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Projekt konstrukcije ¢elicnog krova industrijske hale

Sazetak:

Tema ovog diplomskoga rada je proracunati glavne elemente celiénog krova
industrijske hale. Glavna nosiva konstrukcija se sastoji od viSedjelnih ¢eli¢nih IPE
profila (sacasti nosac¢i) postavljenih na osnom razmaku od 3.35 m, a sekundarna
konstrukcija od standardnih IPE nosaca postavljenih na osnom razmaku od 2,0 m.
Projekt se izvodi za halu tlocrtnih dimenzija 30.45 x 12.10 m sa jednostre$nim krovom
nagiba 7%. Visina hale u strehi iznosi 5.0 m, a u sljemenu 5.85 m. Analiza
konstrukcije je provedena racunalnim programima SCIA engineer 2018 i ArceloMittal
software Angelina. Zbog kompleksnosti samih sacastih profila, te zbog toga $to im
svojstva poprecnog presjeka nisu jednoznacno definirana, posebna pozornost u
projektu je posvecena izradi modela glavnog nosivog sustava krovista. Jednostavnim
postupcima rezanja i ponovnog zavarivanja od standardnih vruéevaljanih profila
dobivaju se nosaci koji imaju moment tromosti ve¢i do 100% i moment otpora veci od
50% uz isti utrosak materijala, odnosno istu vlastitu tezinu. Povecanje otpornosti
sacastih nosaca je ne§to manje, ali ipak znatno u odnosu na profil od kojeg su
dobiveni. Na kraju se moze zakljuciti da je kompleksnost izvedbe sacastih nosaca
znatno manja od prednosti koju ovakvi nosaci pruzaju te njihova primjena moze biti
racionalnija od primjene odgovaraju¢ih valjanih ili zavarenih profila. Nakon
dimenzioniranja nosivih elemenata pristupilo se oblikovanju i prora¢unu spoja stup-
greda. U zadnjoj fazi izradeni su odgovarajuci nacrti konstrukcije te nacrti detalja
spoja. Svi elementi su dimenzionirani prema HRN EN 1993, a korisno optere¢enje
prema HRN EN 1991. Diplomski rad je izraden na razini izvedbenog projekta.

Kljucne rijeci:

Industrijska hala, sacasti nosaci, Spoj stup-greda



Design of the steel roof for industrial building

Abstract:

This thesis presents a design of main elements in the steel roof of an industrial hall. The
main load bearing elements are steel IPE profiles (castellated beams) spaced every
3.35m apart, while the secondary elements are standard IPE girders, spaced every 2m.
Design was carried out for a rectangular hall with dimensions 30.45 x 12.10m, with one-
sided roof with inclination of 7%. Height of the ridge of the structure is 5.85m, while
height of the eave is 5.0m. Numerical modeling and structural analysis of the building
was performed in SCIA engineer 2008 and ArceloMittal software. Special attention was
paid to the making of an accurate model, due to complexity of castellated beams and
theirs not uniform geometry. By using simple technique of cutting and then welding of
standard hot rolled profiles, it is possible to obtain the girders with increase in moment
of inertia up to 100% and moment of resistance up to 50%, with the same costs in terms
of material and with the same self-weight. The enhancement in strength of castellated
beams is lower, but still significant comparing with the elements that were used for their
production. In conclusion, the complex execution of castellated beam is justified by
plenty of advantages, since it is more rational to use them than similar rolled or welded
profiles. After design of load bearing elements, connection between column and beam
was calculated. Finally, detailed drawings of structure and of joints were done in
AutoCAD software. Structural elements were designed according to HRN EN 1993,
while loads were obtained from HRN EN 1991.

Keywords:

Industrial building, castellated beams, joints
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1. TEHNICKI OPIS
1.1 Opis konstrukcije

Predmet ovog projekta je prora¢un celi¢ne konstrukcije krovista industrijske hale.
Predmetna gradevina nalazi se na podrucju otoka Braca iznad mjesta Selca. Tlocrtne
dimenzije gradevine, koje se odnose na osi glavne nosive konstrukcije, iznose 30,45 x
12,10 m. Visina konstrukcije u bo¢nom poprec¢nom presjeku iznosi 5,85 m iznad kote
tla, dok niza visina iznosi 5,0 m. Krovna ploha je u odnosu na horizontalnu ravninu
nagnuta pod kutem od a = 4,00°, §to je ekvivalentno nagibu od 7%. Predvidena je
krovna konstrukcija sa pokrovom od sendvi¢ panela na koju se prora¢unava moguénost
postavljanja solarnih panela. Glavnu nosivu ¢eliénu konstrukciju krova ¢ine sacaste
nosive grede raspona 12,0 m postavljenih na osnom razmaku 3,35 m, a sastoje se od
sastavljenih grednih elemenata IPE 270 profili. Sekundarnu konstrukciju ¢ine krovne
podroznice izvedene od IPE 100 profila, koje sudjeluju u horizontalnoj stabilizaciji
ravnine i preuzimanju optereCenja od krovnih i solarnih panela. Glavna nosiva
konstrukcija se oslanja na armiranobetonske stupove te je detalj njihova spoja posebno

proracunat i detaljno prikazan u gradevinskim nacrtima.

1.2 O proracunu konstrukcije

Proracun unutarnjih sila, momenata savijanja i dimenzioniranje elemenata celi¢ne
konstrukcije provedeno je u skladu s Eurocode-om. Prora¢unom su obuhvadena sva
djelovanja na konstrukciju, vlastita tezina, dodatno stalno optereenje, optereenje
vjetrom te opterecenje snijegom. S obzirom na lokaciju objekta i namjenu hale, posebna
paZznja posvecena je opterecenju vjetra na konstrukciju. U svrhu dimenzioniranja
elemenata konstrukcije odredena je mjerodavna kombinacija opterecenja za provjeru
kranje grani¢noga stanja i grani¢noga stanja uporabljivosti. Rezultati prikazani u
grafickome dijelu projekta ukljuCuju rezne sile 1 pomake odredenih dijelova
konstrukcije. Analiza konstrukcije provedena je racunalnim programom SCIA engineer
2018 i ArceloMittal pre-design software for Angelina beam. Sve mjerodavne
kombinacije su uzete u obzir, te je svaki element konstrukcije dimenzioniran u skladu

njihovim reznim silama.



1.3 Materijali zaizradu konstrukcije

Materijal za izradu glavne nosive konstrukcije, kao i sekundarne konstrukcije je Celik
oznake Fe 510 (S 355). Svi elementi konstrukcije ¢e se izraditi od iste kvalitete ¢elika, a
biti ¢e medusobno povezani zavarivanjem. Vijci koriSteni za izvedbu ovog krovista
industrijske hale su M20 kvalitete 10.9. Spojevi elemenata konstrukcije ukljucuju
dodatne ploc¢ice i ukrute, takoder iste kvalitete Celika. Za krovnu oblogu objekta
koristimo sendvi¢ panele vlastite teZine 10 kg/m?, od tankog profiliranog aluminijskog

lima, ispunjene mineralnom (kamenom) vunom.

1.4 Primjenjeni propisi

Proracun celi¢ne konstrukcije hale proveden je prema sljede¢im propisima:

Analiza opterecenja:

Vlastita tezina gradevine HR EN 1991-2-1
Djelovanje snijega na konstrukciju HR EN 1991-2-3
Djelovanje vjetra na konstrukciju HR EN 1991-2-4

Dimenzioniranje ¢eli¢nih konstrukcij HR EN 1993

1.5 Antikorozivna zastita

Svi dijelovi Celi¢ne konstrukcije moraju biti zasti¢eni od korozije prema odredbama
"Pravilnika o tehnickim mjerama i uvjetima za zaStitu celicnih konstrukcije od
korozije". Kao vrsta zastite od korozije odabrana je zaStita pocinCavanjem. Ukupna
debljina zastitnog sloja usvaja se 200 um. Svi djelovi konstrukcije se takoder premazuju
i zavr$nim slojem premaza. Nakon zavrSene izvedbe svakog sloja potrebno je provjeriti

debljinu i prionjivost namaza.



1.6 ProtupozZarna zaStita

Svi elementi konstrukcije se moraju zastititi specijalnim premazima otpornim na visoke
temperature. Industrijsku halu je potrebno opremiti protupozarnim vatrogasnim
aparatima u slu¢aju nastanka pozara. Svi vatrogasni aparati moraju biti ispravni i uredno

servisirani te moraju biti postavljeni na lako dostupnim i vidljivim mjestima.

1.7 Upvijeti za izradu Celi¢ne konstrukcije

Izrada celicne konstrukcije mora se povjeriti onom izvodacu koji ima odgovarajuce
reference ve¢ izvedenih sli¢nih elemenata konstrukcije. U tehnickoj dokumentaciji
predvidena je vrsta i kvaliteta materijala od kojeg treba izraditi konstrukciju. Odstupanja
u kvaliteti materijala moze odobriti jedino projektant konstrukcije. Prije isporuke
konstrukcije na gradiliste vrsi se prijem konstrukcije u radionici zajedno sa kompletnom

dokumentacijom o izvedenoj kvaliteti elemenata.

1.8 Opce napomene za izradu ¢eli¢ne konstrukcije u radionici

Prilikom rezanja materijala treba paziti na moguénost pojave lokalnih zareza. Svaki
uoceni zarez potrebno je izbrusiti ili dovariti 1 izbrusiti. Svi elementi trebaju biti izradeni
u granicama dopusStenih odstupanja. Premase 1i odstupanja granicne vrijednosti,
potrebno je zatraZiti suglasnost projektanta na izvedeno stanje. Kod zavarivackih radova
potrebno je osigurati stalnu kontrolu prije, u toku i nakon izvedenih radova. Poslije
izvedenih radova potrebno je obaviti vizualnu i dimenzionalnu kontrolu te kontrole
predvidene projektom. Prilikom izvodenja zavarivackih radova potrebno je voditi
racuna da konstrukcija u fazi hladenja ne poprimi nepovoljni deformirani oblik. Ne

dopusta se zavarivanje na temperaturi nizoj od 0 °C.



2 ANALIZA OPTERECENJA

2.1 Stalno djelovanje

- S0larni Paneli.........ccccvececicecceeeeeeeee e 0,20 KN/m?
- Sendvi€ paneli (AlumMinij) .....ccccoeevververiiiinieeiinnens 0,10 KN/m?
- Sekundarna krovna Konstrukcija ..........ccccceeereennns 0,08 KN/m?
= INSEAIACHE cevcvee s 0,02 KN/m?

3" = 0,40 KN/m?

2.2 Djelovanje snijega

Za lokaciju gradevine u zoni I iz karte klimatskih zona karakteristiénog opterecenja
snijegom,za nadmorsku visinu od 0-100 m, ocitana je karakteristicna vrijednost

opterecenja snijega na tlu:

Sk= 0,50kN/m2

Republika Hrvatska J :
Karta snjeznih podrucja I

Sorero
Autocesta
Ortavea cesie
loripsa 503 m
teohipes 100 m
leipse 150 m

Slika 1: Karta opterecenja snijegom za RH



Nadmarska | 1 podrcie | salodoDamacio, | komineniaia | & Sodutie”

[m] [kN }mzl Primorja ialstre Hrvats}a [kN .fm2]
[kN/m?] [kN/m?
100 0,50 0,75 1,00 1,25
200 0,50 0,75 1,25 1,50
300 0,50 0,75 1,60 1,75
400 0,50 1,00 1,75 2.00
500 0,50 1,25 2,00 2,50
600 0,50 1,50 2,25 3,00
700 0,50 2,00 2,50 3,50
800 0,50 2,50 2,75 4,00
900 1,00 3,00 3,00 4,50
1 000 2,00 4,00 3,50 5,00
1100 3,00 5,00 4,00 5,50
1200 4,00 6,00 4,50 6,00
1300 5,00 7,00 7,00
1400 6,00 8,00 8,00
1600 9,00 9,00
1600 10,00 10,00
1700 11,00 11,00
1 800 12,00

Tablica 1: Opterecenje snijegom za snijeZna podrudja i pripadajuc¢e nadmorske visine

Opterecenje snijegom na krovu ,,s”:
s=sk- i Ce-Ct

gdje je:
4i = 0,8 (koeficijent oblika za kut nagiba krova: 0° < 4° < 30°)
Ce = 1,0 (koeficijent izlozenosti)

Ct = 1,0 (temperaturni koeficijent)

s¥S,4-C 1C=0,50-0,8-1,0-1,0=0,40 kN/m?




2.3 Djelovanje vjetra

- pritisak vjetra na vanjske povrsine: we = gp*ce(ze)*cpe [KN/m?]

- pritisak vjetra na unutarnje povrsine: wi = gp*ce(zi)*cpi [kN/m?]

Gdje je:

q ref — poredbeni tlak vjetra pri srednjoj brzini vjetra
Ce(ze);Ce(zi) — koeficijenti izloZenosti koji uzimaju u obzir neravnine terena
ze;zi — poredbene visine za lokalni ili unutarnji tlak

cpe;cpi — vanjski i unutarnji koeficijent pritiska

Karta osnovne brzine vjetra
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Slika 2: Prikaz karte osnovnih brzina vjetra za RH

Ob =7 p - VE[KN/m?]
gdje je:

Vb — 0shovna brzina vjetra



p — gustoéa zraka (p=1,25 kg/mq)

Osnovna brzina vjetra vp_,dana je izrazom:

Vb= Cdir™ Cseason *Vbo

gdje je:

Vb — 0snovna brzina vjetra

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

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

Osnovni pritisak vjetra:

v, = 30 m/s - ocitano za otok Bra¢

Cdir * Cseason = 1.0

Vp = Vpo * Cair * Cseason = 30+ 1.0+ 1.0 =30.0 m/s

p=125kg/m3
G, =2 =%.3o,oz —562,5,4(N / m?) = 0,56(kN / m?)

Faktor terena k, -za kategoriju terena Il (Podrucja s niskom vegetacijom i izoliranim

preprekama):

0 0,07
0’05) =019

0,07
Zg
k. =0,19- (—) =0,19- (

Zo,11

Z 5,36
Cre = ke In (z_) =019-In (0 05) =089
0 )



Copy = 1,0

Srednja brzina vjetra iznad terena:

U = Uy * Co(z) * Coy = 30+ 0.89 - 1.0 = 26.65 m/s

Intezitet turbulencije:

K, 1
Iv(z) = = = 0,213

Coz) " 1In (%) 1-ln (5’&)

Pritisak brzine vjetra pri udaru:

Apey = [L+ 7 Ly] - 0,5+ p-vA=[1+7:0213]-0,5 1,25 26,65% - 10~° =11,05

kN/m?

z
[,,,1100 A

80
70{ i Hle

60

00 1.0 20 30

Slika 4.2: Prikazi koeficijenta izloZenosti c.(z) za co(z) = 1,0, ky= 1,0

Slika 3: Prikazi koeficijenata izloZenosti

Ce()=2,0 -ocitani faktor izlozenosti

40

50

af(z)

qp je tlak pri osnovnoj brzini i on se moze dobiti kao: g, = %pvﬁ, Sto daje vrijednost od

0.56 KN/m2.
qp(z) =2 +x0.56 = 1.12 kN /m2.



Pritisak vjetra na vanjske povrsine: we = qp*ce(ze)*cpe [KN/m?]

Pritisak vjetra na unutarnje povrsine: wi = qp*ce(zi)*cpi [KN/m?]

— | — Pozitivan —
—rPOZ unutarnji —

| tiak unutarnji <

— P tlak -

neg.

—
—
Negativan
—_—
[

WRNE
|
g
1
!

Slika 4: Tlak na povrSine

Odabrani koeficijenti tlaka su za ravne krovove. Ravni krovovi su definirani kao ravni ako
imaju kosinu izmedju —52 < a < 52. Razliciti koeficijenti tlaka su definirani za svako

podrucje.



e=hili 2k,
ald = odabire se manja vrijednost

b dimenzija ckomito na vietar

= G H | b
o
e/4 F
el10
—
a2
Slika 5 : Legenda za ravne krovove
Podrudje
Vrsta krova F G H 1
Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe,t
. . +0.2
Oétri zabati -1.8 -2,5 -12 -20 -0,7 -1,2
-0,2

Tablica 2 : Preporucene vrijednosti koeficijenata vanjskog tlaka za ravne krovove

U proracunu se uzima u obzir da unutarnji i vanjski tlakovi djeluju u isto vrijeme.

Najnepovoljnija kombinacija vanjskih i unutarnjih tlakova se uzima u obzir.

