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SANASTO

FEM Finite Element Method eli elementtimenetelma.
FEA Finite Element Analysis, joka tarkoittaa laskerggamenttimenetelmilla.

SKOL ry on "suunnittelu- ja konsultointialan yritysten toatajarjesto, joka on
laatinut SKOL-laskentapohjat.”

FISE Oy on "rakennus-, LVI- ja kiinteistdalalla toimiva hidlopatevyyksia to-
teava ja niiden kehittamiseen keskittyva yritys.”

BIM (Building Information Modeling) eli rakennukseetomallintaminen.



1 JOHDANTO

1.1 Tyon tarkoitus ja tavoitteet

Tama opinnaytetyd painottuu ensisijaisesti mitdasiselmiin. Naiden laskelmien
tulokset saadaan kayttdmalla eri FEM-ohjelmistagkaskasilaskentaa. Henkilo-
kohtaisena tavoitteena on oppia kayttamaan ja tt@toaan erilaisia rakenteita
Tekla Tedds -ohjelmistolla. Tarkeimpana kysymyksenése, etta saavutetaanko
eri FEM-ohjelmistoilla ja kasilaskennalla samatgapulokset rakenteita mitoitta-

essa.

Mitoitukset opinnaytetyohon ratkaistaan Tekla TeddsRobot Structural Ana-
lysis-ohjelmistoilla. Kasilaskenta ratkaistaan \disoft Excel -

taulukkolaskentaohjelmistolla. Excel-mitoituksetskataan sekd omatekemilla,
ettd SKOL Eurocode -laskentapohijilla. Opinnaytetyéuoitteena on tehda eri
mitoituslaskelmia ja analysoida saatuja tuloksialoKsia verrataan toisiinsa ja

selvitetddn, mistd mahdolliset erot johtuvat.
1.2 Toimeksiantaja ja yhteistydtaho

Opinnaytetyon toimeksiantajana toimii Contria Oyn@ia Oy on uudis- ja kor-
jausrakennesuunnitteluun erikoistunut konsulttiyhjoka on perustettu vuonna
2009. Contrian suunnittelutoimistot sijaitsevat ¥assa ja Seindjoella tyollistaen

yhteensa noin 20 henkiléa. /1/

Yhteistydtahona opinnaytetydssa toimii Trimble $iolus Oy. Trimble Solutions
Oy toimitti 6 kuukauden testilisenssin Tekla Teddsjelmistoon. Testilisenssiin
kuului myos kayttajatuki, johon olin aktiivisesthteydessa koko opinnaytetyon
ajan. Yhteisty6taholle toimitetaan kopio opinnaytsta ja se hyddyntaa opinnay-

tetydn tuloksia ohjelmiston kehityksessa.
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2 VERTAILUMITOITUKSIIN KAYTETTAVAT OHJEL-
MISTOT

2.1 Tekla Tedds

Tekla Tedds on Trimble Solutions Oy:n kehittdméakdéagaohjelmisto. Tekla
Tedds on 2D eli kaksiulotteinen ohjelmisto. Engliasa Tekla Tedds -ohjelmistoa
on kaytetty noin kahdenkymmenen vuoden ajan. Suomarkkinoille Tekla
Tedds on tullut vuonna 2018 Eurokoodien ja suonerséllisen liitteen lisaami-
sen johdosta laskentakirjastoon. Alla olevassa sswd@Kuva 1) on esitetty eri mi-

toitusmahdollisuuksia Tekla Tedds -ohjelmistolf. /

& Tekl )
& e a . = maduull
etonipalkki
Tedds :
I .I.- Bétaniseind S
Betonipilarit f [ — ™ Puuliitoksia
. 5 Betonikonsoli - r—————i i PN
] !
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Ristikot

lelraspalkicu Pohjabewyt '

Tukimuuri

Terdsponttiseinit Anturat

Lumikuorma N - 2D Kehat
Livkupinnat |.. ] Pulttiryhmat |
3 T -
— e e

2 Tuubikyosma

i) e lei
il . } ‘ Polikkilefkkaukset

s 2+ Trimble

Paalut

Kuva 1. Mitoitusmahdollisuuksia Tekla Tedds -ohjelmistogga.

"Tekla Tedds on helppokayttdinen ja luotettava histo tarkkojen laskelmien
tekemiseen. Tekla Tedds -ohjelmistolla suunnitiehjoivat mitoittaa rakenteita
tehokkaasti ja raportoida tulokset valittomastposti luettavassa muodossa. Tek-
la Tedds on vahan laskentatehoa vaativa ohjelnisstuvien rakennusteknisten
laskelmien automatisointiin. Tekla Tedds on tietodelta vAhemman laskentate-
hoa vaativa kuin jaredt analyysiohjelmat, muttadalta paljon monipuolisempi
kuin Excel-pohjat yleensa.” /2, 3/
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2.2 Autodesk Robot Structural Analysis

Robot Structural Analysis (RSA) on Autodeskin k&hia rakenteiden mitoitus-
ja analysointiohjelmisto. Ohjelmistolla kayttajashyy laskemaan ja ratkaisemaan
erilaisia rakenteita noudattaen standardeja. RSAnonikayttdinen ohjelmisto,
silla kayttaja pystyy ratkaisemaan ja analysoimesimerkiksi yksinkertaisia ke-
harakenteita tai monimutkaisia rakenteista muodastrakennuksia. Aikaisem-

min RSA tunnettiin nimella Robot Millenium. /4, 5/

RSA on kaksi- (2D) ja kolmeulotteinen (3D) ohjelimisRakennetta tai rakennus-
ta pystytaan tarkastelemaan laajemmin kuin kakdaikella ohjelmistolla. RSA-
ohjelmistolla pystyy ratkaisemaan ja analysoimaakenteita, joita olisi erittain
hidasta ja tyolasta laskea kasin. Tassa opinnd@gsty mitoitetaan harjaristikko

RSA-ohjelmistolla ja vertaillaan tuloksia Tekla Tsd-ohjelmistoon. /4/
2.3 Microsoft Excel

Microsoft Excel on taulukkolaskentaohjelmisto, jokauluu Microsoft Office -
ohjelmistopakettiin. Excel on kehitetty vuonna 198%elmistoyritys Microsoftin
toimesta. Ohjelmistopaketilla, johon Excel-ohjeltaisisaltyy oli vuonna 2012 yli

miljardi kayttajaa, jolloin se oli maailman kaytetyoimisto-ohjelmisto. /6, 7/

Excel-ohjelmiston toiminta perustuu solujen kaytté&olujen avulla ohjelman
kayttaja pystyy tekemaan ja hallinnoimaan erilataiukoita seka tekemaan las-
kutoimituksia. Suomessa Suunnittelu- ja konsultalah yritysten toimialajarjes-
ton (SKOL ry) rakennetoimikunnan alaisuudessa dautettu yhdessa rakenne-
suunnittelutoimistojen ja ammattikorkeakoulujen $se Eurocode-laskentapohjia.
16, 7/
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3 RAKENNESUUNNITTELU

Rakennesuunnittelu on yksi osa-alue rakennussuahlusisa. Rakennetekniikan ja
-suunnitelmien yhteydessa kaytetaan tunnusta RAdkeRnesuunnittelun tarkein
osa-alue on rakennuksen rakenteiden suunnittefiteRié&va rakennesuunnittelus-
sa on laatia rakennesuunnitelmat, joiden avull@maks tai rakenne voidaan ra-
kentaa ja yllapitdd. Rakennesuunnittelun tavoitenotoittaa rakenne mahdolli-

simman kustannustehokkaasti, voimassa olevia migigaja ohjeita noudattaen.
Kuitenkin siten, ettda rakenteen kelpoisuus sailyiarvalla todenndkdisyydella

koko suunnitellun kayttéikansa ajan. /8/

Rakennesuunnittelu voidaan jakaa uudis- ja korgiestnesuunnitteluun. Taman
lisdksi rakennesuunnitteluun kuuluvat rakennusBaiiken- ja valmisosasuunnit-
telu. Rakennusfysikaalinen suunnittelu liittyy rakeiden kosteus- ja lampdotekni-
siin ominaisuuksiin. Valmisosasuunnittelu sisalegimerkiksi betonielementti-

suunnittelun ja terasrakenteiden konepajasuunmitté8/
3.1 Rakennesuunnittelijan ty6

Rakennesuunnittelijan paatehtava on suunnitellamaliksen kantavat rakenteet
ja perustukset. Rakennesuunnittelija voi erikoistoyds esimerkiksi siltojen ja

tunneleiden suunnittelijaksi. Rakennesuunnitteliggnmatti edellyttdaa rakennus-
tekniikan tuntemusta, teknisten ja fysikaalistegaimien ratkaisukykya seka ma-
temaattista osaamista. Ammatissa eduksi on kykgkstinella ryhméssa, tark-
kuus, huolellisuus ja oma-aloitteisuus. Nykyadneralesuunnittelussa tarvitaan

naiden lisaksi myos tietotekniikan hallitsemiség. 10/

Tietotekniikan kehittyessa, yha suurempaan roshkennesuunnittelussa on tul-
lut BIM (Building Information Modeling) eli rakenisen tietomallintaminen.

Rakennuksesta tehd&éan digitaalisesti virtuaalignakia vastaa todellisuutta mah-
dollisimman tarkasti. Virtuaalimalli tukee rakenmsgk ja rakentamisen suunnitte-
lua kaikissa eri vaiheissa. Virtuaalimalli sisalt@g&ennuksen tarkat tiedot ja mi-
tat, joille on tarvetta rakentamisen, osien valaksen ja materiaalien hankinta-
toimien aikana. "Olemme nahneet tapauksia, joisstannukset ovat puolittuneet



13

tietomallinnuksen ansiosta. Toteutuskelpoisuuddvitgeninen hyvissa ajoin en-
nen rakennustdiden aloitusta vahentaa virheitdaigtta.” /9, 11, 12/

Rakennesuunnittelijan ty6 tehdaan paésaantoisssidori- tai suunnittelutoimis-
tossa. Tyo6hon kuuluu myos tydmaakaynnit ja -koketkSuunnittelija kayttaa

tyOkaluinaan erilaisia suunnittelu- ja laskentatrhjstoja.

Kiireiset aikataulut projekteissa ja ohjelmistojeshittyminen ovat johtaneet sii-
hen, etta rakennelaskelmia tehdaan vahenevissamka@sin laskemalla. Lasken-
taohjelmistoja kohtaan on oltava myos kriittinentgavittaessa pystya tarkistus-
laskemaan jokin rakenne kasilaskennalla. Tassanapiatyossa kaytettavilla las-
kentaohjelmistoilla pystytaan mitoittamaan rakeatgoita on tydlas laskea kasin.
Tassa opinnaytetydssa kaytettavat laskentaohjelmistkla Tedds ja Autodesk
Robot Structural Analysis ovat FEM-laskentaohjetoja /13/

3.2 Rakennesuunnittelijan patevyydet

Teras-, betoni- ja puurakenteet ovat yleisimpigensesuunnittelun osa-alueita.
Teras-, betoni- ja puurakenteisiin myonnetaan soitda patevyyksia FISE:n toi-
mesta. "FISE Oy on rakennus-, LVI- ja kiinteistdaoimiva henkilépatevyyk-
sid toteava ja niiden kehittamiseen keskittyvaygrit/14/

Patevyysluokkia uudis- ja korjausrakentamisessa taxanomainen, vaativa ja
poikkeuksellisen vaativa. Patevyyksia haettaesg&galia taytyy olla haettavaan
luokkaan riittdva koulutus, tarpeeksi tyokokemugdavaadittavat tyonaytteet.
FISE:n patevyyspalvelu on hyva ja kayttokelpoin@mestelma niin viranomaisil-
le kuin rakennuttajillekin. Patevyydet voidaan ttad&atsomalla yhdestéa jarjes-

telmasta. /14/
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4 VERTAILUMITOITUKSET

Kaikki mitoituslaskelmat ja tulokset on néhtavisgdinnaytetyon liitteissa. Las-
kenta on suoritettu kantavien rakenteiden EurokarodiN 1992-1-1, EN 1993-1-
1 ja EN 1995-1-1 mukaan. Eurokoodien kanssa yhdas&dytetty terds-, betoni-

ja puurakenteiden kansallisia liitteita.

Tassa opinnaytetyossa vertaillaan rakenteiden \kggtdia. Opinnaytetyon ra-
jaamiseksi vertailusta on jatetty pois mm. taipunMitoitetut rakenteet ja tulok-
set on esitetty kuvissa ja taulukoissa jokaiseremtden kasittelyn yhteydessa.
Vertailumitoitukset Tekla Tedds -ohjelmistolle oehty Microsoft Excel -

ohjelmistolla tai RSA-ohjelmistolla.
4.1 Teraspalkki — HEA-profiili

Tassa opinnaytetyossa mitoitettiin kaksi erilatsté@spalkkia. Ensimmaiseen ver-
tailumitoitukseen kaytettiin HEA-teraspalkkia, jotatsutaan I-palkiksi. Lasken-
nassa kaytetty HEA-teraspalkki on 350 mm korkeakkeanassa saadut erot kes-
tavyyksissa Tekla Tedds -ohjelmiston ja Microsofc@ -ohjelmiston valilla tu-
levat myotorajarly eri arvoista. Tekla Tedds -ohjelmistossa kaytetagkennassa
Tuotestandardi EN 10025-2 taulukon 7 mukaisia avdassa laskennassa myo-
torajallefy taulukkoarvo on 345 N/mmz2. Excel ohjelmistossa &tdn Eurocode
EN 1993-1-1 taulukon 3.1 mukaisia arvoja, jolloaskennassa kaytetty myoétora-
jan arvo on 355 N/mm2. Molempia arvoja myoétorajaile sallittu kayttaa, tasta
kattavampi perustelu opinnaytetydn johtopaatoksidsa 16/

Krittisen kiepahdusmomentiNlc, ja kiepahduskestavyydevi, rd €ro johtuu siita,
ettd Tekla Tedds -ohjelmistossa kaytetaan eri vahdsstajan tuotteita kuin Ex-
cel-laskentapohjassa. Esimerkiksi jayhyysmomen#kselin suhteety arvo Ex-
cel-laskentapohjassa on 788700004kan taas Tekla Tedds -ohjelmistossa kay-
tetdan arvoa 78868435 rimAlla olevassa taulukossa (Taulukko 1) on esitetty

erot HEA 360 -profiilille eri terdsvalmistajien pdileikkausarvoissa.



Taulukko 1. Poikkileikkausarvot HEA 360.
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Alla olevassa kuvassa (Kuva 2) on esitetty mitartieteraspalkin, profiilin HEA
360 geometria, tuenta ja kuormat. Kuvan alla olsgdaulukossa (Taulukko 2) on
esitetty kestavyydet seka kriittinen kiepahdusmainéft,.

i 1700 mm 5 2000 mm G 2000 mm , 130 mm
Gl 71 A A A
J?F1 J7F2 J:F3
HEA 360
1, 6890 mm .

Tuki 1. Niveltuki, pysty ja vackasuuntaiset siirtymdt estetty, kiertymd sallittu.
Tuki 2. Niveltuki, pystysuuntainen siirtymd estetty, kiertymd sallittu.

Fy => Pysyvd kuorma G.=28 kN
Muuttuva kuorma Q=59 kN
Fp =>Pysyvd kuorma  G=28 kN
Muuttuve kuorma Q,=59 kN
F3 =>Pysyvd kuorma G=28 kN
Muuttuva kuorma Q=56 kN

Kuva 2. HEA 360 -teraspalkin geometria, tuenta ja kuormat.
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Taulukko 2. HEA 360 -teraspalkin tulosten vertailu.

/01 %r+(| %&'+] *+$ .

2 /01 HY%(+ "+ | *+$ .

3 4 /01 #E*+F #%(+] "+$ .
34 /01 W (%(+, ] '+% .

4.2 Teréaspalkki — RHS-profiili

Opinnaytetyon vertailumitoituksissa toisena terddpaa mitoitettin RHS-
profiili 400x200x10. 400 tarkoittaa palkin korkeatt200 leveytta ja 10 paksuutta
millimetreina. Erot kestavyyksissa Tekla Tedds ethjston ja Excel-
laskentapohjan valilla johtuvat materiaalivalmisgjeri poikkileikkausarvoista,
kuten HEA-profiilin laskennassa. Esimerkiksi pirtian A arvo Tekla Tedds -
ohjelmistossa, rakenneputkelle profiilille 400x2@0xon 11493 mm?2 ja Excel-

laskentapohjassa 11260 mmzZ.

Tekla Tedds -ohjelmistossa kaytetaan rakennepetikgiiasvalmistaja Tata Steel
Oy:n poikkileikkausarvoja. Vertailumitoituksen Exdaskentapohjassa on kay-
tossd SSAB:n valmistamien rakenneputkien poikkikausarvot. Poikkileikkaus-

arvojen erojen lisaksi nailla eri terasvalmistajrakenneputkilla on myds se ero,
ettd Tata Steel Oy:n rakenneputket ovat kuumamugagh SSAB:n rakenneput-
ket ovat kylmamuovattuja. Suomessa kaytetaan péatissésti SSAB:n rakenne-
putkia, jotka ovat kylmamuovattuja. /17, 18, 19/

Alla olevassa kuvassa (Kuva 3) on esitetty mitaiteteraspalkin, profiilin RHS
400x200x10 geometria, tuenta ja kuormat. Kuvan eléwassa taulukossa (Tau-

lukko 3) on esitetty kestavyydet.
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B 1700 mm . 2000 mm " 2000 mm L 1180 mm
7 A i 7 7

A S |

RHS 400x200x10

1
: 6890 mm 4%

Tuki 1. Niveltuki, pysty jo voakasuuntaiset siirtymdt estetty, kiertymd sallittu.
Tuki 2. Niveltuki, pystysuuntainen siirtymd estetty, kiertymd sallittu.

Fi => Pysyvd kuorma  G,=28 kN
Muuttuva kuorma Q=59 kN

Fy =>Pysyvd kuorma  G,=28 kN
Muuttuva kuorma Q=59 kN

F3 =>Pysyvd kuorma Gy=28 kN
Muuttuva kuorma Q=56 kN

Kuva 3. RHS 400x200x10 -teraspalkin geometria, tuentai@ikat.

Taulukko 3. RHS 400x200x10 -teraspalkin tulosten vertailu.

101 (F(+&| (e | 14x
2 /0 (%+&] 1%+, | *+.

4.3 Vaestonsuojan terasbetonilaatta

Vaestonsuojan terdsbetonilaatan vertailumitoitushtiite Tekla Tedds -

ohjelmistolla ja myétoviivateoriaan perustuvallaceéklaskentapohjalla seka kasi-
laskennalla. Erot laatan momenteissa johtuvataskdntamenetelmien kaytosta.
Ohjelmistoissa kaytettavien laskentamenetelmiert ero kerrottu seuraavassa
kappaleessa. Leikkauskestavyyksien erot tulevdeniieri laskentatavasta. Tekla
Tedds -ohjelmistossa leikkausvoima lasketaan erlla kuin Eurokoodi EN

1992-1-1 ohjeistaa. Leikkausvoiman ja -kestavyyldsikenta eurokoodin mukaan
on esitetty liitteissa (Liite 6). Tekla Tedds -dhjéstossa kaytettava laskentatapa
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on esitetty liitteissé terdsbetonilaatan Tekla Beddlosteessa (Liite 7). Eroa tu-
loksiin aiheuttaa myds Tekla Tedds -ohjelmistosbgdttava 1,5 kN/m?2 suurempi

mitoituskuormag. /20/

FEM-ohjelmistot kuten Tekla Tedds ja Robot StruatuAnalysis perustuvat
kimmoteoriaan. Myo0tOviivateoria perustuu plastigenosiaan, joka on ratkaisu-
menetelméana taysin pdainvastainen kuin kimmoteorigsrustuvat FEM-

ohjelmistot. "Plastisuusteoriaa kaytettdessa éisisellainen kestavyyksien yhdis-
telma, ettd sen tuottama rajakuorma on vahintada stwuri kuin asetettu mitoi-
tuskuorma. Siten kestavyyksien ei tarvitse noudattanmoteorian mukaista
maksimimomenttien jakautumaa, vaikka myos tallaijeautuma on tasapai-
noehdon toteuttava.” /21 s.105/

Myotoviivateoriaa kaytettdaessa tulee alussa vati@menttien suhteet. Excel-
pohjassa valittiin lyhyemman suunnan kenttdmomemitttemattomaksi. Muut
momentit annetaan suhteessa tadhan kertoimilla.ngke&ukimomentit valitaan 15
- 30 % suuremmiksi kuin kenttdmomentit. Nain telmdé@dyts kimmoteoriassa.
121, 22/

Terasbetonilaatan laskennan aikana osoittautui, Tetkla Tedds ei sovellu talla
hetkella vaestonsuojan laatan laskentaan. Ohjelssatlasketaan leikkausraudoi-
tuksia mitoitettaessa tuella oleva (suurin) leikdiaaiman arvo, joka vastaa seinal-
le muodostuvaa tukireaktiota. Leikkausvoima void&mokoodin EN 1992-1-1

mukaan laskea etéisyydelta d palkin / laatan pa&séésyys d on mitta tuen kes-
kelta kriittiseen poikkileikkaukseen. Alla oleviskavissa (Kuva 4, 5) on esitetty

d-mitta ja leikkausvoimakuvio. /20, 21/
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Vaestonsuojan kattolaatta

Yaestonsuojon seing

Kuva 4. D-mitta.

Loatta sivusta

9530 mm

4_
—
|
e |
b |

54—
A
e |
R

00 mm

T7I7777 Y EREE

Leikkausvoimakuvio
Leikkausvoima Vgg tuella

Leikkausvoima Vgq etdisyydelld d tuen reunosta

Kuva 5. Terasbetonilaatan leikkausvoimakuvio.

Alla olevassa kuvassa (Kuva 6) on esitetty vaesidjas terasbetonilaatan geo-
metria, tuenta ja kuormat. Kuvan alla olevassautaagsa (Taulukko 4) on esitetty
kenttd- ja tukimomentit seka leikkauskestavyydeitda janteen molemmissa

suunnissa.



Laatta yihaalta

Laatta sivusta
Ristiinkantava laatta. Jdykat tuet.
q => Pysyd kuorma  G,=10 kN/m?
Muuttuva kuorma Q=100 kN/m?

5298 mm

+

S00 mm

m
*

Kuva 6. Terasbetonilaatan geometria, tuenta ja kuormat.

Taulukko 4. Vaestonsuojan terdsbetonilaatan tulosten vertailu.
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Vaestonsuojia mitoitettaessa voidaan materiaalikgia korottaa jopa 20 %, kos-
ka kyseessa on erittain lyhytaikainen impulssikumrja koska vaestdnsuojia kos-
kevat maaraykset antavat mahdollisuuden. Liséksemaalien osavarmuusker-

toimia voidaan pienentaa. /23/ Valittuna on betdnjousluokka C30 ja teraksen
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lujuusluokka on B500B. Lasketaan betonin puristusiden mitoitusarvdcqd ja
raudoituksen laskentalujudis seuraavasti:

joissa

I on betonin materiaaliosavarmuusluku,

I'. on raudoituksen materiaaliosavarmuusluku,
& on betonin lieriélujuuden ominaisarvo,
» on raudoituksen ominaislujuus.

Tekla Tedds -ohjelmistossa ei voida manuaalises#irittaa naita edella mainittu-
ja materiaalien osavarmuuskertoimia. Raudoituksamaislujuuden saa maari-
tettyd, mutta ohjelmisto jakaa lujuuden osavarmausknella. Taman ongelman
saa kierrettya kertomalla raudoituksen ominaisldgnu osavarmuuskertoimella,
jolloin muutokset kumoavat toisensa. Betonin osattimlaan valita luiemman be-
tonin lujuusluokan, mutta tarkkaa 20 % korotustaveida maarittdd. Kehitys-
pyyntd Tekla Tedds -ohjelmiston kehitystiimille &sbetonilaatan laskentapohjaan
on tehty Tekla Support:in toimesta. /24/

4.4 Harjaristikko

Mitoitettaessa harjaristikkoa (Kuva 8.), laskentaoenistunut loppuun saakka.
Tekla Tedds -ohjelmistossa kasitellaan ristikorpgkitretta kuutena eri palana eli
elementtind. Ylapaarre joudutaan jakamaan solnmegriskohdalta elementteihin.
Ylapaarteiden elementtien yhdistaminen ei tdsdéetasassa onnistunut. Lasken-
nan aikana ohjelmisto ilmoittaa hairidviestin: "Taealysis model contains design
members which cannot currently be designed byddlisulation.” TAma tarkoittaa
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sitd, ettd analyysimalli siséltda suunnittelu-opéa ei voi talla hetkella suunni-
tella talla laskennalla.

Harjaristikon laskennassa kaytettiin vain yhta koitusyhdistelmééa laskennan
nopeuttamiseksi. Kuormitusyhdistelma on esitetly alevassa kuvassa (Kuva 7).
Kuormitusyhdistelmé&ssa on kerrottu ristikon omapgan pysyva kuorma luvulla
1,15 sek& muuttuva- eli tdssa lumikuorma luvull Laskenta on suoritettu seka
Tekla Tedds- ettd Robot Structural Analysis-ohjebogsa Eurocode SFS-EN
1993-1-1 mukaan.

Load combination

WaWW"-
Weight

= |Permanent

[ ey ey ey

LA
—
Lh
L]

1.15KmG + 1.5KrQ + 1. 5KrRQ (Strength)| 1.13

Kuva 7. Kuormitusyhdistelma.

Erot kestavyyksissa tulevat eri materiaalivalmistajeroista poikkileikkausar-
voissa. Erot ovat pienid, kuten palkin laskennagemmin esitetty. Robot Struc-
tural Analysis -ohjelmistossa kaytetadn myds SSABkenneputkia, kuten Ex-
cel-laskentapohjassa.

Alla olevassa kuvassa (Kuva 8) on esitetty hatjaos geometria, tuenta ja

kuormat. Ristikon geometria on esitetty myos ledsd 134, josta mitat ovat nah
tavissa paremmin. Kuvan alla olevassa taulukosaal(kko 5) on esitetty kesta-
vyydet yla- ja alapaarteelle sekd kahdelle rasit@nalle diagonaalille. Rasite-
tuimmat diagonaalit ovat ndhtavissa numeroilladl@j. (Kuva 9).
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Lumikuorma
l [ l | ] l l ]
Pysyva kuorma
l ! l l | l ] l l l
A B
1 2
s 0§ @ 08 @8 08 0@ o3 I
408 L 3 1T\ = 140x 5
SH$ 140xt : R § S 2: = 2 40x 14/
e & i3 5 N
i i i [|[_SHS 120x12066 li 1
e & | 1
Tuki 1. Niveltuki, pysty ja vackasuuntaiset siirtymdt estetty, kiertymd sallittu.
Tuki 2. Niveltuki, pystysuuntainen siirtymd estetty, kiertymd sallittu.
q => Pysyvd kuorma  G=4,2 kN/m
Lumikuorma Q=79 kN/m
Kuva 8. Harjaristikon geometria, tuenta ja kuormat.
Taulukko 5. Harjaristikon tulosten vertailu.
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Kuva 9. Kuvakaappaus ristikon sauvoista RSA-ohjelmistossa.

Nurjahduskestavyytta laskettaessa Tekla Tedds Imisg@ssa on virhe 2D Ana-

lysis & Design -laskentapohjassa. Se vaikuttaatékagteeseen, joka ylittyy. Oh-
jelmistossa kaytetddn kuumamuovatulle rakennedatigirocode 1993-1-1 tau-

lukon 6.1 mukaista nurjahduskayraa a (Kuva 11).jé&haduskayréalle a, epatark-

kuustekijan arvo on 0,21 (Kuva 12). Tekla Tedds -ohjelmistdsbgetadn epa-

tarkkuustekijalle virheellisesti arvoa 1,0 (Kuva)l@siaa on selvitetty Tekla

Support:in kanssa. Kehityspyyntdé Tekla Tedds -ohigton kehitystiimille on

tehty. /15, 18/
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Check y-y axis flexural buckling resistance - Section 6.3.1.1
Buckling curve - Table 6.2 a

Imperfection factor - Table 6.1

Kuva 10. Kuvakaappaus Tekla Tedds -tulosteesta.

Taulukko 6.2: Nurjahduskéyran valinta poikkileikkauksesta riippuen
Murjahduskivri
Murjahdus | § 235
Poikkileikkaus Rajal ko, akselin [ 8278
subleen | § 333 S 460
S 420
1y z
- L < 40 mm y=y 2 N
—_ L=z b B
- A
= £ - b il
Z 2| somm<y<ioo | Y70 : .
£ i=z [ il
- h|l ¥ ¥
2
2 ¥=Y¥ ]
'5 o 1y = 10 mm il ¢ u
- Wl
z ¥ o= d ¢
LI
] b B 2 100 mm P d ¢
= b
- =, =, Iy = 40 mm =y .
15 t=12 - [-
Ity - y y—f——y
= X y-¥ c c
# I = 40 mm Yy d d
& F4
£ n
- Kylmédimuovatiu Kaikki [ [

Kuva 11. SFS-EN 1993-1-1 taulukko 6.2. /15/

Taulukko 6.1: Nurjahduskayrien epatarkkuustekijat

Nurjahduskiiyrii ay a b C d
Epiitarkkuustekiji o 0,13 0,21 0,34 0,49 0,76

Kuva 12. SFS-EN 1993-1-1 taulukko 6.1. /15/

Tekla Tedds ohjelmistossa voidaan tehda suunnitigil, missa pystyy maaritte-
lem&én, mista kyseinen osa on tuettu. Tama ededliaittu toiminto tekee paar-
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teista yhtendiset ja siten myos kuormien maaritt@mionnistuu esimerkiksi pel-
kalle alapaarteelle. Alapaarteen osalta tukien iygaonnistuu eli tuet ovat sol-

mupisteissa kaksi ja kolme. (Kuva 13, 14.).

Design Member Configuration @

Start element  End element  Elements

[a BES -] [132333435 -
tember is supported at nodes:

] 2

O &

=7

g

g

7] 3

[ ak ] [ Cancel ]

Kuva 13. Suunnittelu-osa asetukset Tekla Tedds -ohjelmiatoss

[ 20 Analyss (v1.0.27) (va.3.04) [ -
=
[‘1\ [T Wertical ]
L T r—
= O
;;;;;;
AL

Nodes | Materials | Sectians | Flements | Nesign Memhers t R
g —
o e e e
:
Z
=
:

Kuva 14. Solmupisteiden luonti Tekla Tedds -ohjelmistossa.



27

Muuttamalla harjaristikon KT-ristikoksi, (Kuva 15laskenta onnistuu Tekla
Tedds -ohjelmistolla. KT-ristikossa yl&paarre orteytéinen ja vaakasuora. Sol-

mupisteet muodostavat suoran linjan.

Kuva 15. KT-Ristikko.
4.5 Puupilari

Vertailumitoitus Tekla Tedds -ohjelmistolle on tehgilarin alemmalle janteelle
eli 4500 mm osalle (Kuva 16). Myds betoni- ja teiksin mitoituksessa on toi-
mittu samoin. Puupilarin poikkileikkauksen koko tadlumitoituksessa on
240x720. Pilarin lujuusluokka on GL28c. Vertailuaiits Tekla Tedds -
ohjelmistolle tehtiin SKOL-laskentapohjalla. Laskamohjan nimi on P1 Puupila-

ri.

Ero syynsuuntaisessa puristuskestavyydessa aiheutiariaalin jaykkyys- ja
kestavyysominaisuuksien osavarmuusluv@in eri arvoista. Tekla Tedds -
ohjelmistossa kaytetddn arvoa 1,25 ja puupilarirOE#askentapohjassa arvoa
1,2. Eurocode SFS-EN 1995-1-1 taulukossa 2.3 liimmaposavarmuusluvun suo-
situsarvo on 1,25 (Taulukko 7). Ymparistoministarjilkaisemassa kansallisessa
litteessa puurakenteille ohjeistetaan kayttamaaméde SFS-EN 1995-1-1 tau-
lukon 2.3 suositusarvoja (Kuva 17). Kyseessa ortekldin suositusarvo, joten
kumpikaan arvo ei ole oikein. Tassa tapauksessalf#skennan tuloksena puu-
pilari saa suuremman puristuskestavyyden arvon.2@5



AR00 mm

4500 mm

7:‘ e

1
Tuki 1. Niveltuki, pysty jo vaakosuuntaiset sirtymdt estetty, kiertyma sallittu.
Tuki 2, Miveltuki, vaakasuuntainen siirtymd estetty, kiertymd sallittu.

Fi => Pyswa kuorma  G,=584,1 kN
Muuttuva kuerma Q=187,2 kN

Fo =>Pysyvd kuorma G,=418,3 kN
Muuttuva kuorma @Q=157,2 kN

Kuva 16. Pilarin geometria, tuenta ja kuormat.

Taulukko 6. Eurocode SFS-EN 1995-1-1:n taulukko 2.3. /26/

Taululko I.3 Materiaalin jayldgy=- ja kestivyysominaizunlsien ccavarmunzlovun 1y suositusarvot

Pemusyhdistelmsi-

Sahatavara 13
— o)

LVL, vanen, OSB-lastulevy 1.2
Mm lastulevy 13
Eova kwtulevy 1,3
Puohkova kwmtulevy 13
MDF-levy 1,3
Huckomen kurtulevy 13
Lutokset 13
Maulalevyt 125

Cronettormmesyhdiztelmst 1.0

28
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Materiaaliominaisuuden mitoitusarvo

2.4.1(1)p
Materiaalien jaykkyys- ja kestdvyysominaisuuksien osavarmuusluvuille kdytetdan
standardin taulukossa 2.3 annettuja suositusarvoja. Kuitenkin naulalevyliitoksissa le-

vyn lujuudelle levyn ollessa terdstd kaytetddn osavarmuusiukuna arvoa 1,1,

Kuva 17.Puurakenteiden kansallisen liitteen ohjeistus. /25/

Stabiliteettitarkastelussa ero aiheutuu kimmokeran %,  eri arvoista. Tekla
Tedds -ohjelmistossa kaytetdan arvoa 10400 N/mn8K®L-laskentapohjassa
arvoa 10200 N/mmz2. Materiaalistandardin SFS-EN 04@8lukossa 4 lujuusluo-
kan GL 28c liimapuun kimmokertoimen arvo on 1040@nkh? (Kuva 18). Nain
ollen SKOL-laskentapohjassa kaytetaan vaaraa amidaeesta on ilmoitettu las-
kentapohjan laatijalle. Alla olevassa taulukossau{tikko 7) on esitetty puristus-

kestavyys seka stabiliteettitarkastelusta laskeitdtoaste. /25/

Taulukko 7. Puupilarin tulosten vertailu.

