
No 2,941 1,00| 2,941 143,06

B5 CS3 1| Yes 5,882 1,00| 5,882 79,23 | 2,941 | 2,941
No 2,941 1,00| 2,941 143,06

B5 CS3 2 |Yes 5882 1,00 5,882 79,23 | 2,941 | 2,941
No 2,941 1,00 2,941 143,06

B6 CS9 1| Yes 3,810| 1,00| 3,810 66,34| 3,810 3,810
No 3,810 1,00| 3,810| 230,26

B7 CS10 1| Yes 5440| 1,00| 5,440 82,92| 5,440 5,440
No 5440 1,00| 5440 136,53

Bi1 CS12 1|Yes 7,988| 1,00| 7,988| 2690,50| 7,988| 7,988
No 7,988| 1,00| 7,988| 2690,50

B12 CS12 1| Yes 6,668 | 1,00 6,668 | 2245,77| 6,668| 6,668
No 6,668 1,00 6,668 | 2245,77
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4. Result classes
4.1. Result classes - All MSN Nonlinear

All MSN Nonlinear | MSN1nelin

MSN2nelin
MSN3nelin ” L]
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MSN5nelin
MSN6nelin
MSN7nelin
MSN8nelin
MSN9nelin
MSN10nelin
MSN11nelin
MSN12nelin
MSN13nelin
MSN14nelin

4.1.1. Check of steel
Nonlinear calculation, Extreme : Member

Selection : All

Class : All MSN Nonlinear

Member css Case dx un.check sec.check stab.check
[m] [-] [-] [-]

Bi CS2 - HEA220 MSN7nelin 5,440 0,38 0,36 0,38
B2 CS2 - HEA220  |S 235 |MSN2nelin 5,440 0,37 0,35 0,37
B3 CS2 - HEA220 |S 235 |MSN10nelin 5,850 0,84 0,84 0,00
B4 CS3 - IPE180 S 235 |MSN3nelin 0,000 0,78 0,59 0,78
B5 CS3 - IPE180 S 235 |MSN3nelin 0,000 0,74 0,54 0,74
B6 CS9 - IPE140 S 235 |MSN3nelin 3,810 0,90 0,13 0,90
B7 CS10 - HEA160 |S 235 |MSN7nelin 5,440 0,88 0,29 0,88
B11l CS12 - RD12 S 235 |MSN5nelin 7,988 0,93 0,93 0,00
B12 CS12 - RD12 S 235 |[MSN5nelin 6,668 0,26 0,26 0,00

4

]

]

]

0,33:

ke

X

L 7 7 7 777 T 77

Nonlinear calculation, Extreme : Cross-section

Selection : All

Class : All MSN Nonlinear

[Member B3 [11,700 m |HEA220 [S 235 |MSN1Onelin [0,84 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00

Gamma M1 for resistance to instability 1,00

Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu |36,0 kN/cm®
Fabrication Rolled

/

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

Maximum width-to-thickness ratio | 21,71
Class 1 Limit 72,67
Class 2 Limit 83,77
Class 3 Limit 124,01

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

Maximum width-to-thickness ratio | 8,05
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

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

The critical check is on position 5.850 m

Internal forces Calculated Unit

N,Ed 9,31 kN
Vy,Ed 0,00 kN
Vz,Ed -108,74 kN
T,Ed 0,00 kNm
My,Ed -111,59 kNm
Mz,Ed 0,00 kNm

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

A 64,3000 |cm’
Npl,Rd 1511,05 | kN
Nu,Rd 1666,66 | kN
Nt,Rd 1511,05 | kN
Unity check ]0,01 -

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

Wpl,y 566,6670 |cm’
Mpl,y,Rd 133,17 kNm
Unity check | 0,84 -

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

Eta 1,20
Av 20,6300 |cm’
Vpl,z,Rd 279,90 kN

Unity check |0,39 -

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

Mpl,y,Rd 133,17 |kNm
Alpha 2,00
Mpl,z,Rd |63,55 kNm
Beta 1,00

Unity check (6.41) = 0,70 + 0,00 = 0,70 -

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

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

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

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

The member satisfies the section check.

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

Maximum width-to-thickness ratio |21,71
Class 1 Limit 73,16
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Class 2 Limit 84,34
Class 3 Limit 124,02

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

Maximum width-to-thickness ratio | 8,05
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

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

Lateral Torsional Buckling Check
According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 566.6670 cm’
Elastic critical moment Mcr 1138.65 kNm

Relative slenderness Lambda,LT | 0.34
Limit slenderness Lambda,LT,0 0.40

LTB length |2.340 |m
k 1.00
kw 1.00
C1 1.35
c2 0.63
C3 0.41

The slenderness or bending moment is such that Lateral Torsional Buckling effects may be ignored according to EN

1993-1-1 article 6.3.2.2(4)

Shear buckling check
in buckling field 1
According to article EN 1993-1-5: 5. & 7.1. and formula (5.10) & (7.1)

Table of values
hw/t |26.857

The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.
[Member B4 [5,882 m |IPE180 |S 235 |MSN3nelin |0,78 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm®
Ultimate strength fu [36,0 kN/cm?
Fabrication Rolled

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

Maximum width-to-thickness ratio | 27,55
Class 1 Limit 61,91
Class 2 Limit 71,29
Class 3 Limit 107,57

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

Maximum width-to-thickness ratio | 4,23
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

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

The critical check is on position 0.000 m
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Internal forces Calculated Unit

N,Ed -25,08 kN
Vy,Ed 0,00 kN
Vz,Ed 23,29 kN
T,Ed 0,00 kNm
My,Ed -22,88 kNm
Mz,Ed 0,00 kNm

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

A 23,9000 |cm’
Nc,Rd 561,65 kN
Unity check | 0,04 -

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

Wpl,y 166,0000 |cm’
Mpl,y,Rd 39,01 kNm
Unity check |0,59 -

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

Eta 1,20

Av 11,2040 |cm’
Vpl,z,Rd 152,01  |kN
Unity check | 0,15 -

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

Mpl,y,Rd 39,01 |kNm
Alpha 2,00
Mpl,z,Rd |8,13 kNm
Beta 1,00

Unity check (6.41) = 0,34 + 0,00 = 0,34 -

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

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

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

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

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 27,55
Class 1 Limit 61,91
Class 2 Limit 71,29
Class 3 Limit 107,57

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

Maximum width-to-thickness ratio | 4,23
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

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

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 5,882 2,941 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,882 2,941 m
Critical Euler load Ncr 789,04 |242,04 kN
Slenderness Lambda 79,23 143,06
Relative slenderness 0,84 1,52
Lambda,rel
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Buckling parameters Yy zz

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b

Imperfection Alpha 0,21 0,34

Reduction factor Chi 0,77 0,33

Buckling resistance Nb,Rd 432,36 |187,48 kN

Cross-section area A

Flexural Buckling verification

23,9000 |cm’

Buckling resistance Nb,Rd

187,48 | kN

Unity check

0,13 -

Lateral Torsional Buckling Check

According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.

Wy 166.0000 cm’
Elastic critical moment Mcr 116.26 kNm
Relative slenderness Lambda,LT | 0.58

Limit slenderness Lambda,LT,0 0.40

LTB curve a

Imperfection Alpha,LT 0.21

Reduction factor Chi,LT 0.90

Buckling resistance Mb.Rd 35.02 kNm
Unity check 0.65 -

LTBlength |2.941 |m
k 1.00
kw 1.00
C1 3.14
c2 0.43
C3 1.00

Note: C Parameters according to ECCS 119 2006 / Galea 2002

load in center of gravity

Compression and bending check

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

Interaction Method 1

kyy 1.102

kyz 1.277

kzy 0.581

kzz 1.125

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 23.9000 cm’
Wy 166.0000 | cm’
Wz 34.6000 |cm’
NRk 561.65 kN
My, Rk 39.01 kNm
Mz,Rk 8.13 kNm
My, Ed -22.88 kNm
Mz, Ed 0.00 kNm
Interaction Method 1

Mcr0 36.98 kNm
reduced slenderness 0 |1.03

Psi y 0.945

Psi z 1.000

Cmy,0 0.979

Cmz,0 1.025

Cmy 0.996

Cmz 1.025

CmLT 1.057

muy 0.993

muz 0.929

wy 1.137

wz 1.500

npl 0.045

aLT 0.996

bLT 0.000

cLT 0.664

dLT 0.000

eLT 0.208

Cyy 0.979

Cyz 0.612
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Table of values
Czy 0.909
Czz |0.944 \ \

Unity check (6.61) = 0.06 + 0.72 + 0.00 = 0.78
Unity check (6.62) = 0.13 + 0.38 + 0.00 = 0.51

Shear buckling check
in buckling field 1

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

Table of values
hw/t  30.943

The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.

[Member B6 [3,810 m [IPE140 |S 235 [MSN3nelin [0,90 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu | 36,0 kN/cm?
Fabrication Rolled

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

Maximum width-to-thickness ratio | 23,87
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 3,93
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

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

The critical check is on position 3.810 m

Internal forces Calculated Unit

N,Ed -50,25 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

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

A 16,4000 | cm’

Nc,Rd 385,40 kN

Unity check | 0,13 -

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Eta 1,20

Av 10,6239 |cm’

Vpl,y,Rd 144,14 kN
Unity check |0,00 -

The member satisfies the section check.

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

LELERTRRLTNN]
NEMETSCHEK
Scia



Maximum width-to-thickness ratio | 23,87
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 3,93
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

=> Outstand Flanges Class 1

=> Section classified as Class 1 for member buckling design

Flexural Buckling Check

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 3,810 3,810 m
Buckling factor k 1,00 1,00

Buckling length Lcr 3,810 3,810 m
Critical Euler load Ncr 772,44 | 64,11 kN
Slenderness Lambda 66,34 230,26
Relative slenderness 0,71 2,45
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b

Imperfection Alpha 0,21 0,34

Reduction factor Chi 0,84 0,14

Buckling resistance Nb,Rd |325,56 |55,80 kN
Warning: Slenderness 230,26 is larger than the limit value of 200,00.
Cross-section area A 16,4000 |cm’

Buckling resistance Nb,Rd | 55,80 kN

Unity check 0,90 -
Compression and bending check

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

Interaction Method 1

kyy 2.826

kyz 7.348

kzy 0.697

kzz 1.812

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 16.4000 |cm’
Wy 88.3000 |cm’
Wz 19.3000 |cm’
NRk 385.40 kN
My, Rk 20.75 kNm
Mz,Rk 4.54 kNm
My, Ed 0.00 kNm
Mz,Ed 0.00 kNm

Interaction Method 1

Mcr0 12.04 kNm
reduced slenderness 0 |1.31
Psiy 1.000
Psi z 1.000
Cmy,0 1.016
Cmz,0 1.024
Cmy 1.016
Cmz 1.024
CmLT 2.302
muy 0.989
muz 0.244
wy 1.142
wz 1.500
npl 0.130
aLT 0.995
bLT 0.000
cLT 0.000
dLT 0.000
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Table of values

elLT 0.000
Cyy 0.875
Cyz 0.438
Czy 0.458
Czz 0.637

Unity check (6.61) = 0.15 + 0.00 + 0.01 = 0.16
Unity check (6.62) = 0.90 + 0.00 + 0.00 = 0.90

The member satisfies the stability check.

[Member B7 [5,440 m |HEA160 [S 235 |MSNZnelin [0,88 -

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?

Ultimate strength fu | 36,0 kN/cm?

Fabrication Rolled

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

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,33
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

=> Internal Compression parts Class 1
Classification of Outstand Flanges

According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 6,89
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

=> Qutstand Flanges Class 1

=> Section classified as Class 1 for cross-section design

The critical check is on position 5.440 m

Internal forces Calculated Unit

N,Ed -263,76 kN
Vy,Ed 0,01 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

Compression check

A 38,8000 |cm’

Nc,Rd 911,80 kN

Unity check ]0,29 -

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Eta 1,20

Av 30,0600 |cm’

Vpl,y,Rd 407,85 kN
Unity check ]0,00 -

The member satisfies the section check.