Cpi iznosi +/- 0.25.
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-Vanjski pritisak vjetra

podrudje F G H I
cpe -1,8 -1,2 -0,7 0,2
we -2,016 -1,344 -0,784 0,224
-Unutarnji pritisak vjetra (+)
podrugje F G H I
cpi + 0,25 0,25 0,25 0,25
wi + 0,28 0,28 0,28 0,28
-Unutarnji pritisak vjetra (-)
podrugje F G H I
cpi - -0,25 -0,25 -0,25 -0,25
wi - -0,28 -0,28 -0,28 -0,28
-Rezultantno djelovanje vjetra
podrugje F G H I
we + -1,736 -1,064 -0,504 0,504
we - -2,296 -1,624 -1,064 -0,056
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3 GLAVNA NOSIVA KONSTRUKCIJA

3.1 Odabir IPE profila glavne nosive konstrukcije krova

Svi sacasti IPE profili su jednake duljine ( 12,00 m ) i jednake kvalitete ¢elika ( S355)

Kod odabira odgovaraju¢eg IPE profila najvecu vaznost pridodajemo nosivosti, tezini

samih elemenata, jednostavnosti izrade u postrojenju i jednostavnosti montaze na

samome gradiliStu. Duljina rezanja i duljina zavara najviSe utjeCu na jednostavnost

izrade pojedinog elementa, a samim time i utjeCu na konacnu ukupnu cijenu svih

elemenata.
Oznaka Masa (kg) | PovrSina rezanja (cm2) | Duljina zavara (cm) | Broj polja
IPE 220 317 709 1202 11
IPE 240 371 744 1200,8 10
IPE 270 436 793 1201,2 9
IPE 300 511 852 1200,8 8

U obzir su uzeta Cetiri sacasta nosaca, te je svaki posebno dimenzioniran.

3.2 Nacin izvedbe glavne nosive konstrukcije

Kod izvedbe sustava nosaca "Angelina" koristi se standardan IPE profil koji se

posebnim rezom hrpta reZze te naknadno sastavlja. Prednosti ovog nacina izvedbe je

povecanje staticke visine standardnog IPE profila uz istu masu, moguénost provodenja

instalacija te sam estetski izgled.

Slika 6 : Povecanje staticke visine IPE nosaca
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Angelina™
stage 1: flame cutting

/T

stage 2: separation of T-sections

=& O O U J
N N N

stage 3: re-assembly & welding

eSS ns s,

Slika 7 : Sustav greda "Angelina"

3.3 Dimenzionirnje nosac¢a

3.3.1. Saéasti nosac¢ IPE 220

IPE 220
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Parameters

General Parameters

Non composite Beam

End supports : Simply supported beam
Horizontal span length : L=1200m
Total number of openings : n=11
Dimensions of the openings :

Height : ay =200.0 mm

Length of the sinusoide : s =260.0 mm

Length of the flat part : W, =260.0 mm
Web post width : Wy =W, =260.0 mm
Spacing between openings center : =25 +W, +Ww, =1040 mm
End web posts widths : Weng =410.0mm  wyy . =410.0 mm
Mass : m =317 kg
Total paint surface : S=1143m2
Paint surface (without upper face) : S'=10.11m
Massiveness M =283.03 m!
Massiveness (without upper face) M' =250.33 mr1

Checking of the ANGELINA scope

Spacing cutting / flange inner face : d =50.80 mm 250.00mm OK
Spacing cutting / web-flange root : d=38.80 mm 210.00mm OK
Dimensions of an opening : (2b+w)/a = 3.90 =5.00 OK
Web slenderness : h, /t, = 47.05 <124.0g,, = 100.9 OK

Position of the beam

The studied beam is an intermediate beam.

Spacing of the beam - to the adjacent left beam : Ly =3.350m
- to the adjacent rigth beam : L, =3.350 m e 12 =
T
Width for the calculation of the surface loads supported by the beam : L =
on the left side : dy =1675m
on the right side : d, =1675m
Total width : dy +d, =3.350 m
Lateral restraint
Concentrated lateral restraints : x (M) Lateral restraints
1 0.0 Both flanges Origin section
12.00 Both flanges End section
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Cross-section

Upper chord Lower chord
Base profile IPE 220 IPE 220
Grade | 5355 JRAJONZIKZ | S355 JRIJOIJ2/K2
hy (mm) 2200 220.0
b; (mm) 110.0 110.0
t (mm) 9.2 9.2
t,, (mm) 59 2.9
r. (mm) 12.0 12.0
L 110.0 |
|
- | - = l
N _ AY4
g
=] o = o =
3
VAN VAN
R s o | ]
L 110.0 |
[ i
Cross-section at web-post Cross-section at opening no 1
Cross-section properties Gross section Net section

Area (cm?) 3927 27 47
Position of the centroid (mm) 160.0 160.0
Inertia /yy (cm*4) 6509 6116
Inertia /zz (cm4) 205.0 204.6
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Load cases

Permanent loads (G)

Dead load : 0.26 kN/m
Arising from : Mass of the steel beam : 37 kg
Reactions at supports : Leftend : Ry, = 1.55kN
Right end : Rg, = 1.55kN
Live loads 1 (Q1)
Psi factor yo =070
Distributed loads : Location Intensity Location Intensity  Orientation
X, (M) gy (kN/m) X5 (M) q, (kN/m)
0.0 1.340 12.00 1.340 Vertical
2 0.0 1.340 12.00 1.340 Vertical
Reactions at supports : Leftend : Ry, = 16.08 kN
Right end : R, = 16.08 kN
Live loads 2 (Q2)
Psifactor =070
Distributed loads : Location Intensity Location Intensity Orientation
X, (m) gy (kN/m) X5 (M) g, (kN/m)
1 0.0 -7.692 12.00 -7.692 | Vertical
Reactions at supports : Left end : Ry, =-46.15kN
Right end : Rp, =-46.15kN
Partial factors
Factors on the loads : Yesup = 1.350
veinr = 1.000
a =1.500
Factors on the resistance : wo = 1.000
mwn = 1.000
w2 =1.250
ms = 1.000
Steel properties
Both chords
Steel 5355 JRIJO/J2/K2
Reduction curve from EN 10025-2
Standard EN 10025-2 : 2004
Flange f, | f, (MPa) 355 | 470
Web f, | f, (MPa) 3551470
Cross-section f, | 1, (MPa) 355 | 470
Cross-section g 0.814
Load combinations
Ultimate Limit States U1 135G + 150Q1 + 1.05Q2
Us 135G + 150Q1 + 1.50Q2
Serviceability Limit States 81= 100G + 1.00Q1
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INTERNAL FORCES AND MOMENTS

Under elementary load cases

Permanent loads (G)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, = 1.55 kN
Rg, = 1.55 kN

My, = 4.664 KNm in section no 13
Viga= 1.555 kN in section no 25

% (m) M (kNm) |V (kN) Vg (kN) N, (kN) Ng, (kN)

1 0.000 0.000 - -1.555 - 0.0
2 0.205 0.313 1501 -1.501 0.0 0.0
3 0.800 1.161 -1.347 -1.347 0.0 0.0
4 1.320 1826 -1213 -1.213 0.0 0.0
5 1.840 2422 -1.078 -1.078 0.0 0.0
[} 2.360 2047 -0.943 -0.943 0.0 0.0
7 2.380 3403 -0.808 -0.808 0.0 0.0
8 3.400 3788 -0.674 -0.674 0.0 0.0
9 3.920 4103 -0.539 -0.539 0.0 0.0
10 4.440 4349 -0.404 -0.404 0.0 0.0
11 4.960 4524 -0.269 -0.269 0.0 0.0
12 5.480 4629 -0.135 -0.135 0.0 0.0
13 6.000 4.664 0.000 0.000 0.0 0.0
14 6.520 4629 0135 0.135 0.0 0.0
15 7.040 4524 0.269 0.269 0.0 0.0
16 7.560 4.349 0.404 0.404 0.0 0.0
17 8.080 4.103 0539 0539 0.0 0.0
18 8.600 3788 0674 0.674 0.0 0.0
19 9.120 3.403 0.808 0.808 0.0 0.0
20 9.640 2947 0.943 0.943 0.0 0.0
21 10.160 2.422 1.078 1.078 0.0 0.0
22 | 10680 1826 1213 1213 0.0 0.0
23 | 11.200 1.161 1.347 1.347 0.0 0.0
24 | 11.795 0.313 1.501 1.501 0.0 0.0
25 | 12000 0.000 1555 - 0.0 -
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Live loads 1 (Q1)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, = 16.08 kN
Rg, = 16.08 kN

My, = 48.24 KNm in section no 13
Vipa= -16.02 kN in section no 1

% (m) M (kNm) |V (kN) Vg (kN) N, (kN) Ng, (KN}
1 0.000 0.00 - -16.08 - 0.0
2 0.205 324 1553 -15.53 0.0 0.0
3 0.800 12.01 -13.94 -13.94 0.0 0.0
4 1.320 13.89 1254 -12.54 0.0 0.0
5 1.840 25.05 1115 -11.15 0.0 0.0
6 2.360 30.49 -9.76 -9.76 0.0 0.0
7 2.880 35.20 -8.36 -8.36 0.0 0.0
8 3.400 39.18 -6.97 -6.97 0.0 0.0
9 3.920 42.44 -5.57 -5.57 0.0 0.0
10 4.440 44.98 -4.18 -4.18 0.0 0.0
11 4.960 46.79 -2.79 -2.79 0.0 0.0
12 5.480 47.88 -1.39 -1.39 0.0 0.0
13 6.000 48.24 0.00 0.00 0.0 0.0
14 6.520 47.88 1.39 139 0.0 0.0
15 7.040 46.79 279 279 0.0 0.0
16 7.560 4498 418 418 0.0 0.0
17 8.080 42.44 557 557 0.0 0.0
18 8.600 39.18 6.97 6.97 0.0 0.0
19 9.120 35.20 8.36 8.36 0.0 0.0
20 9.640 30.49 9.76 976 0.0 0.0
21 10.160 25.05 11.15 11.15 0.0 0.0
22 | 10680 18.89 12.54 12.54 0.0 0.0
23 | 11200 12.01 13.94 13.94 0.0 0.0
24 | 11795 3.24 15.53 15.53 0.0 0.0
25 | 12.000 0.00 16.08 - 0.0 -
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Live loads 2 {Q2)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, = -46.15 kN
Rg, = -46.15 kN

M,,..=-138.5 kNm in section no 13

Mao™

Vita= 46.15 KN in section no 1

X (m) M (kNm) Vi (kN} Vg (kN) N_ (kN) Ng (kN)

1 0.000 0.0 - 46.15 - 0.0
2 0.205 8.3 4458 44 58 0.0 0.0
3 0.800 -34.5 40.00 40.00 0.0 0.0
4 1.320 -54.2 36.00 36.00 0.0 0.0
5 1.540 -f1.9 32.00 32.00 0.0 0.0
L] 2.360 -87.5 25.00 25.00 0.0 0.0
T 2.880 -101.0 24.00 24.00 0.0 0.0
8 3.400 -112.5 20.00 20.00 0.0 0.0
g 3.920 -121.8 16.00 16.00 0.0 0.0
10 4.440 -1291 12.00 12.00 0.0 0.0
11 4.960 -134.3 2.00 8.00 0.0 0.0
12 5.480 -137.4 4.00 4.00 0.0 0.0
13 6.000 -138.5 0.00 0.00 0.0 0.0
14 6.520 -137.4 -4.00 -4.00 0.0 0.0
15 7.040 -134.3 -8.00 -8.00 0.0 0.0
16 7.560 -129.1 -12.00 -12.00 0.0 0.0
17 2.080 -121.8 -16.00 -16.00 0.0 0.0
18 2.600 -112.5 -20.00 -20.00 0.0 0.0
19 9.120 -101.0 -24.00 -24.00 0.0 0.0
20 9.640 -87.5 -28.00 -28.00 0.0 0.0
21 10,160 -71.9 -32.00 -32.00 0.0 0.0
22 10.680 -54.2 -36.00 -36.00 0.0 0.0
23 11.200 -34.5 -40.00 -40.00 0.0 0.0
24 11.795 8.3 -44.58 -44 58 0.0 0.0
25 12.000 0.0 -46.15 - 0.0 -
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Under ULS Combinations

UT=135G+ 15001+ 1.05 Q2

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, =-22.24 kN
Rg, =22 24 kN

My 4= -66.72 kNm in section no 13
Vige= 22.24 KN in section no 1

X (m) M (kNm) V| (kN) Vg (KN) N, (kN) N, (kN)
1 0.000 0.00 - 2224 - 0.0
2 0.205 448 2148 2148 0.0 0.0
3 0.800 16.61 19.28 1928 0.0 0.0
4 1.320 2613 17.35 17.35 0.0 0.0
5 1.840 3465 15.42 15.42 0.0 0.0
5 2360 4217 13.49 13.49 0.0 0.0
7 2880 -48.68 1157 1157 0.0 0.0
8 3.400 5419 964 964 0.0 00
9 3.920 5370 771 771 0.0 0.0
10 4.440 6221 578 578 0.0 00
1 4.960 6472 3186 386 0.0 0.0
12 5.480 6622 193 103 00 00
13 6.000 66.72 0.00 0.00 0.0 00
14 6.520 66.22 103 493 0.0 0.0
15 7.040 6472 386 386 00 00
16 7.560 6221 578 578 00 00
17 8.080 5870 771 771 00 00
18 8.600 5419 964 064 00 00
19 9.120 -48.68 -11.57 -11.57 0.0 0.0
20 9.640 4217 -13.49 1349 0.0 0.0
21 10160 -34.65 -15.42 -15.42 0.0 0.0
22 10,680 -26.13 17.35 735 0.0 00
23 11.200 16.61 19.28 19.28 0.0 0.0
24 11795 448 21.48 2148 0.0 0.0
25 12.000 0.00 -22.24 - 0.0 -
Open.|Sect | Np o Nes bot Ventop Vin bot
(kM) {(kN) (kN) (kN})
1 3 -55.004 55.904 9.638 9.638
2 5 -116.641 116.641 7.710 7.710
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Open. [ Sect. N top I Vintop Vi bot
(kM) (KM} (kM) (kM)

3 7 -163.880 163.880 5.T83 5783

4 k] -197.622 197.822 3.855 3855

5 11 -217.867 217.867 1.928 1.928

g 13 -224 616 224616 0.000 0.000

T 15 -217.867 217.867 -1.928 -1.928

a8 17 -197.622 197.822 -3.855 -3.855

9 19 -163.8380 163.880 -5.783 5783

10 21 -116.641 116.641 -7.710 -7.710

11 23 -55.904 55.904 -9.638 -9.638

U5s5=1.35G+ 1.50 Q1 + 1.50 Q2

Reactions at supports : Left end : Ry, =-43.01 kN
Right end : Rg, =-43.01kN

Maximum moment :
Maximum shear force :

My = -129.0 KNm in section no 13

Vigax= 43.01 kKN in section no 1

X (m) M (kNm) |V, (kN) Vg (KN) N, (kN) Ng (kN)
1 0.000 0.0 - 43.01 - 0.0
2 0.205 8.7 41.54 4154 0.0 0.0
3 0.800 -32.1 37.27 37.27 0.0 0.0
4 1.320 505 3355 33.55 0.0 0.0
5 1.840 67.0 29.82 29.82 0.0 0.0
6 2.360 -815 26.09 26.00 0.0 0.0
7 2.880 -94.1 22.36 22.36 0.0 0.0
8 3.400 -104.8 18.64 18.64 0.0 0.0
9 3.920 1135 14.91 14.91 0.0 0.0
10 4.440 -120.3 11.18 11.18 0.0 0.0
11 4.960 -125.2 7.45 7.45 0.0 0.0
12 5.480 -128.1 3.73 373 0.0 0.0
13 6.000 1290 0.00 0.00 0.0 0.0
14 6.520 -128.1 -3.73 -3.73 0.0 0.0
15 7.040 -125.2 -7.45 -7.45 0.0 0.0
16 7.560 1203 1118 -11.18 0.0 0.0
17 8.080 1135 1491 1491 0.0 0.0
18 8.600 -104.8 -18.64 -18.64 0.0 0.0
19 9.120 -94.1 -22.36 -22.36 0.0 0.0
20 9.640 815 -26.09 -26.00 0.0 0.0
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¥ (m} I (kNm) V, (kN) Vg (kN) N, (kN) Ng (kN)
21 10.160 -67.0 -29.82 -29.32 0.0 00
22 10.680 -50.5 -33.55 -3355 0.0 0.0
23 11.200 =321 -37.27 -AT2T 0.0 0.0
24 11.795 -8.7 -41.54 -41.54 0.0 0.0
25 12.000 0.0 -43.01 - 0.0 -
Open. | Sect N iop M bot iy Vi et
(kM) (kM) (kN) (kN)
1 3 -108.108 108.108 18.637 18.637
2 5 -225.559 225,559 14.910 14.910
3 7 -316.910 316.910 11.182 11.182
4 9 -382.160 382.160 7.455 7.455
5 11 -421.311 421.311 3727 3727
6 13 -434 361 434 361 0.000 0.000
7 15 -421.311 421311 -3.727 -3.727
8 17 -382.160 382160 -7.455 -7.455
] 19 -316.910 36.910 -11.182 11.182
10 21 -225.559 225559 -14.910 14910
1 23 -108.108 108.108 -18.8637 18.637
ULTIMATE LIMIT STATES (ULS)
Mote: the calculation method applies to steel rolled profiles only.
Summary of the criteria
5 = Satisfactory NS = Mot satisfactory
Checkings of net sections at openings
Resistance to shear force (Open. no 1 - Comb. U5} - | gV — = 0.182
Resistance to M+MN interaction (Open. no 7 - Comb. U5) : TMNmax = 1.051
Resistance to M+N+V interaction (Open. no 7 - Comb. U5} : Tynymax = 1-051
Web checkings
Shear buckling check required (Fost no 1 - Comb. US) : Nybwmae = 0.081
Posis checkings
Resistance to shear (Fost no 1 - Comb. U5} : Nyhmax = 0.287
Minimum throeat thickness
Intermediate posts (Fost no 1 - Comb. U5} : Anin = 0.94 mm
Warning: the throat thickness is assessed by assuming two welds
The total thickness of welds should be at least 1.87 mm
End posts (Fost no 11 - Comb. U5} : Anin = 0.59 mm

The calculation for end posts does not take info account the details of the joint

Warning : the throat thickness of the fillet weld must be at least 3 mm (EC3)

Gross sections checkings

Resistance to bending (Fost no 6 - Comb. U5) -
Resistance to shear (Left end - Comb. US) :

Other checkings

Resistance to lateral torsional buckling

ng,max
rVﬂ.max

rLT,I'IIl!

