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1 UVvOD

V gradbeni praksi je poleg klasi¢ne gradnje objektov prisoten trend montazne gradnje, ki nam
prinasa veliko prednosti. Gradnja je hitra, objekt je predan naro¢niku v bistveno krajSem casu
kot v primeru klasi¢ne gradnje. Jeklena konstrukcija je lazja od betonske, zato je primerna za

gradnje na slabse nosilnih tleh.

Samo jeklo kot gradbeni material ima lastnosti, ki omogoc¢ajo optimalne reSitve na podrocju
estetike, neoporecen je tudi z ekonomskega, okoljskega, tehnicnega in varnostnega vidika.
Znan je kot material bogatih izraznih moznosti in pomembnih tehni¢nih lastnosti, kot so
natezna trdnost, premoscanje velikih razponov, hitra in natan¢na gradnja, fleksibilnost in
enostavno vzdrzevanje. Jeklo omogoca uspeSne kombinacije z drugimi materiali, predvsem s

steklom, kar lahko daje poslovnim objektom posebno estetsko vrednost.

Zasnova konstrukcije temelji na arhitektonskih podlagah. Je oblike ¢rke L in obsega tri etaze.
Objekt je postavljen v Ljubljani. Nosilna konstrukcija je jeklena, sestavljena iz momentnih
okvirjev v pre¢ni smeri in iz okvirjev z centri¢nim povezjem v vzdolzni smeri. Razdalja med
momentnimi okvirji je 5m. Medetazna plosca je sovprezna. Stavba je namenjena za poslovno

dejavnost.

Obtezbo z vetrom v analizi ne upoStevam, saj je v primerjavi s potresno obtezbo manjsa. Za
dolo¢itev potresne obteZbe uporabim metodo z vodoravnimi silami. Pri dimenzioniranju so

upostevana posebna pravila za projektiranje objektov na potresnih obmocjih.

Analiza konstrukcije je narejena s programom SCIA Engineer. Izracun stati¢nih koli¢in za
mejno stanje nosilnosti in potresno analizo ter pomike za mejno stanje uporabnosti je narejen

po teoriji drugega reda z upostevanjem zacetne geometrijske globalne nepopolnosti.

V okviru diplomske naloge so dimenzionirani spoji in preverjena je nosilnost temeljnih tal.
Nosilnost spojev je dolo¢ena s pomocjo programskega modula za izraCun spojev in narejena
kontrola po poenostavljeni ra¢unski metodi. Temelji so pasovni, modelirani na elasti¢ni

podlagi z modulom reakcije tal.
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2 TEHNICNO POROCILO

2.1 Opis konstrukcije
Obravnavana konstrukcija je ve¢ etazna jeklena konstrukcija, ki je zasnovana iz:
= pasovnih temeljev,
= jeklenih stebrov,
= jeklenih nosilcev,
* medetaznih sovpreznih plos¢ in

= fasadne podkonstrukcije.

Obravnavan poslovni objekt je zasnovan tlorisno obliko v obliki ¢rke L. Osnovni del ima
dolzino 25m in Sirino 30m, prikljucni del pa dolzino 15m in Sirino 15m. Objekt obsega tri
etaze, kjer je prva etaza visoka 3,2m ostali dve sta visoki 3,0m. Skupna viSina objekta je 9,8m
vklju¢éno s parapetom na strehi. Objekt je postavljen v Ljubljani in je namenjen poslovnim
dejavnostim. Glavna nosilna konstrukcija je izvedena iz jekla kvalitete S235, medetazna in
stre$na konstrukcija sta iz armiranobetonske sovprezne plosce. Osnovno nosilno konstrukcijo
objekta tvori 9 pre¢nih okvirjev na medsebojni razdalji 5m. Primarni nosilci okvirja se
prikljucujejo na stebre z momentnim ¢elnim spojem. V vzdolzni smeri imam sedem okvirjev
z vertikalnimi povezji. Streha je izvedena kot nepohodna z minimalnim naklonom. Na strehi

je predvidena ozelenitev.

Za primarne stebre sem uporabil tri razli¢ne profile. Obodni stebri so HEA 280, notranji stebri
v prvi etazi so HEB 500, v zgornjih dveh etazah pa HEA 340. Za primarne precke sem
uporabil profile IPE 330 v prvi etazi, IPE 360 v drugi etazi in IPE500 za tretjo etazo.
Sekundarni jekleni nosilec, ki povezuje primarne okvirje in prenese obtezbo medetaze in

strehe v stebre, je IPE 270 v medetazi in IPE 300 na strehi.

Na sekundarnih nosilcih lezi armiranobetonska sovprezna plosca, skupne debeline 14cm.
Nosilec in plosca sta povezana z Nelson mozniki, viSine 10cm in premera 1,9cm. Plo¢evina za
plosco je tipa HI-Bond 55, t = 0,8mm, f, = 250MPa. Armaturna mreza nad podporami je

R335, za raznos obteZbe se uporabi armaturna mreza Q257.
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Fasadni paneli so TRIMO FTVgs debeline 20cm. Fasadni paneli so pritrjeni na fasadno

podkonstrukcijo, sestavljeno iz profilov U100, ki so privijaceni na nosilne stebre HEA 280.

Talna plosc¢a je debeline 15cm na utrjeni podlagi in ni predmet tega izra¢una. Objekt ni

podkleten.

Vsi spoji na montazi so vijaceni. Stopnisce ni predmet tega izracuna.

2.2 Uporabljeni materiali

Pri analizi konstrukcije sem uporabil kvaliteto jekla S235 v skladu s standardom SIST EN
1993-1-1:2005. Za spoje sem uporabil jeklo kvalitete S235 in vijake kvalitete 10.9. Uporabil
sem tudi beton trdnostnega razreda C25/30 v skladu s standardom SIST EN 1992-1-1:2005 in

jeklo za armiranje S500.

2.3 Arhitekturna zasnova objekta

Objekt je moderna poslovna zgradba sestavljena iz pritli¢ja in dveh nadstropij (P + 2). Objekt
je zasnovan kot samostojni trietazni objekt v obliki ¢rke L. Osnovni del je dimenzij 25m x
30m, prikljucni del pa 15m x 15m. Vsaka etaza ima 975m? bruto povrsine, kar nanese skupno

2925m? bruto povriine.
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Slika 1: Tloris prve etaZe poslovnega objekta
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Slika 2: Vzdolzni prerez objekta

2.4 Numeri¢ni model konstrukcije za stati¢no analizo

Spodnja slika prikazujejo model konstrukcije, ki je bil uporabljen v analizi in oceni
ustreznosti objekta v skladu z evropskimi standardi.

V osnovi je jekleni skelet s togimi sovpreznimi ploS¢ami na nivoju etaz. Glavna nosilna
konstrukcija je sestavljena iz momentnega okvirja v preé¢ni smeri in okvirja s centri¢nimi

povezji v vzdolzni smeri. Razmak med stebri je Sm tako v pre¢ni kot tudi v vzdolzni smeri.
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Okvirna konstrukcija preko sovpreznih ploS¢ prevzame vso vertikalno in horizontalno

obtezbo in jo prenasa na temelje. Temelji so pasovni, modelirani na elasti¢ni podlagi.

Slika 3: Numeri¢ni model konstrukcije za stati¢no analizo

2.5 Metoda izracuna notranjih sil
Obravnavan prostorski model je izracunan z racunalniSkim programom SCIA Engineer po

teoriji drugega reda z upoStevanjem globalne geometrijske nepopolnosti.

Obijekt je dimenzioniran po veljavnih Evrokod standardih.

2.6 Dinamic¢na analiza
Dinamic¢na analiza je opravljena po metodi nadomestnih vodoravnih sil z upoStevanjem

nakljucne torzije. Projektni pospesek tal je 0,25g.

Konstrukcija je projektirana po SIST EN 1998, tako da med potresom stebri ostanejo
neposkodovani, v preckah glavnih okvirjev pa pride do plastifikacije. Preprecena je tla¢na in
strizna plastifikacija preck. Elementi so dimenzionirani po 1. razredu kompaknosti, faktorja

obnasanja sta za pre¢no smer 3,25 za vzdolzno 4.

2.7 Medetazna in streSna konstrukcija
Za medetazno konstrukcijo in stre$no konstrukcijo sem izbral sovprezno armiranobetonsko

plosco, ki lezi na sovpreznih nosilcih IPE 270. Primarne precke so prikljucene na stebre preko
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momentnega vijaCenega stika. Sovprezni nosilci so pritrjeni ¢lenkasto. Armiranobetonska
sovprezna plos¢a poteka v pre¢ni smeri kontinuirano ¢ez 4 polja razpona Sm. Na polovici
objekta je plosc¢a prekinjena z dilatacijo. Izbral sem sovprezno plosco tipa HI-Bond 55, t =

0,8mm, fy = 250MPa. Nelson &epi @19, f, 0 45kN/cm?.

2.8 Zavetrovanje

Zavetrovanje je izvedeno s skatlastimi profili. Izvede se ga v drugem, Cetrtem in Sestem polju.
Profili so Clenkasto pritrjeni na nosilne stebre. Zavetrovanje prevzame horizontalne sile v

vzdolzni smeri.

2.9 Fasada

Na objektu je predvidena fasada trimo panel Trimoterm FTVgs debeline 20cm, ki je preko
fasadne podkonstrukcije, lege U100 v vzdolzni in pre¢ni smeri pritrjena na zunanje stebre.
Maksimalni razmak med vijaki je 35cm. Fasadne plos¢e so zaSCitene z za$€itnim in

dekorativnim premazom.

2.10 Spoji
V diplomski nalogi so predstavljeni Stirje razlicni spoji. Spoj precke na steber, spoj
sekundarnega nosilca na primarni nosilec, spoj stebra na temelj in spoj povezja na steber. Pri

vseh spojih so izbrani vijaki 10.9, pri spoju stebra na temelj pa sidra kvalitete S355.

2.11 Temelji

Temelji so pasovni Sirine 0,7m in podpirajo zunanje stebre HEA 280 in notranje stebre HEB

500. Visina temeljev je 1m.

Temeljna tla so dobro nosilna. Kohezija je 18kN/m? kot notranjega trenja je 35°, specifi¢na

teza zemljine 20,5kN/m® in nosilnost temeljnih tal 1114kN/m?

2.12 Izdelava in montaza jeklene konstrukcije

Pri izdelavi konstrukcije je potrebno posebno pozornost posvetiti vozlis¢u med stebrom in
nosilcem. Z ustrezno kontrolo je potrebno zagotoviti, da bo celotna konstrukcija narejena po
predpisanih standardih.
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Vsi Celni zvari, izvedeni v delavnici ali na montazi, morajo biti 1. kvalitete (SIST EN 1990 —

1). Detajli, ki potrebujejo posebno pozornost zaradi funkcije, so:

- zvari pri prekinitvi stebra (V zvar 1. kvalitete, polna penetracija)

- zvari pri stiku fasadnih leg (V zvar 1. kvalitete, polna penetracija)

- zvari pri ¢elni plocevini stika stebra na temelj (K zvar 1. kvalitete, polna penetracija)

- zvar pri ¢elni ploCevini stika precka steber (K zvar 1. kvalitete, polna penetracija)
Ob vseh dodatnih zvarih za stikovanje lamel, ki v projektu niso bili predvideni, je potrebno
obvestiti projektanta, ki bo na osnovi lege in obremenitve zvara opravil klasifikacijo. Jeklena
konstrukcija mora biti izdelana in montirana v skladu s projektno dokumentacijo, veljavnimi

predpisi in standardi.

Pri montaZi je potrebno s pravim vrstnim redom montaZe zagotoviti stabilnost konstrukcije.
Nujna je prisotnost nadzornega organa. Med montazo je potrebno zagotoviti prostorsko lego

vozlis¢ (prostorska konstrukcija) in varjenje ter nanos protikorozijskih premazov.

Pri izdelavi posameznih elementov jeklene konstrukcije je potrebno pozornost posvetiti

dimenzijski kontroli in pripravi zvarnih Zlebov.

Med izdelavo in montazo jeklene konstrukcije mora biti zagotovljena stalna merska kontrola
in stalen strokovni nadzor, ki ga izvaja strokovnjak za jeklene konstrukcije. Ob vsaki izvedeni
spremembi je potrebno pridobiti pisno soglasje projektanta.

2.13 Protikorozijska za§cita

Vsi jekleni elementi morajo biti protikorozijsko zasc¢iteni. Predlagam uporabo enega
temeljnega in dveh prekrivnih premazov v skupni debelini suhega filma 0,15-0,20mm. Vsa
posSkodovana mesta je potrebno po montazi ocistiti in protikorozijsko zasc¢iti. Pred nanosom

temeljnega premaza morajo biti konstrukcijski elementi oc¢iS¢eni s peskanjem.
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3 DOLOCITEV OBTEZBE

Med vplive na konstrukcijo sodijo vsi dejavniki obremenitev, ki so pomembni za obnaSanje
objekta. Vplive navadno ponazorimo s silami oziroma porazdeljeno obtezbo, ki predstavlja
predviden vpliv na konstrukcijo. Ker je konstrukcija hkrati lahko izpostavljena razli¢nim
vplivom obtezbe, je potrebno upostevati kritien obtezni primer. Vplivi so doloceni v skladu z
evropskimi standardi za posamezno vrsto obremenitve. V diplomski nalogi sem se soo€il z
vplivi, katere sem razdelil na lastno tezo, stalno obtezbo, koristno obtezbo, obtezbo snega in

vetra ter potresno obtezbo.

3.1 Stalna obtezba

3.1.1 Obtezba strehe

Slika 4: Prikaz sestave stre$ne konstrukcije

1 zemlja (15cm) 2,70kN/m?

2  filc (drenazni sloj)

3 prodec (12cm) 1,80kN/m?

4 filc (Io¢ilni sloj)

5  hidroizolacija 0,18kN/m?

6  cementni estrih (4cm) 0,96kN/m?

7 parna zapora

8 ekspandirani polistiren (20cm) 0,40kN/m?

9  HI-Bond sovprezna plosca (14cm) 2,91kN/m?
10  jekleni profili (uposteva program)
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11  instalacije 0,20kN/m?
12 spuscen strop 0,10kN/m?

YG, = 9,25kN/m?

3.1.2 Obtezba medetaZne konstrukcije

Slika 5: Prikaz sestave medetaZzne konstrukcije

1  zakljuéni sloj (2cm) 0,05kN/m?
2 cementni estrih (5cm) 1,25kN/m?
3 PVC folija

4 ekspandirani polistiren (5cm) 0,10kN/m?
5 HI-Bond sovprezna plos¢a (14cm) 2,91kN/m?
6 jekleni profili (upoSteva program)

7  instalacije 0,20kN/m?
8  spuscen strop 0,10kN/m?

YGp = 4,61kN/m?

3.1.3 Obtezba fasade
1 fasadni paneli (20cm) 0,34kN/m?
2  fasadna podkonstrukcija 0,20kN/m?

Y G¢= 0,54kN/m?
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3.2 Koristna obtezba

1. in 2. nadstropje je namenjeno pisarnam, streha je dostopna le za normalno vzdrzevanje in

popravilo.

3.2.1 Streha
= nepohodna streha (kategorija H) 0,40kN/m?

¥Q, = 0,4kN/m?

3.2.2 Medetaza
= pisarne (kategorija B) 3,00kN/m?
= predelne stene 1,25kN/m?

¥Q = 4,25kN/m?

3.3 Obtezba snega
Na porazdelitev snega vplivajo lastnosti strehe ter drugi dejavniki, kot so:

e oblika strehe,

e toplotne lastnosti strehe,

e hrapavost povrSine strehe,

e kolic¢ina toplote, generirane pod streho,

e sosednje stavbe,

e teren v okolici stavbe in

e Kkrajevne podnebne razmere, zlasti prevetrenost, temperaturne

spremembe in verjetnost padavin (tako dezja kot snega).

3.3.1 Obtezba snega na strehi za trajna/zacasna projektna stanja

S = [ * Co * Cp * S

Karakteristicna vrednost obtezbe snega se dolo¢i po spodnji enacbi, ki je prilagojena za
posamezno cono Vv Sloveniji. Ker je obravnavan objekt lociran v Ljubljani, izberemo

naslednjo enacbo:
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12031+ (A
5= 12931+ (735)

Osnova za zgoraj navedeno enacbo izhaja iz karte obteZbe snega, ki je razdeljena na $tiri

alpske in eno mediteransko cono. Na podlagi karte sem izbral cono A2.

- 12081+ (20) | = 15122
Sk = 5 728) | T Tz

kN kN
s=08%10%10%151— =121—
m m

3.4 Obtezba vetra

3.4.1 Izracun osnovne hitrosti vetra

Osnovna hitrost vetra se izracuna po naslednji enacbi:

Up = Cgir * Cseason * Vb0

Na podlagi karte za vpliv vetra na konstrukcijo sem izbral cono 1, ki sicer zavzema vec¢ji del
Slovenije, in temeljno vrednost osnovne hitrosti vetra Vo, ki znasa 20m/s v krajih z

nadmorsko visino pod 800m.

m m
vy =10%1,0%20—=20—

3.4.2 Tlak vetra we na zunanje ploskve

Tlak vetra w, na zunanje ploskve se izra¢una po naslednji enacbi:

We = qp(Ze) * Cpe

Najvedji tlak pri sunkih vetra gy(z) se doloci z naslednjo enacbo:

1 N
qp(2) = [1+ 7+ 1,(2)] SxP* ,2(2) = c.(2) * q, = 1,6964 * 250 = 424'1W
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kN
Gp(2) = 0,4241 —

Osnovni tlak vetra gy se izracuna po naslednji enacbi:

1 1 kg my2 kg * m?
— 2 _ = — = R —
Qp ==*p* 1, *125 (20 S) 250

2 2 m3 x s2

Faktor hrapavosti ¢.(z) terena se izra¢una po naslednji enacbi:

¢ (z) =k, *In (ZZ—O) 78 Zpin < Z < Zpmay; 5M < 9,8m < 200m

9,8
¢, (z) = 0,2154 * In (ﬁ) — 0,751

)

Faktor terena k; se izracuna po spodnji ena¢bi. Za kategorijo terena predpostavimo, da imamo
podrocje z obi¢ajnim rastlinjem ali stavbami ali s posameznimi ovirami na razdalji najve¢ 20
visin ovir (vasi, podezelsko okolje, stalni gozd). Zaradi tega z, izberem 0,3m, medtem ko za

Zo,i1 izberem 0,05m.

0,07
k. =019 % 22 =019*(0’3) = 0,2154
r ’ Zo 11 ’ 0,05 ’

Faktor izpostavljenosti c¢(z) se izracuna po naslednji enacbi:

ki*kr

] , 1,0 % 0,2154
* Cp” % Cp~ =

2 _ 2 2 _
[1 + 7 * 10%0751 ] * 1,02 x 0,751 1,6964

ce(z)=[1+7*co*c
T

3.4.2.1 Koeficient zunanjega tlaka Cye za navpicne stene

Koeficient zunanjega tlaka na stavbe s pravokotnim tlorisom je odvisen od velikosti povrSine
delovanja obteZbe in je opredeljen na dva nacina. Delovanje obteZbe na povrsino je lahko
obravnavano kot globalno ali pa kot lokalno delovanje. Pri globalnem delovanju se
osredoto¢imo na delovanje obtezbe na celoten objekt, ki ga oznac¢imo s koeficientom Cpe, 1o,
kar pomeni, da je koeficient zunanjega tlaka izracunan za povrSino delovanja obtezbe, vecje

ali enake 10m?, medtem ko je v doloenih primerih potrebna tudi lokalna obravnava
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koeficienta Cpe,1. TO pomeni, da je koeficient zunanjega tlaka izracunan za povrsino delovanja
obtezbe, manjSe ali enake 1m?. Ker ima obravnavan objekt velike povrSine, sem uporabil
koeficiente zunanjega tlaka Cpe10 z upostevanjem linearne interpolacije, ki je odvisna od
razmerja h/d za stene in linearno interpolacijo za ravne strehe, ki je odvisna od naklona ravne
strehe. Za obravhavan objekt sem predpostavil, da je pravokotne oblike in uposteval

pripadajoce koeficient za to obliko.

Koeficient zunjega tlaka pri delovanju vetra v smeri osi X

Ker je razporeditev tlakov po viSini odvisna od razmerja med viSino in Sirino objekta,

moramo ugotoviti, kakSen razpored tlakov imamo po objektu na slede¢ nacin:

h<bh
9,8m < 30m

stran stavbe, kije  referenéna razpored tlakov

izpostavljena vetru vidina po visini stavbe
=t Tl

? _f_ z,=h Qp(z):;qp(ze) N
h | . CERPEI

; Z - — —¥

; i ==

Slika 6: Razporeditev tlakov v odvisnosti od referen¢ne visine z, [SIST EN 1991-1-4 2004]

Na podlagi izpolnjenega pogoja o razporeditvi konstantnih tlakov po visini je potrebna tudi
razporeditev tlakov po celotnem ovoju stavbe na posamezna podrocja, ki se razdelijo od ¢rke

A do E. Ta podroc¢ja so odvisna od geometrijskih karakteristik ovoja stavbe.

e<d
19,6m < 30m

e = min{b ali 2 x h} = min{40m; 2 « 9,8m} = min{40m; 19, 6m}

13
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e_19,6m_392
5 5 M

= 19,6m = 15,68
— % = — % —
e ,bm ,68m

d—e=30m-—19,6m=10,4m
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f : -
.
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Y
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Slika 7: Razdelitev sten na podro¢ja [SIST EN 1991-1-4 2004]

Na podlagi razmerja h/d in z uporabo linearne interpolacije za posamezno podro¢je sem
uporabil naslednje rezultate koeficientov zunanjega tlaka:

h _ 9,8m

d 30m

= 0,3266

Preglednica 1: Koeficient zunanjega tlaka in obtezba vetra na navpi¢ne stene pri vetru v smeri osi X

Podrocije Jp Cpe,10 We
A -1,2 -0,5089
B -0,8 -0,3393
C 0,4241 -0,5 -0,2121
D 0,7102 | 0,3012
E -0,3204 | -0,1359

Koeficient zunjega tlaka pri delovanju vetra v smeri osi Y

Ker je razporeditev tlakov po viSini odvisna od razmerja med viSino in Sirino objekta,

moramo ugotoviti, kakSen razpored tlakov imamo po objektu na slede¢ nacin:



Sekeres, D. 2011. Stati¢ni izracun jeklenega trietaznega poslovnega objekta. 15

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

h<bh
9,8m < 40m
e<d
19,6m < 40m
e = min{b ali 2 x h} = min{30m; 2 « 9,8m} = min{30m; 19, 6m}

e_19,6m
5 5

= 3,92m

4 —4 19,6m = 15,68
o= —x _
z e z ,om ,68m

d—e=40m — 19,6m = 20,4m
Na podlagi razmerja h/d in z uporabo linearne interpolacije za posamezno podrocje sem

uporabil naslednje rezultate koeficientov zunanjega tlaka:

h OB 0245
d 40m

Preglednica 2: Koeficient zunanjega tlaka in obteZba vetra na navpi¢ne stene pri vetru v smeri osi Y

Podrocje Jp Cpe,10 We
A -1,2 -0,5089
B -0,8 -0,3393
C 0,4241 -0,5 -0,2121
D 0,7 0,2969
E -0,3 -0,1272

3.4.2.2 Koeficient zunanjega tlaka c,e za ravno streho

Koeficient zunjega tlaka pri delovanju vetra v smeri osi X in 'Y

Za ravne strehe so koeficienti zunanjega tlaka razli¢ni glede na podrocja, ki so oznacena S
¢rkami od F do 1. Ta podrocja se delijo podobno kot pri racunu koeficientov za navpicne stene

ob upostevanju doloc¢enih zahtev za ravne strehe. Obravnavana ravna streha ima naklon 3%,
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kar predstavlja 1,35°. Po spodnjem postopku dolo¢im koeficiente zunanjega tlaka za ravne

strehe:

e = min{b,,;, ali 2 x h} = min{30m; 2 * 9,8m} = min{30m; 19, 6m}

e_19,6m_49
4= "¢ M
e_19,6m_196
10 10 oM
e_19,6m_ 8
2= 2 oM

G
e 2

ALY

el2
Slika 8: Razdelitev strehe na podro¢ja [SIST EN 1991-1-4 2004]

Za obtezbo vetra uporabim samo najbolj neugodno obliko obteZzbe, kar je tlak po celotni

povrsini strehe.

Preglednica 3: Koeficient zunanjega tlaka in obtezba vetra na ravno streho pri vetru v smeri osi X in Y

Podrocije Jp Cpe,10 We
F -1,8 -0,7634
G 0,4241 -1,2 -0,5089
H -0,7 -0,2969
I -0,2 -0,0848
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3.4.3 Tlak vetra w; na notranje ploskve

Tlak vetra w; na notranje ploskve se izraCuna po naslednji enacbi:
w; = qp(2) * Cp;

3.4.3.1 Kaoeficient notranjega tlaka cpi na navpicne stene

Pri delovanju vetra je potrebno upostevati so¢asen vpliv notranjih in zunanjih tlakov. Ta vpliv
upostevamo takrat, kadar predpostavimo, da ham lahko odprtine v ovoju stavbe doprinesejo k
prepustnosti in s tem k notranjim pritiskom oziroma srkom. Na podlagi tega je potrebno
upostevati najneugodnejSo kombinacijo zunanjih in notranjih tlakov. Notranji tlaki so odvisni
predvsem od razporeditve odprtin na ovoju stavbe. Ker v mojem primeru ni mogoc¢e dolociti
razmerje odprtin, se za koeficient notranjega tlaka cpi privzame najneugodnejsa vrednost med

+0,2 in -0,3. Upostevam le -0,3, saj povecuje notranji tlak vetra na strehi.

Koeficient notranjega tlaka pri delovanju vetra v smeri osi X in Y

Spodnja slika shematsko prikazuje srk oz. tlak na objektu.