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

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,33
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00
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=> Internal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 6,89
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

=> Outstand Flanges Class 1

=> Section classified as Class 1 for member buckling design

Flexural Buckling Check

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 5,440 5,440 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,440 5,440 m
Critical Euler load Ncr 1169,60 [431,42 kN
Slenderness Lambda 82,92 136,53
Relative slenderness 0,88 1,45
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve b C

Imperfection Alpha 0,34 0,49

Reduction factor Chi 0,67 0,33

Buckling resistance Nb,Rd |612,85 300,88 kN
Cross-section area A 38,8000 |cm’

Buckling resistance Nb,Rd |300,88 kN

Unity check 0,88 -
Compression and bending check

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

Interaction Method 1

kyy 2.625

kyz 2.363

kzy 1.400

kzz 1.775

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 38.8000 |cm’
Wy 245.0000 |cm’
Wz 117.5000 |cm’
NRk 911.80 kN
My,Rk 57.58 KNm
Mz,Rk 27.61 kNm
My, Ed 0.00 KNm
Mz,Ed -0.01 kNm

Interaction Method 1

McrQ 72.11 kNm
reduced slenderness 0 |0.89
Psiy 1.000
Psi z 1.000
Cmy,0 1.054
Cmz,0 1.018
Cmy 1.054
Cmz 1.018
CmLT 1.897
muy 0.913
muz 0.487
wy 1.114
wz 1.500
npl 0.289
aLT 0.993
bLT 0.000
cLT 0.000
dLT 0.000
eLT 0.000
Cyy 0.898
Cyz 0.705
Czy 0.464
Czz 0.719
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Unity check (6.61) = 0.43 + 0.00 + 0.00 = 0.43
Unity check (6.62) = 0.88 + 0.00 + 0.00 = 0.88

The member satisfies the stability check.

[Member B11 [7,988 m |RD12 [S 235 |[MSN5nelin [0,93 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm®
Ultimate strength fu [36,0 kN/cm?
Fabrication Rolled

Warning: Strength reduction in function of the thickness is not supported for this type of cross-section.

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Warning: Classification is not supported for this type of cross-section.

The section is checked as elastic, class 3.

The critical check is on position 7.988 m

Internal forces Calculated Unit

N,Ed 24,67 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

Tension check

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

A 1,1304 |cm’
Npl,Rd 26,56 kN
Nu,Rd 29,30 kN
Nt,Rd 26,56 kN
Unity check |0,93 -

The member satisfies the section check.

The member satisfies the stability check.
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PRILOGA B: 1ZPIS 1Z PROGRAMA SCIA ENGINEER 14

Kontrola nosilnosti in stabilnosti stresne lege - MSN






1. Priloga B

Linear calculation

Member CS Name Part Swayy

Sway z

B1 CS2 1| Yes 5300 1,00| 5300 64,19| 2,650 2,650
No 2,650 1,00| 2,650| 118,72

B2 CS2 1| Yes 5300 1,00| 5300| 64,19| 2,650 2,650
No 2,650 1,00| 2,650| 118,72

B3 CS2 1| Yes 5300 1,00| 5300 64,19| 2,650 2,650
No 2,650 1,00| 2,650| 118,72

B4 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00] 2,650| 128,91

B5 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00] 2,650| 128,91

B6 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00] 2,650| 128,91

B7 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00] 2,650| 128,91

B8 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00| 2,650| 128,91

B9 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00] 2,650| 128,91

B10 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00] 2,650| 128,91

B11 CS2 1| Yes 5300 1,00| 5300| 64,19| 2,650 2,650
No 2,650 1,00] 2,650| 118,72

B12 CS2 1| Yes 5300 1,00| 5300| 64,19| 2,650 2,650
No 2,650 1,00] 2,650| 118,72

B13 Cs1 1| Yes 5300 1,00| 5300 71,40| 2,650 2,650
No 2,650 1,00] 2,650| 128,91

B14 CS2 1| Yes 5300 1,00| 5300 64,19| 2,650 2,650
No 2,650 1,00] 2,650 118,72

2. ly
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4. Result classes
4.1. Result classes - All MSNnelin

All MSNnelin | MSN1inelin
MSN2nelin

4.1.1. Check of steel

Nonlinear calculation, Extreme : Member

Selection : All
Class : All MSNnelin

Member css mat Case dx un.check sec.check stab.check

[m] [-1 [-] [-1

Bl CS2 - IPE200 |S 235 | MSN1inelin 2,082 0,74 0,37 0,74
B2 CS2 - IPE200 |S 235 |MSNinelin 2,650 0,59 0,52 0,59
B3 CS2 - IPE200 |S 235 | MSN1inelin 0,000 0,59 0,52 0,59
B4 CS1-1PE180 |S 235 |MSNinelin 2,650 0,57 0,49 0,57
B5 CS1-1PE180 |S 235 |MSNinelin 0,000 0,64 0,49 0,64
B6 CS1-1PE180 |S 235 |MSNinelin 2,650 0,64 0,56 0,64
B7 CS1-1PE180 |S 235 |MSNinelin 0,000 0,64 0,56 0,64
B8 CS1-1PE180 |S 235 |MSNinelin 2,650 0,64 0,49 0,64
B9 CS1-1PE180 |S 235 |MSNinelin 0,000 0,57 0,49 0,57
B10 CS1-1PE180 |S 235 |MSNinelin 0,000 0,25 0,21 0,25
B11 CS2 - IPE200 |S 235 |MSNinelin 0,000 0,59 0,52 0,59
B12 CS2 - IPE200 |S 235 |MSN1inelin 0,568 0,74 0,37 0,74
B13 CS1-1PE180 |S 235 |MSNinelin 1,650 0,25 0,21 0,25
B14 CS2 - IPE200 | S 235 | MSN1inelin 1,000 0,59 0,52 0,59

»
o
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Nonlinear calculation, Extreme : Cross-section

Selection : All
Class : All MSNnelin

[Member B12 [2,650 m |IPE200 |S 235 |MSNinelin [0,74 -

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu | 36,0 kN/cm?
Fabrication Rolled
...::SECTION CHECK::...

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 28,39
Class 1 Limit 71,36
Class 2 Limit 82,17
Class 3 Limit 121,87

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

Maximum width-to-thickness ratio | 4,14
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,83

=> Qutstand Flanges Class 1

=> Section classified as Class 1 for cross-section design

The critical check is on position 0.568 m

Internal forces Calculated Unit

N,Ed -1,59 kN
Vy,Ed -0,82 kN
Vz,Ed -0,04 kN
T,Ed 0,00 kNm
My, Ed 19,35 kNm
Mz,Ed -0,16 kNm
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Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 28,5000 |cm’
Nc,Rd 669,75 kN
Unity check |0,00 -

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

Whpl,y 221,0000 |cm’
Mpl,y,Rd 51,94 kNm
Unity check |0,37 -

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

Wpl,z 44,6000 |cm’
Mpl,z,Rd 10,48 kNm
Unity check | 0,02 -

Shear check for Vy

According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Eta 1,20

Av 17,9856 | cm’

Vpl,y,Rd 244,02 kN
Unity check |0,00 -

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

Eta 1,20
Av 14,0160 |cm’
Vpl,z,Rd 190,17 kN

Unity check |0,00 -

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

Mpl,y,Rd |51,94 |kNm
Alpha 2,00
Mpl,z,Rd 10,48 |kNm
Beta 1,00

Unity check (6.41) = 0,14 + 0,02 = 0,15 -

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

resistances is neglected.

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

resistance about the z-z axis is neglected.

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 28,39
Class 1 Limit 71,36
Class 2 Limit 82,17
Class 3 Limit 121,75

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

Maximum width-to-thickness ratio | 4,14
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,93

=> Outstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

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

Buckling parameters yy 2z

Sway type sway non-sway
System length L 5,300 2,650 m
Buckling factor k 1,00 1,00
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Buckling parameters yy 2z

Buckling length Lcr 5,300 2,650 m
Critical Euler load Ncr 1433,64 419,10 kN
Slenderness Lambda 64,19 118,72
Relative slenderness 0,68 1,26
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Note: The slenderness or compression force is such that Flexural Buckling effects may be ignored

according to EN 1993-1-1 article 6.3.1.2(4).

Lateral Torsional Buckling Check

According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.

Wy 221.0000 cm’
Elastic critical moment Mcr 74.26 kNm
Relative slenderness Lambda, LT | 0.84

Limit slenderness Lambda,LT,0 0.40

LTB curve a

Imperfection Alpha,LT 0.21

Reduction factor Chi LT 0.77

Buckling resistance Mb.Rd 40.21 kNm
Unity check 0.48 -

LTB length |2.650 |m
k 1.00
kw 1.00
Ci 1.18
c2 0.18
C3 1.00

Note: C Parameters according to ECCS 119 2006 / Galea 2002

load in center of gravity

Compression and bending check

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

Interaction Method 1

kyy 1.004

kyz 1.095

kzy 0.527

kzz 1.005

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 28.5000 |cm’
Wy 221.0000 |cm’
Wz 44.6000 | cm’
NRk 669.75 kN
My, Rk 51.94 kNm
Mz,Rk 10.48 kNm
My, Ed -27.20 kNm
Mz, Ed -0.55 kNm
Interaction Method 1

McrQ 63.01 kNm
reduced slenderness 0 |0.91

Psiy 0.000

Psi z 0.000

Cmy,0 1.000

Cmz,0 1.000

Cmy 1.000

Cmz 1.000

CmLT 1.000

muy 1.000

muz 1.000

wy 1.139

wz 1.500

npl 0.002

alLT 0.996

bLT 0.015

cLT 0.735

dLT 0.024

elLT 0.392

Cyy 0.997

Cyz 0.631

Czy 0.993
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Table of values
Czz 0.998

Unity check (6.61) = 0.00 + 0.68 + 0.06 = 0.74
Unity check (6.62) = 0.00 + 0.36 + 0.05 = 0.41

Shear buckling check
in buckling field 1
According to article EN 1993-1-5 : 5. & 7.1. and formula (5.10) & (7.1)

Table of values
hw/t  |32.679

The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.
[Member B6 [2,650 m |IPE180 |S 235 |MSNi1nelin |0,64 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00

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

Yield strength fy 23,5 kN/cm®
Ultimate strength fu [36,0 kN/cm?
Fabrication Rolled

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

Maximum width-to-thickness ratio | 27,55
Class 1 Limit 71,26
Class 2 Limit 82,06
Class 3 Limit 122,22

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

Maximum width-to-thickness ratio | 4,23
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,96

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

The critical check is on position 2.650 m

Internal forces Calculated Unit

N,Ed -1,59 kN
Vy,Ed 1,24 kN
Vz,Ed -24,01 kN
T,Ed 0,00 kNm
My,Ed -21,67 kNm
Mz,Ed 0,64 kNm

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

A 23,9000 |cm’
Nc,Rd 561,65 kN
Unity check ]0,00 -

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

Wpl,y 166,0000 |cm’
Mpl,y,Rd 39,01 kNm
Unity check |0,56 -

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

Wpl,z 34,6000 |cm’
Mpl,z,Rd 8,13 kNm
Unity check |0,08 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
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Eta 1,20
Av 15,3179 |cm’
Vpl,y,Rd 207,83 kN

Unity check ]0,01 -

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

Eta 1,20
Av 11,2040 |cm’
Vpl,z,Rd 152,01 kN

Unity check ]0,16 -

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

Mpl,y,Rd 39,01 |kNm
Alpha 2,00
Mpl,z,Rd |8,13 kKNm
Beta 1,00

Unity check (6.41) = 0,31 + 0,08 = 0,39 -

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

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

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

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

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 27,55
Class 1 Limit 71,26
Class 2 Limit 82,06
Class 3 Limit 120,98

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

Maximum width-to-thickness ratio | 4,23
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,99

=> Outstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

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

Buckling parameters yy zz

Sway type sway non-sway
System length L 5,300 2,650 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,300 2,650 m
Critical Euler load Ncr 971,75 298,09 kN
Slenderness Lambda 71,40 128,91
Relative slenderness 0,76 1,37
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

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

Lateral Torsional Buckling Check
According to article EN 1993-1-1: 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 166.0000 cm’
Elastic critical moment Mcr 136.22 kNm