0.772 (Classe 1)

0.096

28.400

=1
=1
=1

=1

=1
=1

=1
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ULS Combinations checkings

ULS Combination U1 U1=135G+1.500Q1+1.05 Q2

Verifications in the openings sections

Open. Iy Taan Tharaw
1 0.094 0.376 0.376
2 0.075 0.371 03711
3 0.057 0.338 0 388
4 0.038 0.406 0.406
] 0.019 0.406 0.406
6 0.000 0.382 0.382
7 0.019 0.406 0.406
] 0.038 0.406 0.406
] 0.057 0.388 0.388
10 0.075 0.371 0.37
1" 0.094 0.376 0.376

ULS Combination U5 U5=135G +1.50Q1 +1.50 Q2

Verifications in the openings sections

Open. Ty I'mn Faanw
1 0.182 0.750 0.730
2 0.146 0.812 0.812
3 0.109 0.922 0.922
4 0.073 1.017 1.017
5 0.036 1.051 1.051
6 0.000 1.004 1.004
7 0.036 1.051 1.051
-] 0.073 1.017 1.017
9 0.109 0.922 0.922
10 0.1456 n.812 0.812
1 0.182 0.750 0.750
Detailed checkings

Net section at opening no 1 - Resistance to shear force

Combination U5

Bending moment Mg = -32.11 kNm

Shear forces Ved) = 37.27kN Vear = 372TkN
Axial forces Neai = 0O0kN [\ = 00kN
Top chord - Left cantilever arm ’ '

Axial force N Ed = -108.1kN

Shear force Vpeg = -1864KkN

Location section / post Xgac = 2633 mm

Height of the section Ngec = 60.00 mm

Position of the centroid dg 1e = 11.47 mm (about the external fibre of the flange)
Distances for the moment ey = 0.0mm ey = 1268 mm
Forces in the design section Ns gg = -108.1kN Vs ed = -18.64 kN
Moment in the design section Mg g4 = Vggg@y-Nggq ey =-2.362 kNm

Yield strength f, = 3550MPa ¢ = 0814
Shear area A, = 499.1 mm?2

Partial factor MO = 1.000

Shear resistant force Ve Ra = 1023 kN

Criterion Iy = 0182
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Opening no 7 - Resistance to MN interaction

Combination U5

Bending moment Meg = -1252kNm
Shear forces Vs = -T455kN T = -7.455kN
Axial forces Neg) = 0.0kN Neg = 0.0kN
Distributed load for local bending g, = -7168 N/m
Class of a post (web) Cyp = 2
Class of the opening Cur = 2
Reduction coefficient PhT = 1.000
Exposant for MN Interaction Standard opening a =20
Local bend. moment (upper chord) M, = 02kNm
Opening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post X g, (Mm) 165.8 136.5 156.0 136.5
Height of the section h gg. (mm) 891 106.1 945 106.1
Position of the centroid d g 1o (Mm) 18.5 233 200 233
Ng gg (KN) -421.3 -421.3 4213 4213
Vg gq (KN) 37 37 37 37
Mg g4 (KNm) 38 4.0 -4.5 -4.0
Ngg (KN) 548.5 5841 560.0 5841
'y 0.768 0.721 0.752 0721
Mggq (KNm) 82 1.4 92 1.4
' 0.461 0.349 0.485 0353
Criteria N 1.051 0.869 1.051 0874
Criteriary, per chord I'wn,op = 1.051 Iwngot = 1.051
Finalr,, criteria for the opening Iy = 1.051
Opening no 7 - Resistance to MNV interaction
Combination U5
Bending moment Meg = -1252kNm
Shear forces Ve, = _7455kN Vegr = _7455kN
Axial forces Neg) = 00kN Neg,r = 00kN
Distributed load for local bending qy;, = -7168 N/m
Class of a post (web) Cyp = 2
Class of the opening Cur = 2
Reduction coefficient PhT = 1.000
Exposant for MN Interaction Standard opening a =20
Local bend. moment (upper chord) M, = 0.2KkNm
Opening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post x go. (mm) 165.8 136.5 156.0 136.5
Height of the section h g, (mm) 89.1 106.1 94.5 106.1
Position of the centroid d g 1o (mm) 18.5 233 20.0 23.3
Ng gq (kN) -421.3 -421.3 421.3 421.3
Vg g (kN) 37 37 37 37
Mg g4 (KNm) 38 40 45 4.0
Ngg4 (KN) 548 5 5841 560.0 5841
I'n 0.768 0.721 0.752 0721
Vg (kN) 137.4 158.0 1441 158.0
Ty 0.027 0.024 0.026 0.024
Mgq (KNm) 82 1.4 9.2 114
' 0.461 0.349 0.485 0.353
Criteriar gy 1.031 0.869 1.051 0.874
Criteriaryyy per chord Ty Top = 1-091 Tnangot = 1-091
Finalry,y, criteria for the opening Tany = 1.051
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Shear buckling

Section at web post no 1
ULS Combination U5

Web dimensions h,, = 301.6 mm
Yield strengths fy = 355 MPa
n = 120
h, 't, =51.12>72; Iy = 48.82 Shear buckling check is reguired
Reduced slenderness o = 073
Reduction factor Tw = 114
Shear force Vg = 3355kN
Shear buckling resistance Vbw,Rd = 416.28kN
Check Mvbw = 0.031
Resistance of Web post no 1 to horizontal shear
Combination U5
Tee geometrical centres dg = 297.1mm
Bending moments Meg, = -32.11kNm
Axial forces in tees msup) = -108.1kN
msupr = ~225.8kN
Horizontal shear force in post Vim = -117.5kN
In adjacent openings: N, max = 0463
Extra resistance parameters Q = 1577
3 = 0188
Intermediate post - Extra resistance
Post width w = 260.0 mm
Resistant shear forces Vira = 40873 kN
Checkings I'vh = 0287

Bending resistance of gross sections

Section at web post no 6 (Section no 14) - Combination U5
Internal moment and force Mg = -128.06 kNm
Lower flange under compression: Class 1

Class of the web

Steel fow = 355 MPa
Slenderness: cit = 4705
Plastic distribution factor o = 050
Class of the web 1

Check of the resistance (Class1)
Steel fy top = 355 MPa
Partial factor m = 1.00
Plastic resistant moment My, g4 = 165.79 KNm
Check Mg = 0772

Shear resistance of gross sections
Section at left end (Section no 1) - Combination U5

Height of the cross-section h = 320.0 mm
Shear area A top = 1089.1 mm2
Yield strengths fy top = 355 MPa
Shear design force Vg = 43.01kN
Shear resistance force Voirg = 44643 kN
Check I'vg = 0.096

m
I

|l“"llEd:r
m, Inf,|
Nm,lnf,l

4 = 0923
0.500
1.300

=

|

fy:hut -

Av,bot

fy:hut

g
I

5.9 mm
0.814

-67.00 kNm
108.1 kN
2256 kN

0.00 kN

0.814

355 MPa

1089.1 mm?
355 MPa

1.00
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Resistance to lateral torsional buckling

Combination U5
Check of lower flange
Part between sections laterally maintained inx =00mand x=12.00 m

Length of the part L = 1200m
Moments at ends Mgpq) = 0.00 kNm Mena = 0.00 kNm
Maximum moment Mgq = 129.03kNm
Maximum normal force in chord  Ngg4 = 43436 kN
Properties of the chord section A, = 1373.5mm? I = 1023 cm*
Yielding strength f, = 355 MPa
Height of the tee Pye = 60.0 mm
Isostatic moment distribution Cy = 1132
Critical normal force Ne = 1667 kN
Reduced slenderness I = 5408
Reduction factor (curve "c") x = 0031
Partial factor ™1 = 1.000
Resistant normal force Np Ra = 1529kN
Check Mr = 28400
Minimal throat thickness at post no 1
Combination U5
Width of the post w = 260.0 mm
Ultimate strength fy =  470.0 MPa % = 090
Moments at openings sections Mgy, = -32.11kNm Meq ¢ = -67.00 kNm
Spacings between tee chords dg, = 2971 mm dg = 2971 mm
Axial forces in lower chords N Ed) = -108.1kN Npgar = -22568kN
Force and moment inthe post Vg4 = 117.5kN M eq = 0.0kNm
Partial factor M2 = 125
Throat thickness a = 0936 mm
Warning: the throat thickness is assessed by assuming two welds
The total thickness of welds should be at least 1.87 mm
SERVICEABILITY LIMIT STATES (SLS)
Deflections
v : Maximum vertical deflection of the beam
Under elementary load cases
Permanent loads (G) : v =6.07 mm (513) =L/1978
Live loads 1 (Q1) : v =62.76 mm (513) =L/191
Live loads 2 (Q2) : v =-180.1 mm (513) =L/67
Under SLS Combinations
S1=100G+1.00Q1: v =68.8mm (513) =L/174

The user has to check whether the deflections are acceptable according to the project requirements
and to consider a precambering if necessary.

Natural frequencies
Load case / Combination Mass assumed to be concentrated Mass assumed to be distributed
G 6.41Hz 7.31Hz
G+01M 4 50Hz 5.12Hz
G+02M 3.66Hz 4.17Hz
G+03M 3.17Hz 361Hz
G+04M 2.83Hz 3.22Hz
G+05M 2.58Hz 2 94Hz
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3.3.2 Saéasti nosac¢ IPE 240

IPE 240

| > ea» e e e o o o o o |

Parameters

General Parameters

Non composite Beam
End supports :

Harizontal span length -

Total number of openings -

Dimensions of the openings :
Height :
Length of the sinusoide
Length of the flat part -

YWeb post width :
Spacing between openings center :

End web posts widths -

Mass :
Total paint surface :
Faint surface (without upper face) :

Massiveness :
Massiveness (without upper face) -

Checking of the ANGELINA scope

Spacing cutting / flange inner face :
Spacing cutting / web-flange root :
Dimensions of an opening :

Web slenderness :

Position of the beam

The studied beam is an intermediate beam.

Spacing of the beam

Width for the calculation of the surface loads supported by the beam

an the left side :
an the right side :
Total width :

- to the adjacent left beam :
- to the adjacent rigth beam :

Simply supported beam

L=1200m
n=10

a;=220.0 mm
$=2300.0 mm
W, = 280.0 mm

Wy =w, =280.0mm

=25+ W, + W, =1160 mm

Wong = 30.0mm  w,, = 340.0 mm
m=371kg
5=1243m?
g =10.99 me
M = 263.20 m-1
M =23270m"
d = 5520 mm =2 50.00 mm OK
d = 4020 mm 210,00 mm OK
(2b+w)a = 4.00 = 5.00 OK
h,/t,=48.45 = 1240y, = 100.9 OK
= FRE
L, =3350m I I
L,=3350m -
2 h—ﬁd—hl
Ly L2
d;=1675m
d;=1.675m

d, +dy=3350m
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Lateral restraint

Concentrated lateral restraints -

¥ (m) Lateral restraints
1 0.0 Both flanges Origin section
2 12.00 Both flanges End section
Cross-section Upper chord Lower chord
Base profile IPE 240 IPE 240
Grade | 5355 JRAJOMJZ2K2 | 5355 JRAJDIZMKZ2
h, (mm) 2400 2400
b, (mm) 120.0 120.0
t; (mm) 08 08
t, (mm) 62 62
r_ (mm) 15.0 15.0
' 120.0 "
I i
T P 1T TI N ]
N N/ 2
=
3
(=]
it (%) [ it (]
g |=8 - - 2 |2 H o=
o |= o |= o
&
=
&
AN AN
o | | 4 < | |
. 120.0 r
[ u |
Cross-section at web-past Cross-section at apening na 1
Cross-section properties Gross section Net section
Area (cm2) 45.94 32.30
Position of the centroid (mm) 175.0 175.0
Inertia fyy (cm %) 9176 a627
Inertia /zz (cm 4) 283.6 283.2
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Load cases

Permanent loads (G)

Dead load : 0.30 kN/m
Arising from : Mass of the steel beam : 371 ka
Reactions at supports : Left end : Ry, = 1.82 kN
Right end - Rg, =182 kN
Live loads 1 (Q1)
Psi factor w =070
Distributed loads : Location Intensity Location Intensity Orientation
¥y (m) g, (kN/m) ¥, (m) Q, (KN/m)
0.0 1.340 12.00 1.340 Vertical
2 0.0 1.340 12.00 1.340 Vertical
Reactions at supports : Left end : Ry, = 16.08 kN
Right end - Rg, = 16.08 kN
Live loads 2 (Q2)
Psi factor wg = 0.70
Distributed loads : Location Intensity Location Intensity Orientation
%y (m) gy (kNim) % (m) Qg (KN/m)
1 0.0 -7 692 ] 12.00 -7.692 Vertical
Reactions at supports : Left end : Ry, =-46.15 kN
Right end : Rgy = -46.15 kN
Partial factors
Factors on the loads : feaup = 1350
faint = 1.000
Yo =1.500
Factors on the resistance : wo = 1.000
wyy = 1.000
w2z = 1.250
s = 1.000
Steel properties
Both chords
Steel S355 JRUOMZIK2
Reduction curve from EN 10025-2
Standard EN 10025-2 : 2004
Flange f, | f, (MPa) 355 | 470
Web ':r | f, (MPa) 355 | 470
Cross-section f, |1, (MPa) 355 | 470
Cross-section ¢ 0.814
Load combinations
Litimate Limit States Ut = 135G + 150Q1 + 1.05Q2
U5 = 135G + 150Q1 + 1500Q2
Serviceability Limit States 51-= 100G + 1.00Q1




INTERNAL FORCES AND MOMENTS

Under elementary load cases

Permanent loads (G)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, = 182 kN
Rg, = 182 kN

My4o..= 5.454 KNm in section no 12
Vipa= -1.818 KN in section no 1

¥ (m}) M (kNm} Vi (KN} Vg (KN} N (kN} Ng (KN}
1 0.000 0.000 - -1.818 - 0.0
2 0.170 0.305 -1.766 -1.766 0.0 0.0
a 0.780 1.326 -1.582 -1.582 0.0 0.0
4 1.360 2192 -1.406 -1.406 0.0 0.0
5 1.940 2.957 -1.230 -1.230 0.0 0.0
i} 2.520 3.619 -1.054 -1.054 0.0 0.0
7 3.100 4180 -0.879 -0.379 0.0 0.0
g 3.680 4638 -0.703 -0.703 0.0 0.0
9 4.260 4.995 -0.527 -0.527 0.0 0.0
10 4.540 5.250 -0.331 -0.351 0.0 0.0
11 5.420 5.403 -0.176 -0.176 0.0 0.0
12 6.000 5.454 0.000 0.000 0.0 0.0
13 6.580 5.403 0176 0.176 0.0 0.0
14 7.160 5.250 0.351 0.351 0.0 0.0
15 7.740 4.995 0.527 0.527 0.0 0.0
16 8.320 4.638 0.703 0.703 0.0 0.0
17 8.900 4.180 0.879 0.879 0.0 0.0
18 9.480 3619 1.054 1.054 0.0 0.0
19 10,060 2.957 1.230 1.230 0.0 0.0
20 10.640 2.192 1.406 1.406 0.0 0.0
21 11.220 1.326 1.582 1.582 0.0 0.0
22 11.830 0.305 1.766 1.766 0.0 0.0
23 12.000 0.000 1.818 - 0.0 -
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Live loads 1 {Q1)

Reactions at supports :

Maximum moment ;
Maximum shear force :

Left end :
Right end -

Ry, = 16.08 kN
Rg, = 16.08 kN

My = 4824 KNm in section no 12
Vipa= -16.08 kN in section no 1

% (m) M (kNm) |V (kN) Vg (kN) N, (kN) Ng (kN)