X 3
Ry W
\ \ /

negativen pozitivi
T natranp e == notranji —
—_— tlak R -—— tlak P
B w—— -~ — —_

Slika 9: Shematski prikaz notranjega srka in tlaka na objektu [SIST EN 1991-1-4 2004]

Preglednica 4: Koeficient notranjega srka in obtezba vetra na navpi¢ne stene pri vetru v smeri osi X in Y

Podrocje Jo Cpi Wi
A -0,1272
B -0,1272
C 0,4241 -0,3 -0,1272
D -0,1272
E -0,1272

3.4.3.2 Koeficient notranjega tlaka cpi na ravno streho

Enako kot pri koeficientih notranjega tlaka za ravne strehe se uposSteva najneugodnejSa

vrednost med 0,2 in -0,3. Upostevam le -0,3, saj povecuje notranji tlak vetra na strehi.
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Koeficient notranjega tlaka pri delovanju vetra v smeri osi X in Y

Preglednica 5: Koeficient notranjega srka in obtezba vetra na ravne strehe pri vetru v smeri osi X in Y

Podrocje Jo Cpi Wi
F -0,1272
S | 04241 | 03 [2A272
H -0,1272
I -0,1272

3.4.4 Vpliv vetra na zunanje ploskve v kombinaciji z notranjim srkom in pritiskom v
smeri osi XinY

Tlak vetra na navpicnih stenah

Za tlak vetra na navpicnih stenah sem obravnaval najneugodnejse vrednosti v dveh primerih.
PRIMER |

Preglednica 6: Skupni vpliv vetra (zunanji vpliv + notranji vpliv) pri vetru v smeri osi X in Y

Podrocje W =We + Wi
A -0,6362
B -0,4665
C -0,3393
D 0,1740
E -0,2631

PRIMER 1l

Preglednica 7: Skupni vpliv vetra (zunanji vpliv + notranji vpliv) pri vetru v smeri osi X in Y

Podrocje W =We + Wi
A -0,6362
B -0,4665
C -0,3393
D 0,1696
E -0,2545

Tlak vetra na ravni strehi

Za tlak vetra na ravnih strehah sem obravnaval najneugodnejSe vrednosti v dveh primerih.
PRIMER |

Preglednica 8: Skupni vpliv vetra (zunanji vpliv + notranji vpliv) pri vetru v smeri osi X in Y
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Podrocje W =We + Wi
F -0,8906
G -0,6362
H -0,4241
I -0,2121

PRIMER 11

Preglednica 9: Skupni vpliv vetra (zunanji vpliv + notranji vpliv) pri vetru v smeri osi X in Y

Podrocje W =We + Wi
F -0,6786
G -0,4241
H -0,2121
I 0,0000

3.4.5 Graficni prikaz obtezbe z vetrom

3,18kN/m 2.12kN/m 1,06kN/m

0,87kN/m 1,32kN/m

Slika 10 : Skupni vpliv vetra v smeri osi X

3,18kN/m

3,18kN/m 3,18kN/m

Slika 11 : Skupni vpliv vetra v smeri osi Y

3.4.6 Ucinek trenja vetra na ovoj stavbe
Vpliv trenja na ovoj stavbe lahko zanemarimo tedaj, ko je celotna povrSina ploskev,

vzporednih z vetrom, enaka ali manj$a od Stirikratne povrsine ploskev, ki so pravokotne na
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vpliv vetra. Na podlagi te zahteve sem pregledal ucinek trenja na ovoj stavbe privetrna v

smeri osi X in smeri osi Y.

Ucinek trenja vetra na ovoj stavbe pri delovanju vetra v smeri osi X

A, = A; + Ay + As + Ag = 294m? + 147m? + 147m? + 975m?
A, = 1563m?
A, = Ay + As + Ag = 392m? + 147m? + 245m?

A, = 784m?

1563m? < 4 * 784m? = 3136m?

Ker je celotna povrSina ploskev, vzporednih z vplivom vetra, manj$a od Stirikratne povrsine

ploskev pravokotnih na vpliv, ni potrebno upostevanje u¢inka trenja.

A

SMER X

A

As
As

A

Slika 12: Trenje pri delovanju vetra v smeri osi X

Ucdinek trenja vetra na ovoj stavbe pri delovanju vetra v smeriosi Y

A, = Ay + Ag + Ag + Ag = 392m? + 147m? + 245m? + 975m?
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A, = 1756m?
Ay = Ay + Ay + Az = 294m? + 147m? + 147m?
A, = 588m?
A,<4x4,
1756m? < 4 =« 588m? = 2352m?

Ker je celotna povrsSina ploskev, vzporednih z vplivom vetra, manj$a od Stirikratne povrSine

ploskev pravokotnih na vpliv, ni potrebno upostevanje ucinka trenja.

A

As
A

As
As

SMERY

Slika 13: Trenje pri delovanju vetra v smeri osi Y

3.4.7 Primerjava med silo vetra in potresno silo
V primeru, da je je potresna sila Fy', ki vpliva na konstrukcijo, veéja od vpliva obtezbe vetra

F.', lahko le-to zanemarimo.

, 2,5 m 2,5
Fy=a4%*S* 7 xmx*xA=0,25=* 9,815—2 * 1,2 % ER * 1982,61t * 0,85 = 12399,0kN

kN
Fux = Wex * Ax = 03012 — « 784m? = 236,1kN

21
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kN
Fuy = Wey * Ay = 0,2069— » 588m” = 174,6kN

y
Potresna sila Fy' je merodajna obtezba, zato lahko vpliv obteZbe vetra zanemarimo.

3.5 Dinamic¢na analiza

Potresna obtezba je dolocena z elasti¢nim spektrom pospeskov. Pri projektiranju na potresnih
obmocjih je potrebno izpolniti zahtevo po neporusitvi in omejitvi poSkodb. Pri delovanju
potresne obtezbe dopustimo, da se konstrukcija poskoduje, vendar poSkodbe omejimo do take

mere, da ne pride do porusitve in s tem ne ogrozamo prebivalcev oziroma stanovalcev.

Sposobnost konstrukcijskega sistema, da prenasa potresne vplive v nelinearnem obmocju, na
splosno dovoljuje, da se pri projektiranju uporabijo sile, ki so manjSe od tistih, ki ustrezajo
linearno-elasticnemu odzivu. Da bi se pri projektiranju izognili eksplicitni nelinearni analizi,
se sposobnost konstrukcije, da sipa energijo predvsem z duktilnim obnasanjem njenih
elementov in z drugimi mehanizmi, uposteva tako, da se opravi elasticna analiza z
reduciranim projektnim spektrom odziva. To zmanjSanje se izvede z uporabo faktorja

obnasanja ¢ [SIST EN 1998-1,2005, 3.2.2.5 Projektni spekter za elasti¢no analizo, str.36].

Konstrukcije na potresnih obmo¢jih delimo na konstrukcije pravilne in nepravilne oblike.
Zato moramo pri projektiranju parameter oblike posebej obravnavati, saj le-ta vpliva na model
konstrukcije, metodo analize in vrednost faktorja obnaSanja (. Na podlagi zahtev iz standarda
SIST EN 1998-1 2005 sem ugotovil, da je obravnavan objekt tlorisno nepravilen in pravilen
po visini. Na podlagi tega uporabim dovoljeno poenostavitev, kar pomeni, da lahko

obravnavam objekt s prostorskim modelom z upostevanjem metode z vodoravnimi silami.

3.5.1 Faktor obnasanja za vodoravne potresne vplive

Faktor obnasanja q v smeri osi X

Ker je predvideno, da je konstrukcija sposobna sipanja energije v duktilnem razredu DCH
(visoka stopnja duktilnosti), se pri stavbah, ki so tlorisno nepravilne, uporabi za o,/og
polovi¢na vrednost.

au
q:S*a—=5*0,5*1,3=3,25
1
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7 e //’ 27 /%Z

Slika 14: Izbran stati¢ni sistem za dolo¢itev faktorja obnasanja v smeri osi X [SIST EN 1998-1 2005]

Faktor obnasanja q v smeri osi Y

Ker je konstrukcija v smeri osi Y sestavljena iz okvirjev z centri¢nimi povezji (diagonalna

povezja), se za faktor obnasanja q privzame:

q=4

~

AL Wl o o W o o

Slika 15: Izbran stati¢ni sistem za dolo¢itev faktorja obnasanja v smeri osi Y [SIST EN 1998-1 2005]

3.5.2 Analiza modela konstrukcije po metodi z vodoravnimi potresnimi silami
To vrsto analize sem uporabil, ker visje nihajne oblike v nobeni od glavnih smeri ne vplivajo
pomembno na odziv. Uposteva se, da je zahteva tega pogoja izpolnjena, ¢e stavbe ustrezajo

pogojema:

a) Osnovne nihajne Case T imajo v dveh glavnih smereh manjSe od naslednjih
vrednosti:

4xT.=4%0,55s =2,0s
< [l ) )
Tl_{ 2,0s

T, = c, * H3/* = 0,085 * (9,8m)3/* = 0,471s

T, = ¢, * H3/* = 0,05 = (9,8m)3/* = 0,277s
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Clleveereeereenseaseesseeseeeseeaseesteenteaseesseeteeneeeteeneeneenreenren 0,085 za prostorske jeklene momentne okvirje
Gl ereeseesteeseeese e ee e s e e se et e en e R e e et e Rt e R e et e et e eRe e te et e e Re e reenteeneenreeneenes 0,05 za vse druge konstrukcije

b) Ustrezajo merilom za pravilnost po visini, ki so navedeni v SIST EN 1998-1-2005
poglavje 4.2.3.3.

3.5.2.1 Upostevanje potresnega vpliva v smeri delovanja X in Y

Metodo z vodoravnimi potresnimi silami sem izvedel s programom SCIA Engineer. Pri
dolocanju projektnega potresnega vpliva je treba upoStevati mase, povezane z vsemi

teznostnimi silami, ki so vklju¢ene v naslednji kombinaciji vplivov:

Z Gy j + Z Wei * Qi

Kombinacijski koeficient za spremenljiv vpliv za racun u¢inkov potresnega vpliva se izracuna

na naslednji nacin:

Yei=@*x¥y,
e=10............. za vrhnjo etazo;
0=05............. vse ostale etaze, ki so neodvisno zasedene;
y2i=0,0........... za strehe;
v2i=03........... za pisarne

Ker je lahko ucinek potresnega vpliva zaradi delovanja potresa v smer X in Y soc€asen, kar
pomeni, da vpliv potresa ne deluje to¢no v smeri X, ampak lahko Se delno v smeri Y,

upostevamo potresni vpliv v programu SCIA Engineer na slede¢ nacin:

EE,dx"-l'"OBO * EE,dy

0,30 * EE,dx"+"EE,dy

3.5.2.2 Racun teze objekta po etazah

Pri izracunu teZe upoStevam, da so vse teze skoncentrirane v nivojih etaz.
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Te¥a na koti +9,20m (h'".; = 3,00m)

Stalna obtezba:

e zelena streha (gs = 9,25kN/m?; h = 60cm) 975m? % 9,25 % = 9018,8kN

e fasada v Il. nadstropju (g; = 0,54kN/m?) 140m’ * 1,5m = 0,54"—1\2' = 113,4kN
m

G =9132,2kN

Spremenljiva obtezba:

= sneg (q = 1,21kN/m?) se ne kombinira s potresom

Skupna teza v visini streSnega nosilca:

= mu=G= 9132,2kN =913,22t

TeZa na koti +6,20m (h'';; = 3,00m)

Stalna obtezba:
e medetazna plosca (gm = 5,86kN/m2) 975m? x 4,61 k—IZ = 4494,8kN
m
e fasada v II. nadstropju (g = 0,54kN/m?) 140m' x 1,5m * 0,54"—'\2' = 113,4kN
m
e fasada v I. nadstropju (g = 0,54kN/m?) 140m' = 1,5m * 0,54"—'\2' = 113,4kN
m
Gy = 4721,6kN
Spremenljiva obtezba:
= bivalni prostori (q = 3,0kN/m?) 975m? * 3,05 = 2925,0kN
m
= predelne stene (q = 1,25kN/m?) 975m? * 1,25 <% = 1218,8kN
m
Q.= 4143,8kN

Skupna teza na visini +6,00m:

= m;=G,+ 0,5*0,3*QII =5343,2kN = 534,32t

25
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Teza na koti +3,20m (h's = 3,20m)
Stalna obtezba:

e medetazna plosca (gm = 5,86kN/m2) 975m? x 4,61 k—lz = 4494 8kN
m
e fasada v I. nadstropju (gr = 0,54kN/m?) 140m’ = 1,5m = 0,54"—1! = 113,4kN
m
e fasada v pritli¢ju (gs = 0,54kN/m?) 140m' x 1,6m * 0,54"—1! = 121,0kN
m
G, =4729,2kN

Spremenljiva obtezba:

= bivalni prostori (q = 3,0kN/m?) 975m? * 3,0 5 = 2925,0kN
m

= predelne stene (q = 1,25kN/m?) 975m? * 1,25 % = 1218,8kN
m

Qi =4143,8kN

Skupna teza na visini +3,00m:
= m =G, +0,5%0,3*Q, = 5350,7kN = 535,07t

Celotna teZa objekta

m=m, + my; + m; = 1982,61t
3.5.2.3 Dolocitev vodoravne potresne sile F; v etazi i
Zasnova in stati¢ni model

Fas 4 ‘ ma

Fo ® m:

9,2

Fi ® m:

6,2

3,2

Slika 16: Zasnova modela za izracun potresne sile F;
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Potresna obremenitev F;

Skupna potresna sila Fi je dolo¢ena po metodi z vodoravnimi silami. Predpostavimo, da so
temeljna tla tipa B, kar pomeni, da so tla sestavljena ali iz zelo gostega peska, proda ali iz zelo
toge gline, debeline vsaj nekaj deset metrov, pri katerih mehanske znacilnosti z globino
postopoma nara$¢ajo. Nihajni ¢as konstrukcije je med nihajno dobo Tg in Tc. Na podlagi tega
sem izracunal projektni spekter Sq(T) za elasti¢no analizo v smeri 0si X in Y, ki je dolocen z

naslednjo enacbo:

)

3,25

2,5
Sa(Ty) =ag*S * T = 0,259 * 1,25 * = 0,2307g

2,5 2,5
Sa(Ty) =ag*S S 0,259 * 1,25 * == 0,1875¢

Nihajni ¢as konstrukcije Ty = 0,471s, Ty = 0,277s, in se vrednost spektra spreminja glede na
obe smeri. Za izbran tip tal B je faktor tal S = 1,2s, medtem ko sta Tg in T¢ enaka 0,15s oz.
0,5s. Projektni pospesek tal ag je odvisen od lokacije objekta. Ker je objekt lociran v

Ljubljani, je projektni pospesek tal 0,25g.

Celotna potresna sila F; za obravnavano smer

= Potresna sila v smeri osi X

m
Fiy = S4(T,) *m+ A =0,2307 * 9,815—2 * 1982,61t * 0,85 = 3813,9kN

. mem oo 32meS3S0TRN oo
=i, ¥ ——= * —
TS my ez ’ 128066,32kNm :
F F Zy *xMyp 3813 9kN 6,2m * 5343,2kN 986 6N
=F - = % =
2T IETSS my ko ’ 128066,32kNm ’
F F Zz * My 3813 9kN 9,2m *9132,2kN 2317 AKN
= i K —— = * —
TIETSS my ko ’ 128066,32kNm '

= Potresna sila v smeri osi Y

m
Fyy = S4(T,) *m =21 =0,1875 x 9,81 * 1982,61t * 0,85 = 3099,7kN

27
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Fo —F 2 *x W, 3099 kN 5 S2MF53507KN
= R — = % —
WO Wiz ’ 128066,32kNm '
o —F 22 * Wit _ 3000 7y » S2TMAS3432RN o
= o — = * —
YN Wiz ’ 128066,32kNm ‘
F F z3 * Wiy 3099 7kN 9,2m x 9132,2kN 1883.5KN
=F - = * —
WY N Wk 7 ’ 128066,32kNm :
e korekcijski faktor, ki ima vrednost 4 = 0,85 za objekte s 3. ali vec
etazami

3.5.2.4 Upostevanje nakljucne torzije pri metodi z vodoravnimi silami

Ker je razporeditev vodoravnih togosti in mas simetricna, je mogoce upostevati vpliv
nakljuéne torzije tako, da se povecajo uinki vpliva v posameznih nosilnih elementih, pri

katerih se posamezna potresna sila pomnozi s faktorjem & po enacbi:

S=1+06%—
= * —
67

e

Nakljuc¢na torzija se upoSteva za obe smeri (X in Y). Podatki so predstavljeni v naslednji
tabeli:

Preglednica 10: Izracunani faktorji 6 za upostevanje nakljuéne torzije v smeri osi X in Y

Ox4 1,2567 A 1,2654
ox, 1,1817 oy, 1,1654
O3 1,1067 Oys 1,0654
x4 1,0317 Oy, 1,0346
OXs 1,0433 Oys 1,1346
OXg 1,1183 Ovys 1,2346
Ox7 1,1933 oy 1,3346
Oxg 1,2683
Oxg 1,3433

Razdelitev potresne sile F; na posamezne okvirje

Razdelitev potresnih sil na objekt je prikazana v spodnji tabeli:
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Preglednica 11: Izra¢unane potresne sile F; za posamezne etaZe v smeri osi X in Y

1 Nadstropje | 2 Nadstropje | Streha
Fx1 49,29 95,38 224,03
Fx2 92,70 179,37 421,31
Fx3 86,82 167,98 394,58
Fx4 80,94 156,60 367,84
Fx5 81,84 158,35 371,95
Fx6 65,79 127,30 299,02
Fx7 46,80 90,56 212,71
Fx8 49,75 96,25 226,08
Fx9 26,34 50,97 119,73
Fyl 53,78 104,06 244,45
Fy2 99,06 191,67 450,26
Fy3 90,56 175,23 411,62
Fy4 71,46 138,26 324,78
Fy5 60,28 116,63 273,98
Fy6 65,59 126,91 298,13
Fy7 35,45 68,60 161,14

3.6 Obtezne kombinacije

3.6.1 Mejno stanje nosilnosti
Pri projektiranju po mejnih stanjih nosilnosti je potrebno preveriti kombinacije vplivov za

stalna in zaCasna projektna stanja ter kombinacije vplivov za potresna projektna stanja.

Kombinacije vplivov za stalna in zacasna projektna stanja se dolo¢ijo po naslednji enacbi:

Z Y6, *Grj" + Vo1 *Qk1" + Z Yo, * Wo,i * Qi

j=1 iz1
Za kontrolo mejnega stanja nosilnosti upostevam naslednje obtezne kombinacije:

1. 1,35G + 1,5Q, + 0,750,
2. 1,35G + 1,5Q, + 0,750,
3. 1,35G + 1,5Q5 + 0,750,

Kjer so:

€ S stalna in lastna obtezba
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Qi koristna obtezba (upoStevana po celotnem tlorisu)
Q2 koristna obtezba (razporeditev obtezbe v obliki Sahovnice)
Q3 koristna obtezba (razporeditev obtezbe v obliki Sahovnice, vendar

drugacna razporeditev kot pri Q)
O P obtezba snega

Kombinacije vplivov za potresna projektna stanja se dolo¢i po naslednji enacbi:

Z Gk‘jn + "AEd" + " Z l'pz’i * Qk,l'

j=1 i=1
Za kontrolo potresnega projektnega stanja uposStevam naslednje kombinacije:

1. 1,06 + 1,04, + 0,34,
2. 1,06 + 0,34, + 1,04,

P potresna obtezba v smeri osi X
Ay potresna obteZba v smeri osi Y

3.6.2 Mejno stanje uporabnosti
Mejnega stanja uporabnosti ne smemo preseci, in sicer to dokazemo tako, da omejimo

deformacije, upogibe in vibracije.

Osnovna kombinacija za mejno stanje nosilnosti:

L0G + 1y % Qi+ ) 1y % Oy

i>1
Za kontrolo mejnega stanja uporabnosti upostevam naslednje obtezne kombinacije:

1. 1,06 + 1,0Q; + 0,50,
2. 1,0G + 1,0Q, + 0,50,
3. 1,06 + 1,0Q; + 0,50
4. 1,00, + 0,50,
5. 1,00, + 0,50,
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6. 1,005 + 0,50,

31
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4 GLOBALNA ANALIZA

Za izvedbo staticne analize celotne konstrukcije sem uporabil program Scia Engineer.
Notranje stati¢ne koli¢ine in dimenzioniranje sem izvedel na prostorskem modelu z linijskimi
elementi. Analiza konstrukcije je bila opravljena po teoriji Il. reda z upoStevanjem
geometrijske globalne nepopolnosti objekta. Toga Sipa je modelirana s togimi povezami
vozli§¢ v ravnini posamezne etaze. Temelji so modelirani z linijskimi elementi na elasti¢ni

podlagi. Karakteristike plasti¢nih vzmeti S0 dolo¢ene z modulom reakcije tal.

4.1 Globalna geometrijska nepopolnost

Pri analizi sem uposteval vse nepopolnosti, ki se lahko pojavijo pri izdelavi in montazi.

¢:¢O*kc*ks
_ 1
¢°_200

Preglednica 12: I1zbrana globalna geometrijska nepopolnost v smeri osi X in Y

Kex Key Ks x Ksy ¢y [mm/m] | ¢, [mm/m]
0,802 0,782 0,730 0,730 2,93 2,85
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5 DIMENZIONIRANJE GLAVNE KONSTRUKCIJE

5.1

5.1.1

-47.13

—52.60

Mejno stanje nosilnosti

Momentni okvir

& 1 w w

w [ = nl

F © = w g

B = Irs] = s
! 1 [ 1 1

—-90.75

103,46

91,71

1299

Slika 17: Ovojnica momentov Mgq [KNmM] najbolj obremenjenega okvirja

o160

G100

ra
o

S [ TATRAEN [T 1995260

Slika 18: Ovojnica precnih sil Veq [KN] najbolj obremenjenega okvirja

33
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3 e e e I
g W Bl M 3_
2 i E ] =
prd ] = [ '
| \_ ] n n -
"
1471 —348.31 | | -316.4 | | —307.81 | | 3191 | | —345. = —170,74
I S S Fedl, LS plosrs [1-s1919 1 -sass L -7
5— i T B G ?
5] - 8 - 7 i
[ —f I — 11— = -
— ] | ] o g
) -+
-274.71 [ -B02,43 || -58002 | | 53238 [ | -5es35 % | —503.87 7 [ | -328.03
M 3\ H' %I ?r'l T
= G = i = —
— | — — —
-399,80 | -89 [ | -763.24 L | —T4z.13 | | -795.81 || -844.28 478,97

Slika 19: Ovojnica osnih sil Ngg [KN] najbolj obremenjenega okvirja

Dimenzioniranje stebrov in preck

Dimenzioniranje in kontroliranje stebrov in preck sem izvedel s programom SCIA Engineer.

Vsi rezultati in kontrole so v prilogi A.

5.1.2 Okvir z centri¢nim povezjem

T8
BE.08

3524
34,11

1847 [ ][ 1T =L L+ T

34,30
341
34,09
:‘
34,13

24 60

] ] ] ] ] ] 1]

Slika 20: Ovojnica momentov Mgy [KNmM] najbolj obremenjenega okvirja

45 48
45,24
44,30
44,36

43,44

| 22,79 | 2324 ] 48,52
— —22.70 23,24 -‘>.52/é

Slika 21: Ovojnica preénih sil Veq [KN] najbolj obremenjenega okvirja
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766

[

4

T T N A I T T TS [ [ Lo s o ——— 7

H —280.0

—158,85-467
-9506H -280

—B3.61

Slika 22: Ovojnica osnih sil Ngg [KN] najbolj obremenjenega okvirja

Dimenzioniranje preck

Dimenzioniranje in kontroliranje pre¢k sem izvedel s programom SCIA Engineer. Vsi

rezultati in kontrole so v prilogi A.

5.2 Mejno stanje uporabnosti
Pri mejnem stanju nosilnosti je potrebno preveriti vse pomike, ki lahko bistveno vplivajo na

bivalno okolje in zZivljenjsko dobo konstrukcije.
Pri MSU je upostevana zacetna globalna geometrijska nepopolnost.

5.2.1 Momentni okvir

-3
—2.9
-5k
-0
-2,8

—-35

—46
—4.4
-43
4.4
—4.3
-4.7

-53
—48
—a7
46
4.7

-5.2

Slika 23: Ovojnica vertikalnih pomikov u, [mm] za MSU
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-0.&
-0,E
-G
—0.6
-0,E
=5

Slika 24: Ovojnica vertikalnih pomikov u, [mm] zaradi koristne obtezbe

“08 -0.5 o4
—4
—oE —0s
-0
* a4 7 * 03 7 * -03 ©
—0.4 —(x3
—0.4
-06
a1 0.1
-0z " * -0, * -0 * -az " -0z "
—04
4 -0
|

Slika 25: Ovojnica horizontalnih pomikov u, [mm] za MSU

Vertikalni pomiki

5 — 0530m < L _SOOCm_20
max = D3 =950 = 250
dp =0,23cm < L _500cm_143
Q= e =350 "350
Kjer so
X« + + 2+ e e e e e e e et et e e e e e e e vertikalni pomik pri MSU
D ettt e vertikalni pomik zaradi koristne obtezbe

PP razpon med stebri
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Horizontalni pomiki

= Posamezna etaza

81 = 0,06 M _320em e
1= 006em =355 = 350 — MO0
5. = 0.04 <h2_300cm_10
2= OO =300~ "300 "
5 0,02 h _3000m_10
3 = 002em =300~ "300 MV
= Celotna stavba
6 =012 H o _220cm _ 1,84
- Odeem S50 = 500 Ot
Kjer so
LI T horizontalni pomiki posamezne etaze
U horizontalni pomik celotnega objekta
Heooo visina objekta

5.2.2 Okvir z centri¢nim povezjem
Okvir z centricnim povezjem prevzame samo horizontalne pomike, zato preverim pomike

samo Vv horizontalni smeri.

