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Izvlecek
Za delovni objekt smo si izbrali ze obstojeo jekleno konstrukcijo Stirinadstropne
vecnamenske stavbe, katere stati¢ni izraun je bil opravljen Se po standardih JUS. V okviru
diplomske naloge smo izdelali stati¢ni izracun jeklene konstrukcije po evropskih standardih,
ki so uradno veljavni predpisi v Sloveniji.
Na osnovi predpisane arhitekture smo z racunalniskim programom za risanje inzenirskih
nacrtov AutoCAD narisali nacrte glavnih prerezov in detajlov nosilne konstrukcije ter opravili
staticni izracun jeklene konstrukcije. Slednji obsega staticno in dinami¢no analizo, temeljenje
ter seznam materialov uporabljenih v konstrukciji. Za staticni sistem smo si izbrali togi
prostorski okvir, ki smo ga obravnavali kot ravninskega loceno v dveh pravokotnih smereh (X
in Y), z uposStevanjem medsebojnega vpliva. Obtezbe smo dolocili v skladu s predstandardom
ENV 1991. Medetazno konstrukcijo smo projektirali v skladu s predstandardom ENV 1994.
Nosilnost temeljnih tal smo izracunali po predstandardu ENV 1997. Staticno analizo smo
naredili s pomocjo programskega orodja ESA Prima-Win. UpoStevali smo zacetno
nepopolnost konstrukcije ter preverili pomike in reakcije, ki so bili rezultat programa. S
pomocjo programskega orodja ESA Prima-Win smo opravili tudi dinami¢no analizo po teoriji

I1. reda.
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Abstract

Our object of treatment was the existing steel frame construction of four-storey multipurpose
building, for which static calculation was carried out according to the JUS standards. In the
framework of the thesis we carried out a static calculation of steel frame construction
according to the European standards, officially in force in the Republic of Slovenia.

On the basis of the prescribed architecture and with the help of the computer programme for
drawing of engineering designs AutoCAD we drew the designs of the main profiles and
details of the support frame and carried out a static calculation of the steel frame construction.
The latter encompasses static and dynamic analysis, foundation and a list of used material in
the structure. A rigid spatial frame was chosen for the static system, which was handled as
plane and separately in two right-angled directions (X and Y), by taking into account
reciprocal influence. Load was determined in accordance with the pre-standard ENV 1991.
Structure between storeys was designed in accordance with the pre-standard ENV 1994. The
carrying capacity of the ground was calculated according to the pre-standard ENV 1997.
Static analysis was carried out with the help of software ESA Prima-Win. The initial
imperfection of the construction was taken into account and we also reviewed the movements
and reactions resulting from the programme. Through the software ESA Prima-Win we also

carried out a dynamic analysis according to the 2nd order theory.



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi. VI
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbeniitvo, Konstrukcijska smer

ZAHVALA

Za pomo¢ pri nastajanju diplomske naloge se iskreno zahvaljujem mentorju prof. dr. J.
Korelcu in somentorju asist. dr. P. Skuberju. Hvala tudi vsem na katedri, ki so mi omogocili
prijetno delovno vzdusje.

Zahvalil bi se tudi svojima starSema, ki sta mi skozi vsa leta Studija nudila pomo¢ in mi

pomagala vsak dan narediti lepsi.



Ognjanovi¢, M. 2006. Projekt vecnamenske stavbe v jekleni izvedbi.

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

VI

KAZALO VSEBINE

1 UvOoD

1.1 Namen naloge

1.2 Opis obstojecega stanja

1.3 Opis konstrukcije obravnavane v diplomski nalogi
14 Primerjava diplomskega dela z obstoje¢im stanjem
2 TEHNICNO POROCILO

3 GLOBALNA ANALIZA

3.1 Zasnova

3.2 Obtezba

3.2.1 Lastna in stalna obteZba

3.2.2 Spremenljiva obtezba

33 Stati¢na analiza

3.3.1 Zunanji precni okvir

3.3.2 Notranji precni okvir

4 DINAMICNA ANALIZA

4.1 Dinamicna analiza v pre¢ni smeri (Okvir A)

4.2 Dinamicna analiza v pre¢ni smeri (Okvir N)

4.3 Dinamic¢na analiza v prec¢ni smeri (Okvir B — H)
4.4 Dinamic¢na analiza v prec¢ni smeri (Okvir M)

4.5 Dinamicna analiza v pre¢ni smeri (Okvir J)

4.6 Dinamicna analiza v pre¢ni smeri (Okvir L)

4.7 Dinamicna analiza v pre¢ni smeri (Okvir K)

4.8 Rezultati dobljeni s programom ESA — Prima Win (precni okvirji)
4.9 Dinamic¢na analiza v vzdolZni smeri (Objekt A)
4.10 Dinamicna analiza v vzdolZni smeri (Objekt B)
4.11 Posebna pravila za momentne okvirje

N W = e e

10
10
11
11
12
22
22
28

39
39
42
44
47
49
51
53
56
70
73
75



Ognjanovi¢, M. 2006. Projekt vecnamenske stavbe v jekleni izvedbi.
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbeniitvo, Konstrukcijska smer

VIII

5.1
5.2
5.3

6.1
6.2
6.3
6.4
6.5
6.6
6.7

7.1
7.2

8.1
8.2

9.1
9.2
9.3
9.4

10

10.1
10.2
10.3

SEKUNDARNA KONSTRUKCIJA
Stresne lege
Horizontalno zavetrovanje

Vertikalno zavetrovanje

MEDETAZNA KONSTRUKCIJA
Zasnova

AB plosca

Obtezba

Faza montaze

Sovprezno stanje

Mozniki

StriZna armatura

FASADNA PODKONSTRUKCIJA
Stranska fasada

Celna fasada

SPOJ STEBRA NA TEMELJ
Projektne vrednosti notranjih sil Er 4 v priklju¢ku na temelj

Projektne vrednosti notranjih sil Er 4 v temeljih

OCENA NOSILNOSTI TEMELJNIH TAL
Zasnova

Obtezba

Racun nosilnosti temeljnih tal

Dimenzioniranje temelja

RACUN ZNACILNIH SPOJEV
Clenkasti spoj sekundarnega nosilca na primarni nosilec
Prikljucek stebra na temelj

Momentni spoj primarnega nosilca na steber precnega okvirja

81
81
83
87

100
100
100
102
103
105
108
109

111
111
113

117
117
119

121
121
121
121
123

124
124
127
131



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi. IX
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbeniitvo, Konstrukcijska smer

10.4 Stik diagonale s stebrom 136
11 STOPNISCE 139
11.1 Geometrija 139
11.2 Zasnova 140
11.3 Obtezba 141
114 Obtezna kombinacija 141
11.5 Rezultati dobljeni s programom ESA — Prima Win 141
11.4 Racun nosilnosti elementov stopnisc¢a 143
11 IZVLECEK MATERIALA 145
12 ZAKLJUCEK 146
VIRI 148
PRILOGE

Priloga A: Tloris objekta

Priloga B: VzdolZni prerez objekta z diagonalami

Priloga C: Precni prerez 1

Priloga D: Precni prerez 2

Priloga E: Precni prerez 3

Priloga F: Clenkasti spoj sekundarnega nosilca na primarni nosilec
Priloga G: Prikljucek stebra na temelj

Priloga H: Momentni spoj primarnega nosilca in stebra preénega okvirja

Priloga I: Stik diagonale s stebrom



Ognjanovi¢, M. 2006. Projekt vecnamenske stavbe v jekleni izvedbi.
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbeniitvo, Konstrukcijska smer

KAZALO PREGLEDNIC

Preglednica 1: Primerjava porabe materialov
Preglednica 2: Koristna obtezba

Preglednica 3: Prerezi diagonal po etazah (Objekt A)
Preglednica 4: Prerezi diagonal po etaZzah (Objekt B)
Preglednica 5: Izvlecek materiala

Preglednica 6: Primerjava porabe materialov

12
90
92
145
146



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi. XI
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbeniitvo, Konstrukcijska smer

KAZALO SLIK

Slika 1: Zasnova 10
Slika 2: Veter (Pre¢na smer) 14
Slika 3: Veter (Vzdolzna smer) 14
Slika 4: Racunski model (Okvir A, N) 22
Slika 5: Obtezne sheme (Okvir A) 23
Slika 6: Obtezne sheme (Okvir N) 24
Slika 7: Racunski model (Okvir B-H, I, J, L, M, K) 28
Slika 8: Obtezne sheme (Okvir B-H) 29
Slika 9: Obtezne sheme (Okvir M) 30
Slika 10: Obtezne sheme (Okvir J) 31
Slika 11: Obtezne sheme (Okvir L) 32
Slika 12: Obtezne sheme (Okvir K) 33
Slika 13: Precka p; 34
Slika 14: Precka p, 34
Slika 15: Torzijski u¢inek 40
Slika 16: Zasnova streSnih leg 81
Slika 17: Bo¢no podpiranje nosilca pre¢nega okvirja 82
Slika 18: Zasnova horizontalnega zavetrovanja 83
Slika 19: Rac¢unski model horizontalnega zavetrovanja 83
Slika 20: Zasnova vertikalnega zavetrovanja 87
Slika 21: Zasnova medetazne konstrukcije 100
Slika 22: Prerez v polju 103
Slika 23: Strizna armatura 107
Slika 24: Stranska fasada 111
Slika 25: Celna fasada 114
Slika 26: Zasnova temelja 121
Slika 26: Dimenzioniranje temelja 123

Slika 27: Geometrija stopnisca 139



Ognjanovié¢, M. 2006. Projekt vecnamenske stavbe v jekleni izvedbi. 1
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

1 UVOD

1.1 Namen naloge

Celeiapark Celje je ze obstoje¢ nakupovalno poslovni objekt, katerega jeklena konstrukcija je
bila izracunana po standardih JUS. Namen diplomske naloge je bil staticni izraun jeklene
konstrukcije po evropskih standardih EVROKOD, ki upostevajo vecje varnostne faktorje,
zaradi Cesar je konstrukcija iz staticnega vidika varnejSa. Analiza konstrukcije je bila
opravljena po elasticni analizi II. reda z upoStevanjem zacetnih geometrijskih nepopolnosti
konstrukcije. Za izracun notranjih stati¢nih koli¢in in dimenzioniranje elementov konstrukcije

smo uporabili programsko orodje ESA-Prima Win.

1.2 Opis obstojecega stanja

Stati¢ni sistem konstrukcije je tog prostorski okvir, ki je obravnavan kot ravninski v obeh
glavnih smereh (X in Y) z upoStevanjem medsebojnega vpliva. V smeri X so momentni,
neojacani in nepomicni glavni okvirji. Razmak med njimi je 6.8m, prikljucki v okvir so togi,
na zacetnem in kon¢nem delu konstrukcije pa sta AB steni debeline 30cm. Ker objekt ni
simetricne oblike, so momentni okvirji razli¢nih oblik. Pravokotno na glavne okvirje so
prikljucene grede v betonski izvedbi, ki skupaj s stebri predstavljajo stiri sekundarne okvirje.
Le-ti se med montazo povezejo z nateznimi diagonalami, ki se jih odstrani, ko beton doseze
zahtevano trdnost. Nosilni sistem objekta je meSana konstrukcija, grajena iz jekla in betona.
Objekt ima 30 cm debelo betonsko jedro trapezoidne oblike.

Strop je sovprezen, sestavljen iz valjanih preck H prereza in armirane betonske plosc¢e. V
vzdolZni smeri prevzemajo upogibne momente betonski nosilci. V prec¢ni smeri je strop
kontinuiran. Prikljucek jeklene precke na steber je v togi izvedbi. Mozniki, ki zagotavljajo
sovpreznost, so razporejeni po celotni dolzini preck. Stebri so prikljuceni na temelje preko
sidrnih vijakov in podlozne jeklene plocevine. Prikljucek preprecuje pomike in rotacijo okoli
mocne osl.

Izbrani material stebrov in preck je jeklo kvalitete S235 JR, oziroma za posamezne elemente
S355 JO. Medetazna plosca je armirana z rebrasto in mrezno armaturo RA400/500 in
MAS500/560. Betoni uporabljeni v konstrukciji so kvalitete MB20 — MB40. Vsi prikljucki so
vijac¢eni. Kvaliteta vijakov je 10.9, zvari pa so prve kategorije. Racun prikljuckov je izvedlo

podjetje TRIMO Trebnje.
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Obtezba je sestavljena iz lastne in stalne obtezbe ter spremenljive obtezbe. Slednja je
razdeljena na horizontalno in vertikalno koristno obtezbo po veljavnih standardih in predpisih,
oziroma posamezne vecje vertikalne koristne obtezbe podane s strani investitorja.

Stati¢na analiza je narejena po standardih JUS, ki so v Sloveniji Se veljavni. Za stebre so
izbrani valjani H profili HEB450 in HEA450 po celotni konstrukceiji, razen pri podpiranju
mansarde, kjer so uporabljeni stebri HEA200. Za precke so izbrani valjani nosilci H prereza
HEAA450, z izjemo stre$nih leg pri mansardi, kjer so profili HEA200. Racunska obremenitev
za stati¢no analizo je opravljena z racunalniskim programom Okvir.

Dinamicna analiza nosilne konstrukcije je narejena v skladu s predpisi JUS. Objekt stoji v
VII. potresnem obmocju, prav tako pa je objekt preverjen na horizontalno obtezbo z vetrom I.
obmocja in temperaturno razliko +20°C.

Montazna fasada je viseCa, neprezracevana in toplotno izolirana ter s sidri priklju¢ena na
nosilno konstrukcijo. Zunanja povrsina je steklena, razen na delih, kjer je betonska stena.
Streha je toplotno izolirana in vodotesna. Nad tretjim nadstropjem je streha ravna in pohodna,
nad mansardo pa nepohodna. Stopnice so troramne v betonski izvedbi. Podest je betonska
plosca, ki je vpeta v betonsko steno. Stavba ima dve dvigali, eno za obiskovalce, drugo pa za
potrebe oskrbe objekta. Na zunanji strani objekta je Se pozarno stopnisce v jekleni izvedbi, ki
je od stavbe loceno z dilatacijo.

Stavba stoji na srednje trdnih tleh. Stebri so togo prikljuceni na temelje. Za pogoje temeljenja
in dopustno obremenitev temeljnih tal je upoStevano geotehni¢no porocilo o pogojih
temeljenja, ki ga je pod Stevilko 1273/2001 izdelalo podjetje INI Ljubljana.

Nosilni elementi (stebri, precke, povezje in strop) so poZarno zaSCiteni. Za vertikalne
inStalacijske vode so izvedeni jaski. Horizontalni vodi pa potekajo pod stropnimi nosilci in so
skriti pod vise¢im stropom. Po potrebi lahko potekajo napeljave skozi ojacane odprtine v
stojini nosilcev. Prezracevanje poteka preko prezracevalnih kanalov, ki so speljani po zgoraj
omenjenih poteh. Zvocna izolacija med etazami je debelina betonske plosce in 2.5cm trdega
Tervola. Zvocna izolacija stopnis¢a je v enaki izvedbi. ZasCita jeklenih elementov pred
rjavenjem je dosezena s protikorozijskim premazom. Nobeden od jeklenih delov konstrukcije

ni neposredno izpostavljen vremenskim vplivom.
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1.3 Opis konstrukcije obravnavane v diplomski nalogi

Staticni sistem konstrukcije predstavlja tog prostorski okvir, ki smo ga obravnavali kot
ravninskega v obeh glavnih smereh (X in Y) z upostevanjem medsebojnega vpliva. V smeri X
so momentni, neojacani in nepomicni glavni okvirji. Objekt smo sestavili iz trinajstih
momentnih okvirjev, ki smo jih razporedili na vsakih 6m, razen na mestu, kjer objekt
spremeni smer. Tam smo locili objekt na dva dela z dilatacijo. Objekt A je simetricen, dolZine
48m v vzdolZni smeri in 15.5m v precni smeri. Objekt B je nesimetricne oblike, potek
okvirjev pa je razviden iz zasnove pod tocko 3.1. Pri obeh objektih smo uporabili toge
prikljucke v okvir. Pravokotno na glavne okvirje smo prikljucili prostovrtljive precke, ki
skupaj s stebri predstavljajo Stiri pomicne sekundarne okvirje, ki smo jih povezali z nateznimi
diagonalami razli¢nih prerezov.

Sovprezen strop smo sestavili iz valjanih preck I prereza in armirane betonske plosce. V
vzdolzni smeri so sovprezne precke prostolezeci nosilci. Strop v smeri y je dilatiran, da smo
zagotovili prosto vrtljivost prikljuckov preck na valjane stebre H prereza. Horizontalno togost
prereza smo dosegli z vodenjem armature nad podporo. V pre¢ni smeri v oseh 1 — 4 je strop
kontinuiran. Prikljucek jeklene precke na steber je v togi izvedbi. Mozniki, ki zagotavljajo
sovpreznost, so razporejeni po celotni dolzini preck. Stebre smo prikljucili na temelje preko
sidrnih vijakov in podlozne jeklene plocevine. Prikljucek preprecuje pomike in rotacijo okoli
mocne osi. Vsi prikljucki morajo imeti po standardu 20% vecjo nosilnost od prikljucenih
elementov, sicer lahko pride do porusitve v obmocju prikljuc¢kov.

Izbrani material stebrov in preck je jeklo kvalitete S275, oziroma za posamezne elemente
S355. Medetazne stropove in pohodno streho smo armirali z rebrasto armaturo RA400/500. V
stropovih smo uporabili betone kvalitete C25/30, v temeljih pa C30/37. Vsi prikljucki so
vijaceni. Kvaliteta vijakov je 10.9, razen pri stopniScu, kjer smo uporabili vijake 5.8, zvari pa
so prve kategorije.

Obtezba je sestavljena iz lastne in stalne obtezbe ter spremenljive obtezbe. Lastno in stalno
obtezbo predstavljajo beton, jeklena konstrukcija, fasada in izolacije. Spremenljiva obtezba je
razdeljena na koristno obtezbo, obtezbo vetra in snega (1.24 kN/m?), ki ga odgitamo iz snezne
karte. Koristna obtezba in obtezba z vetrom sta doloCeni v skladu s predstandardom ENV
1991 (EC 1). Velikost pritiska vetra na dolo¢eni viSini narasc¢a linearno. Vertikalno ploskovno

obtezbo smo razdelili na linijsko obtezbo, tako da na vsak okvir pripada vsota §irine levega in
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desnega polja pravokotno na smer okvirja. Pri tem smo upostevali zacetno nepopolnost
konstrukcije v vsaki etazi.

Racunsko obremenitev za stati¢no analizo smo opravili s pomocjo programskega orodja ESA
Prima-Win. Pri globalni analizi smo obravnavali glavne okvirje v oseh A — N in sekundarne
okvirje v oseh 1 — 4. Za stebre smo si izbrali valjane H profile HEA tako, da so notranji stebri
vecjih prerezov kot zunanji. Za precke smo uporabili valjane nosilce I prereza IPE, pri cemer
imajo daljSe precke vecji prerez kot krajSe. Pri obnasanju konstrukcije med potresom je
pomembno, da dimenzioniramo precke na plasti¢no nosilnost ter da so stebri ves Cas v
elasticnem obmocju, zato smo pri globalni analizi upoStevali teorijo II. reda. Obtezne
kombinacije za mejno stanje nosilnosti in mejno stanje uporabnosti so v skladu z ENV 1993—
1-1 (EC 3). Tako smo dolocili Sest obteznih kombinacij za mejno stanje nosilnosti in dve za
mejno stanje uporabnosti z upostevanjem zacetnih geometrijskih nepopolnosti konstrukcije.
Dinamié¢no analizo nosilne konstrukcije smo naredili v skladu z ENV 1998 (EC 8). V prvem
delu dinamicne analize smo izracunali potresne sile z upostevanjem racunskega pospeska tal
(0.15ag), ki pripada VII. potresnemu obmocju, v katerem se nahaja na$§ objekt. Velikost
potresnih sil je odvisna od mase objekta, lastnega nihajnega ¢asa konstrukcije in jo dolo¢imo s
pomocjo projektnega spektra odziva. Za zmanjSanje potresnih sil smo pri momentnih okvirjih
upostevali faktor obnasanja q = 6, pri povezju pa q = 4. S tem faktorjem se upoSteva
sposobnost sipanja energije. V drugem delu dinamicne analize smo izvedli kontrole
posameznih nosilnih elementov, ki morajo zadosScati potresno varnemu projektiranju. V
primeru, da ne moremo zanemariti povecanja upogibnih momentov zaradi horizontalnih
pomikov vozlis¢, okvir razvrstimo med pomicne okvirje. Za nepomicne Stejemo okvirje, pri
katerih velja 6 <0.1. V nasem primeru imamo pomicen okvir, ki ga moramo dimenzionirati
po teoriji drugega reda ob upostevanju zacetnih geometrijskih nepopolnosti. Potresne sile so
izraCunane po teoriji prvega reda. Vpliv teorije drugega reda upostevamo tako, da notranje
sile povecamo s faktorjem ks = (1 — 0). Metodo lahko uporabljamo vse dokler velja razmerje
0<0.25.

Sovprezen strop smo izracunali v skladu s predstandardom za sovprezne konstrukcije ENV
1994 (EC 4). Racun smo razdelili na dva dela. Prvi del predstavlja fazo montaze, pri kateri sta
dve obtezni kombinaciji, ena za mejno stanje nosilnosti, druga pa za mejno stanje
uporabnosti. Pri fazi montaze smo opravili kontrole bo¢ne zvrnitve, kompaktnosti in kontrolo

pomikov. Drugi del racuna je sovprezno stanje, kjer imamo za vsako mejno stanje po eno
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obtezno kombinacijo. Potrebne kontrole pri sovpreznem stanju so kontrola upogibne
nosilnosti, izkori§c¢enosti, vertikalni strig in kontrola pomikov. Pri izra¢unu moznikov smo
predpostavili polno sovpreznost in si izbrali moznike Nelson. Izra¢unali smo Se strizno
armaturo, pri kateri je pomembno preveriti tudi nosilnost armature proti vzdolZznemu strigu.
Montazna fasada je viseCa, neprezracevana in toplotno izolirana ter s sidri prikljucena na
nosilno konstrukcijo. Zunanja povrsina fasade je v celoti steklena. Streha je toplotno izolirana
in vodotesna. Nad tretjim nadstropjem je streha ravna in pohodna, nad mansardo pa
nepohodna in sestavljena iz profilirane plocevine. Stopnice so dvoramne, narejene iz jeklenih
nosilcev [ profila, ki so z vijaki prostovrtljivo prikljueni na nosilno konstrukcijo. Pri
stopnicah smo uporabili jeklo kvalitete S235.

Izracunali smo §tiri znacilne prikljucke: c¢lenkasti spoj sekundarnega nosilca na primarni
nosilec, priklju¢ek stebra na temelj, momentni spoj primarnega nosilca in stebra precnega
okvirja ter stik diagonale s stebrom.

Stavba stoji na srednje trdnih tleh. Stebri so togo prikljuceni na tockovne temelje tlorisne
povrsine 2.5m X 2.5m in debeline 70cm. Izracun nosilnosti temeljnih tal smo naredili po
predstandardu za temeljenje ENV 1997-1 ANNEX B (EC 7) po poenostavljeni analiti¢ni
metodi.

Nosilni elementi (stebri, precke, povezje in strop) so pozarno zasciteni. StopniScni prostor je
locen od okolice s pozarno odpornimi zidovi in pozarno varnimi vrati. Material za pozarno
zaSCito je pozarno varni obrizg. Za vertikalne instalacijske vode so izvedeni jaski.
Horizontalni vodi pa potekajo pod stropnimi nosilci in so skriti pod vise¢im stropom. Po
potrebi lahko potekajo napeljave skozi ojaCane odprtine v stojini nosilcev. Prezracevanje
poteka preko prezracevalnih kanalov, ki so speljani po zgoraj omenjenih poteh. Zvocna
izolacija med etazami je debelina betonske plosc¢e in 2 cm trdega Tervola. Zvoc¢na izolacija
stopnisca je narejena iz plasticne mase, ki prekriva stopnice. Zascita jeklenih elementov pred
rjavenjem je dosezena s protikorozijskim premazom. Nobeden od jeklenih delov konstrukcije

ni neposredno izpostavljen vremenskim vplivom.



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi. 6
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

1.4 Primerjava diplomskega dela z obstojefim stanjem

Glavna razlika med izvedbama je v tem, da je pri diplomski nalogi nosilna konstrukcija v

celoti iz jekla izracunana po evropskih standardih, pri obstojecem stanju pa je nosilna

konstrukcija v meSani izvedbi (60% beton, 40% jeklo) izraCunana Se po standardih JUS.

Prednosti v celoti jeklene konstrukcije so:

enostavnejsa in cenejsa izvedba

lazja konstrukcija. Teza nosilne jeklene konstrukcije v diplomski nalogi je
289478kg, jekleni del obstojecega objekta tehta priblizno 160000kg, preostali del
nosilne konstrukcije, brez betonskih plos¢ pa priblizno 140000kg.

staticni izracun je bil narejen po standardih EVROKOD, ki veljajo po vsej Evropi
in z upostevanjem vecjih varnostnih faktorjev prispevajo k varnejsi konstrukciji

za gradnjo je potreben manjsi gradbeni prostor in manj dela se izvaja na gradbiscu

ker je izvedba hitrejsa, je objekt prej predan uporabi.

Slabost take konstrukcije je vecja obcutljivost na potresno obtezbo, ker objekt nima armiranih

betonskih sten in betonskega jedra.

Primerjava porabe materialov:

obstojeci objekt objekt v diplomski nalogi
beton 2893949kg 1921470kg
armatura 363451kg 241667kg
konstrukcijsko jeklo 145303kg 289478kg
SKUPAJ 3402703kg 2452615kg
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2 TEHNICNO POROCILO

2.1 Zasnova

Objekt je poslovna stavba, njegova nosilna konstrukcija je izvedena iz jekla. Objekt je
nepodkleten in ima prtli¢je, tri nadstropja ter mansardo. ViSina prtlija je 4.3m, viSina

nadstropij in mansarde pa 3.3m. Projekt je narejen v skladu z zahtevami Evrokoda.

2.2 Staticni sistem

Konstrukeija je prostorski okvir, ki je obravnavan kot ravninski za vsako glavno smer X in Y
posebej z upostevanjem medsebojnega vpliva. V smeri X imamo glavne okvirje, ki so
momentni, So neojacani ter nepomi¢ni. Razmak med njimi je 6m in prikljucki v okvir so togi.
V smeri Y pa so na glavni okvir prostovrtljivo prikljucene precke, ki s stebri predstavljajo Stiri
pomicne sekundarne okvirje, ki so povezani z diagonalnimi poveznimi diagonalami.
Sovprezni strop ne sodeluje pri globalni analizi. Medetazna konstrukcija in ravna streha nad
tretjim nadstropjem sta iz AB plosce, ki lezi na sovpreznih nosilcih. Streha in sovprezni strop
predstavljajo togo Sipo in zagotavljajo horizontalno togost. Streha nad Cetrtim nadstropjem pa

je nepohodna, proizvajalca Trimo.

2.3 Obtezba
Obtezba je sestavljena iz:-lastna obtezba ( streha 5. 14kN/m?; medetazna konstrukcija
4.51kN/m?; fasada 0.5kN/m?; predelne stene 0.8kN/m?)
- koristna obteZba (pisarne 3.0kN/m?; stopnice 3.0kN/m?)
-sneg (S = 1.52kN/m2)
- veter — hitrost vetra je 25m/s
- potres — racunski pospesek pri potresu je 0.15g (g = pospesek
prostega pada)

2.4 Material
Nosilna konstrukcija objekta (stebri in precke) se izvede v jeklu kvalitete S275. Armatura v
sovpreznem stropu je kvalitete S500. Medetazna plos¢a in temelji so iz armiranega betona,

kvalitete C25/30. Mozniki NELSON fy/fu=350/450kN/mm2.
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2.5 Izbrani prerezi

Nosilna konstrukcija objekta A je sestavljena iz dveh zunanjih in sedmih notranjih momentnih
okvirjev. Pri zunanjemu okvirju so zunanji stebri iz profilov HEA 260, notranji pa iz profilov
HEA 320. Notranji momenti okvir, ki je bolj obremenjen, pa je sestavljen iz zunanjih stebrov
HEA 360 in notranjih stebrov HEA 450. Precke v zunanjih poljih, dolzine 6m, so iz profilov
IPE 360, precke v notranjem polju, razpona 3.5m, pa iz profilov IPE 300. Nosilna
konstrukcija objekta B pa je sestavljena iz dveh zunanjih in dveh notranjih momentnih
okvirjev. V vzdolZzni smeri so momentni okvirji med seboj povezani s preckami profila IPE
330. Natezne diagonale, za prevzem horizontalne obtezbe v vzdolzni smeri, se z viSino
zmanjsujejo in so iz votlih cevi razli¢nih debelin. Sekundarni nosilci sovpreznega stropa so iz

profilov IPE 220.