1 0.000 0.00 - -16.08 - 0.0
2 0.170 269 -15.62 -15.62 0.0 0.0
3 0.780 11.73 -13.99 -13.99 0.0 0.0
4 1.360 19.39 -12.44 -12.44 0.0 0.0
5 1.940 26.15 -10.88 -10.88 0.0 0.0
[} 2.520 32.01 933 933 0.0 0.0
7 3.100 36.97 777 777 0.0 0.0
8 3.680 41.03 -6.22 6.22 0.0 0.0
9 4.260 4418 -4.66 -4.66 0.0 0.0
10 4.840 46 44 -3.11 -3.11 0.0 0.0
11 5.420 4779 -1.55 155 0.0 0.0
12 6.000 4824 0.00 0.00 0.0 0.0
13 6.580 4779 1.55 155 0.0 0.0
14 7.160 46.44 3.11 31 0.0 0.0
15 7.740 44.18 4.66 4.66 0.0 0.0
16 8.320 41.03 6.22 6.22 0.0 0.0
17 8.900 36.97 7.77 777 0.0 0.0
18 9.480 32.01 9.33 9.33 0.0 0.0
19 | 10060 26.15 10.88 10.88 0.0 0.0
20 | 10.640 19.39 12.44 12.44 0.0 0.0
21 11.220 11.73 13.99 13.99 0.0 0.0
22 | 11830 269 15.62 15.62 0.0 0.0
23 | 12.000 0.00 16.08 - 0.0 -
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Live loads 2 (Q2)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Rp, = -46.15 kN
Rg, = -46.15 kN

Myy.= -138.5 kNm in section no 12
Viga= 46.15 KN in section no 1

% (m} M (kNm) |V, (kN) Vg (kN) N, (kN) Ng (kN)

1 0.000 0.0 - 46.15 - 0.0
2 0.170 77 44.84 44 84 0.0 0.0
3 0.780 337 4015 4015 0.0 0.0
4 1.360 557 35.69 3569 0.0 0.0
5 1.940 75.1 3123 3123 0.0 0.0
6 2,520 919 26.77 2677 0.0 0.0
7 3.100 -106.1 22.31 2231 0.0 0.0
8 3.680 -117.8 17.85 17.85 0.0 0.0
9 4.260 -126.8 1338 1338 0.0 0.0
10 4.840 -1333 8.92 892 0.0 0.0
11 5.420 -137.2 4.46 4.46 0.0 0.0
12 6.000 -138.5 0.00 0.00 0.0 0.0
13 6.580 1372 -4.46 -4.46 0.0 0.0
14 7.160 -133.3 -8.92 -8.92 0.0 0.0
15 7.740 -126.8 1338 -13.38 0.0 0.0
16 8.320 -117.8 -17.85 -17.85 0.0 0.0
17 8.900 -106.1 2231 2231 0.0 0.0
18 9.480 91.9 -26.77 -26.77 0.0 0.0
19 | 10.060 75.1 -31.23 -31.23 0.0 0.0
20 | 10.640 557 -35.69 -35.69 0.0 0.0
21 11.220 337 -40.15 -40.15 0.0 0.0
22 | 11830 7.7 -44.84 -44 84 0.0 0.0
23 | 12.000 0.0 -46.15 - 0.0 -
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Under ULS Combinations

UT=135G+ 1.50 Q1 + 1.05 Q2

Reactions at supports : Left end :

Right end :

Ry, = -2189 kN
Rg, = -2189 kN

Maximum moment ;
Maximum shear force ;

My, = -65.66 kKNm in section no 12
Vigax= 21.89 KN in section no 1

% (m) M (kNm) |V, (kN) Vg (kN) N, (kN) Ng (kN)
1 0.000 0.00 - 21.89 - 0.0
2 0.170 -3.67 21.27 2127 0.0 0.0
3 0.780 -15.96 19.04 19.04 0.0 0.0
4 1.360 -26.39 16.92 16.92 0.0 0.0
5 1.940 -35.59 14.81 14.81 0.0 0.0
6 2520 -43 57 12.69 12.69 0.0 0.0
7 3.100 -50.32 10.58 1058 0.0 0.0
) 3.680 -55.84 8.46 8.46 0.0 0.0
9 4.260 -60.13 6.35 6.35 0.0 0.0
10 4.840 -63.20 423 423 0.0 0.0
11 5.420 -65.04 212 212 0.0 0.0
12 6.000 -65.66 0.00 0.00 0.0 0.0
13 6.580 -65.04 -2.12 212 0.0 0.0
14 7.160 -63.20 -4.23 -4.23 0.0 0.0
15 7.740 -60.13 -6.35 -6.35 0.0 0.0
16 8.320 -55.84 -8.46 -8.46 0.0 0.0
17 8.900 -50.32 -10.58 -10.58 0.0 0.0
18 9.480 -4357 -12.69 -12.69 0.0 0.0
19 | 10.060 -35.50 -14.81 -14.81 0.0 0.0
20 | 10640 -26.39 -16.92 -16.92 0.0 0.0
21 11.220 -15.96 -19.04 -19.04 0.0 0.0
22 | 11830 -3.67 2127 -21.27 0.0 0.0
23 | 12000 0.00 -21.89 - 0.0 -
Open.|Sect | N, N bot Vintop Vi ot
(kN) (kN) (kN) (kN)
1 | 3 | -49.045 49.045 9.520 9.520
2 | 5 | -100372 | 109.372 7.405 7.405
3 | 7 | -154618 | 154618 5.289 5.289
a | 9 | -184781 | 184781 3173 3173
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Open. | Sect. Neutop N bot Votop Vo sal
(kN) (kN} (kN) (kN)
5 11 -1859.863 199863 1.058 1.058
5] 13 -189.863 199863 -1.058 -1.058
7 15 -184.781 184781 -3.173 -3.173
8 17 -154.618 154.618 -5.289 -5.289
g 19 -109.372 109.372 -7.405 -7.405
10 21 -49.045 49,045 -9.520 -9.520
Us=135G+ 1.50Q1+1.50 Q2
Reactions at supports : Left end : R,, =-4265 KN
Right end : Rg, =-42.65 kN
Maximum moment : Mypa= -128.0 KNm in section no 12
Maximum shear force : Viga= 42.65 kKN in section no 1
X {m} M (kNm) W (kNj} Vg (kN) M, (kN} Mg (kN)

1 0.000 0.0 - 42.65 - 0.0
2 0.170 -T.1 41.45 41.45 0.0 0.0
3 0.780 -3 371 TN 0.0 0.0
4 1.360 -51.4 32.99 32.99 0.0 0.0
5 1.940 -69.4 28.86 28.86 0.0 0.0
6 2.520 -84.9 24.74 24.74 0.0 0.0
7 3.100 -88.1 20.62 20.62 0.0 0.0
8 3.680 -108.8 16.49 16.49 0.0 0.0
] 4.260 -117.2 12.37 12.37 0.0 0.0
10 4.840 -123.2 8.25 8.25 0.0 0.0
11 5.420 -126.8 412 412 0.0 0.0
12 6.000 -128.0 Q.00 0.00 0.0 0.0
13 6.580 -126.8 -4.12 -4.12 0.0 0.0
14 7.160 -123.2 -8.25 -8.25 0.0 0.0
15 7.740 -117.2 -12.37 -12.37 0.0 0.0
16 8.320 -108.8 -16.49 -16.49 0.0 0.0
17 8.900 -88.1 -20.62 -20.62 0.0 0.0
18 9.480 -84.9 -24.74 -24.74 0.0 0.0
19 10.060 -69.4 -28.86 -28.86 0.0 0.0
20 10.640 -51.4 -32.99 -32.99 0.0 0.0
21 11.220 =311 3711 =371 0.0 0.0
22 11.830 7.1 -41.45 -41.45 0.0 0.0
23 12.000 0.0 -42.65 - 0.0 -
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ULTIMATE LIMIT STATES (ULS)

Mote: the calculation method applies to steel relled profiles only.

Summary of the criteria

5 = Satisfactory NS = Mot satisfactory

Checkings of net sections ar openings

Resistance to shear force (Open. no 10 - Comb. U5) : Fv max
Resistance to M+N interaction (Open. no 4 - Comb. U5} : TN max
Resistance to M+N+V interaction (Open. no 4 - Comb. U5) : (YT —

Web checkings
Shear buckling check required (Post no 1 - Comb. U5) : | [EY—

Posits checkings

Resistance to shear (Post no 1 - Comb. U5) : | p—
Minimum throat thickness
Intermediate posts (Fostno 1- Comb. U5) - ain

Warning: the throat thickness is assessed by assuming two welds
The total thickness of welds should be at lzast 1.74 mm
End posts (Fost no 10 - Comb. U5) -

Warning : the throat thickness of the fillet weld must be at least 3 mm (EC3)

Gross sections checkings

Resistance to bending (Post no 5 - Comb. U5) - Mg, max

Resistance to shear (Left end - Comb. US5) Fyg.max
Qther checkings

Resistance to lateral torsional buckling TiT max

ULS Combinations checkings

ULS Combination U1

Verifications in the openings sections

Open. Ny NYIY] Unangy
1 0.075 0.320 0.320
2 0.059 0.300 0.300
3 0.042 0.298 0.298
4 0.025 0.288 0.298
5 0008 0.284 0.284
6 0008 0.284 0.284
7 0.025 0.298 0.293
8 0.042 0.298 0.298
9 0.059 0.300 0.300

10 0.075 0.320 0.320

0.147
0.725

= 0.725

= 0.072

= 0.254

U1=135G+1.500Q1+1.05 Q2

0.837 mm

in 0.64 mm
The caiculation for end posts does not take into account the defails of the joint

0.600 (Classe 1)

0.030

18.534

=1
=1
=1

=1
=1

=1

NS
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ULS Combination U5S

Verifications in the openings sections

U5=1.35G+1.500Q1+1.50 Q2

Open. [BY; (YT YT

1 0.147 0.636 0.636

2 0.114 0.647 0.647

3 0.082 0.693 0.693

4 0.049 0.725 0.725

5 0.018 0.708 0.708

6 0.018 0.708 0.708

7 0.049 0.725 0.725

8 0.082 0.693 0.693

9 0.114 0.647 0.647

10 0.147 0.636 0.636
Detailed checkings

Ne1 section at opening no 10 - Resistance to shear force

Combination U5
Bending moment
Shear forces
Axial forces

Top chord - Left cantilever arm

Axial force
Shear force

Location section / post
Height of the section
Position of the centroid

Distances for the moment
Forces in the design section

Moment in the design section

Yield strength
Shear area
Fartial factor

Shear resistant force

Criterion

MEd
VEEH
r"IEd.I

r"In'l_Ed
Vm,En:I

Iy

Opening no 4 - Resistance to MN interaction

Combination U5
Bending moment
Shear forces
Axial forces

Distributed load for local bending

Class of a post (web)
Class of the opening
Reduction coefficient

Exposant for MM Interaction

Mgy
VEa)
Meg
in

Cur
C

'wT
PhT

-31.11 kNm
3711 kN Vedr
0.0 kN Neg,

-3T 11 kN
0.0 kN

-95.58 kKN

18.55 kN

303.1 mm

65.00 mm

12.28 mm {about the external fibre of the flange)
0.0 mm 8y = 136.9 mm
-95.58 kN Ve eg = 1855kN
Vg d 8y - Ng g4 €y = 2.540 kNm

355.0 MPa E = 0814
616.2 mm?

1.000

126.3 kN

0.147

-117.2 kNm

12.37

kN Ves, 12.37 kN

0.0 kN Neg, 0.0 kN
7109 N/m

2
2
1.000

Standard opening

Local bend. moment (upper chord) M

|1=2.U

0.2 kNm
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Cpening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post x o (mm) 2933 1956 2933 185.8
Height of the section h EED_{mm] 65.1 947 65.1 999
Fosition of the centroid d-G.TE (mm) 123 19.2 12.3 206
Ms g (KN) -360.1 -360.1 360.1 3601
Vg gg (KN) -6.2 6.2 6.2 -6.2
Ms gy (KNm) -0.7 4.0 08 -4.6
Mgy (KN} 573.6 638.7 573.6 650.0
'y 0.628 0.564 0.628 0.554
Mgy (KNm) 51 8.9 51 10.9
' 0.145 0.407 0175 0.418
Criteria |y, 0.539 0.725 0.569 0.725
Criterialy,, per chord I Top = 0-725 Tpan ot = 0-725
Final[y, criteria for the opening Fparg = 0.725
Opening no 4 - Resistance to MNV interaction
Combination Us
Bending moment My -117.2 kNm
Shear forces Vel = 1237EkN VEar = 123TEkN
Axial forces Meq, = 0.0EkN Near = 0.0EkN
Distributed load for local bending q;;, = -7109 Nim
Class of a post (web) Cur = 2
Class of the opening Cut = 2
Reduction coefficient PHT = 1.000
Exposant for MN Interaction Standard opening x = 2.0
Local bend. moment (upper chord) M, = 0.2KkNm
Opening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post x ¢ (mm) 2933 1956 2933 1858
Height of the section h EED-{mm] 65.1 947 65.1 999
Fosition of the centroid d 5 1, (mm) 12.3 19.2 12.3 206
M pg (KN) -360.1 -360.1 360.1 360.1
Vg g (KN) -6.2 6.2 6.2 -6.2
Mg gq (KNmM}) -0.7 4.0 09 -4.6
Mgy (KN) 5736 G38.7 5736 650.0
'y 0.628 0.564 0.628 0.554
Vgg (KN} 126.5 1641 126.5 1706
Iy 0.049 0.038 0.049 0.036
Mgy (kNm}) 51 9.9 51 109
' 0.145 0.407 0.175 0.418
Criteria [y, 0539 0.725 0.569 0.725
Criteriaryy,, per chord Fanav,Top = 0725 v gct = 0-725
Finaly .y, criteria for the opening gy = 0.725
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Shear buckling

Section at web post no 1
ULS Combination U5

Web dimensions h,, = 3304 mm t, = 6.2mm
Yield strengths T], = 355 MPa E = 0814
1 = 1.20
h,/'t,=53.29=72:/; =48.82 Shear buckling check is required
Reduced slenderness hy = 076
Reduction factor Yw = 1.09
Shear force Veq = 32.99 kN
Shear buckling resistance Viwgs = 459.69 kN
Check U = 0.072
Resistance of Web post no 1 to horizontal shear
Combination U5
Tee geometrical centres ds = 3254 mm
Bending moments Mzy, = -31.11 kNm Mgy, = -69.37 kNm
Axial forces in tees Npsupy = -99.530kN | = 9559 kN
Nm.Eup.r = 2132 kN Neninfr = 2132EN
Horizontal shear force in post Vi = -17.6kN
In adjacent openings: ' max = 0372
Extra resistance parameters 0 = 1214 y = 1.000
E = 0186 p = 0524
Intermediate post - Exira resistance n= 1.300
Post width W = 280.0 mm
Resistant shear forces VhRd = 46255 kN
Checkings Mk = 0254

Bending resistance of gross seclions

Section at web post no 5 (Section no 12) - Combination Us

Internal moment and force Mey =  -127.96 kKNm Ney = 0.00KN
Lower flange under compression: Class 1

Class of the web

Steel fy.w = 355 MPa B = 0814
Slendemess: crt = 4845
Plastic distribution factor o = 050
Class of the web 1
Check of the resistance (Class1)
Stee_l fy.top 355 MPa ty.bul = 355 MPa
Fartial factor o = 1.00
Plastic resistant moment M, o4 = 21319 kNm
Check g =  0.600

Shear resistance of gross sections

Section at left end (Section no 1) - Combination U5

Height of the cross-section h = 350.0 mm

Shear area A, top = 1298.2 mm? A, bot = 1298.2 mm?
Yield strengths ty.o0p = 355 MPa L = 355MPa
Shear design force Veq = 42.65kN

Shear resistance force Voird = 53215kN O = 1.00

Check Ivg = 0.080
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Resistance 1o lateral torsional buckling

Combination U5
Check of lower flange

Part between sections laterally maintained inx = 0.0 m and x = 12.00 m

Length of the part L 12.00 m
Moments at ends Meng, = 0.00 kNm Man s
Maximum moment Mgy = 127.96 kNm
Maximum normal force in chord NEd = 389.52 kN
Properties of the chord section  Ag = 1614.8 mm2 Lo
Yielding strength fr = 355 MPa
Height of the tee b, = 65.0mm
Isostatic moment distribution C, = 1132
Critical normal force N, = 23.08kN
Reduced slenderness Ay = 4984
Reduction factor (curve "c™) x = 0.037
Partial factor A = 1.000
Resistant normal force My pa = 21.02kN
Check FRs = 18534

Minimal throat thickness at post no 1
Combination US
Width of the post W =  280.0 mm
Ultimate strength f, = 470.0MPa P
Moments at openings sections Mgy = -31.11 kNm MEdJ
Spacings between tes chords ds = 3254 mm ds,
Axial forces in lower chords M Eds = -0559 kN N Edr
Force and moment in the post Vhed = MTEEKN M g4
Partial factor e = 125
Throat thickness a = 0.870 mm

Warning: the throat thickness is assessed by assuming two welds
The total thickness of welds should be at least 1.74 mm

SERVICEABILITY LIMIT STATES (SLS)

Deflections

v . Maximum vertical deflection of the beam

Under elementary load cases

Permanent loads (G) :
Live loads 1 (Q1) :
Live loads 2 (Q2) -

Under SLS Combinations
51=1.00G+1.00Q1:

v =514 mm (512)
v =4542 mm (512)
v =-130.4 mm (512}

v =50.6 mm (512)

0.00 kNm

141.6 cm*

0.90

-69.37 kNm
325.4 mm
2132 kN
0.0 kNm

=L 172337
=L/264
=L/92

=L/237

The user has to check whether the deflections are acceptable according to the project requirements
and to consider a precambering if necessary.