1.2

Slika 26: Ovojnica horizontalnih pomikov uy, [mm] za MSU
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Horizontalni pomiki

= Posamezna etaza

5, = 0,04 u _ 320em _ 1,06
1= 00%em = 3055 = 7300~ YoM
5. = 005 <h2_300cm_10
2 = OOM =3007 300 0
5 0,03 h _300cm_10
3 =003em =300= 300 ~ MM
= Celotna stavbha
§=012 H _920em _ . g,
=0leem=c40= 500 LM

5.3 Kontrola medetaznih pomikov za potresno obtezbo

5.3.1 Momentni okvir

T3a0 TS 510 “fos “oa —Zag
] —33h —z1 k& —=1 4 T a1t

-3 -7 -5 -73 -7z -7z

Slika 27: Ovojnica horizontalnih pomikov u, [mm] za potresno obtezno kombinacijo

ds1 =0,83cm > d,q =dg *q4 = 0,83cm + 3,25 = 2,70cm
ds; = 1,45cm - d,y = dgy * g4 = 1,45cm = 3,25 = 4,70cm

de3 =1,03cm - dy3 =dg3 xqq = 1,03cm + 3,25 = 3,35cm

dyy ¥V =2,70cm % 0,5 = <0,01*hy =0,01%320cm =
drp %V =4,70cm % 0,5 = < 0,01 % h, = 0,01 * 300cm =

-29.6

—-Z1.0
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dys*v =335cm 0,5 = < 0,01 * hy = 0,01 * 300cm =

Kjer so

(o Y TP horizontalni pomiki posameznih etaz
01 faktor obnaSanja za pomike
[0 BN TSP projektni etazni pomik
Ve redukcijski faktor, ki upoSteva manjSo povratno dobo potresa
D23t vi$ina posamezne etaze

[[]

Slika 28: Ovojnica horizontalnih pomikov u, [mm] za potresno obteZno kombinacijo
ds1 =099cm - d,q =dg; *q4 = 0,99cm x4 = 396cm
ds; =1,07cm - d,y =dgy *qq = 1,07cm x4 = 4,28cm

dge3 = 1,25cm - dyp3 = dgz3 *x qq = 1,25cm + 4 = 5,0cm

dy *v =396cm % 0,5 = < 0,01+ hy = 0,01 % 320cm = [3,2cm]
dyp * v =4,28cm + 0,5 = < 0,01 % h, = 0,01 * 300cm =
dy3 *v =50cm 0,5 = < 0,01 * hg = 0,01 * 300cm =[3,0cm]

5.4 Posebna pravila za protipotresno gradnjo jeklenih konstrukcij
Pri nacinu projektiranja s sipanjem energije je v obmocju sipanja potrebno zagotoviti ustrezno

globalno in lokalno duktilnost, ostale konstrukcije, ki ostanejo v elasticnem rezimu
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obratovanja, je potrebno dimenzionirati ob upoStevanju povecanih obremenitev, ki se

prenasajo iz plastificiranih elementov na ostale dele konstrukecije.

5.4.1 Momentni okvir

Whiy

HEA 280 IPE 360

Wpl.y _ Wpl.y

Slika 29: Shematski prikaz prikljucka precka — zunanji steber

WEeher > 1,3 « WHTe™® = 2 % 1112em3 = 2224cm® > 1,3 * 804cm® = 1045,2cm?

ply
Woly
IPEREe i IPE 360
Waiy ;—— Wy
Wy

Slika 30: Shematski prikaz prikljucka pre¢ka — notranji steber

WSEEPer > 1,3 « WHT*® = 2 % 1383cm® = 2766cm® > 1,3 + 2  804cm® = 2090,4cm?
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5.4.1.1 Dimenzioniranje nosilcev

oy I [ o) @
" L] - 5] 2
o w pe o
T ® 8 = @ =
=z =z =
| 1 | ! &
/(( /ﬂ4/ I
3 I N 0 S B N Y 9 M\W A
s = 8 = 2 = & = 5 5
o i u 11 In] @ =] @ o] w —
o '} 5] gl . ) T e} pre
= = = — Ll = Wy = o - w“ *
- 1 | o | 1 | 1 =) |
Lyl

\
!
§

e o -
= F ey =] [=k =] -+ & %
o g [ uh | % | Pk ol o
H LAt Eril =) =y & Y o~ —_
o T T Y Te D -
I | I

4325
42 75
41,45

m%\\

Slika 31: Ovojnica notranjih sil Mggq [KNm] zaradi potresne obteZne kombinacije

75,36
T35
73,88
71,67

8772

-+
4]
il
Wl

[is]

o [o¥] ] il ITe)=2) freyi=] m

~ o ol jog =+ Sty =R ™

i 2 | = [P o etk 'y

[l gr’j [l e} (B | o B |
| | I |

—3%.0m

— 40,80
3774

3783
-38.77

3772
- 3875

a7 .62
- I16,68

- 38.50

35,28
40,16

—40.91
— 38,37
—318.45
—38.49
— 34,58
- 3605

Slika 32: Ovojnica notranjih sil Vgq [KN] zaradi gravitacijske obtezbe

4
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VT L L L LT I L P g

3z
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S5
- 118,55
—h0, 720

—415,26
—-332

—258

- 187
0,36

| S N | 4 T A

—a—
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ke
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AT SR NN AN

- 152,99
~133.33
-103.24

-72.37
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_ - 41,67

34,90

a
ke
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~102.10

-72.25
-43,30[
— 18,40

Slika 33: Ovojnica notranjih sil Ngg [KN] zaradi potresne obtezne kombinacije

Nosilci (IPE 330)

= kontrola upogibne nosilnosti
Mg _ 141,6kNm

= =0,75<1,0
Mpl,Rd 188,9kNm
fi 23,5k—N2
My ra = Wpiy * yy = 804cm? « 1—(c)m = 188,9kNm
MO )
= Kkontrola osne sile
Nea _ TOLN _ 07 < 0,15
Npira 1471L,1kN — 77 =7
f 23,541
Npiga = A * yy = 62,6cm* » ——"= = 1471, 1kN
MO )
= kontrola precne sile
Vea _T166kN _ .. .
Vora 3492kN — 7T T
£ 235 gl
v, =A,*——— = 25,74cm* * ———— = 349,2kN
PR B g V3% 1,0

A, =1,04xh=xt, =1,04=33cm=0,75cm = 25,74cm?
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Via = Viag + Viau = 41kN + 75,6kN = 116,6kN

VEd,G = 4‘1kN
2xM 2 x 188,9kNm
Veam = Lpl'Rd = = = 75,6kN
Nosilci (IPE 360)
= kontrola upogibne nosilnosti
Mgy  1656kNm
= =069<10
Mypa  239,5kNm
f 23,5k—N2
Myira = Wiy * y—y = 1019cm3 * 1—8’” = 239,5kNm
MO )
= kontrola osne sile
Ng4 _ 153kN = 0,09 < 015
Npga 17085kN 777 =7
f, 23,5k—N2
Npra = A * y—y = 72,7cm? * 1—8’” = 1708,5kN
MO )
* Kkontrola pre¢ne sile
Vea _1366kN _ .. .-
Vorra  4064kN — 77 = 7
£, , 23,5 _ckrilvz
V. =A, x—— =2995cm* * ————— = 406,4kN
plL,Rd v \/§ « )/MO \/§ N 1’0

A, =1,04xhxt, = 1,04 x36cm = 0,8cm = 29,95cm?
VEd,G = 4‘0,8kN

2% My pqg 2%239,5kNm
Veam = I =

= 95,8kN
5m
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Nosilci (IPE 500)

= kontrola upogibne nosilnosti
My,  1853kNm

= =0,36<1,0
Myira  5156kNm
f 23,5k—N2
Myira = Wy * yy = 2194cm® x — 7= = 515,6kNm
MO )
= kontrola osne sile
Nea _ HO3KN 14 <015
Npiga 2726kN — 777 77
f, 23,5k—N2
Nypg = A == 116cm? x —M° = 2726kN
- Ymo 1,0
= kontrola precne sile
Vea  294,5kN
= =0,24<0,5
Vorra  1246,4kN
fy , 23,5 _ckrilvz
V. = A, *—— = 53,04cm* x ————— = 1246,4kN
plL,Rd v \/§ * Yaro \/§ £1,0

A, =1,04xhxt, =1,04*50cm * 1,02cm = 53,04cm?
VEd = VEd,G + VEd,M = 88,3kN + 206,2kN = 294‘,5kN
VEd,G = 88,3kN

2% My ra  2%5156kNm

Veam = — = 206,2kN

5m
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5.4.1.2 Dimenzioniranje stebrov

—-28.25 9,82 1,20 1,50 1.80 —B,87 29,73
17,71 =340 —0.87 —0,60 —iJ,24 221 -18.32
—15.33 * 2.20 1,95 171 146 * 116 * 16,97
1826, -3.58 L -les -1.59 —1.18 1875
-13.28 137 0.30 1.03 13,52
145, —4n]] —4.58[] -5.85(] ~8.35 —5.40]
Slika 34: Ovojnica notranjih sil Mgy [KNm] zaradi gravitacijske obteZbe
T B 0 i v Il i 0 b 1
——— -15,33 —
(R —303  160al——
1 . +4z 1 . 0.7 . 0.71 | 0,59* . . —
—11.21 1.83
k 13 12,26
110 0,58
. } . I . 4 4 . 6.24 .
L 2.41
116 1.81F 2001
-5.38 L 5.34
0.89 I
Slika 35: Ovojnica notranjih sil Vgq [KN] zaradi gravitacijske obtezbe
—112,7% N —255,2‘l —237.02. —239.55. —236,87. —25‘5,2!‘ —-113,21
-183.53 -383.77 -363.98 -365.35 -363.66 -363.66 - 184,59
- 253,94 —514,94 | —as2.5 -4G4.33 - 492,05 —514.77 — 756,05

Slika 36: Ovojnica notranjih sil Ngg4 [kN] zaradi gravitacijske obtezbe
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44,94 166,06 152,57 150,50 " 148,23 145,58 72,91
—1%.69 -71.62 —-B7.2% -EB513 —54.04 —B3.07 —3242
67,37 15411 " 155,45 ° 154,76 15304 ° 150,84 ° 73,49
—ga,31 , —151.53 -153.51 —153,40 , —19174 , 897 -70.05
5,75 2229 1382 .84 5.46
—66,09 —424.79 | —409.66 ~397.37 J ~392.32 J — 390,54 | -58.21
Slika 37: Ovojnica notranjih sil Mgq [KNm] zaradi potresne obtezbe
21,59
79.24 73,27 71.88 .77 £9.56 3513
43,98
101,80 10316 102,73 101,64 99,83 47.88
13978 132,39 Y27.25 125,56 12581 2002
22,63
Slika 38: Ovojnica notranjih sil Vgq4 [KN] zaradi potresne obtezbe
3420 —g1.81 -78.36 —E7.53 —81.37 -88.75 -57.19
— 14208
- 00,67 ~215.48 -193.25 ~164.61, -200.08 -217.33
~144,99 [ -316.32 - 256,58 J —744,68 - 799,33 -325.18 -221.18

Slika 39: Ovojnica notranjih sil Ngg [KN] zaradi potresne obtezbe

Stebri (HEB 500)

Stebre izven obmocja sipanja energije je potrebno zavarovati pred preobremenitvami, ki bi

lahko nastopile zaradi polne plastifikacije elementov, Ki sipajo energijo. Pri tem je potrebno

upostevati ocenjeno dejansko plastiéno nosilnost. To doseZzemo z upostevanjem faktorja
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dodatne nosilnosti yo, in faktorja dodatne nosilnosti precnega prereza Q. Projektne vrednosti

notranjih sil se v teh elementih izra¢unajo na naslednji nacin:
Nga = Nga,g + 11 * Vo * Q * Ngg g
Mgq = Mgac + 1,1 % Vo, * Q * Mgg g
Vea = Veae + L1 % Vou ¥ Q% Ve g

= faktor dodatne nosilnosti prereza

Q. = Mpl,Rd
' M(Mg + Mp)
o — Mpira _1889kNm _
YTOML, T 141,6kNm
q = Mpira _2395kNm _
27 M2, 1656kNm
M 515,6kNm
0, = —2LRd =2,78

M3, 1853kNm
Q= Qpin = 1,32
Yo = 1,25

= prerez stebra ob vpetju
Ngg = Nggg + L1 % ¥y, * Q* Nggp = 514,9kN + 1,1 * 1,25 = 1,32 = 384,9kN
= 1208,7kN

Mgg = Mg+ 1,1 %y, * Q*x Mgy p = 8,4kNm + 1,1 x 1,25 * 1,32 * 484,4kNm
= 879,6kNm

Via = Veag + L1 % Yop * Q# Vpgp = 2,4kN + 1,1 % 1,25 1,32 * 162,3kN = 300,2kN

= kontrola nosilnosti stebra

Nea | Mpa _ 12087kN  879,6kNm
Npra  Mpiga 5616,5kN ' 1131,5kNm

=099<1,0
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kN
fy 23,5 oz
Npl,Rd = A = 239cm2 ——— = 5616,5kN
Ymo 1,0
fy 5 23,5—!‘;2]2
Mpl,Rd = Wpl,y * ]/_MO = 4815cm” * 1,—0 = 1131,5kNm
= kontrola strizne nosilnosti
Vea 300,2kN
= =0,30<0,5
Vorra  1023,0kN
fy 23’5%
V. =104«hx*t, *———=1,04*50cm * 1,45cm + ———— = 1023,0kN
pLRa RVER YMmo V31,0

= strizna nosilnost panela stebra

Strizna nosilnost panela stojine stebra v obmocju spoja precka — steber mora zadoScati

pogoju:

Vwppa _ 400,2kN
Vwpra 920,7kN

044 <10

Mpl,Rd _ 18890kNcm

V, = = 400,2kN
wpEd = 47,2cm
nxdxt,*f, L2*39cmx 1,45cm * 23,5k—N2
Y = CM~ — 920,7kN

V = =
wp,Rd \/§ * Yot \/§ N 1'0

Stebri (HEA 340)

= prerez stebra ob vpetju
Ngg = Npag + 1,1 ¥y, * Q% Npg p = 383,8kN + 1,1 * 1,25 * 1,32 x 236,6kN = 813,2kN

Mgg = Mgge + L1 %Yo, x Q* Mggp = 16,2kNm + 1,1 * 1,25 * 1,32 * 169,5kNm
= 320,2kNm

Via = Veag + L1 % Vop * Q# Vg = 8,4kN + 1,1 * 1,25 % 1,32 * 110,1kN = 208,2kN

= kontrola nosilnosti stebra
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Ngg Mgz  8132kN  320,2kNm

= =099<1,0
Ny ra + My ra  3125,5kN + 434,8kNm
f, 23,5k—N2
Ny ra = A * == 133cm? » ——<M- = 3125 5kN
Ymo 1,0
f 23,5 k—NZ
My pa = Wy y ¥ —— = 1850cm® x ——<- = 434,8kNm
Ymo 1,0
= kontrola strizne nosilnosti
Vea 208,2kN 047 <05
Vora 442,4kN 70 T 7
fy 23,5 _ckrilvz
v, =104 +«h=*t, x———=1,04 «*33cm * 0,95cm * ————— = 442,4kN
pl,Rd w \/g Va0 \/g N 1’0

* strizna nosilnost panela stebra

Strizna nosilnost panela stojine stebra v obmocju spoja precka — steber mora zadosScati

pogoju:

Vippa _ 1240kN _
Vwpra 3759kN 77 =

_ My ra  51559kNcm

v = = = 1240kN
wpEd = p 41,58cm

kN

nxdx*t, * fy 1,2 *24,3cm * 0,95¢cm * 23’5W

Viwp,ra = = = 375,9kN
' V3 * Yo V3% 1,0
Stojino stebra je potrebno ojacati:
Vwp.ea * V3 * Yaro 1240kN *+/3 1,0
=— = = 3,13cm

ty =
nxd*fy 1,2 # 24,3cm » 23,5 240
cm

Izberem plocevino 2x20mm



50 Sekeres, D. 2011. Stati¢ni izracun jeklenega trietaznega poslovnega objekta.

Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. Za gradbeniitvo, Konstrukcijska smer.

5.4.2 Okvir z centri¢nim povezjem
Okvirje s centri¢énim povezjem je treba projektirati, tako da plastifikacija nateznih diagonal

nastopi pred porusitvijo spojev in pred plastifikacijo ter nestabilnostjo nosilcev in stebrov.

Ty
b

b=

Slika 40: Ovojnica notranjih sil Ngg [KN] za potresno obteZno kombinacijo

= relativna vitkost

V okvirjih s centri¢nimi X povezji je relativna vitkost A omejena z:
1,3<1<20

Kvadratna cev (VHP60/60x6,0mm) v prvi etazi

593,6cm

I=m 2 = 1,46
i*A; 2,16cm *93,9 ’

_fes_ fess_ o
R I P T

A4 =939%¢=0939%1,0=0939

T 56,1cm4'_216
AT [ T12eme T o0

Kvadratna cev (VHP60/60x6,0mm) v drugi etazi

583,1cm

T=tv _ 2 = 1,44
i*A 2,16cm %939 ’
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Kvadratna cev (VHP50/50x5,0mm) v tretji etazi

583,1cm

o tu _ 2 =1,73
i*A;, 1,79cm %939 ’

| 27,0cm4_179
T laT 8,4cm?2 cm

» faktor dodatne nosilnosti prereza

Pogoj je, da se (Q; posamezne etaze ne sme razlikovati za ve¢ kot 25%.

Kvadratna cev (VHP60/60x6.0mm) v prvi etazi

fy 23,5 CI;LVZ
N =A% =12,0 « ———— = 282,0kN
pLRA Ymo 1,0
N 282,0kN
0, = 2R 1,08

NL, ~ 2612kN

Kvadratna cev (VHP60/60x6.,0mm) v prvi etazi

_ Npra _ 282,0kN

Q, = = = 1,01
27 N2, ~ 280,6kN

Kvadratna cev (VHP50/50x5.0mm) v tretji etazi

fy 23,5 clfrilvz
N. =A+—=84*x—=197,4kN
pLRd * )/MO * 1,0

q. = Noura _ 1974kN _
7 N3,  189,6kN

1,04

Qax = 1,08 < 1,25 % Q= 1,25 1,01 = 1,26
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6 MEDETAZNA KONSTRUKCIJA

6.1 Sovprezna plosca

Material
=  peton C25/30
= plocevina HI-Bond 55; t = 0,8mm; f, = 250MPa
= armatura S500

» strizni Gepi  NELSON &epi @19, f, = 45kN/cm?; hg = 10cm

Geometrija

skupna debelina sovprezne plosce
efektivna debelina sovprezne plosce
razmak med podpornimi nosilci
razmak med zaCasnimi podporami

Sirina podpor (kon¢ne in zacasne)

Obtezba

6.1.1

6.1.2

g1 = 2,91kN/m?
gs = 1,70kN/m?
q = 4,25kN/m?

lastna
stalna

koristna

MontaZno stanje

razmak med za¢asnimi podporami

h = 14cm

dp = 14-5,5/2 = 11,25¢cm
L=25m

L, = L/3=166,7cm

b > 100mm

L, = L/2 = 125¢cm

L7 = min(230cm, 261cm) = 230cm > L,, = 125cm

Konc¢no stanje

Mejno stanje nosilnosti

Po metodi delne strizne vezi upostevam metodo B4.

kN kN
de,MSN = 1,35 * 01 + 1,5 *q = 1,35 * 1,7@ + 1,5 * 4,25@ = 8,67W

kN

Liax = 395cm > L = 250cm
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Mejno stanje uporabnosti

Po metodi delne strizne vezi upostevam metodo B4.

kN kN
Psamsu = 1,0 * Jq + 1,0 q = 1,0 * 1'7W + 1,0 * 4"25? = 5,95@

Lmax = 464cm > L = 250cm

6.1.3 Potrebna armatura

Negativna armatura nad podporami

Ker kontinuirani sistem sovprezne ploS¢e obravnavamo kot niz prostolezecih plosé, je
potrebno zagotoviti negativno armaturo nad podpornimi nosilci. Negativno armaturo

namestimo na razdalji 0,25L na obe strani podpore.
Apeg = 0,004 % 100cm * (h — hy,) = 0,004 x 100cm * (14cm — 5,5cm) = 3,4cm?/m
Izberem armaturne palice ®10/20cm.

Armatura za ranos obtezbe

Armatura za raznos obtezbe se postavi na plocevino in je potrebna v primeru koncentriranih

sil, linijske obteZbe oz. porazdeljene obtezbe, ki deluje po delu povrsine plosce.

Ker v mojem primeru obtezba deluje po celotni povrSini ploSce, teoreticno te armature ne

potrebujemo.

Na podlagi dobre prakse je priporo€ljivo, da se tovrstna armatura vseeno vgradi (predelne

stene, lazja koncentrirana oprema, koristna obtezba lahko deluje le po delu plosce).
Araznos = 0,002 x 100cm x (h — hy,) = 0,002 * 100cm * (14cm — 5,5cm) = 1,7cm?/m

Izberem armaturno mrezo Q257
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6.2 Sovprezni nosilec IPE 270

9.9
5.0
/ 7
Slika 41: Zasnova sovpreZnega nosilca
= jzbira jeklenih profilov:
A L 500cm 20
T T I
Izberem IPE 270.
6.2.1 Material
= beton C25/30
= jeklo S235
= armatura S500
6.2.2 Obtezba
= |astna
e jekleni nosilec 9a = 0,35kN/m
vy kN KN .
e betonska plosca g4 = 2,91 —* 2,5m = 7’3E (strjen)
ez =30322%25m =76""  (svez)
e opaz (ocena) gop = 0,4% *2,5m = 1,0%N
o tlaki Bost = 1,703+ 2,5m = 4,25
= Kkoristna

e med betoniranjem q,, = 0,75% * 2,5m = 1,9%N
. ) kN kN
e koncno stanje gk = 4,255 * 2,5m = 10’6F
. kN KN
= delavci, oprema Jost = 0,755 *2,5m = 1,9;

6.2.3 MontaZno stanje

= obremenitev
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qea = 1,35% g4 + 1,35 % g + 1,35 % qop + 1,5 %

kN kN kN kN
=135%035—+135*%76—+1,35x1,0—+1,5x1,9—
m m m m

= 14,6kN/m

kN
Gpa * L2 _ 1465+ (5m)”

MEd = 3 8 = 4‘5,6kNm
Ggq * L 14,6 — * 5m
Veg = = 36,5kN
= Kkontrola upogibne nosilnosti
f 23,5k—N2
Mgq = 45,6kNm < M, = W, » == = 429cm® » ——E = 100,8kNm
Ymo 1,0
= kontrola strizne nosilnosti
£, , 23,5%
Veq = 36,5kN < V. =A,x ——— =18,5cm* x ——— = 251,4kN
Ed plL,LRd v \/§ Va0 \/§ N 1’()

A,=104x«h=xt, =1,04*27cm % 0,66cm = 18,5¢cm?

= kontrola bo¢ne zvrnitve (metoda tlaCene pasnice)

Med montazo zagotovimo boc¢no podpiranje zgornjega in spodnjega pasu na polovici razpona.

b3 * t, B (13,5cm)3 * 1,02cm

= = 4
Is, 12 12 209,1cm

21,9cm

h
Af =bxt;+—xt, = 13,5cm * 1,02cm + x 0,66cm = 16,2cm?

6
o Is, B 209,1cm* _ 359
Yz = Ar ] 162cm? 7 cm

A1 =939%=939%1,0=939
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_ 5 _ |35
€= £, 235

ok, *% 1,0 * SOgcm
A= = = 0,74
g, *A;  3,59cm 93,9
uklonska krivuljab — y;, = 0,75
f. 23,5k—N2
Mgq = 45,6kNm < My gq = xp * kpq * Wy, x =2 = 0,75 x 1,1 » 429cm® « —<-
Ymo 1,0
= 83,2kNm

6.2.4 Sovprezino stanje
= obremenitev

qea = 1.35% gq + 1,35 % geg + 1,35 % gose + 1,5 % gy

kN kN kN kN
=135%035—+135%73—+1,35%4,25—+ 1,5% 10,6 —
m m m m

kN
=32—
m
ga * I? szWN * (5m)”
Mgy = = = 100kNm
8 8
T2 T2 T
= geometrijske karakteristike sovpreznega prereza
Deff
T Tc/ o he
\\\ \ // ad \ |
‘ Ts I a
‘ aa ha
Ta : :

Slika 42: Geometrijske karakteristike sovpreZnega prereza

L, _085+L 0,85*500cm

==
8 8 8

b, = = 53,1cm
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befr = 2% bey =2 %53,1cm = 106,2cm

_ha+hc_27cm+14cm_205
T T T 2 cooam
I, = 5790cm*

A, = 45,9cm?

besr * hi  106,2cm * (14cm)?

— 4
B 7 24284,4cm

I, =

Ac = bgsp * he = 106,2cm * 14cm = 1486,8cm®

Prit = oo:
E, 21000"—1\’2
ng = E = ]irl(]l = 6,77
em 3100 ——
cm

Ne = 2 *xny = 2 x 6,77 = 13,54 (ponastavitev za stavbe, ki niso namenjene skladiscenju)

A, ) 1486,8cm? )
ASOU = Aa + E = 45,9cm + W = 155,7cm
c 205 1486,8cm? 1446
= ¥ — = * =
o =G Agop * Mo e 155,7cm? * 13,54 rocem
Ay 205 45,9cm? 6 04
= * = * —— =
e = O Yy P a5, 7em2 ~ T

I.+ A, *a?
Isov=Ia+Aa*a§+<#)

N
= 5790cm* + 45,9¢m? * (14,46cm)?

N 24284,4cm* 4+ 1486,8cm? * (6,04cm)?
13,54

> = 21186,8cm*

= kontrola upogibne nosilnosti

CAgxf, 45,9cm? « 23,5k—N2

N,.,=N,,= CM=~ — 1078,7kN
PO g 1,0
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N s 1078,7kN
Xy = - = =7,17cm < 14cm
p fex kN
bess * 0,85 x =<k 253
Ye ' 106,2cm + 0,85 * 1051)"
h, Xp1  27cm 7,17cm
r=7+ C—7= > + 14cm — = 2391cm

Mgy = 100kNm < My pq = Ny * 7 = 1078,7kN + 0,2391m = 258kNm

= kontrola strizne nosilnosti

kN
fy Wi

Vgq = 80kN <V, = A, ¥ ——=185cm* ¥ ——— = 251,4kN
Ed plL,LRd v \/§ % Yato \/g N 1’0

Vgqa80kN < 0,5 % Vy,; pg = 0,5 % 251,4kN = 125,7kN — interakcija z momentom ni
potrebna

= kontrola upogibkov — MSU

MSU kN kN kN kN
ded = Ya + 9c1t Gost T qx = 0,35;'{' 7,3;'{' 4325? + 10,6? = 22,5?

