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SANASTO 

FEM Finite Element Method eli elementtimenetelmä.  

FEA Finite Element Analysis, joka tarkoittaa laskentaa elementtimenetelmillä.  

SKOL ry on ”suunnittelu- ja konsultointialan yritysten toimialajärjestö, joka on 

laatinut SKOL-laskentapohjat.”  

FISE Oy on ”rakennus-, LVI- ja kiinteistöalalla toimiva henkilöpätevyyksiä to-
teava ja niiden kehittämiseen keskittyvä yritys.”  
 
BIM  (Building Information Modeling) eli rakennuksen tietomallintaminen.  
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1  JOHDANTO 

1.1 Työn tarkoitus ja tavoitteet 

Tämä opinnäytetyö painottuu ensisijaisesti mitoituslaskelmiin. Näiden laskelmien 

tulokset saadaan käyttämällä eri FEM-ohjelmistoja sekä käsilaskentaa. Henkilö-

kohtaisena tavoitteena on oppia käyttämään ja mitoittamaan erilaisia rakenteita 

Tekla Tedds -ohjelmistolla. Tärkeimpänä kysymyksenä on se, että saavutetaanko 

eri FEM-ohjelmistoilla ja käsilaskennalla samat lopputulokset rakenteita mitoitta-

essa.  

Mitoitukset opinnäytetyöhön ratkaistaan Tekla Tedds- ja Robot Structural Ana-

lysis-ohjelmistoilla. Käsilaskenta ratkaistaan Microsoft Excel -

taulukkolaskentaohjelmistolla. Excel-mitoitukset lasketaan sekä omatekemillä, 

että SKOL Eurocode -laskentapohjilla. Opinnäytetyön tavoitteena on tehdä eri 

mitoituslaskelmia ja analysoida saatuja tuloksia. Tuloksia verrataan toisiinsa ja 

selvitetään, mistä mahdolliset erot johtuvat. 

1.2 Toimeksiantaja ja yhteistyötaho 

Opinnäytetyön toimeksiantajana toimii Contria Oy. Contria Oy on uudis- ja kor-

jausrakennesuunnitteluun erikoistunut konsulttiyhtiö, joka on perustettu vuonna 

2009. Contrian suunnittelutoimistot sijaitsevat Vaasassa ja Seinäjoella työllistäen 

yhteensä noin 20 henkilöä. /1/ 

Yhteistyötahona opinnäytetyössä toimii Trimble Solutions Oy. Trimble Solutions 

Oy toimitti 6 kuukauden testilisenssin Tekla Tedds -ohjelmistoon. Testilisenssiin 

kuului myös käyttäjätuki, johon olin aktiivisesti yhteydessä koko opinnäytetyön 

ajan. Yhteistyötaholle toimitetaan kopio opinnäytetyöstä ja se hyödyntää opinnäy-

tetyön tuloksia ohjelmiston kehityksessä.  
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2 VERTAILUMITOITUKSIIN KÄYTETTÄVÄT OHJEL-

MISTOT 

2.1 Tekla Tedds 

Tekla Tedds on Trimble Solutions Oy:n kehittämä laskentaohjelmisto. Tekla 

Tedds on 2D eli kaksiulotteinen ohjelmisto. Englannissa Tekla Tedds -ohjelmistoa 

on käytetty noin kahdenkymmenen vuoden ajan. Suomen markkinoille Tekla 

Tedds on tullut vuonna 2018 Eurokoodien ja suomen kansallisen liitteen lisäämi-

sen johdosta laskentakirjastoon. Alla olevassa kuvassa (Kuva 1) on esitetty eri mi-

toitusmahdollisuuksia Tekla Tedds -ohjelmistolla. /2/ 

 

Kuva 1. Mitoitusmahdollisuuksia Tekla Tedds -ohjelmistossa. /2/ 

”Tekla Tedds on helppokäyttöinen ja luotettava ohjelmisto tarkkojen laskelmien 

tekemiseen. Tekla Tedds -ohjelmistolla suunnittelijat voivat mitoittaa rakenteita 

tehokkaasti ja raportoida tulokset välittömästi helposti luettavassa muodossa. Tek-

la Tedds on vähän laskentatehoa vaativa ohjelmisto toistuvien rakennusteknisten 

laskelmien automatisointiin. Tekla Tedds on tietokoneelta vähemmän laskentate-

hoa vaativa kuin järeät analyysiohjelmat, mutta toisaalta paljon monipuolisempi 

kuin Excel-pohjat yleensä.” /2, 3/ 
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2.2 Autodesk Robot Structural Analysis 

Robot Structural Analysis (RSA) on Autodeskin kehittämä rakenteiden mitoitus- 

ja analysointiohjelmisto. Ohjelmistolla käyttäjä pystyy laskemaan ja ratkaisemaan 

erilaisia rakenteita noudattaen standardeja. RSA on monikäyttöinen ohjelmisto, 

sillä käyttäjä pystyy ratkaisemaan ja analysoimaan esimerkiksi yksinkertaisia ke-

härakenteita tai monimutkaisia rakenteista muodostuvia rakennuksia. Aikaisem-

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

RSA on kaksi- (2D) ja kolmeulotteinen (3D) ohjelmisto. Rakennetta tai rakennus-

ta pystytään tarkastelemaan laajemmin kuin kaksiulotteisella ohjelmistolla. RSA-

ohjelmistolla pystyy ratkaisemaan ja analysoimaan rakenteita, joita olisi erittäin 

hidasta ja työlästä laskea käsin. Tässä opinnäytetyössä mitoitetaan harjaristikko 

RSA-ohjelmistolla ja vertaillaan tuloksia Tekla Tedds -ohjelmistoon. /4/ 

2.3 Microsoft Excel 

Microsoft Excel on taulukkolaskentaohjelmisto, joka kuuluu Microsoft Office -

ohjelmistopakettiin. Excel on kehitetty vuonna 1985 ohjelmistoyritys Microsoftin 

toimesta. Ohjelmistopaketilla, johon Excel-ohjelmisto sisältyy oli vuonna 2012 yli 

miljardi käyttäjää, jolloin se oli maailman käytetyin toimisto-ohjelmisto. /6, 7/ 

Excel-ohjelmiston toiminta perustuu solujen käyttöön. Solujen avulla ohjelman 

käyttäjä pystyy tekemään ja hallinnoimaan erilaisia taulukoita sekä tekemään las-

kutoimituksia. Suomessa Suunnittelu- ja konsultointialan yritysten toimialajärjes-

tön (SKOL ry) rakennetoimikunnan alaisuudessa on toteutettu yhdessä rakenne-

suunnittelutoimistojen ja ammattikorkeakoulujen kanssa Eurocode-laskentapohjia. 

/6, 7/ 
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3 RAKENNESUUNNITTELU 

Rakennesuunnittelu on yksi osa-alue rakennussuunnittelussa. Rakennetekniikan ja 

-suunnitelmien yhteydessä käytetään tunnusta RAK. Rakennesuunnittelun tärkein 

osa-alue on rakennuksen rakenteiden suunnittelu. Päätehtävä rakennesuunnittelus-

sa on laatia rakennesuunnitelmat, joiden avulla rakennus tai rakenne voidaan ra-

kentaa ja ylläpitää. Rakennesuunnittelun tavoite on mitoittaa rakenne mahdolli-

simman kustannustehokkaasti, voimassa olevia määräyksiä ja ohjeita noudattaen. 

Kuitenkin siten, että rakenteen kelpoisuus säilyy riittävällä todennäköisyydellä 

koko suunnitellun käyttöikänsä ajan. /8/ 

Rakennesuunnittelu voidaan jakaa uudis- ja korjausrakennesuunnitteluun. Tämän 

lisäksi rakennesuunnitteluun kuuluvat rakennusfysikaalinen- ja valmisosasuunnit-

telu. Rakennusfysikaalinen suunnittelu liittyy rakenteiden kosteus- ja lämpötekni-

siin ominaisuuksiin. Valmisosasuunnittelu sisältää esimerkiksi betonielementti-

suunnittelun ja teräsrakenteiden konepajasuunnittelun. /8/ 

3.1 Rakennesuunnittelijan työ 

Rakennesuunnittelijan päätehtävä on suunnitella rakennuksen kantavat rakenteet 

ja perustukset. Rakennesuunnittelija voi erikoistua myös esimerkiksi siltojen ja 

tunneleiden suunnittelijaksi. Rakennesuunnittelijan ammatti edellyttää rakennus-

tekniikan tuntemusta, teknisten ja fysikaalisten ongelmien ratkaisukykyä sekä ma-

temaattista osaamista. Ammatissa eduksi on kyky työskennellä ryhmässä, tark-

kuus, huolellisuus ja oma-aloitteisuus. Nykyään rakennesuunnittelussa tarvitaan 

näiden lisäksi myös tietotekniikan hallitsemista. /9, 10/ 

Tietotekniikan kehittyessä, yhä suurempaan rooliin rakennesuunnittelussa on tul-

lut BIM (Building Information Modeling) eli rakennuksen tietomallintaminen. 

Rakennuksesta tehdään digitaalisesti virtuaalimalli, joka vastaa todellisuutta mah-

dollisimman tarkasti. Virtuaalimalli tukee rakennuksen ja rakentamisen suunnitte-

lua kaikissa eri vaiheissa. Virtuaalimalli sisältää rakennuksen tarkat tiedot ja mi-

tat, joille on tarvetta rakentamisen, osien valmistuksen ja materiaalien hankinta-

toimien aikana. ”Olemme nähneet tapauksia, joissa kustannukset ovat puolittuneet 
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tietomallinnuksen ansiosta. Toteutuskelpoisuuden selvittäminen hyvissä ajoin en-

nen rakennustöiden aloitusta vähentää virheitä väistämättä.” /9, 11, 12/  

Rakennesuunnittelijan työ tehdään pääsääntöisesti insinööri- tai suunnittelutoimis-

tossa. Työhön kuuluu myös työmaakäynnit ja -kokoukset. Suunnittelija käyttää 

työkaluinaan erilaisia suunnittelu- ja laskentaohjelmistoja. 

Kiireiset aikataulut projekteissa ja ohjelmistojen kehittyminen ovat johtaneet sii-

hen, että rakennelaskelmia tehdään vähenevissä määrin käsin laskemalla. Lasken-

taohjelmistoja kohtaan on oltava myös kriittinen ja tarvittaessa pystyä tarkistus-

laskemaan jokin rakenne käsilaskennalla. Tässä opinnäytetyössä käytettävillä las-

kentaohjelmistoilla pystytään mitoittamaan rakenteita, joita on työläs laskea käsin. 

Tässä opinnäytetyössä käytettävät laskentaohjelmistot Tekla Tedds ja Autodesk 

Robot Structural Analysis ovat FEM-laskentaohjelmistoja. /13/ 

3.2 Rakennesuunnittelijan pätevyydet 

Teräs-, betoni- ja puurakenteet ovat yleisimpiä rakennesuunnittelun osa-alueita. 

Teräs-, betoni- ja puurakenteisiin myönnetään eritasoisia pätevyyksiä FISE:n toi-

mesta. ”FISE Oy on rakennus-, LVI- ja kiinteistöalalla toimiva henkilöpätevyyk-

siä toteava ja niiden kehittämiseen keskittyvä yritys.” /14/ 

Pätevyysluokkia uudis- ja korjausrakentamisessa ovat tavanomainen, vaativa ja 

poikkeuksellisen vaativa. Pätevyyksiä haettaessa hakijalla täytyy olla haettavaan 

luokkaan riittävä koulutus, tarpeeksi työkokemusta ja vaadittavat työnäytteet. 

FISE:n pätevyyspalvelu on hyvä ja käyttökelpoinen järjestelmä niin viranomaisil-

le kuin rakennuttajillekin. Pätevyydet voidaan todeta katsomalla yhdestä järjes-

telmästä. /14/ 
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4 VERTAILUMITOITUKSET 

Kaikki mitoituslaskelmat ja tulokset on nähtävissä opinnäytetyön liitteissä. Las-

kenta on suoritettu kantavien rakenteiden Eurokoodien EN 1992-1-1, EN 1993-1-

1 ja EN 1995-1-1 mukaan. Eurokoodien kanssa yhdessä on käytetty teräs-, betoni- 

ja puurakenteiden kansallisia liitteitä. 

Tässä opinnäytetyössä vertaillaan rakenteiden kestävyyksiä. Opinnäytetyön ra-

jaamiseksi vertailusta on jätetty pois mm. taipumat. Mitoitetut rakenteet ja tulok-

set on esitetty kuvissa ja taulukoissa jokaisen rakenteen käsittelyn yhteydessä. 

Vertailumitoitukset Tekla Tedds -ohjelmistolle on tehty Microsoft Excel -

ohjelmistolla tai RSA-ohjelmistolla. 

4.1 Teräspalkki – HEA-profiili 

Tässä opinnäytetyössä mitoitettiin kaksi erilaista teräspalkkia. Ensimmäiseen ver-

tailumitoitukseen käytettiin HEA-teräspalkkia, jota kutsutaan I-palkiksi. Lasken-

nassa käytetty HEA-teräspalkki on 350 mm korkea. Laskennassa saadut erot kes-

tävyyksissä Tekla Tedds -ohjelmiston ja Microsoft Excel -ohjelmiston välillä tu-

levat myötörajan fy eri arvoista. Tekla Tedds -ohjelmistossa käytetään laskennassa 

Tuotestandardi EN 10025-2 taulukon 7 mukaisia arvoja. Tässä laskennassa myö-

törajalle fy taulukkoarvo on 345 N/mm². Excel ohjelmistossa käytetään Eurocode 

EN 1993-1-1 taulukon 3.1 mukaisia arvoja, jolloin laskennassa käytetty myötöra-

jan arvo on 355 N/mm². Molempia arvoja myötörajalle on sallittu käyttää, tästä 

kattavampi perustelu opinnäytetyön johtopäätöksissä. /15, 16/ 

Krittisen kiepahdusmomentin Mcr ja kiepahduskestävyyden Mb,Rd ero johtuu siitä, 

että Tekla Tedds -ohjelmistossa käytetään eri teräsvalmistajan tuotteita kuin Ex-

cel-laskentapohjassa. Esimerkiksi jäyhyysmomentti z-akselin suhteen Iz arvo Ex-

cel-laskentapohjassa on 78870000 mm4, kun taas Tekla Tedds -ohjelmistossa käy-

tetään arvoa 78868435 mm4. Alla olevassa taulukossa (Taulukko 1) on esitetty 

erot HEA 360 -profiilille eri teräsvalmistajien poikkileikkausarvoissa. 
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Taulukko 1. Poikkileikkausarvot HEA 360. 

������������	
����
��������� ��������	�
���
 � ���
�������� ��

�������
���	����� ����� ����
����		�
� ��

������������		���������	��� ���  � !!"#""""" � !!"$#%$#%� �� &�



��	�����	����	�����	����������	��� �� ����  � '$#'""" � '$#"$&( � �� ! �

)
��	�����	����	�����	����������	���� � ����  � *"$$""" � *"$$&%#� �� ! �

�������������������	���� 	�  � '(* � '(*+*&, � ���

������������		��-�-����	��� ��
  � %$$%""""� %$$,$&!(� �� &�



��	�����	����	�����	���-�-����	���� � ���
  � (*,""" � (*(%#" � �� ! �

)
��	�����	����	�����	���-�-����	��� �� ���
  � $"*""" � $"**%*� �� ! �

������������-�-����	��� �	
  � %&+!� %&+!*$� ���
 

Alla olevassa kuvassa (Kuva 2) on esitetty mitoitetun teräspalkin, profiilin HEA 

360 geometria, tuenta ja kuormat. Kuvan alla olevassa taulukossa (Taulukko 2) on 

esitetty kestävyydet sekä kriittinen kiepahdusmomentti Mcr. 