Natural frequencies
Load case / Combination Masz assumed to be concentrated Mass assumed to be distributed
G 6.9THz 7.94Hz
G+010Q1 508Hz 5 79Hz
G+0201 4 19Hz 4 TTHz
G+03a 3.65Hz 4. 16Hz
G+0401 3.27Hz 3.73Hz
G+0501 2.99Hz 3.41Hz
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3.3.3. Sacasti nosa¢ IPE 270

IPE 270

. - a» a» a» o o o o o |

Parameters

General Parameters

Non composite Beam
End supports :

Horizontal span length -

Total number ofopenings :

Dimensions of the openings :
Height :
Length of the sinusoide :
Length of the flat part :

Web post width :

Spacing between openings center :

End web posts widths :

Mass :
Total paint surface -

Paint surface (without upperface) :

Massiveness :

Massiveness (without upperface) :

Checking of the ANGELINA scope

Spacing cutting / flange innerface :

Spacing cutting / web-flange root :
Dimensions of anopening :
Web slenderness !

Simply supported beam

L=1200m
n=19

ap= 260.0mm
5 =320.0 mm

Wy =320.0mm

Wp = Wo= 320.0 mm
e=25+wy+wp=1230mm

Wang = 400.0mm  Wepq = 400.0mm

m = 436 kg
S=1411m2
5 =12.49m?2
M =254 11m1

M'=224.95m-1

d =59.80 mm = 50.00 mm OK
d = 44.80 mm = 10.00 mm OK
(2b+w)ia = 3.69 =5.00 oK
Ny /b= 92.97 5124.[]8.”: 100.9 0K
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Position of the beam

The studied beam is an intermediate beam.

Spacing of the beam - to the adjacent left beam : L4=3.350m
- to the adjacent rigth beam : L;=3.320m
[P F—
Width for the calculation of the surface loads supported by the beam : Ly Lz
on the left side : dy=1675m
on the right side : dy=1675m

Total width - dq+dy=3350m

Lateral restraint
Concentrated lateral restraints :
X (m) Lateral restraints
0.0 Both flanges Origin section
2 12.00 Both flanges End section
Cross-section Upper chord Lower chord
Base profile IPE 270 IPE 270
Grade | S355 JRAUONZKZ | S355 JRAOJZKZ
hy {(mm) 2700 2700
by (mim) 135.0 135.0
t; (mm) 1002 10.2
1y (MM} 6.6 6.6
T, (mm) 15.0 15.0
L 135.0 "
x5 [ I x =¥ I
A B N .
(=]
{*]
=]
(=]
o w ra
g |8 i g |8 |2
(=] o (=] (=] (=]
[ ]
]
(=]
)
_ o
[ ~ ] o~ ]
L 135.0 g
I 1
Cross-zacfion at web-posf Cross-zaction at opening mo 1
Cross-section propaties Cross=cchon Met section
Area (cm?) 54.53 37.37
Position of the centroid (mm) 2000 200.0
Inertia fyy (cm ) 14143 13177
Inertia fzz (cm %) 4200 4193




Load combinations

Ultimate Limit States Ut = 135G + 150Q1 + 105Q2
Us= 135G + 150Q1 + 150Q2
Serviceability Limit States 51= 100G + 1.001
Load cases
Permanent loads (G)
Dead load : 0.36 kN/m
Arising from : Mass of the steelbeam : 436 kg
Reactions at supports : Left end : Ray = 2.14kN
Right end : Rpy = 2.14kN
Live loads 1(Q1)
Psi factor w0 =0.70
Distributed loads : Location Intensity Location Intensity | Orientation
X4 (M) g1 (kN/m) X (m) 0z (kKN/m)
0.0 1.340 12.00 1.340 Vertical
2 0.0 1.340 12.00 1.340 Vertical
Reactions at supports : Leftend: Ray = 16.08kN
Right end : Rg, = 16.08kN
W (Q2)
Psi factor 0=0.70
v
Distributed loads : Location Intensity Location Intensity | Orientation
X4 (M) g1 (kN/m) Xp (m) 0z (KN/m)
| 1 0.0 -7.692 12.00 -7.692 Vertical
Reactions at supports Left end - Ray = -46.15 kN
Right end : Rg, = -46.15 kN
Partial factors
. =1.350
Factors on the loads : G.sup
"Ginf = 1.000
TQ =1.500
¥
; B Mo =1.000
Factors on the resistance : a1 1.000
Tz =1.250
TM,ﬁ =1.000
T
Steel properties
Both chords
Steel 5355 JRAJO/J2/K2

Reduction curve from

EN 10025-2

Standard EN 10025-2 - 2004
Flange f, | f, (MPa) 3551470
Web f, | f, (MPa) 3551470
Cross-section f, | f, (MPa) 355|470
Cross-sectiong 0.814
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INTERNAL FORCES AND MOMENTS

Under elementary load cases

Permanent loads (G)

Reactions at supports :

Maximum moment :
Maximum shear force :

+

Left end :
Right end :

Ray = 2.14kN
Rg, = 2.14kN

Mppax= 6.416 kKNm in section no 11
Viax= -2-139 kN in section no 1

X (m) M (kNm) Vi (kN) Vg (kN) N (kN) Ng (kN)
1 0.000 0.000 - -2.139 - 0.0
2 0.200 0.421 -2.067 -2.067 0.0 0.0
3 0.880 1.744 -1.825 -1.825 0.0 0.0
4 1.520 2.839 -1.597 -1.597 0.0 0.0
3 2.160 3.788 -1.369 -1.369 0.0 0.0
6 2.800 4.591 -1.141 -1.141 0.0 0.0
I 3.440 5.248 -0.913 -0.913 0.0 0.0
8 4.080 5.759 -0.684 -0.684 0.0 0.0
9 4720 6.124 -0.456 -0.456 0.0 0.0
10 5.360 6.343 -0.228 -0.228 0.0 0.0
1" 5.000 6.416 0.000 0.000 0.0 0.0
12 5.640 6.343 0.228 0.228 0.0 0.0
13 7.280 6.124 0.456 0.456 0.0 0.0
14 7.920 5.759 0.684 0.684 0.0 0.0
15 8.560 5.248 0913 0.913 0.0 0.0
16 9.200 4.591 1.141 1.141 0.0 0.0
17 9.840 3.788 1.369 1.369 0.0 0.0
18 10.480 2.839 1.597 1.597 0.0 0.0
19 11.120 1.744 1.825 1.825 0.0 0.0
20 11.800 0.421 2.067 2.067 0.0 0.0
21 12.000 0.000 2138 - 0.0 -
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Live loads 1(Q1)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Rpy = 16.08kN
Rgy = 16.08kN

Mp1ax= 48.24 KNm in section no 11
Viax= -16.08 kN in section no 1

X (m) M (kNm) Vi (kN) Vg (kN) N (kN) Npg (kN)

1 0.000 0.00 - -16.08 - 0.0
2 0.200 3.16 -15.54 -15.54 0.0 0.0
3 0.880 13.11 -13.72 -13.72 0.0 0.0
4 1.520 21.35 -12.01 -12.01 0.0 0.0
3 2.160 28.48 -10.29 -10.29 0.0 0.0
6 2.800 34.52 -8.58 -8.58 0.0 0.0
7 3.440 39.46 -6.86 -6.86 0.0 0.0
8 4.080 43.30 -5.15 -5.15 0.0 0.0
9 4720 46.04 -3.43 -3.43 0.0 0.0
10 5.360 47.69 -1.72 -1.72 0.0 0.0
11 6.000 48.24 0.00 0.00 0.0 0.0
12 6.640 47.69 1.72 1.72 0.0 0.0
13 7.280 46.04 343 3.43 0.0 0.0
14 7.920 43.30 515 515 0.0 0.0
15 8.560 39.46 6.86 6.86 0.0 0.0
16 9.200 34.52 8.58 8.58 0.0 0.0
17 9.840 28.48 10.29 10.29 0.0 0.0
18 10.480 21.35 12.01 12.01 0.0 0.0
19 11.120 13.11 13.72 13.72 0.0 0.0
20 11.800 3.16 15.54 15.54 0.0 0.0
21 12.000 0.00 16.08 - 0.0 -
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w(Qz2)

Reactions at supports :

Maximum moment :
Maximum shear force :

-+

Left end :
Right end :

Rpy = -46.15 kN
Rg, = -46.15 kN

Mpgax= -138.5 kNm in section no 11
Viax= 46.15 kN in section no 1

X (m) M (kNm) Vi (kN) Vg (kN) Ny (kN) Np (kN)

1 0.000 0.0 - 46.15 - 0.0
2 0.200 -9.1 44 61 44 61 0.0 0.0
3 0.880 -37.6 39.36 39.38 0.0 0.0
4 1.520 -61.3 3446 34.46 0.0 0.0
3 2.160 -81.7 29.54 29.54 0.0 0.0
6 2.800 -99.1 2461 2461 0.0 0.0
7 3.440 -113.3 19.69 19.69 0.0 0.0
8 4.080 -124.3 14.77 1477 0.0 0.0
9 4.720 -132.2 9.85 9.85 0.0 0.0
10 5.360 -136.9 492 492 0.0 0.0
11 6.000 -138.5 0.00 0.00 0.0 0.0
12 6.640 -136.9 -4.92 -4.92 0.0 0.0
13 7.280 -132.2 -9.85 -9.85 0.0 0.0
14 7.920 -124.3 -14.77 -14.77 0.0 0.0
15 8.560 -113.3 -19.69 -19.69 0.0 0.0
16 9.200 -99.1 -24.61 -24 61 0.0 0.0
17 9.840 -81.7 -29.54 -29.54 0.0 0.0
18 10.480 -61.3 -34.46 -34 .46 0.0 0.0
18 11.120 -37.6 -39.38 -39.38 0.0 0.0
20 11.800 -9.1 -44 .61 -44 61 0.0 0.0
21 12.000 0.0 -46.15 - 0.0 -
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Under ULS Combinations

Ul =1.35G+ 1.50 Q1 + 1.05 Q2

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end -
Right end :

Ry, = -21.45 kN
Rg, = -21.45 kN

Wy yg,= -64.36 kNm in section no 11
Vingx= 21.45 KN in section no 1

X (m) M (kNm]} Vi (kM) Vg (kN) My (kM) Ng (kM)
1 0.000 0.00 - 21.45 - 0.0
2 0.200 -4,22 20.74 20.74 0.0 0.0
3 0.880 -17.449 18.31 18.21 0.0 0.0
4 1.520 -28.48 16.02 16.02 0.0 0.0
3] 2.160 -38.00 13.73 13.73 0.0 0.0
G 2.800 -4G.05 11.44 11.44 0.0 0.0
T 3.440 -52.64 915 9.15 0.0 0.0
] 4.080 BT T 6.86 6.80 0.0 0.0
g 4720 -61.43 4 58 4.58 0.0 0.0
10 5.360 -G3.62 2.29 2.29 0.0 0.0
11 6.000 -64. 36 0.00 0.00 0.0 0.0
12 6.640 -63.62 -2.29 -2.29 0.0 0.0
13 7.280 -61.43 -4.58 -4.58 0.0 0.0
14 T7.920 -BT.TT -6.36 -G.86 0.0 0.0
15 8.560 -52.64 -9.15 -9.15 0.0 0.0
16 9.200 -46.05 -11.44 -11.44 0.0 0.0
17 9.840 -38.00 -13.73 -13.73 0.0 0.0
18 10.480 -28. 48 -16.02 -16.02 0.0 0.0
19 11.120 -17.449 -18.31 -18.31 0.0 0.0
20 11.800 -4.22 2074 -20.74 0.0 0.0
21 12.000 0.00 -21.45 - 0.0 -
Open. | Sect. Nm_mp N bot Um_mp V. bat
(kM) (kM) (kM) (kM)
1 3 -4G.757 46.757 9153 9153
2 3] -101.557 101.557 6865 6.865
3 7 -140.699 140699 4 576 4576
4 g -164.185 164185 2288 2238
] 11 -172.013 172.013 0.000 0.000
] 13 -164.185 164185 -2.288 -2.288
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Open. | Sect. Nm.tup M bot Um_mp Vi bat
(kN) (kN) (kN) (kN)

7 15 -140.699 140.699 -4 576 -4 576

2 17 -101.557 101.557 -6.565 -6.565

g 19 -46.757 46.757 -5.153 -5.153

U5=1.35G+ 1.50 Q1 + 1.50 Q2

Reactions at supports : Left end : Ray=-42.22 KN
Right end : Rg,=-42.22 kN

Maximum moment ;
Maximum shear force :

Myyo,= -126.7 KNm in section no 11
Vinax= 42.22 kN in section no 1

¥ (m) M {(kNm) Vi (kM) Vg (kN) Ny (kM) Mg (kM)
1 0.000 0.0 - 42 22 - 0.0
2 0.200 -8.3 40.81 40.81 0.0 0.0
3 0.880 -34.4 36.03 36.03 0.0 0.0
4 1.520 -h6.0 31.52 3152 0.0 0.0
5 2.160 -T4.8 27.02 27.02 0.0 0.0
6 2.800 -80.6 2252 2252 0.0 0.0
7 3.440 -103.6 18.01 18.01 0.0 0.0
8 4.080 -113.7 13.51 13.51 0.0 0.0
g 4.720 -120.9 9.01 9.01 0.0 0.0
10 5.360 -125.2 4.50 4.50 0.0 0.0
11 6.000 -126.7 0.00 0.00 0.0 0.0
12 6.640 -125.2 -4.50 -4.50 0.0 0.0
13 7.280 -120.9 -9.01 -8.01 0.0 0.0
14 7.920 -113.7 -13.51 -13.51 0.0 0.0
15 8.560 -103.6 -18.01 -18.01 0.0 0.0
16 9.200 -80.6 -22.52 -22.52 0.0 0.0
17 9.840 -T4.8 -27.02 -27.02 0.0 0.0
18 10.480 -86.0 -31.52 -31.52 0.0 0.0
19 11.120 -34.4 -36.03 -36.03 0.0 0.0
20 11.800 -8.3 -40.81 -40.81 0.0 0.0
21 12.000 0.0 -42. 23 - 0.0 -
Open. | Sect. Nm.tup M bot Um_mp Vi bat
(kN) (kM) (kM) (kM)
1 3 -G2.024 §2.024 18.014 18.014

52



Open.| Sect. N top N bot Vin.top Vinbot
(kN) (kN) (kN) (kN)

2 5 -199 876 199 876 13.511 13511

3 -276.913 276913 9007 9.007

4 9 -323.136 323136 4504 4504

5 11 -338.543 338543 0.000 0.000

6 13 -323.136 323136 -4 504 -4 504

T 15 -276.913 276913 -9.007 -9.007

8 17 -199 876 199 876 -13.511 -13.511

9 19 -92.024 92.024 -18.014 -16.014

ULTIMATE LIMIT STATES (ULS)

Note: the calculation method applies to steel rolled profiles only.