Relative slenderness Lambda, LT | 0.54
Limit slenderness Lambda,LT,0 0.40
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LTB length |2.650 |m
k 1.00
kw 1.00
C1 3.20
c2 0.41
C3 1.00

The slenderness or bending moment is such that Lateral Torsional Buckling effects may be ignored according to EN

1993-1-1 article 6.3.2.2(4)

Compression and bending check
According to article EN 1993-1-1 : 6.3.3. and formula (6.61), (6.62)

Interaction Method 1

kyy 1.005

kyz 0.984

kzy 0.527

kzz 1.004

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 23.9000 |cm’
Wy 166.0000 |cm’
Wz 34.6000 |cm’
NRk 561.65 kN
My,Rk 39.01 kNm
Mz,Rk 8.13 kNm
My, Ed -21.67 kNm
Mz, Ed 0.64 kNm
Interaction Method 1

McrQ 42.51 kNm
reduced slenderness 0 |0.96

Psiy 0.885

Psi z 0.568

Cmy,0 0.999

Cmz,0 0.996

Cmy 1.000

Cmz 0.996

CmLT 1.000

muy 1.000

muz 1.000

wy 1.137

wz 1.500

npl 0.003

alLT 0.996

bLT 0.020

cLT 0.594

dLT 0.023

elLT 0.247

Cyy 0.996

Cyz 0.701

Czy 0.992

Czz 0.998

Unity check (6.61) = 0.00 + 0.56 + 0.08 = 0.64
Unity check (6.62) = 0.00 + 0.29 + 0.08 = 0.37

Shear buckling check
in buckling field 1

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

LEL CIREITES
hw/t  |30.943

The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.
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PRILOGA C: 1ZPIS I1Z PROGRAMA SCIA ENGINEER 14
Priloga C.1: Kontrola nosilnosti in stabilnosti momentnega okvira 2 - potresno projektno
stanje, faktor obnasanja q = 1,5

Priloga C.2: Kontrola nosilnosti in stabilnosti okvira 1 s centri¢nim povezjem (Sistem
nateznih diagonal) - potresno projektno stanje, faktor obnasanja q = 1,5

Priloga C.3: Kontrola nosilnosti in stabilnosti okvira A s centri¢nim povezjem (Sistem
nateznih diagonal) - potresno projektno stanje, faktor obnasanja q = 1,5






1. Priloga C.1

Linear calculation

Member CS Name Part Swayy Ly ky ly Lamy lyz |ILTB
. [wm [-] [m] [-] [m] [m]

Sway z Lz kz Iz Lam z

[m] [-] [m] [-]

B1 cs1 1|Yes 5440 | 1,00| 5440| 2595| 5440| 5440
No 5440| 1,00/ 5440 75,06

B1 Cs1 2| Yes 3,200| 1,00| 3,200| 15,27| 3,200| 3,200
No 3,200/ 1,00 3,200| 44,15

B2 Cs1 1|Yes 5440 1,00| 5440| 2595| 5440| 5440
No 5440| 1,00/ 5440 75,06

B2 Cs1 2| Yes 3,200| 1,00| 3,200| 15,27| 3,200| 3,200
No 3,200| 1,00/ 3,200| 44,15

B3 CS4 1|Yes 11,700 1,00| 11,700| 42,11| 2,340 2,340
No 2,340| 1,00/ 2,340| 32,76

B3 CS4 2| Yes 11,700| 1,00| 11,700| 45,68| 2,340| 2,340
No 2,340| 1,00/ 2,340| 32,32

B3 Cs4 3| Yes 11,700| 1,00| 11,700| 49,69| 2,340| 2,340
No 2,340| 1,00/ 2,340| 31,86

B3 CS4 4| Yes 11,700 1,00| 11,700| 54,13| 2,340 2,340
No 2,340| 1,00/ 2,340 31,40

B3 CS4 5| Yes 11,700| 1,00| 11,700| 58,84 2,340| 2,340
No 2,340 1,00 2,340| 30,94

B3 Cs4 6| Yes 11,700| 1,00| 11,700| 61,84 2,340| 2,340
No 2,340| 1,00/ 2,340| 32,10

B3 Cs4 7| Yes 11,700| 1,00| 11,700| 61,84 2,340| 2,340
No 2,340| 1,00/ 2,340| 32,10

B3 Cs4 8/ Yes 11,700| 1,00| 11,700| 61,84 2,340| 2,340
No 2,340| 1,00/ 2,340| 32,10

B3 Cs4 9/ Yes 11,700| 1,00| 11,700| 61,84 2,340| 2,340
No 2,340| 1,00/ 2,340 32,10

B3 Cs4 10 | Yes 11,700| 1,00| 11,700| 61,84 2,340| 2,340
No 2,340| 1,00/ 2,340| 32,10

B3 CS4 11| Yes 11,700| 1,00| 11,700| 58,84 2,340| 2,340
No 2,340| 1,00 2,340| 30,94

B3 CS4 12 | Yes 11,700 1,00| 11,700| 54,13| 2,340 2,340
No 2,340| 1,00/ 2,340| 31,40

B3 CS4 13| Yes 11,700| 1,00| 11,700| 49,69| 2,340| 2,340
No 2,340| 1,00/ 2,340| 31,86

B3 CS4 14 | Yes 11,700| 1,00| 11,700| 45,68| 2,340| 2,340
No 2,340| 1,00/ 2,340| 32,32

B3 CS4 15| Yes 11,700 1,00| 11,700| 42,11| 2,340 2,340
No 2,340| 1,00/ 2,340| 32,76

B4 cs7 1|Yes 5882| 1,00| 5882| 31,38| 2,941| 2,941
No 2,941| 1,00/ 2,941| 90,70

B4 cs7 2| Yes 5882| 1,00| 5882| 34,13| 2,941| 2,941
No 2,941| 1,00/ 2,941 88,90

B4 cs7 3] Yes 5882| 1,00| 5882| 37,25 2,941| 2,941
No 2,941 1,00| 2,941 87,06

B4 cs7 4| Yes 5882| 1,00| 5882| 40,72| 2,941| 2,941
No 2,941 1,00| 2,941 85,19

B4 cs7 5 Yes 5882| 1,00| 5882| 44,40| 2,941| 2,941
No 2,941 1,00 2,941 83,27

B4 cs7 6| Yes 5882| 1,00| 5882| 47,20] 2,941| 2,941
No 2,941 1,00| 2,941 87,82

B4 cs7 7| Yes 5882| 1,00| 5882| 47,20] 2,941| 2,941
No 2,941 1,00| 2,941 87,82

B5 cs7 1|Yes 5882| 1,00| 5882| 31,38| 2,941| 2,941
No 2,941| 1,00/ 2,941| 90,70

B5 cs7 2| Yes 5882| 1,00| 5,882| 34,13| 2,941 2,941
No 2,941| 1,00/ 2,941| 88,90

B5 cs7 3] Yes 5882| 1,00| 5,882| 37,25 2,941 2,941
No 2,941| 1,00/ 2,941| 87,06

B5 cs7 4| Yes 5882| 1,00| 5,882| 40,72| 2,941 2,941
No 2,941| 1,00/ 2,941| 85,19

B5 cs7 5 Yes 5882 1,00| 5,882| 44,40| 2,941 2,941
No 2,941| 1,00 2,941| 83,27

B5 cs7 6| Yes 5882 1,00| 5,882| 47,20] 2,941 2,941
No 2,941| 1,00/ 2,941| 87,82

B5 cs7 7| Yes 5882 1,00| 5,882| 47,20] 2,941 2,941
No 2,941 1,00] 2,941 87,82
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4. Result classes
4.1. Result classes - RC1

Name List
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4.1.1. Check of steel

Nonlinear calculation, Extreme : Member

Selection : All
Class : RC1
Member dx un.check sec.check stab.check
[m] [-] [-] [-]
Bl CS1 - HEA500 | S 235 | Skupaj 0,000 0,44 0,07 0,44
B2 CS1 - HEA500 |S 235 | Skupaj 5,154 0,87 0,68 0,87
B3 CS4-I+1Ivar |S235 |Skupaj 10,740 0,80 0,80 0,80
B4 CS7-1+1var |S235 |Skupaj 1,200 0,42 0,38 0,42
B5 CS7-1+1var |S235 |Skupaj 1,280 0,47 0,37 0,47
]
\
\
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Nonlinear calculation, Extreme : Cross-section
Selection : All
Class : RC1

[Member B2 [8,640 m |HEA500 [S 235 [Skupaj |0,87 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu |36,0 kN/cm®
Fabrication Rolled

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

Maximum width-to-thickness ratio | 32,50
Class 1 Limit 53,67
Class 2 Limit 61,80
Class 3 Limit 103,16

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

| Maximum width-to-thickness ratio [5,09 |
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Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

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

The critical check is on position 5.154 m

Internal forces Calculated Unit

N,Ed -317,77 kN
Vy,Ed 0,00 kN
Vz,Ed 120,65 kN
T,Ed 0,00 kNm
My,Ed 632,27 kNm
Mz,Ed 0,00 kNm

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

A 198,0000 |cm’
Nc,Rd 4653,00 |kN
Unity check |0,07 -

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

Wpl,y 3950,0000 |cm’
Mpl,y,Rd 928,25 kNm
Unity check |0,68 -

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

Eta 1,20

Av 75,1800 |cm’
Vpl,z,Rd 1020,02 | kN
Unity check | 0,12 -

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

Mpl,y,Rd 928,25 |kNm
Unity check |0,68 -

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

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

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

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 32,50
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 5,09
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

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

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 5,440 5,440 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,440 5,440 m
Critical Euler load Ncr 60931,31 |7283,74 kN
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Buckling parameters Yy zz

Slenderness Lambda 25,95 75,06
Relative slenderness 0,28 0,80
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b
Imperfection Alpha 0,21 0,34
Reduction factor Chi 0,98 0,72
Buckling resistance Nb,Rd |4573,72 3373,00 kN
Cross-section area A 198,0000 |cm’
Buckling resistance Nb,Rd |3373,00 kN
Unity check 0,09 -
Lateral Torsional Buckling Check

According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.

Wy 3950.0000 cm’
Elastic critical moment Mcr 3820.43 kNm
Relative slenderness Lambda, LT | 0.49

Limit slenderness Lambda,LT,0 0.40

LTB curve a

Imperfection Alpha,LT 0.21

Reduction factor Chi LT 0.93

Buckling resistance Mb.Rd 859.98 kNm
Unity check 0.74 -

LTB length |5.440 |m
k 1.00
kw 1.00
Ci 1.76
c2 0.00
C3 1.00

Note: C Parameters according to ECCS 119 2006 / Galea 2002

load in center of gravity

Compression and bending check

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

Interaction Method 1

kyy 1.036

kyz 1.021

kzy 0.542

kzz 1.090

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 198.0000 cm’
Wy 3950.0000 |cm’
Wz 1058.3300 |cm’
NRk 4653.00 kN
My, Rk 928.25 kNm
Mz,Rk 248.71 kNm
My, Ed 666.81 kNm
Mz, Ed 0.00 kNm
Interaction Method 1

Mcr0 2167.14 kNm
reduced slenderness 0 |0.65

Psiy 0.000

Psi z 1.000

Cmy,0 0.998

Cmz,0 1.011

Cmy 1.000

Cmz 1.011

CmLT 1.031

muy 1.000

muz 0.988

wy 1.113

wz 1.500

npl 0.068

aLT 0.996

bLT 0.000

cLT 0.612
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dLT 0.000
eLT 1.693
Cyy 0.999
Cyz 0.721
Czy 0.975
Czz 0.957

Unity check (6.61) = 0.07 + 0.80 + 0.00 = 0.87
Unity check (6.62) = 0.09 + 0.42 + 0.00 = 0.51

Shear buckling check
in buckling field 1
According to article EN 1993-1-5 : 5. & 7.1. and formula (5.10) & (7.1)

Table of values
hw/t |37.000

The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.
[Member B3 [11,700 m |[I+ Ivar |S235 |[Skupaj |0,80 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu | 36,0 kN/cm?
Fabrication Welded

Warning: Strength reduction in function of the thickness is not supported for this type of cross-section.