2.6 Prikljucki

Clenkasti spoj sekundarnega nosilca na primarni nosilec je vijaden z visokovrednimi vijaki
M12 10.9 preko vezne ploCevine. Vezna ploCevina je z dvostranskim kotnim zvarom
privarjena na stojino primarnega nosilca.

Momentni spoj primarnega nosilca in stebra pre¢nega okvirja je vijaen z visokovrednimi
vijaki M20 10.9 preko &elne ploGevine. Celna plo¢evina je s &elnimi zvari pritrjena na precko.
Stebri so na mestu prikljuckov ojacani.

Prikljuéek stebra na temelj je vijacen s sidri M30 preko Gelne plogevine. Celna plogevina je
pritrjena z dvostranskim kotnim zvarom na stojino stebra in z enostranskim kotnim zvarom na
vezno plocevino, ki sta z enostranskimi kotnimi zvari pritrjeni na pasnici stebra.

Prikljucek nateznih diagonal na nosilno konstrukcijo je vijacen z visokovrednimi vijaki M33
10.9 preko vezne plocevine. Zvar med vezno plocevino in diagonalo je kotni.

Prikljucki primarnega nosilca na steber, povezja na steber in stebra na temelj so polnonosilni.

2.7 Dinamic¢na analiza

Stavba stoji v VII. potresni coni. Potresne sile so dolocene s projektnim spektrom odziva za
elasti¢no analizo, ki upoSteva disipacijo potresne energije. Konstrukcija je potresnovarno
projektirana v skladu s posebnimi pravili, ki veljajo za gradnjo jeklenih konstrukcij na
potresnih obmocjih OSIST ENV 1998. Za momentne okvirje se uposteva faktor obnasanja q =

6, za povezje pa q = 4. S tem faktorjem se uposteva sposobnost sipanja energije.
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2.8 Streha

Konstrukeijski sklop ravne, pohodne toplotno izolirane in vodotesne strehe je: drenazni sloj
[10cm], hidroizolacija, vlaknina, TI [10cm], parna zapora, izenacevalni sloj, AB plosca
[12cm], jeklen nosilec.

Nad mansardo pa imamo ravno, nepohodno streho proizvajalca Trimo.

2.9 Fasada
Objekt ima stekleno montazno fasado, ki je s pomocjo mreZze aluminijastih stebrickov in
nosilckov pritrjena na glavno nosilno konstrukcijo. Fasada je tipska, proizvajalca IMPOL-

MONTAL.

2.10 Instalacije
Vertikalne instalacije potekajo preko insStalacijskih odprtin (jaski). Horizontalne instalacije
potekajo pod viseCim stropom. Na zahtevo inStalaterja pa se horizontalni vodi lahko vodijo

preko stojin preck, katere pa je potrebno primerno ojacati.

2.11 Izdelava in montaza konstrukcijskih elementov

Pri izdelavi in montazi konstrukcijskih elementov je potrebno upostevati dolo¢ila ENV 1090-
1. S pravilnim vrstnim redom montaze je potrebno zagotoviti stabilnost konstrukcije v ¢asu
montaze. Posebno pozornost je potrebno posvetiti geometrijskim tolerancam ter izdelavi in
kontroli kvalitete zvarov. Mere v nacrtih so nominalne in jih je potrebno natan¢no dolociti
glede na dejansko geometrijo konstrukcije. Spremembe na nosilni konstrukciji so dovoljene
samo v soglasju z odgovornim projektantom. Zagotoviti je potrebno strokovni nadzor nad

izvajanjem jeklene konstrukcije. Nadzor mora opraviti strokovnjak za jeklene konstrukcije.

2.12 Protikorozijska za§¢ita stavbe
Protikorozijska zasc¢ita jeklenih elementov je izvedena s protikorozijskim premazom. Noben
jekleni del konstrukcije ni neposredno izpostavljen zunanjim vplivom vremena. Kvaliteta

premazov mora zagotavljati zadosten oprijem, kar mora biti izkazano z ustreznimi meritvami.
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3 GLOBALNA ANALIZA

3.1 Zasnova

Nosilno konstrukcijo predstavljajo jekleni okvirji, ki so razvrséeni v precni in vzdolzni smeri
kot nam kaze skica spodaj. Stavba je loCena z dilatacijo na dva objekta. Objektu A ima v
vzdolzni smeri devet okvirjev, razporejenih na vsakih Sest metrov. Pri objektu B pa je
razvidno iz slike spodaj. V precni smeri pa imamo §tiri okvirje, ki pa potekajo na razdalji 6m,
3.5m, 6m, ter okvir K. Priklju¢ki momentnih okvirjev na AB stebre so togi, prikljucki
sekundarnih okvirjev z diagonalnim centricnim povezjem pa so ¢lenkasti. Strop je sovpreZen,

sestavljen iz valjanih preck I prereza in AB plosce. Sovpreznost je zagotovljena z mozniki.

5
G
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/
\Nf
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4- B /
y 0
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3.2 Obtezba

3.2.1 Lastna in stalna obtezba

3.2.1.1 Streha (ravna)

drenazni sloj................. 10cm
hidroizolacija

vlaknina
T, 10cm

parna zapora
izenacevalni sloj
AB plosca........cceeeuene 12cm

jeklen nosilec

3.2.1.2 Streha nad mansardo (ravna)

stresna plos¢a TRIMO

stresna lega

3.2.1.3 Medetazna konstrukcija

zakljucni sloj................. lem
cementni estrih.............. 4cm
TI + spusceni strop

AB plosca..........c......... 12cm

jeklen nosilec

3.2.1.4 Fasada
fasadna plosca

fasadna podkonstrukcija

1.80kN/m?
0.07kN/m>

0.02kN/m?>
0.05kN/m>

3.00kN/m>
0.20kN/m>

Gs = 5.14kN/m’

0.30kN/m”
0.20kN/m”

Gs = 0.5kN/m?

0.01m - 25kN/m> = 0.25kN/m?
0.04m - 24kN/m> = 0.96kN/m>

0.10kN/m>
0.16m - 25kN/m> = 3.00kN/m>
0.20kN/m>

Gy = 4.51kN/m?

0.30kN/m”
0.20kN/m”

Gr = 0.50kN/m’



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi. 12
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

3.2.1.5 Predelne stene
Gps = 0.8kN/m”

3.2.2 Spremenljiva obtezba

3.2.2.1 Koristna obtezba

ENV2-1

pisarne (kategorija B)......ccccovoieiieiiiiie e qr = 3.0kN/m?
1103001 R oSS SUSUSPIN qs = 3.0kN/m*
streha (€e je pohodna)..........cceeieriieieiiicieeeeee e qst = 0.75kN/m*

a....redukeijski koeficient > 0.6

ay....redukcija glede na visino objekta, Ce je vec kot dva nadstropja

a, = M ENV2-1
n

aa.... redukeijski faktor

ar=5/7-¥o+A/A<1.0

Ao = 10m’

Yo = 0.7, razen pri kategoriji E (Wo=1.0) ENV1-1

n o |Am?)]| oa [ g (kN/m?) | gs (kKN/m?)
1 / 36 | 0.78 2.34 3.0
2 / 36 | 0.78 2.34 3.0
3 090 | 36 | 0.78 2.11 3.0
4 0,85 | 36 | 0.78 1.99 3.0

3.2.2.2 Sneg

ENV2-3

cona B....jo razberemo iz snezne karte
Sk = 1.55kN/m’

S=Sk"pi-Ce G

Wi....naklon kritine (ravna streha oz. enokapnica imata 0.8)
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C.=Ci=1.0
S=1.55-0.8-1.0-1.0=124kN/m’

3.2.2.3 Veter

SISTENV 1991 -2-4

Qref = /2 * Vief'

Vier= 25m/s....cona A = razberemo iz karte za veter

p = 1.25kg/m’....gostota zraka

1.25kg/m’
Qref = —g(

25m/s)’ = 0.39 kN/m?

3.2.2.3.1 Zunanji vpliv vetra

We = Qrer - Ce(Ze) - Cpe

We....zunanji pritisk vetra na stavbo kN/m’
Z.....kote etaz od tal navzgor

Koeficient C,

Ce....ENV 1991 — 2 — 4, slika 8.3

d...viSina stavbe

b...Sirina stavbe

hp...viSina parapeta (hp = 0.9m)

Cpe = Cpero....dejanska povrsina vedja od 10m’

Cpe = Cper....dejanska povrSina je med 1m? in 10m?



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi.
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

Precna smer:

Oo jekt A Ob jekt E
I N NZe=h
e /
g} / /// T e Vs ////
~ s V 7 7e=b J
i S // <~ |\ 11 Ze=h
C v v T //
/ a 7/ < /s /
/ /
// s/, P J / //
/
—=19,0— —=10,0—
Ce(Z.=h)=1.65 Ce(Ze=h)=1.55
Ce(Z.=b)=1.55
Vzdolzna smer:
Uo jekt A
/ / / /
T // e // o, // o/, //
/ S S s S
" S S S S A Ze=h
N~ / Va . e a . / . /
< s/, // P // P // v
‘ / / / / / Y / . / /
L / s S s S
y b=48,0 i
Ob jekt B
7 7
T / // S //
Qu v / 4
- / a a
<+ |/ . S S, /e=h
T / // 7 / //
< VS S
J / 4 / / V4 .

Objekt A
Ce(Z.=h)=1.55
Objekt B

Ce(Z.=h)=1.55
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3.2.2.3.1.1 Veter v pre¢ni smeri
Objekt A
Z.<15.5m
d IS 09<1.0
h 175
D E e=2h=35m
08 03 ENV 1991 -2 —4,stran47 D =0.8
— > @

—7——8,5—

—15,5—

- ravna streha

lo—

24

F0p 0.7

E=03
WP = 0.39kN/m” - 1.55 - 0.8 = 0.48kN/m’

WS =0.39kN/m* - 1.55 - 0.3 = 0.18kN/m’

15.5m<Z.<17.5m

e=2h=35m

ENV 1991 — 2 — 4, stran 47 F=-14
G=-09
H=-0.7

W2 = 0.39kN/m* - 1.65 - 0.8 = 0.51kN/m’
WS =0.39kN/m” - 1.65 - 0.3 = 0.19kN/m’
W[=0.39kN/m” - 1.65 - (—1.4) = —0.90kN/m’
WS = 0.39kN/m* - 1.65 - (=0.9) = —0.58kN/m’

W= 0.39kN/m” - 1.65 - (<0.7) = —0.45kN/m’
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Objekt B
Z.<14.2m
9215—'5:1.12 1.0
h 142
D E
0.8 -03 E e=b=272m
ENV 1991 — 2 — 4, stran 47 D=0.8
E=0.3

WP =0.39kN/m* - 1.55 - 0.8 = 0.48kN/m’

2,44—+—9,6—=+3,5+

e WE=0.39kN/m’ - 1.55 - 0.3 = 0.18kN/m’

- ravna streha

y . Z.<142m
o e=b=272m
NoJS
‘o ENV 1991 — 2 — 4, stran 47 F=-14
G=-0.9
s H | I - H=-0.7
T-09 -0.7| +02 o
1=+0.2
T W2 = 0.39kN/m”* - 1.55 - 0.8 = 0.48kN/m’
@© P
f 1 WS =0.39kN/m”- 1.55 - 0.3 = 0.18kN/m’
L Pdsd B 05 W, =0.39kN/m” - 1.55 - (—1.4) = —0.85kN/m’
15,5 . WS = 0.39kN/m” - 1.55 - (=0.9) = —0.54kN/m’

W= 0.39kN/m* - 1.55 - (=0.7) = —0.42kN/m’

W, =0.39kN/m” - 1.55 - (0.2) = +0.12kN/m’
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3.2.2.3.1.2 Veter v vzdolZni smeri
Objekt A
Z.<17.5m
D E
0.8 0.3, g _ 48 s
h 17.5
e=b=155m
*3,1# 12,4 * 32,5
ENV 1991 —2 -4, stran47 D =0.69
E=0.3
WP =0.39kN/m” - 1.55 - 0.69 = 0.42kN/m’
WS =0.39kN/m* - 1.55 - 0.3 = 0.18kN/m’
- ravna streha
g F Z.<17.5m
gf‘ -1.4
o d I 4 e=b=155m
N 0.8 -07 +0.2 -
L |
gg -1.4

1,554~+—6,2—* 40,25
¥ 4

ENV 1991 -2 -4, stran47 F=-1.4

G=-09
H=-0.7
[=+0.2

W = 0.39kN/m” - 1.55 - 0.69 = 0.42kN/m’
WE=0.39kN/m” - 1.55 - 0.3 = 0.18kN/m’

W, =0.39kN/m” - 1.55 - (=1.4) = —0.85kN/m’
WE = 0.39kN/m” - 1.55 - (=0.9) = —0.54kN/m’
W= 0.39kN/m* - 1.55 - (=0.7) = —0.42kN/m’

W.=0.39kN/m” - 1.55 - (0.2) = +0.12kN/m’
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F=-14
G=-09
H=-0.7
[=20.2

Objekt B
~ Z.<142m
D E g_27.2_
h 142
0.8 0.3. 1 .
T2 eb—155m

K314 24,1 .

b 27,2 &
ENV 1991 -2 -4, stran47 D =0.75

E=03

W2 = 0.39kN/m* - 1.55 - 0.75 = 0.45kN/m’
WS = 0.39kN/m* - 1.55 - 0.3 = 0.18kN/m*
- ravna streha
% = i Z.<17.5m
fT’) —14 e=b=155m
n |G H I n ENV 1991 — 2 — 4, stran 47
~ —09 -07 +0.2 iy
5P
o —1.4
a0 Iy
1,904#=+—6,2—* 19,45 A

* 27,2 &

W2 =0.39kN/m” - 1.55 - 0.69 = 0.45kN/m’
WS = 0.39kN/m* - 1.55 - 0.3 = 0.18kN/m*

W, =0.39kN/m” - 1.55 - (~1.4) = —0.85kN/m’
WS =0.39kN/m” - 1.55 - (=0.9) = —0.54kN/m’
W= 0.39kN/m* - 1.55 - (=0.7) = —0.42kN/m’

W, =0.39kN/m” - 1.55 - (£0.2) = £0.12kN/m’
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3.2.2.3.2 Notranji vpliv vetra

Wi = Grer Ce(Zi) - Cyi

Zi=Z. = CoZ) = Ce(Zc) = 1.55

Cpi = — 0.5... notranji srk

Cpi = 0.8... notranji pritisk

Pre¢na smer:

Z.<17.5m

Wi =0.39kN/m” - 1.55 - (=0.5) = —0.30kN/m? (srk)
Wi = 0.39kN/m” - 1.55 - 0.8 = 0.48kN/m” (pritisk)
15.5m<Z.<17.5m

Wi =0.39kN/m” - 1.65 - (—0.5) = —0.32kN/m” (srk)
Wi = 0.39kN/m” - 1.65 - 0.8 = 0.51kN/m? (pritisk)
VzdolZna smer:

Z.<17.5m

Wi =0.39kN/m” - 1.55 - (=0.5) = —0.30kN/m? (srk)
Wi = 0.39kN/m” - 1.55 - 0.8 = 0.48kN/m” (pritisk)

3.2.2.3.3 Notranji + zunanji vpliv vetra

3.2.2.3.3.1 Veter v prec¢ni smeri
Objekt A in B:
Srk:

W2 = 0.48kN/m” + 0.3kN/m” (0.32kN/m?) = 0.78kN/m” (0.80kN/m?)
W = 0.18kN/m* — 0.3kN/m” (0.32kN/m?) = —0.12kN/m” (=0.14kN/m?)
W/ = 0.85kN/m” — 0.3kN/m” (0.32kN/m?) = 0.55kN/m” (0.53kN/m?)
WE = 0.54kN/m* — 0.3kN/m” (0.32kN/m?) = 0.24kN/m? (0.22kN/m?)
W= 0.42kN/m” — 0.3kN/m” (0.32kN/m”) = 0.12kN/m? (0.10kN/m?)

W.=0.12kN/m” — 0.3kN/m” (0.32kN/m?) = —0.42kN/m”* (-0.44kN/m?)
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Pritisk:

W, = 0.48kN/m” — 0.48kN/m” (0.51kN/m?) = 0kN/m” (- 0.03kN/m?)
WS = 0.18kN/m* + 0.48kN/m? (0.51kN/m?) = 0.66kN/m” (0.69kN/m?)
W, = 0.85kN/m” + 0.48kN/m” (0.51kN/m?) = 1.33kN/m” (1.36kN/m?)
WS = 0.54kN/m* + 0.48kN/m” (0.51kN/m?) = 1.02kN/m”* (1.05kN/m?)
W, = 0.42kN/m* + 0.48kN/m” (0.51kN/m?) = 0.90kN/m” (0.93kN/m?)

W, = 0.12kN/m* + 0.48kN/m* (0.51kN/m?) = 0.60kN/m” (0.63kN/m?)

3.2.2.3.3.2 Veter v vzdolzni smeri [kN/mZ]
Objekt A:
Srk:

W = 0.42kN/m” + 0.3kN/m” = 0.72kN/m*
W, = 0.18kN/m” — 0.3kN/m’ = ~0.12kN/m”
W, = 0.85kN/m* — 0.3kN/m* = 0.55kN/m”
W = 0.54kN/m” — 0.3kN/m* = 0.24kN/m’
W = 0.42kN/m” — 0.3kN/m” = 0.12kN/m*
W, = 0.12kN/m’ — 0.3kN/m* = —0.42kN/m’
Pritisk:

W = 0.42kN/m” — 0.48kN/m” = — 0.06kN/m*
WS = 0.18kN/m” + 0.48kN/m” = 0.66kN/m”
W, = 0.85kN/m” + 0.48kN/m” = 1.33kN/m’
WS = 0.54kN/m” + 0.48kN/m” = 1.02kN/m*
W, = 0.42kN/m” + 0.48kN/m* = 0.90kN/m’

W, =0.12kN/m” + 0.48kN/m” = 0.60kN/m’
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Objekt B:
Srk:

WP = 0.45kN/m” + 0.3kN/m* = 0.75kN/m’
W, = 0.18kN/m” — 0.3kN/m’ = ~0.12kN/m”
W, = 0.85kN/m” — 0.3kN/m” = 0.55kN/m’
WS = 0.54kN/m” — 0.3kN/m” = 0.24kN/m’
W= 0.42kN/m* — 0.3kN/m”* = 0.12kN/m*
W, = 0.12kN/m* — 0.3kN/m* = —0.42kN/m’
Pritisk:

W2 = 0.45kN/m” — 0.48kN/m” = — 0.03kN/m’
WE=0.18kN/m” + 0.48kN/m” = 0.66kN/m’
W/ =0.85kN/m” + 0.48kN/m” = 1.33kN/m’
WS = 0.54kN/m” + 0.48kN/m” = 1.02kN/m*
W= 0.42kN/m” + 0.48kN/m” = 0.90kN/m’

W, =0.12kN/m” + 0.48kN/m” = 0.60kN/m’
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3.3 Stati¢na analiza

3.3.1 Zunanji precni okvir

3.3.1.1 Racunski model

Okvir A
—4,8—+3,5+4 8~
T
o 4
A
o 3
H D
~ O 2
~ ~x
m\
o 1
¥
™ P
< +0,
\ \ [ \
1 23 -
Okvir N

63, DF—6—

o %
o 3
Ak
i 2
o
~ m\
*
“ P
< 0.0
L AL ;‘:% >

U1
ON— N
~J— §
@0
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3.3.1.2 Obtezne sheme

Okvir A
Lastna in stalna obtezba:
WE Gl Gs™ 0.5kN/m’ - 3m = 1.5kN/m  Gg = 5.14kN/m’ - 3m = 15.42kN/m
R e Ok = 4.51kN/m’ - 3m = 13.53kN/m
VBT Gpe= 0.8kN/m’ - 3m = 2.4kN/m
VEEEEEEED 6 ) siv/m? - 3.3m = 1.65kN/m
F = 0.5kN/m” - 3m - 3.3m = 4.95kN

F; = 0.5kN/m? - 3m - 3.8m = 5.7kN

as \ Koristna obtezba:
= N S qa = 1.99kN/m” - 3m = 5.97kN/m
ge

LLLLLLLLLLLLL

Qs = 2.11kN/m* - 3m = 6.33kN/m
Q2 = 2.34kN/m” - 3m = 7.02kN/m
| q1=2.34kN/m’ - 3m = 7.02kN/m

LLLLLLLLLLLLLL

OBKN/M S g sm Veter (pritisk):

Ul mmm‘u Wpep=0-3m=0  Wp,,=0.03kN/m’ - 3m = 0.09kN/m
W = 1.36kN/m” - 3m = 4.08kN/m

Wy = 0.93kN/m” - 3m = 2.79kN/m

Wesp = 0.66kN/m” - 3m = 1.98kN/m

7 Weg=0.69kN/m? - 3m = 2.07kN/m
1 c 3 4

0.09kN/m
2.07kN/m

1.98KN/m

Veter (srk):

Wpsp = 0.78kN/m” - 3m = 2.34kN/m
Wy = 0.80kN/m” - 3m = 2.4kN/m

W = 0.53kN/m” - 3m = 1.59kN/m

Wy = 0.10kN/m” - 3m = 0.30kN/m
L L i Wy =—0.12kN/m* - 3m = — 0.36kN/m
I 23 4 Weg = — 0.14kN/m? - 3m = — 0.42kN/m

1.59KN/

=z

m
0.30kN/m

Tt

0.36kN/m  042kN/m

2.07N/m

1.98kN/m

Sneg: Qg = 1.24kN/m” - 3m = 3.72kN/m
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Okvir N
Pﬂ tGiXtGﬁi R EEEE! lP4 Lastna in stalna obtezba:
r LQMfﬂGfXJQFH¢¢¢¢H F 2
[HEEEEEEEEET Gg=5.14kN/m” - 3m = 15.42kN/m
dlscesciisesae=ila )
N S Gumk = 4.51kN/m” - 3m = 13.53kN/m
Fl S P A Fl
(EEEESEESERSES St Goe = 0.8kN/m? - 3m = 2.4kN/m
ps = 0. “3m=2.
2
m 7 7 7 Gr=0.5kN/m"” - 3.3m = 1.65kN/m

5 6 7 8 Gp=25kN/m’-0.9m - 0.2m = 4.5kN/m
Ps=25kN/m’> - 3m - 0.9m - 0.2m = 13.5kN

F = 0.5kN/m? - 3m - 3.3m = 4.95kN F; = 0.5kN/m? - 3m - 3.8m = 5.7kN
i Koristna obtezba:
q3
R qs = 0.75kN/m” - 3m = 2.25kN/m
o || q3=2.11kN/m’ - 3m = 6.33kN/m
Q2 = 2.34kN/m* - 3m = 7.02kN/m

Lol L q=2.34kN/m’ - 3m = 7.02kN/m

399WRN/E7URNM Lgon/m Y eter (pritisk):

Wp=0-3m=0
We = 1.33kN/m” - 3m = 3.99kN/m
Wy = 0.90kN/m” - 3m = 2.70kN/m
| I B W;=0.60kN/m’- 3m = 1.80kN/m
S L L5 Wg=0.66kN/m’ - 3m=1.98kN/m

1.98KkN/m

16%N/B‘3ORNM LESKN/n - Veter (srk):
E . Wp=0.78kN/m’ - 3m = 2.34kN/m
é § Wi = 0.55kN/m’ - 3m = 1.65kN/m
NE Wy = 0.10kN/m’ - 3m = 0.3kN/m
5 Wi = — 0.42kN/m” - 3m = — 1.26kN/m
S 4L 7 5 We=—0.12kN/m®- 3m=— 0.36kN/m

Sneg:  Qneg = 1.24kN/m” - 3m = 3.72kN/m
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3.3.1.3 ObteZne kombinacije

3.3.1.3.1 MSN
ZYG,J'GK,J' +YQ,1QK,1 +ZVQ,1‘V0,1QK,1
i i>1
Cl. 1.35G+1.5Q+1.5-06S+1.5-0.6W
C2. 1.35G+1.5W+1.5-0.7Q+ 1.5-0.6S
C3. 1.35G+1.58S+1.5-07Q+ 1.5-0.6W
C4. 1.0G+1.5W
C5. 1.35G + 1.5Q(8ahovnical) + 1.5 - 0.6S + 1.5 - 0.6W
C6. 1.35G + 1.5Q(8ahovnica2) + 1.5 - 0.6S + 1.5 - 0.6W

3.3.1.3.2 MSU

Z G+ Qu + Z Vo Qx,i
j

i1

C7. G+09(Q+S+W)

C8. G+W
3.3.1.3.2.1 Kontrola horizontalnih pomikov
Vecetazna zgradba: -posamezna etaza: 0i < Omax i =%
. H
-celotna viSina zgradbe: 8 < Opax=——
500

Okvir A Okvir N
01 =0.0032m < dppax 1 = 0.014m 61 =0.0024m < 51 1 = 0.014m
02 = 0.0053m < dppax 2 = 0.025m 02 =0.0036m < dppax 2 = 0.025m
03 =0.0070m < dpax 3 = 0.036m 03 = 0.0045m < dppax 3 = 0.036m
04 =0.0081m < dyax 4 = 0.047m 04 =0.0051m < 8max = 0.0235m

05 =0.0088m < dpmax = 0.029m
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3.3.1.3.2.2 Kontrola vertikalnih pomikov

L

8max S A~
250

Zunanja precka:

Okvir A
L
Omax = 0.0055m < —— =0.024m
250
Okvir N

Omax = 0.0063m < Lo 0.024m
250

3.3.1.4 Zacetna nepopolnost
Okvir A

1
b =—
°7 200

ke = (0.5+Lj = (0.5+lj =0.87<1.0
ne 4

kg = [0.2+LJ = (0.2+%} =0.64<1.0

ng

n....Stevilo stebrov etaze

n,...Stevilo etaz

Notranja precka:

Omax = 0.0022m < L. 0.014m
250

Omax = 0.0021m < L. 0.014m
250

® =0.00278

n,=4

ng=>5
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® =k kD, ® =0.00291

ke = [0.5+Lj = (0.5+1J =0.87<1.0
ne 4

kg = (o.z+ij = (0.2%) =0.67<1.0

ng
n....Stevilo stebrov etaze n, =
n;...Stevilo etaz n,=4

3.3.1.5 Dimenzioniranje
Kontrola reakcij:
Xqvi ... racun reakcij glede na podane vertikalne obtezbe.

YV ... reakcije so dobljene s programom ESA Prima Win.