Summary of the criteria

S = Satisfactory NS = Not satisfactory

Checkings of net sections at openings

Resistance to shear force (Open. no 9 - Comb. U5): vmax = 0130

Resistance to M+N interaction (Open. no 9 - Comb. U5) : MNmax = 0993

Resistance to M+N+V interaction (Open. no 9 - Comb. U5) : MNV max = 0-993
Web checkings

Shear buckling check required (Postno 1- Comb. U5) : vbw,max = 0-061
Posts checkings

Resistance to shear (Postno 1 - Comb. U5) : Vhmax = 0192

Minimum throat thickness

Intermediate posts (Post no 1 - Comb.U5): amin =0.70 mm

Warning: the throat thickness is assessed by assuming twowelds

The total thickness of welds should be at least 1.40 mm

End posts (Postno 9 - Comb. U3) : 8min =0.53mm
The calculation for end posts does not take into account the details of the joint

Warning : the throat thickness of the fillet weld must be at least 3 mm (EC3)

Gross sections checkings

Resistance to bending (Post no 5 - Comb. U5) : Mgmax = 0-435 (Classe 1)
Resistance to shear (Left end -Comb. U5) : vgmax = 0.067

Other checkings
Resistance to lateral torsional buckling LTmax = 11.012

<1
<1
<1

<1

<1

<1
<1

=1
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ULS Combinations checkings

ULS Combination U1 U1=1.356G +1.60 Q1 +1.06Q2

Verifications in the openings sections

Open. v N MNV
1 0.066 0.276 0.276
2 0.049 0.242 0.242
3 0.033 0222 0222
4 0.016 0.208 0.208
5 0.000 0.184 0.184
6 0.016 0.208 0.208
T 0.033 0.222 0.222
8 0.049 0.242 0.242
9 0.066 0.276 0.276

ULS Combination U5 Us=135G +1.50 Q1 +1.50Q2

Verifications in the openings sections

Open. v MN MNV
1 0.130 0.553 0.553
2 0.097 0518 0518
3 0.065 0.508 0.508
4 0.032 0.493 0.493
5 0.000 0.444 0.444
G 0.032 0.493 0.493
T 0.065 0.508 0.508
8 0.097 0518 0.518
9 0.130 0.553 0.553
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Detailed checkings

Net section at opening no 9 - Resistance to shear force

Combination U5

Bending moment Meq =  -34.43 KNm
Shear forces VEd) = -36.03 kN VEd,r = -36.03kN
Axial forces NEd | = 00KkN NEd = 0O0EkN
Top chord - Left cantilever arm
Axial force Nm Ed = -92.02 kN
Shear force Vi Ed = 18.01kN
Location section / post Xgec = 323.3mm
Height of the section hgec = 70.00 mm
Position of the centroid dg Te = 1293 mm (about the external fibre of the flange)
Distances for the moment ey = 00mm ey = 136.7 mm
Forces in the design section Ns Ed = -92.02 kN Vs Ed = 18.01kN
Moment in the design section Mz Eq = Vgpggey-Nspggen=2.823 kNm
Yield strength Ty = 355.0 MPa = 0814
Shear area A, = 677.9mm2
Partial factor Mo = 1.000
Shear resistant force Ve Rd = 1389kN
Criterion v = 0130
Opening no 9 - Resistance to MN interaction
Combination U5
Bending moment Mgq = -34.43 kNm
Shear forces VEd) = -36.03kN VEd, = -36.03kN
Axial forces NEg) = 0.0kN NE4r = 0.0kN
Distributed load for localbending qy;, =  -7037 N/m
Class of a post (web) Cup = 2
Class of the opening Cut = 2
Reduction coefficient hT = 1.000
Coefficient for the end portal effecfEnd opening Kpor = 2.10
Exposant for MN Interaction End opening =20
o
Coefficient for local bending End opening Kigm = 1.0
Local bend. moment (upperchord) M, = 0.3 KkNm
Opening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post X gg (Mm) 2841 284 1 2743 293.9
Height of the section h g (mm) 74.0 74.0 76.4 721
Position of the centroid d g 1, (Mm) 13.8 13.8 14.3 13.4
Ng gq (KN) -92.0 -92.0 92.0 92.0
Vg gq (KN) 18.0 -18.0 -18.0 18.0
MS_Ed (KNm) 37 -3.3 -3.8 3.3
Npg (kN) 672.6 672.6 678.3 668.2
N 0137 0.137 0.136 0.138
Mpg (kNm) 6.9 6.9 7.3 6.6
M B 0.543 0.482 0.526 0.502
Criteria LgN 0.561 0.500 0.544 0.521
Criteria y per chord ' MN Top = 0.561 " MN.Bot = 0.544
FinaI'MN criteria for the opening ' mn = 0.953
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Opening no 9 - Resistance fo MNV interaction

Combination U5

Bending moment Mg -34.43 KNm
Shear forces VEg| -36.03 kN Vedr -36.03 kN
Axial forces NEg)| 0.0 kN Negr = D0D.0KN
Distributed load for localbending g, = -T037 N/m
Class of a post (web) Cyp 2
Class of the opening Cut = 2
Reduction coefficient hT = 1.000
Coefficient for the end portal effecf’End opening Kpor = 2.10
Exposant for MN Interaction End opening o =20
Coefficient for local bending End opening Kpqm = 1.0
Local bend. moment (upperchord) Mgy, = 0.3 kKNm
Opening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post X gg (Mmm) 2841 2841 2743 293.9
Height of the section h gg (Mm) 740 740 76.4 721
Position of the centroid d g 1o (Mm) 13.8 13.8 14.3 13.4
Ng gq (kN) -92.0 -92.0 92.0 92.0
Vg g (KN) 18.0 -18.0 -18.0 18.0
Mg gq (KNm) 37 -3.3 -3.8 3.3
NRg (KN) 6726 6726 678.3 668.2
"N 0.137 0.137 0.136 0.138
VRg (KN) 144.4 144.4 1477 141.8
v 0.125 0.125 0122 0127
Mpg (KNm) 69 6.9 73 66
" 0.543 0.482 0.526 0.502
Criteria me 0.561 0.500 0.544 0.521
Criteria |y per chord "My Top = 0967 NN Eot=0.544
FinaI'MNV criteria for the opening Ny =0.553
Shear buckling
Section at web post no 1
ULS Combination U3
Web dimensions h 379.6 mm -
Yield strengths fw 355 MPa tw - oosmm
¥ 120 e = 03814

hy I, = 57.52>72 /=48.82
Reduced slenderne’s'l W
Reduction factor M
Shear force Weg
Shear buckling resistance Vow Rd

8hear buckling check is required

0.82

1.01
31.52 kN
520.92 kN
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Check

Vbw

Resistance of Web post no 1 to horizontal shear

Combination Us

Tee geometrical centres dg
Bending moments MEeq)
Axial forces in tees N sup.l
m,Sup,r

Horizontal shear force in post Vhm
In adjacent openings: N, max
Extra resistance parameters

g
Intermediate post - Extra resistance
Post width w
Resistant shear forces Vhed
Checkings Vh

Bending resistance of gross sections

0.061

3741 mm
-34.43 KNm
-92.02 KN
-199.9 kN
-107 9 kN
0.301

1.250
0175

220.0 mm

962.74 KN
0.192

Section at web post no 5 (Section no 12) - Combination U5

Internal moment and force M

Ed

Lower flange under compression: Class 1

Class of the web

Steel fyw
Slenderness: cit
Plastic distribution factor
Class of the web 1

Check of the resistance (Class1)

Steel fy top
Partial factor MO

Plastic resistant moment M

pl,.Rd

Check Mg

Shear resistance of gross sections

-125.22 KNm

355 MPa
22.97
0.50

355 MPa
1.00
287.74 KNm
0.435

Section at left end (Section no 1) - Combination U3

Height of the cross-section h
Shear area Ay top
Yield strengths fy top
Shear design force VEd
Shear resistance force VpiRd
Check Vo

Resistance to lateral torsional buckling

Combination U5
Check of lower flange

400.0 mm
1535.9 mm?2
355 MPa

42 22 kN
£29.60 kN
0.067

Meg
N, inf1
Nm,lnf:r

1.000
= 0.500
1.300

=
|

fy: bot

Av.bot
f}r:hot

MO

Part between sections laterally maintained inx=0.0m and x=12.00 m

Length of the part L
Moments at ends Meng,|
Maximum moment Meg
Maximum normal forcein chord  Ngg
Properties of the chord section Ay
Yielding strength fy
Height of the tee e
Isostatic moment distribution Cq

Critical normal force

NCT

12.00 m
0.00 KNm
126.66 kNm
338.54 kN
1868.3 mm?2
355 MPa
70.0 mm
1.132

34.17 KN

Mend,r

|z: 0

-T4.78 KNm

92.02 KN
199.9 kN

0.00 kN

0.814

395 MPa

1535.9 mm2
355 MPa

1.00

0.00 kKNm

209.7 cm#

57



Reduced slenderness b
Reduction factor {curve "c")

Partial factor M
Resistant normal force Ny rd
Check LT

Minimal throat thickness at post no 1

Combination U5

Width of the post L
Ultimate strength Ty
Moments at openings sections Med
Spacings between tee chords dg

Axial forces in lower chords Nm Ed i
Force and moment inthe post VhEd
Partial factor W
Throat thickness a

= 4406
= 0.046

= 1.000

= 30.74 KN
= 11.012

= 320.0mm
= 470.0MPa Bu

= -34.43 kKNm Meg
= 3741 mm dg,
-92.02 kN N £d s
1079 kN My Eq
1.25

= 0.699 mm

Warning: the throat thickness is assessed by assuming two welds
The total thickness of welds should be at least 1.40 mm

SERVICEABILITY LIMIT STATES (SLO)

Deflections

v . Maximum vertical deflection of the beam

Under elementary load cases
Permanent loads (G) :
Live loads 1(Q1):
W (Q2):

Under SLS Combinations

S1=100G+1.00Q1:

v=4.01mm (311)

v=30.15mm (311)
v =-86.52 mm (S11)

v=34.2mm (S11)

= 0.50

=  -74.78 KNm
= 3741 mm
= -199.9 kN
= 0.0 KNm

=L /2993
=L /398
=L/139

=L /351

The user has to check whether the deflections are acceptable according to the project requirements

and to consider a precambering if necessary.

Natural frequencies

Load case [/ Combination Mass assumed to be concentrated Mass assumed to be distributed
G 7.89Hz 8.99Hz
G+01a1 5.96Hz 6.79Hz
G+02Q1 4.99Hz 5.68Hz
G+03a 4 37HzZ 4 98Hz
G+040a1 3.94Hz 4 49Hz
G+ 05a1 3 62Hz 4 12Hz
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3.3.4. Sacasti nosa¢ IPE 300

IPE 300

| e» a» a» e o o» o o |

Parameters

General Parameters

Mon composite Beam
End supports :

Horizontal span length :

Total number of openings :

Dimensions of the openings :
Height :
Length of the sinusoide :
Length of the flat part :

Web post width :
Spacing between openings center :

End web posis widths :

Mass -
Total paint surface :
Paint surface (without upper face) :

Massiveness :
Massiveness (without upper face) :

Checking of the ANGELINA scope

Spacing cutting / flange inner face :
Spacing cutting / web-flange root ;
Dimensions of an opening :

Web slendermess :

Position of the beam

The studied beam is an intermediate beam.

Spacing of the beam

Width for the calculation of the surface loads supported by the beam

on the left side .
on the right side
Total width :

- to the adjacent left beam :
- to the adjacent rigth beam :

Simply supported beam

L=12.00m
n==2a

8y = 280.0 mm
s = 360.0 mm
w, = 360.0 mm

Wy =W, = 360.0 mm
e8=25+W, + W, =1440 mm

Wend) = 420.0 mm Wandr = 420.0 mm
m=511kg

5 =15.67 m?

8 =1387Tm?

M = 240.85 m-1

M=213.18 m"

d=6930 mm z50.00mm OK
d=54.30 mm = 10.00 mm OK
(Zb+w)/a = 3.86 =500 oK

h, /1, =5473 = 124.0g, = 1009 OK

L, =3350m
L,=3350m

TIT

dy=1675m
dy = 1675m
dy +dy = 3.350m
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Lateral restraint

Concentrated lateral restraints :

% (m) Lateral restraints
1 0.0 Both flanges Origin section
2 12.00 Both flanges End section
Cross-section Upper chord Lower chord
Base profile IPE 300 IPE 300
Grade | 5355 JRUJOMNZ2MKZ | 5355 JRAJOMNZ2IK2
hy (mm) 300.0 300.0
b (mm) 150.0 150.0
t. (mm} 10.7 107
t,, (mm) 71 71
r, (mm) 15.0 15.0
L 150.0 i
I i
T ] T T ]
N At d
S -
(=]
=
8
=
e | . £ |8 8
= |@ e |= o
3
P e
v, . AN
- [ ] = . . [ ]
L 150.0 g
I i |
Cross-section at web-post Cross-section at opening no 1
Cross-section properties Gross section Met section
Area (cm2) 63.75 43.87
Position of the centroid (mm) 220.0 220.0
Inertia fyy (cm %) 19952 18653
Inertia /zz (cm #) 604.0 603.1
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Load cases

Permanent loads (G)

Dead load : 0.42 kN/m
Ansing from : Mass of the steel beam 511 ka
Reactions at supports : Left end : R, =250 kN
Right end : Rg, = 2.50 kN
Live loads 1 (Q17)
Psi factor yp =070
Distributed loads : Location Intensity Location Intensity Orientation
X, (m) | g (kNim)  x,(m) | g, (kN/m)
0.0 1.340 12.00 1.340 Vertical
2 0.0 1.340 12.00 1.340 Vertical
Reactions at supports : Left end : Ry, = 16.08 kN
Right end - Rg, = 16.08 kN
Live loads 2 (Q2)
Psi factor yp =070
Distributed loads : Location Intensity Location Intensity Orientation
% (m) | g (kN/m) x5 (m) a (kN/m)
1 0.0 -7.692 I 12.00 -7.692 Vertical
Reactions at supports : Left end : Ry, =-46.15 kN
Right end : Rg, = -46.15 KN
Partial factors
Factors on the loads : 1Gsup = 1-350
voine = 1.000
fa =1.500
Factors on the resistance mwo = 1.000
wy = 1.000
1wz = 1.250
g = 1.000
Steel properties
Both chords
Steel 5355 JRIJON2IK2
Reduction curve from EN 10025-2
Standard EN 10025-2 : 2004
Flange f, |f, (MPa) 355 | 470
Web 'r | f, (MPa) 355 | 470
Cross-section f, | f, (MPa) 355 | 470
Cross-section g 0.814
Load combinations
Ultimate Limit States U= 135G + 150Q1 + 1.05Q2
us = 135G + 135Q1 + 135Q2
Serviceability Limit States §81= 100G + 1.00Q1

61



INTERNAL FORCES AND MOMENTS

Under elementary load cases

Permanent loads (G)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, = 2.50 kN
Rg, = 2.50 kN

My4o..= 7-514 KNm in section no 10
Vigax= -2.505 kN in section no 1

x (m) M (kNm) |V (kN) Vg (kN) N, (kN) Ng (kN)
1 0.000 0.000 - -2.505 - 0.0
2 0.210 0517 2417 2417 0.0 0.0
3 0.960 2212 2104 -2.104 0.0 0.0
4 1.680 3619 -1.803 -1.803 0.0 0.0
5 2.400 4.809 -1.503 -1.503 0.0 0.0
6 3.120 5783 1202 -1.202 0.0 0.0
7 3.840 6.540 -0.902 -0.902 0.0 0.0
8 4.560 7.081 -0.601 -0.601 0.0 0.0
9 5.280 7.406 -0.301 -0.301 0.0 0.0
10 6.000 7514 0.000 0.000 0.0 0.0
11 6.720 7.406 0.301 0.301 0.0 0.0
12 7.440 7.081 0.601 0.601 0.0 0.0
13 8.160 6.540 0.902 0.902 0.0 0.0
14 8.880 5783 1202 1202 0.0 0.0
15 9.600 4.809 1.503 1503 0.0 0.0
16 | 10.320 3619 1.803 1803 0.0 0.0
17 | 11.040 2212 2.104 2.104 0.0 0.0
18 | 11790 0.517 2.417 2417 0.0 0.0
19 | 12000 0.000 2.505 - 0.0 -
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Live loads 2 (Q2)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end -

Ry, = -46.15 kN
Rg, = -46.15 kN

Mye= -138.5 kNm in section no 10
V= 46.15 KN in section no 1

% (m) M (kNm) V| (kN) Vg (kN) N, (kN) Ng (kN)

1 0.000 0.0 - 46.15 - 0.0
2 0.210 a5 44,54 44,54 0.0 0.0
3 0.960 -40.8 38.77 38.77 0.0 0.0
4 1.680 66.7 33.23 3323 0.0 0.0
5 2.400 836 2769 2769 0.0 0.0
5 3120 -106.6 2215 2215 0.0 0.0
7 3.840 -120.5 16.61 16.61 0.0 0.0
g 4.560 1305 11.08 11.08 0.0 0.0
9 5.280 -136.5 5.54 554 0.0 0.0
10 6.000 1385 0.00 0.00 0.0 0.0
1 6.720 -136.5 -5.54 5.54 0.0 0.0
12 7.440 1305 -11.08 -11.08 0.0 0.0
13 8.160 1205 -16.61 -16.61 0.0 0.0
14 8.880 -106.6 2215 -22.15 0.0 0.0
15 9.600 -88.6 -27.69 -27.69 0.0 0.0
16 10.320 -66.7 3323 -33.23 0.0 0.0
17 11.040 -40.8 -38.77 -38.77 0.0 0.0
18 11.790 05 -44.54 -44 .54 0.0 0.0
19 12.000 0.0 -46.15 - 0.0 -
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Live loads 1(Q1)

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, = 16.08 kN
Rg, = 16.08 kN

M= 48.24 kKNm in section no 10
V= -16.08 KN in section no 1

% (m) M (kNm) v, (kN) Vg (kN) N, (kN) Ng (kN)

1 0.000 0.00 - -16.08 - 0.0
2 0.210 332 1552 -15.52 0.0 0.0
3 0.960 14.20 1351 -13.51 0.0 0.0
4 1.680 23.23 1158 -11.58 0.0 0.0
5 2.400 30.87 965 965 0.0 0.0
[ 3.120 1713 772 772 0.0 0.0
7 3.840 41.99 579 579 0.0 0.0
) 4560 45 46 386 -3.86 0.0 0.0
9 5.280 47 55 103 103 0.0 0.0
10 6.000 4824 0.00 0.00 0.0 0.0
11 6.720 47 55 193 193 0.0 0.0
12 7.440 45.46 3.86 3.86 0.0 0.0
13 8160 4199 579 579 0.0 0.0
14 8.880 37.13 7.72 7.72 0.0 0.0
15 9.600 30.87 9.65 965 0.0 0.0
16 10.320 2323 1158 1158 0.0 0.0
17 11.040 14.20 13.51 1351 0.0 0.0
18 11.790 332 15.52 1552 0.0 0.0
19 12.000 0.00 16.08 - 0.0 -
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Under ULS Combinations