Classification for cross-section design

According to EN 1993-1-1 article 5.5.2

Warning: Classification is not supported for this type of cross-section.
The section is checked as elastic, class 3.

The critical check is on position 10.740 m

Internal forces Calculated Unit

N,Ed -29,09 kN
Vy,Ed 0,00 kN
Vz,Ed -243,45 kN
T,Ed 0,00 kNm
My,Ed -624,19 kNm
Mz,Ed 0,00 kNm

Section properties

A 2.481155e+004 mm’
Ay/A 10.731 Az/A 10.243
Iy 9.809805e+008 mm* | Iz 1.419644e+008 mm*
lyz -4.035583e-007 mm* | It 3.018046e+006 mm*
Iw 6.333249e+012 mm®

Wely |3.340527e+006 mm® | Welz |9.464291e+005 mm’
Wply |4.109909e+006 mm® | Wplz |1.443077e+006 mm’
cy 200.25 mm cz 150.00 mm

dy -0.00 mm dz -13.60 mm

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

A 248,1155 |cm’
Nc,Rd 5830,71 kN
Unity check ]0,00 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.14)

Wel,y,min  |3340,5268 |cm’
Mel,y,Rd 785,02 kNm
Unity check |0,80 -

Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formula (6.19)

Tau,Vz,Ed |50 |kN/cm®
Tau,Rd 13,6 |kN/cm?
Unity check 0,37 |-
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Note: No shear area is given for this section/fabrication, therefore the plastic shear resistance cannot be
determined. As a result the elastic shear resistance according to EN 1993-1-1 article 6.2.6(4) is verified.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.1(5) and formula (6.1)

Fibre 14

Sigma,N,Ed 0,1 kN/cm?
Sigma, My, Ed -18,7 | kN/cm®
Sigma,Mz,Ed 0,0 kN/cm?
Sigma,tot,Ed -18,6 | kN/cm®
Tau,Vy,Ed 0,0 kN/cm®
Tau,Vz,Ed 1,1 kN/cm?
Tau,t,Ed 0,0 kN/cm®
Tau,tot,Ed 1,1 kN/cm?
Sigma,von Mises,Ed | 18,7 |kN/cm’
Unity check 0,79 |-

The member satisfies the section check.

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

Buckling parameters yy 2z

Sway type sway non-sway
System length L 11,700 2,340 m
Buckling factor k 1,00 1,00

Buckling length Lcr 11,700 2,340 m

Critical Euler load Ncr 14852,78 |53736,17 |kN
Slenderness Lambda 58,84 30,94

Relative slenderness 0,63 0,33
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

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

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

Torsional Buckling length 2.340 m
Ncr, T 58112.87 | kN
Ncr, TF 51953.46 | kN
Relative slenderness Lambda, T | 0.34

Limit slenderness Lambda,0 0.20

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

Lateral Torsional Buckling Check
According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 3340.5268 o’
Elastic critical moment Mcr 17422.98 kNm

Relative slenderness Lambda, LT | 0.21
Limit slenderness Lambda,LT,0 0.40

LTBlength |2.340 |m
k 1.00
kw 1.00
Ci 1.46
c2 0.01
C3 1.00

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

Compression and bending check
According to article EN 1993-1-1 : 6.3.3. and formula (6.61), (6.62)
Interaction Method 1

Table of values
kyy 1.002
yz 1.001 [[FFEEELLITE
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kzy 1.002

kzz 1.001

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 248.1155 cm’
Wy 3340.5268 |cm’
Wz 946.4291 | cm’
NRk 5830.71 kN
My, Rk 785.02 kNm
Mz,Rk 222.41 kNm
My, Ed -624.19 kNm
Mz, Ed 0.00 kNm
Interaction Method 1

Mcr0 11912.94 kNm
reduced slenderness 0 |0.26

Psi y -0.186

Psi z 1.000

Cmy,0 0.999

Cmz,0 1.000

Cmy 1.000

Cmz 1.000

CmLT 1.000

muy 1.000

muz 1.000

wy 1.230

wz 1.500

npl 0.005

aLT 0.997

bLT 0.000

cLT 0.085

dLT 0.000

elLT 2.516

Cyy 1.001

Cyz 0.961

Czy 1.000

Czz 0.996

Unity check (6.61) = 0.00 + 0.80 + 0.00 = 0.80
Unity check (6.62) = 0.00 + 0.80 + 0.00 = 0.80

The member satisfies the stability check.

[Member B5 [5,882m [I+Ivar |S235 [Skupaj [0,47 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00

Gamma M1 for resistance to instability

1,00

Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5

kN/cm?

Ultimate strength fu | 36,0

kN/cm’

Fabrication Welded

Warning: Strength reduction in function of the thickness is not supported for this type of cross-section.

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Warning: Classification is not supported for this type of cross-section.

The section is checked as elastic, class 3.

The critical check is on position 1.280 m

Internal forces Calculated Unit

N,Ed -92,89 kN

Vy,Ed 0,00 kN

Vz,Ed 18,15 kN

T,Ed 0,00 kNm

My,Ed -55,96 kNm

Mz,Ed 0,00 kNm

Section properties

A 7.258121e+003 mm’

Ay/A 1 0.656 Az/A ]0.341

Iy 1.273700e+008 mm* | Iz 9.053786e+006 mm*

Iyz

-1.036027e-007 mm*

It

2.224037e+005 mm*

Iw

1.904247e+011 mm®
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Wely |6.506732e+005 mm® | Welz |1.207171e+005 mm’
Wply |8.373645e+005 mm’® | Wplz | 1.864229e+005 mm’
cy 138.89 mm cz 75.00 mm
dy -0.00 mm dz -13.72 mm

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

A 72,5812 |cm’
Nc,Rd 1705,66 | kN
Unity check |0,05 -

Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.14)

Wel,y,min | 650,6732 |cm’
Mel,y,Rd 152,91 kNm
Unity check | 0,37 -

Shear check for Vz
According to EN 1993-1-1 article 6.2.6 and formula (6.19)

Tau,Vz,Ed 0,9 |kN/cm®
Tau,Rd 13,6 |kN/cm?
Unity check 0,07 |-

Note: No shear area is given for this section/fabrication, therefore the plastic shear resistance cannot be
determined. As a result the elastic shear resistance according to EN 1993-1-1 article 6.2.6(4) is verified.

Combined bending, axial force and shear force check
According to EN 1993-1-1 article 6.2.1(5) and formula (6.1)

Fibre 26

Sigma,N,Ed 1,3 | kN/em?
Sigma, My, Ed 6,1 | kN/cm?
Sigma,Mz,Ed 0,0 |kN/cm®
Sigma,tot,Ed 7,4 | kN/cm?
Tau,Vy,Ed 0,0 |kN/cm®
Tau,Vz,Ed 0,1 | kN/cm?
Tau,t,Ed 0,0 |kN/cm?
Tau,tot,Ed 0,1 | kN/cm®
Sigma,von Mises,Ed | 7,4 | kN/cm®
Unity check 0,31 |-

The member satisfies the section check.

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

Buckling parameters Yy 2z

Sway type sway non-sway
System length L 5,882 2,941 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,882 2,941 m
Critical Euler load Ncr 7630,93 [2169,71 kN
Slenderness Lambda 44,40 83,27

Relative slenderness 0,47 0,89
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve b C

Imperfection Alpha 0,34 0,49

Reduction factor Chi 0,90 0,61

Buckling resistance Nb,Rd | 1528,41 |1037,15 kN
Cross-section area A 72,5812 |cm’®

Buckling resistance Nb,Rd | 1037,15 |kN

Unity check 0,09 -

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

Torsional Buckling length 2.941 m
Ncr, T 3349.89 | kN
Ncr, TF 2132.66 | kN

Relative slenderness Lambda, T |0.89
Limit slenderness Lambda,0 0.20
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Buckling curve C

Imperfection Alpha 0.49

A 72.5812 | cm’
Reduction factor Chi 0.60

Buckling resistance Nb,Rd 1029.08 | kN
Unity check 0.09 -

Lateral Torsional Buckling Check
According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 650.6732 cm’
Elastic critical moment Mcr 523.16 kNm

Relative slenderness Lambda, LT | 0.54
Limit slenderness Lambda,LT,0 0.40

LTBlength |2.941 |m
k 1.00
kw 1.00
C1 1.41
c2 0.02
C3 1.00

The slenderness or bending moment is such that Lateral Torsional Buckling effects may be ignored according to EN

1993-1-1 article 6.3.2.2(4)

Compression and bending check
According to article EN 1993-1-1 : 6.3.3. and formula (6.61), (6.62)
Interaction Method 1

kyy 1.044

kyz 1.054

kzy 1.027

kzz 1.037

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 725812 |cm’
Wy 650.6732 |cm’
Wz 120.7171 |em’
NRk 1705.66 kN
My, Rk 152.91 kNm
Mz,Rk 28.37 kNm
My, Ed -55.96 kNm
Mz, Ed 0.00 kKNm
Interaction Method 1

Mcr0 371.47 kNm
reduced slenderness 0 |0.64

Psiy 0.135

Psi z 1.000

Cmy,0 0.997

Cmz,0 1.010

Cmy 0.999

Cmz 1.010

CmLT 1.033

muy 0.999

muz 0.983

wy 1.287

wz 1.500

npl 0.054

aLT 0.998

bLT 0.000

cLT 0.208

dLT 0.000

eLT 0.432

Cyy 0.999

Cyz 0.910

Czy 0.983

Czz 0.993

Unity check (6.61) = 0.06 + 0.38 + 0.00 = 0.44
Unity check (6.62) = 0.09 + 0.38 + 0.00 = 0.47

The member satisfies the stability check.
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1. Priloga C.2

Linear calculation

Member CS Name Part Swayy Ly ky ly Lamy lyz ILTB
~  [m [-] [m] []1 [m] [m] |

Sway z Lz kz Iz Lam z
[m] [-] [m] [-]

B1 CS8 1| Yes 5440| 1,00| 5,440 59,31| 5,440 5,440
No 5440 1,00] 5,440 98,53

B1 CS8 2 |Yes 3,200 1,00| 3,200 34,89| 3,200 3,200
No 3,200 1,00| 3,200 57,96

B2 CS8 1| Yes 5440| 1,00| 5,440 59,31| 5,440 5,440
No 5440 1,00| 5,440 98,53

B2 CS8 2 |Yes 3,200 1,00| 3,200 34,89| 3,200 3,200
No 3,200 1,00| 3,200 57,96

B3 CS8 1| Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS8 2 |Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS8 3|Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS8 4|Yes 5,850| 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS8 5|Yes 5850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B3 CS8 6 |Yes 5,850 1,00| 5,850 63,78 | 2,340 | 2,340
No 2,340 1,00] 2,340 42,38

B4 Cs11 1| Yes 5,882 1,00 5,882 79,23 | 2,941 2,941
No 2,941 1,00| 2,941 143,06

B4 CS11 2 |Yes 5,882 1,00 5,882 79,23 | 2,941 | 2,941
No 2,941 1,00| 2,941 143,06

B5 CS11 1| Yes 5,882 1,00 5,882 79,23 | 2,941 | 2,941
No 2,941 1,00| 2,941 143,06

B5 CS11 2 |Yes 5882 1,00 5,882 79,23 | 2,941 | 2,941
No 2,941 1,00 2,941 143,06

B6 Cs10 1| Yes 3,810| 1,00| 3,810 66,34| 3,810 3,810
No 3,810 1,00| 3,810| 230,26

B7 CS9 1| Yes 5440| 1,00| 5,440 82,92| 5,440 5,440
No 5440 1,00| 5440 136,53

B8 CSs12 1| Yes 7,988| 1,00| 7,988| 316,57| 7,988| 7,988
No 7,988| 1,00| 7,988| 639,29

B9 CS13 1| Yes 6,668 1,00 6,668 1133,78| 6,668 | 6,668
No 6,668 1,00| 6,668 1133,78
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4. Result classes
4.1. Result classes - RC1

