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Sazetak

SAZETAK

Tlocrtne dimenzije objekta su 50 m x 35 m, a objekt ima Cetiri razine za koristenje: prizemlje
i tri kata. Svijetla visina u poslovnim prostorima na prizemlju i prvom katu mora biti najmanje
5 m dok u stambenim prostorima mora biti najmanje 3,0 m. Vanjske strane objekta
oblozene su staklenom fasadom. Krovna konstrukcija je cCelicna i prekrivena je s celicnim
profiliranim limom. Medukatnu konstrukciju potrebno je izvesti kao spregnutu, a stupove
Celicne. Na betonsku ploc¢u postavlja se zavrsni slojevi ukupne tezine cca 0,6 kN/mz.

Opterecenje instalacijama iznosi 0,3 kN/m2 .
Objekt je lociran u Karlovcu. Za nosive elemente Celicne konstrukcija potrebno je koristiti

kvalitetu celika $355, a za betonske beton razreda tlacne cvrstoce C30/37. Spojeve u
radionickoj izvedbi predvidjeti kao zavarene, a na montazi kao vijcane gdje god je to moguce.

Potrebno je izraditi: tehnicki opis, dispozicijski nacrt, staticki proracun te radionicke nacrte
glavnih konstrukcijskih elemenata.

Kljucne rije€i: spregnuta plocCa, spregnuti nosaci, celicna konstrukcija, vijcani spojevi,
potresni proracun

Diplomski rad: Poljak Marija ii



Summary

SUMMARY

The floor plan dimensions of the building are 50 m x 35 m, and the building has four levels
for use: ground floor and three floors. The clear height in business premises on the ground
and first floor must be at least 5 m, while in residential premises it must be at least 3.0 m.
The exterior sides of the building are covered with a glass facade. The roof structure is made
of steel and is covered with a steel profiled sheet. The mezzanine structure must be
constructed as a coupled one, and the columns must be steel. Finishing layers with a total
weight of approx. 0.60 kN/m2 are placed on the concrete slab. The installation load is 0.30
kN/m2.

The facility is located in Karlovac. Steel quality S355 should be used for load-bearing
elements of steel structures, and concrete of compressive strength class C30/37 for
concrete. The joints in the workshop version should be welded, and in the assembly as
screwed wherever possible.

It is necessary to create: technical description, disposition plan, static calculation, and
workshop plans of the main structural elements.

Key words: composite floor, composite beams, steel construction, screws connections,
seizmic calculation.
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Uvod

1 uvoD

Grad Karlovac postaje vojno, stratesko, gospodarsko i prometno srediste Hrvatske. Uz tri
povijesne ceste (Karolina, Josephina i Lousiana), ima i suvremenu autocestu koja povezuje
Srednju Europu i podunavske zemlje s Jadranskim morem [1]. Razvijanjem infrastrukture
nastala je potreba za stambenim i poslovnim prostorima.

lzgradnjom nove spregnuto-celicne konstrukcije na 4 kata zadovoljio bi se dio trenutnih
potreba za poslovnim i stambenim prostorom. Zgrada je modernog dizajna sa staklenom
fasadom, tlocrtnih dimenzija 50 m x 35 m. U radu je dan staticki proracun glavne nosive
konstrukcije s njenom dispozicijom, te proracun karakteristicnih detalja kao i njihovi nacrti.

Diplomski rad: Poljak Marija 9



Metode i tehnike rada

2 METODE | TEHNIKE RADA

Prilikom izrade diplomskog rada koristeni su sljedeci programi: za izradu nacrta koristen je
Autocad 2024, za potrebe statickog proracuna konstrukcije Robot Structural Analysis
Professional 2024. Prilikom proracuna detalja koristen je program IDEA StatiCa 23.1.

Proracun je raden u skladu s europskim Eurocode normama.
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Tehnicki opis konstrukcije

3 TEHNICKI OPIS KONSTRUKCIJE

3.1. Opcenito

Napravljen je staticki proracun i dimenzioniranje viSestambeno-poslovne zgrade u
Karlovcu. Tlocrtna dimenzija zgrade je 50,00 x 35,00 m. Ukupna visina objekta iznosi 18
metara. Gradevina se sastoji od prizemlja u kojem se nalaze poslovni prostori te 3 kata.
Vertikalni transport unutar zgrade se vrsi dizalom. Okolo dizala se pruzaju stepenice.
Svijetla visina prva dva kata iznosi 5 m, a druga dva 3 m.

3.2. Konstrukcija

Zgrada je temeljena na temeljnoj ploci debljine 30 cm. Kvaliteta Celika iznosi S355, dok je
beton C30/37. Zidovi su izvedeni kao Celi¢ni nosaci ispunjeni mineralnom vunom. Koristen
je cCelik kvalitete S355. Vanjski slojevi zida opremljeni su vatrootpornim knaufom. U
kupaonicama i kuhinji nalazi se vatro i vodootporni knauf. Unutarnje uredenje nije dio ovog
rada. Spojevi su u radionickoj izvedbi zavareni, a kod montaze vijcani.

Krov je ravan i neprohodan, a izveden je od cCelicne konstrukcije te prekriven pertlanim
limom.

Vanjska ovojnica objekta je staklena.

3.3. Proracun

Proracun unutarnjih sila, momenata savijanja i dimenzioniranje elemenata celicne
konstrukcije provedeno je u skladu s Eurocodeom.

Odabir odgovarajuceg pokrova te obloga za stijene, u ovom slucaju tankostijenog lima,
proveden je prema uvjetima za krajnje granicno stanje i granicno stanje uporabljivosti na
temelju tablica nosivosti danih od proizvodaca, koje su ovjerene od odgovarajuce ustanove.

Svi glavni nosivi elementi Celicne konstrukcije razmatrani su kao ravninski sustavi. Analiza
konstrukcije provedena je racunalnim programom Autodesk Robot Structural Analysis
Professional 2024.
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Proracun je napravljen u skladu s dva tehnicka propisa. Prvi propis je tehnicki propis za
celicne konstrukcije [2], a drugi tehnicki propis za spregnute konstrukcije od celika i betona
[3]. Takoder, prilikom projektiranja koristeno je nekoliko Eurocodova. To su Eurocode O [4],
Eurocode 1 [5], Eurocode 3 [6], Eurocode 4 [7], Eurocode 8 [8],

3.4. Karakteristike materijala

Za izvedbu konstruktivnih elemenata koristen je beton razreda C30/37. Kvaliteta celika za
nosive celicne elemente iznosi S355.

U nastavku su prikazana svojstva odabranih materijala, njihove karakteristicne i
proracunske vrijednosti. Za beton i nenapetu armaturu ocitana u HRN EN 1992-1-1:2013.
Proracunske vrijednosti cvrstoca materijala dobivene su mnozenjem karakteristicnih
parcijalnim faktorima sigurnosti za materijal koji su prikazani u sljedecoj tablici.

Beton: C30/37

fer = 30 N / mm2 "~ karakteristi¢na tlacna ¢vrsto¢a betona nakon 28 dana
fotm = 2,90 N/mm2 - srednja vlac¢na ¢vrstoc¢a betona
E., = 33000 N /mmz - sekantni modul elasti¢nosti

foa = 2,0 kN/sz - proracunska ¢vrstoca betona

fot 30
fcd = Q¢c *YLC = 1,0 * 15

=200N/ ,=20 kN /e

a.. — koeficijent dugotrajnih uc¢inaka na ¢vrsto¢u

3.5. Antikorozivna zastita

Elementi celicne konstrukcije radionicki se sStite s jednim temeljnim premazom na
prethodno opjeskarenoj podlozi do cCistoce Sa. Nakon zavrSene montaze potrebno je
popraviti sva ostecenja temeljnog radionickog premaza. Nakon odmascivanja povrsine
nanosi se drugi temeljni premaz. Debljina temeljnih premaza na organskoj osnovi iznosi
2x30 um. Zavrsna obrada propisana je prikazom mjera zastite od pozara sredstvima s
karakteristikom F30
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3.6. Protupozarna zastita

Zahtijevana vatrootpornost elemenata Celicne konstrukcije je F30. Stoga se na podlogu od
dva temeljna premaza nanosi zastitno protupozarno sredstvo s karakteristikom
vatrootpornosti F30 te kompatibilno s temeljnom antikorozijskom zastitom.

[

LT Vi =Y == %Efg 1 @

Slika 2. Istocno i zapadno procelje zgrade
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4 GLOBALNA ANALIZA OPTERECENJA

4.1. \lastita tezina nosivih elemenata

Stalno opterecenje konstrukcije sastoji se od vlastite tezine konstrukcije.

Vlastita tezina konstrukcije: racuna softver

Ukupno: racuna softver

4.2, Dodatno stalno opterecenje

Tezina slojeva poda: 2,50 kN /m?
Ukupno: 2,50 kN /m?

57x4
—— HEA 200
HEA 340
HEA 360
HEA 500
HEA 550
HEM 500
IPE 300
IPE 330

&I % kPa
Cases: 2 (Dodatno stalno)

Slika 3. Prikaz dodatnog stalnog opterecenja

4.3. Opterecenje instalacijama

Opterecenje instalacijama se razmatra kao zaseban slucaj jer nisu nuzno prisutne tijekom
izgradnje.
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Tezina instalacija: 0,30 kN /m?
Ukupno: 0,30 kN /m?

57x4
HEA 200
HEA 340
HEA 360
HEA 500
HEA 550
HEM 500
- IPE 300
IPE 330
"\ kPa

by
éx Cases: 3 (Instalacije)

Slika 4. Prikaz opterecenja instalacijama

4.3. Uporabno opterecenje

Uporabna opterecenja su promjenjeiva opterecenja koja ovise o hamjeni prostora. Zadaju
se kao jednolika opterecenja s mogucim koncentriranim opterecenjima. Promatrana
gradevina nema koncentriranih uporabnih opterecenja.

Za poslovne prostore ono iznosi 3,00 kN/mz, dok za stambeni dio iznosi 2,00 kN/mz.

Uporabno opterecenje za neprohodne krovove iznosi 0,60 kN/mz,
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Rezred uporabne povriine Gy [N /m?) Q. [kN]

A — stambene prostorije, odjeli u bolnicama, hotelske sobe

Uobicajene prostorije 2.0 2.0
Stubista 3.0 2.0
Balkoni 4.0 2.0
B — ured

Uredske prostorije 3.0 2.0

C — prostorije u kojima je moguée okupljanje ljudi

C1 prostorije sa stolovima (Skole, kavane, restorani, ¢itaonice, recepelje) 3.0 4,0

C2 prostorije sa nepomiénim stolovima (erkve, kina, predavaonice, | 4.0 4,0

éckaonice, konferencijske dvorane)

C3 prostorijc bez prepreka za kretanje ljudi (izloZzeni prostori. pristupni | 5.0 4.0

prostori javnim zgradama. bolnicama. Zeljeznickim stanicama)

C4 prostorije za fimicke aktivnosti (plesne dvorane, gimnastidarske | 5.0 7.0

dvorane, pozomice)

C5 prostorije za velika okupljanje ljudi (koncertne dvorane, sportske | 5.0 4.0

dvorane)

D - prodajne prostorije

DI prostorije u tgovinama 5.0 4.0

D2 prostorije u trgovinama na veliko 5.0 7.0

E — prostorije sa mogucnoscu gomilanja robe 1 stvari

Prostorije za skladistenje’' 6.0 7.0

F — povriine za lagana vozila < 30 [kN] 2.0 10,0

G — povréine za lagana vozila > 30 [kN] =< 160 [kN] 5.0 45.0

H — neprohodni krovovi osim za odrzavanje 1 popravak

Nagib < 20°° 0.75 1.5

Nagib > 40°° 0.0 1.5

I - prohodne krovne povrsine Opterecenja po razredima A-G

K — krovne povrsine za specijalne namjene (heliodrom) Opterecenja sc utvrduje za svaki

pojedini slucaj

'najmanja propisana opterecenja ako nije utvrdeno vece, ‘lineama interpolacija za medu vrijednosti

Slika 5. Karakteristi¢ne vrijednosti uporabnog opterecenja (Izvor [9])

00

2L ag:zoo
,//,32 —— HEA 340
= - HEA 360
¥ 4 HEA 500
HEA 550
—— HEM 500

IPE 300

IPE 330

kPa

Cases: 4 (Uporabno opterecenje)

Slika 6. Prikaz uporabnog opterecenja
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4.4, Snijeg

Opterecenje snijegom je gravitacijsko djelovanje promjenjiva karaktera. Opterecenje
snijegom na krovu dobiva se prema izrazu:

5= Cor G sk
gdje je:

s, — karakteristitno opterecenje snijegom na tlu koje ovisi geografskoj lokaciji i
nadmorskoj visini

u; — koeficijent oblika opterecenja snijegom na krovu koji ovisi o tipu i nagibu krova,
C, — koeficijent izlozenosti koji uzima u obzir uvjete puhanja vjetra

C; — toplinski koeficijent koji uzima u obzir topljenje snijega uslijed zagrijavanja
zgrade

Gradevina je svrstana u Il. podrucje djelovanja snijega na nadmorskoj visini od 112 m.

Za karakteristicno opterecenje snijegom na tlu ocitana je vrijednost : s, = 1,25 kN /m?

Koeficijent oblika za dvostresni krov s nagibom krova a = 4° iznosi: ni = 0,80
Koeficijent izloZenosti: Ce =10
Toplinski koeficijent: C:=10

Ukupno promjenjivo opterecenje zbog snijega:

s=080"-10-10- 1,25 = 1,00 kN/m?

Slika 7. Klimatske zone za karakteristicno opterecenje snijegom za razdoblje 1961-1990.
[10]
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:ﬁn:;n::s(l::} A podrudje B podruéje C podrudje D podrudje
100 1,10 1,10 0,45 0,35
200 1,30 1.40 0,80 0,50
300 1,55 1,75 1,20 0,70
400 1,80 2,20 1,65 0,90
500 2,05 2,65 2,15 1,15
600 2,35 3,15 2,70
700 2,65 3,70 3,30
800 2,95 4,25 3,95
500 3,25 4,90 4,65
1000 3,60 5,55 5,40
1100 3,95 6,25 6,20
1200 4,30 7,00 7.05
1300 - 7,80 7,95
1400 -- 8,65 8,90
1500 -- 9,50 9,90
1600 - 10,40 10,95
1700 - 11,40 12,05
1800 - - 13,20

Slika 8. Karakteristicno opterecenje snijegom u zonama u ovisnosti o nadmorskoj visini
[10]

S7x4
HEA 200
HEA 340
HEA 360
———— HEA 500
HEA 550
HEM 500
IPE 300
IPE 330

' kPa
Cases: 5 (Snijeg)

Slika 9. Prikaz opterecenja snijegom

4.5. \jetar

Djelovanje vjetra je promjenjivo tijekom vremena, a djeluje ili okomito na povrsinu na koju
puse ili paralelno s povrsinom duz koje puse aktivirajuci trenje po samoj povrsini gradevine.
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Vjetar djeluje izravno kao tlak na vanjske povrsine zatvorene konstrukcije i zbog propusnosti
vanjske povrsine djeluje neizravno na unutarnje povrsine.

Karakteristicni pritisak vjetra odreduje se na temelju osnovne brzine vjetra, vy, i gustoce
zraka, p, prema izrazu:

1 2 1 2 -3 2
qp = E'p'”b:§'1’25 - 20°-107° = 0,25 kN/m

Tlak vjetra koji djeluje na vanjsku povrsinu gradevine odreduje se prema izrazu:
We = (p * Ce (Ze) * Cpe
Tlak vjetra koji djeluje na unutarnju povrsinu gradevine odreduje se prema izrazu:

Wi = qp - Ce(z) - Cpi

Oznake u gornjim izrazima imaju sljedece znacenje:

qp — tlak pri osnovnoj brzini vjetra

c.(z) — faktor izlozenosti koji uzima u obzir hrapavost terena, topografiju i visinu iznad tla
Z, i z; — referentne visine za vanjski i unutarn;ji tlak

Cpe I Cp; — koeficijenti vanjskog i unutarnjeg tlaka

Osnovna brzina vjetra [m/s]

Razdoblje: 1992-2001.

Slika 10. Osnovna brzina vjetra [10]
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xz
h“]1°0

40 5.0 <)

Slika 11. Koeficijent izloZzenosti [9]

Slucaj I- vjetar puse na poprecnu stranu objekta

VJETAR

16000

p 50000

Slika 12. Graficki prikaz slucaja 111,111
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x
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Slika 13. Prikaz povrsina zgrade
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Vanjski pritisak na vertikalne stijene

Koeficijent izloZenosti za teren Ill. kategorije (normalna vegetacija, Sume i predgrada) iznosi:
Referentna visina: Z,=h=16m
Koeficijent izloZzenosti: c.(z) = 2,05

Koeficijent pritiska na vertikalne stijene:

e = min{b; 2h} = min{35; 32} = 32,00 m

b — dimenzija okomita na smjer vjetar

d=50,0m

d>e 50>32
h 16_032
d 500

Tablica 1. Odredivanje velicine vertikalnih povrsina (slucaj |)

Povrsina A g- h 102,4 m?
.. 4e 2
Povrsina B = h 409,6 m
Povrgina D b-h 800 m?
Povrsina E b-h 800 m?

Tablica 2.Koeficijenti vanjskog tlaka za pripadne vertikalne povrsine (slucaj |)

Povrsina A Cpe,a -1,20
Povrsina B Cpe,B —-0,80
Povrsina D Cpe,D +0,8
Povrsina E Cpe,E —-0,50

We = (p " Ce(2) - Cpe
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Tablica 3.Djelovanje vjetra na vertikalne povrsine (slucaj l)

Djelovanje vjetra na povrsinu A Wea = qp " Ce(2) " Cpea —0,615 kN /m?
Djelovanje vjetra na povrsinu B Wep = (qp " Ce(Z) " Cpep —0,410 kN /m?
Djelovanje vjetra na povrsinu D Wep = qp * Ce(Z) * Cpep +0,410 kN /m?
Djelovanje vjetra na povrsinu E Weg = qp* Ce(Z) " Cper —0,256 kN /m?

Vanjski pritisak na krovnu plohu

el4

vietar .

Slika 14. Prikaz krovnih povrSina

¥ e=bor2h

Tablica 4.0dredivanje veli¢ina krovnih povrsina (slucaj I)

Povrsina F 1iO -Z 25,6 m?
Povrsina G 1% - (b — ;) 108,8 m?
Povrsina H b- (; — 110) 640 m?
Povrsinall b ( — ;) 950 m?
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Tablica 5.Koeficijenti vanjskog tlaka za pripadne krovne povrsine (slucaj I)

Povrsina F Cpe,F -1,80
Povrsina G CpeG -1,20
PovrsinaH Cpe,H -0,70
Povrsinal Cpe,l +0,2
Povrsinal Cpe,l —0,60

Tablica 6.Djelovanje vjetra na krovne povrsine (slucaj I)

Djelovanje vjetra na povrsinu F Wer = qp ' Ce(Z) * Cper — 0,923 kN/m?
Djelovanje vjetra na povrsinu G We = qp * Ce(Z) * Cpeg — 0,615 kN /m?
Djelovanje vjetra na povrsinu H Wer = qp " Ce(Z) " Cpen —0,359 kN /m?
Djelovanje vjetra na povrsinu | Wei = (qp " Ce(Z) " Cpey + 0,103 kN /m?
Djelovanje vjetra na povrsinu | Wei = qp " Ce(Z) " Cpe, — 0,308 kN /m?
Tablica 7. Ukupni pritisak vjetra
Povrdina A Wig =Wey — W; — 0,615 kN /m?
Povrsina B Wip = Wep — W; — 0,410 kN /m?
Povrsina C Wic = Wee — W; — 0,256 kN /m?
Povrsina D Wip = Wep — W; + 0,410 kN /m?
Povrsina E Wig = Wep — W; — 0,256 kN /m?
Povrdina F Wip = Wep — W; — 0,923 kN /m?
Povrsina G Wi = Weg — W; — 0,615 kN/m?
Povrsina H Wig = Wepy — W; — 0,359 kN /m?
Wi =Wy —W; + 0,103 kN /m?
Povrsinall
Wip = We; — W; — 0,308 kN /m?
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Slika 15. Prikaz opterecenja vjetrom za slucaj |
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Slucaj II- vjetar puse na poprecnu stranu objekta, cpi=0,2

Vanjski pritisak na vertikalne stijene

Vanjski pritisak na vertikalne stijene i vanjski pritisak na krovnu plohu isti je kao u tocki
JSlucaj 1 — vjetar puse na uzduznu stranu objekta.”

Vanjski pritisak na krovnu plohu

Vanjski pritisak na krovnu plohu isti je kao u tocki ,Slucaj 7 — vjetar puse na uzduznu stranu
objekta."

Unutarniji pritisak

w; = qp * Co(z;) " ¢p; = 0,53 - 1,20 - 0,20 = 40,103 kN/m?

Ukupni pritisak

Tlak na povrsinu je algebarski zbroj unutarnjeg i vanjskog tlaka.

Tablica 8. Ukupni pritisak na plovrsine za slucaj |l

Ukupni pritisak na povrsinu A Wia = Weyg — W; —0,718 kN /m?
Ukupni pritisak na povrsinu B Wip = Wep — W; —0,513 kN /m?
Ukupni pritisak na povrsinu C Wic = Wec — W; —0,359 kN /m?
Ukupni pritisak na povrsinu D Wip = Wep — W; +0,308 kN /m?
Ukupni pritisak na povrsinu E Wig = Weg — W; —0,359 kN /m?
Ukupni pritisak na povrsinu F Wip = Wep — W; —1,025 kN /m?
Ukupni pritisak na povrsinu G Wi = Weg — Wi —0,718 kN /m?
Ukupni pritisak na povrsinu H Wig = Wey —W; —0,461 kN /m?
Ukupni pritisak na povrsinu | Wi = We — W; 0 kN /m?

Ukupni pritisak na povrsinu | Wi = We; —W; —0,410 kN /m?
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Slika 16. Prikaz opterecenja vjetrom za slucaj Il
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Slucaj Ill- vjetar puse na poprecnu stranu objekta, cpi=-0,3

Ukupni pritisak

Tlak na povrsinu je algebarski zbroj unutarnjeg i vanjskog tlaka.

Tablica 9. Ukupni pritisak na povrsine za slucaj lli

Ukupni pritisak na povrsinu A Wia = Weq — W; —0,416 kN /m?
Ukupni pritisak na povrsinu B Wip = Wep — W; —0,256 kN /m?
Ukupni pritisak na povrsinu C Wic = Wec — W; —0,103 kN /m?
Ukupni pritisak na povrsinu D Wip = Wep — W; +0,564 kN /m?
Ukupni pritisak na povrsinu E Wig = Weg — W; —0,103 kN /m?
Ukupni pritisak na povrsinu F Wip = Wep —W; —0,769 kN /m?
Ukupni pritisak na povrsinu G Wi = Weg — W; —0,461 kN /m?
Ukupni pritisak na povrsinu H Wig = Wey — W; —0,205 kN /m?
Ukupni pritisak na povrsinu | Wi = We — W; + 0,256 kN /m?
Ukupni pritisak na povrsinu | Wi = We — W; —0,154 kN /m?
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Slika 17. Prikaz opterecenja vjetrom za slucaj Il
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Slucaj IV- vjetar puse na uzduznu stranu objekta

VJETAR
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35000 /

Slika 18. Graficki prikaz slucaja IV,V,VI

Koeficijent pritiska na vertikalne stijene:

e = min{b; 2h} = min{50; 32} =32m

b — dimenzija okomita na smjer vjetar

d=350m - d>e
h _ 16 _ 0,320
d 50,00 ’
Tlocrt
| < .
Vjetar\-
2 E
ARSI pogled -

g

16000

yd

35> 32
e=min (b, 2h)
b - dimenzija okomito na smjer vjetra
} e R s G T S e Bk R R R e e |
: Pogledza e<d |
! I
: I
i vietar A B c h :
b : I
I
: A I
| e | d-e ! :
| el5 4/5e |
! I
! I
! I
! I
I I
+ o h I
vietar

! L | B c |
I
! I
: 7 LY I
I A . |

Diplomski rad: Poljak Marija

29



Globalna analiza opterecenja

Tablica 10. Odredivanje velic¢ine vertikalnih povrsina

Povrsina A g- h 102,4 m?
Povrsina B % ‘h 409,6 m?
Povrsina C (d—e)-h 288 m?
Povrsina D b-h 560 m?
Povrsina E b-h 560 m?

Tablica 11.Koeficijenti vanjskog tlaka za pripadne vertikalne povrsine

Povrsina A Cpe,a —1,20
Povrsina B Cpe,B —-0,80
Povrsina C Cpe,c —0,50
Povrsina D Cpe,D +0,7
Povrsina E Cpe,E -0,3
Tablica 12. Djelovanje vjetra na vertikalne povrsine
Djelovanje vjetra na povrsinu A Wea = qp " Ce(2) " Cpea —0,615 kN /m?
Djelovanje vjetra na povrsinu B Wep = qp * Ce(Z) * Cpep —0,410 kN /m?
Djelovanje vjetra na povrsinu C Wec = qp " Ce(2) * Cpec —0,256 kN /m?
Djelovanje vjetra na povrsinu D Wep = qp " Ce(Z) * Cpep +0,410 kN /m?
Djelovanje vjetra na povrsinu E Wer = qp - Ce(Z) " Cpep —0,154 kN /m?
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Tablica 13. Odredivanje veli¢ina krovnih povrsina

Povrsina F L.¢ 25,60 m?
10 2
Povréina G L. ( f) 60,80 m?
10 2
Povrgina H b- (E _ i) 448,00 m?
210
Povréina | ( e) 1190,00 m?
2

Tablica 14. Koeficijenti vanjskog tlaka za pripadne krovne povrsine

Povrsina F Cpe,F —-1,80
Povrsina G Cpe,G -1,20
Povrsina H Cpe,H -0,70
Povrsina | Cpe,l +0,2
Povrsina | Cpe,l —0,60
Tablica 15. Djelovanje vjetra na vertikalne povrsine
Djelovanje vjetra na povrsinu F Wer = qp " Ce(Z) * Cper —0,923 kN /m?
Djelovanje vjetra na povrsinu G Wec = qp " Ce(Z) * Cpeg —0,615 kN /m?
Djelovanje vjetra na povrsinu H Wen = qp * Ce(2) * Cpen —0,359 kN /m?
Djelovanje vjetra na povrsinu | Wer = (qp " Ce(Z) " Cpey +0,103 kN /m?
Djelovanje vjetra na povrsinu | Wei = qp * Ce(Z) * Cper —0,308 kN /m?
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Slika 19. Prikaz opterecenja vjetrom za slucaj IV

Slucaj V- vjetar puse na uzduznu stranu objekta, cpi=0,2

Vanjski pritisak na vertikalne stijene

Vanjski pritisak na vertikalne stijene i vanjski pritisak na krovnu plohu isti je kao u tocki
.Slucaj IV — vjetar puse na uzduznu stranu objekta.”

Vanjski pritisak na krovnu plohu

Vanjski pritisak na krovnu plohu isti je kao u tocki , Slucaj 1 — vjetar puse na uzduznu stranu
objekta.”

Unutarniji pritisak

w; = qp * Ce(z) * ¢p; = 0,53 - 1,20 - 0,20 = 40,103 kN/m?

Tlak na povrsinu je algebarski zbroj unutarnjeg i vanjskog tlaka.
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Tablica 16. Ukupni pritisak

Ukupni pritisak na povrsinu A Wia = Weq —W; —0,718 kN /m?
Ukupni pritisak na povrsinu B Wip = Wep — W; —0,513 kN /m?
Ukupni pritisak na povrsinu C Wic = Wec —W; —0,359 kN /m?
Ukupni pritisak na povrsinu D Wip = Wep — W; +0,308 kN /m?
Ukupni pritisak na povrsinu E Wig = Weg — W; —0,256 kN /m?
Ukupni pritisak na povrsinu F Wip = Wep —W; —1,025 kN /m?
Ukupni pritisak na povrsinu G Wi = Weg — W —0,718 kN /m?
Ukupni pritisak na povrsinu H Wig = Wey — W; —0,461 kN /m?
Ukupni pritisak na povrsinu | Wi = We — W; 0 kN/m?

Ukupni pritisak na povrsinu | Wi = We — W; —0,410 kN /m?
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Slika 20. Prikaz opterecenja vjetrom za slucaj V
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Slucaj VI- vjetar puse na uzduznu stranu objekta, cpi=-0,3

Tlak na povrsinu je algebarski zbroj unutarnjeg i vanjskog tlaka.

Tablica 17. Ukupni pritisak

Ukupni pritisak na povrsinu A Wia = Weyq —W; —0,461 kN /m?
Ukupni pritisak na povrsinu B Wip = Wep — W; —0,256 kN /m?
Ukupni pritisak na povrsinu C Wic = Wec —W; —0,103 kN /m?
Ukupni pritisak na povrsinu D Wip = Wep — W; +0,564 kN /m?
Ukupni pritisak na povrsinu E Wig = Weg — W; —0,000 kN /m?
Ukupni pritisak na povrsinu F Wip = Wep —W; —0,769 kN /m?
Ukupni pritisak na povrsinu G Wi = Weg — W; —0,461 kN /m?
Ukupni pritisak na povrsinu H Wig = Wey — W; —0,205 kN /m?
Ukupni pritisak na povrsinu | Wi = We — W; + 0,256 kN /m?
Ukupni pritisak na povrsinu | Wi = We — W; —0,154 kN /m?
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Slika 21. Prikaz opterecenja vjetrom za slucaj VI
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4.6. Potres

Potresno djelovanje odredeno je prema HRN EN 1998-1:2011.

Gradevina je smjestena u Karlovcu. Uz pomoc online aplikacije dostupne na stranicama
Geofizickog odsjeka (Prirodoslovno-matematicki fakultet Sveudilista u Zagreb) i Hrvatskog
zavoda za norme ocitana je vrijednost ag = 0,165 g, poredbena vrsna ubrzanja temeljnog
tla, za temeljno tlo tipa A s vjerojatnoScéu premasaja 10 % u 50 godina, za poredbeno
razdoblje potresa TNCR = 475 godina Pretpostavka jest da se objekt temelji se na tlu

razreda A te se iz Tablice oCitavaju potresni parametri za tlo razreda B za spektre tipa 1i 2.

p— Klagenfurt
—-r = . Szekszérd
5 Vrijednost iz baze: R
=\ aposvd
nazia Pécs
Tp= 95 godina: agg = 0.080 g Cy
Tp = 225 godina: agz = 0.117 g
) Tp = 475 godina: agz = 0.165 g Combop
Trieste
Karlovac Sisak L
Vinkovei
Rije
Slavonsk
Prijedor Brod
Breko
Pula Penybauka Doboj
3 f Bijeljina, L
Tuzla
NosHuuya
Hrvatska
nica
Zadar
Bosna i Hercegavina /
=y bocHa n
Sibenik XepueroeuHa
Ancona
i split ide
Mostar Pljevija
Ascoli Piceno P .
= ; © OpenStreetMap contributors.

Slika 22. Seizmoloska karta

Prema Eurocodeu factor ponasanja u smjeru okvira, u ovom slucaju smjer x, je 4 dok je u
smjeru suprotnom od smjera okvira, dakle smjer vy 2.
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Acceleration(m/s*2)
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Slika 23. Proracunski sprektar za smjer x

Acceleration(m/s"2)
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Period (s)
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Slika 24. Proracunski spektar za smjer y
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5 KOMBINACIJE OPTERECENJA

U ovom pod poglavlju izdvojeni su izrazi iz norme HRN EN 1990:2011 koji se koriste za
analizu opterecenja i ponavljaju u nastavka proracuna.

Kombinacije opterecenja za grani¢no stanje nosivosti (GSN)

Osnovna kombinacija opterecenja (stalna i prolazna proracunska situacija):
Z(VGJ *Grj) +Vp * Pe +vo1 * Qr1 + Z(VQ,i * Yo * Qi)
j i>1
lzvanredna kombinacija opterecenja (seizmicka proracunska situacija):
Z Grj+v1*Agg + P + Elpz,i * Qi
J i>1
Kombinacije opterecenja za grani¢no stanje uporabljivosti (GSU)

Karakteristi¢na (rijetka) kombinacija djelovanja:

Z Gj+ P+ Qpq+ Z Yo * Qi
j i>1
Cesta kombinacija djelovanja:
Z Grj+Pet P11 %Qr1+ z Yo, * Qi
J i>1
Nazovistalna kombinacija djelovanja:

D Gyt Pt ) o+ Qg
J

i>1

Tablica 18. Koeficijenti sigurnosti

Vg Yq Yo
Nepovoljno 1,35 1,50 1,00
Povoljno 1,00 - 1,00
lzvedba i montaza 1,00 - 1,00
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Tablica 19. Koeficijenti kombinacije

Djelovanje Koeficijent kombinacije

Yo Yy 25
Uporabno opterecenje u zgradama
Kategorija D: trgovine 0,7 0,7 0,6
Kategorija H: krovovi 0 0 0
Opterecenje snijegom u zgradama
Za gradilista na visini H<1000 m.n.m. 0,5 0,2 0
Opterecenje vjetrom na zgrade 0,6 0,2 0

5.1. Popis koristenih kombinacija

Slika 25. Popis slucajeva opterecenja
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Combinations Name Analysis type C;Ii::m Case nature Definition
17 GSN1 |Monlin. Combinati ULS Structural (1+2+3)*1.35+(4+5)*1.60+6*0.90
18 GSN2Z |MNonlin. Combinati ULS Structural (1+2+3)*1.35+(4+5)*1.60+9*0.90
19 GSN3 |MNonlin. Combinati ULS Structural (1+2+3)*1.35+(4+5)*1.50+11*0.90
20 GSN4 |Monlin. Combinati ULS Structural (1+2+3)*1.35+(4+5)*1.50+13*0.90
21 GSN5 |Nonlin. Combinati ULS Structural (1+2+3)*1.35+(4+5)*1.50+14*0.90
22 GSNE [Nonlin. Combinati ULS Structural (1+2+3)*1.35+{4+6)*1.50+5*0.75
23 GSNT [Nonlin. Combinati ULS Structural (1+2+3)*1.35+(4+9)*1.50+5%0.75
24 GSN8& [Nonlin. Combinati ULS Structural (1+2+3)*1.35+(4+11)*1.50+5%0.75
25 GSN9 [Nonlin. Combinati ULS Structural (1+2+3)*1.35+(4+14)*1.50+5%0.75
26 GSN10 [Nonlin. Combinati ULS Structural (143)*1.00+7*1.50
27 GSN11 [Nonlin. Combinati ULS Structural (143)*1.00+8%1.50
28 GSN12 [Nonlin. Combinati ULS Structural (143)*1.004+10%1.50
29 GSN13 [Nonlin. Combinati ULS Structural (143)*1.00412%1.50
30 GSN14 [Nonlin. Combinati ULS Structural (143)*1.004+15%1.50
K} GSU1 |Nonlin. Combinati uLs Structural (1+2+3+4+5)*1.00+60.60
32 GSU2Z |Nonlin. Combinati uLs Structural (1+2+3+4+5)*1.00+9*0.60
33 GSU3 |Nonlin. Combinati uLs Structural (1+2+3+4+5)"1.00+11%0.60
34 GSU4 |Nonlin. Combinati uLs Structural (1+2+3+4+5)"1.00+1470.60
35 GSUS [Monlin. Combinati ULS Structural (1+2+3+6)1.00+(4+5)0.50
36 GSUG [Monlin. Combinati ULS Structural (1+2+3+9)1.00+(4+5)"0.50
BT GSUT [Nonlin. Combinati ULS Structural (1+2+3+11)1.00+(4+5)"0.50
38 G5Ug |Monlin. Combinati ULS Structural (1+2+3+14)1.00+(4+5)*0.50
39 GSU% |MNonlin. Combinati ULS Structural (1+3+6)*1.00
40 GSU10 [Monlin. Combinati ULS Structural (1+3+7)*1.00
11 GSU11 [Monlin. Combinati ULS Structural (1+3+8)*1.00
42 GSU12 [Monlin. Combinati ULS Structural (1+3+9)*1.00
43 GSU13 [Monlin. Combinati ULS Structural (1+3+10)*1.00
44 GSU14 [Nonlin. Combinati ULS Structural (1+3+11)*1.00
45 GSU15 [Nonlin. Combinati ULS Structural (1+3+12)*1.00
46 GSU16 [Nonlin. Combinati ULS Structural (1+3+13)*1.00
A7 GSU1T [Nonlin. Combinati ULS Structural (1+3+14)*1.00
43 GSU18 [Nonlin. Combinati ULS Structural (1+3+15)*1.00
Slika 26. Popis kombinacija zadanih u softweru
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6 PRORACUN SPREGNUTIH PLOCA

6.1. Krovna ploca

Krovna ploca je napravljena od betona klase C30/37. Lim je COFRAPLUS 45.

Opterecenja koja djeluju na krovnu ploCu su vlastita tezina, dodatno stalno opterecenje,
uporabno opterecenje i snijeg. Lim je odabran prema tablici danoj od proizvodaca lima [4].

6.1.1. Opterecenja

a) Vlastita tezina
Tablica opterecenja ne uzima u obzir vlastitu tezinu ploce.

b) Dodatno stalno opterecenje
U dodatno stalno opterecenje se ubrajaju zavrsni slojevi krovne ploce.
Pretpostavljena tezina zavrsnog sloja je 250 kg/mZ.

c) Uporabno opterecenje
Prema Eurocodu uporabno opterecenje za neprohodne krovove je 0,6 kN/m2 =
60 kg/mz.

d) Snijeg

Opterecenje snijega iz poglavlja 4.4. Snijegiznosi:

s =1,104 kN/mz = 110,00 kg/m2
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Structural performance
Acceptable unweighted g values with g’ = 0 in kg/m?

A calculation using Cofra 5 might optimise the design according to the project requirements

Single span L

Thickness of Span [m]

theslabfem] 1,50 1,60 1,70 1,80 1,90 2,00 2,10 2,20 2,30 2,40 2,50 2,60 2,70 2,80 2,90 3,00 3,10 3,20 3,30 3,40 3,50
18 1685 1513|1366 1239 1129 1032 946 B70 801 740 684 634 G587 545 506 470 436 404 374 347 3N
17 1618 1452 1310|1187 1081 987 905 831 765 706 653 604 560 520 482 448 415 384 356 330 305
16 1551 1390 1253]1135 1033 943 863 793 730 673 622 575 533 494 458 426 394 365 338 312 289
15 1484 1329 1197 EI 985 8938 822 754 694 639 590 546 505 468 435 403 373 345 319 295 273
14 1417 1268 1141 1031 937 | 854 780 716 658 606 559 517 478 443 411 381 352 325 301 278 257
13 1351 1207 1084 979 BBB | B09 739 677 622 572 528 487 451 417 387 358 331 306 283 261 241
12 1284 1145 1028 927 B840 764 I 698 639 586 539 497 458 423 392 363 336 310 286 264 244 235
11 1217 1084 972 875 792 720 656 | 600 550 505 465 429 396 366 339 314 289 267 246 227 209
10 1150 1023 915 823 744 675 615|562 514 472 434 400 369 341 315 291 268 247 228 - -
a9 1083 962 B59 771 696 631 573 523 | 478 438 403 371 342 315 291 - - - - - -

Without propping _| With propping

Slika 27. Tablica odabira debljine krovne ploce [11]

Ukupno opterecenje na krovnu plocu iznosi 250 + 60 + 110 = 420,00 kg/mz

Odabrana debljina ploce je 10 cm.

6.1.2. Otpornost na savijanje

fyd =35 kN/sz
de =20 kN/cTrl2

A, = 10,88 cm?

d, =45+10-15=13,00cm

Geasr = 1,35 % gy + 1,5 %5 +1,5¢ = 1,35 5,13 + 1,5 1,104+ 1,5+ 0,6 = 948 KN/ ,

vl = Jdodatno staino + iim + beton = 2,5+ 0,13 + 2,5 = 5,13 kN/mZ

_ Apexfya  10,88%35
Pl h%0,85%f,; 100%0,85 2
— N.O.je u betonu iznad lima

X =224cm <10cm

Ape * fya 10,88 = 35
Mgpg = Ape * fya * (dp YT de) = 10,88 * 35 (13 ~17:10072 2)
= 45,23 kNm
Mg, = FEd* L*_948x258 7,41 kNm
8 8
MSd 7'40 . iy . .
M_Rd = 25.23 = 0,164 - iskoriStenost profila je 16,4%
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6.1.3. Grani¢no stanje uporabljivosti

250

=180

=1,4cm
0,1+xh,=0,1%10=1< 1,4 - nema nagomilavanja betona
Prema HRN EN

1,4 < 2,0 -» uvijet je zadovoljen!

6.2. Medukatna ploca

Medukatna ploca je napravljena od betona klase C30/37. Lim je COFRAPLUS 45.

Opterecenja koja djeluju na medukatnu plocu su vlastita tezina, dodatno stalno opterecenje
te uporabno opterecenje. Lim je odabran prema tablici danoj od proizvodaca lima [4]

6.2.1. Opterecenja

a) Vlastita teZina
Tablica opterecenja ne uzima u obzir vlastitu tezinu ploce.
b) Dodatno stalno opterecenje
U dodatno stalno opterecenje se ubrajaju zavrsni slojevi krovne ploce. Pretpostavljena
teZina zavrsnog sloja je 250 kg/mZ.
c) Uporabno opterecenje

Opterecenje tijekom uporabe iz poglavlja 2.4. Uporabno opterecenje iznosi:

k
q=20"*N/ ,=20000"9/ ,
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Structural performance
Acceptable unweighted q values with g" = 0 in kg/m?

A calculation using Cofra 5 might optimise the design according to the project requirements

Single span L

Thickness of Span [m]

theslabcm] 1,50 1,60 1,70 1,80 1,90 2,00 2,10 2,20 2,30 2,40 2,50 2,60 2,70 2,80 2,90 3,00 3,10 3,20 3,30 3,40 3,50
18 1685 1513|1366 1239 1129 1032 946 870 801 740 684 634 587 545 G506 470 436 404 374 347 321
17 1618 1452 131001187 1081 987 905 831 765 706 653 604 560 520 482 448 415 384 356 330 305
16 1551 1390 1253]1135 1033 943 863 793 730 673 622 575 533 494 458 426 394 365 338 312 289
15 1484 1329 1197 1083' 085 898 822 754 B94 639 590 546 505 468 435 403 373 345 319 295 273
14 1417 1268 1141 1031 937 | 854 780 716 658 606 559 517 478 443 411 381 352 325 301 278 257
13 1351 1207 1084 979 B8B8B | 809 739 677 622 572 528 487 451 417 387 358 331 306 283 261 241
12 1284 1145 1028 927 B840 764 I 698 639 586 539 497 458 423 392 363 336 310 286 264 244 235
11 1217 1084 972 875 792 720 656 | 600 550 505 465 429 396 366 339 314 289 267 246 227 209
10 1150 1023 915 823 744 675 615|562 514 472 434 400 369 341 315 2091 268 247 228 - -
9 10B3 962 859 771 696 631 573 523 | 478 438 403 371 342 315 291 - - - - - -

Without propping With propping

Slika 28. Tablica odabira debljine medukatne ploce [11]

Ukupno opterecenje na krovnu plocu iznosi 250 + 200,00 = 450,00 kg/mz

Odabrana debljina ploce je 11 cm.