 

Kuva 2. HEA 360 -teräspalkin geometria, tuenta ja kuormat. 
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Taulukko 2. HEA 360 -teräspalkin tulosten vertailu. 
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4.2 Teräspalkki – RHS-profiili 

Opinnäytetyön vertailumitoituksissa toisena teräspalkkina mitoitettiin RHS-

profiili 400x200x10. 400 tarkoittaa palkin korkeutta, 200 leveyttä ja 10 paksuutta 

millimetreinä. Erot kestävyyksissä Tekla Tedds -ohjelmiston ja Excel-

laskentapohjan välillä johtuvat materiaalivalmistajien eri poikkileikkausarvoista, 

kuten HEA-profiilin laskennassa. Esimerkiksi pinta-alan A arvo Tekla Tedds -

ohjelmistossa, rakenneputkelle profiilille 400x200x10 on 11493 mm² ja Excel-

laskentapohjassa 11260 mm².  

Tekla Tedds -ohjelmistossa käytetään rakenneputkille teräsvalmistaja Tata Steel 

Oy:n poikkileikkausarvoja. Vertailumitoituksen Excel-laskentapohjassa on käy-

tössä SSAB:n valmistamien rakenneputkien poikkileikkausarvot. Poikkileikkaus-

arvojen erojen lisäksi näillä eri teräsvalmistajien rakenneputkilla on myös se ero, 

että Tata Steel Oy:n rakenneputket ovat kuumamuovattuja ja SSAB:n rakenneput-

ket ovat kylmämuovattuja. Suomessa käytetään pääsääntöisesti SSAB:n rakenne-

putkia, jotka ovat kylmämuovattuja. /17, 18, 19/ 

Alla olevassa kuvassa (Kuva 3) on esitetty mitoitetun teräspalkin, profiilin RHS 

400x200x10 geometria, tuenta ja kuormat. Kuvan alla olevassa taulukossa (Tau-

lukko 3) on esitetty kestävyydet. 
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Kuva 3. RHS 400x200x10 -teräspalkin geometria, tuenta ja kuormat. 

Taulukko 3. RHS 400x200x10 -teräspalkin tulosten vertailu. 

�	��

������
���	� ���
������� � 
���
� .���� �

�����	�����	������/�0�1� � ��
�  � (*(+&� ("#+' � !+*�. �

2����������	������/�0 ��� ��
�  � '(%"+&� '(!$+, � *+'�. �
 

4.3 Väestönsuojan teräsbetonilaatta 

Väestönsuojan teräsbetonilaatan vertailumitoitus tehtiin Tekla Tedds -

ohjelmistolla ja myötöviivateoriaan perustuvalla Excel-laskentapohjalla sekä käsi-

laskennalla. Erot laatan momenteissa johtuvat eri laskentamenetelmien käytöstä. 

Ohjelmistoissa käytettävien laskentamenetelmien erot on kerrottu seuraavassa 

kappaleessa. Leikkauskestävyyksien erot tulevat niiden eri laskentatavasta. Tekla 

Tedds -ohjelmistossa leikkausvoima lasketaan eri tavalla kuin Eurokoodi EN 

1992-1-1 ohjeistaa. Leikkausvoiman ja -kestävyyden laskenta eurokoodin mukaan 

on esitetty liitteissä (Liite 6). Tekla Tedds -ohjelmistossa käytettävä laskentatapa 
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on esitetty liitteissä teräsbetonilaatan Tekla Tedds -tulosteessa (Liite 7). Eroa tu-

loksiin aiheuttaa myös Tekla Tedds -ohjelmistossa käytettävä 1,5 kN/m² suurempi 

mitoituskuorma q. /20/ 

FEM-ohjelmistot kuten Tekla Tedds ja Robot Structural Analysis perustuvat 

kimmoteoriaan. Myötöviivateoria perustuu plastisuusteoriaan, joka on ratkaisu-

menetelmänä täysin päinvastainen kuin kimmoteoriaan perustuvat FEM-

ohjelmistot. ”Plastisuusteoriaa käytettäessä etsitään sellainen kestävyyksien yhdis-

telmä, että sen tuottama rajakuorma on vähintään yhtä suuri kuin asetettu mitoi-

tuskuorma. Siten kestävyyksien ei tarvitse noudattaa kimmoteorian mukaista 

maksimimomenttien jakautumaa, vaikka myös tällainen jakautuma on tasapai-

noehdon toteuttava.” /21 s.105/ 

Myötöviivateoriaa käytettäessä tulee alussa valita momenttien suhteet. Excel-

pohjassa valittiin lyhyemmän suunnan kenttämomentti tuntemattomaksi. Muut 

momentit annetaan suhteessa tähän kertoimilla. Yleensä tukimomentit valitaan 15 

- 30 % suuremmiksi kuin kenttämomentit. Näin tehdään myös kimmoteoriassa. 

/21, 22/ 

Teräsbetonilaatan laskennan aikana osoittautui, että Tekla Tedds ei sovellu tällä 

hetkellä väestönsuojan laatan laskentaan. Ohjelmistossa lasketaan leikkausraudoi-

tuksia mitoitettaessa tuella oleva (suurin) leikkausvoiman arvo, joka vastaa seinäl-

le muodostuvaa tukireaktiota. Leikkausvoima voidaan Eurokoodin EN 1992-1-1 

mukaan laskea etäisyydeltä d palkin / laatan päästä. Etäisyys d on mitta tuen kes-

keltä kriittiseen poikkileikkaukseen. Alla olevissa kuvissa (Kuva 4, 5) on esitetty 

d-mitta ja leikkausvoimakuvio. /20, 21/ 
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Kuva 4. D-mitta. 

 

Kuva 5. Teräsbetonilaatan leikkausvoimakuvio. 

Alla olevassa kuvassa (Kuva 6) on esitetty väestönsuojan teräsbetonilaatan geo-

metria, tuenta ja kuormat. Kuvan alla olevassa taulukossa (Taulukko 4) on esitetty 

kenttä- ja tukimomentit sekä leikkauskestävyydet laatan jänteen molemmissa 

suunnissa.  
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Kuva 6. Teräsbetonilaatan geometria, tuenta ja kuormat. 

Taulukko 4. Väestönsuojan teräsbetonilaatan tulosten vertailu. 
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Väestönsuojia mitoitettaessa voidaan materiaalilujuuksia korottaa jopa 20 %, kos-

ka kyseessä on erittäin lyhytaikainen impulssikuorma, ja koska väestönsuojia kos-

kevat määräykset antavat mahdollisuuden. Lisäksi materiaalien osavarmuusker-

toimia voidaan pienentää. /23/ Valittuna on betonin lujuusluokka C30 ja teräksen 



21 

 

lujuusluokka on B500B. Lasketaan betonin puristuslujuuden mitoitusarvo fcd ja 

raudoituksen laskentalujuus fyd seuraavasti: 

 � �� � ���� 	

 ��


 �
� ���� 	

� ���	����� �

�
� ��������  

 � �� �

 ��
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� ���	 �� �

�
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joissa  

! �  on betonin materiaaliosavarmuusluku, 

! " �on raudoituksen materiaaliosavarmuusluku,  

� �#  on betonin lieriölujuuden ominaisarvo,  

� �#  on raudoituksen ominaislujuus. 

Tekla Tedds -ohjelmistossa ei voida manuaalisesti määrittää näitä edellä mainittu-

ja materiaalien osavarmuuskertoimia. Raudoituksen ominaislujuuden saa määri-

tettyä, mutta ohjelmisto jakaa lujuuden osavarmuuskertoimella. Tämän ongelman 

saa kierrettyä kertomalla raudoituksen ominaislujuuden osavarmuuskertoimella, 

jolloin muutokset kumoavat toisensa. Betonin osalta voidaan valita lujemman be-

tonin lujuusluokan, mutta tarkkaa 20 % korotusta ei voida määrittää. Kehitys-

pyyntö Tekla Tedds -ohjelmiston kehitystiimille teräsbetonilaatan laskentapohjaan 

on tehty Tekla Support:in toimesta. /24/  

4.4 Harjaristikko 

Mitoitettaessa harjaristikkoa (Kuva 8.), laskenta ei onnistunut loppuun saakka. 

Tekla Tedds -ohjelmistossa käsitellään ristikon yläpaarretta kuutena eri palana eli 

elementtinä. Yläpaarre joudutaan jakamaan solmupisteen kohdalta elementteihin. 

Yläpaarteiden elementtien yhdistäminen ei tässä laskennassa onnistunut. Lasken-

nan aikana ohjelmisto ilmoittaa häiriöviestin: ”The analysis model contains design 

members which cannot currently be designed by this calculation.” Tämä tarkoittaa 
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sitä, että analyysimalli sisältää suunnittelu-osia, joita ei voi tällä hetkellä suunni-

tella tällä laskennalla.  

Harjaristikon laskennassa käytettiin vain yhtä kuormitusyhdistelmää laskennan 

nopeuttamiseksi. Kuormitusyhdistelmä on esitetty alla olevassa kuvassa (Kuva 7). 

Kuormitusyhdistelmässä on kerrottu ristikon omapaino ja pysyvä kuorma luvulla 

1,15 sekä muuttuva- eli tässä lumikuorma luvulla 1,5. Laskenta on suoritettu sekä 

Tekla Tedds- että Robot Structural Analysis-ohjelmistossa Eurocode SFS-EN 

1993-1-1 mukaan.  

 

Kuva 7. Kuormitusyhdistelmä. 

Erot kestävyyksissä tulevat eri materiaalivalmistajien eroista poikkileikkausar-

voissa. Erot ovat pieniä, kuten palkin laskennassa aiemmin esitetty. Robot Struc-

tural Analysis -ohjelmistossa käytetään myös SSAB:n rakenneputkia, kuten Ex-

cel-laskentapohjassa. 

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

kuormat. Ristikon geometria on esitetty myös liitteessä 134, josta mitat ovat näh-

tävissä paremmin. Kuvan alla olevassa taulukossa (Taulukko 5) on esitetty kestä-

vyydet ylä- ja alapaarteelle sekä kahdelle rasitetuimmalle diagonaalille. Rasite-

tuimmat diagonaalit ovat nähtävissä numeroilla 10 ja 11. (Kuva 9).  



23 

 

 

Kuva 8. Harjaristikon geometria, tuenta ja kuormat. 

Taulukko 5. Harjaristikon tulosten vertailu. 
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Kuva 9. Kuvakaappaus ristikon sauvoista RSA-ohjelmistossa. 

Nurjahduskestävyyttä laskettaessa Tekla Tedds -ohjelmistossa on virhe 2D Ana-

lysis & Design -laskentapohjassa. Se vaikuttaa käyttöasteeseen, joka ylittyy. Oh-

jelmistossa käytetään kuumamuovatulle rakenneputkelle Eurocode 1993-1-1 tau-

lukon 6.1 mukaista nurjahduskäyrää a (Kuva 11). Nurjahduskäyrälle a, epätark-

kuustekijän �  arvo on 0,21 (Kuva 12). Tekla Tedds -ohjelmistossa käytetään epä-

tarkkuustekijälle virheellisesti arvoa 1,0 (Kuva 10). Asiaa on selvitetty Tekla 

Support:in kanssa. Kehityspyyntö Tekla Tedds -ohjelmiston kehitystiimille on 

tehty. /15, 18/ 
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Kuva 10. Kuvakaappaus Tekla Tedds -tulosteesta. 

 

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

 

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

Tekla Tedds ohjelmistossa voidaan tehdä suunnittelu-osia, missä pystyy määritte-

lemään, mistä kyseinen osa on tuettu. Tämä edellä mainittu toiminto tekee paar-
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teista yhtenäiset ja siten myös kuormien määrittäminen onnistuu esimerkiksi pel-

källe alapaarteelle. Alapaarteen osalta tukien määritys onnistuu eli tuet ovat sol-

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

 

Kuva 13. Suunnittelu-osa asetukset Tekla Tedds -ohjelmistossa. 

 

Kuva 14. Solmupisteiden luonti Tekla Tedds -ohjelmistossa. 
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Muuttamalla harjaristikon KT-ristikoksi, (Kuva 15.) laskenta onnistuu Tekla 

Tedds -ohjelmistolla. KT-ristikossa yläpaarre on yhtenäinen ja vaakasuora. Sol-

mupisteet muodostavat suoran linjan.  

 

Kuva 15. KT-Ristikko. 

4.5 Puupilari 

Vertailumitoitus Tekla Tedds -ohjelmistolle on tehty pilarin alemmalle jänteelle 

eli 4500 mm osalle (Kuva 16). Myös betoni- ja teräspilarin mitoituksessa on toi-

mittu samoin. Puupilarin poikkileikkauksen koko vertailumitoituksessa on 

240x720. Pilarin lujuusluokka on GL28c. Vertailumitoitus Tekla Tedds -

ohjelmistolle tehtiin SKOL-laskentapohjalla. Laskentapohjan nimi on P1 Puupila-

ri.  

Ero syynsuuntaisessa puristuskestävyydessä aiheutuu materiaalin jäykkyys- ja 

kestävyysominaisuuksien osavarmuusluvun $�  eri arvoista. Tekla Tedds -

ohjelmistossa käytetään arvoa 1,25 ja puupilarin SKOL-laskentapohjassa arvoa 

1,2. Eurocode SFS-EN 1995-1-1 taulukossa 2.3 liimapuun osavarmuusluvun suo-

situsarvo on 1,25 (Taulukko 7). Ympäristöministeriön julkaisemassa kansallisessa 

liitteessä puurakenteille ohjeistetaan käyttämään Eurocode SFS-EN 1995-1-1 tau-

lukon 2.3 suositusarvoja (Kuva 17). Kyseessä on kuitenkin suositusarvo, joten 

kumpikaan arvo ei ole oikein. Tässä tapauksessa Excel-laskennan tuloksena puu-

pilari saa suuremman puristuskestävyyden arvon. /25, 26/ 
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Kuva 16. Pilarin geometria, tuenta ja kuormat.                   

Taulukko 6. Eurocode SFS-EN 1995-1-1:n taulukko 2.3. /26/ 
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Kuva 17. Puurakenteiden kansallisen liitteen ohjeistus. /25/ 

Stabiliteettitarkastelussa ero aiheutuu kimmokertoimen %��&��  eri arvoista. Tekla 

Tedds -ohjelmistossa käytetään arvoa 10400 N/mm² ja SKOL-laskentapohjassa 

arvoa 10200 N/mm². Materiaalistandardin SFS-EN 14080 taulukossa 4 lujuusluo-

kan GL 28c liimapuun kimmokertoimen arvo on 10400 N/mm² (Kuva 18). Näin 

ollen SKOL-laskentapohjassa käytetään väärää arvoa. Virheestä on ilmoitettu las-

kentapohjan laatijalle. Alla olevassa taulukossa (Taulukko 7) on esitetty puristus-

kestävyys sekä stabiliteettitarkastelusta laskettu käyttöaste. /25/ 

Taulukko 7. Puupilarin tulosten vertailu. 

�	��

������
���	� Tekla Tedds Excel (SKOL-pohja) %-ero 

Syynsuuntainen puristuskestävyys fc,0,d (N/mm²) 11,5 12,0 4,2 % 
Stabiliteettitarkastelu (%) 108,9 % 106,0 %   
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Kuva 18. SFS-EN 14080 taulukko 4. /25/ 

4.6 Betonipilari 

Betonipilarin osalta aiemmin esitettyä rakennetta ei pystynyt Tekla Tedds -

ohjelmistolla mitoittaa (Kuva 16). Member analysis & design -laskentapohjassa 

olevassa rajoitteessa lukee seuraavaa : ”The analysis and design calculations 

are limited to horizontal beams and members with no axial loading.” Tämä tar-

koittaa sitä, että analyysi ja mitoituslaskelmat on rajoitettu vaakasuoriin palkkei-

hin ja osiin, joihin ei kohdistu aksiaalista kuormitusta.  