Name List

S4
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4.1.1. Check of steel

Nonlinear calculation, Extreme : Member

Selection : All
Class : RC1

Member dx un.check sec.check stab.check

[m] [-] [-] =

Bl CS8 - HEA220 | S 235 | Skupaj 0,000 0,12 0,04 0,12
B2 CS8 - HEA220 | S 235 | Skupaj 0,000 0,34 0,14 0,34
B3 CS8 - HEA220 |S 235 | Skupaj 5,850 0,50 0,39 0,50
B4 CS11 - IPE180 |S 235 | Skupaj 0,000 0,26 0,06 0,26
B5 CS11 - IPE180 |S 235 | Skupaj 0,000 0,36 0,25 0,36
B6 CS10 - IPE140 | S 235 | Skupaj 0,000 0,18 0,03 0,18
B7 CS9 - HEA160 | S 235 | Skupaj 5,440 0,36 0,12 0,36
B8 CS12 - U65 S 235 | Skupaj 7,988 0,92 0,92 0,00
B9 CS13 - L20X3 | S 235 | Skupaj 6,668 0,93 0,93 0,00

2

X

Nonlinear calculation, Extreme : Cross-section

Selection : All

Class : RC1

9z'0

[Member B3 [11,700 m |HEA220 [S 235 |[Skupaj 0,50 -

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu |36,0 kN/cm®
Fabrication Rolled

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 21,71
Class 1 Limit 44,27
Class 2 Limit 50,97
Class 3 Limit 86,36

[T T T T T

i

034
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=> Internal Compression parts Class 1
Classification of Outstand Flanges
According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 8,05
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

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

The critical check is on position 5.850 m

Internal forces Calculated Unit

N,Ed -132,55 kN
Vy,Ed 0,00 kN
Vz,Ed 47,30 kN
T,Ed 0,00 kNm
My,Ed -51,50 kNm
Mz,Ed 0,00 kNm

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

A 64,3000 | cm’
Nc,Rd 1511,05 |kN
Unity check |0,09 -

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

Whpl,y 566,6670 |cm’
Mpl,y,Rd 133,17 kNm
Unity check 10,39 -

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

Eta 1,20

Av 20,6300 |cm’
Vpl,z,Rd 279,90 kN
Unity check ]0,17 -

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

Mpl,y,Rd 133,17 |kNm
Unity check ]0,39 -

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

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

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

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 4,680 m
Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 21,71
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 46,38

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

Maximum width-to-thickness ratio | 8,05
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

=> Outstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

Flexural Buckling Check
According to EN 1993-1-1 article 6.3.1.1 and formula (6.46)
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Buckling parameters Yy 2z

Sway type sway non-sway
System length L 5,850 2,340 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,850 2,340 m
Critical Euler load Ncr 3276,46 |7418,97 kN
Slenderness Lambda 63,78 42,38

Relative slenderness 0,68 0,45
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve b C

Imperfection Alpha 0,34 0,49

Reduction factor Chi 0,80 0,87

Buckling resistance Nb,Rd |1201,86 |1314,36 kN

Flexural Buckling verific

tion

Cross-section area A 64,3000 |cm®
Buckling resistance Nb,Rd |1201,86 |kN
Unity check 0,11 -

Torsional (-Flexural) Buckling check

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

LEL CIREITES

Torsional Buckling length 2.340 m
Ncr, T 8390.37 | kN
Ncr, TF 3276.46 | kN
Relative slenderness Lambda, T | 0.68

Limit slenderness Lambda,0 0.20

Buckling curve C

Imperfection Alpha 0.49

A 64.3000 | cm’
Reduction factor Chi 0.74

Buckling resistance Nb,Rd 1114.52 | kN
Unity check 0.12 -

Lateral Torsional Buckling Check

According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 566.6670 cm’
Elastic critical moment Mcr 1111.02 kNm

Relative slenderness Lambda, LT | 0.35

Limit slenderness Lambda,LT,0 0.40

LTBlength |2.340 |m
k 1.00
kw 1.00
C1 1.32
c2 0.50
C3 0.41

The slenderness or bending moment is such that Lateral Torsional Buckling effects may be ignored according to EN

1993-1-1 article 6.3.2.2(4)

Compression and bending check

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

Interaction Method 1

kyy 1.020

kyz 0.718

kzy 0.538

kzz 1.071

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 64.3000 |cm’
Wy 566.6670 | cm’
Wz 270.4170 |cm’
NRk 1511.05 kN
My, Rk 133.17 kNm
Mz,Rk 63.55 kNm
My, Ed -51.50 kNm
Mz,Ed 0.00 kNm
Interaction Method 1

Mcr0 [844.70  [kNm
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Table of values

reduced slenderness 0 |0.40

Psi y 0.830
Psi z 1.000
Cmy,0 0.970
Cmz,0 1.004
Cmy 0.991
Cmz 1.004
CmLT 1.000
muy 0.991
muz 0.998
wy 1.100
wz 1.500
npl 0.088
aLT 0.995
bLT 0.000
cLT 0.121
dLT 0.000
elLT 1.853
Cyy 1.003
Cyz 0.989
Czy 0.983
Czz 0.953

Unity check (6.61) = 0.11 + 0.39 + 0.00 = 0.50
Unity check (6.62) = 0.12 + 0.21 + 0.00 = 0.33

Shear buckling check
in buckling field 1
According to article EN 1993-1-5 : 5. & 7.1. and formula (5.10) & (7.1)

LEL CIREITES
hw/t |26.857

The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.
[Member B5 (5,882 m |[IPE180 |S 235 |Skupaj |0,36 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm®
Ultimate strength fu [36,0 kN/cm?
Fabrication Rolled

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

Maximum width-to-thickness ratio | 27,55
Class 1 Limit 58,70
Class 2 Limit 67,59
Class 3 Limit 87,12

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

Maximum width-to-thickness ratio | 4,23
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

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

The critical check is on position 0.000 m

Internal forces Calculated Unit

N,Ed -34,87 kN
Vy,Ed 0,00 kN
Vz,Ed 5,92 kN
T,Ed 0,00 kNm
My,Ed -9,60 kNm
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Internal forces Calculated Unit
Mz,Ed 0,00 kNm

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

A 23,9000 |cm’
Nc,Rd 561,65 kN
Unity check |0,06 -

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

Wpl,y 166,0000 |cm’
Mpl,y,Rd 39,01 kNm
Unity check | 0,25 -

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

Eta 1,20
Av 11,2040 |cm’
Vpl,z,Rd 152,01 kN

Unity check | 0,04 -

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

Mpl,y,Rd [39,01 |kNm
Alpha 2,00
Mpl,z,Rd |8,13 kNm
Beta 1,00

Unity check (6.41) = 0,06 + 0,00 = 0,06 -

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

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

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

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

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 27,55
Class 1 Limit 58,70
Class 2 Limit 67,59
Class 3 Limit 87,12

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

Maximum width-to-thickness ratio | 4,23
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

=> Outstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 5,882 2,941 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,882 2,941 m
Critical Euler load Ncr 789,04 |242,04 kN
Slenderness Lambda 79,23 143,06
Relative slenderness 0,84 1,52
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b
Imperfection Alpha 0,21 0,34
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Buckling parameters Yy zz
Reduction factor Chi 0,77 0,33
Buckling resistance Nb,Rd 432,36 [187,48 kN

Flexural Buckling verification

Cross-section area A 23,9000 |cm?
Buckling resistance Nb,Rd | 187,48 kN
Unity check 0,19 -

Lateral Torsional Buckling Check
According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 166.0000 cm’
Elastic critical moment Mcr 88.93 kNm

Relative slenderness Lambda,LT | 0.66
Limit slenderness Lambda,LT,0 0.40

LTB length [2.941 |m
k 1.00
kw 1.00
C1 2.40
c2 0.15
C3 1.00

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

Compression and bending check
According to article EN 1993-1-1 : 6.3.3. and formula (6.61), (6.62)
Interaction Method 1

kyy 1.126

kyz 1.038

kzy 0.594

kzz 1.177

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 23.9000 cm’
Wy 166.0000 | cm’
Wz 34.6000 |cm’
NRk 561.65 kN
My, Rk 39.01 kNm
Mz,Rk 8.13 kNm
My, Ed -9.60 kKNm
Mz, Ed 0.00 kNm
Interaction Method 1

Mcr0 36.98 kNm
reduced slenderness 0 |1.03

Psi y 0.486

Psi z 1.000

Cmy,0 0.962

Cmz,0 1.035

Cmy 0.988

Cmz 1.035

CmLT 1.071

muy 0.989

muz 0.899

wy 1.137

wz 1.500

npl 0.062

aLT 0.996

bLT 0.000

cLT 0.252

dLT 0.000

eLT 0.079

Cyy 0.972

Cyz 0.794

Czy 0.875

Czz 0.923

Unity check (6.61) = 0.08 + 0.28 + 0.00 = 0.36
Unity check (6.62) = 0.19 + 0.15 + 0.00 = 0.33

Shear buckling check
in buckling field 1 ” LLLELLEELEn
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According to article EN 1993-1-5 : 5. & 7.1. and formula (5.10) & (7.1)

Table of values
hw/t  |30.943

The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.
[Member B6 [3,810 m [IPE140 [S 235 [Skupaj |0,18 - |

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm®
Ultimate strength fu [36,0 kN/cm?
Fabrication Rolled

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

Maximum width-to-thickness ratio | 23,87
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 3,93
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

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

The critical check is on position 0.000 m

Internal forces Calculated Unit

N,Ed -9,96 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

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

A 16,4000 |cm’
Nc,Rd 385,40 kN
Unity check ]0,03 -

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 23,87
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 3,93
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00
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=> Qutstand Flanges Class 1

=> Section classified as Class 1 for member buckling design

Flexural Buckling Check

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 3,810 3,810 m
Buckling factor k 1,00 1,00

Buckling length Lcr 3,810 3,810 m
Critical Euler load Ncr 772,44 | 64,11 kN
Slenderness Lambda 66,34 230,26
Relative slenderness 0,71 2,45
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b

Imperfection Alpha 0,21 0,34

Reduction factor Chi 0,84 0,14

Buckling resistance Nb,Rd |325,56 |55,80 kN
Warning: Slenderness 230,26 is larger than the limit value of 200,00.
Cross-section area A 16,4000 |cm’

Buckling resistance Nb,Rd | 55,80 kN

Unity check 0,18 -

The member satisfies the stability check.

[Member B7 [5,440 m |HEA160 [S 235 [Skupaj |0,36 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
Yield strength fy 23,5 kN/cm?

Ultimate strength fu | 36,0 kN/cm?
Fabrication Rolled

...::SECTION CHECK::...

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,33
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 6,89
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

=> Qutstand Flanges Class 1

=> Section classified as Class 1 for cross-section design

The critical check is on position 5.440 m

Internal forces Calculated Unit

N,Ed -107,80 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

Compression check

A 38,8000 |cm’
Nc,Rd 911,80 |kN
Unity check | 0,12 -

According to EN 1993-1-1 article 6.2.4 and formula (6.9)
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The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0,000 m

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 17,33
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 6,89
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

=> Qutstand Flanges Class 1

=> Section classified as Class 1 for member buckling design

Flexural Buckling Check

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

Buckling parameters Yy 2z

The member satisfies the stability check.

Sway type sway non-sway
System length L 5,440 5,440 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,440 5,440 m
Critical Euler load Ncr 1169,60 [431,42 kN
Slenderness Lambda 82,92 136,53
Relative slenderness 0,88 1,45
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve b C

Imperfection Alpha 0,34 0,49

Reduction factor Chi 0,67 0,33

Buckling resistance Nb,Rd |612,85 300,88 kN
Cross-section area A 38,8000 |cm®

Buckling resistance Nb,Rd | 300,88 kN

Unity check 0,36 -

[Member B8 [7,988 m [U65 |S 235 [Skupaj 0,92 - |

Partial safety factors

Gamma MO for resistance of cross-sections

1,00

Gamma M1 for resistance to instability

1,00

Gamma M2 for resistance of net sections

1,25

Yield strength fy 23,5

kN/cm’

Ultimate strength fu | 36,0

kN/cm’

Fabrication Rolled

The critical check is on position 7.988 m

Internal forces Calculated Unit

N,Ed 195,58 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

Tension check

A 9,0300 |cm’
Npl,Rd 212,21 |kN
Nu,Rd 234,06 | kN
Nt,Rd 212,21 |kN
Unity check | 0,92 -

According to EN 1993-1-1 article 6.2.3 and formula (6.5)
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The member satisfies the section check.