6.2.2. Otpornost na savijanje

fya =355 kN/cm2

de =20 kN/cTrl2
Ape = 10,88 cm?

d, = 4,5+ 11— 1,5 = 14,00 cm

Gea = 1,35 % gy +1,5¢ = 1,35+ 25+ 1,5+ 2 = 638*N/ ,

k
vl = Ydodatno staino = 255 g/mz =25 kN/mZ

_ Ape*fya  10,88%35
Pl h%0,85%f,; 100%0,85 2
— N.O.je u betonu iznad lima

X =224cm <1llcm

Mgg = Ape * fya x| d —M = 1088*35*(14—M)=4904kNm
pe “Iyd T\TP 17 % b foqy ’ 1,7 * 100 * 2 ’
My, = Qg * L2 _ 6,39 * 2,52 — 4,99 kNm
8 8
Msq 4,99 o o
M_Rd = 29,04 = 0,102 — iskoriStenost profila je 10%
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6.2.3. Grani¢no stanje uporabljivosti

250

=180

=1,4cm

0,1+xh,=0,1%11=1,1< 1,4 - nema nagomilavanja betona
Prema HRN EN

1,4 < 2,0 -» uvijet je zadovoljen!
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7 SPREGNUTI NOSAC

7.1.  Spregnuti nosac krovne ploce

7.1.1. Ulazni podaci

Odabrani profil:

Tip poprecnog presjeka:
Povrsina poprecnog presjeka:
Visina hrpta:

Debljina hrpta:

Sirina pojasnice:

Debljina pojasnice:

Radijus:

Klasa celika:

Marka betona:

7.1.2. Opterecenja

e=2.5m

ge=hc*xexy.=0,1%2,5%25=6,25 kN/m. — beton
ga=A*10"2=538%10"2=0,538 KN/, > nosat
gk =03%25=0,75 kN/m, - instalacije

Gum = 0,13%2,5=0,325 KN/, lim

gs =1,104%2,5=2,76 KN/ . — snijeg
q=06%25=1,5 kN/m. — uporabno

Jdodatno = 2,2 %2,5=15,5 kN/m' - dodatno stalno

IPE 300
Toplo dogotovljeni
A = 53,8 cm?

h =300 mm

tw = 7,1mm

b =150 mm
tr = 10,7 mm
r=150m
5355
C30/37

Jser = 0,75 % 2,5 = 1,875 kN/m, — servisno opteretenje
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ed, 1 = 1,35 * (.gc +gat glim) + 1,5 * Iser

=1,35* (6,25 + 0,538 + 0,325) + 1,5 » 1,875 = 12,41 KN/,

— proracunsko opteretenje za prvu fazu

eda, 1 = 1,35 % (.gc t+ 94+ 9k + Giim + gdodatno) + 1,5 * Is

= 1,35 * (6,25 + 0,538 + 0,75 + 0,325 + 5,5) + 1,5 + 2,76 = 22,18 KN/,

— proracunsko opteretenje za drugu fazu

_ Qear L7 _ 1241+ 11,682

Mg, = 3 5 = 211,63 kNm
x 12 22,18 11,68%
Mg = Jeddl 22 — 378,28 kNm
: 8 8
«1  12,41+%11,68
Vg, = Jedd *0 = 72,47 kN
: 2 2
«1  22,18%11,68
Vg = Jedd 7 _ = 129,53 kN
: 2 2
Sudjelujuca sirina
L 11,68
bel =be2 =§=T= 1,46

beff =2xb, =2%1,46 =2,92m > 2,5m

beff = 2,5 m

7.1.3. Fazal

7.1.3.1.  Teorija plasticnosti

WPL,y = 628 sz

My

Ly = Wpry * fya = 21420,7 kNem = 222,94 kNm
222,94 kNm > 211,63 kNm

211,63
222,94

= 0,95 - iskoriStenost profila u prvoj fazi je 95%
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Otpnornost na bocno torzijsko izvijanje

Elasticni kriticni moment bocnog torzijskog izvijanja:

w2 -E-1 I [2-G-1
Moy =€y o2 jﬂ+—f+(c2-zg)2—c2-zg

12 I, mw2-E-l,
Modul elasti¢nosti E = 210000 N/mm?
Modul posmika G = 80769,23 N/mm?
Konstanta krivljenja I, = 7,058 - 101° mm®
Moment tromosti 1, = 4200000 mm*
Torzijska konstanta I, = 160000 mm*
Raspon L =3750 mm

Vrijednost proracunatog M.:
M. = 125,15 kNm

Bezdimenzionalna vitkost:

_ W, .- 484,0 - 23,5
/1LT=\] pLy fy=\/ = 0,953

M,, 12515

Faktor redukcije:

h 270
T =13 = 2,00 - mjerodavna krivulja izvijanjaa — a;; = 0,21

@, = 0,5 [1 + (A — 0,2) + IZT] =0,5-[1+0,21- (0,952 — 0,2) + 0,9522]

¢LT = 1,032
1 1

Air = DL+ I‘pLTZ—mZ - 1,032+4/1,0322-0,9522
Woiy fr _ o coq. 4840235

= 0,699 < 1Racunska otpornost:

My ra = Xi7° . 0 70 = 79,50 kNm
1 ]
MEd,y = 34,83 kNm < Mb,Rd = 79,50 kNm
Mgq,y _ 34,83

Wy o = 79,50 = 0,440 < 1,0 - Iskoristivost je 43,8 %
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7.1.4. Fazall

7.1.4.1. Klasifikacija popre¢nog presjeka

Hrbat
c h—-2-t-2-r 3000-2-10,7-2-15,0
—_— = == 35,01
t tw 7,1
_ 235|235 _ 081
N I KT
33- €=33-081 =26,73
35,01 > 26,73
72- =72 -081 =58,32
35,01 < 58,32
Hrbat je svrstan u klasu 2.
Pojasnica

b—t,—2-r 150,00—7,1—2 -15,0
‘- 2 = 2 =528
t tr 10,7 '

9:-=9-081=729
5,28 <729

Pojasnica je svrstana u klasu 1.

Poprecni presjek svrstan je u klasu 2.

7.1.4.2. Teorija plasti¢nosti

N¢g = begg * he % 0,85  frg = 250 % 10 = 0,85 2 = 4 250 kN
Ny = A * f,q = 53,8 35,5 =1909,9 kN
Ncg > Ny — N.O.je u betonskoj plo¢i — CJELI NOSAC JE U VLAKU

Ag*fya _ 538%355

LT 0,85+ fug * boyy 0,85 * 2 % 250

=449 cm
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Otpornost na savijanje

My ra = Ag * fya * (z + he — 0,5 % x,;) = 53,8 x 35,5 * (15 + 10 — 0,5 * 4,49)

= 434,59 kNm
Med 378,28 087 iskorist ¢ il d . e 870
= e N
Mpl,Rd 434,59 ’ LSkoristenos pTOfl auarugoj faZl]e 0

Otpornost na poprecnu silu

Provjera na izbocavanja hrpta na posmik

hy =h—-2-t;= 300,0-2 - 10,7 = 278,60 mm

h, 72 -¢

tW n

278,60 72 - 0,81
7,1 < 1,2

39,24 < 48,6 — Nije potrebna provjera izbo¢avanja hrpta na posmik.

Plasti¢na posmicna otpornost

v _ AV,Z ’ (fy/\/g)
plLRd —
Ymo

Ay, =A—=2-b-tr+(@y,+2 1) tr = 1n-hy,-t,

Ay, =5381 —2-1500-1,07 + (0,71 + 2 - 1,05) - 1,07 = 24,064 cm?
N ~hy -ty =120-279%0,71 = 23,77 cm?

Ay, = 24,064 cm?* > 23,77 cm?

24,064 - (35,50/+/3)
Vpizra = 1.00 = 493,21 kN

Otpornost poprecnog presjeka na poprecnu silu

v 12953
2Ed < 1,00 P
Voira 493,21

1,00 0,262 < 1,00

Presjek zadovoljava s iskoristivoScu od 26,2%.
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Otpnornost na bocno torzijsko izvijanje

Gornja pojasnica celicnog nosaca je pridrzana na dovoljnom broju mjesta, stoga provjera na
bocno torzijsko izvijanje nije potrebna.

7.1.5. Granic¢no stanje uporabljivosti

250
Aa-(O,S-fa+hC)+bE%-hc-% 53,8 (0,530 +10) + 735 10-5
h, = b 5E0 = 9,50 cm
EFF .
Aq +7EEE 53,8 + {35 10
_ 2 AC 2
In_Ia+Aa'Za+IC+7 Zc
— 8356 + 53,8 (30+10 95)2+250 102+250'12 (9,5 — 5)2
B =2 ’ 135 12 13,5 ’

= 25935,77 cm*

7.1.5.1. Stalno opterecenje

5 gu-l® 5 gucl* 5 00679 2504 5 0,055 - 250%

5 .
9= 384 E,-I, 384 E,-I 384 21000 - 8356 384 21000 -25935,77
=24cm

7.1.5.2.  Korisno opterecenje

5 = 5 Pal*_ 5 0015-250* _
~384 E,-1 384 21000-2593577 ™

Dokaz
5 < b 108 oegim>24
kon =300 = 300  °7 Mo aram
L 1168

6k0n < ﬁ = ﬁ = 4-,67 cm > 2,54- cm
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7.2. Spregnuti nosac medukatne ploce
7.2.1. Ulazni podaci

Odabrani profil:

Tip poprecnog presjeka:
Povrsina poprecnog presjeka:
Visina hrpta:

Debljina hrpta:

Sirina pojasnice:

Debljina pojasnice:

Radijus:

Klasa celika:

Marka betona:

7.2.2. Opterecenja

e=25m

ge=h.*xexy.=0,11% 2,525 = 6,88 kN/m, — beton
ga=A*10"2=626%10"2=0,626 KN/ , > nosat
gk =03%25=0,75 kN/m, - instalacije

Gum = 0,13% 2,5 =0,325 KN/, — lim
q=20%x25=5,0 kN/m' - uporabno

Jdodatno = 2,5 * 2,5 = 6,25 kN/m, - dodatno stalno

IPE 330
Toplo dogotovljeni
A = 62,6 cm?

h =330 mm
tw = 7,5mm
b =160 mm
tr = 11,5mm
r=18,0mm
S355
C30/37

Jser = 0,75 % 2,5 = 1,875 kN/m, — servisno opteretenje

ed, 1 = 1,35 * (gc +gat glim) + 1,5 * Yser

=1,35* (6,88 4+ 0,626 + 0,325) + 1,5 « 1,875 = 13,38 kN/m,
— proracunsko opteretenje za prvu fazu
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eda, i1 = 1,35 % (.gc t+ 94+ 9k + Giim + gdodatno) + 1,5 * q

= 1,35 (6,88 + 0,626 + 0,75 + 0,325 + 6,25) + 1,5+ 5,0 = 27,52 KN/,

— proracunsko opteretenje za drugu fazu

_ Geas* L _13,38+11,682

Mg = 3 3 = 228,17 kNm
* 12 27,52%11,68%
My, =deatt*2 _ = 469,29 kNm
’ 8 8
[ 13,38+ 11,68
Voy = 12422 = = 78,14 kN
’ 2 2
] 27,52%11,68
Vg = Jedd *° _ = 160,72 kN
’ 2 2
Sudjelujuca sirina
L 11,68
bel=be2=§=T=1:4
beff =2xb,y =2%1,46 =2,92m > 2,5m
beff = 2,5 m
7.2.3. Fazal

7.2.3.1. Teorija plasticnosti
WPL,y = 804 Cm3

Mpyy, = Wppy * fya = 28542 kNem = 285,42 kNm

285,42 kNm > 228,17 kNm

228,17
285,42

= 0,799 - iskoriStenost profila u prvoj fazi je 80%

7.2.3.2. Otpornost na bocno torzijsko izvijanje

Elasticni kriticni moment bo¢nog torzijskog izvijanja:

Mg = G + (CZ ) Zg)z -G " Zg

n2-E-1, IW+L2-G-It
L2 I, mw?-E-l,
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Modul elasti¢nosti E = 210000 N/mm?
Modul posmika G = 80769,23 N/mm?
Konstanta krivljenja I, = 7,058 - 101° mm®
Moment tromosti I, = 4200000 mm*
Torzijska konstanta I, = 160000 mm*
Raspon L =3750 mm

Vrijednost proracunatog M.:
M., = 125,15 kNm

Bezdimenzionalna vitkost:

— Wy, f 484,0 - 23,5
A= |22 = / = 0,953
LT M., 12515

Faktor redukcije:

h 270
> =35 2,00 - mjerodavna krivulja izvijanjaa = a;r = 0,21

—_ —2
bur = 0,51+ ayr(Aur — 0,2) + Zir| = 05 [1+ 0,21 (0,952 — 0,2) + 0,9527]

¢LT = 1,032
1 1
XLt = = =0,699 <1
» —2 1,032 ++/1,0322 — 0,9522
(DLT + CZ)LT - ALT
Racunska otpornost:
Wy - 484,0 - 23,5
My ra = Xir* Woiy Iy _ 0,699 - — """ = 79,50 kNm
Ym1 1,0
Mga,y = 34,83 kNm < My g = 79,50 kNm
Mray _ 3483 _ 440 < 1,0 — Iskoristivost je 43,8 %
= = e
My pa 79.50 , , skoristivost je 43,8 %
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7.2.4. Fazall

7.2.4.1. Klasifikacija poprecnog presjeka

Hrbat
c h-2-t-2-r 3300-2-115-2-18,0
- = = = 36,13
t tw 7,5
_ 235 (235 _ 081
T Ty
33- =33 -081 =26,73
36,13 > 26,73
72- ¢=72-0,81 = 58,32
36,13 < 58,32
Hrbat je svrstan u klasu 2.
Pojasnica

b—t,—2:r 160,00—75—2 -18,0
Z= 2 = 2 = 5,07
t tr 11,5 '

9:-=9-081=7,29
5,07 <729

Pojasnica je svrstana u klasu 1.

Poprecni presjek svrstan je u klasu 2.

7.2.4.2. Teorija plasti¢nosti

N¢gp = begg * he % 0,85 * foq = 250 % 11 % 0,85 « 2 = 4 675 kN
Ny =Ax*f,q =62,6%355=22223kN

Ncgp > Ny — N.O.je u betonskoj plo¢i — CJELI NOSAC JE U VLAKU
Ag * fya B 62,6 * 35,5

LT 0,85 % fug * beyy 0,85 * 2 % 250

= 5,23 cm
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Otpornost na savijanje

Mpira = Aq * fya * (he + h = 0,5 % x,;) = 62,6 % 35,5 x (11 + 16,5 — 0,5 * 5,23)

= 553,01 kNm
M., 469,29 0.8486 — iskoriit . laud . | e 85
= — N
Mg 553,01 iskoristenost profila u drugoj fazi je 85%

Otpornost na poprecnu silu

Provjera na izbocavanje hrpta na posmik

hy, =h—-2 -t = 330,0-2 - 11,5 =307 mm

h, 72 -¢

tw n

307 72 - 0,81
75~ 12

40,93 < 48,6 — Nije potrebna provjera izbocavanja hrpta na posmik.

Plasti¢na posmicna otpornost

v _ AV,Z ’ (fy/\/g)
plLRd —
Ymo

Ay, =A—=2-b-tr+(@y,+2 1) tr = 1n-hy,-t,

Ay, =62,61 —2-16,00-1,15 + (0,72 + 2 - 1,8) - 1,15 = 30,778 cm?
n-hy,-t,=120-30,7-0,75 = 27,63 cm?

Ay, =30,778 cm* = 27,63 cm?

30,778 - (35,50/+/3)
Vpizra = 1.00 = 630,82 kN

Otpornost poprecnog presjeka na poprecnu silu

V, g 160,72
4 < 1,00 — = < 1,00 0,2548 < 1,00
Vi ra 630,82

Presjek zadovoljava s iskoristivoscu od 25,48%.
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Otpnornost na bocno torzijsko izvijanje

Gornja pojasnica celicnog nosaca je pridrzana na dovoljnom broju mjesta, stoga provjera na
bocno torzijsko izvijanje nije potrebna.

7.2.5. Granic¢no stanje uporabljivosti

250
Aa-(O,S-fa+hC)+b’~;lﬂ-hC-% 62,61-(0,5-33 +11) + T3¢+ 11-55
n
Ag + 2255 6261+f§’% 11

= 10,67 cm

A
In=1a+Aa-z§+IC+7C-ZC2

— 11770 + 62 61 (33 11— 10 67>2 , 250 112 , 250-12
= ) 2 i 13'5 12 13’5

- (10,67 — 5,5)2 = 35 630,70 cm*

7.2.5.1.  Stalno opterecenje
5 g L4 5 gu-l* 5 00751-250* 5  0,0625-250°
% = 354 E, 384 E,-1 384 2100011770 ' 384 2100035 630,70
= 1,97 cm

7.2.5.2.  Korisno opterecenje
5 Pq'l' 5 0,05 - 250*

- = 0,34
% =382 E. -1 _ 384 210003563070  >4em
Dokaz
5 <t 1168 oogim>197
kon =300 = 300 O Mo LM

L 1168

6k0n < ﬁ = m = 4,67 cm > 2,31 cm
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8 POMACI OKVIRA

Okvir se sastoji od glavnih nosaca i stupova. S obzirom na odabranu vrstu profila te
opterecenja koja preuzima, okvire dijelimo u 2 grupe, vanjski i unutarnji okvir. U nastavku je
prikaz sila, momenata i pomaka dijelova okvira. Sile su izrazene u kN, momenti u kNm, a

pomaci u mm. Pomaci su prikazani za referentnu kombinaciju granicnog stanja
uporabljivosti.

8.1. Vanjski okvir

——— HEA 340
HEA 360
HEA 500

Slika 29. Prikaz vanjskog okvira

8.1.1. Treci kat

Slika 30. Pomak u smjeru x vanjskog okvira na dijelu treceg kata

Slika 31. Pomak u smjeru y vanjskog okvira na dijelu treceg kata
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Horizontalni pomak kata:
H;

Uy < ——

300

17,8 173<3500
' 7300

0,5mm < 11,67 mm

8.1.2. Drugi kat

Slika 32. Pomak u smjeru x vanjskog okvira na dijelu drugog kata

Slika 33. Pomak vanjskog okvira u smjeru y na dijelu drugog kata

Horizontalni pomak kata:

< H;
U =300

17,3 160<3500
’ 7300

1,3mm < 11,67 mm

8.1.3. Prvi kat

_

Slika 34. Pomak u smjeru x vanjskog okvira na dijelu prvog kata
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Slika 35. Pomak u smjeru y vanjskog okvira na dijelu prvog kata

Horizontalni pomak kata:

H;

300

16 — 13,1 < 5500
7300

2,9mm < 18,3 mm

U, <

8.1.4. Prizemlje

Slika 36. Pomak u smjeru x vanjskog okvira u prizemlju

\ ra A e .\
h, I . .9 P \-\ ~ e . . / |
Slika 37. Pomak u smjeru y vanjskog okvira u prizemlju
Horizontalni pomak kata:
- H; 5500
“* =300 ~ 300
13,1 mm < 18,33 mm
Ukupni pomak okvira:
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_H _ 18000
Y =500~ 500

17,8 mm < 36 mm

8.2. Unutarnji okvir

8.2.1. Trecikat

Slika 38. Pomak u smjeru x unutarnjeg okvira na dijelu treceg kata

-

Slika 39. . Pomak u smjeru y unutarnjeg okvira na dijelu treceg kata

Horizontalni pomak kata:
< H;
¥ =300
21,6 —20,8 < 3500
' 77300

0,8mm < 11,67 mm

8.2.2. Drugi kat

o, \ L \ . - |

-
- — e — . #N
{ ™, T T T T

% " - / - -,

o i " - \ - - \ - \ o |

Slika 40. Pomak unutarnjeg okvira u smjeru x na dijelu drugog kata
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Slika 41. Pomak unutarnjeg okvira u smjeru y na dijelu drugog kata

Horizontalni pomak kata:

< H;
Y =300

20,8-19 < 3500
' — 300

1,8 mm < 11,67 mm

8.2.3. Prvikat

Slika 42. Pomak u smjeru x unutarnjeg okvira na dijelu prvog kata

Slika 43. Pomak u smjeru y unutarnjeg okvira na dijelu prvog kata

Horizontalni pomak kata:

H;

Ux =30

19 — 15,2 < 2200
=300

3,8mm < 18,33 mm
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8.2.4. Prizemlje

Slika 45. Pomak u smjeru y unutarnjeg okvira u prizemlju

Horizontalni pomak kata:
- H; 5500
" =300 ~ 300

15,2 mm < 18,3 mm

Ukupni pomak okvira:

H _ 18000

< — =
Y =500~ 500

21,6 mm < 36 mm
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9 KLASIFIKACIJA OKVIRA

9.1. Vanjski okvir

620.61 -0.00 |
-0.00

[1935.82 | [h.

0.00 2602.88

Slika 46. Uzduzne sile vanjskog okvira

[208.71 | [203.27 | [199.56 |

| 8135 | 51.68))
—

1052 |
- —] I — —
I mm

(204 | -
ETg
‘ T

.

Slika 47. Poprecne sile vanjskog okvira

Treci kat:
Hgg h 352 3500 ) )
Aer = v .6h,Ed =983 178 = 23 > 10 - dopustena je analiza I.reda
Drugi kat:
Acr Hpa | _h 613 3500 = 20 > 10 - dopustena je analiza I.reda

" Via Onga 6200 17,3
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Prvi kat:
Hgg h 9481 5500 . ) )
Aoy = . = : = 34 > 10 - dopuStena je analiza l.reda
Vea Onea 949 16
Prizemlje:
Hgg h 1100 5500 36> 10 - d " ) liza . ved
A = ' = ' = — dopustena je analiza [.reaa
= Via Onga 12787 131 p J
9.2. Unutarnji okvir
-0.00
000] [o002
463.03 ] [-0.00 407.48
0.0
1068.70 [ 2404.4) | [ 997.46 |
! 0.00
1682.9¢ [0.00 | [3740/60 | [ 159351 |
; [
L 00 0.00
2314. [ 2174.02 |
-0.01
232559 2185.32
Slika 48. Uzduzne sile unutarnjeg okvira (GSN)
| 92.85 | [ 433.19 | 49230 | 429.74 | | 414.32 L1664 |75 [ 43165
147.65 144 20 128.85 166.14
245. -29.16 1755 | o | 427 2728 || | -85.08
143.94 aEsAL 168.21 177.79 | [ 28090 196,74 | ].-328.01
180,07 13.20 | T 14367 | #3018 L[ 14510 | 93193 ) [l539.42 48.00 | f0des | | 42163
-184.85 -156.80 -154 88 -464.71
217.4 24.00 5521 51.46 8022 202 67
180134 178191
212.06 {210.17 24469 | [ 42848
95.23 55.59 62.37 61.65 67.69 -56.95
177.06
146.95 -111.96 -113.84 -434.44 ans
95.23 55 60 62.39 61.65 67.69 -10.07 |

Slika 49. . Poprecne sile unutarnjeg okvira (GSN)
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Treci kat:
Hgg h 583 3500 16 > 10 - dopuit _ liza I.ved
= . = . = - .
Qer Voa Onpa 5892 216 opuStena je analiza I.reda
Drugi kat:
Hgg h 1124 3500 15 > 10  dopust , liza I red
= . = . = - .
Qcr Voa Onpa 12369 208 opuStena je analiza I.reda
Prvi kat:
Hgg h 1755 5500 27 > 10 - doputt , liza I ved
= . = . = e d .
Qcr Voa Onpa 18862 19 opuStena je analiza I.reda
Prizemlje:
Hgg h 1818 5500 26 > 10 - doputt , liza I ved
Qcr Voa Onpa 25422 152 opuStena je analiza I.reda
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10 GLAVNI NOSAC

Glavne nosace dijelimo u tri grupe. Prvu grupu ¢ine vanjski glavni nosaci koji su polozeni u
smjeru okvira te nosaci srednjeg raspona okomito na okvir. Drugu grupu cine vanjski rubni
glavni nosaci koji su usmjereni okomito na okvir. Treca grupa se sastoji od unutarnjih glavnih

nosaca.

10.1 Vanjski glavni nosaci u smjeru okvira te sredisnji raspon okomit na okvir

10.1.1. Opterecenje

8161,
89.16
-245 57
-249.12
-254.76 . =
-81.92
AL 81.92
o HEA 360
“Fz 100kN
-257.91 Max=257,81
- Min=-258,05

74
Cases: 171048

Slika 50. Poprecna sila grede HEA 360
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— HEA360
My 100kNm
Max=305,14
Min=-568,83

X Cases: 17t048

Slika 51. Moment savijanja grede HEA 360

Najoptereceniji element je element 738.

= Section OK - oK
d ection .
SE' Auto Member 738

Point / Coordinate: 3/x=100L=250m

HEA 360 v Load case: 25 GSNG (1+2+3)*1.35+(4+14)*1.50+5%0.75

Change
Simplified results Displacements Detailed results
FORCES
MN,Ed = 0.00 kN My,Ed = -568.83 kN*m Mz,Ed = -0.00 kN*m Vy,Ed = 0.00 kN
Nc,Rd = 5067.91 kN My,Ed,max = -568.83 kN*m  Mz,Ed,max = -0.00 kN*m Wy, T,Rd = 2390.77 kN
MNb,Rd = 4607.19 kN My,c,Rd = 741.46 kN*m Mz,c,Rd = 284.81 kN*m Vz,Ed = -258.05 kN =
MMN,y,Rd = 741.46 kN=m MHN,z,Rd = 284.81 kN*m Vz,T,Rd = 1003.38 ki orces
Mb,Rd = 672.60 kN*m TtEd = -0.00 kN*m Detailed
Class of section = 1
LATERAL BUCKLING
1 z=1.00 Mcr = 3437.10 kN*m Curve,LT - b XLT =0.97
Ler,low=2.50 m Lam_LT = 0.46 fi,LT = 0.59 XLT,mod = 1.00
BUCKLING y BUCKLING z Calc. Note
Parameters
kyy = 1.00 kzz = 1.00
Help

SECTION CHECK
My,Ed/MN,y,Rd = 0.77 < 1.00 (6.2.9.1.(2))
Vz,Ed/Vz,T,Rd = 0.26 < 1.00 (6.2.6-7)

MEMBER STABILITY CHECK

NLEd/(Xy*N,Rkf/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1)} + kyz*Mz,Ed,max/(Mz,Rk/gM1} = 0.85 < 1.00 (6.3.3.(4))

Slika 52. Karakteristike najopterecenijeg elementa 738

Diplomski rad: Poljak Marija 68



Glavni nosat

10.1.2. Karakteristike odabranog profila

Odabrani profil: HEA 360
Prostorna tezina: G=112,0kg/m
Povrsina poprecnog presjeka: A = 142,8 cm?
Visina presjeka: h =350,0 mm
Sirina pojasnice: b = 300,0 mm
Debljina hrpta: ty = 10mm
Debljina pojasnice: tr =17,5mm
Radijus zaobljenja: r=27mm
Moment tromosti: I, = 33090 cm*
Moment tromosti: I, = 7887 cm*
Moment otpora: W, = 1891 cm?
Moment otpora: W, = 525,8 cm3
Moment plasti¢nosti: Wy = 2088 cm*
Moment plasti¢nosti: Wy, = 802,3 cm*

10.1.3. Klasifikacija presjeka

Hrbat
c h—-2-t—2-r 350,00—2-175-2 -27,0_261
t ty B 10,0 s
_[235  [235 _ 081
T T3
72- =72 0,81 =58,32
26,1 < 58,32
Hrbat je svrstan u klasu 1.
Pojasnica
b—-t,—2-r 30000-10,0—2 -27,0
‘- 2 = 2 = 6,74
t tr 17,5 ’

9:-¢=9-081=7,29

Diplomski rad: Poljak Marija 69



Glavni nosat

6,74 <7,29

Poprecni presjek svrstan je u klasu 1.

10.1.4. Otpornost poprecnog presjeka na savijanje

Otpornost poprecnog presjeka na savijanje oko osi y-y

Wpira " fy 2088355

M, ., = = 741,24 kN
pLy VMO 1'0 m
My,Ed = 568,83 kNm < Mpl,y =741 kNm
My g 568,83 o )
= = 0,767 — Iskoristivost je 77 %
M, 741

10.1.5. Otpornost poprecnog presjeka na posmik

Otpornost poprecnog presjeka na posmik u smjeru osi z-z

Provjera izbocavanja hrpta na posmik

h £

_W>72._

tw n

hy =h—2-t; =350—-2-17,5=315mm

n =120

hW—35—315<72£—72 0’81—486
t, 10,0 n 1,20

Pojasnica je svrstana u klasu 1.

— Nije potrebna provjeraizbocavanja hrpta na posmik.

Plasticna posmicna otpornost:

A (FV3)

Lpl,Z,Rd -
Ymo
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Posmicna povrsina:
Ay, =A—=2-'b-tr+t;-(t, +2'1)=n"hy t,
Ay, =142,8—2-30,0-1,75+ 1,75 (1,0 + 2 - 2,7) = 49 cm?
49 ¢m? > 1,20-31,5-1,0 = 37,8 cm?

y 49 - (35,5//3)

plz,Rd = 1,00 = 1004 kN

Vyga = 258 kKN < Vi, 5 rq = 1004 kN

V,ea _ 258
Voizra 1004

= 0,26 — Iskoristivost je 26 %

10.1.6. Otpornost poprecnog presjeka na interakciju savijanja i posmika

Otpornost poprecnog presjeka na interakciju savijanja i posmika u smjeru o0si z-z

Vz,Ed <0,50- Vpl,Z,Rd

258kN < 0,50-1004 = 502 kN - Nije potrebna redukcija otpornosti.

10.1.7. Otpornost elementa izlozenog savijanju

102.86
\5“33

Slika 53. Momentni dijagram elementa
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\/ C;
+1,00 1.00
+0,75 1,14
+0.,50 1.31
+0,25 1,52

0,00 1,77

-0,25 2,05

-0,50 2,33

-0.75 2,57

-1,00 2,55

Modul elasti¢nosti
Modul posmika
Konstanta krivljenja
Moment tromosti
Torzijska konstanta

Raspon

Odredivanje faktora C;
oo 10286 .o
568,83 ’
Ocitano:
C, =197

Elasticni kriticni moment bocnog torzijskog izvijanja:

n2-E-1, \/IW 2-G-1,

M., = C; 12 E + TL'Z—EIZ
E = 210000 N/mm?
G = 80769,23 N/mm?
I,, = 33090 mm®

I, = 7887 cm*
I, = 148,8 cm*
L =2500 mm

250%-8076,923 - 148,8

M, =1,97-

7221000 - 7887 33090
2502

M., = 36487 kNm
Bezdimenzionalna vitkost:

—  [Wu,-f, [2088-355
ply Jy )
= = =04
Aur j M,, j 364807 040

Faktor redukcije:
h 350

—=——=1,16 <2 - mjerodavna krivulja izvijanja b - a;r = 0,34

b~ 300
— =2
¢LT = 0,5 [1 + OlLT(lLT - 0,2) + ALT:l

7887 *

221000 - 7887

@, =05-[1+0,34- (0,45 —0,2) + 0,452] = 0,64

1 1

XLT = =
, —=2 0,64+ 0,642 — 0,452
Dpr + | Prr” — Air

=091<1
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Racunska otpornost:
Woiy " f, 2088-355
Mp ra = XLT—pyZ” F = 0,91 =1 =="10" = 613 kNm
MEd,y =569 kNm < Mb,Rd =613 kNm
Mgy, 569
—==—=093<1,0
Mprq 613

Presjek zadovoljava s iskoristivoscu od 93 %.

10.1.8.Granicno stanje uporabljivosti

Slika 54. Progib grede HEA 360 pod utjecajem korisnoog opterecenja

Progib od koisnog opterecenja:

09 cm <= 156 _ oo
2 M =300 300 O
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Slika 55. Ukupan progib grede HEA 360

Ukupan progib:
L 1156

<L—mM= — =
<7250 250 _ nb2cm

41cm

10.2. Vanjski rubni nosaci okomiti na okvir

10.2.1. Opterecenje

o
©
)
0
©
©
]
] ] HEA 200
4 L Fz 50kN
4 Max=48,04
& i Min=-48,05
e ’
X Cases: 17t048

Slika 56.Poprecna sila grede HEA 200
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~—— HEA 200

/My 10kNm
Max=31,34
Min=-56,20

Cases: 17to48

Slika 57. Moment savijanje grede HEA 200

Najoptereceniji element je element 803.

=
=
. Section OK
SE AUD Member 803
Point [ Coordinate: 3/x=1.00L=579m
| HEA 200 ~ Load case: 23 GSN7 (142+43)%1.35+{449)*1.5045%0.75
Simplified results Displacements Detailed results
FORCES
N,Ed = -0.00 kN My,Ed = -56.20 kN*m Mz,Ed = 0.00 kN*m Vy,Ed = -0.00 kN
Nt,Rd = 1911.01 kN My,pl,Rd = 152.48 kN*m Mz, pl,Rd = 72.36 kN*m Vy.c,Rd = 924.80 kN

My,c,Rd = 152.48 kN*m
MN,y,Rd = 152.48 kN*m
Mb,Rd = 86.73 kN*m

LATERAL BUCKLING
n z=1.00 Mer = 116.26 kN*m
Lerlow=5.79 m Lam_LT = 1.15
BUCKLING y

SECTION CHECK
My, Ed/MN,y,Rd = 0.37 < 1.00 (6.2.9.1.(2))
Vz,Ed/Vz,c,Rd = 0.13 < 1.00 (6.2.6.(1))

MEMBER STABILITY CHECK

My,Ed/Mh,Rd = 0.65 < 1.00 (6.3.2.1.(1))

Mz,c,Rd = 72.36 kN*m
MN,z,Rd = 72.36 kN*m

Curve,LT - b
fi,LT = 1.12

BUCKLING z

Vz,Ed = -48.05 kN
Vz,c,Rd = 370.59 kN

Class of section =2

ALT = 0.61
ALT,mod = 0.63

Slika 58. Karakteristike najopterecenijeg elementa 803

0K

Change

Forces

Detailed

Calc. Note

Farameters

Help
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10.2.2. Karakteristike odabranog profila

Odabrani profil: HEA200
Prostorna tezina: G=423kg/m
Povrsina poprecnog presjeka: A = 53,83 cm?
Visina presjeka: h =190,0 mm
Sirina pojasnice: b = 200,0 mm
Debljina hrpta: ty = 6,5mm
Debljina pojasnice: tr = 10,0 mm
Radijus zaobljenja: r=18mm
Moment tromosti: I, = 3692 cm*
Moment tromosti: I, = 1336 cm*
Moment otpora: W, = 388,6 cm?
Moment otpora: W, = 133,6 cm3
Moment plasti¢nosti: Wpiy = 429,5 cm*
Moment plasti¢nosti: Wy, = 203,8 cm*

10.2.3. Klasifikacija presjeka

Hrbat
c h-=-2-t=2-r 19000-2-10-2 -18,0
- = = = 20,62
t tw 6,5
_ (235|235 _ o
T T3
72- =72 -0,81 = 58,32
20,62 < 58,32
Hrbat je svrstan u klasu 1.
Pojasnica
b-t,—2-r 20000-65-2-18,0
Z= 2 = 2 = 7,88
t tr 10 '

9:-¢=9-081=7,29
7,88 > 7,29

Pojasnica je svrstana u klasu 2.
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Poprecni presjek svrstan je u klasu 2.

10.2.4. Otpornost poprecnog presjeka na savijanje

Otpornost poprecnog presjeka na savijanje oko osi y-y

Wpira " fy  429,5-35,5

=153 kNm
Ymo 1,0

My =

My,Ed = 56,2 kNm < Mpl,y = 153 kNm

Mypq _ 56,2

M, 153 = 0,37 — Iskoristivost je 37 %

10.2.5. Otpornost poprecnog presjeka na posmik

Otpornost poprecnog presjeka na posmik u smjeru osi z-z

Provjera izbocivanja hrpta na posmik

h £
Y s72.2
n

tw

hy =h—=2-t =190 -2-10 = 170 mm

n =120
hW—170—262<72 ‘=72 0’81—486
t, 65 n 1,20

- Nije potrebna provjeraizbocavanja hrpta na posmik.
Plasticna posmicna otpornost:

Az (f/V3)
Vpl,z,Rd = T

Posmicna povrsina:
Ay, =A—=2b-tp+tr-(t, +2:1)=1n"hyt,

A,,=153,83-2-20,0-10+1,0-(0,65+2-1,8) = 18,08 cm?
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18,08 cm? = 1,20-17 - 0,65 = 13,26 cm?

18,08 - (35,5/v3)
Vpizra = 100 =370 kN

Vyga = 48 kN < Vi, pg = 370 kN

VzEd — ﬁ = 0,13 — Iskoristivost je 13 %
Vpl,z,Rd 370 ’

10.2.6. Otpornost poprecnog presjeka na interakciju savijanja i posmika

Otpornost poprecnog presjeka na interakciju savijanja i posmika u smjeru osi z-z

Vz,Ed <0,50- Vpl,z,Rd

48 kN < 0,50 -370 = 185 kN - Nije potrebna redukcija otpornosti.

10.2.7. Otpornost elementa izlozenog savijanju

==

[

Slika 59. Momentni dijagram elementa

Ocitan koeficijenti ¢; = 1,13 i ¢, = 0,46. [6]

Elasticni kriticni moment bocnog torzijskog izvijanja:

n2-E-1, \jlw 2-G-1,

Mg = C; I E + TIZ—EIZ + (CZZg)Z — (2,
Modul elasti¢nosti E = 210000 N/mm?
Modul posmika G = 8076,923 N/mm?
Konstanta krivljenja I, = 3692 mm®
Moment tromosti I, = 1336 cm*
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Torzijska konstanta I, = 20,98 cm*

Raspon L =5790 mm

7221000 - 1336
5792

\/3692 5792 -8076,923 - 20,98

M, = 1,13

(0,46-10)2 - 0,46-10

1336 * 72 +21000- 1336

M., = 846 kNm

Bezdimenzionalna vitkost:

— W, 429,5- 35,5
ALT=\/ ply fy=\/ =0,42

M,, 84618

Faktor redukcije:

h 190
=500 = 0,95 < 2 - mjerodavna krivulja izvijanja b - a;r = 0,34

— -2
d)LT = 0,5 [1 + aLT(ALT - 0,2) + ALT:l

@, =05-[1+0,34-(0,42 —0,2) + 0,42%2] = 0,63

1 1
XLt = = =091<1
, —2 0,63+.0,63%2—-042?
CDLT + (pLT - ALT
Racunska otpornost:
Woivy - fi 429,5-35,5
My ra = xor —=2—2 =091 ———"=.10"2 = 126 kN
b,Rd = XLT Vo 110 m

Mgqy = 56,20 kNm < My, pq = 126 kNm

Mgay 56,2
Myra 126

=045<1,0

Presjek zadovoljava s iskoristivoScu od 45 %.
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10.2.8. Grani¢no stanje uporabljivosti

3+
o
\l

A}

LA\
N
A\

Slika 61. Progib od korisnog opterecenja

Progib od koisnog opterecenja:

09 cm <= 10 _ 400
2 =300 300 O

Ukupan progib:

Vg o L _ 1156
M =500 250 0
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10.3. Unutarnji nosaci u smjeru okvira

10.3.1.0pterecenje

HEA 500
YFz 100kN

Max=517,78

Min=-518,22

k
o Cases: 17to48

Slika 62. Poprecna sila grede HEA 500

-858.23

0.45
200.92
3-920.94

€418
Bd-894.04
-947.26

HEA 500
My 500kNm
Max=606,98
Min=-1163,79

Cases: 171048

Slika 63. Moment savijanja grede HEA 500
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Najoptereceniji element je element broj 643.

=
= Secti oK oK
q ection
SE Auto Member 643
Point / Coordinate: 1/x=0.00L=0.00m
| HEA 550 e Load case: 25 GSNY (1+2+3)*1.35+(4+14)*1.50+5%0.75
Simplified results Displacements Detailed results

FORCES

N,Ed = 0.00 kN My, Ed = -1176.61 kN*m Mz,Ed = 0.00 kN*m Vy,Ed = 0.00 kN

Ne,Rd = 7517.41 kN My,Ed,max = -1176.61 Mz,Ed,max = 0.00 kN*m Vy,T,Rd = 3218.00 kN

Nb,Rd = 6834.01 kN My,c,Rd = 1640.83 kN*m Mz,c,Rd = 392.96 kN*m Vz,Ed = 521.28 kN -
MM,y,Rd = 1640.83 kN*m MN,z,Rd = 392.96 kN*m Vz,T,Rd = 1715.87 kN arees
Mb,Rd = 1392.11 kN*m TtEd = 0.00 kN*m Detailed

Class of section = 1
LATERAL BUCKLING
1 z=1.00 Mer = 3747.21 kN*m Curve LT - b ALT = 0.89
! Ler,low=2.50 m Lam_LT = 0.66 fi,LT = 0.71 ¥LT,mod = 0.93
BUCKLING y BUCKLING Z Calc. Note
Farameters
kyy = 1.00 kzz = 1.00
Help

SECTION CHECK
My,Ed/MN,y,Rd = 0.72 < 1.00 (6.2.9.1.(2))
Vz,Ed/Vz,T,Rd = 0.30 < 1.00 (6.2.6-7)

MEMBER STABILITY CHECK

MLEd/(Xy=M,Rk/gM1) + kyy™My,Ed, max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.85 < 1.00 (6.3.3.(4))

Slika 64. Karakteristike elementa 643

10.3.2.Karakteristike odabranog profila

Odabrani profil:

Prostorna tezina:

Povrsina poprecnog presjeka:
Visina presjeka:

Sirina pojasnice:

Debljina hrpta:

Debljina pojasnice:

Radijus zaobljenja:

Moment tromosti:

Moment tromosti:

Moment otpora:

HEA 550
G =166 kg/m
A =211,8cm?
h = 540,0 mm
b =300,0 mm

ty = 12,5mm
tr = 24,0 mm
r =27 mm
I, = 111900 cm*
I, = 10820 cm*
W, = 4146 cm®
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Moment otpora: W, =721,3 cm3

Moment plasti¢nosti: Wy y = 4622 cm*

Moment plasti¢nosti: Wy, = 1107 cm*

10.3.3.Klasifikacija presjeka

Hrbat
c h—2-t—2-r 540,00—-2-24-2-270
-= = = 35,04
t t, 12,5
_ 235|235 081
N I SN TR
72+ =72 -0,81 =58,32
35,04 < 58,32
Hrbat je svrstan u klasu 1.
Pojasnica
b—t,—2-r 30000—-125—-2 -27,0
t tr 24 '

9:-¢=9-081=7,29
4,86 < 7,29

Pojasnica je svrstana u klasu 1.

Poprecni presjek svrstan je u klasu 1.

10.3.4.0tpornost poprecnog presjeka na savijanje

Otpornost poprecnog presjeka na savijanje oko osi y-y

_ Wpl,Rd - fy _ 4‘622 " 35,5
B 1,0

= 164081 kNm

M. =
plLy
Ymo

My pq = 1083 kNm < M,,;,, = 1640 kNm

Mygq 1177

M, =Tea0 = 0,72 — Iskoristivost je 72 %
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10.3.5.0tpornost poprecnog presjeka na posmik

Otpornost poprecnog presjeka na posmik u smjeru osi z-z

Provjera izbocivanja hrpta na posmik

hy =h—2-ty =540 — 224 = 492 mm

n = 1,20
M 22 3936 <72-S=72- 251 _4ge
t, 125 7 n 1,20

- Nije potrebna provjera izbocavanja hrpta na posmik.
Plasti¢na posmicna otpornost:

Av,z ) (fy/\/g)

Vorz,rd = e
Posmicna povrsina:

Ay, =A—=2b-tp+tr-(t, +2:1)=1n"hyt,

A,,=211,8-2-30,0-24+24- (1,25 +2-2,8) = 84,24 cm?

84,24 cm? > 1,20+ 49,2 - 1,25 = 73,8 cm?

84,24 - (35,5//3)

Vpl,Z,Rd = 1.00 = 1727 kN

Vypa = 521 kN < Vpy g = 1727 kN

V2 Ea _ 521
Vorzra 1727

= 0,30 — Iskoristivost je 30 %

10.3.6.0tpornost poprecnog presjeka na interakciju savijanja i posmika

Otpornost poprecnog presjeka na interakciju savijanja i posmika u smjeru osi z-z

Vega < 0,50 Vi 2 ra
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521 kN < 0,50-1727 = 864 kN - Nije potrebna redukcija otpornosti.

10.3.7.0tpornost elementa izlozenog savijanju

205.44

-1176.61

643

[=

£

—— HEA 550
=My S500kNm
Max=205,44
Min=-1176,61

Cases: 171048

Slika 65. Momentni dijagram elementa 643

\/ C,
+1,00 1,00
+0,75 1,14
+0,50 1,31
+0,25 1,52

0,00 1,77
-0,25 2,05
-0,50 2,33
-0,75 2,57
-1,00 2,55

Modul elasti¢nosti
Modul posmika
Konstanta krivljenja
Moment tromosti
Torzijska konstanta

Raspon

M, = 1,97

M., = 67742 kNm

Odredivanje faktora C;
Y= _ 20544 =—0,175
1176,61
Ocitano:
C, = 1,97

Elasticni kriticni moment bo¢nog torzijskog izvijanja:

w2 E-1 I L2-G-1
M= G ——| | t

12 LR

E = 210000 N/mm?
G = 80769,23 N /mm?
I,, = 111900 mm?®

I, = 10820 cm*

I, = 351,5 cm*

L = 2500 mm

2502

10820 * 2 +21000 - 10820

7221000 - 10820 j111900 250%-8076,923 - 351,5
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Bezdimenzionalna vitkost:

— Wy, f, 3949 - 35,5
Mp = 2222 = f = 0,14
LT M., 6774200

Faktor redukcije:

h 490

—=——=1,63 <2 - mjerodavna krivulja izvijanja b - a;r = 0,34

b~ 300
— -2
@7 =05-[1+034-(014—-0,2) +0,14°] = 0,5

1
1,02>1

1
et = | > 05+J052-0142
Dur+ (Prr’ — Aur ' ' '

Racunska otpornost:
Wyiy - fi 3949 - 35,5
Mpra = yir——2—2=1-——""-10"2 = 1274 kN
b,Rd = XLT Vo 110 m
Mga, = 1083 kNm < My, g = 1274 kNm
Mgq, 1083
—=——=0,85<1,0
Mpra 1274

Presjek zadovoljava s iskoristivoscu od 85 %.

10.3.8.Granic¢no stanje uporabljivosti

Slika 66. Prikaz progiba glavnog nosaca poprecnog presjeka HEA 550
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Slika 67. Progib od korisnog opterecenja

Progib od korisnog opterecenja:

04cm <L 1000 _ ..
HM =300 300 00

Ukupan progib:

L 1000
29cm <

_ﬁ=ﬁ=4,00Cm
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11. STUPOVI
Koriste se tri razli¢ita poprecna presjeka stupa, HEA 340, HEA 500, te HEM 500.

Kako je gradevina visoka 18 metara, a maksimalna moguca duljina profila 12 metara,
svi stupovi Ce se izvesti od dva dijela.

Stupovi oznake S1 su poprecnog presjeka HEA 340. Tu skupinu ¢ine stupovi u
kutovima gradevine punom svojim visinom te gornji stupovi obruba gradevine. Na slici nize
su S1 stupovi oznaceni ljubicastom bojom.

Stupovi oznake S2 su poprecnog presjeka HEA 500. Tu skupinu cine donji stupovi
obruba gradevine te gornji dijelovi unutarnjih stupova. Na slici nize su S2 stupovi oznaceni
zutom bojom.

Stupovi oznake S3 su poprecnog presjeka HEM 500. Tu skupinu Cine donji unutarnji
stupovi. Na slici nize su 53 stupovi oznaceni tamno crvenom bojom.