Edellä mainitun vuoksi, betonipilarin mitoitus tehtiin eri Tekla Tedds -

laskentapohjalla. Laskentapohjassa on ainoastaan poikkileikkauksen mitoitus. Sta-

tiikan ratkaisu täytyi jättää pois. Tämän lisäksi betonipilarin rakennetta piti muut-

taa (Kuva 16). Vertailumitoituksessa pilari oli alimmaisen jänteen eli 4500 mm 

pituinen. Betonipilarin mitoituskuormana käytetiin NEd = 1677 kN. 
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Betonipilarin poikkileikkauksen koko on 280x380. Betonipilarin vertailumitoitus 

Tekla Tedds -ohjelmistolle tehtiin SKOL-laskentapohjalla. Laskentapohjan nimi 

on B3 Kahteen suuntaan taivutettu teräsbetonipilari. Momenttikapasiteettien 0,6 

% ja 0,7 % erot johtuvat pyöristyksistä. Vinosta taivutuksesta saatujen käyttöas-

teiden välillä on huomattavan suuri ero. Käyttöasteiden erotus Tekla Tedds- ja 

Excel-ohjelmistojen välillä on 22,90 %-yksikköä. 

Tekla Tedds -ohjelmistossa huomioidaan mittaepätarkkuudet molemmissa suun-

nissa samanaikaisesti. Eli Tekla Tedds -ohjelmistossa käytetään vinon taivutuksen 

laskennassa suurempia taivutusmomentin arvoja molemmissa suunnissa (z- ja y-

akseli) samanaikaisesti. Eurokoodissa EN 1992-1-1 sanotaan kohdassa 5.8.9(2): 

"Epätarkkuudet tarvitsee ottaa huomioon vain suunnassa, jossa niillä on epäedulli-

sin vaikutus." (Kuva 19). Ongelmasta on ilmoitettu Tekla Support:ille ja asiaa sel-

vitetään. Alla olevassa taulukossa (Taulukko 8) on esitetty betonipilarin moment-

tikestävyydet sekä vinosta taivutuksesta lasketut käyttöasteet. /20/ 

Taulukko 8. Betonipilarin tulosten vertailu. 
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Kuva 19. Vino taivutus, EN 1992-1-1. /20/ 

4.7 Teräspilari 

Teräspilarin profiili vertailumitoituksessa on RHS 200x200x8. Erot kestävyyksis-

sä Tekla Tedds- ja Excel-ohjelmistojen välillä johtuvat materiaalivalmistajien eri 
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poikkileikkausarvoista. Eroja on esitelty vertailumitoitusten alussa palkin lasken-

nassa. Alla olevassa taulukossa (Taulukko 8) on esitetty teräspilarin puristus- ja 

nurjahduskestävyydet. 

Taulukko 9. Teräspilarin tulosten vertailu. 
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5 JOHTOPÄÄTÖKSET JA POHDINTA 

Opinnäytetyön tilaaja Contria Oy antoi toimeksiannon selvittää sopiiko Tekla 

Tedds -ohjelmisto heidän käyttöönsä. Edellä mainitun johdosta lähtöarvoiksi on 

asetettu toimeksiantajan kannalta tärkeimmät lähtöarvot. Esimerkiksi RHS-palkin 

laskennassa käytetty kylmämuovattu rakenneputki ei ole paras vaihtoehto kuu-

mamuovatulle rakenneputkelle vertailun kannalta, mutta kylmämuovatut rakenne-

putket ovat yleisesti käytössä Suomessa. 

Opinnäytetyö toteutettiin vertailumitoituksilla. Tämän opinnäytetyön tarpeellisuus 

tuli osoitettua tehdyillä mitoituslaskelmilla ja niistä saaduilla tuloksilla. Opinnäy-

tetyössäni suoritetut mitoituslaskelmat osoittavat, että Tekla Tedds -ohjelmistossa 

on kehittämistä. Ohjelmistossa on puutteita, joihin ohjelmiston kehittäjän on syytä 

tehdä parannuksia. 

Opinnäytetyötä tehdessä Tekla Tedds osoittautui helppokäyttöiseksi ja tiettyihin 

laskelmiin luotettavaksi ohjelmistoksi tarkkojen laskelmien tekemiseen. Eli siis 

ohjelmiston kehittäjän kommentit pitivät näiltä osin paikkansa. Kaikkeen lasken-

taan se ei kuitenkaan soveltunut, kuten ohjelmiston epätarkkuudet mitoituslaskel-

missa osoittivat. Ohjelmiston ensimmäinen avaus ei aiheuttanut minulle ongelmia 

monimutkaisuudellaan, vaan käyttöliittymä on selkeä ja helppokäyttöinen. Tämän 

lisäksi käyttäjällä on apuna videopalvelu Youtube:ssa ohjelmiston kehittäjän opas-

tavat videot. 

Tekla Tedds -ohjelmistossa on useassa kohtaa informaatio, joka avautuu viemällä 

hiiren kursorin sen päälle. Tämä on todella hyvä ominaisuus, joka antaa lisätietoa, 

mitä kannattaisi lähteä pohjassa muuttamaan ja selkeyttää mitä kyseinen kohta 

tarkoittaa. Tulosteet laskennasta on helppo tehdä. Ne ovat välittömästi raportoita-

vissa ja helposti luettavassa muodossa kuten ohjelmiston kehittäjä lupaa. Pidän 

tärkeänä, että tulosteessa on näkyvissä, minkä standardin mukaan laskenta on suo-

ritettu. Sekä kaavat jokaiselle välitulokselle. Näin mitoituksen tarkastaja pystyy 

tarkastamaan, mitä kaavaa on käytetty ja miten lopputulokseen on päädytty. 
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Väestönsuojan laatan sekä harjaristikon laskennan tuloksien ristiriitaisuudet osoit-

tavat, että ohjelmistossa on korjattavaa ja päivitettävää. Suomessa rakennetaan 

lukuisia väestönsuojia vuosittain, joten ohjelmiston muokkaaminen sen laskennan 

mahdollistamiseksi on tarpeellista. Ristikon laskennassa yläpaarteiden jääminen 

elementeiksi tuotti epäluotettavan lopputuloksen. Tarkkaa syytä yläpaarteiden 

jäämistä elementeiksi en pystynyt varmuudella selvittämään. Ristikon solmupis-

teiden pienet erot aiheuttivat luultavasti ohjelmiston epätarkkuuden. Ristikon las-

kennassa en onnistunut muodostamaan täysin suoraa linjaa näiden pisteiden kaut-

ta, enkä siten muokata yläpaarretta yhtenäiseksi. KT-ristikon yläpaarteen tekemi-

nen onnistui helposti, mutta kaltevan yläpaarteen mallintaminen siten, että solmu-

pisteiden väliset sauvat saataisiin yhdistettyä yhtenäiseksi sauvaksi oli liian han-

kalaa. 

Tekla Tedds on käyttökelpoinen ohjelmisto yksinkertaisten mitoitusten tekemi-

seen. Kuten esimerkiksi yksiaukkoinen palkki tai pilari. Ohjelmistossa olevan las-

kentatehon johdosta tällaisen yksinkertaisen rakenteen laskenta onnistuu nopeasti, 

vaikka laskennassa on käytetty useita kuormitusyhdistelmiä. Tekla Tedds on pal-

jon monipuolisempi kuin Excel-laskentapohjat yleensä ja vähemmän laskentate-

hoa vaativa kuin ’järeät’ analyysiohjelmistot. Monimutkaisempien rakenteiden 

laskentaan Tekla Tedds ei tällä hetkellä sovellu, mutta ohjelmiston kehittäjä on 

luvannut uusia päivityksiä. 

HEA-palkkia mitoitettaessa Tekla Tedds -ohjelmistossa ei ollut vielä teräksen 

ominaisuuksista olevaa alasvetovalikkoa (Kuva 20). Alasvetovalikko lisättiin Tek-

la Tedds -ohjelmistoon työn ollessa kirjoitusvaiheessa. Alasvetovalikosta saa va-

littua käyttääkö teräksen ominaisuuksina Eurocode EN 1993-1-1 taulukon 3.1 

(Taulukko 10) vai tuotestandardin EN 10025-2 taulukon 7 (Taulukko 11) mukai-

sia arvoja. Tässä laskennassa valitsemalla Tuotestandardin mukaisen myötörajan 

arvon, Tekla Tedds -ohjelmistossa käytetään 10 N/mm² pienempää arvoa kuin va-

litsemalla Eurocoden mukaisen arvon. Pienempi myötörajan arvo tarkoittaa pie-

nempää palkin kestävyyttä.  
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Kuva 20. Teräksen ominaisuudet -alasvetovalikko. 

Palkin mitoituksessa teräslaadun S355 ollessa valittuna Tekla Tedds -

ohjelmistossa käytetään teräksen myötörajana fy arvoa 345 N/mm², jos valitun pro-

fiilin nimellispaksuus t on välillä 16 – 40 mm. Excel-laskentapohjassa teräslaadul-

le S355 myötörajana fy on käytetty arvoa 355 N/mm², jos valitun profiilin nimel-

lispaksuus t �  40mm. ”Terästehdas valmistaa tuotteet tuotestandardin mukaisesti 

ja takaa tuotestandardin mukaiset arvot. Lähtökohtaisesti tuotestandardin (EN 

10025-2) arvot (Taulukko 11) ovat sikäli ’eniten oikein’:;� Excel-pohjassani on 

käytetty Eurocode EN 1993-1-1 mukaisia arvoja (Taulukko 10). Voidaan todeta, 

että Tekla Tedds -ohjelmistossa käytetään myötörajalle fy pienempää sekä tarkem-

paa arvoa, ja näin ollen se laskee rakenteiden kestävyydet ns. ”varmemmalle puo-

lelle” kuin Excel-pohjani. /15, 16, 27/ 

Näitä edellä mainittuja määrityksiä teräksen myötörajalle saa molempia käyttää, ja 

ne ovat kumpikin ”oikeaa” tietoa. Eurocode EN 1993-1-1 siis lähtökohtaisesti sal-

lii molemmat tavat myötörajan määritykselle. Rakenteita mitoittaessa Eurocoden 

mukaisesti, noudatetaan sen ohjeita. Eurocodessa EN 1993-1-1 kohdassa 3.2.1(1) 

lukee seuraavasti (Kuva 21): 
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Kuva 21. Materiaaliominaisuuksien valinta Eurocode 1993-1-1 mukaisesti. /15/ 

Eurocoden EN 1993-1-1 kohdassa 3.2.1(1) olevassa huomautuksessa kuitenkin 

sanotaan, että lopullinen päätös asiaan sanotaan maan omassa kansallisessa liit-

teessä (National Annex), jonka julkaisee ympäristöministeriö. Rakenteet, jotka 

opinnäytetyössä mitoitin sijaitsevat Suomessa, joten tässä tapauksessa käytetään 

yhdessä Eurocoden kanssa Suomen kansallista liitettä. Suomen kansallisessa liit-

teessä todetaan, että kumpiakin tapoja voidaan käyttää. ”Käytännössä kuitenkin 

kustannuspaine saattaa johtaa käyttämään kulloinkin menetelmää tai tapaa, jolla 

saadaan parhaat tulokset – tässä siis Eurocodessa olevan taulukon 3.1 mukaisia 

arvoja.” /15, 16, 27/. 

Taulukko 10. Eurocode EN 1993-1-1 taulukko 3.1. /15/ 
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Taulukko 11. Tuotestandardi EN 10025-2 taulukko 7. /16/ 

 

Mikäli RHS-profiilin palkin mitoituksessa olisi tarkasteltu myös nurjahdusta, ero 

nurjahduskestävyydessä olisi ollut suurempi kuin taivutus- ja leikkauskestävyy-

dessä. Tämä johtuu siitä, että kylmä- ja kuumamuovatuille rakenneputkille täytyy 

käyttää eri nurjahduskäyrää. Tekla Tedds -ohjelmistossa ei ole mahdollisuutta va-

lita kylmämuovattuja rakenneputkia, mikä on puute, koska ne ovat yleisesti käy-

tössä pohjoismaissa. Kehityspyyntö Tekla Support:ille on tehty, ja kylmämuovat-

tujen putkien lisääminen ohjelmistoon on työn alla. /15, 18/ 

Väestönsuojan teräsbetonilaatan vertailumitoitusta laskettaessa, momenteille ei 

ole olemassa yhtä ainoaa oikeaa arvoa. Täysin oikea ratkaisu löytyisi, jos laatta 

olisi täysin kimmoinen. Valitut momentit vaikuttavat teräsmääriin, jotka taas vai-

kuttavat taivutusjäykkyyksiin. Edellä mainittuun liittyy sanonta ”laatta käyttäytyy 

niin kuin se raudoitetaan.” /21, 22/ 

Harjaristikon laskennassa ilmestynyt häiriöviesti aiheutuu luultavasti siitä, että 

yläpaarteen solmupisteet eivät ole täysin suorassa linjassa. Ohjelmisto ei tämän 

vuoksi osaa yhdistää yläpaarretta yhtenäiseksi. Ongelmaa on selvitetty yhdessä 

Tekla Support:in kanssa, ja todettu vian olevan mitä luultavammin yläpaarteiden 

erittäin pienissä kulmanmuutoksissa. Yläpaarteiden jättäminen elementeiksi ai-
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heuttaa sen, että laskentapohjan suunnitteluosiossa, täytyy jokainen yläpaarteen 

elementti suunnitella erikseen. Suunnittelu on todella hidasta, varsinkin jos las-

kennassa on monia kuormitusyhdistelyitä. Tämän lisäksi tulokset eivät ole luotet-

tavia, koska vertailu Robot Structural Analysis -ohjelmistoon antaa täysin eri ar-

voja yläpaarteiden kestävyyksiin. 
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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 

  

 

Span Length 
(m) 

Section Start Support End Support 

1 6.89 HE 360 A Pinned Roller Pin X 

HE 360 A: Area 143 cm2, Inertia Major 33090 cm4, Inertia Minor 7887 cm4, Shear area 
parallel to Minor 35 cm2, Shear area parallel to Major = 95 cm2 

Steel (EC3): Density 7850 kg/m3, Youngs 210 kN/mm2, Shear 80.8 kN/mm2, Thermal 
0.000012 °C-1 

Loading 

Self weight included 

Permanent - Loading (kN) 

  

 

Imposed - Loading (kN) 
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Load combination factors 

Load combination 

S
el

f 
W

ei
gh

t 

P
er

m
an

en
t 

Im
po

se
d 

1.0G + 1.0Q + 1.0RQ (Service) 1.00 1.00 1.00 

1.35KFIG (Strength) 1.35 1.35   

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) 1.15 1.15 1.50 

Member Loads 

Member Load case Load Type Orientation Description 

Beam Permanent Point load GlobalZ 28 kN at 1.7 m 

Beam Permanent Point load GlobalZ 28 kN at 3.7 m 

Beam Permanent Point load GlobalZ 28 kN at 5.7 m 

Beam Imposed Point load GlobalZ 59 kN at 1.7 m 

Beam Imposed Point load GlobalZ 59 kN at 3.7 m 

Beam Imposed Point load 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-
vice) 