Okvir A

Yqvi =XV; (ESA)

Xqvi= 135G+ 1.5Q =1.35 - (41.1kN + 1104.4kN) + 1.5 - (393.9kN)
Yqvi=2137.3kN

2V =405.5kN + 659.8kN + 661.8kN + 410.3kN = 2137.4kN

Okvir N
EqVi = ZVi (ESA)

Yqvi = 1.35G + 1.5Q = 1.35 - (58.2kN + 1130.11kN) + 1.5 - (350.6kN)

Yqvi=2130.1kN
YV;=419.1kN + 646.6kN + 646.2kN + 418.3kN = 2130.2kN
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3.3.2 Notranji prec¢ni okvir

3.3.2.1 Racunski model
OkvirB,C,D,E,F, G, H

4 843,044 8

N %
o 4
Ak
)
o 3
H oo
~ o 2
T
o 1
*T:
2\ 0.0 :
Lo ;‘:,2 > > 4

1 co 3 4
OkvirJ, L, M Okvir K
f—6—+3.0%—6—F —9.03——

>~ N By S

™ ™M

ol 3 ) 3

< S

o D ”
§ Y °
< ¥ O
T o L T o 1

I *

) P ), P

~ < 0.0
NS L > L j:W >

|
1

) — N
() — N
~
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3.3.2.2 Obtezne sheme
OkvirB,C,D,E,F, G, H

Lastna in stalna obt Koristna obt Veter (srk) Veter (pritisk)
6.3N/m
. £1.32KkN/m D L0 S . W 9.58KN/m
Z - 0= > T
e P | SE ] IERE =
Pl e [AShEN. S | = iy 2 =
G, Grs = ] ° =
| mm = am e ] Y OOR=  NUN S S—— s | e =
N = B —
Fil GG F qQz zH i =
leHHH iiiiil R A A %: G —
Gme, Gee = 1o —
B e T T S SR A i =
v v Y A % /. 7 A E”Z 7Z 7Z VZ 7 » 7 7;
| I | | I | I | | I |
1 c 3 4 1 2 3 4 1 c 3 4 1 c 3 4

Lastna in stalna obtezba:

Gs = 0.5kN/m” - 6m = 3.0kN/m

Gk = 4.51kN/m” - 6m = 27.06kN/m
Gps = 0.8kN/m” - 6m = 4.8kN/m

F = 0.5kN/m’ - 6m - 3.3m = 9.9kN
Koristna obtezba:

qs = 1.99kN/m” - 6m = 11.94kN/m

Qs = 2.11kN/m? - 6m = 12.66kN/m

Q2 = 2.34kN/m” - 6m = 14.04kN/m

qi = 2.34kN/m? - 6m = 14.04kN/m
Sneg:

Gsneg = 1.24kN/m” - 6m = 7.44kN/m
Veter (srk):

Wpsp = 0.78kN/m” - 6m = 4.68kN/m
Wiy = 0.80kN/m” - 6m = 4.80kN/m
We = 0.22kN/m” - 6m = 1.32kN/m

Wy = 0.10kN/m” - 6m = 0.60kN/m
Wesp = — 0.12kN/m” - 6m = — 0.72kN/m
Wiz =— 0.14kN/m” - 6m = — 0.84kN/m

Gg = 5.14kN/m? - 6m = 30.84kN/m

F; = 0.5kN/m? - 6m - 3.8m = 11.4kN

Veter (pritisk):

Wpep=0-6m=0

Wy = 0.03kN/m” - 6m = 0.18kN/m
W¢ = 1.05kN/m” - 6m = 6.30kN/m
Wy = 0.93kN/m” - 6m = 5.58kN/m
Wesp = 0.66kN/m” - 6m = 3.96kN/m
Wz = 0.69kN/m” - 6m = 4.14kN/m

4 14KN/m

3.96KkN/m
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Okvir M
Lastna in stalna obt Koristna obt Veter (srk): Veter (pritisk):
SIS d0n/m 360kN
‘ m 3 M
C L44KkN/n 2.52kN/m
p4l¢\bsb¢¢/b¢¢¢bb¢b¢blp4 ¢qb4bb¢¢¢b¢¢b¢\bb¢ W O‘7ERN/m W
G, Girs = =
B sEEEEEEEEaEEEnal S P ST N T R € =
Gk, Ges 2: = =i
= H=
gliEiEss Festasasal I e e = o =
o= =o
=] G, Ges ] q O = ~ Ho
|:========z====z:| e T s =
;7 7 7 7 7z K 7 74;

@)
[O)
~
co
@)
[ON
~J
00)
(@)
a
~J
Q0
@)
an
~J
0 —

Lastna in stalna obtezba:

Gs = 5.14kN/m” - 6m = 30.84kN/m

Guik = 4.51kN/m* - 6m = 27.06kN/m

Gps = 0.8kN/m” - 6m = 4.8kN/m

F =0.5kN/m” - 6m - 3.3m = 9.9kN F, = 0.5kN/m’ - 6m - 3.8m = 11.4kN
P, =25kN/m’ - 6m - 0.9m - 0.2m = 27.0kN
Koristna obtezba:

qa = 0.75kN/m” - 6m = 4.5kN/m

Qs = 2.11kN/m” - 6m = 12.66kN/m

Q2 = 2.34kN/m” - 6m = 14.04kN/m

qi = 2.34kN/m” - 6m = 14.04kN/m

Sneg:

Gsneg = 1.24kN/m” - 6m = 7.44kN/m

Veter (srk): Veter (pritisk):

Wp = 0.78kN/m” - 6m = 4.68kN/m Wp=0"-6m=0

We = 0.24kN/m” - 6m = 1.44kN/m We = 1.02kN/m* - 6m = 6.12kN/m
Wy = 0.12kN/m* - 6m = 0.72kN/m Wy = 0.90kN/m” - 6m = 5.40kN/m
Wi =—0.42kN/m” - 6m = — 2.52kN/m Wi = 0.60kN/m” - 6m = 3.60kN/m

Wi =— 0.12kN/m? - 6m = — 0.72kN/m Wi = 0.66kN/m? - 6m = 3.96kN/m
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Okvir J
Lastna in stalna obt Koristna obt Veter (srk) Veter (pritisk)
E‘OE’RNM& 70N/
‘ 1.80KN/m
0.72kN/m 126N/ WWWW n
PAI ¢Gwsvvu P\»§¢w¢\w¢w¢ lpA ¢q¢4w¢¢ Fj“f@vuv¢¢¢ 7WMMMP{%6L<N/m [II1] L
Gue,G = —
Flesenrtrerees SRl B < =
Gk, Ges |p SE = = \g
. K gy —
ettt e P T X ==
Gue, Gre|p, %E I =
ez = e e m = =l HR s NS (a0 SN = © =7
7 VA 73 VA Z 7 57/ 7 7 7; 23 745
| I | | I | | [ | | I |
1 2 3 4 1 c 3 4 1 c 3 4 1 e 3 4
Lastna in stalna obteZba:
2
Gs=5.14kN/m” - 3m = 15.42kN/m Ps = Ggs) = 45.5kN
2
GMK =4.51kN/m” - 3m = 13.53kN/m PMK = GZ(MK) =39.9kN

Gps = 0.8kN/m” - 3m = 2.4kN/m
Gps = 25kN/m’ - 0.9m - 0.2m = 4.5kN/m P4 =25kN/m’ - 3m- 0.9m - 0.2m = 13.5kN
Gr = 0.5kN/m? - 3.3m = 1.65kN/m

F = 0.5kN/m’ - 3m - 3.3m = 4.95kN F, = 0.5kN/m’ - 3m - 3.8m = 5.7kN
Koristna obtezba:

qa = 0.75kN/m’ - 3m = 2.25kN/m Pys = Qzs = 6.6kN

qs = 2.11kN/m? - 3m = 6.33kN/m Py = Qz = 18.7kN

Q2 = 2.34kN/m” - 3m = 7.02kN/m Py = Qz = 20.7kN

qi = 2.34kN/m” - 3m = 7.02kN/m P, = Qz = 20.7kN

Sneg:

Gsneg = 1.24kN/m? - 3m = 3.72kN/m Sz =10.9kN

Veter (srk): Veter (pritisk):

Wp = 0.78kN/m?* - 3m = 2.34kN/m Wp=0-3m=0

We = 0.24kN/m” - 3m = 0.72kN/m We = 1.02kN/m* - 3m = 3.06kN/m
Wy = 0.12kN/m” - 3m = 0.36kN/m Wy = 0.90kN/m” - 3m = 2.70kN/m
Wi =—0.42kN/m” - 3m = — 1.26kN/m Wi = 0.60kN/m” - 3m = 1.80kN/m

W = — 0.12kN/m? - 3m = — 0.36kN/m Wg = 0.66kN/m” - 3m = 1.98kN/m
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Okvir L
Lastna in stalna obt Koristna obt Veter (srk) Veter (pritisk)
6‘IBRN/%4DRN/ S B0k,
) ™ , m
144N/ 2.92KkN/m WWW
Pﬂ ¢¢S¢u¢¢¢¢¢P¢S¢¢¢¢ lP4 ¢q¢4w¢u¢u Pf4¢w¢ Wnamwg‘zgakN/m 1]
Gme, G H
Flreeereee a3 Pa |
R 1 o e e P c
G, Grs p > > ~
Fli‘Li‘L‘LiLiL J,MKL‘LLL\UT ge IP o § By Z
B N I B A A A P P A A 11T P o Z(U Y
Fi| s Py F1|a Py 0 - R
R EERE TR T TS /S i 3
=

\ o | Lo
> 6 /7 8 S5 6 /7 8 S5 6 /7 8 > 6 /7 8

Lastna in stalna obtezba:

Gs = 5.14kN/m’ - 6m = 30.84kN/m Ps = Gys) = 45.5kN

Guk = 4.51kN/m” - 6m = 27.06kN/m Puk = Gzovk) = 39.9kN

Gps = 0.8kN/m” - 6m = 4.8kN/m

F =0.5kN/m” - 6m - 3.3m = 9.9kN F, =0.5kN/m’ - 6m - 3.8m = 11.4kN

Py =25kN/m’ - 6m - 0.9m - 0.2m = 27.0kN

Koristna obtezba:

qa = 0.75kN/m’ - 6m = 4.5kN/m P4 = Qz4 = 6.6kN

Qs = 2.11kN/m” - 6m = 12.66kN/m Py = Qz = 18.7kN

q = 2.34kN/m” - 6m = 14.04kN/m Py = Qz =20.7kN

qi = 2.34kN/m” - 6m = 14.04kN/m Py = Qz = 20.7kN

Sneg:

Gsneg = 1.24kN/m” - 6m = 7.44kN/m Sz = 10.9kN

Veter (srk): Veter (pritisk):

Wp = 0.78kN/m” - 6m = 4.68kN/m Wp=0"-6m=0

We = 0.24kN/m” - 6m = 1.44kN/m We = 1.02kN/m* - 6m = 6.12kN/m
Wy = 0.12kN/m* - 6m = 0.72kN/m Wy = 0.90kN/m” - 6m = 5.40kN/m

Wi = — 0.42kN/m?* - 6m = — 2.52kN/m Wi = 0.60kN/m? - 6m = 3.60kN/m
Wi =— 0.12kN/m? - 6m = — 0.72kN/m Wi = 0.66kN/m? - 6m = 3.96kN/m
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Okvir K
Lastna in stalna obt Koristna obt Veter (srk) Veter (pritisk)
153RN1/3MERN/
0.63kN/m . " 90N/
P4+P§J thSEth?t t t t lP4+PS qul \Lq\LA\L B S P P A P J/P(M O‘B%N/m 1 W ;
G, Gps,Gr = 0.18kN/m =
F+PMKJ P e e e lF+PMK anl as quﬂ = =
B R R R N P A P BN A P P PR P — s s
GMK,GPS,GF §: ~N =
F‘T’PMKJ P e e lFJrPW qul qe qug o — § ==
B R R R N P A P BN A P P PR P i: — Y
Gk, Grs,Gri N — Q Hao
Fl*’PMKJ N P P P P lFl*’PMK qul ql qul = (=) — [
B R R R N P A P BN A P P PR P x—(: —1O
Lastna in stalna obtezba:
Gs = 5.14kN/m” - 1.5m = 7.71kN/m Ps = Gy = 151.1kN
Guk = 4.51kN/m” - 1.5m = 6.77kN/m Puk = Gzvux) = 136.1kN

Gps = 0.8kN/m” - 1.5m = 1.2kN/m
Gps =25kN/m> - 0.9m - 0.2m =4.5kN/m P, =25kN/m’- 1.5m - 0.9m - 0.2m = 6.75kN
Gr = 0.5kN/m? - 3.3m = 1.65kN/m

F = 0.5kN/m’ - 1.5m - 3.3m = 2.48kN F; =0.5kN/m? - 1.5m - 3.8m = 2.85kN
Koristna obtezba:

qs = 0.75kN/m? - 1.5m = 1.30kN/m Py = Quup = 22.1kN

qz =2.11kN/m? - 1.5m = 3.17kN/m Py = Qzzp = 62.0kN

Q2 = 2.34kN/m? - 1.5m = 3.51kN/m P, = Qzp = 68.8kN

qi =2.34kN/m? - 1.5m = 3.51kN/m P, = Qzip = 68.8kN

Sneg:

Gsneg = 1.24kN/m? - 1.5m = 1.86kN/m S;=37.2kN

Veter (srk): Veter (pritisk):

Wp = 0.78kN/m” - 1.5m = 1.17kN/m Wp=0"-3m=0

W = 0.24kN/m” - 1.5m = 0.36kN/m We = 1.02kN/m* - 1.5m = 1.53kN/m
Wy = 0.12kN/m” - 1.5m = 0.18kN/m Wy = 0.90kN/m” - 1.5m = 1.35kN/m

W;=—0.42kN/m*>- 1.5m=—0.63kN/m  W; = 0.60kN/m? - 1.5m = 0.90kN/m
We=—0.12kN/m?- 1.5m =—0.18kN/m  Wg = 0.66kN/m” - 1.5m = 0.99kN/m
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Precki pl in p2

Reakcije smo dobili s pomocjo programa ESA-Prima Win.

| TITITITL] [a

2 | TITIITIT] J=
IPE 500

A 7.

L=5.9m e

T@ z

Stalna obtezba: Koristna obtezba: Sneg:
Gyzs) = 45.5kN Qz1 = Qz2=20.7kN S =10.9kN
Gzvk) = 39.9kN Qz3 = 18.7kN
Qzs = 6.6kN
- LTI :
E— 001
> [PE 600 AN
TGZ(L) o ¢62<D>
T@ Z D T@ Z(
Stalna obtezba:
Gz = 113.3kN Gzsp = 151.1kN
Gz = 99.5kN Gzoxyp = 136.1kN
Koristna obtezba:
QziL = QzaL = 51.6kN Qzip = Qzop = 68.8kN
Qz3L = 46.5kN Qz3p = 62.0kN
Qzar = 16.5kN Qzap =22.1kN

Sneg:
Sy =27.7kN Sp =37.2kN
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3.3.2.3 Obtezne kombinacije

3.3.2.3.1 MSN
2760k + 701k, + :ZIYQ,i\VO,iQK,i
] 1=

Cl. 135G+ 1.5Q+1.5-0.6S+ 1.5 0.6W

C2. 1.35G+1.5W+1.5-0.7Q+ 1.5-0.6S

C3. 1.35G+1.5S+1.5-0.7Q+1.5-0.6W

C4. 1.0G+ 1.5W

C5. 1.35G + 1.5Q(sahovnical) + 1.5 - 0.6S + 1.5 - 0.6W
C6. 1.35G + 1.5Q(Sahovnica2) + 1.5 - 0.6S + 1.5 - 0.6W

3.3.2.3.2 MSU
G+ Qg + E\VO,iQK,i
j i>

C7. G+0.9(Q +S + W)

C8. G+W
3.3.2.3.2.1 Kontrola horizontalnih pomikov
Vecetazna zgradba: -posamezna etaza: 0 < Omax i =3—}(;0
s H
-celotna viSina zgradbe: 8 < Opax=——
500

OkvirB,C,D,E,F, G, H Okvir M
01 =0.0032m < dyax 1 = 0.014m 01 =0.0025m < 8max 1 = 0.014m
02 =0.0062m < dyax 2 = 0.025m 32 = 0.0046m < dmax 2 = 0.025m
03 =0.0086m < §ax 3 = 0.036m 03 =0.0062m < 8max 3 = 0.036m
04=0.0102m < §;ax 4 = 0.047m 04=0.0071m < §0x = 0.0235m

05 =0.0112m < 6;pax = 0.029m



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi.
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

Okvir J

01 =0.0013m < yax 1 = 0.014m
92 =10.0023m < Sppax 2 = 0.025m
93 =10.0031m < Oyax 3 = 0.036m
94 =10.0035m < §jpax = 0.0235m
Okvir K

01 =0.0009m < yax 1 = 0.014m
9, =0.0016m < dyax 2 = 0.025m
93 =0.0023m < dyax 3 = 0.036m
94 =10.0028m < dppax = 0.0235m

3.3.2.3.2.2 Kontrola vertikalnih pomikov

Zunanja precka:

OkvirB,C,D,E,F, G, H
L
Omax = 0.0109m < —— =0.024m
250
Okvir M
L
Omax = 0.0079m < —— = 0.024m
250
OkvirJ
L
Omax = 0.0042m < —— =0.024m
250
Okvir L
L
Omax = 0.0080m < —— = 0.024m
250
Okvir K

Omax = 0.0111m < L 0.024m
250

3.3.2.4 Zacetna nepopolnost
OkvirB,C,D, E, F, G, H
D =kckg®,

Okvir L

01 =0.0025m < Oypax 1 = 0.014m
92 =0.0047m < Spax 2 = 0.025m
93 =0.0063m < Oyax 3 = 0.036m
94 =10.0073m < Opax = 0.0235m

Notranja precka:

Omax = 0.0048m <

Omax = 0.0031m <

Omax = 0.0019m <

Omax = 0.0034m <

® =0.00278

L =0.014m
250
L =0.014m
250
L =0.014m
250
L =0.014m
250
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ke = (0.5+ij = (0.5+lj =0.87<1.0
ne 4

kg = (0.2+Lj = (0.2+%) =0.64<1.0

ng
n....Stevilo stebrov etaze n.=4
n,...Stevilo etaz ng=>5
OkvirJ, L, M
O =kckgo, ® =0.00291
o, =L
200

ke = [0.5+LJ = (0.5+l) =0.87<1.0
ne 4

kg = (0.2+i] S (0.2+%j =0.67<1.0

ng
n....Stevilo stebrov etaze ne=
n,...Stevilo etaz ng=4
Okvir K
1
O, =——
7200

kg = (0.2+Lj = (O.2+lj =0.67<1.0
ng 4

ne...Stevilo stebrov etaze ne=

n;...Stevilo etaz ng=4
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3.3.2.5 Dimenzioniranje

Kontrola reakcij:

OkvirB,C,D, E, F, G,H

Zqvi = ZV; (ESA)

Yqvi = 1.35G + 1.5Q = 1.35 - (82.2kN + 2012.17kN) + 1.5 - (787.88kN)
Yqvi = 4009.2kN

YV;=793.4kN + 1205.5kN + 1208.6kN + 801.7kN = 4009.2kN

Okvir M

Zqvi = ZV; (ESA)

Xqvi=1.35G + 1.5Q = 1.35 - (116.4kN + 1959.51kN) + 1.5 - (701.22kN)
Yqvi = 3854.4kN

XV;=777.6kN + 1143.9kN + 1147.2kN + 785.6kN = 3854.3kN

Okvir J

2qvi =XV; (ESA)

2qvi = 1.35G + 1.5Q = 1.35 - (258.9kN + 979.76kN) + 1.5 - (350.61kN + 66.7kN)
2qvi = 2298.16kN

XVi=1393.4kN + 927.8kN + 584.6kN + 392.3kN = 2298.1kN

Okvir L

Zqvi = ZV; (ESA)

2qvi = 1.35G + 1.5Q = 1.35 - (317.1kN + 1959.51kN) + 1.5 - (701.22kN + 66.7kN)
Yqvi = 4225.3kN

XV;=776.4kN + 1154.5kN + 1503.4kN + 790.9kN = 4225.2kN

Okvir K
Sqvi = Vi (ESA)

Tqvi = 1.35G + 1.5Q = 1.35 - (377.1kN + 1387.9kN) + 1.5 - (109.5kN + 443 .4kN)
Squi = 3212.1kN

SV; = 1607.1kN + 1605.0kN = 3212.1kN
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4 DINAMICNA ANALIZA (OSIST ENV 1998-1-1)
Objekt stoji v VIL. potresni coni. Temeljna tla so tipa B (T¢ = 0.5, Tp = 2.0). Pri nelinearnemu
izraCunu dinamicne analize smo uporabili metodo Newton-Raphson. Pri dolocevanju

notranjih sil smo upostevali vpliv teorije drugega reda.
4.1 Dinamicna analiza v prec¢ni smeri (Okvir A)

4.1.1 Izracun nihajnega ¢asa
3
T1 = CtH4

¢, =0.085

3
T,=0.085-17.54=0.73s

Tl(ESA):l: ! =0.72s
v 1.390s7"

4.1.2 Dolocitev potresnih sil

Te<T<Tp: Sd(T):agSE{%}ZO.mag
q

S, ... ordinata raCunskega spectra odziva, normirana s pospeSkom prostega pada

S4(T) ~0.15-9.81-1.0- 22| 021 _ 0 426m/s > 0.245m/s?
6 10.72

Dolocitev mas po posameznih etazah:

%Gk,j +§\VEJQ1{’i @ =1.0...za zadnjo etaZo

Vg =@ Yo @ =0.5...za ostale etaze

V,; =0.3...za pisarne

M1 = Giek. nositei + Gheton + 0.15Q = 2742.7kg + 27776.7kg + 0.15 - 8532.1kg = 32183.2kg
M> = Giek. nositei + Gheton + 0.15Q = 2534.8kg + 27776.7kg + 0.15 - 8532.1kg = 31975.3kg
M3 = Giek. nositei + Gheton + 0.15Q = 2534.8kg + 27776.7kg + 0.15 - 7678.9kg = 31811.7kg
M4 = Giek. nositei + Gheron + 0.15Q = 2534.8kg + 27248.3kg + 0.15 - 6129.4kg = 30978.9kg
M5 = G nosilci + Gheton + 0.3Q = 1554.5kg + 2003kg + 0 = 3557.5kg
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Mgapa = 130506.6kg

Fp = S¢(T) - m - A = 0.426m/s” - 130506.6kg - 1.0 = 55.61kN

F, =F,-—L L = 5561kN- 4.3m-32183 2kg =16.63kN
>s,m, 43m-32183.2kg +...+3.3m-3557.5kg
i=1-5

E,=F, —2°2 = 5561kN- 3:3m-31975.3kg =12.68kN
¥s.m, 43m-32183.2kg +...+3.3m - 3557.5kg
i=1-5

F, =F, -—23 = 5561kN - 3.3m-31811 7kg =12.61kN
Ys,m, 43m-32183.2kg +...+3.3m -3557.5kg
i=1-5

E,=F, —4M4_ _5561kN. 3.3m- 30978 9kg =12.28kN
Ys,m, 43m-32183.2kg +...+ 3.3m - 3557.5kg
i=1-5

F, = F, -—35— = 53.08kN - 3:3m-3357.5kg = 1.41kN
Ys,m, 4.3m-32183.2kg +...+3.3m -3557.5kg

Torzijski uc€inek:

Le=48m

f——— XA —————————

§=1+0.6-x/L,=1+0.6-24m/48m= 1.3
F, =5-F =1.3-16.63kN = 21.62kN
F, =58-F, =1.3-12.68kN =16.48kN
F, =5-F, =1.3-12.61kN = 16.40kN
F, =5-F, =1.3-12.28kN =15.97kN

F, =5-F, =1.3-1.41kN = 1.83kN
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4.1.3 Potresna obteZzna kombinacija

4.1.4 Kontrola pomikov
d; - v<0.0075-h

v=0.5
d:=(u—ui)-q 1...Stevilo etaz
q==6 q...redukcijski faktor disipacije energije

di = —-0)-q=(6.2mm) - 6=37.2mm

dio = (U2 —uy) - 9= (10.6mm — 6.2mm) - 6 = 26.4mm
diz =(u3 —up) - q=(13.5mm — 10.6mm) - 6 = 17.4mm
dra = (W —u3) - q=(15.1mm — 13.5mm) - 6 = 9.6mm
dis = (U5 —uwg) - q=(15.6mm — 15.1mm) - 6 = 3.2mm

dri - v=372mm - 0.5 = 18.6mm < 0.0075 - h =0.0075 - 4300mm = 32.25mm
dp - v=26.4mm - 0.5=13.2mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
ds - v=17.4mm - 0.5 = 8.7mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
dy - v=9.6mm - 0.5=4.8mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm
ds - v=3.0mm - 0.5=1.5mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm

4.1.5 Vpliv teorije II. reda

ei — PTOTi 'dri <0.1
VTOTi h

1

V primeru, da ne moremo zanemariti povecanja upogibnih momentov zaradi horizontalnih
pomikov vozlis¢, okvir razvrstimo med pomi¢ne okvirje. Za nepomicne Stejemo okvirje, pri
katerih velja 6 <0.1. V naSem primeru imamo pomicen okvir, ki ga moramo dimenzionirati
po teoriji drugega reda ob upostevanju zacetnih geometrijskih nepopolnosti.