Tekla Teddg Excel (SKOL-pohja) %-ero

Syynsuuntainen puristuskestavyys f(N/mm2) 11,5 12,0/ 4,2 %
Stabiliteettitarkastelu (% 108,9 % 106,0 %
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SUOMEN STANDARDISOIMISLITTO 5FS SFS-EN 14080
FINNISH STANDARDS ASSOCIATION 5FS 24

Taulukko 4 Yhdistetyn liimapuun ominaislujundet ja -jaykkyydet, N/mm?, seki tiheydet, kg/m?

Lilmapuun lujuasluokka
Ominabsuus®! Merkintd | GL 20¢ | GL22¢ | GL 24¢ | GL 26¢ | GL 28¢ | GL 30¢ | GL 32¢
Talvutuslujuus Jmgx 20 22 24 26 28 30 32
Vetolujuus fongs 15 16 17 19 195 195 195
Fiongk 0.5
Puristuslujuus fonge | 185 | 20 | 215 [ 235 | 24 | 245 | 245
fegogh 2.5
Leikkauslujuus (leilkaus ja vadntd) Fogh 15
Polkittainen leikkauslujuus Jegh 1.2

Kimmokerroin Eumn 10 400 | 10400 | 11000 | 12000 | 12 500 | 13 000 | 13 500

Eggos | 8600 | 8600 | 9100 wumguma Bio ao0 | 11200

Eogg mean 300
Egog05 250
Liukukerroin ":E-“'-“ 650
Ggos 540
Polkittainen liukukerroin G,.mun 65
Grgas 54
Tiheys) Pek 355 | 355 | 365 | 385 | 390 | 390 | 400

Pemesn | 390 | 390 | 400 | 420 | 420 | 430 | 440

8 Tl taulukossa esitetyt omina suudet on laskoetty kobdan 5.1.5 mulaisest taulukossa 2 esitettyjen lamelliasettelujen
perasteslla jos tetyn lujuesleckan eri lamelliasetteluilla saadaan erilaisla ominaizarvoja, thesd esitetiin plenin arvo

Bl Laskettu eri lmellivydbykkeiden tihevksien painotettuna keskiarvona, katsa kohta 5. 15,3, vildes kappale

Kuva 18.SFS-EN 14080 taulukko 4. /25/
4.6 Betonipilari

Betonipilarin osalta aiemmin esitettya rakennettapgstynyt Tekla Tedds -

ohjelmistolla mitoittaa (Kuva 16). Member analysisdesign -laskentapohjassa
olevassa rajoitteessa lukee seuraavaa : "The awmadysl design calculations
arelimited to horizontal beams and members with nalakdading.” Tama tar-

koittaa sita, ettd analyysi ja mitoituslaskelmatrajoitettu vaakasuoriin palkkei-
hin ja osiin, joihin ei kohdistu aksiaalista kuotusta.

Edella mainitun vuoksi, betonipilarin mitoitus teht eri Tekla Tedds -

laskentapohjalla. Laskentapohjassa on ainoasta&kilptkkauksen mitoitus. Sta-

tiikkan ratkaisu taytyi jattaa pois. Taman lisékstdmipilarin rakennetta piti muut-
taa (Kuva 16). Vertailumitoituksessa pilari olimaisen janteen eli 4500 mm
pituinen. Betonipilarin mitoituskuormana kaytethlgq = 1677 kN.
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Betonipilarin poikkileikkauksen koko on 280x380.tBeipilarin vertailumitoitus
Tekla Tedds -ohjelmistolle tehtiin SKOL-laskentaadla. Laskentapohjan nimi
on B3 Kahteen suuntaan taivutettu terasbetonipiMamenttikapasiteettien 0,6
% ja 0,7 % erot johtuvat pyoristyksista. Vinostavtiduksesta saatujen kayttbas-
teiden valilla on huomattavan suuri ero. Kayttoaste erotus Tekla Tedds- ja

Excel-ohjelmistojen valilla on 22,90 %-yksikkoa.

Tekla Tedds -ohjelmistossa huomioidaan mittaepktartet molemmissa suun-
nissa samanaikaisesti. Eli Tekla Tedds -ohjelmsstdsiytetaan vinon taivutuksen
laskennassa suurempia taivutusmomentin arvoja nmigsa suunnissa (z- ja y-
akseli) samanaikaisesti. Eurokoodissa EN 1992-arbtean kohdassa 5.8.9(2):
"Epatarkkuudet tarvitsee ottaa huomioon vain sussagossa niilla on epaedulli-
sin vaikutus." (Kuva 19). Ongelmasta on ilmoitefekla Support:ille ja asiaa sel-
vitetdan. Alla olevassa taulukossa (Taulukko 8pesitetty betonipilarin moment-

tikestavyydet seké vinosta taivutuksesta laskeiyttéasteet. /20/

Taulukko 8. Betonipilarin tulosten vertailu.

4 101 | s it "+, .
- 7101 #(+(, HEASH | "+%.
8 R B

5.8.9 Vino talvutus

(1) Kohdan 5.8.6 yleistd menatelmia woidaan kayttda mybs vinon taivutuksen tapauksessa. Seuraavat sadnndt ovat voi-
massa, kun Kiytetdin yksinkeraisiettuja menetelmel, Madrddavin momentivhdistelman paikka rakenieessa on syt sal-
wWillkikd huolelhzesh,

2) Aluksi voidaan suorittaa momentin ja nommaaliveiman yhteisvaikutuksen tarkastelu kummassakin pddsuunnassa. Epd-
arkkuudet tandtses oltaa huomicon vain suunnassa, jossa niilld on epaedullisin vaikutus.

Kuva 19.Vino taivutus, EN 1992-1-1. /20/

4.7 Teraspilari

Teraspilarin profiili vertailumitoituksessa on RE280x200x8. Erot kestavyyksis-

sa Tekla Tedds- ja Excel-ohjelmistojen valilla joldt materiaalivalmistajien eri
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poikkileikkausarvoista. Eroja on esitelty vertailtoitusten alussa palkin lasken-
nassa. Alla olevassa taulukossa (Taulukko 8) oretesiteraspilarin puristus- ja

nurjahduskestavyydet.

Taulukko 9. Teraspilarin tulosten vertailu.

) /010 | M(A% | |
0 /010 67 | %%"+$ |06+ *+$ .
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5 JOHTOPAATOKSET JA POHDINTA

Opinnaytetyon tilaaja Contria Oy antoi toimeksiannselvittdd sopiiko Tekla
Tedds -ohjelmisto heidan kayttéonsa. Edellda mamjahdosta l&ahtdéarvoiksi on
asetettu toimeksiantajan kannalta tarkeimmat lahtbaEsimerkiksi RHS-palkin
laskennassa kaytetty kylmamuovattu rakenneputlol@iparas vaihtoehto kuu-
mamuovatulle rakenneputkelle vertailun kannaltattankylmamuovatut rakenne-

putket ovat yleisesti kdytdssa Suomessa.

Opinnaytety0 toteutettiin vertailumitoituksilla. M@&n opinnaytetyon tarpeellisuus
tuli osoitettua tehdyilla mitoituslaskelmilla jaisté saaduilla tuloksilla. Opinnay-

tetydssani suoritetut mitoituslaskelmat osoittae#tts Tekla Tedds -ohjelmistossa
on kehittdmista. Ohjelmistossa on puutteita, joibielmiston kehittdjan on syyta

tehda parannuksia.

Opinnaytetyotd tehdessa Tekla Tedds osoittautydplo&iyttdiseksi ja tiettyihin

laskelmiin luotettavaksi ohjelmistoksi tarkkojerskalmien tekemiseen. Eli siis
ohjelmiston kehittdjan kommentit pitivat nailtd mpaikkansa. Kaikkeen lasken-
taan se ei kuitenkaan soveltunut, kuten ohjelmisfmétarkkuudet mitoituslaskel-
missa osoittivat. Ohjelmiston ensimmainen avausletuttanut minulle ongelmia
monimutkaisuudellaan, vaan kayttoliittyma on seljee&elppokayttdinen. Taman
lisdksi kayttajalla on apuna videopalvelu Youtuba:shjelmiston kehittdjan opas-

tavat videot.

Tekla Tedds -ohjelmistossa on useassa kohtaa iaftra) joka avautuu viemalla
hiiren kursorin sen paélle. Tama on todella hyvanaisuus, joka antaa lisatietoa,
mitd kannattaisi lahted pohjassa muuttamaan jeewdid mitd kyseinen kohta
tarkoittaa. Tulosteet laskennasta on helppo teRdé&ovat valittomasti raportoita-
vissa ja helposti luettavassa muodossa kuten oisjglmkehittdja lupaa. Pidan
tarkeana, ettad tulosteessa on nakyvissa, minkdatdim mukaan laskenta on suo-
ritettu. Seka kaavat jokaiselle vélitulokselle. Na@nitoituksen tarkastaja pystyy

tarkastamaan, mita kaavaa on kaytetty ja mitendappkseen on paadytty.
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Vaestonsuojan laatan seké harjaristikon laskerulaksien ristiriitaisuudet osoit-
tavat, ettd ohjelmistossa on korjattavaa ja paté&d. Suomessa rakennetaan
lukuisia vaestdnsuojia vuosittain, joten ohjelmistouokkaaminen sen laskennan
mahdollistamiseksi on tarpeellista. Ristikon lasiessa ylapaarteiden jaaminen
elementeiksi tuotti epéluotettavan lopputuloksearkkaa syyta ylapaarteiden
jddmista elementeiksi en pystynyt varmuudella #éividan. Ristikon solmupis-
teiden pienet erot aiheuttivat luultavasti ohjebmmsepéatarkkuuden. Ristikon las-
kennassa en onnistunut muodostamaan taysin suojaea haiden pisteiden kaut-
ta, enka siten muokata ylapaarretta yhtenaisekBiristikon ylapaarteen tekemi-
nen onnistui helposti, mutta kaltevan ylapaarteatlimaminen siten, etta solmu-
pisteiden valiset sauvat saataisiin yhdistetty@wytiseksi sauvaksi oli liian han-

kalaa.

Tekla Tedds on kayttokelpoinen ohjelmisto yksinaisten mitoitusten tekemi-
seen. Kuten esimerkiksi yksiaukkoinen palkki tdapi Ohjelmistossa olevan las-
kentatehon johdosta tallaisen yksinkertaisen ra@amtaskenta onnistuu nopeasti,
vaikka laskennassa on kaytetty useita kuormitusghbinia. Tekla Tedds on pal-
jon monipuolisempi kuin Excel-laskentapohjat yléegs vahemman laskentate-
hoa vaativa kuin ’jareat’ analyysiohjelmistot. Monitkaisempien rakenteiden
laskentaan Tekla Tedds ei télla hetkella sovelluitanohjelmiston kehittdja on

luvannut uusia paivityksia.

HEA-palkkia mitoitettaessa Tekla Tedds -ohjelmistosi ollut viela terdksen
ominaisuuksista olevaa alasvetovalikkoa (Kuva A@jsvetovalikko lisattiin Tek-
la Tedds -ohjelmistoon tydn ollessa kirjoitusvasese Alasvetovalikosta saa va-
littua kayttdako teraksen ominaisuuksina Eurocodie 1993-1-1 taulukon 3.1
(Taulukko 10) vai tuotestandardin EN 10025-2 taaluk (Taulukko 11) mukai-
sia arvoja. Tassa laskennassa valitsemalla Tuatkstdin mukaisen myo6toérajan
arvon, Tekla Tedds -ohjelmistossa kaytetdén 10 N/pienempaé arvoa kuin va-
litsemalla Eurocoden mukaisen arvon. Pienempi nrg§ad arvo tarkoittaa pie-

nempdaa palkin kestavyytta.
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[ Steel member design - EN1993 with the Finnish naticnal annex - Design options (v4.3.04) LéJ
B °
NOTES

I:-I National annex
)

wmeselss @ [Friana -]

@ Material properties slenderness correction factor
FEEDBACK Steel properties Product standard - @ Define k, factor
Frame analysis Product standard @ Limit C, factor

© Convert beam model to 2 analysis model
SUPPORT

Steel section selection

[Europe -]

Partial Factors

O Define factors 0 [1
1 L=
e 1.25

Destabilising loads

© Destabilising loads

Effective length factors

@ Lateral torsional buckiing 1 -]

Kuva 20. Terdksen ominaisuudet -alasvetovalikko.

Palkin mitoituksessa teraslaadun S355 ollessa twadit Tekla Tedds -
ohjelmistossa kaytetadn terdksen myotorajaaevoa 345 N/mmz, jos valitun pro-
fiilin nimellispaksuug on vélilla 16 — 40 mm. Excel-laskentapohjassastasiiul-
le S355 myo6tdrajang on kaytetty arvoa 355 N/mm?2, jos valitun profiilmmel-
lispaksuugt 40mm. "Terastehdas valmistaa tuotteet tuotestandanukaisesti
ja takaa tuotestandardin mukaiset arvot. Lahtokeéséi tuotestandardin (EN
10025-2) arvot (Taulukko 11) ovat sikéli 'eniterk@in’;; Excel-pohjassani on
kaytetty Eurocode EN 1993-1-1 mukaisia arvoja (Tikkd 10). Voidaan todeta,
ettd Tekla Tedds -ohjelmistossa kaytetaan myotitedjgpienempaé seka tarkem-
paa arvoa, ja nain ollen se laskee rakenteidemkggiet ns. "varmemmalle puo-
lelle” kuin Excel-pohjani. /15, 16, 27/

Naita edella mainittuja maarityksia teraksen myéjtle saa molempia kayttaa, ja
ne ovat kumpikin "oikeaa” tietoa. Eurocode EN 1993-siis lahtokohtaisesti sal-
lii molemmat tavat myo6térajan maaritykselle. Ralegiat mitoittaessa Eurocoden
mukaisesti, noudatetaan sen ohjeita. Eurocodessa9@B-1-1 kohdassa 3.2.1(1)
lukee seuraavasti (Kuva 21):
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3.2.1 Materiaaliominaisuudet

(1) Rakenneteristen my&trajan f, ja vetomurtolujunden £, nimelliset arvot valitaan seuraavasti:
a) joko kiyttiimilld suoraan tuotestandardin arvoja fy = Ray ja fu = Ra

b} tai kiiyttimilld taulukon 3.1 mukaista yksinkertaistusta.

Huom.: Menetelmiin valinta voidaan esittéid kansallisessa hitteessi.

Kuva 21. Materiaaliominaisuuksien valinta Eurocode 1993+inikaisesti. /15/

Eurocoden EN 1993-1-1 kohdassa 3.2.1(1) olevassandwtuksessa kuitenkin
sanotaan, ettd lopullinen paatds asiaan sanotaan praassa kansallisessa liit-
teessa (National Annex), jonka julkaisee ympaéarististerio. Rakenteet, jotka
opinnaytetydssa mitoitin sijaitsevat Suomessanjdéssa tapauksessa kaytetaan
yhdessa Eurocoden kanssa Suomen kansallistadlii®@ttomen kansallisessa liit-
teessa todetaan, ettd kumpiakin tapoja voidaantd@ytKaytannossa kuitenkin
kustannuspaine saattaa johtaa kayttamaan kulloimdnetelmé&a tai tapaa, jolla
saadaan parhaat tulokset — tassa siis Eurocodéssn daulukon 3.1 mukaisia
arvoja.” /15, 16, 27/.

Taulukko 10. Eurocode EN 1993-1-1 taulukko 3.1. /15/

Taulukko 3.1: Kuumavalssattulen rakenneterasten myStérajan 1y |a
velomurtolujuuden fu nimelllsarvot
Mimeellis paksuws | [mm]
Sl.'ll'hhrdi._iﬂ 1< 40 mm 4 mm < t < B0 mm
terdistagi
fy [M/mm’] £ [N/mm’] fy [Mfmm’] £, [N/man’]

EN 11025-2
5135 235 60 215 60
5275 375 430 255 410
§ 355 ~aEEEI .- 510 335 470
§ 450 ns £50) 410 550
EN 10025.3
5 275 NMML 275 0 255 370
§ 355 NNL 154 490 i3 470
§ 420 N/ML 420 530 390 530
5 460 NiINL Ll 40 430 540
EN 100254
§ 375 MML 75 70 55 360
5 355 M/ML 355 v i) 135 250
S 420 M/ML 420 520 300 500
§ 460 MML 460 240 430 530
EN 10025-5
525w 215 160 215 40
§ 355 W 355 510 335 490
EN 100256
§ 460 QMOLIQLI 460 570 440 550
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Taulukko 11. Tuotestandardi EN 10025-2 taulukko 7. /16/

Taulukko 7 Mekaaniset ominaisuudet huonesnlampitilassa levytuotbsille ja pitkille tucteils, joills esitetdan iskusitkeysvaatimuksst
Mirmike Ylerrpi mytttraja By, vahintasn ® Murtolujuus A, ®
Mpa® MPal
Mimellispaksuus Mimellis paksuus
mm mm
EMN 100271 | EN 100272 | 216 | =18 =40 >83 =80 =100 |=>150 |=>200 |=>250 <3 23 =100 =150 > 250
18.Gr10000 =40 =63 =8 =100 (=150 |=200 [=250 |=400° < 100 <180 <250 = 400
S235JR 1.0038 235 | 225 215 215 215|195 185 178 |- 360.. 510 | 360..510 | 350,500 | 340,490 |-
S235J0 1.0114 235 225 215 215 215 195 185 175 - 380...510 | 360..510 | 350.500 | 340...490 |-
523542 1.0117 235 225 215 215 215 195 185 175 185 360..510 | 360.510 |[350..500 |340..480 [330..480
S2Z75JR 1.0044 275 265 255 245 235 225 215 205 = 430...580 |410..560 |[400..540 |380..540 |-
S275J0 1.0143 275 265 255 245 235 225 215 205 - 430,580 | 410..560 |400.540 |380..540 |-
82752 10145 275 265 255 245 235 225 215 205 195 430,580 | 410..560 |400.540 (380..540 |380.. 540
5355JR 1.0045 ass ‘@ 335 25 s 285 285 275 = 510...680 | 470..630 |(450..600 |450..6800 (-
53550 1.0553 355 5 335 25 315 205 285 275 - 510,680 | 470..630 |450.600 |[450..800 |-
535542 1.0577 ass 2 13 aas 325 s 285 285 275 265 510...6B0 | 470,620 | 450..600 |450..600 450,600
535512 1.0596 355 35 e <t 325 315 205 285 275 2685 510..680 | 470630 (450,600 |450..600 [450.600
Sa50J0 1.0520 450 430 410 390 380 380 - - - - 580..720 |530..700 |- -
A Lewille, nauhallle ja levellls lattatangaille, joiden leveys on = 600 mm, ket nahden p i) ja. Kalklla muilla tucttellla anvot ovat volmassa
vaksaLss uuriaan ndhden pitkittdin () oetullle koesa wvollls,
B 1 MPa= 1 Nmm®.
¢ Arvot ovat voimassa lewytuotisile.
4 Wain pitkat tuotteet.

Mikali RHS-profiilin palkin mitoituksessa olisi teasteltu myds nurjahdusta, ero
nurjahduskestavyydessa olisi ollut suurempi kuinutais- ja leikkauskestavyy-
dessa. Tama johtuu siita, ettda kylma- ja kuumamuoia rakenneputkille taytyy
kayttaa eri nurjahduskayraa. Tekla Tedds -ohjetms& ei ole mahdollisuutta va-
lita kylmamuovattuja rakenneputkia, mika on pukieska ne ovat yleisesti kay-
tossa pohjoismaissa. Kehityspyyntd Tekla Supplartah tehty, ja kylmamuovat-

tujen putkien lisdéaminen ohjelmistoon on tyon all&, 18/

Vaestonsuojan terésbetonilaatan vertailumitoituatkettaessa, momenteille ei
ole olemassa yhtéa ainoaa oikeaa arvoa. Taysin o&&aisu I6ytyisi, jos laatta
olisi taysin kimmoinen. Valitut momentit vaikuttavi@rasmaariin, jotka taas vai-
kuttavat taivutusjaykkyyksiin. Edella mainittuuiittlyy sanonta "laatta kayttaytyy

niin kuin se raudoitetaan.” /121, 22/

Harjaristikon laskennassa ilmestynyt hairibviesheatuu luultavasti siitd, etta
ylapaarteen solmupisteet eivéat ole taysin suorbisgssa. Ohjelmisto ei taman
vuoksi osaa yhdistda ylapaarretta yhtenaiseksi.elbmgp on selvitetty yhdessa
Tekla Support:in kanssa, ja todettu vian olevarérhitiitavammin ylapaarteiden

erittdin pienissd kulmanmuutoksissa. Ylapaarteigagtéminen elementeiksi ai-
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heuttaa sen, ettd laskentapohjan suunnitteluositégtyy jokainen ylapaarteen
elementti suunnitella erikseen. Suunnittelu on Hladeidasta, varsinkin jos las-
kennassa on monia kuormitusyhdistelyitd. Tamarksistulokset eivat ole luotet-
tavia, koska vertailu Robot Structural Analysisjebmistoon antaa taysin eri ar-

voja ylapaarteiden kestavyyksiin.
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== Rakennelaskelma, lahtotiedot
EDNTR'A_- Tekija: Robin H Sivu:
Paivays: 30.1.2019 1(1)
Rakennuskohde: Tyt no: Sisdlto: Sijainti:
Kohde-ezimerkki 1234 Testisisalts ¥-1
Palkin mitoitus IPE,HEA,HEB profiili Versio 1
Lahtatiedot: |
Palkin pituus L: 6890 mm
Palkin profiili: HEA 380 -
Terdslaji: 5355 hd
Kuormat:
Taivutusmomentti Mgg= 383,5|kNm
Leikkausvoima Vgz= 195,1 (kN
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Poikkileikkaus- ja Iahtdarvot:

Poikkileikkauksen korkeus h=
Poikkileikkauksen leveys b=

Uuman paksuus t,=

Laipan paksuus t=

Pyoristyssade r=

Poikkileikkauksen pinta-ala A=
Jayhyysmomentti y-y suhteen |, =

Elastinen taivutusvastus y-y suhteen wg, =
Plastinen taivutusvastus y-y suhteen wp, =
Jayhyyssédde y-y suhteen i,=
Jayhyysmomentti z-z suhteen |=

Elastinen taivutusvastus z-z suhteen w, .=
Plastinen taivutusvastus z-z suhteen w, =
Jayhyyssade z-z suhteen i,=
Vaantojayhyysmomentti |,.=
Kayristymisjayhyysmomentti |,,=
Poikkileik. kestdvyyden osavarmuusluku yyo=
Poikkileik. kestdvyyden osavarmuusluku y,=
Poikkileikkauksen myétéraja f,=

fy:sté riippuva tekija €=

Muunnoskerroin n=

Uuman korkeus h,,=

350 mm Cy= 1,132
300 mm k= 1
10 mm k.= ]|
17,5 mm Nurjahduspituus L= 6890 mm
27 mm Terdksen kimmokerroin E= 210000 N/mm?
14276 mm? Liukukerroin G= 81000
330900000 mm"* B= 0,75
1891000 mm’ Aro= 0,4
2088000 mm’
152 mm C,= Palkin kuormituksesta ja pdiden tuennasta riippuva vakio
78870000 mm’ k ja k,,= Tehollisen pituuden kertoimet
526000 mm’ B=0,75(minimiarvo) ja Ay o= 0,4 (maksimiarvo) Suositellut arvot
802000 mm’
74,3 mm
1488200 mm*
2,17658E+12 mm°
1
1
355 N/mm?
0,81 e=[235/f,
1,2
315 mm
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Poikkileikkausluokan maarittiminen SFS-EN 1993-1-1 (Taulukko 5.2):

Uuma Taivutetut taso-osat
c= 261 mm Poikkileikkausluokka 1 |[c/t< 72%e= 58,32
c/t,, 26,1 mm Poikkileikkausluokka 2 |c/t< 83*e= 67,23
Poikkileikkausluokka 3 |c/t< 124%¢= 100,44
Laippa Puristetut taso-osat
c= 118 mm Poikkileikkausluokka 1 |c/t< 9%e= 7,29
ﬁ\n\ 6,7 mm Poikkileikkausluokka 2 |[c/t< 10*e= 8,1
Taivutetut taso-osat Poikkileikkausluokka 3 |[c/t< 14*e= 11,34
Uuma poikkileikkausluokka 1 Uuma:c = h — 2ty — 2r
Laippa poikkileikkausluokka 1 b—2r—t,
Koko poikkileikkaus luokka 1 Laippa: ¢ = - 3
Taivutusmomentti (6.2.5):
. w _ wpify
Taivutuskestavyys M. gs= 741,24 kNm Mg = Mpjpa = - PL — luokat 1,2
MO
M, Worminfy
Kayttoaste: 51,7 % L 1,0 Mcra = Mgira = —eLminY pL — luokka 3
McRa Ymo

Leikkaus (6.2.6):

Kun v&anto3 ei ole, plastisuusteorian mukainen leikkauskestdvyys lasketaan seuraavasti:

Leikkauspinta-ala A= 4896,0 mm?
n*hw*tw= 3780,0 mm?
Leikkauskestavyys V. 4= 1003,5 kN
Kayttoaste: 19,4 9

Ay = A = 2bty + (ty, + 2r)ts kuitenkin vih.nhyt,,

Verd = Vpirda = — =

Vea
Vera
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arkastella 6.2.8 (2)

astaa
2 2
h *w+Qﬂ*~.S‘.v *G*1p
ko) Iy n2xEx1,
_ |[wy=fy
My

Epatarkkuustekija a,r

0,34

0,49

1 kiepahduskayréd b => alT = 0,34

LS[1 + apr(Ar — Arro) + B*Afr)

1
_ mutta XLT M H.O“ XLT m v

= A
/(A\g)”2 1,316
o Wy fy
= Y1
wRd
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PALKKI HEA PROFIILI

In accordance with EN1993-1-1:2005 incorporating Cor  rigenda February 2006 and April 2009 and the Finnis h

national annex
Tedds calculation version 4.3.04

ANALYSIS
Tedds calculation version 1.0.27
Geometry
Geometry (m) - Steel (EC3) - HE 360 A
4
L 6.89 2
A 1 &
Span | Length Section Start Support End Support
(m)
1 6.89 HE 360 A Pinned Roller Pin X

HE 360 A: Area 143 cf Inertia Major 33090 cfia Inertia Minor 7887 crf) Shear arg
parallel to Minor 35 crf) Shear area parallel to Major = 95%cm

Steel (EC3): Density 7850 kgAnYoungs 210 kN/mr) Shear 80.8 kN/mf Themal
0.000012°C*

Loading
Self weight included

Permanent - Loading (kN)

[2e]
o~

v

3.7m
1.7m 57m

28
I 28

N <

Imposed - Loading (kN)

D
w

! i

3.7m
1.7m 57m

l«—56

N <
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Load combination factors

S |o
= )
Load combination =S5 |9
nNoL I E |2
= |5 |E
o
1.0G + 1.0Q + 1.0RQ (Service) 1.00({1.00/1.00
1.35KrIG (Strength) 1.35/1.35
1.15KeG + 1.5K:Q + 1.5K5RQ (Strength)1.15| 1.15(1.50

Member Loads

Member|Load caselLoad Type Orientation| Description
Beam | PermanenPoint load GlobalZz | 28 kN at 1.7 m
Beam | PermanenPoint load GlobalZz | 28 kN at 3.7 m
Beam | PermanenPoint load GlobalZ | 28 kN at 5.7 m
Beam | Imposed Pointload GlobalZ | 59 kN at 1.7 m
Beam | Imposed Pointload GlobalZ | 59 kN at 3.7 m
Beam | Imposed Pointload GlobalZ | 56 kN at 5.7 m

Results

Total base reactions

Load case/combination Force
FX Fz
(kN) (kN)

1.0G+1.0Q +1.0RQ (Ser- O 265.6
vice)
1.35KrG (Strength) 0 123.6
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Load case/combination Force
FX Fz
(kN) (kN)
1.15KqG + 1.5KeQ + 0 366.3
1.5KrIRQ (Strength)

Element end forces

Load combination: 1.0G + 1.0Q + 1.0RQ (Service)

Ele- | Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) Start/End| (kN) (KN) (KNm)
1 6.89 1 0 -124.1 0
2 0 -141.5 0
Load combination: 1.35K rG (Strength)
Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) Start/End| (kN) (KN) (KNm)
1 6.89 1 0 -57.6 0
2 0 -66 0
Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)
Ele- | Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) Start/End| (kN) (KN) (KNm)
1 6.89 1 0 -171.2 0
2 0 -195.1 0
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Forces

Strength

combinations - Moment envelope (KNm)

3835

Strength combinations - Shear envelope (kN)

-

Member results

Envelope - Strength combinations

Member|Position Shear force Moment
(m) (kN) (kNm)
Beam 0 |171p 57.6 0 (min)
3.7 | 45.8 -74.9 383.5 (max)27.4
6.89 | -66| -195.1 (max abs)0 (min)
1.35KFG (Strength) - Moment (kNm)
0

1274

1.35KrG (Strength) - Shear (kN)
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Member results

Load combination: 1.35K rG (Strength)

Member|Position.  Shear force Moment
(m) (kN) (kNm)
Beam 0 57.6 0 (min)
3.7 14.3 -23.827.4 (max
6.89 | -66 (max abg) 0 (min)

1.15KrG + 1.5KrQ + 1.5KrRQ (Strength) - Moment (kNm)

3835

1.15KrG + 1.5KrQ + 1.5KrRQ (Strength) - Shear (kN)

Member results

Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Member|Position Shear force Moment
(m) (kN) (kNm)
Beam 0 171.2 0 (min)
3.7 45.8 -74.383.5 (max|
6.89 |-195.1 (max abs) 0 (min)
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L
Partial factors - Section 6.1
Resistance of cross-sections;

Resistance of members to instability;

Resistance of tensile members to fracture;

Beam design

Section details
Section type;

Steel grade - EN 10025-2:2004;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;

Modulus of elasticity;

gwo =1
o =1
owz = 1.25

HE 360 A (Arcelor)

S355

thom = max(tr, tw) = 17.5 mm
fy = 345 N/mm?
fu =470 N/mm?
E = 210000 N/mm?