0 265.6 

1.35KFIG (Strength) 0 123.6 



LIITE 2 

 

 

Load case/combination Force 

 FX FZ 

 (kN) (kN) 

1.15KFIG + 1.5KFIQ + 
1.5KFIRQ (Strength) 

0 366.3 

Element end forces 

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

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

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

1 6.89 1 0 -124.1 0 

2 0 -141.5 0 

Load combination: 1.35K FIG (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

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

1 6.89 1 0 -57.6 0 

2 0 -66 0 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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) 

  

 

Strength combinations - Shear envelope (kN) 

  

 

Member results 

Envelope - Strength combinations 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Beam 0 171.2 57.6 0 (min)  

 3.7 45.8 -74.9 383.5 (max) 127.4 

 6.89 -66 -195.1 (max abs) 0 (min)  

1.35KFIG (Strength) - Moment (kNm) 

  

 

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

Load combination: 1.35K FIG (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Beam 0 57.6  0 (min)  

 3.7 14.3 -23.5 127.4 (max)  

 6.89 -66 (max abs)  0 (min)  

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Moment (kNm) 

  

 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Shear (kN) 

  

 

Member results 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Beam 0 171.2  0 (min)  

 3.7 45.8 -74.9 383.5 (max)  

 6.89 -195.1 (max abs)  0 (min)  

�����

������
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; 

Partial factors - Section 6.1     

Resistance of cross-sections; gM0 = 1 

Resistance of members to instability; gM1 = 1 

Resistance of tensile members to fracture; gM2 = 1.25 

Beam design 

Section details 

Section type; HE 360 A (Arcelor) 

Steel grade - EN 10025-2:2004; S355 

Nominal thickness of element; tnom = max(tf, tw) = 17.5 mm 

Nominal yield strength; fy = 345 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Beam results summary Unit  Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 975.2 195.1 0.200 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.83 
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Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = d = 261 mm 

 c / tw = 26.1 = 31.6 ´  e <= 72 ´  e; Class1 

Outstand flanges - Table 5.2 (sheet 2 of 3) 

Width of section; c = (b - tw - 2 ´  r) / 2 = 118 mm 

 c / tf = 6.7 = 8.2 ´  e <= 9 ´  e; Class1 

Section is class 1 

Check design 3700 mm along span 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 ´  tf = 315 mm; h = 1.200 

 hw / tw = 31.5 = 45.8 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 74.9 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 ´  b ´  tf + (tw + 2 ´  r) ´  tf, h ´  hw ´  tw) = 4896 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 975.2 kN 

 Vy,Ed / Vc,y,Rd = 0.077 

PASS - Design shear resistance exceeds design shear fo rce 

Check bending moment - Section 6.2.5 

Design bending moment; My,Ed = 383.5 kNm 

Design bending resistance moment - eq 6.13; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 720.5 kNm 

 My,Ed / Mc,y,Rd = 0.532 

PASS - Design bending resistance moment exceeds design  bending moment 

Slenderness ratio for lateral torsional buckling 

Correction factor - Table 6.6; kc = 0.94 

 C1 = 1 / kc
2 = 1.132 

Poissons ratio; n = 0.3 

Shear modulus; G = E / [2 ´  (1 + n)] = 80769 N/mm2 

Unrestrained effective length; L = 1.0 ´  Lm1_s1_seg1_T = 6890 mm 

Elastic critical buckling moment; Mcr = C1 ´  p2 ´  E ´  Iz / L2 ´  Ö(Iw / Iz + L2 ´  G ´  It / (p2 ´  E ´  Iz)) = 

982.8 kNm 

Slenderness ratio for lateral torsional buckling; `l LT = Ö(Wpl.y ´  fy / Mcr) = 0.856 

Limiting slenderness ratio; `l LT,0 = 0.4 

`̀̀̀lll l LT > `̀̀̀lll l LT,0 - Lateral torsional buckling cannot be ignored 

Check buckling resistance - Section 6.3.2.1 

Buckling curve - Table 6.5; b 

Imperfection factor - Table 6.3; aLT = 0.34 

Correction factor for rolled sections; b = 0.75 

LTB reduction determination factor; f LT = 0.5 ´  [1 + aLT ´  (`l LT -`l LT,0) + b ´`l LT
2] = 0.852 

LTB reduction factor - eq 6.57; cLT = min(1 / [f LT + Ö(f LT
2 - b ´`l LT

2)], 1, 1 /`l LT
2) = 0.786 

Modification factor; f = 1.000 

Modified LTB reduction factor - eq 6.58; cLT,mod = min(cLT / f, 1, 1 / `l LT
2) = 0.786 

Design buckling resistance moment - eq 6.55; Mb,y,Rd = cLT,mod ´  Wpl.y ´  fy / gM1 = 566 kNm 

 My,Ed / Mb,y,Rd = 0.678 

PASS - Design buckling resistance moment exceeds desig n bending moment 
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Check design at end of span 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 ´  tf = 315 mm; h = 1.200 

 hw / tw = 31.5 = 45.8 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 195.1 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 ´  b ´  tf + (tw + 2 ´  r) ´  tf, h ´  hw ´  tw) = 4896 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 975.2 kN 

 Vy,Ed / Vc,y,Rd = 0.2 

PASS - Design shear resistance exceeds design shear fo rce 

Consider Combination 2 - 1.0G + 1.0Q + 1.0RQ (Servic e) 

Check design 3492 mm along span 

Check y-y axis deflection - Section 7.2.1 

Maximum deflection; dy = 19.8 mm 

Allowable deflection; dy,Allowable = Lm1_s1 / 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 

  

 

Span Length 
(m) 

Section Start Support End Support 

1 6.89 RHS 400x200x10.0 Pinned Roller Pin X 

RHS 400x200x10.0: Area 115 cm2, Inertia Major 23914 cm4, Inertia Minor 8084 cm4, 
Shear area parallel to Minor 77 cm2, Shear area parallel to Major = 38 cm2 

Steel (EC3): Density 7850 kg/m3, Youngs 210 kN/mm2, Shear 80.8 kN/mm2, Thermal 
0.000012 °C-1 

Loading 

Self weight included 

Permanent - Loading (kN) 

  

 

Imposed - Loading (kN) 
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Load combination factors 

Load combination 

S
el

f 
W

ei
gh

t 

P
er

m
an

en
t 

Im
po

se
d 

1.0G + 1.0Q + 1.0RQ (Service) 1.00 1.00 1.00 

1.35KFIG (Strength) 1.35 1.35   

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) 1.15 1.15 1.50 

Member Loads 

Member Load case Load Type Orientation Description 

Beam Permanent Point load GlobalZ 28 kN at 1.7 m 

Beam Permanent Point load GlobalZ 28 kN at 3.7 m 

Beam Permanent Point load GlobalZ 28 kN at 5.7 m 

Beam Imposed Point load GlobalZ 59 kN at 1.7 m 

Beam Imposed Point load GlobalZ 59 kN at 3.7 m 

Beam Imposed Point load 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-
vice) 

0 264.1 

1.35KFIG (Strength) 0 121.6 

1.15KFIG + 1.5KFIQ + 
1.5KFIRQ (Strength) 

0 364.6 
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Element end forces 

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

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

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

1 6.89 1 0 -123.4 0 

2 0 -140.7 0 

Load combination: 1.35K FIG (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

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

1 6.89 1 0 -56.6 0 

2 0 -65 0 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

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

1 6.89 1 0 -170.4 0 

2 0 -194.2 0 

Forces 

Strength combinations - Moment envelope (kNm) 
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Strength combinations - Shear envelope (kN) 

  

 

Member results 

Envelope - Strength combinations 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Beam 0 170.4 56.6 0 (min)  

 3.7 45.9 -74.8 382 (max) 125.7 

 6.89 -65 -194.2 (max abs) 0 (min)  

1.35KFIG (Strength) - Moment (kNm) 

  

 

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

Load combination: 1.35K FIG (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Beam 0 56.6  0 (min)  

 3.7 14.4 -23.4 125.7 (max)  

 6.89 -65 (max abs)  0 (min)  

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Moment (kNm) 

  

 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Shear (kN) 

  

 

Member results 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Beam 0 170.4  0 (min)  

 3.7 45.9 -74.8 382 (max)  

 6.89 -194.2 (max abs)  0 (min)  

��
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; 

Partial factors - Section 6.1     

Resistance of cross-sections; gM0 = 1 

Resistance of members to instability; gM1 = 1 

Resistance of tensile members to fracture; gM2 = 1.25 

Beam design 

Section details 

Section type; RHS 400x200x10.0 (Tata Steel Celsius) 

Steel grade; User defined 

Nominal thickness of element; tnom = t = 10 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Beam results summary Unit  Capacity Maximum Utilisation Result 

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

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 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 = 45.5 ´  e <= 72 ´  e; 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 ´  e; 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 - cl 6.2.6(3); Av = A ´  h / (b + h) = 7662 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 525.4 kNm 

 My,Ed / Mc,y,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; Vy,Ed = 194.2 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 7662 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 1570.4 kN 

 Vy,Ed / Vc,y,Rd = 0.124 

PASS - Design shear resistance exceeds design shear fo rce 

Consider Combination 2 - 1.0G + 1.0Q + 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 / dy,Allowable = 1.148 

FAIL - Design deflection exceeds allowable deflecti on 
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VÄESTÖNSUOJAN 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 mm2/m 1340 1072 0.800 PASS 

Bar spacing at mids-
pan 

mm 150 300 0.500 PASS 

Reinf. at support mm2/m 2011 1501 0.746 PASS 

Bar spacing at support mm 100 300 0.333 PASS 

Shear at cont. supp kN/m 167.4 295.4 1.764 FAIL 

Deflection ratio  19.84 32.58 0.609 PASS 

Long span 

Reinf. at midspan mm2/m 1340 604 0.450 PASS 

Bar spacing at mids-
pan 

mm 150 300 0.500 PASS 

Reinf. at support mm2/m 2011 822 0.409 PASS 

Bar spacing at support mm 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 
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Slab definition 

Slab reference name; Väestönsuojan laatta  

Type of slab; Two way spanning with restrained edges  

Overall slab depth; h = 300 mm 

Shorter effective span of panel; lx = 5298 mm 

Longer effective span of panel; ly = 9530 mm 

Support conditions; Four edges continuous (interior panel)  

Top outer layer of reinforcement; Short span direction  

Bottom outer layer of reinforcement; Short span direction  

Loading 

Characteristic permanent action; Gk = 10.0 kN/m2 

Characteristic variable action; Qk = 100.0 kN/m2 

Partial factor for permanent action; gG = 1.15 

Partial factor for variable action; gQ = 1.00 

Quasi-permanent value of variable action; y 2 = 0.00 

Design ultimate load; q = gG ´  Gk + gQ ´  Qk = 111.5 kN/m2 

Quasi-permanent load; qSLS = 1.0 ´  Gk + y 2 ´  Qk = 10.0 kN/m2 

Concrete properties 

Concrete strength class; C30/37 

Characteristic cylinder strength; fck = 30 N/mm2 

Partial factor (Table 2.1N); gC = 1.50 

Compressive strength factor (cl. 3.1.6); acc = 0.85 

Design compressive strength (cl. 3.1.6); fcd = 17.0 N/mm2 

Mean axial tensile strength (Table 3.1); fctm = 0.30 N/mm2 ´  (fck / 1 N/mm2)2/3 = 2.9 N/mm2 

Maximum aggregate size; dg = 20 mm 

Effective strength factor – exp.3.21; h = 1.00 

Effect. compr. zone height factor – exp.3.19; l  = 0.80 

Ultimate strain - Table 3.1; ecu2 = 0.0035 

Shortening strain - Table 3.1; ecu3 = 0.0035 

 K1 = 0.44 

 K2 = 1.25 = 1.25 

Design value modulus of elasticity reinf – 3.2.7(4) Es = 200000 N/mm2 

Reinforcement properties 

Characteristic yield strength; fyk = 600 N/mm2 
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Partial factor (Table 2.1N); gS = 1.15 

Design yield strength (fig. 3.8); fyd = fyk / gS = 521.7 N/mm2 

Concrete cover to reinforcement 

Nominal cover to outer top reinforcement; cnom_t = 30 mm 

Nominal cover to outer bottom reinforcement; cnom_b = 25 mm 

Fire resistance period to top of slab; Rtop = 60 min 

Fire resistance period to bottom of slab; Rbtm = 60 min 

Axia distance to top reinft (Table 5.8); afi_t = 15 mm 

Axia distance to bottom reinft (Table 5.8); afi_b = 15 mm 

Min. top cover requirement with regard to bond; cmin,b_t = 16 mm 

Min. btm cover requirement with regard to bond; cmin,b_b = 16 mm 

Reinforcement fabrication; Subject to QA system  

Cover allowance for deviation; Dcdev = 5 mm 

Min. required nominal cover to top reinft; cnom_t_min = 21.0 mm 

Min. required nominal cover to bottom reinft; 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 

Reinforcement design at midspan in short span direc tion (cl.6.1) 

Bending moment coefficient; bsx_p = 0.0448 

Design bending moment; Mx_p = bsx_p ´  q ´  lx2 = 140.1 kNm/m 

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

Area provided; Asx_p = 1340 mm2/m 

Effective depth to tension reinforcement; dx_p = h - cnom_b - f x_p / 2 = 267.0 mm 

K factor; K = Mx_p / (b ´  dx_p
2 ´  fck) = 0.066 

Redistribution ratio; d = 1.0 

K’ factor; K’ = (2 ´  h ´  acc / gC) ´  (1 - l  ´  (d - K1) / (2 ´  K2)) ´  (l   ´  (d - K1) / 

(2 ´  K2)) = 0.167 

K < K' - Compression reinforcement is not required 

Lever arm; z = min(0.95 ´  dx_p, dx_p/2 ´  [1 + (1 - 2 ´  K / (h ´  acc / gC))0.5]) = 

250.5 mm 

Area of reinforcement required for bending; Asx_p_m = Mx_p / (fyd ´  z) = 1072 mm2/m 

Minimum area of reinforcement required; Asx_p_min = max(0.26 ´  (fctm/fyk) ´  b ´  dx_p, 0.0013´ b´ dx_p) = 347 

mm2/m 

Area of reinforcement required; Asx_p_req = max(Asx_p_m, Asx_p_min) = 1072 mm2/m 

PASS - Area of reinforcement provided exceeds area req uired 

Check reinforcement spacing 

Reinforcement service stress; ssx_p = (fyk / gS) ´  min((Asx_p_m/Asx_p), 1.0) ´  qSLS / q = 37.4 

N/mm2 

Maximum allowable spacing (Table 7.3N); smax_x_p = 300 mm 

Actual bar spacing; sx_p = 150 mm 

PASS - The reinforcement spacing is acceptable 

Reinforcement design at midspan in long span direct ion (cl.6.1) 

Bending moment coefficient; bsy_p = 0.0240 

Design bending moment; My_p = bsy_p ´  q ´  lx2 = 75.1 kNm/m 

Reinforcement provided; 16 mm dia. bars at 150 mm centres 
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Area provided; Asy_p = 1340 mm2/m 

Effective depth to tension reinforcement; dy_p = h - cnom_b - f x_p - f y_p / 2 = 251.0 mm 

K factor; K = My_p / (b ´  dy_p
2 ´  fck) = 0.040 

Redistribution ratio; d = 1.0 

K’ factor; K’ = (2 ´  h ´  acc / gC) ´  (1 - l  ´  (d - K1) / (2 ´  K2)) ´  (l   ´  (d - K1) / 

(2 ´  K2)) = 0.167 

K < K' - Compression reinforcement is not required 

Lever arm; z = min(0.95 ´  dy_p, dy_p/2 ´  [1 + (1 - 2 ´  K / (h ´  acc / gC))0.5]) = 