Potresne sile so izraCunane po teoriji prvega reda. Vpliv teorije drugega reda uposStevamo
tako, da notranje sile poveCamo s faktorjem ks = (1 — 0). Metodo lahko uporabljamo vse

dokler velja razmerje 6 <0.25.
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P -d -37.
9, = Dror *dn _ 1377kN-37.2mm 0.164> 0.1
Vior - hy ~ 72.3kN -4300mm
P -d,, -26.
0, = L1012 1034kN 26.4mm _ 0.163> 0.1
P -d,, . -17.
0, = Lroms _ 692 6kN-17.4mm _0.107> 0.1
-d,, . ‘9.
0, = rors iy _ 3524KN-9.6mm _ 505 )
-d,s . -3.
0, = Lrors s _ 198KN-3.0mm__ ) 1596

4.2 Dinamicna analiza v prec¢ni smeri (Okvir N)

4.2.1 Izracun nihajnega casa
3
T1 = CtH4

3
T, =0.085-14.24=0.62s

T\(ESA) =1 =1

=0.69s
v 1.447s7

4.2.2 Dolocitev potresnih sil

Tc<T<Tp:

2.5[T
Sa(T) = agS—{TC} >0.20a,

q
0.5

S,(T)=0.15-9.81-1.0- 231 05 1 444m/s? > 0.245m/s>
6 10.69

Dolocitev mas po posameznih etazah:
m; =
mp =

ms3

:;:1.196

ksz
1-0.164

i
1-0
1

= =1.195
1-6 1-0.163

ksz

1 1

= =1.120
1-6 1-0.107

ksz

Gick. nositei + Gbeton + 0.15Q = 2742.7kg + 27776.7kg + 0.15 - 8532.1kg = 32183.2kg
Giek nosilci + Gheton + 0.15Q = 2534.8kg + 27776.7kg + 0.15 - 8532.1kg = 31975.3kg
= Giek.nositei + Gheton + 0.15Q = 2534.8kg + 27776.7kg + 0.15 - 7678.9kg = 31811.7kg

M4 = Giek. nositei + Gveton + 0.3Q = 1848.9kg + 27248.3kg + 0.3 - 6129.4kg = 27626.9kg

Mgapaj = 123597.1kg
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Fp=S¢(T) - m - A = 0.444m/s” - 123597.1kg - 1.0 = 54.83kN

F =F, -—1"l = 54.83kN- 4.3m-32183.2kg =17.24kN
Ysm, 4.3m-32183.2kg+...+3.3m-27626.9kg
i=1-4
E, =F, -—2°2 — 54 83kN- 3:3m-31975.3kg =13.15kN
Ys;m, 43m-32183.2kg +...+3.3m - 27626.9kg
i=1-4
E =F, -3 _5483kN. 3.3m-31811.7ke = 13.08kN
Ys;m, 43m-32183.2kg +...+3.3m - 27626.9kg
i=1-4
F, =F, —4_ =52 70kN- 3:3m:27626.9kg =11.36kN
>s,m; 43m-32183.2kg+...+3.3m-27626.9kg

i=1-4

Torzijski u€inek:
§=1+40.6-x/L.=1+0.6-12m/24m=13
F, =8 F =1.3-17.24kN = 22.41kN

F, =5-F, =1.3-13.15kN = 17.09kN

F, =5 F, =1.3-13.08kN = 17.00kN

F, =8-F, =1.3-11.36kN = 14.77kN

4.2.3 Potresna obteZna kombinacija

Y G+ V1A + 2 W1iQp; = 1.0G +1.0A 4 +0.15Q

4.2.4 Kontrola pomikov

dr-v<0.0075-h

v=0.5

dr = (ui—ui1) " q

q=6

di1=(u;—0)-q=(6.1lmm) - 6 =36.6mm

d = —u;) - q=(10.3mm — 6.1mm) - 6 =25.2mm
diz =(u3—uz) - q=(13.1mm — 10.3mm) - 6 = 16.8mm
dig = (s —u3) - 9= (14.5mm — 13.1mm) - 6 = 8.4mm
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dy - v=36.6mm - 0.5 = 18.3mm < 0.0075 - h = 0.0075 - 4300mm = 32.25mm
dp - v=252mm- 0.5=12.6mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
ds - v=16.8mm - 0.5 = 8.4mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
dy - v=8.4mm~- 0.5=4.2mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm

4.2.5 Vpliv teorije II. reda

Pror - -36.
g, = Prom dy _ 1416kN-36.6mm _ 0 K, = L_ 1 s,
Vior -hy  71.27kN-4300mm 1-0  1-0.169
0, = Prory *dyp _ 1069KN-25.2mm _ o\ o o K, = LU o
Viom -h,  48.86kN-3300mm 1-0  1-0.167
0, = Prors -dy _ 727.6kN-168mm _ K, = LU 3
Viors -hy  31.77kN-3300mm 1-0 1-0.116
+dy AKN -8.
B4 = vTOT4 h 1318777111(\11\1323(? o ~ 00668501
TOT4 "t4 . ) mm

4.3 Dinamic¢na analiza v precni smeri (Okvir B — H)

4.3.1 Izracun nihajnega ¢asa
3
T1 = CtH4

3
T, =0.085-17.54=0.73s

T\(ESA) =1 = — ! = 0.77s
v 1.302s”

4.3.2 Dolocitev potresnih sil
Tc<T<Tp: Sd(T)ZagSE[T?C}zo.mag
q

S,(T)=0.15-9.81-1.0- %{%}=0.399m/5220.245m/s2

Dolocitev mas po posameznih etazah:

M = Gijek. nosilei T Goeton +0.15Q = 3564.9kg + 55553.4kg + 0.15 - 22183.4kg = 62445.8kg
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M2 = Giete nositei + Goeton + 0.15Q = 3248.9kg + 55553.4kg + 0.15 - 22183.4kg = 62129.8kg
M3 = Giek nosici + Goeton + 0.15Q = 3248.9kg + 55553.4kg + 0.15 - 20003.0kg = 61802.7kg
M4 = Giek.nositei + Gheton + 0.15Q = 3248.9kg + 54496.6kg + 0.15 - 15944.4kg = 60137.2kg
M5 = Giek. nosilci + Gbeton + 0.3Q = 1911.3kg + 4006kg + 0 = 5917.3kg

Mgupsj = 252432.8kg

Fp=Sq(T) - m - L= 0.399m/s” - 252432.8kg - 1.0 = 100.76kN

s;m, 4.3m-62445.8kg

F =F,- =100.76kN - =30.21kN
Ys.m, 43m-62445.8kg +...+3.3m-5917.3kg
i=1-5
E, =F, -—2M2 _100.76kN - 3.3m- 62129 8kg = 23.07kN
Ys.m, 4.3m-62445.8kg +...+3.3m-5917.3kg
i=1-5
E, =F, -—33 —100.76kN - 3.3m- 62129 8kg = 22.95kN
Ys.m, 4.3m-62445.8kg +...+3.3m-5917.3kg
i=1-5
F, =F, -—404 ~100.76kN - 3.3m:60137.2kg = 22.33kN
Ys.m, 43m-62445.8kg +...+3.3m-5917.3kg
i=1-5
F.=F, —305  —100.76kN - 3.3m-3917.3kg =2.20kN
Ysm, 4.3m-62445.8kg +...+3.3m-5917.3kg

i=1-5
Torzijski u€inek:
§=1+0.6-x/L.=1+0.6-18m/48m=1.225
F, =35-F =1.225-30.21kN =37.01kN

F, =5-F, =1.225-23.07kN = 28.26kN
F, =5-F, =1.225-22.95kN = 28.11kN
F, =5-F, =1.225-22.33kN = 27.35kN

F, =5-F, =1.225-2.20kN = 2.69kN

4.3.3 Potresna obteZna kombinacija
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4.3.4 Kontrola pomikov

d:-v=<0.0075-h

v=0.5

dr = (ui—ui) " q

q==6

dii = —0)-q=(5.5mm) - 6 =33.0mm

di» = (w3 —uy) - q = (10.6mm — 5.5mm) - 6 = 30.6mm
di3s = (u3 —up) - q = (14.5mm — 10.6mm) - 6 = 23.4mm
diy = (us—u3) - q=(16.8mm — 14.5mm) - 6 = 13.8mm
dis = (us —ws) - q=(17.6mm — 16.8mm) - 6 = 4.8mm

dy - v=33.0mm - 0.5=16.5mm < 0.0075 - h =0.0075 - 4300mm = 32.25mm
dp - v=30.6mm - 0.5=15.3mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
ds - v=23.4mm- 0.5=11.7mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
d - v=13.8mm - 0.5 =6.9mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
dis - v=4.8mm - 0.5 =2.4mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm

4.3.5 Vpliv teorije II. reda

P : . -33.
o, = Pron dy _ 2584.6kN-33.0mm _ oo R B BT
Vior -h,  123.42kN-4300mm 1-0  1-0.162
P . . -30.
_Pron dy _1942.4kN-30.6mm _ 00 o R RS SR
P . . -23.
~Pron diy _1303.0kN-234mm _ oo () R B
.= Prors -dyy _ 667.0kN -13.8mm —0.0929 < 0.1
P . . 4.
g, — Prors ds  39.4kN-4.8mm —0.0213<0.1

" Viors-hs  2.69kN-3300mm
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4.4 Dinamicna analiza v precni smeri (Okvir M)

4.4.1 Izracun nihajnega ¢asa

3
T1 = CtH4

w

T, =0.085 - 14.24=0.62s

T\(ESA) =+ =1 _=0.74s
v 1.345s"

4.4.2 Dolocitev potresnih sil
Te<T<Tp: Sd(T)ZagSE{TT—CJzo.ZOag
q

Sd(T):0.15-9.81-1.0-£ 05 1 _0.412m/s* = 0.245m/s>
6 | 0.74

Dolocitev mas po posameznih etazah:

m; = Giek. nosilei T Gbeton T 0.15Q = 3564.9kg + 55553.4kg + 0.15 - 22183.4kg = 62445.8kg
M2 = Giek. nosilei T Gbeton T 0.15Q = 3248.9kg + 55553.4kg + 0.15 - 22183.4kg = 62129.8kg
m3 = Giek. nosilei T Gbeton T 0.15Q = 3248.9kg + 55553.4kg + 0.15 - 20003.0kg = 60137.2kg
M4 = Gijek. nosilei T Greton + 0.15Q =2206.1kg + 49423.0kg + 0.3 - 7110kg = 53762.1kg
Myupaj = 240140.4kg

Fp = S¢(T) - m - A =0.412m/s” - 240140.4kg - 1.0 = 99.02kN

F =F,-—M 99 02kN- 4.3m- 62445 8kg =31.10kN
Ysm, 4.3m-62445.8kg +...+3.3m-53762. 1kg
i=1-4
E, =F,-—2M2 _99 02kN - 3.3m-62129.8kg = 23.75kN
Ys.m, 43m-62445.8kg +...+3.3m-53762. kg
i=1-4
E, =F, —2"2 =99 02kN- 3.3m-60137.2kg = 23.62kN
Ys.m, 4.3m-62445.8kg +...+3.3m-53762. 1kg
i=1-4
F, =F,-—4M4 _ 99 02kN - 3.3m-33762.lkg = 20.55kN

2.sm; 4.3m-62445.8kg +...+3.3m-53762.1kg

i=1-4
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Torzijski u¢inek:
8=1+0.6-x/L.=1+0.6-6m/24m=1.15
F, =8 F =1.15-31.10kN = 35.76kN

F, =5-F, =1.15-23.75kN = 27.31kN
F, =5 F =1.15-23.62kN = 27.16kN

F, =58-F, =1.15-20.55kN = 23.63kN

4.4.3 Potresna obteZna kombinacija

Y G+ YiAgg + X V2;Qp; =1.0G +1.0A 4 +0.15Q

4.4.4 Kontrola pomikov

d;-v<0.0075-h

v=0.5

dr=(ui—u)q

q==6

dii = —0)-q=(5.1mm) - 6 =30.6mm
do=(2—uy) - q=(9.7mm - 5.Imm) - 6 =27.6mm
ds =(3—w) - q=(13.1mm — 9.7mm) - 6 = 20.4mm
dia = (0a—u3) - q=(15.2mm — 13.Imm) - 6 = 12.6mm

dy - v=30.6mm - 0.5=15.3mm < 0.0075 - h =0.0075 - 4300mm = 32.25mm
dp - v=27.6mm - 0.5 =13.8mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm
ds - v=20.4mm - 0.5 =10.2mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm
dy - v=12.6mm - 0.5 =6.3mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm

4.4.5 Vpliv teorije II. reda

h, 113.86kN-4300mm
d

0, = =0.159>0.1 ks

VTOTI

6. _ Pror "dp _ 1910.9kN-27.6mm

2 = =0.205>0.1 K,
Vior -h,  78.1kN-3300mm

1

1

1

1-0 1-0.159

1

T1-0 1-0.205

189

=1.258
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63:PTOT3-dr3 _1217.6kN-20.4mm _ ooy Kk, = L __ 1 sg
Viors -hy  50.94kN-3300mm 1-0 1-0.148

0, - Prorg -dy _ 635.5KN-12.6mm _ oo Kk, = Lo s
Viors -hy  23.63kN-3300mm 1-6 1-0.103

4.5 Dinamicna analiza v prec¢ni smeri (Okvir J)

4.5.1 Izracun nihajnega ¢asa
3
T1 = CtH4

3
T, =0.085- 14.24=0.62s

Ty(ESA) = L= = 0.58s
v 1.739s”

4.5.2 Dolocitev potresnih sil
Tc<T<Tp: Sq(T) = agSE{TT—C} >0.20a,
q

S4(T)=0.15-9.81 -1.0-2—65{%} =0.533m/s” > 0.245m/s’

M| = Gjek nosilei T Goeton + 0.15Q = 2742.7kg +28011.1kg + 0.15 - 11091.7kg = 32417.6kg
m; = Gjek. nosilei T Gbeton T 0.15Q =2534.8kg + 28011.1kg + 0.15 - 11091.7kg = 32209.7kg
m3 = Gjek. nosilei T Gbeton T 0.15Q = 2534.8kg + 28011.1kg + 0.15 - 10001.5kg = 32046.1kg
M4 = Giek. nosilei T Gbeton T 0.15Q = 1848.9kg + 25509.6kg + 0.3 - 3550kg = 28422.0kg
Myupaj = 125095.4kg

Fyp = So(T) - m - & = 0.533m/s” - 125095.4kg - 1.0 = 66.69kN

SIM) 6 60KN - 4.3m-32417.6kg

D.8;m; 4.3m-32417.6kg+...+3.3m-28422.0kg
i=1-4

=20.88kN

F =F,-

My _ e corN. 3.3m-32209.7kg

2.8;m; 4.3m-32417.6kg +...+3.3m-28422.0kg
i=1-4

F,=F, - =15.92kN
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F, =F, —3"2 = 66.69kN - 3.3m-32046.Ikg =15.84kN
>.s;m; 4.3m-32417.6kg +...+3.3m-28422.0kg
i=1-4
F, =F, -—4™4_ _ 66.69kN - 3.3m-28422.0kg =14.05kN
2sim; 4.3m-32417.6kg +...+3.3m-28422.0kg

Torzijski uc€inek:
§=1+0.6-x/L.=1+0.6-6m/24m=1.15
F, =3-F =1.15-20.88kN = 24.01kN

F, =8-F, =1.15-15.92kN = 18.31kN

F, =5 F, =1.15-15.84kN = 18.22kN

F, =5-F, =1.15-14.05kN =16.16kN

4.5.3 Potresna obteZna kombinacija

2 Gy VAR +2V2,;Qk; =1.0G +1.0A g, +0.15Q

4.5.4 Kontrola pomikov

d;-v<0.0075-h

v=0.5

dr=(ui—u1)q

q==6

dii = (- 0) - q=(3.4mm) - 6 = 20.4mm

dp = —u;) - q=(6.5mm — 3.4mm) - 6 = 18.6mm
diz =3 —w) - q=(8.8mm — 6.5mm) - 6 = 13.8mm
dis = (04 —u3) - ¢ = (10.3mm — 8.8mm) - 6 = 9.0mm

dr - v=20.4mm - 0.5 =10.2mm < 0.0075 - h = 0.0075 - 4300mm = 32.25mm
dp - v=18.6mm - 0.5=9.3mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm
ds - v=13.8mm - 0.5 =6.9mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
dy - v=9.0mm - 0.5 =4.4mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm
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4.5.5 Vpliv teorije II. reda
0, - Prori-d,  1487.3kN-20.4mm

= = =0.0920<0.1
P : . -18.
_Pron dp _11143kN-186mm _ o o ol s
P . . -13.
6, = ror3 A3 _ 742.7kN-13.8mm ~0.0901<0.1
P : . 9.
0, = Lrom d,  372.9kN-9.0mm - 0.0629<0 1

" Vi -h,  16.16kN-3300mm

4.6 Dinamicna analiza v prec¢ni smeri (Okvir L)

4.6.1 Izracun nihajnega ¢asa
3
T1 = CtI‘I4

3
T;=0.085- 14.24=0.62s

T\(ESA) =+ =1 —=0.77s
v 1.296s"

4.6.2 Dolocitev potresnih sil
Tc<T<Tp: Sy(M) = agsg{i—c} >0.20a,
q

S,(T) = 0.15~9.81~1.O~2—:[%} =0.397m/s* > 0.245m/s’

M1 = Giek. nositei + Geton + 0.15Q = 3564.9kg + 60527.9kg + 0.15 - 22183.4kg = 67420.3kg
M5 = Giek. nositei + Gheton + 0.15Q = 3248.9kg + 60527.9kg + 0.15 - 22183.4kg = 67104.3kg
M3 = Giek. nositei + Geton + 0.15Q = 3248.9kg + 60527.9kg + 0.15 - 20003.0kg = 66777.3kg
M4 = Giek. nositei + Gheton + 0.15Q = 2206.1kg + 54958.2kg + 0.3 - 7110kg = 59297.3kg
Mgupaj = 260599.2kg

Fp = So(T) - m - A = 0.397m/s - 260599.2kg - 1.0 = 103.54kN
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F =F,—M —103.54kN- 4.3m- 67420 3kg =32.37kN
Ysm, 43m-67420.3kg +...+3.3m-59297.3kg
i=1-4
E, =F, —2"2 —103.54kN - 3.3m- 67104 3kg = 24.72kN
Ys.m, 43m-67420.3kg +...+3.3m-59297.3kg
i=1-4
F, =F, -—32 =103.54kN - 3.3m - 06777.3kg = 24.60kN
Ys.m, 43m-67420.3kg +...+3.3m - 59297.3kg
i=1-4
F, =F, -—4™4 —103.54kN - 3.3m-59297.3kg = 21.85kN
Ys.m, 43m-67420.3kg +...+3.3m-59297.3kg

i=1-4

Torzijski u¢inek:
0=1+0.6-x/L,=1+0.6-1m/24m=1.025
F, =& F =1.025-32.37kN = 33.18kN

F, =3-F, =1.025-24.72kN = 25.34kN
F, =5-F, =1.025-24.60kN = 25.22kN

F, =5-F, =1.025-21.85kN = 22.39kN

4.6.3 Potresna obteZna kombinacija

4.6.4 Kontrola pomikov

d;-v<0.0075 - h

v=0.5

dr=(u—-u)q

q==6

dii =(u; —0)- q=(4.7mm) - 6 =28.2mm

di» = (uy —uy) - 9= (9.0mm — 4.7mm) - 6 = 25.8mm
di3 = (u3 —w) - q=(12.2mm - 9.0mm) - 6 = 19.2mm
dy = (us—u3) - q=(14.2mm — 12.2mm) - 6 = 12.0mm
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dr - v=282mm - 0.5 = 14.1mm < 0.0075 - h = 0.0075 - 4300mm = 32.25mm
dp - v=258mm - 0.5=12.9mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
di3 - v=192mm - 0.5 =9.6mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm
ds - v=12.0mm - 0.5 = 6.0mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm

4.6.5 Vpliv teorije II. reda

Pror - KN - 28.

g, = lror*dn _ 2763.7KN-28.2mm _ 5y | k==L 1206
Viops -h;  106.13kN -4300mm -0 1-0.171

o, — Pronda _19263kN-258mm _ 0o ) L B B
Vior -h,  72.95kN-3300mm 1-0  1-0.206

o, = Promda _ I3T8HN-192mm _ (oo o L B B
Viors ‘hy  47.61kN-3300mm 1-0 1-0.168

0, = ltors i _ 6908KN-12.0mm _ ) 4 k= =1 112
Viors ‘h,  22.39kN-3300mm 1-0 1-0.112

4.7 Dinamicna analiza v pre¢ni smeri (Okvir K)

4.7.1 Izracun nihajnega ¢asa
3
T1 = CtH4

3
T, =0.085-14.24=0.62s

T\(ESA) =+ =— | = 0.85s
v 11725

4.7.2 Dolo¢itev potresnih sil
Tc<T<Tp: Sq(T) = agSE{TT—C} >0.20a,
q

S4(T)=0.15-9.81-1.0- 2—5{%}:0.359m/s220.245m/s2

M1 = Giek. nositei + Gheton + 0.15Q = 2289.6kg + 26588.0kg + 0.15 - 17436.3kg = 31493.0kg
M5 = Giek. nositei + Gheton + 0.15Q = 2085.6kg + 26588.0kg + 0.15 - 17436.3kg = 31251.3kg
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M3 = Giek. nositei + Goeon + 0.15Q = 2085.6kg + 26588.0kg + 0.15 - 15719.7kg = 30993.9kg
M4 = Gieke nositci + Goeton + 0.15Q = 1412.4kg + 30949.2kg + 0.3 - 5768.5kg = 34092.2kg
Mgpaj = 127830.4kg

Fp=Sy(T) - m - & = 0.359m/s” - 127830.4kg - 1.0 = 45.93kN

F =F, —L L —4593kN- 43m-31493.0kg = 13.72kN
Ss.m, 43m-31493.0kg +...+3.3m- 34092.2kg
i=1-4
F, =F, —2°2 = 45.93kN - 3:3m-31251.3kg =10.45kN
Ys,m, 4.3m-31493.0kg +...+3.3m -34092.2kg
i=1-4
F, =F, -—3"3 = 4593kN- 3.3m-30993 9kg =10.36kN
Ys;m, 43m-31493.0kg + ...+ 3.3m - 34092 2kg
i=1-4
F, =F, —47% _ 45.93kN- 3:3m-34092.2kg =11.40kN
Ssm, 4.3m-31493.0kg +...+3.3m - 34092.2kg

Torzijski uc€inek:
§=1+0.6-x/L.=1+0.6-7m/24m=1.175
F, =8-F =1.175-13.72kN =16.12kN

F, =§-F, =1.175-10.45kN = 12.28kN
F, =5-F, =1.175-10.36kN = 12.18kN

F, =58-F, =1.175-11.40kN = 13.39kN

4.7.3 Potresna obteZna kombinacija

4.7.4 Kontrola pomikov

dr-v<0.0075-h

v=0.5

dr = (ui—ui) " q

q==6

dii = —-0)-q=(4.1mm) - 6 =24.6mm
do=(—u;) - q=(6.9mm —4.1lmm) - 6 = 16.8mm
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diz = (U3 —up) - q=(10.0mm — 6.9mm) - 6 = 18.6mm
dra = (s —u3) - 9= (12.8mm — 10.0mm) - 6 = 16.8mm

dr1 - v=24.6mm - 0.5=12.3mm < 0.0075 - h=0.0075 - 4300mm = 32.25mm
dp - v=16.8mm - 0.5 = 8.4mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm
ds - v=18.6mm - 0.5=9.3mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm
drs - v=16.8mm - 0.5 = 8.4mm < 0.0075 - h =0.0075 - 3300mm = 24.75mm

4.7.5 Vpliv teorije II. reda

0, = Pror; ~dyy _ 1919.5kN-24.6mm _ 0 o, K, = L_ 1 s
Vior -h,  53.97kN-4300mm 1-6  1-0.203

0, < Pror -dpp _ 1449.5kN-16.8mm _ oo o Kk, = L1 om
Viors -hy  37.85kN-3300mm 1-0  1-0.195

0, = Pror; *dyy _ 980.3kN-18.6mm _ o, K, - L S
Viors -hy  25.57kN-3300mm 1-0 1-0.216

0, = Prory *dyy _ SI3.7KN-168mm _ o o K, - L PN
Viors -hy  13.39kN-3300mm 1-0  1-0.195
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4.8 Rezultati dobljeni s programom ESA — Prima Win (precni okvirji)
Notranji precni okvir (okvir B — H):

IPE240 PE240 IPE240
25
(=)
©|
)
<
IPE360 4| IPE360
17 23
(=) Q| Q| (=)
3 2 2 3
< < < <
Y IPE360 YPE300 Y |PE360 4
13 14 15 16
Q| Q| Q| (=)
3 2 2 3
< < < <
Y IPE360 YPE300 Y |PE360 u
9 10 11 12
(=] o f=] (=]
3 3 < 3
< < < <
Y IPE360 WPE300 Y IPE360 u
5 6 7 8
(=) Q| Q| (=]
3 3 < 3
< < < <
L L w L
I I I I
4 2 3 4
Geometrija
17 6 7.6 {7 6 175
155 157 1.7 1 6
1415 144 143 143
-10.63 -10.5 -10.5 -10.4
5.5 5.4 5.4 5.3
— - — —

Pomiki - potres
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HEA 450 - K9
Notranje sile pri K9: 1.0G+0.15Q+1.0A
Group of member(s) :1/37
Group of nonlinear combination(s) :9

Cross-section : 3 - HEA450

memb | non. c. dx N \Y M
[m] [kN] [kN] [kNm]
21 0.000 -672.23 33.18 -126.76
17 1.650 -481.14 53.09 6.00
25 2.933 -13.66 -10.16 3.39
17 3.300 -481.15 52.70 93.39
16 0.000 -637.68 50.80 -149.69
HEA 360 - K9
Notranje sile pri K9: 1.0G+0.15Q+1.0A
Group of member(s) :1/37
Group of nonlinear combination(s) :9
Cross-section : 4 - HEA360
memb | non. c. dx N Vv M
[m] [kN] [kN] [KNm]
26 9 0.000 -497.29 34.76 -90.15
27 1.650 -369.75 47.67 1.17
15 1.650 -112.03 -32.77 -3.28
29 3.300 -126.09 41.02 85.15
IPE 360 - K9

Notranje sile pri K9: 1.0G+0.15Q+1.0A
Group of member(s) :1/37
Group of nonlinear combination(s) :9

Cross-section : 1 -I1PE360
memb | non. c. dx N \Y, M
[m] [kN] [kN] [kNm]
3 9 0.375 12.69 74.98 -24.05
30 1.200 -74.05 74.96 54.93
0.000 -74.01 111.98 -57.30
33 1.200 -40.68 -126.20 -85.15
1 2.625 -29.50 -5.30 60.54
6.000 -29.62 -119.89 -150.92
IPE 300 - K9
Notranje sile pri K9: 1.0G+0.15Q+1.0A
Group of member(s) :1/37
Group of nonlinear combination(s) :9
Cross-section : 2 - IPE300
memb | non. c. dx N V M
[m] [kN] [kN] [kKNm]
10 9 3.500 -17.15 -65.10 -47.03
0.000 -17.10 52.67 -25.26
2 3.500 -12.91 -82.32 -77.16
1.167 -12.80 -3.09 22.52
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IPE 240 - K9

Notranje sile pri K9: 1.0G+0.15Q+1.0A
Group of member(s) :1/37

Group of nonlinear combination(s) :9
Cross-section : 5 - IPE240

memb | non. c. dx N \% M
[m] [kN] [kN] [kNm]
37 9 0.000 -25.21 7.48 -7.24
35 4.800 -23.08 -9.40 -11.64
1.846 -23.08 -0.55 3.09
HEA 450 - K10

Notranje sile pri K10: 1.0G+0.15Q
Group of member(s) :1/37

Group of nonlinear combination(s) :10
Cross-section : 3 - HEA450

memb | non. c. dx N \Y M
[m] [kN] [kN] [kNm]
21 10 4.300 -656.04 -6.25 -23.57
17 1.650 -491.39 24.15 -2.21
22 1.833 -492.54 -21.04 -0.92
0.000 -492.54 -20.88 37.57
17 0.000 -491.39 23.97 -41.96
HEA 360 - K10

Notranje sile pri K10: 1.0G+0.15Q
Group of member(s) :1/37

Group of nonlinear combination(s) :10
Cross-section : 4 - HEA360

memb | non. c. dx N V M
[m] [kN] [kN] [kNm]
26 10 4.300 -453.37 13.49 38.49
29 1.467 -119.17 37.21 3.84
15 1.467 -118.66 -36.79 -3.22
29 3.300 -119.19 37.07 71.98
15 3.300 -118.68 -36.65 -70.58
IPE 360 - K10

Notranje sile pri K10: 1.0G+0.15Q
Group of member(s) :1/37

Group of nonlinear combination(s) :10
Cross-section : 1 -IPE360

memb | non. c. dx N \ M
[m] [kN] [kN] [kNm]
3 10 5.250 18.36 -75.31 -27.68
30 0.000 -36.98 118.58 -70.58
33 1.200 -36.74 -119.29 -71.98
1 3.000 18.13 -2.66 55.81
6.000 18.15 -104.55 -104.94
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IPE 300 - K10

Notranje sile pri K10: 1.0G+0.15Q
Group of member(s) :1/37

Group of nonlinear combination(s) :10
Cross-section : 2 - IPE300

memb | non. c. dx N \% M

[m] [kN] [kN] [kNm]
8 10 0.389 8.52 45.28 -14.99
10 3.500 -3.90 -59.20 -36.66
0.000 -3.89 58.58 -35.59
2 3.500 4.07 -60.57 -39.07
5 1.750 0.41 -0.98 15.54

IPE 240 - K10

Notranje sile pri K10: 1.0G+0.15Q
Group of member(s) :1/37

Group of nonlinear combination(s) :10
Cross-section : 5 - IPE240

memb | non. c. dx N \ M
[m] [kN] [kN] [ [kNm]
37 10 0.000 -22.07 6.25 -4.15
35 4.800 -21.80 -8.26 -8.99
2.215 -21.80 -0.52 2.38

HEA 450 - K11

Notranje sile pri K11: 1.0A

Group of member(s) :1/37

Group of nonlinear combination(s) :11
Cross-section : 3 - HEA450

memb | non. c. dx N \ M
[m] [kN] [kN] [kNm]
16 11 4.300 16.27 40.23 43.64
21 0.000 -15.79 39.54 -127.75
16 0.000 16.21 40.25 -129.37
20 0.000 0.25 -1.71 10.63
22 3.300 -9.41 28.39 54.51
HEA 360 - K11

Notranje sile pri K11: 1.0A

Group of member(s) :1/37

Group of nonlinear combination(s) :11
Cross-section : 4 - HEA360

memb | non. c. dx N \ M
[m] [kN] [kN] [kNm]
12 11 4.300 42.82 22.46 25.63
26 0.000 -42.87 21.11 -67.82
12 0.000 42.79 22.52 -70.96
27 3.300 -28.03 15.39 29.43
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IPE 360 - K11

Notranje sile pri K11: 1.0A

Group of member(s) :1/37

Group of nonlinear combination(s) :11

Cross-section : 1 -IPE360
memb | non. c. dx N \Y, M
[m] [kN] [kN] [KNm]
1 11 0.000 -47.61 -14.91 45.05
3.000 -47.60 -15.01 0.14
6.000 -47.61 -14.91 -44.78
IPE 300 - K11
Notranje sile pri K11: 1.0A
Group of member(s) :1/37
Group of nonlinear combination(s) :11
Cross-section : 2 - IPE300
memb | non. c. dx N \% M
[m] [kN] [kN] [kNm]
2 11 0.000 -16.88 -21.19 37.15
1.750 -16.87 -21.22 0.03
3.500 -16.88 -21.19 -37.09
IPE 240 - K11
Notranje sile pri K11: 1.0A
Group of member(s) :1/37
Group of nonlinear combination(s) :11
Cross-section : 5 - IPE240
memb | non. c. dx N \% M
[m] [kN] [kN] | [kNm]
37 11 0.000 -3.09 1.21 -3.03
2.585 -3.09 1.21 0.10
11 1.750 -1.69 -1.38 -0.02
37 4.800 -3.09 1.21 2.79