UT=135G+ 1.50 Q1+ 1.05 Q2

Reactions at supports ;

Maximum moment ;
Maximum shear force :

Left end :
Right end :

Ry, = -20.96 kN
Rg, = -20.96 kN

My 4= -62.87 KNm in section no 10
Vipa= 20.96 KN in section no 1

% (m) M(kNm) |V (kN) Vi, (kN) N, (kN) N, (kN)
1 0.000 0.00 - 2096 - 0.0
2 0.210 -4 32 2022 2022 0.0 0.0
3 0.8960 -18.51 17.60 17.60 0.0 0.0
4 1.680 -30.28 15.09 15.00 0.0 0.0
ey 2.400 -40.24 1257 1257 0.0 0.0
[ 3120 -48.39 10.06 10.06 0.0 0.0
T 3.840 -54.73 7.54 7.54 0.0 0.0
2 4 560 -50.25 5.03 5.03 0.0 0.0
] 5.280 -61.97 2.51 251 0.0 0.0
10 6.000 -62.87 0.00 0.00 0.0 0.0
1 6.720 -61.97 -2.51 -2.51 0.0 0.0
12 7.440 -50.25 -5.03 -5.03 0.0 0.0
13 8.160 -54.73 -7.54 -7.54 0.0 0.0
14 8.880 -48.39 -10.06 -10.06 0.0 0.0
15 9.600 -40.24 -12.57 -12.57 0.0 0.0
16 10.320 -30.28 -15.09 -15.09 0.0 0.0
17 11.040 -18.51 -17.60 -17.60 0.0 0.0
18 11.790 -4.32 =20.22 -20.22 0.0 0.0
19 12.000 0.00 -20.96 - 0.0 -

Open. [Sect. | Npgop New ot Ven.top Vin bat

(kN) (kN) (kN) (kN)
1 3 -45.082 45.082 8.802 8.802
2 5 -98.005 88.005 6.287 6.287
3 7 -133.286 133.286 T2 3772
4 9 -150.927 150.927 1.257 1.257
5 11 -150.927 150.927 -1.257 -1.257
] 13 -133.286 133.286 -3.772 -3.772
7 15 -88.005 98.005 -6.287 -6.287
8 17 -45.082 45.082 -8.802 -8.802
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Us=1.35G+1.350Q1+1.35 Q2

Reactions at supports :

Maximum moment :
Maximum shear force :

Left end :
Right end :

Ry, = -37.22 kN
Rg, = -37.22 kN

My, = -111.6 kNm in section no 10
Vipa= 27-22 kN in section no 1

% (m) M(kNm) |V, (kN) | Vg(kN) | N_(kN) | Ng(kN)

1 0.000 0.0 - 3r.22 - 0.0

2 0.210 7.7 3591 3591 0.0 0.0

3 0.960 -32.9 31.26 31.26 0.0 0.0

4 1.680 -53.8 26.80 26.80 0.0 0.0

b 2.400 -T15 2233 2233 0.0 0.0

i) 3120 -35.9 17.86 17.86 0.0 0.0

7 3.840 -97.2 13.40 13.40 0.0 0.0

8 4.560 -105.2 3.93 8.93 0.0 0.0

9 5.280 -110.0 447 447 0.0 0.0

10 | 6.000 1116 0.00 0.00 0.0 0.0

11 6.720 -110.0 -4 47 -4 47 0.0 0.0

12 7.440 -105.2 -3.03 -3.983 0.0 0.0

13 8.160 -ar.2 -13.40 -13.40 0.0 0.0

14 8.880 -35.9 -17.86 -17.86 0.0 0.0

15 | 9.600 715 2233 2233 0.0 0.0

16 10.320 -53.8 -26.80 -26.80 0.0 0.0

17 11.040 =329 -31.26 -31.26 0.0 0.0

18 11.790 7.7 -3591 -35.01 0.0 0.0

19 12.000 0.0 -37.22 - 0.0 -
Open.|Sect | Ny, Ny ot Vintop Vi ot

(kN) (kN) (kN) (kN)

1 3 -80.053 50.053 15631 15.631

2 b4 -174.028 174.028 11.165 11.165

3 | 7 | -236679 | 236679 6.699 6.699

4 a9 -268.004 268.004 2233 2.233

5 | 11 | -268.004 | 268.004 2.233 2233

6 | 13 | -236.679 | 236.679 -6.699 6.699

7 | 15 | 174028 | 174.028 | -11.165 | -11.165

8 | 17 | -80.053 80.053 15,631 -15.631




ULTIMATE LIMIT STATES (ULS)

Mote: the calculation method applies to steel rolled profiles only.

Summary of the criteria

5 = Satisfactory NS = Mot satisfactory

Checkings of net sections at openings

Resistance to shear force (Open. no 1 - Comb. U5) : Dv.ma = 0.097
Resistance to M+N interaction (Open. no 1 - Comb. US) : Tnmae = 0.383
Resistance to M+N+V interaction (Open. no 1 - Comb. U5} : Fhtiy mae = 0.383

Web checkings
Shear buckling check required (Post no 1 - Comb. US) Fybemax = 0-044

Posts checkings

Resistance to shear (Fost no 1 - Comb. U5) : Nhmex = 0138
Minimum throat thickness

Intermediate posts (Postno 1 - Comb. U5S): i = 0.54 mm

Warning: the throat thickness is assessed by assuming two welds
The total thickness of welds should be at least 1.08 mm

End posts (Fost no 0 - Comb. U5) : Ain = 0.44 mm
The calcuiation for end posts does not take info account the defails of the joint

Warning - the throat thickness of the fillet weld must be at least 3 mm (EC3)

Gross sections checkings

Resistance to bending (Fost no 4 - Comb. U5) : Tiig,max =
Resistance to shear (Left end - Comb. U5): Mvgmax = 0.051
Qther checkings
Resistance to lateral torsional buckling Mtmax = 6129
ULS Combinations checkings
ULS Combination U1 U1=135G+1.500Q1+1.05 Q2

Verifications in the openings sections

Open. Ty T Ty
1 0.055 0.219 02159
2 0.039 0.134 0184
3 0.023 0.161 0.161
4 0.008 0.143 0.143
5 0.008 0.143 0.143
i 0.023 0.161 0.161
T 0.039 0.134 0.184
a 0.055 0.219 0219

0.302 (Classe 1)

=1
=1
=1

=1
=1

=1

W w

S
S

NS
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Detailed checkings

Ner section ar opening no 1 - Resisiance ro shear force

Combination U5

Bending moment Mz, = -32.87 kNm
Shear forces Veds = 31.26kN Vear = 3126 kN
Axial forces Meq) = 0.0kN Near = 00EkN
Top chord - Left cantilever arm
Axial force N ed = -BD.O5EKN
Shear force VinEd = -1563 kN
Location section / post ¥san = 363.3mm
Height of the section he_. = 80.00 mm
Fosition of the centroid dG.Te = 1471 mm (about the external fibre of the flange)
Distances for the moment = = 0.0mm 8y = 176.7 mm
Forces in the design section Mz g = -BOOSEKN Vs eg = -1563 kKN
Moment in the design section Mg gy = Vggq@y-Nggy ey =-2.762 kNm
Yield strength f,r = 355.0 MPa E = 0814
Shear area A, = T787.1 mm?
Fartial factor Mo = 1.000
Shear resistant force V. Ry = 1613 kN
Criterion Iy = 0.097
Opening no 1 - Resistance to MN interaction
Combination U5
Bending moment Mey = -32.87 KNm
Shear forces Ved) = 3126kN Vieg, = 3126 kN
Axial forces Meq) = 0.0kN Meg = 0.0kN
Distributed load for local bending q;, = -6203 N/m
Class of a post (web) Cur = 2
Class of the opening Cut = 2
Reduction coefficient PHT = 1.000
Coeflicient for the end porial effect End opening ke = 2.65
Exposant for MM Interaction End opening a =20
Coefficient for local bending End opening Ky = 1.0
Local bend. moment (upper chord) M, = 0.3KNm
Qpening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post x ¢ (mm) 3240 3142 3240 3044
Height of the section h o__ (mm] 834 855 834 881
Position of the centroid d-G.T'E {mm) 15.4 159 15.4 16.5
N gy (kN) -801 -80.1 801 801
Vs g (KN) -15.6 156 15.6 -15.6
Mg gq (KNm) -3.2 38 3.3 -38
Mg, (KN) T&7 4 792 6 787.4 7991
'y 0.102 0101 0.102 0.100
Mgy (KNm}) 9.2 9.7 9.2 10.2
'y 0.342 0,380 0.359 0.376
Criteria 0.352 0.401 0.369 0.386
Criteriary,,, per chord Iini Top = 0401 Tpan gt = 0.386
Finalyy,, criteria for the opening Mg = 0.393
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Opening no 1 - Resistance to MNV interaction

Combination US

Bending moment Mzy = -32.87 kNm
Shear forces Vi = J126kN Vedr = 326 kN
Axial forces NEa, = 0.0kN Negr = 0.0kN
Distributed load for local bending q;;, = -6203 N/m
Class of a post (web) Coup = 2
Class of the opening Cur = 2
Reduction coefficient PhT = 1.000
Coefficient for the end portal effect End opening Kooy = 2.65
Exposzant for MM Interaction End opening o=
Coefficient for local bending End opening Ky, = 1.0
Local bend. moment {upper chord) M = 0.3 kNm
Opening quarter
Upper Upper Lower Lower
LHS RHS LHS RHS
Location section / post x 5, (mm) 3240 3142 3240 044
Height of the section h o (mm]) 834 855 834 881
Position of the centroid d 5 ;. (mm) 154 159 154 16.5
Mg gg (KN) -804 -80.1 801 801
Vg gq (KN) -15.6 15.6 15.6 -15.6
Mg gy (KNm) -3.2 38 33 -38
Mgy (KN} 787 .4 792.6 787 .4 7991
'y 0.102 0.101 0.102 0.100
Vgg (KN) 166.3 169.4 166.3 1731
Iy 0.094 0.082 0.094 0.090
Mg (KNm} 9.2 a7 9.2 10.2
T 0.342 0.380 0.359 0.376
Criteria 0.352 0.401 0.369 0.386
Criteria iy, per chord ity Top = 0.401 I'anget = 0-386
Finalryy,, criteria for the opening Ty = 0.393
Shear buckling
Section at web postno 1
ULS Combination U5
Web dimensions h,, =  418.6 mm t, = T1mm
Yield strengths T], = 355 MPa E = 0.814
n = 120
h, '1,=5896= 72 /y=4882 Shear buckling check is required
Reduced slenderness Aoy = 084
Reduction factor A = 099
Shear force Veq = 26.80kN
Shear buckling resistance V:m-_ﬁa = B02.83 KN
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Check Mbe =

Resistance of Web post no 1 to horizontal shear

Combination US
Tee geometrical centres ds

Bending moments Mgy, =
Axial forces in tees Nm.Eup,I =
NITI.ELIP.F
Horizontal shear force in post Vi =
In adjacent openings: I’ max =
Extra resistance parameters 0 =
||; =
Intermediate post - Extra resistance
Post width W =
Resistant shear forces Virg
Checkings Ty =

Bending resistance of gross sections

0.044

410.6 mm
-32.87 kNm
-80.05 kN
-174.0 kN
-93.98 kN
0.223

1.167
0.182

360.0 mm
681.04 kN
0.138

Section at web post no 4 (Section no 10) - Combination U5s

Internal moment and force My =
Lower flange under compression: Class 1
Class of the web

Steel few =
Slendemess: crt =
Plastic distribution factor @ =
Class of the web 1

Check of the resistance (Class1)
Stegl fr.top
Partial factor Mo =
Plastic resistant moment M, o
Check I'vg =

Shear resistance of gross sections

-111.65 kNm

355 MPa
54.73
0.50

355 MPa
1.00

369.14 KNm
0.302

Section at left end (Section no 1) - Combination U5

Height of the cross-section h =
Shear area A top
Yield strengths L top =
Shear design force Veq =
Shear resistance force Vpird
Check Mg =

Resistance 1o lateral torsional buckling

Combination U5
Check of lower flange

440.0 mm
1781.1 mm2
355 MPa
IT.22 kN
73010 kN
0.051

MEd.r
Nm.lnf.l
Nm.lnf.r

1.000
= 0.508
= 1.300

- =
i n n

b ot

Part between sections laterally maintained in x = 0.0 m and x = 12.00 m

Length of the part L =
Moments at ends Mg, =
Maximum moment Mgy =
Maximum normal force in chord  Ng, =
Properties of the chord section A, =
Yielding strength f, =
Height of the tee Pre =
Isostatic moment distribution C, =
Critical normal force N =

or

12.00 m
0.00 kNm
111.65 kNm
268.00 kN
2193.6 mm?2
355 MPa
80.0 mm
1.132

49.14 kN

Mtﬁd.r

Iz.l:I

-71.45 kNm
80.05 kN
174.0 kN

0.00 kN

0.214

355 MPa

1781.1 mm?2
355 MPa

1.00

0.00 kNm

301.6 cm?
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Reduced slenderness
Reduction factor {curve "c™)
Fartial factor

Resistant normal force
Check

A = 3.981
5 = 0.056
ot = 1.000
Nygg = 4372kN
Mot = 6.129

Minimal throar thickness ar post no 1

Combination U5

Width of the post

Ultimate strength

Moments at openings sections
Spacings between tee chaords
Axial forces in lower chords
Force and moment in the post
Fartial factor

Throat thickness

Wamning: the throat thickness is assessed by assuming two welds

The total thickness of welds should be at least 1.08 mm

SERVICEABILITY LIMIT STATES (SLS)

Deflections

v . Maximum vertical deflection of the beam

Under elememtary load cases

Fermanent loads (G) :
Live loads 1 (Q1) :
Live loads 2 (Q2) :

Under SL5 Combinations
51=100G+1.000Q1:

w = 360.0 mm
f, = 470.0 MPa P = 09590
Mz = -32.87 kNm Mea, =  -71.45 kNm
dg, = 410.6 mm ds = 4106 mm
N Ed) = -30.05EkN N Edr = -17T4.0EkN
VhEd = 8393 kN M 4 = 0.0 KkNm
1 = 125
a2
a = 0541 mm
v =339 mm (S10) =L/3543
v=21.74 mm (S10) =L/552
v =-62.40 mm (S10) =L/192
v=251mm (S10) =L /478

The user has to check whether the deflections are acceptable according to the project requirements
and to consider a precambering if necessary.

Natural frequencies
Load case [ Combination Mass assumed to be concentrated Mass assumed to be distributed
G 8.50Hz 9.78Hz
G+010ail 6.70Hz 7.63Hz
G+02a 5.68Hz 6.4THz
G+03M 5.02Hz 5.72Hz
G+040al 4 55Hz 5.18Hz
G+05al 4 18Hz 4 7THz
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4 DIMENZIONIRANJE SPOJA GLAVNE NOSIVE
KONSTRUKCIJE | AB STUPA

4.1 Dimenzioniranje spoja

Koriste¢i von Mises-ovu teoriju ¢vrstoce, visSeosno stanje naprezanja u kratkim celicnim
elementima svodi se na ekvivalentno jednoosno stanje naprezanja. Napon je vrijednost
koju koristimo za provjeru da li je materijal dostigao granicu tecenja. Ovaj kriterij se
koristi za duktilne materijale, u ovom projektu to je celik. Von Misesov kriterij kaze da,
ako je Von Misesov napon u materijalu pod optere¢enjem jednak ili veci od granice te¢enja
istog materijala pod Cistim zatezanjem, onda ce taj material te¢i. Teorija von Mises se

koristi u materijalima koji se nalaze u viSeosnim stanjima naprezanja.

[/
[/
40

88

Slika 8 : Detalj spoja

o_1+ [MPa]

110.4
100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
-0.0
-10.0
-26.0

Slika 9 : Glavno naprezanje o1+
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Slika 10 : Glavno naprezanje o2+

Slika 11 : Glavno naprezanje c1-

Slika 12 : Glavno naprezanje 62-

o_2+ [MPa]

33.7
20.0
10.0
0.0
-10.0
-20.0
-30.0
-40.0
-50.0
-60.0
-75.2

o_1- [MPa]
102.7
90.0
80.0
70.0 ==
60.0 +
50.0
40.0
30.0
20.0
10.0
-0.0
-10.0
-20.0
-31.3

:

o_2- [MPa]

261
10.0
0.0
-10.0
-20.0
-30.0
-40.0
-50.0
-60.0
-70.0
-80.0
-90.0
-109.8




Slika 13 : Glavno naprezanje + [Mises]

Slika 14 : Glavno naprezanje - [Mises]

Zadovoljen je uvjet :

Principal stress: max oE < fy/ym
110,4 Mpa < 355/1,15 N/mm?
110,4 Mpa < 308,7 N/mm?

o_E+ [MPa]

98.0
90.0
85.0




5 SEKUNDARNA KONSTRUKCIJA
5.1 Krovne podroZnice

Poprecni presjek : IPE 100

- w »
et H =100 mm
: W =55 mm

tw=4.1mm

sztIZI I tr=5.7 mm

5.2 Dijagrami reznih sila

Slika 6 : Moment savijanja My (kNm)

v
2
<

Slika 7 : Moment savijanja Mz (kNm)
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Slika 8 : Popreéna sila Vy (kN)

Slika 7 : Popreéna sila Vz (kN)

5.3 Provjera progiba GSU

3D displacement

Values: uz

Linear calculation
ion:

Lot : odes avg. on macro.
System: LCS mesh element

AVA VA VAVAVAVAVAVAVA

w =-0.06 mm < L/250 = 3350/250 = 13.4 mm

- Najveci progib zadovoljava GSU.