238.5 mm 

Area of reinforcement required for bending; Asy_p_m = My_p / (fyd ´  z) = 604 mm2/m 

Minimum area of reinforcement required; Asy_p_min = max(0.26 ´  (fctm/fyk) ´  b ´  dy_p, 0.0013´ b´ dy_p) = 326 

mm2/m 

Area of reinforcement required; Asy_p_req = max(Asy_p_m, Asy_p_min) = 604 mm2/m 

PASS - Area of reinforcement provided exceeds area req uired 

Check reinforcement spacing 

Reinforcement service stress; ssy_p = (fyk / gS) ´  min((Asy_p_m/Asy_p), 1.0) ´  qSLS / q = 21.1 

N/mm2 

Maximum allowable spacing (Table 7.3N); smax_y_p = 300 mm 

Actual bar spacing; sy_p = 150 mm 

PASS - The reinforcement spacing is acceptable 

Reinforcement design at continuous support in short  span direction (cl.6.1) 

Bending moment coefficient; bsx_n = 0.0598 

Design bending moment; Mx_n = bsx_n ´  q ´  lx2 = 187.1 kNm/m 

Reinforcement provided; 16 mm dia. bars at 100 mm centres 

Area provided; Asx_n = 2011 mm2/m 

Effective depth to tension reinforcement; dx_n = h - cnom_t - f x_n / 2 = 262.0 mm 

K factor; K = Mx_n / (b ´  dx_n
2 ´  fck) = 0.091 

Redistribution ratio; d = 1.0 

K’ factor; K’ = (2 ´  h ´  acc / gC) ´  (1 - l  ´  (d - K1) / (2 ´  K2)) ´  (l   ´  (d - K1) / 

(2 ´  K2)) = 0.167 

K < K' - Compression reinforcement is not required 

Lever arm; z = min(0.95 ´  dx_n, dx_n/2 ´  [1 + (1 - 2 ´  K / (h ´  acc / gC))0.5]) = 

239.0 mm 

Area of reinforcement required for bending; Asx_n_m = Mx_n / (fyd ´  z) = 1501 mm2/m 

Minimum area of reinforcement required; Asx_n_min = max(0.26 ´  (fctm/fyk) ´  b ´  dx_n, 0.0013´ b´ dx_n) = 341 

mm2/m 

Area of reinforcement required; Asx_n_req = max(Asx_n_m, Asx_n_min) = 1501 mm2/m 

PASS - Area of reinforcement provided exceeds area req uired 

Check reinforcement spacing 

Reinforcement service stress; ssx_n = (fyk / gS) ´  min((Asx_n_m/Asx_n), 1.0) ´  qSLS / q = 34.9 

N/mm2 

Maximum allowable spacing (Table 7.3N); smax_x_n = 300 mm 

Actual bar spacing; sx_n = 100 mm 

PASS - The reinforcement spacing is acceptable 
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Reinforcement design at continuous support in long span direction (cl.6.1) 

Bending moment coefficient; bsy_n = 0.0320 

Design bending moment; My_n = bsy_n ´  q ´  lx2 = 100.1 kNm/m 

Reinforcement provided; 16 mm dia. bars at 100 mm centres 

Area provided; Asy_n = 2011 mm2/m 

Effective depth to tension reinforcement; dy_n = h - cnom_t - f x_n - f y_n / 2 = 246.0 mm 

K factor; K = My_n / (b ´  dy_n
2 ´  fck) = 0.055 

Redistribution ratio; d = 1.0 

K’ factor; K’ = (2 ´  h ´  acc / gC) ´  (1 - l  ´  (d - K1) / (2 ´  K2)) ´  (l   ´  (d - K1) / 

(2 ´  K2)) = 0.167 

K < K' - Compression reinforcement is not required 

Lever arm; z = min(0.95 ´  dy_n, dy_n/2 ´  [1 + (1 - 2 ´  K / (h ´  acc / gC))0.5]) = 

233.4 mm 

Area of reinforcement required for bending; Asy_n_m = My_n / (fyd ´  z) = 822 mm2/m 

Minimum area of reinforcement required; Asy_n_min = max(0.26 ´  (fctm/fyk) ´  b ´  dy_n, 0.0013´ b´ dy_n) = 320 

mm2/m 

Area of reinforcement required; Asy_n_req = max(Asy_n_m, Asy_n_min) = 822 mm2/m 

PASS - Area of reinforcement provided exceeds area req uired 

Check reinforcement spacing 

Reinforcement service stress; ssy_n = (fyk / gS) ´  min((Asy_n_m/Asy_n), 1.0) ´  qSLS / q = 19.1 

N/mm2 

Maximum allowable spacing (Table 7.3N); smax_y_n = 300 mm 

Actual bar spacing; sy_n = 100 mm 

PASS - The reinforcement spacing is acceptable 

Shear capacity check at short span continuous suppor t 

Shear force; Vx_n = q ´  lx / 2 = 295.4 kN/m 

Effective depth factor (cl. 6.2.2); k = min(2.0, 1 + (200 mm / dx_n)0.5) = 1.874 

Reinforcement ratio; r l = min(0.02, Asx_n / (b ´  dx_n)) = 0.0077 

Minimum shear resistance (Exp. 6.3N); VRd,c_min = 0.035 N/mm2 ´  k1.5 ´  (fck / 1 N/mm2)0.5 ´  b ´  dx_n 

 VRd,c_min = 128.8 kN/m 

Shear resistance constant (cl. 6.2.2); CRd,c = 0.18 N/mm2 / gC = 0.12 N/mm2 

Shear resistance (Exp. 6.2a);  

VRd,c_x_n = max(VRd,c_min, CRd,c ´  k ´  (100 ´  r l ´  (fck / 1 N/mm2))0.333 ´  b ´  dx_n) = 167.4 kN/m 

FAIL - Shear capacity is inadequate 

Shear capacity check at long span continuous support  

Shear force; Vy_n = q ´  lx / 2 = 295.4 kN/m 

Effective depth factor (cl. 6.2.2); k = min(2.0, 1 + (200 mm / dy_n)0.5) = 1.902 

Reinforcement ratio; r l = min(0.02, Asy_n / (b ´  dy_n)) = 0.0082 

Minimum shear resistance (Exp. 6.3N); VRd,c_min = 0.035 N/mm2 ´  k1.5 ´  (fck / 1 N/mm2)0.5 ´  b ´  dy_n 

 VRd,c_min = 123.7 kN/m 

Shear resistance constant (cl. 6.2.2); CRd,c = 0.18 N/mm2 / gC = 0.12 N/mm2 

Shear resistance (Exp. 6.2a);  
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VRd,c_y_n = max(VRd,c_min, CRd,c ´  k ´  (100 ´  r l ´  (fck / 1 N/mm2))0.333 ´  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; r 0 = (fck / 1 N/mm2)0.5 / 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); Kd = 1.2 

Basic limit span-to-depth ratio (Exp. 7.16);  

ratiolim_x_bas = Kd ´  [11 +1.5´ (fck/1 N/mm2)0.5´r 0/r  + 3.2´ (fck/1 N/mm2)0.5´ (r 0/r  -1)1.5] = 31.27 

Mod span-to-depth ratio limit;  

ratiolim_x =  min(1.5, (500 N/mm2/ fyk) ´  (Asx_p / Asx_p_m)) ´  ratiolim_x_bas = 32.58 

Actual span-to-eff. depth ratio; ratioact_x = lx / 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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TERÄSRISTIKKO 

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) 

  

 

Materials 

Name Density Youngs Mo-
dulus 

Shear Modulus Thermal Coef-
ficient 

 (kg/m3) kN/mm2 kN/mm2 °°°°C-1 

Steel (EC3) 7850 210 80.8 0.000012 

Sections 

 

 

  

Name Area Moment of inertia Shear area parallel 
to 

  Major Minor Minor Major 

 (cm2) (cm4) (cm4) (cm2) (cm2) 

SHS 80x80x4.0 12 114 114 6 6 
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Nodes 

Node Co-ordinates Freedom Coordinate sys-
tem 

Spring 

 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 2.62 -1.5 Free Free Free   0 0 0 0 

3 28.78 -1.5 Free Free Free   0 0 0 0 

4 31.4 0 Free Fixed Free   0 0 0 0 

5 15.7 1.5 Free Free Free   0 0 0 0 

6 7.85 -1.5 Free Free Free   0 0 0 0 

7 13.08 -1.5 Free Free Free   0 0 0 0 

8 18.32 -1.5 Free Free Free   0 0 0 0 

9 23.55 -1.5 Free Free Free   0 0 0 0 

10 2.62 0.25 Free Free Free   0 0 0 0 

11 5.23 0.5 Free Free Free   0 0 0 0 

12 7.85 0.75 Free Free Free   0 0 0 0 

SHS 
120x120x6.0 

27 579 579 13 13 

SHS 
140x140x8.0 

42 1195 1195 21 21 

SHS 90x90x6.0 20 230 230 10 10 

SHS 
120x120x6.0 1 

27 579 579 13 13 
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Node Co-ordinates Freedom Coordinate sys-
tem 

Spring 

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

 (m) (m)     (°°°°) (kN/m) (kN/m) kNm/°°°° 

13 10.47 1 Free Free Free   0 0 0 0 

14 13.08 1.25 Free Free Free   0 0 0 0 

15 18.32 1.25 Free Free Free   0 0 0 0 

16 20.93 1 Free Free Free   0 0 0 0 

17 23.55 0.75 Free Free Free   0 0 0 0 

18 26.17 0.5 Free Free Free   0 0 0 0 

19 28.78 0.25 Free Free Free   0 0 0 0 

Elements 

Ele-
ment 

Length Nodes Section Material Releases Rota-
ted 

 (m) Start End   Start 
mo-
ment 

End 
mo-
ment 

Axial  

1 5.23 2 6 SHS 
120x120x6.0 1 

Steel (EC3) Fixed Fixed Fixed   

2 2.632 1 10 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

3 2.632 5 15 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

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-
ment 

Length Nodes Section Material Releases Rota-
ted 

 (m) Start End   Start 
mo-
ment 

End 
mo-
ment 

Axial  

7 1.75 3 19 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

8 3.288 2 11 SHS 90x90x6.0 Steel (EC3) Free Free Fixed   

9 3.288 3 18 SHS 90x90x6.0 Steel (EC3) Free Free Fixed   

10 3.296 6 11 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

11 3.296 9 18 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

12 2.25 6 12 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

13 2.25 9 17 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

14 3.621 9 16 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

15 3.621 6 13 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

16 3.614 7 13 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

17 2.75 7 14 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

18 3.983 7 5 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

19 3.614 8 16 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

20 2.75 8 15 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

21 3.983 8 5 SHS 80x80x4.0 Steel (EC3) Free Free Fixed   

22 2.622 10 11 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

23 2.632 11 12 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   
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Ele-
ment 

Length Nodes Section Material Releases Rota-
ted 

 (m) Start End   Start 
mo-
ment 

End 
mo-
ment 

Axial  

24 2.632 12 13 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

25 2.622 13 14 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

26 2.632 14 5 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

27 2.622 15 16 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

28 2.632 16 17 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

29 2.632 17 18 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

30 2.622 18 19 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

31 2.632 19 4 SHS 
140x140x8.0 

Steel (EC3) Fixed Fixed Fixed   

32 5.23 6 7 SHS 
120x120x6.0 

Steel (EC3) Fixed Fixed Fixed   

33 5.24 7 8 SHS 
120x120x6.0 

Steel (EC3) Fixed Fixed Fixed   

34 5.23 8 9 SHS 
120x120x6.0 

Steel (EC3) Fixed Fixed Fixed   

35 5.23 9 3 SHS 
120x120x6.0 

Steel (EC3) Fixed Fixed Fixed   
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Members 

Name Elements 

 Start End 

Yläpaarre1 2 26 

Yläpaarre2 3 31 

Alapaarre 1 35 

Diagonaali1 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 

Diagonaali10 13 13 

Diagonaali11 14 14 

Diagonaali12 15 15 

Diagonaali13 16 16 

Diagonaali14 17 17 

Diagonaali15 18 18 

Diagonaali16 19 19 
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Name Elements 

 Start End 

Diagonaali17 20 20 

Diagonaali18 21 21 

Loading 

Self weight included 

Permanent - Loading (kN/m) 

  

 

Imposed - Loading (kN/m) 

  

 

Load combination factors 

Load combination 

S
el

f 
W

ei
gh

t 

P
er

m
an

en
t 

Im
po

se
d 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) 1.15 1.15 1.50 

Member Loads 

Member Load case Load Type Orientati-
on 

Description 

Yläpaarre1 Permanent UDL GlobalZ 4.2 kN/m 

Yläpaarre2 Permanent UDL GlobalZ 4.2 kN/m 

Yläpaarre1 Imposed UDL GlobalZ 7.9 kN/m 
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Member Load case Load Type Orientati-
on 

Description 

Yläpaarre2 Imposed UDL GlobalZ 7.9 kN/m 

Results 

Total base reactions 

Load case/combination Force 

 FX FZ 

 (kN) (kN) 

1.15KFIG + 1.5KFIQ + 
1.5KFIRQ (Strength) 

0 550.7 

Element end forces 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 1 442.5 -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-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 -7.4 

24 2.632 12 -729.8 -22.6 7.4 

13 725.5 -22.1 -6.7 
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Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 -7.4 

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-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

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

9 -771.8 -0.5 1.1 

35 5.23 9 603.5 -0.4 -1.1 

3 -603.5 -0.8 0 

Forces 

Strength combinations - Moment envelope (kNm) 

  

 

Strength combinations - Shear envelope (kN) 

  

 

All combinations - Axial force envelope (kN) 
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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) 

Yläpaarre1 2.632 -26.1 (max 
abs) 

1.094 10.2 (max) 15.771 -10.4 (min) 

Yläpaarre2 13.14 26.1 14.677 10.2 (max) 0 -10.4 (min) 

Alapaarre 0 0.8 7.319 1.6 0 0 

Diagonaali1 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 

Diagonaali10 0 0 0 0 0 0 

Diagonaali11 3.621 -0.1 1.811 0.1 3.621 0 

Diagonaali12 3.621 -0.1 1.811 0.1 3.621 0 

Diagonaali13 3.614 0.1 1.807 0.1 0 0 

Diagonaali14 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) 

Diagonaali15 3.983 0.1 1.992 0.1 0 0 

Diagonaali16 3.614 0.1 1.807 0.1 0 0 

Diagonaali17 0 0 0 0 0 0 

Diagonaali18 3.983 0.1 1.992 0.1 0 0 

Envelope - All combinations 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Yläpaarre1 10.518 773.2 (max) 2.632 383.2 

Yläpaarre2 5.254 773.2 (max) 13.14 383.2 

Alapaarre 20.93 -603.5 5.23 -771.8 (min) 

Diagonaali1 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 

Diagonaali10 0 45.7 2.25 45.4 

Diagonaali11 0 65.7 3.621 65.5 

Diagonaali12 0 65.7 3.621 65.5 

Diagonaali13 0 6 3.614 5.7 

Diagonaali14 0 43.4 2.75 43.1 

Diagonaali15 0 -65.1 3.983 -65.5 

Diagonaali16 0 6 3.614 5.7 

Diagonaali17 0 43.4 2.75 43.1 

Diagonaali18 0 -65.1 3.983 -65.5 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Moment (kNm) 

  

 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Shear (kN) 

  

 



LIITE 9   

  

 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Axial force (kN) 

  

 

Member results 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Shear force Moment 