Kontrola nosilnosti in stabilnosti

EC3 Code Check
Cross-section : 1 - IPE360

[ Macro1 | Member1 | IPE360 | S275 | Non-Lin.Comb.1 | 1.00 |
NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [KNm] [ [kNm] [kNm]
36.88 0.00] -206.85 0.00] -221.99 0.00

The critical check is on position 6.00 m

LTB
LTB length 3.00|m
k 1.00
kw 1.00
C1 1.35
C2 1.25
C3 1.73
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load in center of gravity

SECTION CHECK
N 0.02<1
Vz 0.41 <1
M 0.87 <1

STABILITY CHECK

LTB 1.00 <1
Compression + Moment 0.87 <1
Compression + LTB 1.00 <1

Cross-section : 2 - IPE300

[ Macro1 [ Member2 | IPE300 [ S275 | Non-Lin.Comb.2 | 0.66
NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kNm] | [kNm] [kNm]

17.44 -0.00] -121.33 -0.00| -97.42 -0.00

The critical check is on position 3.50 m

LTB

LTB length 1.75|m

k 1.00

kw 1.00

C1 1.47

C2 0.69

C3 2.64

load in center of gravity
SECTION CHECK

N 0.01<1

Vz 0.33<1

M 0.62 <1

STABILITY CHECK

LTB 0.66 < 1

Compression + Moment 0.62 <1

Compression + LTB 0.66 <1

Cross-section : 3 - HEA450

[ Macro7 | Member16 | HEA450 | S275 | Non-Lin.Comb.2 | 0.48

NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd] | Mz.Sd |
[kN] [kN] | [kN] | [kNm] | [kNm] | [kNm]
-1120.14] _ 0.00] 47.64] 0.00] -130.66 -0.00

The critical check is on position 0.00 m

Buckling parameters yy zz
type non-sway sway
Slenderness 15.25 58.95
Reduced slenderness 0.18 0.68
Buckling curve a b
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Buckling parameters yy zz
Imperfection 0.21 0.34
Reduction factor 1.00 0.80
Length 4.30 4.30 m
Buckling factor 1.00 0.67
Buckling length 4.30 2.89 m
Critical Euler load 158532.68 |10615.30 |kN
LTB

LTB length 2.15|m

k 1.00

kw 1.00

C1 2.69

Cc2 0.00

C3 0.68

load in center of gravity

SECTION CHECK

Vz 0.05<1

M 0.20 < 1
STABILITY CHECK

Buckling 0.32 <1

LTB 0.16 <1

Compression + Moment 0.41<1

Compression + LTB 0.48 <1

Cross-section : 4 - HEA360

[ Macro9 | Member26 | HEA360 | S 275 |

Non-Lin. Comb. 2

0.49

NSd| Vy.Sd| | Vz.Sd| | Mt.Sd| [ My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kNm] [kNm] [kNm]
-806.42 0.00 53.36 0.00] -101.06 -0.00
The critical check is on position 0.00 m
Buckling parameters vy zz
type non-sway |sway
Slenderness 18.96 57.89
Reduced slenderness 0.22 0.67
Buckling curve b c
Imperfection 0.34 0.49
Reduction factor 1.00 0.75
Length 4.30 4.30 m
Buckling factor 1.00 0.67
Buckling length 4.30 2.88 m
Critical Euler load 82476.82 [8844.21 |kN
LTB
LTB length 2.15|m
k 1.00
kw 1.00
C1 2.48
C2 0.05
C3 0.85
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load in center of gravity

SECTION CHECK

Vz 0.08 <1

M 0.23<1
STABILITY CHECK

Buckling 0.30 < 1

LTB 0.19<1

Compression + Moment 0.41 <1

Compression + LTB 0.49 <1

Cross-section : 5 - IPE240

[ Macro12 | Member 35 | IPE240 | S 275 |

Non-Lin. Comb. 3

0.54

NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] | [kN] | [kN] | [kNm] | [kNm] | [kNm]
38.81]  0.00] -28.09] -0.00] -27.82 0.00

LTB
LTB length 2.40[m
k 1.00
kw 1.00
C1 1.40
C2 0.93
C3 1.73

load in center of gravity

SECTION CHECK

The critical check is on position 4.80 m

Vz 0.10< 1

M 0.30 <1
STABILITY CHECK

Buckling 0.20 < 1

LTB 0.35 <1

Compression + Moment 0.51<1

Compression + LTB 0.54 <1
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Zunanji precni okvir (okvir A):

IPE240 PE240 IPE240
25 1 22 26
0.38 0.38 0.38
(= [=] (=]
§ 0.57 § 0.45 50.45 0.57
IPE360 & IPE360 PE300 Y IPE360 1P
17 23 18 19 24 PO
0.56 0.42 0.56
[=] [=] (=] (=
8§ 0.57 & 045 &0.45 &0.57
< < < <
Y IPE360 PE300 Y IPE360 o
13 14 15 16
0.56 0.42 0.56
[=] [=] (=] (=]
8 0.57 & 045 §0.45 §0.57
Y IPE360 HPE300 Y IPE360 w
9 10 11 12
0.56 0.42 0.56
3 g S 3
9 0.57 @ 0.45 ©0.45 §0.57
Y IPE360 HPE300 4 IPE360 w
5 6 7 8
0.56 0.42 0.56
g 0.57 o 0.45 o 0.45 o0.57
g & 3 8
< < < <
L L 1N} L
I I I I
2 3 4
Izkoris¢enost prerezov
Zunanji precni okvir (okvir N):
IPE360 IPE300 IPE360
"7 0.55 ® o037 " 0.55 po
o 0.52 o 0.43 o 0.43 o 0.52
8 & & 8
h h h h
IPE360 IPE300 IPE360
13 14 15 16
0.55 0.37 0.55
g 0.52 g 043 g 043 g 0.52
N (52 o) N
h n h n
IPE360 IPE300 IPE360
9 10 11 12
0.55 0.37 0.55
@ 0.52 & 043 & 043 @ 0.52
h h h h
IPE360 IPE300 IPE360
° 0.55 e o037 [ 0.55 g
0.52 0.43 0.43 0.52
3 I I 3
N [s2] [52] N
< < < <
w L w L
I I I I

Izkoris¢enost prerezov
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Notranji precni okvir (okvir M):

IPE360 IPE300 IPE360
17 0.99 18 0.63 19 0.99 20
0.51 0.48 0.48 0.51
Qo o Q (o]
[So} ) wn ©
[sp] < < ™)
m m m m
IPE360 IPE300 IPE360
13 0.99 14 0.63 15 0.99 16
0.51 0.48 0.48 0.51
(=)} Q Qg (=]
g c c g
h n h n
IPE360 IPE300 IPE360
9 0.99 10 063 11 0.99 12
0.51 0.48 0.48 0.51
3 3 s g
z 3 3 g
IPE360 IPE300 IPE360
° 0.99 6 063 v 0.99 8
0.51 0.48 0.48 0.51
3 3 e g
P 3 3 P
1] L 1] L
I I I un
Izkoris¢enost prerezov
Notranji pre¢ni okvir (okvir J):
IPE360 IPE300 IPE360
17 18 19 20
0.47 0.33 047
0.31 0.35 0.35 0.31
3 3 3 3
P 3 3 ¥
w w w w
I IPE360 T IPE300 3 IPE360 4
13 14 15 16
0.47 0.33 047
4 0.31 4 0.35 4 0.35 4 0.31
3 2 2 3
& & & o
T IPE360 T 1PE300 T IPE360 T
9 10 11 12
0.47 0.33 047
4 0.31 4 0.35 4 0.35 4 0.31
e g g 3
< < < <
w w w w
I IPE360 I 1PE300 3 IPE360 4
5 6 7 8
0.47 0.33 0.47
0.31 0.35 0.35 0.31
g 3 3 3
P 3 3 ¥
w w w w
I I I I
»—(1 »—(2 »—(3 »—54

IzkorisCenost prerezov
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Notranji precni okvir (okvir L):

IPE360

IPE300

IPE360

. 7 0.97 8 062 [° 0.97 Po
0.68 0.54 0.54 0.68
3 & & 3
i i i i
T IPE360 T IPE300 4 IPE360 T
13 0.97 “ o o062 |° 0.97 10
0.68 0.54 0.54 0.68
3 3 3 3
P 3 3 P
w 1T} 1T} w
T IPE360 T 1PE300 3 IPE360 T
9 10 1 12
0.97 0.62 0.97
o 0.68 g 0.54 g 0.54 o 0.68
g 3 3 g
T IPE360 T 1PE300 3 IPE360 T
5 6 7 8
0.97 0.62 0.97
0.68 0.54 0.54 0.68
3 3 3 3
g 3 3 g
i I I i
>—(1 >—€2 >—€3 >—(4

Zunanji pre¢ni okvir (okvir K):

Izkoris¢enost prerezov

9 IPE400 10
4
= =1
i i
Bl 1PE400 &=
3
%F 2 1
i i
T IPE400 &
2
= o =10
i i
= 1PE400 Th
1
=f =P
| ]
i i
k= T
H! "f?

Geometrija
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|FE400 10
{47 4 46
ga §12
T |PE400 5
1|5 3 RTI
gF §11
T |FE400 T
T I TA
gi §1n
T |FE40D Th
24 1 X
= =
5 5
| mn
— -

Pomiki - potres|mm]

HEA 550 - K7

Notranje sile pri K7: 1.0G+0.15Q+1.0A
Group of member(s) :1/12

Group of nonlinear combination(s) :7
Cross-section : 1 - HEA550

memb | non. c. dx N \% M
[m] [kN] [kN] [kNm]
9 7 0.000 -950.18 40.04 -141.58
12 1.320 -254.89 45.73 23.94
8 1.320 -244.46 -31.85 -1.26
12 3.300 -254.91 45.55 114.35
IPE 400 - K7

Notranje sile pri K7: 1.0G+0.15Q+1.0A
Group of member(s) :1/12

Group of nonlinear combination(s) :7
Cross-section : 2 - IPE400

memb | non. c. dx N \% M
[m] [kN] [kN] [kNm]
3 7 0.635 5.44 33.16 -17.88
4 9.530 -52.15 -64.34 -114.35
0.000 -52.05 53.92 -64.28
4.447 -52.13 -1.32 52.94
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HEA 550 - K8

Notranje sile pri K8: 1.0G+0.15Q
Group of member(s) :1/12

Group of nonlinear combination(s) :8
Cross-section : 1 - HEA550

memb | non. c. dx N \% M
[m] [kN] [kN] [kNm]
5 8 4.300 -924.64 -7.18 -24.00
12 1.320 -249.57 38.80 12.02
8 1.320 -249.80 -38.81 -13.11
12 3.300 -249.58 38.67 88.76
8 3.300 -249.81 -38.68 -89.87
IPE 400 - K8

Notranje sile pri K8: 1.0G+0.15Q
Group of member(s) :1/12

Group of nonlinear combination(s) :8
Cross-section : 2 - IPE400

memb | non. c. dx N \ M
[m] [kN] [kN] [kNm]
3 8 8.259 17.56 -33.34 -20.76
4 5.083 -38.79 -3.84 51.20

0.000 -38.76 59.24 -89.87
9.530 -38.76 -59.01 -88.76

HEA 550 - K9

Notranje sile pri K9: 1.0A

Group of member(s) :1/12

Group of nonlinear combination(s) :9
Cross-section : 1 - HEA550

memb | non. c. dx N \% M
[m] [kN] [kN] [kNm]
5 9 4.300 26.00 27.30 -2.49
9 0.000 -25.79 26.53 -118.00
5 0.000 25.97 27.33 -119.92
11 3.300 -11.50 12.73 32.86
IPE 400 - K9

Notranje sile pri K9: 1.0A

Group of member(s) :1/12

Group of nonlinear combination(s) :9
Cross-section : 2 - IPE400

memb | non. c. dx N \Y M
[m] [kN] [kN] [kKNm]
1 9 0.000 -15.31 -6.95 33.21
4.447 -12.62 -7.41 2.34

0.000 -12.62 -7.39 35.25
9.530 -12.62 -7.39 -35.27
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Kontrola nosilnosti in stabilnosti

EC3 Code Check
Cross-section : 1 - HEA550

[ Macro6 | Member9 | HEA550 | S275 | Non-Lin.Comb.1 | 0.46 |
NSd| Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kKNm] [ [kNm] [kNm]
-1685.23 0.00] 28.95 -0.00] 71.92 0.00

The critical check is on position 4.30 m

Buckling parameters vy zz

type sway non-sway

Slenderness 13.63 60.25

Reduced slenderness 0.16 0.69

Buckling curve a b

Imperfection 0.21 0.34

Reduction factor 1.00 0.79

Length 4.30 4.30 m

Buckling factor 1.00 0.73

Buckling length 4.30 3.13 m

Critical Euler load 236657.63  [12106.15 |kN

LTB

LTB length 2.15|m

k 1.00

kw 1.00

C1 2.65

C2 0.01

C3 0.68

load in center of gravity

SECTION CHECK
Vz 0.02 <1
M 0.08 <1
STABILITY CHECK

Buckling 0.40 < 1

LTB 0.06 <1

Compression + Moment 0.38 <1

Compression + LTB 0.46 <1

Cross-section : 2 - IPE400

[ Macro4 | Member4 | IPE400 | S275 | Non-Lin.Comb.3 | 0.89 |

NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kNm] [kNm] [kNm]
-63.66 0.00] -98.15 -0.00] -149.65 0.00

The critical check is on position 9.53 m



Ognjanovi¢, M. 2006. Projekt ve¢namenske stavbe v jekleni izvedbi.
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

Buckling parameters vy zz
type sway non-sway
Slenderness 36.20 191.25
Reduced slenderness 0.42 2.78
Buckling curve a b
Imperfection 0.21 0.34
Reduction factor 0.95 0.11
Length 9.53 9.53 m
Buckling factor 1.00 0.63
Buckling length 9.53 5.99 m
Critical Euler load 13358.46 |300.78 kN
LTB
LTB length 4.76|m
k 1.00
kw 1.00
C1 1.30
C2 1.54
C3 0.75

load in center of gravity

SECTION CHECK

Vz 0.16 < 1

M 0.46 < 1
STABILITY CHECK

Buckling 0.26 <1

LTB 0.69<1

Compression + Moment 0.56 <1

Compression + LTB 0.89 <1

4.9 Dinamicna analiza v vzdolZni smeri (Objekt A)

4.9.1 Izracun mase in nihajnega ¢asa

1

mom. okvirjev

m= (nmom. okvirjev 1) m
n povezij

Npovezij = 2:-2=4
Nmom.okvirjev — 9

m=— (9 _ 1) mmom.okvmev =2. mmom.okvmev

m; = 124891.6kg
m, = 124259.6kg
m; = 123605.4kg
m, = 120274.4kg
ms = 11834.6kg
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4.9.2 Zacetna nepopolnost

O =k kD, @ =0.0032
1
O, =—
%200

ke = (0.5+LJ = (0.5+1j =1.0<1.0
ne 2

kg = (0.2+LJ = (0.2+%) =0.64<1.0

ng
ne...Stevilo stebrov etaze n,=2
n,...Stevilo etaz ng=>5

4.9.3 Dolocitev potresnih sil
Tc<T<Th: S4(T) = agsg{i—c} 20.20a,
q

S4(T)=0.15-9.81-1.0- 2—:{%} =0.484m/s” > 0.245m/s”

Fp = S¢(T) - m - & = 0.484m/s” - 504865.6kg - 1.0 = 244.23kN
4.3m-124891.6kg

F =F, -——1—=24423kN- =73.24kN
Ysm, 4.3m-124891.6kg +...+3.3m-11834.6kg
i=1-5
F,=F, -—2"2_ 244 23kN- 3.3m 124259 6kg =55.92kN
Ys.m, 4.3m-124891.6kg +...+3.3m-11824.6kg
i=1-5
F, =F, -—3"2 =244 23kN- 3.3m:123605.4.kg = 55.63kN
Ysm, 4.3m-124891.6kg +...+3.3m-11824.6kg
i=1-5
F, =F, —414 _24423kN- 3.3m-120274.4kg =54.13kN

>osm; 4.3m-124891.6kg+...+3.3m-11824.6kg

i=1-5
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SsMs

423N 3.3m-11824.6kg
Ts;m, 4.3m-124891.6kg +...+3.3m-11824.6kg

i=1-5

F,=F,- =5.33kN
Torzijski u¢inek:

§=14+0.6-x/L.=1+0.6-12m/48m=1.15

F, =6 F =1.15-73.24kN = 84.22kN

F, =8-F, =1.15-55.92kN = 64.31kN

F, =5-F, =1.15-55.63kN = 63.97kN

F, =58-F, =1.15-54.13kN = 62.24kN

F, =5-F, =1.15-5.33kN = 6.12kN

4.9.4 Kontrola pomikov

d;-v=<0.0075-h

v=0.5

dr=(u—-u)q

q=4

dii = (u1 —0) - q=(8.5mm) - 4 =34.0mm

do = (u—uy) - q=(15.3mm — 8.5mm) - 4 = 27.2mm
ds = (u3 —w) - q=(21.0mm — 15.3mm) - 4 = 22.8mm
du = (ug—u3) - q=(26.5mm — 21.0mm) - 4 = 22.0mm
dis = (us — ug) - ¢ = (30.0mm — 26.5mm) - 4 = 14.0mm

dr - v=34.0mm - 0.5 =17.0mm < 0.0075 - h = 0.0075 - 4300mm = 32.25mm
dp - v=272mm - 0.5 = 13.6mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm
ds - v=228mm - 0.5=11.4mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm
drs - v=22.0mm - 0.5=11.0mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm
ds - v=14.0mm - 0.5 =7.0mm < 0.0075 - h=0.0075 - 3300mm = 24.75mm
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4.10 Dinamiéna analiza v vzdolZzni smeri (Objekt B)

4.10.1 Izracun mase in nihajnega ¢asa

1

mom. okvirjev

m= (nmom.okvirjev - 1)

n povezij

Npovezij = 2:-1=2

Nmom.okvirjev = 4

1 s .
m=— (4 — 1) . m™mem- okvirjev _ 1.5 mmom.okvmev

m; = 126415.0kg

m, = 125391.0kg

m; = 121417.8kg

my = 106809.8kg
1_ 1

v 1.646s™

v=1.646s"

=0.61s

4.10.2 Zacetna nepopolnost

1
O, =——
*7 200

ke = [0.5+Lj = (0.5+1j =1.0<1.0
ne 2

kg = [o.uij = [o.zﬁj =0.67<1.0

ng
n....Stevilo stebrov etaze n =
n;...Stevilo etaz ng=4

4.10.3 Dolocitev potresnih sil

Tc<T<Tp: S4(T) = agSE{TF—CJ >0.20a,
q
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S4(T) = 0.15-9.81-1.0-%{%} =0.505m/s> > 0.245m/s>

Fp = S¢(T) - m - & = 0.505m/s” - 480033.6kg - 1.0 = 242.23kN

F =F, - —1 =242 23kN- 4.3m-126515.Okg = 76.98kN
Ys;m, 43m-126515.0kg +...+3.3m-106809.8kg
i=1-4
E, =F, -—2"2 =242 23kN. 3.3m-125391.Okg = 58.60kN
¥s;m, 43m-126515.0kg +...+3.3m-106809.8kg
i=1-4
E, =F, —33 =242 23kN- 3.3m-121417.8kg = 56.74kN
Ys,m, 4.3m-126515.0kg +...+3.3m-106809.8kg
i=1-4
F, =F, —414 _24223kN- 3.3m-106809.8kg =49.91kN
Tsm 4.3m-126515.0kg +...+3.3m-106809.8kg

Torzijski u¢inek:
§=1+0.6-x/Le=1+0.6-6m/24m=1.15
F, =8 F =1.15-76.98kN = 88.52kN

F, =5-F, =1.15-58.60kN = 67.36kN
F, =5-F =1.15-56.74kN = 65.25kN

F, =58-F, =1.15-49.91kN = 57.40kN

4.10.4 Kontrola pomikov

d;-v<0.0075-h

v=0.5

dr=(u—-u)q

q=4

dii1 =(;—0)- q=(8.1mm) - 4 =32.4mm

dp = —u;) - q=(14.8mm — 8.1mm) - 4 = 26.8mm
diz = (U3 —u) - q=(20.0mm — 14.8mm) - 4 = 20.8mm
dis = (04 —u3) - ¢ = (26.0mm — 20.0mm) - 4 = 24.0mm
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dr - v=32.4mm - 0.5 =16.2mm < 0.0075 - h = 0.0075 - 4300mm = 32.25mm
dp - v=26.8mm - 0.5 =13.4mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm
ds - v=20.8mm - 0.5 = 10.4mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm
drs - v=24.0mm - 0.5 =12.0mm < 0.0075 - h = 0.0075 - 3300mm = 24.75mm

4.11 Posebna pravila za momentne okvirje (OSIST ENV 1998-1-3)

notranji:
steber HEA 450 nosilec IPE 360 steber HEA 450 nosilec IPE 300
> >
ZWpl’y > ZWpl’y ZWpl’y > ZWpl’y
3 3 3
3216.0cm” > 1019.0cm3 3216.0cm™ > 628.0cm
steber HEA 320 nosilec IPE 360 steber HEA 320 nosilec IPE 360
> >
ZWpLy > ZWpLy ZWpLy > ZWPI y
1628.0cm’ > 1019.0cm3 1628.0cm’ > 628.0cm’
zunanji:
steber HEA 360 nosilec IPE 360 steber HEA 360 nosilec IPE 300
> >
ZWpl,y > ZWpl,y ZWpl,y > ZWpl,y

2-2088.0cm’> =4176.0cm> > 1019.0cm3 2 - 2088.0cm’ = 4176.0cm’ > 628.0cm’

steber HEA 260 nosilec IPE 360 steber HEA 260 nosilec IPE 300
W >>W W >>W
X pLy = pLy z pLy = pLy

2-920.0cm’ = 1840.0cm’ > 1019.0cm3 2-920.0cm’ = 1840.0cm’ > 628.0cm’

Precke IPE 300:

Mgq = 77.16kNm ... glej diplomska naloga, stran 57.
ks =1.193 ... glej diplomska naloga, stran 46.

Mga= Msgq - ks =77.16kNm - 1.193 = 92.05kNm

f 27.5kN/cm?
M ra =—- ol T

Y ™o

-557.0cm® =139.25kNm

Mg 92.05kNm

= =0.66<1.0
Mg 139.25kNm

Nsq = 17.15kN ... glej diplomska naloga, stran 57.
NEd = NSd =17.15kNm

fy, A 27.5kN/cm?

MO 1-1

-53.8cm? =1345.0kN

Npl,Rd =
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Negg _ 175kN =0.013<0.15
Nore 1345.0kN

VEdMm ... najvecja precna sila, ki se razvije v nosilcu.

Mpa+Myp  172.7kNm+172.7kNm
L 3.5m

VEd,G = 606kN

Viam = = 98.69kN

Vid= Veam + Vidc = 98.69kN + 60.6kN = 159.29kN

f 2
Viira = y\/g Ay = 27'1511<N\;%m .22.15cm? =319.71kN
Ywmo - A

Vs  159.29kN

Vyra 319.71kN

=049<0.5

Precke IPE 360:

Mgq = 150.92kNm ... glej diplomska naloga, stran 57.
ks =1.193 ... glej diplomska naloga, stran 46.

Mgg= Msq - ks = 150.92kNm - 1.193 = 180.05kNm

f, _ 27.5kN/em”

M, gy =—— W, ="""——""-.904.0cm’ = 226.0kNm
’ 1.1
MO

Mg 180.05kNm
M,rg  226.0kNm

=0.80<1.0

Ngq = 17.15kN ... glej diplomska naloga, stran 57.
NEdZ NSd =74.05kNm

fy Ao 27.5kN/cm?

.72.7¢cm? =1817.5kN
Tmo L1

Npl,Rd =

Np  74.05kN
N,rs 1817.5kN

=0.04<0.15

Mja+Ms _ 280.23kNm +280.23kNm
L 6.0m

VEd,M -

=93.41kN
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VEd,G = 1046kN
Vid= VeaMm + Viag = 93.41kN + 104.6kN = 198.01kN

f 2

pl,Rd_yMO'\/g' s 1'1'\/5

Ve 198.01KN
Vyrs  468.66kN

042<0.5

Stebri HEA 360:

Strizna nosilnost panela stojine stebra v obmocju spoja precka — steber mora zadoscati
pogoju:

MEd,spodaj = Msd,spodaj * Ks = 2317.0kNem - 1.193 = 2764.18kNm

MEd zgoraj = Msd,zgoraj * ks = 2140.0kNem - 1.193 =2553.02kNm

MPP + ME™  2764.18kNem +2553.02kNem

V = . =178.43kN
vk pnosilea 29.8cm
. f 2
Vypra = h - 0% .Y =29 8cm 1.0em. 2KNemT a0 13k
’ Y Mo 3 1.1-/3

Vipea 178.43kN
Vipra  430.13kN

W]

042<1.0

Kontrola za precno silo v stebru Vgg:
Vg4 = 55.44kN ... glej diplomska naloga, stran 116.

Vg 55.44kN

= ~0.11<0.5
Voire  525.39kN

f 2
v y A 2 2TOKNfemT o em? = 525.39KkN

pl,Rd_yMo.\/g S 11\/5

Stebri HEA 450:

Strizna nosilnost panela stojine stebra v obmocju spoja precka — steber mora zadoscati
pogoju:

MEd spodaj = Msd,spodaj * Ks = 4364.0kNem - 1.193 = 5206.25kNcem

MEd zgoraj = Msd,zgoraj * ks = 3829.0kNem - 1.193 = 4567.99kNem
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MR+ ME™  5206.25kNcm +4567.99kNem

VipEd = : —327.99kN
wpEd yresiles 29.8cm
. f 2
Vipra = h3H 3% . —2— =29 8em-1.15cm- 27.5KNfem” _ 464 6akN
’ Yoo V3 1.1-43

Vipea  327.99kN

= =0.66<1.0
Vypra  494.64kN

Kontrola za prec¢no silo v stebru Vgg:
VEiq = 94.73kN ... glej diplomska naloga, stran 116.

Ve 94.73kN

= ~0.13<0.5
Vyra  759.56kN

f, A _ 27.5kN/cm’

Vg = A, = +52.62 cm” = 759.56kN
PRy o 3 1.1-43

Stebri HEA 260:

Strizna nosilnost panela stojine stebra v obmocju spoja precka — steber mora zadoscati
pogoju:

ks =1.196 ... glej diplomska naloga, stran 42.

MEd spodaj = Msdspodaj * ks = 2086.0kNem - 1.196 = 2494.86kNcem

MEd zgoraj = Msd,zgoraj * ks = 1266.0kNem - 1.196 = 1514.14kNem

MPP + ME™  2494.86kNem +1514.14kNem

Vip.ed = . =134.53kN
wpEd prositea 29.8cm
. 2
pr 2d = hr\)l;)sﬂca . tit/ebra . y —29.8cm-0.75cm - 27.5kN/cm — 322 50kN
’ ¥ ™Mo 3 1.1-/3

Vipea 134.53kN
Vipra  322.59kN

042<1.0
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Kontrola za precno silo v stebru Vgg:
Viq = 23.95kN ... glej diplomska naloga, stran 115.

Vg 23.95kN

Vyra  281.46kN

=0.09<0.5

f 2
v YA 2TIKNemT g s n? 2 281.46kN

pl,Rd_yMo.\/g S 11\/5

Stebri HEA 320:

Strizna nosilnost panela stojine stebra v obmocju spoja precka — steber mora zadoscati
pogoju:

MEd spodaj = Msd,spodaj * K5 = 4012.0kNem - 1.196 = 4798.35kNcem

MEd zgoraj = Msd,zgoraj * ks = 2284.0kNem - 1.196 =2731.66kNem

MPP + ME™ 4798 35kNem +2731.66kNem

Vo o= : —252.68kN
vk ynosilea 29.8cm
. f 2
Vyprg = 0060 .Y =29 8cm-0.9¢m- 275kNfem™ _ 200 1 1kN
’ Y Mo 3 1.1-4/3

Viped  252.68kN
Vipra  387.11kN

W]

0.65<1.0

Kontrola za precno silo v stebru Vgg:
VEa = 52.98kN ... glej diplomska naloga, stran 116.