5 1 qUSU 4 L4 5+ 0,225 4N« (500cm)*
v:384*E 1 = N =0,41cm
a*lsov 384421000~ + 21186 8cm
— 04lem < =220 _,
VEBRM =550 T T250

6.2.5 ZmanjSanje strizne nosilnosti ¢epov
V primeru, da Cepi za konc¢no sidranje plocevine sluzijo tudi kot Cepi za zagotovitev
sovpreznega delovanja podpornega jeklenega nosilca, je potrebno to upostevati pri dolocitvi

potrebnega Stevila ¢epov oz. kontroli Cepov.

Obicajno na tak ¢ep sile od sidranja ploCevine in sile zaradi sovpreznega delovanja jeklenega

nosilca delujejo v med seboj pravokotnih smereh.

Kontrola striZzne nosilnosti ¢epa

= vyzdolZna strizna sila
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Fep = min <Aa * f—y;Ac * 0,85 * &> = min(1078,7kN; 2479,2kN) = 1078,7kN
Ymo Ye
= strizna nosilnost ¢epov
0,8 * f,, * m * d? 0,8 x 45 sz * 1 % (1,9cm)?
PRdS = = cm = 81,7kN
, 4 % Yo 4 x 1,25
»  bocni pritisk na beton
kN kN
2
, :0,29*a*d2*m=0'29*1'0*(1'9cm) *\/Z,SW*MOOW
Rd,b Vora 125
= 73,7kN
1,0 » e 220 _ o040
= - — = =
@ ’ d 1,9cm ’ ’

* nosilnost enega Cepa

Prq = min{Prys; Prap} = min{81,7kN; 73,7kN} = 73,7kN

= Stevilo in razporeditev Cepov

_ Py _10787KN _
TPy 737kN POV

L _SOOcm
2xn 30

e= =16,7cm >5+d =9,5cm

e = 16,7cm < min{6 * h.; 80cm} = min{84cm; 80cm} = 80cm

Izberem 33 ¢epov na medsebojni razdalji 15cm.
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7 FASADNA PODKONSTRUKCIJA

Za ¢elno in stransko fasado izberem Trimo fasadne panele, ki bodo pritrjeni na 0,8m in 2,2m
viSine etaze. Na tej viSini so namesceni tudi dodatni profili, kateri so dodatno podprti z

zategami.
Obtezba

= Jastna in stalna

g1 = 0,34kN/m?
bz =1,4m
b 1,4m = 0,34 k 0,48 kN
= * = % _— = —_—
-g 2 -gl ) m ) mz ) m
D2 e, razdalja med fasadnimi legami

= obtezba vetra

Qw = 0,64kN/m?

kN kN
q=>b,*q,=14m = 0'64W = 0,9;

Racunski model

Slika 43: Zasnova modela fasadne podkonstrukcije
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Obtezne kombinacije

= MSN 1,35x g+ 1,5*q
= MSU 1,0xg+1,0%*q

Kontrola nosilnosti

Izberem profil U 100

Slika 45: Ovojnica notranjih sil Mgy, [KNm] fasadne podkonstrukcije

Meqy = 3,01kNm

Meg.2 = 0,31kNm
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kN
fy 23,56‘1’7’1_2
M ray = W, * ” = 41,2cm3 * 0 - 9,7kNm
0 ,
kN
fy 23'5(,'771—2
Mg ra, = W, x —— = 8,49cm?® x ———— = 2,0kNm
Ymo 1,0

Meay | Mgas _301kNm  031kNm
Mel,Rd,y Mel,Rd,z 9,7kNm Z,OkNm

=047<1,0

Kontrola pomikov

L 500cm

= 7 <L — =
ty = 0.73em < 555 = 250
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— 014 < L _250cm
Uz = DM =520~ 250

=1,0cm

Dimenzioniranje zatege

Slika 48: Reakcije R, [kN] fasadne podkonstrukcije

Ngg = max{R,; dodatne podpore} = max{0,35kN; 1,56kN} = 1,56kN

A s Ngg4 1,56kN 0.066cm?
pot = = =0, cm
frevm o35 KN 49
cm
4 x A 4 x 0,066cm?
d= pot — = 0,3cm

T T

Izberem palice ®12

Dimenzioniranje in kontrola nosilnosti prereza je podan v prilogi B.
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8 OCENA NOSILNOSTI TEMELJNIH TAL

Temelji so del konstrukcije, ki omogocajo, da se obremenitev stavbe razporedi na tolik§no

povrsino, kot je potrebna za nosilnost in stabilnost objekta.
SIST EN 1997-1-2005 izpostavlja naslednje kriterije za globino temeljenja:

= doseganje ustrezne nosilnosti plasti;

= upostevane globine, do katere glinena zemljina lahko povzro€i znatne premike zaradi
nabrekanja in kréenja zaradi sezonskih vremenskih sprememb;

= globina, do katere je zemljina podvrZzena poSkodbam zaradi zmrzovanja;

= nivo talne vode in moZne probleme, ki se lahko pojavijo, ¢e je predviden izkop za
temelje pod nivojem vode;

* mozne premike temeljnih tal in zmanj$anje trdnosti nosilnega sloja zaradi strujenja
vode, klimatskih vplivov ali gradbenih del;

= vpliv izkopa na bliznje temelje in objekte;

= pricakovane izkope za infrastrukturo v blizini temeljev;

= visoke ali nizke temperature, Ki izhajajo iz objekta.

Nosilnost tal preverimo po enacbi:

Kjer sta:

Ve oo navpicni projektni vpliv na temelj, v katerega mora biti vkljucena teza

temeljev, teza zasipnega materiala, obremenitev objekta,....

R odpornost (nosilnost) tal, izra¢unana po eni od analitichih metod

8.1 Zasnova pasovnih temeljev
Objekt je lociran v Ljubljani in lezi na dobro nosilni podlagi, sestavljeni iz proda debeline
nekaj deset metrov. Temeljenje po plitvo s pasovnimi temelji dimenzij $irine 70cm in visine

100cm. Na koti temeljenja ni prisotne talne vode.
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Temelji so modelirani s linijskimi elementi na elasticni podlagi, karakteristike plasti¢nih

vzmeti so dolo¢ene z modulom reakcije tal.

Slika 49: Zasnova pasovnih temeljev

0,7

Slika 50: Preéni prerez pasovnega temelja
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8.2 Obtezba na pasovne temelje

Obtezba, ki deluje na temelje:

= stalna in lastna obtezba

= Kkoristna obteZba

= obtezba snega in

= potresna obtezba
Iz programa SCIA Engineer dobim reakcije na temelj v tekoC¢ih metrih, za mejno stanje
nosilnosti in potresno kombinacijo. V programu sem Ze uposteval karakteristike tal, tehni¢ne

podatke temeljev in vpliv delnih faktorjev, ki jih predpisuje SIST EN 1997-1 2005.

Obtezne kombinacije za MSN

1,35%G + 1,5 % Q, + 0,75 = Q,
1,35%G + 1,5 % Q, + 0,75 = Q,
1,35% G + 1,5 % Q5 + 0,75 = Q,

Notranije sile in reakcije za MSN

Preglednica 13: Reakcije na temelj za MSN

Nonlinear calculation, Extreme : Global
Selection : All

Class : MSN
Case Line support dx Rx Ry Rz Mx My Mz
[m] [KN/m] [kN/m] [KN/m] [KNm/m] [kNm/m] [KNm/m]

¥Student vession® “Student vergon® YStudent version® YStudent version® YStudent version® “Student vergon® YStudent vermion® YStudent versio
NC1 Slh2 0,000 -10,48 1,21 112,02 0,00 -3.87 0,00
NC1 Slbe 0,000 10,59 1,18 110,96 0,00 3,80 0,00
NC1 Slh40 5,000 -1,36 -9.45 1247 3,89 0,00 0,00
NC1 Slh18 5,000 -1,38 9,34 11,73 -3,78 0,00 0,00
NC2 Sih12 22,500 -3,32 -0,18 71,71 0,00 -1,89 0,00
NCA1 Slhd 10,000 2,18 -0,05| 142,63 0,00 0,74 0,00
NC1 Slh3 5,000 -1,38 9,12 112,02 -3,83 0,00 0,00
NCT Slb12 0,000 -1030| -125| 11247 0,00 -3,89 0,00
NC1 SIhB 40,000 | 1046| -1.19]| 11150 0,00 3,83 0,00
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Preglednica 14: Reakcije na temelj za potresno obteZzno kombinacijo

Nonlinear calculation, Extreme : Global
Selection : All

Class : Potres
Case Line support dx Rx Ry Rz Mx My Mz
[m] [KN/m] [kN/m] [KN/m] KNm/m] | [kKNm/m] | [KNm/m]
*otudent version® *Student vergon® ”ngdenf version® *Student vernion® “Student version” “Student vergon® "Student version® "Student versio)
NC10 Slha 5,000 -34,39 -142 58 68 0,00 -6,68 0,00
NC11 Slhb 10,000 210 -3,08 87 .95 0,00 2,01 0,00
NC11 Sihd 5,000 -0,70 -33,63 2115 2,28 0,00 0,00
NC10 Slh15 5,000 -3.57 2,46 94 03 -3,80 0,00 0,00
NC11 Slhe 4167 -142 -3,23 11,49 0,00 0,31 0,00
NC11 Slbs 10,000 -10,89 -2,88 118,21 0,00 -2486 0,00
NC11 Slb3 5,000 -1.,587 -14,29 70,75 -3,92 0,00 0,00
NC11 Slha 0,000 -1.81 -32,04 29 69 272 0,00 0,00
NC10 Sih2 0,000 -26.,14 0,07 88 43 0,00 -3.46 0,00
—123.0%
AT, AT AT

N\

A}

v

N

4

AN

Y

24470

Slika 51 : Kontaktni tlaki M, [kKNm] med temeljem in zemljino za MSN

_F

=

_F

_F

=

f_

=

[~ |

—

ra
rr

3,30

Slika 52 : Kontaktni tlaki V, [KN] med temeljem in zemljino za MSN

—24.44

Slika 53 : Kontaktni tlaki N [KN] med temeljem in zemljino za MSN

8.3 Preverjanje nosilnosti temeljnih tal

Podatki

B=0,7m

Y= 20,5kN/m*

¢ = 18kN/m?
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H=1,0m ¢ =35° Yo =14
ve = 25kN/m? Yo =125 Yeu = 1,4

Kontrola nosilnosti

- drenirani pogoji

pr=v*BxN,+cxN.+q=*N,

kN
= 20,5

kN kN kN
—*0,7m 17,83 + 18 — * 28,42 + 20,5—2 *16,92 = 1114 —;
m m m m

((F] 29,250

Nq = eT*tangq 4 tanZ (45 + 7) — en:*tan29,250 " tanZ (45 +

> = 16,92

N, =2x%(N,—1)*tangy = 2 (16,92 — 1) x tan 29,25° = 17,83

N (N, —1) _(1692-1)
©  tangg tan 29,259

= 28,42

tan ¢

tanp, = - @4 = 29,25°

¢

kN kN
q=y*H= 20,5$* 1,0m = ZO,SW

kN kN
potres bk
o = max RQ/ISN ; RZ = max 1426 m ; 18,2 mt _ max {203,7k_N} 168,9 k—N}
B B 0,7m 0,7m m2 m2

kN kN
= 203,7@ < Py = 1114@

- nedrenirani pogoji

pr=Y*B*N,+c, *N.+q*N,

kN kN kN kN
=20,5—*0,7m 11,60 + 18 — * 23,19 + 20,5— * 12,60 = 842 —
m m m m

26,57°
N, = e™tn?d x tan? (45 + &) = @m*tan2925% , ¢an?2 (45 +

2

> = 12,60

N, =2x%(N,—1)*tangy = 2 * (16,92 — 1) » tan 29,25° = 11,60
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N (N, —1) _(1692-1)
°  tangg tan 26,57°

= 23,19

tan ¢

tang, = - @4 = 26,57°

(pl

kN kN
q=v*H=205 *1,0m=20,5m

m3
RMSN RpOtTeS 142 6k_N 118 2k_N kN
o =max{———;-= = max m._  m_ nax {203,7—
B B 0,7m 0,7m m2

kN kN

Napetost v temeljnih tleh v dreniranih in nedreniranih pogojih ustreza.

kN
) 168,9 -
m

}

69
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9 DIMENZIONIRANJE

ZNACILNIH SPOJEV

9.1 Momentni spoj precke IPE 330 na krajni steber HEA 280

Zasnova

HEA 280

|

NIE
L

] IPE 360

Slika 54: Zasnova momentnega spoja precka - steber

©|e N

Slika 55: Razporeditev vijakov na spoju pre¢ka - steber

Materiali
Jeklo S355

Vijaki M27; kvalitete 10.9 — fy

= 100kN/cm?
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Obremenitev

= varovani spoj

. )
’ 2
MIFESO =y, T — goacm® « M — 188 9kNm
, _ 1,0

Mgy = 1,1 %y, * MIFER0 = 1,1 % 1,25 « 188,9kNm = 259,8kNm

* Mgy 2 * 259,8kNm
= 40,9kN + = = 144,8kN

Vea = Veac + Veam = Veae +

Dimenzioniranje vijakov

d=27mm A = 4,59cm’
do = 30mm
torni koli¢nik razreda B — p=0,4
e = 2xdy=2+*3cm=6cm

p1 =3 *xdy=3*3cm=9cm

P Mgq * Tmax 259,8kNm * 0,41m
max Toy3 p2 0 (0,09m)2 + (0,21m)2 + (0,31m)2 + (0,41m)?

i=1"i

= 336,7kN

= Kkontrola natezne nosilnosti vijaka

0.9 + fup * A 09 % 1006’% « 4,59cm?

E,.. 3367kN
Frpa = 3 = h— = 1683kN < Fypg = —— 2 e
M )

= 330,5kN

= kontrola strizne nosilnosti vijaka

kN
oo Vea _ 144,8kN LASKN < Fo = 05 * fup * A, 0,5 %100 -5+ 4,59cm?
R T e 1,25

= 183,6kN
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= interakcija nateg + strig

F,,,Ed+ Figa _ 14,5kN N 1683kN
Fopa 14%F.pq 183,6kN ~ 1,4%330,5kN

044 <10

= kontrola preboja ploCevine
Preveriti je potrebno preboj plo¢evine. Ce pogoj ni izpolnjen, je potrebno dodati podlozke ali

povecati debelino ¢elne plocevine.

Izberem debelino Celne plocevine tg, = 12mm.

0,6 % T % dyy * fyy * Ly _ 0,6 * T * 4,52cm * 51 kN x1,2cm

_ cm? _
Bpra = - = 175 = 417,1kN = F, g4

= 330,5kN

= kontrola bo¢nih pritiskov

; 2 P1 1 fub }
= = 0,66; ——-=0,75;—7=1,96;1,0; = 0,66
“ mm{3 * d, 3xd, 4 3
tmin = min{tép; tf} = min{1,2cm; 1,15cm} = 1,15¢cm
. € _ P1 _ _
ky =miny28+x——-17=39;1,4x——-17=25;25¢{=25
do do
ky*a* f, % d * tym 2,5%0,66 x51 Cl;gz *2,7cm * 1,15cm
F, = = = 209kN > F,
b,Rd yMb 1,25 - U,Ed
= 14,5kN

= dimenzioniranje pre¢ne ojacitve
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bt

Fc,Ed

Slika 56: Sodelujoca §irina stojine stebra

by = t}’reéke +2%ty, +5xk=115cm + 2% 1,2cm + 5 * 1,86cm = 12,85cm

k= tr + V2 *a=1,15cm +V2 % 0,5¢cm = 1,86¢cm

Mg; 259,8kNm
F = =
cEd ™ p 0,49m

= 530,2kN

Fc,Ed

Fc.Ed

Slika 57: Delovanje obremenitve na steber

Sila, ki jo prevzame stojina stebra:

73
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fy 23,5k—N

2
= 12,85cm * 0,8cm * ——< = 241,6kN
yMO 110

stojina __
NS = b x t,, *

Doloc¢im debelino ojacitve:

 Fopa — Ngt/™  530,2kN — 241,6kN

toj = = = 0,83cm
fy * 2% byt 23,5k—Nz*2*7,356m
cm
Izberem t,; = 10mm
= kontrola strizne nosilnosti stojine stebra
de * t,, * [ 24,4cm = 0,8cm * 23,5k—N2
Fyra = = CM” _ 264,8kN
' Yumo * V3 1,0 /3

Dolo¢im debelino ojacitve:

_ (Foga — Fora) * Ymo * V3 _ (530,2kN — 264,8kN) * 1,0 /3

tyi =
o] fy * (dst —_ Zomm) 23,5 Cljflvz

=0,87cm

* (24,4cm — 2cm)

Izberem t,; = 10mm oziroma na vsako stran stojine dodam dodatno plo¢evino t = 6mm.

Slika 58: Dodatna plo¢evina na stojini stebra
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Dimenzioniranje zvara med nosilcem in ¢elno ploéevino

a 4

h:

Slika 59: Prikaz zvara med ¢elno plo¢evino in profilom

» dolocitev polnonosilnega zvara

a, <0,7+t; =0,7*1,15cm = 0,81cm
t; = min{t; ty,} = min{1,15cm; 1,2cm} = 1,15cm
Izberem zvar debeline a; = 8mm.
a, <07x*t, =0,7+0,75cm = 0,53cm
t, = min{tw; tép} = min{0,75cm; 1,2cm} = 0,75cm

Izberem zvar debeline a, = 5mm.

b t 16cm 0,75cm
> = — —0,8cm = 6,83cm

X _a
2 1 2 2
h1=h—2*tf—2*a2=33cm—2*1,15cm—2*0,5€m=29,7cm

= kontrola nosilnosti kotnega zvara
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h\? R\ 2 h3 * a,
Izv=2*b*a1*<§) +4*b1*a1*<7> + 2% 1

m\2 30,7cm 2
) +2

33c
=2x*16cm * 0,8cm * ( ) + 4 % 6,83cm * 0,8cm * (

((29,7cm)3 * 0,5cm
*

_ 4
12 ) 14302,5cm

_ 2%, 2%14302,5cm*

Ww,, = = = 866,8cm?
zv h 33cm cm
_ Vea _ 144,8kN _ kN
Vin =5 a,*h; 2x05cm=*29,7cm  cm?
Mgg 25980kNcm kN
n= = = 29,97—
W, 866,8cm3 cm?

/2+ 2 = (487kN)2+(2997kN>2—304kN<f = fu
Vip T = " em? “Tem?2) 'cmz_v'Wd_\/_*ﬁw*yMZ

36 N
cm

= =20,7
V3 %0,8%1,25 cm?

KONTROLA SE NE IZIDE, ZATO PREDPISEM CELNI ZVAR S POLNO
PENETRACIJO.

9.2 Momentni spoj precke IPE 500 na zunanji steber HEA 280
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Slika 60: Momentni spoj precke IPE 500 na zunanji steber HEA 280

Preglednica 15 : Izpis kontrol iz SCIA Engineer za spoj precke IPE 500 na zunanji steber HEA 280

Node N9
Lc/Combi NC1
Beam B7
Unity check M/Mgq [-] 0,24
Unity check V/Vrg [-] 0,05
Unity check M/Mgrg + N/Nrg [-] 0,35
Stiffness appll\:tc:);ble

9.3 Momentni spoj precke IPE 360 na vmesni steber HEA 340

Slika 61: Momentni spoj pre¢ke IPE 360 na vmesni steber HEA 340
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Preglednica 16 : Izpis kontrol iz SCIA Engineer za spoj precke IPE 360 na vmesni steber HEA 340

Node N6
Lc/Combi NC1
Beam BS
Unity check M/Mggq [-] 0,79
Unity check V/Vgg [-] 0,08
Unity check M/Mgg + N/Nggq [] 0,81
Stiffness appll\:(?;ble
Lc/Combi NC1
Beam B4
Unity check M/Mggq [-] 0,89
Unity check V/Vgg [-] 0,08
Unity check M/Mgg + N/Nggq [-] 0,89
Stiffness appll\ilnglble

9.4 Momentni spoj precke IPE 500 na vmesni steber HEA 340
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Slika 62: Momentni spoj pre¢ke IPE 500 na vmesni steber HEA 340

Preglednica 17 : Izpis kontrol iz SCIA Engineer za spoj precke IPE 500 na vimesni steber HEA 340

Node N10
Lc/Combi NC1
Beam B8
Unity check M/Mgq [-] 0,73
Unity check V/Vgq [-] 0,06
Unity check M/Mgg + N/Ngg [-] 0,82
Stiffness appll\ikc);ble
Lc/Combi NC1
Beam B7
Unity check M/Mgq [-] 0,81
Unity check V/Vgq [-] 0,07
Unity check M/Mgg + N/Ngg [-] 0,92
Stiffness appll\ilgztable

9.5 Clenkasti spoj sekundarnega nosilca na primarni nosilec

Zasnova

12

|
il

IPE 360 & IPE 270

12
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Slika 63: Zasnova ¢lenkastega spoja sekundarnega nosilca na primarni nosilec

Materiali

Jeklo S355

Vijaki M16; kvalitete 10.9 — fup = 100kN/cm?
Obremenitev

Vg = 65,2kN

Dimenzioniranje

d = 16mm A, =1,57cm’
do = 18mm
e =2*dy=2x*18cm=36cm
p1 = 3*dy=3%18cm = 54cm
Ravnina 1-1

Izberem debelino vezne plocevine ty, = 10mm.

Ve

2e:
Slika 64: Shematski prikaz obremenitve v ravnini 1-1

= kontrola upogibne nosilnosti plocevine

MEd,l = VEd * 281 = 65,2kN * 2 % 3,6cm = 4‘,7kNm

235N

2
Mgg1 = 47kNM < My pg = W, * Iy _ 54cm3 + —<EM — 12 7kNm
' ‘ > Ymo 1,0
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hi xt,,  (18cm)? * 1em

Wery = e = c = 54c¢m3

h,=2x(e; +p) =2%*(3,6cm + 54cm) = 18cm

= kontrola strizne nosilnosti

kN
fy 2 23,5 cm?

Veqg = 65,2kN <V =A+x————=18cm* x ————— = 244,2kN
Ed plLRd 3+ 7org 3 x 10

Vpliva precnih sil na projektno upogibno nosilnost prereza ni potrebno upostevati ce velja:
VEd = 65,2kN < 0,5 * Vpl,Rd = 122,1kN

= dolocitev polnonosilnega zvara med primarnim nosilcem in vezno plo¢evino

a;, <07+t; =0,7+1,0cm =0,7cm
t; = min{tf; tvp} = min{1,15cm; 1,0cm} = 1,0cm
Izberem zvar debeline a; = 7mm

= kontrola nosilnosti kotnega zvara

hZ * a, (18cm)? % 0,7cm 5
W,, =2 x e = 2 * Som = 75,6cm
. Vea  652kN kN
e " 2%a,%h, 2%07cmx*18cm 7 cm?
Mggs 470kNcm kN
n= = =6,22—
W,,  756cm3 cm?
/ 2+n?= (259kN)2+<622kN)2—674kN< = h
Vit = "7 cm? “Tem2z) 7 cmz_fv'w‘i_\/_*ﬂw*ym
kN

CV3%08%125 m2
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Ravnina 2-2
VEeq
Fv FM o1
D
P1
Fv Meq
D
P1
Fv FM
D
e1

2e1
Slika 65: Shematski prikaz obremenitve v ravnini 2-2

= obremenitev
Mgg, = Vgq * €1 = 65,2kN = 3,6cm = 2,35kNm

_ Mgy,  235kNcm

Fy = = = 21,8kN
M™2%p,~ 2%54cm Bk
Ve 652kN
F=—t= = 21,7kN

= kontrola strizne nosilnosti vijakov

Fypqa = |FZ +F? =./(21,8kN)? + (21,7kN)? = 30,8kN

0,6 % Ag * f;  06* 1,57cm? * 100%

VMO 1'0

F‘U,Ed = 30,8kN < F‘U,Rd = = 94‘,2kN

= kontrola bo¢nih pritiskov
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ky*ax f, *d*tym 2,5 % 0,66 *x 36 kN * 1,8cm * 0,66cm

2
Fypa = 30,8kN < Fypy = - _ CT,ZS
= 56,5kN
1 €1 P1 1 fub }
= = 0,66; ——=0,75;—=1,96;1,0; = 0,66
a mm{g*do 3xd, 4 3

tmin = min{tvp; tw} = min{1,0cm; 0,66cm} = 0,66cm

. €1 p1
by =minf28+ 2 -17=39,14+ 217 = 25,25] = 25

0 0

= Kkontrola pretrga ploCevine (»Block Shear«)

as

L

a1

| a
Slika 66: StriZni pretrg na robu plo¢evine
a, =a, =az; =e; = 3,6cm
L,=2xp; =2%54cm = 10,8cm

Li=a; =36cm<5xd=5%16cm=8cm

kN
fu 36 m?

L, =(a, —k=*dy) *—=(3,6cm—0,5%18cm) x———— = 4,1cm
y 23,5 KN

cm?

83
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Ly=L,+a;+a; =108cm+3,6cm+3,6cm=18cm < (L, +a; + a, —n*d,) *]]:—u
y
36 KN
= (10,8cm + 3,6¢cm + 3,6cm — 3 * 1,8cm) * — = 19 3cm
kN
23,5W

Lyess =Ly + Ly + L, =10,8cm + 3,6cm + 4,1cm = 18,5cm = L3 = 18cm

Ayers = typ * Lyepr = 1om + 18,5cm = 18,5cm?

kN
fy 23,5—2

Vey = 625kN <V =A # —2 = 185cm? x —" = 251kN
Ed eff.Rd veff V3« Yaro V31,0

9.6 Spoj stebra HEB 500 na pasovni temelj

Zasnova

14

.10 10 10 .