The member satisfies the stability check.

[Member B9 [6,668 m [L20X3 [S 235 [Skupaj [0,93 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu [36,0 kN/cm®
Fabrication Rolled
...::SECTION CHECK::...

The critical check is on position 6.668 m

Internal forces Calculated Unit

N,Ed 24,57 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My, Ed 0,00 kNm
Mz,Ed 0,00 kNm

Tension check

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

A 1,1200 |cm’
Npl,Rd 26,32 kN
Nu,Rd 29,03 kN
Nt,Rd 26,32 kN
Unity check |0,93 -

The member satisfies the section check.

The member satisfies the stability check.
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1. Priloga C.3

Second Order calculation

Member CS Name Part Swayy

Sway z
[-]

B1 CSi11 1|Yes 5,440 1,00| 5,440 25,95| 5,440 | 5,440
No 5,440| 1,00| 5,440 75,06

B1 CSsi11 2| Yes 3,200 1,00| 3,200 15,27 | 3,200| 3,200
No 3,200 1,00| 3,200 44,15

B2 CSsi11 1|Yes 5440 1,00| 5,440 25,95| 5,440| 5,440
No 5,440| 1,00| 5,440 75,06

B2 CSsi11 2| Yes 3,200 1,00| 3,200 15,27 | 3,200| 3,200
No 3,200 1,00| 3,200 44,15

B5 CS8 1|Yes 5,300 1,00| 5,300 53,12| 1,367 | 1,367
No 1,367 1,00| 1,367 50,74

B5 CS8 2| Yes 5300 1,00| 5,300 53,12| 1,283 | 1,283
No 1,283 1,00| 1,283| 47,59

B5 CS8 3| Yes 5,300| 1,00| 5,300 53,12 1,325| 1,325
No 1,325 1,00| 1,325| 49,16

B5 CS8 4 |Yes 5,300| 1,00| 5,300 53,12 1,325| 1,325
No 1,325 1,00| 1,325| 49,16

B6 CS12 1|Yes 5,300| 1,00| 5,300| 153,44| 5,300| 5,300
No 5300| 1,00| 5,300, 153,44

B7 CS13 1|Yes 6,191| 1,00| 6,191 | 397,11| 6,191| 6,191
No 6,191| 1,00| 6,191 | 527,22

B8 CS9 1|Yes 7,595| 1,00| 7,595| 122,34| 7,595| 7,595
No 7,595| 1,00| 7,595| 402,86

2. ly

3,200

)

s"’lass

&

Q 40
—~
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4. Result classes

4.1. Result classes - RC1

RC1 Ovojnica

4.1.1. Check of steel

Nonlinear calculation, Extreme : Member

5,300

S449

Selection : All
Class : RC1

Member css mat Case dx un.check sec.check stab.check

[m] [-] [-] [-]

Bl CS11 - HEA500 S 235 | Ovojnica 5,440 0,00 0,00 0,00
B2 CS11 - HEA500 S 235 | Ovojnica 0,000 0,16 0,10 0,16
B5 CS8 - IPE240 S 235 | Ovojnica 1,367 0,83 0,40 0,83
B6 CS12 - CFCHS101.6X4 | S 235 | Ovojnica 0,000 0,95 0,26 0,95
B7 CS13 - L50X40X5 S 235 | Ovojnica 6,191 0,85 0,85 0,00
B8 CS9 - U160 S 235 | Ovojnica 7,595 0,94 0,94 0,00
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Nonlinear calculation, Extreme : Cross-section

Selection : All
Class : RC1

[Member B2 [8,640 m |HEA500 [S 235 |Ovojnica |0,16 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu | 36,0 kN/cm?
Fabrication Rolled
...::SECTION CHECK::...

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

According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 32,50
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

=> Internal Compression parts Class 1
Classification of Outstand Flanges

According to EN 1993-1-1 Table 5.2 Sheet 2

Maximum width-to-thickness ratio | 5,09
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

=> Qutstand Flanges Class 1

=> Section classified as Class 1 for cross-section design

The critical check is on position 0.000 m

Internal forces Calculated Unit

N,Ed -456,55 kN
Vy,Ed -1,20 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm
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Compression check
According to EN 1993-1-1 article 6.2.4 and formula (6.9)

A 198,0000 |cm’

Nc,Rd 4653,00 |kN

Unity check | 0,10 -

Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)
Eta 1,20

Av 142,6800 |cm’

Vpl,y,Rd 1935,84 kN
Unity check | 0,00 -

The member satisfies the section check.

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

Maximum width-to-thickness ratio | 32,50
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 5,09
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

=> Outstand Flanges Class 1
=> Section classified as Class 1 for member buckling design

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

Buckling parameters Yy zz

Sway type sway non-sway
System length L 5,440 5,440 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,440 5,440 m
Critical Euler load Ncr 60931,31 |7283,74 kN
Slenderness Lambda 25,95 75,06

Relative slenderness 0,28 0,80
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b

Imperfection Alpha 0,21 0,34

Reduction factor Chi 0,98 0,72

Buckling resistance Nb,Rd |4573,72 3373,00 kN
Cross-section area A 198,0000 |cm’

Buckling resistance Nb,Rd |3373,00 kN

Unity check 0,14 -

Compression and bending check

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

Interaction Method 1

kyy 1.062

kyz 0.698

kzy 0.559

kzz 1.000

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 198.0000 |cm®
Wy 3950.0000 |cm’
Wz 1058.3300 |cm’
NRk 4653.00 kN
My, Rk 928.25 kNm
Mz,Rk 248.71 kNm
My, Ed 0.00 kNm
Mz,Ed -5.90 kNm
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Table of values

Interaction Method 1

Mcr0 2167.14 kNm
reduced slenderness 0 |0.65
Psiy 1.000
Psi z 0.000
Cmy,0 1.002
Cmz,0 0.979
Cmy 1.002
Cmz 0.979
CmLT 1.051
muy 1.000
muz 0.982
wy 1.113
wz 1.500
npl 0.098
alLT 0.996
bLT 0.000
cLT 0.000
dLT 0.000
elLT 0.000
Cyy 0.999
Cyz 1.043
Czy 0.964
Czz 1.026

Unity check (6.61) = 0.10 + 0.00 + 0.02 = 0.12
Unity check (6.62) = 0.14 + 0.00 + 0.02 = 0.16

The member satisfies the stability check.

[Member B5 [5,300 m [IPE240 |S 235 |[Ovojnica 0,83 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25
Yield strength fy 23,5 kN/cm®

Ultimate strength fu [36,0 kN/cm?
Fabrication Rolled

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2

Classification of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 30,71
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 54,87

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

Maximum width-to-thickness ratio | 4,28
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 13,77

=> Qutstand Flanges Class 1

=> Section classified as Class 1 for cross-section design

The critical check is on position 1.367 m

Internal forces Calculated Unit

N,Ed -367,15 kN
Vy,Ed 0,00 kN
Vz,Ed 10,27 kN
T,Ed 0,00 kNm
My,Ed 21,16 kNm
Mz,Ed 0,00 kNm

Compression check

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

A 39,1000 |cm®
Nc,Rd 918,85 kN
Unity check ]0,40 -
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Bending moment check for My
According to EN 1993-1-1 article 6.2.5 and formula (6.12),(6.13)

Wpl,y 367,0000 |cm’
Mpl,y,Rd 86,25 kNm
Unity check | 0,25 -

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

Eta 1,20
Av 19,1276 |cm’
Vpl,z,Rd 259,52 | kN

Unity check | 0,04 -

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

MN,y,Rd 64,67 |kNm
Unity check 0,33 -

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 of Internal Compression parts
According to EN 1993-1-1 Table 5.2 Sheet 1

Maximum width-to-thickness ratio | 30,71
Class 1 Limit 33,00
Class 2 Limit 38,00
Class 3 Limit 42,00

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

Maximum width-to-thickness ratio | 4,28
Class 1 Limit 9,00
Class 2 Limit 10,00
Class 3 Limit 14,00

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

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

Buckling parameters Yy 2z

Sway type sway non-sway
System length L 5,300 1,367 m
Buckling factor k 1,00 1,00

Buckling length Lcr 5,300 1,367 m
Critical Euler load Ncr 2871,71 |3148,08 kN
Slenderness Lambda 53,12 50,74

Relative slenderness 0,57 0,54
Lambda,rel

Limit slenderness 0,20 0,20
Lambda,rel,0

Buckling curve a b

Imperfection Alpha 0,21 0,34

Reduction factor Chi 0,90 0,87

Buckling resistance Nb,Rd | 829,31 795,67 kN
Cross-section area A 39,1000 |cm®

Buckling resistance Nb,Rd | 795,67 kN

Unity check 0,46 -

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

LEL CIREITES

Torsional Buckling length 1.367 m
Ncr, T 4856.96 | kN
Ncr, TF 2871.71 | kN
Relative slenderness Lambda, T |0.57

Limit slenderness Lambda,0 0.20

Buckling curve b

Imperfection Alpha 0.34
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A 39.1000 | cm’
Reduction factor Chi 0.85

Buckling resistance Nb,Rd 784.63 kN
Unity check 0.47 -

Lateral Torsional Buckling Check
According to article EN 1993-1-1 : 6.3.2.1. and formula (6.54)

LTB Parameters

Method for LTB curve Art. 6.3.2.2.
Wy 367.0000 cm’
Elastic critical moment Mcr 645.07 kNm

Relative slenderness Lambda, LT | 0.37
Limit slenderness Lambda,LT,0 0.40

LTB length |1.367 |m
k 1.00
kw 1.00
C1 1.60
c2 0.05
C3 1.00

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

Compression and bending check
According to article EN 1993-1-1 : 6.3.3. and formula (6.61), (6.62)
Interaction Method 1

kyy 1.207

kyz 0.656

kzy 0.666

kzz 1.232

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 39.1000 |cm?
Wy 367.0000 |cm’
Wz 73.9000 |cm’
NRk 918.85 kN
My, Rk 86.25 kNm
Mz,Rk 17.37 kNm
My, Ed 27.81 kNm
Mz, Ed 0.00 kKNm
Interaction Method 1

Mcr0 404.12 kNm
reduced slenderness 0 |0.46

Psiy 1.000

Psi z 1.000

Cmy,0 1.004

Cmz,0 1.028

Cmy 1.002

Cmz 1.028

CmLT 1.107

muy 0.986

muz 0.983

wy 1.133

wz 1.500

npl 0.400

aLT 0.997

bLT 0.000

cLT 0.135

dLT 0.000

eLT 1.360

Cyy 1.039

Cyz 1.208

Czy 0.978

Czz 0.928

Unity check (6.61) = 0.44 + 0.39 + 0.00 = 0.83
Unity check (6.62) = 0.47 + 0.21 + 0.00 = 0.68

Shear buckling check
in buckling field 1
According to article EN 1993-1-5 : 5. & 7.1. and formula (5.10) & (7.1)

Table of values
hw/t |35.548 ” I
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The web slenderness is such that the Shear Buckling Check is not required.

The member satisfies the stability check.

[Member B6 |5,300 m |CFCHS101.6X4 |S 235 [Ovojnica |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 1993-1-1 code check is executed instead of the EN 1993-1-3 code check.

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm®
Ultimate strength fu [36,0 kN/cm?
Fabrication Cold formed

Classification for cross-section design
According to EN 1993-1-1 article 5.5.2
Classification for Tubular Sections
According to EN 1993-1-1 Table 5.2 Sheet 3

Maximum width-to-thickness ratio | 25,40
Class 1 Limit 50,00
Class 2 Limit 70,00
Class 3 Limit 90,00

=> Section classified as Class 1 for cross-section design

The critical check is on position 0.000 m

Internal forces Calculated Unit

N,Ed -75,06 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

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

A 12,2600 |cm’
Nc,Rd 288,11 kN
Unity check ]0,26 -

The member satisfies the section check.