Vg 52.98kN

- ~0.13<0.5
Vyrs  418.81KN

f 2
v y A 2 2TIKNemT g hoem? = 418.81kN

pl,Rd_yMo.\/g s 11\/5
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Stebri HEA 550:

Strizna nosilnost panela stojine stebra v obmocju spoja precka — steber mora zadosc¢ati
pogoju:

ks = 1.255 ... glej diplomska naloga, stran 55.

MEd,spodaj = Msd,spodaj - Ks = 2612.0kNem - 1.255 = 3278.06kNcm

MEd zgoraj = Msd,zgoraj - ks = 915.0kNem - 1.255 = 1148.33kNem

MPP + ME™  3278.06kNcm +1148.33kNem

v . ~133.73kN
wp,Ed hrvlvosﬂca 33.1cm

. f 2
Ve = h™9 590 Y 33 jem .1 25em 2 0 A _ 597 201N

" VMO‘\/3 1143

Vipra  133.73kN

Vyora  597.20kN

0.22<1.0

Kontrola za pre¢no silo v stebru Vgg:
VEiq = 73.53kN ... glej diplomska naloga, stran 116.

Vea  73.53kN

Vyga 101325kN

=0.073<0.5

f 2
% y o 2 2T OKNfemT g em? =1013.25kN

pl,Rd_’YMO'\/g s 11\/3
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5 SEKUNDARNA KONSTRUKCIJA
5.1 StreSne lege

5.1.1 Zasnova

Vi

[PE 240

——b=1.64m——

5.1.1 Racéunski model

RN N RN A
IR RNV NN |

Wvzd.

T T T T T Ay
-~ L=60m

5.1.3 Obtezba

5.1.3.1 Stalna obtezba
g=Gg " b=0.5kN/m” - 1.64m = 0.82kN/m

5.1.3.2 Sneg
s=S-b=1.24kN/m?- 1.64m = 2.04kN/m

5.1.3.3 Veter

Glej diplomska naloga, stran 19.

w=W""b=0.22kN/m’ - 1.64m = 0.36kN/m

w=W - b=0.93kN/m’ - 1.64m = 1.53kN/m

Wyza =W - b-h/2=0.71kN/m’ - 1.64m - 3.3m/2 = 1.92kN
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5.1.4 Obtezne kombinacije
MSN:

1. 1.35g + 1.5s + Qi

2. 1.35g+ 1.5w" + qin

3. 1.35(g+s+w)+ g
4. 1.0g+ 1L.5W + qin

5. 1.35(g + s + Wyzd) + Qizb
6. 1.35g + 1.5Wyza + Qizb
7. 1.0g + 1.0Ag4 + Qizb
MSU:

8. 1.0g+1.0s

9. 1.0g +0.9(s + w)

5.1.5 Kontrola pomikov

Pomiki uz MSU[mm]

8 = 0.0196m < = = O™ _ 0.024m
250 250

Boc¢no podpiranje nosilca pre¢nega okvirja:

Q. =9, -b=0.133kN/m-1.64m = 0.218kN

|
| Ng = Qi _ 0218KN _ 55808
|

sina sin45°

)i
| profil A = = =0.025cm’

_ Ngy Vi __ 0.308kN-1.1
Pt y-f, 0.5-27.5kN/em’

Izberem kotnik 40 /40 / 6mm
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5.2 Horizontalno zavetrovanje

5.2.1 Zasnova

! 42,0

5.2.2 Racunski model

potres

LIS LT LLL LT T izboene sile

veter

¥ 13,1

-~

5.2.3 Obtezba

5.2.3.1 Potresna sila

Ay =2.69kN ... glej diplomska naloga, stran 45.

_Apg  2.69kN

A,
B g 6m

=0.448kN/m

ALy = Ajpy -b=0.448kN/m-1.64m = 0.735kN ...v vmesnih vozli§¢ih

b 1.64m

Aby = Ay Eh 0.448kN/m - =0.367kN ...v krajnem vozliséu

-

13,1
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5.2.3.2 Veter
A =h-L=1.65m-15.5m =25.58m"’
W =0.93kN ... glej diplomska naloga, stran 20.

_ W-A,  0.93kN/m*-25.58m’
L 15.5m

w, =w-Im=1.53kN

=1.53kN/m

W, = w-%m =0.765kN

5.2.3.3 Izboc¢ne sile

_ ZNSd
D> q=p “
M__ =20.0kNm

N, = \Y . _ 20.0kNm _ SOKN
h 0.4m

D Ny =n-Ng, =4-50kN = 200kN

n...St. primarnih nosilcev, ki jih prenesemo z enim horizontalnim povezjem

st okvirjev 8

=2-1
St.povezij 2

0= L B—L—O.Om
1500 62.5

> q=p- Z 1 20.016-22%N _ 6 1331N/m
24m

= Zq-l =0.133kN/m -1.64m = 0.218kN

Piprob = Zq% = 0.133kN/m-@ =0.109kN

5.2.4 Kontrola pomikov

Uz max = 0.0038m < u, 4oy = L _2m_ 0.096m
250 250
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5.2.5 Rezultati dobljeni s programom ESA — Prima Win

0B

PE240 PE240 PE240 PE240 PE240 PE240 PE240 PE240
9 8 10 9 11 0 12 1 13 22 14 23 15 24 16 25 17
v fe fe ) fe, v v fe v
3 3 3 3 3 3 3 3 3
v e e ) e [ v e v
3 3 3 3 3 3 3 3 3
wn w0y s ) w0y ) ) w0 )
X | | x| | X x| | X
PE240 PE240 PE240 PE240 PE240 PE240 PE240 PE240
26 27 28 29 30 31 32 33
Geometrija
1P 1P IPEQ IPEX 1P IPED 1
-20
-3k FAE
[* [* [* [*
(= (= (= (=
[ [ [ [
[ = [ = [ = [ =
g g g g
IPEZ g g |
Ab T
a5 ] | ——— 35
er ETRET] =
Pomiki - MSU[mm]
108

Reakcije
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Kontrola nosilnosti in stabilnosti

EC3 Code Check
Cross-section : 2 - K50/50/5

[ Macro2 | Member9 | K50/50/5 | S275 | Non-Lin.Comb.4 | 0.69

NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
(kN] | [kN] | [kN] | [kNm] | [kNm] | [kNm]
10.36]  -0.00] -0.00 000 -0.02 -0.00

The critical check is on position 6.00 m

Buckling parameters yy zz
type sway sway
Slenderness 168.95 |197.06
Reduced slenderness 1.95 2.77
Buckling curve a a
Imperfection 0.21 0.21
Reduction factor 0.23 0.17
Length 6.00 6.00 m
Buckling factor 1.00 1.00
Buckling length 6.00 6.00 m
Critical Euler load 65.35 17.44 kN
LTB
LTB length 3.00|m
k 1.00
kw 1.00
C1 2.57
C2 0.05
C3 0.68

load in center of gravity

SECTION CHECK
Vz 0.00 <1
M 0.01<1

STABILITY CHECK

Buckling 0.69<1
LTB 0.01<1
Compression + Moment 0.20 <1

Compression + LTB 0.69 <1
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5.3 Vertikalno zavetrovanje
Diagonale dimenzioniramo na nateg. Ker je pri objektu B streha v betonski izvedbi, ne

upostevamo izbo¢nih sil kot pri objektu A.

5.3.1 Zasnova

Qizb @5&

Ao Wiv
—_—

Araz Wi
—_— —

5.3.2 Obtezba

5.3.2.1 Izbo¢na sila

oeam i

di, = R(ESA) =10.6kN

5.3.2.2 Potresna sila

Potresne sile - glej diplomska naloga, stran 45. in 48.

Objekt A: Objekt B:

F; =37.01kN F; =35.76kN
F, =28.26kN F, =27.31kN
F3 =28.11kN F3 =27.16kN
F4=27.35kN F4=23.63kN

Fs =2.69kN
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5.3.2.3 Veter

Objekt A:

W = 0.78kN/m” ... glej diplomska naloga, stran 19.
B/2=7.75m

h; =4.3m wi =W - h; = 0.78kN/m” - 4.3m = 3.28kN/m
h, =3.3m wy =W - hy = 0.78kN/m” - 3.3m = 2.57kN/m
h; =3.3m w3 =W - h3 = 0.78kN/m” - 3.3m = 2.57kN/m
hs =3.3m ws =W - hy = 0.78kN/m” - 3.3m = 2.57kN/m
hs =3.3m ws =W - hs = 0.78kN/m” - 3.3m = 2.57kN/m
Objekt B:

W = 0.78kN/m” ... glej diplomska naloga, stran 19.
B/2=7.75m

hj=43m  w; =W h;=0.78kN/m” - 4.3m = 3.28kN/m
hy=33m  w;=W-h,=0.78kN/m’ - 3.3m = 2.57kN/m
hy=33m  w3;=W-h;=0.78kN/m’ - 3.3m = 2.57kN/m
hy=33m  wy;=W-hy=0.78kN/m’ - 3.3m = 2.57kN/m

5.3.3 Obtezne kombinacije

5.3.3.1 MSN

Objekt A: Objekt B:
1.) 1.0Agq + 0.7z 1.) 1.0Agq
2.) 1.5w + 1.0qin 2.) 1.5w
5.3.3.2 MSU

Objekt A: Objekt B:
3.) 1.OAgq + 0.7qiz 3.) 1.OAgq

4 1.0w + 0.7 4)1.0w

F; =25.42kN
F, =19.92kN
F3 =19.92kN
F4=19.92kN
Fs =19.92kN

F; =25.42kN
F, =19.92kN
F3; =19.92kN
F,=19.92kN
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5.3.4 Dimenzioniranje

5.3.4.1 MSN

Dimenzionirano s programom ESA-Prima Win.

5.3.4.2 MSU

Kontrola horizontalnih pomikov:

Vecetazna zgradba: -posamezna etaza: 0i < Omax i :%

-celotna viSina zgradbe: 6 < dpax -

500

Objekt A: Objekt B:
01 =0.0038m < Oyax 1 = 0.014m 01 =0.0037m < Opnax 1 = 0.014m
92 =0.0070m < dypax 2 = 0.025m 9, =10.0072m < Oypax 2 = 0.025m
03 =0.0097m < Simax 3 = 0.036m 03 =10.0097m < Spnax 3 = 0.036m
04 =10.0127m < Syax 4 = 0.047m 94 =10.0128m < dyax 4 = 0.047m
05 =10.0159m < nax 5 = 0.058m 0 =0.0128m < dpmax = 0.0284m

0 =0.0159m < dpnax = 0.035m

5.3.5 Posebna pravila za diagonalna centri¢na povezja (OSIST ENV 1998-1-3)
Objekt A:

A=—L 1.3<1<2.0
127‘1
1,1 = 44.87mm

1, = 1,3 = 39.72mm

1,4 = 15.49mm

i,5 = 4.45mm

l,1 = 7380mm

Lz = 13 = lys = lys = 6840mm
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2, =939,/ 2MPa_ g4 8
275MPa

- 1, 7380mm

A =- = =1.895
1Z17\'1 44.87mm‘86.8
Ry —w __ 6840mm o0,
1Z27\41 39.72mm‘86.8
T = '1u4 _ 6840mm _480
i,4A; 15.49mm-86.8
s = 1 6840mm _17.71

i\, 4.45mm-86.8

Da zagotovimo enakomerno disipativno obnasanje diagonal, moramo prerez diagonal v visjih
nadstropjih zmanjsevati, saj je tam precna sila etaze manj$a. V mojem primeru je v zadnjih

dveh etazah ta prerez tako majhen, da ne zadostimo pogoju o relativni vitkosti.

fy
Npl,Rd =A-——
Ymi
N
Q= (ﬂj i...diagonale
Ngge,i
Profil: | Alem®] | Nggmax[KN] | Npira[KN]|  ©
l.etaza| B 133/5.6 | 23,86 355,4 596,5 1,68
2.etazal B 114.3/4.5 | 15,52 2241 388,0 1,73
etaza| B 114.3/4 | 12,52 159,8 313,0 1,96
4.etazal| B 48.3/4.5 | 6,192 79,4 154,80 1,95
S.etaza| B 16/4 1,508 18,9 37,70 1,99

Qo —Qn 1.99-1.68
Q 1.68

max

=0.18<0.25
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Kontrola za precke in stebre:

f 2
Njira =x-A-— = 0.86-143.0cm” 27.5kNfem”

Tmi

=3074.5kN

Npgg = Nopa o =502.6kN
N = N2UE +0.3-NpghY =36.3kN+0.3-431.5kN =165.75kN

NG =0.3-N2UE + N =0.3-36.3kN +431.5kN = 442.39kN

NpiraMeg) 2 Ny + 1170y - Q- Ny p =502.6kN +1.1-1.1-1.68- 442.39kN

N, rg M) = 3074.5kN > 1401.89kN

Objekt B:

A= 1.3<1<2.0
1zkl
1,1 = 44.87mm

1, = 1,3 = 39.72mm

1,4 = 13.58mm

l,1 = 7380mm

lio =13 = ls = 6840mm

2 =939, 22MPa_ oo g
275MPa

re 1, 7380mm

Al =- = =1.895
1Z17\'1 44.87mm'86.8

= .1u2 _ 6840mm —1.984
i,A  39.72mm-86.8

= 1, 6840mm 1.99

i, 39.56mm-86.8
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5 L 6840mm
4 = =
i,Ah  13.58mm-86.8

=5.50

Da zagotovimo enakomerno disipativno obnasanje diagonal, moramo prerez diagonal v vi§jih
nadstropjih zmanjSevati, saj je tam precna sila etaze manjsa. V mojem primeru je v zadnji

etazi ta prerez tako majhen, da ne zadostimo pogoju o relativni vitkosti.

£y
Npl,Rd =A-——
Ywmi
N
Q= (ﬂj i...diagonale
Ngg e,
Profil: | Alem®] | Ngamax[KN] | Npira[kKN]|  ©
l.etaza| B 133/5.6 | 23.86 317.3 596.5 1.88

2.etaza| B 114.3/4.5 | 15.52 207.8 388.0 1.87
Jeetaza| B 114.3/4 | 12.52 157.8 313.0 1.98
4.etazal| B42.4/4 | 4.825 62.7 120.63 1.92

Qo — Qi 1.98-1.87
Q 1.87

max

=0.06<0.25

Kontrola za precke in stebre:

f 2
Npipg = A —L = 0.86-143 0cm? . 22K em”

Ymi

=3074.5kN

Niog = Niga ™" = 506.8kN
NG = NpE +0.3- N =31.5kN +0.3-387.5kN =147.75kN

N =0.3-NPUE + N =0.3-31.5kN +387.5kN = 396.95kN

NpiraMpg) 2 Ny +1.1ygy - Q- Ny o =506.8kN +1.1-1.1-1.87-396.95kN

N,ira (Mpg) =3074.5kN > 1404.98kN
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5.3.5 Rezultati dobljeni s programom ESA — Prima Win

Objekt A:
IPE330

11 5 12
§10 18 §15
< <
w w
I IPE330 B

9 4 no
§9 17 §14
< <
w w
B IPE330 Ex|

7 3 8
= 19 N3
(2]
< g
w
I IPE330

5 2
a7 16 12
2]
<
w
I IPE330

Geometrija
158 5 158
na 18 ]
-g 1) g5
H 1 L3
|1 3 )
] 19 IE}
-18 2
J 16 2
-8 1
o 1
— —

Pomiki ux — MSU[mm)]
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Kontrola nosilnosti in stabilnosti

EC3 Code Check
Cross-section : 2 - IPE330

[ Macro1 | Member1 | IPE330 | S275 | Non-Lin.Comb.2 | 0.54 |
NSd| Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kNm] [ [kNm] [kNm]
-184.77 -0.00 0.00 -0.00 0.00 -0.00

The critical check is on position 4.91 m

Buckling parameters yy zz

type sway non-sway

Slenderness 43.76 169.12

Reduced slenderness 0.50 1.95

Buckling curve a b

Imperfection 0.21 0.34

Reduction factor 0.92 0.22

Length 6.00 6.00 m

Buckling factor 1.00 0.50

Buckling length 6.00 3.00 m

Critical Euler load 6776.64 |453.73 kN

LTB

LTB length 3.00|m

k 1.00

kw 1.00

C1 1.00

C2 0.00

C3 1.00

load in center of gravity

SECTION CHECK
M 0.12<1
STABILITY CHECK

Buckling 0.54 <1

Compression + Moment 0.13 <1

Compression + LTB 0.54 <1

Cross-section : 3 - B114.3/4.5

[ Macro8 | Member16 | B114.3/45 | S275 | Non-Lin.Comb.2 | 0.38 |

NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kKNm] [ [kNm] [kNm]
145.39 0.00 0.00 0.00 0.00 -0.00

LTB
LTB length 6.85|m
k 1.00
kw 1.00
C1 1.00

The critical check is on position 0.00 m
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LTB

C2

0.00

C3

1

.00

load in center of gravity

SECTION CHECK

N

0.38 <1

Cross-section : 4 - B114.3/4

[ Macro11 | Member19 | B114.3/4 | S275 | Non-Lin.Comb.2 | 0.34 |
NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| [ Mz.Sd |

[kN] [kN] [kN] | [kNm] | [kNm] | [kNm]

117.13]  -0.00 0.00 0.00  -0.00 -0.00

The critical check is on position 0.00 m

LTB

LTB length 6.85|m

k 1.00

kw 1.00

C1 1.00

C2 0.00

C3 1.00

load in center of gravity

SECTION CHECK

N 0.34 < 1

Cross-section : 5 - B133/5.6
[ Macro12 | Member20 | B133/56 | S275 | Non-Lin.Comb.2 | 0.38 |
NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| [ Mz.Sd |

[kN] [kN] [kN] | [kNm] | [kNm] | [kNm]

208.75]  -0.00 0.00] -0.00] -0.00 0.00

LTB
LTB length 7.38|m
k 1.00
kw 1.00
C1 1.00
C2 0.00
C3 1.00

load in center of gravity

SECTION CHECK

N

0.38 <1

The critical check is on position 0.00 m
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Cross-section : 6 - B48.3/4.5

[ Macro9 | Member17 | B48.3/45 | S275 | Non-Lin.Comb.2 | 0.57
NSd| | Vy.Sd| [ Vz.Sd| [ Mt.Sd| | My.Sd| [ Mz.Sd |
[kN] [kN] [kN] | [kNm] | [kNm] [ [kNm]
87.85] -0.00] -0.00] -0.00 0.00 0.00

The critical check is on position 0.00 m

LTB

LTB length 6.85|m

k 1.00

kw 1.00

C1 1.00

C2 0.00

C3 1.00

SECTION CHECK
N 0.57 <

1

Cross-section : 7 - B16/4

[ Macro10 | Member 18 | B16/4 | S275 |

Non-Lin. Comb. 2

0.92

NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| [ Mz.Sd |
(kN] | [kN] | [kN] | [kNm] | [KNm] | [kNm]
37.37] 0.00] -0.00] -0.00] 0.00 0.00

LTB
LTB length 6.85|m
k 1.00
kw 1.00
C1 1.00
C2 0.00
C3 1.00

SECTION CHECK

N 0.92 <1
Vz 0.00< 1
M 0.92<1

The critical check is on position 1.14 m
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Objekt B:
IPE330
4
B8 16 12
g g
< <
w w
I I
IPE330
3
o7 13 o1
g g
< <
w w
I I
- IPE330
2
6 15 o410
g g
< <
w w
I I
- IPE330
;

5 14 <]
(=] [=]
g g
< <
w w
I I
e !

Geometrija
128 4 o | s}

g 16 12
47 3 )

3 13 Il

=73 2
g 5 o
o 1 -3
14
— [ ]

Pomiki ux — MSU[mm)]
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Kontrola nosilnosti in stabilnosti

EC3 Code Check
Cross-section : 2 - IPE330

[ Macro1 | Member1 | IPE330 | S275 | Non-Lin.Comb.2 | 0.41 |
NSd| Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kNm] [ [kNm] [kNm]
-142.34 -0.00 0.00 0.00 0.00 0.00

The critical check is on position 0.00 m

Buckling parameters yy zz

type sway non-sway

Slenderness 43.76 169.12

Reduced slenderness 0.50 1.95

Buckling curve a b

Imperfection 0.21 0.34

Reduction factor 0.92 0.22

Length 6.00 6.00 m

Buckling factor 1.00 0.50

Buckling length 6.00 3.00 m

Critical Euler load 6776.64 |453.73 kN

LTB

LTB length 3.00|m

k 1.00

kw 1.00

C1 1.00

C2 0.00

C3 1.00

load in center of gravity

SECTION CHECK
Vz 0.00< 1
M 0.09<1
STABILITY CHECK

Buckling 0.41<1

Compression + Moment 0.41 <1

Compression + LTB 0.41<1

Cross-section : 3 - B133/5.6

[ Macro8 | Member14 | B133/56 | S275 | Non-Lin.Comb.2 | 0.27 |

NSd| | Vy.Sd| | Vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] [kKNm] [ [kNm] [kNm]
151.82 0.00 0.00 -0.00 -0.00 -0.00

The critical check is on position 0.00 m

LTB
LTB length 0.07|m
k 1.00
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LTB
kw 1.00
C1 1.00
C2 0.00
C3 1.00

load in center of gravity

SECTION CHECK

N

0.27 <1

Cross-section : 4 - B42.4/4

[ Macro10 | Member16 | B42.4/4 | S275 | Non-Lin.Comb.2 | 0.28 |
NSd| | Vy.Sd| [ vz.Sd| | Mt.Sd| | My.Sd| | Mz.Sd |
[kN] [kN] [kN] | [kNm] [ [kNm] | [kNm]
32.92 0.00  -0.00] -0.00 0.00 -0.00
The critical check is on position 0.00 m
LTB
LTB length 0.07|m
k 1.00
kw 1.00
C1 1.00
C2 0.00
C3 1.00
load in center of gravity
SECTION CHECK
N 0.28 < 1
Cross-section : 5 - B114.3/4
[ Macro9 | Member15 | B114.3/4 | S275 | Non-Lin.Comb.2 | 0.29 |
NSd| [ Vy.Sd| | Vz.Sd| | Mt.Sd| [ My.Sd| | Mz.Sd |
[kN] [kN] [kN] | [kNm] | [kNm] | [kNm]
100.87 0.00 0.00 0.00 0.00 0.00

LTB
LTB length 0.07{m
k 1.00
kw 1.00
C1 1.00
C2 0.00
C3 1.00

load in center of gravity

SECTION CHECK

N

0.29 <1

The critical check is on position 0.00 m
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6 MEDETAZNA KONSTRUKCIJA
6.1 Zasnova
detajl A

o @ o O © ©

f———B=Em——H

Flo=3m+-l=3m+b=3.omAb=3m+lb=3m~+
¥ L:6m # 35m # L:6m 4

Boc¢no podpiranje v fazi montaze

t—le—+le—+le—+le—+1l2—~
¥ B:Em A

POZ 1:
nosilec IPE360
POZ 2:

sovprezni nosilec [PE220

detajl A:

IPEC20

o

SINEN

I[PE | 360
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6.2 AB plosca

6.2.1 Zasnova

\ T IIII T TI I LTI 163

CLITLLITTLLITLL LI LTI LT g2
[LITIIIITIIIIL [IIIIIITIIIITIIIID [CLIIITIIITIIInqge
[ R P P O P A 19
3.0 “ 3.0 : 3.0 : 3.0 f 3.0 f

6.2.2 Obtezba
g=G - 1m=4.31kN/m’ - Im = 4.31kN/m ... glej diplomska naloga, stran 100.
q=Q-1lm= 2.34kN/m” - Im = 2.34kN/m ... glej diplomska naloga, stran 101.

6.2.2 Obtezne kombinacije

6.2.2.1 MSN
Cl. 135G + 1.5Q

6.2.2.1 MSU
C2. 1.0G + 1.0Q

6.2.3 Potek notranjih sil

6.2 6.2

Momenti [KNm]

Momente nad podporami zmanjsamo za 25%, v polju pa pove¢amo za absolutno vrednost

razlike nad podporami.
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Nad podporami (armatura zgoraj):
Mgq = —8.8kNm
Mggq = 0.75 - Mgg = 0.75 - (-8.8kNm) = —6.6kNm

M
k, = M| = 6§0kN°m = 0.047
a-f,-b-d” 1.42kN/cm”-100cm-10"cm
ks =1.041
A, =k Mol ) 41, OOOKNEM __ _ | sgcm?
S f,-d 43.5kN/cm” -10cm

Izberemo mrezno armaturo Q166.

Polje (armatura spodaj):
MEd = —68kNm
Msq = 0.25 - | Mg podpora | + MEdpotie = 0.25 - 8.8kNm + 6.8kNm = 9.0kNm

k, = M| ~= 930kN°m 5 =0.063
a-fy-b-d” 1.42kN/em” -100cm-10”cm

ks =1.048
Aok Msil g 00KNem ) oo

S fed 43.5kN/cm? -10cm
Izberemo mrezno armaturo Q226.
6.3 Obtezba
6.3.1 Lastna in stalna obtezba
g=G-b=431kN/m- 3.5m = 15.1kN/m
zakljuéni s10j................. lem 0.01m - 25kN/m’ = 0.25kN/m?
cementni estrih.............. 4cm 0.04m - 24kN/m’ = 0.96kN/m*
TI + spusceni strop 0.10kN/m*
AB plo§ta.......co......... 12cm 0.12m - 25kN/m’ = 3.00kN/m*
jeklen nosilec IPE 220 26.2kg/m - 9.81m/s> = 0.26kN/m”

G = 4.31kN/m’
GIPE220 = 026kN/m
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6.3.2 Koristna obtezba
Q=o0x - qp=0.78 - 3.0kN/m”* = 2.34kN/m’
q=Q - b=2.34kN/m - 3.5m = 8.19kN/m

6.3.3 Obtezba med gradnjo (delavci, oprema)
M, =m - b=0.75kN/m” - 3.5m = 2.63kN/m

6.3.4 Kopicenje betona (1.5kN/m’ na povrsini 3m - 3m)
M, =m; - b= 1.5kN/m’ - 3.5m = 5.25kN/m

6.4 Faza montaze

6.4.1 Obtezne kombinacije

MSN:

qed = 1.35GpE220 + 1.5(g + M; + M)

qea = 1.35 - 0.26kN/m + 1.5 - (15.1kN/m + 2.63kN/m + 5.25kN/m) = 34.82kN/m
MSU:

qed = 1.0g + 1.0Gppazo = 15.1kN/m + 0.26kN/m = 15.36kN/m

6.4.2 Dimenzioniranje

qre -B®  34.82kN/m-6’m’
8

MEgq = =156.69kNm

qre B 34.82kN/m-6m
Viq = S~

=104.46kN

Nosilnost jeklenega prereza:

f 2
Mg, =156.69kNm < Myy = W, -— =252.0cm’ - 27.5kN/em

Ymi

=63.0kNm

f 27.5kN/cm?
\Y4 =7 . A ="TF——
pLLRd \/E'YMO \/511

Kontrola nosilnosti jeklenega prereza v casu montaze ne zadosca, zato nosilec v celoti

Vig =104.46kN < -13.5cm? =194.86kN

podpremo. Podpore odmaknemo Sele, ko se beton strdi in se doseze sovprezno stanje.
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Kontrola bo¢ne zvritve:

= | Me \/ 69.30kNm _, >33 02
M, \45.43kNm

M, =W, -f, =252.0cm’-27.5kN/cm? = 69.30kNm

M

2
¢, " g1 .G+ =B ];: L
21000kN/cm? - 205¢cm* -8077kN/cm? -9.07cm* +
M, =1323—~

72 - 21000kN/cm? - 22670cm® - 21000kN/cm? - 205¢m*
1-120cm :
(1-120cm)
M., = 45.43kNm

O, = 0.5[1.0 rotgy(hir —02)+ XiTj =0.5(1.0+0.21(1.23-0.2)+1.23?)=1.36
1

O+ ((DiT —Aly )0.5

XiT =

1
= = 0.77
1.36+(1.362-1.23% )"

2
Mgy =156.69kNm <My, py = %11 - Wery Y =0.77-252.0cm’ - 27.5kN/em

—— =48.51kNm
YMmi 1.1
Ker se nam kontrola ne izide, moramo nosilec v ¢asu montaze bocno podpreti.