Slika 68. Stupovi
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11.1. Stupovi S1

11.1.1.0pterecenja

-3
A 75
8
g 785>
.0 >,
® Y,
> (-}
s 70 . Qa
)7. 7> oq ’d 3‘)}
>
“S9 0—6‘9 6)6‘ >
)5' ) 7 79
7> )6:96 0y
7> % ¥%
8
(4 73 \?6‘ Q) 6‘45‘ 6 &,
8 780 > >
8?5\ O %9 43 s
Ss
3'00 8> 9
) 68
28>
8
Slika 69. Uzduzna sila u stupovima HEA 340
Sto
.’>7 > Se
Y = "og
>y 93 70) 7
-S>
S ) ; <3
- 2 ) 8y 0
) > % 2 o
245 17 )
r ;:?g Og ) eg?
"0
"2
705 4
‘58 0 <3
; ) >
e 72 ,, 2 -2
o, | ®
6.‘02
7
<7 9.30 e

Slika 70. Poprecna sila u stupovima HEA 340
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0.30 0-6‘;
~S
-, Ly
0 0, >
7 0
'79 q:od\
: 7 &S)
S> ,
8 07 . ko
5> Sq (0]
70
5 7
(‘T,go
‘0_60

Slika 71.Moment savijanja u stupovima HEA 340

Najoptereceniji element je element broj 132.

RESULTS - Code - EN 1993-1:2005/A1:2014

B
-
(o]

o Section OK
SE Sl Member 132
Foint / Coordinate: 3/x=1.00L=350m
HEA 340 > Load case: 25 GSNG (1+243)*1.35+(4+14)*1.50+5%0.75
Change
Simplified results Displacements Detailed results
FORCES
M,Ed = 1651.08 kN My,Ed = 398.85 kN*m Mz, Ed = 1.34 kN*m Vy,BEd =-0.71 kN
Ne,Rd = 4738.29 kN My,Ed,max = 308.85 kN*m  Mz,Ed,max = 1.34 kN*m Vy,T,Rd = 2262.49 kN
Nb,Rd = 3347.99 kN My, c,Rd = 656.97 kN=m Mz,c,Rd = 268.37 kN*m Vz,Ed = 217.89 kN .
MM,y,Rd = 491.52 kN*m M, z,Rd = 264.40 kN=m Vz,T,Rd = 921.30 kN orees
TtEd = -0.00 kN*m —
Class of section = 1
LATERAL BUCKLING
XLT =1.00
BUCKLING y BUCKLING z Calc. Note
I Ly =3.50m Lam_y = 0.32 I Lz=3.50m Lam_z = 0.61
B &b Parameters
Ler,y = 3.50 m Xy = 0.96 = Ler,z =3.50 m Xz =0.78
Lamy = 24.30 =0.57 Lamz = 46.89 =0.34
! v o "
= = Help

SECTION CHECK

My,Ed/MN,y,Rd = 0.81 < 1.00 (6.2.8.1.(2))
Vz,Ed/VZ,T,Rd = 0.24 < 1.00 (6.2.6-7)

MEMBER STABILITY CHECK
Lamy = 24.30 < Lam,max = 210.00 Lamz = 46.89 < Lam,max = 210.00 STABLE
NEd/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT *My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.78 < 1.00 (6.3.3.(4))

Slika 72. Karakteristike elementa 132
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11.1.2.Karakteristike odabranog profila

Odabrani profil:

Tip poprecnog presjeka:
Povrsina poprecnog presjeka:
Visina hrpta:

Debljina hrpta:

Sirina pojasnice:

Debljina pojasnice:

Radijus:
Osnovni materijal:
Granica popustanja:

Modul elasti¢nosti:

Parcijalni koeficijent za presjek:

Parcijalni koeficijent za element:

11.1.3. Klasifikacija profila

HEA 340
Toplo dogotovljeni
A = 133,5 cm?
h =330 mm

tw =9,5mm

b =300mm
tr = 16,5mm
r=27mm

S§355; t < 40mm
fy = 355 N/mm?
E =210 000 N/mm?

)/MO = 1,00

)/Ml = 1,10

= 25,6

Hrbat je svrstan u klasu 1.

=72

Hrbat
c h—-2-t,—2-r 330—-2-165-2-270
t tw 9,5
e=10,81
33 - £€=33-0,81 =26,73
Pojasnica
b—t,—2-r 300—95-2-270
¢ _ 2 _ 2
t tr 16,5
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9:-¢=9-081=729

Pojasnica je svrstana u klasu 1.

Poprecni presjek svrstan je u klasu 1.

11.1.4. Otpornost poprecnog presjeka na tlaku

A-f, 1335355

N = = = 4739 kN > 1651 kN

.Rd . 100 39 kN > 1651k
Otpornost poprecnog presjeka na tlak

N

F4 < 1,00

c,Rd

1651—035 < 1,00

4739 ’

Presjek zadovoljava s iskoristivoscu od 35%.

11.1.5. Otpornost poprecnog presjeka na moment savijanja

Wel,y -fy B 1850 - 35,5 .
Ymo 1,0

Mp1y,ra =

1072 = 657 kNm

Otpornost presjeka na moment savijanja

My gq

<1,00
c,Rd

399—061 <1,0
657 T~ 7

Presjek zadovoljava s iskoristivoscu od 61%.

11.1.6. Otpornost poprecnog presjeka na poprecnu silu
Provjera na izbocivanje hrpta na posmik

hy=h—-2 -t = 330,0-2 - 16,5 =297 mm

h, 72 -¢

tw n

297 72 -0,81
9,5 < 1,2

31,26 < 48,6 — Nije potrebna provjera izbocivanja hrpta na posmik.
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Plasti¢na posmicna otpornost

Ay (f,/V3)

I’pl,Rd -
Ymo

Ay, =A—=2-b -t +(t, +2 1)ty = 1 -hy-t,

Ay, =1335 —2-30,00 - 1,65 + (0,95 + 2 -2,7) - 1,65 = 44,98 cm?
n-hy,-t,=120-29,7 -0,95 = 33,9 cm?

Ay, = 45cm? = 34 cm?

45 - (35,50/+/3)

Volzra = 100 =922 kN

Otpornost poprecnog presjeka na poprecnu silu

V, £a 218
4 <1,00 ~— < 1,00 0,24 < 1,00
Voira 922

Presjek zadovoljava s iskoristivoscu od 24%.

11.1.7. Otpornost poprecnog presjeka na interakciju momenta savijanja,
uzduzne sile i poprecne sile

Vz,Ed <05 Vz,Rd

218 kN < 0,5-922 = 461 kN
218—047 < 1,0
461 ’

NEd < 0,25 - NC,Rd
1651 kN < 0,25-4739 = 1184,75 kN

1651
1184 =139>1,0
Fotrebna je redukcija otpornosti poprecnog presjeka na savijanje.
1—n 1-0,35
Myy,yra = Mpiy,ra m =657 1-05-026 =491 kNm
Ngg 1651
" Noga 4739 0.35
oAby
—— =0
133,5—-2-30-1,65
a= 1335 = 0,26

Diplomski rad: Poljak Marija 93



Stupovi

Myyyra = Meyra = 491 kKNm

My y yra > My gq

491 kNm > 399 kNm

Ngg < 0,50 hy,  t, - f,
1651 kN < 0,50 - 29,70 - 0,95 - 35,5 = 501 kN

1651
501

Potrebna je redukcija otpornosti poprecnog presjeka na savijanje.

=33>10

11.1.8. Otpornost elementa na izvijanje

Moment tromosti precke i stupa

Iyetke = 33090 cm*
Lstupa = 27690 cm*

Krutost precke i stupa okvira
Iyrecke 33090

Kpreéke = Kll = L = 1156 = 28,62 Cm3
I 86970
Kstupa =K, = St;;pa = 550 = 158,13 cm3
Koeficijentin
K, 158,13
m = 0,85

K.+ Ky, 15813 + 28,62
n, = 1,0 (stup je zglobno oslonjen)

Koeficijent k za bo¢no nepomi¢an mod
k=0,540,14- (n, +n,) + 0,055 (n; + n,)?
k=0,5+0,14- (0,85 + 1,0) + 0,055 - (0,85 + 1,0)> = 0,95

Efektivne duljine izvijanja

Liy =k-L=095-550 = 522,5 cm
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Duljine izvijanja
Lery = 3,5m Lepz=35m
Elasticna kriti¢na sila

n?-E-1, m?-21000 27690
2., 3502

= 46850 kN

Ncr,y =

n?-E-1, m*-21000-7436
2., 3502

Nepy = = 12581 kN

Bezdimenzijska svedena vitkost

A-f, [133,5-3550 A-f, [133,5-3550
Ay = = = 0,32 A, = = = 0,61
Nery 46850 Ner., 12581

Faktor redukcije
® =05-[1+a-(1—0,2)+2?7]
Toplo dogotovljeni profil s krivuljom izvijanja a i faktorom imperfekcije @ = 0,21.
®, = 0,5-[1+0,21-(0,32—0,2) +0,32%] = 0,56
1 1

Xy = frm =
2 2
o, + ’(pyz _ /1y2 0,56 +/0,56% — 0,32

0,98

Toplo dogotovljeni profil s krivuljom izvijanja b i faktorom imperfekcije « = 0,34.
@, = 0,5-[1+0,34-(0,61—0,2)+0,61%] =0,76
1 1

Xz = = > > = 0,82
o, + ’d)zz — 1,7 0,76 ++/0,76% — 0,61
Racunska otpornost elementa na izvijanje
A-f, 133,5-35,50
Npra = Xmin - Yore =0, '—1’10 = 3533 kN

Otpornost elementa na izvijanje

Neq < 1,00 1651<100 0,47 < 1,00
Nyra = 3533 ’ ‘

Presjek zadovoljava s iskoristivoScu od 47%.
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11.1.9. Otpornost elementa na savijanje

101.54
Odredivanje faktora C; i C;
» C, -1<y<1
+1,00 1,00 p=—0l
+0,75 1,14 101,54
+0.50 1.31 Oc¢itano:
+0,25 1.52
. z C, = 2,55
0,00 1,77 !
0,25 2,05 C; = 0,00
-0.50 2.33
-0.75 2.57
-1.00 2.55
-100.16
Slika73.
Momentni

Elasticni kriticni moment bocnog torzijskog izvijanja:
dijagram stupa

n2E- 1, \/IW 12-G -1,

Mo =\ [, 5 1,
Modul elasti¢nosti E = 210000 N/mm?
Modul posmika G = 80769,23 N/mm?
Konstanta krivljenja I, = 2177 mm®
Moment tromosti I, = 7436 cm*
Torzijska konstanta I, = 127,2 cm*
Raspon L =3500 mm

M, = 2,55

3502 7436 * w2 -21000 - 7436

M., = 6209,50 kNm

Bezdimenzionalna vitkost:

— Wy, f 1850 - 35,5
Ar= |22 = / = 0,33
LT M., 620950

7221000 - 7436 \/2177000 3502 -8076,923 - 127,5
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Faktor redukcije:
h 330 ) e
=300 = 1,1 < 2 -» mjerodavna krivulja izvijanjab - a,r = 0,34

— =2
(DLT = 0,5 [1 + (ZLT(ALT - 0,2) + ALT:l

@, =05-[1+0,34-(0,33-0,2) +0,33%] = 0,58
1

1
Xt = = - == 095<1
—2 0,58+ 40,582 —0,33
D + \/ D0’ — Aur
Racunska otpornost:
Wiy f, 1850-35,5
My ra = XLT—pyj;l Y =0, 1o 107 =567 kNm
Mgqy = 399 kNm < My pq = 567 kNm
Mgq, 399
~—=—=0,71< 1,0
Myra 567

Presjek zadovoljava s iskoristivoscu od 71 %.

11.1.10. Otpornost elementa na interakciju savijanja i uzduzne sile

Ngq n kyy ) My.Ed

<1
Xy * Nrk . lv[y,Rky
Y ymp XLT Y1
N k,, M
Ed + zy y.Ed <1
] Nrk . 1v[y,Rky
“ ymr  ALT YM1

Odredivanje interakcijskih faktora kj;
Cmy = 0,6 +0,4-y > 0,40

Cmy =06+04-(-1)=0,22>040 > Cpy = 0,4

Ky, = C 1+O6-XY-L <c |1406. e
rY id ' . Nrk/ - ' . Nrk/

Xy YM1 Xy YM1
Ky = 04 [1+O6 03201 ]<o4 [1+06 1651
yy =% PS4 9983533 = ®" 0983533
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K,y = 0,44 < 0,52
Ky, = 0,8 - ky, = 0,8 - 0,52 = 0,35

Otpornost elementa na interakciju savijanja i uzduzne sile

1651 0,44 - 399
0,98 - 3533 * 0,95-567
1651 0,35-399
0,82-3533 * 0,95-567

=081<1

= 0,83 < 1 - mjerodavna iskoristivost stupa

11.1.11. Granic¢no stanje uporabljivosti
s
24 I
22 + = | 1.4 21 2
11.9 -
. i | \1 5 jI2.4
{. : 1.8 ' 24
| 121] |
1 1.6 l . 24
' | 17] | - ' l -
i1.2 = s |
- \
l 16 * ’1 '
11.6 {,1'9 | 12‘0 ]10
| 1.8
1 1.7 l 15 |
| .
';0'8

Slika 74. Prikaz progiba stupova poprecnog presjeka HEA 340

Maksimalni pomak:
Omax = 25,0mm

Dopusteni pomak:
L 3500

Baoy = e = = 24
dor = 250~ 150 mm
Iskoristivost:
1) 25
T2 = — = 0,60 - Iskoristivost 60 %
6d0p 42
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11.2. Stupovi S2

11.2.1. Opterecenja

bR
-2
‘77 Se l' 773994 ' ’
> 7 '1'* 733,
% 7. 28 7
9
7 9%
?905
733&
oy 7>
7@ 3
y 6)9 3307
3
53

Slika 76.Moment savijanja stupova HEA 500
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Najoptereceniji element je element broj 131.

RESULTS - Code - EN 1993-1:2005/A1:2014

> —
o ection
SE Auto Member 131

Point / Coordinate: 1/%x=0.00L=0.00m
‘ HEA 500 ~ Load case: 25 GSNO (1+2+3)*1.35+(4+14)*1.50+50.75
Change
Simplified results Dpisplacements Detailed results
FORCES
N,Ed = 2317.01 kN My,Ed = -3.17 kiN*m Mz,Ed = -2.73 kN*m vy, Ed = -0.84 kN
Nc,Rd = 7012.60 kN My,Ed,max = 523.01 kN*m  Mz,Ed,max = -2.73 kN*m Wy, T,Rd = 3085.47 kN
Nb,Rd = 3831.98 kN My,C,Rd = 1260.25 kN*m  Mz,c,Rd = 245.35 klN*m vz,Ed = 95.67 kN
Vz,T,Rd = 1530.37 ki Forces
Tt,Ed = -0.10 kN*m Detailed
Class of section = 3
LATERAL BUCKLING
XLT =1.00
BUCKLING y BUCKLING z Calc. Note
Ly =5.50 m Lam_y = 0.34 Lz =5.50m Lam_z = 0.99 - :
Lo Lery =5.50m Xy = 0.97 D Ler,z =5.50m Xz = (.60 aremeters
Lamy = 26.21 kzy = 0.68 Lamz = 75.92 kez = 0.65
= =
Help
SECTION CHECK
sqri(Sig,x,Ed~2 + 3%(Tau,ty,Ed)~2)/(fy/gM0) = 0.34 < 1.00 (6.2.1.(5))
Vz,Ed/Vz,T,Rd = 0.06 < 100 (6.2.6-7)
MEMBER STABILITY CHECK
Lamy = 26.21 < Lam,max = 210.00 Lamz = 75.92 < Lam,max = 210.00 STABLE
N,Ed/(Xz*N,R/gM1) + kzy=My, Ed,max/(XLT=My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.92 < 1.00 (6.3.3.(4))
Slika 77. Karakteristike elementa 131
11.2.2.Karakteristike odabranog profila
Odabrani profil: HEA 500
Tip poprecnog presjeka: Toplo dogotovljeni
Povrsina poprecnog presjeka: A =197,5cm?
Visina hrpta: h =490 mm
Debljina hrpta: tw = 12,0 mm
Sirina pojasnice: b =300 mm
Debljina pojasnice: tr = 24 mm
Radijus: r=27mm
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Osnovni materijal: S§355; t < 40mm
Granica popustanja: fy = 355 N/mm?
Modul elasti¢nosti: E =210 000 N/mm?
Parcijalni koeficijent za presjek: Ymo = 1,00
Parcijalni koeficijent za element: Y1 = 1,10

11.2.3. Klasifikacija profila

Hrbat
c h—2-t—2-r 490-2-24-2-270
-= = = 31,04
t tw 12,5
=081
33 - £€=33:0,81 =26,73
38- ¢=38-0,81 =30,78
Hrbat je svrstan u klasu 3.
Pojasnica
b—t,—2-r 490-12-2-27,0
So 2 - 2 =921
t tr 23 ’

9-¢=9-081=7,29
10 - £=10-0,81 =8,1
Pojasnica je svrstana u klasu 3.

Poprecni presjek svrstan je u klasu 3.

11.2.4. Otpornost poprecnog presjeka na tlaku

A-f, 1975 -355
Ymo 1,00

N ra = = 7011 kN > 2317 kN

Otpornost poprecnog presjeka na tlak

Ngq

< 1,00
Nc,Rd
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2317
7011

Presjek zadovoljava s iskoristivoscu od 33%.

= 0,33 < 1,00

11.2.5. Otpornost poprecnog presjeka na moment savijanja

14 Ly " f 3949 - 35,5 _
Mpiyra = enym Y= 1077 = 1260 kNm

Otpornost presjeka na moment savijanja

M
_Y.Ed < 1,00
c,Rd
>23 =042 <1,0
1260 7 T 7

Presjek zadovoljava s iskoristivoscu od 42%.

71.2.6. Otpornost poprecnog presjeka na poprecnu silu
Provjera na izbocivanje hrpta na posmik

hy =h—2-t;=490,0—-2 - 23 =444 mm

h, 72 -¢

tW n

444 72 - 0,81
12,0 < 1,2

37 < 48,6 — Nije potrebna provjera izbocivanja hrpta na posmik.
Plasti¢na posmicna otpornost

AV,Z ’ (fy/\/g)

Ymo
Ay, =A—=2-b-tr+ (@, +2 1) tr = 1n-hy,-t,

Vpl,Rd =

Ay, =1975 —2-30,00 - 23 +(1,2+2 -2,7)-2,3 = 74,68 cm?
n - hy,-t, =120-44,4 -1,2 = 63,94 cm?
Ay, = 74,68 cm? = 63,94 cm?

74,68 - (35,50//3)
Vpl,Z,Rd = 1’00 == 1531 kN

Otpornost poprecnog presjeka na poprecnu silu

V, g 95,7
4 < 1,00 < 1,00 0,06 < 1,00
Vi ra 1531
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Presjek zadovoljava s iskoristivoscu od 6%.

11.2.7. Otpornost poprecnog presjeka na interakciju momenta savijanja,
uzduzne sile i poprecne sile

Vz,Ed <0,5- Vz,Rd
95,7kN < 0,5-1531 =766 kN
95,7

—=012 <1
66 0,12 < 1,0

NEd < 0,25 " NC,Rd

2317 kN < 0,25-7011 = 1753 kN

2317

ﬁ = 1,32 > 1,0

Potrebna je redukcija otpornosti poprecnog presjeka na savijanje.
Myt = Moy pa " ——— = 1260 - ——233__ 933 kvm
> 1-05-a 1-05-0,30
Ngg 2317

Npira 7011

a= A =Y,

n= = 0,33

_1975-2:3023 _
a= 1975 -

Myy .y ra = Meyyra = 933 kNm

Myy,yra > My gq
933 kNm > 523 kNm

Ngqg <0,50-hy, -t " f,
2317 kN < 0,50-44,4-1,2-35,5 =946 kN

2317
946

Potrebna je redukcija otpornosti poprecnog presjeka na savijanje.

=25>10
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11.2.8. Otpornost elementa na izvijanje

Moment tromosti precke i stupa

Lyetke = 33090 cm*
Lstupa = 86970 cm*

Krutost precke i stupa okvira
Lyrecke 33090

Kpreéke =Ky, = I ~ 1156 = 28,62 cm?3
I 86970
Kstupa =K. = st;ipa = 550 = 158,13 cm?
Koeficijentin
K, 158,13
UE 0,85

~K.+K,, 15813+ 2862
n, = 1,0 (stup je zglobno oslonjen)
Koeficijent k za bo¢no nepomi¢an mod
k=0,5+0,14- (1, +1n,) + 0,055 (1, +1,)?
k =0,5+0,14- (0,85 + 1,0) + 0,055 (0,85 + 1,0)* = 0,95
Efektivne duljine izvijanja

Liy =k-L=095-550=522,5cm

Duljine izvijanja
Lery = 55m Loz = 55m
Elasti¢na kriticna sila

w2 E - L, 7221000 - 86970

N, = = = 59589 kN
ey L2, 5502

N - n?-E-1, m*-21000-10370 _ 7105 kN
wEELZ., 5502 B

Bezdimenzijska svedena vitkost

L |An_ |1975-3550 L |Ah_ 19753550
Y7 [Ny 4 59589 7 2= Ny, 7105
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Faktor redukcije
@ =05[1+a-(1—-02)+ 27
Toplo dogotovljeni profil s krivuljom izvijanja a i faktorom imperfekcije @ = 0,21.
@, = 0,5-[1+0,21-(0,34—-0,2) + 0,34*] = 0,58
1 1

Xy — =
2 2
D, + ’(pyz _ Ayz 0,58 +/0,58% — 0,34

= 0,95

Toplo dogotovljeni profil s krivuljom izvijanja b i faktorom imperfekcije « = 0,34.
@, = 0,5-[1+0,34-(0,99 —0,2) + 0,99?] = 1,12
1 1

Xz = = = == 0,61
@, + /(pzz _ Azz 1,12 +4/1,124 - 0,99
Racunska otpornost elementa na izvijanje
Npra = Aty _g61.297223230 _ sogg ey
b,Rd - Xmln ]/Ml - Y 1’10 -

Otpornost elementa na izvijanje

Nea 300 237 100 060 < 1,00
Nyra =~~~ 3888 ’ ‘

Presjek zadovoljava s iskoristivoscu od 60%.
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11.2.9. Otpornost elementa na savijanje

100.72
Odredivanje faktora G, i C;
v C, -1<sy¢y=<1
+1,00 1,00 pe——bt Ly
o +0,75 | 114 100,72
+(0,50 1,31 Ocitano:
+0,25 1,52 ¢, =177
0,00 1,77
= 025 2,05 (2 = 0,00
[ -0.50 2.33
-0,75 2,57
-1,00 2,55
-0.61
Slika78. v . R4 . v e . e .
Momentni Elasticni kritiéni moment bo€nog torzijskog izvijanja:
dijagram n2-E-1, | |1, 12-G-1,
stupa Mer =Gy 1z E+n2-E-Iz

Modul elasti¢nosti

Modul posmika

E = 210000 N/mm?
G = 80769,23 N/mm?

Konstanta krivljenja I, = 5643 mm®
Moment tromosti I, = 10370 cm*
Torzijska konstanta I, = 309,3 cm*
Raspon L = 5500 mm
M, =177 w2 -21000- 10370 _ \/5643000 4 5502 -8076,923 - 309,3 4n=2
’ 5502 10370 m?-21000-10370

M. = 3763,95 kNm

Bezdimenzionalna vitkost:

Woiy fy _ [3949:355
M, 376395 ’

Ay =
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Faktor redukcije:
h 490 ) e .
> = 300 = 1,63 < 2 - mjerodavna krivulja izvijanja b - a;r = 0,34

— =2
(DLT = 0,5 [1 + (ZLT(ALT - 0,2) + ALT:l

@ =05-[1+034-(061-0,2)+0,61%] = 0,76

1 1
Xt = = - == 082<1
—2 0,76 ++/0,762 - 0,61
Ppr + \/ Py’ — Apr
Racunska otpornost:
Wyiy - f, 3949-355
My ra = m% = 0,82 =" 107 = 1045 kNm
Mga,y = 523 kNm < M gq = 1045 kNm
Mgq, 523
—=——=0,50<1,0
Mpra 1045
Presjek zadovoljava s iskoristivoscu od 50 %.
11.2.10. Otpornost elementa na interakciju savijanja i uzduzne sile
NEgg 4 Kyy * My gq 1
X  Nex Myriy
Y ymp XLT Ve
N k,, M
Ed zy y.Ed <1
X Nk _My,Rky
z YMm1 XLT YMm1
Odredivanje interakcijskih faktora kj;
Cmy = 0,6 +0,4-y = 0,40
Cmy = 0,6 + 0,4+ (0) = 0,6 > 0,40
= Ngg Ngg
Kyy = Cmy | 140,64, " — < Gy [ 1406 ——
Xy /YM1 Xy~ /YM1
k,, =0,6 [1+O6 0,34 317 ]<06 [1+06 2317
o ' ’ 0,95-7011] — " 0,98-7011

Ky, = 0,64 < 0,73
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k,, =08 - k,, =08 - 0,73 = 0,58

Otpornost elementa na interakciju savijanja i uzduzne sile

2317 N 0,73:523 079 < 1
0,95-7011 0,82-1045
2317 0,58 -523

0617011 + 0821045 = 0,90 < 1 - mjerodavna iskoristivost stupa

11.2.11. Granic¢no stanje uporabljivosti
2.3
14 2.0 s 1.2

2.0 12 [l
13 15 |

18 el ; 1.2

1.6
18 y Eljzm =
. 1.0 ) 2.0 !

( 1.8

-

1.0

[ 1.3
N 1.0 P
l

Slika 79. Progib stupova HEA 500

Maksimalni pomak:
Omax = 23,0 mm
Dopusteni pomak:

s _ L _3500
dop =750~ 150 <

Iskoristivost:

Smax 23

Saon =53 = 0,99 - Iskoristivost 99 %
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11.3. Stupovi S3

11.3.1. Opterecenja

Slika 81. Moment savijanja stupova HEM 500

Najoptereceniji element je element broj 253.
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RESULTS - Code - EN 1993-1:2005/A1:2014

i Section 0K
q ection
i Member 253

Point / Coordinate: 2/x=050L=275m

HEM 500 > Load case: 25 GSNO (142+43)%1.35+(4+14)*1.5045%0.75

Simplified results Displacements Detailed results e
FORCES
N,Ed = 5214.10 kN My,Ed = 156.97 kN*m Mz, Ed = 0.03 kN*m Vy,Ed = -0.01 kN
Nc,Rd = 12222.58 kN My,Ed,max = 313.92 kN*m  Mz,Ed,max = 0.05 kN=m Vy,c,Rd = 5378.09 kN
Nb,Rd = 6881.72 kN My,c,Rd = 2518.54 kN*m Mz,c,Rd = 685.87 kN*m Vz,Ed = 57.08 kN
MN,y,Rd = 1688.06 kN*m  MN,z,Rd = 660.18 KN*m Vz,c,Rd = 2654.18 kN R
Detailed
Class of section =1
LATERAL BUCKLING
XLT = 1.00
BUCKLING y BUCKLING z Calc. Note
Ly =5.50 m Lam_y = 0.33 Lz=5.50m Lam_z = 0.97
Ler,y =5.50m Xy =0.97 Ler,z =5.50m Xz =0.62 Parameters
Lamy = 25.36 kzy = 0.40 Lamz = 73.74 kzz = 0.83
Help
SECTIOM CHECK
MN,Ed/Nc,Rd = 0.43 < 1.00 (6.2.4.(1))
Vz,Ed/Vz,c,Rd = 0.02 < 1.00 (6.2.6.(1))
MEMBER STABILITY CHECK
Lamy = 25.36 < Lam,max = 210.00 Lamz = 73.74 < Lam,max = 210.00 STABLE
N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.81 < 1.00 (6.3.3.(4))
Slika 82. Karakteristike elementa 253
11.3.2. Karakteristike odabranog profila
Odabrani profil: HEM 500
Tip poprecnog presjeka: Toplo dogotovljeni
Povrsina poprecnog presjeka: A = 344,3 cm?
Visina hrpta: h =524 mm
Debljina hrpta: ty =21mm
Sirina pojasnice: b =306 mm
Debljina pojasnice: tr = 40 mm
Radijus: r=27mm
Osnovni materijal: S§355; t < 40mm
. v . _ 2
Granica popustanja: fy =355N/mm
Modul elasti¢nosti: E =210 000 N/mm?
Parcijalni koeficijent za presjek: Ymo = 1,00
Parcijalni koeficijent za element: vy = 1,10
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11.3.3. Klasifikacija profila

Hrbat
c h—=2-t—-2-r 524—-2-40-2-27,0
t t, - 21 =205
e=10,81
33 - ¢=33-081 =26,73
Hrbat je svrstan u klasu 1.
Pojasnica
. b—t,—2-r 306—21—2-27,0
¢ ti B 0 =29

9-=9-081=729

Pojasnica je svrstana u klasu 1.
Poprecni presjek je svrstan u klasu 1.

11.3.4. Otpornost poprecnog presjeka na tlaku

A-f, 3443355

N, = = 12222 kN > 5214 kN

T Yo 1,00
Otpornost poprecnog presjeka na tlak

N
F < 1,00

NC,Rd

bz14 = 0,43 < 1,00

12222 ’

Presjek zadovoljava s iskoristivoscu od 43%.

11.3.5. Otpornost poprecnog presjeka na moment savijanja

Wery -fy B 6280 - 35,5
Ymo 1,0

My ra = -1072 = 2194 kNm

Otpornost presjeka na moment savijanja
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M
—2Ed <100
Mc,Rd

314 _ 0,14 < 1,0
2194 T 7

Presjek zadovoljava s iskoristivoscu od 14%.

11.3.6. Otpornost poprecnog presjeka na poprecnu silu

Provjera na izbocivanje hrpta na posmik

hy =h—=2-t;=524,0-2 - 40 = 444 mm

h_w< 72 - €

tw n

444 < 72 - 0,81
21 1,2

21,14 < 48,6 — Nije potrebna provjera izbocavanja hrpta na posmik.

Plasti¢na posmicna otpornost

Ay (K/V3)
Vpl,Rd - V—MO

Ay, =A—=2-b-tr+(@ty,+2 1) tr = 1n-hy"t,
Ay,=3443 —2-30,60 - 4 +(2,1+2 -2,7)-4=129,5cm?
n-h,t,=120-444 -2,1 = 110,88 cm?

Ay, =129,5cm? > 110,88 cm?

129,5 - (35,50/v/3)

plLzRd = 100 = 2654 kN

Otpornost poprecnog presjeka na poprecnu silu

|74 57,03
z,Ed < 1’00

< 1,00 0,02 < 1,00
Vi ra 2654

Presjek zadovoljava s iskoristivoscu od 2%.

11.3.7. Otpornost poprecnog presjeka na interakciju momenta savijanja,
uzduzne sile i poprecne sile

Vz,Ed <0,5- VZ,Rd
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57,03 kN < 0,5-2654 = 1327 kN

57,03
1327

=004 <1,0

NEd < 0,25 - NC,Rd
5214 kN < 0,25-12222 = 3056 kN

5214—17>10
3056 ’

Potrebna je redukcija otpornosti poprecnog presjeka na savijanje.

1—n 1-043
Myy,y,ra = Mpiy,ra '1T-05-a 2194 - 1-05029 1463 kNm

_ MNea _ 5214 _
" Noga 122227
a = A =V,

_3443-2:306°4_
a= 3443 =Y

Myy yra = Meyyra = 1463 kKNm

Myy,yra > My gq
1463 kNm > 314 kNm

Ngg < 0,50 hy,  t,, " f,
5214 kN < 0,50 - 52,4 - 2,1 - 35,5 = 1953 kN

5214
1953

Potrebna je redukcija otpornosti poprecnog presjeka na savijanje.

=27>1,0

11.3.8. Otpornost elementa na izvijanje

Moment tromosti precke i stupa
Lyretke = 33090 cm*
Istypq = 161900 cm*
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Krutost precke i stupa okvira
Iyretke 33090

Kpreéke =Ky, = I ~ 1156 = 28,62 cm?3
1 161900
Kstupa = Kc = stzpa = 0 = 294 cm?3
Koeficijentin
K. 294
m 0,91

T K.+ Ky, 294 +2862
1, = 1,0 (stup je zglobno oslonjen)

Koeficijent k za bocno nepomic¢an mod
k=0,5+0,14- (1, +1,) + 0,055 (1, +13)?
k=0,5+0,14- (0,91 + 1,0) + 0,055 (0,91 + 1,0)2 = 0,97

Efektivne duljine izvijanja

Liy =k-L=097-550 = 5335 cm

Duljine izvijanja
Lery = 55m Loy, = 55m
Elasticna kriti¢na sila

w2 E - L, 72+ 21000 - 161900

N, = = = 110927 kN
YLz, 5502

v _ MEcl  m-21000-19150 o
wrT IR, 5502

Bezdimenzijska svedena vitkost
A- 344,3 - 35,50 A- 344,3 - 35,50
Ay, = by _ = 0,33 Ay = by _ = 0,97
Nery 110927 Ner.z 13120

Faktor redukcije

® =05 [1+a-(1—02)+12]

Toplo dogotovljeni profil s krivuljom izvijanja a i faktorom imperfekcije @ = 0,21.
¢, =05-[1+0,21-(033-0,2) + 0,33%2] = 0,57
1

1
Xy = = =
2 2
D, + ’(Dyz _ Ayz 0,57 ++0,572 - 0,33

0,97
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Toplo dogotovljeni profil s krivuljom izvijanja b i faktorom imperfekcije « = 0,34.

®, = 0,5-[140,34-(0,97-0,2) +0,972] =1,1

1 1
Xz = = = = = 0,62
@, + /‘Pzz _ 2,2 1,1++1,12-0,97
Racunska otpornost elementa na izvijanje
N A-f, 344,3-35,50 6889 kN

Otpornost elementa na izvijanje

Neq < 1,00 5214'<100 0,76 < 1,00
Nyra ' 6889 ’ ’

Presjek zadovoljava s iskoristivoscu od 76%.

11.3.9. Otpornost elementa na savijanje

313.92 -43.98
Odredivanje faktora G, i C;
» C, -1<y<i1
+1,00 1,00 ¢=_jLz
+0,75 1.14 313
+(0,50 1.31 O¢itano:
+0,25 1.52 C, = 1,77
0.00 1,77
2025 2.05 (2 = 0,00
-0.50 2.33
-0.75 2.57
-1.00 2.55
Slika 83, Elasticni kriticni moment bocnog torzijskog izvijanja:
Momentni 2 E-1, I, [2-G-I,
dijagram Mer=Gr—p |, e 1,
stupa
Modul elasti¢nosti E = 210000 N/mm?
Modul posmika G = 80769,23 N/mm?
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Konstanta krivljenja

I, = 11190 mmS®

Moment tromosti I, = 19150 cm*
Torzijska konstanta I, = 1539 cm*
Raspon L = 35500 mm
Mo =177 w2 +21000 - 19150 11190000 N 5502 -8076,923 - 1539 _
o 5502 19150 7221000 - 19150

M. = 9089,19 kNm
Bezdimenzionalna vitkost:

— Wy, f 7094 - 35,5
A= |22 = / = 0,53
LT M,, 908919

Faktor redukcije:
h 330

—=——=1,1 <2 - mjerodavna krivulja izvijanjab - a;r = 0,34

b 300
— -2
d)LT = 0,5 [1 + (XLT(/lLT - 0,2) + ALT:I

@, =05-[1+034-(053—0,2)+0,532] = 0,70

1 1
= 2=07O+ 0,702 0532=
Prr + \’ Py’ — Air ’ ' '
Racunska otpornost:
Wy 7094 - 35,5
Mp ra = XLTM =0,86-—————— - 1072 = 1969 kNm
M1 1,10

Mgqy = 314 kNm < My g, = 1969 kNm

Mgq, 314

=——=0,16<1,0
Myra 1969

Presjek zadovoljava s iskoristivoscu od 16 %.

086 <1
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11.3.10. Otpornost elementa na interakciju savijanja i uzduzne sile
Ngq kyy ' My.Ed <1
X N Myriy ~
Y ymp XLT Ve
NEq kzy ) My.Ed <1
Xz * Ny . My Riky ~
Zymr KT Ty,

Odredivanje interakcijskih faktora k;;
Cmy =0,6+0,4-¢ =0,40

Cmy = 0,6 + 0,4 (0) = 0,6 > 0,40

k.. =C 1+O6-XY-L <C 1+O6-L
Y e ' . Nrk/ - ' .Nrk/

Xy YMm1 Xy YM1
ky, =0,6 [1+O6 0,33 o214 <06 [1+06 o214
e T 097122221 T 7 "7 0,98-12222

k,, = 0,65 < 0,76
k,, =08 - ky,, =0,8 - 0,76 = 0,61

Otpornost elementa na interakciju savijanja i uzduzne sile

5214 N 0,76 - 314 058 < 1
0,97 -12222  0,86-1969 '
5214 0,35-314
=0,59<1

0,82 12222 + 0,86-1969

Diplomski rad: Poljak Marija 117



Stupovi

11.3.11. Granic¢no stanje uporabljivosti

1.5

1.4 18

14 19

1.4

1.4

Slika 84. Prikaz progiba stupova poprecnog presjeka HEM 500

Maksimalni pomak:
Omax = 15,0 mm
Dopusteni progib:
L 5500

Saop = 150 = 750 ~ 30 ™M
Iskoristivost:
1) 15
T4 — _— = 0,68 — Iskoristivost 68 %
Sdop 22
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12. VERTIKALNA STABILIZACIJA

12.1. Opterecenja

Najoptereceniji element je element 17.

RESULTS - Code - EN 1993-1:2005/A1:2014

z
A Section OK
e} Gk Member 17 Beam_17
Point / Coordinate: 1/x=0.00L=0.00m
5714 v Load case: 22 GSNG (142+3)%1.35+(4+6)*1.50+570.75

Simplified results pisplacements Detailed results

FORCES

N,Ed = 185.57 kN My,Ed = -0.31 kN*m Mz, Ed = 0.02 kN*m Vy,Ed = 0.00 kN

Ne,Rd = 236.44 kN My,pl,Rd = 4.00 kN*=m Mz,pl,Rd = 4.00 kN*m Vy,T,Rd = B6.65 kN

Nb,Rd = 214.94 kN My,c,Rd = 4.00 kN*m Mz,c,Rd = 4.00 kN*m Vz,BEd = 0.21 kN

MN,y,Rd = 1.35 kN*m MMN,z,Rd = 1.35 kN*m Vz,T,Rd = 86.65 kN

Tt,Ed = -0.01 kN*m
Class of section = 1

LATERAL BUCKLING

XLT = 1.00

BUCKLING y BUCKLING z

SECTION CHECK
N,Ed/Ne,Rd = 0.78 < 1.00 (6.2.4.(1))

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)
MEMBER STABILITY CHECK

Not analyzed

Slika 85. Karakteristike elementa 17

_DK

Change

Forces

Calc. Note

Parameters

Help
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12.2. Karakteristike odabranog profila

Odabrani profil: 57 x 4,0

Tip poprecnog presjeka: Toplo dogotovljeni
Povrsina poprecnog presjeka: A = 6,66 cm?
Promjer presjeka: D =57mm
Debljina stijenke: t =4,0mm
Osnovni materijal: S§235; t £ 40mm
Granica popustanja: fy = 235 N/mm?
Modul elasti¢nosti: E =210 000 N/mm?
Parcijalni koeficijent za presjek: Ymo = 1,00
Parcijalni koeficijent za element: vy = 1,10

12.3. Klasifikacija profila

D—2-t 57-2-4
t B 4

= 12,25

c

o=

33 -¢=33-0,81 =26,73
12,25 < 26,73

Poprecni presjek je svrstan u klasu 1.

12.4. Otpornost poprecnog presjeka na viak

A f, 6663550
Yo 1,00

Nera = = 236,43 kN > 186 kN

Otpornost poprecnog presjeka na vlak

Ngq

< 1,00
t,Rd
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186 < 1,00
236 ’

0,79 < 1,00
Presjek zadovoljava s iskoristivoscu od 79%.

12.5. Otpornost elementa na izvijanje

Duljine izvijanja
Lery =Lerz =Ly = 798m
Elasti¢na kriticna sila

N = n?-E-1 _ m?-21000 23,52
oz 7982

=7,7kN
Bezdimenzijska svedena vitkost
A-f, 6663550
A_\/Ncr _\/ 765~ 06

Faktor redukcije

® =05-[1+a-(A1—0,2)+2?7]

Toplo dogotovljeni profil s krivuljom izvijanja a i faktorom imperfekcije @ = 0,21.

® = 0,5-[1+0,21-(0,56 — 0,2) + 0,56%] = 0,69
1 1

X = = =0,91
@ +VP2—-2%2 0,69+ /0,692 — 0,562
Racunska otpornost elementa na izvijanje
Nyrg = - Sy _gq.868673550 o0
b,Rd - X yMl - 4 1’10 -

Otpornost elementa na izvijanje

Ngq

< 1,00
b,Rd

186 < 1,00

196 ’

0,95 < 1,00

Presjek zadovoljava s iskoristivoscu od 95%.
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13. POTRES

Prilikom proracuna konstrukcije na potres, doslo je do promijene profila. Profili koji
zadovoljavaju na granicno stanje uporabljivosti i granicno stanje nosivosti, nisu
zadovoljavali na potres. Zbog toga su se profili povecali. S obzirom na to da su profili jaci,
nema potrebe provjeravati nove profile na granicno stanje uporabljivosti i grani¢no stanje
nosivosti.