 Pos Max abs Pos Max Pos Min 

 (m) (kN) (m) (kNm) (m) (kNm) 

Yläpaarre1 2.632 -26.1 (max 
abs) 

1.094 10.2 (max) 15.771 -10.4 (min) 

Yläpaarre2 13.14 26.1 14.677 10.2 (max) 0 -10.4 (min) 

Alapaarre 0 0.8 7.319 1.6 0 0 

Diagonaali1 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) 

Diagonaali10 0 0 0 0 0 0 

Diagonaali11 3.621 -0.1 1.811 0.1 3.621 0 

Diagonaali12 3.621 -0.1 1.811 0.1 3.621 0 

Diagonaali13 3.614 0.1 1.807 0.1 0 0 

Diagonaali14 0 0 0 0 0 0 

Diagonaali15 3.983 0.1 1.992 0.1 0 0 

Diagonaali16 3.614 0.1 1.807 0.1 0 0 

Diagonaali17 0 0 0 0 0 0 

Diagonaali18 3.983 0.1 1.992 0.1 0 0 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Yläpaarre1 10.518 773.2 (max) 2.632 383.2 

Yläpaarre2 5.254 773.2 (max) 13.14 383.2 

Alapaarre 20.93 -603.5 5.23 -771.8 (min) 

Diagonaali1 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 45.4 

Diagonaali10 0 45.7 2.25 45.4 

Diagonaali11 0 65.7 3.621 65.5 

Diagonaali12 0 65.7 3.621 65.5 

Diagonaali13 0 6 3.614 5.7 

Diagonaali14 0 43.4 2.75 43.1 

Diagonaali15 0 -65.1 3.983 -65.5 

Diagonaali16 0 6 3.614 5.7 

Diagonaali17 0 43.4 2.75 43.1 

Diagonaali18 0 -65.1 3.983 -65.5 

; 

Partial factors - Section 6.1     

Resistance of cross-sections; gM0 = 1 

Resistance of members to instability; gM1 = 1 

Resistance of tensile members to fracture; gM2 = 1.25 
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Yläpaarre1 - Span 1 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Yläpaarre1 span 1 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 26.1 0.052 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.749 
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 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 387.4 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.222 

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; Lcr,y = Lm1_s1 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.262 

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; Lcr,z = Lm1_s1_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.262 

PASS - Design buckling resistance exceeds design compr ession 

Check design 1094 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,Rd = 0.118 

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 / Npl,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 = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 85.8 kNm 

 My,Ed / MN,y,Rd = 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; y y = 0 kNm / -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 

; y LT = 0 kNm / -9.902 kNm = 0.000 

 aLT = 9.744 kNm / -9.902 kNm = -0.984 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.452 

 kzy = 0.6 ´  kyy = 0.271 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.314 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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 = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 26.1 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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; y y = 0 kNm / -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 

; y LT = 0 kNm / -9.902 kNm = 0.000 

 aLT = 9.744 kNm / -9.902 kNm = -0.984 

 CmLT = max(0.2 + 0.8 ´  aLT, 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.452 

 kzy = 0.6 ´  kyy = 0.271 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.311 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.29 

PASS - Combined bending and compression checks are sat isfied 
 

Yläpaarre1 - Span 2 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Yläpaarre1 span 2 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 23.5 0.047 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.749 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 387.9 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.222 

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; Lcr,y = Lm1_s2 = 2622 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.696 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.794 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1482.8 kN 

 NEd / Nb,y,Rd = 0.262 

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; Lcr,z = Lm1_s2_seg1 = 2622 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.696 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.794 
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Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1482.8 kN 

 NEd / Nb,z,Rd = 0.262 

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 = 15.5 = 24.9 ´  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 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = 9.9 kNm 

Design bending resistance moment - eq 6.13; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; n = NEd / Npl,Rd = 0.222 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 85.8 kNm 

 My,Ed / MN,y,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; y y = -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 

; y LT = -6.521 kNm / -9.902 kNm = 0.659 

 aLT = 6.371 kNm / -9.902 kNm = -0.643 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.452 

 kzy = 0.6 ´  kyy = 0.271 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.314 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.293 

PASS - Combined bending and compression checks are sat isfied 
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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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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; y y = -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 

; y LT = -6.521 kNm / -9.902 kNm = 0.659 

 aLT = 6.371 kNm / -9.902 kNm = -0.643 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.452 

 kzy = 0.6 ´  kyy = 0.271 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.294 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.28 

PASS - Combined bending and compression checks are sat isfied 

 

Yläpaarre1 - Span 3 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Yläpaarre1 span 3 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 22.7 0.045 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.968 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 729.7 kN 
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Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.418 

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; Lcr,y = Lm1_s3 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.493 

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; Lcr,z = Lm1_s3_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.493 

PASS - Design buckling resistance exceeds design compr ession 

Check design 1297 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,Rd = 0.09 

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 / Npl,Rd = 0.417 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 65.0 kNm 

 My,Ed / MN,y,Rd = 0.119 

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; y y = -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 
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; y LT = -6.521 kNm / -7.372 kNm = 0.885 

 aLT = -7.372 kNm / 7.748 kNm = -0.951 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.124 

 kzy = 0.6 ´  kyy = 0.674 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.593 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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 = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 22.7 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; y y = -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 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.123 

 kzy = 0.6 ´  kyy = 0.674 
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; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.586 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.548 

PASS - Combined bending and compression checks are sat isfied 
 

Yläpaarre1 - Span 4 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Yläpaarre1 span 4 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 22.6 0.045 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.968 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 729.8 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.418 

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; Lcr,y = Lm1_s4 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.493 

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; Lcr,z = Lm1_s4_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.493 

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 
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 hw / t = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 22.6 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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 / Npl,Rd = 0.418 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 64.9 kNm 

 My,Ed / MN,y,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; y y = -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 

; y LT = -6.706 kNm / -7.372 kNm = 0.910 

 aLT = -7.372 kNm / 7.655 kNm = -0.963 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.124 

 kzy = 0.6 ´  kyy = 0.674 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.589 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; My,Ed = 7.7 kNm 

Design bending resistance moment - eq 6.13; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; y y = -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 

; y LT = -6.706 kNm / -7.372 kNm = 0.910 

 aLT = -7.372 kNm / 7.655 kNm = -0.963 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.123 

 kzy = 0.6 ´  kyy = 0.674 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.592 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.552 

PASS - Combined bending and compression checks are sat isfied 

 

Yläpaarre1 - Span 5 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Yläpaarre1 span 5 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.996 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 773.2 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.443 

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; Lcr,y = Lm1_s5 = 2622 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.696 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.794 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1482.8 kN 

 NEd / Nb,y,Rd = 0.521 

PASS - Design buckling resistance exceeds design compr ession 
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3 

Critical buckling length; Lcr,z = Lm1_s5_seg1 = 2622 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.696 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.794 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1482.8 kN 

 NEd / Nb,z,Rd = 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 = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 22.3 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 503.8 kN 

 Vy,Ed / Vc,y,Rd = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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 / Npl,Rd = 0.443 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = -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 

; y LT = -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; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  fy = 85.8 kNm 
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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 / gM1)) = 

1.142 

 kzy = 0.6 ´  kyy = 0.685 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.611 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.575 

PASS - Combined bending and compression checks are sat isfied 
 

Check design 1312 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,Rd = 0.092 

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; y y = -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 

; y LT = -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; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.142 

 kzy = 0.6 ´  kyy = 0.685 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.625 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.583 

PASS - Combined bending and compression checks are sat isfied 

 

Yläpaarre1 - Span 6 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Yläpaarre1 span 6 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 23.7 0.047 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.996 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 773.1 kN 
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Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.443 

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; Lcr,y = Lm1_s6 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.522 

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; Lcr,z = Lm1_s6_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.522 

PASS - Design buckling resistance exceeds design compr ession 

Check design 1233 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,Rd = 0.072 

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 / Npl,Rd = 0.442 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 62.2 kNm 

 My,Ed / MN,y,Rd = 0.1 

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; y y = -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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; y LT = -6.67 kNm / -10.393 kNm = 0.642 

 aLT = 6.163 kNm / -10.393 kNm = -0.593 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.504 

 kzy = 0.6 ´  kyy = 0.302 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.557 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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 = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 23.7 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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; y y = -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 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.504 

 kzy = 0.6 ´  kyy = 0.302 
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; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.58 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.556 

PASS - Combined bending and compression checks are sat isfied 
 

Yläpaarre2 - Span 1 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Yläpaarre2 span 1 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 23.7 0.047 PASS 

Bending resistance (y-y) kNm 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 
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Consider Combination 1 - 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.996 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 768.8 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.441 

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; Lcr,y = Lm2_s1 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.519 

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; Lcr,z = Lm2_s1_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.519 

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 
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 hw / t = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 23.7 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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 / Npl,Rd = 0.441 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = -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 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.504 

 kzy = 0.6 ´  kyy = 0.302 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.58 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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; y y = -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 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.504 

 kzy = 0.6 ´  kyy = 0.302 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.557 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.543 

PASS - Combined bending and compression checks are sat isfied 

 

Yläpaarre2 - Span 2 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Yläpaarre2 span 2 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.996 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 769 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.441 

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; Lcr,y = Lm2_s2 = 2622 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.696 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.794 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1482.8 kN 

 NEd / Nb,y,Rd = 0.519 

PASS - Design buckling resistance exceeds design compr ession 
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3 

Critical buckling length; Lcr,z = Lm2_s2_seg1 = 2622 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.696 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.794 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1482.8 kN 

 NEd / Nb,z,Rd = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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 / Npl,Rd = 0.442 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 62.2 kNm 

 My,Ed / MN,y,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; y y = -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 

; y LT = -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; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.142 

 kzy = 0.6 ´  kyy = 0.685 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.625 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; hw = h - 2 ´  t = 124 mm; h = 1.200 

 hw / t = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 22.3 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 503.8 kN 

 Vy,Ed / Vc,y,Rd = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; y y = -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 

; y LT = -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; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.142 

 kzy = 0.6 ´  kyy = 0.685 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.611 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.575 

PASS - Combined bending and compression checks are sat isfied 

 

Yläpaarre2 - Span 3 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Yläpaarre2 span 3 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 22.6 0.045 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.968 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; 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; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.416 

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; Lcr,y = Lm2_s3 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.49 

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; Lcr,z = Lm2_s3_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.49 

PASS - Design buckling resistance exceeds design compr ession 

Check design 1301 mm along span 

Check bending moment - Section 6.2.5 

Design bending moment; My,Ed = 7.7 kNm 

Design bending resistance moment - eq 6.13; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,Rd = 0.089 

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 / Npl,Rd = 0.417 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 65.0 kNm 

 My,Ed / MN,y,Rd = 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; y y = -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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; y LT = -6.706 kNm / -7.372 kNm = 0.910 

 aLT = -7.372 kNm / 7.655 kNm = -0.963 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.123 

 kzy = 0.6 ´  kyy = 0.674 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.592 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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 = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 22.6 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; y y = -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 

; y LT = -6.706 kNm / -7.372 kNm = 0.910 

 aLT = -7.372 kNm / 7.655 kNm = -0.963 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.124 

 kzy = 0.6 ´  kyy = 0.674 
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; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.589 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.551 

PASS - Combined bending and compression checks are sat isfied 
 

Yläpaarre2 - Span 4 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Yläpaarre2 span 4 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 22.7 0.045 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.968 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 725.5 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.416 

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; Lcr,y = Lm2_s4 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.49 

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; Lcr,z = Lm2_s4_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.49 

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 
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 hw / t = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 22.7 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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 / Npl,Rd = 0.416 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = -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 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.123 

 kzy = 0.6 ´  kyy = 0.674 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.586 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; y y = -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 

 CmLT = 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 = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.124 

 kzy = 0.6 ´  kyy = 0.674 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.593 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.552 

PASS - Combined bending and compression checks are sat isfied 

 

Yläpaarre2 - Span 5 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Yläpaarre2 span 5 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.749 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 383.7 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.22 

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; Lcr,y = Lm2_s5 = 2622 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.696 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.794 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1482.8 kN 

 NEd / Nb,y,Rd = 0.259 

PASS - Design buckling resistance exceeds design compr ession 
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3 

Critical buckling length; Lcr,z = Lm2_s5_seg1 = 2622 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3602.8 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.696 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.794 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.85 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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 / Npl,Rd = 0.221 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = -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 

; y LT = -6.521 kNm / -9.902 kNm = 0.659 

 aLT = 6.371 kNm / -9.902 kNm = -0.643 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.452 

 kzy = 0.6 ´  kyy = 0.271 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.294 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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 = 15.5 = 24.9 ´  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 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = 9.9 kNm 

Design bending resistance moment - eq 6.13; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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; y y = -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 

; y LT = -6.521 kNm / -9.902 kNm = 0.659 

 aLT = 6.371 kNm / -9.902 kNm = -0.643 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.452 

 kzy = 0.6 ´  kyy = 0.271 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.314 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.293 

PASS - Combined bending and compression checks are sat isfied 

 

Yläpaarre2 - Span 6 design 

Section details 

Section type; SHS 140x140x8.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S420NH 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 420 N/mm2 

Nominal ultimate tensile strength; fu = 540 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Yläpaarre2 span 6 results sum-
mary 

Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 503.8 26.1 0.052 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.75 

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

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

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.749 

 c / t = 14.5 = 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 = 14.5 = 19.4 ´  e <= 33 ´  e; 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; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 1745.2 kN 

 NEd / Nc,Rd = 0.22 

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; Lcr,y = Lm2_s6 = 2632 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.699 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.796 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,y,Rd = 0.259 

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; Lcr,z = Lm2_s6_seg1 = 2632 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3575.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.699 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.796 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.848 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1480.6 kN 

 NEd / Nb,z,Rd = 0.259 

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 = 15.5 = 24.9 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 26.1 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 2078 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,Rd = 0.115 

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 / Npl,Rd = 0.22 

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

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 85.8 kNm 

 My,Ed / MN,y,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; y y = 0 kNm / -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 

; y LT = 0 kNm / -9.902 kNm = 0.000 

 aLT = 9.744 kNm / -9.902 kNm = -0.984 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.452 

 kzy = 0.6 ´  kyy = 0.271 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.311 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 85.8 kNm 

 My,Ed / Mc,y,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; y y = 0 kNm / -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 

; y LT = 0 kNm / -9.902 kNm = 0.000 

 aLT = 9.744 kNm / -9.902 kNm = -0.984 

 CmLT = max(0.2 + 0.8 ´  aLT, 0.4) = 0.400 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 85.8 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

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 / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.314 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; tnom = t = 6 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Alapaarre results summary Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 276.4 0.8 0.003 PASS 

Bending resistance (y-y) kNm 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 102 mm 

 c / t = 17 = 20.9 ´  e <= 72 ´  e; 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 ´  e; 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; Nt,Rd = Npl,Rd = A ´  fy / gM0 = 957.6 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 = 108 mm; h = 1.200 

 hw / t = 18 = 26.5 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.8 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 1349 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 40.7 kNm 

 My,Ed / Mc,y,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 / Npl,Rd = 0.806 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = 1.000 

 ay = 0 kNm / 1.218 kNm = 0.000 

 Cmy = 0.95 + 0.05 ´  ay = 0.950 

; y LT = 1.000 

 aLT = 0 kNm / 1.218 kNm = 0.000 
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 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; My,Rk = Wpl.y ´  fy = 40.7 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  fy = 40.7 kNm 

Characteristic resistance to normal force; NRk = A ´  fy = 957.6 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 ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.037 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.972 

PASS - Combined bending and compression checks are sat isfied 

 

Diagonaali1 design 

Section details 

Section type; SHS 90x90x6.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 6 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali1 results summary Unit Capacity Maximum Utilisation Result 