0.00
-0.00
-0.01
-0.01
-0.02
-0.02
-0.02
-0.03
-0.03
-0.04
-0.04
-0.04
-0.05
-0.05
-0.06
-0.08
-0.06

uz [em]
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5.4 Dimenzioniranje presjeka

EC-EN 1993 Steel check ULS

Linear calculation

Combination: GSM

Coordinate system: Principal

Extreme 1D: Global

Selection: All

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

[Member B9 |0.000 / 3.350 m |[IPE100 |S355 |GSN

|o.10 - |

Combination key
GSN / 1.35%G + 1.35%Gdst + 1.50%Q

Partial safety factors

ywo for resistance of cross-sections

1.00

v for resistance to instability

1.00

ymz for resistance of net sections

1.25

Yield strength fy

355.00 |MPa

Ultimate strength f,

490.00 | MPa

Fabrication

Rolled

i iSECTION CHECK:: ...
The critical check is on position 0.000 m

Internal forces Calculated Unit

Neg 0.00 kN
[Vygd 0.01 kN
Vied 1.69 kN
[Tes 0.00 kNm
[ Mygd -0.94 kNm
Mz g4 -0.01 kNm

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

o2 W ko

mMea]l [-1 [1 []
1 |SO 1.84 [0.57 |26.353 [27.162 |1.0 (0.4 [1.0 |3.2 [7.3 8.1 11.2 1
3 |50 1.84 [0.57 |25.558 [24.745 |1.0 (0.4 [1.0 |3.2 [7.3 8.1 11.4 1
4 |1 746 |0.41 |20.533 |-20.533 [-1.0 0.5 |18.2 |58.6 67.5 100.9 1
5 |SO 1.84 [0.57 |-26.353 |-27.162
7 |50 1.84 [0.57 |-25.558 |-24.749

The cross-section is classified as Class 1

Bending moment check for My

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

Woly 39.4000 |cm?
Mpl,y,rd 13.99 kNm
Unity check |0.07 -

Bending moment check for M:

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

Wol,z 9.2000 |cm3
Mpl,z,Rd 3.27 kNm
Unity check |[0.00 -
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Shear check for Vy
According to EN 1993-1-1 article 6.2.6 and formula (6.17)

n 1.20

Av 6.7251 |cm?

[ VplyRd 137.84 |kN

Unity check |0.00 -

Shear check for V;

According to EN 1993-1-1 article 6.2.6 and formula (6.17)
n 1.20

Av 5.0617 |cm?

Vol,z,Rd 103.74 |kN

Unity check [0.02 -

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

Mpiyrd | 13.99 [kNm
a 2.00

1.00
Unity check (6.41) = 0,00 + 0,00 = 0,01 -

Mplzrd [3.27 |kNm
B

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

The member satisfies the section check.

Classification for member buckling design

Decisive position for stability classification: 0.000 m

Classification according to EN 1993-1-1 article 5.5.2

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

o2 W ke a cf/t Class1 Class 3 Class

[MPa] [-]1 [-]1 [-] [-] Limit Limit
[-] [-]
1 [SO 1.84 |0.57 |26.353 ‘ . ) ' ' .
3 |SO 1.84 |0.57 |25.558 [24.749 |1.0 |04 |1.0 |32 |73 8.1 11.4 1
4 |I 746 1041 [20.533 |-20.533 |-1.0 0.5 |18.2 |58.6 67.5 100.9 1
5 |[SO 1.84 |0.57 |-26.353 |-27.162
7 |SO 1.84 |0.57 [-25.558 [-24.749

The cross-section is classified as Class 1

Lateral Torsional Buckling check
According to EN 1993-1-1 article 6.3.2.1 & 6.3.2.2 and formula (6.54)

LTB parameters

Method for LTB curve General case

Plastic section modulus Wi,y 39.4000 cm?
Elastic critical moment M 14.20 kNm
Relative slenderness AcelLt 0.99

Limit slenderness Arel,L 7,0 0.20

LTB curve a

Imperfection air 0.21

Reduction factor y.r 0.67

Design buckling resistance Mu,rd | 9.38 kNm
Unity check 0.10 -
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LTB length It 3.350 m
Influence of load position no influence
Correction factor k 1.00

Correction factor kw 1.00

LTB moment factor Ci 2.58

LTB moment factor Cz 1.55

LTB moment factor Cs 0.41

Shear center distance d: 0.00 cm
Distance of load application zg |0.00 cm
Mono-symmetry constant By 0.00 cm
Mono-symmetry constant z; 0.00 cm

Note: C parameters are determined according to ECCS 119 2006 / Galea 2002.

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

Bending and axial compression check parameters

Interaction method alternative method 1
Cross-section area A 10.3000 cm?
Plastic section modulus Wpi,y 35.4000 cm?
Plastic section modulus Wpi,z 9.2000 cm?3
Design compression force Ned 0.00 kN
Design bending moment (maximum) Myes |-0.94 kNm
Design bending moment (maximum) Mzes | -0.01 kNm
Characteristic compression resistance Nrx | 365.65 kN
Characteristic moment resistance My rk 13.99 kNm
Characteristic moment resistance Mz gk 3.27 kNm
Reduction factor xy 1.00

Reduction factor xz 1.00

Reduction factor x.t 0.67

Interaction factor kyy 1.00

Interaction factor ky- 0.69

Interaction factor kzy 0.53

Interaction factor ks 1.00

Maximum moment My,ed is derived from beam B9 position 0.000 m.
Maximum moment M;,eq is derived from beam B9 position 0.000 m.

Shear Buckling check
According to EN 1993-1-5 article 5 & 7.1 and formula (5.10) & (7.1)

Shear Buckling parameters

Buckling field length a 3.350 m
Web unstiffened

Web height hy 8.86 cm
Web thickness t 0.41 cm
Material coefficient £ 0.81

Shear correction factor n | 1.20

Shear Buckling verification

Web slenderness hw/t  [21.61
Web slenderness limit  |[48.82

Note: The web slenderness is such that Shear Buckling effects may be ignored
according to EN 1993-1-5 article 5.1(2).

The member satisfies the stability check.

Odbrani profil sekundarnog nosaca je IPE 100.
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6 ZAKLJUCAK

Tema ovog diplomskoga rada bila je proracunati glavne elemente celi¢nog
krova industrijske hale. Odabrani i proracunati profili nosac¢a glavne nosive
konstrukcije su IPE 270 (sacasti nosac) duljine 12.0 m, postavljenih na osnom
razmaku od 3.35 m. Sekundarna konstrukcija je dimenzionirana od
standardnih IPE 100 nosaca postavljenih na osnom razmaku od 2,0 m. Projekt
je izveden za halu tlocrtnih dimenzija 30.45 x 12.10 m sa jednostre$nim
krovom nagiba 7%. Visina hale u strehi iznosi 5.0 m, a u sljemenu 5.85 m.
Analiza konstrukcije je provedena raCunalnim programima SCIA engineer
2018 i ArceloMittal software Angelina. Zbog kompleksnosti samih sacastih
profila, te zbog toga Sto im svojstva popre¢nog presjeka nisu jednoznacno
definirana, posebna pozornost u projektu je posveéena izradi modela glavnog
nosivog sustava krovista odnosno saéastog nosaca. Jednostavnim postupcima
rezanja i ponovnog zavarivanja od standardnih vruéevaljanih profila dobivaju
se nosaci koji imaju moment tromosti ve¢i do 100% 1 moment otpora ve¢i od
50% uz isti utroSak materijala, odnosno istu vlastitu tezinu. Povecanje
otpornosti sacastih nosaca je neSto manje, ali ipak znatno u odnosu na profil
od kojeg su dobiveni. Na kraju se moze zakljuciti da je kompleksnost izvedbe
sacastih nosaca znatno manja od prednosti koju ovakvi nosaci pruzaju te je
njihova primjena racionalnija od primjene odgovarajucih standardnih valjanih
ili zavarenih profila. Nakon dimenzioniranja nosivih elemenata pristupilo se
oblikovanju i prora¢unu spoja stup-greda. Veza izmedu spoja glavne nosive
grede i AB stupa ostvarena je sidrenjem vijaka M20 k.v. 10.9 u AB stup. U
zadnjoj fazi izradeni su detaljni nacrti konstrukcije te nacrti detalja spoja.
Takoder je izveden detaljan radionicki nacrt rezanja i ponovnog spajanja IPE
profila kojim se dobiva gotovi sacasti nosa€. Kod projektiranja svih nosivih
elemenata konstrukcije koristen je celik Fe 510 (S 355). Svi elementi su
dimenzionirani prema HRN EN 1993, a korisno optere¢enje prema HRN EN

1991. Diplomski rad je izraden na razini izvedbenog projekta.
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7 ISKAZ MATERIJALA

Svi elementi su izradeni od ¢elika Fe 510 ( S355).

SPECIFICNA UKUPNA
POZICIJA PROFIL DULJINA (m) | KOMADA TEZINA TEZINA (ke)
1 Sacasti IPE 270 12 10 436,0 kg/kom 4360,0
2a IPE 100 3,41 14 8,1 kg/m'’ 386,7
2b IPE 100 3,35 49 8,1 kg/m' 1329,6
P1 40x30x1.6 Proracun preko 20 7850 kg/m? 376,8
zapremnine
P2 30x6x1.6 Proracun preko 40 7850 kg/m? 170,0
zapremnine
Ukupno (kg) 6623,3
+2% spojna sredstva 132,5
UKUPNO (kg) 6755,8

81




8 LITERATURA

1)

(2)
(3)

(4)
()
(6)

B. Androi¢; D. Dumovi¢; I. Dzeba: Metalne konstrukcije 1,
Institut gradevinarstva Hrvatske, Zagreb, 1994.

Eurocode HRN EN 1993

Fakultet gradevinarstva, arhitekture 1 geodezije, Split : B.Peros , [.Boko ;
Predavanja

ArceloMittal predesign software 'Angelina’
ArceloMittal internet page; design and fabrication of castelled beams

Glavni projekt trgovackog centra 'Portanova' u Osijeku; .Mati¢ , . Boko

82



9 NACRTI

83



PLAN POZICIJA KROVISTA M 1:200

A<
POZ 1 POZ 1 POZ 1 POZ 1 POZ 1 POZ 1 POZ 1 POZ 1 POZ 1 POZ 1 -
POZ 2a
AB STUP
POZ 2a POZ 2 POZ 2b POZ 2 POZ 2 POZ2b POZ 2 POZ 2b POZ2a
POZ2a POZ 20 POZ2b POZ 2 POZ 2 POZ2b POZ 20 POZ 2b POZ2a
POZ2a POZ 20 POZ2b POZ 2 POZ 2 POZ2b POZ 20 POZ2b POZ2a
POZ 2a POZ 2 POZ 2b POZ 2 POZ 2 POZ 20 POZ 2 POZ 2b POZ2a
POZ 22 POZ 2b POZ2b POZ 2 POZ 2 POZ2b POZ 2 POZ2b POZ2a
POZ 2a POZ 2 POZ2b POZ 2 POZ 2 POZ 20 POZ 2 POZ 2b POZ 2a
AB STUP
A w o w o = o s‘( o y A E
) AN PRESJEK A-A
i |
R
POGLED A-A
PRIKAZ | OPIS POZICIJA

POZICIJA PROFIL NAZIV

#| POZ 1 IPE 270 GLAVNI NOSAC
POZ1  POZ2a POZ1  POZ2b POZ1  POZ2b POZ1  POZ2b POZ1  POZ2b POZ1  POZ2b POZ1  POZ2b POZ1  POZ2b POZ1  POZ2a — POz 1 il I e
POZ 2b IPE 100 SEKUNDARNI NOSAC
POY P1 \_Poz P2 POZ P1 \_Poz P2 POZ P1 \_Poz P2 POZ Pt \_Poz P2 POZ P1 \_Poz P2 POZ P1 \_Poz P2 POZ P1 \_Poz P2 POZ P1 \_Poz P2 POZ P1 \_Poz P2 POZ P1 \_Poz P2 S P E—
POZ P2 30x7x1.6 cm PLOCE USPOJU

Sve dimenzije su prikazane u (cm)

DIPLOMSKI RAD
TEMA
PROJEKT KONSTRUKCIJE CELICNOG KROVISTA
5 . . . . INDUSTRIJSKE HALE
STUDENT: Ivan Mosi¢
FAKULTET GRABEVINARSTVA, ARHITEKTURE | N
GEODEZIJE SADRZAJ PLAN POZICIJA KROVISTA MJERILO 1:200
KATEDRA ZA BETONSKE KONSTRUKCHE | MOSTOVE :
‘ 21000 SPLIT, MATICE HRVATSKE 15 DATUM srpan;j 2019. PRILOG 1




PRESJEK A-A KROZ GLAVNI OKVIR M 1:50

B o072 POZ2 517
POz7 \\ 1 1 4
/ \
DETALJ A{ POZ 1
4+
\ /
\ /
~ ~ ~ d

~ AB STUP AB STUP ~

452

1130

G RIILERILAIILIRILLRIKS
2ZHHRRAXIHIRRHIIRHHILRLHIIRRHIRKLHIKS

DIPLOMSKI RAD

TEMA

PROJEKT KONSTRUKCIJE CELIENOG KROVISTA

Sve dimenzije su prikazane u (cm ) INDUSTRIJSKE HALE
STUDENT Ivan Mosi¢
FAKULTET GRABEVINARSTVA, ARHITEKTURE |
GEODEZIJE SADRZAJ  PRESJEK A-A KROZ GLAVNI OKVIR MJERILO 1:50

KATEDRA ZA BETONSKE KONSTRUKCIJE | MOSTOVE .
21000 SPLIT, MATICE HRVATSKE 15 DATUM srpanj 2019. PRILOG 2




POZ1 ; IPE270 ; L=1200 mm ; kom 10

RADIONICKI NACRT M 1:50

xxxxx

xxxxx

I ;Ial_ ......................... =
[ T A e e —ra—rw—

POZP1 ; 40x30x1.6 cm ; kom 20

POZ P2 ; 30x7x1.6 cm ; kom 40

Y

PRIKAZ | OPIS POZICIJA
POZICIJA PROFIL NAZIV
POZ 1 IPE 270 GLAVNINOSAC
POZ 2a IPE 100 SEKUNDARNI NOSAC
POZ 2b IPE 100 SEKUNDARNI NOSAC
POZP1 40x30x1.6 cm PLOCA U SPOJU STUPA | GREDE
POZ P2 30x7x1.6 cm PLOCE U SPOJU

Sve dimenzije su prikazane u ( mm )

DIPLOMSKI RAD
TEMA
PROJEKT KONSTRUKCIJE CELICNOG KROVISTA
INDUSTRIJSKE HALE
STUDENT: Ivan Mosi¢
FAKULTET GRADEVINARSTVA, ARHITEKTURE |
GEODEZE SADRZAJ RADIONIGKI NACRT MJERILO 1:50
KATEDRA ZA BETONSKE KONSTRUKCIJE | MOSTOVE .
21000 SPLIT, MATICE HRVATSKE 15 DATUM srpanj 2019. PRILOG 3




DETALJ SPOJA STUPA | GLAVNOG NOSACA
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Sve dimenzije su prikazane u ( mm )

DETAL) A M1:10

DETALJ A _— \
/ Sekundarni
nosaé

Glavni
nosa¢

Spoj stupa i glavnog
nosaca

\ AB stup /

DIPLOMSKI RAD

TEMA:

PROJEKT KONSTRUKCIJE CELICNOG KROVISTA
INDUSTRIJSKE HALE

STUDENT: Ivan MoSié

FAKULTET GRABEVINARSTVA, ARHITEKTURE | ]
GEODEZIJE SADRZAJ DETALJ A MJERILO 1:10
KATEDRA ZA BETONSKE KONSTRUKCIJE | MOSTOVE

21000 SPLIT, MATICE HRVATSKE 15 DATUM srpan;j 2019. PRILOG 4




RADIONICKI PLAN REZANJA | SASTAVLJANJA M 1:50
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Sve dimenzije su prikazane u ( mm )

DIPLOMSKI RAD

TEMA:
PROJEKT KONSTRUKCIJE CELICNOG KROVISTA

INDUSTRIJSKE HALE
STUDENT: Ivan Mosi¢
FAKULTET GRABEVINARSTVA, ARHITEKTURE |
GEODEZWE SADRZAJ RADIONICKI PLAN REZANJA | SASTAVLJANJA MJERILO 1:50

KATEDRA ZA BETONSKE KONSTRUKCILE | MOSTOVE .
21000 SPLIT, MATICE HRVATSKE 15 DATUM srpanj 2019. PRILOG 5
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