13.1. Zahtijev ogranicenog ostecenja

13.1.1 Vanjska ravnina

13.1.1.1. Vezni sustav u x smjeru

Ux=77.9 UX=779

UX=77.9
UX=77.9 UxX=77.9 UX=77.9 Ux=77.9

| [ | ux=73.0 | I ‘ x| 1

ux=730 | | ux=730 | Uxe7so| | ux=730 .
(] P mp———— —— ——— UX =849 —_—
‘ P— " - | L UX =649 | R . ;
UX=73.0 -
UX =64.9

UX = 64.9 4_“’( =640

Ux=41.7 \

Slika 86. Pomaci vanjskog okvira u smjeru x

d,-v<001-h
Prizemlje:
41,7 < 0,01 -5500
41,7 mm < 55 mm
Prvi kat:

(64,9 —41,7) -1 < 0,01 - 5500

23,2mm < 55mm
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Drugi kat:
(73-64,9)-1<0,01-3500

51mm < 35mm

Treci kat:
(77,9—-73)-1<0,01-3500

4,9mm < 35mm

13.1.1.2. Vezni sustav u y smjeru

_ Uv=257 | uv=257 | ur=2517 | =257 | uy=257 |
| e S . B | \\
uy=216 | uvy=214 k. || ur=214 | uy=214 | Uv=214 || uy=214 |
' - — |
| uy=167 | uv=164 || Uv=164 | Uy =164 | uv=164 || Ur=164 |
| 3 | — l 3 |
Z N | / N
7 3 7 S
(i Nl - Nl
L uv=92 | uy=87 | \ | ur=87 uv=87 | lUY=8.?| \| ur=87
| 4 | S | |
I
| |
a
Slika 87. Pomaci vanjskog okvira u smjeru y
Prizemlje:
9,2 <0,01-5500
9,2mm < 55mm
Prvi kat:
(16,7—-9,2)-1 <0,01-5500
7,5 mm < 55mm
Drugi kat:

(21,6 —16,7)-1 < 0,01 - 3500

49mm < 35mm
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Treci kat:
(25,7-21,6)-1<0,01-3500
4,1mm < 35mm

13.1.2. Unutarnja ravnina

13.1.2.1 Vezni sustav u x smjeru

UX=76.9
W= T UX =76.9 UX=76.9 UX =76.9 u
— e —
| T UxX=72.2 [I 1 o : r :
| _
iMfi \ Ux=72.2 \ ux=722 | ‘
| -———-T_—,r,T_-——‘—f T m—— e, (TSP e
[ |
UX =643 UX =643 . d
— - A — § ‘ ————
\ UX=414 Ux=414
\ =414 | Ux=414 \ j \ =414
\ . \
\ \ \
\ \ \
\ \\ \\

Slika 88. Pomaci unutarnjeg okvira u smjeru x

Prizemlje:
41,4-1<0,01-5500
41,4 mm < 55mm
Prvi kat:
(64,3—-41,4)-1<0,01-5500
22,9mm < 55mm
Drugi kat:
(72,2 -64,3)-1<0,01-3500
7,9 mm < 35mm
Tredi kat:

(76,9 —72,2) 1 < 0,01 - 3500

4,7mm < 35mm
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13.1.2.2 Vezni sustav u y smjeru

_ uv=223 | LUY=22_3 | uy=215 | U=z | uv=220 | uy=223 |
' o ' ,

~ T =V — e

o A P % o N =
| g et S ~ S | N N =il
ety b Vol S i et S
uv=187 [~—— uv=-188 [ || uv=188 [ uy=179 | uy=188 [T—— uv=181 5 || U¥=1856 |
= [ s o !
| S e S (S ~ - E S = o
< o > | = e | < —— e 8 |
uy =144 | uv=142 [~ || uy=142 | uY =136 uy=142 | uv=142 [~ || uv=142
S & - | L 4
[ Lo ~ >
- | —
|
| & [ L |
UY=79 UY=75 uy=75 | | ur=75
7 [
—

Slika 89. Pomoci unutarnjeg okvira u smjeru y

Prizemlje:
79-1<0,01-5500
7,9 mm < 55mm
Prvi kat:
(144-79)-1<0,01-5500
6,5mm < 55mm
Drugi kat:
(18,7 —14,4)-1 < 0,01 - 3500
4,3mm < 35mm
Treci kat:
(22,3—-18,7)-1<0,01-3500

3,6 mm < 35mm

13.2. Klasifikacija veznog sustava

Ako je na svim katovima zadovoljen uvjet 6 = P;"—”;: < 0,1, tada nije potrebno uzimati P —
tot’

A ucinke u obazir.
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13.2.1. U smjeru X

FX=377,85
FZ=-10600,64

dr UX=6,2

dr UX=9,6

< FX=606,27
{ FZ=-22574,40

=3 Fx=798,22
| F7=-34356,57
dr UX=20,7 |
FX=919,26
F7=-46418,37

dr UX=14,0 |

Slika 90. Opterecenja i pomak u smjeru X

Tredi kat:
= 10601 - 6,2 = 0,049 < 0,1
378 -3500 ’ ’
Drugi kat:
= M =0,102< 0,1
606 - 3500 ’ ’
Prvi kat:
_ 34357 - 20,7 0162 < 01
798 - 5500 ’ ’
Prizemlje:
= fo4ls - 14 =0,129<0,1
919 - 5500 ’ ’

Uvjet za zanemarivanje uzimati P — A ucinka nije zadovoljen na razini prizemlja i prvog
kata. Uvijet za pojednostavljenu metodu je zadovoljen. Stoga se racuna faktor za
povecanje unutarnjih unutarnjih sila i momenata zbog ucinka drugog reda primjenom
najveceg koeficijenta osjetljivosti medukatnog pomakacija vrijednost iznosi e= 1,19. Ta se

1 1
— = =1,19.
1-6  1-0,162

vrijednost dobiva od

13.2.1. Usmjeru Y
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FY=1515,54
FZ=-10600,64

drUY=36
i 3 FY=2807,15
FZ=-22574 40

drUY=4,3

=SS Fy=3798,61 ;

FZ=-34356,57

dr UY=6,5
FY=4369,85
FZ=-46418,37

druy=7.3 |

Treci kat:

Drugi kat:

Prvi kat:

Prizemlje:

13.3. Proracun dijagonala

Slika 91. Opterecenja i pomak u smjeru Y

= D030 _ h007 <01
~ 1516-3500 ’
_ 2B 010 <04
~2807-3500 ’
Z 3BT 05 _ 611 <01
©3799:5500 ’
_ 46418-73 oo
~ 46418-5500 ’

o— i,

Tablica 20. Dijagonale

DIJAGONALA Npira Nka o - Nrira
Ngq

140x140/5 275 222 1,23<1,48

140x140/8 423 344 1,23=1,48

160x160/10 543 461 1,18->min-> Q=<1,478

180x180/8 643 495 1,30=1,48
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13.3.1. Dijagonale prizemlja- 180x180/8

488

490.83

492 31

377 72 180x180/8
edFx+c Fx-t 5
Max=494 8¢

378.51 !
Min=375,19

Slika 92. Uzduzna sila u dijagonalama prizemlja uslijed potresa

Otpornost elementa na izvijanje

N _nZ-E-I_n2-21000-2591_843kN
oz, 7982 h

A-f, 53,4 - 35,5
l‘chr _J 843 =150

=05 [1+a-(A—02)+12]=05-[1+21-(1,50—0,2) + 1,502] = 1,76

1 1
X = = = 0,373
d+JP2—22 1,76 +/1,76% — 1,502
Ag fy 53,4 - 35,5
Npra = X =0,373 - ———— = 643 kN > 495 kN
Ym1 1,1

Otpornost na viak

A-f, 534355

= 1896 kN > 495 kN
Ymo 1'0

Ntra =
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13.3.2 Dijagonale na prvom katu- 160x160/10

32281 |

290.37

— 160x160/10
b=l Fx+c Fx-t 500kN

Max=461,11

Min=287,83

Cases: 19 (potres2)

Slika 93. Uzduzna sila u dijagonalama prvog kata uslijed potresa

Otpornost elementa na izvijanje

N _nz-E-I_n2-21000-2103_685kN
oz, 7982 h

A-f, 57,4 - 35,5
l_chr _j 685 =172

=05 [1+a-(A1—02)+12]=05-[1+021-(1,72—0,2) +1,722] = 2,14

1 1
X = = = 0,293
¢ +JPp2—A% 2,14 +./2,142 — 1,722
A, 'fy 57,4-35,5
Ngpra = X* =0,293-——— =543 kN > 461 kN
Ym1 1,1

Otpornost na viak

A-f, 574355

= 2038 kN > 461 kN
Ymo 1'0

Ntga =
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13.3.3 Dijagonale na drugom katu- 140x140/8

316.66
31543 |

342 9

s
- ETEN
27323
e y

240,58

32999
F,

n! -

140x140/8

l@ I Fx+c Fx-t 500kN
Max=343,72
Min=202,79

Cases: 19 (poftres2)

Slika 94. Uzduzna sila u dijagonalama drugog kata uslijed potresa

Otpornost elementa na izvijanje

N Bl m?-21000- 1185
LR, 6762

A- 41,3-35,5
Iy = = 1,65
N, 537

f = 537 kN
A
¢=05[1+a-(1—-0,2)+12]=0,5-[1+0,21-(1,65—0,2) + 1,65%] = 2,01

1 1
¥ = = = 0,317
¢+p2—22 2,01 +/2,01%2 — 1,652
Ao fy 41,3-35,5
Npra = X = 0,317 - ————= = 423 kN > 344 kN
Ym1 1'1

Otpornost na vlak
A-f, 413-355

= 1466 kN > 344 kN
YmO 1!0

Nt,Rd =
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13.3.4 Dijagonale na trecem katu- 140x140/5

191.92
18

221.06
2

186.51

13333 | ¥
s | —— 140x140/5
I Fx+c Fx-t 500kN
Max=221,64
Min=127,81

7
Cases: 19 (potres2)

Slika 95. Uzduzna sila u dijagonalama treceg kata uslijed potresa

Otpornost elementa na izvijanje

N _m?-E-] _m?-21000 780
oz, 6762

A-f, [261-355
A J N,, j 354 /6

=05 [1+a-(1—02)+12]=05-[1+021-(1,62—0,2) +1,62%] = 1,96

= 354 kN

1 1
X = = = 0,326
d+JP2—22 1,96 +/1,96% — 1,622
Ag fy 26,1-35,5
Npra = X =0,326-———— =275 kN > 222 kN
Ym1 1,1

Otpornost na viak

A-f, 261-355

=927 kN > 222 kN
Ymo 1'0

Ntga =
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13.4. Proracun sekundarnih nosaca u sklopu vertikalne stabilizacije

13.4.1. Greda prizemlja | prvog kata- HEA 800

)

Mg = (Npjrai — 0,3 - Npyrai) - sin(6;) - L/4 = (1896 — 0,3 - 1896) - sin(43°32) -
= 2646 kNm < 3089 kNm

1
Vea = (Nprrai — 0,3 * Npygayi) - sin(6y) - 1/2 = (1896 — 0,3 - 1896) - sin(43°32) '3
= 457 kN < 2845 kN

13.4.2. Greda drugog kata- HEA 550

| . _ 11,58
Mga = (Npyrai — 0,3 Ny ra) - sin(6;) - 1/, = (1466 — 0,3 - 1466) - sin(31°9) S

= 1537 kNm < 1641 kNm

1
Vea = (Nprrai — 0,3 * Npygai) - sin(6y) - 1/2 = (1466 — 0,3 - 1466) - sin(31°9) 5
= 265kN < 1716 kN

13.4.3. Greda treceg kata- HEA 450

11,58
Mgy = (Npjrai — 0,3 - Npprai) - sin(6;) - L/4 = (927 — 0,3-927) - sin(31°9) - ——

4
=972 kNm < 1142 kNm
: 1 : 1
Via = (Npyrai — 0,3 - Npyga) - sin(6;) - +/, = (275 — 0,3 - 275) - 5in(31°9) 5=

= 167 kN < 2838 kN
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13.5. Proracun stupova

Tablica 21. Pomocna tablica za izracun omega za proracun stupova

GREDA HEA HEA HEA HEA 500 HEA 550 HEA HEA 800
360 400 450 600

mjerodavno

Slika 96. Momentni dijagram grede HEA 360 u potresnoj proracunskoj situaciji

Diplomski rad: Poljak Marija 133



Potresni proracun

Slika 97. Momentni dijagram grede HEA 400 u potresnoj proracunskoj situaciji

Slika 98. Momentni dijagram grede HEA 450 u potresnoj proracunskoj situaciji
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Slika 99. Momentni dijagram grede HEA 500 u potresnoj proracunskoj situaciji

Slika 100. Momentni dijagram grede HEA 550 u potresnoj proracunskoj situaciji
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. |55, HEA 600
81.06 | My 500kMNm
Max=372,48
Min=-731,69

Cases: 18 (potres1)

Slika 101. Momentni dijagram grede HEA 600 u potresnoj proracunskoj situaciji

= HEA 800

“My 10kNm
I\ Max=74,35

N Min=-61,22

Cases: 19 (potres2)
Slika 102. Momentni dijagram grede HEA 800 u potresnoj proracunskoj situaciji
Za potrebe proracuna stupova na potres, napravljene su dvije kombinacije opterecenja u

Robotu. Prva kombinacija imena potres_stupovi_Ex>Ey je (1+2+3)*1,0+27*2,90+28%0,87.
Druga kombinacija imena potres_stupovi_Ey>Ex je (1+2+3)*1,0+27*0,87+28*2,9.

Koeficijent 2,9 dobiven je kao umnozak 1,1 *y,, *2 =1,1%1,25%2,11 = 2,9, dok je
koeficijent 0,87 dobiven kao umnozak 0,3 x 1,1 xy,, *2 =0,3* 1,1 1,25%2,11 = 0,87.
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13.5.1. Vanjski stupovi prizemlja i prvog kata- HEA 700

1125.12
1133.55

=

|
[ ]

E -‘I 716.47

—— HEA 700
“Fxtc Fx-t 1000kN
Max=2713,67
| 174450 | Min=960,03

Cases: 22 (potres_stupovi_Ey=Ex)

Slika 103. Uzduzna sila stupova HEA 700 u potresnoj proracunskoj situaciji

= HEA 700
I Fz 50kN
Max=132,86
Min=-16,65

Cases: 21 (potres_stupovi_Ex>Ey)

Slika 104. Poprecna sila stupova HEA 700 u potresnoj proracunskoj situaciji
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| i My 500kMm
: Max=44,83
-443.26 | Min=-555,44

Cases: 21 (potres_stupovi_Ex>Ey)

Slika 105. Moment savijanja stupova HEA 700 u potresnoj proracunskoj situaciji

Ngg = 2714-1,19 = 3230 kN < 10146 kN
Vgq = 133-1,19 = 158 kN < 3786 kN
Mgz = 555-1,19 = 660 kNm < 2727 kNm
Npird(Mga) = Ngag + 1,1 Voy Q" N g
11880966 kN > 2440 kN

13.5.2. Vanjski stupovi drugog i treceg kata- HEA 450

h@

875.90

HEA 450

49572 =dFx+c Fx-t 500kMN
500.52 Max=879,32
Min=146,72

Cases: 22 (potres_stupovi_Ey=Ex)

Slika 106. Uzduzna sila u stupovima HEA 450 u potresnoj proracunskoj situaciji
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Slika 107. Poprecna sila u stupovima HEA 450 u potresnoj proracunskoj situaciji

Slika 108. Moment savijanja u stupovima HEA 450 u potresnoj proracunskoj situaciji

Ngg =879-1,19 = 1046 kN < 6320 kN
Veq = 134-1,19 = 160 kN < 2838 kN
Mgy =274-1,19 = 326 kNm < 1142 kNm
Npird(MEga) = Ngag + L1 ¥op " Q- Neg g
1984480 kN > 816 kN
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13.5.3. Unutranji stupovi sva cetiri kata- HEM 500

224559 |

| 167898
| 3047.33 : :ISTS.SS

2648.59

[]
2900 48 - i

.-
YTTXTH Yo

= B

-~

4049 1.
1}

— HEM 500
Y Ex+c Fx-t 1000kN
Max=4097,45
Min=315,46

Cases: 22 (potres_stupovi_Ey>Ex)

Slika 109. Uzduzna sila u stupovima HEM 500 u potresnoj proracunskoj situaciji

_26?'65 236.85
F -

m— HEM 500

40.83 |=tFz 100kMN
Max=267,65
Min=-189,15

Cases: 21 (potres_stupovi_Ex>Ey)

Slika 110. Poprecna sila u stupovima HEM 500 u potresnoj proracunskoj situaciji
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£l

354.47
!
-5.55 | 10078
-529.70 |

-514.87]
| -40.68

- .
16238 R N o

My 500kMNm
Max=355,63
Min=-576,97

Cases: 21 (potres_stupovi_Ex>Ey)

Slika 111. Moment savijanja u stupovima HEM 500 u potresnoj proracunskoj situaciji

Ngg = 4097 - 1,19 = 4875 kN < 12222 kN
Veq = 267 - 1,19 = 318 kN < 5378 kN
Mgy =578-1,19 = 688 kNm < 2518 kNm
Npira(MEa) = Nggg + 1,1 ¥op " Q- Ngg g
18320778 kN > 3731 kN
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13.6. Proracun uzduznih greda

13.6.1. Vanjske uzduzne grede prizemlja i prvog kata- HEA 400

Otpornost na moment savijanja

-347.83

—1— -348.42

| 179.69

m— HEA 400
My 100kNm
Max=182,48
Min=-356,30

Cases: 18 (potres1)

Slika 112. Moment savijanje grede HEA 400 u potresnoj proracunskoj kombinaciji

Mgq 356-1,19 <10 052<1,0
Mo ra 821 7

JFx+c Fx-t 500kN
Max=8,12
Min=22,88

Cases: 19 (potres2)

Slika 113. Uzduzna sila u gredi HEA 400 u potresnoj proracunskoj situaciji
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N 23-1,19
Bt _ s <015 0,005 < 0,15
Neira 5645

Otpornost na poprecnu silu

Vea = Vea + Vean = 146 - 1,19 + 182 = 356

M +M 910 + 910
Vg = PL,Rd,A - PLRA,B _ — — 182 kN

HEA 400
“—Fz 50kN

Max=145 43
Min=-145 45

Cases: 25 (Ved_greda)

Slika 114. Poprecna sila za nepotresna djelovanja

Vg 356 0,30 < 0,5
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13.6.2. Vanjske uzduzne grede drugog i treeg kata- HEA 360

Otpornost na moment savijanja

Slika 115. Moment savijanje grede HEA 360 u potresnoj proracunskoj kombinaciji

M 327-1,19 <
Ed_ <10 0,58<1,0
Mg ra 671

Otpornost na uzduznu silu

Slika 116. Uzduzna sila u gredi HEA 360 u potresnoj proracunskoj situaciji
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N 120-1,19 <
Ed_ 0,15 < 0,15 0,03 <0,15

Neira 5068

Otpornost na poprecnu silu

Vea = Veas + Vean = 145-1,19 4+ 148 = 329
_ Mpiraa+ Mpirap _ 742 + 742

Veam = I 10 = 148 kN
142.51 | 46.35 E
14411 | | 12235 | .
. - _51.40 144 40
128 43
-144.12
-44 66 -489 53
s 144 46 o119
-142°53 -43.58 Sl HEA 380
-145 05 —JFz 50kN
Max=145,06
-124 87 Min=-145,05

Cases: 25 (Ved_greda)
Slika 117. Poprecna sila za nepotresna djelovanja

v 329 <
Ed__ 0,5 <05 0,33<0,5

Veira 1003 =
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13.6.3. Unutarnje uzduzne grede prizemlja i prvog kata- HEA 500

Otpornost ha moment savijanja

-6H8 .
66.60

9.13 « 97 91 : 91.87

S
2.63 w4 93.20

-641.

35479 HEA 500
| 361.35 ' Max=361,35
Min=-664,33

Cases: 18 (potres1)

Slika 118. Moment savijanja grede HEA 500 u potresnoj proracunskoj situaciji

664 - 1,19 <
<10 664-119 _ 0,63<1,0
Me, ra 1260

HEA 500
—IFx+c Fx-t 500kN
Max=237,81

Min=-46,96

Cases: 18 (potres1)

Slika 119. Uzduzna sila u gredi HEA 500 u potresnoj proracunskoj situaciji
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N 237-1,19
B _ 015 <015 0,04 < 0,15
Ney ra 7013

Otpornost na poprecnu silu

Voa = Voa + Vean = 288 - 1,19 + 380 = 723

M +M 1900 + 1900
Vg = PL,Rd,A - PLRAB _ -~ — 380 kN

HEA 500
=IFz 100kMN
Max=287,59
Min=-287,66

ases: 25 (Ved_greda)

Slika 120. Poprecna sila za nepotresnu kombinaciju

% 723 <
Ed < <05 0,38 <0,5
VeiRra 1910
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Potresni proracun

13.6.4. Unutarnje uzduzne grede drugog i treceg kata- HEA 600

Otpornost na moment savijanja

| 360.58 \ | 79.78

|-69§;5EL1 -730.63 || 56.95 |
673.28 | )

936 | =
[ 3632 _,_AE 81.51 |

—— =4 37184 || 371.84 HEA 600
Al My 500kNm
[ 8106 Max=372,48

Cases: 18 (potres1)

Slika 121. Moment savijanja grede HEA 600 u potresnoj proracunskoj situaciji

Mgq 732 1,19 0,51 < 1,0

<10
Moira 1699

" Min=-56,06

Cases: 19 (potres2)

Slika 122. Uzduzna sila u hredi HEA 600 u potresnoj proracunskoj situaciji
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Potresni proracun

N .
£ < 0,15 56 L19 _ ) 1s 0,01 < 0,15
Nei,ra 8039

Otpornost na poprecnu silu

Vea = Veag + Vean = 294 - 1,19 + 280 = 630 kN

M +M 1402 + 1402
Vg = PL,Rd,A - PLRA.B _ -~ — 280 kN

HEA 600
—IFz 50kN

Max=294,12

Min=-294,10

Cases: 25 (Ved_greda)
Slika 123. Poprecna sila za nepotresnu kombinaciju

VEa 630 0,41 <0,5

< <
Veira 1531

0,5
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14 PRORACUN PRIKLJUCKA

14.1. Detalj A

Detalj A je detalj spajanja spregnutog nosaca na glavni nosac.

105.85

5-96—102.79
5.90

Slika 124. Uzduzna sila glavnog nosaca

-90.57

Jr
TEDJS
[191.30

Slika 125. Moment savijanja glavnog nosaca

Slika 126. Uzduzna sila u spregnutom nosacu
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Project:
Project no:
Author:

Material
Steel 3356

Project item CON1

Design
MName
Description
Analysis

COM1

Stress, strain/ loads in equilibrium
Members

Geometry
Name Cross-section

B 3- HEA400 0.0 0.0
B1 4-1PE330

Supports and forces
Name

B/ begin
B/end
B1/end

Support
NV Z-ik-My-Mz

a - Rotation Offset ex
[l [mm]
0,0 1]

0.0

Forces in

Bolts

Cross-sections
Name
3 -HEA400
4 -1PE330

Material
5355
5355

[/=]=]=] StatiCa®

Enicalnta pestavclyls sstinates

Offset ey
[mm]

Offset ez
[mm]

Diplomski rad: Poljak Marija

151



Razrada detalja

Project: .
Project no: [[=]=F=] StatiCa*®
A i e o
Cross-sections
Name Material Drawing
z
=]
3-HEA400 S 355 S| Bl ----- DX
11
o
4 -1PE330 5355 8
Bolts
Diameter = Gross area
Name Bolt assembly [mm] [MPa] [mn?]
M16 8.8 M16 88 16 800.0 201
Load effects (forces in equilibrium)
N Vy Vz Nix My Mz
Hhane R k] [kH] kN] ki kNim] kN
LE1 B / Begin 00 0,0 103,0 00 170,0 0,0
B/End 00 0,0 103,0 0p0 170,0 0,0
B1/End 00 0.0 -930 00 00 00
Unbalanced forces
X ¥ z Mx My Mz
Hae [kM] [kM] [kN] [kNim] [kNim] [kMNm]
LE1 00 0,0 13,0 61 3400 0,0
Check
Summary
Name Value Check status
Analysis 100,0% OK
Plates 00<50% oK
Bolts 845 < 100% OK
Welds 98,1 < 100% OK
Buckling 16,74
Plates
tp = Ep| O Ed
Name [mi] Loads [MPa] ] [MPa] Status
B-bfl 1 190 LE1 118,5 0,0 00 OK
B-fl 1 190 LE1 115,0 0,0 00 OK
Bw1 10 LE1 239,0 0.0 00 OK
B1-bfi 1 15 LE1 69,6 0,0 00 OK
B1-1fl 1 15| LE1 69,3 0,0 00 OK
B1-w 1 75 LE1 3483 0.0 257 OK
FP1 10,0 LE1 2781 0,0 257 OK
Design data
. f, £
Material ¥ i
[MPa] [%]
S355 355,0 50
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Project:
Project no:
Author:

Detailed result for B-bfl 1
Design values used in the analysis

fa=2% = 350 MPa

MO
Where:

f;,k = 355,0 MPa - characteristic yield strength

yumo = 1,00 - partial safety factor for steel material EMN 1993-1-1 —-6.1

Detailed result for B-tfi 1
Design values used in the analysis

fra=21% = 3550 MPa

Where:
fut = 355,0 MPa - characteristic yield strength

yamo = 1,00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for B-w 1
Design values used in the analysis

fod = % = 3%0 MPa

Where:
fye = 3550 MPa - characteristic yield strength
a0 = 1,00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for B1-bfl 1
Design values used in the analysis

fa=2% = 3550 MPa

Yo
Where:

fg,k = 3550 MPa - characteristic yield strength

Tamo = 1,00 — partial safety factor for steel material EN 1993-1-1 —-6.1

Detailed result for B1-tfl 1
Design values used in the analysis

fa=2% = 3%0 MPa

a0
Where:

fu- = 3550 MPa - characteristic yield strength

yuo = 1,00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for B1-w 1
Design values used in the analysis

fra=1% = 3%0 MPa

Where:
fue = 3550 MPa - characteristic yield strength

Fumo = 100 - partial safety factor for steel material EMN 1993-1-1 —-6.1

Detailed result for FP1
Design values used in the analysis

oSt
fud = 48 = 3%,0 MPa
Where:
fut = 355,0 MPa - characteristic yield strength
a0 = 1,00 — partial safety factor for steel material EMN 1993-1-1 - 6.1
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Project:
Project no: [[=]=FF] StatiCa®
Authoi: PO S —

Overall check, LE1

[%]
1 150%

| {5,00)

0,02 - 0%

Strain check, LET

[MPa]
3550

275
225

175
150
125
100

® 83

0,0

Equivalent stress, LE1
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Project:
Project no:
Author:

Bolts

Shape

Design data

M16 8.8 -1

Detailed result for B1

[[a]=FF] StatiCa*

£ni ates

Tension resistance check (EN 1993-1-8 — Table 3.4)

i *2';":2.4. _

Where:
ks = 0,90

F F F Uy U Ut o
Item Grade Loads fed wEx B : Detaili Status
kN [kN] kNl [%] [ %] =
B1 M168.8-1 LE1 99 462 176 110 766 845 OK OK
B2 M168.8-1 LE1 29 468 176 33 716 799 OK OK
F B F
Grad t,Rd 'p,Rd v,Rd
* [kN] [kN] [l\]
904 140,6 60,3
904 kN = Fipa= 99 kN

—Factor

fub = 800,0 MPa - Ultimate tensile strength of the bolt

Ay =157 mm?

Mz =125

—Tensile stress area of the bolt

— Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppa= £iinbh — 4406 kN = Frme= 99 kil
Where:
d = 25 mm — The mean of the across peints and across flats dimensions of the bolt head or the nut, whichever is smaller

t,=8mm

— Plate thickness

fu =490,0MPa - Ultimate strength

M2 =125

— Safety factor

Shear resistance check (EM 1993-1-8 — Table 3.4)

_ o aufuA
Fupg = 2500 =

Where:
fp =100
a, =060

603 kN = Fopi= 462 kN

— Reduction factor for packing
— Reduction factor for shear stress

Sfub = 8000 MPa - Ultimate tensile strength of the bolt

A = 157 mm?
Tmz =125

—Tensile stress area of the bolt

—Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fypa=22b% — 176 N 2 Fopa= 462 KN
Where:
by = Hﬁn{Z.SZ;z g 1-7|1-4ﬁ —1.7,2.5) = 250 - Factor for edge distance and bolt sparing perpendicular to the direction of load transfer
ap = m'm{:ei—‘ EL 1, £-—. 1) =1,00 — Factor for end distance and bolt spacing in direction of load transfer
3do'3dy 4" fu
€2 =45 mm — Distance to the plate adge perpendicular to the shear force
P2 = =mm — Distance between belts perpendicular to the shear force
dp =18 mm — Bolt hole diameter
€1 = 86 mm — Distance to the plate edge in the direcion of the shear force
P1 = =mm — Distance between bolts in the direction of the shear force
Fur = 800,0 MPa — Ultimate tensile strength of the bolt
fu =490,0 MPa — Ultimate strength of the plate
d =16 mm — Nominal diameter of the fastener
t=8mm — Thickness of the plate
Yara =125 — Safety factor
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Project:
Project no:
Author:

Utilization in tension

FiEd _

T Bl — 011 < 10
Where:
Fips=99kN  —Tensile force

Firs =904kN  —Tension resistance
By rs = 1406 kN - Punching resistance

Utilization in shear

max(pE; PE) = 077 < 10

Where:

F,ps =462k - Shear force (in decisive shear plane)
F, g =603 KN - Shear resistance

Fygg =46,2kN - Bearing force (for decisive plate)

Fy ga = 176 kN - Bearing resistance

Interaction of tension and shear (EM 1993-1-8 — Table 3.4)

Foea Figa
Fom T TaRm = 084 < 10

Where:

F, ps =462kN - Shear force (in decisive shear plane)
F, ra =603 kN - Shear resistance

Fips =99kN  —Tensile force

Firs =90,4kN —Tension resistance

Detailed result for B2
Tension resistance check (EN 1993-1-8 — Table 34)

Fipa=1tfed _ 904 N 2 Frra= 29 kN

YMZ
Where:
ks =0,90 — Factor
fup = 800,0 MPa — Ultimate tensile strength of the bolt
A, =157 mm?  —Tensile stress area of the bolt
ymz2 =125 — Safety factor

Punching resistance check (EMN 1993-1-8 — Table 34)

Bopa=Erdnbele — 1206 WN > Foma= 29 kN
Where:
dm = 25 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is smaller
t, =8mm — Plate thickness
fu=490,0MPa - Ultimate sirength
Tm2 =125 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)
Fupi=22fd _ 603 kN 2 Fm= 468 kN

M2
Where:
Bp =100 — Reduction factor for packing
o, =060 — Reduction factor for shear stress

fub = B00,0 MPa - Ultimate tensile strength of the bolt
A =157 mm? —Tensile stress area of the bolt
w2 =125 — Safety factor
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Project:
Project no:
Author:

-/ StatiCa”

Bearing resistance check (EN 1993-1-8 — Table 3.4)
Fipa=82hd - 4176 N = Fopa= 468 kN
Where:
; ez »m
k= 1'1111'1[2-3&6 —17, 1-43*0 - 1.7,2.5) = 250 —Factor for edge distance and bolt spacing perpendicular to the direction of load transfer
e ;1 fu

ap = min{gn‘ 3 1 f 1) =100 — Factor for end distance and bolt spacing in direction of load transfer
ey =45 mm — Distance to the plate edge perpendicular to the shear force
Pz == mm — Distance between bolts perpendicular to the shear force

dog =18 mm — Bolt hole diameter

ey = 166 mm — Distance to the plate edge in the direction of the shear force
p1 = 80mm — Distance between bolts in the direction of the shear force
fup = 800,0 MPa — Ultimate tensile strength of the bolt

fu =490,0 MPa — Ultimate strength of the plate

d =16 mm — Mominal diameter of the fastener

f=8mm — Thickness of the plate

Tmz2 =125 — Safety factor

Utilization in tension

Figa 2
T B . 0083 < 1.0

Where:
Fips =29kN  -Tensle force
F. s =90.4kN  —Tenslon resistance

By rs = 1406 kM - Punching resistance

Utilization in shear

Fogs, Fuea
max(i\-..w‘ FA.HA]

= 078 £ 10

Where:

FE:EJ =46,8kN - Shear force (in decisive shear plane)
Fy.ri =603 kN — Shear resistance

Fipq =46,8kN  —Bearing force (for decisive plate)
Fipa = 176 kN —Bearing resistance

Interaction of tension and shear (EN 1993-1-8 - Table 3.4)
P BE = 080 < 10
Where:
F, g =46,8KN —Shear force (in decisive shear plane)
Fy.ri =603 kN — Shear resistance
Fipg =29kN  —Tensile force
Fira =90.4kN  —Tension resistance

Welds
Vi L Owed  EP1 L T T Ut Ut, -
ftem  Edge oy [meg 0295 vPa) [ MPa]  [MPs]  MPa] (%] [%]  Detaing  Status
Bwl FP1 450a 259 LE1 4273 03 929 951 2212 981 779 OK oK
450 259 LE1 4274 03 1226 1204 2034 981 802 OK oK
Design data
i fu Bu OuRd 090
Mkl [MPal ] [MPal [MPa]
S 355 490,0 0,90 4356 3528

Detailed result for B-w 1/FP1 -1
Weld resistance check (EN 1923-1-8 - Cl. 45.32)

Tuid = ful (Butap) = 4356 MPa 2 oy,pg= [0l +3(71 +77)]% = 4273 MPa

o1ri=0,9fu /2 = 3528 MPa = lo.|= 1213 MPa

where:

fu=490,0MPa - Ulimate strength

B =090 — Correlation factor EN 1993-1-8 - Tab. 4.1
T2 =125 — Safety factor
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Project: .
Project no: @StamCa”
Author: L A —

Stress utilization

Up = max(Z:£; 12y — 998 < 10

Suhd | TLR

Where:
T, pd = 427,3MPa - Maximum normal stress transverse to the axis of the weld

Tw,rd = 4356 MPa - Equivalent stress resistance
o, =1213 MPa — Mormal stress perpendicular to the throat
0 gs =352,8MPa - Perpendicular stress resistance

Detailed result for B-w1/FP1 -2
Weld resistance check (EMN 1993-1-8 - Cl. 45.32)

Ouwri= fuf (Fuyiz) = 4356 MPa > ouwpa=[07 +3(r +77)]" = 4274 WPa

T pg=0,9f,/vy2 = 3528 MPa z |o,|= 1673 MPa
where:
fu =490,0MPa - Ultimate strength
B =0,90 — Correlation factor EN 1993-1-8 — Tab. 4.1
a2 =125 — Safety factor

Stress utilization
U, = max(2=£; 2Ly~ 098 < 10

Suhfd ' TR

Where:
T g4 = 427,4 MPa  — Maximum normal stress transverse to the axis of the weld

T fd = 4356 MPa - Equivalent stress resistance
o) = 1673 MPa — Mormal stress perpendicular to the throat
7| gt = 3528 MPa - Perpendicular stress resistance

Buckling

Loads Shape Fﬁ‘"

1
2
3
4
5
6

16,74
18,67
2382
2488
2592
29,07

LE1

First buckding mode shape, LE1
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Project: r .
Project no: [[=]=F7] StatiCa
Author: Cotowints pescenciy’s secimates

Bill of material

Manufacturing operations

Plates Welds Length
e [mm] Shape e Throat thickness [mm] [mm] Bolis [
+ .
FP1 P10,0x105,0-260,0 (S 355) i Double fillet: 5,0 260,0 M168.8 2
4
Welds
> Throat thickness Leg size Length
Type Material [mm] [mm] [mm]
Double fillet S 385 5.0 71 260,0
Bolts
Name Gr||[3mlen:;gth Count
M16 8.8 18 2
Drawing
FP1

P10,0x260-105 (S 355)

AN A AL ! LS AL PRI

L]

40 B0 a0
.. RN N } -

r
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Project:
Project no:
Author:

E1, IPE330 - Web 1:

[[s]=FZ] StatiCa®

412 15, 128
I
L}
} -
[
2,
&
:
,@’m/@a
2| 8 &
L) o "
=
+
S
!
512 45
e T
557

Symbol explanation

=
Epl
O¢c.Ed
¥
Efim
Fiea
Fued
Fora
Uty
ut,
Uty
Fird
Bora

F\r.Rd

Ow.Ed
o)
Tl

Ti

Ut
Ut

u

Gw.Hd
09¢

Symbol

Explanation

Plate thickness

Equivalent stress

Plastic strain

Contact stress

Yield strength

Limit of plastic strain

Tension force

Resultant of bolt shear forces Vy and Vz in shear planes
Plate bearing resistance EM 1993-1-8 —Tab. 3.4
Utilization in tension

Utilization in shear

Interaction of tension and shear EM 1993-1-8 — Tab. 3.4
Bolt tension resistance EN 1923-1-8 - Tab. 3.4
Punching shear resistance EN 1993-1-8 — Tab. 34
Bolt shear resistance EN 1993-1-8 — Tab. 3.4
Throat thickness a

Length

Equivalent stress

Perpendicular stress

Shear stress perpendicular to weld axis

Shear stress parallel to weld axis

Utilization

Weld capacity estimation

Fillet weld

Ultimate strength of weld

Correlation factor EN 1993-1-8 — Tab. 4.1
Equivalent stress resistance

Perpendicular stress resistance: 0.9"fu/yM2
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Project:
Project no: /=/=/=/ StatiCa”
Author: Co's resimatre
Code settings
tem Value Reference
Safety factor yy,q 1,00 EN 1993-1-1: 6.1
Safety factor v, 1,00 EM 1993-1-1: 6.1
Safety factor yy,, 1,25 EM 1993-1-1: 6.1
Safety factor yy,, 1,25 EM 1993-1-8:22
Safety factor yg 1,50 EN 1992-1-1:24.24
Safety factor y,., 1,20 EN 1992-4: Table 4.1
Joint coefficient Bj 0,67 EM 1993-1-8:6.25
Effective area - influence of mesh size 010
Friction coefiicient - concrete 025 EMN 1993-1-8
Friction coefficient in slip-resistance 0,30 EMN 1993-1-8tab 3.7
Limit plastic strain 0,05 EMN 1993-1-5
Detailing Yes
Distance between bolts [d] 220 EMN 1993-1-8: tab 3.3
Distance between bolts and edge [d] 1,20 EM 1993-1-8:tab 3.3
Concrete breakout resistance check Both EN 1992-4:7214and 7225
Use calculated ab in bearing check. Yes EM 1993-1-8: tab 34
Cracked concrete Yes EM 19924
Local deformation check Yes CIDECTDG1,3-11
Local deformation limit 0,03 CIDECTDG1, 3-11
Geometrical nenlinearity (GMMA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1993-1-8:52.25
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14.2. DetaljB

Detalj B prikazuje ankeriranje stupa.

FX=3871
FY=0,12

FZ=1535,37
MY=173,97
MZ=0,00

e

Slika 127. Reakcije u stupu

Robot Structural Analysis Professional 2024 {:}K
Fixed column base design
Eurocode 3: EN 1993-1-8:2005/AC:2009 + CEB Design Guide: Ratio
Design of fastenings in concrete 091
3 J-I‘J &
+—r 4
FEF T
i - HEA 700
. | T D0
e
4 :Iq;.-
4 a9 &
155
T‘r
ﬁLﬁl <l
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General
Connection no.: 2

Connection name: Fixed column base

Geometry

Column

Section: HEA 700

Lc= 5,00 [m] Column length

o= 0,0 [Deg] Inclination angle

he = 690 [mm] Height of column section

bre = 300 [mm] Width of column section

twe = 14 [mm] Thickness of the web of column section
te = 27 [mm] Thickness of the flange of column section
re = 27 [mm] Radius of column section fillet

Ac = 260,48 [cm? Cross-sectional area of a column

lyc = 215301,00 [cm* Moment of inertia of the column section

Material: S 355
fyc = 355,00 [MPa] Resistance

fuc = 470,00 [MPa] Yield strength of a material

Column base

lpd = 800 [mm] Length

bpd = 350 [mm] Width

tpd = 30 [mm] Thickness

Material: S 355

fypd = 355,00 [MPa] Resistance

fupd = 470,00 [MPa] Yield strength of a material
Anchorage

The shear plane passes through the UNTHREADED portion of the bolt.

Class = 10.9 Anchor class

fyp = 900,00 [MPa] Yield strength of the anchor material
fuo= 1000,00 [MPa] Tensile strength of the anchor material
d= 24 [mm] Bolt diameter

As = 3,53 [cm?] Effective section area of a bolt

Ay = 4,52 [cm?] Area of bolt section

nH = 2 Number of bolt columns

ny = 2 Number of bolt rows

Diplomski rad: Poljak Marija

163



Razrada detalja

Horizontal spacing esi= 380 [mm]
Vertical spacing evi = 200 [mm]

Anchor dimensions

L1= 60  [mm]
Lo = 300  [mm]
Ls = 0 [mm]

Anchor plate

lp = 100 [mm] Length

bp = 100 [mm] Width

to = 10 [mm] Thickness
Material: S 355

fy = 355,00 [MPa] Resistance
Washer

lwa = 120  [mm] Length

bwd = 120 [mm] Width

twd = 15 [mm] Thickness
Wedge

Section: HEA 200
lw = 100 [mm] Length
Material: S 355

fyw = 355,00 [MPa] Resistance

Material factors

™o = 1,00 Partial safety factor
™2 = 1,25 Partial safety factor
yc = 1,50 Partial safety factor

Spread footing

L= 900 [mm] Spread footing length
B = 500 [mm] Spread footing width
H= 500 [mm] Spread footing height
Concrete

Class C30/37

fok = 30,00 [MPa] Characteristic resistance for compression
Grout layer
tg = 30 [mm] Thickness of leveling layer (grout)

feg = 12,00 [MPa] Characteristic resistance for compression

Cia= 0,30 Coeff. of friction between the base plate and concrete
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Welds

ap = 6 [mm] Footing plate of the column base
aw = 6 [mm] Wedge

Loads

Case: Manual calculations.

Njea = -1535,00 [kN] Axial force

VjEdy = -1,00 [kN] Shear force
VjEdz = -39,00 [kN] Shear force
Mjeay = -174,00 [kN*m] Bending moment
Results

Compression zone

COMPRESSION OF CONCRETE
fea = 20,00 [MPa] Design compressive resistance
fi= 16,90 [MPa] Design bearing resistance under the base plate

¢ = to V(fyp/(3*f*ym0))

c= 79 [mm] Additional width of the bearing pressure zone

befr = 161 [mm)] Effective width of the bearing pressure zone under the flange
leff = 350 [mm] Effective length of the bearing pressure zone under the flange
Aco= 564,82 [cm?] Area of the joint between the base plate and the foundation

Aci = 1306,88 [cm?] Maximum design area of load distribution
Frau = Aco*fcd*\/(Am/AcO) < 3*Aco*fed
Frau= 1718,31 [kN]  Bearing resistance of concrete

Bj = 0,67 Reduction factor for compression

fjd = Bj*Frdu/(beff*leff)
fia = 20,28 [MPa] Design bearing resistance

Acn= 1956,48 [cm? Bearing area for compression

Acy = 564,82 [cm? Bearing area for bending My
FcRrd,i = Ac,i*fid
Fcran=3968,06 [kN] Bearing resistance of concrete for compression

Fcray =1145,54 [kN] Bearing resistance of concrete for bending My

COLUMN FLANGE AND WEB IN COMPRESSION
CL= 4,00 Section class

Wey= 6240,61 [cm?® Elastic section modulus

Mcrdy = 2215,42 [kN*m] Design resistance of the section for bending

hry = 663 [mm] Distance between the centroids of flanges

EN 1992-1:[3.1.6.(1)]
[6.2.5.(7)]

[6.2.5.(4)]
[6.2.5.(3)]
[6.2.5.(3)]
EN 1992-1:[6.7.(3)]
EN 1992-1:[6.7.(3)]

EN 1992-1:[6.7.(3)]
[6.2.5.(7)]

[6.2.5.(7)]

[6.2.8.2.(1)]
[6.2.8.3.(1)]

[6.2.8.2.(1)]
[6.2.8.3.(1)]

EN 1993-1-1:[5.5.2]
EN1993-1-1:6.2.5.(2)]
EN1993-1-1:[6.2.5]
[6.2.6.7.(1)]
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CL= 4,00 Section class

Fc,fc,Rd,y = Mc,Rd,y/ hf,y

EN 1993-1-1:[5.5.2]

Feferdy =3341,50 [kKN] Resistance of the compressed flange and web [6.2.6.7.(1)]
RESISTANCES OF SPREAD FOOTING IN THE COMPRESSION ZONE
Njrd = FcRrd,n
Njra =3968,06 [kN] Resistance of a spread footing for axial compression [6.2.8.2.(1)]
Fc.rdy = min(FcRrdy,FcfcRdy)
Fcray =1145,54 [kN] Resistance of spread footing in the compression zone [6.2.8.3]
Connection capacity check
Njed / Njra < 1,0 (6.24) 0,39 < 1,00 verified (0,39)
ey = 113 [mm] Axial force eccentricity [6.2.8.3]
Zoy = 319 [mm] Lever arm FcRrdy [6.2.8.1.(2)]
Zty = 190 [mm] Leverarm FrRrdy [6.2.8.1.(3)]
Mjray = 191,67 [kN*m] Connection resistance for bending [6.2.8.3]
Mijedy / Mjray < 1,0 (6.23) 0,91 < 1,00 verified (0,91)
Shear
BEARING PRESSURE OF AN ANCHOR BOLT ONTO THE BASE PLATE
Shear force VjEed,y
ody=0,96 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
oby=0,96 Coeff. for resistance calculation F1 b rd [Table 3.4]
kiy=2,50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
F1vbRdy = K1,y*awb,y*fup*d*tp / ym2
F1iwbRday =650, 77 [kN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
Shear force VjEd,z
Odz=2,69 Coeff. taking account of the bolt position - in the direction of shear [Table 3.4]
obz=1,00 Coeff. for resistance calculation F1 b rd [Table 3.4]
kiz=2,50 Coeff. taking account of the bolt position - perpendicularly to the direction of shear [Table 3.4]
F1.vb,Rdz = K1,2*0,z*fup*d*tp / ym2
Fiw,rdz=676,80 [KN] Resistance of an anchor bolt for bearing pressure onto the base plate [6.2.2.(7)]
SHEAR OF AN ANCHOR BOLT
op = 0,25 Coeff. for resistance calculation F2,vb rd [6.2.2.(7)]
Aw = 4,52 [cm?  Area of bolt section [6.2.2.(7)]
fub = 1000,00 [MPa] Tensile strength of the anchor material [6.2.2.(7)]
M2 = 1,25 Partial safety factor [6.2.2.(7)]
F2vb,rd = ob*fub*Avblym2

Diplomski rad: Poljak Marija 166



Razrada detalja

Fawrda= 89,75 [kN]  Shear resistance of a bolt - without lever arm [6.2.2.(7)]
amv= 2,00 Factor related to the fastening of an anchor in the foundation CEB [9.3.2.2]
Mrks = 1,83 [kN*m] Characteristic bending resistance of an anchor CEB [9.3.2.2]
lsm = 57 [mm] Lever arm length CEB [9.3.2.2]
yms = 1,20 Partial safety factor CEB [3.2.3.2]
Fv,Rd,sm = am* MRk s/(Ism*yms)
Fvrdsm= 53,57 [KN]  Shear resistance of a bolt - with lever arm CEB [9.3.1]
CONCRETE PRY-OUT FAILURE
NRk.c = 66,11  [kN]  Design uplift capacity CEB [9.2.4]
ks = 2,00 Factor related to the anchor length CEB [9.3.3]
YMc = 2,16 Partial safety factor CEB [3.2.3.1]
Fv,rd.cp = k3*NRrk,c/yMc
FvRrdcep = 61,21 [kN]  Concrete resistance for pry-out failure CEB [9.3.1]
CONCRETE EDGE FAILURE
Shear force VjEed,y
VRkey? 49, [k - . CEB
_ 82 N Characteristic resistance of an anchor [9.3.4.(a)]
1,0 . .
‘:A'V’y 0 Factor related to anchor spacing and edge distance CEB [9.3.4]
yhvy 1,0 . . CEB
M 0 Factor related to the foundation thickness [9.3.4.(c)]
1,0 . . .
‘fs'v’y Factor related to the influence of edges parallel to the shear load direction CEB
= 0 [9.3.4.(d)]
Yecvy 1,0 Factor taking account a group effect when different shear loads are acting on the CEB
= 0 individual anchors in a group [9.3.4.(e)]
Yo,Vy 1,0 . . . CEB
M 0 Factor related to the angle at which the shear load is applied [9.3.4.(7)]
Yucr,V,y 1,0 F . CEB
actor related to the type of edge reinforcement used
- 0 yp g [9.3.4.(9)]
2,1 . CEB
TMc = 6 Partial safety factor (3.2.3.1]
Fv,Rd,c,y = VRk,c,yo*\UA,V,y*\Uh,V,y*\Vs,V,y*Wec,V,y*\lla,V,y*Wucr,V,y/YMc
FvRdey= 23,07 [kN]  Concrete resistance for edge failure CEB[9.3.1]
Shear force VjEd,z
VRkcz 113, [k L. . CEB
0 70 NJ Characteristic resistance of an anchor [9.3.4.(a)]
ZA’V'Z 0,38 Factor related to anchor spacing and edge distance CEB [9.3.4]
Whvz 1 g . . CEB
- ’ Factor related to the foundation thickness [9.3.4.(c)]
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sz’c'z 11% [[\jk] Characteristic resistance of an anchor [9_3.4?;‘;
ZS’V‘Z 0,82 Factor related to the influence of edges parallel to the shear load direction [9'3.4(?(?;
WeoVz 1 g Factor taking account a group effect when different shear loads are acting on the CEB
= individual anchors in a group [9.3.4.(e)]
‘:‘*’V’Z 1,00 Factor related to the angle at which the shear load is applied [9.3'2%,';
WuwerVz 1 00 Factor related to the type of edge reinforcement used CEB
= [9.3.4.(9)]
yme = 2,16  Partial safety factor [3'2%?3
FvRdcz = VRe,2Z*WAV,Z Wh v,z Ws V.2 Wee V.2 Wa, vz " Wuer, V.2l YMe

Fvracz= 16,51 [kN]  Concrete resistance for edge failure CEB [9.3.1]
SPLITTING RESISTANCE

Cia = 0,30 Coeff. of friction between the base plate and concrete [6.2.2.(6)]
Nceda =1535,00 [kN] Compressive force [6.2.2.(6)]
Fira = Cta*NcEd

Fira= 460,50 [KN]  Slip resistance [6.2.2.(6)]
BEARING PRESSURE OF THE WEDGE ONTO CONCRETE

Fv.rdwgy = 1.4*lw*bwy*fex/ve

Fvrawgy =532,00 [kN] Resistance for bearing pressure of the wedge onto concrete

Fv,rdwgz = 1.4%lw*bwz*fek/yc

Fvrawgz =560,00 [kN] Resistance for bearing pressure of the wedge onto concrete

SHEAR CHECK

VjRdy = no*min(F1vb,Rdy, F2,vb,Rd, Fv,Rd,sm, Fv,Rd,cp, Fv.Rd,cy) + Fv.Rdwgy + Ff,Rd

Vijrdy = 1084,76 [kN]  Connection resistance for shear CEB[9.3.1]
Viedy ! Virdy < 1,0 0,00 < 1,00 verified (0,00)
VjRd,z = Nb*min(F1,vb,Rd,z, F2,vb,Rd, Fv.Rd,sm, Fv,Rd.cp, Fv.Rd,c.z) + FvRdwg,z + FtRd

Vjrdz= 1086,53 [kN]  Connection resistance for shear CEB [9.3.1]
Vjedz/ Vjrdz < 1,0 0,04 < 1,00 verified (0,04)
VijEedy / ViRrdy + Vjedz / ViRrdz< 1,0 0,04 < 1,00 verified (0,04)
Welds between the column and the base plate

oL= 97,33 [MPa] Normal stress in a weld [4.5.3.(7)]
T = 97,33 [MPa] Perpendicular tangent stress [4.5.3.(7)]
Tyl = -0,14 [MPa] Tangent stress parallel to Vjeqy [4.5.3.(7)]
o = -5,11 [MPa] Tangent stress parallel to Vjeqz [4.5.3.(7)]
Bw = 0,90 Resistance-dependent coefficient [4.5.3.(7)]
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o1/ (0.9*ulym2)) < 1.0 (4.1) 0,29 < 1,00 verified (0,29)
V(12 + 3.0 (tyi? + 112)) / (ful(Bw*ym2))) < 1.0 (4.1)0, 47 < 1,00 verified (0,47)
V(612 + 3.0 (ta® + 1:2)) / (ful(Bw*ym2))) < 1.0 (4.1)0, 45 < 1,00 verified (0,45)
Connection stiffness
Bending moment Mjed,y
bet = 161 [mm] Effective width of the bearing pressure zone under the flange [6.2.5.(3)]
let = 350 [mm] Effective length of the bearing pressure zone under the flange [6.2.5.(3)]
k1zy = Ec*V(befi*ler)/(1.275*E)
Kizy = 29 [mm] Stiffness coeff. of compressed concrete [Table 6.11]
leff = 406 [mm] Effective length for a single bolt row for mode 2 [6.2.6.5]
m = 86 [mm] Distance of a bolt from the stiffening edge [6.2.6.5]
kisy = 0.425*lef*tp3/(m?3)
Kisy = 7 [mm] Stiffness coeff. of the base plate subjected to tension [Table 6.11]
Lo = 279 [mm] Effective anchorage depth [Table 6.11]
kiey = 1.6*Ab/Lb
Kiey = 2 [mm] Stiffness coeff. of an anchor subjected to tension [Table 6.11]
Aoy = 0,23 Column slenderness [6.2.2.5.(2)]
Sjiniy = 544948,32 [kN*m] Initial rotational stiffness [Table 6.12]
X0y <0.5RIGID [6.2.2.5.(2)]
Weakest component:
FOUNDATION - BEARING PRESSURE ONTO CONCRETE

Connection conforms to the code Ratio 0, 91
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14.3. Detalj C

Detaljem C se prikazuje spajanje glavnog stupa s uzduznim gredama.