Classification for member buckling design
Decisive position for stability classification: 0,000 m
Classification for Tubular Sections

According to EN 1993-1-1 Table 5.2 Sheet 3

Maximum width-to-thickness ratio | 25,40
Class 1 Limit 50,00
Class 2 Limit 70,00
Class 3 Limit 90,00

=> Section classified as Class 1 for member buckling design

Flexural Buckling Check
According to article EN 1993-1-1 : 6.3.1.1. and formula (6.46)

Buckling parameters Yy 2z

Sway type sway non-sway
System Length L 5.300 5.300 m
Buckling factor k 1.00 1.00

Buckling length Lcr 5.300 5.300 m
Critical Euler load Ncr 107.93 |107.93 kN
Slenderness 153.44 |153.44
Relative slenderness Lambda | 1.63 1.63

Limit slenderness Lambda,0 0.20 0.20

Buckling curve C C

Imperfection Alpha 0.49 0.49

Reduction factor Chi 0.27 0.27

Buckling resistance Nb,Rd 79.19 79.19 kN
A 12.2600 | cm’

Buckling resistance Nb,Rd |79.19 kN
Unity check 0.95 -
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The member satisfies the stability check.

[Member B7 [6,191 m [L50X40X5 [S 235 |Ovojnica [0,85 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm?
Ultimate strength fu | 36,0 kN/cm?
Fabrication Rolled
...::SECTION CHECK::...

The critical check is on position 6.191 m

Internal forces Calculated Unit

N,Ed 85,71 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

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

A 4,2700 |cm’
Npl,Rd 100,35 |kN
Nu,Rd 110,68 |kN
Nt,Rd 100,35 |kN
Unity check |0,85 -

The member satisfies the section check.

The member satisfies the stability check.

[Member B8 [7,595 m |[U160 [S 235 |Ovojnica |0,94 - |

Partial safety factors

Gamma MO for resistance of cross-sections | 1,00
Gamma M1 for resistance to instability 1,00
Gamma M2 for resistance of net sections 1,25

Yield strength fy 23,5 kN/cm®
Ultimate strength fu [36,0 kN/cm?
Fabrication Rolled
...:iSECTION CHECK::...

The critical check is on position 7.595 m

Internal forces Calculated Unit

N,Ed 531,47 kN
Vy,Ed 0,00 kN
Vz,Ed 0,00 kN
T,Ed 0,00 kNm
My,Ed 0,00 kNm
Mz,Ed 0,00 kNm

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

A 24,0000 |cm’
Npl,Rd 564,00 kN
Nu,Rd 622,08 kN
Nt,Rd 564,00 kN
Unity check |0,94 -

The member satisfies the section check.

The member satisfies the stability check.
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PRILOGA D: FASADNI IN STRESNI PANELI TRIMO

Priloga D.1: Fasadni paneli Trimo - dopustne razdalje med podporami

Priloga D.2: Stre$ni paneli Trimo - dopustne razdalje med podporami
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Celovite resitve

Dopustne razdalje med podporami

Modularni fasadni paneli TrimoRaster



Dopustne tabele Trimo

2 1rimo

TrimoRaster

TrimoRaster FTV R 80, TrimoRaster FTV R 100, TrimoRaster FTV R 120,
TrimoRaster FTV R 150, TrimoRaster FTV R 200 dopustne tabele

Dopustne tabele so skladne z nemskim gradbeno nadzornim dovoljenjem
“ALGEMEINE BAUAUFSICHTLICHE ZULASSUNG Z - 10.4-240 + Gutachten Nr.Z - 510”.

Maksimalne dopustne sile za dvojno rastersko pritrjevanje v odvisnosti od debeline panela

Debelina panela (mm) | 8o 100 120 150

200

Fmax[kN] 4m | 455 | 499 | 565

6,76

PREDPOSTAVKE IN NAPOTKI ZA UPORABO DOPUSTNIH TABEL

- Pozitivni pritisk, negativni pritisk in sile na vijake je potrebno dolociti za posamezne
drzave skladno z nacionalnimi standardi za vplive vsled vetra.

+V tabelah dopustnih razdalj so ze vgrajeni varnostni faktorji za obremenitve
skladno z nemsko zulasungo Z-10.4-240, to pomeni da so obremenitve v tabelah
karakteristicnega znacaja.

« Pri vseh obremenitvenih primerih ki nastopajo je potrebno upostevati minimalno
razdaljo med podporami.

«Dodatno so v tabeli navedene potrebne Sirine naleganja za konkretne razdalje
med podporami v milimetrih [mm]. Pri tem oznacuje stevilo desno nad razdaljo
med podporami pripadajoco potrebno sirino naleganja na koncnih podporah.

- Poves je omejen na maksimalno I/100 za posamezne obtezne primere:
pritiska vetra, srka vetra in temperaturne razlike ter neugodno kombinacijo
obteznih primerov vetra s temperaturo poleti - obtezba vetra je v tem primeru
omejena na 60 %.

- Dopustne razdalje med podporami vezano na nosilnost pritrdisc so veljavne samo za

primer ko sta sosednja panela enako dolga.

+ Te dopustne tabele so uporabne za najbolj enostavne vgradne primere TrimoRastra,

za vse ostale pa je potrebno izdelati individualne izracune dopustnih razdalj.

- Te dopustne tabele veljajo za vse tri barve skupine zunanje plocevine.
- Te dopustne tabele veljajo za vse tipe notranejga mikroporfila plocevine (s, v, g)

« Zavsakindividualen primer vgradnje panela TrimoRaster je potrebno izdelatiizracun

potrebnega stevila vijakov.

Fasadni panel FTV R 8o GG o0,7/0,6
Pozitivni, negativni
prItISk [kN/mz] (+/_) Or25 O;SO Ol75 1700 1’25 -IrSO 1r75 2;00
Dopustna razdalja [m] 40 40 45 52 58 63 68 73
-pozitivni pritisk (+) 6,50 6,50 536 4,64 4,15 3,79 3,51 3,28
Dopustna razdalja [m]
-negativni pritisk (srk) (-) 6,50 6,05 4,94 4,28 3,83 349 323 3,02
Dopustna razdalja [m]
Nosilnost rasterskega 6,50 6,05 4,94 4.M 3,29 2,74 2,35 2,06
pritrjevanja




r -
Dopustne tabele Trimo ﬁ} Trlmn

Fasadni panel FTV R 100 GG 0,7/0,6

Pozitivni, negativni

pritisk [kN/m?] (+/-) 0,25 0,50 0,75 1,00 1,25 1,50 175 2,00
Dopustna razdalja [m] 40 40 50 58 65 7 76 82
-pozitivni pritisk (+) 6,50 6,50 6,00 5,20 4,65 4,24 3,93 3,68
Dopustna razdalja [m] 6,50 6,50 c o3 479 228 301 162 338

-negativni pritisk (srk) (-)

Dopustna razdalja [m]
Nosilnost rasterskega 6,50 6,50 5,53 4,55 3,64 3,03 2,60 2,28
pritrjevanja

Fasadni panel FTV R 120 GG 0,7/0,6

Pozitivni, negativni

pritisk [kN/m?] (+/-) 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00
Dopustna razdalja [m] 40 40 54 63 7 77 84 89
-pozitivni pritisk (+) 6,50 6,50 6,50 5,70 5,09 4,65 4,30 4,03
Dopustnarazdaialml | ¢ ¢, 6,50 6,06 5,25 4,69 4,28 397 371

-negativni pritisk (srk) (-)

Dopustna razdalja [m]
Nosilnost rasterskega 6,50 6,50 6,06 4,99 3,99 3,33 2,85 2,50
pritrjevanja

Fasadni panel FTV R 150 GG 0,7/0,6

Pozitivni, negativni

pritisk [kN/m?] (+/-) 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00
Dopustna razdalja [m] 40 40 54 7 79 87 94 100
-pozitivni pritisk (+) 6,50 6,50 6,50 6,37 5,70 5,20 4,82 4,50
Dopustna razdalja [m] 6,50 6,50 6.50 < 87 c 2t 479 a4 -

-negativni pritisk (srk) (-)

Dopustna razdalja [m]
Nosilnost rasterskega 6,50 6,50 6,50 5,65 4,52 3,77 3,23 2,83
pritrjevanja

Fasadni panel FTV R 200 GG 0,7/0,6

Pozitivni, negativni

pritisk [kN/m?] (+/-) 0,25 0,50 0,75 1,00 1,25 1,50 175 2,00
Dopustna razdalja [m] 40 40 54 72 90 100 108 115
-pozitivni pritisk (+) 6,50 6,50 6,50 6,50 6,50 6,01 5,56 5,20
Dopustna razdalja [m] 6,50 6,50 6,50 6,50 6,06 554 512 479

-negativni pritisk (srk) (-)

Dopustna razdalja [m]
Nosilnost rasterskega 6,50 6,50 6,50 6,50 5,41 4,51 3,86 3,38
pritrjevanja
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Trimo, InZeniring in proizvodnja montaznih objektov, d.d.
Prijateljeva cesta 12, 8210 Trebnje, Slovenija

t: 4386 734 60 200, f: +386 7 34 60 127

trimo@trimo.si, www.trimo.si
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Celovite resitve

li Trimoterm SNV
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Vrhunske tehnicne lastnosti ognjevarnih stresnih panelov Trimoterm SNV so rezultat

skrbne izbire materialov ter sodobnega proizvodnega procesa.

‘ | Ognjevarni STRESNI paneli Trimoterm SNV

Tehnicne karakteristike

Tehni¢ni podatki SNV SNV 60 SNV 80 | SNV 100 | SNV 120 | SNV 150 | SNV 200
Debelina panela [mm] 60 80 100 120 150 200
Masa SNV [kg/m?] Fe 0,6 / Fe 0,6 18,9 21,3 23,7 26,1 297 357

U toplotna prehodnost [W/m*K]

(ENISO 10211-2) 0,60 0,47 0,38 0,32 0,26 0,20
Razred ognjeodpormost REIGO | REIQO | REI20 REIIS0 —

[EN 1365-2, EN 13501-2)*

E,‘i‘rli;\éogiol_w ) negorljivo polnilo iz mineralne volne, razred Al
Fé/\m@énﬁé%()ﬁi\/nosf [dB] 30 -

Minimalni naklon 5° ali 3° z dodatnim tesnenjem

Sirina panelov [mm] 1000

Dolzina panelov [m] do 14

* Potrebna kontrola razdalj med podporami glede na staticni sistem in obremenitve.

Dopustne obremenitve

Diagramdopustnih razdalj Trimoterm STANDARD uposteva najneugodnejse obtezne primere
zaradi obremenitve snega v skladu s splosnim prodajnim dovoljenjem Z-10.4-240. Krivulje
nosilnosti so izracunane s programskim paketom Sand Stat 4® za standardne tipe profilov za
vecpoljni staticni sistem vgradnje in zaprte objekte z normalnimi notranjimi temperaturami.
Za vsak posamezni primer vgradnje je potrebno dokazati se pritrjevanje in potrebne sirine

podpor.
5
4.5
\\ — SNV 60
4 m— SNV 80
— SNV 100
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Razdalja med legami (m)

Obremenitev snega (kN/m?)

7 | ]
\ — SNV 120
6 — SNV 150
\ F— SNV 200
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Zvocna izolativnost

Zvocna izolativnost je bila izmerjena na stresnem panelu Trimoterm SNV 100 st. porocila
P 1489/97-510-1, ZAG Ljubljana.

Zvocna izolirnost Rw (dB)
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Sistemi barvnih zascit

Jeklena plocevina je predhodno vroce cinkana z nanosom 275 g (Zn)/m? (EN 10142, EN 10147).
Nanos barve je po “coil coating” postopku - barvanje med valji. Barva je susena v peci pri
temperaturi min. 200°C.

Osnovne lastnosti SP PVDF
Razred protikorozijske zas¢ite glede na EN I1SO 12944-2 C3 C3
Oznaka protikorozijskega sistema glede na DIN 55928,/8 3-160.2 3-600.1
Klasifikacija materiala glede na DIN 4102 A2 A2
Temperaturna obstojnost (°C) do +80 do +110
Debelina nanosa (my) 25 25
normalna . cee
Zunanja atmosfera mestna in industrijska . cee
ostra industrijska - oo
1 do 10 km od obale - .o
Morska atmosfera
<1 km od obdle - .
1<25°C, 9<80% . cee
®ee primeren brez zadrzkov . o t<25°C, 9>80% oo oo
) Pogoiji znotraj objekiov
®e elo primeren t<50°C, ¢>80% ~ oo
®  Primeren d
Neprimeren brez ogrevanja . oo

Uporabljata se dva tipa protikorozijske zascite plocevine:
- zascita na osnovi polyestra z oznako SP standardna zascita,
- zas¢ita na osnovi polyvinylidenfluorida z oznako PVDF na zeljo kupca.