14

Fted

/61

Slika 67: Prikljuek stebra na temelj
Materiali
Jeklo S235, S355
Sidra S355
Beton C30/37
Obremenitev

= varovani spoj
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Ngq = 276,2kN

, h 0,472m
Mg = My pa = Neg * 5 = 1131,5kNm — 276,2kN » = 1066,3kNm
f. 23,5k—N2
My ra = Wiy * =2 = 4815cm® » ——<™° = 1131,5kNm
' ’ MO 1,0
2% M 2 % 1131,5kNm
Vpa = pLRd _ — 7072kN

hy 3,2m

Dimenzioniranje

= kontrola preboja betonskega podlitja

Pri tlaéno obremenjenem stebru se za vsako pasnico in stojino dolo¢i sodelujoca §irina c in

projektna nosilnost v tlaku F¢ rg:

Fera = fja * begr * legy

c=t,* -
3*fjd*VMo

fjd=:8*fcd*a

Kjer so
B e projektna trdnost betonske podlage
B koeficient podlage, za katerega se predpostavi 2/3, €e so izpolnjeni

naslednji pogoji:

= karakteristi¢na trdnost podlitja ni manjSa od 20% karakteristi¢ne trdnosti betona;
= debelina podlitja ni pod 20% manjse od tlorisnih dimenzij leZiS¢ne plosce;
= pri debelini podlitja je Kkarakteristicna trdnost podlitja enaka ali ve¢ja od

karakteristi¢ne trdnosti betona, vgrajenega v temelj.

| T T projektna trdnost betona
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(3 P faktor raznosa obtezbe
By napetost teenja leziS¢ne plosce

Izberem kvaliteto betonskega podlitja C40/50, debelino betonskega podlitja t, = 50mm in

debelino podlozne plocevine t = 20mm.

Az
b,
JE
d :Er;\\
\
4 .
”n 1 Y A
i Rl 2
T \ A]os vpliva
1 IR P
’ - Yisia
| ,/’/

/dzﬂda h = (b= by) in
hz(d,-dy)

Slika 68: Projektna ploskev raznosa obtezbe pri lokalni obtezbe [SIST EN 1992-1-1 2005]

= obremenjena povrSina Acy

ACO — AHEBSOO — 2396'7712

Acinajvecja projektna ploskev raznosa obteZzbe s podano obliko Aco.

N
t Iy 5 35'501;"2 8,6
c=t,* |—————=5cm+#* = 8,6cm
p 3*fjd*)/MO 3*4kN*10
cm?

Izberem sodelujoco Sirino stebra ¢ = 8cm

A =2 % ((bHEB500 +2x¢) (6 + 2 c)) + (RHEBS00 4 2 5 ¢) * (t, + 2 * C)
=2 x ((30cm + 2% 8cm) * (2,8cm + 2 * 86m)) + (50cm + 2 * 8cm)
* (1,45cm + 2 * 8cm) = 2881,3cm?

kN
f. ='8*@* @=E*4cm2
ja Ye Ao 3 15

c

2881,307712_6
239cm?2 7 cm?
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N
* 18,8cm * 46cm = 10671,6kN

Fera = fia * bess * legr = 6,17sz

beff =tr+2*c=28m+2x*8cm=18,8cm
lesr = bHEB300 25 ¢ = 30cm + 2 * 8cm = 46¢cm
N9 = 1061,9kN < F, g = 10671,6kN

Dimenzoniranje sidra

My,  1066,3kNm

Figa = = 2259,1kN

LECT p 0,472m

Obremenitev enega sidra:
Figa 2259,1kN
Fl. =—= = 188,3kN
LEA T p 12
4> Figa*Yup*4  |1883kN *1,25+4 3 15em
— ] 085xf, xm N kN o
’ y 085%355—==*m
cm
Izberem sidro ®33.
= kontrola preboja ploCevine
kN
0,6 T *dy, *f, *t 0,6*n*6,94cm*51cm2*2cm )
Bpra = - = 125 = 1067,5kN = Flg,
= 188,3kN

Dimenzioniranje zvara med ploéevino in stebrom HEB 500

= dolocitev polnonosilnega zvara

a, <07+t; =0,7+2cm = 1,4cm
t; = min{tf; tép} = min{2,8cm;2cm} = 2cm
Izberem zvar debeline a; = 14mm.

a, <0,7*t, =0,7+1,45cm = 1,02cm
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t, = min{tw; tép} = min{1,45cm; 2cm} = 1,45cm
Izberem zvar debeline a, = 10mm.

tw _3OCm 1,45cm
2 T 2

—1,4cm = 12,88cm

h1=h—2*tf—2*a2 =50cm—2%28m—2+1cm = 42,4cm
= Kkontrola nosilnosti kotnega zvara

h\? hy\° h xa,
IZU=2*b*a1*(§> +4*b1*a1*(7> + 2 % 12

m\ > 44 Acm 2
) +4*12,88cm*1,4cm*( ) +2

50c
=2+*30cm *1,4cm * (

<(42,4cm)3 * lem
*

— 4
2 ) 100751,7cm

_ 2%, 2%100751,7cm*

W, = = 4030,1cm3
zv h 50cm cm
Ve T072kN kN
VI ay v by 2% lem#424cm O cm?
Mg, 106630kNcm kN
n= = = 26,46 —
W, 4030,1cm3 cm?

o vt = [(834220) & (264622) — 27722 <, =
Vi e = " em? em?2) 'cmz_”’Wd_\/_*ﬁw*yMz

36 N
cm

= = 20,7
V3 %0,8%1,25 cm?

KONTROLA SE NE IZIDE, ZATO PREDPISEM CELNI ZVAR S POLNO
PENETRACIJO.
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9.7 Prikljucek diagonale na steber HEA 280

Zasnova

Slika 69: Zasnova spoja diagonale na steber
Materiali
Jeklo S235, S355
Vijaki M24; kvalitete 10.9 — fyp, = 100kN/cm?
Obremenitev

" Spoj je varovan
Obremenitev v diagonali VHP60/60x6mm.

Ngg = 1,1 %Yoy * Ny pg = 1,1 % 1,25 * 282kN = 387,8kN

23,5 N

2
» = 12(;m2 * —1 (C)m = 282kN
MO )

fy

Nyira = A=

Dimenzioniranje vijakov

Izberem debelino plocevine t = 7mm.

d=27mm A = 4,59cm?
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do = 30mm
e =2xdy=2+3cm=6cm
p1 = 3xdy=3+*3cm =9cm
= Kontrola torne nosilnosti vijakov

kN
Fpca = 0,7 * fup * Ag = 0,7 % 100

ol 459cm? = 321,3kN

ksxnxn*Fycq 1,0%1,0x0,4x321,3kN
Yus B 1,25

Fspa = = 102,8kN

Ngq4 _ 387,8kN
n 4

Fypa = = 97kN < Fygq = 102,8kN

= kontrola bo¢ne nosilnosti vijakov

25 f,xdx*t 2,5 % 0,66 x 51 kN *x 2, 7cm * 0,8cm

2
Fypy = cm = 145,4kN
b,Rd YMb 1'25
) e1 P1 1 fub }
= = 0,66; — = =0,75"2=1,96;1,0f = 0,66
¢ mm{3 * dy 3xd, 4 £,

F‘U,Ed = 97kN S Fb,Rd = 14‘5,4‘kN

= kontrola neto preseka

35,5 1N

2
Ngq = 387,8kN < NJES = Apero * Iy _ 12cm? * 1—8’” = 426kN
MO )

Apero = (b—2%dy) *t = (21cm — 2 * 3cm) * 0,8cm = 12cm?
b=2xe +p; =2x6cm+9cm = 21cm

Dimenzioniranje zvara med diagonalo in plo¢evino

= dolocitev polnonosilnega zvara

a, <07x+t; =0,7%0,6cm =0,42cm

t, = min{tf; t} = min{0,6cm; 0,8cm} = 0,6cm
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Izberem zvar debeline a; = 5mm.

= kontrola nosilnosti kotnega zvara
A, =4%*ay xl,,; =4*0,5cm*15cm = 30cm?

_ Ng4 _ 387,8kN _ kN
T e Y
kN
fu 36cm2

/ 2 — (1293kN>2—1293kN< = =
UII - ) sz - 4 sz - fU,Wd - \/_ % ﬁW * VMZ B ‘\/§ * 0,8 * 1,25
kN
=20,78—;
cm

Dimenzioniranje zvara med plocevino in stebrom HEA 280

* dolocitev polnonosilnega zvara
a, <0,7+t, =0,7+0,8cm = 0,56cm

t, = min{t,,; t} = min{0,8cm; 0,8cm} = 0,8cm

Izberem zvar debeline a, = 5mm.

= obremenitev v zvaru
o=32,62°

Fy, = Ngg * cosa = 387,8kN * cos 32,62° = 326,6kN

Fypp = Ngg * sina = 387,8kN * sin 32,62° = 209,1kN

= kontrola nosilnosti kotnega zvara
209,1kN

- Fynp _ — 1045
T 2%a,*l,,, 2%05cm*20cm " cm?
I Fyy _ 326,6kN _ 33N
L7 2xa,%l,, 2%05cmx*20cm T em?



92

Sekeres, D. 2011. Stati¢ni izracun jeklenega trietaznega poslovnega objekta.

Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. Za gradbeniitvo, Konstrukcijska smer.

/2+ 2 — (1045kN)2+<1633 kN)2—1938< = fu
Vit VL= "7 em? “em2) 7 _fU’Wd_ﬁ*ﬁw*)’Mz

36 N
cm _

— = 20,78
V3%0,8%1,25 cm?
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10 ZAKLJUCEK

V okviru diplomske naloge sem izdelal staticno analizo trietaznega poslovnega objekta.
Objekt sem sestavil iz jeklenih okvirjev, v pre¢ni smeri z momentnim okvirjem v vzdolzni
smeri iz okvirjev z centri¢nim povezjem. V horizontalni smeri sem objekt povezal z AB

sovpreznimi plos¢ami.

Objekt sem obtezil s pripadajo¢imi obtezbami, katere sem pridobil iz evropskega standarda.
Modeliral sem na prostorskem modelu z uposStevanjem nadomestne globalne nepopolnosti. Pri
potresni analizi sem preveril kriterije za doseganje ustreznega poruSnega mehanizma in pri

tem spoznal, da imajo posebne zahteve za konstrukcije velik vpliv.

V okviru diplomske naloge sem dimenzioniral tudi spoje, temelje, fasadne lege in medetazno

konstrukcijo po veljavnih evropskih standardih.

Pri pisanju diplomske naloge sem poleg teoretinega znanja, ki sem ga pridobil v okviru
Studija, potreboval tudi veliko samoiniciativnosti, truda, vztrajnosti in kriticnega misljenja za

reSevanje prakti¢nih problemov.
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VIRI

Analiza TRIMO HI-Bond sovpreznih stropov.
http://www.fgg.uni-lj.si/kmk/Tabele%20za%20dimenzioniranje%20sovpre% C5%BEnih%20
stropov%20s%20H1%20BOND.pdf (5.3.2011)

Beg, D. 1999. Projektiranje jeklenih konstrukcij po evropskem predstandardu ENV 1993-1-1.

Ljubljana, Univerza v Ljubljani, Fakulteta za gradbeniStvo in geodezijo: 219 str.

Ognjevarni paneli trimoterm.

http://www.trimo.si/media/ognjevarni-paneli-trimoterm_7838.pdf (5.3.2011)

SIST EN 1990: Evrokod — Osnove projektiranja konstrukcij (istoveten EN 1990:2000),
september 2004

SIST EN 1991: Evrokodl1: Vplivi na konstrukcije - 1-1. del: Splosni vplivi — Prostorninske
teze, lastna teza, koristne obtezbe stavb (istoveten z EN 1991-1-1:2000), september 2004

SIST EN 1991: Evrokodl: Vplivi na konstrukcije - 1-1. del: Splosni vplivi — Prostorninske

teze, lastna teza, koristne obteZzbe stavb — Nacionalni dodatek, september 2004/A101

SIST EN 1991: Evrokod1: Vplivi na konstrukcije - 1-3. del: Splosni vplivi — Obtezba snega,
september 2004

SIST EN 1991: Evrokodl: Vplivi na konstrukcije - 1-3. del: Splosni vplivi — Obtezba snega —
Nacionalni dodatek, januar 2008/A101

SIST EN 1991: Evrokodl: Vplivi na konstrukcije - 1-3. del: Splosni vplivi — Vpliv vetra,
oktober 2005

SIST EN 1991: Evrokodl: Vplivi na konstrukcije - 1-3. del: Splosni vplivi — Vpliv vetra —
Nacionalni dodatek, oktober 2007/A101

SIST EN 1992: Evrokod2: Projektiranje betonskih konstrukcij - 1-1. del: Splosna pravila in
pravila za stavbe, maj 2005


http://www.fgg.uni-lj.si/kmk/Tabele%20za%20dimenzioniranje%20sovpre%C5%BEnih%20%20stropov%20s%20HI%20BOND.pdf
http://www.fgg.uni-lj.si/kmk/Tabele%20za%20dimenzioniranje%20sovpre%C5%BEnih%20%20stropov%20s%20HI%20BOND.pdf
http://www.trimo.si/media/ognjevarni-paneli-trimoterm_7838.pdf
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SIST EN 1992: Evrokod2: Projektiranje betonskih konstrukcij - 1-1. del: Splo$na pravila in

pravila za stavbe — Nacionalni dodatek, marec 2006/A101

SIST EN 1993: Evrokod3: Projektiranje jeklenih konstrukcij - 1-1. del: Splosna pravila in
pravila za stavbe, oktober 2005

SIST EN 1993: Evrokod3: Projektiranje jeklenih konstrukcij - 1-1. del: Splosna pravila in

pravila za stavbe — Nacionalni dodatek, marec 2006/A101

SIST EN 1993: Evrokod3: Projektiranje jeklenih konstrukcij - 1-8. del: Projektiranje spojev,
oktober 2005

SIST EN 1993: Evrokod3: Projektiranje jeklenih konstrukcij - 1-8. del: Projektiranje spojev —
Nacionalni dodatek, marec 2006/A101

SIST EN 1994: Evrokod4: Projektiranje sovpreznih konstrukcij iz jekla in betona - 1-1. del:

Splosna pravila in pravila za stavbe, maj 2005

SIST EN 1994: Evrokod4: Projektiranje sovpreznih konstrukcij iz jekla in betona - 1-1. del:

Splosna pravila in pravila za stavbe — Nacionalni dodatek, marec 2006/A101
SIST EN 1997: Evrokod7: Geotehni¢no projektiranje - 1. del: Splosna pravila, maj 2005

SIST EN 1997: Evrokod7: Geotehni¢no projektiranje - 1. del: Splosna pravila — Nacionalni
dodatek, marec 2006/A101

SIST EN 1998: Evrokod8: Projektiranje potresnoodpornih konstrukcij - 1. del: Splosna
pravila, potresni vplivi in pravila za stavbe, maj 2005

SIST EN 1998: Evrokod8: Projektiranje potresnoodpornih konstrukcij - 1. del: Splosna

pravila, potresni vplivi in pravila za stavbe — Nacionalni dodatek, marec 2006/A101
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KAZALO PRILOG
PRILOGA A: Izpis rezultatov in kontrol za jeklen okvir iz programa SCIA Engineer

PRILOGA B: Izpis rezultatov in kontrol za fasadno podkonstrukcijo iz programa SCIA

Engineer
PRILOGA C: Izpis rezultatov in kontrol za spoje iz programa SCIA Engineer

PRILOGA D: Pozicijski nacrti in detajli
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PRILOGA A: Izpis rezultatov in kontrol za jeklen okvir iz programa SCIA Engineer
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Material
Name Unit mass E mod Poisson - nu G mod Thermal exp Lower limit Upper Fy Fu
[kg/m?] [MPa] [MPa] [mimK] [mm] limit [MPa] [MPa]
mmi

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version

S 235 7850,00 2,1000e+05 | 0,3 8,0769e+04 0,01e-003 0 40 2350 360,0
‘ ‘ ‘ ‘ ‘ ’ 40 ‘ 80 215.0 360.0
Name Type Unit mass E mod Poisson - nu G mod Thermal exp Characteristic
[kg/m®] [MPa] [MPa] [m/mK] compressive cylinder
strength fck(28)
[MPa]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Stud

C30/37 [Concrete |  2500,00 | 3,2800e+04]0,2 | 1,3667e+04|  0,01e-003 | 30,00
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Potresna obtezba Ax

443,75 5505 2574 +IR008 36704 L024,03
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Potresna obtezba Ay

424445 1 450,264 4115624 324,78 273954 295,134 F161,14
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Bl E—y S a6—i S0 Ee—it H4e—i Bo28—t S B—t 3545
Nelinearne kombinacije
Name Type Load cases Coeff.
[-]
*Student version* *Student version* *Student version* *Student version* *St
NC1 Ultimate Gl 1,35
G 1,35
Q1 1,50
Qs 0,75
NC2 Ultimate Gl 1,35
G 1,35
Q2 1,50
Qs 0,75
NC3 Ultimate Gl 1,35
G 1,35
Q3 1,50
Qs 0,75
NC4 Ultimate Gl 1,00
G 1,00
Q1 1,00
Qs 0,50
NC5 Ultimate Gl 1,00
G 1,00
Q2 1,00
Qs 0,50
Gt versiont Hetndatieversion* *Student version* *Stident version* *Sty
Gl 1,00
G 1,00




Name Type Load cases Coeff.
[-]
*Student version* *Student version* *Student version* *Student version* *St
NC6 Ultimate
Q3 1,00
Qs 0,50
NC7 Ultimate Q1 1,00
Qs 0,50
NC8 Ultimate Q2 1,00
Qs 0,50
NC9 Ultimate Q3 1,00
Qs 0,50
NC10 Ultimate Gl 1,00
G 1,00
Ax 1,00
Ay 0,30
NC11 Ultimate Gl 1,00
G 1,00
Ax 0,30
Ay 1,00
NC12 Ultimate Gl 1,00
G 1,00
NC13 Ultimate Ax 1,00
Ay 0,30
NC14 Ultimate Ax 0,30
Ay 1,00
Reakcije v kNm za MSN
Nonlinear calculation, Extreme : Global
Selection : All
Class : MSN
Case Line support dx Rx Ry Rz Mx My Mz
[m] [kN/m] [kN/m] [kN/m] | [kNm/m] | [kNm/m] | [kNm/m]
|*Student version* *Student version* *Student version* *Student version* *Student version* * jon* * jon* %
NC1 Slb2 0,000| -10,36 1,21 111,52 0,00 -3,82 0,00
NC1 Slb6 0,000 10,47 1,18 | 110,45 0,00 3,75 0,00
NC1 SIb40 5,000 -1,35 -9,40 | 111,95 3,88 0,00 0,00
NC1 Slb15 5,000 -1,36 9,27 | 111,02 -3,75 0,00 0,00
NC2 Slb12 22,500 -3,28 -0,18 71,32 0,00 -1,95 0,00
NC1 Slb4 10,000 2,21 -0,05| 143,26 0,00 0,77 0,00
NC1 SIb3 5,000 -1,37 916 | 111,52 -3,80 0,00 0,00
NC1 SIb12 0,000| -10,18 -1,24| 111,95 0,00 -3,83 0,00
NC1 Slb6 40,000 10,33 -1,18 | 110,99 0,00 3,77 0,00
Reakcije v kNm za potresno obtezno kombinacijo
Nonlinear calculation, Extreme : Global
Selection : All
Class : Potres
Case Line support dx Rx ‘ Ry ‘ Rz Mx My Mz
[m] [kN/m] [kN/m] [kN/m] | [kNm/m] | [kNm/m] | [kNm/m]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student v
NC10 SIb5 5,000 -33,77 -1,38 58,66 0,00 -6,49 0,00
NC11 SIb6 10,000 1,81 -3,06 86,81 0,00 1,93 0,00
NC11 Sib4 5,000 -0,73 | -32,37 22,44 2,20 0,00 0,00
NC10 Sb15 5,000 -3,62 2,22 92,54 -3,80 0,00 0,00
NC11 SIb6 4,167 -1,65 -3,18 12,27 0,00 0,26 0,00
NC11 SIb5 10,000| -10,76 -2,85| 116,32 0,00 -2,40 0,00
NC11 SIb5 0,000 -1,48 | -31,00 31,83 2,73 0,00 0,00
NC10 SIb2 0,000| -26,43 0,08 87,86 0,00 -3,51 0,00
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Upogibni moment My [kNm] za MSN
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Prec¢na sila Vz [kN] za potresno obtezno kombinacijo
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Osna sila N [kN] za gravitacijsko obtezbo
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Osna sila N [kN] za potresno obtezbo
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Pomik stebrov ux [mm] za MSU
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Pomik stebrov uy [mm] za potresno obtezno kombinacijo
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Kontrola nosilnosti stebrov

Nonlinear calculation, Extreme : Cross-section
Selection : All

Class : Potres
Layer : steber

EN 1993-1-1 Code Check
[Member B41 [HEA280 [S 235 [NC10

[052 ]




Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *St
partial safety factor Gamma MO for resistance of cross-sections 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled
....:SECTION CHECK::...
Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).
ratio 24.50 on position 0.000 m
ratio \
*Student version* *Student version* *Student
maximum ratio 1 40.97
maximum ratio 2 47.18
maximum _ratio 3 82.58
==> Class cross-section 1
Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 8.62 on position 0.000 m
ratio
*Student version* *Student version* *Student
maximum ratio 1 9.00
maximum ratio 2 10.00
maximum _ratio 3 13.93

==> Class cross-section 1
The critical check is on position 0.000 m

Internal forces |

*Student version* *Student version* *Student versio
NEd -236.15 kN
Vy,Ed 3.22 kN
Vz,Ed 66.42 kN

TEd -0.14 kNm
My,Ed -98.88 kNm
Mz, Ed -5.88 kNm

Warning : The unity check for pure torsion is 0.02 for Non-Lin. Comb. 10.
Compression check

According to article EN 1993-1-1: 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version
Nc.Rd 2286.55 kN
Unity check 0.10 -

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

Table of values |
*Student version* *Student version* *Student versig

tau t,Rd 136.3 MPa
tau t, Ed 3.0 MPa
Unity check 0.02 -

Shear check (Vy)
According to article EN 1993-1-1:6.2.6. & 6.2.7 and formula (6.25)

Table of values |

*Student version* *Student version* *Student version*
Ve,Rd | 1046.12  |kN
*Student version* *Student version* *Student version




Table of values |
*Student version* *Student version* *Student version
Unity check ‘ 0.00 ‘ -

Shear check (Vz)
According to article EN 1993-1-1:6.2.6. & 6.2.7 and formula (6.25)

Table of values |
*Student version* *Student version* *Student versior

Ve,Rd 427.43 kN
Unity check 0.16
Bending moment check (My)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version
Mc,Rd 261.32 kNm
Unity check 0.38 -

Bending moment check (Mz)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version
Mc,Rd 121.73 kNm
Unity check 0.05 -

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

Table of values |

*Student version* *Student version* *Student version

MNVy.Rd 261.32 kNm

MNVz.Rd 121.73 kNm
alfa 2.00 beta 1.00
Unity check 0.19 -

Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1: 6.3.1.1. and formula (6.46)

Buckling parameters | yy | =z \
*Student version* *Student version* *Student version* *Student version* *Studeny
Sway type sway non-sway
System Length L 3.000 3.000 m
Buckling factor k 1.00 0.50
Buckling length Lecr 3.000 1.500 m
Critical Euler load Ncr 31549.84 43847.36 kN
Slenderness 2528 21.45
Relative slenderness Lambda 0.27 0.23
Limit slenderness Lambda,0 0.20 0.20

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 \
*Student version* *Student version* *Student version* *Student version* *g

Method for LTB curve Art. 6.3.2.2.
Wy 1.1120e-03 m3
Elastic critical moment Mecr 15737.40 kNm

Relative slenderness Lambda,LT 0.13
Limit slenderness Lambda,LT,0 0.40

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 |
*Student version* *Student version* *Student version* *Stude
kyy 0.994
kyz 0.650
kzy 0.515
kzz 0.987
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 9.7300e-03 m?2
Wy 1.1120e-03 m3
Wz 5.1800e-04 m3
NRk 2286.55 kN
My, Rk 261.32 kNm
Mz,Rk 121.73 kNm
My,Ed 101.82 kNm
Mz,Ed -5.88 kNm
Interaction Method 1
Mecr0 5831.93 kNm
reduced slenderness 0 0.21
Cmy,0 0.994
Cnmz,0 0.996
Cmy 0.998
Cmz 0.996
CmLT 1.004
muy 1.000
muz 1.000
wy 1.101
wz 1.500
npl 0.103
aLT 0.995
bLT 0.000
cLT 0.035
dLT 0.078
eLT 1.362
Cyy 1.016
Cyz 1.079
Czy 1.007
Czz 1.014

Unity check (6.61) =0.10 + 0.39 + 0.03 = 0.52

Unity check (6.62) =0.10 + 0.20 + 0.05 = 0.35

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 |

*Student version* *Student version* *Stud
hw/t 30.500

The web slenderness is such that the Shear Buckling Check is not required.

Element satisfies the stability check !

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
EN 1993-1-1 Code Check

[Member B55 [HEB500 [S 235 [NC10 [0.56 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *St
partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled




Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).

ratio 26.90 on position 0.000 m
ratio
*Student version* *Student version* *Student
maximum ratio 1 45.95
maximum ratio 2 52.92
maximum ratio 3 84.13
==> Class cross-section 1
Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 4.13 on position 0.000 m
ratio
*Student version* *Student version* *Student
maximum ratio 1 9.00
maximum ratio 2 10.00
maximum ratio 3 13.98
==> Class cross-section 1

The critical check is on position 0.000 m
Internal forces |

Warning: Torsion is not taken into account for this cross-section!
Compression check

According to article EN 1993-1-1 : 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version*
Nc.Rd 5607.10 kN
Unity check 0.11 -

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

Table of values |
*Student version* *Student version* *Student version*
Ve,Rd 2363.77 kN
Unity check 0.00 -

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

Table of values |

*Student version* *Student version* *Student version
Vc,Rd 1218.11 kN
Unity check 0.13 -

Bending moment check (My)
According to article EN 1993-1-1:6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version*

Mc,Rd 1132.70 kNm
Unity check ‘ 0.41 ‘
Bending moment check (Mz)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.