Slika 128. Uzduzna sila stupa detalja C

Slika 129. Poprecna sila stupa detalja C
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Slika 130. Moment savijanja stupa detalja C

Slika 131. Poprecna sila grede detalja C

Slika 132. Moment savijanja grede detalja C
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Project:
Project no:
Author:

Project item CON1

Design

Name CON1
Description

Analysis Stiffness

Members

Geometry

B — Direction
[l

Cc 6 - HEA700 0.0

B1 5- HEA400 0.0

B2 5- HEA400 180.0

Name Cross-section

Supports and forces
Name

C/ begin
C/end

B1/end
B2 /end

N-Vy-Vz-Mx-My-Mz
N-Vy-Vz-Mx-My-Mz

N-Vy-Vz-Mx-My-Mz

y - Pitch

90.0
0.0
0.0

Support

a - Rotation
[l
0.0
0.0
0.0

Node
Node
Node
Node

Offset ex

[mm]

Forcesin

Offset ey

[[=/={=] StatiCa*®

Celculete yesterday's esbimates

Offset ez

[mm] [mm]

[mm]

o O O o
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Project: i
Project no: [[a[=]] StatiCa°
Auth B Colcuiste yesterday's estimates
Cross-sections
Name Material
6 - HEA700 S 355
5 - HEA400 S 355
Bolts
Diameter fy f, Gross area
Bale [mm] [MPa] [MPa] [mm?]
M24 10.9 24 900.0 1000.0 452
Load effects
N Vy Vz Mx My Mz
faine MsIet kN] kN] [kN] [kNm] [KNm] [KNm]
LE1 C/ Begin 1432.0 0.0 220.0 0.0 1211.0 0.0
C/End 1069.0 0.0 112.0 0.0 48.5 0.0
B1/End 0.0 0.0 94.0 0.0 -43.0 0.0
B2 /End 0.0 0.0 -198.0 0.0 560.0 00
Check
Rotational stiffness
M 8 ini oc L S S
i.Rd J,ini ', R i, P
Name  Comp.  Loads N (WNmrad  [mrad]  [m]  [MNmirad] MNmiad] | C©12%%
B1 My LE1 4125 0 3.6 6.00 394.6 79 Rigid
Secant rotational stiffness
M Sj,s - ]
s S S kN [MNmJrad] [mrad]
B1 My LE1 -43.0 o0 0.0
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Project:

Project no: [[#[=]=] StatiCa®
Author: Colculate yesterday's estimates
W Sj
SiR
W SiP
M Sj.ini
1500,0
£ 1000.0°\c Rd = 908,8 kNm
o
s
A0 MjBd = 412,5 kNm
! 2/3 MjRd = 275,0 kNm
5),ini = oo iNm/rad
0,0 =243,0 KNm
0,0 2,0 4,0 6,0 8,0 10,0 12,0
$[mrad]

Stiffness diagram My - ¢y, LE1
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Project:
Project no: //#/=/=] StatiCa®

Calculate yesterdar's esbimates
Author:

Cross-sections

Name Material
6 - HEA700 S 355
5 - HEA400 S 355
Bolts
Diameter i I Gross area
s (mm] [MPa] [MPa] [m?]
M24 10.9 24 900.0 1000.0 452

Load effects (forces in equilibrium)

N vy vz Mx My Mz
Tt s (kN] kN [kN] [kNim] [kNm] [kNm]
LE1 C/ Begin 14320 0.0 2200 0.0 1211.0 0.0
C/End 1069.0 0.0 112.0 0.0 485 0.0
B1/End 0.0 0.0 94.0 0.0 43.0 0.0
B2/ End 0.0 0.0 -198.0 0.0 560.0 0.0
Unbalanced forces
X Y z Mx My Mz

P [N [kN] [kN] [kNm] [kNm] (kNm]

LE1 -332.0 0.0 2397.0 0.0 656.5 0.0
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Project:
Project no: [[3]=F=] StatiCa°®
ko Colcuiate yesterda's sstmates
Check
Summary
Name Value Check status
Analysis 100.0% OK
Plates 42 <50% OK
Bolts 96.5 < 100% OK
Welds 99.0 < 100% OK
Buckling Not calculated
Plates
Name [n:z_'] Loads [;E,:‘] [::,Z '] [t;‘;f:fa“’] Status
C-bfl 1 270 LE1 184.1 0.0 9.8 OK
C-tfl 1 270 LE1 338.1 0.0 3164 OK
C-w1 14.5 LE1 288.6 0.0 0.0 OK
B1-bfl 1 19.0 LE1 352 0.0 0.0 OK
Bi-tfl 1 19.0 LE1 352 0.0 0.0 OK
Bl-w1 11.0 LE1 47.1 0.0 0.0 OK
B2-bfl 1 19.0 LE1 355.1 0.1 0.0 OK
B2-tfl 1 19.0 LE1 2935 0.0 0.0 OK
B2-w 1 11.0 LE1 339.3 0.0 0.0 OK
EP1a 13.0 LE1 836 0.0 9.8 OK
EP1b 13.0 LE1 363.9 4.2 3164 OK
STIFF1a 15.0 LE1 164.6 0.0 0.0 OK
STIFF1b 15.0 LE1 168.5 0.0 0.0 OK
STIFF1c 15.0 LE1 216.5 0.0 0.0 CK
STIFF1d 15.0 LE1 2196 0.0 0.0 OK
WID1a 10.0 LE1 212 0.0 0.0 OK
WID1b 15.0 LE1 10.3 0.0 0.0 OK
WID2a 10.0 LE1 308.2 0.1 0.0 OK
WID2b 15.0 LE1 355.1 0.0 0.0 OK
Design data
Material [N{;a] ?,}:11
S 355 355.0 50
Detailed resuit for EP1b
Design values used in the analysis
fra= 12— 3550 MPa
Where:
fyk = 355.0 MPa - characteristic yield strength
Yao = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1
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Project:
Project no: //#]/==] StatiCa“®
Author: Calculate yesterday's estimates
Overall check, LE1
[%]
150%
100%
1(5.00)
|
4.22
Vv
0%
Strain check, LE1
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Project:
Project no: [/#]=]=] StatiCa®
Auth or: Calculate yesterday's estimates

[MPa]
3550
325
300
275
250
225
200
175
150
125
100
75
50
25
' 0.0
Equivalent stress, LE1
Bolts
Shape Item Grade Loads Tﬁﬁi’ I;;ﬁ]" F[ii\l}]d E:/ti [L:/Tj l;;:]S Detailing Status
B1 M24 10.9- 1 LE1 2.8 7.4 305.8 1.1 5.3 6.0 OK OK
B2 M24 10.9- 1 LE1 2.8 7.4 3058 1.1 5.2 6.0 OK OK
B3 M24 10.9- 1 LE1 0.0 6.0 3058 0.0 4.3 43 OK OK
B4 M24 10.9- 1 LE1 0.0 6.0 3058 0.0 4.2 42 OK OK
B5 M24 10.9- 1 LE1 7.0 13.3 305.8 2.7 9.4 14 OK OK
B6 M24 10.9- 1 LE1 6.9 13.3 305.8 27 9.4 1.3 OK OK
B7 M24 10.9-1 LE1 12.0 20.5 3058 47 145 179 OK OK
B8 M24 10.9 - 1 LE1 11.8 204 3058 48 145 17.8 OK OK
B9 M2410.9- 1 LE1 239.5 22 2920 942 1.5 689 OK OK
B10 M2410.9-1 LE1 238.6 1.5 2914 939 1.1 881 OK OK
o f B11 M24 10.9 - 1 LE1 237.5 420 196.0 935 297 9865 OK OK
B12 M24109-1 LE1 237.5 419 196.0 934 297 964 OK OK
'E;'E: B13 M24109-1 LE1 1721 271 3058 677 192 676 OK OK
+F B14 M2410.9-1 LE1 1755 27.2 3058 691 193 686 OK oK
B15 M2410.9-1 LE1 588 321 3058 231 227 392 OK OK
B16 M2410.9-1 LE1 585 320 3058 230 227 391 OK OK
Design data
Grade s [5) )
M2410.9 - 1 2542 364.9 141.2
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Project:
Project no: /[/#]=]=] StatiCa®
Author: Celculste yesterday's estimates

Detailed result for B11
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fipa=didh — 2542 kN 2 Fipa= 2375 kN
Where:
ko2 = 0.90 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? —Tensile stress area of the bolt

a2 =125 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppo= 2Tuble — 3649 kN 2= Fipa= 2375 kN
Where:
d,, = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
tp = 13 mm — Plate thickness

fu = 4980.0 MPa - Ultimate strength
Ta2 = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopa=2o0sd — 4412 N 2 Fora= 420 KN

Y2
Where:
By =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =353 mm? — Tensile stress area of the bolt

a2 = 1.25 — Safety factor
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Project: )
Project no: //=/=/=] StatiCa*®

Author:

Calcuiste yesterday's estimates

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fopa=22bd — 1060 kN > Fipa= 420 kN
Where:
ky = min(2'82_20 —A 1.4% ~1.7,2.5) = 250 ;i;ﬁgr:grlﬁgg?rgi:;?;!:e and bolt spacing perpendicular to the
— min(;—[;[], ;7710 _ i, f_z;b} 1) = 0.64 ;:nzc;t:rr for end distance and bolt spacing in direction of load
e3 = 70 mm — Distance to the plate edge perpendicular to the shear force
P2 = 160 mm — Distance between bolts perpendicular to the shear force
dp = 26 mm — Bolt hole diameter
e; = 50 mm — Distance to the plate edge in the direction of the shear force
P1 == mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
t=13mm — Thickness of the plate
a2 = 1.25 — Safety factor
Utilization in tension
b= 083 < 1,0

min(Ft ra; Bp.rd)

Where:
F; pq = 237.5kN —Tensile force
Iy rqg — 2542 kN - Tension resistance

B

. rd = 364.9kN  —Punching resistance

Utilization in shear

m

Fips. Fopay _

Ford Ting) = 030 5 10

Where:

F, pa =420kN - Shear force (in decisive shear plane)

F, ra = 141.2kN — Shear resistance
Fypqa=420kN - Bearing force (for decisive plate)

Fy g = 196.0 kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fogd
Fyrd

Figd

+1iE,, = 09% < 10
Where:
F, pg=420kN - Shear force (in decisive shear plane)

Fy pa = 141.2kN - Shear resistance
Fipa=237.5kN - Tensile force

Fi ra = 2542 kN - Tension resistance
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Project:
Project no: [[*]=F7] StatiCa*®
Author e
Welds
ltem  Edge [n'::ﬂ [mLm] Loads mﬁ’Ea‘i [52'1 [h‘;;a] [r\;éa] [N:ga] [E,/’:] :’:ﬂ; Detailing Status
EPia  B1bfi1 480n 209 LE1 158 00 -103 69 -01 36 36 OK OK
4808 299 LE1 125 00 -35 69 00 29 00 OK OK
EP1a  B1i1 480N 299 LE1 357 00 246 -149 01 82 65 OK OK
480N 299 LEf 211 00 24 121 01 48 48 OK OK
EPla Bl-w1 480m 370 LE1 243 00 35 33 135 58 56 OK OK
4808 370 LE1 240 00 32 -34 -133 55 55 OK OK
EP1b  B2bfi1 480N 299 LE1 2794 00 1578 1066 797 641 293 OK OK
4808 299 LE1 1742 00 -593 926 -192 400 210 OK oK
EP1b  B2t11 480w 299 LE1 4270 041 1241 2137 1000 980 747 OK OK
4808 299 LE1 4270 01 2374 -1446 -1453 980 787 OK OK
EP1b  B2w1 480 370 LE1 4284 09 2083 2055 670 984 912 OK oK
4808 370 LE1 4283 08 2037 2065 -684 983 909 OK oK
Cbfl1  STIFFla 450n 116 LE1 191 00 -76 64 79 44 44 OK OK
4508 118 LET 152 00 72 60 -48 35 35 OK OK
Cw1 STIFFla 450m 581 LE1 795 00 378 132 332 183 148 OK oK
4508 581 LE1 924 00 -373 127 471 212 168 OK oK
Ctl1  STIFFla 450n 116 LE1 1444 00 127 830 09 331 268 OK OK
4508 118 LET 2541 00 1554 -854 -786 583 573 OK OK
C-bfil1  STIFF1Ib 450n 116 LE1 162 00 75 66 51 37 37 OK OK
4508 116 LET 201 00 -75 66 -85 48 48 OK oK
Cw1 STIFFlb 450N 581 LE1 911 00 -373 -122 -464 209 168 OK oK
450n 581 LE1 796 00 395 -144 372 183 150 OK OK
Cti1  STIFF1b 450m 116 LE1 2608 00 1605 886 789 599 584 OK OK
4508 116 LET 1506 00 144 -865 08 346 279 OK OK
C-bfi1  STIFFlc 450n 116 LE1 1022 00 -465 -385 -358 235 193 OK OK
4508 116 LET 703 00 -98 178 360 161 151 OK oK
Cw1 STIFFlc 450m 581 LE1 1174 00 -105 -98 668 269 194 OK OK
4508 581 LET 131.8 00 -267 274 -693 303 207 OK OK
Cti1  STIFFlc 450n 116 LE1 4269 00 -2205 -1792 -1114 980 905 OK OK
4508 116 LE1 3674 00 -1375 1836 707 844 716 OK OK
Cbfl1  STIFFld 450a 116 LEi 713 00 98 -177 -367 164 152 OK OK
4508 116 LET 1032 00 -463 390 360 237 200 OK OK
Cw1 STIFFld 450 581 LE1 1331 00 -280 283 696 306 210 OK oK
4508 581 LE1 1188 00 -112 107 -674 27.3 194 OK OK
Ctl1  STIFFld 450w 116 LE1 3754 00 -139.3 -1887 -701 862 728 OK OK
4508 116 LET 4269 00 -2219 1788 1111 980 916 OK OK
EPia  WIDia  4100n 219 LE1 134 00 62 62 29 31 00 OK OK
41008 219 LE1 140 00 64 64 33 32 00 OK OK
B1-bfl1 WIDla  4100m 439 LE1 102 00 30 31 46| 2317230k OK
41008 439 LE1 102 00| 31| 30| 47[\ 23| 23|cK OK
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FrojecL

Project no: [[3]=F=] StatiCa’®
Auth or: Colculate yesterday's esbimates
Item Edge Tw L Loads Owed Err OL L T ut | Ut Detailing Status
[mm] [mm] [MPa] [%] [MPa] [MPa] [MPa] [%] [%]
WID1b  WID1a A100m 490 LE1 44 00 -0.1 -0.1 25 10 00 OK OK
A100m 490 LE1 44 00 -0.1 0.1 25 10 00 OK OK
EP1a WID1b 4100 n 299 LE1 47 00 04 0.3 27 11 0.0 OK OK
4100n 299 LE1 33 00 -03 0.7 18 08 00 OK OK
B1-bfl1  WID1b 4100 n 299 LE1 9.1 0.0 0.9 -4.8 =21 21 00 OK OK
4100n 299 LE1 7.0 0.0 -0.8 0.0 4.0 1.6 0.0 OK OK
EP1b WID2a 470N 220 LE1 3723 0.0 -1694 -1716 848 855 448 OK OK
A70n 220  LE1 3765 0.0 -1739 1716 -83.0 865 447 OK OK
B2-bfl 1  WID2a A7T0n 438 LE1 296.1 0.0 -95.1 950 -131.1 680 430 OK OK
FERN 438 LE1 296.1 0.0 -949 950 1311 680 445 OK OK
wiD2b  WID2a ATOn 490 LE1 1844 0.0 473 -474 -91.3 423 270 OK OK
A470n 490 LE1 1844 0.0 -475 474 91.3 423 275 OK OK
EP1b WID2b 470n 299 LE1 429.0 1.3 -1542 -2223 634 985 850 OK OK
A470n 299 LE1 4274 0.3 -289.7 1755 -458 981 789 OK OK
B2-bfl1  WID2b A70Nn 299 LE1 4313 26 775 -183.1 -1628 990 801 OK OK
A70n 299 LE1 4270 0.1 -291.0 40.2 1758 980 464 OK OK
Design data
: fy Bw Ow.Rrd 090
Materal iMPa] H [MPa] [MPal
S355 490.0 0.90 435.6 352.8
Detailed result for B2-bfl 1/ WID2b
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)
Owrd = fu/(Buym2) = 4356 MPa > ougpa=[o] +3(7] +77)%" = 4313 MPa
o1ra=0,9 fu /a2 = 3528 MPa 2 |o,|= 77.7 MPa
where:
f., = 490.0 MPa - Ultimate strength
B, =0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
Va2 = 1.25 — Safety factor
Stress utilization
. Fwea ., o]y
Ug=max(==; =)= 099 = 10
Where:
0w Ed = 431.3MPa — Maximum normal stress transverse tc the axis of the weld
T rd = 435.6 MPa — Equivalent stress resistance
o, =-77.7 MPa — Normal stress perpendicular to the throat
o | ra = 352.8 MPa — Perpendicular stress resistance
Buckiing
Buckling analysis was not calculated.
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Project:
Project no: //=/=]=] GtatiCa®
Author: Calcuiste yesterday's estimates

Bill of material

Manufacturing operations
Plates Welds Length

Hgis [mm] e s Throat thickness [mm] [mm] el 515
|?F +
+ +

EP1 P13.0x300.0-760.0 (S 355) + + 1 Double fillet: 8.0 19420 M24109 18
+ +

P13.0x300.0-760.0 (S 355)

STIFF1  P15.0x142.7-636.0 (S 355) 4 Double fillet: 5.0 32540

1 Double fillet: 10.0 1751.9

WID1 P10.0x220.0-440.0 (S 353)

P15.0x300.0-491.9 (S 355)

1 Double fillet: 7.0 1751.9

wiD2 P10.0x220.0-440.0 (S 359)

P15.0x300.0-491.9 (S 355)

Rl | = | S
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Project:
7 L4
Project no: [[*]=]Z] StatiCa
Auth or: Calculate yesterday's estimates
Welds
< Throat thickness Leg size Length
Type Material [mm] [mm] [mm]
Double fillet S 355 8.0 1.3 1942.0
Double fillet S 355 5.0 7.1 3254.0
Double fillet S 355 10.0 14.1 1751.9
Double fillet S 355 7.0 9.9 1751.9
Bolts
Name Gri?n:z:]gth Count
M24 10.9 40 16
Drawing
EP1 - EP1a
P13.0x760-300 (S 355)
4
o Z
. ; %’ ?
1 é © ] © ) @
7
[=} (=] é é
g 'ng s IS IIS IS TITS TSI ISS s /
A
% Z %
% s
5 @ ® oM’ O
o 7
2 Z /
+ ’ /
180 ’ 170 ‘ 240 ‘ 120 | 50
I T T T
B —~ 760 . I
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Project:

Project no: //#/=[=] StatiCa®
Author: GCelculate yesterday's estimates
STIFF1

P15.0x636-143 (S 355)

636 -

27

e e e e L e e L e L L e el A
3

27

143
. 27
N
143

1

74 o N 3
!
636 |
WID1 - WID1a
P10.0x440-220 (S 355)
7
§ 2 Z
b
2
A B
~ 440

185
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Project: -

Project no: [/#]=]~] StatiCa*

Author: Colculate yesterday's eatimates
WID1 - WID1b

P15.0x492-300 (S 355)

3 %

300

NN

C, HEA700 - Bottom flange 1:

o
2

T— + ° *
(=1 =]
Q <o
™ -

o I ¢ & ¢ ¢|

r~ ——
1043 170 240 120 1082
T T T 1
2655
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Project:
Project no:
Author:

[[#]=]F] StatiCa®

Colculate yesterday's estimates

Symbol explanation

Symbol

OEd
Epi

Oc Ed

Elim
Fieq
FyEd

Fb Ra

Ow,Rd
09¢o

Explanation
Plate thickness
Equivalent stress
Plastic strain
Contact stress
Yield strength
Limit of plastic strain
Tension force
Resultant of bolt shear forces Vy and Vz in shear planes
Plate bearing resistance EN 1993-1-8 — Tab. 3.4
Utilization in tension
Utilization in shear
Interaction of tension and shear EN 1993-1-8 — Tab. 3.4
Bolt tension resistance EN 1993-1-8 — Tab. 3.4
Punching shear resistance EN 1993-1-8 — Tab. 3.4
Bolt shear resistance EN 1993-1-8 — Tab. 3.4
Throat thickness a
Length
Equivalent stress
Perpendicular stress
Shear stress perpendicular to weld axis
Shear stress parallel to weld axis
Utilization
Weld capacity estimation
Fillet weld
Ultimate strength of weld
Correlation factor EN 1993-1-8 — Tab. 4.1
Equivalent stress resistance

Perpendicular stress resistance: 0.9*fulyM2
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Project:
Project no:
Author:

Code settings

item
Safety factor vy,
Safety factor yy
Safety factor vy
Safety factor yy 3
Safety factor y¢
Safety factor v,
Joint coefficient B
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in slip-resistance
Limit plastic strain
Detailing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete
Local deformation check
Local deformation limit
Geometrical nonlinearity (GMNA)

Braced system

Value

1.00
1.00
1.25
1.25
1.50
1.20
0.67
0.10
0.25
0.30
0.05
Yes
220
1.20
Both
Yes
Yes
Yes
0.03
Yes
No

Unit

[/2]/=[=] StatiCa®

Celculste yesterday's estimates

Reference

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-1: 6.1

EN 1993-1-8:2.2

EN 1992-1-1:2.4.2.4

EN 1992-4: Table 4.1

EN 1993-1-8:6.2.5

EN 1993-1-8
EN 1993-1-8 tab 3.7
EN 1993-1-5

EN 1993-1-8: tab 3.3

EN 1993-1-8: tab 3.3

EN 19924: 7.2.14 and 7.2.25

EN 1993-1-8: tab 3.4

EN 19924

CIDECTDG 1,3-1.1

CIDECTDG 1,2-11

Analysis with large deformations for hollow section joints
EN 1993-1-8: 5.2.2.5
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14.4. Detalj D

Detalj D prikazuje spoj vertikalne stabilizacije i glavhog poprecnog nosaca.

Sila u dijagonalama je izracunata u poglavlju 13.1.4.

Project:
Project no:
Author:

Project name
Project number
Author
Description
Date

Code

Steel

6/19/2024
EN

5355

-"5

terda,

v's esl

tatiCa®
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Project:
Project no:
Author:

Project item CON1

Design

Name
Description
Analysis

Members

Geometry

Name Cross-section

CH
D1
D2

4 - HEA800
5- 8HS180/180/8.0
5- SHS180/180/8.0

Supports and forces

Name

CH / begin
CH/end
D1/end
D2 /end

CON1

Stress, strain/ loads in equilibrium

B — Direction y - Pitch
[°] [l

0.0

0.0

180.0

0.0
-39.0
-39.0

Support
N-Vy-Vz-Mx-My-Mz

Mx-My-Mz
Mx-My-Mz

a - Rotation

[l

0.0
0.0
0.0

Node
Node
Node
Node

//#]=/=] StatiCa®

Calouiste yesterday's estimates

Offset ex
[mm]

Oiiset ez
[mm]

Offset ey
[mm]

250
250

-300
-350

Forces in
[mm]

o O o o
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Project:
Project no:
Author:

Cross-sections
Name
4 - HEA800
5 - SHS180/180/8.0
Bolts

Diameter

Name [mm]

M24 10.9 24

Load effects (forces in equilibrium)

N
Name Member kN]
LE1 CH / Begin 0.0
CH/End 0.0
D1/End -569.0
D2 / End 1896.0
Unbaianced forces
X Y
[t [kN] kN]
LE1 -1915.7 0.0
Check
Summary
Name Value
Analysis 100.0%
Plates 4.7 <5.0%
Loc. deformation 1.1<3%

Bolts
Welds
Buckling

99.8 < 100%
98.4 < 100%
4.88

Material
S$355
5355
f, f,
[MPa] [MPa]
900.0
Vy Vz
[kN] [kN]
0.0 40.0
0.0 -40.0
0.0 0.0
0.0 0.0
Z Mx
[kN] [kNm]
-835.1

OK

OK

OK

OK

OK

1000.0

0.0
0.0
0.0
0.0

//#/=[=] StatiCa*®
Gross area
[mm?]
452
My Mz
[kNm] [kNm]
-68.0 0.0
-68.0 0.0
0.0 0.0
0.0 0.0
My Mz
[kNm] [kNm]
698.3 0.0

Check status
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Project:
o e
Project no: [/#]=]-] StatiCa
Author: Calcuigte yesterday's estimates
Plates
t o] Ep o,
P Ed | c,Ed
Narne I Loads [MPa] %] MPa]
CH-bil 1 28.0 LE1 319.8 0.0 0.0 OK
CH-tfl 1 28.0 LE1 184.3 0.0 00 OK
CH-w 1 15.0 LE1 314.7 0.0 0.0 OK
D1 8.0 LE1 356.0 0.5 0.0 OK
D2 8.0 LE1 364.8 47 0.0 OK
SP1 30.0 LE1 355.2 0.1 272 OK
CPL1a 250 LE1 236.5 0.0 0.0 OK
CPL1b 15.0 LE1 355.8 0.4 26.6 OK
CPL1c 15.0 LE1 355.8 04 266 OK
CPL2a 350 LE1 357.8 1.3 0.0 OK
CPL2b 18.0 LE1 355.3 0.1 176 OK
CPL2c 18.0 LE1 355.3 0.1 17.7 OK
Design data
. f §;
y im
Material [MPa] (%]
S 355 355.0 5.0
Detailed result for CH-bfl 1
Design values used in the analysis
fu=2E = 3550 MPa
Where:
fuyk = 355.0 MPa - characteristic yield strength
mo = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1
Detailed result for CH-tfl 1
Design values used in the analysis
M
= e = 3950 MPa
Where:
fuyr = 355.0 MPa - characteristic yield strength
a0 = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1
Detailed result for CH-w 1
Design values used in the analysis
fya= 2% = 3550 MPa
Where:
f yt = 395.0 MPa - characteristic yield strength
var0 = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1
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Project:
Project no: [/#]=]=] StatiCa®
Author: Calcuiste yesterday's estimates

Detailed result for D1
Design values used in the analysis

fua= 2 — 3550 MPa

TMO
VWhere:
fyr = 355.0 MPa - characteristic yield strength

Yo = 1.00 — partial safety factor for steel material EN 1983-1-1 - 6.1

Detailed result for D2
Design values used in the analysis

foa= 22— 3550 wmPa

TMO
Where:
Sy = 355.0 MPa - characteristic yield strength

Yo = 1.00 — partial safety factor for steel material EN 1983-1-1 - 6.1

Detailed result for SP1
Design values used in the analysis

fua= 1% = 3550 MPa

Tao
Where:
fyr = 355.0 MPa - characteristic yield strength

Yo = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for CPL1a
Design values used in the analysis

fua= 2 = 3550 MPa

o
Where:
of. »k = 355.0 MPa - characteristic yield strength

Ym0 = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1

Detailed result for CPL1b
Design values used in the analysis

fua= 4= = 3550 MPa

TMO

Where:
Sy = 355.0 MPa - characteristic yield strength

yno = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1
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Project: _ _ )
Project no: StatiCa®
Author: Calculate yesterday's estimates

Detailed result for CPL1c
Design values used in the analysis

fra= 2= 3550 MPa

YMo
Where:
fy;,. — 355.0 MPa — characteristic yield strength

Yoo = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for CPL2a
Design values used in the analysis

fra= 2 = 3550 MPa

Y™o
Where:
fyk = 355.0 MPa - characteristic yield strength

Yoo = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for CPL2b
Design values used in the analysis

fua=I% = 3550 MPa

Where:
fyr = 355.0 MPa —characteristic yield strength

Yo = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for CPL2c
Design values used in the analysis

fua= Lt = 3550 MPa

Yo
Where:
fyk = 355.0 MPa — characteristic yield strength

a0 = 1.00 — partial safety facior for steel material EN 1993-1-1 — 6.1

Loc. deformation

do (] Biim &/dy
(] Lugds [mm] [rom] (%]

D1 180 LE1 0 5 0.1 OK
D2 180 LE1 2 5 1.1 OK

Name Check status
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Project:

Project no: //#/=/=] GtatiCa*
Calculate yesterday's estimates

Author:

Overall check, LE1

(%]
150%

4.67 15.90)

I

Kx - =0FL %

Strain check, LE1
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Project:
Project no: [/#]/=/=] StatiCa®
Author: Caloulste yesterday's estimates

[MPa]
355.0

325
300
275
250
225
200
175
150
125
100
75
50

K 0.0

Equivalent stress, LE1

Bolts
Fiea Fyved Fora Uty Uty Uty .

Shape Item CGrade Loads [kN] kN] (kN] %] (%] %] Detailing Status

B3 M24 10.9 -1 LE1 a7 55.3 273.6 18 392 405 OK OK

'fé 'ﬁ B4 M24 10.9-1 LE1 4.3 55.9 271.4 17 396 408 OK OK

_g _r! BS M24 10.9-1 LE1 146 1346 337.7 57 954 99.5 0K OK

.| B6 M24 10.9-1 LE1 27 1329 228.2 1.0 991 998 OK OK

B9 M24 10.9-2 LE1 303 104.2 5473 119 738 823 OK OK

B10 M24109-2 LE1 85 1104 5174 33 782 80.6 OK OK

B11 M24 10.9-2 LE1 314 99.5 5473 124 704 79.3 OK OK

B12 M24109-2 LE1 8.1 1047 534.7 32 741 764 OK OK

B13 M24109-2 LE1 20 99.6 547.3 08 705 711 OK OK

B14 M24109-2 LE1 24 1049 547.3 10 743 750 OK OK

B15 M24 109-2 LE1 86 1124 551.9 34 796 820 OK OK

B16 M24 109-2 LE1 25 106.6 547.3 10 755 76.2 OK OK

B17 M24109-2 LE1 309 106.1 5473 121 751 838 OK OK

Design data
Fird Bp Rrd Fyrd
Spade [kN] (kN] kN]

M2410.9-1 254.2 421.1 141.2
M24109-2 2542 505.3 141.2

Detailed result for B3
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Project:
Project no:
Author:
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fipa= 8% — 2502 kN > Fupa= 47 KN

Where:

ky = 0.90 —Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? — Tensile stress area of the bolt

a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

[[=3]=FF] StatiCa®

Calculate vesterday's estimates

Bpri= intle — 4214 kN 2 Fipa= 47 kN
Where:
dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or tha nut, whichever is
smaller
t, = 15mm - Plate thickness

Ju =490.0 MPa - Ultimate strength
Yoz = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fypi= Bf’f:—mf”‘ — 1412 kN > F,pg— 553 kN
Where:
By =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =353mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor
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Project:
Project no:
Author:

Bearing resistance check (EN 1993-1-8 — Table 3.4)

ky o dt

Fppa= === 2736 kN 2 Fyppa—= 553 kN
Where:
(=]
ky = min(2.8—2 - 1.7, 1A% _ 1.7,2.5) = 250
dg dy
..e1 p1 1 fu
ap = min(—,——-,—,1) =0.78
& G347 7, Y

e; = 51 mm

py = 80 mm

do = 26 mm

e; = 140 mm

p1 = 80 mm

Jus = 1000.0 MPa

fu = 490.0 MPa

d = 24 mm

i =15mm

Yara = 1.25

Utilization in tension
F, o
e Eay — 002 = 10
Where:
Figg=47kN — Tensile force

Fi ra = 2542 kN - Tension resistance

By rq = 421.1 kN  —Punching resistance

Utilization in shear

) =

F‘.Eu. F‘bkd

<
Fori’ Fypa

max ( 0.39 1,0

Where:

F, ps = 55.3 kN
F, pa = 141.2kN - Shearresistance
Fy pqg = 55.3 kN  — Bearing force (for decisive plate)

Fy rq = 273.6 kN — Bearing resistance

[[a][=]=] StatiCa®

Calcuiste yesterday's estimatss

— Factor for edge distance and bolt spacing perpendicular to the
direction of load transfer

— Factor for end distance and bolt spacing in direction of load
transfer

— Distance to the plate edge perpendicular to the shear force
— Distance between bolts perpendicular to the shear force

— Bolt hole diameter

— Distance to the plate edge in the direction of the shear force
— Distance between bolts in the direction of the shear force

— Ultimate tensile strength of the bolt

— Ultimate strength of the plate

— Nominal diameter of the fastener

— Thickness of the plate

— Safety factor

— Shear force (in decisive shear plane)
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Project:
Project no: [/#/=]=] StatiCa®
Author: Celouiate yesterday's estimates

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)
Fogd s Fred

Fora " TdR = 040 s 10
Where:
F, pg =55.3kN - Shear force (in decisive shear plane)

F, rqa = 141.2kN - Shearresistance
Fipg=4.7kN — Tensile force

Fy gg = 2542 kN —Tension resistance

Detailed result for B4
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fopg=2Led _ 2502 kN > Fipa— 43 kN

TM2
Where:
ky =090 — Factor
fur = 1000.0 MPa - Ultimate tensile strength of the bolt
A, =353 mm? — Tensile stress area of the bolt
Yz = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppi= 2Tmble — 4211 kN = Fipa= 43 N
Where:
d;n = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, = 15 mm — Plate thickness

fu = 4900 MPa - Ultimate strength
Yaro = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopi=2202% = 1412 WN > Fopa= 559 kN
Where:
Bp = 1.00 — Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =353 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor
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Project:
Project no:
Author:

Bearing resistance check (EN 1993-1-8 — Table 3.4)

ky oy f,odt
Tuz

Fypa= 2714 kN =2 Fyps= 559 kN

Where:

//#/=/=/ StatiCa®

Caloulate yesterday's estimates

ky = min(Q.SE 1T 14@ —1.7,2.5) =250 — Factor for edge distance and bolt spacing perpendicular to the

0 do direction of load transfer

e 1
o= min(2L, PL_ L Jw 4y oo

— Factor for end distance and bolt spacing in direction of load

3do’ 3dy 47 fu transfer
€3 = 50 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80mm — Distance between bolts perpendicular to the shear force
dg = 26 mm — Bolt hole diameter
e; = 60 mm — Distance to the plate edge in the direction of the shear force
P1 = mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu=490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
t =15mm — Thickness of the plate
Yar2 = 1.25 — Safety factor
Utilization in tension
Figa _
e By — 002 < 10
Where:
Fipa =4.3kN — Tensile force
Fi pg = 2542 kN - Tension resistance
By pq = 421.1 kN —Punching resistance
Utilization in shear
Forg., Fopay
max(-——-ﬂjd, Fbﬁd) = 040 < 10
Where:
F, g =559kN - Shearforce (in decisive shear plane)

Fy ra — 141.2 kN - Shear resistance
Py pqg = 55.9kN - Bearing force (for decisive plate)

Fypa = 2714 kN - Bearing resistance
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Project:
Project no: [/a[=]=] StatiCa®
Author: Celculste yesterday's estimates

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)
Fugd g Fied

Foni | TAFEg X 041 = 10
Where:
I, g = 55.9kN - Shear force (in decisive shear piane)

F, ra = 141.2kN - Shear resistance
Fypqg =4.3kN — Tensile force

Fi gg = 254.2 kN - Tension resistance

Detailed result for BS
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fopg=2ded — 2502 kN > Fipi= 146 kN

TM2
Where:
ky = 0.90 — Factor
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
A, =353 mm? — Tensile stress area of the bolt
Y2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppi = ““—_f;:i = 4211 kN > Fipa= 148 KN
Where:
d,, = 38 mm — The mean of the across points and across flats dimensions of the balt head or the nut, whichever is
smaller
tp = 15 mm — Plate thickness

fu = 490.0 MPa - Ultimate strength
Yo = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=22052% 4412 N 2 Fupa= 1346 kN

Where:
ﬁp = 1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa — Ultimate tensile strength of the bolt
A = 353 mm? — Tensile stress area of the bolt

Yma = 1.25 — Safety factor
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Project:
Project no:
Author:

Bearing resistance check (EN 1993-1-8 — Table 3.4)

- StattCa

Celcuiste yesterdar's

Fopa= 2Lt — 3377 WN > Fipa= 1348 kN
Where:
P2 — Factor for edge dist d bolt i dicular to th
k 2. 8— 1.7.1.42% _1.7.2.5) = - Factor for edge distance and bolt spacing perpendicular to the
N do T, 2:5) =250 direction of load transfer
e 1 = i ing in directi
Ry min(—l, b1 f_ ,1) = 0.96 Factor for end distance and bolt spacing in direction of load
3do' 3dy 4 f.’ transfer
€3 = 60 mm — Distance to the plate edge perpendicular to the shear force
P2 = *© mm — Distance between bolts perpendicular to the shear force
dp = 26 mm — Bolt hole diameter
e} = 75 mm — Distance to the plate edge in the direction of the shear force
P1 = *°mm — Distance between bolts in the direction of the shear farce
Jup = 1000.0 MPa — Ultimate tensile strength of the bolt
Jfu = 490.0 MPa — Ultimate strength of the plate
d =24 mm — Nominal diameter of the fastener
t =15mm — Thickness of the plate
a2 = 1.25 — Safety factor
Utilization in tension
F,
L2 0.06 < 1,0

min(F s Bord)
Where:
Fipa =146 kN - Tensile force
Fi ra = 254.2 kN - Tension resistance

Bp rqg = 421.1kN - Punching resistance

Utilization in shear

max(744; FE) = 095 < 10
Where:
F, pg = 1346 kN - Shear force (in decisive shear plane)

Fy rq = 141.2kN  — Shear resistance
Fy ga = 134.6 kN — Bearing force (for decisive plate)

Fy, rq = 337.7 kN — Bearing resistance
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Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fy.5d Fied
SR - -= <
Fona =+ 5 Fina 099 = 1,0

Where:

FU:Ed = 134.6 kN — Shear force (in decisive shear piane)
F, rqi = 141.2kN - Shear resistance

Fipa =146kN  —Tensile force

F; rqg = 2542 kN —Tension resistance

Detailed result for B6
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fipa= bfed — 2503 KN > Fipg= 27 kN

T2
Where:

ky =090 —Factor

fupr = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? — Tensile stress area of the bolt

Yaz = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 - Table 3.4)

[[a]=]=] StatiCa°®

Calcuiste yesterday's estimates

Bppa= bl = 4211 kN 2 Fipa= 27 KN
Where:
dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
tp = 15 mm — Plate thickness

fu = 490.0 MPa - Ultimate strength
Yarp = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)
Fopi=220e% _ 4412 W > Fupa= 1399 kN

!
Where:
Bp =100 — Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =353 mm? — Tensile stress area of the bolt
Yma = 1.25 — Safety factor
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Auth or: Calcuiste yesterday's estimates
Bearing resistance check (EN 1993-1-8 — Table 3.4)
Fopa="2L® — 2262 kN > Fhpa= 1399 kN

Where:

. €2 P2 — Factor for edge dist d bolt i dicular to th
AL 82 17142 17925 = actor for edge distance and bolt spacing perpendicular to the
1 = min(2.8 7 17,14 0 12:5) = 2.50 direction of load transfer

By — min(i, n 1’ &’ 1) = 0.64 — Factor for end distance and bolt spacing in direction of load
3do" 3dy 4 fu transfer

€3 = 50 mm — Distance to the plate edge perpendicular to the shear force

P2 = @ mm — Distance between bolts perpendicular to the shear force

dp = 26 mm — Bolt hole diameter

e; = 50 mm — Distance to the plate edge in the direction of the shear force

P1 =« mm — Distance between bolts in the direction of the shear force

Sfup = 1000.0 MPa — Ultimate tensile strength of the bolt

Jfu = 490.0 MPa — Ultimate strength of the plate

d =24 mm — Nominal diameter of the fastener

{t =15mm — Thickness of the plate

Yaa = 1.25 — Safety factor

Utilization in tension
Fi g4

min(Fird; Bprd) 001 £ 10
Where:
Fipa=2TkN  —Tensile force

Fi gq = 2542 kN - Tension resistance

B, rqg = 421.1 kN - Punching resistance

Utilization in shear

max(ghe; pAd) — 099 < 1,0

Where:

F, pg = 139.9kN - Shear force (in decisive shear plane)
F, rqa = 141.2kN - Shear resistance

F}, g = 139.9kN —Bearing force (for decisive plate)

Fy pqg = 226.2 kN —Bearing resistance
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Author: Calculste yesterday's estimates

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

FuEd Figa °\ °
_Fl-.nd+1-4ﬂa..r = 100 =< 10

Where:

Fu.‘Ed = 139.9 kN - Shear force (in decisive shear plane)
Fy rq = 141.2kN — Shear resistance

Figq=27kN — Tensile force

Fi pq = 2542 kN —Tension resistance

Detailed result for B9
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fypq= "lif — 2502 kN > Fypa= 303 kN

TM2
Where:
ko =090 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? — Tensile stress area of the bolt

a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 - Table 3.4)
0,6 wd, t, f.