Kontrola kompaktnosti:

f 2
8:\/ ) :\/275kN/cm o8
235

235kN/cm?
stojina: A4 _17Tmm 6 706 27776
t, 5.9mm

. ¢ 55mm
-pasnica: =

= =5.98<10¢ =10.80
ty  9.2mm

-stojina v strigu: 4 = 177mm =30<69e="74.52
ty 5.9mm
Kontrola pomikov:
B 6000mm _

Waop, = o = = 24mm
250 250
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we 5.qU.1L*  5.0.1536kN/cm - (600cm)*

— = > 2 =44.57mm < 24mm
384‘ES-Iy 384-21000kN/cm~ -2770cm

Ker pridejo vertikalni pomiki preveliki moramo nosilec v ¢asu montaze na sredini podpreti.
6.5 Sovprezno stanje

6.5.1 Obtezne kombinacije

MSN:

qed = 1.35(Gpp22o + g) + 1.5q = 1.35 - 15.36kN/m + 1.5 - 8.19kN/m = 33.02kN/m
MSU:

qed = 1.0(Gipe22o + g) + 1.0 = 15.36kN/m + 8.19kN/m = 23.57kN/m

6.5.2 Dimenzioniranje

qre -B®  33.02kN/m-6’m’

Mpq = —Hd : =148.59kNm
MSN
Vi = qes B _ 33.02kN/m-6m — 99.06kN
2 2
Izberem nosilec IPE 220 = h. = E = 600cm =24cm
b25 25

Prerez v polju:

—120mm—
|
|
|
|
4‘
‘ o}
|
|
J‘*x
M;Q—%
|
|

L B jt
£ e
N : Al
v
C
L IPE 220
+ le=1200mm #
b, = 0.2-1 _ 0.8-6800<:m _ 60cm

b, =2-b,, =2-60cm =120cm
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12ecm 22cm
a= + =17cm
2 2

Aj=33.4cm® I;=2770cm’
Ap = 120cm - 4.9cm = 588cm?

_ 120cm-4.9°cm’

I, =1176.5cm’
12
A, - z.
a, = b'd _ 588cm 17crr; — 7 %3cm
n,-A; 20.6-61.94cm
2
A=A+ 20 233 g0m? + B _ 6y ggem?
nOO
A. 2
a, :—J-a:m-ﬂcm:QUcm
A, 61.94cm

1

o0

Iy, =2770cm* +7.832cm? 33 4em? + ﬁ (1176.5em* +9.17%cm? - 588cm?

SOVp.

I.  =7275cm*

SOVp.

no=10.3 N, = 2np = 20.6

Beton C 25/30

f ) 2
Fy. = 0.85-Lk-beff ‘hy = 0.85-% -120cm - 12cm = 2040kN

C

Jeklo: IPE 220 (S 275)

f 2
ooty ‘A:27.5kN/cm

efs -33.4cm? = 835.0kN
™Mo 1.1

Lega nevtralne osi:

F.. =2040kN > F.  =835kN = nevtralna os je v betonu.
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Ravnotezje:
Jeklo: IPE 220 (S 275)
f 2
Fp. = YA~ 27.5kN/em
Y Mo 1.1

Beton C 25/30

-33.4cm? = 835.0kN

2
Fipe =085 by oh, = 0.85.%.1zocm.hc =170kN/cm -,

C

Ferc = Fegs = 170kN/em - he = 835.0kN

hc = ﬂ =4.9cm
170kN/cm
f _ 2
Fypo =0.85-—% b -h, =0.85 % -120cm - 4.9cm = 835kN
e=%+hb —%z 18;““ 12em - 22 _ g s5em

Upogibna nosilnost sovpreznega nosilca:

Mpqy = Fpg -€ =835.0kN -18.55cm = 160.46kNm

Kontrola upogibne nosilnosti:

Mgg = 160.46kNm > Mgy = 148.59kNm

Izkoris¢enost:
1=Med g0, = 1489KNM 6000 05 604
My, 160.46kNm

Vertikalni strig:

=194.86kN

f 2
Vig =99.06kKN <V, oy = A, -——— =13.5cm’ 27-5kN/em”

\/E'VMO V3.1

Pri sovpreznih nosilcih ves strig prevzame jekleni element.
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Kontrola pomikov (MSU):
B = 6000mm

L =6000mm
E,=21000kN/cm’

qed = 23.57kN/m

<. B _600cm _
Wdop = - -
250 250

2.4cm

w. - 5-qpq-L*  5-0.2357kN/cm-600cm*
" 384.E I, 384-21000kN/cm?-7275cm*

=2.39cm < 2.4cm

6.6 Mozniki
Predpostavljena je polna sovpreznost.

Izberemo moznike NELSON

d=19mm

h =80mm

f,= 45kN/em’

Pogoji:

tr>0.4d = 10mm > 0.4 - 19mm = 7.6mm
h.—h>2cm = 12cm — 8&cm = 4cm > 2cm
h>3d = 80mm >3 - 19mm = 57mm

Nosilnost enega moznika:

Prg = 1 (0.29()L2 E_ .fu ) ...bo¢ni pritisk moznika na beton

Ym2
Eem= 3050kN/cm’
M2 = 125
Prg = % : (0.29 1-1.9%cm? -y3050kN/em? - 2.5kN/cm? ): 64.35kN
2
Prg =0.8-1, - rd ...prestrig moznika
4y,

2 n-1.9%cm?

4-1.25

Py, =0.8-45kN/cm =81.61kN



Ognjanovié¢, M. 2006. Projekt vecnamenske stavbe v jekleni izvedbi.
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

109

Stevilo moznikov:

Fis  835.0kN  1195kN

= = = =12.98
Ppg  64.35kN  73.13kN
Izberemo n =12
6.7 StriZna armatura
‘0 Azg
[ = = = = = 4 = —7/= = = =
é ‘!—mm—\
Il
P = = = = e = = =
\ i Asp
g S b
&
[Qu]
g
L IPE 220

+ ere=1200mm

Izberemo armaturo:

A....prerez armature

A=A+ Ay = 1.66cm” + 1.66cm” = 3.32em’ > 0.002 - h, - 100cm = 2.4cm’
AL [Q166] = A, [Q166] = 1.66cm”

Nosilnost proti vzdolznem strigu:
b=11.1lcm

B = 1.0 ...velja za obicajni beton
tra = 0.03 ...strizna nosilnost betona
fy.= 50kN/cm’ ve=1.15
fu=2.5kN/cm’ ve=1.5
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Prereza—-a= A, =2 -h.-100cm=2"-12cm - 100cm = 2400cm*/m’

A,-f
Veg =2.5-A,, B 1gq +——F
2 2
Vg =2.5-2400cm? -1.0-0.03kN/cm? + 2520 1 fgkN/ ‘M _32435kN
fck
Veg =02-A,, B
'2.5kN/cm2

Vgq =0.2-2400cm? - 1.0 = 800KN

VR =324.35kN > Vgq = 77.8kN

Prerezb—b = A, =(2h +b) - 100cm = (2 - 10cm + 11.1cm) - 100cm = 3110cm?/m’

A, -f
Vig =2.5-A,, B 1gy +——F
2 2

Vg =2.5-3110cm? -1.0-0.03kN/cm? 42220 1 fgkN/ ‘M 377.60kN

fck
VRd :0‘2'Acv B_

Yo

2

Vg =02-3110cm? -1.0- 22KV _ 1536 674N

Vra =377.6kN > Vg = 77.8kN
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7 FASADNA PODKONSTRUKCIJA
7.1 Stranska fasada

7.1.1 Zasnova

POZ 1 — precka IPE 330

POZ 2 — fasadna lega 70/70/4mm

POZ 3 — steber HEA 360

POZ 4 — steber HEA 100

Vokna = 27kN/m’ Gokna = 0.3kN/m?
dstekia = 0.01m

Sfasadna pt = 0.3kN/m”

7.1.2 Fasadna lega
NN NN NV §

A
ST Ay
} L=3m } L=3m }
Izberem skatlast profil 70/70/4mm
E = 21000kN/cm’ I, =1,=76.9cm*
W, = 26.15cm’ L =300cm
fyi = 27.5kN/cm’ Y = 1.1

g=gr- h=03kN/m’- 2m = 0.6kN/m
w=W - h=0.66kN/m’ - 2m = 1.32kN/m ... glej diplomska naloga, stran 19.

-1, 33 ~1.2~-1, 551,05, 21,05
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2 s
M,sa= 1.35- &L [0.6kN/m-3’m

=1.35 =0.91kNm

L2 ' 1.32kN/m -3*m?

M,sq= 1.5 Wé =15 =2.23kNm

f 2
T e sy 27:5kN/em

Ymi

My,Rd = Mz,Rd =W

o = 6.54kNm

M sq , Mase _0.91kNm  2.23kNm

= + —0.48<1.0
Mg M,pg 6.54kNm  6.54kNm

y - 5.g-L'  5.0.006kN/cm-300*cm*
¥ 384-E-1, 384-21000kN/cm”-76.9cm*

=0.39cm < L =2.4cm
250

4 4 4
g oWt s 0.0132kN/cm-300*cm :0.860m£%=2-40m

* 384.E-1, 384-21000kN/cm?-76.9cm®

7.1.3 Fasadni steber

G

Izberem vrocevaljani H profil HEA 100
W= 83.0cm’ Lonax = 430cm
o A=212cm’ I,= 349cm’”

€

v§...vplivna Sirina v§ =3m
W = 0.66kN/m” ... glej diplomska naloga, stran 19.
7 w=W - v§ = 0.66kN/m’ - 3m = 1.98kN/m

L Lastna teza:

14,2

Giege = Vs - St. leg - teZa lege

R 28N P2 28 P2 72N P2 P2 P2 P2 72 PN 2 A N R AR

Giege=3m - 10 - (3m - 14.37kg/m - 9.81m/s”) = 12.69kN

Gmenjamniki = h - §t. menj./steber - teZza menj. =

Gmenjalniki = 1.2m - 12 - (1.2m - 5.34kg/m - 9.81m/s”) = 0.9kN

Giisada= Vs * Lmax * teZa fasade = 3m - 4.3m - 0.5kN/m”* = 6.45kN

G = Giege + Gumenjainik + Giasada = 12.69KN + 0.9kN + 6.12kN = 19.71kN
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12 412m2
M, g, 15 W Lax :1'5.1.98kN/m 4.3°m — 6.86KNm
’ 8 8

f 2
My,Rd - W, -—* =83.0cm’ m =20.75kNm

1
P Tmi
My 54 = 6.86kNm < My rq= 20.75kNm

Neg=135-G=135-19.71kN = 26.6kN
f 2

Neg=A - 2 =21 2em? - 21KNem™ _ 200N

Ymi1

Nsq = 26.6kN < Npq= 530kN

Kontrola pomikov:

R .0. -430*cm* L
_5-w-L . 5-0.0198kN/cm-430"cm :1.21cms%=1.720m

umax -
384-E-1, 384-21000kN/cm” -349cm*

Kontrola uklona:

f 2
Nora =% A —X=0.85-21.2cm”- 275kNfem” _ <0 51

Ywmi
Ngg =26.6kN < Nprq= 118.2kN
=t 8T g
A 86.8
_Ly _155em o 05
1 2.51cm

z

l, = 1.55m ... glej zasnova, stran 109.

4
i, :P:J&mz =251lem
A 21.2cm
2 =939 |22 Z039. 22 563
f, 275

1=7(1) = Uklonskakrivuljaa = =085
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7.2 Celna fasada

7.2.1 Zasnova

9 &) 9 .
E E B T
® ® ® LN
> b pgo 0 p ¢
e E 3 L)
2 2 3 !
” A I A i o
} 3 } 3 1,751,754 3 } }

POZ 1 — precka IPE 450

POZ 2 — fasadna lega 70/70/4mm

POZ 3 — steber HEA 260

POZ 4 — steber HEA 450

POZ 5 — precka IPE 400

POZ 6 — steber HEA 100

Yokna = 27kN/m’ okna = 0.3kN/m’
dsteka = 0.01m

Zfasadna pl = 0.3kN/m”

7.2.2 Fasadna lega
VARV N |

A JN
S T T W
|

\

~—L=3m— -~ L=3m
Izberem s$katlast profil 70/70/4mm
E = 21000kN/cm” I, =1,=76.9cm"
W, = 26.15cm’ L =300cm
fi = 27.5kN/cm’ ymi = 1.1
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g =gp- h=0.3kN/m* - 2m = 0.6kN/m
w =W - h=0.66kN/m® - 2m = 1.32kN/m ... glej stran 19.

2 2 2
M, = 1.35- 85 _ 1 35, QONMSTM 6 6y
2 2 2
M, o= 1.5- %L :1.5-1'321‘1\1”8n 3 M ) 23kNm
fo ; 27.5kN/cm?
My ra= Myra= W, -—2% =26.15em? - 2222 6 54kNm

M, 54  Mazsa _091kNm  2.23kNm

pl
Ymi

=0.48<1.0

= +
M, M, 6.54kNm  6.54kNm

5~g~L4

5-0.006kN/cm -300*cm*

Uy = = 2 4
384‘E~Iy 384-21000kN/cm” - 76.9cm

5.-w-L

=0.39cm < L =2.4cm
250

5.0.0132kN/cm -300* ¢cm*

u, = =
384-E-1, 384-21000kN/cm?” -76.9cm*

=0.86cm < L =2.4cm
250

7.2.3 Fasadni steber

G
w [ _
N
K o
N
B [ t
N
& >
N ™
PR+
N
K S
N ™
L 0
N
N
K <
N
N

14,2

Izberem vrocevaljani H profil HEA 100

W= 83.0cm’ Lumax = 430cm
A=212cm’ I,= 349cm’*
vS§...vplivna §irina v§ =3m

W = 0.66kN/m” ... glej diplomska naloga, stran 19.

w =W - v§ = 0.66kN/m” - 3m = 1.98kN/m

Lastna teza:

Giege = Vs - St. leg - teZa lege

Giege=3m - 10 - (3m - 14.37kg/m - 9.81m/s”) = 12.69kN

Gimenjamniki = h - §t. menj./steber - teZa menj. =

Gmenjatniti = 1.2m + 12 - (1.2m - 5.34kg/m - 9.81m/s”) = 0.9kN

Giasada = Vs * Linax - teZa fasade = 3m - 4.3m - 0.5kN/m’ = 6.45kN

G = Giege T Gmenjalnik T Gfasada = 12.69kN + 0.9kN + 6.12kN = 19.71kN
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12 . -4.3m’
Mg =15 Doy 5 LOSKNIMAT M _ 6 g6inim
’ 8 8
f 2
M, g = W, -—% = 83.0cm’ 27.5KNfem” 5 75kNm
YMi
M, sq = 6.86kNm < M, gq= 20.75kNm
Nsa = 1.35-G = 1.35 - 19.71kN = 26.6kN
f 2
Nra=A - 2 =212cm’- 27.5kNfem” _ o358

Ymi

Nsq = 26.6kN < Nrq= 530kN

Kontrola pomikov:

_5-w-Li.  5-0.0198kN/cm-430*cm*

umax -
384-E-1, 384-21000kN/cm?-349cm*

L
=12lecm <22 =1.72cm
250

Kontrola uklona:

~ 27.5kN/em’

fyk 2
Npra=%'A+ ——=0.85-21.2cm =450.5kN

Tmi

Ngg = 26.6kN < Ny, gqg= 118.2kN

=t JOLT3 g
A 86.8
=i= I55em _ o 75
1 2.51cm

z

l, = 1.55m ... glej zasnova, stran 109.

4
i, :P:J&mz =251lem
A 21.2¢cm
n =939 |22 2039 |2 363
f, 275

1=x(A) = Uklonskakrivuljaa = =085
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8 SPOJ STEBRA NA TEMELJ

8.1 Projektne vrednosti notranjih sil Erq4 v priklju¢ku na temelj
IPE 300

hynositee = 24.8cm Wiy ra;i = 628.0cm’

f 2
Mpl,Rd,i =L Wpl,Rd,i = % . 6280cm3 =157.0kNm

MO

Meq,; = 105.5kNm

M. ...
O = min| —pirdi | _157.0kNm _,
My | 105.5kNm

IPE 360
Ny nositee = 29.8cm  Wyirai= 1019.0cm’

f 2
M rai = — Wyiras = % 11019.0cm® = 254.75kNm
MO .

MEd,i =242.7kNm

1.05

O = min M rasi _ 254.75kNm
242.TkNm

Ed,i

8.1.1 Projektne vrednosti notranjih sil Er4 stebra HEA 260 v prikljuc¢ku na temelj
Ngg = Nggg +1.1-7gy - Q- Nggg

Ngg=254.6kN + 1.1 - 1.1 - 1.05 - 219.72kN = 533.75kN

Mgy =Mggg +1.1-voy -Q-Mgqg

Mgg=25.8kNm + 1.1 - 1.1 - 1.05 - 18.03kNm = 48.71kNm

Veg = Veag 1.1 7oy Q- Vg

Vig=14.4kN + 1.1 - 1.1 - 1.05 - 7.52kN = 23.95kN

8.1.2 Projektne vrednosti notranjih sil Er4 stebra HEA 320 v prikljuc¢ku na temelj
Ngg = Nggg 1170y - Q- Nggp

Ngg=443.6kN + 1.1 - 1.1 - 1.05 - 222.22kN = 725.93kN

Mgy =M + 1.1 7oy - Q-Mggg

Mgg=29.3kNm + 1.1 - 1.1 - 1.05 - 78.33kNm = 128.82kNm
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Vid = Veag +1-1- Yoy - Q- Vigg
Veg=17.0kN +1.1-1.1-1.05-28.32kN = 52.98kN

8.1.3 Projektne vrednosti notranjih sil Er 4 stebra HEA 360 v priklju¢ku na temelj
Ngg = Nggg +1.1-74y - Q- Nggg

Ngg=511.0kN + 1.1 - 1.1 - 1.05 - 204.76kN = 771.15kN

Mgy =Mggg +1.1-vy - Q-Mggg

Mgg=76.5kNm + 1.1 - 1.1 - 1.05 - 38.58kNm = 125.52kNm

Vig = Veag 1.1 7oy Q- Vg

Vea=39.9kN + 1.1 - 1.1 - 1.05 - 12.23kN = 55.44kN

8.1.4 Projektne vrednosti notranjih sil Er 4 stebra HEA 450 v priklju¢ku na temelj
Ngg =Nggg +1.1-vgy - Q- Nggp

Ngg=972.3kN + 1.1 - 1.1 - 1.05 - 203.56kN = 1230.92kN

Mgy =Mggg +1.1-voy - Q-Mggg

Mgg=81.2kNm + 1.1 - 1.1 - 1.05 - 152.2kNm = 274.57kNm

Viq = Veag 1.1 7oy Q- Ve

Vea=39.3kN + 1.1 - 1.1 - 1.05 - 43.63kN = 94.73kN

8.1.4 Projektne vrednosti notranjih sil Er 4 stebra HEA 550 v priklju¢ku na temelj
Ngg = Nggg +1.1-70y - Q- Nggg

Ngg=924.64kN + 1.1 - 1.1 - 1.05 - 26.0kN = 957.67kN

Mgy =Mggg +1.1-voy -Q-Mggg

Mgg= 89.87kNm + 1.1 - 1.1 - 1.05 - 119.92kNm = 242.23kNm

Vig = Veag 1.1 7oy Q- Vg

Vgg=38.81kN+1.1-1.1-1.05-27.33kN = 73.53kN
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8.2 Projektne vrednosti notranjih sil Eg 4 v temeljih

Epg=12(Epg+aEpp)

_Ry;

o=
Sd,i

Notranji stebri prevzamejo potresno obtezbo samo v x smeri. Za zunanje stebre pa velja, da

prevzemajo potresno obtezbo v obeh smereh.

EEd,X + 03 * EEd,y

0.3 * EEd,X + EEd,y

1. Zunanji momentni okvir — srednji steber:

a=3.09
Mg =12-(Mpg +0-Mgg)=12-(~12.11kNm +3.09 - (~76.5kNm)) = ~298.19kNm

Npg=1.2-(Npg +a-Npp)=1.2-(~443.62kN +3.09 - (~25.33kN)) = ~626.27kN

Vig =1.2:(Vig +a- Vi ) =1.2-(7.7kN +3.09-27.91kN) = 112.73kN

2. Notranji momentni okvir — srednji steber:

0 =3.09
Mg =12-(Mpg +0-Mpy )=1.2-(~23.2kNm +3.09- (~167.7KNm)) = ~649.67kNm
Npg=12-(Npg +a-Npg)=1.2-(~794.0kN +3.09- (-31.7kN)) = —1070.34kN

Vig =1.2-(Vig +0- Vig ) =1.2-(14.2kN +3.09-48.4kN ) = 156.51kN

3. Okvir z diagonalnim centri¢nim povezjem — krajni temelj:
a) 26 +2v,iQy;
Npg =Ng +0.3-Ny, =-502.6kN +0.3-(-468.7kN) = —643.21kN

Npg =0.3-Ng, + Ny, =0.3-(~502.6kN) +(—468.7kN) = ~619.48kN

Vig = Vg +0.3- Vg =13.0kN +0.3-0 = 13.0kN

Vig =03 Vg + Vg, =0.3-13kN +0=3.9kN
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Mg g =My, +0.3-My, =-36.3kN +0.3-0=—-36.3kN

Mg =0.3-Mg, + My, =0.3-(=36.3kN) + 0 = —-10.89kN

b) vAgg
Npg =Ng +0.3- Ndy =-36.3kN +0.3-(—383.5kN) =—-151.35kN

Ngp =0.3-Ny, + Ny, =0.3-(=36.3kN) + (=383.5kN) = -394.39kN

Vi = Vg +0.3-Vy, =11.8kN +0.3-0=11.8kN

Vi =03 Vg +Vy, =0.3-11.8kN +0=3.54kN

Mpg =My +0.3-My, =-33.4kN+0.3-0=-33.4kN

o=1.64
Npg =1.2-(maxNp g +0-maxNp ;) =1.2-(~ 643 21kN +1.64 - (~394.39kN)) = —1548.01kN
Vig =1.2-(maxVy g +o-maxV ) =1.2-(13.0kN +1.64-11.8kN) = 38 82kN

M4 =1.2-(maxMy g +0o-maxMg ) =1.2-(~36.3kNm +1.64 - (~33.4kNm)) = ~109.29kNm
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9 OCENA NOSILNOSTI TEMELJNIH TAL

9.1 Zasnova

Giemelja = V - ¥

Giemelia = 5.188m” - 25kN/m’ = 129.7kN
Gemljine = V " y

Gemljine = 2.07m’ - 20.5kN/m”’ = 42.48kN

—70———80——

+—35— 150 +——35—+
220

9.2 Obtezba

ww 1.Dinamic¢na analiza: 2.Stati¢na analiza (ovojnica):

- Nsq= 1548.01kN Nsq= 643.21kN

s Mgy = 109.29kNm Mgy = 36.3kNm
Vsa=38.82kN Vsq=13.0kN

P1 = NSd+ Gtemelja + Gzemljine = 1548011{N + 12971{N + 42481(N = 172021(N
P> = Nsq+ Giemelja T Gremljine = 643.21kN + 129.7kN + 42.48kN = 815.39kN

9.3 Racun nosilnosti temeljnih tal
ENV 1997 — 1 ANNEX B

Drenirani pogoji:

Podatki:
y =20.5kN/m’ ve=1.6 Yo=125
2
c=12kN/m> = ¢ =-"= % —7.5kN/m?>
Ye :

p=22° = ¢ = arctg L = arctg tg-22 =17.91°
Yo 1.25
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Y =7y — vy = 20.5kN/m’ + 10kN/m’ = 10.5kN/m’

L'=L=22m

B'=B=22m

A'=B'-L'=22m"22m =4.84m’

q=7-V = g =7 V=105kN/m’-5.188m’ = 54.5kN

Nq — entango‘ tg2(45+%’j — entan17,91° -tg2(45+ 17291 J:521

o= (N, ~1)-ctgpr = (5.21-1)-ctg17.91° =13.03

=2 (N, ~1)-tgp =2-(5.21-1)-1g17.91° =2.72

Faktorji oblike (temelj je kvadratne oblike):
Sy =1+sing’ =1+sinl7.91" =1.31

S, =07

S, "N, -1 . _
g <SaNaml_131521-1_, o0

N,-1 5211
i,=i,=1- H =1- 38'282kN > =0.98

P+A -c-tge 1720.2kN + 4.48m~ - 7.5kN/m~ - tg17.91°

i, N, -1 . _
| olaNeol 0985211

N, -1 5.21-1

A&:c’ ‘N, S, ig+q' Ny Sy -ig +0.5-y BN, S, i,

R =4.48m?-
0.5-10.5kN/m>-2.2m-2.72-0.7-0.98

7.5kN/m? -13.03-1.38-0.97 + 54.5kN - 5.21-1.31-0.98 +]

IR =2315.69kN]|
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9.4 Dimenzioniranje temelja

NSd
Vsu

g /ﬂp

be

—l =

Com—

~—B

LB 22°m?-2.2m

P =1720.2kN
M = 109.29kNm

P 1720.2kN
L
A

2P

L
6 “ 3c¢-B

6 ’ w

=1.77m?

=516.89kN/m?

W

6 6
A =4.48m?>

R 2315.69kN
Stal =y =7 o2

A 448m

P M 17202kN 109.29kNm
(51:—-‘,-—: 3 +

A W  448m
5 P M 17202kN 109.29kNm
LS _

1.77m?

"A W 448m?

1.77m?

M _109.29kNm _

_25M G 4om
6

= 445.72kN/m><G, = 516.89kN/m>

=322.23kN/m><0,, = 516.89kN/m*
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10 RACUN ZNACILNIH SPOJEV

10.1 Clenkasti spoj sekundarnega nosilca na primarni nosilec

10.1.1 Material
Jeklo S275
Visokovredni vijaki 10.9

10.1.2 Geometrija

————— ————
——

¢}

o [PE220

o

SINE

IPE 360

10.1.3 Obtezba
dsd = 25.92kN/m

10.1.4 Obremenitev

qsq -B  25.92kN/m-6m

Vo, =
Sd 2 2

=77.76kN

10.1.5 Dimenzioniranje

Izberemo vijake M12 10.9

dg=d+ Ilmm=12mm + lmm = 13mm
Vezna plocevina:

ty = 6mm

hy = 140mm

Razporeditev vijakov:

e; = 2dp # 30mm

e~ 1.5dy ~ 20mm
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hy —2¢; 140mm-2-30mm _
2

p1 = 40mm

Stik v ravnini I:

Dejanski ¢lenek je med ravnino II in zunanjim robom vezne plocevine v ravnini I.
M =Vg4 - e = 77.76kN - 4.5cm = 349.92kNcm
e=A+2e;=5mm +2 - 20mm = 45mm

Zvar:

a=0.4t=0.4" - 6mm=2.4mm

a=4mm

l,y=2e;+2p;—2s=2-30mm+ 2 - 40mm — 2 - 5.66mm = 128.7mm
I,y = 125mm

s=a-/2 =4mm-~/2 =5.66mm

Izberemo a A 1, = 4mm A 125mm

Kontrola zvara:

M 349.92 kNem
W,  20.83cm’

=16.8kN/cm?

12 -a 5. 12.5%cm? -0.4cm
6 6
Vgq  77.76 kN
Vi= = 2
A,  10cm
Ap=21y-a=2-12.5cm - 0.4cm = 10cm’

[ 2 2
n°+v, va’w’d

_ fy_ 43kN/em®
vowd \/§BW Yw \/§08125

W, =2- =20.83cm’

=7.78 kN/cm?

f =23.4kN/cm?

J(16.8kN/em?  + (7.78kN/em? = 18.51kN/em® < 23.4kN/em?