Xy i ‘
+ N/
S
% & ) &)r -
§ % & ) & +* N
D omant
e &::& &)*, # ) ¢
. A )
x ‘ ANG
AS T
Beam results summaryUnit | Capacity| Maximum | Utilisation | Result
Shear resistance (y-y)] kN 975.2 195.1 0.200 PASS
Bending resistance (y-\dNm|566.0 383.5 0.678 PASS
Deflection (y-y) mm| 23 19.8 0.861 PASS

Lateral restraint

Both flanges have lateral restraint at supports only

Consider Combination 4 - 1.15K

G + 1.5KrQ + 1.5KrRO (Strength)

Classification of cross sections - Section 5.5

e= (235 N/mm?2/f,] = 0.83
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Internal compression parts subject to bending - Tab

Width of section;

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section;

Check design 3700 mm along span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6;

Poissons ratio;

Shear modulus;

Unrestrained effective length;
Elastic critical buckling moment;

Slenderness ratio for lateral torsional buckling;
Limiting slenderness ratio;

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5;

Imperfection factor - Table 6.3;

Correction factor for rolled sections;

LTB reduction determination factor;

LTB reduction factor - eq 6.57;

Modification factor;

Modified LTB reduction factor - eq 6.58;
Design buckling resistance moment - eq 6.55;

PASS - Design buckling resistance moment exceeds desig

le 5.2 (sheet 1 of 3)
c=d=261mm

c/tw=26.1=316"e<=72" g Classl
c=(b-tw-2"1)/2=118 mm
c/tt=6.7=82"e<=9 g Classl

Section is class 1
hw=h-2" tr=315 mm; h =1.200

hw/tw=31.5=45.8" e/h<72" el/h

Shear buckling resistance can be ignored
Vyed = 74.9 kN
Av=max(A-2" b  t+({tw+2 1) t,h” hw  tw) =4896 mm?
VeyRd = Vpiy,rd = Ay~ (fy / O3)) / gwo = 975.2 kN
Vyed / Vey,rd = 0.077
PASS - Design shear resistance exceeds design shear fo  rce

My.ed = 383.5 kNm

Me,y,Rd = Mply,rd = WplLy ~ fy / guo = 720.5 kNm

My.ed / Mcy,rd = 0.532

bending moment

ke =0.94
Ci=1/k?=1.132
n=0.3

G=E/[2" (1 +n)]=80769 N/mm?
L=1.0" Lmi_s1_seg1_T = 6890 mm
Ma=C1” p2" E” 1/L2" Hlw/lz+L2" G’ It/ (p?" E’ 1)) =
982.8 kNm
e = QWhply ~ fy / Mer) = 0.856
I t10=0.4
Wt > o - Lateral torsional buckling cannot be ignored

b
aitr=0.34
b=0.75

fir=05"[1+awr” (I ur-"1 ro) +b I 12 =0.852
cer=min(d/[fur+ Qfer2-b 71 11?)], 1, 1771 12 = 0.786
f=1.000

CLT,mod = min(cur /f, 1, 1/°1 1% = 0.786

Mby.Rd = CLT,mod = Woply ~ fy / gur = 566 kNm

My.ed / Mb,y,rd = 0.678

n bending moment
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Check design at end of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

hw=h-2" tr =315 mm; h = 1.200
hw/tw=31.5=458"e/h<72" e/h

Shear buckling resistance can be ignored
Vy,ed = 195.1 kN
Av=max(A-2" b  t+({tw+2 1) t,h” hw  tw) =4896 mm?
Veyrd = Vplyrd = Ay~ (fy / Q3)) / gvo = 975.2 kKN
Vyed/ Veyrd = 0.2
PASS - Design shear resistance exceeds design shear fo  rce

Consider Combination 2 - 1.0G + 1.0Q + 1.0RO (Servic _e)

Check design 3492 mm along span

Check y-y axis deflection - Section 7.2.1

Maximum deflection;
Allowable deflection;

dy =19.8 mm
dy,AIIowabIe = Lml_sl /300 =23 mm

dy / dy,Allowable = 0.861
PASS - Allowable deflection exceeds design deflection
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PALKKI RHS PROFIILI

In accordance with EN1993-1-1:2005 incorporating Cor  rigenda February 2006 and April 2009 and the Finnis h

national annex
Tedds calculation version 4.3.04

ANALYSIS
Tedds calculation version 1.0.27
Geometry
Geometry (m) - Steel (EC3) - RHS 400x200x10.0
4
L 6.89 2
A 1 &
Span | Length Section Start Support End Support
(m)
1 6.89 RHS 400x200x10.0 Pinned Roller Pin X

RHS 400x200x10.0: Area 115 éminertia Major 23914 cfiy Inertia Minor 8084 crf)
Shear area parallel to Minor 77 gréhear area parallel to Major = 38cm

Steel (EC3): Density 7850 kgAnYoungs 210 kN/mr) Shear 80.8 kN/mfn Therma
0.000012°C*

Loading
Self weight included

Permanent - Loading (kN)

[2e]
o~

v

3.7m
1.7m 57m

28
I 28

N <

Imposed - Loading (kN)

D
w

! i

3.7m
1.7m 57m

l«—56

N <
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Load combination factors

s |s
- [
Load combination =S8 |9
nao|E o
= |5 |E
o
1.0G + 1.0Q + 1.0RQ (Service) 1.00({1.00/1.00
1.35Kr G (Strength) 1.35/1.35
1.15KsG + 1.5K:Q + 1.5K:RQ (Strength)1.15(1.15|1.50

Member Loads

Member|Load caselLoad Type Orientation| Description
Beam | PermaneniPoint load] GlobalZ | 28 kN at 1.7 m
Beam | PermanenPoint load GlobalZ | 28 kN at 3.7 m
Beam | PermanenPoint load GlobalZ | 28 kN at 5.7 m
Beam | Imposed Pointload GlobalZ | 59 kN at 1.7 m
Beam | Imposed Pointload GlobalZz | 59 kN at 3.7 m
Beam | Imposed Pointload GlobalZ | 56 kN at 5.7 m

Results
Total base reactions
Load case/combination Force
FX Fz
(kN) (kN)
1.0G+1.0Q +1.0RQ (Ser- O 264.1
vice)
1.35KrG (Strength) 0 121.6
1.15KAG + 1.5K=0Q + 0 364.6
1.5KrIRQ (Strength)
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Element end forces

Load combination: 1.0G + 1.0Q + 1.0RQ (Service)

Ele- | Length Nodes | Axial for-|Shear for-| Moment

ment ce ce
(m) |StarEnd| (kN) (kN) | (kNm)
1 6.89 1 0 -123.4 0
2 0 -140.7 0

Load combination: 1.35K rG (Strength)

Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce

(m) |Star/End| (kN) (kN) | (kNm)

1 6.89 1 0 -56.6 0

2 0 -65 0

Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Ele- | Length Nodes | Axial for-|Shear for-| Moment

ment ce ce
(m) |StarEnd| (kN) (kN) | (kNm)
1 6.89 1 0 -170.4 0
2 0 -194.2 0
Forces

Strength combinations - Moment envelope (kNm)

382
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Strength combinations - Shear envelope (kN)

Member results

Envelope - Strength combinations

Member|Position Shear force Moment
(m) (kN) (kNm)
Beam 0O |1704 56.6 0 (min)
3.7 | 459 -74.8 382 (max)25.7
6.89 | -65| -194.2 (max absP (min)

1.35KrG (Strength) - Moment (kNm)

1257

1.35KrG (Strength) - Shear (kN)
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Member results

Load combination: 1.35K r G (Strength)

Member|Position|  Shear force Moment
(m) (kN) (kNm)
Beam 0 56.6 0 (min)
3.7 14.4 -23.425.7 (max
6.89 | -65 (max abg) 0 (min)

1.15KrG + 1.5KrQ + 1.5KrRQ (Strength) - Moment (kNm)

382

1.15KrG + 1.5KrQ + 1.5KrRQ (Strength) - Shear (kN)

o

=

Member results

=

[l

Load combination: 1.15K G + 1.5KrQ + 1.5KrRQ (Strength)

Member|Position Shear force Moment
(m) (kN) (kNm)
Beam 0 170.4 0 (min
3.7 45.9 -74.882 (max
6.89 |-194.2 (max abs) 0 (min)
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L

Partial factors - Section 6.1

Resistance of cross-sections; ow=1
Resistance of members to instability; o =1
Resistance of tensile members to fracture; ow2 = 1.25
Beam design
Section details
Section type; RHS 400x200x10.0 (Tata Steel Celsius)
Steel grade; User defined
Nominal thickness of element; thom =t =10 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu =470 N/mm?
Modulus of elasticity; E = 210000 N/mm?
A S
(
" (

% & ) &) * , «

% & ) & + * N

&'8& &) * # o

§ E &'& & +* # vl
&8 &)t # o G
&"'& &+ * # P
> &) 1 y G (
& +* Lo (
N

Beam results summaryUnit | Capacity| Maximum | Utilisation | Result

Shear resistance (y-y)| kN 1570.4 194.2 0.124 PASS

Bending resistance (y-\dNm|525.4 382.0 0.727 PASS

Deflection (y-y) mm| 23 26.4 1.148 FAIL

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 4 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81
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Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)

Width of section; c=h-3" t=370 mm
c/t=37=455"e<=72" € Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3"t=170 mm
c/t=17=20.9 e<=33" g Class 1

Section is class 1

Check design 3700 mm along span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=380 mm; h =1.200
hw/t=38=56"e/h<72" e/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 74.8 KN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=7662 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av ™ (fy / 3)) / gvo = 1570.4 kN

Vy,Ed / Vc,y,Rd =0.048
PASS - Design shear resistance exceeds design shear fo  rce

Check bending moment - Section 6.2.5
Design bending moment; My,ed = 382 KNm
Design bending resistance moment - eq 6.13; Mcy,Rrd = Mply,Rd = Wply ~ fy/ gwo = 525.4 KNm
My.ed / Mcy,rd = 0.727
PASS - Design bending resistance moment exceeds design bending moment

Check design at end of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=380 mm; h =1.200
hw/t=38=56"e/h<72" e/h
Shear buckling resistance can be ignored

Design shear force; Vyed = 194.2 kN
Shear area - cl 6.2.6(3); Av=A" h/(b+h)=7662 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av”~ (fy / 3)) / gvo = 1570.4 kN

Vy,Ed / Vc,y,Rd =0.124
PASS - Design shear resistance exceeds design shear fo  rce

Consider Combination 2 - 1.0G + 1.00 + 1.0RQ (Servic_e)

Check design 3472 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection; dy = 26.4 mm
Allowable deflection; dy,Allowable = Lm1_s1 / 300 = 23 mm
dy / dyallowable = 1.148
FAIL - Design deflection exceeds allowable deflecti  on
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VAESTONSUOJAN LAATTA

RC slab design in accordance with EN1992-1-1:2004 in  corporating corrigendum January 2008 and the Finn-

ish national annex
Tedds calculation version 1.0.18

Design summary

Description Unit Provided Required Utilisation|Result
Short span

Reinf. at midspan  |mm?/m 1340 1072 0.800 PASS
Bar spacing at midsnm 150 300 0.500 PASS
pan

Reinf. at support mm?/m  |2011 1501 0.746 PASS
Bar spacing at suppgrim 100 300 0.333 PASS
Shear at cont. supp |kN/m 167.4 2954 1.764 FAIL
Deflection ratio 19.84 32.58 0.609 PASS
Long span

Reinf. at midspan  |mm?/m 1340 604 0.450 PASS
Bar spacing at midsam 150 300 0.500 PASS
pan

Reinf. at support mm?/m 2011 822 0.409 PASS
Bar spacing at suppgrim 100 300 0.333 PASS
Shear at cont. supp |kN/m 162.9 295.4 1.813 FAIL
Cover

Min cover top mm 30 21 0.700 PASS
Min cover bottom  |mm 25 21 0.840 PASS




LITE 7

le———5208——»]

le— 9530 — ]

Slab definition

Slab reference name;

Type of slab;

Overall slab depth;

Shorter effective span of panel;
Longer effective span of panel;
Support conditions;

Top outer layer of reinforcement;
Bottom outer layer of reinforcement;

Loading

Characteristic permanent action;
Characteristic variable action;

Partial factor for permanent action;

Partial factor for variable action;
Quasi-permanent value of variable action;
Design ultimate load;

Quasi-permanent load;

Concrete properties

Concrete strength class;

Characteristic cylinder strength;

Partial factor (Table 2.1N);
Compressive strength factor (cl. 3.1.6);
Design compressive strength (cl. 3.1.6);
Mean axial tensile strength (Table 3.1);
Maximum aggregate size;

Effective strength factor — exp.3.21;

Effect. compr. zone height factor — exp.3.19;

Ultimate strain - Table 3.1;
Shortening strain - Table 3.1;

Design value modulus of elasticity reinf — 3.2.7(4)

Reinforcement properties
Characteristic yield strength;

Véaestdnsuojan laatta

Two way spanning with restrained edges
h =300 mm

Ix = 5298 mm

ly = 9530 mm

Four edges continuous (interior panel)
Short span direction

Short span direction

Gk = 10.0 KN/m?
Qk = 100.0 kN/m?

o =1.15
0 =1.00
y2=0.00

g=0 Gk+d Qx=111.5kN/m?
gsts=1.0" Gk+Yy2" Qx=10.0 KN/m?

C30/37

fek = 30 N/mm?
o =1.50

acc = 0.85

fea = 17.0 N/mm?

form = 0.30 N/mm?2 ” (fex / 1 N/mm?)23 = 2,9 N/mm?

dg =20 mm

h =1.00

| =0.80

ecuz = 0.0035

ecus = 0.0035
Ki1=0.44
K2=1.25=1.25

Es = 200000 N/mm?

fyk = 600 N/mm?
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Partial factor (Table 2.1N);
Design yield strength (fig. 3.8);

Concrete cover to reinforcement

Nominal cover to outer top reinforcement;
Nominal cover to outer bottom reinforcement;
Fire resistance period to top of slab;

Fire resistance period to bottom of slab;

Axia distance to top reinft (Table 5.8);

Axia distance to bottom reinft (Table 5.8);

Min. top cover requirement with regard to bond;
Min. btm cover requirement with regard to bond;
Reinforcement fabrication;

Cover allowance for deviation;

Min. required nominal cover to top reinft;

Min. required nominal cover to bottom reinft;

Reinforcement design at midspan in short span direc

Bending moment coefficient;

Design bending moment;
Reinforcement provided;

Area provided;

Effective depth to tension reinforcement;
K factor;

Redistribution ratio;

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
mm?/m

Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;

N/mm?2

Maximum allowable spacing (Table 7.3N);
Actual bar spacing;

Reinforcement design at midspan in long span direct

Bending moment coefficient;
Design bending moment;
Reinforcement provided;

6 =1.15
fya = fyk / gs = 521.7 N/mm?

Cnom_t = 30 mm
Cnom b =25 mm

Rtop = 60 min
Rbtm = 60 min
af_t =15 mm

ar_b = 15 mm
Cmin,b_t = 16 mm
Cminb b =16 mm
Subject to QA system
DCdev =5 mm
Cnom_t_min = 21.0 mm
Cnom b_min = 21.0 mm
PASS - There is sufficient cover to the top reinforcem ent
PASS - There is sufficient cover to the bottom reinfor cement

tion (cl.6.1)
bsx_p = 0.0448
Mxp=bsxp” g I =140.1 kNm/m
16 mm dia. bars at 150 mm centres
Asx p = 1340 mm?/m
dxp=h-cnomb-fxp/2=267.0mm
K=Mxp/(b" dxp?®  fe«)=0.066
d=1.0
K=@2 h” acc/g) 1-1" d-K)/(2 Kz)
(27 Kg))=0.167
K < K'- Compression reinforcement is not required
z=min(0.95" dxp, dxp/2” [1+(1-2" K/(h™ acc/))%)) =
250.5 mm
Asx p.m=Mxp/ (fja = z) = 1072 mm?/m
Asx_p_min = max(0.26 ~ (fm/fyk) ~ b~ dx_p, 0.0013" b” dx_p) = 347

C(d-Ku)/

Asx_p_req = Max(Asx_p_m, Asx_p_min) = 1072 mm?2/m

PASS - Area of reinforcement provided exceeds areareq  uired

Ssx_p = (fyk / gs) ’ min((Asx_p_m/Asx_p), 10) ’ gsLs / q-= 37.4

Smax_x_p = 300 mm
Sx_p =150 mm
PASS - The reinforcement spacing is acceptable

ion (cl.6.1)
bsy_p =0.0240
Myp=hsyp  q  hk&=75.1kNm/m

16 mm dia. bars at 150 mm centres
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Area provided;

Effective depth to tension reinforcement;
K factor;

Redistribution ratio;

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
mm?2/m

Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;

N/mm?2

Maximum allowable spacing (Table 7.3N);
Actual bar spacing;

Reinforcement design at continuous support in short

Bending moment coefficient;

Design bending moment;
Reinforcement provided;

Area provided;

Effective depth to tension reinforcement;
K factor;

Redistribution ratio;

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
mm?/m

Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;

N/mm?

Maximum allowable spacing (Table 7.3N);
Actual bar spacing;

Asy p = 1340 mm?/m
dy p=h-cnomb-fxp-fyp/2=251.0mm
K=Myp/ (b dyp? fu)=0.040
d=1.0
K=@2 h” ac/g)” Q-1 d-K)/(2 " K2))" (I ~ (d-Ka1)/
(27 K2))=0.167
K < K'- Compression reinforcement is not required
z=min(0.95" dy p,dyp/2" [1+(1-2" K/(h" acc/))*d)) =
238.5 mm
Asy p.m= My p/ (fja~ z) = 604 mm2/m
Asy_p_min = max(0.26 * (fem/fy) ~ b~ dy_p, 0.0013" b dy p) = 326

Asy_p_req = maX(Asy_p_m, Asy_p_min) =604 mmZ/m
PASS - Area of reinforcement provided exceeds areareq  uired

Ssy p = (fyk / @) ’ min((Asy_p_m/Asy_p), 10) ’ gsLs / q-= 21.1

Smax_y_p = 300 mm
Sy p =150 mm
PASS - The reinforcement spacing is acceptable

span direction (cl.6.1)
bsx_n = 0.0598
Mx n=bsxn” g~ Ix¥2=187.1 KNm/m
16 mm dia. bars at 100 mm centres
Asx_n = 2011 mm?/m
dxn=h-cCnomt-fxn/2=262.0 mm
K=Mxn/(b" dxn®" f«)=0.091
d=1.0
K=@2 h” ac/g)” Q-1 d-K)/(2  K2))" (I ~ (d-Ka1)/
(27 K2))=0.167

K < K'- Compression reinforcement is not required

z=min(0.95" dxn, dxn/2” [1+(1-2" K/ (h" acc/q))*d) =
239.0 mm
Asxnm=Mxn/ (fya” z) = 1501 mm?/m
Asx_n_min = max(0.26 * (ferm/fyk) ~ b~ dx_n, 0.0013" b dx_n) = 341

Asx_n_req = maX(Asx_n_m, Asx_n_min) = 1501 mm?3/m
PASS - Area of reinforcement provided exceeds areareq  uired

Ssx_n = (fyk / @) ’ min((AsX_n_m/Asx_n), lO) ’ gsLs / q-= 34.9

Smax_x_n = 300 mm
Sx.n =100 mm
PASS - The reinforcement spacing is acceptable
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Reinforcement design at continuous support in long

Bending moment coefficient;

Design bending moment;
Reinforcement provided;

Area provided;

Effective depth to tension reinforcement;
K factor;

Redistribution ratio;

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
mm?2/m

Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;

N/mm?2

Maximum allowable spacing (Table 7.3N);
Actual bar spacing;

span direction (cl.6.1)
bsy_n = 0.0320
My n=bsyn” g~ ¥ =100.1 kNm/m
16 mm dia. bars at 100 mm centres
Asy n =2011 mm3/m
dyn=h-cCromt-fxn-fyn/2=246.0 mm
K=Myn/(b" dyn?" f«)=0.055
d=1.0
K=@2 h” acc/g) 1-1" d-Ki)/(2  K2))" (I = (d-Ki)/
(27 Kg)) =0.167

K < K'- Compression reinforcement is not required

z=min(0.95" dyn, dyn/2” [1+(1-2" K/(h" ac/))%) =
233.4 mm
Asy n.m=Myn/(fja” z) =822 mm?/m
Asy n_min = max(0.26 ~ (fem/fyk) ~ b~ dy_n, 0.0013" b" dy n) = 320

Asy_n_req = Max(Asy_n_m, Asy_n_min) = 822 mm2/m
PASS - Area of reinforcement provided exceeds areareq  uired

Ssy n= (fyk / gs) ’ min((Asy_n_m/Asy_n), 10) ’ gsLs / q-= 19.1

Smax_y_n = 300 mm
Sy_n =100 mm
PASS - The reinforcement spacing is acceptable

Shear capacity check at short span continuous suppor t

Shear force;

Effective depth factor (cl. 6.2.2);
Reinforcement ratio;

Minimum shear resistance (Exp. 6.3N);

Shear resistance constant (cl. 6.2.2);

Shear resistance (Exp. 6.2a);

Vxn=q Ix/2=295.4 kN/m

k =min(2.0, 1 + (200 mm / dx_n)°®) = 1.874

ri=min(0.02, Asx.n/ (b~ dx_n)) = 0.0077

VRd,c_min = 0.035 N/mm2 = k5" (fex / 1 N/mm?)%5 " b " dxn
VRd,c_min = 128.8 KN/m

Rd. & 0.18 N/mm / gc = 0.12N/mn?

VRd,c_x_n = maX(VRd,C_min, Crd,c Tk’ (100 i’ (fck/ 1 N/mm2))°-333' b”’ dx_n) =167.4 KN/m

FAIL - Shear capacity is inadequate

Shear capacity check at long span continuous support

Shear force;
Effective depth factor (cl. 6.2.2);
Reinforcement ratio;

Minimum shear resistance (Exp. 6.3N);

Shear resistance constant (cl. 6.2.2);

Shear resistance (Exp. 6.2a);

Vyn=q~  Ix/2=295.4kN/m

k =min(2.0, 1 + (200 mm / dy n)%%) = 1.902

r1=min(0.02, Asy n/ (b~ dyn)) = 0.0082

VRd,c_min = 0.035 N/mm?2 “ k5" (fex / L N/mm?)°5 " b " dy n
VRd,c_min = 123.7 KN/m

Rd.& 0.18 N/mm / gc = 0.12N/mn?
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VRdc y n= maX(VRd,c_min, Crdc” k”~ (100 o’ (fck/ 1 N/mm2))°‘333 “b’ dy_n) =162.9 kN/m
FAIL - Shear capacity is inadequate

Basic span-to-depth deflection ratio check (cl. 7.4  .2)

Reference reinforcement ratio; ro = (fec / 1 N/mm?)°5/ 1000 = 0.0055
Required tension reinforcement ratio; r = max(0.0035, Asx_p_req / (b~ dx_p)) = 0.0040
Required compression reinforcement ratio; r' = Ascx p_req/ (b~ dx_p) = 0.0000

Stuctural system factor (Table 7.4N); Ka=1.2

Basic limit span-to-depth ratio (Exp. 7.16);
ratioiim_x bas = Ka ~ [11 +1.5" (fe/l N/mm?2)%5r ofr + 3.2" (fo/l N/mm?2)05” (ro/r -1)1-5] = 31.27
Mod span-to-depth ratio limit;
ratioim x = min(1.5, (500 N/mm?/ fy) © (Asx p/ Asx p_m)) ~ ratioim_x bas = 32.58
Actual span-to-eff. depth ratio; ratioact x = Ix/ dx_p = 19.84
PASS - Actual span-to-effective depth ratio is accepta  ble

Reinforcement summary

Midspan in short span direction; 16 mm dia. bars at 150 mm centres B1
Midspan in long span direction; 16 mm dia. bars at 150 mm centres B2
Continuous support in short span direction; 16 mm dia. bars at 100 mm centres T1
Continuous support in long span direction; 16 mm dia. bars at 100 mm centres T2

Reinforcement sketch
The following sketch is indicative only. Note that additional reinforcement may be required in accordance with
clauses 9.2.1.2, 9.2.1.4 and 9.2.1.5 of EN 1992-1-1:2004 to meet detailing rules.
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TERASRISTIKKO

In accordance with EN1993-1-1:2005 incorporating Cor
national annex

rigenda February 2006 and April 2009 and the Finnis h

Tedds calculation version 4.3.04

ANALYSIS
Tedds calculation version 1.0.27
Geometry
Geometry (m) - Steel (EC3)
122,6%8 oo 2632 2632 2635 (2632 f.6§% 262 24 32 1265 o655
7& 523 '; . AN 5. oo
1 32 33 34 35
Materials
Name Density Youngs Mo- | Shear Modulus| Thermal Coef-
dulus ficient
(kg/m?3) kN/mm? kN/mm? °Ct
Steel (EC3) 7850 210 80.8 0.000012
Sections
Name Area Moment of inertia | Shear area parallel
to
Major Minor Minor Major
(cm?) (cm?) (cm?) (cm?) (cm?)
SHS 80x80x4.0 12 114 114 6 6
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SHS 27 579 579 13 13
120x120x6.0
SHS 42 1195 1195 21 21
140x140x8.0
SHS 90x90x6.( 20 230 230 10 10
SHS 27 579 579 13 13
120x120x6.0 1
Nodes
Node | Co-ordinates Freedom Coordinate sys- Spring
tem
X Z X 4 Rot. | Name | Angle X Z Rot.
(m) (m) (°) | (KN/m) | (kN/m) | kKNm/°
1 0 0 Fixed| Fixed  Free 0 0 0 0
2 2.62 -1.5 Free Free Free 0 Qg d (
3 28.78| -1.5 Free Free Free 0 0 ( (
4 314 0 Free| Fixed Free 0 0 0 0
5 15.7 1.5 Free Freg Free 0 0 d (
6 7.85 -1.5 Free Free Free 0 Qg d (
7 13.08| -1.5 Free Free Free 0 0 ( (
8 18.32| -1.5 Free Free Free 0 0 ( (
9 23.55| -1.5 Free Free Free 0 0 ( (
10 2.62 0.25 Free Free Free G @ 0
11 5.23 0.5 Free Free Free 0 0 ( (
12 7.85 0.75 Free Free Free G @ 0
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Node | Co-ordinates Freedom Coordinate sys- Spring
tem

X Z X Z Rot. | Name | Angle X Z Rot.

(m) (m) (°) | (KN/m) | (kN/m) | kKNm/°
13 10.47 1 Free Free Free 0 0 @ 0
14 13.08 1.25 Free Free Free ( 0 0 D
15 18.32 1.25 Free Free Free ( 0 0 D
16 20.93 1 Free Free Free 0 0 q 0
17 23.55| 0.75 Free Free Free ( 0 0 D
18 26.17 0.5 Free Free Free 0 @ 0 D
19 28.78 0.25 Free Free Free ( 0 0 D
Elements
Ele- | Length Nodes Section Material Releases Rotag
ment ted

(m) Start | End Start | End | Axial

mo- mo-

ment | ment

1 5.23 2 6 SHS Steel (EC3) Fixed Fixed Fixed
120x120x6.0 1

2 2.632 1 10 SHS Steel (EC3) Fixed Fixed Fixed
140x140x8.0

3 2.632 5 15 SHS Steel (EC3) Fixed Fixed Fixed
140x140x8.0

4 3.019 1 2 | SHS 90x90x6[0 Steel (EC3) Free Free  Fixed

5 3.019 3 4 | SHS 90x90x6/0 Steel (EC3) Free Free  Fixed

6 1.75 2 10 | SHS 80x80x4,0 Steel (EC3) Free Free Fixed
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Ele- | Length Nodes Section Material Releases Rots
ment ted
(m) Start | End Start | End | Axial
mo- | mo-
ment | ment
7 1.75 3 19 | SHS 80x80x4,0 Steel (EC3) Free Free  Fixe
8 3.288 2 11| SHS 90x90x6.0 Steel (EC3) Free Free  Fixe
9 3.288 3 18 | SHS 90x90x6.0 Steel (EC3) Free Free  Fixe
10 3.296 6 11| SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
11 3.296 9 18| SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
12 2.25 6 12 | SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
13 2.25 9 17 | SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
14 3.621 9 16 | SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
15 3.621 6 13| SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
16 3.614 7 13| SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
17 2.75 7 14 | SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
18 3.983 7 5 | SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
19 3.614 8 16 | SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
20 2.75 8 15| SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
21 3.983 8 5 | SHS 80x80x4.0 Steel (EC3) Free Free  Fixe
22 2.622 10 11 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
23 2.632 11 12 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0

!
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!

Ele- | Length Nodes Section Material Releases Rots
ment ted
(m) Start | End Start | End | Axial
mo- mo-
ment | ment
24 2.632 12 13 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
25 2.622 13 14 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
26 2.632 14 5 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
27 2.622 15 16 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
28 2.632 16 17 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
29 2.632 17 18 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
30 2.622 18 19 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
31 2.632 19 4 SHS Steel (EC3) Fixed Fixed Fixe
140x140x8.0
32 5.23 6 7 SHS Steel (EC3) Fixed Fixed Fixe
120x120x6.0
33 5.24 7 8 SHS Steel (EC3) Fixed Fixed Fixe
120x120x6.0
34 5.23 8 9 SHS Steel (EC3) Fixed Fixed Fixe
120x120x6.0
35 5.23 9 3 SHS Steel (EC3) Fixed Fixed Fixe
120x120x6.0
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Members
Name Elements

Start End
Ylapaarrel 2 26
Ylapaarre2 3 31
Alapaarre 1 35
Diagonaalil 4 4
Diagonaali2 5 5
Diagonaali3 6 6
Diagonaali4 7 7
Diagonaali5 8 8
Diagonaali6 9 9
Diagonaali7 10 10
Diagonaali8 11 11
Diagonaali9 12 12
Diagonaalil0 13 13
Diagonaalill 14 14
Diagonaalil2 15 15
Diagonaalil3 16 16
Diagonaalil4 17 17
Diagonaalil5 18 18
Diagonaalil6 19 19




LIITE 9

Name Elements
Start End
Diagonaalil7 20 20
Diagonaalil8 21 21
Loading

Self weight included

Permanent - Loading (kN/m)

Imposed - Loading (kN/m)

@ R
~

Load combination factors

-5 |3

Load combination =S8 |4

nao|E o

= |5 |E

o
1.15KrG + 1.5Ke1Q + 1.5K-RQ (Strength)1.15| 1.15| 1.50
Member Loads
Member Load case Load Type | Orientatit Description
on

Ylapaarrel Permanent] UDL Globalz 4.2 kKN/m
Ylapaarre2 Permanent] UDL Globalz 4.2 KN/m
Ylapaarrel Imposed uDL Globalz 7.9 kN/m
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Member Load case Load Type | Orientati; Description
on
Ylapaarre2 Imposed UDL GlobalZ 7.9 KN/m
Results
Total base reactions
Load case/combination Force
FX Fz
(kN) (kN)
1.15KrG + 1.5KQ + 0 550.7
1.5KrIRQ (Strength)
Element end forces
Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)
Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) Start/End (kN) (KN) (KNm)
1 5.23 2 603.5 -0.8 0
6 -603.5 -0.4 1.1
2 2.632 1 -387.4 -18.6 0
10 383.2 -26.1 9.9
3 2.632 5 -768.8 -23.7 10.4
15 773.1 -20.9 -6.7
4 3.019 1 4425 -0.2 0
2 -442.3 -0.2 0
5 3.019 3 442.3 -0.2 0
4 -442.5 -0.2 0
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Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce

(m) |Start/End| (kN) (kN) (kNm)

6 1.75 2 -50.2 0 0
10 50 0 0

7 1.75 3 -50.2 0 0
19 50 0 0

8 3.288 2 -276.8 -0.2 0
11 276.4 -0.2 0

9 3.288 3 -276.8 -0.2 0
18 276.4 -0.2 0

10 3.296 6 152 -0.1 0
11 -152.2 -0.1 0

11 3.296 9 152 -0.1 0
18 -152.2 -0.1 0

12 2.25 6 -45.7 0 0
12 45.4 0 0

13 2.25 9 -45.7 0 0
17 45.4 0 0

14 3.621 9 -65.7 -0.1 0
16 65.5 -0.1 0

15 3.621 6 -65.7 -0.1 0
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Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
13 65.5 -0.1 0
16 3.614 7 -6 -0.1 0
13 5.7 -0.1 0
17 2.75 7 -43.4 0 0
14 43.1 0 0
18 3.983 7 65.1 -0.1 0
5 -65.5 -0.1 0
19 3.614 8 -6 -0.1 0
16 5.7 -0.1 0
20 2.75 8 -43.4 0 0
15 43.1 0 0
21 3.983 8 65.1 -0.1 0
5 -65.5 -0.1 0
22 2.622 10 -387.9 -23.5 9.9
11 383.7 -21 -6.5
23 2.632 11 -729.7 -22 6.5
12 725.5 -22.7 -1.4
24 2.632 12 -729.8 -22.6 7.4
13 725.5 -22.1 -6.7
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Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce

(m) |Start/End| (kN) (kN) (kNm)

25 2.622 13 -773.2 -22.3 6.7
14 769 -22.2 -6.7

26 2.632 14 -773.1 -20.9 6.7

5 768.8 -23.7 -10.4

27 2.622 15 -769 -22.2 6.7
16 773.2 -22.3 -6.7

28 2.632 16 -725.5 -22.1 6.7
17 729.8 -22.6 -1.4

29 2.632 17 -725.5 -22.7 7.4
18 729.7 -22 -6.5

30 2.622 18 -383.7 -21 6.5
19 387.9 -23.5 -9.9

31 2.632 19 -383.2 -26.1 9.9

4 387.4 -18.6 0

32 5.23 6 771.8 -0.5 -1.1
7 -771.8 -0.8 0.4

33 5.24 7 724.7 -0.6 -0.4
8 -724.7 -0.6 0.4

34 5.23 8 771.8 -0.8 -0.4
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Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |StarEnd| (kN) (kN) (kNm)
9 -771.8 -0.5 11
35 5.23 9 603.5 -04 -1.1
3 -603.5 -0.8 0
Forces
Strength combinations - Moment envelope (KkNm)
-104 -104
Strength combinations - Shear envelope (kN)
20.9 23'7 22.2
235 22 226 223\ °\ A . 221 27, 56.1
All combinations - Axial force envelope (kN)
7208 7732 "% esnsaggs o 7732 7208
729.7?//,?2,53 7255 Teg i 769} 725_5[ 755:5”7,, -8 7297
3s7.4 3879 ‘\ ‘. \ | | | | o 3879 3874
| Beagies’ | 4 §3.1 /0655 B3 855 3837 3532/ ]
It 454 2 R WL 5
S -15 y 4 IR -
2 43/ 43) 48 C 508
-442.5 : 4425
0035 7718 7247 7718 0035
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Member results

Envelope - Strength combinations

Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Ylapaarrel 2.632 -26.1 (max 1.094 10.2 (max) 15.771  -10.4 (mif
abs)

Ylapaarre2 13.14 26.1 14.677 10.2 (max) 0 -10.4)n

Alapaarre 0 0.8 7.319 1.6 0 0
Diagonaalil 0 0.2 1.51 0.2 0 0
Diagonaali2 3.019 -0.2 1.51 0.2 3.019 0
Diagonaali3 0 0 0 0 0 0
Diagonaali4 0 0 0 0 0 0
Diagonaali5 0 0.2 1.644 0.2 0 0
Diagonaali6 3.288 0.2 1.644 0.2 0 0
Diagonaali7 3.296 0.1 1.648 0.1 0 0
Diagonaali8 3.296 -0.1 1.648 0.1 3.296 0
Diagonaali9 0 0 0 0 0 0
Diagonaalil0 0 0 0 0 0 0
Diagonaalill 3.621 -0.1 1.811 0.1 3.621 0
Diagonaalil?2 3.621 -0.1 1.811 0.1 3.621 0
Diagonaalil3 3.614 0.1 1.807 0.1 0 0
Diagonaalil4 0 0 0 0 0 0
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Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Diagonaalil5 3.983 0.1 1.992 0.1 0 0
Diagonaalil6 3.614 0.1 1.807 0.1 0 0
Diagonaalil? 0 0 0 0 0 0
Diagonaalil8 3.983 0.1 1.992 0.1 0 0
Envelope - All combinations
Member Axial force
Pos Max Pos Min
(m) (KN) (m) (kN)
Ylapaarrel 10.518| 773.2(max) 2.632 383.2
Ylapaarre2 5.254 | 773.2 (max) 13.14 383.2
Alapaarre 20.93 -603.5 5.23 -771.8 (mijn)
Diagonaalil 3.019 -442.3 0 -442.5
Diagonaali2 0 -442.3 3.019 -442.5
Diagonaali3 0 50.2 1.75 50
Diagonaali4 0 50.2 1.75 50
Diagonaali5 0 276.8 3.288 276.4
Diagonaali6 0 276.8 3.288 276.4
Diagonaali7 0 -152 3.296 -152.2
Diagonaali8 0 -152 3.296 -152.2
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Member Axial force