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 
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Comb. bending and axial force    0.635 PASS 

 

Lateral restraint 

Both flanges have lateral restraint at supports only 

Consider Combination 1 - 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 72 mm 

 c / t = 12 = 14.7 ´  e <= 72 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 72 mm 

 c / t = 12 = 14.7 ´  e <= 33 ´  e; 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; Nt,Rd = Npl,Rd = A ´  fy / gM0 = 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 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.2 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 989 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 21.9 kNm 

 My,Ed / Mc,y,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 / Npl,Rd = 0.63 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.454 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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 
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Check combined bending and compression - Section 6.3 .3 

Equivalent uniform moment factors - Table B.3; y y = 1.000 

 ay = 0 kNm / 0.173 kNm = 0.000 

 Cmy = 0.95 + 0.05 ´  ay = 0.950 

; y LT = 1.000 

 aLT = 0 kNm / 0.173 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; My,Rk = Wpl.y ´  fy = 21.9 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.007 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; tnom = t = 6 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali2 results summary Unit Capacity Maximum Utilisation 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 72 mm 

 c / t = 12 = 14.7 ´  e <= 72 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 72 mm 

 c / t = 12 = 14.7 ´  e <= 33 ´  e; 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; Nt,Rd = Npl,Rd = A ´  fy / gM0 = 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 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.2 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 989 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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 / Npl,Rd = 0.63 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.454 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = 1.000 

 ay = 0 kNm / 0.173 kNm = 0.000 

 Cmy = 0.95 + 0.05 ´  ay = 0.950 

; y LT = 1.000 

 aLT = 0 kNm / 0.173 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; My,Rk = Wpl.y ´  fy = 21.9 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.007 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Diagonaali3 results summary Unit Capacity Maximum Utilisation 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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 50.2 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 0.118 

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; Lcr,y = Lm6_s1 = 1750 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 774.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.741 
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Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.832 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.828 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 352.2 kN 

 NEd / Nb,y,Rd = 0.142 

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; Lcr,z = Lm6_s1_seg1 = 1750 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 774.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.741 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.832 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.828 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 352.2 kN 

 NEd / Nb,z,Rd = 0.142 

PASS - Design buckling resistance exceeds design compr ession 

Diagonaali4 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Diagonaali4 results summary Unit Capacity Maximum Utilisation 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 50.2 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 0.118 

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; Lcr,y = Lm7_s1 = 1750 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 774.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.741 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.832 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.828 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 352.2 kN 

 NEd / Nb,y,Rd = 0.142 

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; Lcr,z = Lm7_s1_seg1 = 1750 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 774.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.741 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.832 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.828 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 352.2 kN 
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 NEd / Nb,z,Rd = 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; tnom = t = 6 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali5 results summary Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 202.6 0.2 0.001 PASS 

Bending resistance (y-y) kNm 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 = Ö[235 N/mm2 / fy] = 0.81 

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

Width of section; c = h - 3 ´  t = 72 mm 
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 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.951 

 c / t = 12 = 14.7 ´  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 = 72 mm 

 c / t = 12 = 14.7 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 276.8 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 702 kN 

 NEd / Nc,Rd = 0.394 

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; Lcr,y = Lm8_s1 = 3288 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 440.5 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.262 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 1.828 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.317 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 222.9 kN 

 NEd / Nb,y,Rd = 1.242 

FAIL - Design compression exceeds design buckling r esistance 

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

Critical buckling length; Lcr,z = Lm8_s1_seg1 = 3288 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 440.5 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.262 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 1.828 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.317 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 222.9 kN 

 NEd / Nb,z,Rd = 1.242 

FAIL - Design compression exceeds design buckling r esistance 

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 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.2 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 989 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 202.6 kN 



LIITE 9   

  

 

 Vy,Ed / Vc,y,Rd = 0.001 

PASS - Design shear resistance exceeds design shear f orce 

Check design 1644 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; n = NEd / Npl,Rd = 0.394 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.454 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = 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; My,Rk = Wpl.y ´  fy = 21.9 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  fy = 21.9 kNm 

Characteristic resistance to normal force; NRk = A ´  fy = 702 kN 

Interaction factors; kyy = Cmy ´  (1 + min(`l y - 0.2, 0.8) ´  NEd / (cy ´  NRk / gM1)) = 

1.893 

 kzy = 0.6 ´  kyy = 1.136 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 1.257 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 1.251 

FAIL - Combined bending and compression checks are not satisfied 
 

Diagonaali6 design 

Section details 

Section type; SHS 90x90x6.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 6 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Diagonaali6 results summary Unit Capacity Maximum Utilisation Result 

Shear resistance (y-y) kN 202.6 0.2 0.001 PASS 

Bending resistance (y-y) kNm 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 = Ö[235 N/mm2 / fy] = 0.81 

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

Width of section; c = h - 3 ´  t = 72 mm 

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.951 

 c / t = 12 = 14.7 ´  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 = 72 mm 

 c / t = 12 = 14.7 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 276.8 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 702 kN 

 NEd / Nc,Rd = 0.394 
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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; Lcr,y = Lm9_s1 = 3288 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 440.5 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.262 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 1.828 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.317 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 222.9 kN 

 NEd / Nb,y,Rd = 1.242 

FAIL - Design compression exceeds design buckling r esistance 

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

Critical buckling length; Lcr,z = Lm9_s1_seg1 = 3288 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 440.5 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.262 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 1.828 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.317 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 222.9 kN 

 NEd / Nb,z,Rd = 1.242 

FAIL - Design compression exceeds design buckling r esistance 

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 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.2 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 989 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 202.6 kN 

 Vy,Ed / Vc,y,Rd = 0.001 

PASS - Design shear resistance exceeds design shear fo rce 

Check design 1644 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; n = NEd / Npl,Rd = 0.394 



LIITE 9   

  

 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.454 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = 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; My,Rk = Wpl.y ´  fy = 21.9 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  fy = 21.9 kNm 

Characteristic resistance to normal force; NRk = A ´  fy = 702 kN 

Interaction factors; kyy = Cmy ´  (1 + min(`l y - 0.2, 0.8) ´  NEd / (cy ´  NRk / gM1)) = 

1.893 

 kzy = 0.6 ´  kyy = 1.136 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 1.257 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 1.251 

FAIL - Combined bending and compression checks are not satisfied 

 

Diagonaali7 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  ,
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Diagonaali7 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 0.009 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 72 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; 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; Nt,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nt,Rd = 0.357 

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 = 26.5 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.1 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 
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Design bending resistance moment - eq 6.13; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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 / Npl,Rd = 0.357 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = 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 ´  aLT = 0.950 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 12.1 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.009 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Diagonaali8 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 0.009 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 72 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; 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; Nt,Rd = Npl,Rd = A ´  fy / gM0 = 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 = 72 mm; 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 - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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 / Npl,Rd = 0.357 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - 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; y y = 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 ´  aLT = 0.950 

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

Characteristic moment resistance; My,Rk = Wpl.y ´  fy = 12.1 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.009 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 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; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali9 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 45.7 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 0.107 

PASS - Design compression resistance exceeds design co mpression 
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Slenderness ratio for y-y axis flexural buckling - Se ction 6.3.1.3 

Critical buckling length; Lcr,y = Lm12_s1 = 2250 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 468.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.953 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 1.331 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.443 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 188.4 kN 

 NEd / Nb,y,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; Lcr,z = Lm12_s1_seg1 = 2250 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 468.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.953 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 1.331 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.443 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 188.4 kN 

 NEd / Nb,z,Rd = 0.243 

PASS - Design buckling resistance exceeds design compr ession 

Diagonaali10 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Diagonaali10 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 45.7 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 0.107 

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; Lcr,y = Lm13_s1 = 2250 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 468.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.953 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 
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Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 1.331 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.443 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 188.4 kN 

 NEd / Nb,y,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; Lcr,z = Lm13_s1_seg1 = 2250 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 468.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.953 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 1.331 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.443 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 188.4 kN 

 NEd / Nb,z,Rd = 0.243 

PASS - Design buckling resistance exceeds design compr ession 

Diagonaali11 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali11 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 = Ö[235 N/mm2 / fy] = 0.81 

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

Width of section; c = h - 3 ´  t = 68 mm 

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.670 

 c / t = 17 = 20.9 ´  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 = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; 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 = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 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; Lcr,y = Lm14_s1 = 3621 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 180.9 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.534 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 2.343 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.243 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 103.4 kN 

 NEd / Nb,y,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; Lcr,z = Lm14_s1_seg1 = 3621 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 180.9 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.534 
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Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 2.343 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.243 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 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 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.1 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; n = NEd / Npl,Rd = 0.154 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  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; y y = 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; My,Rk = Wpl.y ´  fy = 12.1 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.432 
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 kzy = 0.6 ´  kyy = 0.859 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.649 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.643 

PASS - Combined bending and compression checks are sat isfied 

 

Diagonaali12 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali12 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 103.4 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 

 e = Ö[235 N/mm2 / fy] = 0.81 

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

Width of section; c = h - 3 ´  t = 68 mm 

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.670 

 c / t = 17 = 20.9 ´  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 = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; 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 = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 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; Lcr,y = Lm15_s1 = 3621 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 180.9 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.534 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 2.343 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.243 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 103.4 kN 

 NEd / Nb,y,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; Lcr,z = Lm15_s1_seg1 = 3621 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 180.9 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.534 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 2.343 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.243 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 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 ´  e / h 
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Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.1 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; n = NEd / Npl,Rd = 0.154 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  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; y y = 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; My,Rk = Wpl.y ´  fy = 12.1 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

1.432 

 kzy = 0.6 ´  kyy = 0.859 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.649 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.643 

PASS - Combined bending and compression checks are sat isfied 

 

Diagonaali13 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 
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Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali13 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 = Ö[235 N/mm2 / fy] = 0.81 

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

Width of section; c = h - 3 ´  t = 68 mm 

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.515 

 c / t = 17 = 20.9 ´  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 = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 6 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 
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 NEd / Nc,Rd = 0.014 

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; Lcr,y = Lm16_s1 = 3614 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 181.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.531 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 2.337 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.244 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 103.7 kN 

 NEd / Nb,y,Rd = 0.058 

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; Lcr,z = Lm16_s1_seg1 = 3614 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 181.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.531 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 2.337 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.244 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 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 = 72 mm; 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 - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 12.1 kNm 

 My,Ed / Mc,y,Rd = 0.01 

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 / Npl,Rd = 0.014 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  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; y y = 1.000 

 ay = 0 kNm / 0.125 kNm = 0.000 

 Cmy = 0.95 + 0.05 ´  ay = 0.950 

; y LT = 1.000 

 aLT = 0 kNm / 0.125 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; My,Rk = Wpl.y ´  fy = 12.1 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.993 

 kzy = 0.6 ´  kyy = 0.596 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.067 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.062 

PASS - Combined bending and compression checks are sat isfied 
 

Diagonaali14 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Diagonaali14 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 43.4 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 0.102 

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; Lcr,y = Lm17_s1 = 2750 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 313.7 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.165 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 
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Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 1.661 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.352 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 149.6 kN 

 NEd / Nb,y,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; Lcr,z = Lm17_s1_seg1 = 2750 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 313.7 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.165 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 1.661 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.352 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 149.6 kN 

 NEd / Nb,z,Rd = 0.29 

PASS - Design buckling resistance exceeds design compr ession 

Diagonaali15 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali15 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 72 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; 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; Nt,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nt,Rd = 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 = 72 mm; 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 - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 12.1 kNm 

 My,Ed / Mc,y,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 / Npl,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; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 12.1 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; y y = 1.000 

 ay = 0 kNm / 0.138 kNm = 0.000 

 Cmy = 0.95 + 0.05 ´  ay = 0.950 

; y LT = 1.000 

 aLT = 0 kNm / 0.138 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; My,Rk = Wpl.y ´  fy = 12.1 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.011 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.443 

PASS - Combined bending and compression checks are sat isfied 

 

Diagonaali16 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  ,
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Diagonaali16 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 = Ö[235 N/mm2 / fy] = 0.81 

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

Width of section; c = h - 3 ´  t = 68 mm 

 a = min([h / 2 + NEd / (2 ´  2 ´  t ´  fy) - 3 ´  t / 2] / c, 1) = 0.515 

 c / t = 17 = 20.9 ´  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 = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 6 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 0.014 

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; Lcr,y = Lm19_s1 = 3614 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 181.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.531 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 2.337 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.244 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 103.7 kN 

 NEd / Nb,y,Rd = 0.058 

PASS - Design buckling resistance exceeds design compr ession 
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Slenderness ratio for z-z axis flexural buckling - Se ction 6.3.1.3 

Critical buckling length; Lcr,z = Lm19_s1_seg1 = 3614 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 181.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.531 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 2.337 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.244 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 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 = 72 mm; 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 - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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; Mc,y,Rd = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 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; n = NEd / Npl,Rd = 0.014 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  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; y y = 1.000 

 ay = 0 kNm / 0.125 kNm = 0.000 

 Cmy = 0.95 + 0.05 ´  ay = 0.950 

; y LT = 1.000 

 aLT = 0 kNm / 0.125 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; My,Rk = Wpl.y ´  fy = 12.1 kNm 
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Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 / gM1)) = 

0.993 

 kzy = 0.6 ´  kyy = 0.596 

; cLT = 1.000 

Interaction formulae - eq 6.61 & eq 6.62; NEd / (cy ´  NRk / gM1) + kyy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.067 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.062 

PASS - Combined bending and compression checks are sat isfied 

 

Diagonaali17 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali17 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 = Ö[235 N/mm2 / fy] = 0.81 
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Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 43.4 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nc,Rd = 0.102 

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; Lcr,y = Lm20_s1 = 2750 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 313.7 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 1.165 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 1 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 1.661 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.352 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 149.6 kN 

 NEd / Nb,y,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; Lcr,z = Lm20_s1_seg1 = 2750 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 313.7 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 1.165 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 1 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 1.661 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.352 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 149.6 kN 

 NEd / Nb,z,Rd = 0.29 

PASS - Design buckling resistance exceeds design compr ession 

Diagonaali18 design 

Section details 

Section type; SHS 80x80x4.0 (Tata Steel Celsius) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 4 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 
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Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Diagonaali18 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 = Ö[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Tab le 5.2 (sheet 1 of 3) 

Width of section; c = h - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 72 ´  e; Class 1 

Internal compression parts subject to compression -  Table 5.2 (sheet 1 of 3) 

Width of section; c = b - 3 ´  t = 68 mm 

 c / t = 17 = 20.9 ´  e <= 33 ´  e; 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; Nt,Rd = Npl,Rd = A ´  fy / gM0 = 425.6 kN 

 NEd / Nt,Rd = 0.153 
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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 = 26.5 ´  e / h < 72 ´  e / h 

Shear buckling resistance can be ignored 

Design shear force; Vy,Ed = 0.1 kN 

Shear area - cl 6.2.6(3); Av = A ´  h / (b + h) = 599 mm2 

Design shear resistance - cl 6.2.6(2); Vc,y,Rd = Vpl,y,Rd = Av ´  (fy / Ö(3)) / gM0 = 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 = Mpl,y,Rd = Wpl.y ´  fy / gM0 = 12.1 kNm 

 My,Ed / Mc,y,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 / Npl,Rd = 0.153 

 aw = min((A - 2 ´  b ´  t) / A, 0.5) = 0.466 

Reduced plastic moment resistance - Eq.6.39; MN,y,Rd = Mpl,y,Rd ´  min((1 - n) / (1 - 0.5 ´  aw), 1) = 12.1 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; y y = 1.000 

 ay = 0 kNm / 0.138 kNm = 0.000 

 Cmy = 0.95 + 0.05 ´  ay = 0.950 

; y LT = 1.000 

 aLT = 0 kNm / 0.138 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; My,Rk = Wpl.y ´  fy = 12.1 kNm 