Kontrola nosilnosti:

—vezne plocevine v ravnini [-1:

£ 2
-—y:19.6cm3-27'5kN/cm

M1

M =349.92kN <M pq, = W,

ely,v

=490kNcm
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2 2.2
Wi, = hy -t _ 14°cm” -0.6cm ~19.6cm’
7 6 6

f 2
Vgg =71.76kN <A, -—2— =8.4cm? 27 5kNjem” 121.24kN
\/g‘YMl V3.1

Ay =h, - t,= 14cm - 0.6cm = 8.4cm?
—vijakov:
M= VSd e = 77.76kN - 2cm = 155.52kNcm

Sila, ki odpade na en vijak:

Vo ¥ (M)
3 2p,

. . . 2 . 2
o :n'0'6 A :1'0.6 100kN/cm” -1.13cm _ 54.24KN
Y b 1.25
2 2
77.76kN N 155.52kNem _ 30 AKN < 54.24kN
3 2-4cm
Kontrola proti striznemu pretrgu ob robu plocevine:
T
d

Z

QO o

0 3

2 27.5kN/em’

V311

Vg =77.76kN < Vg g = A =7.79cm =112.58kN

fy
v,eff. \/E Vit

Av,eff. =t,- Lv,eff. =0.6cm-13cm = 7.8C1’n2

Lyerr =Ly + L+ Ly =80mm + 30mm + 20mm = 130mm < 130mm

Li=a;=30mm<5d=5"12mm = 60mm
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2
L,= (a2 —k-d, )f—U =(2cm - 0.5'1.4cm)'ﬂ/cm2 =20mm
f, 27.5kN/cm

Lv=2pl =2 -40mm = 80mm

f
Ly=L,+a,+a5;< (LV +a, +a, _ndo,v)f_U
y
2
L; =80mm +30mm +20mm < (80mm+ 30mm + 20mm —3-14mm)- _43kN/em -
27.5kN/cm

L; =130mm <137.6mm

a;=a, =¢e, =20mm

10.2 Prikljucek stebra na temelj

10.2.1 Material

AB temelj C25/30

Jeklo S275
Visokovredni vijaki 10.9

10.2.2 Geometrija

A
Qe lZ Ve
aib lzvs ) \
SA
S A

10.2.3 Obtezba/Obremenitev
Ngq= 1230.92kN
Mgq=274.57kNm

Vsa= 94.73kN
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10.2.4 Dimenzioniranje

1. Prenos obtezbe:

Obtezba se preko pasnic prenese v vertikalne vezne plocevine in naprej v ¢elno plocevino.
Obtezba, ki odpade na stojino, se prenese direktno v ¢elno plocevino. Iz celne plocevine se

obtezba prenese v temelj preko sidrnih vijakov.

2. Razdelitev obtezbe v razmerju togosti:

f 4
Mf =L, = M .27457kNem = 24853.59kNem
L, 63720cm
W 4
MY =1 v, = 80 TIem S kNem = 2603.38kNem

I

y

63720cm*
I" =1, -1" =63720cm* - 6041.79cm* =57678.21cm*

- hy -t, 39.8°cm’-1.15cm

= =6041.79cm*
12 12
£ Af 63cm?
N =2 Ngy =———————1230.92kN = 712.95kN
A 108.77cm
w 2
NY =B Ny =TT 230 92KN = 517.97KN
A 108.77cm

Af =b - t; =30cm - 2.1cm = 63cm’

Ay =hy, -ty =39.8cm - 1.15cm = 45.77cm?
A=A¢+ Ay =108.77cm’

vi=0

VY = Vgq=94.73kN

3. Vezna plocevina:
F— 440 —

t, =tr =21mm

F—— 440 —

X eood

¥ 1100 A




Ognjanovié¢, M. 2006. Projekt vecnamenske stavbe v jekleni izvedbi. 129
Dipl. nal. — VSS. Ljubljana, UL, FGG, Odd. za gradbenistvo, Konstrukcijska smer

4. Zvari med pasnico in vezno plocevino:

~ M 24853.59kNem
h 41.9cm

N =593.16kN

Sila, ki odpade na en zvar:

_N' N _71295kN  517.97kN

F=—gtr : = 218.61kN
f 2
R __ K £ - U __43kN/em 23 AKN/em?
sz a'l'lzvl o o \/EBW “Vw \/3085125

Priporo¢ilo: 0.75hy, <1,y <h,—2s

0.75 - 398mm < L, < 440mm — 2 - (Smm - ~/2)
298.5mm <1,,; <425.86mm
Kontrola: 1,,; = 400mm < 150a; = 750mm

F, 204.08kN

= =0.145cm
fowa 1o 23.4kN/cm?-60cm

a, 2

Kontrola: 3mm <a; <0.7t=0.7 - 11.5mm = 8.05mm
t = min(ty, t¢)

|Izberemo 1ALy = 5mmA400mm]

5. Zvar med stojino in ¢elno plocevino:
[ 2, 2, 2
vi+vi+n® <f oy

J2.96kN/em? f +(16.19kN/em? ) +(16.2kN/em? ) = 23.09kN/em? < 23 4kN/em?

VY 94.73kN

A e = 2.96kN/cm”
zZv2 cm

A =2l a,=2-32cm - 0.5cm = 32cm’

N“  517.97kN
A

v, = =16.19kN/cm?

2
2 32cm

MY 2603.38kNcm

n= —— =16.2kN/cm’
W,.» 160.67cm
12 . 2em?2.0.
W,, =2 Zv6a2 2.3 Cm6 0-5¢m _ 170 67cm’
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lvo <hy—2-3t,=398mm -2 -3 - 11.5mm = 329mm
l,v» =320 mm
a~04t=0.4"11.5mm=4.6mm

a, = 5mm

|Izberemo Al = 5mmA320mm|

6. Zvar med vezno in ¢elno ploCevino:

Za en zvar:
2 2
YV +n® < fv,w’d

JB24kN/em? J + (3.08KN/em? | = 4.47kN/em? < 23 4kN/em?

f
v, = N _TI295KN_ 5 pkNvem?

A,; 220cm?

M"  24853.59kNcm
W,;  8066.67cm’

n= =3.08kN/cm?

Az =215 a3=2- 110cm - 1em = 220cm?
a3~ 0.4t=0.4-21mm = 8.4mm

a;= 10mm
2.1 . .110%2cem? -
W, = w83 2-110°cm” -1cm _ 2066.67cm’
3 3
|Izberem0 asAl,3= 10mmA11 OOmmj
7 Celna plogevina:
tep =t =21mm
aax lzvs

. aen lzve
0
<

ain lzvi

]
A 1100 A

lIzberemo # by / tsp/ 1ep= 480mm / 21mm / 1200mm|
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8. Sidrni vijaki:

Vijaki so obremenjeni z natezno in strizno silo.
ri=h+2-2dy=440mm + 4 - 33mm = 572mm
rp=h+2-2dy+2p;=440mm + 4 - 33mm + 2 - 100mm = 772mm
r=(r;+ry)/2=(572mm + 772mm) / 2 = 672mm

Sila, ki odpade na en vijak:

MSd NSd 0.9'fub ‘AS
- <Fira=
4r 8 YMb
2 2
27457kNcm 3 1230.92kN _ _5].79kN < 0.9-51kN/cm~ -5.61cm — 206.0kN
4.67.2cm 8 1.25
Vsa + Msq <1.0
8 M FV,Rd 1 4 M Ft,Rd * 41’
94.73kN 27457kNcm

=044<1.0

+
8-137.3kN  1.4-206.0kN -4-67.2cm
lizberemo vijake M30 (S 355)

10.3 Momentni spoj primarnega nosilca in stebra precnega okvirja

10.3.1 Material
Jeklo S275
Visokovredni vijaki 10.9

10.3.2 Geometrija

HEA 450

| oenlzve

canlzvs

IPE 36D
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10.3.3 Obtezba/Obremenitev
Mgq = 1.2M,1y = 1.2 - 25475kNem = 30570kNem

f 2
M., =W, -——=1019cm’ 2TSKNem” ) 64 SkeNem
YMmi
2M .
Vg = ply _ 2-30570kNcm _101.9KN

L 600cm

10.3.4 Dimenzioniranje zvarov med nosilcem in ¢elno ploc¢evino
a=~0.4t=0.4-8.0mm =3.2mm

t = min(ty, tf) = 8.0mm

a=>5mm

Kontrola: 3mm <a<0.7t=0.7 - 8.0mm = 5.4mm

l,,,=h, ~2+/2-a—-25=334.6mm — 242 - 5mm — 2+/2 - 5mm = 310mm

1, =bg, —24/2-a=170mm —2+/2 - 5mm = 155mm

s = (bey —t,, =292 -a)2—25 = (170mm —8.0mm — 242 - 5Smm )2~ 24/2 - Smm = 60mm

Kontrola: 1,, < 150a = 150 - 5Smm = 750mm ... velja za vse tri zvare

A, =21, -a+2l,,-a+4l,-a

zv

A,, =2-310mm-5mm+2-155mm-5mm + 4 - 60mm - Smm = 5850mm

2, -a hy )
I,=2-2—42.(,,+2l,,)a | —
zv 12 (zv2 Zv3) ( 2 j

3 3 2

1 =2.310 mrlnz Smm+2-(155mm+2-60mm)-5mm-(mj

I,, 10775.02cm® 3
Wzvl —?—W—598.610m

2 2

I .02cm*
W —dw 10775.02cm — 695.16cm”

| 3lcm

2 2

=10775.02cm*
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Tocka 1:

Mg,  30570kNem

f 2
W e e o =S 0TkNem? < f u Akem
zvl .o1cm

- wd = = =23.4kN/cm?
BBy Ve V3-0.85-1.25
w Mw

Opomba: Glede na to, da smo vzeli najvecje dimenzije zvarov in se nam kontrola ne izide

predpisemo celni zvar.

10.3.5 Razporeditev obtezbe med vijaki
Izberemo vijake M24 10.9

dp=d + 2mm = 24mm + 2mm = 26mm
Izberemo debelino celne plocevine:

tep>d ; tep=30mm

Razporeditev vijakov:

e; = 60mm
p1 = 80mm
Qe lZVve
O @]
ol o Naznlzvs
O O
O Q
ol o Qi lZ Vv
O @]

Steber s precnimi ojacitvami:

P Mg, T 30570kNcem-43.905cm
5% 2-3636.7cm’
i=1

max

=185.62kN

t .
e, - 12 72“““ 1 60mm = 66.35mm

L

r, =1, +p; = 66.35mm + 80mm =146.35mm
r; =1, +p; =146.35mm +80mm = 226.35mm
r, =1; +p; =226.35mm +80mm = 306.35mm

r; =1, +2¢; +t; =306.35mm +2-60mm +12.7mm = 439.05mm
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Kontrola natezne nosilnosti vijakov:
0.9-f, A, 0.9 2.3, ?
Foo =F. —185.62kN<F,p, =2t As _ 0.9-100kNem”-3.53em” _ )5, 4 1nom?
’ ’ Yvb 1.25

Kontrola strizne nosilnosti vijakov:

Vg _ 101.9kN

. . . . 2
_8SKN<F, g =n. 0 f A _ | 0.6-100kN-4.52em® _, _
12 12 ’ Vb 1.25

Fv,Sd =

Interakcija striga in natega:

F F
vse , Fisa  _BSKN I8562N .o
Fyra 14-Frq 217KN  1.4-254.16kN

Kontrola nosilnosti na preboj plo¢evine:
t, =min(ty,,t;) = t, =21mm
06-m-d_ -t -f T . . 2
Fg =185.62KN<B, y, = m bty 0.6 4.26cm122.;cm 43kN/cm _ 530 03kN
¥ Mb .

Kontrola bo¢nih pritiskov:

f 2
Fyq =8.5kN < Fy g =2.50-d-t- 9 =2.5.0.77- 2.4cm 2. lem - S0y em”
Y Mb

=333.75kN
. e 60mm

o=min: = =
3-d, 3-26mm
pi_1_ 80mm _1_ .
3-.d, 4 3-26mm 4
be:@:2.33
f, 43
1

0.77

Kontrola nosilnosti stebra v podrocju stika:

1. Celna plogevina:

tep =30mm > d = 24mm
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2. Pasnica stebra v obmocju natezne obremenitve:
tr=2.1cm > 0.5t¢, = 0.5 - 3cm = 1.5¢cm
tr=2.1cm>0.8d=0.8 - 2.4cm = 1.9cm

3. Stojina stebra v tlaku:

by =t{" +2.1, +5-k=127cm+2-3.0cm+5-1.97cm =17.12cm

k=tf+\/§~a=1.27cm+x/§~0.5cm=1.97cm
a~=0.5t,=0.5-8.0mm=4.0mm

a=5mm

4. Prerez, ki prevzame koncentrirano tlacno silo F gq:

Sila, ki jo prevzame sodelujoci del nosilca:

f 2
Npgg; = b, -t — :17.12cm-1.15cm-% = 492.2kN

™o
Sila, ki jo mora prevzeti precna ojacitev:

Ngg = F.sq — Ngqi = 500.76kN — 492.2kN = 8.56kN

n-1
F.sq = L F, = 500.76kN
i=1

I,

i,max

F - 6.635cm
' 43.905cm

_14.635cm
43.905cm

_22.635cm
43.905cm

_30.635cm
43.905cm

F, =185.62kN

-185.62kN =28.05kN

) -185.62kN = 61.87kN

3 -185.62kN =95.70kN

3 -185.62kN =129.52kN
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Kontrola nosilnosti precnih ojacitev:

> NSd "YMO _ 8.56kN‘1.1 — 0.27Cm

I 1.27cm-27.5kN/cm?

po 7y

Izberem tp, = tr=12.7mm
Izberem by, = 10mm

by = 10mm <b = 170mm

Stojina stebra v strigu:

' 27.5kN/cm?

1.1-4/3

=386.4kN

f

N YMO'\E

Ne rabimo diagonalnih precnih ojacitev.
10.4 Stik diagonale s stebrom
10.3.1 Material

Jeklo S275
Visokovredni vijaki 10.9

10.3.2 Geometrija

HEA 430 IPE 360

QanlzVve
o ainlzvs

g

10.3.3 Obtezba/Obremenitev
F = 1.2Npjra= 1.2 - 388kN = 465.6kN

2 27.5kN/em’

f
N,irs =A-——=15.52cm =388kN

Tmi
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10.4.4 Dimenzioniranje

1. Zvar med diagonalo in vezno plocevino:

Jv2 =(19.4kN/em? | =19.4kN/em? < £, , = 23.4kN/em2 (S275)

v= B _465.6kN _ 19.4kN/cm?

A,,  24cm?
A, =4-a,-1,,=4-03cm-20cm =24cm
a; =~ 0.4t=0.4"4.5mm=1.8mm
a; = 3mm
Kontrola: 3mm <a; =3mm <0.7t=0.7 - 4.5mm = 3.15mm
lv1=200mm
Kontrola: 1,,; < 150a; = 150 - 3mm = 450mm
|Izberemo: aAl,y = 3mmA200mmj

2. Zvar med vezno plocevino in stebrom/precko:

Celni zvar.

3. Nosilnost vezne plocevine 1 (S 275):

bruto:
f 2
Ngg =465.6kN <N 4 = A-—=30cm’ 2T SkNem” _ 558
M1
neto:
2
Ngg =465.6kN <N, oy =0.9-A - b _0.9.23.40m? BN _ o) 4 461N
M2
A, =(15cm—-3.3cm)-2.0cm = 23.4cm?
4. Nosilnost vezne plocevine 2 (S 275):
f 2
Ngg = 465.6kN <N 1y = A ¥ = 30cm? - 22NV _ 7501\

Ml
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5. Vijaki:
lIzberemo vijake M33 10.9)

do=d + 3mm = 33mm + 3mm = 36mm
Stevilo vijakov: n =2

e; = 80mm

p1=110mm

ly1=2e; +p;=2-80mm + 110mm = 270mm
l,,=200mm + 270mm = 470mm

ty1 = ty2 = 20mm

: f,-A 2.7, :
P, = 200N o gkN<F o, =0.6. 1 A _ g g J00KNem™-7.07em” _ 339 30
: 2 : Yot 1.25
f 2
F o, = 232.8KN < F, oy = 2.50-d-t-—% =2.5.0.81-3.3cm-2.0cm - 2NCM _ 450 76kN
’ ’ Y Mb 1.25
o=min: © 80mm =0.81
3-d, 3-33mm

p, 1 _ 110mm —l=0.86

3.d, 4 3-33mm 4

fw 100, 7
£, 36

1
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11 STOPNISCE
11.1 Geometrija

—»B
HEA450° 320 "HEA450
—— 160 ——160——
bl |
/N)Ewo 5
/R
A 2 = A
M D
0
IPE 330 IPE 330 -
ol |
HEA450 B PE300 ypagso
prerez B prerez A
=28 — 350
0 y 160 +30+ 160
A ]
N
POZ 1 Stopnica iz ekspandirane plo ¢evine
POZ 2 Jekleni profil okroglega prereza
(privarjen) na nosilec 130 *7*

POZ 3 Jeklen ramenski nosilec (profil U180)

172 45
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11.1.1 Racunski model

215cm
430cm

215cm

+—125cm 350cm 125cm—

11.2 Zasnova

Stopnice so dvoramne in so narejene iz jeklenih nosilcev [ profila, ki so z vijaki prostovrtljivo
prikljueni na nosilno konstrukcijo. Stopnice in podest iz ploCevine, sta privarjena na [
nosilce.

Stopnisce je zvocno izolirano s plasticno maso, ki prekriva stopnisce in je lo¢eno od okolice s

pozarno odpornimi zidovi in vrati.

11.2.1 Sirina stopni§¢nih ram
Dvoramne stopnice

B =110cm + 50cm = 160cm ... Seliskar N.: Stavbarstvo, poglavje V, stran 3.

11.2.2 Naklon stopnic

v ... vi§ina ene stopnice

§ ... globina ene stopnice

2v+§=k=63cm ... Seliskar N.: Stavbarstvo, poglavje V, stran 7.
Pritli¢je: 25 stopnic v/§ = 17.2 / 28cm

Etaze: 20 stopnic v/§ = 16.5 / 28cm
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11.2.3 Globina podesta
p -.. globina podesta
p>k+8§=63cm+28cm =91cm ... Seliskar N.: Stavbarstvo, poglavje V, stran 9.

Izberemo p = 125cm

11.3 Obtezba

11.3.1 Lastna in stalna

nosilec [ 180 0.22kN/m

plocevina.........cecoveveeeeerneennne. 0.2cm 78.5kN/m’ - 0.8m - 0.002m = 0.126kN/m

jeklen nosilec...........ccveveenenn. 1.0cm 0.4kN/m’ - 0.8m - 0.01m = 0.0032kN/m
G =0.35kN/m

11.3.2 Koristna obtezba

qs = 3.0kN/m” ... glej stran 11.

B =160cm

Q=gs- B/2=3.0kN/m’ - 0.8m = 2.4kN/m

11.4 Obtezna kombinacija
q=1.35G+ 1.5Q=1.35"- 0.35kN/m + 1.5 - 2.4kN/m
q=4.07kN/m

11.5 Rezultati dobljeni s programom ESA — Prima Win

Ker so rezultati spodnje in zgornje stopni$¢ne rame zelo podobni, smo obravnavali samo
Zgorn;jo.

Notranje sile:

Mgq=21.0kNm ...... v polju

Vsa=13.5kN .......... na mestu prikljucka

Ngg =4.5kN ............ natezna sila
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L
-198
Pomiki - MSU [mm]
1
36
210
I
13.6
Upogibni moment [kNm]
-135
13.5

Precna sila [kN]
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4.5

0z

Osna sila [kN]

11.6 Racun nosilnosti elementov stopnisca

11.6.1 Nosilci stopniS¢nih ram

W = Mgy - Ymo _ ZIOOchm'12-1 =84cm’® = U 180
fy 27.5kN/cm

Izberem profil U 180 W = 150cm” ... nosilci stopnig&ne rame

11.6.2 Kontrola strizne nosilnosti

Ag =0.843cm?

f, =50kN/cm”

u

N :
F g =—2= BN _ ¢ gin
’ 2 2
. . . 2 . 2
P - 0.6 -As _0.6-50kN/om®-0.843em* .
’ o 1.25

F,gq = 6.8kN <F, 4 = 20.23kN
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11.6.3 Kontrola bo¢ne zvrnitve

Mesta, kjer je stopnisce bocno podprto

~—120Ccm—

W, =150cm’

- M .

hit = |—2 =\/41 25kNm _ 995022
M, V51.12kNm

M, =W, -f, =150cm’® - 27.5kN/cm? = 41.25kNm

E = 21000kN/cm?
G =807.7kN/cm?

L =410.76cm
k=k, =1
2
.E-1_ ‘E-1I
Mg =C,-—— [E-1,-G-T + v =
21000kN/cm? -114cm* -8077kN/cm? -9.55¢cm* +
T
M, =1.132-————— | #2.21000kN/cm? - 55700cm® - 21000kN/cm? -114cm*
1-410.76¢cm :
(1-410.76cm)

M, =51.12kNm
O, = 0.5[1.0+ oy (hir —0.2)+ XiTj =0.5(1.0+0.21(0.90-0.2)+0.90 )= 0.98

1 1

O+ (02 22 F 0.98+(0.08 —0.90°fF o

XiT =

f 2
Mgy = 20.9KNm < My g = 1 - Wy -—— = 0.73-150cm’ 27.5KNfem” _ 57 3giNm

Ymi
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11 IZVLECEK MATERIALA
pozicija opis dimenzije, | kg/m | dolZina enega | St.kosov | masa enega masa
prerez kosa [m] kosalkg] | skupajkg]
1 steber HEA 260 | 68,20 3,30 20 225,06 4501,20
2 steber HEA 260 | 68,20 4,30 6 293,26 1759,56
3 steber HEA 320 | 97,60 3,30 26 322,08 8374,08
4 steber HEA 320 | 97,60 4,30 8 419,68 3357,44
5 precka IPE 360 57,10 6,00 104 342,60 35630,40
7 precka IPE 300 42,20 3,50 60 147,70 8862,00
9 steber HEA 450 | 140,00 3,30 68 462,00 31416,00
10 steber HEA 450 | 140,00 4,30 20 602,00 12040,00
11 steber HEA 360 | 112,00 3,30 68 369,60 25132,80
12 steber HEA 360 | 112,00 4,30 20 481,60 9632,00
13 precka IPE 400 66,30 6,80 16 450,84 7213,44
15 precka IPE 330 49,10 6,00 196 294,60 57741,60
16 precka IPE 160 15,80 6,00 63 94,80 5972,40
17 diagonala | B133/5.6 | 17,59 7,38 12 129,81 1557,77
18 diagonala | B114.3/4.5 | 12,19 6,84 12 83,38 1000,56
19 diagonala | B114.3/4 | 10,88 6,84 12 74,42 893,03
20 diagonala | B48.3/4.5 4,86 6,84 4 33,25 133,00
21 diagonala B42.4/4 3,79 6,84 8 25,91 207,28
22 diagonala B16/4 1,18 6,84 8 8,10 64,79
23 precka IPE 400 66,30 5,90 8 391,17 3129,36
24 precka IPE 600 | 122,00 9,80 8 1195,60 9564,80
25 steber HEA 550 | 166,00 3,30 9 547,80 4930,20
26 steber HEA 550 | 166,00 4,30 3 713,80 2141,40
27 precka IPE 220 26,20 6,00 100 157,20 15720,00
28 steber HEA 100 | 16,70 14,20 11 237,14 2608,54
29 steber HEA 100 | 16,70 17,50 17 292,25 4968,25
30 precka C 180 22,00 1,25 32 27,50 880,00
31 precka C 180 22,00 4,10 32 90,20 2886,40
32 precke K70/70/4 | 11,30 6,00 140 67,80 9492,00
CELOTNA KONSTRUKCIJA: S= 271810,29 kg
zvari(1,5%)= 4077,15 kg
detajli (5%) 13590,51 kg
SKUPAJ: || 289477,96 kd]
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12 ZAKLJUCEK

Namen diplomske naloge je bil stati¢ni izracun jeklene konstrukcije po evropskih standardih
EVROKOD, ki upostevajo vecje varnostne faktorje, zaradi Cesar je konstrukcija iz staticnega
vidika varnej$a. Delo po evropskih predstandardih zahteva racunalnisko podprto projektiranje
in omogoca inzenirjem po celi Evropi dobro sodelovanje na podrocju projektiranja. Za
izracun notranjih stati¢nih koli¢in in dimenzioniranje elementov konstrukcije smo uporabili
programsko orodje ESA-Prima Win.

Glavna razlika med izvedbama je v tem, da je pri diplomski nalogi nosilna konstrukcija v
celoti iz jekla izraCunana po evropskih standardih, pri obstojeCem stanju pa je nosilna
konstrukcija v meSani izvedbi (60% beton, 40% jeklo) izraCunana Se po standardih JUS.
Stati¢ni sistem konstrukcije v diplomski nalogi predstavlja tog prostorski okvir, ki je
obravnavan kot ravninski v obeh glavnih smereh (X in Y) z uposStevanjem medsebojnega
vpliva. V smeri X so momentni, neojac¢ani in nepomicni glavni okvirji. Pravokotno na glavne
okvirje pa so priklju¢ene prostovrtljive precke, ki skupaj s stebri predstavljajo Stiri pomicne
sekundarne okvirje, ki so povezani z nateznimi diagonalami. Pri obstojeCem stanju pa so
stebri momentnih okvirjev v Sibki osi ojacani z AB stebri debeline 20cm. Pravokotno na
glavne okvirje so togo prikljuene precke v AB izvedbi. Sekundarni okvirji pa so bili
povezani z nateznimi diagonalami samo v ¢asu montaze.

Ker je nosilna konstrukcija v diplomski nalogi v celoti iz jekla, je objekt zaradi svoje
nesimetri¢ne oblike z dilatacijo lo¢en na dva, ki sta potem obravnavana vsak za sebe. Pri
obstojeCem stanju pa je nosilna konstrukcija v meSani izvedbi in je nesimetricnost objekta

reSena z armiranobetonskim jedrom in stenami, ki prenesejo velike obremenitve.

Primerjava porabe materialov:

obstojeci objekt objekt v diplomski nalogi
beton 2893949kg 1921470kg
armatura 363451kg 241667kg
konstrukcijsko jeklo 145303kg 289478kg
SKUPAJ 3402703kg 2452615kg
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Na koncu zelim Se poudariti prednosti jeklenih konstrukcij pred betonskimi:

Vedji del dela se opravi v tovarnah, ne na gradbiscu

Montazna gradnja

Za gradnjo je potreben manjsi gradbeni prostor

Konstrukeije so lazje

V visokogradnji ima jeklo boljse fizikalne lastnosti

V inZenirskem pogledu je jeklo kot gradbeni material natan¢neje opisano
Pozarna in korozijska zaScCita sta kvalitetno reSeni

Zaradi hitrejSe gradnje so jeklene stavbe tudi cenejse.
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SIST ENV 1991-1

SIST ENV 1991-2-1

SIST ENV 1991-2-3

SIST ENV 1991-2-4

SIST ENV 1992

SIST ENV 1993-1-1

SIST ENV 1994

OSIST ENV 1998-1-1

OSIST ENV 1998-1-2

OSIST ENV 1998-1-3

Osnove projektiranja in vplivi na konstrukcije: Osnove
projektiranja
Osnove projektiranja in vplivi na konstrukcije: Vplivi na
konstrukcije - Gostote, lastne teze in koristne obtezbe
Osnove projektiranja in vplivi na konstrukcije: Vplivi na
konstrukcije - Obtezbe snega

Osnove projektiranja in vplivi na konstrukcije: Vplivi na
konstrukcije - Vplivi vetra

Projektiranje betonskih konstrukcij: Splosna pravila in pravila za
stavbe

Projektiranje jeklenih konstrukcij: Splosna pravila in pravila za
stavbe

Projektiranje sovpreznih konstrukcij iz jekla in betona: Splosna
pravila in pravila za stavbe

Projektiranje potresno odpornih konstrukeij: Splosna pravila

- Potresna obtezba in splosne zahteve za konstrukcije
Projektiranje potresno odpornih konstrukeij: Splo$na pravila

- Splosna pravila za stavbe

Projektiranje potresno odpornih konstrukeij: Splo$na pravila

- Posebna pravila za razlicne materiale in elemente
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