Pos Max Pos Min

(m) (kN) (m) (kN)
Diagonaali9 0 45.7 2.25 45.4
Diagonaalil0 0 45.7 2.25 45.4
Diagonaalill 0 65.7 3.621 65.5
Diagonaalil2 0 65.7 3.621 65.5
Diagonaalil3 0 6 3.614 5.7
Diagonaalil4 0 43.4 2.75 43.1
Diagonaalil5 0 -65.1 3.983 -65.5
Diagonaalil6 0 6 3.614 5.7
Diagonaalil? 0 43.4 2.75 43.1
Diagonaalil8 0 -65.1 3.983 -65.5

1.15KmG + 1.5KrQ + 1.5KrRQ (Strength) - Moment (KNm)
-10.4 -10.4
1|

237
226 223 209 \ 222 224
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1.15KrG + 1.5KrQ + 1.5KrRQ (Strength) - Axial force (KN)

207 729487275?:‘272757':'1 ?697684868.8'7'695‘:77732;'5;7773;2‘5‘572948 7297
387.4 387'9‘?832 zi‘gij | “13‘1 L :“3‘ | A 383-7;{ ;?g};’sw'g 3337.4
45.4 : . 5. &
0 15 N -T82. )
48] 48 48 483 50:
-442.5 Aisa _aany -442.5

6035 E0RE L . gl 7247 L 771815055 L
Member results
Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)
Member Shear force Moment

Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Ylapaarrel 2.632 -26.1 (max 1.094 10.2 (max) 15771  -10.4 (min)
abs)

Ylapaarre2 13.14 26.1 14.677 10.2 (max) 0 -10.4)mi
Alapaarre 0 0.8 7.319 1.6 0 0
Diagonaalil 0 0.2 1.51 0.2 0 0
Diagonaali2 3.019 -0.2 1.51 0.2 3.019 0
Diagonaali3 0 0 0 0 0 0
Diagonaali4 0 0 0 0 0 0
Diagonaali5 0 0.2 1.644 0.2 0 0
Diagonaali6 3.288 0.2 1.644 0.2 0 0
Diagonaali7 3.296 0.1 1.648 0.1 0 0
Diagonaali8 3.296 -0.1 1.648 0.1 3.296 0
Diagonaali9 0 0 0 0 0 0
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Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Diagonaalil0 0 0 0 0 0 0
Diagonaalill 3.621 -0.1 1.811 0.1 3.62 0
Diagonaalil2 3.621 -0.1 1.811 0.1 3.62 0
Diagonaalil3 3.614 0.1 1.807 0.1 0 0
Diagonaalil4 0 0 0 0 0 0
Diagonaalil5 3.983 0.1 1.992 0.1 0 0
Diagonaalil6 3.614 0.1 1.807 0.1 0 0
Diagonaalil? 0 0 0 0 0 0
Diagonaalil8 3.983 0.1 1.992 0.1 0 0
Load combination: 1.15K rG + 1.5KriQ + 1.5KrRQ (Strength)
Member Axial force
Pos Max Pos Min
(m) (KN) (m) (kN)
Ylapaarrel 10.518| 773.2(max) 2.632 383.2
Ylapaarre2 5.254 | 773.2 (max) 13.14 383.2
Alapaarre 20.93 -603.5 5.23 -771.8 (mjn)
Diagonaalil 3.019 -442.3 0 -442.5
Diagonaali2 0 -442.3 3.019 -442.5
Diagonaali3 0 50.2 1.75 50
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Member Axial force

Pos Max Pos Min

(m) (kN) (m) (kN)
Diagonaali4 0 50.2 1.75 50
Diagonaali5 0 276.8 3.288 276.4
Diagonaali6 0 276.8 3.288 276.4
Diagonaali7 0 -152 3.296 -152.2
Diagonaali8 0 -152 3.296 -152.2
Diagonaali9 0 45.7 2.25 454
Diagonaalil0 0 45.7 2.25 45.4
Diagonaalill 0 65.7 3.621 65.5
Diagonaalil2 0 65.7 3.621 65.5
Diagonaalil3 0 6 3.614 5.7
Diagonaalil4 0 43.4 2.75 43.1
Diagonaalil5 0 -65.1 3.983 -65.5
Diagonaalil6 0 6 3.614 5.7
Diagonaalil? 0 43.4 2.75 43.1
Diagonaalil8 0 -65.1 3.983 -65.5

1

Partial factors - Section 6.1

Resistance of cross-sections; ow=1
Resistance of members to instability; on=1
Resistance of tensile members to fracture; ow2 = 1.25
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Ylapaarrel - Span 1 design

Section details

Section type; SHS 140x140x8.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S420NH
Nominal thickness of element; thom =t =8 mm
Nominal yield strength; fy = 420 N/mm?
Nominal ultimate tensile strength; fu = 540 N/mm?
Modulus of elasticity; E = 210000 N/mm?
Ny
e D (
(
. ( '
% & ) &) * )

% & ) & + *

140
2
2
R
+

(
&"'8& & + (
>, &)* I ( (
& + / ( §
S \\ /
e ( »
Ylapaarrel span 1 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 26.1 0.052 PASS
Bending resistance (y-y) kKNm 85.8 10.2 0.118 PASS
Compression resistance kN 1480.6 387.4 0.262 PASS
Comb. bending and axial force 0.314 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.75

Internal compression parts subject to bending and ¢ ompression - Table 5.2 (sheet 1 of 3)

Width of section; c=h-3" t=116 mm

a=min(h/2+Nes/ (2" 2" t" f)-3" t/2]/c, 1) =0.749
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Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Check design 1094 mm along span

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

c/t=145=194" e<=396" e/ (13" a-1); Class 1

Table 5.2 (sheet 1 of 3)
c=b-3" t=116 mm
c/t=145=19.4" e<=33" € Class 1

Section is class 1

Ned = 387.4 kN

Nec,Rd = Npird = A" fy/ guo = 1745.2 kN

Ned / Ncra = 0.222

mpression

ction 6.3.1.3
Lery = Lmi_s1 = 2632 mm
Nery =p? " E” ly/ Lery? = 3575.6 kN
I'y=QA " fy/ Ney) =0.699
n6.3.1.1
a
ay=0.21
fy=05" (L+ay (ly-0.2)+"1%=0.796
cy=min(1/ (fy + Qfy2-"1 ?), 1) =0.848
Nbyrd =Cy A~ fy/guw =1480.6 kN
Ned / Nby,rd = 0.262
ession

ction 6.3.1.3
Lerz = Lmi_s1_seg1 = 2632 mm
Nerz=p? " E” Iz / Lerz? = 3575.6 kN
1 2=QA" fy/Nez) =0.699
n6.3.1.1
a
a:=0.21
fz=05" (L+az" (12-0.2)+"1 %) =0.796
cz=min(1/ (f.+ Qf2-"1 ), 1) =0.848
Nbzrd =Cz~ A’ fy/gu = 1480.6 kN
Ned / Nb,zrd = 0.262
ession

My.ed = 10.2 kNm

Me,y,Rd = Mply,rd = Wply ~ fy / guo = 85.8 kKNm

My.ed / Mcy,rd = 0.118

bending moment

N = Ned / Npi,rd = 0.221
aw=min((A-2" b” t)/A, 0.5) = 0.461
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Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((L-n)/(1-0.5" aw), 1) = 85.8 kNm

My.ed / MnyRrd = 0.118

PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =0kNm/-9.902 kNm = 0.000

ay = 9.744 kNm / -9.902 kNm = -0.984

Cmy = max(0.2 + 0.8 ay, 0.4) =0.400

yLr =0 kNm /-9.902 kNm = 0.000

aLt = 9.744 kNm / -9.902 kNm = -0.984

Cmit = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpry ~ fy = 85.8 kNm

Characteristic moment resistance; MzRrk = Wpiz ~ fy = 85.8 KNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy ~ (L +min(l y-0.2,0.8) " Ned/(cy  Nrx/gw)) =
0.452
kzy = 0.6 " kyy =0.271

; cut = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk/ gu1) = 0.314

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk / gu1) = 0.293
PASS - Combined bending and compression checks are sat isfied

Check design at end of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored

Design shear force; Vyed = 26.1 kKN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av ™ (fy / 3)) / gvo = 503.8 kN

Vy,Ed / Vc,y,Rd =0.052
PASS - Design shear resistance exceeds design shear fo  rce

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 9.9 KNm
Design bending resistance moment - eq 6.13; Mec,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.115
PASS - Design bending resistance moment exceeds design bending moment
Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =0kNm/-9.902 kNm = 0.000
ay = 9.744 kNm / -9.902 kNm = -0.984
Cmy = max(0.2 + 0.8 ay, 0.4) = 0.400
yir = 0kNm/-9.902 kNm = 0.000
aLt = 9.744 kKNm / -9.902 kNm = -0.984
CmLt = max(0.2 + 0.8 art, 0.4) =0.400
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Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; MzRrk = Wpiz ~ fy = 85.8 KNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy "~ (L +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
0.452
kzy = 0.6 " kyy =0.271

; cut = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy " Myed/ (cut ™ Myrk/ gu1) = 0.311

Ned / (Cz " Nrk/ gxlll) + kzy ’ My ed / (CLT ’ My, rk / gxlll) =0.29
PASS - Combined bending and compression checks are sat isfied

Ylapaarrel - Span 2 design

Section details

Section type; SHS 140x140x8.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S420NH

Nominal thickness of element; thom =t =8 mm

Nominal yield strength; fy = 420 N/mm?

Nominal ultimate tensile strength; fu = 540 N/mm?

Modulus of elasticity; E = 210000 N/mm?

- D (
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Ylapaarrel span 2 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 23.5 0.047 PASS

Bending resistance (y-y) anr 85.8 9.9 0.115 PASS
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Compression resistance

kN

1482.8 387.9

0.262

PASS

Comb. bending and axial force

0.314

PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K

FG + 1.5Kr0Q + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to bending and ¢

Width of section;

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

e= ({235 N/mm?/f,] = 0.75

ompression - Table 5.2 (sheet 1 of 3)
c=h-3" t=116 mm

a=min(h/2+Nes/ (2" 2"t f)-3" t/2]/c, 1) =0.749

c/t=145=194" e<=396" e/ (13" a-1);
Table 5.2 (sheet 1 of 3)
c=b-3" t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1

Class 1

Section is class 1

Ned = 387.9 kN
Nc,rd = Npird =A™ fy / gwo = 1745.2 kN
Ned / Nera = 0.222

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmi_s2 = 2622 mm
Nery =p? " E 7 ly/ Lery? = 3602.8 kN
Ty=&A" fy/ Nery) = 0.696

n6.3.1.1
a
ay=0.21
fy=05" (L+ay” (1y-0.2)+'1)=0.794
cy=min(1/ (fy + Qfy2-"1 y?)), 1) = 0.85
Nbyrd=Cy A’ fy/gu = 1482.8 kN
Ned / Nby,rd = 0.262

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

ction 6.3.1.3
Lerz = Lm1_s2_seg1 = 2622 mm
Nerz=p? " E” Iz/ Lerz? = 3602.8 kN
I 2=QA" fy/ Nez) =0.696
n6.3.1.1
a
a:=0.21
f2=05" (1+a:" (1:-02)+12)=0.79%

mpression

ession
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Buckling reduction factor - eq 6.49;
Design buckling resistance - eq 6.47;

Check design at start of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - ¢l 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

cz=min(1/(fz+ (If 2-712%),1)=0.85
Nbzrd=Cz A~ fy/gw =1482.8 kN
Ned / Nb,zrd = 0.262

PASS - Design buckling resistance exceeds design compr ession

hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored
Vy,ed = 23.5 kN
Av=A" h/(b+h)=2078 mm?
Vey.rd = Vplyrd = Av” (fy / 3)) / gvo = 503.8 kN
Vy,ed / Vey,rd = 0.047
PASS - Design shear resistance exceeds design shear fo  rce

My.ed = 9.9 KNm
Me,y,rRd = Mply,Rd = Woly . fy/ Ovo = 85.8 kNm
My,Ed / Mc,y,Rd =0.115

PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

Reduced plastic moment resistance - Eq.6.39;

N = Ned / Npi,rd = 0.222

aw=min((A-2" b" t)/A, 0.5)=0.461

Mn,y,Rd = MpiyRd = Min((L-n)/(1-0.5" aw), 1) = 85.8 kNm
My.ed / Mny,rd = 0.115

PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=-6.521 kNm /-9.902 kNm = 0.659
ay = 6.371 kNm /-9.902 kNm = -0.643
Cmy = max(0.2 + 0.8~ ay, 0.4) = 0.400
yLt =-6.521 kNm /-9.902 kNm = 0.659
aLt =6.371 kNm /-9.902 kNm = -0.643
Cmit = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;

Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpiy ~ fy = 85.8 kNm

Mzrk = Wpiz ~ fy = 85.8 kNm

Nrk = A~ fy=1745.2 kN

Kyy=Cmy~ (1 + min(l y-0.2,0.8) " Ned/(cy " Nrk/ gu1)) =
0.452

kay = 0.6 " kyy = 0.271

cut = 1.000

Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut” Myrk/ gu1) = 0.314
Ned/ (Cz~ Nrk/ gu1) + Kzy "~ Myed/ (Cut ™ Myrk/ gu) = 0.293

PASS - Combined bending and compression checks are sat isfied



LIITE 9

Check design 1387 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 6.4 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.075
PASS - Design bending resistance moment exceeds design bending moment
Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =-6.521 kNm /-9.902 kNm = 0.659
ay = 6.371 kNm /-9.902 kNm = -0.643
Cmy = max(0.2 + 0.8~ ay, 0.4) = 0.400
; yLT =-6.521 KNm /-9.902 kNm = 0.659
aLt = 6.371 kNm /-9.902 kNm = -0.643
Cmt = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy =1745.2 kN

Interaction factors; Kyy = Cmy = (1 + min(’l y-0.2,0.8) " Ned/(cy " Nrk/ gw1)) =
0.452
kzy = 0.6 " kyy=0.271

; cLt = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned / (Cy " Nrk/0Ow1) + kyy ~ Myeda/ (ct ™ MyRrk/ gv1) = 0.294

Ned / (Cz " Nrk/ ov) + Kzy " Myked/ (cut " Myrk/ ow) = 0.28
PASS - Combined bending and compression checks are sat isfied

Ylapaarrel - Span 3 design

Section details

Section type; SHS 140x140x8.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S420NH

Nominal thickness of element; thom =t =8 mm

Nominal yield strength; fy = 420 N/mm?

Nominal ultimate tensile strength; fu = 540 N/mm?

Modulus of elasticity; E = 210000 N/mm?
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Ylapaarrel span 3 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 22.7 0.045 PASS
Bending resistance (y-y) kKNm 85.8 7.8 0.090 PASS
Compression resistance kN 1480.6 729.7 0.493 PASS
Comb. bending and axial force 0.593 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?2/f,] = 0.75

Internal compression parts subject to bending and ¢ ompression - Table 5.2 (sheet 1 of 3)

Width of section; c=h-37 t=116 mm
a=min((h/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.968
c/t=145=19.4" e<=396" e/ (13" a-1), Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force; Ned = 729.7 kKN
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Design resistance of section - eq 6.10;

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Check design 1297 mm along span

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

Reduced plastic moment resistance - Eq.6.39;

PASS - Reduced bending resistance moment exceeds desig

Nec,Rd = Npird = A~ fy/ guo = 1745.2 kN
Ned / Ncra = 0.418
mpression

ction 6.3.1.3
Lery = Lmi_ss = 2632 mm
Nery =p? " E” ly/ Lery? = 3575.6 kN
ly=QA" fy/ Ney) =0.699
n6.3.1.1
a
ay=0.21
fy=05" (L+ay (ly-0.2)+"1%)=0.796
cy=min(1/ (fy + Qfy2-"1 y?), 1) =0.848
Nbyrd=Cy A~ fy/gw =1480.6 kN
Ned / Nby,rd = 0.493
ession
ction 6.3.1.3
Ler,z = Lm1_s3_seg1 = 2632 mm
Nerz=p? " E” Iz/ Lerz? = 3575.6 kN
1 2=QA" fy/Nez) =0.699
n6.3.1.1
a
a:=0.21
fz=05" (1+az:" (1:-0.2)+"1 2 =0.796
cz=min(1/(f.+ Qf2-"172),1)=0.848
Nbzrd =Cz A~ fy/gw =1480.6 kN
Ned / Nb,zrd = 0.493
ession

My,ed = 7.8 KNm

Mec,y,Rd = Mply,rd = Wply = fy / guo = 85.8 KNm

My.ed / Mcy,rd = 0.09

bending moment

n = Ned / Npird = 0.417

av=min((A-2" b" t)/A, 0.5) =0.461

Mn,y,Rd = Mpiyrd = Min((L-n)/(1-0.5" aw), 1) = 65.0 kNm
My.ed / Mn,y,rd = 0.119

n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=-6.521 kKNm/-7.372 kNm = 0.885

ay = -7.372 kNm / 7.748 kNm = -0.951
Cmy =0.95 + 0.05 " ay = 0.902
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; yLT =-6.521 KNm /-7.372 kNm = 0.885
aLT =-7.372kNm/ 7.748 kNm = -0.951
Cmt=0.95+0.05" aLt =0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpry ~ fy = 85.8 kNm

Characteristic moment resistance; MzRrk = Wpiz = fy = 85.8 KNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy (L +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
1.124
kzy = 0.6~ kyy=0.674

; cut = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk/ gu) = 0.593

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk / gu1) = 0.552
PASS - Combined bending and compression checks are sat isfied

Check design at end of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 22.7 KN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av” (fy / 3)) / gvo = 503.8 kN

Vy,Ed / Vc,y,Rd = 0.045
PASS - Design shear resistance exceeds design shear fo  rce

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 7.4 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mc,y,rd = 0.086
PASS - Design bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3; yy=-6.521 kNm/-7.372 kNm = 0.885
ay =-7.372 kNm / 7.748 kNm = -0.951
Cmy=0.95+0.05" ay =0.902

; yLt =-6.521 kNm /-7.372 kNm = 0.885
aLt =-7.372 kNm / 7.748 kNm = -0.951
Cmt =0.95+0.05" art =0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy " (L +min(l y-0.2,0.8) " Ned/(cy  Nrx/gw)) =
1.123

kzy = 0.6~ kyy = 0.674
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cLr = 1.000
Ned / (Cy " Nrk/0Ou1) + kyy " Myeda/ (ct ™ MyRrk / gv1) = 0.586
NEed / (Cz " Nrk/ ov1) + Kzy " Myked/ (cut " Myrk/ oww) = 0.548

Interaction formulae - eq 6.61 & eq 6.62;

PASS - Combined bending and compression checks are sat isfied
Ylapaarrel - Span 4 design
Section details
Section type; SHS 140x140x8.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S420NH
Nominal thickness of element; thom =t =8 mm
Nominal yield strength; fy = 420 N/mm?
Nominal ultimate tensile strength; fu = 540 N/mm?
Modulus of elasticity; E = 210000 N/mm?
I D (
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Ylapaarrel span 4 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 22.6 0.045 PASS
Bending resistance (y-y) kKNm 85.8 7.7 0.089 PASS
Compression resistance kN 1480.6 729.8 0.493 PASS
Comb. bending and axial force 0.592 PASS

Lateral restraint

Both flanges have lateral restraint at supports only
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Consider Combination 1 - 1.15K

G + 1.5KrQ + 1.5KrRO (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to bending and ¢

Width of section;

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

e= ({235 N/mm?/f,] = 0.75

ompression - Table 5.2 (sheet 1 of 3)
c=h-3" t=116 mm

a=min(h/2+Nes/ (2" 2"t f)-3" t/2]/c, 1) =0.968

c/t=145=19.4" e<=396" e/ (13" a-1);
Table 5.2 (sheet 1 of 3)
c=b-3"  t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1

Class 1

Section is class 1

Ned = 729.8 kN
Nc,rd = Npird =A™ fy / gwo = 1745.2 kN
Ned / Nera = 0.418

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmi_sa = 2632 mm
Nery =p2” E” Iy / Lery? = 3575.6 kN
1y=&A" fy/ Nery) = 0.699

n6.3.1.1
a
ay=0.21
fy=05" (L+ay  (ly-0.2)+"1y%)=0.796
cy=min(1/ (fy + Qfy2 -1 y?), 1) = 0.848
Nbyrd=Cy A~ fy/gw =1480.6 kN
Ned / Nby,rd = 0.493

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lerz = Lmi_sa_segr = 2632 mm
Nerz=p? " E” 12/ Ler 22 = 3575.6 kKN
1 2=QA" fy/Nez) =0.699
n6.3.1.1
a
a:=0.21
f,=05" (1+a: (l:-0.2)+1,2=0.79
cz=min(1/(f.+ Qf2-"17?),1)=0.848
Nbzrd =Cz A~ fy/gw =1480.6 kN
Ned / Nbz,rd = 0.493

PASS - Design buckling resistance exceeds design compr

Check design at start of span

Check shear - Section 6.2.6
Height of web;

hw=h-2" t=124 mm; h =1.200

mpression

ession

ession
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Design shear force;
Shear area - ¢l 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

hw/t=155=249" e/h<72" e/h
Shear buckling resistance can be ignored
Vyed = 22.6 kN
Av=A" h/(b+h)=2078 mm?
Vey,rd = Vplyrd = Av” (fy / 3)) / gvo = 503.8 kN
Vy,ed / Vey,rd = 0.045
PASS - Design shear resistance exceeds design shear fo  rce

My.ed = 7.4 KNm
Me,y,rRd = Mply,Rd = Woly . fy/ Ovo = 85.8 kNm
My,Ed / Mc,y,Rd =0.086

PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

Reduced plastic moment resistance - Eq.6.39;

n = Ned / Npi,rd = 0.418

aw=min(A-2" b" t)/A, 0.5)=0.461

Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) = 64.9 kNm
My.ed / Mny,rd = 0.114

PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

Yy =-6.706 kNm /-7.372 kNm = 0.910
ay =-7.372 kNm / 7.655 kNm = -0.963
Cmy=0.95+0.05" ay =0.902

yLt =-6.706 KNm /-7.372 kNm = 0.910
aLt =-7.372 kNm / 7.655 kNm = -0.963
Cmt =0.95+0.05" art =0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;

Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpiy ~ fy = 85.8 kNm

Mzrk = Wpiz ~ fy = 85.8 kNm

Nre= A~ fy = 1745.2 kN

Kyy=Cmy~ (1 + min(l y-0.2,0.8) " Ned/(cy " Nrk/gw1)) =
1.124

kay = 0.6~ kyy = 0.674

ccr = 1.000

Ned/ (Cy " Nrk/ gu1) + Kyy " Myed/ (cut ™ Myrk/ gu) = 0.589
Ned/ (Cz~ Nrk/ gu1) + Kzy "~ Myed/ (cut ™ Myrk/ gu1) = 0.551

PASS - Combined bending and compression checks are sat isfied

Check design 1331 mm along span

Check bending moment - Section 6.2.5
Design bending moment;

Design bending resistance moment - eq 6.13;

My.ed = 7.7 KNm
Mc,y,Rd = Mpl,y,Rd = WpIAy ’ fy/ Ovo = 85.8 kNm
My,Ed / Mc,y,Rd =0.089

PASS - Design bending resistance moment exceeds design bending moment
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Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy =-6.706 kNm /-7.372 kNm = 0.910
ay =-7.372 kKNm / 7.655 kNm = -0.963
Cmy =0.95 +0.05 " ay = 0.902

y LT =-6.706 KNm /-7.372 kNm = 0.910
aLr =-7.372 kKNm/ 7.655 kNm = -0.963
Cmt =0.95+0.05" arr =0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpiy ~ fy = 85.8 kNm

Mzrk = Wpiz ~ fy = 85.8 kNm

Nrk= A~ fy = 1745.2 kN

Kyy =Cmy " (1 +min(’l y-0.2,0.8) " Neda/(cy " Nrk/ gu1)) =
1.123

Key = 0.6~ kyy = 0.674

ccr = 1.000

Ned / (Cy " Nrk/0Ou1) + kyy ~ Myed/ (cLt ™ MyRrk / gu) = 0.592
Ned/ (Cz” Nrk/ gu1) + kzy ” Myed/ (Lt ™ Myrk / gu1) = 0.552

PASS - Combined bending and compression checks are sat isfied

Ylapaarrel - Span 5 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 140x140x8.0 (Tata Steel Celsius)
S420NH

thom =t =8 mm

fy = 420 N/mm?

fu = 540 N/mm?

E = 210000 N/mm?

ry /

D <

140

(
% & ) &)+
% & ) & + *
&% &)* #
&% &+ * #
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&'& & +* #
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Ylapaarrel span 5 results sumUnit |Capacity Maximum Utilisation Result
mary

Shear resistance (y-y) kN 503.8 22.3 0.044 PASS
Bending resistance (y-y) kNm 85.8 7.9 0.092 PASS
Compression resistance kN 1482.8 773.2 0.521 PASS
Comb. bending and axial force 0.625 PASS

Lateral restraint

Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K

rIG + 1.5KFQ + 1.5KrRO (Strength)

Classification of cross sections - Section 5.5

e= ({235 N/mm?2/f,] = 0.75

Internal compression parts subject to bending and ¢

Width of section;

ompression - Table 5.2 (sheet 1 of 3)

c=h-3"t=116 mm
a=min(lh/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.996

c/t=145=194" e<=396" e/ (13" a-1);

Internal compression parts subject to compression -

Width of section;

Table 5.2 (sheet 1 of 3)
c=b-3" t=116 mm

Class 1

Class 1
Section is class 1

c/t=145=19.4" e<=33" ¢

Check compression - Section 6.2.4
Ned = 773.2 kN
Nec,Rd = Npird = A~ fy/ guo = 1745.2 kN
Ned / Ncra = 0.443
PASS - Design compression resistance exceeds design co

Design compression force;
Design resistance of section - eq 6.10;

mpression

ction 6.3.1.3
Lery = Lmi_ss = 2622 mm
Nery =p?” E” ly/ Lery? = 3602.8 kN
I'y=QA " fy/ Ney) =0.696

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio n6.3.1.1
Buckling curve - Table 6.2; a
Imperfection factor - Table 6.1; ay=0.21

Buckling reduction determination factor; fy=05" (1+ay (ly-0.2)+"1)=0.794
cy=min(1/ (fy + Qfy2 -1 y?), 1) = 0.85
Nbyrd=Cy A~ fy/gw = 1482.8 kN

Ned / Nby,rd = 0.521

PASS - Design buckling resistance exceeds design compr

Buckling reduction factor - eq 6.49;
Design buckling resistance - eq 6.47;

ession
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3

Critical buckling length; Lerz = Lmi_ss_seg1 = 2622 mm

Critical buckling force; Nerz=p? " E” 12/ Ler,z2 = 3602.8 kKN
Slenderness ratio for buckling - eq 6.50; 1 2= QA" fy/ Nez2) =0.696

Check z-z axis flexural buckling resistance - Sectio n6.3.1.1

Buckling curve - Table 6.2; a

Imperfection factor - Table 6.1; az:=0.21

Buckling reduction determination factor; f2=05" (1+az:" (12:-02)+'1 2 =0.79%
Buckling reduction factor - eq 6.49; cz=min(1/(f.+ Qf2-"172),1)=0.85
Design buckling resistance - eq 6.47; Nbzrd=Cz A~ fy/gw = 1482.8 kN

Ned / Nb,zrd = 0.521
PASS - Design buckling resistance exceeds design compr ession

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 22.3 kKN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vplyrd = Ay (fy / Q3)) / gvo = 503.8 kN

Vyed / Veyrd = 0.044
PASS - Design shear resistance exceeds design shear fo  rce
Check bending moment - Section 6.2.5
Design bending moment; My.ed = 6.7 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.078
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.443
av=min(A-2" b” t)/A, 0.5)=0.461
Reduced plastic moment resistance - Eq.6.39; Mny,Rrd = Mpiyrd = Min((2-n)/(1-0.5" aw), 1) = 62.1 kNm

My.ed / Mn,y,rd = 0.108
PASS - Reduced bending resistance moment exceeds desig n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =-6.67 kNm /-6.706 kNm = 0.995

ay = -6.706 kNm / 7.895 kNm = -0.849

Cmy =0.95+0.05" ay=0.908
; yLT =-6.67 KNm /-6.706 kNm = 0.995

aLt =-6.706 kNm / 7.895 kNm = -0.849

Cmt=0.95+0.05" aLt =0.908

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1
Characteristic moment resistance; My,rk = Wpry ~ fy = 85.8 kNm
Characteristic moment resistance; MzRrk = Wpiz~ fy = 85.8 KNm
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Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

Check design 1312 mm along span

Check bending moment - Section 6.2.5
Design bending moment;

Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

Nrk= A" fy = 1745.2 kN
kyy = Cmy ’ (l + min(‘l y - 02, 08) " Nea/ (Cy " Nrk/ g\lll)) =

1.142
kzy =0.6 " kyy = 0.685
cur = 1.000

Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut” Myrk/ gu1) = 0.611
Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk/ gu1) = 0.575

PASS - Combined bending and compression checks are sat isfied

My.ed = 7.9 kKNm
Mc,y,Rd = Mpl,y,Rd = WpIAy ’ fy/ Ovo = 85.8 kNm
My,Ed / Mc,y,Rd =0.092

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

Interaction factors k ij for members not susceptible to torsional deformati

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

Ylapaarrel - Span 6 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

yy=-6.67 kNm/-6.706 kNm = 0.995
ay = -6.706 kNm / 7.895 kNm = -0.849
Cmy=0.95+0.05" ay =0.908

yLT =-6.67 KNm /-6.706 kNm = 0.995
aLt = -6.706 kNm / 7.895 kNm = -0.849
CmLt =0.95 + 0.05 " aLt = 0.908

ons - Table B.1

My,rk = Wpry ~ fy = 85.8 kNm

Mzrk = Wpiz ~ fy = 85.8 kNm

Nrk = A~ fy=1745.2 kN

Kyy=Cmy~ (1 + min(l y-0.2,0.8) " Ned/(cy " Nrk/gw1)) =

1.142
kzy =0.6" kyy =0.685
cut = 1.000

Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk/ gu1) = 0.625
Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk / gu1) = 0.583

PASS - Combined bending and compression checks are sat isfied

SHS 140x140x8.0 (Tata Steel Celsius)
S420NH

thom =t =8 mm

fy = 420 N/mm?

fu = 540 N/mm?