By ri= # = 5053 kN = Fiepa= 303 kN
Where:
dmn = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
Ly =18 mm — Plate thickness

fu =490.0 MPa - Ultimate strength
Yar2 = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fv.,mz:W: 1412 kN = Fypa= 1042 kN

Where:
,Bp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 2353mm? — Tensile stress area of the bolt
Yaa2 = 1.25 — Safety factor
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Bearing resistance check (EN 1993-1-8 — Table 3.4)

//=]=]=] StatiCa®

Celculate yesterdar's estimates

min(F ra; Bp.rd)

Fypo—=told — 5473 N 2 Fhpa= 2083 kN
Where:
; €2 b2 — Factor for edge dist d bolt spaci dicular to th
ki = 8= _1.7.14==2 _1.7.2.5) = actor for edge distance and bolt spacing perpendicular to the
1 m].n(2 80}0 1%, 4d0 ! ) 2.50 direction of load transfer
e 1 - i ing in directi
. min(—l, P = @, 1) = 0.78 Factor for end distance and bolt spacing in direction of load
3dy' 3dy 4’ fu transfer
€y = 184 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80 mm — Distance between bolts perpendicular to the shear force
dg = 26 mm — Bolt hole diameter
e1 = 194 mm — Distance to the plate edge in the direction of the shear force
p1 = 80mm — Distance between bolts in the direction of the shear force
Jfup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
t = 30mm — Thickness of the plate
a2 = 1.25 — Safety factor
Utilization in tension
F,
o = 012 = 10

Where:
Fi pa =303kN  —Tensile force
F; rg = 2542 kN —Tension resistance

By rq = 505.3kN —Punching resistance

Utilization in shear

ax(;i‘:;%ﬁ}z 0.74 < 1,0

Where:

Fv,Ed = 104.2 kN - Shear force (in decisive shear plane)
F, rq = 141.2kN — Shear resistance

Fy pq = 208.3kN —Bearing force (for decisive plate)

Fyrq = 547.3 kN —Bearing resistance
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Project no: [[5]=]=] StatiCa
Author: Calculate yesterday's estimates

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fopd FiEd

E-Rd+_1-’11—t_RJ = 082 = 10

Where:

FU_‘Ed = 104.2 kN — Shear force (in decisive shear plane)
F, rg = 141.2kN - Shear resistance

Fi pa =303kN  —Tensile force

Fi pi = 2542 kN —Tension resistance

Detailed result for B10
Tension resistance check (EN 1993-1-8 — Table 3.4)
k2 As

Fipg= "= = 2542 kN 2 Fipa= 85 kN
Where:
ky =0.90 — Factor
fub = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? — Tensile stress area of the bolt
Yara = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppi=YTntels — 5053 kN > Fipa= 85 kN

TM2

Where:

dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller

tp =18 mm — Plate thickness

fu=490.0 MPa - Ultimate strength
Va2 = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg = &ofed _ 4412 W > Fypa= 1104 kN

Yz
Where:
By, = 1.00 — Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =353 mm? — Tensile stress area of the bolt
Yyar2 = 1.25 - Safety factor
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Bearing resistance check (EN 1993-1-8 — Table 3.4)

//=]=]=] StatiCa*®

Celculate yesterday's esbimates

Fopa=82b® — 5174 W > Fypa= 2208 kN
Where:
k= mm(z'sz_z LT 1_4% - 2_5) =750 Ei;ﬁg;grlzggetrgﬁ?;ce and bolt spacing perpendicular to the
o mm( &1 P 1 fub 1} —073 — Factor for end distance and bolt spacing in direction of load

3dy’ 3dg 4 fu' transfer
ey = 83 mm — Distance ta the plate edge perpendicular to the shear force
py = 80 mm — Distance between bolts perpendicular to the shear force
dp = 26 mm — Bolt hole diameter
e1 = 57 mm — Distance to the plate edge in the direction of the shear force
P1 = < mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
1 =30mm — Thickness of the plate
a2 = 1.25 — Safety factor
Utilization in tension

s = 003 < 10
Where:
Fi pa = 8.5kN — Tensile force

F; pqg = 2542 kN  — Tension resistance

Bp__Rd = 505.3kN —Punching resistance

Utilization in shear

maa{(F”,f:ZEZ}— 0.78 < 10

Where:

F, gag = 1104 kN - Shear force (in decisive shear plane)
Fy ra = 141.2 kN - Shear resistance

Fy, g = 220.8 kN — Bearing force (for decisive plate)

Fy, ri = 5174 kN — Bearing resistance
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AikiigE Calculete yesterday's estimates

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fu Ed Fiega
m-‘rm— 0.81 = 10

Where:

Fy..Ed = 110.4 kN — Shear force (in decisive shear plane)
Py ra = 141.2 kN — Shear resistance

Fi gg = 8.5kN — Tensile force

F}_‘Rd = 2542 kN - Tension resistance

Detailed result for B11
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fyopg= "lafe — 2545 kN 2 Fypa= 314 kN

TM2
Where:
ky = 0.90 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the belt
A. =353 mm?2 — Tensile stress area of the bolt

Y2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppi= 22Zdnlel _ 5053 kN > Fima= 314 kN

YM2

Where:

d, = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller

t, = 18 mm — Plate thickness

fu =490.0 MPa - Ultimate strength
Yara = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fypa= Bpfr'im”' = 1412 kN = Fypi= 995 kN
Where:
By =1.00 - Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the balt
A =352 mm? — Tensile stress area of the bolt
Ao = 1.25 — Safety factor
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Calculate yesterday's estimates

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fy pa

=hald . 5473 N 2 Fhea= 1989 kN

Where:

k= min(g'gz_i AR 1_4;)_2 —1.7,2.5) = 250 Ei;zgt:;cg'r‘f;rlzg%?rgi:;?:rce and bolt spacing perpendicular to the
— min(;—dlo, 31??10 _ i’ f_lf’ 1) =0.78 ;:nasc;t;r for end distance and balt spacing in direction of load
€3 = 186 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80 mm — Distance between bolts perpendicular to the shear force

dg = 26 mm — Bolt hole diameter

e; = 219 mm — Distance to the plate edge in the direction of the shear force
p1 = 80mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt

fu = 490.0 MPa — Ultimate strength of the plate

d = 24 mm — Nominal diameter of the fastener

t =30mm — Thickness of the plate

a2 = 1.25 — Safety factor

Utilization in tension

Figd

— 042 = 10

rd; Bp.Rd)
Where:
Fipg = 314kN  —Tensile force

F; rg = 25642 kN  —Tension resistance

B, ra = 505.3kN —Punching resistance

Utilization in shear

max(

Fupd, Fogdy _

F__;, ﬁ} = 070 = 1,0

Where:

F, pg = 99.5kN  — Shear force (in decisive shear plane)

F, ra = 141.2KkN - Shear resistance
Fypa = 198.9kN - Bearing force (for decisive plate)

Fypg = 547.3 kN - Bearing resistance
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Author: Colculete yesterday's estimates

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fogd Fig:
Fome T TdFa — 079 = 10
Where:
F, e = 99.5kN  — Shear force (in decisive shear piane)

F, grg = 141.2kN - Shear resistance
Fipa=314kN —Tensile force

Fi pqi = 2542 kN —Tension resistance

Detailed result for B12
Tension resistance check (EN 1993-1-8 — Table 3.4)

Ft.Rdez A _ 2542 kN = Fipa= 81 kN

TM2
Where:
ky =090 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? — Tensile stress area of the bolt

Yar2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppa= 2Tinble — 5053 kN > Fipe= 81 kN
Where:
dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
tp =18 mm - Plate thickness

fu = 490.0 MPa - Ultimate strength
Yarp = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopi=2204 _ 4492 N > Fupi= 1047 KN

Where:
B, = 1.00 - Reduction factor for packing
a, = 0.50 —Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 353 mm? — Tensile stress area of the bolt
Yarg = 1.25 - Safety factor

Diplomski rad: Poljak Marija 211



Razrada detalja

Project:
Project no:
Author:

Bearing resistance check (EN 1993-1-8 — Table 3.4)
ky o dt

- Stat::Ca

Calcuiste yesterday

Fyppg= 2= = 5347 kN = Fhps — 2094 kN
Where:
ky = m‘m(z'S% —1.7,1 4;2 —1.7,2.5) = 250 Ei;ﬁgr:grliggirgi:;?::e and bolt spacing perpendicular to the
iy — 3&; ;)?1 i J;;f 1) = 0.76 ;:nasc;_teorr for end distance and bolt spacing in direction of load
e = 135 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80 mm — Distance between bolts perpendicular to the shear force
dp = 26 mm — Bolt hole diameter
e; = 59 mm — Distance to the plate edge in the direction of the shear force
P1 = = mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu =490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
t =30 mm — Thickness of the plate
T2 = 1.25 — Safety factor

Utilization In tension

Fipa o

o(Fns G — 003 s 10
Where:
Fipa=81kN  —Tensile force

F; pqa = 2542 kN —Tension resistance

By rq = 505.3kN - Punching resistance

Utilization In shear

max(?‘”;g‘:;)— 074 < 10

Where:

FU__Ed = 104.7 KN — Shear force (in decisive shear plane)
F, rq = 141.2kN - Shear resistance

Fy, gq = 209.4 kN — Bearing force (for decisive plate)

Fy rq = 534.7 kN —Bearing resistance
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Author: Calculste yesterdsy's estimatss

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fogd Fipd
E._R4+1.4E“__Rd = 076 = 10

Where:

F, g = 104.7 kN - Shear force (in decisive shear plane)
F, pa = 141.2kN - Shear resistance

Fipqa=8.1kN — Tensile force

Fi pa = 2542 kN —Tension resistance

Detailed result for B13
Tension resistance check (EN 1993-1-8 — Table 3.4)

k2 A

Ft* Rd = "y

2542 kN = Fipg= 20 kN

Where:

ky =090 —Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? — Tensile stress area of the bolt

Yarz = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

By o= 8Tleh — 5053 kN = Fipa= 20 kN
Where:
d;n = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
i, =18 mm — Plate thickness

fu = 490.0 MPa - Ultimate strength
Yar2 = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopa= 22044 _ 4492 kN = Fopi= 996 kN

Yz
Where:
,Bp = 1.00 — Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =353 nm? — Tensile stress area of the bolt
Ym2 = 1.25 — Safety factor
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Bearing resistance check (EN 1993-1-8 — Table 3.4)

//#/=/=] StatiCa®

Celculate yesterday's estimates

Fyra=

Baldl . 5473 KN > Fhpa= 1991 kN
Where:

; E2 2 — Factor for edge dist d bolt spaci dicular to th
ol S Py L o | gl actor for edge distance and bolt spacing perpendicular to the
1 = min(2 gdg 17,1 4030 »2:5) =250 direction of load transfer

by — min(i, n 1, @, 1) =0.78 — Factor for end distance and bolt spacing in direction of load
3do’ 3dy 4’ £ transfer
€3 = 186 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80mm — Distance between bolts perpendicular to the shear force
dp = 26 mm —Bolt hole diameter
e; = 139 mm — Distance to the plate edge in the direction of the shear force
p1 = 80 mm — Distance between bolts in the direction of the shear force
Jup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
t =20mm — Thickness of the plate
a2 = 1.25 — Safety factor
Utilization in tension
s = 001 £ 10
Where:
Fypqa = 20kN — Tensile force
F; ra = 254.2 kN — Tension resistance
Bp, rq = 505.3kN —Punching resistance
Utilization in shear
max(7E; BE) = 071 < 1,0
Where:
F, pg =99.6kN - Shear force (in decisive shear plane)

Fy ri = 141.2kN - Shear resistance
Fypqa = 199.1kN - Bearing force (for decisive plate)

Fy rq = 547.3 kN — Bearing resistance
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Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

FoEd FiEd
e : .= <
Tora + 171 Trna 0.71 = 1,0

Where:

Fu,Ed =99.6kN - Shear force (in decisive shear plane)
F, pa = 141.2kN — Shear resistance
Fipa=20kN — Tensile force

Fi pqg = 254.2 kN —Tension resistance

Detailed result for B14
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fipg="dud _ 2512 kN > Fipgg= 24 KN

M2
Where:
ky =090 — Factor
fub = 1000.0 MPa - Ultimate tensile strength of the bolt
Ag = 353 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)
0.6 7d,t, f

Bppa= —— % = 5053 kN = Fipa= 24 kN
Where:
dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, = 18 mm — Plate thickness

fu = 490.0 MPa - Ultimate strength
Yarp = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopi=2204 _ 1212 WN > Fupa= 1049 KN

Where:
By =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Uliimate tensile strength of the bolt
A =353 mm? — Tensile stress area of the bolt
Y2 = 1.25 — Safety factor
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Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fopa— 22L® — 5473 kN > Fypa= 2098 kN

//=/=/=] GtatiCa®

Celculete yesterday's estimates

YM2
Where:
k= mm(Q_SZ_E —1 % 1.42—2 117 5 5} =250 ;i;ﬁgggrlﬁggirgi:ﬁ;ce and bolt spacing perpendicular to the
i o[ 3&;0 ;)dl 1 J;;f 1) =078 ;:nicf:teorr for end distance and bolt spacing in direction of load
€y = 134 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80 mm — Distance between bolts perpendicular to the shear force
dp = 26 mm — Bolt hole diameter
e; = 137 mm — Distance to the plate edge in the direction of the shear force
p1 = 80mm — Distance between bolts in the direction of the shear force
Jup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
t =30mm — Thickness of the plate
a2 = 1.25 — Safety factor

Utilization in tension

Fi gd
ey = 001 £ 10
Where:
Fipa=24kN — Tensile force

Fi rg = 2542 kN - Tension resistance

B, rqg = 5053 kN —Punching resistance

Utilization in shear

max(E; BE) = 074 < 10

ri’ Frpa
Where:
Fy,Ed = 104.9 kN — Shear force (in decisive shear plane)

Fy rqa = 141.2kN - Shear resistance
F} pa = 209.8 kN — Bearing force (for decisive plate)
Iy ra = 5473 kN - Bearing resistance

Diplomski rad: Poljak Marija

216



Razrada detalja

Project:

o L.
Project no: [[3]=F=] StatiCa
Author: Calcuiste yesterday's estimates

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fo g4 Figda
R V' IAMg § 000 = 10

Where:

F, g = 1049 kN - Shear force (in decisive shear plane)
F, ra = 141.2kN — Shear resistance
Fipa=24kN — Tensile force

Fi pa = 2542 kN - Tension resistance

Detailed result for B15
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fypg= 2lede — 2542 kN > Fipa= 86 kN

Y2
Where:
ky =090 — Factor

fupr = 1000.0 MPa - Ultimate tensile strength of the boit
A, =353 mm? — Tensile stress area of the bolt

Yarz = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppg= 2idubife — 5053 kN > Fiza= 86 kN

TM2

Where:

dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller

tp =18 mm — Plate thickness

fu=4900MPa - Ultimate strength
Yar2 = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)
Fopg =224 4412 W 2 Fyopa= 1124 kN

it
Where:
B, = 1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =353 mm? —Tensile stress area of the bolt
Yar2 = 1.25 — Safety factor
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Bearing resistance check (EN 1993-1-8 — Table 3.4)

//#/=]=] StatiCa®

Colcuiste yesterday's estinate:

— Factor for edge distance and bolt spacing perpendicular to the
direction of load transfer

— Factor for end distance and bolt spacing in direction of load
transfer

— Distance to the plate edge perpendicular to the shear force
— Distance between bolts perpendicular to the shear force
—Bolt hole diameter

— Distance to the plate edge in the direction of the shear force
— Distance between bolts in the direction of the shear forca

— Ultimate tensile strength of the bolt

— Ultimate strength of the plate

— Nominal diameter of the fastener

— Thickness of the plate

— Safety factor

Fopa= bt — 5519 kN > Fhpa= 224.7 kN
Where:
(=
ki = min(2.8-2 — 17,1422 _ 1.7,2.5) = 250
do dp
..e1 ;1 fu
ap = min(—,— —-,—,1) =0.78
’ G322 7,00

€y = 74 mm

Py = 80 mm

dg = 26 mm

e; =61 mm

p1L==mm

fup = 1000.0 MPa

» = 490.0 MPa

d = 24 mm

t = 30 mm

a2 = 1.28

Utilization in tension
Fipd _
(s Bad) 0.03 = 10
Where:
F;gpq=8.6kN — Tensile force

Fi ra = 2542 kN —Tension resistance

By pg =505.3kN  —Punching resistance

Utilization in shear

max(FE; 1) = 0.80 < 10
Where:
FU:Ed = 1124 kN - Shear force (in decisive shear plane)

F, rg = 141.2kN - Shear resistance
Fypa = 224.TkN

Fy ga = 551.9 kN - Bearing resistance

— Bearing force (for decisive plate)
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Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

+ e = 082 s 10

Ly pd
Fyra

Where:

Fu:Ed = 1124 kN - Shear force (in decisive shear plane)
Fy ra = 141.2kN - Shear resistance

Fi gpqa = 8.6kN — Tensile force

Fi rq = 2542 kN —Tension resistance

Detailed result for B16
Tension resistance check (EN 1993-1-8 — Table 3.4)
k2 A

Fipg= =55 = 2542 kN 2 Fim= 25 kN
Where:
ky =090 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A, = 353 mm? — Tensile stress area of the bolt

a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppg=22Tdnbh — 5053 kN > Fima= 25 kN
Where:
dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, = 18 mm - Plate thickness

fu=490.0 MPa - Ultimate strength
Tar2 = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

FBHRL;:W: 1412 kN = Fupai= 1066 kN

Where:
Bp = 1.00 — Reduction factor for packing
a, = 0.50 — Reduciion factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 353 mm2 — Tensile stress area of the bolt
M2 = 1.25 — Safety factor
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Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fopa="22bd — 5473 kN > Fypa= 2132 kN
Where:
k= min(Q.B%z = A 1'4% —1.7,2.5) = 250 Ei;ﬁgggrlzggirgi:;;?;ce and bolt spacing perpendicular to the
s min(i, b 1, @, 1) =0.78 — Factor for end distance and bolt spacing in direction of load

3dy" 3dy 47 fo transfer
€3 = 136 mm — Distance to the plate edge perpendicular to the shear force
P2 = 80mm — Distance between bolts perpendicular to the shear force
dyp = 26 mm — Bolt hole diameter
e; = 137 mm — Distance to the plate edge in the direction of the shear force
p1 = 80mm — Distance between bolts in the direction of the shear force
Jup = 1000.0 MPa — Ultimate tensile strength of the bolt
Jfu = 490.0 MPa — Ultimate strength of the plate
d =24 mm — Nominal diameter of the fastener
t = 30 mm — Thickness of the plate
Tz = 1.25 — Safety factor
Utilization in tension

A= 001 £ 10
Where:
Fipa = 25kN — Tensile force

Fi pa = 254.2 kN —Tension resistance

Bj, rq = 505.3kN —Punching resistance

Utilization in shear

max(724; 2 = 076 < 1,0

Where:

Fmgd = 106.6 kN — Shear force (in decisive shear plane)
Fy pa = 141.2kN - Shear resistance

Py pd = 213.2kN - Bearing force (for decisive plate)

Fy ri = 547.3 kN - Bearing resistance
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Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fukd Fiogd
Fuﬁd+1-41"—fad = 076 < 1,0

Where:

FU_.Ed = 106.6 kN —Shear force (in decisive shear plane)
Fy rq = 141.2kN  — Shear resistance

Fipa=25kN - Tensile force

Fi rq = 2542 kN —Tension resistance

Detailed result for B17
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fopg=2led — 2542 kN > Fipa= 309 kN

M2
Where:
ky = 0.90 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the bolt
Ay = 353 mm? — Tensile stress area of the bolt
Ya2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppa= 2idnbh _ 5053 kN > Fiea= 309 kN

YM2
Where:
dn = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
tp, = 18 mm — Plate thickness

fu =490.0 MPa - Ultimate strength
Yamar = 1.25 — Safety factor

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopi= 22022 = 4412 W = Fupa= 1081 KN
Where:
» = 1.00 — Reduction factor for packing
a, = 0.50 — Reduciion factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 353 mm? — Tensile stress area of the bolt
Ym2 = 1.25 — Safety factor

Diplomski rad: Poljak Marija 221



Razrada detalja

Project:

Project no: - Stat:iCa@

Caiculate yesterday's estimal

Author:

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Ry o fodt
™2

Fyra= 5473 kN = Fhpea= 2121 kN

Where:

ki = m'm(2.8g A, 1.4@ —1.7,2.5) = 2.50 — Factor for edge distance and bolt spacing perpendicular to the

direction of load transfer

a = min(—- €1 P 1 fub ,1) =078 — Factor for end distance and bolt spacing in direction of load
3dy’ 3d, Ty £ transfer

ey = 107 mm — Distance to the plate edge perpendicular to the shear force

P2 = 80 mm — Distance between bolts perpendicular to the shear force

dop = 26 mm — Bolt hole diameter

e; = 199 mm — Distance to the plate edge in the direction of the shear force

p1 =80 mm — Distance between bolts in the direction of the shear force

fup = 1000.0 MPa — Ultimate tensile strength of the bolt

fu = 490.0 MPa — Ultimate strength of the plate

d = 24 mm — Nominal diameter of the fastener

t =20 mm — Thickness of the plate

Tam2 = 1.25 — Safety factor

Utilization in tension

Fikd ___ — 012 < 1,0

min(F, ra; By.ra)
Where:
F, pa =309kN  —Tensile force
F; pqa = 254.2kN - Tension resistance

By rq = 505.3kN - Punching resistance

Utilization in shear

max(F;::,gz:)— 075 < 10

Where:

Fy.‘Ed = 106.1 kN — Shear force (in decisive shear plane)
F, ra = 141.2kN - Shear resistance

Fypa = 212.1kN —DBearing force (for decisive plate)
Fy, ra = 547.3 kN —Bearing resistance
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Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fy gd Fipa
Fuﬂd+1-4f"!m = 084 =< 10

Where:

Fy:Ed = 106.1 kN — Shear force (in decisive shear plane)
Fy rqi = 141.2kN — Shear resistance

Figa=309kN —Tensile force

Fi pg = 2542 kN - Tension resistance

Welds
Item Edge [:1‘:1] [ml;n] Loads ;I)-\.:I';’Ea? ;Z']
CH-bfl 1 SP1 A90n 739 LE1 4272 0.2
490n 739 LE1 4272 0.2
CPL1a CPL1b 490k 198 LE1 427.0 0.1
490n 198 LE1 4269 0.1
CPL1a CPL1c 490m 198 LE1 4269 0.1
490n 198 LE1 4270 01
CPL2a CPL2b 4125 125 LE1 4288 1.1
CPL2a CPL2b 4125 125 LE1 4286 1.0
CPL2a CPL2c 4125 125 LE1 4288 1.1
CPL2a CPL2c 4125 1254 VE1 4286 1.0
CPL1a D1 490 6854 LE1 2582 0.0
CPL2a D2 4120 655 LE1 4271 01
490N 654 LE1 2716 0.0
Design data
Material Ty
[MPa]
S 355 490.0

Detailed result for CH-bfl 1/SP1 -1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

o)
[MPa]

-77.7
-17.6
-227.9
-184.7
-184.7
-227.7
229.7
2344
229.7
2344
-125.3
215.0
-124.6

T
[MPa]

7.7
-17.7
-198.2
2171
-217.1
198.2
206.1
206.7
-206.1
-208.7
-130.4
-206.1
130.2

0.90

Ouwra = ful(Buvaa) = 4356 MPa 2 0y 5, =[0% +3(7] + 77)]°° =

o1ra=0,9f, /2 = 3528 MPa 2 |oi|= 1203 MPa
where:
fu=490.0 MPa - Ultimate strength
B8, = 0.90 — Coirelation factor EN 1993-1-8 — Tab. 4.1

Yarz = 1.25 — Safety factor

[/=][=F=] StatiCa’
[MTga] [g:] [U/:li Detailing  Status
2297 981 769 OK oK
2297 981 769 OK oK
648 980 659 OK oK
477 980 75 OK oK
476 980 676 OK oK
649 980 659 OK oK
347 984 974 OK oK
134 984 970 OK oK
348 984 974 OK oK
137 984 970 OK oK
14 593 264 OK oK
539 980 827 OK oK
497 624 291 OK oK
Ow,Rd 090
[MPa] [MPa]
4356 3528
4272 MPa
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Stress utilization

U, = max(ZeE; 2ily = 008 < 10

OwRd ' OLRd

Where:
O gd = 427.2 MPa — Maximum normal stress transverse to the axis of the weld

Oy, rd = 435.6 MPa - Equivalent stress resistance
o, =129.3 MPa — Normal stress perpendicular to the throat

o1 ri = 3528 MPa - Perpendicular stress resistance

Detailing check

+ Weld is too small. Throat thickness should be greater or equal to 13.8 mm where rupture of the weld is to be avoided for

ductility purposes. (FprEN 1993-1-8:2023 — 6.9(4))

Detailed resuit for CH-bfl 1/SP1 -2
Weld resistance check (EN 1993-1-8 - Cl. 4.5.3.2)

Ouwrd = fu/(Buymz) = 4356 MPa 2 owga=[o] +3(72 +77)°° = 4272 MPa

Clra=09f, /Y2 = 3528 MPa = |o,|= 1293 MPa
where:
fu=490.0 MPa - Ultimate strength
Byw = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
Yz = 1.25 — Safety factor

Stress utilization

U, = max(2£; =Ly~ 098

Owhd ' L R4

A

1,0

Where:
O Ed = 427.2MPa — Maximum normal stress transverse to the axis of the weld

Ow,rd = 435.6 MPa - Equivalent stress resistance
o) = 1293 MPa — Normal stress perpendicular to the throat

0| rq = 3528 MPa - Perpendicular stress resistance

Detailing check

o Weld is too small. Throat thickness should be greater or equal to 13.8 mm where rupture of the weld is to be avoided for

ductility purposes. (FprEN 1993-1-8:2023 — 6.9(4))
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Detailed result for CPL1a /CPL1b -1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Tuwrd = fu/(Buya2) = 4356 MPa 2 oupa=[o2 +3(r +77)]° = 427.0 MPa

o .pa=09f, /2 = 3528 MPa 2 |o.|= 2336 MPa

where:

fu = 490.0 MPa - Ultimate strength

B, = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
Ymz2 = 1.25 — Safety factor

Stress utilization

Uy =max(2:£; 1Ly — g8 < 10

Ourd 1 OLRd

Where:
Ow,Ed = 427.0MPa — Maximum normal stress transverse to the axis of the weld

Ou,rd = 435.6 MPa - Equivalent stress resistance
o = -233.6 MPa — Normal stress perpendicular to the throat

0 | .rd = 352.8 MPa - Perpendicular stress resistance

Detailed result for CPL1a /CPL1b - 2
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Owri = fu/(Buyr2) = 4356 MPa 2 Owpa=[02 +3(2 +1)]%° = 4269 MPa

01 ra=0,9f. /2 = 3528 MPa = |ci|= 1847 MPa
where:
fu=490.0MPa - Ultimate strength
B, = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
Famz = 1.25 — Safety factor

Stress utilization

U = max(Ze ; lily — pgg < 10

OuwRi ' OLRd

Where:
Ow,Ed = 426.9 MPa - Maximum normal stress transverse to the axis of the weld

Ow,rd = 435.6 MPa - Equivalent stress resistance
o =-184.7 MPa — Normal stress perpendicular to the throat

0. .rd = 352.8 MPa - Perpendicular stress resistance
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Detailed result for CPL1a / CPL1c -1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Owrd = fu/(Buymz2) = 4356 MPa > oypa= [0} +3(r +77)"° = 4269 MPa

o1ra=0,9fu /yu2 = 3528 MPa > |o.|= 1847 MPa
where:
» = 490.0 MPa - Ultimate strength
By = 0.90 — Correlation factor EN 1893-1-8 — Tab. 4.1
a2 = 1.25 — Safety factor

Stress utilization

uwEd , |o1] )

Ut = max(ﬁw.ﬁd O L. Rd

Where:

Ow,Ed = 426.9 MPa — Maximum normal stress transverse to the axis of the weld
O rd = 435.6 MPa — Equivalent stress resistance

o =-184.7 MPa — Normal stress perpendicular to the throat

O |, rd = 352.8 MPa — Perpendicular stress resistance

Detailed result for CPL1a / CPL1c -2
Weld resistance check (EN 1993-1-8 — Ci. 4.5.3.2)

Ouwrd = fuf(Buymz2) = 4356 MPa = Ouwma= (0% +3(r} +7))°° = 4270 MPa

o1 rRe=0,9fu /a2 = 3528 MPa 2 |oi|= 2334 MPa
where:
fu=490.0 MPa - Ultimate strength
By = 090 — Correlation factor EN 1993-1-8 — Tab. 4.1
Yam2 = 1.25 — Safety factor

Stress utilization

U, = max(Z=£; l2ily — pgg < 10

OwRd 1 L R4
Where:

Ow.Ed = 427.0 MPa — Maximum normal stress transverse to the axis of the weld
Ow.RrRd = 435.6 MPa — Equivalent stress resistance
o =-233.4MPa — Normal stress perpendicular to the throat

O | ,rd = 352.8 MPa - Perpendicular stress resistance
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Detailed result for CPL2a / CPL2b -1
Weld resistance check (EN 1993-1-8 - Cl. 4.5.3.2)

Owrd = Jfu/(Buys2) = 4356 MPa 2 0uwEd

[0 +3(r? +77)]°° = 4288 MPa

o re=0,9fu/ym2 = 3528 MPa = |o.|= 2370 MPa
where:
fu = 490.0 MPa - Ultimate strength
Bw = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
a2 = 1.25 — Safety factor

Stress utilization

U; = max( == li*—l-): 098 = 1,0

Owrd ' 0L Ra
Where:
OwEd = 428.8 MPa — Maximum normal stress transverse to the axis of the weld

Oy rd = 4356 MPa — Equivalent stress resistance
o, = 237.0 MPa — Normal stress perpendicular to the throat

0| rd = 352.8 MPa - Perpendicular stress resistance

Detailing check

s Weld is too small. Throat thickness should be greater or equal to 16.5 mm where rupture of the weld is to be avoided for

ductility purposes. (FprEN 1993-1-8:2023 - 6.9(4))

Detailed result for CPL2a/ CPL2b -1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Owrd = fu/(Buyir2) = 4356 MPa 2 Gupa=[0] +3(r +77)]*° = 4286 MPa

01 ra=0,92f, /Y2 = 3528 MPa = |o.|= 2374 MPa
where:
fu = 490.0 MPa - Ultimate strength
Bw = 0.80 — Correlation factor EN 1992-1-8 — Tab. 4.1
a2 — 1.25 — Safety factor

Stress utilization

Uy =max(2£; lily — g3 < 10

Owrd ' OLR4

Where:
T d = 428.6 MPa — Maximum normal stress transverse to the axis of the weld

owRd = 435.6 MPa - Equivalent stress resistance
o, = 2374 MPa — Normal stress perpendicular to the throat

01 ra = 352.8 MPa - Perpendicular stress resistance
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Detailing check

« Weld is too small. Throat thickness should be greater or equal to 16.5 mm where rupture of the weld is to be avoided for

ductility purposes. (FprEN 1993-1-8:2023 — 6.9(4))

Detailed result for CPL2a / CPL2c -1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

dwri = fu/(Buyr2) = 4356 MPa 2 owgpa=[0? +3(7] +77)]"" = 4288 MPa

TLra=0,9fu /2 = 3528 MPa 2 |o1|= 2371 MPa
where:
fu=490.0 MPa - Uiiimate strength
Bw = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
a2 = 1.25 — Safety factor

Stress utilization

Uy =max(Z , Iy~ pgg < 190

Owrd ' OLRd

Where:
Ow ed = 428.8 MPa  — Maximum normal stress transverse to the axis of the weld

T rRd — 435.6 MPa — Equivalent stress resistance
o) =237.1MPa — Normal stress perpendicular to the throat

0| rd = 352.8 MPa — Perpendicular stress resistance

Detailing check
« Weld is too small. Throat thickness should be greater or equal to 16.5 mm where rupture of the weld is to be avoided for

ductility purposes. (FprEN 1993-1-8:2023 — £.9(4))

Detailed result for CPL2a / CPL2c -1
VWeid resistance check (EN 1993-1-8 - Cl. 4.5.3.2)

Gwri = fu/(Buyr2) = 4356 MPa 2 owpa=I[0] +3(7] +77)]"" = 4286 MPa

o1Lri=0,9fu/ymz = 3528 MPa z |oL|= 2374 MPa
where:
fu=490.0 MPa - Ultimate strength
By = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
Yo = 1.25 — Safety factor
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Stress utilization

U, = max(Z=£; 2Ly~ 008 < 10

\owRd ' OLRd

Where:
T, d = 428.6 MPa  — Maximum normal stress transverse to the axis of the weld

Ow Rrd = 435.6 MPa — Equivalent stress resistance
o, = 2374 MPa — Normal stress perpendicular to the throat

0| pd = 352.8 MPa - Perpendicular stress resistance

Detailing check

« Weld is too small. Throat thickness should be greater or equal to 16.5 mm where rupture of the weld is to be avoided for

ductility purposes. (FprEN 1993-1-8:2023 — 6.9(4))

Detailed result for CPL1a /D1 -1
Weld resistance check (EN 1993-1-8 — Cl. 45.3.2)

Ouwpi = fu/(Buymz) = 4356 MPa > oypa=[o] +3(7] +7)|* = 2582 MPa

0 ra=0,9Ff, /vy = 3528 MPa 2 |o,|= 1253 MPa
where:
fu=490.0 MPa — Ultimate strength
8w = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
a2 = 1.25 — Safety factor

Stress utilization
U, =max(2£ . 21y 959 < 10

Ouwrd ' O Ra’

Where:
Ouw Ed = 258.2MPa - Maximum normal stress transverse to the axis of the weld

0. Rd = 435.6 MPa — Equivalent stress resistance
o) =-125.3 MPa — Normal siress perpendicular to the throat

O R4 = 352.8 MPa - Perpendicular stress resistance

Detailed result for CPL2a /D2 -1
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Ow,id = fu/(Buyr2) = 4356 MPa 2 oyma = [0} +3(7] + 7”2 %= 4271 MPa

o1 ri=0,9 fu/ym2 = 3528 MPa = |oL|= 2150 MPa
where:
fu=490.0 MPa - Ultimate strength
Bw = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
yao = 1.25 — Safety factor
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Stress utilization

U, = max(Z2et ; 12y = 093 < 10

Owitd ' OL1Rd
Where:
Ow Eq = 427.1 MPa — Maximum normal stress transverse to the axis of the weld

Ow.rd = 435.6 MPa — Equivalent stress resistance
o, = 215.0 MPa — Normal stress perpendicular to the throat

0 | rd = 352.8 MPa - Perpendicular stress resistance

Detailed result for CPL2a /D2 -2
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Ouwri = fu/(BuYaz) = 4356 MPa 2 oypa=I[0] +3(r} +77)]"° = 2716 MPa

Tira=0,9f, /2 = 3528 MPa > |0 |= 1278 MPa
where:
fu=490.0 MPa - Ultimate strength
Bw = 090 — Correlation factor EN 1993-1-8 — Tab. 4.1
Fma2 = 1.25 — Safety factor

Stress utilization

Il
e
o
]
A

Ow,Ed |01| }

U, = :
t max(%-_ﬁd ' O Rd

1,0

Where:

Ow Ed = 271.6 MPa - Maximum normal stress transverse to the axis of the weld
Ow Rd = 435.6 MPa — Equivalent stress resistance

o =-127.8 MPa — Normal stress perpendicular to the throat

0| pqa = 352.8 MPa — Perpendicular stress resistance

Buckling

Factor

Loads Shape ®

LE1 4.88
4.97
6.44
7.02
9.31

10.05

D kW N
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e

First buckling mode shape, LE1
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Bill of material

Manufacturing operations

Plates

Name [mm]

SP1 P30.0x740.0-400.0 (S 355)

CPL1  P25.0x200.0-200.0 (S 355)

P15.0x180.0-200.0 (S 355)

P15.0x180.0-200.0 (S 355)

CPL2  P35.0x200.0-300.0 (S 355)

P18.0x290.0-260.0 (S 355)

P18.0x290.0-260.0 (S 355)

|$$~$ ¢ 4 4

Welds

= Throat thickness [mm]

1 Double fillet: 9.0

1 Double fillet: 9.0

Filiet: 12.0
1 Fillet: 12.5
Fillet: 12.5

[/#/=[=] StatiCa®
Calculete yesterday's estimates
Length
[mm Bolts Nr.

740.0 M24 109 13

1059.4 M24109 4

659.4
250.0 M24109 9
250.0
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Welds

Type Material

Double fillet
Fillet
Fillet
Fillet

S 355
S 355
S 355
S 355

Bolts

Name

M24 10.9
M24 10.9

Drawing

SP1

P30.0x400-740 (S 355)

92

210

50

@

400

75 39 7505 39 1

, 90

190

83

B>

Throat thickness

[mm]
9.0
125
120
125
Grip length
[mm]
60
86

‘ 50

12 39 1112 39 12 50

12.7
17.7
17.0
17.7

Leg size

[mm]

7777 77777777770 07 00 0

74

[[3]=F7] StatiCa’®

Length
[mm]

17994
250.0
659.4
250.0

Count

T
400

200

T B e b e L

410
740

T
170
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CPL2 - CPL2a

P35.0x300-300 (S 355)

Z
) 77
& 7,
7. 7
300
CPL2 - CPL2c
P18.0x260-290 (S 355)
290
35 255

. [ s0
\6?

80

]

° ]
® '°
® O
I

=
®
©
®
N

=
e
N

60 80

290
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Project:
Project no:
Author:

Symbol explanation

Symbol

OEd
Ep|
OcEd
Elim
Fieq
Fy Ed

Fy Re

Explanation

Plate thickness

Equivalent stress

Plastic strain

Contact stress

Yield strength

Limit of plastic strain

Tension force

Resultant of bolt shear forces Vy and Vz in shear planes
Plate bearing resistance EN 1993-1-8 — Tab. 3.4
Utilization in tension

Utilization in shear

Interaction of tension and shear EN 1983-1-8 — Tab. 3.4
Bolt tension resistance EN 1993-1-8 — Tab. 3.4
Punching shear resistance EN 1993-1-8 — Tab. 3.4
Bolt shear resistance EN 1993-1-8 — Tab. 3.4
Throat thickness a

Length

Equivalent stress

Perpendicular stress

Shear stress perpendicular to weld axis

Shear stress parallel to weld axis

Utilization

Weld capacity estimation

Fillet weld

Ultimate strength of weld

Carrelation factor EN 1993-1-8 — Tab. 4.1
Equivalent stress resistance

Perpendicular stress resistance: 0.9*fulyM2
Cross-section size

Local cross-section deformation

Allowed deformation

[[s[=F] StatiCa’

Calculate yesterday's estimates
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Project:

Project no: [/#]/=/=] GtatiCa*®

Celculete yesterday's estimates
Author:

Code settings

Item Value Unit Reference
Safety factor vy 1.00 - EN 1993-1-1: 6.1
Safety factor yy4 1.00 - EN 1993-1-1: 6.1
Safety factor vy 1.25 - EN 1993-1-1: 6.1
Safety factor yy3 1.25 - EN 1993-1-8:2.2
Safety factor y¢ 1.50 - EN 1992-1-1:2.4.2.4
Safety factor v, 1.20 - EN 1992-4: Table 4.1
Joint coefficient Bj 0.67 - EN 1993-1-8:6.2.5
Effective area - influence of mesh size 0.10 -
Friction coefficient - concrete 0.25 - EN 1993-1-8
Friction coefficient in slip-resistance 0.30 - EN 1993-1-8 tab 3.7
Limit plastic strain 0.05 - EN 1993-1-5
Detailing Yes
Distance between bolts [d] 2.20 - EN 1993-1-8:tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1993-1-8:tab 3.3
Concrete breakout resistance check Both EN 19924: 7.2.14 and 7.2.2.5
Use calculated ab in bearing check. Yes EN 1993-1-8:tab 3.4
Cracked concrete Yes EN 19924
Local deformation check Yes CIDECTDG 1,3-1.1
Local deformation limit 0.03 - CIDECTDG1,3-1.1
Geometrical nonlinearity (GMNA) Yes Analysis with large deformations for hollow section joints
Braced system No EN 1993-1-8:5.2.2.5
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14.4, Detalj E

Detalj E prikazuje detalj spajanja vertikalne stabilizacije prvog kata.