Table of values |
*Student version* *Student version* *Student version

Mc,Rd 303.15 kNm
Unity check 0.08
Combined bending, axial force and shear force check

According to article EN 1993-1-1:6.2.9.1. and formula (6.41)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version*

MNVy.Rd 1132.70 kNm

MNVz.Rd 303.15 kNm
alfa 2.00 beta 1.00
Unity check 0.24 -
Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1: 6.3.1.1. and formula (6.46)

Buckling parameters | vy \ zz \
*Student version* *Student version* *Student version* *Student version* I
Sway type sway non-sway
System Length L 3.200 3.200 m
Buckling factor k 1.00 0.50
Buckling length Ler 3.200 1.600 m
Critical Euler load Ncr 216977.08 102173.54 kN
Slenderness 15.10 22.00
Relative slenderness Lambda 0.16 0.23
Limit slenderness Lambda,0 0.20 0.20

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 \
* ion* * fon* * fon* * jon* *q
Method for LTB curve Art. 6.3.2.2.
Wy 4.8200e-03 m'3
Elastic critical moment Mecr 49830.18 kNm
Relative slenderness Lambda,LT 0.15
Limit slenderness Lambda,LT,0 0.40

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 |
*Student version* *Student version* *Student version* *Stude
kyy 0.986
kyz 0.638
kzy 0.521
kzz 0.988
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 2.3860e-02 m2
Wy 4.8200e-03 m3
Wz 1.2900e-03 m3
NRk 5607.10 kN
My, Rk 1132.70 kNm
Mz, Rk 303.15 kNm
My,Ed -461.77 kNm
Mz,Ed 23.06 kNm
Interaction Method 1
Mcr0 25088.30 kNm
reduced slenderness 0 0.21
Cmy,0 0.999
Cnz,0 0.997
Cmy 1.000
Cmz 0.997
*Student version* *Student version* *Student version* *Stud




Table of values |
*Student version* *Student version* *Student version* *Stude
CmLT 1.006
muy 1.000
muz 1.000
wy 1.124
wz 1.500
npl 0.114
alLT 0.995
bLT 0.001
cLT 0.037
dLT 0.128
eLT 1.423
Cyy 1.022
Cyz 1.090
Czy 1.006
Czz 1.015

Unity check (6.61) =0.11 + 0.40 + 0.05 = 0.56
Unity check (6.62) =0.11 +0.21 + 0.08 = 0.40

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 |

*Student version* *Student version* *Stud
hw/t 30.621

The web slenderness is such that the Shear Buckling Check is not required.

Element satisfies the stability check !

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
EN 1993-1-1 Code Check

[Member B35 |HEA340 |S 235 |NC10 054 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *Si

partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled
....:SECTION CHECK::...
Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).
ratio 25.58 on position 0.000 m
ratio \
*Student version* *Student version* *Student
maximum ratio 1 40.44
maximum ratio 2 46.57
maximum ratio 3 81.24
==> Class cross-section 1
Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 7.17 on position 0.000 m
ratio \
|=Student version* *Student version* *Student
maximum ratio 1 9.00
maximum ratio 2 10.00
maximum ratio 3 1391
==> Class cross-section 1

The critical check is on position 0.000 m



Internal forces
*Student version* *Student version* *Student versior)

NEEd 43818 | kN
Vz,Ed 112.72 kN
TEd -0.27 kNm
My,Ed -166.29  [kNm
Mz.Ed -7.78 kNm

Warning : The unity check for pure torsion is 0.03 for Non-Lin. Comb. 10.

Compression check
According to article EN 1993-1-1 : 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version
Nc.Rd 3149.00
Unity check 0.11

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

Table of values |

*Student version* *Student version* *Student versian*
tau tRd 136.3 MPa

tau t, Ed 3.5 MP a

Unity check 0.03 -

Shear check (Vy)
According to article EN 1993-1-1:6.2.6. & 6.2.7 and formula (6.25)

Table of values |

*Student version* *Student version* *Student version
Ve,Rd 1420.25 kN
Unity check 0.00 -

Shear check (Vz)
According to article EN 1993-1-1:6.2.6. & 6.2.7 and formula (6.25)

Table of values |
*Student version* *Student version* *Student versior
Ve,Rd 610.57 kN
Unity check 0.18 -

Bending moment check (My)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version
Mc,Rd 434.75 kNm
Unity check 0.38 -

Bending moment check (Mz)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version
Mc,Rd 177.66 kNm
Unity check 0.04 -

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



Table of values |
*Student version* *Student version* *Student version

MNVy.Rd 434.75 kNm
MNVz.Rd 177.66 kNm
alfa 2.00 beta 1.00
Unity check 0.19 -
Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1: 6.3.1.1. and formula (6.46)

Buckling parameters | yy | =z |
*Student version* *Student version* *Student version* *Student version*
Sway type sway non-sway
System Length L 3.000 3.000 m
Buckling factor k 1.00 0.50
Buckling length Ler 3.000 1.500 m
Critical Euler load Ncr 63790.54 68534.53 kN
Slenderness 20.87 20.13
Relative slenderness Lambda 0.22 0.21
Limit slenderness Lambda,0 0.20 0.20

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 \
*Student version* *Student version* *Student version* *Student version* *g

Version” g
Method for LTB curve Art. 6.3.2.2.

Wy 1.8500e-03 m3
Elastic critical moment Mecr 29882.19 kNm

Relative slenderness Lambda,LT 0.12
Limit slenderness Lambda,LT,0 0.40

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 |

*Student version* *Student version* *Student version* *Stude
kyy 0.990

kyz 0.642

kzy 0.512

kzz 0.979

Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 1.3400e-02 m2
Wy 1.8500e-03 m3
Wz 7.5600e-04 m'3
NRk 3149.00 kN
My,Rk 434.75 kNm
Mz, Rk 177.66 kNm
My,Ed 173.84 kNm
Mz,Ed -7.78 kNm
Interaction Method 1

Mecr0 11072.20 kNm
reduced slenderness 0 0.20

Cmy,0 0.995

Cmz,0 0.996

Cmy 0.998

Cmz 0.996

CmLT 1.004

muy 1.000

muz 1.000

wy 1.101

wz 1.500

npl 0.114

alLT 0.995

bLT 0.000

cLT 0.031

dLT 0.068

el T 1.315
*Student version* *Student version* *Student version* *Stud




Table of values |
*Student version* *Student version* *Student version* *Stude

Cyy 1.018
Cyz 1.093
Czy 1.011
Czz 1.023

Unity check (6.61) = 0.11 +0.40 + 0.03 = 0.54
Unity check (6.62) =0.11 +0.20 + 0.04 = 0.36
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 |
*Student version* *Student version* *Student version*

hw/t 31.263

The web slenderness is such that the Shear Buckling Check is not required.
Element satisfies the stability check !

Kontrola nosilnosti primarnih preck

Nonlinear calculation, Extreme : Cross-section
Selection : All
Class : Potres
Layer : precke

EN 1993-1-1 Code Check
[Member B22 |IPE330 |S 235 |NC10_]0.83 ]

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *Si

partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
ion* *

235.0 MPa
360.0 MPa

yield strength fy
tension strength fu
fabrication

Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).
ratio 36.13 on position 3.000 m

maximum ratio 1 33.00

maximum ratio 2 38.00

maximum ratio 3 55.17

==> Class cross-section 2

Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).

ratio 5.07 on position 2.500 m
ratio

*Student version* *Student version* *Student

maximum ratio 1 9.00

maximum ratio 2 10.00

maximum _ratio 3 13.82

==> Class cross-section 1

The critical check is on position 5.000 m



Internal forces
*Student version* *Student version* *Student versior)

NEEd 6599 kN
Vz,Ed -79.22 kN
TEd 0.03 kNm
My,Ed -141.63  |kNm
Mz.Ed -0.78 kNm

Warning: Torsion is not taken into account for this cross-section!
Compression check

According to article EN 1993-1-1 : 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version
Nc.Rd 1471.10
Unity check 0.05

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

Table of values |

*Student version* *Student version* *Student versior
Vc,Rd 536.94 kN
Unity check 0.00 -

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

Table of values |

*Student version* *Student version* *Student versior
Ve,Rd 417.92 kN
Unity check 0.19 -

Bending moment check (My)
According to article EN 1993-1-1:6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student versiont
Mc,Rd 189.01 kNm
Unity check 0.75 -

Bending moment check (Mz)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student versiol
Mc,Rd 36.12 kNm
Unity check 0.02 -

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

Table of values |
*Student version* *Student version* *Student version

MNVy.Rd 189.01 kNm
MNVz.Rd 36.12 kNm
alfa 2.00 beta 1.00
Unity check 0.58 -
Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1:6.3.1.1. and formula (6.46)



Buckling parameters | yy 7z
*Student version* *Student version* *Student version* *Student version*
Sway type sway non-sway
System Length L 2.500 2.500 m
Buckling factor k 1.00 1.00
Buckling length Ler 2.500 2.500 m
Critical Euler load Ncr 39031.52 2613.49 kN
Slenderness 18.23 70.46
Relative slenderness Lambda 0.19 0.75
Limit slenderness Lambda,0 0.20 0.20

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 8.0430e-04 m3
Elastic critical moment Mecr 1078.92 kNm
Relative slenderness Lambda,LT 0.42
Limit slenderness Lambda,LT,0 0.40

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 |
*Student version* *Student version* *Student version* *Stude
kyy 1.020
kyz 0.940
kzy 0.542
kzz 1.047
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 6.2600e-03 m2
Wy 8.0430e-04 m3
Wz 1.5370e-04 m3
NRk 1471.10 kN
My, Rk 189.01 kNm
Mz,Rk 36.12 kNm
My,Ed -141.63 kNm
Mz, Ed -0.78 kNm
Interaction Method 1
Mecr0 481.62 kNm
reduced slenderness 0 0.63
Cmy,0 0.999
Cnmz,0 0.989
Cmy 1.000
Cmz 0.989
CmLT 1.019
muy 1.000
muz 1.000
wy 1.128
wz 1.500
npl 0.047
alLT 0.998
bLT 0.003
cLT 0.552
dLT 0.049
eLT 1.910
Cyy 1.000
Cyz 0.747
Czy 0.980
Czz 0.970

Unity check (6.61) =0.05+ 0.76 + 0.02 = 0.83

Unity check (6.62) =0.05+ 0.41 +0.02 =0.48

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 |
*Student version* *Student version* *Stud

hw/t 140.933

The web slenderness is such that the Shear Buckling Check is not required.
Element satisfies the stability check !

EN 1993-1-1 Code Check
[Member B226 |IPE360 |S 235 |[NC10 [0.80 |

Basic data EC3 : EN 1993 \

*Student version* *Student version* *Student version* *Student version* *Student v«

ersion* *Sf
partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled

Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).

ratio 37.33 on position 3.000 m
ratio \
*Student version* *Student version* *Student.
maximum ratio 1 33.00
maximum ratio 2 38.00
maximum _ratio 3 44.77
==> Class cross-section 2
Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 4.96 on position 2.500 m
ratio
*Student version* *Student version* *Student
maximum ratio 1 9.00
maximum ratio 2 10.00
maximum _ratio 3 13.90

==> Class cross-section 1

The critical check is on position 5.000 m

Internal forces |

*Student version* *Student version* *Student version*
NEd -152.99 kN
Vy,Ed 0.67 kN
Vz,Ed -86.25 kN

TEd -0.02 kNm
My,Ed -159.04 kNm
Mz,Ed 0.62 kNm

Warning: Torsion is not taken into account for this cross-section!
Compression check

According to article EN 1993-1-1: 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version
Nc.Rd 1708.45 kN
Unity check 0.09

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



Table of values |
*Student version* *Student version* *Student versio

Ve,Rd ‘ 623.19 ‘ kN
Unity check 0.00

Shear check (Vz)

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

Table of values |
*Student version* *Student version* *Student version*

Ve,Rd 476.34 kN
Unity check 0.18

Bending moment check (My)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student versiont
Mc,Rd 239.47 kNm
Unity check 0.66 -

Bending moment check (Mz)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version*
Mc,Rd 4491 kNm
Unity check 0.01 -

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

Table of values |

*Student version* *Student version* *Student versiont
MNVy.Rd 239.47 kNm
MNVz.Rd 4491 kNm
alfa 2.00 beta 1.00
Unity check 0.45 -
Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1: 6.3.1.1. and formula (6.46)

Buckling parameters | yy | 2z ]
*Student version* *Student version* *Student version* *Student version
Sway type sway non-sway
System Length L 2.500 2.500 m
Buckling factor k 1.00 1.00
Buckling length Ler 2.500 2.500 m
Critical Euler load Ner 53954.36 3458.78 kN
Slenderness 16.71 66.00
Relative slenderness Lambda 0.18 0.70
Limit slenderness Lambda,0 0.20 0.20
Buckling curve a b
Imperfection Alpha 0.21 0.34
Reduction factor Chi 1.00 0.78
Buckling resistance Nb,Rd 1708.45 1336.21 kN

Table of values
*Student version* *Student version* *Student version* *Student

A 7.2700e-03 m2
Buckling resistance Nb,Rd 1336.21 kN
Unity check 0.11 -

Lateral Torsional Buckling Check
According to article EN 1993-1-1: 6.3.2.1. and formula (6.54)



LTB Parameters
*Student version* *Student version* *Student version* *Student version* *§

Method for LTB curve Art. 6.3.2.2.
Wy 1.0190e-03 m3
Elastic critical moment Mecr 1502.36 kNm

Relative slenderness Lambda,LT 0.40
Limit slenderness Lambda,LT,0 0.40
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 |
*Student version* *Student version* *Student version* *Student version*
kyy 1.033
kyz 0.848
kzy 0.549
kzz 1.060
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 7.2700e-03 2
Wy 1.0190e-03 m'3
Wz 1.9110e-04 m3
NRk 1708.45 kN
My,Rk 239.47 kNm
Mz, Rk 4491 kNm
My,Ed -159.04 kNm
Mz,Ed -1.10 kNm
Interaction Method 1
Mcr0 681.12 kNm
reduced slenderness 0 0.59
Cmy,0 0.998
Cni,0 0.971
Cmy 1.000
Cmz 0.971
CmLT 1.034
muy 1.000
muz 0.990
wy 1.128
wz 1.500
npl 0.090
alLT 0.998
bLT 0.003
cLT 0.444
dLT 0.058
eLT 1.943
Cyy 1.003
Cyz 0.829
Czy 0.972
Czz 0.949

Unity check (6.61) = 0.09 + 0.69 + 0.02 = 0.80
Unity check (6.62) =0.11 +0.36 + 0.03 = 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 |

*Student version* *Student version* *Student version*
hw/t 41.825

The web slenderness is such that the Shear Buckling Check is not required.
Element satisfies the stability check !

EN 1993-1-1 Code Check
[Member B232 | IPE500 |S 235 |NC10 ]0.65 ]

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *$
partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
*Student version* *Student version* *Student version* *Student version* *Student version* *S|




Basic data EC3 : EN 1993 [

*Student version* *Student version* *Student version* *Student version* *Student version* *Sj
partial safety factor Gamma M2 for resistance of net sections ‘ 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa

| fabSEETION CHECKolled

Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).
ratio 41.76 on position 3.000 m

maximum ratio 1 33.00

maximum ratio 2 38.00

maximum ratio 3 58.94
==> Class cross-section 3

Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 4.62 on position 2.500 m
ratio \

*Student version* *Student version* *Student

maximum ratio 1 9.00

maximum ratio 2 10.00

maximum _ratio 3 13.87
==> (Class cross-section 1

The critical check is on position 5.000 m

Internal forces |

*Student version* *Student version* *Student versio
NEd -415.26 kN
Vy,Ed 1.08 kN
Vz,Ed -135.01 kN

TEd -0.11 kNm
My,Ed -185.25 |kNm
Mz,Ed 0.58 kNm

Warning : The unity check for pure torsion is 0.01 for Non-Lin. Comb. 10.
Compression check

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

Section classification is 1.

Table of values |
*Student version* *Student version* *Student version*
Nc.Rd 2726.00 kN
Unity check 0.15 -

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

Table of values |

*Student version* *Student version* *Student versia
tau tRd 136.3 MPa

tau t, Ed 2.0 MP a
Unity check 0.01 -

Shear check (Vy)
According to article EN 1993-1-1:6.2.6. & 6.2.7 and formula (6.25)

Table of values |
*Student version* *Student version* *Student versior

Ve,Rd 920.76 kN
Unity check 0.00

Shear check (Vz)

According to article EN 1993-1-1:6.2.6. & 6.2.7 and formula (6.25)




Table of values |
*Student version* *Student version* *Student versior

Ve,Rd 814.04 kN
Unity check 0.17
Bending moment check (My)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version
Mc,Rd 515.59 kNm
Unity check 0.36 -

Bending moment check (Mz)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student versio
Mc,Rd 78.94 kNm
Unity check 0.01 -

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

Table of values |

*Student version* *Student version* *Student version

MNVy.Rd 515.59 kNm

MNVz.Rd 78.94 kNm
alfa 2.00 beta 1.00
Unity check 0.14 -

Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1: 6.3.1.1. and formula (6.46)

Buckling parameters | vy \ 7z \
*Student version* *Student version* *Student version* *Student version*
Sway type sway non-sway
System Length L 2.500 2.500 m
Buckling factor k 1.00 1.00
Buckling length Lecr 2.500 2.500 m
Critical Euler load Ner 159840.22 7103.27 kN
Slenderness 12.26 58.18
Relative slenderness Lambda 0.13 0.62
Limit slenderness Lambda,0 0.20 0.20
Buckling curve a b
Imperfection Alpha 0.21 0.34
Reduction factor Chi 1.00 0.83
Buckling resistance Nb,Rd 2726.00 2254.84 kN

Table of values
*Student version* *Student version* *Student version* *Student

A 1.1600e-02 m2
Buckling resistance Nb,Rd 2254.84 kN
Unity check 0.18 -

Lateral Torsional Buckling Check
According to article EN 1993-1-1: 6.3.2.1. and formula (6.54)

LTB Parameters |
*Student version* *Student version* *Student version* *Student version* *§

Method for LTB curve Art. 6.3.2.2.
Wy 1.9280e-03 m'3
Elastic critical moment Mecr 4804.27 kNm

Relative slenderness Lambda,LT 0.31
Limit slenderness Lambda,LT,0 0.40
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 |
*Student version* *Student version* *Student version* *Student version*
kyy 1.049
kyz 1.027
kzy 1.037
kzz 1.016
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 1.1600e-02 m?2
Wy 1.9280e-03 m3
Wz 2.1420e-04 m3
NRk 2726.00 kN
My, Rk 453.08 kNm
Mz,Rk 50.34 kNm
My,Ed -185.25 kNm
Mz,Ed -2.30 kNm
Interaction Method 1
Mecr0 1858.52 kNm
reduced slenderness 0 0.49
Cmy,0 0.998
Cnmz,0 0.967
Cmy 0.999
Cmz 0.967
CmLT 1.047
muy 1.000
muz 0.989
wy 1.138
wz 1.500
npl 0.152
aLT 0.998
bLT 0.001
cLT 0.170
dLT 0.043
eLT 1.218
Cyy 1.012
Cyz 1.017
Czy 0.977
Czz 0.983

Unity check (6.61) =0.15+ 0.43 + 0.05 = 0.63

Unity check (6.62) =0.18 + 0.42 + 0.05 = 0.65

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 |

*Student version* *Student version* *Stud
hw/t 45.882

The web slenderness is such that the Shear Buckling Check is not required.
Element satisfies the stability check !

Kontrola nosilnosti sekundarnih preck

Nonlinear calculation, Extreme : Cross-section
Selection : All

Class : MSN

Layer : sek pre¢

EN 1993-1-1 Code Check
[Member B364 [IPE300 [S 235 [NC1 [0.68 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *St
partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
*Student version* *Student version* *Student version* *Student version* *Student version* *St




Basic data EC3 : EN 1993 [

*Student version* *Student version* *Student version* *Student version* *Student version* *Sj
partial safety factor Gamma M2 for resistance of net sections ‘ 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
| fabSEETION CHECKolled

Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).
ratio 35.01 on position 0.000 m

maximum ratio 1 33.00

maximum ratio 2 38.00

maximum ratio 3 42.00

==> Class cross-section 2

Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 5.28 on position 0.000 m

ratio \

*Student version* *Student version* *Student

maximum ratio 1 9.00

maximum ratio 2 10.00

maximum _ratio 3 14.00
==> (Class cross-section 1

The critical check is on position 2.500 m

Internal forces |

*Student version* *Student version* *Student versi
NEd -3.03 kN
Vy,Ed 0.00 kN
Vz,Ed 0.00 kN

TEd 0.00 kNm
My,Ed 100.08 kNm
Mz,Ed 0.00 kNm

Compression check
According to article EN 1993-1-1 : 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version
Nc.Rd 1264.30
Unity check 0.00

Bending moment check (My)
According to article EN 1993-1-1:6.2.5. and formula (6.12)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version
Mc,Rd 147.67 kNm
Unity check 0.68 -

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

Table of values |
*Student version* *Student version* *Student versiont

MNVy.Rd 147.67 kNm
MNVz.Rd 29.42 kNm
alfa 2.00 beta 1.00

Unity check 0.68 -



Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1: 6.3.1.1. and formula (6.46)

Buckling parameters | vy z \
*Student version* *Student version* *Student version* *Student version* *Student
Sway type sway non-sway
System Length L 5.000 5.000 m
Buckling factor k 1.00 0.03
Buckling length Ler 5.000 0.150 m
Critical Euler load Ner 6927.51 556198.27 kN
Slenderness 40.12 4.48
Relative slenderness Lambda 0.43 0.05
Limit slenderness Lambda,0 0.20 0.20

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 \
*Student version* *Student version* *Student version* *Student version* *
Method for LTB curve Art. 6.3.2.2.
Wy 6.2840e-04
Elastic critical moment Mecr 90815.11
Relative slenderness Lambda,LT 0.04
Limit slenderness Lambda,LT,0 0.40

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 |
* ion* * ion* * ion* *
kyy 1.000
kyz 0.691
kzy 0.520
kzz 0.999
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 5.3800e-03 m?2
Wy 6.2840e-04 m3
Wz 1.2520e-04 m3
NRk 1264.30 kN
My, Rk 147.67 kNm
Mz,Rk 29.42 kNm
My,Ed 100.08 kNm
Mz,Ed 0.00 kNm
Interaction Method 1
Mecr0 80367.35 kNm
reduced slenderness 0 0.04
Cmy,0 1.000
Cnz,0 1.000
Cmy 1.000
Cmz 1.000
CmLT 1.000
muy 1.000
muz 1.000
wy 1.128
wz 1.500
npl 0.002
aLT 0.998
bLT 0.000
cLT 0.002
dLT 0.000
eLT 0.493
Cyy 1.000
Cyz 1.001
Czy 1.000
Czz 1.001

Unity check (6.61) = 0.00 + 0.68 + 0.00 = 0.68
Unity check (6.62) =0.00 + 0.35 + 0.00 = 0.36



Element satisfies the stability check !

EN 1993-1-1 Code Check
[Member B405 [IPE270 |S 235 [NC1 [0.81 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *St
partial safety factor Gamma MO for resistance of cross-sections 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled
....:SECTION CHECK::...
Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).
ratio 33.27 on position 0.000 m
ratio \
*Student version* *Student version* *Student
maximum ratio 1 33.00
maximum ratio 2 38.00
maximum ratio 3 42.00
==> Class cross-section 2
Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 4.82 on position 0.000 m
ratio
*Student version* *Student version* *Student
maximum ratio 1 9.00
maximum ratio 2 10.00
maximum _ratio 3 14.00

==> Class cross-section 1
The critical check is on position 2.500 m

Internal forces
i n**

Compression check
According to article EN 1993-1-1: 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |

*Student version* *Student version* *Student version
Nc.Rd 1078.65 kN
Unity check 0.00 -

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

Table of values |
*Student version* *Student version* *Student version’*
Ve,Rd 299.75 kN
Unity check 0.00 -

Bending moment check (My)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)



Section classification is 1.

Table of values |
*Student version* *Student version* *Student version

Mc,Rd 113.74 kNm
Unity check 0.81

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

Table of values |

*Student version* *Student version* *Student versionf

MNVy.Rd 113.74 kNm

MNVz.Rd 22.78 kNm
alfa 2.00 beta 1.00
Unity check 0.81 -

Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1: 6.3.1.1. and formula (6.46)

Buckling parameters | yy 2z \
*Student version* *Student version* *Student version* *Student version* *Student
Sway type sway non-sway
System Length L 5.000 5.000 m
Buckling factor k 1.00 0.03
Buckling length Lecr 5.000 0.150 m
Critical Euler load Ncr 4800.18 386796.38 kN
Slenderness 44.52 4.96
Relative slenderness Lambda 0.47 0.05
Limit slenderness Lambda,0 0.20 0.20

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 \
*Student version* *Student version* *Student version* *Student version* *g

Method for LTB curve Art. 6.3.2.2.
Wy 4.8400e-04 m3
Elastic critical moment Mcr 56720.23 kNm

Relative slenderness Lambda,LT 0.04
Limit slenderness Lambda,LT,0 0.40

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 |
*Student version* *Student version* *Student version* *Studg
kyy 1.000
kyz 0.691
kzy 0.521
kzz 0.999
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 4.5900e-03 m'2
Wy 4.8400e-04 m'3
Wz 9.6950e-05 m3
NRk 1078.65 kN
My,Rk 113.74 kNm
Mz,Rk 22.78 kNm
My,Ed 91.80 kNm
Mz,Ed 0.00 kNm
Interaction Method 1
Mcr0 50194.89 kNm
reduced slenderness 0 0.05
Cmy,0 1.000
Cni,0 1.000
*Student version* *Student version* *Student version* *Stud




Table of values |
*Student version* *Student version* *Student version* *Stude
Cmy 1.000
Cmz 1.000
CmLT 1.000
muy 1.000
muz 1.000
wy 1.128
wz 1.500
npl 0.004
aLT 0.997
bLT 0.000
cLT 0.004
dLT 0.000
el T 0.651
Cyy 1.001
Cyz 1.002
Czy 1.000
Czz 1.001

Unity check (6.61) = 0.00 + 0.81 + 0.00 = 0.81

Unity check (6.62) = 0.00 + 0.42 + 0.00 = 0.42

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 |

*Student version* *Student version* *Student version*
hw/t 37.818

The web slenderness is such that the Shear Buckling Check is not required.
Element satisfies the stability check !