E = 210000 N/mm?

bending moment
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Ylapaarrel span 6 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 23.7 0.047 PASS
Bending resistance (y-y) kKNm 85.8 10.4 0.121 PASS
Compression resistance kN 1480.6 773.1 0.522 PASS
Comb. bending and axial force 0.580 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?2/f,] = 0.75

Internal compression parts subject to bending and ¢ ompression - Table 5.2 (sheet 1 of 3)

Width of section; c=h-37 t=116 mm
a=min((h/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.996
c/t=145=19.4" e<=396" e/ (13" a-1), Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force; Ned = 773.1 kKN
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Design resistance of section - eq 6.10;

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Check design 1233 mm along span

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

Reduced plastic moment resistance - Eq.6.39;

PASS - Reduced bending resistance moment exceeds desig

Nc,rd = Npird = A" fy/ gwo = 1745.2 kN

Ned / Nera = 0.443

mpression
ction 6.3.1.3

Lery = Lmi_se = 2632 mm

Nery =p? " E” ly/ Lery? = 3575.6 kN

ly=QA" fy/ Ney) =0.699
n6.3.1.1

a

ay=0.21

fy=05" (L+ay (ly-0.2)+"1%)=0.796

cy=min(1/ (fy + Qfy2-"1 y?), 1) =0.848

Nbyrd=Cy A~ fy/gw =1480.6 kN

Ned / Nby,rd = 0.522

ession
ction 6.3.1.3

Ler,z = Lm1_s6_seg1 = 2632 mm

Nerz=p? " E” Iz/ Lerz? = 3575.6 kN

1 2=QA" fy/Nez) =0.699
n6.3.1.1

a

a:=0.21

fz=05" (1+az:" (1:-0.2)+"1 2 =0.796

cz=min(1/(f.+ Qf2-"172),1)=0.848

Nbzrd =Cz A~ fy/gw =1480.6 kN

Ned / Nb,zrd = 0.522

ession

My.ed = 6.2 KNm

Mec,y,Rd = Mply,rd = Wply = fy / guo = 85.8 KNm

My.ed / Mcy,rd = 0.072

bending moment

n = Ned / Npi,rd = 0.442

av=min((A-2" b" t)/A, 0.5) =0.461

Mn,y,Rd = MpiyRd = Min((L-n)/(1-0.5" aw), 1) =62.2 kNm
My.ed / Mny,rd = 0.1

n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=-6.67 kNm/-10.393 kNm = 0.642

ay = 6.163 kNm / -10.393 kNm = -0.593
Cmy = max(0.2 + 0.8 ay, 0.4) = 0.400
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; YT =-6.67 kNm/-10.393 kNm = 0.642
aLt =6.163 kNm /-10.393 kNm = -0.593
Cmit = max(0.2 + 0.8~ avrt, 0.4) = 0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpry ~ fy = 85.8 kNm

Characteristic moment resistance; MzRrk = Wpiz = fy = 85.8 KNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy (L +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
0.504
kzy = 0.6~ kyy = 0.302

; cut = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (Cut ™ Myrk/ gu) = 0.557

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk/ gu1) = 0.543
PASS - Combined bending and compression checks are sat isfied

Check design at end of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 23.7 kKN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vplyrd = Av” (fy / 3)) / gvo = 503.8 kN

Vy,Ed / Vc,y,Rd =0.047
PASS - Design shear resistance exceeds design shear fo  rce

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 10.4 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.121
PASS - Design bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3; yy =-6.67 kNm /-10.393 kNm = 0.642
ay = 6.163 kNm / -10.393 kNm = -0.593
Cmy = max(0.2 + 0.8~ ay, 0.4) = 0.400

; yLT =-6.67 KNm /-10.393 KNm = 0.642
aLt =6.163 kNm /-10.393 kNm = -0.593
CmLt = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy " (L +min(l y-0.2,0.8) " Ned/(cy  Nrx/gw)) =
0.504

kzy = 0.6~ kyy = 0.302
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cLr = 1.000
Ned / (Cy " Nrk/ gu1) + kyy ~ Myed/ (cLt ™ Myrk / gu1) = 0.58
NEed / (Cz " Nrk/ ov1) + Kzy " Myked/ (cut " Myrk/ ow1) = 0.556

Interaction formulae - eq 6.61 & eq 6.62;

PASS - Combined bending and compression checks are sat isfied
Ylapaarre2 - Span 1 design
Section details
Section type; SHS 140x140x8.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S420NH
Nominal thickness of element; thom =t =8 mm
Nominal yield strength; fy = 420 N/mm?
Nominal ultimate tensile strength; fu = 540 N/mm?
Modulus of elasticity; E = 210000 N/mm?
I D (
(
. ( '
% & ) &) * )
% & ) &+ * .
- &'& &) * # Y
g &'& & +* #
&'& &)* # B ¢
&'8& & +* # ¢
>, e &)/ y ¢
& + ! ( §
A \\ /
e ( »
Ylapaarre2 span 1 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 23.7 0.047 PASS
Bending resistance (y-y) kKNm 85.8 10.4 0.121 PASS
Compression resistance kN 1480.6 773.1 0.522 PASS
Comb. bending and axial force 0.580 PASS

Lateral restraint

Both flanges have lateral restraint at supports only



LIITE 9

Consider Combination 1 - 1.15K

G + 1.5KrQ + 1.5KrRO (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to bending and ¢

Width of section;

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

e= ({235 N/mm?/f,] = 0.75

ompression - Table 5.2 (sheet 1 of 3)
c=h-3" t=116 mm

a=min(h/2+Nes/ (2" 2"t f)-3" t/2]/c, 1) =0.996

c/t=145=19.4" e<=396" e/ (13" a-1);
Table 5.2 (sheet 1 of 3)
c=b-3"  t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1

Class 1

Section is class 1

Ned = 768.8 kN
Nc,rd = Npird =A™ fy / gwo = 1745.2 kN
Ned / Nera = 0.441

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lm2_s1 = 2632 mm
Nery =p2” E” Iy / Lery? = 3575.6 kN
1y=&A" fy/ Nery) = 0.699

n6.3.1.1
a
ay=0.21
fy=05" (L+ay  (ly-0.2)+"1y%)=0.796
cy=min(1/ (fy + Qfy2 -1 y?), 1) = 0.848
Nbyrd=Cy A~ fy/gw =1480.6 kN
Ned / Nby,ra = 0.519

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lerz = Lm2_s1_seg1 = 2632 mm
Nerz=p? " E” 12/ Ler 22 = 3575.6 kKN
1 2=QA" fy/Nez) =0.699
n6.3.1.1
a
a:=0.21
f,=05" (1+a: (l:-0.2)+1,2=0.79
cz=min(1/(f.+ Qf2-"17?),1)=0.848
Nbzrd =Cz A~ fy/gw =1480.6 kN
Ned / Nb.z,rd = 0.519

PASS - Design buckling resistance exceeds design compr

Check design at start of span

Check shear - Section 6.2.6
Height of web;

hw=h-2" t=124 mm; h =1.200

mpression

ession

ession
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hw/t=155=249" e/h<72" e/h
Shear buckling resistance can be ignored

Design shear force; Vyed = 23.7 kKN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av” (fy / 3)) / gvo = 503.8 kN

Vy,ed / Vey,rd = 0.047
PASS - Design shear resistance exceeds design shear fo  rce
Check bending moment - Section 6.2.5
Design bending moment; My,ed = 10.4 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.121
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.441
aw=min(A-2" b" t)/A, 0.5)=0.461
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) = 62.4 kNm

My.ed / Mn,y,rd = 0.167
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; Yy =-6.67 kNm /-10.393 KNm = 0.642

ay = 6.163 kNm /-10.393 kNm = -0.593

Cmy = max(0.2 + 0.8~ ay, 0.4) = 0.400
; yLT =-6.67 KNm /-10.393 KNm = 0.642

aLt = 6.163 kNm /-10.393 kNm = -0.593

CmLt = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy =1745.2 kN

Interaction factors; kyy=Cmy (L1 +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
0.504
kzy = 0.6~ kyy = 0.302

; cLt = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned / (Cy " Nrk/gw1) + kyy " Myed/ (ct ™ MyRrk / gu1) = 0.58

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk / gu1) = 0.556
PASS - Combined bending and compression checks are sat isfied

Check design 1399 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 6.2 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.072
PASS - Design bending resistance moment exceeds design bending moment
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Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

Yy =-6.67 kNm /-10.393 KNm = 0.642
ay = 6.163 kNm /-10.393 kNm = -0.593
Cmy = max(0.2 + 0.8~ ay, 0.4) = 0.400

y LT =-6.67 kNm /-10.393 KNm = 0.642
aLt = 6.163 kNm /-10.393 kNm = -0.593
Cmt = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpiy ~ fy = 85.8 kNm

Mzrk = Wpiz ~ fy = 85.8 kNm

Nrk= A~ fy = 1745.2 kN

Kyy =Cmy " (1 +min(’l y-0.2,0.8) " Neda/(cy " Nrk/ gu1)) =
0.504

Key = 0.6~ kyy = 0.302

ccr = 1.000

Ned / (Cy " Nrk/0Ow1) + kyy " Myeda/ (ct ™ MyRrk / gu1) = 0.557
Ned/ (Cz” Nrk/ gu1) + kzy ” Myed/ (cLt ™ Myrk / gu1) = 0.543

PASS - Combined bending and compression checks are sat isfied

Ylapaarre2 - Span 2 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 140x140x8.0 (Tata Steel Celsius)
S420NH

thom =t =8 mm

fy = 420 N/mm?

fu = 540 N/mm?

E = 210000 N/mm?

ry /

D <

140
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Ylapaarre2 span 2 results sumUnit |Capacity Maximum Utilisation Result
mary

Shear resistance (y-y) kN 503.8 22.3 0.044 PASS
Bending resistance (y-y) kNm 85.8 7.9 0.092 PASS
Compression resistance kN 1482.8 773.2 0.521 PASS
Comb. bending and axial force 0.625 PASS

Lateral restraint

Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K

rIG + 1.5KFQ + 1.5KrRO (Strength)

Classification of cross sections - Section 5.5

e= ({235 N/mm?2/f,] = 0.75

Internal compression parts subject to bending and ¢

Width of section;

ompression - Table 5.2 (sheet 1 of 3)

c=h-3"t=116 mm
a=min(lh/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.996

c/t=145=194" e<=396" e/ (13" a-1);

Internal compression parts subject to compression -

Width of section;

Table 5.2 (sheet 1 of 3)
c=b-3" t=116 mm

Class 1

Class 1
Section is class 1

c/t=145=19.4" e<=33" ¢

Check compression - Section 6.2.4
Ned = 769 kN
Nec,Rd = Npird = A" fy/ guo = 1745.2 kN
Ned / Ncra = 0.441
PASS - Design compression resistance exceeds design co

Design compression force;
Design resistance of section - eq 6.10;

mpression

ction 6.3.1.3
Lery = Lm2_s2 = 2622 mm
Nery =p?” E” ly/ Lery? = 3602.8 kN
I'y=QA " fy/ Ney) =0.696

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio n6.3.1.1
Buckling curve - Table 6.2; a
Imperfection factor - Table 6.1; ay=0.21

Buckling reduction determination factor; fy=05" (1+ay (ly-0.2)+"1)=0.794
cy=min(1/ (fy + Qfy2 -1 y?), 1) = 0.85
Nbyrd=Cy A~ fy/gw = 1482.8 kN

Ned / Nby,rd = 0.519

PASS - Design buckling resistance exceeds design compr

Buckling reduction factor - eq 6.49;
Design buckling resistance - eq 6.47;

ession
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3

Critical buckling length; Lerz = Lm2_s2_seg1 = 2622 mm

Critical buckling force; Nerz=p? " E” 12/ Ler,z2 = 3602.8 kKN
Slenderness ratio for buckling - eq 6.50; 1 2= QA" fy/ Nez2) =0.696

Check z-z axis flexural buckling resistance - Sectio  n6.3.1.1

Buckling curve - Table 6.2; a

Imperfection factor - Table 6.1; az:=0.21

Buckling reduction determination factor; f2=05" (1+az:" (12:-02)+'1 2 =0.79%
Buckling reduction factor - eq 6.49; cz=min(1/(f.+ Qf2-"172),1)=0.85
Design buckling resistance - eq 6.47; Nbzrd=Cz A~ fy/gw = 1482.8 kN

Ned / Nb,zrd = 0.519
PASS - Design buckling resistance exceeds design compr ession

Check design 1310 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 7.9 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mc,y,rd = 0.092
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.442
aw=min(A-2" b" t)/A, 0.5)=0.461
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) =62.2 kNm

My.ed / Mny,rd = 0.127
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =-6.67 kNm /-6.706 kNm = 0.995

ay = -6.706 kNm / 7.895 kNm = -0.849

Cmy =0.95+0.05" ay=0.908
; yLT =-6.67 KNm / -6.706 kNm = 0.995

aLt = -6.706 KNm / 7.895 kNm = -0.849

Cmt =0.95+0.05" art =0.908

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy =1745.2 kN

Interaction factors; Kyy = Cmy = (1 + min(’l y-0.2,0.8) " Ned/(cy " Nrk/ gw1)) =
1.142
kzy = 0.6~ kyy = 0.685

; cLt = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned / (Cy " Nrk/0Ow1) + Ky~ Myeda/ (Ct ™ MyRrk/ gv1) = 0.625

Ned / (Cz " Nrk/ ov) + Kzy " Myked/ (cut " Myrk/ ow) = 0.583
PASS - Combined bending and compression checks are sat isfied
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Check design at end of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored
Vy,ed = 22.3 kN
Av=A" h/(b+h)=2078 mm?
Vey.rd = Vplyrd = Ay~ (fy / Q3)) / gvo = 503.8 kKN
Vyed / Veyrd = 0.044
PASS - Design shear resistance exceeds design shear fo  rce

My.ed = 6.7 kKNm
Mc,y,Rd = Mpl,y,Rd = WpIAy ’ fy/ Ovo = 85.8 kNm
My,Ed / Mc,y,Rd =0.078

PASS - Design bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=-6.67 kNm/-6.706 kNm = 0.995
ay = -6.706 kNm / 7.895 kNm = -0.849
Cmy=0.95+0.05" ay =0.908

yLT =-6.67 KNm /-6.706 kNm = 0.995
aLt = -6.706 kNm / 7.895 kNm = -0.849
CmLt =0.95 + 0.05 " aLt = 0.908

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpry ~ fy = 85.8 kNm

Mzrk = Wpiz ~ fy = 85.8 kNm

Nrk = A~ fy=1745.2 kN

Kyy=Cmy~ (1 + min(l y-0.2,0.8) " Ned/(cy " Nrk/gw1)) =
1.142

kay = 0.6 " kyy = 0.685

cut = 1.000

Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut” Myrk/ gu1) = 0.611
Ned/ (Cz~ Nrk/ gu1) + Kzy * Myed/ (cut ™ Myrk/ gu1) = 0.575

PASS - Combined bending and compression checks are sat isfied

Ylapaarre2 - Span 3 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 140x140x8.0 (Tata Steel Celsius)
S420NH

thom =t =8 mm

fy = 420 N/mm?

fu = 540 N/mm?

E = 210000 N/mm?
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Ylapaarre2 span 3 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 22.6 0.045 PASS
Bending resistance (y-y) kKNm 85.8 7.7 0.089 PASS
Compression resistance kN 1480.6 729.8 0.493 PASS
Comb. bending and axial force 0.592 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?2/f,] = 0.75

Internal compression parts subject to bending and ¢ ompression - Table 5.2 (sheet 1 of 3)

Width of section; c=h-37 t=116 mm
a=min((h/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.968
c/t=145=19.4" e<=396" e/ (13" a-1), Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force; Ned = 725.5 kN
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Design resistance of section - eq 6.10;

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Check design 1301 mm along span

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

Reduced plastic moment resistance - Eq.6.39;

PASS - Reduced bending resistance moment exceeds desig

Nec,Rd = Npird = A~ fy/ guo = 1745.2 kN
Ned / Ncra = 0.416
mpression

ction 6.3.1.3
Lery = Lm2_s3 = 2632 mm
Nery =p? " E” ly/ Lery? = 3575.6 kN
ly=QA" fy/ Ney) =0.699
n6.3.1.1
a
ay=0.21
fy=05" (L+ay (ly-0.2)+"1%)=0.796
cy=min(1/ (fy + Qfy2-"1 y?), 1) =0.848
Nbyrd=Cy A~ fy/gw =1480.6 kN
Ned / Nby,ra = 0.49
ession
ction 6.3.1.3
Ler,z = Lm2_s3_seg1 = 2632 mm
Nerz=p? " E” Iz/ Lerz? = 3575.6 kN
1 2=QA" fy/Nez) =0.699
n6.3.1.1
a
a:=0.21
fz=05" (1+az:" (1:-0.2)+"1 2 =0.796
cz=min(1/(f.+ Qf2-"172),1)=0.848
Nbzrd =Cz A~ fy/gw =1480.6 kN
Ned / Nb,z,rd = 0.49
ession

My,ed = 7.7 kNm

Mec,y,Rd = Mply,rd = Wply = fy / guo = 85.8 KNm

My.ed / Mcy,rd = 0.089

bending moment

n = Ned / Npird = 0.417

av=min((A-2" b" t)/A, 0.5) =0.461

Mn,y,Rd = Mpiyrd = Min((L-n)/(1-0.5" aw), 1) = 65.0 kNm
My.ed / Mn,y,rd = 0.118

n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=-6.706 KNm /-7.372 kNm = 0.910

ay = -7.372 kNm / 7.655 kNm = -0.963
Cmy =0.95 + 0.05 " ay = 0.902
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; yLT =-6.706 KNm /-7.372 kNm = 0.910
aLt =-7.372 kNm / 7.655 kNm = -0.963
Cmt=0.95+0.05" aLt =0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpry ~ fy = 85.8 kNm

Characteristic moment resistance; MzRrk = Wpiz = fy = 85.8 KNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy (L +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
1.123
kzy = 0.6~ kyy=0.674

; cut = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk / gu1) = 0.592

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk / gu1) = 0.552
PASS - Combined bending and compression checks are sat isfied

Check design at end of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 22.6 kKN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vplyrd = Av” (fy / 3)) / gvo = 503.8 kN

Vy,Ed / Vc,y,Rd = 0.045
PASS - Design shear resistance exceeds design shear fo  rce

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 7.4 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mc,y,rd = 0.086
PASS - Design bending resistance moment exceeds design bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3; yy=-6.706 kNm/-7.372 kNm = 0.910
ay =-7.372 kNm / 7.655 kNm = -0.963
Cmy=0.95+0.05" ay =0.902

; yLT =-6.706 KkNm /-7.372 kNm = 0.910
aLt =-7.372 kNm / 7.655 kNm = -0.963
Cmt =0.95+0.05" art =0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy " (L +min(l y-0.2,0.8) " Ned/(cy  Nrx/gw)) =
1.124

kzy = 0.6~ kyy = 0.674
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cLr = 1.000
Ned / (Cy " Nrk/0Ou1) + kyy " Myeda/ (ct ™ MyRrk / gv1) = 0.589
NEed / (Cz " Nrk/ ov1) + Kzy " Myked/ (cut " Myrk/ ow) = 0.551

Interaction formulae - eq 6.61 & eq 6.62;

PASS - Combined bending and compression checks are sat isfied
Ylapaarre2 - Span 4 design
Section details
Section type; SHS 140x140x8.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S420NH
Nominal thickness of element; thom =t =8 mm
Nominal yield strength; fy = 420 N/mm?
Nominal ultimate tensile strength; fu = 540 N/mm?
Modulus of elasticity; E = 210000 N/mm?
I D (
(
. ( '
% & ) &) * )
% & ) &+ * .
- &'& &) * # Y
g &'& & +* #
&'& &)* # B ¢
&'8& & +* # ¢
>, e &)/ y ¢
& + / ( (
A \\ /
e ( »
Ylapaarre2 span 4 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 22.7 0.045 PASS
Bending resistance (y-y) kKNm 85.8 7.8 0.090 PASS
Compression resistance kN 1480.6 729.7 0.493 PASS
Comb. bending and axial force 0.593 PASS

Lateral restraint

Both flanges have lateral restraint at supports only
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Consider Combination 1 - 1.15K

G + 1.5KrQ + 1.5KrRO (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to bending and ¢

Width of section;

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

e= ({235 N/mm?/f,] = 0.75

ompression - Table 5.2 (sheet 1 of 3)
c=h-3" t=116 mm

a=min(h/2+Nes/ (2" 2"t f)-3" t/2]/c, 1) =0.968

c/t=145=19.4" e<=396" e/ (13" a-1);
Table 5.2 (sheet 1 of 3)
c=b-3"  t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1

Class 1

Section is class 1

Ned = 725.5 kN
Nc,rd = Npird =A™ fy / gwo = 1745.2 kN
Ned / Ncrd = 0.416

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lm2_sa = 2632 mm
Nery =p2” E” Iy / Lery? = 3575.6 kN
1y=&A" fy/ Nery) = 0.699

n6.3.1.1
a
ay=0.21
fy=05" (L+ay  (ly-0.2)+"1y%)=0.796
cy=min(1/ (fy + Qfy2 -1 y?), 1) = 0.848
Nbyrd=Cy A~ fy/gw =1480.6 kN
Ned / Nby,ra = 0.49

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lerz = Lm2_sa_seg1 = 2632 mm
Nerz=p? " E” 12/ Ler 22 = 3575.6 kKN
1 2=QA" fy/Nez) =0.699
n6.3.1.1
a
a:=0.21
f,=05" (1+a: (l:-0.2)+1,2=0.79
cz=min(1/(f.+ Qf2-"17?),1)=0.848
Nbzrd =Cz A~ fy/gw =1480.6 kN
Ned / Nb,zrd = 0.49

PASS - Design buckling resistance exceeds design compr

Check design at start of span

Check shear - Section 6.2.6
Height of web;

hw=h-2" t=124 mm; h =1.200

mpression

ession

ession
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hw/t=155=249" e/h<72" e/h
Shear buckling resistance can be ignored

Design shear force; Vyed = 22.7 KN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av” (fy / 3)) / gvo = 503.8 kN

Vy,ed / Vey,rd = 0.045
PASS - Design shear resistance exceeds design shear fo  rce
Check bending moment - Section 6.2.5
Design bending moment; My.ed = 7.4 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mc,y,rd = 0.086
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.416
aw=min(A-2" b" t)/A, 0.5)=0.461
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) = 65.2 kNm

My.ed / Mn,y,rd = 0.113
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =-6.521 kNm/-7.372 kNm = 0.885

ay =-7.372 kNm / 7.748 kNm = -0.951

Cmy =0.95+0.05" ay =0.902
; yiT =-6.521 KNm /-7.372 KNm = 0.885

aLr =-7.372 kNm/ 7.748 kNm = -0.951

Cmt=0.95+0.05" aLt = 0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy =1745.2 kN

Interaction factors; kyy=Cmy (L1 +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
1.123
kzy=0.6 " kyy=0.674

; cLt = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk/ gu1) = 0.586

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk/ gu1) = 0.548
PASS - Combined bending and compression checks are sat isfied

Check design 1335 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My,ed = 7.8 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mc,y,rd = 0.09
PASS - Design bending resistance moment exceeds design bending moment
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Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy =-6.521 kNm /-7.372 kNm = 0.885
ay =-7.372 kNm / 7.748 kNm = -0.951
Cmy = 0.95 +0.05 " ay = 0.902

y LT =-6.521 KNm /-7.372 kNm = 0.885
aLt =-7.372 kNm / 7.748 kNm = -0.951
Cmt=0.95+0.05 " aLt = 0.902

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpiy ~ fy = 85.8 kNm

Mzrk = Wpiz ~ fy = 85.8 kNm

Nrk= A~ fy = 1745.2 kN

Kyy =Cmy " (1 +min(’l y-0.2,0.8) " Neda/(cy " Nrk/ gu1)) =
1.124

Key = 0.6~ kyy = 0.674

ccr = 1.000

Ned/ (Cy " Nrk/0w1) + kyy " Myed/ (ct ™ MyRrk / gv1) = 0.593
Ned/ (Cz” Nrk/ gu1) + kzy ” Myed/ (Lt ™ Myrk / gu1) = 0.552

PASS - Combined bending and compression checks are sat isfied

Ylapaarre2 - Span 5 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 140x140x8.0 (Tata Steel Celsius)
S420NH

thom =t =8 mm

fy = 420 N/mm?

fu = 540 N/mm?

E = 210000 N/mm?

ry /

D <

140

(
% & ) &)+
% & ) & + *
&% &)* #
&% &+ * #
&'& &) * #
&'& & +* #
>, e &)/ )
&+ *

+v
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Ylapaarre2 span 5 results sumUnit |Capacity Maximum Utilisation Result
mary

Shear resistance (y-y) kN 503.8 23.5 0.047 PASS
Bending resistance (y-y) kNm 85.8 9.9 0.115 PASS
Compression resistance kN 1482.8 387.9 0.262 PASS
Comb. bending and axial force 0.314 PASS

Lateral restraint

Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K

rIG + 1.5KFQ + 1.5KrRO (Strength)

Classification of cross sections - Section 5.5

e= ({235 N/mm?2/f,] = 0.75

Internal compression parts subject to bending and ¢

Width of section;

ompression - Table 5.2 (sheet 1 of 3)

c=h-3"t=116 mm
a=min(lh/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.749

c/t=145=194" e<=396" e/ (13" a-1);

Internal compression parts subject to compression -

Width of section;

Table 5.2 (sheet 1 of 3)
c=b-3" t=116 mm

Class 1

Class 1
Section is class 1

c/t=145=19.4" e<=33" ¢

Check compression - Section 6.2.4
Ned = 383.7 kN
Nec,Rd = Npird = A~ fy/ guo = 1745.2 kN
Ned / Ncra = 0.22
PASS - Design compression resistance exceeds design co

Design compression force;
Design resistance of section - eq 6.10;

mpression

ction 6.3.1.3
Lery = Lm2_ss = 2622 mm
Nery =p?” E” ly/ Lery? = 3602.8 kN
I'y=QA " fy/ Ney) =0.696

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio n6.3.1.1
Buckling curve - Table 6.2; a
Imperfection factor - Table 6.1; ay=0.21

Buckling reduction determination factor; fy=05" (1+ay (ly-0.2)+"1)=0.794
cy=min(1/ (fy + Qfy2 -1 y?), 1) = 0.85
Nbyrd=Cy A~ fy/gw = 1482.8 kN

Ned / Nby,rd = 0.259

PASS - Design buckling resistance exceeds design compr

Buckling reduction factor - eq 6.49;
Design buckling resistance - eq 6.47;

ession
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3

Critical buckling length; Lerz = Lm2_s5_seg1 = 2622 mm

Critical buckling force; Nerz=p? " E” 12/ Ler,z2 = 3602.8 kKN
Slenderness ratio for buckling - eq 6.50; 1 2= QA" fy/ Nez2) =0.696

Check z-z axis flexural buckling resistance - Sectio n6.3.1.1

Buckling curve - Table 6.2; a

Imperfection factor - Table 6.1; az:=0.21

Buckling reduction determination factor; f2=05" (1+az:" (12:-02)+'1 2 =0.79%
Buckling reduction factor - eq 6.49; cz=min(1/(f.+ Qf2-"172),1)=0.85
Design buckling resistance - eq 6.47; Nbzrd=Cz A~ fy/gw = 1482.8 kN

Ned / Nb,z,rd = 0.259
PASS - Design buckling resistance exceeds design compr ession

Check design 1235 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 6.4 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.075
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.221
aw=min(A-2" b" t)/A, 0.5)=0.461
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) = 85.8 kNm

My.ed / Mn,y,rd = 0.075
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =-6.521 kNm/-9.902 kNm = 0.659

ay = 6.371 kNm /-9.902 kNm = -0.643

Cmy = max(0.2 + 0.8~ ay, 0.4) = 0.400
; yLT =-6.521 KNm /-9.902 kNm = 0.659

aLt = 6.371 kNm /-9.902 kNm = -0.643

CmLt = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy =1745.2 kN

Interaction factors; Kyy = Cmy = (1 + min(’l y-0.2,0.8) " Ned/(cy " Nrk/ gw1)) =
0.452
kzy = 0.6 " kyy=0.271

; cLt = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/0w1) + Ky~ Myeda/ (Ct ™ MyRrk/ gv1) = 0.294

Ned / (Cz " Nrk/ ov) + Kzy " Myked/ (cut " Myrk/ ow) = 0.28
PASS - Combined bending and compression checks are sat isfied
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Check design at end of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 23.5 kN
Shear area - cl 6.2.6(3); Av=A" h/(b+h)=2078 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vplyrd = Ay~ (fy / Q3)) / gvo = 503.8 kKN

Vy,Ed / Vc,y,Rd =0.047
PASS - Design shear resistance exceeds design shear fo  rce

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 9.9 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.115
PASS - Design bending resistance moment exceeds design bending moment
Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =-6.521 kNm/-9.902 kNm = 0.659
ay = 6.371 kNm /-9.902 kNm = -0.643
Cmy = max(0.2 + 0.8 ay, 0.4) =0.400
; yLt =-6.521 kNm /-9.902 kNm = 0.659
aLt =6.371 kNm /-9.902 kNm = -0.643
CmLt = max(0.2 + 0.8~ arr, 0.4) = 0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpry ~ fy = 85.8 kNm

Characteristic moment resistance; MzRrk = Wpiz~ fy = 85.8 KNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy " (L1 +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
0.452
kzy = 0.6 " kyy =0.271

; cut = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk/ gu1) = 0.314

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk/ gu1) = 0.293
PASS - Combined bending and compression checks are sat isfied

Ylapaarre2 - Span 6 design

Section details

Section type; SHS 140x140x8.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S420NH

Nominal thickness of element; thom =t =8 mm

Nominal yield strength; fy = 420 N/mm?

Nominal ultimate tensile strength; fu = 540 N/mm?

Modulus of elasticity; E = 210000 N/mm?
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Ylapaarre2 span 6 results sumUnit |Capacity Maximum Utilisation Result
mary
Shear resistance (y-y) kN 503.8 26.1 0.052 PASS
Bending resistance (y-y) kKNm 85.8 10.2 0.118 PASS
Compression resistance kN 1480.6 387.4 0.262 PASS
Comb. bending and axial force 0.314 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?2/f,] = 0.75

Internal compression parts subject to bending and ¢ ompression - Table 5.2 (sheet 1 of 3)

Width of section; c=h-37 t=116 mm
a=min(h/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.749
c/t=145=19.4" e<=396" e/ (13" a-1), Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=116 mm

c/t=145=19.4" e<=33" ¢ Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force; Ned = 383.2 kN
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Design resistance of section - eq 6.10;

Nec,Rd = Npird = A~ fy/ guo = 1745.2 kN
Ned / Nera = 0.22

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lm2_se = 2632 mm
Nery =p2” E” Iy / Lery? = 3575.6 kN
1y=&A" fy/ Nery) = 0.699

n6.3.1.1
a
ay =021
fy=05" (1+ay” (ly-0.2)+,)=0.796
cy=min(1/ (fy + Qfy2-"1 y?), 1) =0.848
Nbyrd=Cy A~ fy/gw =1480.6 kN
NEed / Nby,rd = 0.259

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Ler,z = Lm2_s6_seg1 = 2632 mm
Nerz=p? " E” 12/ Lerz2 = 3575.6 kKN
1 2=QA" fy/Nez) =0.699
n6.3.1.1
a
a:=0.21
f,=05" (1+a: (l:-0.2)+12=0.79
cz=min(1/(f.+ Qf2-"172),1)=0.848
Nbzrd =Cz A~ fy/gw =1480.6 kN
Ned / Nb,zrd = 0.259

PASS - Design buckling resistance exceeds design compr

Check design at start of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - ¢l 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

hw=h-2" t=124 mm; h =1.200
hw/t=155=249" e/h<72 " e/h

mpression

ession

ession

Shear buckling resistance can be ignored

Vyed = 26.1 kN

Av=A" h/(b+h)=2078 mm?

VeyRd = Vply,rd = Ay~ (fy / 3)) / gvo = 503.8 kN
Vyed / Vey,rd = 0.052

PASS - Design shear resistance exceeds design shear fo

My.ed = 9.9 KNm
Me,y,rRd = Mply,Rd = Woly . fy/ Ovo = 85.8 kNm
My,Ed / Mc,y,Rd =0.115

rce

bending moment
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Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.22
aw=min((A-2" b" t)/A, 0.5)=0.461
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = Mpiyrd = Min((L-n)/(1-0.5" aw), 1) = 85.8 kNm

My.ed / Mny,rd = 0.115
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =0kNm/-9.902 kNm = 0.000

ay = 9.744 kNm / -9.902 kNm = -0.984

Cmy = max(0.2 + 0.8~ ay, 0.4) = 0.400
; yir = 0kNm/-9.902 kNm = 0.000

aLt = 9.744 kNm / -9.902 kNm = -0.984

Cmit = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy = 85.8 kNm

Characteristic resistance to normal force; Nrk = A~ fy =1745.2 kN

Interaction factors; Kyy = Cmy = (1 + min(’l y-0.2,0.8) " Ned/(cy " Nrk/ gw1)) =
0.452
kzy = 0.6 " kyy=0.271

; cLt = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned / (Cy " Nrk/0w1) + kyy " Myeda/ (Ct ™ MyRrk/ gv1) = 0.311

NEed / (Cz " Nrk/ gxlll) + kzy ’ My ed / (CLT ’ My, rk / gxlll) =0.29
PASS - Combined bending and compression checks are sat isfied

Check design 1538 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My,ed = 10.2 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 85.8 KNm
My.ed / Mcy,rd = 0.118
PASS - Design bending resistance moment exceeds design bending moment
Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy=0kNm/-9.902 kNm = 0.000
ay = 9.744 kNm / -9.902 kNm = -0.984
Cmy = max(0.2 + 0.8 ay, 0.4) =0.400
; yLt =0 kNm/-9.902 kNm = 0.000
aLt = 9.744 kNm / -9.902 kNm = -0.984
CmLt = max(0.2 + 0.8 art, 0.4) =0.400

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy = 85.8 kNm

Characteristic moment resistance; MzRrk = Wpiz~ fy = 85.8 KNm

Characteristic resistance to normal force; Nrk = A~ fy=1745.2 kN

Interaction factors; kyy=Cmy (L +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =

0.452
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kzy = 0.6 " kyy =0.271
; cLt = 1.000
Interaction formulae - eq 6.61 & eq 6.62; Ned / (Cy " Nrk/0u1) + kyy " Myeda/ (ct ™ MyRrk/ gu1) = 0.314
Ned / (€2~ Nrk/gui) + kzy” Myeda/ (cLt ™ Myrk / gu1) = 0.293
PASS - Combined bending and compression checks are sat isfied

Alapaarre design

Section details

Section type; SHS 120x120x6.0 (Tata Steel Celsius)

Steel grade - Table 3.1; S355H

Nominal thickness of element; thom =t =6 mm

Nominal yield strength; fy = 355 N/mm?

Nominal ultimate tensile strength; fu =510 N/mm?