Sila u dijagonalama je izracunata u poglavlju 13.1.3.
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Project:
Project no:
Author:

Project item CON1

Design

Name
Description

Analysis
Members

Geometry

Name Cross-section

CH
D1
D2

4 - HEABQ0
6 - SHS160/160/10.0
6 - SHS160/160/10.0

Supports and forces

Name

CH / begin
CH/end
D1 /end
D2/ end

CON1

Stress, strain/ simplified loading

B — Direction Y - Pitch
[ [

0.0

0.0

180.0

0.0
-39.0
-39.0

Support

N-Wy-Vz-Mx-My-Mz
N-Wy-Vz-Mx-My-Mz
Mx-My-Mz
Mx-My-Mz

a - Rotation

[l

0.0
0.0
0.0

Node
Node
Node
Node

Offset ex
[mm]

0
250
2350

Forces in

/[#]=/-/ StatiCa®

Celcuiste yesterday's estimates

Offset ez
[mm]

Offset ey
[mm]

-300
-300

[mm]

(=i = R = R )
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Project:
Project no: //#/=]=] StatiCa®
Auth or: Celculate yesterday's esbimates

Cross-sections

Name Material
4 - HEA800 S 355
6 - SHS160/160/10.0 S 355
Bolts
Diameter fy f, Gross area
R [mm] [MPa] [MPa] [mm?]
M24 10.9 24 900.0 1000.0 452
M2210.9 22 900.0 1000.0 380

Load effects (Equilibrium not required)

tom:: i e o o] e i )
LE1 D1/End -611.0 0.0 0.0 0.0 0.0 0.0
D2/End 2037.0 0.0 0.0 0.0 0.0 0.0
Check
Summary
Name Value Check status

Analysis 100.0% OK

Plates 4.0<50% OK

Loc. deformation 0.9 < 3% OK

Bolts 99.9 < 100% OK

Welds 58.0 < 100% OK

Buckling Not calculated
Plates

Name [n:rn] Loads [GE‘;] [?,Zi [(;J:!:I’:I’Ead] Status

CH-bfi 1 280 LE1 270.2 0.0 0.0 OK

CH-fl 1 280 LE1 123.4 0.0 0.0 OK

CH-w 1 15.0 LE1 260.9 0.0 0.0 OK

D1 10.0 LE1 3428 0.0 0.0 OK

D2 10.0 LE1 363.3 4.0 0.0 OK

SP1 220 LE1 360.2 25 15.2 OK

CPL1a 20.0 LE1 142.4 0.0 0.0 OK

CPL1b 15.0 LE1 288.5 0.0 323 OK

CPL1c 15.0 LE1 288.3 0.0 323 OK

CPL2a 35.0 LE1 356.2 06 0.0 CK

CPL2b 230 LE1 355.9 04 0.0 OK

CPLZ2¢c 23.0 LE1 355.9 04 0.0 OK
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Project:
- L4
Project no: [[#]=]=] StatiCa
Auth or: Calculate yesterday's estimates
Design data
. f, &
Yy im
Maierial [MPa] (%)
S355 355.0 5.0
Detailed result for CH-bfl 1
Design values used in the analysis
S _
fya = _{Lw‘u = 3550 MPa
Where:
r = 355.0 MPa - characteristic yield strength
y
ymo = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1
Detailed result for CH-til 1
Design values used in the analysis
I
fya= T;U = 3550 MPa
Where:
fuk = 355.0 MPa - characteristic yield strength
y
Ym0 = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1
Detailed result for CH-w 1
Design values used in the analysis
N 7
fyd = ,—riﬁ = 3550 MPa
Where:
fyke = 355.0 MPa - characteristic yield strength
y
“ar0 = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1
Detailed result for D1
Design values used in the analysis
Fii
fya = _{Jja = 3550 MPa
Where:
r = 355.0 MPa - characteristic yield strength
y
a0 = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1
Detailed resuit for D2
Design values used in the anaiysis
N I
fya = ,—r;—u = 3550 MPa
Where:
fyr = 355.0 MPa — characteristic yield strength
Yar0 = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1
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Project:
Project no: [[s[=5] StatiCa°®

Calzuiete yesterday
Author:

Detailed result for SP1
Design values used in the analysis

foa= 2 = 3550 MPa

TMmo
Where:
fyr = 355.0 MPa  — characteristic yield strength

a0 = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for CPL1a
Design values used in the analysis

fya= 1%~ 3550 MPa

Y™mo

Where:
fyr = 355.0 MPa — characteristic yield strength

a0 = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1

Detailed result for CPL1b
Design values used in the analysis

foa= L% = 3550 MPa

Ymo
Where:
fyr = 355.0 MPa — characteristic yield strength

Yo = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1

Detailed result for CPL1c
Design values used in the analysis

fra=2 = 3550 MPa

Yaro
Where:
i y: — 395.0 MPa - characteristic yield strength

Yaro = 1.00 — partial safety factor for steel material EN 1993-1-1-6.1

Detailed result for CPL2a
Design values used in the analysis

fra= 2% — 3550 WPa

Ym0

Where:
fyr = 355.0 MPa — characteristic yield strength

a0 = 1.00 — partial safety factor for steel material EN 1993-1-1 - 6.1
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Project:

Project no: [[#]=/=] StatiCa”
Celculate yesterday's estimates

Author:

Detailed result for CPL2b
Design values used in the analysis

fra= 2 — 3550 MPa

Mo
Where:
fyk = 355.0 MPa - characteristic yield strength

Ym0 = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1

Detailed result for CPL2c
Design values used in the analysis

fua=2E = 3550 MPa

Ym0
Where:
fyk = 355.0 MPa - characteristic yield strength

Ymo = 1.00 — partial safety factor for steel material EN 1993-1-1 — 6.1

Loc. deformation

do lim Wdu
Name k] Loads [mm] [mm] 1%] Check status

D1 160 LE1 0 5 0.0 OK
D2 160 LE1 1 5 0.9 OK

i

Overall check, LE1
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Project:
Project no: [/#]=/=/ StatiCa®
Author: Celcuiete yesterday's estimates

[%]
150%

~1100%
(5.00)

Strain check, LE1

[MPa]

355.0

325
300
275
250
225
200
175
150
125
100

75

50

25

e 0.0

Equivalent stress, LE1
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Project:
Project no: //#/=]=] StatiCa®
Author: Calculgte yesterday's estimates
Bolts
Fiea Fveda Fora Uty Uty Ut -
Shape Item Grade Loads (KN] (kN] [KN] [%] %] %] Detailing  Status
(f A B3 M24 10.9 -1 LE1 8.3 72.3 5174 25| 512 | 530 | OK OK
S5
| + '15' B4 M24 109 -1 LE1 23 71.5 401.3 09 506 51.3 OK OK
_'2 _f! B5 M24 10.9 -1 LE1 70 81.2 5174 28 575 5895 OK OK
B6 M24 10.9 -1 LE1 2.8 80.8 401.3 1.1 | 57.2 | 58.0 | OK OK
B9 M22 106 -2 LE1 217 122 2638 100 926 997 OK OK
B10 M22109-2 LE1 233 116 2775 107 920 997 OK OK
e B11 M22 109-2 LE1 21.7 1122 2638 99 926 99.7 OK OK
RN
B12 M22109-2 LE1 233 1115 2944 107 920 99.7 OK OK
IS g% 4¥) B13 M22108-2 LE1 87 1176 2638 40 970 998 OK OK
_*1_1 _+1_3 -|12 B14 M22109-2  LE1 86 1176 2638 39 970 99.9 OK OK
N | B15 M22109-2  LE1 265 1101 263.8 121 90.8 995 OK OK
B16 M22109-2 LE1 101 116.9 263.8 46 965 998 OK OK
B17 M22109-2 LE1 27/8 1095 2859 127 903 894 OK OK
Design data
FtRd By ra FyRrd
Giade [KN] [kN] [kN]
M24 10.9-1 2542 421.1 141.2
M2210.9-2 218.2 609.4 121.2
Detailed result for B3
Tension resistance check (EN 1993-1-8 — Table 3.4)
Fopg="I2% — 2502 WN > Fopg= 63 kN
Where:
ko = 0.90 — Factor
fub = 1000.0 MPa - Ultimate tensile strength of the bolt
As = 353 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor
Punching resistance check (EN 1993-1-8 — Table 3.4)
0,6 7 dim tp fu
Bypg= 28T&tole 4211 kN 2 Fipi= 63 kN
Where:
dm = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
i, =15mm — Plate thickness
fu = 4900 MPa - Ultimate strength
a2 = 1.25 — Safety factor
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Project:
Project no:
Author:

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=2202% = 4412 W = Fupa= 723 &N
Where:
‘Bp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear siress

fub = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 353 mm? — Tensile stress area of the bolt
yarz2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

[[5]=F-] StatiCa®

Calcwiate yesterday's estimates

Fhopa=220% — 5174 N > Fopa= 1447 kN
Where:
ky = m-m(Q_SZ% 10T, 141% ~ 1.7,2.5) = 250 Ei;i:itg;g‘rlzg%etrgi:;?:rce and bolt spacing perpendicular to the
&= min(;_dlu’ ;’Tlu _ i, %’ 1) = 1.00 ;:nasc;t;r for end distance and bolt spacing in direction of load
ey = 171 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80mm — Distance between bolts perpendicular to the shear force
dp = 26 mm — Bolt hole diameter
e; = 183 mm — Distance to the plate edge in the direction of the shear force
P1 = mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d = 24 mm — Nominal diameter of the fastener
t =22mm — Thickness of the plate
a2 = 1.25 — Safety factor

Utilization in tension

Fiid _
WP Bord) 002 < 10
Where:
Fipqg—=6.3kN — Tensile force

Firqa = 2542 kN - Tension resistance

B, ra = 421.1kN - Punching resistance
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Project: i
Project no: [[#]=F] StatiCa®
Author: Colculate yesterday's estimates

Utilization in shear

max(F2; 7)) = 051 < 1,0
Where:
F, pa =T723kN - Shear force (in decisive shear plane)

F, ra = 141.2 kN - Shear resistance
Fy pg = 144.7kN - Bearing force (for decisive plate)

Fb,Rd = 5174 kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fu.Ed Fipa
ot oy = 058 < 10
Where:
F, ga = 723kN - Shear force (in decisive shear plane)

F, rq = 141.2kN - Shear resistance
F, pq = 63kN — Tensile force

Fi_‘ rd = 254.2 kN - Tension resistance

Detailed result for B4
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fipa= “me" = 2542 kN > Fipa= 23 kN
Where:
ks = 0.90 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As = 353 mm? - Tensile stress area of the bolt

a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Tahble 3.4)
0,6 7 dy 1, fir

Bppi= ——m= = 4211 kN 2 Fipa= 23 kN
Where:
d,, = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =15mm ~ Plate thickness

fu=490.0 MPa - Ultimate strength
a2 = 1.25 — Safety factor
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Project:
Project no:
Author:

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=22002 — 4412 W > Fopa= 715 kN
Where:
ﬁp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 353 mm? — Tensile stress area of the bolt
Y2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

//#/=]=] StatiCa®

Calculate yesterday's esbimates

Fhopa=225% — 4013 N > Fypa= 1429 KN
Where:
ky = mm(z'S;_i ., 5 1.43]_2 —1.7,2.5) = 2550 ;i;ﬁoo;w;c}rlzggirgi:;?grce and bolt spacing perpendicular to the
@ = min(;—;], 3;%] _ i’ %, 1) =078 ;:nascfgorr for end distance and bolt spacing in direction of load
eg = 123 mm — Distance to the plate edge perpendicular to the shear force
p2 = 80 mm — Distance between bolts perpendicular to the shear force
dg = 26 mm - Bolt hole diameter
e; = 233 mm — Distance to the plate edge in the direction of the shear force
P = 80mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Uliimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d =24 mm —Nominal diameter of the fastener
t=22mm — Thickness of the plate
Ya2 = 1.25 — Safety factor

Utilization in tension

Figd

mj:ant,Ra‘i Bp,}id’) — 0.01 = 1,0
Where:
F, gg = 2.3kN — Tensile force

Ft.‘Rd = 2542 kN - Tension resistance

By ra = 421.1 kN —Punching resistance
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Project: ]
Projectno: [[a]=FZ] StatiCa’

Celcuigte yesterday's estimates
Author:

Utilization in shear

max(7E; 75) = 051 < 1,0
Where:
F, pa =T1.5kN  — Shear force (in decisive shear plane)

Fy ra = 141.2kN - Shear resistance
Fy, gq = 1429kN — Bearing force (for decisive plate)

Fy ga = 401.3 kN — Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fuka Fied
T T TAFL — 051 < 10
Where:
F, pa =T1.5kN  — Shearforce (in decisive shear plane)

F, gra = 141.2kN — Shear resistance
Fipa =2.3kN — Tensile force

Fi ra = 2542 kN —Tension resistance

Detailed result for B5
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fipa= kzmzfls = 2542 kN = Figi= 70 kN
Where:
ko =090 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
Ay = 353 mm? — Tensile stress area of the bolt

a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bypo= 2Tkl — 4211 kN > Fipa= 70 kN
Where:
d,, = 38 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =15mm - Plate thickness

Ju = 490.0 MPa - Ultimate strength
TM2 = 1.25 — Safety factor
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Project:
Project no: [/#[=]=] StatiCa®
Author: Cekuiote yesterday's estimates

Shear resistance check (EN 1993-1-8 —Table 34)

Fopg =220 = 4412 kN > Fopa= 812 kN
Where:
Bp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile sirength of the bolt
A = 353 mm? — Tensile stress area of the bolt

Fmz2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fopa=520kd — 574 N > Fopa= 1624 kN

YMm2

Where:

B min(2.8ﬂ - 1.7, 1.432 —1.7,2.5) = 2,50 iFac.torfor edge distance and bolt spacing perpendicular to the
0 0 direction of load transfer

0\ min(;—;ﬂ, ;)TID _ i’ %’ 1) = 1.00 ;:nasc;::r for end distance and balt spacing in direction of load
ez = 109 mm — Distance to the plate edge perpendicular to the shear force
P2 = 80 mm — Distance between bolis perpendicular to the shear force

do = 26 mm — Bolt hole diameter

e1 = 121 mm — Distance to the plate edge in the direction of the shear force
Pp = = mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt

fu = 480.0 MPa — Ultimate strength of the plate

d =24 mm — Nominal diameter of the fastener

t = 22mm — Thickness of the plate

yam2 = 1.25 — Safety factor

Utilization in tension

Fi gd

mn(Fom By 008 10
Where:
Figa =7.0kN - Tensile force

Fipa = 2542 kN —Tension resistance

By ra = 421.1 kN —Punching resistance
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Project:
Project no: [/8[=[=] StatiCa°®
Author: Celculats yesterday's estimates

Utilization in shear

max(F2; %) = 057 < 10
Where:
F, ga =81.2kN  — Shear force (in decisive shear plane)

Fy ra = 141.2kN - Shear resistance
Fygqa = 1624 kN - Bearing force (for decisive plate)

Fb.‘Rd = 5174 kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)
Fu.Ed Figd

P ARG = 059 = 1,0
Where:
F, ga =81.2kN  — Shear force (in decisive shear plane)

F, ri = 141.2kN - Shear resistance
Figs=T.0kN — Tensile force

F; pqg = 254.2 kN - Tension resistance

Detailed result for B6
Tension resistance check (EN 1993-1-8 — Table 34)

Fopg= 2it — 2502 kN 2 Fimi= 28 kN
Where:
ky = 0.90 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As = 353 mm? — Tensile stress area of the bolt

Tm2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)
0.6 7 dy ty fir

Bppi= " el = 4211 kN = Fipa= 28 kN
Where:
d,, = 38 mm — The mean of the across points and across flats dimensians of the bolt head or the nut, whichever is
smaller
t, =15mm — Plate thickness

fu = 490.0 MPa - Ultimate strength
Ym2 = 1.25 — Safety factor
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Project: ]
Project no: [[#]=FZ] StatiCa°®

Celculate yesterday's estimates
Author:

Shear resistance chack (EN 1993-1-8 — Table 3.4)

Fopg=2%202% = 4412 kN 2 Fupa= 808 kN
Where:
ﬁ;. =1.00 — Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fus = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 353 mm? — Tensile stress area of the bolt

yamz2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fopi="220% — 4013 WN = Fhpa= 161.7 kN
Where
ky = min(z'gz_z =8 1'42_2 — 1.7,2.5) = 2.50 Ei;ﬁoogzrlzggirgi:;?:rce and bolt spacing perpendicular to the
i\ min(;—;ﬂ, ;TID _ i, %, 1) =078 ;-;:;gr for end distance and balt spacing in direction of load
eg = 124 mm — Distance to the plate edge perpendicular to the shear force
P2 = 80mm — Distance between bolts perpendicular to the shear force
dp = 26 mm — Bolt hole diameter
e1 = 169 mm — Distance to the plate edge in the direction of the shear force
P = 80mm — Distance between bolts in the direction of the shear force
fur = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d =24 mm — Nominal diameter of the fastener
t=22mm — Thickness of the plate
a2 = 1.25 — Safety factor

Utilization in tension

Fird

min(F g3 By ra) = 001 = 10
Where:
Fipq = 2.8kN — Tensile force

Fi ra = 2542 kN —Tension resistance

By ri = 421.1 kN —Punching resistance
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Project:

- L.
Project no: [[s]=]] StatiCa
P Calcuiste yesterday's estimates

Utilization in shear

max(FZ; 72) = 057 = 10

Where:

F, pg = 80.8kN - Shear force (in decisive shear plane)
Fy ga = 141.2KN — Shear resistance

Fypq = 161.TkN - Bearing force (for decisive plate)

Fy pg = 4013 kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

FoEd Fipa
T + TiFha 0.58 < 1,0

Where:

F, ga = 808kN - Shear force (in decisive shear plane)
P, ra = 141.2kN - Shear resistance

Fipqg = 28kN — Tensile force

Fi ra = 2542 kN — Tension resistance

Detailed result for B9
Tension resistance check (EN 1993-1-8 — Table 3.4)

ks A
M2 2

Fira= 2182 kN = Fips= 217 kN

Where:

ks =090 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As =303 mm? — Tensile stress area of the bolt

Yamz = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bppi= 2Tmbl — 5094 kN > Fipa= 217 kN
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =23 mm — Plate thickness

fu=490.0MPa - Ultimate strength
Yaz2 = 1.25 — Safety factor
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Project:
Project no:
Author:

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=2202% — 4212 N 2 Fupa= 1122 kN

i’y
Where:
,1'3}. =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 303 mm? — Tensile stress area of the bolt
Ymz2 = 1.25 — Safety factar

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fopa— 20hd — 5638 kN = Fopi= 2244 kN

YM2

Where:

E
ki —min(2.8=2 — 17, 1422
0

dp direction of load transfer
= mi.n(;—(;], ;’710 _ %’ %, 1) = 0.58 t—r:nicfteorr for end distance and bolt spacing in direction of load
ey = 144 mm — Distance to the plate edge perpendicular to the shear force
p2 = 70 mm — Distance between bolts perpendicular to the shear force
do = 24 mm —Bolt hole diameter
e1 = 151 mm — Distance to the plate edge in the direction of the shear force
P1 = 60mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Uliimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d=22mm —Nominal diameter of the fastener
t =22mm — Thickness of the plate
a2 = 1.25 — Safety factor

Utilization in tension

e 010 < 1,0

min(F} gy; By gra)
Where:
Fypa=217kN - Tensile force

F; rqg = 2182 kN - Tension resistance

B, rq = 609.4kN —Punching resistance

//#]=]=] GtatiCa*

Celculate vesterdar's estimates

- 1.7,2.5) = 238 — Factor for edge distance and bolt spacing perpendicular to the
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Project:
Project no: /[/#]=/=] StatiCa'
Author: Colulate yesterday’s estimatss

Utilization in shear

( Ford, Fled

Tmax Fora' Fina!

= 093 < 10

Where:

F, pg = 1122kN - Shear force (in decisive shear plane)
Iy rq = 121.2kN - Shear resistance

Fy pa = 2244 kKN - Bearing force (for decisive plate)

F;,_‘Rd = 263.8 kKN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fo.£d Figd
Fm T Tk = 100 5 10
Where:
F, pg = 112.2kN - Shear force (in decisive shear plane)

F, pra = 121.2kN - Shear resistance
Figa=217kN —Tensile force

Firg = 2182 kN —Tension resistance

Detailed result for B10
Tension resistance check (EN 1993-1-8 — Tabie 3.4)

Fira= kz.m’l‘ = 2182 kN = Fym= 233 kN
Where:
ks = 0.90 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As =303 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bypi="able — 6004 kN > Fiea= 233 kN
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =23mm — Plate thickness

fu = 490.0 MPa - Ultimate strength
Yamz = 1.25 — Safety factor
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Project:
Project no:
Author:

Shear resistance check (EN 1993-1-8 — Table 3.4)

o,

Fopg=22002 = 4212 kN 2 Fopa= 1116 KN

Yo

Where:
Bp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fupr = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 303 mm? — Tensile stress area of the bolt
Ya2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

[[a]=F=] StatiCa'

Calculate yesterday's estimates

Fhpa=220% — o775 kN > Fypi— 2231 kN
Where:
k= m-m(zsz_i Y07 1443_?] —1.7,2.5) =238 Ei;ii:itgggrligg?rgﬁ;?grce and bolt spacing perpendicular to the
G min(;—dlo, ;'710 B i, %’ 1) = 0,61 ;;na;f::rr for end distance and bolt spacing in direction of load
gz = 69 mm — Distance to the plate edge perpendicular to the shear force
p2 =70 mm — Distance between bolts perpendicular to the shear force
dg = 24 mm — Bolt hole diameter
e; = 44 mm — Distance to the plate edge in the direction of the shear force
P1 =« mm — Distance between bolts in the direction of the shear force
fub = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Uitimate strength of the plate
d =22 mm —Nominal diameter of the fastener
t =22mm — Thickness of the plate
a2 = 1.25 — Safety factor

Utilization in tension

Ft ga -
min( by gy; By ra)

011 = 1,0

Where:

Figa =233kN  —Tensile force

Fi pq = 2182 kN  —Tension resistance

B, rg = 609.4 kN —Punching resistance
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Project:
Project no: [/=]/=[=] GtatiCa®
Author: Celcuiate yesterday's estimates

Utilization in shear

Fogd, Fhedy
[ﬂa}{(m,ﬂ.w' = 092 = 10

Where:

F;_‘Ed = 111.6 kN - Shear force (in decisive shear plane)
Fy ri = 121.2kN - Shear resistance

Fy gg = 223.1 kN - Bearing force (for decisive plate)

Fy rg = 277T.5kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

FoEd Fied
— —_— <
oy + 171 $op 1.00 < 1,0

Where:

F, pi = 111.8 kN - Shear force (in decisive shear plane)
Fy ri = 121.2kN - Shear resistance

F: pqg =233kN  —Tensile force

F; g = 2182 kN - Tension resistance

Detailed result for B11
Tension resistance check (EN 1993-1-8 — Tabie 3.4)
ko A,

Fipg= 22= = 2182 kN 2 Fypa= 217 kN
Where:
ko =090 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As = 303 mm? — Tensile stress area of the bolt
Yaz2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

Bypi= """l — 6004 kN > Fipa= 217 kN
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =23 mm — Plate thickness

fu =490.0 MPa - Ultimate strength
a2 = 1.25 — Safety factor
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Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg= 2200t = 4212 kN 2 Fupa= 1122 kN
Where:
ﬁp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa — Ultimate tensile strength of the bolt
A = 303 mm? — Tensile stress area of the bolt
Yma2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

[[]=]=] StatiCa

Celculate yesterday's estimatss

Fypa=22Ld — 5638 N > Fupa= 2244 kN
Where:
k= min(zsz_z i 1'42_2 — 1.7,2.5) = 2.38 Ei;ﬁooggrlsg%etrgf;?;ce and bolt spacing perpendicular to the
ai = min(;—;ﬂ, ;)TIU _ i, %’ 1) — 058 t—r:nasc;tec:r for end distance and balt spacing in direction of load
29 = 78 mm - Distance to the plate edge perpendicular to the shear force
p2 = 70 mm — Distance between bolts perpendicular to the shear force
dyp = 24 mm — Bolt hole diameter
e; = 166 mm — Distance to the plate edge in the direction of the shear force
P1 = 60mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
Ju = 490.0 MPa - Ultimate strength of the plate
d = 22 mm - Nominal diameter of the fastener
t =22mm — Thickness of the plate
Y2 = 1.25 — Safety factor

Utilization in tension

Fi.ed s o
min(F gy; By ra)

010 = 10

Where:

Fipa=217kN  —Tensile force

Fi ra = 2182 kN —Tension resistance

B, ra = 609.4kN - Punching resistance
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Project:
Project no: [/=]=]=] StatiCa‘
Author: Calculate yesterday's estimates

Utilization in shear

max(F2; 22) = 093 < 1,0

Where:

Fv_lgd = 112.2kN - Shear force (in decisive shear plane)
Fy ri = 121.2kN - Shear resistance

Fy gqg = 224.4 kN — Bearing force (for decisive plate)

Fy pqg = 263.8 kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fy gd Fipa
Fon " Taig — 0O,
Where:

FU_.Ed = 112.2kN - Shear force (in decisive shear plane)
F, ra = 121.2kN — Shear resistance
Fipg = 21.7kN  —Tensile force

F; rd = 2182 kN — Tension resistance

Detailed result for B12
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fopa= “lafs — 2182 kN 2 Fipa= 233 kN
Where:
ko = 090 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As =303 mm? — Tensile stress area of the bolt

Yar2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)
0,6 7dy, t, fu

Bppi= "1, = 6094 kN 2 Fipa= 233 kN
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =23 mm — Plate thickness

Jfu = 490.0 MPa - Ultimate strength
Ym2 = 1.25 — Safety factor
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Project no:
Author:

Shear resistance check (EN 1993-1-8 — Table 3.4)

[[a]=F=] StatiCa

Colcelste yesterday's estimates

Fopg=22022 = 1212 kN 2 Fuga= 1115 kN
Where:
By =100 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =303 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fypa =

hoah® — 2044 N > Foma= 2231 kN
Where:

by = min(2.82 — 1 1_432 — {78 25} —oag —_Fac_tor for edge distance and bolt spacing perpendicular to the
0 0 direction of load transfer

i min(;—dlm, ;3710 _ i’ %’ 1) = 0.65 t—r:nasc;tec:r for end distance and bolt spacing in direction of load
eg =73 mm — Distance to the plate edge perpendicular to the shear force
p2 = 70mm — Distance between bolts perpendicular to the shear force

dp = 24 mm — Bolt hole diameter

e; = 47 mm — Distance to the plate edge in the direction of the shear force
P1 == mm — Distance between bolts in the direction of the shear force
Sfup = 1000.0 MPa - Ultimate tensile strength of the bolt

fu = 490.0 MPa — Uitimate strength of the plate

d =22 mm — Nominal diameter of the fastener

t =22 mm — Thickness of the plate

Yara = 1.25 — Safety factor

Utilization in tension

win(F; rs; Bpra)

i 011 < 10

Where:
Fipq =233kN  —Tensile force
F; rq = 2182 kN —Tension resistance

By ra = 609.4kN - Punching resistance
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Project: _
Project no: [[5]=]=] StatiCa*®
Author: Colcuinte yesterday's estimatzs

Utilization in shear

Fogd, Phed

max( Fora? Fyga/

= 082 < 10

Where:

F}__Ed = 111.5kN - Shear force (in decisive shear plane)
Fy gg = 121.2kN — Shear resistance

Fy, pg = 223.1kN - Bearing force (for decisive plate)

Fy ra = 2944 kN - Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

F, E,
=+ p—= 100 < 10

Fira
Where:
F, ga = 111.5kN - Shear force (in decisive shear plane)
Fy rg = 121.2kN — Shear resistance
Fips=233kN  —Tensile force

F; rq = 2182 kN —Tension resistance

Detailed result for B13
Tension resistance check (EN 1993-1-8 — Table 3.4)
ks £ As

Fypg= 2% = 2182 kN 2 Fipa= 87 kN
Where:
kg = 0.90 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 303 mm? — Tensile stress area of the bolt
Yar2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

0,6 wd, t, f.
s p
Bp_. Rd — e

= 6094 kN = Fipa— 87 kN

Yar2

Where:

d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller

t, =23mm ~ Plate thickness

Jfu = 490.0 MPa - Ultimate strength
Ya2 = 1.25 — Safety factor
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Project:
Project no: /[/#[=]=] StatiCa‘
Author: Calcuiste vesterday's estimates

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=%2def — 4212 WN > Fupa= 1176 kN

Where:
,Bp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A = 303 mm? —Tensile stress area of the bolt
Y2 = 1.25 — Safety factor

Bearing resistance check (EN 1893-1-8 — Table 3.4)

Fopa= 220 — 5638 N > Fhpa= 2351 kN

Where:

k= min(?.Sﬂ AT, 1.4}2 ~1.7,2.5) =238 —_Fac_tor for edge distance and bolt spacing perpendicular to the
0 do direction of load transfer

- min(;_dlu’ ;’Tlo _ i’ %, 1) =058 ;r;nasi’cec;r for end distance and bolt spacing in direction of load

es = 118 mm — Distance to the plate edge perpendicular to the shear force

p2 = 70mm — Distance between bolis perpendicular to the shear force

dp = 24 mm — Bolt hole diameter

e; = 107 mm — Distance to the plate edge in the direction of the shear force

P = 60mm — Distance between bolts in the direction of the shear force

fup = 1000.0 MPa — Ultimate tensile strength of the bolt

fu = 490.0 MPa — Ultimate strength of the plate

d =22 mm — Nominal diameter of the fastener

t=22mm — Thickness of the plate

Ym2 = 1.25 — Safety factor

Utilization in tension

Fied

min(F} ga; By ra) = 004 = 10
Where:
Fi;pa=87kN — Tensile force

Fi ra = 2182 kN  —Tension resistance

By ra = 609.4 kN - Punching resistance
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Project:
Project no: [/a[=]=] StatiCa®
Author: CakuRE el et

Utilization in shear

max(pL; D54y — 097 < 10

Fora’ Fona

Where:

F.-.,Ed = 117.6 kN — Shear force (in decisive shear plane)
F, pa = 121.2kN - Shear resistance

Fypq = 235.1kN  — Bearing force (for decisive plate)

Py pa = 263.8 kN — Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fu.Ed FiEgd
T tmr-= 100 < 10
Where:
F, ps = 1176 kN - Shear force (in decisive shear plane)

Fy rs = 121.2kN — Shear resistance
Figq=8.TkN — Tensile force

F; pa = 2182 kN — Tension resistance

Detailed result for B14
Tension resistance check (EN 1993-1-8 — Table 3.4)
k2 fip As

Fipa= T — 2182 kN = Iip;= 86 kN
Where:
ks = 0.90 — Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As =303 mm? — Tensile stress area of the bolt

a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)

By po= bl — g094 KN > Fima= 86 kN
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =23 mm — Plate thickness

fu = 490.0 MPa - Ultimate strength
Yarz = 1.25 — Safety factor
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Project:
Project no:
Author:

Shear resistance check (EN 1993-1-8 — Table 3.4)

[[#]=FF] StatiCa*®

Calculste yesterday's estimates

Fopa=22022 = 1212 N = Fupa= 1176 kN
Where:
,Bp =1.00 — Reduction factor for packing
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt

A = 303 mm? —Tensile stress area of the bolt

Yma = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fopa= 2208 — 2638 W 2 Fhpa—
Where:
. €2 P2
k= 28— —1.7,14—
1 = min( T T
€ 1
oy = min(—l o 1t 1) =0.58

3do"3dy 4" [’
e2 = 107 mm
p2 = 70mm
dop = 24 mm

e; = 104 mm

P = 60mm

fup = 1000.0 MPa
fu = 490.0 MPa
d =22 mm

t =22mm

Ym2 = 1.25

Utilization in tension
Fiea

min(F ga; By ra) = 004 < 1'0
Where:
Fipa =8.6kN — Tensile force

Fi rq = 2182 kN —Tension resistance

Bp ra = 6094 kN —Punching resistance

235.2 kN

—1.7,2.5) = 2.38 — Factor for edge distance and bolt spacing perpendicular to the

direction of load transfer

— Factor for end distance and bolt spacing in direction of load
transfer

— Distance to the plate edge perpendicular to the shear force
— Distance between bolis perpendicular to the shear force

— Bolt hole diameter

— Distance to the plate edge in the direction of the shear force
— Distance between bolts in the direction of the shear force

— Ultimatiea tensile strength of the bolt

— Ultimate strength of the plate

— Nominal diameter of the fastener

— Thickness of the plate

— Safety factor
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Project:

~ (-]
Project no: [/=]=]=] StatiCa
Author: Colculate yesterday's estimates

Utilization in shear

max(;.‘::; %) = 097 < 10
Where:
F, gg = 1176kN — Shear force (in decisive shear plane)
Fy ra = 121.2 kN — Shear resistance

Fypa = 235.2kN - Bearing force (for decisive plate)

Fy pq = 263.8 kN — Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fy g4 Fipd
_Fv_RdJ’__l-‘iF‘t_}id = 1.00 = 10

Where:

Fv_‘Ed = 117.6 kN — Shear force (in decisive shear plane)
Fy ra = 121.2 kN — Shear resistance
F;pq =86kN — Tensile force

F; rg = 2182 kN —Tension resistance

Detailed result for B15
Tension resistance check (EN 1993-1-8 — Tabie 3.4)

Fypo= 2t — 2182 kN > Fipa= 265 KN
Where:
ks = 0.90 - Factor

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
As =303 mm? — Tensile stress area of the bolt

a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 3.4)
06 7d, t, fu

By ri= Tom = 6094 kN 2 Fipa= 265 kN
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =23mm — Plate thickness

Jfu=490.0 MPa - Ultimate strength
Ym2 = 1.25 — Safety factor
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Project:
Project no: //#]=])=] StatiCa®
Author: Calculete yesterday's estimoates

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=22td = 4212 WN 2 Fupa= 1101 kN
Where:
O, = 1. — Reduction factor for packing
B, =1.00 Reduction factor f ki
o, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the balt
A =303 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

Fypa= 220 — 5638 kN > Fhpi= 2201 kN

YM2

Where:

ky — min(Z.Sﬂ — 17, 1_432 —1.7,2.5) — 238 —_Fac.tor for edge distance and bolt spacing perpendicular to the
0 0 direction of load transfer

G mm(;_dl[], ;’Tlu . i? %, 1) = 0.58 t—r:nicfteorr for end distance and bolt spacing in direction of load
ey = 146 mm — Distance to the plate edge perpendicular to the shear force
p2 =70mm — Distance between bolts perpendicular to the shear force

dyp = 24 mm — Bolt hole diameter

e; = 166 mm — Distance to the plate edge in the direction of the shear force
P = 60mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt

fu = 490.0 MPa — Ultimate strength of the plate

d = 22 mm — Nominal diameter of the fastener

t =22mm — Thickness of the plate

a2 = 1.25 — Safety factor

Utilization in tension

RE__ 012 < 10

min(F, psi Bpra)
Where:
Fipa=265kN  —Tensile force
Fi pa = 2182 kN —Tension resistance

B, rq = 609.4 kN - Punching resistance
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Project:
Project no:
Author:

Utilization in shear

max(

Fogd, FhEd

Tori’ Tona! = 081 = 10

Where:

F, g = 110.1kN
Fy ra = 121.2kN
Fypqg = 220.1kN
F, pa = 263.8 kN

— Shear force (in decisive shear plane)
— Shear resistance
— Bearing force (for decisive plate)

— Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 34)

B2+ E = 099 < 10
Where:
F, pg = 1101 kN - Shear force (in decisive shear plane)
F, ra = 121.2kN - Shear resistance
Fi,pa=265kN —Tensile force

Fypa = 2182 kN

Detailed result for B16
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fy pa

Where:
ks =0.90

f.p = 1000.0 MPa2

As = 303 mm?
a2 = 1.25

— Tension resistance

Blufe = 2182 kN 2 Fima= 101 kN

— Factor
— Ultimate tensile strength of the bolt
— Tensile stress area of the bolt

— Safety factor

Punching resistance check (EN 1993-1-8 — Tahle 3.4)
Bppa= Bionble . 6094 kN > Fima= 101 KN

[[a]=F] StatiCa°®

Celculate yesterday's estimates

Mz
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
t, =23mm — Plate thickness
fu =490.0 MPa - Ultimate strength
Y2 = 1.25 — Safety factor
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Project:
Project no:
Author:

Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=220ef = 4212 W = Fopa= 1169 kN

Where:
,5".,? =1.00 — Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =303 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)

kyay fudt _
M2

Fora = 2638 kN = Fypa= 233.8 kN
Where:

ki = min(2.82 17,14

do do direciion of load transfer
e min(;_dlo’ ;’710 - i’ %’ 1) = 0.58 ;r:nast;t;r for end distance and bolt spacing in direction of load
e = 161 mm — Distance to the plate edge perpendicular to the shear force
P2 =70 mm — Distance between bolis perpendicular to the shear force
dp = 24 mm - Bolt hole diameter
e; = 106 mm — Distance to the plate edge in the direction of the shear force
P = 60mm — Distance between bolts in the direction of the shear force
fup = 1000.0 MPa — Ultimate tensile strength of the bolt
fu = 490.0 MPa — Ultimate strength of the plate
d =22 mm — Nominal diameter of the fastener
t=22mm — Thickness of the plate
a2 = 1.25 — Safety factor

Utilization in tension

Ftgd _
min(F; pa; By, ra)

0.05 = 1,0
Where:
Fipa=101kN -Tensile force

Fi ra = 2182 KN - Tension resistance

B, ra = 6094 kN - Punching resistance

[/#/=[=] StatiCa®

Calculste yester

rday’s estimates

p2 _ . . .
2 1.7,2.5) =238 Factor for edge distance and bolt spacing perpendicular to the
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Project: i
Project no: [[=]=)=] StatiCa®

Celcuiete yesterday's estimates
Author:

Utilization in shear

Foba, BEdy . ngs < 1,0

max( Fyra' Fira
Where:

F‘.._.Ed = 116.9 kN — Shear force (in decisive shear plane)
Fy i = 121.2 KN — Shear resistance
Iy pg = 233.8kN — Bearing force (for decisive plate)

Fy pg = 263.8 kN — Bearing resistance

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

Fo.Ed Friea
T TTiR, — 100 < 10
Where:
FU-.Ed = 116.9kN — Shear force (in decisive shear plane)

Fypi = 121.2kN — Shear resistance
Fipg=101kN —Tensile force

Fi ra = 2182kN —Tension resistance

Detailed result for B17
Tension resistance check (EN 1993-1-8 — Table 3.4)

Fipa=2f2% — 2182 kN 2 Fipi= 278 kN
Where:
ks = 0.90 — Factor
fup = 1000.0 MPa - Ultimate tensile strength of the bolt
Ay =303 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor

Punching resistance check (EN 1993-1-8 — Table 34)

Bppo= "alle = 6094 KN > Fira= 278 kN
Where:
d,, = 36 mm — The mean of the across points and across flats dimensions of the bolt head or the nut, whichever is
smaller
i, =23mm — Plate thickness

fu =490.0 MPa - Ultimate strength
Famz = 1.25 — Safety factor
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Shear resistance check (EN 1993-1-8 — Table 3.4)

Fopg=2204 = 4212 N 2 Fupa= 1095 KN

Where:
,ﬁp =1.00 — Reduction factor for packing
a, = 0.50 — Reduction factor for shear stress

fup = 1000.0 MPa - Ultimate tensile strength of the bolt
A =303 mm? — Tensile stress area of the bolt
a2 = 1.25 — Safety factor

Bearing resistance check (EN 1993-1-8 — Table 3.4)
Fy ay fo dt

//#/=/=] StatiCa®

Calculate yesterday's estimates

Fopa=——";'— = 2859 kN = Fega= 2190 kN

Where:

by = min(2.82 - LT 1.4}2 —1.7,2.5) =238 iFac_tor for edge distance and bolt spacing perpendicular to the
dp 0 direction of load transfer

& mm(;—;], ;Tlu B i’ %’ 1) = 0.63 I—r:na;tec:r for end distance and bolt spacing in direction of load

ez = 131 mm — Distance to the plate edge perpendicular to the shear force

p2 =70 mm — Distance between bolts perpendicular to the shear force

do = 24 mm — Bolt hole diameter

e; = 46 mm — Distance to the plate edge in the direction of the shear force

Pi = = mm — Distance between bolts in the direction of the shear force

fup = 1000.0 MPa — Utiimate tensile strength of the bolt

fu = 490.0 MPa — Ultimate strength of the plate

d =22 mm —Nominal diameter of the fastener

t =22mm — Thickness of the plate

a2 = 1.25 — Safety factor

Utilization in tension

Py ga o
min(F; gs; By ra)

0.13 = 10

Where:

Fipa =278kN - Tensile force
F}:Rd = 218.2kN - Tension resistance

By, ra = 6094 kN —Punching resistance
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Author:

Utilization in shear

Fopd, FhEd
max( Fora'! FL_R/) -

Where:

F, g4 = 1095 kN
F, ga = 121.2kN
Fhypa = 219.0 kN
Fyra = 2859 kN

Interaction of tension and shear (EN 1993-1-8 — Table 3.4)

FoEd

Fird

— Tensile force

L
[mm]

729
729
180
180
100
100
100
100
674
674

T T TiF = 099 = 10
Where:
F, g = 109.5 kN
F, ra= 121.2kN
Fipq=278kN
Fy pa = 218.2 kN
Welds
Tw
Item Edge il
CH-bfl1  SP1 A4120n
A4120n
CPL1a  CPL1b -
CPL1a CPL1c -
CPL2a CPLZb -
CPL2a CPL2b -
CPL2a CPL2c -
CPL2a CPL2c -
CPL1la D1lw1 -
CPL2a D2w1 -
Design data
Material
S355

— Shear resistance

— Bearing resistance

— Shear resistance

— Tension resistance

Loads

LE1
LE1

fI.I
[MPa]

Ow,Ed
[MPa]

4271
427.1

480.0

— Shear force (in decisive shear plane)

— Bearing force (for decisive plate)

— Shear force (in decisive shear plane)

Epy
[%]

0.1
0.1

o)

[MPa]
154.1
154.2

T
MPa]

-194.1
154.1

0.90

[[#]=FZ] StatiCa®
[I\/.lrll:l’a] [ﬁf] ?’:ﬁ Detailing  Status
1707 980 643 OK oK
1707 980 643 OK oK
B I R oK
- - - oK oK
. - - oK oK
- AN oK
1 2N ok oK
D - [ok oK
N= ok oK
-] -|oK oK
Ow.Rd 090
[MPa] [MPa]
4356 352.8
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[[3]=F] StatiCa°®

Calcuiste vesterday's estimates

Detailed result for CH-bfl 1/SP1 -1
Weld resistance check (EN 1993-1-8 - Cl. 45.3.2)

Cwrd = fu/(BuYar2) = 4356 MPa > 0y pa = |02 +3(rﬁ+r”2 5= 4271 MPa
CLri=0,9f./ Y2 = 3528 MPa = |0 |= 1541 MPa

where:
fu = 490.0 MPa - Ultimate strength

w = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
a2 = 1.25 — Safety factor

Stress utilization

U; = max(Z=£2 ; 12ly — o

TwRd = OLRI

I

1,0

Where:
Ow gd = 427.1 MPa — Maximum normal stress transverse to the axis of the weld

Oy nd — 435.6 MPa - Equivalent stress resistance
o = 1541 MPa — Normal stress perpendicular to the throat

0| rd = 352.8 MPa - Perpendicular stress resistance

Detailed result for CH-bfl 1/ SP1 -2
Weld resistance check (EN 1993-1-8 — Cl. 4.5.3.2)

Twra = ful/(Buvar) = 4356 MPa 2 oypa= [0} +3(r? +7)]°° = 4271 MPa

TlLra=0,9f./ vz = 3528 MPa 2 |o|= 1542 MPa

where:

fu = 490.0 MPa - Ultimate strength

By = 0.90 — Correlation factor EN 1993-1-8 — Tab. 4.1
Yamz = 1.25 — Safety factor

Stress utilization

U; = max( 2L ; J“—-'L): 098 < 10

CwRd ' OL.Rd

Where:
Oy Ed = 427.1 MPa - Maximum normal stress transverse to the axis of the weld

Ow Rd = 4356 MPa - Equivalent stress resistance
o) = 154.2 MPa — Normal siress perpendicular to the throat

01 ra = 352.8 MPa - Perpendicular stress resistance

Detailed result for CPL1a/CPL1b -1

Butt welds are not checked. Their resistance is assumed to be the same as that of the welded member.
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Bill of materiai

Manufacturing operations
Plates Welds Length

il [mm] SRRE Bt Throat thickness [mm] [mm] Sl g
LY £ _ M2410.9 4
SP1 P22.0x730.0-320.0 (S 355) 4;'*} .é@ 1 Double fillet: 12.0 730.0 M22109 9
. PR
Butt: 10.0 564.2
CPL1  P20.0x180.0-180.0 (S 355) 1 Butt 15.0 260.0 M24 102 4
& @
P15.0x190.0-210.0 (S 355) | 1
¢ @
¥l
& &
P15.0x190.0-210.0 (S 355) 1
b &
Butt: 10.0 564.2
CPL2  P35.0x210.0-210.0 (S 355) 1 Butt 230 200.0 M22109 9
b
S ¥a
& & b
P23.0x210.0-210.0 (S 355) & P P 1
(P P B
—
& b @D
P23.0x210.0-210.0 (S 355) ¢ b P 1
¢ P D
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Project:

Project no: //#/=/=] StatiCa®

Author: Celcuigte yesterday's esbimates
Welds

5 Throat thickness Leg size Length
Type Material [mm] [mm] Tmm]

Double fillet S 355 12.0 17.0 730.0

Butt S 355 - - 360.0

Butt S 355 - - 1128.5

Butt S 355 - - 400.0
Bolts

Name S L Count
[mm]

M24 10.9 52 4

M22 10.9 68 9
Drawing
SP1

P22.0x320-730 (S 355)

227 2207722722727 77 7272 2202

] | u_lf
8l — ®
BE ® s e © .
i SN C I
L bl —rr 2]
HE = ® o © :
14y r
| ] | |

‘ 88 | 50 12 50 276 44 3 41 3 41 3 44
T i l‘ 1t T

I -, T
160 .J_‘ 410 \ | 160

730

72
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Author: Calculate yesterday's estimates
CPL1-CPL1a

P20.0x180-180 (S 355)

]
\\
’A-

N
F\

180

RN RN
a )
AHIIIIIIINIINSaW

) HEITIITIIRNRR IR

N)
NRANSTONAN \\§’

N

\S

180
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Author: Calculate yesterday's estim ate:
CPL2 - CPL2c
P23.0x210-210 (S 355)

35
35
Gl
\f’ i
\S.
‘av
‘o

210

®
O
®

/

70

DI

W

35
35

/G)
®
®

D
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[[#]=FF] StatiCa®

Calcuite yesterday's estimates

Symbol explanation

Symbol

OEd
Ep|

Oc Ed

Elim
Fi Ed
Fyed
Fp.Rd
Uty
Utg
Uty
Fi Rd
By Rd

FyRd

Explanation
Plate thickness
Equivalent stress
Plastic strain
Contact stress
Yield strength
Limit of plastic strain
Tension force
Resultant of bolt shear forces Vy and Vz in shear planes
Plate bearing resistance EN 1993-1-8 — Tab. 3.4
Utilization in tension
Utilization in shear
Interaction of tension and shear EN 1993-1-8 — Tab. 3.4
Bolt tension resistance EN 1993-1-8 — Tab. 3.4
Punching shear resistance EN 1993-1-8 — Tab. 3.4
Bolt shear resistance EN 1993-1-8 — Tab. 3.4
Throat thickness a
Length
Equivalent stress
Perpendicular stress
Shear stress perpendicular to weld axis
Shear stress parallel to weld axis
Utilization
Weld capacity estimation
Fillet weld
Ultimate strength of weld
Correlation factor EN 1993-1-8 — Tab. 4.1
Equivalent stress resistance
Perpendicular stress resistance: 0.9*fulyM2
Cross-section size
Local cross-section deformation

Allowed deformation
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Code settings

Item
Safety factor vy
Safety factor vy
Safety factor yy»
Safety factor yy5
Safety factor y¢
Safety factor yj,st
Joint coefficient Bj
Effective area - influence of mesh size
Friction coefficient - concrete
Friction coefficient in slip-resistance
Limit plastic strain
Detailing
Distance between bolts [d]
Distance between bolts and edge [d]
Concrete breakout resistance check
Use calculated ab in bearing check.
Cracked concrete
Local deformation check
Local deformation limit
Geometrical nonlinearity (GMNA)

Braced system

Value

1.00
1.00
1.25
1.25
1.50
1.20
0.67
0.10
0.25
0.30
0.05
Yes
220
1.20
Both
Yes
Yes
Yes
0.03
Yes
No

Unit

//#]=/-] StatiCa®

Calculate yesterday's estimates

Reference

EN 1993-1-1: 6.1

EN 1993-1-1: 8.1

EN 1993-1-1: 6.1

EN 1993-1-8: 2.2

EN 1992-1-1:2.42.4

EN 1992-4: Table 4.1

EN 1993-1-8:6.2.5

EN 1993-1-8
EN 1993-1-8 tab 3.7
EN 1983-1-5

EN 1993-1-8: tab 3.3

EN 1993-1-8: tab 3.3

EN 19924: 7.2.1.4 and 7.2.2.5

EN 1993-1-8: tab 3.4

EN 19924

CIDECTDG 1,3-1.1

CIDECTDG 1,3-1.1

Analysis with large deformations for hollow section joints
EN 1993-1-8:5.2.2.5
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Popis literature

15 ISKAZ MATERIJALA

Poz. | Element Profil Duljina Specificna Broj Masa
(m) masa (kg/m) | komada (kg)
S1 Stup HEA 700 11,0 204 12 26928
S2 Stup HEA 450 7,00 140 12 11 760
S3 Stup HEM 500 18,0 270 12 58 320
G1 U. greda HEA 400 10,0 125 20 25000
G2 U. greda HEA 360 10,0 112 20 22 400
G3 U. greda HEA 500 10,0 155 20 31000
G4 U. greda HEA 600 10,0 178 20 35600
G5 P. greda HEA 800 11,57 224 24 62 200
G6 P. greda HEA 550 11,57 166 12 23 048
G7 P. greda HEA 450 11,57 140 20 32396
D1 | Dijagonala | 140x140/5 6,76 20,5 16 2217
D2 | Dijagonala | 140X140/8 6,76 31,4 16 3396
D3 | Dijagonala | 160x160/10 8,00 43,7 16 5594
D4 | Dijagonala | 180x180/8 8,00 41,5 16 5312
SN1 | Spr. nosac IPE 330 11,57 49,1 153 86917
SN2 | Spr. nosac IPE300 11,57 42,2 51 24901
Ukupno (kg): | 456 962
Utrosak materijala na priklju¢cima (varovi | vijci): 5%
Povrsina zgrade (m?2): | 7 000
Volumen zgrade (m3) | 31500
Ukupno s priklju¢cima (kg): | 479810
Utro3ak celika po m? (kg/mz) 68,5
Utrosak ¢elika po m? (kg/mg) 15,2
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Popis koristenih norma i pravilnika

POPIS LITERATURE

[1]  https://www.kazup.hr/index.php/zupanija/opci-podaci; preuzeto: 20.06.2024

[2] Tehnicki propis za celicne konstrukcije; NN br. 112/08, 125/10, 73/121136/12

[3]  Tehnicki propis za spregnute konstrukcije od celika i betona; NN br. 119/10, 125/10
i 136/12

[4] HRN EN 1990 Eurocode 0- Osnove projektiranja:

[5] HRN EN 1991 Eurocode 1- Djelovanja na konstrukcije

[6] HRNEN 1993 Eurocode 3- Projektiranje Celi¢nih konstrukcija

[7] HRN EN 1994 Eurocode 4- Projektiranje spregnutih Celicno-betonskih konstrukcija
[8] HRN EN 1998 Eurocode 8- Projektiranje potresne otpornosti konstrukcija

[9] https://www.scribd.com/document/407820929/Analiza-optere%C4%87enja-pdf;
preuzeto: 15.5.2023.