EN 1993-1-1 Code Check
[Member B501 | IPE270 |S 235 |NC1_ ]0.88 ]

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *Si

partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled

Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).

ratio 33.27 on position 0.455 m
ratio \
*Student version* *Student version* *Student
maximum ratio 1 71.85
maximum ratio 2 82.74
maximum ratio 3 124.00

==> Class cross-section 1
Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).

ratio 4.82 on position 0.455 m
ratio
*Student version* *Student version* *Student
maximum ratio 1 9.00
maximum ratio 2 10.00
maximum _ratio 3 13.77
==> Class cross-section 1

The critical check is on position 2.500 m



Internal forces
*Student version* *Student version* *Student vers

NEE&d 0020 | kN
Vz,Ed 0.00 kN
TEd 0.00 kNm
My,Ed 99.79  |kNm
MzEd 0.00 kNm

Compression check
According to article EN 1993-1-1 : 6.2.4 and formula (6.9)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version*
Nc.Rd 1078.65 kN
Unity check 0.00 -

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

Table of values |

*Student version* *Student version* *Student version*
Vc,Rd 399.25 kN
Unity check 0.00 -

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

Table of values |
*Student version* *Student version* *Student version’*
Ve,Rd 299.75 kN
Unity check 0.00 -

Bending moment check (My)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student version
Mc,Rd 113.74 kNm
Unity check 0.88 -

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

Table of values |
*Student version* *Student version* *Student version

MNVy.Rd 113.74 kNm
MNVz.Rd 22.78 kNm
alfa 2.00 beta 1.00
Unity check 0.88 -
Element satisfies the section check !
....:STABILITY CHECK::...

Flexural Buckling Check
According to article EN 1993-1-1:6.3.1.1. and formula (6.46)

Buckling parameters | yy | 7z [
*Student version* *Student version* *Student version* *Student version* *Student
Sway type sway non-sway
System Length L 5.000 5.000 m
Buckling factor k 1.00 0.03
Buckling length Lecr 5.000 0.150 m
Critical Euler load Ncr 4800.18 386796.38 kN
Slenderness 44.52 4.96
Relative slenderness Lambda 0.47 0.05
*Student version* *Student version* *Student version* *Student version* *Student




Buckling parameters | vy | zz \
*Student version* *Student version* *Student version* *Student version* *Student
Limit slenderness Lambda,0 ‘ 0.20 ‘ 0.20 ‘

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 \
*Student version* *Student version* *Student version* *Student version* *g

version” 2
Method for LTB curve Art. 6.3.2.2.

Wy 4.8400e-04 m3
Elastic critical moment Mecr 56720.23 kNm

Relative slenderness Lambda,LT 0.04
Limit slenderness Lambda,LT,0 0.40

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 |
*Student version* *Student version* *Student version* *Stude
kyy 1.000
kyz 0.693
kzy 0.520
kzz 1.000
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 4.5900e-03 m?2
Wy 4.8400e-04 m3
Wz 9.6950e-05 m3
NRk 1078.65 kN
My,Rk 113.74 kNm
Mz, Rk 22.78 kNm
My,Ed 99.79 kNm
Mz,Ed 0.00 kNm
Interaction Method 1
Mecr0 50194.89 kNm
reduced slenderness 0 0.05
Cmy,0 1.000
Cmz,0 1.000
Cmy 1.000
Cmz 1.000
CmLT 1.000
muy 1.000
muz 1.000
wy 1.128
wz 1.500
npl 0.000
alLT 0.997
bLT 0.000
cLT 0.004
dLT 0.000
el T 0.708
Cyy 1.000
Cyz 0.998
Czy 1.000
Czz 1.000

Unity check (6.61) =0.00 + 0.88 + 0.00 = 0.88

Unity check (6.62) =0.00 + 0.46 + 0.00 = 0.46

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 |

*Student version* *Student version* *Stud
hw/t 37.818

The web slenderness is such that the Shear Buckling Check is not required.
Element satisfies the stability check !



Kontrola nosilnosti centricnega povezja

Nonlinear calculation, Extreme : Cross-section
Selection : All

Class : Potres

Layer : povezje

EN 1993-1-1 Code Check
[Member B610 | VHP60/60x6.0 |S 235 |NC11_ ]0.93 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *St

partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled
....:SECTION CHECK::...

The critical check is on position 5.936 m
Internal forces |
*Student version* *Student version* *Student versi

NEd 261.22 kN
Vy,Ed 0.00 kN
Vz,Ed 0.00 kN
TEd 0.00 kNm
My,Ed 0.00 kNm
Mz, Ed 0.00 kNm

Normal force check
According to article EN 1993-1-1: 6.2.3. and formula (6.5)

Table of values |
*Student version* *Student version* *Student versios
Nt.Rd 282.00 kN
Unity check 0.93 -

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

Table of values |

*Student version* *Student version* *Student versi

MNVy.Rd 0.51 kNm

MNVz.Rd 0.51 kNm
alfa 6.00 beta 6.00
Unity check 0.00 -

Element satisfies the section check !
....:STABILITY CHECK::...

Element satisfies the stability check !

EN 1993-1-1 Code Check
[Member B612 [VHP60/60x6.0 [S 235 [NC11 [0.99 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *Sj

partial safety factor Gamma MO for resistance of cross-sections | 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |

*Student version* *Student version* *Student versi
yield strength fy 235.0 MPa
tension strength fu 360.0 MPa

*Student version* *Student version* *Student versio




Material data |

*Student version* *Student version* *Student versi
fabrication ‘ rolled

Internal forces |
*Student version* *Student version* *Student versi

NEd 280.56 kN
Vy,Ed 0.00 kN
Vz,Ed 0.00 kN
TEd 0.00 kNm
My,Ed 0.00 kNm
Mz, Ed 0.00 kNm

Normal force check
According to article EN 1993-1-1: 6.2.3. and formula (6.5)

Table of values |
*Student version* *Student version* *Student versios
Nt.Rd 282.00 kN
Unity check 0.99 -

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

Table of values |
*Student version* *Student version* *Student versi

MNVy.Rd 0.04 kNm
MNVz.Rd 0.04 kNm
alfa 1.66 beta 1.66
Unity check 0.00 -
Element satisfies the section check !
....:STABILITY CHECK::...

Element satisfies the stability check !

EN 1993-1-1 Code Check
[Member B614 | VHP50/50x5.0 |S 235 |NC11_ [0.97 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version* *Si

partial safety factor Gamma MO for resistance of cross-sections 1.00
partial safety factor Gamma M1 for resistance to instability 1.00
partial safety factor Gamma M2 for resistance of net sections 1.25

Material data |
*Student version* *Student version* *Student versi

yield strength fy 235.0 MPa
tension strength fu 360.0 MPa
fabrication rolled

The critical check is on position 5.831 m

Internal forces |
*Student version* *Student version* *Student versi

NEd 189.61 kN
Vy,Ed 0.00 kN
Vz,Ed 0.00 kN
TEd 0.00 kNm
My,Ed 0.00 kNm
Mz, Ed 0.00 kNm

Normal force check
According to article EN 1993-1-1: 6.2.3. and formula (6.5)



Table of values |

*Student version* *Student version* *Student versior

Nt.Rd 196.46 kN
Unity check 0.97

Combined bending, axial force and shear force check

According to article EN 1993-1-1:6.2.9.1. and formula (6.31)

Section classification is 1.

Table of values |

*Student version* *Student version* *Student versi

MNVy.Rd 0.14 kNm
MNVz.Rd 0.14 kNm
alfa 1.66 beta 1.66
Unity check 0.00 -
Element satisfies the section check !
....:STABILITY CHECK::...
Element satisfies the stability check !
Teza jeklene konstrukcije
Name Mass Surface Volume
‘ kel [m’] ‘ [m°]
*Student version* *Student version* *Student version*
Total results : 959638,68| 4942,307| 3,4170e+02
CSss Material Unit Length Mass Surface Unit Volume
mass [m] [kgl [m?] volume [m%]
[kg/m] mass
[kg/m’]
*d ion* X! ion* k¢ on* k! onk k! ion* * ion* * ion* *¢ Mmon*
CS1 - HEB500 S 235 187,30 115,200 21577,08 244,734 | 7850,00 | 2,7487e+00
CS2 - IPE330 S 235 49,14 | 225,000 11056,73 282,140 | 7850,00 | 1,4085e+00
CS3 - IPE270 S 235 36,03 | 860,000 30987,14 895,199 | 7850,00 | 3,9474e+00
CS5 - streha - IPE500 S 235 91,06 | 225,000 20488,50 392,160 | 7850,00 | 2,6100e+00
CS6 - streha (sek) - IPE300 S 235 42,23 | 235,000 992476 272,508 | 7850,00 | 1,2643e+00
CS7 - streha (sov) - IPE270 S 235 36,03 | 195,000 7026,15 202,981 | 7850,00 | 8,9505e-01
CS8 - temelji - Rectangle C30/37 1750,00 | 460,000 | 805000,00| 1564,000| 2500,00 | 3,2200e+02
(1000; 700)
CS9 - Zunaniji stebri - HEA280 |S 235 76,38 | 165,600 12648,62 265,391 | 7850,00 | 1,6113e+00
CS10 - HEA340 S 235 105,19| 216,000 22721,05 387,597 | 7850,00 | 2,8944e+00
CS13 - 2E - IPE360 S 235 57,07 | 225,000 12840,64 304,329 | 7850,00 | 1,6358e+00
CS4 - E1 - VHP60/60x6.0 S 235 942 | 213,708 2013,13 46,867 | 7850,00 | 2,5645e-01
CS11 - E2 - VHP60/60x6.0 S 235 942 | 209,914 1977,39 46,039 | 7850,00 | 2,5190e-01
CS12 - E3 - VHP50/50x%5.0 S 235 6,56 | 209,914 1377,58 38,362 | 7850,00 | 1,7549e-01




Sekeres, D. 2011. Stati¢ni izracun jeklenega trietaznega poslovnega objekta.

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

PRILOGA B: Izpis rezultatov in kontrol za fasadno podkonstrukcijo iz programa SCIA

Engineer



Model fasadne lege

Material
Name Unit mass E mod Poisson - nu G mod Thermal exp Lower limit Upper Fy Fu
[ka/m®] [MPa] [MPa] [m/mK] [mm] limit [MPa] [MPa]
[mm]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

40
80

2350
215,0

360,0

S 235 ‘ 7850,00‘ 2,1000e+05 ‘ 0,3 ‘ 8,0769e+04‘ 0,013»003‘ 0
360,0

40

Lastna obtezba




Obtezba vetra

Kombinacije
Name Type Load cases Coeff.
[1
*Student version* *Student version* *Student version* *Student version*
MSN Envelope - ultimate |LC1 - lastna 1,35
LC2 - stalna 1,35
LC3 - veter 1,50
MSU Envelope - ultimate |LC1 - lastna 1,00
LC2 - stalna 1,00
LC3 - veter 1,00

Reakcije




Upogibni moment My za MSN

Upogibni moment Mz za MSN




Vertikalni pomik uz za MSU

Horizontalni pomik uy za MSU

Kontrole nosilnosti

Linear calculation, Extreme
Selection : All
Combinations : MSN

: Cross-section

EN 1993-1-1 Code Check
[Member B3 [U100 [S 235 [MSN/2 [047 |

Basic data EC3 : EN 1993 \
*Student version* *Student version* *Student version* *Student version* *Student version*

partial safety factor Gamma MO for resistance of cross-sections
partial safety factor Gamma M1 for resistance to instability
partial safety factor Gamma M2 for resistance of net sections

1.00
1.00
1.25




Material data |
*Student version* *Student version*

235.0 MPa
360.0 MPa

yield strength fy
tension strength fu
fabg g

Width-to-thickness ratio for internal compression parts (EN 1993-1-1 : Tab.5.2. sheet 1).

ratio 11.00 on position 0.625 m
ratio \
| xStudent version* *Student version®
maximum ratio 1 72.00
maximum ratio 2 83.00
maximum _ratio 3 124.59
==> Class cross-section 1
Width-to-thickness ratio for outstand flanges (EN 1993-1-1 : Tab.5.2. sheet 2).
ratio 4.18 on position 0.000 m
ratio
*Student version* *Student version* *Student
maximum ratio 1 46.89
maximum ratio 2 52.10
maximum ratio 3 41.22
==> Class cross-section 1

The critical check is on position 1.250 m

Internal forces |
*Student version* *Student version* *Student ver.

NEd 0.00 kN
Vy,Ed 0.17 kN
Vz,Ed 345 kN
TEd 0.00 kNm
My,Ed 3.01 kNm
Mz,Ed -0.02 kNm

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

Table of values |

*Student version* *Student version* *Student versi
Ve,Rd 98.60 kN
Unity check 0.00 -

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

Table of values |

*Student version* *Student version* *Student versi
Ve,Rd 84.56 kN
Unity check 0.04 -

Bending moment check (My)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student versio

Mc,Rd 11.52 kNm
Unity check ‘026 ‘
Bending moment check (Mz)
According to article EN 1993-1-1: 6.2.5. and formula (6.12)
Section classification is 1.

Table of values |
*Student version* *Student version* *Student versi

Mc,Rd 4.07 kNm
Unity check 0.00




Combined bending, axial force and shear force check
According to article EN 1993-1-1: 6.2.9.2.& 6.2.10 and formula (6.42)
Section classification is 3.

Table of values |
*Student version* *Student version* *Student versig

sigma N 0.0 MPa
sigma Myy -73.0 MPa
sigma Mzz -2.0 MPa
ro 0.00 place 3
Unity check 0.32 -
Element satisfies the section check !
....:STABILITY CHECK::...

Lateral Torsional Buckling Check
According to article EN 1993-1-1: 6.3.2.1. and formula (6.54)

LTB Parameters \
*Student version* *Student version* *Student version* *Student version* *g

Method for LTB curve Art. 6.3.2.2.
Wy 4.1200e-05 m3
Elastic critical moment Mcr 33.10 kNm

Relative slenderness Lambda,LT 0.54
Limit slenderness Lambda,LT,0 0.40

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 |
*Student version* *Student version* *Student version* *Stude
kyy 1.000
kyz 1.000
kzy 1.000
kzz 1.000
Delta My 0.00 kNm
Delta Mz 0.00 kNm
A 1.3500e-03 2
Wy 4.1200e-05 m3
Wz 8.4900e-06 m3
NRk 317.25 kN
My,Rk 9.68 kNm
Mz,Rk 2.00 kNm
My,Ed 3.01 kNm
Mz,Ed 0.31 kNm
Interaction Method 1
Mecr0 33.10 kNm
reduced slenderness 0 0.54
Cmy,0 1.000
Cni,0 1.000
Cmy 1.000
Cmz 1.000
CmLT 1.000
muy 1.000
muz 1.000
wy 1.189
wz 1.500
npl -0.000
alLT 0.986
bLT 0.003
cLT 0.133
dLT 0.028
eLT 0.309
Cyy 0.999
Cyz 0.933
Czy 0.995
Czz 1.000

Unity check (6.61) = 0.00 + 0.31 +0.15 = 0.47
Unity check (6.62) = 0.00 + 0.31 +0.15 = 0.47

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 |
*Student version* *Student version* *Stud

hw/t

[ 13.833

The web slenderness is such that the Shear Buckling Check is not required.
Element satisfies the stability check !

Lastna teza

Name Mass Surface Volume
[kg] [m?] [m’]

*d in** in** in** in*
Total results : 423,90 14,876 | 5,4000e-02

CSs Material | Unit mass Length Mass Surface | Unit volume mass Volume

[kg/m] [m] [kg] [m?] [kg/m?] [m’]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *St;
CS1 - U100 |S 235

10,60| 40,000| 423,90, 14,876

7850,00 | 5,4000e-02




Sekeres, D. 2011. Stati¢ni izracun jeklenega trietaznega poslovnega objekta.

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

PRILOGA C: Izpis rezultatov in kontrol za spoje iz programa SCIA Engineer



Momentni spoj precke na steber (Spoj 1)

Momentni spoj precke na steber (Spoj 2)

Momentni spoj precke na steber (Spoj 3)




Momentni spoj precke na steber (Spoj 4)

Clenkasti spoj primarnega nosilca na sekundarni nosilec (Spoj 5)

Steel Connection

Spoj 1
N1
Frame bolted
Simple T
Beg. node | End node

Name CrossSection ‘ Length ‘ Shape

Type ‘FEM type ‘ Layer

ident version* *Student version*

standard |Z steber

[m]

3,200 | Line column (100)

CS9 - Zunanji stebri -
HEA280

B11 CS9 - Zunanji stebri - | 3,000 | Line N1 column (100) |standard |Z steber

HEA280
B1 CS2 - IPE330 5,000 | Line N1 beam (80) standard | precke
Type Name Bolts
Internal bolts distance [mm] 100
External bolts distance [mm] 80
Selected bolt assembly M27 - 10.9
Length [mm] 70
1.Location [mm] 490
2.Location [mm] 390
3.Location [mm] 290
4.Location [mm] 170
5.Location [mm] 80
Bolt pattern 2 _bolts/row
“iideriveision* *Student versiont *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

Bolt assembly



Bolt assembly
M27 - 109
M27 - DN 6914
M27 - DIN 6916
M27 - DIN 6915
v
v
10
10.9
1000,0
Normal
200
Bolts Type Name Bore | Diameter Head Diagonal | Head Gross Tensile | Diameter
Name hole required diameter head height cross-section stress [mm]
[mm] for bolt [mm] diameter | [mm] area area
key [mm] [mm?] [mm?]
[mm]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *
Bolts M27 - 30 120 46 51 17 573 459 27
DIN
6914
Nut Type Name Nut
Name M27 - DIN 6915
Diameter [mm] 46
Diagonal diameter [mm] 51
Height [mm] 22
Washer Type Name Washer
Name M27 - DIN 6916
Internal diameter [mm] 28
External diameter [mm] 50
Thickness [mm] 5
Name End
Material S 355
Thickness[mm] 12
Top [mm] 10
Bottom [mm] 10
Left [mm] 60
Right [mm] 60
Width [mm] 280
Height [mm] 570
Name Sti
Material S 355
Decrease [mm] 1
Thickness[mm] 10
*Student version* *Student version* *Student version*
Name Sti9
Material S 355
Decrease [mm] 1
Thickness[mm] 10
Type Name Name Type Input type Height | Thickness Angle
[m] [m] [deg]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

eight x angle \

0,220 |

0,010 |

60,00

g HRMARh | CadHaunch \y Biate, nik
Name Web doubler
Thickness[mm] 6
Material S 355
Size of web doubler Large
Type of web doubler Double
Width [mm] 196
Height [mm] 787

According to EN 1993-1-8

Haunch underPlate |
*Student version* *Student version* *Student version* *Student version*

he
lc
tw
weld awc

201.37
500.00
10.00
4.00

mm
mm
mm
mm




Partial safety factors |

Gamma MO 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

1.Internal forces

NC1 |
*Student version* *Student version®

N 9.88 kN
Vz 51.23 kN
My -46.71 | kNm

Tension top

*Student version* *Student version* *Student version*

2. Design moment resistance MRd

2.1. Design resistance of basic components

For individual bolt row :
Bt,Rd= 330.48 kN

row ‘ (Ft,fc,Rd) ‘ Ft,ep,Rd

*Student version* *Student version* *Student version*

T 749,54 32120
2 249.54 321.20
3 249.54 321.20
4 249.54 321.20
5 249.54 321.20
Nj,Rd = 149.47 kN
data \

*Student version* *Student version* *Student version* *Student version* *

Student version*

Column Web in tension (Ft,wc,Rd)
Beam Web in tension (Ft,wb,Rd)
Endplate in bending (Ft.ep,Rd)
Column Flange in tension (Ft,fc,Rd)
Bolts in Tension (Bt,Rd)

149.47
4620.62
2424.55
495.77
3304.80

data

*Student version* *Student version* *Student version* *Student version* *Student version*

Column web in shear (Vwp,Rd)

Fc,h,Rd

Column web in compression (Fc,wc,Rd)

579.53
149.47
149.47

kN
kN
kN

2.2. Determination of Mj ,Rd

row | h[mm] | Ft[kN]

1 474.25 149.47
2 374.25 0.00
3 274.25 0.00
4 154.25 0.00
5 64.25 0.00

Mj,Rd = 70.89 kNm

data |

Mj,Rd 76.83 kNm
MEd -10.92 kNm

3. Design shear resistance VRd
VRd =653.48 kN
4. Stiffness calculation

4.1. Design rotational stiffness
Sj data |

*Student version* *Student version* [*Student version*

*Student version* *Student version* *Student version*

*Student version* *Student version* *Student yversion*

Sj |56.99 | MNm/rad

*Student version* *Student version* *Student yersion*

2.3.Determination of Mj ,Rd for compressed haunch at beam



Sj data_|
*Student version* *Student version* *Student yersion*
Sj,ini 56.99 MNnvrad
z 474.25 mm
mu 1.00
k1 3.80 mm
k2 -
keq 1.77 mm

4.2. Stiffness classification

Not applicable.

4.3 Check of stiffness requirement

Not applicable.

4.4 Ductility classification

The failure mode is not situated in the column shear zone.
In the endplate we have the following :

t <= 0.36 sqrt(fub/fy) d

This results in a ductile classification for ductility : class 1.

5. Unity checks

Unity checks
*Student version* *Student version* *Student version*

MSd/MjRd 0.66
VSd/VRd 0.08
Unity check M/MRd + N/Nrd 0.73
The connection satisfies.

6. De sign calculations

data \
*Student version* *Student version* *Student version*

af 6.00 mm
aw 4.00 mm
Minimum _th 5.95 mm

MNm
0.0800

00700

00800

00300

00400

00300 /

00200 /

00100 K

1ad

0.0000
g = m = 7 Z 2 =)
2 5§ = 2 =2 § § ¢
MNm
0.2500
0.2000 2
:r_]__tfgrrd/—l/;ww[_ INm/rad]
01500
01000
00500
Sin=569913[MNm /rad]
,—'—"'—J-'l'n
_,—o—"'_'—__‘-'
0.0000 — o
= = ) = = = 3] TS MNm/gg]
E 2§ § 8 3 27:% g8 ¢



MNm

01000

alsa

$j lo

v=1186916 MNm rad]

0.1600

. al400

§j,upperFinfinity
01300

0.1000

[-LE 1]

00600

Q0400

S ing=56
[Lipsle]

L
T ]

00000,
=

oo

0oz,
0000
00000,
0000,
00010,

0012,

00014,
0001,

00018,

rad

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

*Student version* *Student version* *Student version*

Spoj 2
No6
Frame bolted
Cross
Name CrossSection Length Shape Beg. node | End node Type FEM type Layer
[m]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
B14 CS10 - HEA340 3,000 |Line N2 N6 column (100) | standard |steber
B15 CS10 - HEA340 3,000 | Line N6 N10 column (100) | standard |steber
B5 CS13 - 2E - IPE360| 5,000 |Line N6 N7 beam (80) standard |preCke
B4 CS13 - 2E - IPE360| 5,000 |Line N5 N6 beam (80) standard |precCke
Type Name Bolts
Internal bolts distance [mm] 100
External bolts distance [mm] 80
Selected bolt assembly M27 - 10.9
Length [mm] 70
1.Location [mm] 520
2.Location [mm] 420
3.Location [mm] 320
4.Location [mm] 170
5.Location [mm] 80
Bolt pattern 2 bolts/row
Bolt assembly Bolt assembly
M27 - 109
M27 - DIN 6914
M27 - DIN 6916
M27 - DIN 6915
v
v
10
109
1000,0
Normal
200
Bolts Type Name Bore Diameter Head Diagonal Head Gross Tensile Diameter
Name hole | required | diameter head height | cross-section | stress [mm]
[mm] | for bolt [mm] diameter | [mm] area area
key [mm] [mm?] [mm?]
[mm]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
Bolts M27 - 30 120 46 51 17 573 459 27
DIN
6914
Nut Type Name Nut
Name M27 - DIN 6915
Diameter [mm] 46
Diagonal diameter [mm] 51
Height [mm] 22
Washer Type Name Washer
Name M27 - DIN 6916
Internal diameter [mm] 28
External diameter [mm] 50
Thickness [mm] 5
Name End3
Material S 355
Thickness[mm] 12
Top [mm] 10
Bottom [mm] 10



Left [mm] 65

Right [mm] 65

Width [mm] 300

Height [mm] 600

Name Sti3

Material S 355

Decrease [mm] 1

Thickness[mm] 10

*Student version* *Student version* *Student version*

Name Sti4

Material S 355

Decrease [mm] 1

Thickness[mm] 10

Type Name Name Type Input type Height | Thickness Angle
‘ ‘ [m] ‘ Im] ‘ [deg]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

0,220 |

0,010 60,00

HGadFRERch | CadHaunch \\ Hfe nisHeight x angle |
Name Web doubler1
Thickness[mm] 6
Material S 355
Size of web doubler Large
Type of web doubler Double
Width [mm] 243
Height [mm] 854

According to EN 1993-1-8

Haunch underPlate |
*Student version* *Student version* *Stud

lent version* *Student version*

he 201.37 mm
lc 500.00 mm
tw 10.00 mm
weld awc 3.00 mm
Partial safety factors |
*Student version* *Student version* *Student version*
Gamma MO0 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25
1.Internal forces
NCI |
*Student version* *Student version’®
N -2.41 kN
Vz 55.07 kN
My -59.52 kNm
Tension top
2. Design moment resistance MRd

2.1. Design resistance of basic components

For individual bolt row :
Bt,Rd = 330.48 kN

row \ (Ft,fc,Rd) \ Ft,ep,Rd

*Student version* *Student version* *Stud
1 401.99 321.20

2 201.00 321.20

3 201.00 321.20

4 201.00 321.20

5 401.99 321.20
Nj,Rd = 149.47 kN

lent version*

*Student version*



data

*Student version* *Student version* *Student version* *Student version* *Stud

Column web in compression (Fc,wc,Rd)
Beam flange in compression (Fc,fb,Rd)

149.47
298.94

kN
kN

data

*Student version* *Student version* *Student version* *Student version* *Stud

Column web in shear (Vwp,Rd)

Column web in compression (Fc,wc,Rd)

Fc,h,Rd

837.21
149.47
149.47

kN
kN
kN

2.2. Determination of Mj ,Rd

row \ h[mm] \ Ft[kN]

*Student version* *Student version* *Student version*

1 503.65 149.47
2 403.65 0.00
3 303.65 0.00
4 153.65 0.00
5 63.65 0.00

Mj,Rd = 75.28 kNm

lent version*

lent version*

2.3.Determination of Mj ,Rd for compressed haunch at beam

data |

*Student version* *Student version* Student version*

MjRd 8297 |kNm
MEd -18.93  |kNm

3. Design shear resistance VRd

VRd =712.21 kN

4. Stiffness calculation

4.1. Design rotational stiffness

Sj data |
*Student version* *Student version* *Student version*
Sj 55.14 MNmv/rad
Sj,ini 87.38 MNm/rad
z 503.65 mm
mu 1.58
k1 42.02 mm
k2 -
keq 1.71 mm

4.2. Stiffness classification

Not applicable.