Modulus of elasticity; E = 210000 N/mm?

t D

v 46.348 mm
, 46.348 mm

ey 96572 mm®
o1z 96572 mm?
oy 114667 mm3
o 114667 mm3
—»| 6 | ,» 5794309 mm#

2 5794309 mm*

120

v =/
Alapaarre results summary Unit | Capacity Maximum Utilisation Result
Shear resistance (y-y) kN 276.4 0.8 0.003 PAS$S
Bending resistance (y-y) kKNm 40.7 1.6 0.039 PASS
Tension resistance kN 957.6 771.8 0.806 PASS
Comb. bending and axial force 0.828 PASS

Lateral restraint
Both flanges have lateral restraint at supports only
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Consider Combination 1 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)

Width of section; c=h-37 t=102 mm

c/t=17=209" e<=72" € Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=102 mm

c/t=17=20.9 e<=33" g Class 1

Section is class 1
Check tension - Section 6.2.3
Design tension force; Ned = 603.5 kN
Design resistance of section - eq 6.6; Ntrd = Npird = A" fy / guo = 957.6 kN
Ned / Ntra = 0.63
PASS - Design tension resistance exceeds design tensio n

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=108 mm; h =1.200
hw/t=18=265"e/h<72" elh
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 0.8 kN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=1349 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av”~ (fy / O3)) / gvo = 276.4 kN

Vy,Ed / Vc,y,Rd =0.003
PASS - Design shear resistance exceeds design shear fo  rce

Check design 7319 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 1.6 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy / guo = 40.7 KNm
My.ed / Mcy,rd = 0.039
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.806
av=min((A-2" b” t)/A, 0.5) =0.466
Reduced plastic moment resistance - Eq.6.39; Mny,Rrd = Mpiyrd = Min((2-n)/(1-0.5" aw), 1) = 10.3 kNm

My.ed / Mn,y,rd = 0.153
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay =0 kNm/1.218 kNm = 0.000

Cmy =0.95+0.05" ay =0.950
; yLt = 1.000

art =0 kNm/1.218 kNm = 0.000
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Interaction factors k ij for members not susceptible to torsional deformati

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

Cmt=0.95+ 0.05" aLt =0.950

My,Rk = Wpl.y ’ fy =40.7 kNm
Mzrk = Wpl.z ’ fy =40.7 KNm
Nrk = A~ fy = 957.6 kN

kyy = Cmy =0.950

kzy =0.6" kyy =0.570

cur = 1.000

kyy ’ My,Ed / (CLT ! My,Rk / g\/ll) =0.037

ons - Table B.1

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk / gu1) = 0.972

PASS - Combined bending and compression checks are sat isfied
Diagonaalil design
Section details
Section type; SHS 90x90x6.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =6 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu =510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
% &) ) (
% & ) &+ * (
- &'& & )* #
4 " &"'& &+ * #
&"'& &) * #
&"'& &+ * #
> &)1 (
&+ * / (
e »
Diagonaalil results summary Unit | Capacity Maximum Uilisation Result
Shear resistance (y-y) kN 202.6 0.2 0.001 PAS$S
Bending resistance (y-y) KNm 21.9 0.2 0.008 PASS
Tension resistance kN 702.0 442.5 0.630 PASS
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Comb. bending and axial force ‘ ‘ ‘ ‘ 0.635 ‘ PAﬁS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)

Width of section; c=h-3"  t=72mm

c/t=12=147" e<=72" € Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=72mm

c/t=12=147" e<=33" g Class 1

Section is class 1

Check tension - Section 6.2.3
Design tension force; Ned = 442.5 kN
Design resistance of section - eq 6.6; Ntrd = Npird = A" fy / guo = 702 kN
Ned / Ntrd = 0.63
PASS - Design tension resistance exceeds design tensio n

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2"t=78 mm; h =1.200
hw/t=13=19.2" e/h<72" el/h
Shear buckling resistance can be ignored

Design shear force; Vyed = 0.2 kN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=989 mm?
Design shear resistance - cl 6.2.6(2); Veyrd = Vplyrd = Av ™ (fy / O3)) / gvo = 202.6 kN

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear fo  rce

Check design 1510 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 0.2 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy / guo = 21.9 KNm
My.ed / Mcy,rd = 0.008
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.63
av=min((A-2" b” t)/A, 0.5)=0.454
Reduced plastic moment resistance - Eq.6.39; Mny,Rrd = Mpryrd = Min((2-n)/(1-0.5" aw), 1) = 10.5 kNm

My.ed / Mn,y,rd = 0.016
PASS - Reduced bending resistance moment exceeds desig  n bending moment



LIITE 9

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3; yy =1.000
ay =0 kNm/0.173 kNm = 0.000
Cmy =0.95+0.05" ay =0.950

; y LT =1.000
art =0 kNm/0.173 kNm = 0.000
Cmt=0.95+0.05" aLt = 0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy =21.9 kNm
Characteristic moment resistance; Mzrk = Wpiz ~ fy =21.9 kNm
Characteristic resistance to normal force; Nrk = A~ fy =702 kN
Interaction factors; kyy = Cmy = 0.950

kzy = 0.6~ kyy = 0.570
; cLt = 1.000
Interaction formulae - eq 6.61 & eq 6.62; kyy © Mykd / (cLt© Myrk / gu1) = 0.007

Ned / (Cz " Nrk/ gxlll) + kzy ’ My ed / (CLT ’ My, rk / gxlll) =0.747
PASS - Combined bending and compression checks are sat isfied

Diagonaali2 design

Section details

Section type; SHS 90x90x6.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H

Nominal thickness of element; thom =t =6 mm

Nominal yield strength; fy = 355 N/mm?

Nominal ultimate tensile strength; fu =510 N/mm?

Modulus of elasticity; E = 210000 N/mm?
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Diagonaali2 results summary Unit | Capacity Maximum Uilisation Result
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Shear resistance (y-y) kN 202.6 0.2 0.001 PASS
Bending resistance (y-y) KNm 21.9 0.2 0.008 PASS
Tension resistance KN 702.0 442.5 0.630 PASS
Comb. bending and axial force 0.635 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 1 - 1.15K gG + 1.5KrQ + 1.5KrRQ (Strength)

Classification of cross sections - Section 5.5
e= (235 N/mm?2/f,] = 0.81

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)

Width of section; c=h-3" t=72mm

c/t=12=147" e<=72" ¢ Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=72mm

c/t=12=147" e<=33" g Class 1

Section is class 1

Check tension - Section 6.2.3
Design tension force; Ned = 442.3 kN
Design resistance of section - eq 6.6; Ntrd = Npirda = A" fy / gvuo = 702 kN
Ned / Nt,rd = 0.63
PASS - Design tension resistance exceeds design tensio n

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2" t=78 mm; h =1.200
hw/t=13=19.2" e/h<72" el/h
Shear buckling resistance can be ignored

Design shear force; Vyed = 0.2 kN
Shear area - cl 6.2.6(3); Av=A" h/(b+h)=989 mm?
Design shear resistance - cl 6.2.6(2); Vey,rd = Vplyrd = Av ™ (fy / 3)) / gvo = 202.6 kN

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear fo  rce

Check design 1510 mm along span
Check bending moment - Section 6.2.5
Design bending moment; My,ed = 0.2 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 21.9 KNm
My.ed / Mc,y,rd = 0.008
PASS - Design bending resistance moment exceeds design bending moment
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Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.63
aw=min((A-2" b" t)/A, 0.5)=0.454
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((L-n)/(1-0.5" aw), 1) = 10.5 kNm

My.ed / Mn,y,rd = 0.016
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay =0 kNm/0.173 kNm = 0.000

Cmy =0.95+0.05" ay =0.950
; y Lt =1.000

art =0 kNm/0.173 kNm = 0.000

Cmt=0.95+0.05" aLt = 0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy =21.9 kNm
Characteristic moment resistance; Mzrk = Wpiz~ fy =21.9 kNm
Characteristic resistance to normal force; Nrk = A~ fy =702 kN
Interaction factors; kyy = Cmy = 0.950

kzy = 0.6 " kyy = 0.570
; cLt = 1.000
Interaction formulae - eq 6.61 & eq 6.62; kyy © Myed / (cLt© MyRrk / gu1) = 0.007

Ned / (Cz " Nrk/ gxlll) + kzy ’ My ed / (CLT ’ My, rk / gxlll) =0.747
PASS - Combined bending and compression checks are sat isfied

Diagonaali3 design

Section details

Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H

Nominal thickness of element; thom =t =4 mm

Nominal yield strength; fy = 355 N/mm?

Nominal ultimate tensile strength; fu = 510 N/mm?

Modulus of elasticity; E = 210000 N/mm?



LIITE 9

A / \
o
(
% & ) &) )
% & ) & + .
- &'& & )* #
= " &"'& &+ * #
&"'& &) * #
&8 &+ * # -
—» (| &) * 1 (« (
&+x | .« ¢
A \\ /
e »
Diagonaali3 results summary Unit | Capacity Maximum Uilisation Result
Compression resistance kN 352.2 50.2 0.142 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Consider Combination 1 - 1.15K G + 1.5KrQ + 1.5KrRQ (Strength)
Classification of cross sections - Section 5.5
e= (235 N/mm?2/f,] = 0.81
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm
c/t=17=209" e<=33" ¢ Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=h-3"  t=68mm
c/t=17=209" e<=33" ¢ Class 1

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

Slenderness ratio for y-y axis flexural buckling - Se

Critical buckling length;
Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Ned = 50.2 kN
Nc,Rd = Npird = A ™ fy / gvo = 425.6 kN
Ned / Ncra = 0.118
PASS - Design compression resistance exceeds design co

ction 6.3.1.3

Lcr,y = Lm6_sl =1750 mm
Nery = p2 TET I/ |_<:r,y2 =774.6 kN

1 y= A" fy/ Nery) = 0.741

Section is class 1

mpression
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Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

n6.3.1.1
a
ay=0.21
fy=05" (L+ay  (l1y-0.2)+"1°)=0.832
cy=min(1/ (fy + Qfy2-"1y?), 1) =0.828
Nbyrd=cCy A~ fy/gui =352.2 kN
Ned / Nby,rda = 0.142

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Ler,z = Lme_s1_seg1 = 1750 mm
Nerz=p? " E” 2/ Ler 2 = 774.6 KN
T ,=QA" fy/ Nerz) = 0.741
n6.3.1.1
a
a:=0.21
f,=05" (1+a: (l:-0.2)+,2)=0.832
cz=min(1/(f.+ Qf2-"17?)),1)=0.828
Nbzrd =Cz A~ fy/guw =352.2 kN
Ned / Nb,zrd = 0.142

PASS - Design buckling resistance exceeds design compr

Diagonaali4 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 80x80x4.0 (Tata Steel Celsius)
S355H

thom =t =4 mm

fy = 355 N/mm?

fu =510 N/mm?

E = 210000 N/mm?

7y / \
(
(
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% & ) & + * .
&'& &)* # )
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Diagonaali4 results summary Unit | Capacity Maximum Uilisation Result
Compression resistance kN 352.2 50.2 0.142 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm
c/t=17=209 e<=33" g Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=h-3" t=68mm
c/t=17=209 e<=33" g Class 1

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

Section is class 1

Ned = 50.2 kN
Nc,rd = Npird = A7 fy / gwo = 425.6 kN
Ned / Nera = 0.118
mpression
ction 6.3.1.3
Lery = Lm7_s1 = 1750 mm
Nery=p? " E” ly/ Lery? = 774.6 kN
1y=QA~ fy/Nay) =0.741
n6.3.1.1
a
ay=0.21
fy=05" (L+ay  (1y-0.2)+"1%)=0.832
cy=min(1/ (fy + Qfy2-"1y?), 1) =0.828
Nbyrd=cCy A~ fy/gui =352.2 kN
Ned / Nby,ra = 0.142
ession
ction 6.3.1.3
Ler,z = Lm7_s1_seg1 = 1750 mm
Nerz=p? " E” Iz/ Ler? = 774.6 kN
1 2=QA" fy/Naz) =0.741
n6.3.1.1
a
a:=0.21
fz=05" (1+az:" (12-0.2)+"1 % =0.832
cz=min(1/(f.+ Qf2-"17?),1)=0.828
Nbzrd =Cz A~ fy/guw =352.2 kN
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Ned / Nbzrd = 0.142

PASS - Design buckling resistance exceeds design compr ession
Diagonaali5 design
Section details
Section type; SHS 90x90x6.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =6 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu =510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
% & ) &) y (
% & ) & + (
" &'& &) * # Y
3 &'& &+ * #
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Diagonaali5 results summary Unit | Capacity Maximum Uilisation Result
Shear resistance (y-y) kN 202.6 0.2 0.001 PAS$S
Bending resistance (y-y) kKNm 21.9 0.2 0.009 PASS
Compression resistance kN 222.9 276.8 1.242 FAIL
Comb. bending and axial force 1.257 FAIL

Lateral restraint

Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5

e= ({235 N/mm?/f,] = 0.81

Internal compression parts subject to bending and ¢

Width of section;

ompression - Table 5.2 (sheet 1 of 3)

c=h-3"t=72mm
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Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

FAIL - Design compression exceeds design buckling r

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

FAIL - Design compression exceeds design buckling r

Check design at start of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - ¢l 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

a=min((h/2+Nea/ (2" 2" t" fy)-3" t/2]/c,1)=0.951
c/t=12=147" e<=396" e/ (13" a-1); Class 1

Table 5.2 (sheet 1 of 3)
c=b-3"t=72mm
c/t=12=147" e<=33" g Class 1

Section is class 1

Ned = 276.8 kKN

Nec,Rd = Npird =A™ fy / gvwo = 702 kKN

Ned / Nc,ra = 0.394

mpression

ction 6.3.1.3
Lery = Lmsg s1 = 3288 mm
Nery =p? " E” ly/ Lery? = 440.5 kN
y=QA" fy/ Ney) =1.262
n6.3.1.1
a
ay=1
fy=05" (1+ay (ly-0.2)+"1%=1.828
cy=min(1/ (fy + Qfy2-'1?), 1) =0.317
Nbyrd =Cy A~ fy/gu =222.9 kN
Ned / Nby,rd = 1.242
esistance
ction 6.3.1.3
Ler,z = Lms_s1_seg1 = 3288 mm
Nerz=p? " E” Iz / Lerz2 = 440.5 kN
1 2=QA" fy/Nez) =1.262
n6.3.1.1
a
a:=1
fz=05" (L+az" (12-0.2)+'1 ;%) =1.828
cz=min(1/ (f.+ Qf2-"1 2), 1) =0.317
Nbzrd =Cz A~ fy/guw =222.9 kN
Ned / Nb,z,rd = 1.242
esistance

hw=h-2"t=78 mm;
hw/t=13=19.2" e/h <72  elh
Shear buckling resistance can be ignored

h =1.200

VyEd = 0.2 kN
Av=A" h/(b+h) =989 mm2
Vey,Rd = Vply,Rd = Av ’ (fy / q3)) / Ovo = 202.6 kN
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Check design 1644 mm along span

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear f  orce

My.ed = 0.2 KNm
Mc,y,Rd = Mpl,y,Rd = WpIAy ’ fy/ Ovo = 21.9 kNm
My,Ed / Mc,y,Rd =0.009

PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

Reduced plastic moment resistance - Eq.6.39;

N = Ned / Npi,rd = 0.394

aw=min((A-2" b” t)/A, 0.5) = 0.454

Mn.y,Rd = Mpiyra ~ Min((L-n)/(1-0.5" aw), 1) =17.2 kNm
My.ed / Mn,y,rd = 0.011

PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=1.000

ay = 0 kNm/0.188 kNm = 0.000
Cmy =0.95+0.05" ay =0.950

y Lt =1.000

aLt =0 kNm/0.188 kNm = 0.000
Cmt =0.95 + 0.05 " aLt = 0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpry ~ fy =21.9 kNm

Mzrk = Wpiz ~ fy =21.9 kNm

Nek= A~ f, = 702 kN

Kyy=Cmy " (L + min(’l y-0.2,0.8) " Ned/ (cy " Nrk/ gw1)) =
1.893

Koy = 0.6~ kyy = 1.136

cLr = 1.000

Ned / (Cy " Nrk/0w1) + Ky~ Myeda/ (Ct ™ MyRrk/ gv1) = 1.257
Ned/ (€2~ Nrk/gui) + kzy” Myeda/ (cLt ™ Mygrk / gu) = 1.251

FAIL - Combined bending and compression checks are not satisfied

Diagonaali6 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 90x90x6.0 (Tata Steel Celsius)
S355H

thom =t =6 mm

fy = 355 N/mm?

fu =510 N/mm?

E = 210000 N/mm?
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Diagonaali6 results summary Unit | Capacity Maximum Uilisation Result
Shear resistance (y-y) kN 202.6 0.2 0.001 PAS$S
Bending resistance (y-y) kKNm 21.9 0.2 0.009 PASS
Compression resistance kN 222.9 276.8 1.242 FAIL
Comb. bending and axial force 1.257 FAIL

Lateral restraint

Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5

e= ({235 N/mm?/f,] = 0.81

Internal compression parts subject to bending and ¢

Width of section;

ompression - Table 5.2 (sheet 1 of 3)

c=h-3"t=72mm

a=min(h/2+Nea/(2 2" t" fy)-3"t/2]/c,1)=0.951
c/t=12=147" e<=396" e/ (13" a-1);

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

Table 5.2 (sheet 1 of 3)
c=b-3"t=72mm
c/t=12=147" e<=33" g

Ned = 276.8 kN
Nc,rd = Npird = A" fy / gwo = 702 kN
Ned / Ncra = 0.394

Class 1

Class 1

Section is class 1



LIITE 9

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmg_s1 = 3288 mm
Nery =p? " E” ly/ Lery? = 440.5 kN
y=QA" fy/ Ney) =1.262

n6.3.1.1
a
ay=1
fy=05" (L+ay (ly-0.2)+"1%=1.828
cy=min(1/(fy + Qfy2-'1?), 1) =0.317
Nbyrd =Cy A~ fy/gu =222.9 kN
Ned / Nby,rd = 1.242

FAIL - Design compression exceeds design buckling r

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lerz = Lmo_s1_seg1 = 3288 mm
Nerz=p? " E” Iz / Lerz2 = 440.5 kN
1 2=QA" fy/Nez) =1.262
n6.3.1.1
a
az=1
fz=05" (L+az" (12-0.2)+'1 ;%) =1.828
cz=min(1/ (f.+ Qf2-"1 2), 1) =0.317
Nbzrd=Cz A~ fy/gui =222.9 kN
Ned / Nb,z,rd = 1.242

FAIL - Design compression exceeds design buckling r

Check design at start of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - ¢l 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check design 1644 mm along span

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

hw=h-2"t=78 mm; h =1.200

hw/t=13=19.2" e/h<72" elh

mpression

esistance

esistance

Shear buckling resistance can be ignored

Vyed = 0.2 kN

Av=A" h/(b+h)=989 mm?

Veyrd = Vpiy,rd = Ay~ (fy / 3)) / gvo = 202.6 kN
Vy,ed / Vey,rd = 0.001

PASS - Design shear resistance exceeds design shear fo

My.ed = 0.2 KNm
Me,y,rRd = Mply,Rd = Woly . fy/ Ovo = 21.9 kNm
My,Ed / Mc,y,Rd =0.009

N = Ned / Npi,rd = 0.394

rce

bending moment
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Reduced plastic moment resistance - Eq.6.39;

aw=min((A-2" b" t)/ A, 0.5)=0.454
Mn,y,Rd = Mpiyrd ~ Min((L-n)/(1-0.5" aw), 1) = 17.2 kNm
My.ed / Mn,y,rd = 0.011

PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=1.000

ay =0 kNm/0.188 kNm = 0.000

Cmy=0.95+0.05" ay =0.950

y Lt = 1.000

aLt =0 kNm/0.188 kNm = 0.000
CmLt =0.95 + 0.05 " aLt = 0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpry ~ fy =21.9 kNm

Mzrk = Wpiz ~ fy =21.9 kNm

Nrc= A~ fy = 702 kN

Kyy=Cmy~ (1 + min(l y-0.2,0.8) " Ned/(cy " Nrk/gw1)) =
1.893

kay = 0.6 " kyy = 1.136

cut = 1.000

Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk/ gu1) = 1.257
Ned/ (Cz~ Nrk/ gu1) + Kzy * Myed/ (Cut ™ Myrk/ gu1) = 1.251

FAIL - Combined bending and compression checks are not satisfied

Diagonaali7 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 80x80x4.0 (Tata Steel Celsius)
S355H

thom =t =4 mm

fy = 355 N/mm?

fu =510 N/mm?

E = 210000 N/mm?
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Diagonaali7 results summary Unit | Capacity Maximum Uilisation Result
Shear resistance (y-y) kN 122.9 0.1 0.001 PASS
Bending resistance (y-y) KNm 12.1 0.1 0.009 PASS
Tension resistance kN 425.6 152.2 0.358 PASS
Comb. bending and axial force 0.363 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Classification of cross sections - Section 5.5

e= (235 N/mm?2/f,] = 0.81
Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)
Width of section; c=h-3  t=68mm

c/t=17=209" e<=72" ¢ Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm

c/t=17=209" e<=33" ¢ Class 1

Check tension - Section 6.2.3
Design tension force;
Design resistance of section - eq 6.6;

Check design at start of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - cl 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check design 1648 mm along span

Check bending moment - Section 6.2.5
Design bending moment;

Ned = 152 kN

Ntrd = Np,rd = A7 fy / gvo = 425.6 kN
Ned / Nt,ra = 0.357
PASS - Design tension resistance exceeds design tensio

hw=h-2"t=72mm;
hw/t=18=26.5"e/h<72" el/h
Shear buckling resistance can be ignored

Vyed = 0.1 kN
A=A h/(b+h) =599 mm2
VeyRd = Vpiy,rd = Ay~ (fy / O3)) / gwo = 122.9 kN
Vyed / Vey,rd = 0.001

PASS - Design shear resistance exceeds design shear fo

My.ed = 0.1 kKNm

Section is class 1

h=1.200

n

rce



LIITE 9

Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 12.1 KNm
My,Ed / Mc,y,Rd =0.009
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.357
av=min((A-2"b" t)/A, 0.5)=0.466
Reduced plastic moment resistance - Eq.6.39; Mny,Rrd = Mpryrd = Min((2-n)/(1-0.5" aw), 1) = 10.1 kNm

My.ed / MnyRrd = 0.011
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay =0 kNm/0.115 kNm = 0.000

Cmy =0.95+0.05" ay=0.950
; y Lt = 1.000

aLt =0 kNm/0.115 kNm = 0.000

CmLt =0.95+0.05" art =0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1
Characteristic moment resistance; My,rk = Wpry ~ fy =12.1 kNm
Characteristic moment resistance; MzRrk = Wpiz~ fy =12.1 KNm
Characteristic resistance to normal force; Nrk = A~ fy =425.6 kN
Interaction factors; kyy = Cmy = 0.950

kzy = 0.6 " kyy =0.570
; cut = 1.000
Interaction formulae - eq 6.61 & eq 6.62; kyy © Myed/ (cLt” Myrk / gu1) = 0.009

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt” MyRrk/ gu1) = 1.131
PASS - Combined bending and compression checks are sat isfied

Diagonaali8 design

Section details

Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H

Nominal thickness of element; thom =t =4 mm

Nominal yield strength; fy = 355 N/mm?

Nominal ultimate tensile strength; fu = 510 N/mm?

Modulus of elasticity; E = 210000 N/mm?
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Diagonaali8 results summary Unit | Capacity Maximum Uilisation Result
Shear resistance (y-y) kN 122.9 0.1 0.001 PAS$S
Bending resistance (y-y) kKNm 12.1 0.1 0.009 PASS
Tension resistance kN 425.6 152.2 0.358 PASS
Comb. bending and axial force 0.363 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)

Width of section; c=h-3" t=68mm

c/t=17=209" e<=72" € Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm

c/t=17=209 e<=33" g Class 1

Section is class 1

Check tension - Section 6.2.3
Design tension force; Ned = 152 kN
Design resistance of section - eq 6.6; Ntrd = Npird = A" fy / gvuo = 425.6 kN
Ned / Nt,rd = 0.357
PASS - Design tension resistance exceeds design tensio n
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Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2"t=72mm; h =1.200
hw/t=18=26.5"e/h<72" elh
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 0.1 kN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=599 mm?
Design shear resistance - cl 6.2.6(2); Veyrd = Vplyrd = Ay~ (fy / Q3)) / gvo = 122.9 kN

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear fo  rce

Check design 1648 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 0.1 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy/ guo = 12.1 KNm
My.ed / Mcy,rd = 0.009
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.357
av=min((A-2" b’ t)/A, 0.5) = 0.466
Reduced plastic moment resistance - Eq.6.39; Mny,Rrd = Mpiyrd = Min((2-n)/(1-0.5" aw), 1) = 10.1 kNm

My.ed / Mn,y,rd = 0.011
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay =0 kNm/0.115 kNm = 0.000

Cmy =0.95+0.05" ay=0.950
; y LT =1.000

aLt =0 kNm/0.115 kNm = 0.000

CmLt =0.95+0.05" art =0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My.rk = Wpiy ~ fy =12.1 kNm
Characteristic moment resistance; Mzrk = Wpiz ~ fy =12.1 kNm
Characteristic resistance to normal force; Nrk = A" fy =425.6 kN
Interaction factors; kyy = Cmy = 0.950

kzy = 0.6 " kyy = 0.570
; cLt = 1.000
Interaction formulae - eq 6.61 & eq 6.62; kyy © Mykd / (cLt© Myrk / gu1) = 0.009

NEed / (Cz " Nrk/ g\lll) + kzy ’ My ed / (CLT ’ My, rk / g\lll) =1.131
PASS - Combined bending and compression checks are sat isfied

Diagonaali9 design
Section details
Section type; SHS 80x80x4.0 (Tata Steel Celsius)
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Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

S355H

thom =t =4 mm

fy = 355 N/mm?

fu =510 N/mm?

E = 210000 N/mm?
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Diagonaali9 results summary Unit | Capacity Maximum Uilisation Result
Compression resistance kN 188.4 45.7 0.243 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm
c/t=17=209 e<=33" g Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=h-3" t=68mm
c/t=17=209 e<=33" g Class 1

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

PASS - Design compression resistance exceeds design co

Ned = 45.7 kN

Section is class 1

Nc,Rd = Npird = A ™ fy / gvo = 425.6 kN

Ned / Ncra = 0.107

mpression
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Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmiz_s1 = 2250 mm
Nery =p? " E” ly/ Lery? = 468.6 kN
I'y=QA " fy/ Ney) =0.953

n6.3.1.1
a
ay=1
fy=05" (1+ay (ly-0.2)+"1%)=1.331
cy=min(1/ (fy + Qfy2-"1?), 1) =0.443
Nbyrd =Cy A~ fy/gw =188.4 kN
Ned / Nby,rd = 0.243

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lerz = Lmi2_s1_segr = 2250 mm
Nerz=p? " E” Iz / Lerz? = 468.6 kN
1 2=QA" fy/Nez) =0.953
n6.3.1.1
a
az=1
fz=05" (1+az" (12-0.2)+71 ;% =1.331
cz=min(1/ (f.+ Qf2-"1 ), 1) =0.443
Nbzrd=Cz A~ fy/guw1 =188.4 kN
Ned / Nb,z,rd = 0.243

PASS - Design buckling resistance exceeds design compr

Diagonaalil0 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

SHS 80x80x4.0 (Tata Steel Celsius)
S355H

thom=t=4 mm

fy = 355 N/mm?

fu =510 N/mm?

E = 210000 N/mm?

ession

ession
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Diagonaalil0 results summary Unit | Capacity Maximum |Utilisation Result
Compression resistance kN 188.4 45.7 0.243 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm
c/t=17=209" e<=33" ¢ Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=h-3" t=68mm
c/t=17=209" e<=33" ¢ Class 1

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

Slenderness ratio for y-y axis flexural buckling - Se

Critical buckling length;
Critical buckling force;
Slenderness ratio for buckling - eq 6.50;

Ned = 45.7 kN
Nc,rd = Npird = A7 fy / gwo = 425.6 kN
Ned / Ncra = 0.107
PASS - Design compression resistance exceeds design co

ction 6.3.1.3

Lcr,y = Lm13_sl = 2250 mm
Nery = p2 TET ! Lc:r,y2 =468.6 kKN

| y = qA ’ fy/ Ncr,y) =0.953

Check y-y axis flexural buckling resistance - Sectio

Buckling curve - Table 6.2;

n6.3.1.1

Section is class 1

mpression
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Imperfection factor - Table 6.1;
Buckling reduction determination factor;
Buckling reduction factor - eq 6.49;
Design buckling resistance - eq 6.47;

ay=1
fy=05" (1+ay (ly-0.2)+1,2)=1331
cy=min(1/ (fy + Qfy2-"1 ?), 1) =0.443
Nbyrd =Cy A~ fy/gu =188.4 kN

Ned / Nby,rd = 0.243

PASS - Design buckling resistance exceeds design compr ession
Slenderness ratio for z-z axis flexural buckling - Se  ction 6.3.1.3
Critical buckling length; Lerz = Lmis_s1_seg1 = 2250 mm
Critical buckling force; Nerz=p? " E” Iz / Lerz? = 468.6 kN
Slenderness ratio for buckling - eq 6.50; 1 2=QA" fy/Nez) =0.953
Check z-z axis flexural buckling resistance - Sectio n6.3.1.1
Buckling curve - Table 6.2; a
Imperfection factor - Table 6.1; a:=1
Buckling reduction determination factor; f.=05" (1+a:” (1:-02)+'1;»)=1.331
Buckling reduction factor - eq 6.49; cz=min(L/(f+ QfA2-"1:2), 1) =0.443
Design buckling resistance - eq 6.47; Nbzrd=Cz A’ fy/gw = 188.4 kN
Ned / Nbz,rd = 0.243
PASS - Design buckling resistance exceeds design compr ession
Diagonaalill design
Section details
Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =4 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu = 510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
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Diagonaalill results summary Unit | Capacity Maximum |Utilisation Result
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Shear resistance (y-y) kN 122.9 0.1 0.001 PASS
Bending resistance (y-y) KNm 12.1 0.1 0.010 PASS
Compression resistance kN 103.4 65.7 0.636 PASS
Comb. bending and axial force 0.649 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5
e= ({235 N/mm?2/f,] = 0.81

Internal compression parts subject to bending and ¢ ompression - Table 5.2 (sheet 1 of 3)

Width of section; c=h-3" t=68mm
a=min(lh/2+Nea/ (2" 2" t" fy)-3" t/2]/¢c,1)=0.670
c/t=17=209" e<=396" e/ (13" a-1); Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm

c/t=17=20.9 e<=33" ¢ Class 1
Section is class 1

Check compression - Section 6.2.4
Design compression force; Ned = 65.7 kN
Design resistance of section - eq 6.10; Nc,rd = Npird =A™ fy / gvo = 425.6 kKN
Ned / Ncra = 0.154
PASS - Design compression resistance exceeds design co mpression

Slenderness ratio for y-y axis flexural buckling - Se ction 6.3.1.3

Critical buckling length; Lery = Lmia_s1 = 3621 mm

Critical buckling force; Nery=p? " E” ly/ Lery? = 180.9 kN
Slenderness ratio for buckling - eq 6.50; 1y=QA" fy/Ney) =1.534

Check y-y axis flexural buckling resistance - Sectio n6.3.1.1

Buckling curve - Table 6.2; a

Imperfection factor - Table 6.1; ay=1

Buckling reduction determination factor; fy=05" (1+ay” (1y-0.2)+"1,%)=2.343
Buckling reduction factor - eq 6.49; cy=min(1/(fy + Qfy2-"1 ?), 1) =0.243
Design buckling resistance - eq 6.47; Nbyrd =Cy A~ fy/gw =103.4 kN

Ned / Nby,rd = 0.636
PASS - Design buckling resistance exceeds design compr ession

Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3

Critical buckling length; Lerz = Lmia_s1_seg1 = 3621 mm
Critical buckling force; Nerz=p? " E” Iz/ Lerz2 = 180.9 kN
Slenderness ratio for buckling - eq 6.50; 1 2=QA" fy/Nez) =1.534
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Check z-z axis flexural buckling resistance - Sectio n6.3.1.1

Buckling curve - Table 6.2; a

Imperfection factor - Table 6.1; a:=1

Buckling reduction determination factor; f.=05" (1+a:” (12-02)+"1 ;%) =2.343
Buckling reduction factor - eq 6.49; cz=min(L/(f+ QfA2-"172),1)=0.243
Design buckling resistance - eq 6.47; Nbzrd=Cz A’ fy/gw =103.4 kN

Ned / Nb,z,rd = 0.636
PASS - Design buckling resistance exceeds design compr ession

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2"t=72 mm; h =1.200
hw/t=18=26.5"e/h<72" elh
Shear buckling resistance can be ignored

Design shear force; Vyed = 0.1 kN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=599 mm?
Design shear resistance - cl 6.2.6(2); Veyrd = Vplyrd = Av” (fy / 3)) / gvo = 122.9 kN

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear fo  rce

Check design 1811 mm along span
Check bending moment - Section 6.2.5
Design bending moment; My,ed = 0.1 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 12.1 KNm
My.ed / Mcy,rd = 0.01
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.154
aw=min((A-2" b" t)/A, 0.5)=0.466
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) =12.1 kNm

My.ed / Mnyrd = 0.01
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay = 0 kNm/0.126 kNm = 0.000

Cmy =0.95+0.05" ay=0.950
; y Lt = 1.000

aLt = 0kNm/0.126 kNm = 0.000

Cmt =0.95+0.05" art =0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpry ~ fy =12.1 kNm

Characteristic moment resistance; MzRrk = Wpiz~ fy =12.1 KNm

Characteristic resistance to normal force; Nrk = A~ fy =425.6 kN

Interaction factors; kyy=Cmy " (L1 +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =

1.432
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Interaction formulae - eq 6.61 & eq 6.62;

kzy =06~ kyy =0.859
cur = 1.000

Ned / (Cy " Nrk/0Ou1) + Ky~ Myeda/ (Ct ™ MyRrk / gv1) = 0.649
Ned / (Cz " Nrk/ ov1) + Kzy " Myked/ (cut " Myrk/ ow1) = 0.643

PASS - Combined bending and compression checks are sat isfied
Diagonaalil2 design
Section details
Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =4 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu =510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
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Diagonaalil2 results summary Unit | Capacity Maximum |Utilisation Result
Shear resistance (y-y) kN 122.9 0.1 0.001 PASS
Bending resistance (y-y) kKNm 12.1 0.1 0.010 PASS
Compression resistance kN 103.4 65.7 0.636 PASS
Comb. bending and axial force 0.649 PASS

Lateral restraint

Both flanges have lateral restraint at supports only
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Classification of cross sections - Section 5.5

Internal compression parts subject to bending and ¢

Width of section;

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

e= ({235 N/mm?/f,] = 0.81

ompression - Table 5.2 (sheet 1 of 3)
c=h-3" t=68mm

a=min(h/2+Nes/ (2" 2"t f)-3" t/2]/c, 1)=0.670

c/t=17=20.9" e<=396" e/ (13" a-1);
Table 5.2 (sheet 1 of 3)
c=b-3" t=68mm

c/t=17=20.9" e<=33" ¢ Class 1

Class 1

Section is class 1

Ned = 65.7 kN
Nc,rd = Npird = A7 fy / gwo = 425.6 kN
Ned / Ncra = 0.154

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmis_s1 = 3621 mm
Nery = p2” E” Iy / Lery? = 180.9 kN
1y=&A" fy/ Ney) = 1.534

n6.3.1.1
a
ay=1
fy=05" (L+ay  (1y-0.2)+"1 %) =2343
cy=min(1/ (fy + Qfy2 -1 y?), 1) =0.243
Nbyrd=cy A~ fy/guwi =103.4 kN
Ned / Nby,rd = 0.636