[10] Drzavni hidrometroloski zavod; preuzeto 15.5.2023.

[11] ArcelatorMittal: ,Composite floor decking”
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Popis slika

POPIS SLIKA

SLIKA 1. SIEVERNO | JUZNO PROCELIE ZGRADE «.eieieieieieieieieieieieieieieieieieieiesesesesesesesesesesesesesesesesesesesesssssssesesesesesessseseseseses 13

SLIKA 2.
SLIKA 3.
SLIKA 4.
SLIKA 5.
SLIKA 6.
SLIKA 7.
SLIKA 8.
SLIKA 9.
SLIKA 10

SLKA11.
SLIKA12.
SLIKA13.
SLIKA 14.
SLIKA 15.
SLIKA 16.
SLIKA17.
SLIKA 18.
SLIKA 19.
SLIKA 20.
SLIKA 21.
SLIKA 22.
SLIKA 23.
SLIKA 24.
SLIKA 25.
SLIKA 26.

SLIKA 27

SLIKA 28.
SLIKA 29.
SuiKA 30.
SUIKA 31.
SLIKA 32.
SLIKA 33.
SLIKA 34.
SLIKA 35.
SLIKA 36.
SLIKA 37.
SLIKA 38.
SLIKA 39.
SLIKA 40.
SLIKA 41.
SLIKA 42.
SLIKA 43.
SLIKA 44,
SLIKA 45.
SLIKA 46.
SLIKA 47.
SLIKA 48.

SLIKA 49

ISTOCNO | ZAPADNO PROCELIE ZGRADE .....vvveeeeeeeeeeuureeeeeeesesiarseseeeeeesassssseesesesasssssssesssesaasssssessesssnssssssssseessensnsens 13
PRIKAZ DODATNOG STALNOG OPTERECENJA. ..ceceuveeeeeureeeeitreeeeareeeeeisseeeseseeeesisseeeesssesssasseaesssseeessssesesesssesssnssesesns 14
PRIKAZ OPTERECENJA INSTALACHAMA. .......uveeeeeetreeeeeiteeeeeetseeeeaseeeeaasseeeaatseeeaaseeeeaasseeseassseaessseeeanssesesasssseesassesasns 15
KARAKTERISTICNE VRIJEDNOSTI UPORABNOG OPTERECENJA (I1ZVOR [9]) 1eeeuveeiureeeiiesieeeiieesteesiteesteesive e sveesiaeeseae s 16
PRIKAZ UPORABNOG OPTERECENJA ... uvvieeiutteeeetteeeeeutreeestseeeasssasesasssesesssessassssessassssssassssssssssessanssssesssssssesssesenns 16
KLIMATSKE ZONE ZA KARAKTERISTICNO OPTERECENJE SNIJEGOM ZA RAZDOBUE 1961-1990. [10] ...vvevecvrrreeireeeciieene 17
KARAKTERISTICNO OPTERECENJE SNIJEGOM U ZONAMA U OVISNOSTI O NADMORSKOJ VISINI [10] ..evvveeeiiiieeiiee e 18
PRIKAZ OPTERECENJA SNIEGOM ...ecuuvveeeiutreeeeitreeesesresessseeeasssasesassssesasssssasssssssasssssssnsssssssssessanssssesssssssessseseans

. OSNOVNA BRZINA VIETRA [10] .. etieeiiiiee ittt sttt e esitteessitee e siteeessateeessaaaeeesabeeessabaeessnsseessnsaeessnssnessnnseeesnnsees

KOEFICHENT IZLOZENOSTI [9] 1.nutteeeitieeieitietesettteeestteesseteeesateeeesateeessasteeesanaeaeesssaeesansneessnsseeeennsaeesansseessnssenenns

GRAFICKI PRIKAZ SLUCAJA LT ettt ettt e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeeeseeeeeeeeeeeeees

PRIKAZ POVRSINA ZGRADE........uvveeeiiteeeeeereeeeeiseeeeeiseeeeessseeeeasseeeaseeeeessssessesseseessseseesssesssassseeenseeesessseessnsseeeens

PRIKAZ KROVNIH POVRSINA .....cuvveeeiuteeeeeetreeeeeseeeeeeseeeeessseseeessseeeaseeeeassssessasseseeassseseasssesssnssseeeasseseessseeesnsseeeens

PRIKAZ OPTERECENJA VIETROM ZA SLUCAI | ....
PRIKAZ OPTERECENJA VIETROM ZA SLUCAJ Il ...
PRIKAZ OPTERECENJA VIETROM ZA SLUCAJ III ..
GRAFICKI PRIKAZ SLUCAJA IV,V,VI.......ccuvuee. .
PRIKAZ OPTERECENJA VIETROM ZA SLUCAT IV ... eeiieee ettt ettt eeette e e taeeeeetae e eeaaee e eaneeeeeataeeennseeeensneeeens
PRIKAZ OPTERECENJA VIETROM ZA SLUCAT V... nvreeeeeeieeeeeeteee e eetteeeeeteeeeeetaeeeeetaeeeeeataeseessneesentneeeennseeeenaseeesnsneeeens
PRIKAZ OPTERECENJA VIETROM ZA SLUCAT Vl....cvreeeieiiee ettt eeeteeeeeetee e e e etaeeeeetve e eeeaaee e eaneeeenateeeennneeeesneneens
SEIZIVIOLOSKA KARTA ...uvveeeetreeeeeueeeeeiuseeeesseseeessseeesesseseeasseseeessseessesseeesasseseessseessasssseeassssseassseeesasseeeesnseseennnes
PRORACUNSKI SPREKTAR ZA SIMIJER X ..vveeeeutveeeeeureeeeeseeeeensseeeeeseeeenseeeeesssssesasseseessssssessssesssnsssseessesesesssseesnseeesns
PRORACUNSKI SPEKTAR ZA SMIER Y. utteeeetreeeeeutteeestreesasresesassseaassssessassssesssesassssssssasssssssnssssessssssssesssssesnssenaans
POPIS SLUCAJEVA OPTERECENJA ...eveeeeeieiuettteeeeeeeieutstseesesesasssssseesesssassstasssesssesasssssssesssessnssssssssessssnssssssssessennnns
POPIS KOMBINACIA ZADANIH U SOFTWERU .....uuvteeeiutieeeetreeesesseeeessseesesssssessssesessssssssassssssssssssssssssesesssssessssesaans
. TABLICA ODABIRA DEBLINE KROVNE PLOCE [11] 1eiieiiiiriiiiiiiiiiiiirreieeeeeieiiateee e e e e sesaiareeeseeesesssaseeeseessesssnresssesssesnns
TABLICA ODABIRA DEBLIINE MEDUKATNE PLOCE [11] c.uvviieiiiieeeiiieeeeiieeeeeieee e stee e e st eeeevaneeseveeeesneaeeesnnaessnneeas
PRIKAZ VANISKOG OKVIRA...eeeeuuvveeesurteesasuseeesanseseesssseesasssesesssseessssseesssnssssssssseesesssssesssssesssssseesesssseessssseessssseesans
POMAK U SMJERU X VANJSKOG OKVIRA NA DIJELU TRECEG KATA ..uveeeerurreeeeureressnreeeessseeessssnesssnsseessssessssssseessssseesens
POMAK U SMJERU Y VANJSKOG OKVIRA NA DIJELU TRECEG KATA ...vveeeiurieeeeereeesinreesessseeesssseesssssseesesssessssssseessnsseesens
POMAK U SMJERU X VANJSKOG OKVIRA NA DIJELU DRUGOG KATA ..eeeeurreeeerreresnreesessseesssssnesesssseesessessssssseessssseesens
POMAK VANJSKOG OKVIRA U SMJERU Y NA DIJELU DRUGOG KATA...eeeeiurreeeeurreesiireeeesreeeeeisseeessssesesssseesesssssesssseseans
POMAK U SMJERU X VANJSKOG OKVIRA NA DIELU PRVOG KATA ...uvveeeiurreeeeitreeessireeeesseeseeissessssssesessssssssessssesssssesaans
POMAK U SMJERU Y VANJSKOG OKVIRA NA DIJELU PRVOG KATA ...uvveeeeirieeeeireeeeiireeeesreeeeeissesessssesesssssessesssssessssesaans
POMAK U SMJERU X VANISKOG OKVIRA U PRIZEMUU ...vveeeeuvreeeeeureeeesteeeeeisresesasseseessssesesssssssssssssesssssssssssssssssssesaans
POMAK U SMJERU Y VANJSKOG OKVIRA U PRIZEMUIU ....veeeeuvreeesreeeeesnseeesssseeessnsessessssessssssesssnssssssssssessssssnsssnsseesens
POMAK U SMJERU X UNUTARNJEG OKVIRA NA DIELU TRECEG KATA .euuvveeeeereeesereeeasssseesssssesessnseesassssessssssssssnsseeeans
. POMAK U SMJERU Y UNUTARNJEG OKVIRA NA DIJELU TRECEG KATA
POMAK UNUTARNJEG OKVIRA U SMIERU X NA DIJELU DRUGOG KATA....
POMAK UNUTARNJEG OKVIRA U SMIERU Y NA DIJELU DRUGOG KATA....
POMAK U SMJERU X UNUTARNJEG OKVIRA NA DIJELU PRVOG KATA...
POMAK U SMJERU Y UNUTARNJEG OKVIRA NA DIJELU PRVOG KATA ... .
POMAK U SMJERU X UNUTARNJEG OKVIRA U PRIZEMLIU .....uvveieeuiieeeitieeeeitreeeeetseeaessseeeeissesssassseaesssssessssseesssseeaans
POMAK U SMJERU Y UNUTARNJEG OKVIRA U PRIZEMUIU ....uuvveieeirieeeeirieeeeisreeeeesseeeesssseeeesssesssasseeaesnssssessssssesssseeaans
UZDUZNE SILE VANJSKOG OKVIRA ..eeeeuvveeeeereeesausseeessseesasssesesasssesassssesasssesesasssssssssessasssssesssssssssssessesssssssssnees
POPRECNE SILE VANJISKOG OKVIRA ... .vveeseueteeesauseeeesussessassesesassessasssseesssssssessssesessssssssasssssesssssssssssesessssssessnsseesans
UZDUZNE SILE UNUTARNJIEG OKVIRA (GSIN) ..vvviiiiiieiiiiiriiee e eceiireee e e e e eeetareee e e e e sesaaaraeeeeessenannsaeseeeesennntanseeeesennes
.. POPRECNE SILE UNUTARNJEG OKVIRA (GSIN) . ueeiieiiiiieeeeiiee e sttee e e sttt e e e tee e e snteeeesntaeeesnneeeesnsaeassnsaeesennseeesnnnnas
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SLIKA 50. POPRECNA SILA GREDE HEA 360 ....cceeiiieiiiiiiiiee e e e ettt e e e e e ettt e e e e e e eeattaeeeeeesesaaataeseaaesesnnntaeseeeeseasnntraneeaesannes
SLIKA 51. MOMENT SAVIANIA GREDE HEA 360 ...ttt e e e e e e e e e s e e e e e e e e e s e e e e e e e e e ee s e seseseeneeeeenenenas
SLIKA 52. KARAKTERISTIKE NAJOPTERECENIEG ELEMENTA 738 .. .uttiiieieeeieiiitieeeeeeeeiitteeeeeeeeeaanteeeeaessesnnsssseesssessnnsseneesssenes
SLIKA 53. MOMENTNI DAGRAM ELEMENTA ... teteteeeieieeeieeeieiesesesesesesesesesasesesasasesssesesesesssssssesesssesssesssssssssesesssssssssssssssssns
SLIKA 54. PROGIB GREDE HEA 360 POD UTJECAJEM KORISNOOG OPTERECENIJA
SLIKA 55. UKUPAN PROGIB GREDE HEA 360 ....ceiiiiiiiiiiieeieeeieiirieee e e e seiitreeeeeseseanenaeeeeessssnstaeeeesssessnssnnssessssssnnssnneesesanns
SLIKA 56.POPRECNA SILA GREDE HEA 200.....c0ceiiieieiiiiieeeeeeieiitreeeeeeeseitereeeeesssssaasneseesssssssssaneeesssssssssssssesssssssnsseneesssannns
SLIKA 57. MOMENT SAVIJANJE GREDE HEA 200 .. ...eiiiiiiiiie ittt e e e sttt e e e e e sesaata e e e e e e sennntaeeeeessesnnnssnneeeesennes
SLIKA 58. KARAKTERISTIKE NAJOPTERECENUEG ELEMENTA 803 .....uuiiieiiiiiiiiiiieeeeeeieiittneeeeeessssnsneeeessssssssnnseesssesssnssnneesssennns
SLIKA 59. MOMENTNI DAGRAM ELEMENTA ... ieieeeieieieieieeeeeieseeesesesasesesesesasasesasesssesesesesesssesesesesesssesssssssesssesssssssssesessssses
SLIKA 60. PRIKAZ PROGIBA GLAVNOG NOSACA POPRECNOG PRESIEKA HEA 200 .........uuviiiiieeeieiiiiieee e e et e e eeeinrreeee e e e 80
SLIKA 61. PROGIB OD KORISNOG OPTERECENJA....
SLIKA 62. POPRECNA SILA GREDE HEA 500 ....ceeiiiieiiiiiiieeeeeeeciiteee e e e e eeiitteeeeeeeeeeaaataeeeeeesesssstaseeaeseesnnsaeseaessessnssaneeeesanen
SLIKA 63. MOMENT SAVIANJA GREDE HEA 500 ...t e e e e e e e e e e e e e s e s e s e e e e e e e ee e e s e aese e e e e eeeeeeeeas
SLIKA 64. KARAKTERISTIKE ELEMENTA B43 ....iiiieiiieiiiiieeee e e e ieittrteeeeeeseitttaeeeeeeseasataeeaeessesssstaneeeessassnstanseesssessnsssneesesennes
SLIKA 65. MOMENTNI DIJAGRAM ELEMENTA 643
SLIKA 66. PRIKAZ PROGIBA GLAVNOG NOSACA POPRECNOG PRESIEKA HEA 550 ....c..euviiiiiiieeeiciiiieee e e svvee e e e 86
SLIKA 67. PROGIB OD KORISNOG OPTERECENJA ...c.ceeiuuttrreeeeeeieiutureeesesesessssseessesesassssssssesssasssssssssssssesssssssssessssssnssssneesssennns
SLIKA 68. STUPOVI..ueeeeeeeieeeieieieceeeceeeeeeeeeee e

SLIKA 69. UZDUZNA SILA U STUPOVIMA HEA 340
SLIKA 70. POPRECNA SILA U STUPOVIMA HEA 340 .. .ottt ettt e et e e e e ee s e e e s e e e e e e e e e e e e e e e s e eeseseeesnsesnseeeeeeeeeas 89
SLIKA 71.MOMENT SAVIANJA U STUPOVIMA HEA 340 ... oottt et e e e e e e e e e e e e e e e e e e e e e e aese s e snsese s e sesnenan e s 90
SLIKA 72. KARAKTERISTIKE ELEMENTA 132 ...iiiiiiiiiieieieieceeeeeeeeeeeseeeeeeesese e e e e e e e e s e s e e e seseeeeeseseeesesasasesesesasasasasesesesesesnsnsnsnsesnns 90
SLIKA73. MOMENTNI DIAGRAM STUPA .....uttttieeeeeeietttteeesesesassssaeesesssasssssasssssssasssssssssesssasssssssssssssesssssssssessssssnnsssssesssennns 96
SLIKA 74. PRIKAZ PROGIBA STUPOVA POPRECNOG PRESIEKA HEA 340 ... ..ceiiiiiiiie ettt e e e e e e satvan e e e e e 98
SLIKA 75. UZDUZNA SILA STUPOVA HEA 500
SLIKA 76.MOMENT SAVIJANJA STUPOVA HEA 500
SLIKA 77. KARAKTERISTIKE ELEMENTA 131 ...iiiiiiiiiieieieieee e e eeceeeeeeeeeeeseee e e e e ee s e s e s e se e e se e e s e eeseeeeeseeeensesesesnsesnsasesesesnsesnsnsnsens
SLIKA78. MOMENTNI DUAGRAM STUPA ....uuittitieteessesittereeesssasustereeesssssssssseeesssssssssseeesessssssssseseeesssssssssssseesssssssssssseeses
SLIKA 79. PROGIB STUPOVA HEA 500 .......uiiiiiieieiiieiiiiieeee e eesiittt e e e e s e siare e e e e s s sssaabaeeseessessabaaaeesssassnsssaeeesssssnssnseesens
SLIKA 80. UZDUZNA SILA STUPOVA HEM 500.....ccciiiiiiiiiiietiieiiiiieeee e s esiiteeeeessssiiareeeeesssessateeeeessssssssenesesssssssnssnseeeess 109
SLIKA 81. MOMENT SAVIJANJA STUPOVA HEIM 500 ....eeiiieeeceeeeecececeeeeeeeee e s s s se s s e 109
SLIKA 82. KARAKTERISTIKE ELEMENTA 253 ..
SLIKA 83. MOMENTNI DIAGRAM STUPA L..ciiieieieieieieieieieiesesesesesesesesesesssasssssssssssssssssssesesssssssssssssssssssssssssssesesssssssesesssases
SLIKA 84. PRIKAZ PROGIBA STUPOVA POPRECNOG PRESIEKA HEM 500..........uutiiiiiiiiiiiiiieeee e e eeciiree e e seretaer e e e e e e s savvaneee s 118
SLIKA 85. KARAKTERISTIKE ELEMENTA L7 1.iiieieieieieieieieieieiesesesese s e sesesesesesssesesesesesesssssesesesesnsnsnsasnsssssssssssssesesssssesesssesnsens
SLIKA 86. POMACI VANISKOG OKVIRA U SIMJERU Xutteeueerirreeesssssusrereeesssssssusnsseesesssssssssessesssssssssesssesssssssssssesessssssnssnseeees
SLIKA 87. POMACI VANJSKOG OKVIRA U SIMIERU Y euiiiiireeeseseruntereeesesessuserseesesssssssnsseesesssnsssnsssesesssnssssssssessssssnsssnsaeeens
SLIKA 88. POMACI UNUTARNJEG OKVIRA U SMJERU X
SLIKA 89. POMOCI UNUTARNJEG OKVIRA U SMJERU Y
SLIKA 90. OPTERECENJA | POMAK U SMIERU X.vtttteeiieriuiinteeesesanonrereeesessssurareeesessssssssseessesssssssssesesesssssssssssesesssssssnssnseeses
SLIKA 91. OPTERECENJA | POMAK U SMIERU Y 11eieieiiieiiiiiieeeeeeesitttteeeeeeeseitaeseeeeeeseasataessaasseasstasesasssesannsasseesssessasssseesens
SLIKA 92. UZDUZNA SILA U DIJAGONALAMA PRIZEMLIA USLIJED POTRESA .....uuutiireeeeeeeeiturrereeeeseaisssesseesesessssssseesesessnssssseesens
SLIKA 93. UZDUZNA SILA U DIJAGONALAMA PRVOG KATA USLIJED POTRESA ....uvvvrereeeeeeiuurrereeeeseninssssssesesesssssssseesesessnssssssesens
SLIKA 94. UZDUZNA SILA U DIJAGONALAMA DRUGOG KATA USLUED POTRESA. ....ueeeeeeeieiurrrereeeesesisseeseesesesasssssseesssessnsssssseses
SLIKA 95. UZDUZNA SILA U DIJAGONALAMA TRECEG KATA USLIJED POTRESA ....vvvveereeeisurureeeeesessssnreeeeessssssnsereeessssssnsssnseesens
SLIKA 96. MOMENTNI DIJAGRAM GREDE HEA 360 U POTRESNOJ PRORACUNSKOJ SITUACII ..
SLIKA 97. MOMENTNI DUAGRAM GREDE HEA 400 U POTRESNOJ PRORACUNSKOJ SITUACHT 1evveeereienrreeeeeesesinnrereeeeessssnrnnneenens
SLIKA 98. MOMENTNI DIJAGRAM GREDE HEA 450 U POTRESNOJ PRORACUNSKOJ SITUACHT 1evveeererverrreresesesinnrereeesesessnnenneeness
SLIKA 99. MOMENTNI DJAGRAM GREDE HEA 500 U POTRESNOJ PRORACUNSKOJ SITUACHT 1evveeevereerrreeeeresesinnrereeeeesessnnrnneeness
SLIKA 100. MOMENTNI DIJAGRAM GREDE HEA 550 U POTRESNOJ PRORACUNSKOJ SITUACHI
SLIKA 101. MOMENTNI DIJAGRAM GREDE HEA 600 U POTRESNOJ PRORACUNSKOJ SITUACHI
SLIKA 102. MOMENTNI DIJAGRAM GREDE HEA 800 U POTRESNOJ PRORACUNSKOJ SITUACHI

Diplomski rad: Poljak Marija 281


file:///C:/Users/Korisnik/Desktop/diplomski/final/staro+novo.docx%23_Toc178183296
file:///C:/Users/Korisnik/Desktop/diplomski/final/staro+novo.docx%23_Toc178183301
file:///C:/Users/Korisnik/Desktop/diplomski/final/staro+novo.docx%23_Toc178183306

Popis slika

SLIKA 103.
SLIKA 104.
SLIKA 105.
SLIKA 106.
SLIKA 107.
SLIKA 108.
SLIKA 109.
SLikA 110.
SLikAa 111.
SLIKA 112.
SLIKA 113.
SLIKA 114,
SLIKA 115.
SLIKA 116.
SLIKA 117.
SLIKA 118.
SLIKA 119.
SLIKA 120.
SLIKA 121.
SLIKA 122.
SLIKA 123.
SLIKA 124,
SLIKA 125.
SLIKA 126.
SLIKA 127.
SLIKA 128.
SLIKA 129.
SLIKA 130.
SLIKA 131.
SLIKA 132.

UZDUZNA SILA STUPOVA HEA 700 U POTRESNOJ PRORACUNSKOJ SITUACLIL. .. . 137
POPRECNA SILA STUPOVA HEA 700 U POTRESNOJ PRORACUNSKOJ SITUACHI ........ .137
MOMENT SAVIJANJA STUPOVA HEA 700 U POTRESNOJ PRORACUNSKOJ SITUACII .. . 138
UZDUZNA SILA U STUPOVIMA HEA 450 U POTRESNOJ PRORACUNSKOJ SITUACH veeeeeeeeuirieeeeeeeeeeirreeeeeeeeesennreneeeans 138
POPRECNA SILA U STUPOVIMA HEA 450 U POTRESNOJ PRORACUNSKOJ SITUACHT ....uvvrreeeeeeeeeinreeeeeeeeeeinrreeeeeeeenans 139
MOMENT SAVIJANJA U STUPOVIMA HEA 450 U POTRESNOJ PRORACUNSKOJ SITUACH! ..eeveeeeeeiriieeeeeseernnineeeeeseenaes 139
UZDUZNA SILA U STUPOVIMA HEM 500 U POTRESNOJ PRORACUNSKOJ SITUACHT veeeeeeeervreeeeeeeesnerrneeeseesssnereneesens 140
POPRECNA SILA U STUPOVIMA HEM 500 U POTRESNOJ PRORACUNSKOJ SITUACHT ..evvvveeeeeeeeteirereesesennnenneeeessennes 140
MOMENT SAVIJANJA U STUPOVIMA HEM 500 U POTRESNOJ PRORACUNSKOJ SITUACH vevveereeerrirereeeeeernnrreeeeeseennns 141
MOMENT SAVIJANJE GREDE HEA 400 U POTRESNOJ PRORACUNSKOJ KOMBINACH «.vvvvveereeeeeeinreeeeeeeeesinnrreeeeeeeennns 142
UZDUZNA SILA U GREDI HEA 400 U POTRESNOJ PRORACUNSKOJ SITUACHT «..evvvveeeeeeeeeiirreeeeeeeeecnrreeeeeeseeennnsaeeeens 142
POPRECNA SILA ZA NEPOTRESNA DIELOVANIA .....uuutiiteeeeeeeeeetuteeeeeeeeeaiustaeeseeesessnsaessaassesanssssssesssessnssssseesssenes 143
MOMENT SAVIJANJE GREDE HEA 360 U POTRESNOJ PRORACUNSKOJ KOMBINACH «.vvvvveeeeeeeeeinrrereeeeeesinnrreeeeeeeennns 144
UZDUZNA SILA U GREDI HEA 360 U POTRESNOJ PRORACUNSKOJ SITUACHT «..evvvvieeeeeeeeiiiieeeeeeeescnrrereeeeeeesnnneneeeans 144
POPRECNA SILA ZA NEPOTRESNA DJELOVANIJA ..ccitttiteeeeeeseiuuteeeeeeesesssstaessesssessssaessessssssnsssnssessssssnsssneeesssnnns 145
MOMENT SAVIJANJA GREDE HEA 500 U POTRESNOJ PRORACUNSKOJ SITUACHT ....eeveireeeeeeeeiintneeeeseeesnnivnneeessennes 146
UZDUZNA SILA U GREDI HEA 500 U POTRESNOJ PRORACUNSKOJ SITUACHT ..vvvvvreeeeeeeintirreeeeesesnnrreneesssessnnneneesens 146
POPRECNA SILA ZA NEPOTRESNU KOMBINACHU .....uuvviireeeeeeieiirteeeseeesesussreseessssssssseesesssessnsssnssesssssssssnssesssnnns 147
MOMENT SAVIJANJA GREDE HEA 600 U POTRESNOJ PRORACUNSKOJ SITUACH ..vvvvvevvverernrnrnrnrnrnnnsnsnnnnnnnnnnnnnnnnnnnes 148
UZDUZNA SILA U HREDI HEA 600 U POTRESNOJ PRORACUNSKOJ SITUACHT ceveeeeeieeeieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeens 148
POPRECNA SILA ZA NEPOTRESNU KOMBINACHU ......uuvrrreeeeeeieiinreeeeeeeeesisreeeeeeesesisssseseesssessssssseesseesssssssseesseennns 149
UZDUZNA SILA GLAVNOG NOSACA «..ieieieieieieeeieieieieieeeeesesesesesesesesesesesesesesasasasesesasesesssesesesesesesssnsesesesesssesesesns 150
MOMENT SAVIJANJA GLAVNOG NOSACA ....vveeeeeeeieiiirreeeeeeeseeisseeeeeeesesisssesseeesesassssssesssesasssssssesseesssssssseesseennes 150
UZDUZNA SILA U SPREGNUTOM NOSACU .....uutvireeeeeeiiiitireeseeesesnstreeeesssesssstssesesssesssssssseesssessssssseessssssnssssseeses 150
REAKCIJE U STUPU ..vvvveeeeeernininens .162
UZDUZNA SILA STUPA DETALAC... .170
POPRECNA SILA STUPA DETALUAC......... ... 170
MOMENT SAVIJANJA STUPA DETAUA C... .171
POPRECNA SILA GREDE DETALIA Clvvvuuuutiuununuuuuunuennnunnnnnnnnnensnnnnnsnnnnnssnnsnsnnnsnnnsnsnnnnnsnnnnnnnnnnnnnnnnnnnnn ... 171
MOMENT SAVIJANJA GREDE DETALIA Clueevitieeteeeiiiiieeee e s e sttt eeee s e ssiaateeeeesesesssasaeeeesssassnsanaeessssssssssneeesssennes 171

Diplomski rad: Poljak Marija 282



Popis tablica

POPIS TABLICA

TABLICA 1. ODREDIVANJE VELICINE VERTIKALNIH POVRSINA (SLUCAJ 1) weeiiiiriieieiiie e et ettt e ettt eetee e et eeeeaveeeeetreeeeeaneaeen 21
TABLICA 2.KOEFICIJENTI VANJSKOG TLAKA ZA PRIPADNE VERTIKALNE POVRSINE (SLUCAJ 1) ...evvieieieiiie et eeeteee et 21
TABLICA 3.DJELOVANIE VIJETRA NA VERTIKALNE POVRSINE (SLUCAJ 1) «evviiiiiiieeeeiie e ettt ettt ettt e et eeeeave e eenaee e eeaneaeen 22
TABLICA 4.ODREDIVANJE VELICINA KROVNIH POVRSINA (SLUCAT 1) 1oneriieeiiiee ettt ettt ee e et eeeevaeeeetraeeeeaneaeenn 22
TABLICA 5.KOEFICIJENTI VANJSKOG TLAKA ZA PRIPADNE KROVNE POVRSINE (SLUCAJ 1) .vveiiiirieeeeiieeeeieee e et et e 23
TABLICA 6.DJELOVANIE VIETRA NA KROVNE POVRSINE (SLUCAJ 1) 1eieieeiiieiiiiee ettt e eeitee st e e et e e eeeae e s tveeessntaeeeensaaeesnnneaaens 23
TABLICA 7. UKUPNI PRITISAK VJETRA .. uuttreeeeeesseuuereeeeesssssnssaessesssssonssssssesssssansssssesssssssnssssssessssssssssssessessssssssssessesssssssnsen 23
TABLICA 8. UKUPNI PRITISAK NA PLOVRSINE ZA SLUCAJ [l c.eeieiieeeie s ettt e eerttee e e e s e sttae e e e e s e s seaaaneeeesesnssanneesssssnnnnnnnns 25
TABLICA 9. UKUPNI PRITISAK NA POVRSINE ZA SLUCAS Il eeeiiiieeie sttt e ettt e e e st e e e e s e s ataan e e e e s e snnnanneessassnnnnnnnns 27
TABLICA 10. ODREDIVANJE VELICINE VERTIKALNIH POVRSINA ....eeeeieeeieiuireereeeeeesistaeseeeesesaissssseesesessssssssesesesasssssssesesssenssnsens 30
TABLICA 11.KOEFICIJENTI VANJSKOG TLAKA ZA PRIPADNE VERTIKALNE POVRSINE ....vuvvvvvuvuverssssnsssnsssssnsnsssssssssssssssssssssssnssnnsnnnns 30
TABLICA 12. DJIELOVANJE VIETRA NA VERTIKALNE POVRSINE ....uvuvvvuvuvuresssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssssssssnsnnnns 30
TABLICA 13. ODREDIVANIE VELICINA KROVNIH POVRSINA ...uvutuvururerererssesssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnsnsnne 31
TABLICA 14. KOEFICIJENTI VANJSKOG TLAKA ZA PRIPADNE KROVINE POVRSINE ..vvvvvvuvvrurursrnrssssnsssssssssssssssssssssssssssssssssssnssnnsnnnns 31

TABLICA 15. DJELOVANJE VJIETRA NA VERTIKALNE POVRSINE.....
TABLICA 16. UKUPNI PRITISAK....
TABLICA 17. UKUPNI PRITISAK....
TABLICA 18. KOEFICIJENTI SIGURNOSTI...

TABLICA 19. KOEFICIIENTI KOMBINACHE .. ..ttttttttutusssssssssssasssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsnsssnsnns 39
TABLICA 20. DIJAGONALE .....ttttttttttetetateresesesasesesasasesesasesesssesssesssesessssssssssssssssssssssssssssssssssssssssssssssssssssssbsssbsbssnsssasasannnn 127
TABLICA 21. POMOCNA TABLICA ZA IZRACUN OMEGA ZA PRORACUN STUPOVA.......uieiriitrereeerirarteeeesessiinseeesesssessnseeeeessssnnns 133

Diplomski rad: Poljak Marija 283



PRESJEK A-A

TLOCRT PRIZEMLJA

1:100

Mijerilo:

DISPOZICIJA POSLOVNO STAMBENE ZGRADE
Poljak Marija

" doc.dr.sc. lvan Gurkovié
17.09.2024.
2023./2024.

Akademska godina:

Sadrzaj nacrta:
Datum:

R Z1 R 17 T wooed
AN @ 7 . AN ® A
. = . . 2 .
| N 3 7 _ m m | N 3 7 | 2 . a
. o : . o : = >
S N 4 I o A\ 4 S B £ <
| 2 N\ | | N g | -
I 5 < —
: 3 o X
AN G 008V3H | — 008Y3H | X A 1R
| | | | CE e
| ; c
. . - HT o || &
_ _ Wog'S+ 0| g
8,
N
| | :
(o
| | 8 °
(@]
L
. . Ye! o
| | g
(@] °
m m M
_ oeead| _ £ g
! ! 1 ! L
_ . _ woo'L L+
o o
. Q Q .
%9} 79}
= = o
| 2 g 1=
_ oge3dl _ “
_ _ wosS‘vi+
S . | o
5 | | S
| £ . 00€3d| |
_ 00PVaH | _ _
L L[] I NI

) woo'glL+

‘ N N

\

\

\

\

\

\

\

\

\

\

\

3

I

‘ |

\

\

\

\

\

\

\

\

\

\

| F

\

\

\

\

\

\

\

\

\

\

8 8
~ O

\ — ™

\

\

\

\

\

\

\

\

\

\

N

\

\

\

\

\

\

\

\

\

\

\

‘ (@
(o]

I

‘ ~

\

\

\

\

\

\

\

\

\

\

‘ B By

\

r

\

\

\

\

\

\

\

]
+18,00m
+14,50m
+11,00m
+5,50m

+0,00m

10000

10000

TLOCRT KROVA

10000
50000

10000

10000

| |
e e e T e e s e e | | NN -
S S S 5 ﬁ - | | | | | o
|1 % 8/081X081 2 2 8/081 X081 % : | 3 =) 2
_ W oce3dl W oee3d i oee3d W _ « < _ _ 2 _ _ m
008VaH 008Y3H | : i ! ; T
| |- | | | |
| [ |3 | | |
| | | | | 2 |
! ! | : ! w !
(@} o
|8 3 2 g | | = | | |
| 0ge3d i oeeadl hi oeeadl < : f Y
: : t : | | | | |
| | | | | 2 | |
| 2
3 | | L | |
| 9 ! ! T ! !
| o | | | |
FS
5 3 5 . | > | | | | S
n o T h | 0 | | | | <
_ W 0gead W ogead i ogead W _ | « | | | | 0
I . | | | |
| | 8 | | |
_ 3 3 _ S i
. To) Ty 7 Q : : : o :
< << e o
L i o | | | : |
| : : [ :
! ! ! ! ] !
IE s Il 1 s | | |
S oeead| oeeadl ogeadl < | N
| £ g | | | |
| | | | S | |
| o <
| ARG | | S =
! oeeadl | & ! ! ! !
........................................................... * | | | |
|
o o = o | _ _ _ _
. =] < Q =] . o . . . =
P> 8/0v X0V L 2 2 2 | S S
| & D L 5| g | | | | 3
T 008V3H T T 008V3H I ; f ; ; ! T
| | | | |
| | U ]
| | | 8 | | |
o o | 3
'8 2 0 : 7 8 : T : o :
p < < 'el =)
_ 5 0ge3d h 0g€3dl i 0g€3dl _ | N _ _ _ 3 _
1T T = : | : : i :
4 , g g T
e . =H . — L+ 8 8 _ _ _
| T 8 g | | |
2 2 3 gl | S | | |
g g g s | 8 | | |
< 00€3dI = 00€3dI = 00€3dI = f N
| £ T 2| | - | | | |
| 1 | | S | |
! ! =) ! !
| [ - | | o | |
1/S2IXGZ) | 3 W
| | | | |
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 7 L
o o = o | _ _ _ _
. S (=] Q S o . . . . =
_ 2 1ISTIXSZh s 2 2 _ | 3 =
| 4 00€3adl 00¥V3aH m 00€3adl W 00€3dl 00¥V3aH W | N _ _ _ _ m
ﬁ . | | | |
| [ | 3 | | |
o L
| [ | | | 3 |
_ 3 S S 3 _ 7 b= _ _ _
18 © © © S
< 00€3dl h 00€3dl h 00€ 2 | & | | | |
o LLi w 3dl = N
z : = ¢ | | | |
|
. | ! ! S ! !
7 o <
L
| s | | b | |
| . | | | |
i = 7 m _ _ _ _
. o (=} (=3 o .
| 2 : - R .- | | | | £
| w 00€3dl i 00€3dl i 00€3dI W ! | « | | | | &
| I | | | |
| |— 3
| o | - | | |
_ _ 7 S : T : : S :
| s m | | | 2 |
_ | m | | | |
; : : : - | | |
g S 2 g | | S \¢ | | | |
_ ] 00€3d ] 00€3d i 00€3dI 3 _ | «
* £ £ = LLI | | | |
_ 3 00bvaH = 3 3 _ | o 2 S
5 v/0Z1X0Z 1 o 2 v/0Z1X0Z} 5 . | = LLI _ _ w _ _ <
|||||||||||||||||||||||||||||||||||||||||||||||||||| 7
E 1 al

|
|
\
\
|
L
-~
(@]
(@)
(@
(o]
B
(@)
(@)
(@]
N
-—

-~

00081




POGLED

TLOCRT

390

300

B3

136 A5,

o
' f
A o ™
iv © | *’x& ‘\</:/,
RS Av'(\{j( N
| 9 £
S hid
| \‘b|
| &+ _@i/‘/,7M16
o 3 | N g
% ~ N ©Y o 87(5)
R
| 1s ! #260x105x10 @
T i 560 [
of © 105 />
N | v
{1 v

HEA 400
L=10000

390

IPE 330
SN1 7 =11660
IPE 330
SN1 7 =11660

7500

2500

HEA 400
L=10000

#260x105x10

™~—M16

DETALJ A

P1

#10
© &
(o)
) ®>
2|
= |
o
Q © &
AD
o

] 8*
¥
|
&

81
90

POLOZAJ DETALJA

SVEUCILISTE U ZAGREBU
GRADEVINSKI FAKULTET

Kaciceva 26, Zagreb

Predmet:

DIPLOMSKI RAD

Razina obrade:

Pregledni nacrt

Sadrzaj nacrta:

DETALJ A

Mentor:

doc.dr.sc. lvan Curkovi¢

Datum: Mijerilo:

17.09.2024.

Akademska godina:

2023./2024.

1:5

Izradio:

Poljak Marija




TLOCRT A
- |
L 9
< : > HEA 700 > A >
L=12000 “Iéééé/ | A
&N 7 BN o 5
anker M24¥ ‘ N
\64 BG
s % | ]
.7¢800x35oxso L \‘ﬁ ™
A T— 401 s 75
61,27, / ,21, 61
Y NN
I__________\é ——-—T—7]
M
M
HEA 200 i
S \ ﬁ
[ ———1
Wi
I 3'59) /dﬁéé% *51 |
anker M24%/ ‘
=/
TR/ Y Sk
& /) L
oN BN
[To]
LO)|
425, 300 425,
. 350 .
HEA 700
PRESJEK B-B < 575 000
P _ - #800x350x30
O
© aams) (T ¢ HEA 200
$ L N, | 4| NG | A =100 mm
O
R I |
§ s 15 200 5,
, 63 | 176 7; | X I
N 350 .
[ ] [ )|

A s

anker M24

HEA 700
L=12000

)

®)

PS1

PRESJEK A-A

#£800x350x30 @

1:5

o
©|
( ]
V N [ | [ | 64 /|
HEA 200
o
+ 300 2 200 300 +
+ 288 o 176 o 288 +
; | 800 | .
r el
e T
; anker M24
#30
o &
E ~
¢ %> )
N A'4
O @) TR
* POLOZAJ DETALJA
2 9 8 DETALJB
0 ™ 0
N
U/
SVEUCILISTE U ZAGREBU
GRADEVINSKI FAKULTET
Kaciceva 26, Zagreb
Predmet:
O O IS DIPLOMSKI RAD
e?) (D(Ij -~
Razina obrade: i
Pregledni nacrt
Sadrzaj nacrta: DETALJ B
2~
o ‘O—) Mentor: L, .
doc.dr.sc. lvan Curkovi¢
Datum: Mijerilo:
17.09.2024.
Y Akademska godina:
oo 75 200 415 2023./2024.
, 61 27 173 27 , 61
+# # i i |zradio: . -
350 Poljak Marija




POGLED

@ HEA 700
L=11000 #730x30013_(
@ #730x300/13
HEA 400 ] Sv ov | ] ov c"\: ] HEA 400
@L=1000O o o F L - @ #636x143/15 et e J o o L=1000O@
9 | o T o 11 TN g 2
N X | NS
= )] S S <
&N N %)
N 0 N oo
A i ¥
M24 M24
00, oo
o o 2 g Q E f & o o9
589" SR
(@] (@]
o |
M~ J | | __L| 4 N
,\V A _ I I A N~
N i N
8/ NS
15} @
N3 SIS N ) N T NZ)
Qo >
NI R
#492x300/15 o i L] {
O VSEER -
O
[ce) (0]
. 4 @ #636x143/15 IS // #492x300/15 @
@ #440x220/10 3 / 2
© 5 ©
T T 1 i #440x220/10 ‘
o N o
< <
440 ) 440

PRESJEK A-A

5

#730x300/13 @

#730x300/13 HEA 700 #636x143/15
L=11000 P4
5 o 2 4N . -
N w N
S v B I
N T F N
—_— Ol ] SA L Ol o QA
ZIZLTLTZAS S B [ O 8 LTI
I\
M24
’:v | T N ’:v
N r F N
- #636x143/15 i
~ R E Q 2 ~
Te] (&) LO)|
o)
13, 27, 636 .27, 13
A 7 Kl L
HEA 400
@ L=10000 ; 716

“~

HEA 400
L=10000

@)

440

-~

760

93

27,

213

143 L 27,

27,

166

P5

,27* 37,

220

r

50

120

240

170

180

#15

492

P7

-~

*~

P4

+ + F ¥
N
o, 0.,  #13 #15 Xt
O O g &
(=] =
o -~
& ¢
N o
0 D
™ ™
N ©
[oe] ™
0 ©
%
or
®q§ S 4
) o ., N
N X I
oD
X
L 116 , 27,
i 4
F
= L 143 L
o i
<
L 70 L 160 L 70 L
7 il il il
, 57 27, 133 27, 57
7 il i il 4
. 300 L
7 il
O
DETALJ C
SVEUCILISTE U ZAGREBU
GRADEVINSKI FAKULTET
Kaciceva 26, Zagreb
Predmet:

300

DIPLOMSKI RAD

Razina obrade:

Pregledni nacrt

Sadrzaj nacrta:

DETALJC

Mentor:

doc.dr.sc. lvan Curkovi¢

Datum:

1

7.09.2024.

Mijerilo:

Akademska godina:

2023./2024.

Izradio:

Poljak Marija




POGLED

HEA 800
@ L=10000

N B
51| n5 #734x143x15_( b4
<t
I\
#240x190x18 ( pg
@ #740x335x30 NG
Y o
N4
9 740

180x180/8
L=10000

#300x300x30

740

180x180/8
L=10000

#30

L 170

401

-~

170

127

208

335

|

300

PRESIJEK A-A

‘ #740x335x30

P10

HEA 800
L=10000 @

#30

300

g

P11

L 143 .
7 7
o
#15 L
#734x143x15 ‘
,///
2
AN
3 N
M24 ~ ©
#240x190x18 ‘
o
N L
s N
///)o e\ ¥ 113 ¥ 30 ¥
SVEUCILISTE U ZAGREBU
GRADEVINSKI FAKULTET
Kaciceva 26, Zagreb
Predmet:

DIPLOMSKI RAD

Razina obrade:

Pregledni nacrt

Sadrzaj nacrta:

DETALJ D

Mentor:

doc.dr.sc. lvan Curkovi¢

Datum:

17.09.2024.

Mijerilo:

Akademska godina:

2023./2024.

1:5

Izradio:

Poljak Marija




POGLED

HEA 800
@ L=10000

5N

A

2

NS

P13 #735x320x30

734

AU

o4

NS

NS

#734x143x15 .

#210x210x18

P12

735

469

) 735 .
# #
o
X <> *.
& O
ol O ]
x & Q X
X :
X 8
@ X
2 2N\ O
N #30
% i
133 L 469 L 133 L

+~

320

PRESIJEK A-A

300

HEA 800
L=10000

A9

N

1
—
SV

M24

@ #735x320x30

P10

#30

300

g

@)

—— 1/ #210x210x18 ‘

P11

" 143 ¥
o
#15 ®
~
#734x143x15
<t <
N N~
N (o]
~
o
™
s N ) 113 , 30,
A \ K i 7
7 N\
SVEUCILISTE U ZAGREBU
GRADEVINSKI FAKULTET
Kaciceva 26, Zagreb
Predmet:

DIPLOMSKI RAD

Razina obrade:

Pregledni nacrt

Sadrzaj nacrta:

DETALJ E

Mentor:

doc.dr.sc. lvan Curkovi¢

Datum:

17.09.2024.

Mijerilo:

Akademska godina:

2023./2024.

1:5

Izradio:

Poljak Marija