4.3 Check of stiffness requirement

Not applicable.
4.4 Ductility classification

The failure mode is not situated in the column shear zone.

In the endplate we have the following :

t <= 0.36 sqrt(fub/fy) d

This results in a ductile classification for ductility : class 1.

5. Unity checks

Unity checks

*Student version* *Student version* *Student version*

MSd/MjRd 0.79
VSd/VRd 0.08
Unity check M/MRd + N/Nrd 0.81

The connection satisfies.

6. De sign calculations

data \

*Student version* *Student version* *Student version*
af 7.00 mm

aw 4.00 mm

Minimum _th 4.65 mm




00800

00500

00400 /

00300 J/

00200 /

00160 J/

0.0000
=

o]
0

0ox

0ma
00040,

1ad

000
006

—
i

d=34-487 2N Nm rad]

s

4MINm/ rad]

00100

0.0000
=

o
0,000

MMNm

01600

0,000,

00,0005
0.00

0.m

[WVINm/rad]
1ad

00012

5] wpperpin inity

0.1200

alem

0.0800

QLOS00

00400

§.ini=33-3TR4VN m/

T2[INm/ rad]

00200

0.0000
=]

00,0004,

00006
00008

0.0010)
0.0012)

Type Name

Bolts

Internal bolts distance [mm]

100

External bolts distance [mm]

80

Selected bolt assembly

M27

- 109

Length [mm]

70

1.Location [mm]

520

2.Location [mm]

420

3.Location [mm]

320

4.Location [mm]

170

5.Location [mm]

80

Bolt pattern

2 bolts/row

Afidertereitsion* *Student versiont

v
v
10

10.9
DIN
DIN
DIN

6914
6916
6915

¥ *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student versiq
Bolt assembly
M27 -
M27 -
M27 -
M27 -

10.9

1000,0



Bolt assembly

Normal
200
Bolts Type Name Bore | Diameter Head Diagonal | Head Gross Tensile | Diameter
Name hole required diameter head height cross-section stress [mm]
[mm] for bolt [mm] diameter [mm] area area
key [mm] [mm?] [mm?]
[mm]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *St
Bolts M27 - 30 120 46 51 17 573 459 27
DIN
6914
Nut Type Name Nut
Name M27 - DIN 6915
Diameter [mm] 46
Diagonal diameter [mm] 51
Height [mm] 22
Washer Type Name Washer
Name M27 - DIN 6916
Internal diameter [mm] 28
External diameter [mm] 50
Thickness [mm] 5
Name End4
Material S 355
Thickness[mm] 12
Top _[mm] 10
Bottom [mm] 10
Left [mm] 65
Right [mm] 65
Width [mm] 300
Height [mm] 600
Type Name Name Type Input type Height | Thickness Angle
[m] [m] [deg]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version**Student version*

aiamgho Fredogsne | Plate

| Height x angle |

0,220

| 0,010 |

60,00

Haunch underPlate |

*Student version* *Student version* *Student version* *S

he 201.37 mm

Ic 500.00 mm

tw 10.00 mm

weld awc 3.00 mm
Partial safety factors |

*Student version* *Student version* *Student version*

Gamma MO0 1.00

Gamma M1 1.00

Gamma M2 1.25

Gamma M3 1.25

1.Internal forces

NC1 |

*Student version* *Student version®

N -0.75 kN
Vz -59.46 kN
My -66.85 kNm

Tension top

2. Design moment resistance MRd

2.1. Design resistance of basic components

For individual bolt row :

Bt,Rd =

330.48 kN

row | (Ftfc,Rd)

\ Ft,ep,Rd

*Student version* *Student version* *Student version*

401.99
201.00
201.00
201.00
401.99

DR W =

321.20
321.20
321.20
321.20
321.20

udent version*

udent version*



Nj,Rd = 149.47 kN

data

*Student version* *Student version* *Student version* *Student version* *Stud

Column web in compression (Fc,we,

Rd)

Beam flange in compression (Fc,fb,Rd)

149.47
298.94

kN
kN

data

*Student version* *Student version* *Student version* *Student version* *Stud

Column web in shear (Vwp,Rd)

Column web in compression (Fc,wc,

Fc,h,Rd

Rd)

837.21
149.47
149.47

2.2. Determination of Mj ,Rd
row | h[mm] | Ft[kN]

*Student version* *Student version* *Student version*

1 503.65 149.47
2 403.65 0.00
3 303.65 0.00
4 153.65 0.00
5 63.65 0.00

Mj,Rd = 75.28 kNm

ent version*

lent version*

2.3.Determination of Mj ,Rd for compressed haunch at beam

data |
*Student version* *Student version*

Mj,Rd 82.97 kNm
MEd -9.25 kNm

3. Design shear resistance VRd

VRd =712.21 kN

4. Stiffness calculation

4.1. Design rotational stiffness

Sj data |

Version*

*Student version* *Student version* *Student
Sj 40.47 MNmvrad
Sj,ini 87.75 MNnvrad

z 503.65 mm

mu 2.17

k1 47.20 mm

k2 -

keq 1.71 mm

4.2. Stiffness classification
Not applicable.

4.3 Check of stiffness requirement

Not applicable.
4.4 Ductility classification

The failure mode is not situated in the column shear zone.

In the endplate we have the following :
t <= 0.36 sqrt(fub/fy) d

This results in a ductile classification for ductility : class 1.

5. Unity checks

Unity checks

*Student version* *Student version* *Student version*

MSd/MjRd 0.89
VSd/VRd 0.08
Unity check M/MRd + N/Nrd 0.89

The connection satisfies.

6. De sign calculations

data \
*Student version* *Student version* *Student version*
af 7.00 mm
aw 4.00 mm

*Student version* *Student version* *Student version*



data [

*Student version* *Student version* *Student version*
Minimum _th ‘ 4.65 ‘ mm
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*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
Spoj 3

N10
Frame bolted
Double T
Name CrossSection ‘Length ‘ Shape ‘Beg. node | End node Type ‘FEM type ‘ Layer
[m]
i sdent version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
Line N6 N10 column (100)|standard |steber
Line N10 N11 beam (80) |standard |precke
Line N9 N10 beam (80) standard |precCke
Type Name ‘ Bolts
Internal bolts distance [mm] ‘ 100

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*



udent version*

External bolts distance [mm] 80
Selected bolt assembly M27 - 10.9
Length [mm] 70
1.Location [mm] 650
2.Location [mm] 540
3.Location [mm] 430
4.Location [mm] 320
5.Location [mm] 190
6.Location [mm] 90
Bolt pattern 2 bolts/row
Bolt assembly Bolt assembly
M27 - 109
M27 - DIN 6914
M27 - DN 6916
M27 - DIN 6915
v
v
10
10.9
1000,0
Normal
200
Bolts Type Name Bore Diameter Head Diagonal Head Gross Tensile Diameter
Name hole | required | diameter head height | cross-section | stress [mm]
[mm] for bolt [mm] diameter [mm] area area
key [mm] [mm?] [mm?]
[mm]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Sy
Bolts M27 - 30 120 46 51 17 573 459 27
DIN
6914
Nut Type Name Nut
Name M27 - DIN 6915
Diameter [mm] 46
Diagonal diameter [mm] 51
Height [mm] 22
Washer Type Name Washer
Name M27 - DIN 6916
Internal diameter [mm] 28
External diameter [mm] 50
Thickness [mm] 5
Name End7
Material S 355
Thickness[mm] 12
Top [mm] 0
Bottom [mm] 20
Left [mm] 50
Right [mm] 50
Width [mm] 300
Height [mm] 740
Name Sti5
Material S 355
Decrease [mm] 1
Thickness[mm] 10
*Student version* *Student version* *Student version*
Name Sti6
Material S 355
Decrease [mm] 1
Thickness[mm] 10
Type Name Name Type Input type Height | Thickness Angle
[m] Im] [deg]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

eight x angle | 0,220 ] 0,010 60,00

1GadHREREh | CadHaurchd \y BiRtoubid
Name Web doubler2
Thickness[mm] 6
Material S 355
Size of web doubler Large
Type of web doubler Double
Width [mm] 243
Height [mm] 848

According to EN 1993-1-8



Haunch underPlate |

*Student version* *Student version* *Student version* *Sj
he 201.37 mm
lc 500.00 mm
tw 10.00 mm
weld awc 3.00 mm

Partial safety factors |

*Student version* *Student version* *Student version*

Gamma MO0 1.00
Gamma MI 1.00
Gamma M2 1.25
Gamma M3 1.25

1.Internal forces

NCI |
*Student version* *Student version®

N -13.61 kN
Vz 58.86 kN
My -68.21 kNm

Tension top

2. Design moment resistance MRd

2.1. Design resistance of basic components

For individual bolt row :
Bt,Rd= 330.48 kN

row | (Ftfc,Rd) | Ftep,Rd

*Student version* *Student version* *Stud

1 401.99 321.20
2 201.00 321.20
3 201.00 321.20
4 201.00 321.20
5 201.00 321.20
6 401.99 321.20

Nj,Rd = 149.47 kN

lent version*

udent version*

data

*Student version* *Student version* *Student version* *Student version* *Stud

lent version*

Column web in compression (Fc,wc,Rd) 149.47
Beam flange in compression (Fc,fb,Rd)

298.94

kN
kN

data

*Student version* *Student version* *Student version* *Student version* *Stud

lent version*

Column web in shear (Vwp,Rd)

Fc,h,Rd

837.21

Column web in compression (Fc,wc,Rd) 149.47

149.47

2.2. Determination of Mj ,Rd

row ‘ h[mm] ‘ Ft[kN]

1 622.00 149.47
2 512.00 0.00
3 402.00 0.00
4 292.00 0.00
5 162.00 0.00
6 62.00 0.00

Mj,Rd = 92.97 kNm

data |

Mj,Rd 119.43 kNm
MEd -20.87 kNm

*Student version* *Student version* *Student version*

*Student version* *Student version* ¥Student version*

3. Design shear resistance VRd

VRd =1034.20 kN

4. Stiffness calculation

2.3.Determination of Mj ,Rd for compressed haunch at beam



4.1. Design rotational stiffness

Sj data |
*Student version* *Student version* *Student version*
Sj 111.74 MNmvrad
Sj,ini 144.68 MNm/rad
z 622.00 mm
mu 1.29
k1 39.36 mm
k2 -
keq 1.87 mm

4.2. Stiffness classification

Not applicable

4.3 Check of stiffness requirement

Not applicable

4.4 Ductility classification
The failure mode is not situated in the column shear zone.
In the endplate we have the following :

t <= 0.36 sqrt(fub/fy) d
This results in a ductile classification for ductility : class 1.

5. Unity che

cks

Unity checks
*Student version* *Student version* *Student version*

MSd/MjRd 0.73
VSd/VRd 0.06
Unity check M/MRd + N/Nrd 0.82
The connection satisfies.
6. De sign calculations
data \
*Student version* *Student version* *Student version*
af 8.00 mm
aw 6.00 mm
Minimum th 3.93 mm
MNm
01008
00500
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00500 /
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= g g g = = =g g g
= = = = = = = = =

tad
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2 = g 2 g g 2 g = g
= =1 =1 = =1 =1 = =1 = =1
Type Name Bolts
Internal bolts distance [mm] 100
External bolts distance [mm] 80
Selected bolt assembly M27 - 10.9
Length [mm] 70
1.Location [mm] 650
2.Location [mm] 540
3.Location [mm] 430
4.Location [mm] 320
5.Location [mm] 190
6.Location [mm] 90
Bolt pattern 2 bolts/row
Bolt assembly Bolt assembly
M27 - 109
M27 - DIN 6914
M27 DIN 6916
M27 - DIN 6915
v
v
10
10.9
1000,0
Normal
200
Bolts Type Name Bore Diameter Head Diagonal Head Gross Tensile Diameter
Name hole required diameter head height cross-section stress [mm]
[mm] for bolt [mm] diameter [mm] area area
key [mm] [mm?] [mm?]
[mm]
*Student version* *Student version* *Student version* *Student versior* *Student version* *Student version'* *
Bolts M27 - 30 120 46 51 17 573 459 27
DIN
6914
Nut Type Name Nut
Name M27 - DIN 6915
Diameter [mm] 46
Diagonal diameter [mm] 51
Height [mm] 22
Washer Type Name Washer
Name M27 - DIN 6916
Internal diameter [mm] 28
External diameter [mm] 50
Thickness [mm] 5




Name End8

Material S 355

Thickness[mm] 12

Top [mm] 0

Bottom [mm] 20

Left [mm] 50

Right [mm] 50

Width [mm] 300

Height [mm] 740

Type Name Name Type Input type Height | Thickness Angle
‘ ‘ ‘ [m] ‘ [m] ‘ [deg]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

acbiangho Eredgaunelyt | Plate

|Height x angle | 0,220 ] 0,010 | 60,00

Haunch underPlate |

*Student version* *Student version* *Student version* *S
he 201.37 mm
lc 500.00 mm
tw 10.00 mm
weld awc 3.00 mm

Partial safety factors |
*Student version* *Student version*

*Student version*

Gamma MO0
Gamma M1
Gamma M2
Gamma M3

1.00
1.00
1.25
1.25

1.Internal forces

NCI |
*Student version* *Student version*
N -16.77 kN
Vz -69.85 kN
My -75.46 | kNm

Tension top

2. Design moment resistance MRd

2.1. Design resistance of basic components

For individual bolt row :
Bt,Rd= 330.48 kN

row ‘ (Ft,fc,Rd) ‘ Ft,ep,Rd

udent version*

*Student version* *Student version* *Student version*
1 401.99 321.20
2 201.00 321.20
3 201.00 321.20
4 201.00 321.20
5 201.00 321.20
6 401.99 321.20
Nj,Rd = 149.47 kN
data \

*Student version* *Student version* *Student version* *Student version* *Stud

Column web in compression
Beam flange in compression

(Fc,wc,Rd) ‘ 149.47
(Fe,bRd) | 298.94

kN
kN

data

*Student version* *Student version* *Student version* *Student version* *Stud

Column web in compression
Fc,h,Rd

Column web in shear (Vwp,Rd) 837.21

(Fc,we,Rd) 149.47
149.47

kN
kN

kN

2.2. Determination of Mj ,

Rd

row | h[mm] [ Ft[kN]

*Student version* *Student version*
1 |622.00 | 149.47

*Student version* *Student version*

f*Student version*

f*Student version*

lent version*

lent version*

*Student version*



row | h[mm] [ Ft[kN]
*Student version* *Student version* *Student version*
2 512.00 0.00
3 402.00 0.00
4 292.00 0.00
5 162.00 0.00
6 62.00 0.00

Mj,Rd = 92.97 kNm
2.3.Determination of Mj ,Rd for compressed haunch at beam

data |
*Student version* *Student version* ¥Student version*

MjRd |11943 |KNm
MEd 16.66 kNm

3. Design shear resistance VRd

VRd =1034.20 kN

4. Stiffness calculation

4.1. Design rotational stiffness

Sj data |
*Student version* *Student version* *Student yversion*
Sj 85.41 MNmv/rad
Sj,ini 145.31 MNmv/rad
z 622.00 mm
mu 1.70
k1 43.55 mm
k2 -
keq 1.87 mm

4.2. Stiffness classification

Not applicable.

4.3 Check of stiffness requirement

Not applicable.

4.4 Ductility classification

The failure mode is not situated in the column shear zone.
In the endplate we have the following :

t <= 0.36 sqrt(fub/fy) d

This results in a ductile classification for ductility : class 1.

5. Unity checks

Unity checks
*Student version* *Student version* *Student version*

MSd/MjRd 0.81
VSd/VRd 0.07
Unity check M/MRd + N/Nrd 0.92
The connection satisfies.

6. De sign calculations

data \
*Student version* *Student version* *Student version*
af 8.00 mm
aw 6.00 mm

Minimum th 3.93 mm
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*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

Spoj 4
N9
Frame bolted
Knee
Name CrossSection ‘Length Shape Beg. node | End node Type FEM type Layer
[m]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
B12 CS9 - Zunaniji stebri - | 3,000 |Line N5 N9 column (100)|standard |Z steber
HEA280
B7 CS5 - streha - IPE500| 5,000 |Line N9 N10 beam (80) standard |preCke
Type Name Bolts
Internal bolts distance [mm] 100
External bolts distance [mm] 80
Selected bolt assembly M27 - 10.9
Length [mm] 70
1.Location [mm] 650
2.Location [mm] 540

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*



3.Location [mm]

430

4.Location [mm] 320
5.Location [mm] 190
6.Location [mm] 90
Bolt pattern 2 bolts/row
Bolt assembly Bolt assembly
M27 - 109
M27 - DIN 6914
M27 - DIN 6916
M27 - DIN 6915
v
v
10
10.9
1000,0
Normal
200
Bolts Type Name Bore Diameter Head Diagonal Head Gross Tensile Diameter
Name hole required diameter head height cross-section stress [mm]
[mm] for bolt [mm] diameter [mm] area area
key [mm] [mm?] [mm?]
[mm]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *
Bolts M27 - 30 120 46 51 17 573 459 27
DIN
6914
Nut Type Name Nut
Name M27 - DIN 6915
Diameter [mm] 46
Diagonal diameter [mm] 51
Height [mm] 22
Washer Type Name Washer
Name M27 - DIN 6916
Internal diameter [mm] 28
External diameter [mm] 50
Thickness [mm] 5
Name End9
Material S 355
Thickness[mm] 12
Top [mm] 0
Bottom [mm] 20
Left [mm] 40
Right [mm] 40
Width [mm] 280
Height [mm] 740
Name Sti7
Material S 355
Decrease [mm] 1
Thickness[mm] 10
*Student version* *Student version* *Student version*
Name Stig
Material S 355
Decrease [mm] 1
Thickness[mm] 10
Type Name Name Type Input type Height | Thickness | Angle
[m] [m] [deg]

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version**Student version*

eight x angle | 0,220] 0,010 60,00

CAdHRIRRh | CadHaunch it i
Name Web doubler3
Thickness[mm] 6
Material S 355
Size of web doubler Large
Type of web doubler Double
Width [mm] 196
Height [mm] 822

According to EN 1993-1-8

Haunch underPlate |

*Student version* *Student versio‘n* *Student version* *Sl
201.37

*Student version* *Student version* *Student version* *§

he

mm

udent version*

fudent version*

udent version*



Haunch underPlate |
*Student version* *Student version* *Student version* *Student version*

lc 500.00 mm
tw 10.00 mm
weld awc 3.00 mm

Partial safety factors |
*Student version* *Student version* *Student version*

Gamma MO 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

1.Internal forces

NCI |
*Student version* *Student version™®
N -16.74 kN
vz 48.44 kN
My -21.91 kNm

Tension top

2. Design moment resistance MRd

2.1. Design resistance of basic components
For individual bolt row :
Bt,Rd= 330.48 kN

row | (Ftfc,Rd) | Ftep,Rd
*Student version* *Student version* *Student version*
1 249.54 321.20
2 249.54 321.20
3 249.54 321.20
4 249.54 321.20
5 249.54 321.20
6 249.54 321.20
Nj,Rd = 149.47 kN
data \

*Student version* *Student version* *Student version* *

Column web in compression (Fc,wc,Rd) 1
Beam flange in compression (Fc,fb,Rd) 2

data \
*Student version* *Student version* *Student version* *

Column web in shear (Vwp,Rd)
Column web in compression (Fc,wc,Rd)
Fc,h,Rd 1

—

2.2. Determination of Mj ,Rd

row | h[mm] | Ft[kN]
*Student version* *Student version* *Student version*

1 622.00 149.47
2 512.00 0.00
3 402.00 0.00
4 292.00 0.00
5 162.00 0.00
6 62.00 0.00

Mj,Rd = 92.97 kNm
2.3.Determination of Mj ,Rd for compre

data |
*Student version* *Student version* ¥Student version*

Mj,Rd 119.43 kNm
MEd 15.62 kNm

3. Design shear resistance VRd

VRd =1034.20 kN

4. Stiffness calculation



4.1. Design rotational stiffness

Sj data |
*Student version* *Student version* *Student version*
Sj 91.28 MNm/rad
Sj,ini 91.28 MNm/rad
z 622.00 mm
mu 1.00
k1 2.90 mm
k2 -
keq 1.83 mm

4.2. Stiffness classification

Not applicable.

4.3 Check of stiffness requirement

Not applicable.

4.4 Ductility classification

The failure mode is not situated in the column shear zone.
In the endplate we have the following :

t <= 0.36 sqrt(fub/fy) d

This results in a ductile classification for ductility : class 1.

5. Unity checks

Unity checks
*Student version* *Student version* *Student version*

MSd/MjRd 0.24
VSd/VRd 0.05
Unity check M/MRd + N/Nrd 0.35
The connection satisfies.

6. De sign calculations

data \
*Student version* *Student version* *Student version*

af 8.00 mm
aw 6.00 mm
Minimum _th 3.93 mm

MNm
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*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
Spoj 5
N292
Grid pinned
Grid
Name | CrossSection

Beg. node | End node

Type

Length Shape
[m]

FEM type ‘ Layer

*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*

B24 CS2 - IPE330| 5,000 |Line N19 N20 beam (80) |standard |preCke

B508 |CS3 - IPE270| 5,000 |Line N295 N292 beam (80) |standard |sek pre¢

B505 |CS3 - IPE270| 5,000 |Line N292 N289 beam (80) |standard |sek pre¢

Bolts

Bol

Ml16 - 10.9
32
32
36
36
1
3

Bolt assembly

Ml16 - 10.9

Ml16 - DIN 6914

M16 - DIN 6916

M16 - DIN 6915

v

v

10

10.9

1000,0
Normal

200



Type Name Name Bore hole Diameter required for bolt key Head diameter Diagonal head diameter Head Gross Tensile Diameter
[mm] [mm] [mm] [mm] height | cross-section | stress area [mm]
[mm] area [mm?]
[mm?]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
Bolts M16 - 18 80 27 30 10 201 157 16
DIN.
Type Name 6Yqme Bore hole Diameter required for bolt key Head diameter Diagonal head diameter Head [Gross cross-se ffon Tensile Diameter
fmm frrm fmm fmmt trefght area tress fmm
[mm] [mm?] area
[mm?]
*Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version* *Student version*
Bolts M16 - 18 80 27 30 10 201 157 16
DIN
6914
Type Name Washer
Name M16 - DIN 6916
Internal diameter [mm] 17
External diameter [mm] 30
Thickness [mm] 4
Type Name Pinned plate
Name Pin
Material S 355
Thickness[mm] 6
B [mm] 72
H [mm] 180
P [mm] 30
Distance between 2 connected profiles. [mm)] 5
Number of plates 2

The limit capacities are according to EN 1993-1-8

Partial safety factors |
*Student version* *Student version* *Student version*

Gamma MO0 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

1.Internal forces

NC2 |
*Student version* *Student version*

N 0.67 KN
vz -60.24  |kN
My -0.00 kNm

2. Design shear resistance

data ‘
*Student version* *Student version* *Student version* *Student version*

VRd connection element 314.26 kN
VRd beam 299.75 kN
VRd for bolts in beam web 137.24 kN
VRd shear block 166.87 kN
VRd shear block 316.83 kN

3, Design tension/compression resistance NRd

data [
*Student version* *Student version* *Student version* *Student version*

NRd connection element 606.17 kN
NRd beam 1078.65 kN
NRd column web 72.40 kN

4. Unity checks

Unity checks |
*Student version* *Student versionf

NSd/NRd 0.01
The connection satisfies.
5. Weldsize calculation

VSd/VRd ‘ 0.44




data \
*Student version* *Student version* *Student versior|*

Weldsize plate/column [ 3.00 | mm
Bolts

Boll

M16 - 109

36
36
36
36
1
3
Bolt assembly
Ml6 - 109
M16 - DIN 6914
M16 - DIN 6916
M16 - DIN 6915
v
v
10
10.9
1000,0
Normal
200
Type Name Name Bore hole Diameter required for bolt key Head diameter Diagonal head diameter Head Gross Tensile Diameter
[mm] [mm] [mm] [mm] height cross-section stress area [mm]
[mm] area [mm?]

*Student version* *Student version* *Student version* *Student version* *Student version*

*Student version* *Student

[mm?]

version* *Student version

* *Student version* *Studgnt version*

*Student version* *Student version* *Student version* *Student version* *Student version*

*Student version* *Student

version* *Student version* *St

Bolts M16 - 18 80 27 30 10 201 157 16
DIN
6914
Type Name Name Bore hole Diameter required for bolt key Head diameter Diagonal head diameter Head IGross cross-section Tensile Diameter
[mm] [mm] [mm] [mm] height area stress [mm]
[mm] [mm?] area
[mm?]

udent version* *Student version*

Bolts M16 - 18 80 27 30 10 201 157 16
DIN
6914
Type Name Washer
Name M16 - DIN 6916
Internal diameter [mm] 17
External diameter [mm] 30
Thickness [mm] 4
Type Name Pinned plate
Name Pin1
Material S 355
Thickness[mm] 6
B [mm] 72
H [mm] 180
P [mm] 30
Distance between 2 connected profiles. [mm] 5
Number of plates 2

The limit capacities are according to EN 1993-1-8

Partial safety factors |
*Student version* *Student version* *Student version*

Gamma MO0 1.00
Gamma M1 1.00
Gamma M2 1.25
Gamma M3 1.25

1.Internal forces

NC2 |
*Student version* *Student version*
N 0.59 ‘kN
Vz 60.24 kN

*Student version* *Student version*




NC2 |

*Student version* *Student version*
My  [-0.00 |kNm

2. Design shear resistance

data

*Student version* *Student version* *Student version* *Student version*

VRd connection element
VRd beam

VRd for bolts in beam web
VRd shear block

VRd shear block

314.26
299.75
120.67
136.42
307.00

data [

*Student version* *Student version* *Student version* *Stud

NRd connection element 606.17
NRd beam 1078.65
NRd column web 72.40

kN
kN
kN

4. Unity checks

Unity checks |
*Student version* *Student version¥

VSd/VRd 0.50
NSd/NRd ‘ 0.01
The connection satisfies.
5. Weldsize calculation

data \

*Student version* *Student version* *Student versiorf*

Weldsize plate/column | 3.00

| mm

3, Design tension/compression resistance NRd

lent version*
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