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Ler,z = Lmis_s1_seg1 = 3621 mm
Nerz=p? " E” 2/ Ler22 = 180.9 kN
1 2=QA" fy/Nez) =1.534
n6.31.1
a
az=1
f,=05" (1+a: (l:-0.2)+1 2)=2343
cz=min(1/(f:+ Qf2-"172),1)=0.243
Nbzrd =Cz A~ fy/gw =103.4 kN
Ned / Nbz,rd = 0.636

PASS - Design buckling resistance exceeds design compr

Check design at start of span

Check shear - Section 6.2.6
Height of web;

hw=h-2"t=72mm; h =1.200

hw/t=18=265"e/h<72" elh

mpression

ession

ession
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Design shear force;
Shear area - ¢l 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check design 1811 mm along span

Check bending moment - Section 6.2.5
Design bending moment;

Design bending resistance moment - eq 6.13;

Shear buckling resistance can be ignored
Vyed = 0.1 kN
Av=A" h/(b+h)=599 mm?
Vey,rd = Vplyrd = Av”~ (fy / 3)) / gvo = 122.9 kN
Vy,ed / Vey,rd = 0.001
PASS - Design shear resistance exceeds design shear fo  rce

My.ed = 0.1 KNm
Me,y,rRd = Mply,Rd = Woly . fy/ Ovo = 12.1 kNm
My,Ed / Mc,y,Rd =0.01

PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio;

Reduced plastic moment resistance - Eq.6.39;

N = Ned / Npi,rd = 0.154

aw=min((A-2" b t)/A, 0.5)=0.466

Mn.y,Rd = Mpiyra = Min((1-n)/(1-0.5" aw), 1) =12.1 kNm
My.ed / Mn,y,rd = 0.01

PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3

Equivalent uniform moment factors - Table B.3;

yy=1.000

ay =0 kNm/0.126 kNm = 0.000

Cmy=0.95+0.05" ay =0.950

y Lt =1.000

aLt =0 kNm/0.126 kNm = 0.000
CmLt =0.95 + 0.05 " aLt = 0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance;
Characteristic moment resistance;
Characteristic resistance to normal force;
Interaction factors;

Interaction formulae - eq 6.61 & eq 6.62;

My,rk = Wpry ~ fy =12.1 kNm

Mzrk = Wpiz ~ fy =12.1 kNm

Nrc= A" fy = 425.6 kN

Kyy=Cmy "~ (1 + min(l y-0.2,0.8) " Ned/(cy " Nrk/gw1)) =
1.432

kzy = 0.6~ kyy = 0.859

cut = 1.000

Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk/ gu1) = 0.649
Ned/ (Cz~ Nrk/ gu1) + Kzy * Myed/ (cut ™ Myrk/ gu1) = 0.643

PASS - Combined bending and compression checks are sat isfied

Diagonaalil3 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;

SHS 80x80x4.0 (Tata Steel Celsius)
S355H

thom =t=4 mm

fy = 355 N/mm?

fu =510 N/mm?
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Modulus of elasticity; E = 210000 N/mm?
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Diagonaalil3 results summary Unit | Capacity Maximum |Utilisation Result
Shear resistance (y-y) kN 122.9 0.1 0.001 PASS
Bending resistance (y-y) KNm 12.1 0.1 0.010 PASS
Compression resistance kN 103.7 6.0 0.058 PASS
Comb. bending and axial force 0.067 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5
e= (235 N/mm?2/f,] = 0.81

Internal compression parts subject to bending and ¢

Width of section; c=h-3" t=68mm

a=min(lh/2+Nea/ (2" 2" t" fy)-3"t/2]/c,1)=0.515
c/t=17=209" e<=396" e/ (13" a-1);

Table 5.2 (sheet 1 of 3)
c=b-3"t=68mm
c/t=17=20.9 e<=33" ¢

Internal compression parts subject to compression -
Width of section;

Check compression - Section 6.2.4
NEed = 6 kN
Nc,rd = Npird = A" fy / gwo = 425.6 kN

Design compression force;
Design resistance of section - eq 6.10;

ompression - Table 5.2 (sheet 1 of 3)

Class 1

Class 1

Section is class 1
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Ned / Ncra = 0.014

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmis_s1 = 3614 mm
Nery = p2” E” ly/ Lery? = 181.6 kN
Ty=8A" fy/Nery) = 1.531

n6.3.1.1
a
ay=1
fy=05" (1+ay” (1y-0.2)+"1?)=2.337
cy=min(1/(fy + Qfy2-"1?), 1) =0.244

Nbyrd=cCy A~ fy/gui =103.7 kN
Ned / Nby,rd = 0.058

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Ler,z = Lmis_s1_seg1 = 3614 mm
Nerz=p? " E” 2/ Ler2 = 181.6 kKN
2= QA" fy/ Nerz) = 1.531
n6.3.1.1
a
az=1
f,=05 (1+a: (1:-0.2)+" ;2 =2337
cz=min(1/(f.+ Qf2-"172), 1) =0.244
Nbzrd =Cz A~ fy/gw =103.7 kN
Ned / Nb,zrd = 0.058

PASS - Design buckling resistance exceeds design compr

Check design at start of span

Check shear - Section 6.2.6
Height of web;

Design shear force;
Shear area - ¢l 6.2.6(3);
Design shear resistance - cl 6.2.6(2);

Check design 1807 mm along span

Check bending moment - Section 6.2.5
Design bending moment;
Design bending resistance moment - eq 6.13;

PASS - Design bending resistance moment exceeds design

hw=h-2"t=72mm; h =1.200
hw/t=18=26.5"e/h<72" elh

Shear buckling resistance can be
Vy,ed = 0.1 kN
Av=A" h/(b+h)=599 mm?
Vey,rd = Vplyrd = Ay (fy / 3)) / gvo = 122.9 kN
Vyed / Vey,rd = 0.001

PASS - Design shear resistance exceeds design shear fo

My.ed = 0.1 KNm
Mc,y,Rd = Mpl,y,Rd = WpIAy ’ fy/ Ovo = 12.1 KNm
My,Ed / Mc,y,Rd =0.01

mpression

ession

ession

ignored

rce

bending moment
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Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.014
aw=min((A-2" b t)/A, 0.5)=0.466
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) =12.1 kNm

My.ed / Mn,y,rd = 0.01
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay = 0 kNm/ 0.125 kNm = 0.000

Cmy =0.95+0.05" ay =0.950
; y Lt =1.000

art = 0 kNm/0.125 kNm = 0.000

Cmt=0.95+0.05" aLt = 0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My,rk = Wpiy ~ fy =12.1 kNm

Characteristic moment resistance; Mzrk = Wpiz ~ fy =12.1 kNm

Characteristic resistance to normal force; Nrk = A" fy =425.6 kN

Interaction factors; Kyy = Cmy = (1 + min(’l y-0.2,0.8) " Ned/(cy " Nrk/ gw1)) =
0.993
kzy = 0.6~ kyy = 0.596

; cLt = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned / (Cy " Nrk/0Ou1) + Ky~ Myeda/ (ct ™ MyRrk / gv1) = 0.067

NEed / (Cz " Nrk/ gxlll) + kzy ’ My ed / (CLT ’ My, rk / gxlll) =0.062
PASS - Combined bending and compression checks are sat isfied

Diagonaalil4 design

Section details

Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H

Nominal thickness of element; thom =t =4 mm

Nominal yield strength; fy = 355 N/mm?

Nominal ultimate tensile strength; fu =510 N/mm?

Modulus of elasticity; E = 210000 N/mm?
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Diagonaalil4 results summary Unit | Capacity Maximum |Utilisation Result
Compression resistance kN 149.6 43.4 0.290 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm
c/t=17=209" e<=33" ¢ Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=h-3" t=68mm
c/t=17=209" e<=33" ¢ Class 1

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

Slenderness ratio for y-y axis flexural buckling - Se

Critical buckling length;
Critical buckling force;
Slenderness ratio for buckling - eq 6.50;

Ned = 43.4 kN
Nc,rd = Npird = A7 fy / gwo = 425.6 kN
Ned / Ncrd = 0.102
PASS - Design compression resistance exceeds design co

ction 6.3.1.3

Lery = Lmi7_s1 = 2750 mm
Nery = p2 TET ! Lc:r,y2 =313.7 kN

| y = qA ’ fy/ Ncr,y) =1.165

Check y-y axis flexural buckling resistance - Sectio

Buckling curve - Table 6.2;

n6.3.1.1

Section is class 1

mpression
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Imperfection factor - Table 6.1;
Buckling reduction determination factor;
Buckling reduction factor - eq 6.49;
Design buckling resistance - eq 6.47;

ay=1
fy=05" (1+ay (ly-0.2)+,)=1661
cy=min(1/ (fy + Qfy2 -1 ?), 1) = 0.352
Noyrd =Cy~ A~ fy/ gw = 149.6 kN

Ned / Nby,rd = 0.29

PASS - Design buckling resistance exceeds design compr ession
Slenderness ratio for z-z axis flexural buckling - Se  ction 6.3.1.3
Critical buckling length; Lerz = Lmi7_s1_seg1 = 2750 mm
Critical buckling force; Nerz=p? " E” Iz/ Lerz2 = 313.7 kN
Slenderness ratio for buckling - eq 6.50; 1 2=QA" fy/Nez) =1.165
Check z-z axis flexural buckling resistance - Sectio n6.3.1.1
Buckling curve - Table 6.2; a
Imperfection factor - Table 6.1; a:=1
Buckling reduction determination factor; f.=05" (1+a:” (1:-02)+"1 2 =1.661
Buckling reduction factor - eq 6.49; cz=min(l/(f+ QfA2-"172), 1) =0.352
Design buckling resistance - eq 6.47; Nbzrd =Cz A’ fy/gw =149.6 kN
Ned / Nb,z,rd = 0.29
PASS - Design buckling resistance exceeds design compr ession
Diagonaalil5 design
Section details
Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =4 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu = 510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
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Diagonaalil5 results summary Unit | Capacity Maximum |Utilisation Result
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Shear resistance (y-y) kN 122.9 0.1 0.001 PASS
Bending resistance (y-y) KNm 12.1 0.1 0.011 PASS
Tension resistance KN | 425.6 65.5 0.154 PASS
Comb. bending and axial force 0.160 PASS

Lateral restraint
Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5
e= ({235 N/mm?2/f,] = 0.81

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)
Width of section; c=h-3" t=68mm
c/t=17=209" e<=72" ¢ Class 1

Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=68mm

c/t=17=209" e<=33" ¢ Class 1

Section is class 1

Check tension - Section 6.2.3
Design tension force; Ned = 65.1 kN
Design resistance of section - eq 6.6; Ntrd = Npirda = A" fy / guo = 425.6 kN

Ned / Nt,ra = 0.153

PASS - Design tension resistance exceeds design tensio  n

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2"t=72mm; h =1.200
hw/t=18=26.5"e/h<72" el/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 0.1 kN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=599 mm?
Design shear resistance - cl 6.2.6(2); Veyrd = Vplyrd = Ay~ (fy / Q3)) / gvo = 122.9 kN

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear fo  rce

Check design 1992 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My,ed = 0.1 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy / guo = 12.1 KNm
My.ed / Mcy,rd = 0.011
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9
Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.153
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aw=min((A-2" b t)/A, 0.5)=0.466
Reduced plastic moment resistance - Eq.6.39; Mny,Rd = Mpiyra ~ Min((L-n)/(1-0.5" aw), 1) =12.1 kNm
My.ed / MnyRrd = 0.011
PASS - Reduced bending resistance moment exceeds desig  n bending moment
Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000
ay = 0 kNm/0.138 kNm = 0.000
Cmy =0.95+0.05" ay =0.950
; y Lt = 1.000
art = 0 kNm/0.138 kNm = 0.000
CmLt =0.95+0.05" art =0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1
Characteristic moment resistance; My,rk = Wory ~ fy =12.1 kNm
Characteristic moment resistance; MzRrk = Wpiz~ fy =12.1 KNm
Characteristic resistance to normal force; Nrk = A~ fy =425.6 kN
Interaction factors; kyy = Cmy = 0.950

kzy = 0.6 " kyy =0.570
; cut = 1.000
Interaction formulae - eq 6.61 & eq 6.62; kyy " Myged/ (cLt” Myrk/ gv1) = 0.011

Ned/ (Cz”~ Nrk/gwi) + kzy " Myed/ (cLt ™ MyRrk/ gu1) = 0.443
PASS - Combined bending and compression checks are sat isfied

Diagonaalil6 design

Section details

Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =4 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu =510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
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Diagonaalil6 results summary Unit | Capacity Maximum |Utilisation Result
Shear resistance (y-y) kN 122.9 0.1 0.001 PASS
Bending resistance (y-y) KNm 12.1 0.1 0.010 PASS
Compression resistance kN 103.7 6.0 0.058 PASS
Comb. bending and axial force 0.067 PASS

Lateral restraint

Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5

e= (235 N/mm?2/f,] = 0.81

Internal compression parts subject to bending and ¢

Width of section;

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

c=b-3"t=68mm
c/t=17=20.9" e<=33" ¢

ompression - Table 5.2 (sheet 1 of 3)
c=h-3  t=68mm

a=min(lh/2+Nea/ (2" 2" t" fy)-3"t/2]/c,1)=0.515
c/t=17=209" e<=396" e/ (13" a-1);

Table 5.2 (sheet 1 of 3)

Ned = 6 kN

Nc,Rd = Npird = A ™ fy / gvo = 425.6 kN
Ned / Ncra = 0.014
PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se

Critical buckling length;
Critical buckling force;
Slenderness ratio for buckling - eq 6.50;

ction 6.3.1.3

Lcr,y = Lm19_sl =3614 mm
Nery = p2 TET I/ |_<:r,y2 =181.6 kN
| y = qA ’ fy/ Ncr,y) =1.531

Check y-y axis flexural buckling resistance - Sectio

Buckling curve - Table 6.2;
Imperfection factor - Table 6.1;
Buckling reduction determination factor;
Buckling reduction factor - eq 6.49;
Design buckling resistance - eq 6.47;

a

n6.3.1.1

ay:l
fy:0.5, (1+ay, (\I y'0.2)+‘| y2) =2.337

Cy = m|n(1 / (fy + (-Xfy2 - yz)), 1) =0.244

Nbyrd=Cy A~ fy/gu =103.7 kN

Ned / Nby,rd = 0.058

Class 1

Class 1

Section is class 1

PASS - Design buckling resistance exceeds design compr

mpression

ession
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3

Critical buckling length; Lerz = Lm19_s1_seg1 = 3614 mm

Critical buckling force; Nerz=p? " E” 2/ Ler2 = 181.6 KN
Slenderness ratio for buckling - eq 6.50; 1 2=QA" fy/Nez) =1.531

Check z-z axis flexural buckling resistance - Sectio n6.3.1.1

Buckling curve - Table 6.2; a

Imperfection factor - Table 6.1; az=1

Buckling reduction determination factor; fz=05" (1+az:" (1:-0.2)+"1 2 =2337
Buckling reduction factor - eq 6.49; cz=min(l/(f:+ Qf2-"172),1)=0.244
Design buckling resistance - eq 6.47; Nbzrd =Cz A~ fy/gw =103.7 kN

Ned / Nb,z,rd = 0.058
PASS - Design buckling resistance exceeds design compr ession

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2"t=72mm; h =1.200
hw/t=18=26.5"e/h<72" e/h
Shear buckling resistance can be ignored

Design shear force; Vy,ed = 0.1 kN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=599 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vplyrd = Ay~ (fy / Q3)) / gvo = 122.9 kN

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear fo  rce

Check design 1807 mm along span

Check bending moment - Section 6.2.5
Design bending moment; My.ed = 0.1 KNm
Design bending resistance moment - eq 6.13; Mcy.Rd = Mply.rd = Wpiy ~ fy / guo = 12.1 KNm
My.ed / Mcy,rd = 0.01
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.014
av=min((A-2" b’ t)/A, 0.5)=0.466
Reduced plastic moment resistance - Eq.6.39; Mny,Rrd = Mpiyrd = Min((2-n)/(1-0.5" aw), 1) =12.1 kNm

My.ed / Mn,y,rd = 0.01
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay = 0 kNm/ 0.125 kNm = 0.000

Cmy =0.95+0.05" ay=0.950
; yLr =1.000

aLt =0 kNm/0.125 kNm = 0.000

CmLt =0.95+0.05" art =0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1
Characteristic moment resistance; My,rk = Wpry ~ fy =12.1 kNm
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Characteristic moment resistance; Mzrk = Wpiz ~ fy =12.1 kNm

Characteristic resistance to normal force; Nrk = A~ fy =425.6 kN

Interaction factors; kyy=Cmy (L1 +min(l y-0.2,0.8) " Ned/(cy " Nrx/gw)) =
0.993
kzy = 0.6~ kyy = 0.596

; cut = 1.000

Interaction formulae - eq 6.61 & eq 6.62; Ned/ (Cy " Nrk/ gu1) + Kyy "~ Myed/ (cut ™ Myrk / gu1) = 0.067

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt ™ MyRrk / gu1) = 0.062
PASS - Combined bending and compression checks are sat isfied

Diagonaalil7 design

Section details

Section type; SHS 80x80x4.0 (Tata Steel Celsius)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =4 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu =510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
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Diagonaalil7 results summary Unit | Capacity Maximum |Utilisation Result
Compression resistance kN 149.6 43.4 0.290 PA

Lateral restraint
Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5
e= ({235 N/mm?/f,] = 0.81
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Internal compression parts subject to compression -
Width of section;

Internal compression parts subject to compression -
Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

Table 5.2 (sheet 1 of 3)
c=b-3" t=68mm

c/t=17=209 e<=33" g Class 1
Table 5.2 (sheet 1 of 3)

c=h-3" t=68mm

c/t=17=20.9 e<=33" g Class 1

Section is class 1

Ned = 43.4 kN
Nc,rd = Npird = A7 fy / gwo = 425.6 kN
Ned / Ne,ra = 0.102

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lm2o_s1 = 2750 mm
Nery = p2” E” ly/ Lery? = 313.7 kN
1y=AA" fy/ Ney) = 1.165

n6.3.1.1
a
ay=1
fy=05" (L+ay (l1y-0.2)+"1 %) =1.661
cy=min(1/ (fy + Qfy2 -1 y?), 1) =0.352
Nbyrd=cCy A~ fy/gui1 =149.6 kN
Ned / Nby,ra = 0.29

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Ler,z = Lm2o_s1_seg1 = 2750 mm
Nerz=p? " E” 2/ Ler2 = 313.7 kN
1 ,=QA" fy/ Ners) = 1.165
n6.31.1
a
az=1
f,=05" (1+a: (l:-0.2)+2)=1661
cz=min(1/(f:+ Qf2-"17?), 1) =0.352
Nbzrd =Cz A~ fy/gui =149.6 kN
Ned / Nb,z,rd = 0.29

PASS - Design buckling resistance exceeds design compr

Diagonaalil8 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;

SHS 80x80x4.0 (Tata Steel Celsius)
S355H

thom =t =4 mm

fy = 355 N/mm?

fu =510 N/mm?

mpression

ession

ession
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Modulus of elasticity; E = 210000 N/mm?
FY / \
o
(
% & ) &) )
% & ) & + .
- &'& &) * # "y , (
e &'& &+ * # o (
&'& &) * # 9
&8 &+ * #
—» ([ &) * 1 y (€ (
&+ (« (
A \\ /
l€ »
= gl
Diagonaalil8 results summary Unit | Capacity Maximum |Utilisation Result
Shear resistance (y-y) kN 122.9 0.1 0.001 PASS
Bending resistance (y-y) KNm 12.1 0.1 0.011 PASS
Tension resistance kN 425.6 65.5 0.154 PASS
Comb. bending and axial force 0.160 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Classification of cross sections - Section 5.5
e= (235 N/mm?2/f,] = 0.81
Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3)
Width of section; c=h-3"  t=68mm
c/t=17=209" e<=72" ¢ Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3  t=68mm
c/t=17=209" e<=33" ¢ Class 1

Check tension - Section 6.2.3
Design tension force;
Design resistance of section - eq 6.6;

N

Ed = 65.1 kN

Ntrd = Npird = A" fy / guo = 425.6 kN

N

ed / Ntrd = 0.153

Section is class 1
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PASS - Design tension resistance exceeds design tensio  n

Check design at start of span

Check shear - Section 6.2.6
Height of web; hw=h-2"t=72 mm; h =1.200
hw/t=18=265"e/h<72" elh
Shear buckling resistance can be ignored

Design shear force; Vyed = 0.1 kN
Shear area - ¢l 6.2.6(3); Av=A" h/(b+h)=599 mm?
Design shear resistance - cl 6.2.6(2); Vey.rd = Vplyrd = Ay~ (fy / Q3)) / gvo = 122.9 kN

Vy,Ed / Vc,y,Rd =0.001
PASS - Design shear resistance exceeds design shear fo  rce

Check design 1992 mm along span
Check bending moment - Section 6.2.5
Design bending moment; My.ed = 0.1 KNm
Design bending resistance moment - eq 6.13; Mc,y,Rd = Mply,rd = Wpiy ~ fy/ guo = 12.1 KNm
My.ed / Mcy,rd = 0.011
PASS - Design bending resistance moment exceeds design bending moment

Check bending and axial force - Section 6.2.9

Normal force to plastic resistance force ratio; N = Ned / Npi,rd = 0.153
aw=min(A-2" b t)/A, 0.5)=0.466
Reduced plastic moment resistance - Eq.6.39; Mn,y,Rd = MpiyRd = Min((X-n)/(1-0.5" aw), 1) =12.1 kNm

My.ed / Mny,rd = 0.011
PASS - Reduced bending resistance moment exceeds desig  n bending moment

Check combined bending and compression - Section 6.3 3
Equivalent uniform moment factors - Table B.3; yy =1.000

ay = 0 kNm/0.138 kNm = 0.000

Cmy=0.95+0.05" ay =0.950
; y Lt = 1.000

art = 0 kNm/0.138 kNm = 0.000

Cmt=0.95+0.05" aLt = 0.950

Interaction factors k ij for members not susceptible to torsional deformati ons - Table B.1

Characteristic moment resistance; My.rk = Wpiy ~ fy =12.1 kNm
Characteristic moment resistance; Mzrk = Wpiz ~ fy =12.1 kNm
Characteristic resistance to normal force; Nrk = A~ fy =425.6 kN
Interaction factors; kyy = Cmy = 0.950

kzy = 0.6 " kyy = 0.570
; cLt = 1.000
Interaction formulae - eq 6.61 & eq 6.62; kyy © Myed / (cLt© Myrk / gu1) = 0.011

Ned/ (Cz”~ Nrk/gw1) + kzy " Myed/ (cLt” MyRrk/ gu1) = 0.443
PASS - Combined bending and compression checks are sat isfied
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Tedds calculation version 2.1.01

Tedds calculation version 1.0.27

PUUPILARI
In accordance with EN1995-1-1:2004 + A2:2014 incorpo  rating corrigendum June 2006 and the Finnish na-
tional annex
ANALYSIS
Geometry
Geometry (m) - GL28c - 240x720
A\
A:HX
Materials
Name Density Youngs Mo- | Shear Modulus| Thermal Coef-
dulus ficient
(kg/md) kN/mm? kKN/mm? oct
GL28c 390 12.5 0.65 0
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Sections
Name Area Moment of inertia | Shear area parallel
to
Major Minor Minor Major
(cn¥) (cn) (cm?) (cnv) (cn¥)
240x720 1728 746496 82944 1440 1440
Nodes
Node | Co-ordinates Freedom Coordinate sys- Spring
tem
X Z X Z Rot. | Name | Angle X Z Rot.
(m) (m) (®) | (KN/m) | (KN/m) | KNm/°
1 0 0 Fixed| Fixed  Free 0 0 0 0
2 0 4.5 Fixed| Free Free 0 0 0 0
3 0 8.5 Free Free Free 0 0 0 G
Elements
Ele- | Length Nodes Section Material Releases Rotag
ment ted
(m) Start | End Start | End | Axial
mo- mo-
ment | ment
1 4.5 1 2 240x720 GL28c Fixed Fixed Fixed
2 4 2 3 240x720 GL28c Fixed Fixed Fixed
Members
Name Elements
Start End
Jannel 1 1
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Name Elements
Start End
Janne2 2 2
Loading

Self weight included

Permanent - Loading (kN)
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Load combination factors

Imposed - Loading (kN)

157.2

S |o
c Q
Load combination =55 |3
no|E o
= |5 |E
o
1.35Kr G (Strength) 1.35/1.35
1.0G + 1.0Q + 1.0RQ (Service) 1.00/1.00(1.00
1.0G + 1.9 2Q (Quasi) 1.00/1.00{0.30
1.15KsG + 1.5K=Q + 1.5K=RQ (Strength)1.15| 1.15|1.50
1.15krG  + 15KQ + 1.5 0KrS 1.15/1.15/1.50
(Strength)
1.0G + 1.0Q + 1¥0S (Service) 1.00{1.00| 1.00
1.0G + 1. 2Q+ 1.0/ 2S (Quasi) 1.00/1.00{0.30




LIITE 12

-5 |3
Load combination =5 |G 2
no|E Q
= |5 |E
o
1.15KeG  + 1.5 0KrQ + 1.5Kk5S 1.15/1.15/1.05
(Strength)
1.0G + 1.9 0Q + 1.0S (Service) 1.00/1.00|0.70
1.0G + 1.0Q + 1¥0S + 1.9/ oW (Service)| 1.00| 1.00] 1.00
Member Loads
Member Load case Load Type | Orientatit Description
on
Jannel Permanent Point load Globalz 584.1 kN at¥.5
Janne2 Permanent Point load Globalz 419.3kNat4 m
Jannel Imposed Point loag Globalz 187.2kNat4.5m
Janne2 Imposed Point loag Globa‘lz 157.2KkN at4 m
Results
Total base reactions
Load case/combination Force
FX FZ
(kN) (kN)
1.35KrG (Strength) 0 1362.2
1.0G+1.0Q+10RQ (Ser- O 1353.4
vice)
1.0G + 1.9 2Q (Quasi) 0 1112.3
1.15KsG + 1.5KQ + 0 1677
1.5KrIRQ (Strength)
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Load case/combination Force
FX Fz
(KN) (kN)
1.15KqG + 1.5KeQ + 0 1677
1.5y o)KriS (Strength)
1.0G + 1.0Q + 1¥0S (Ser- 0 1353.4
vice)
1.0G +1.920+ 1.0/ 2S 0 1112.3
(Quasi)
1.15KrG + 1.5/ oKFIQ + 0 1522
1.5KriS (Strength)
1.0G + 1.§0Q + 1.0S (Sert+ 0 1250.1
vice)
1.0G + 1.0Q + 1¥0S + 0 13534
1.0y oW (Service)
Element end forces
Load combination: 1.35K riG (Strength)
Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) Start/End| (kN) (KN) (KNm)
1 4.5 1 -1362.2 0 0
2 569.6 0 0
2 4 2 -569.6 0 0
3 0 0 0
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Load combination: 1.0G + 1.0Q + 1.0RQ (Service)

Ele- | Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1353.4 0 0
2 579.1 0 0
2 4 2 -579.1 0 0
3 0 0 0
Load combination: 1.0G + 1.0 y2Q (Quasi)
Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1112.3 0 0
2 469.1 0 0
2 4 2 -469.1 0 0
3 0 0 0
Load combination: 1.15K rG + 1.5KriQ + 1.5KrRQ (Strength)
Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1677 0 0
2 721 0 0
2 4 2 -721 0 0
3 0 0 0
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Load combination: 1.15K rG + 1.5KrQ + 1.5y oKrS (Strength)

Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1677 0 0
2 721 0 0
2 4 2 -721 0 0
3 0 0 0
Load combination: 1.0G + 1.0Q + 1.0 y oS (Service)
Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1353.4 0 0
2 579.1 0 0
2 4 2 -579.1 0 0
3 0 0 0
Load combination: 1.0G + 1.0 y2Q+ 1.0y 2S (Quasi)
Ele- | Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1112.3 0 0
2 469.1 0 0
2 4 2 -469.1 0 0
3 0 0 0
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Load combination: 1.15K rG + 1.5y oKrQ + 1.5KrS (Strength)

Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1522 0 0
2 650.3 0 0
2 4 2 -650.3 0 0
3 0 0 0
Load combination: 1.0G + 1.0 yoQ + 1.0S (Service)
Ele- Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1250.1 0 0
2 532 0 0
2 4 2 -532 0 0
3 0 0 0
Load combination: 1.0G + 1.0Q + 1.0 y oS + 1.0y oW (Service)
Ele- | Length Nodes | Axial for-|Shear for-| Moment
ment ce ce
(m) |Start/End| (kN) (kN) (kNm)
1 4.5 1 -1353.4 0 0
2 579.1 0 0
2 4 2 -579.1 0 0
3 0 0 0
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Forces

Strength combinations - Moment envelope (kNm)
[¢]

All combinations - Axial force envelope (kN)

—t

721

1677
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Member results

Envelope - Strength combinations

Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Jannel 0 0 0 0 0 0
Janne2 0 0 0 0 0 0

Envelope - All combinations

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1677 (max) 4.5 0 (min)
Janne2 0 721 4 0 (min)

1.35KrG (Strength) - Moment (kNm)
[¢]
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Member results

1.35KrG (Strength) - Axial force (kN)

13622

Load combination: 1.35K rG (Strength)

FO

5696,

Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Jannel 0 0 0 0 0 0
Janne2 0 0 0 0 0 0
Load combination: 1.35K G (Strength)
Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1362.2 (max) 4.5 0 (min)
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Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Janne2 0 569.6 4 0 (min)

1.0G + 1.0Q + 1.0RQ (Service) - Axial force (kN)

5191
$

1353.4

Member results

Load combination: 1.0G + 1.0Q + 1.0RQ (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1353.4 (max) 4.5 0 (min)
Janne2 0 579.1 4 0 (min)
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1.0G + 1.0y 2Q (Quasi) - Axial force (kN)

1,

1123

Member results

Load combination: 1.0G + 1.0 y2Q (Quasi)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1112.3 (max) 4.5 0 (min)
Janne2 0 469.1 4 0 (min)
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1.15KmG + 1.5KrQ + 1.5KrRQ (Strength) - Moment (KNm)
]

1.15KrG + 1.5KrQ + 1.5KrRQ (Strength) - Axial force (KN)
B

721

1677
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Member results

Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Q

1.15KrG + 1.5KrQ + 1.5y oKriS (Strength) - Moment (KNm)

Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Jannel 0 0 0 0 0 0
Janne2 0 0 0 0 0 0
Load combination: 1.15K #G + 1.5KAQ + 1.5KmRQ (Strength)
Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1677 (max 4.5 0 (min)
Janne2 0 721 4 0 (min)
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Member results

1.15KrG + 1.5KrQ + 1.5y oKriS (Strength) - Axial force (kN)

0

21

1677

Load combination: 1.15K rG + 1.5KrQ + 1.5y oKrS (Strength)

Member Shear force Moment
Pos Max abs Pos Max Min
(m) (kN) (m) (kNm) (m) (kNm)
Jannel 0 0 0 0 0
Janne2 0 0 0 0 0
Load combination: 1.156K rG + 1.5KrQ + 1.5y oKriS (Strength)
Member Axial force
Pos Max Pos Min
(m) (KN) (m) (kN)
Jannel 0 1677 (max) 4.5 0 (min)
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Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Janne2 0 721 4 0 (min)

1.0G + 1.0Q + 1.0y oS (Service) - Axial force (kN)

B

5191

1353.4

Member results

Load combination: 1.0G + 1.0Q + 1.0 y oS (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1353.4 (max) 4.5 0 (min)
Janne2 0 579.1 4 0 (min)
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1.0G + 1.0y 2Q+ 1.0y 2S (Quasi) - Axial force (kN)

1,

1123

Member results

Load combination: 1.0G + 1.0 y2Q+ 1.0y 2S (Quasi)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1112.3 (max) 4.5 0 (min)
Janne2 0 469.1 4 0 (min)
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1.15KrG + 1.5y oKrQ + 1.5KrS (Strength) - Moment (KNm)
]

gt

1.15KrG + 1.5y oKrQ + 1.5KrS (Strength) - Axial force (kN)
]

650.3] .

1522
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Member results

Load combination: 1.15K rG + 1.5y oKrQ + 1.5KrS (Strength)

Member Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
Jannel 0 0 0 0 0 0
Janne2 0 0 0 0 0 0
Load combination: 1.156K rG + 1.5y oKriQ + 1.5KrS (Strength)
Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1522 (max) 4.5 0 (min)
Janne2 0 650.3 4 0 (min)

1.0G + 1.0y 0Q + 1.0S (Service) - Axial force (kN)

1250.1

532
&
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Member results

Load combination: 1.0G + 1.0 yoQ + 1.0S (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Jannel 0 1250.1 (max) 4.5 0 (min)
Janne2 0 532 4 0 (min)

1.0G + 1.0Q + 1.0y oS + 1.0y oW (Service) - Axial force (kN)

5101

1353.4

Member results

Load combination: 1.0G + 1.0Q + 1.0 y oS + 1.0y oW (Service)

Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)

Jannel 0 1353.4 (max) 4.5 0 (min)
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Member Axial force
Pos Max Pos Min
(m) (kN) (m) (kN)
Janne2 0 579.1 4 0 (min)
Jannel - Span 1
Partial factor for material properties and resistanc es
Partial factor for material properties - Table 2.3; ov = 1.250
Member details
Load duration - cl.2.3.1.2; Permanent
Service class - cl.2.3.1.3; 1
Glulam section details
Number of timber sections in member; N=1
Breadth of sections; b =240 mm
Depth of sections; h =720 mm
Glulam strength class - EN 14080:2013 - Table 6; GL28c
fe—( —
ry 1
s .
&"8& # ) 6
&'& # .
/ , (€ (
/ o ( (
% & ) )
& % & )
N #10"$  #%
5 7
5 s 7
5 (7
5 &"
5 m" 7
&& " ) 7
! "&"& ) (7
&"& " )9 7
5 ) p
Span details
Bearing length; Lb =100 mm
Jannel results summary Unit | Capacity Maximum Utilisation Result
Compressive stress N/mdi.5 9.7 0.842 PASS
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Column stability check ‘

‘ 1.089 ‘ FAIL ‘

Consider Combination 5 - 1.15K

FG + 1.5KrQ + 1.5y oKriS (Strength)

Modification factors
Duration of load and moisture content - Table 3.1;
Deformation factor - Table 3.2;

Check compression parallel to the grain - cl.6.1.4
Design axial compression;

Design compressive stress;

Design compressive strength;

PASS - Design parallel compression strength exceeds de

Check columns subjected to either compression or co

Effective length for y-axis bending;
Slenderness ratio;

Relative slenderness ratio - exp. 6.21;
Effective length for z-axis bending;
Slenderness ratio;

Relative slenderness ratio - exp. 6.22;

Kmod = 0.6
Kdet = 0.6

P4 = 1676.97 kN

Sc0d = Pd/ A =9.705 N/mm?

fc,0d = Kmod ~ fcogk / gu = 11.520 N/mm?