Pridrzujemo si pravico do tehnicnih sprememb.
Zadnja verzija dokumenta se nahaja
na www.trimo.si.

Zalozil: TRIMO d.d., Oblikovanje: Meta Gabrijel, Fotografija: Janez Erjavec, Miran Kambic, Bojan Radovic, Tisk: Tiskarna Petric, Naklada: 1500/5SLO, 01/2006

> 1rfimo
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PRILOGA E: ANALIZA TRIMO HI-BOND SOVPREZNIH STROPOV

Tabelal:  Dopustni razponi HI-Bond plocevine v vlogi opaza
Tabela2:  Dopustni razponi HI-Bond sovpreznih stropov - MSU

Tabela8:  Dopustni razponi HI-Bond sovpreznih stropov - MSN






6T

€le 602 002 681 91 9ie 8l
22 €ee €1e €02 L1 822 9l
Zve 6€2 (0] %4 612 €61 €ve vi
192 6G¢ 0S¢C 6€2C [4%4 192 cl
wweoe=9q wWwEez=9q wwQolL=4q wwes=q wwoL=q Jsoujisou (wo) y
q ouus s jwelsodpod JWIUSSWA peU |IS YIUBILIJUSIUOY SOUA euqibodn

psoujisou efueys eufapy

Lec 8l
8v¢ 9l
1314 142
12744 cl

(wo) Aoaq | (wo) y

(1qibodn) nsouqeodn efueys euloyy

BdIN 052 =} ‘ww g0 =} ‘GG puog-|H :euregold

lysouqesodn ui 1jsoujisou efue}s eufow
- (yiyawiuad A) ezedo 160]A A suirag0]d puog-|H 1uodze. iupsndoq :} ejoqe

! !



0€

1Sy bLp g6 S1S 825 €55 655 115 865 229 159 989 SPISE D
Sy oLy 68 21s 5z8 6€5 555 €15 65 819 9v9 189 LEI0E D l6'c 8l
\Sh 9% o8y 805 125 5es 1SS 695 065 €19 zv9 9.9 0€/SZ O

8ty oy £8y 505 LLS 1£S 148 595 585 609 169 129 $2/0Z D

Ly L2y Shb oov 8.y zZ6v 105 528 Svg 895 965 19 SPISE D

60 ey Zvy £9v Sy 68 08 125 LS 95 265 129 €108 D Ww'e 9l
L0V zzy 6ch 09 Ly S8 005 115 185 095 885 229 0€/5Z D

g 6Ly ocy 5v 69 z8y 6% LS £eg 955 85 819 $2/0Z D

9e osg 968 oLy 2y ovy Sy by 06 21S ovs LS SPISE D

zoe 8l¢c 6e Ly ey LEY LSh 9% o8¥ 605 9€s 0.5 LE/0E D 6z bl
65E L 16¢ oLy 12y ey 8vy oy €8y 505 zZes 095 0€/5Z D

158 2L 88¢ 0% 8Ly Lep Stb Lov 08 205 825 295 $2/0Z D

GLe 62¢ v 9g sl 98¢ 0o SLy ey Sy 18y IS SYISE D

g1e 128 vhe z9e 28 v8e 168 FAR g g LSp Ly LIS LEI0E D we  zZlL
bLe sze zve 65E oL L8g 6E 60 2y 8ty iy 105 0€/SZ D

80¢€ 2zce 6€€ 1G€ 19¢€ 8.¢ L6€ [e[0)4 vy (5144 oLy 0S5 62/0Z 2

9l Vi ) oL 6 8 L L 9 S v 3 Z |euoeqesia (;u/Ny) B (wo)y

ANE\ZV_V NS _qu

SYISE O ‘LEIOE O ‘0€/ST O “‘§2/0Z O :uojeq
edIN 0SZ = ¥} ‘ww g°0 = } ‘G puog-|H :euiregold

13souqesodn
efuejs eufow - (Yujawiuad A) Aodouys yiuzaidaos puog-jH 1uodzes iuysndoq :Z ejeqe]

P
N

Q



9¢

18€ G6¢E 60v acv [*144 L9¥ £6¥ ¥2s 199 809 9€9 699 804 9d

0se €9¢ 9/¢ 26¢ 60% 62y €Sy 18¥ GLS 8GG 85 145°) 6¥9 Ga

82¢ 6€€ 26¢e 19¢€ €8¢ 14014 vy (01474 a8y 2ces 9vS V.S 109 g —. m.ﬂ w _‘
68¢ 66¢C e €2¢e LE€ 121 €.l¢ 96¢ ey 6S¥ (0214 G0S 145 €9

9.2 98¢ 962 80¢ ace 1€€ 96¢ 8.¢ 14014 PA%4 2114 [%:14 605 ca

) 244 fAYA ove 0[°14 19¢ €2 88¢C 90¢ 12¢ 121 0.e 88¢ Ly (2]

8G¢ (WA G8¢e X014 ocvy (844 19v L6V 14%°] 28S L9 Sv9 989 [e]2]

Lee cve 9Ge (WA 88¢ 80v (3% 4 6SY €6V L€S 99 G6S €€9 Gsg

90¢ LLE 62¢ eve 6G¢ Ll€ 66¢€ vy 96y 96% [XA°] 0SS G8S va r.v.m @ F
924 182 26¢ o€ 8l¢ vee €6 | 9.¢ 14014 (3194 [X¢]4 18Y LlS €a

192 0Le 08¢ [414 goe 12 6eg 19¢ 88¢ acy 1944 L9% 96V cd

174 (444 0€e ove 162 €9¢ 8/.¢ 962 215 Gve 29¢ 28¢ 90v [52]

rA % vve 8G¢ €€ 16€ 454 PA% 4 19% $0S 2SS 18S Ll9 6G9 9g

60¢ 0ce €ee 8vt ¥9¢ 8¢ L0v 12514 69% €1s [8%4°] €.S €19 12 ]

182 162 €0¢ 9l¢ Lee 6V 0.€ G6¢ 9zy 19% 26y (X4 LGS g vm.N .V F
3°14 092 |YX4 €8¢ 96¢ cle oee €G¢ 08¢ 2154 2194 GOy L6V €d

1444 €G6¢ €9¢ v.lZ 182 20¢ 0ce cve 69¢ 4014 2144 (X714 a8y 29

02 [3%4 0ce 622 ove {514 192 G8e 80¢ 9ee 1214 9.¢ Loy %3]

c0¢ 1455 12¢ e 6S€ 6.€ r40)4 (%4 89 GlS [*12°] 289 929 9d

8¢ G6¢ 80¢€ (XA PA%S 9G¢ 6.€ [e[0]4 ovy [*1:14 €19 LS 88G sg

€6¢C 29¢ €2 982 00¢ AR 9ge 09¢ 16€ oey [*1*14 [*1:14 2cs va F .v.N N F
62 1€2 VA4 862 924 982 o€ Gce 1% 88¢ Ly 21944 (Y44 %2 ]

o144 1274 eve 1 4°T4 192 28¢ 662 (XA VA 4 €8¢ Sovy LEY 4514 cd

€61 002 80¢ yAYA 822 874 962 (274 962 9ze Gve 89¢ G6€ [%2]

ve F43 0z 8L 9l vl 2L ol 8 9 G v € epojew  (,uy/NX) B (wo)y

ANE\Zv_v NSKW PS¢

0£/5Z O :uojeq
edN 0SZ = ¥} ‘Ww g0 =} ‘G5 puog-|H :euiregojd

l}soujisou efueys eufaw - (Yuyawnuad A) Aodoays yiuzaidaos puog-H 1uodzes juysndoq :g ejaqe]

O Q)






PRILOGA F: POZICIJSKI NACRTI

List 1:

Risba 1:

Risba 2:

Risba 3:

Risba 4:

Risba 5:

Kosovnica

3D pogled (A3)
Tloris nadstropja (A3)
Tloris strehe (A3)
Prerez 1-1, 2-2 (A3)

Prerez B-B (A3)



KOSOVNICA

Stevilo Masa
Poz. Opis Profil Material | elem. | Dolzina Masa skupaj
[kos] | [mm] [kg/m] [ka]
1 | steber HEA 500 S235JR 10 8635 155,00 | 13384,25
2 | steber HEA 240 S235JR 4 8610 60,30 2076,73
3 | steber HEA 160 S235JR 2 5180 30,40 314,94
4 | steber IPE 140 S235JR 2 3610 12,90 93,14
5 nosilec HEA 450 S235J0 5 11160 140,00 7812,00
6 nosilec HEA 240 S235J0 2 11470 60,30 1383,28
7 nosilec IPE 300 S235JR 10 5610 42,20 2367,42
8 nosilec IPE 200 S235JR 4 5720 22,40 512,51
9 | sek.nosilec | IPE 220 S235JR 24 5220 26,20 3282,34
10 | sek. nosilec | IPE 240 S235JR 12 5220 30,70 1923,05
11 | lega IPE 200 S235JR 12 6300 22,40 1693,44
12 | lega IPE 180 S235JR 6 19300 18,80 2177,04
13 | diagonala U 160 S235J0 8 7250 18,80 1090,40
14 | diagonala L 50x40x5 | S235J0 8 6075 3,35 162,81
15 | diagonala U 65 S235J0 4 7750 7,09 219,79
16 | diagonala L 20x3 S235J0 4 6790 0,88 23,90
17 | diagonala 012 S235J0 16 5985 0,88 84,27
18 | cev 101,6x4 S235JR 12 5220 9,63 603,22
19 | cev 60,3x3,2 S235JR 8 5220 4,51 188,34
Masa profilov skupaj [kg] | 39392,87
Vezna plocevina (15%) 5908,93
Skupaj masa [kg] | 45301,80
Povrsina tlorisa objekta
Pritli¢je: 372 m?
Nadstropje: 372 m?

Skupna povr§ina: 744 m?

Masa jeklene konstrukcije na povrsino

m=

_ 45301,80 kg
744 m?

= 60,89 kg/m?




OPOMBA:

Material $235 JR, S235 JO
Izvedbeni razred: EXC2

Na sekundarne precke medetaze
so privarjeni strizni ¢epi na 15 cm

Univerza v Ljubljani
Fakulteta za gradbenistvo in geodezijo

Powered by
Trimble

& Tekla

RISBA 3D pogled

PROJEKT Projekt dvo etaznega poslovno proizvodnega objekta

VRSTA PROJ. PGD DATUM IZDELAVE Avgust 2016
IZDELAL Gregor Nucic¢ MERILO 1:100

ST. RISBE 1 REVIZIJA ST.




OPOMBA:

Material S235 JR, S235 JO
Izvedbeni razred: EXC2

Na sekundarne precke medetaze
so privarjeni strizni ¢epi na 15 cm

11700
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RISBA Tloris nadstropja
PROJEKT Projekt dvo etaznega poslovno proizvodnega objekta
VRSTA PROJ. PGD DATUM IZDELAVE Avgust 2016
IZDELAL Gregor Nucic¢ MERILO 1:100
ST. RISBE 2 REVIZIJA ST.




OPOMBA:

Material S$235 JR, S235 JO
Izvedbeni razred: EXC2
Na sekundarne precke medetaze

g

S0 privarjeni strizni ¢epi na 15 cm
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OPOMBA:

Material S235

JR, §235 J0

Izvedbeni razred: EXC2
Na sekundarne pre¢ke medetaze
so privarjeni strizni ¢epi na 15 cm
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PROJEKT Projekt dvo etaznega poslovno proizvodnega objekta
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OPOMBA:

Material $235 JR, S235 JO
[zvedbeni razred: EXC2

Na sekundarne pre¢ke medetaze
S0 privarjeni strizni Eepi na 15 cm
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