Scod/ feod =0.842

sign parallel compression stress

mbined compression and bending - ¢l.6.3.2
Ley = 4500 mm

ly=Ley/iy=21.651

lrely=1y/p~ Qfcogk/ Eogos)=0.331

Le,z = 4500 mm

| z=Lez/iz=64.952

lrelz=12/p " Qfcogk/ Eogos)=0.993

Both //rely > 0.3 and//rei,z > 0.3, column stability check is required

Straightness factor;
Instability factors - exp.6.25, 6.26, 6.27 & 6.28;

Column stability checks - exp.6.23 & 6.24;

Check columns subjected to either compression or co

Effective length for y-axis bending;
Slenderness ratio;

Relative slenderness ratio - exp. 6.21;
Effective length for z-axis bending;
Slenderness ratio;

Relative slenderness ratio - exp. 6.22;

bc=0.1
ky=05" (L +bc” (I rely - 0.3) + 1 re1y?) = 0.556
kz=05" (L+bc” (Irelz-0.3) + I re1z?) = 1.028
key =1/ (ky + Qky? - | re1y?)) = 0.997
Kez=1/ (ks + Qks? - | re12?)) = 0.774
Scod/ (Key ™ fcod) =0.845
Scod/ (Kez” fcod) =1.089
FAIL - Column stability is not acceptable

mbined compression and bending - ¢l.6.3.2
Ley = 4500 mm

l'y=Ley/iy=21.651

lrely=1y/p ~ Qfcogk/ Eogos)=0.331

Lez = 4500 mm

| z=Lez/iz=64.952

lrelz=12/p  Qfcogk/ Eogos)=0.993

Both //rely > 0.3 and//rei,z > 0.3, column stability check is required

Straightness factor;
Instability factors - exp.6.25, 6.26, 6.27 & 6.28;

Column stability checks - exp.6.23 & 6.24;

bc=0.1

ky=05" (L1 +bc” (I rely - 0.3) + | re1y?) = 0.556
kz=05" (1+be” (Irelz-0.3) + I rez%) = 1.028
key =117 (ky + Qky? - | re1y?)) = 0.997

kez =11 (kz + QK2 - | re122) = 0.774

Sco0d/ (Key  feod) =0.845
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Sc,0d / (kc,z . fc,O,d) =1.089
FAIL - Column stability is not acceptable

Janne2 - Span 1
Partial factor for material properties and resistanc es

Partial factor for material properties - Table 2.3; ov = 1.250

Member details
Load duration - cl.2.3.1.2; Permanent
Service class - cl.2.3.1.3; 1

Glulam section details

Number of timber sections in member; N=1
Breadth of sections; b =240 mm
Depth of sections; h =720 mm
Glulam strength class - EN 14080:2013 - Table 6; GL28c
e
!
s .
&"& # ) 6
&'8& # .
! ) (( (
/ o (C (
% & ) )
% &

(7

}4—720
- (S0, I G|
)
R0
=3
S
=3
)
-
~ ~
~
-~
~

Span details

Bearing length; Lb =100 mm

Janne2 results summary Unit | Capacity Maximum Utilisation Result

Compressive stress N/mai.5 4.2 0.362 PASS
2

Consider Combination 5 - 1.15K_rG + 1.5KrQ + 1.5y oKriS (Strength)

Modification factors
Duration of load and moisture content - Table 3.1; kmod = 0.6
Deformation factor - Table 3.2; kdef = 0.6

Check compression parallel to the grain - cl.6.1.4
Design axial compression; Pg =721.035 kN



LIITE 12

Design compressive stress; Sc0d = Pd/A=4.173 N/mm?
Design compressive strength; fe,0d = Kmod ~ feogk / gv =11.520 N/mm?
Scod/ feod = 0.362
PASS - Design parallel compression strength exceeds de  sign parallel compression stress

Check columns subjected to either compression or co mbined compression and bending - ¢l.6.3.2

Effective length for y-axis bending; Ley = 4000 mm

Slenderness ratio; ly=Ley/iy=19.245

Relative slenderness ratio - exp. 6.21; lrely=1y/p~ Qfcogk/ Eogos)=0.294
Effective length for z-axis bending; Le,, = 0 mm

Slenderness ratio; lz=Lez/iz=0

Relative slenderness ratio - exp. 6.22; lrez=12/p" Qfcogk/Eogos)=0

Both //rely <= 0.3 and//relz <= 0.3, column stability check not required

Check columns subjected to either compression or co mbined compression and bending - ¢l.6.3.2

Effective length for y-axis bending; Ley = 4000 mm

Slenderness ratio; ly=Ley/iy=19.245

Relative slenderness ratio - exp. 6.21; lrely=1y/p~ Qfcogk/ Eogos)=0.294
Effective length for z-axis bending; Le,, = 0 mm

Slenderness ratio; lz=Lez/iz=0

Relative slenderness ratio - exp. 6.22; lrez=12/p" Qfcogk/Eogos)=0

Both //rely <= 0.3 and//relz <= 0.3, column stability check not required
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BETONIPILARI

RC Column design in accordance with EN1992-1-1:2004

Finnish national annex

Design summary

incorporating Corrigendum January 2008 and the

Tedds calculation version 1.3.05

Description Unit |Provided |Required |Utilisation [Result
Moment capacity (y) kNm (120.93 58.98 0.49 PASS
Moment capacity (z) kKNm (95.56 64.48 0.67 PASS
Biaxial bending utilisation 0.93 PASS
¢ < 6
4 <*$" < +'9$
I$" 6 6 = 656 4
< *g" >
Column input details
Column geometry
Overall depth (perpendicular to y axis); h =380 mm
Overall breadth (perpendicular to z axis); b =;280; mm
Stability in the z direction; Braced
Stability in the y direction; Braced
Concrete details
Concrete strength class; C25/30
Partial safety factor for concrete (2.4.2.4(1)); g =1.50
Coefficient acc (3.1.6(1)); acc = 0.85
Maximum aggregate size; dg =32 mm

Reinforcement details
Nominal cover to links;

Cnom = 35 mm
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Longitudinal bar diameter;

Link diameter;

Total number of longitudinal bars;

No. of bars per face parallel to y axis;
No. of bars per face parallel to z axis;
Area of longitudinal reinforcement;
Characteristic yield strength;

Partial safety factor for reinft (2.4.2.4(1));
Modulus of elasticity of reinft (3.2.7(4));

Fire resistance details
Fire resistance period;
Exposure to fire;

Ratio of fire design axial load to design resistance;

f =25 mm

fv=8mm

N=6

Ny =;2

Nz =:3

As=N" p’ f2/4=2945 mm?
fyk = 500 N/mm?

o6 =1.15

Es = 200 kN/mm?

R = 60 min
Exposed on more than one side
mi = 0.70

Axial load and bending moments from frame analysis

Design axial load;

Moment about y axis at top;
Moment about y axis at bottom;
Moment about z axis at top;
Moment about z axis at bottom;

Column effective lengths
Effective length for buckling about y axis;
Effective length for buckling about z axis;

Calculated column properties

Concrete properties

Area of concrete;

Characteristic compression cylinder strength;
Design compressive strength (3.1.6(1));
Mean value of cylinder strength (Table 3.1);
Secant modulus of elasticity (Table 3.1);

Rectangular stress block factors
Depth factor (3.1.7(3));
Stress factor (3.1.7(3));

Strain limits
Compression strain limit (Table 3.1);
Pure compression strain limit (Table 3.1);

Design yield strength of reinforcement
Design yield strength (3.2.7(2));

Check nominal cover for fire and bond requirements

Min. cover reqd for bond (to links) (4.4.1.2(3));
Min axis distance for fire (EN1992-1-2 T 5.2a);

Allowance for deviations from min cover (4.4.1.3);

Min allowable nominal cover;

Ned = 1677.0 kN

Mtopy = ;0.0; KNm
Mbtmy = ;0.0; KNm
Mtopz = ;0.0; KNm
Mbtmz = ;0.0; KNm

;4500; mm
;4500; mm

|0y

loz

Ac=h" b=106400 mm?

fek = 25 N/mm?

fea = @ce ” fek / oo = 14.2 N/mm?

fem = fok + 8 MPa = 33.0 N/mm?

Ecm = 22000 MPa ”~ (fem / 10 MPa)%3 = 31.5 kN/mm?

l'sb=0.8
h=1.0

ecus = 0.00350
&3 = 0.00175

fya = fyk / gs = 434.8 N/mm?

Cminb = max(fv, f - fv) =17 mm

ai = 46 mm

DCdev = 10 mm

Cnom_min = Max(asi - f / 2 - fv, Cminp + DCdev) = 27.0 mm

PASS - the nominal cover is greater than the minimum r

equired
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Effective depths of bars for bending about y axis
Area per bar;

Spacing of bars in faces parallel to z axis (c/c);
Layer 1 (in tension face);

Layer 2;

Layer 3;

2nd moment of area of reinft about y axis;
Radius of gyration of reinft about y axis;
Effective depth about y axis (5.8.8.3(2));

Effective depths of bars for bending about z axis
Area of per bar;

Spacing of bars in faces parallel to y axis (c/c);
Layer 1 (in tension face);

Layer 2;

Effective depth about z axis;

Column slenderness about y axis

Radius of gyration;

Slenderness ratio (5.8.3.2(1));

Column slenderness about z axis
Radius of gyration;
Slenderness ratio (5.8.3.2(1));

Design bending moments

Frame analysis moments about y axis combined with m

Ecc. due to geometric imperfections (y axis);
Min end moment about y axis;
Max end moment about y axis;

Slenderness limit for buckling about y axis (cl. 5.8

Factor A;

Mechanical reinforcement ratio;
Factor B;

Moment ratio;

Factor C;

Relative normal force;
Slenderness limit;

Frame analysis moments about z axis combined with m

Ecc. due to geometric imperfections (z axis);
Min end moment about z axis;
Max end moment about z axis;

Avar=p~ f2/4 =491 mm?

sz=(h-2" (Cnom+fv)-f)/(Nz-1)=135mm
dy1 =h-cCnom-fv-f /2=325mm

dy2 = dy1 - Sz = 190 mm

dys = dy2 - Sz = 55 mm

lsy =2 Abar~ Ny~ (dy1-h/2)2 = 3552 cm?*

isy = Qlsy / As) = 110 mm
dy=h/2 +isy =300 mm

Abar =p~ f2/4 =491 mm?

sy=(b-2" (Cnom+fv)-f)/(Ny-1)=169 mm
dz1 =D - Crom - fv-f /2 =225 mm

dzz = dz1 - Sy =55 mm

dz = dz1 =225 mm

iy=h/{Q12)=11.0cm
Iy:|0y/iy:4l.0

iz=b/Q12)=8.1cm
| z=1loz/iz=55.7

oments due to imperfections (cl. 5.2 & 6.1(4))

eiy = loy /400 = 11.3 mm

Mozy = min(abs(Mtwpy), abs(Mbotmy)) + €y © Nea = 18.9 kNm

Mozy = max(abs(Mtopy), @abs(Motmy)) + €iy = Ned = 18.9 kKNm
3.1)

A=0.7

w=As" fya/(Ac” fea) = 0.850

B=Q1+2 w)=1.643

rmy =;1.000

Cy=1.7-rmy=0.700

N =Ned/(Ac” fed) = 1.113

limy=20" A" B”~ Cy/(Qn)=15.3

/ly>"/imy - Second order effects must be considered

oments due to imperfections (cl. 5.2 & 6.1(4))

eiz = oz /400 = 11.3 mm

Mo1z = min(abs(Miopz), abs(Mbtmz)) + €iz~ Ned = 18.9 kNm
Moz2z = max(abs(Miopz), abs(Motmz)) + €z~ Ned = 18.9 KNm

Slenderness limit for buckling about y axis (cl. 5.8.3.1)

Factor A;
Mechanical reinforcement ratio;

A=07
w=As’ fyd / (Ac ’ fcd) =0.850
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Factor B;

Moment ratio;

Factor C;

Relative normal force;
Slenderness limit;

B=O1+2" w)=1.643
rmz =,1.000
C:=1.7-rmz=0.700
N =Ned/(Ac” fea) = 1.113
lime=20" A" B" C./Qn)=15.3
/1 >4/ imz - Second order effects must be considered

Local second order bending moment about y axis (cl. 5.8.8.2 & 5.8.8.3)

Relative humidity of ambient environment;

Column perimeter in contact with atmosphere;

Age of concrete at loading;
Parameter ny;

Approx value of n at max moment of resistance;

Axial load correction factor;
Reinforcement design strain;

Basic curvature;

Notional size of column;

Relative humidity factor (Annex B.1(1));
Concrete strength factor (Annex B.1(1));
Concrete age factor (Annex B.1(1));
Notional creep coefficient (Annex B.1(1));
Final creep development factor; (at t = ¥);
Final creep coefficient (Annex B.1(1));
Ratio of SLS to ULS moments;

Effective creep ratio;

Factor b;

Creep factor;

Modified curvature;

Curvature distribution factor;

Deflection;

Nominal 2" order moment;

Design bending moment about y axis (cl. 5.8.8.2 & 6

Equivalent moment from frame analysis;
Design moment;
20 mm))

RH =50 %

u=1320 mm

to = 28 day

nu=1+w=1.850

Nba = 0.4

Kr = min(1.0, (Nu - n) / (Nu - Npat)) = 0.508

ed = fya / Es = 0.00217

Curvebasic y = &yd / (0.45 "~ dy) = 0.0000161 mm™
ho=2" Ac/u=161 mm
fre=1+[(1-RH/100%) /(0.1 mm13~ (ho)*3)]=1.919
brem = 16.8 " (1 MPa)Y2 / Q(fem) = 2.925
bio=1/(0.1+ (to/ 1 day)®?) = 0.488

fo=frr" btem ™ bwo=2.741

bex = 1.0
fy=fo by =2.741
rvy = 0.80

fery="fy ruy=2.193
by =0.35 + fek / 200 MPa - | y / 150 = 0.202
Kiy = max(1.0 , 1+ by~ fe) = 1.442
curvemod y = Kr ~ Ky = curvepasic y = 0.0000118 mm-
c=10
€2y = CUN'Vemod_y ~ loy? / ¢ = 23.9 mm
M2y = Nea ~ €2y = 40.1 kNm
-1(4)
Moey = max(0.6 ~ Mozy + 0.4~ Mo1y, 0.4~ Mozy) =;18.9; kNm
Medy = max(Mozy, Moey + M2y, Mo1y + 0.5" M2y, Nea = max(h/30,

Medy = 59.0 kNm

Local second order bending moment about z axis (cl. 5.8.8.2 & 5.8.8.3)

Basic curvature;

Ratio of SLS to ULS moments;
Effective creep ratio (5.8.4(2));
Factor b;

Creep factor;

Modified curvature;

Curvature distribution factor;
Deflection;

CUrvebasic z = &yd / (0.45 "~ dz) = 0.0000215 mm

vz = 0.80

fer=fy  rm;=2.193

bz =0.35 + fek / 200 MPa - | /150 = 0.104
Kiz=max(1.0,1+b; " fer) =1.228

Curvemod z = Kr ~ Kiz " curvenasic z = 0.0000134 mm-!
c=10

€2z = CUN'Vemod_z ~ loz2/ ¢ =27.2 mm
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Nominal 2" order moment;

Design bending moment about z axis (cl. 5.8.8.2 & 6
Equivalent moment from frame analysis;

Design moment;
20 mm))

Moment capacity about y axis with axial load N

Moment of resistance of concrete

By iteration:-
Position of neutral axis;

Concrete compression force (3.1.7(3));

Moment of resistance;

Moment of resistance of reinforcement

Strain in layer 1;

Stress in layer 1;

Force in layer 1;

Moment of resistance of layer 1;
Strain in layer 2;

Stress in layer 2;

Force in layer 2;

Moment of resistance of layer 2;
Strain in layer 3;

Stress in layer 3;

Force in layer 3;

Moment of resistance of layer 3;
Resultant concrete/steel force;

M2z = Ned ~ €22 = 45.6 KNm

1(4)
Moez = max(0.6 © Moz2z + 0.4~ Mo1z, 0.4~ Mozz) =;18.9; kNm
Megdz = max(Mozz, Moez + M2z, Mo1z + 0.5" M2z, Ned” max(b/30,

Medz = 64.5 kKNm

y=317.8 mm
Fye=h" fea” min(lsb " y, h)” b=1008.3 kN
Mrdyc = Fyc " [N /2 -(min(lsb " y, h)) /2] = 63.4 kNm

g1 =6eus (1-dy1/y)=-0.00007

sy1 = max(-1” fya, Es ~ &y1) = -14.9 N/mm?

Fy1 =Ny~ Apar” Sy1 =-14.6 kN

Mrdyr = Fy1 © (h /2 - dy1) = 2.0 kNm

e2=euw (1-dy2/y)=0.00141

sy2 = min(fyd, Es ~ &2) - h ~ fea = 267.3 N/mm?
Fy2=2" Abar~ Sy2 =262.4 kN

Mrdy2 = Fy2 © (h /2 - dy2) = 0.0 kNm

e3=euw (1-dy/y)=0.00289

sy3 = min(fya, Es~ &3) - h ~ fea = 420.6 N/mm?
Fys =Ny~ Abar~ Sy3=412.9 kN

Mrdys = Fys ~ (h /2 - dy3) =55.5 kNm

Fy =1669.1 kN

PASS - This is within half of one percent of the appli  ed axial load

Combined moment of resistance
Moment of resistance about y axis; Mrdy = 120.9 KNm
PASS - The moment capacity about the y axis exceeds th e design bending moment

Moment capacity about z axis with axial load N Ed

Moment of resistance of concrete

By iteration:-
Position of neutral axis; z=234.0mm
Concrete compression force (3.1.7(3)); Fze=h" fea” min(lsb~ z,b) " h=1007.8 kN

Moment of resistance; MRdze = Fzc * [b/2-(min(l s~ z, b)) / 2] = 46.8 kNm

Moment of resistance of reinforcement

Strain in layer 1; €e1=euws (1-da/Zz)=0.00014
Stress in layer 1, Sz1 = min(fyd, Es ~ €x1) = 28.4 N/mm?
Force in layer 1; Fz1=Nz" Abar” Sz1=41.9 kN
Moment of resistance of layer 1; Mrdzt = Fz1” (b /2 - dz1) =-3.5 kNm
Strain in layer 2; €2 =¢euws (1-dz/z)=0.00267

Stress in layer 2; Sz2 = min(fyd, Es ~ €2) - h " fed = 420.6 N/mm?
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Force in layer 2; Fz2=Nz " Abar* Sz2=619.4 kN
Moment of resistance of layer 2; Mrdzz = Fz2~ (b /2 - dz2) =52.3 kNm
Resultant concrete/steel force; Fz =1669.0 kN

PASS - This is within half of one percent of the appli  ed axial load

Combined moment of resistance
Moment of resistance about z axis; Mrdz = 95.6 KNm
PASS - The moment capacity about the z axis exceeds th e design bending moment

Biaxial bending

Determine if a biaxial bending check is required (5  .8.9(3))

Ratio of column slenderness ratios; ratioo = max(l y, | z) /min(l y, | z) = 1.36
Eccentricity in direction of y axis; ey = Medz / Ned = 38.4 mm

Eccentricity in direction of z axis; €z = Medy / Ned = 35.2 mm

Equivalent depth; heqg =iy~ (12) = 380 mm

Equivalent width; beqg =iz~ (12) = 280 mm

Relative eccentricity in direction of y axis; €rely = €y / beq = 0.137

Relative eccentricity in direction of z axis; €rel_z = €z / heq = 0.093

Ratio of relative eccentricities; ratioe = min(erel_y, €rel_z) / max(€erel_y, €rel_z) = 0.674

ratio e > 0.2 - Biaxial bending check is required

Biaxial bending (5.8.9(4))

Design axial resistance of section; Nrd = (Ac~ fed) + (As ™ fya) = 2787.9 kN
Ratio of applied to resistance axial loads; ration = Ned / Nrda = 0.602

Exponent a; a=142

Biaxial bending utilisation; UF = (Medy / Mrdy)? + (Medz / Mrdz)? = 0.934

PASS - The biaxial bending capacity is adequate
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TERASPILARI

In accordance with EN1993-1-1:2005 incorporating Cor

national annex

rigenda February 2006 and April 2009 and the Finnis  h

Tedds calculation version 4.3.04

ANALYSIS
Tedds calculation version 1.0.27
Geometry
Geometry (m) - Steel (EC3) - Euro SHS 200x200x8.0

;1

)‘

[}x

Span Length (m) Section Start Support End Support

1 45 Euro SHS 200x200x8.0 Fixed Roller Pin Z
2 4 Euro SHS 200x200x8.0 Roller Pin Z Roller Pin Z

Euro SHS 200x200x8.0: Area 61 grinertia Major 3709 cf Inertia Minor 3709 c) Shear area parallel to Minor

cn?, Shear area parallel to Major = 30tm

Steel (EC3): Density 7850 kg?mYoungs 210 kN/mi Shear 80.8 kN/mfThermal 0.000012C*

Loading
Self weight included
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Permanent - Loading (kN)

419.3

5844

Imposed - Loading (kN)

157.2
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Load combination factors

S| 58| =
() = %)
Load combination 2 & S
ilef
1.35KnG (Strength) 135| 1.35
1.0G + 1.0Q + 1.0RQ (Service) 1.00| 1.00| 1.00
1.15KaG + 1.5K:1Q + 1.5KsRQ (Strength) 1.15| 1.15| 1.50
1.15KnG + 1.5K=Q + 1.5 oKrS (Strength) 1.15| 1.15| 1.50
1.0G + 1.0Q + 1¥0S (Service) 1.00| 1.00| 1.00
1.15KnG + 1.5/ oKrQ + 1.5KaS (Strength) 1.15| 1.15| 1.05
1.0G + 1.9 0Q + 1.0S (Service) 1.00| 1.00| 0.70
1.0G + 1.0Q + 10S + 1. oW (Service) 1.00| 1.00| 1.00
Element Loads
Element Load case Load Type Orientation| Description
1 Permanent Point load Globalz 584.1 kN at4.5m
2 Permanent Point load Globalz 419.3 kN at4 m
1 Imposed Point load Globalz 187.2kN at4.5m
2 Imposed Point load Globalz 157.2kN at4 m
Results
Element end forces
Load combination: 1.35K r G (Strength)
Element Length Nodes Axial force | Shear force Moment
(m) Start/End (kN) (kN) (kNm)
1 4.5 1 -1360 0 0
2 568.6 0 0
2 4 2 -568.6 0 0
3 0 0 0
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Element Length Nodes Axial force | Shear force Moment
(m) Start/End (kN) (kN) (kNm)
1 4.5 1 -1351.8 0 0
2 578.4 0 0
2 4 2 -578.4 0 0
3 0 0 0
Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)
Element Length Nodes Axial force | Shear force Moment
(m) Start/End (kN) (kN) (kNm)
1 45 1 -1675.1 0 0
2 720.1 0 0
2 4 2 -720.1 0 0
3 0 0 0
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Load combination: 1.15K rG + 1.5KrQ + 1.5y oKrS (Strength)

Element Length Nodes Axial force | Shear force Moment
Start/End (kN) (kN) (kNm)
1 4.5 1 -1675.1 0 0
2 720.1 0 0
2 2 -720.1 0 0
3 0 0 0
Load combination: 1.0G + 1.0Q + 1.0 y oS (Service)
Element Length Nodes Axial force | Shear force Moment
(m) Start/End (kN) (kN) (kNm)
1 4.5 1 -1351.8 0 0
2 578.4 0 0
2 4 2 -578.4 0 0
3 0 0 0
Load combination: 1.15K rG + 1.5y oKrQ + 1.5KrS (Strength)
Element Length Nodes Axial force | Shear force Moment
(m) Start/End (kN) (kN) (kNm)
1 4.5 1 -1520.1 0 0
2 649.4 0 0
2 4 2 -649.4 0 0
3 0 0 0
Load combination: 1.0G + 1.0 yoQ + 1.0S (Service)
Element Length Nodes Axial force | Shear force Moment
(m) Start/End (kN) (kN) (kNm)
1 4.5 1 -1248.5 0 0
2 531.2 0 0
2 4 2 -531.2 0 0
3 0 0 0
Load combination: 1.0G + 1.0Q + 1.0 y oS + 1.0y oW (Service)
Element Length Nodes Axial force | Shear force Moment
(m) Start/End (kN) (kN) (kNm)
1 4.5 1 -1351.8 0 0
2 578.4 0 0
2 4 2 -578.4 0 0
3 0 0 0
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Forces

Strength combinations - Moment envelope (kNm)
e

e

Strength combinations - Axial force envelope (kN)
AJ_,

7201

1675.1 D



LIITE 16

Member results

Envelope - Strength combinations

Member Position Shear force Moment
(m) (kN) (kNm)
Teréaspilari 0 0 | 0 |
Envelope - Strength combinations
Member Position Axial force
(m) (kN)
Teraspilari 0 1675.1 (max) 1360
4.5 1672.7 0 (min)

1.35KmG (Strength) - Moment (kNm)
76
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1.35KrG (Strength) - Axial force (kN)

)
568.6|
o
1360 D
Member results
Load combination: 1.35K rG (Strength)
Member Position Shear force Moment
(m) (kN) (kNm)
Teraspilari 0 0 | 0 |
Load combination: 1.35K rG (Strength)
Member Position Axial force
(m) (kN)
Teraspilari 0 1360 (max) 1360 (max)
8.5 566.1 0 (min)
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1.15KmG + 1.5KrQ + 1.5KrRQ (Strength) - Moment (KNm)
e

1.15KrG + 1.5KrQ + 1.5KrRQ (Strength) - Axial force (KN)
e

7204
N

1675.1 D




LIITE 16

Member results

Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Member Position Shear force Moment
(m) (kN) (kNm)
Teraspilari 0 0 | |

Load combination: 1.15K rG + 1.5KrQ + 1.5KrRQ (Strength)

Member Position Axial force
(m) (kN)

Teraspilari 0 1675.1 (max) 1675.1 (max)
4.5 1672.7 0 (min)

1.15KrG + 1.5KrQ + 1.5y oKrS (Strength) - Moment (KNm)

el
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1.15KrG + 1.5KrQ + 1.5y oKriS (Strength) - Axial force (kN)

T

7201|

1675.1 D

Member results

Load combination: 1.15K rG + 1.5KrQ + 1.5y oKrS (Strength)

Member Position Shear force Moment
(m) (kN) (kNm)
Teréaspilari 0 0 | 0 |
Load combination: 1.15K rG + 1.5KrQ + 1.5y oKrS (Strength)
Member Position Axial force
(m) (kN)
Teraspilari 0 1675.1 (max) 1675.1 (max)

4.5 1672.7 0 (min)
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1.15KrG + 1.5y oKrQ + 1.5KrS (Strength) - Moment (KNm)

]

19

1.15KrG + 1.5y oKrQ + 1.5KrS (Strength) - Axial force (kN)

)

6494

clo

15201 D
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Member results

Load combination: 1.15K rG + 1.5y oKrQ + 1.5KrS (Strength)

Member Position Shear force Moment
(m) (kN) (kNm)
Teraspilari 0 0 | 0 |
Load combination: 1.15K rG + 1.5y oKrQ + 1.5KrS (Strength)
Member Position Axial force
(m) (kN)
Teraspilari 0 1520.1 (max) 1520.1 (max)
4.5 1517.7 0 (min)
Partial factors - Section 6.1
Resistance of cross-sections; owo =1
Resistance of members to instability; oni=1
Resistance of tensile members to fracture; oz = 1.25
Teraspilari - Span 1 design
Section details
Section type; Euro SHS 200x200x8.0 (BS EN 10210)
Steel grade - Table 3.1; S355H
Nominal thickness of element; thom =t =8 mm
Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu = 510 N/mm?
Modulus of elasticity; E = 210000 N/mm?
T ¢ D
v 78.135 mm
» 78.135mm
ay 370901 mme
S o 370901 mm?
oty 435650 mm?
ol 435550 mm®
—»{8le y 4
A \ /
l« 200 >
Teraspilari span 1 results summary Unit Capacity Maxmum Utilisation Result
Compression resistance kN 1770.8 1675.6 0.946 PASS
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Lateral restraint
Both flanges have lateral restraint at supports only

Consider Combination 4 - 1.15K

FG + 1.5KrQ + 1.5y oKrS (Strength)

Classification of cross sections - Section 5.5

Internal compression parts subject to compression -

Width of section;

Internal compression parts subject to compression -

Width of section;

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

e= (235 N/mm?2/f,] = 0.81

Table 5.2 (sheet 1 of 3)
c=b-3" t=176 mm

c/t=22=27"e<=33" g Class 1
Table 5.2 (sheet 1 of 3)

c=h-3"t=176 mm

c/t=22=27"e<=33" g Class 1

Section is class 1

Ned = 1675.1 kN
Nec,Rd = Npird = A" fy / guo = 2156.7 kN
Ned / Ncra = 0.777

PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmi_s1 = 4500 mm
Nery =p? " E” ly/ Lery? = 3796.2 kN
I'y=QA " fy/ Ney) =0.754

n6.3.1.1
a
ay=0.21
fy=05" (L+ay (ly-0.2)+"1%=0.842
cy=min(1/(fy + Qfy2-'1?), 1) =0.821
Nbyrd=Cy A~ fy/gw =1770.8 kN
Ned / Nby,rd = 0.946

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lerz = Lm1_s1_segr = 4500 mm
Nerz=p? " E” Iz/ Lerz? = 3796.2 kN
1 2=QA" fy/Nez) =0.754
n6.3.1.1
a
a:=0.21
fz=05" (L+az" (12-0.2)+"1 ;% =0.842
cz=min(1/ (f.+ Qf2-"1 2), 1) =0.821
Nbzrd=Cz A’ fy/gu=1770.8 kN
Ned / Nb,z,rd = 0.946

PASS - Design buckling resistance exceeds design compr

mpression

ession

ession
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Teraspilari - Span 2 design

Section details

Section type;

Steel grade - Table 3.1;

Nominal thickness of element;
Nominal yield strength;

Nominal ultimate tensile strength;
Modulus of elasticity;

Euro SHS 200x200x8.0 (BS EN 10210)

S355H

thom =t =8 mm
fy = 355 N/mm?
fu =510 N/mm?
E = 210000 N/mm?

'y / \
v 78.135 mm
» 78.135 mm
ay 370901 mm®
S o 370901 mm?
oty 435650 mm?
ol 435550 mm®
—»{8le y 4
AS \ J
[« 200 »
Teraspilari span 2 results summary Unit Capacity Maxmum Utilisation Result
Compression resistance kN 1857.8 720.1 0.388 PASS
Lateral restraint
Both flanges have lateral restraint at supports only
Consider Combination 4 - 1.15K G + 1.5KrQ + 1.5y oKriS (Strength)
Classification of cross sections - Section 5.5
e= ({235 N/mm?2/f,] = 0.81
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=b-3" t=176 mm
c/t=22=27"e<=33" g Class 1
Internal compression parts subject to compression - Table 5.2 (sheet 1 of 3)
Width of section; c=h-3"t=176 mm
c/t=22=27"e<=33" ¢ Class 1

Check compression - Section 6.2.4
Design compression force;
Design resistance of section - eq 6.10;

Ned = 720.1 kN

Section is class 1

Nc,rd = Npird = A" fy / gwo = 2156.7 kN

Ned / Ncra = 0.334
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PASS - Design compression resistance exceeds design co

Slenderness ratio for y-y axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check y-y axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lery = Lmi_s2 = 4000 mm
Nery =p? " E” ly/ Lery? = 4804.6 kN
I'y=QA" fy/Ney) =0.67

n6.3.1.1
a
ay=0.21
fy=05" (L+ay (1y-02)+'1)=0.774
cy=min(1/(fy + Qfy2-'1?), 1) =0.861
Nbyrd =cCy A~ fy/gw =1857.8 kN
Ned / Nby,rd = 0.388

PASS - Design buckling resistance exceeds design compr

Slenderness ratio for z-z axis flexural buckling - Se
Critical buckling length;

Critical buckling force;

Slenderness ratio for buckling - eq 6.50;

Check z-z axis flexural buckling resistance - Sectio
Buckling curve - Table 6.2;

Imperfection factor - Table 6.1;

Buckling reduction determination factor;

Buckling reduction factor - eq 6.49;

Design buckling resistance - eq 6.47;

ction 6.3.1.3
Lerz = Lm1_s2_segr = 4000 mm
Nerz=p? " E” Iz / Lerz? = 4804.6 kN
1 2=QA" fy/Nez) =0.67
n6.3.1.1
a
a:=0.21
fz=05" (L+az:" (12-02)+'1 2 =0.774
cz=min(1/ (f.+ Qf2-"1 ), 1) =0.861
Nbzrd=Cz” A fy/gui = 1857.8 kN
Ned / Nb,z,rd = 0.388

PASS - Design buckling resistance exceeds design compr

mpression

ession

ession