Characteristic moment resistance; Mz,Rk = Wpl.z ´  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 ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.011 

 NEd / (cz ´  NRk / gM1) + kzy ´  My,Ed / (cLT ´  My,Rk / gM1) = 0.443 

PASS - Combined bending and compression checks are sat isfied
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PUUPILARI 

In accordance with EN1995-1-1:2004 + A2:2014 incorpo rating corrigendum June 2006 and the Finnish na-

tional annex 
Tedds calculation version 2.1.01 

ANALYSIS 
Tedds calculation version 1.0.27 

Geometry 

Geometry (m) - GL28c - 240x720 

  

 

Materials 

Name Density Youngs Mo-
dulus 

Shear Modulus Thermal Coef-
ficient 

 (kg/m3) kN/mm2 kN/mm2 °°°°C-1 

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 

 (cm2) (cm4) (cm4) (cm2) (cm2) 

240x720 1728 746496 82944 1440 1440 

Nodes 

Node Co-ordinates Freedom Coordinate sys-
tem 

Spring 

 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 0 

Elements 

Ele-
ment 

Length Nodes Section Material Releases Rota-
ted 

 (m) Start End   Start 
mo-
ment 

End 
mo-
ment 

Axial  

1 4.5 1 2 240x720 GL28c Fixed Fixed Fixed   

2 4 2 3 240x720 GL28c Fixed Fixed Fixed   

Members 

Name Elements 

 Start End 

Jänne1 1 1 
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Name Elements 

 Start End 

Jänne2 2 2 

Loading 

Self weight included 

Permanent - Loading (kN) 
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Imposed - Loading (kN) 

  

 

Load combination factors 

Load combination 

S
el

f 
W

ei
gh

t 

P
er

m
an

en
t 

Im
po

se
d 

1.35KFIG (Strength) 1.35 1.35   

1.0G + 1.0Q + 1.0RQ (Service) 1.00 1.00 1.00 

1.0G + 1.0y 2Q (Quasi) 1.00 1.00 0.30 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) 1.15 1.15 1.50 

1.15KFIG + 1.5KFIQ + 1.5y 0KFIS 
(Strength) 

1.15 1.15 1.50 

1.0G + 1.0Q + 1.0y 0S (Service) 1.00 1.00 1.00 

1.0G + 1.0y 2Q+ 1.0y 2S (Quasi) 1.00 1.00 0.30 
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Load combination 

S
el

f 
W

ei
gh

t 

P
er

m
an

en
t 

Im
po

se
d 

1.15KFIG + 1.5y 0KFIQ + 1.5KFIS 
(Strength) 

1.15 1.15 1.05 

1.0G + 1.0y 0Q + 1.0S (Service) 1.00 1.00 0.70 

1.0G + 1.0Q + 1.0y 0S + 1.0y 0W (Service) 1.00 1.00 1.00 

Member Loads 

Member Load case Load Type Orientati-
on 

Description 

Jänne1 Permanent Point load GlobalZ 584.1 kN at 4.5 m 

Jänne2 Permanent Point load GlobalZ 419.3 kN at 4 m 

Jänne1 Imposed Point load GlobalZ 187.2 kN at 4.5 m 

Jänne2 Imposed Point load GlobalZ 157.2 kN at 4 m 

Results 

Total base reactions 

Load case/combination Force 

 FX FZ 

 (kN) (kN) 

1.35KFIG (Strength) 0 1362.2 

1.0G + 1.0Q + 1.0RQ (Ser-
vice) 

0 1353.4 

1.0G + 1.0y 2Q (Quasi) 0 1112.3 

1.15KFIG + 1.5KFIQ + 
1.5KFIRQ (Strength) 

0 1677 
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Load case/combination Force 

 FX FZ 

 (kN) (kN) 

1.15KFIG + 1.5KFIQ + 
1.5y 0KFIS (Strength) 

0 1677 

1.0G + 1.0Q + 1.0y 0S (Ser-
vice) 

0 1353.4 

1.0G + 1.0y 2Q+ 1.0y 2S 
(Quasi) 

0 1112.3 

1.15KFIG + 1.5y 0KFIQ + 
1.5KFIS (Strength) 

0 1522 

1.0G + 1.0y 0Q + 1.0S (Ser-
vice) 

0 1250.1 

1.0G + 1.0Q + 1.0y 0S + 
1.0y 0W (Service) 

0 1353.4 

Element end forces 

Load combination: 1.35K FIG (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 yyyy 2Q (Quasi) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 yyyy 0S (Service) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 yyyy 2Q+ 1.0yyyy 2S (Quasi) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 FIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 yyyy 0Q + 1.0S (Service) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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 yyyy 0S + 1.0yyyy 0W (Service) 

Ele-
ment 

Length Nodes Axial for-
ce 

Shear for-
ce 

Moment 

 (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) 
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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) 

Jänne1 0 0 0 0 0 0 

Jänne2 0 0 0 0 0 0 

Envelope - All combinations 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1677 (max) 4.5 0 (min) 

Jänne2 0 721 4 0 (min) 

1.35KFIG (Strength) - Moment (kNm) 
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1.35KFIG (Strength) - Axial force (kN) 

  

 

Member results 

Load combination: 1.35K FIG (Strength) 

Member Shear force Moment 

 Pos Max abs Pos Max Pos Min 

 (m) (kN) (m) (kNm) (m) (kNm) 

Jänne1 0 0 0 0 0 0 

Jänne2 0 0 0 0 0 0 

Load combination: 1.35K FIG (Strength) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1362.2 (max) 4.5 0 (min) 
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Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne2 0 569.6 4 0 (min) 

1.0G + 1.0Q + 1.0RQ (Service) - Axial force (kN) 

  

 

Member results 

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

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1353.4 (max) 4.5 0 (min) 

Jänne2 0 579.1 4 0 (min) 
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1.0G + 1.0yyyy 2Q (Quasi) - Axial force (kN) 

  

 

Member results 

Load combination: 1.0G + 1.0 yyyy 2Q (Quasi) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1112.3 (max) 4.5 0 (min) 

Jänne2 0 469.1 4 0 (min) 
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1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Moment (kNm) 

  

 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Axial force (kN) 
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Member results 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Shear force Moment 

 Pos Max abs Pos Max Pos Min 

 (m) (kN) (m) (kNm) (m) (kNm) 

Jänne1 0 0 0 0 0 0 

Jänne2 0 0 0 0 0 0 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1677 (max) 4.5 0 (min) 

Jänne2 0 721 4 0 (min) 

1.15KFIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) - Moment (kNm) 
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1.15KFIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) - Axial force (kN) 

  

 

Member results 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Member Shear force Moment 

 Pos Max abs Pos Max Pos Min 

 (m) (kN) (m) (kNm) (m) (kNm) 

Jänne1 0 0 0 0 0 0 

Jänne2 0 0 0 0 0 0 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1677 (max) 4.5 0 (min) 
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Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne2 0 721 4 0 (min) 

1.0G + 1.0Q + 1.0yyyy 0S (Service) - Axial force (kN) 

  

 

Member results 

Load combination: 1.0G + 1.0Q + 1.0 yyyy 0S (Service) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1353.4 (max) 4.5 0 (min) 

Jänne2 0 579.1 4 0 (min) 
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1.0G + 1.0yyyy 2Q+ 1.0yyyy 2S (Quasi) - Axial force (kN) 

  

 

Member results 

Load combination: 1.0G + 1.0 yyyy 2Q+ 1.0yyyy 2S (Quasi) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1112.3 (max) 4.5 0 (min) 

Jänne2 0 469.1 4 0 (min) 
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1.15KFIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) - Moment (kNm) 

  

 

1.15KFIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) - Axial force (kN) 
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Member results 

Load combination: 1.15K FIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) 

Member Shear force Moment 

 Pos Max abs Pos Max Pos Min 

 (m) (kN) (m) (kNm) (m) (kNm) 

Jänne1 0 0 0 0 0 0 

Jänne2 0 0 0 0 0 0 

Load combination: 1.15K FIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1522 (max) 4.5 0 (min) 

Jänne2 0 650.3 4 0 (min) 

1.0G + 1.0yyyy 0Q + 1.0S (Service) - Axial force (kN) 
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Member results 

Load combination: 1.0G + 1.0 yyyy 0Q + 1.0S (Service) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1250.1 (max) 4.5 0 (min) 

Jänne2 0 532 4 0 (min) 

1.0G + 1.0Q + 1.0yyyy 0S + 1.0yyyy 0W (Service) - Axial force (kN) 

  

 

Member results 

Load combination: 1.0G + 1.0Q + 1.0 yyyy 0S + 1.0yyyy 0W (Service) 

Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne1 0 1353.4 (max) 4.5 0 (min) 
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Member Axial force 

 Pos Max Pos Min 

 (m) (kN) (m) (kN) 

Jänne2 0 579.1 4 0 (min) 

; 

Jänne1 - Span 1 

Partial factor for material properties and resistanc es 

Partial factor for material properties - Table 2.3; gM = 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 

  

 

Span details 

Bearing length; Lb = 100 mm 

 

Jänne1 results summary Unit Capacity Maximum Utilisation Result 

Compressive stress N/mm
2 

11.5 9.7 0.842 PASS 
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Column stability check    1.089 FAIL 

 

Consider Combination 5 - 1.15K FIG + 1.5KFIQ + 1.5yyyy 0KFIS (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; Pd = 1676.97 kN 

Design compressive stress; sc,0,d = Pd / A = 9.705 N/mm2 

Design compressive strength; fc,0,d = kmod ´  fc.0.g.k / gM = 11.520 N/mm2 

 sc,0,d / fc,0,d = 0.842 

PASS - Design parallel compression strength exceeds de sign parallel compression stress 

Check columns subjected to either compression or co mbined compression and bending - cl.6.3.2 

Effective length for y-axis bending; Le,y = 4500 mm 

Slenderness ratio; l y = Le,y / iy = 21.651 

Relative slenderness ratio - exp. 6.21; l rel,y = l y / p ´  Ö(fc.0.g.k / E0.g.05) = 0.331 

Effective length for z-axis bending; Le,z = 4500 mm 

Slenderness ratio; l z = Le,z / iz = 64.952 

Relative slenderness ratio - exp. 6.22; l rel,z = l z / p ´  Ö(fc.0.g.k / E0.g.05) = 0.993 

Both lll l rel,y  > 0.3 and lll l rel,z > 0.3, column stability check is required 

Straightness factor; bc = 0.1 

Instability factors - exp.6.25, 6.26, 6.27 & 6.28; ky = 0.5 ´  (1 + bc ´  (l rel,y - 0.3) + l rel,y
2) = 0.556 

 kz = 0.5 ´  (1 + bc ´  (l rel,z - 0.3) + l rel,z
2) = 1.028 

 kc,y = 1 / (ky + Ö(ky
2 - l rel,y

2)) = 0.997 

 kc,z = 1 / (kz + Ö(kz
2 - l rel,z

2)) = 0.774 

Column stability checks - exp.6.23 & 6.24; sc,0,d / (kc,y ´  fc,0,d) = 0.845 

 sc,0,d / (kc,z ´  fc,0,d) = 1.089 

FAIL - Column stability is not acceptable 

Check columns subjected to either compression or co mbined compression and bending - cl.6.3.2 

Effective length for y-axis bending; Le,y = 4500 mm 

Slenderness ratio; l y = Le,y / iy = 21.651 

Relative slenderness ratio - exp. 6.21; l rel,y = l y / p ´  Ö(fc.0.g.k / E0.g.05) = 0.331 

Effective length for z-axis bending; Le,z = 4500 mm 

Slenderness ratio; l z = Le,z / iz = 64.952 

Relative slenderness ratio - exp. 6.22; l rel,z = l z / p ´  Ö(fc.0.g.k / E0.g.05) = 0.993 

Both lll l rel,y  > 0.3 and lll l rel,z > 0.3, column stability check is required 

Straightness factor; bc = 0.1 

Instability factors - exp.6.25, 6.26, 6.27 & 6.28; ky = 0.5 ´  (1 + bc ´  (l rel,y - 0.3) + l rel,y
2) = 0.556 

 kz = 0.5 ´  (1 + bc ´  (l rel,z - 0.3) + l rel,z
2) = 1.028 

 kc,y = 1 / (ky + Ö(ky
2 - l rel,y

2)) = 0.997 

 kc,z = 1 / (kz + Ö(kz
2 - l rel,z

2)) = 0.774 

Column stability checks - exp.6.23 & 6.24; sc,0,d / (kc,y ´  fc,0,d) = 0.845 
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 sc,0,d / (kc,z ´  fc,0,d) = 1.089 

FAIL - Column stability is not acceptable 

Jänne2 - Span 1 

Partial factor for material properties and resistanc es 

Partial factor for material properties - Table 2.3; gM = 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 

  

 

Span details 

Bearing length; Lb = 100 mm 

 

Jänne2 results summary Unit Capacity Maximum Utilisation Result 

Compressive stress N/mm
2 

11.5 4.2 0.362 PASS 

 

Consider Combination 5 - 1.15K FIG + 1.5KFIQ + 1.5yyyy 0KFIS (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; Pd = 721.035 kN 

�(


�������� ����!���
��
"

5�������
�����"�������'�����,

��� �

��
��������&"&���# ) �����6�
 � ��� 	

��
��������&"&���# +������


���
	

��
��������������������/ ) ���(�(��



���
(

��
��������������������/ +��,��((



���
(

%���&������)��������� ) ���
��,���

%���&������)��������� +�����	���

#����!���	�" �$�
�����#%��


5����
�������
�������������������� ����� ���,�7 �� �

5����
�������
������������������ 8���� ��	���7 �� �

5����
�������
�
������������������������""�"������� ����� 
�
���� ���(�7 �� �

5����
�������
�
����������������������������
&"���� ���������� 
��
���� ������7 �� �

5����
�������
����������������������""�"����������� � ��
���� �������7 �� �

��������&"&������"����
��)��- 
������� �����

�7 �� �

!��������
����"�����&"&������"����
��)��- 
���
� ���
(

�7 �� �

���������&"&������"����
��)��9 ������ ����
�7 �� �

5����
�������
�������)�� ��� ��	�
��� � 	



LIITE 12   

  

 

Design compressive stress; sc,0,d = Pd / A = 4.173 N/mm2 

Design compressive strength; fc,0,d = kmod ´  fc.0.g.k / gM = 11.520 N/mm2 

 sc,0,d / fc,0,d = 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 - cl.6.3.2 

Effective length for y-axis bending; Le,y = 4000 mm 

Slenderness ratio; l y = Le,y / iy = 19.245 

Relative slenderness ratio - exp. 6.21; l rel,y = l y / p ´  Ö(fc.0.g.k / E0.g.05) = 0.294 

Effective length for z-axis bending; Le,z = 0 mm 

Slenderness ratio; l z = Le,z / iz = 0 

Relative slenderness ratio - exp. 6.22; l rel,z = l z / p ´  Ö(fc.0.g.k / E0.g.05) = 0 

Both lll l rel,y  <= 0.3 and lll l rel,z <= 0.3, column stability check not required 

Check columns subjected to either compression or co mbined compression and bending - cl.6.3.2 

Effective length for y-axis bending; Le,y = 4000 mm 

Slenderness ratio; l y = Le,y / iy = 19.245 

Relative slenderness ratio - exp. 6.21; l rel,y = l y / p ´  Ö(fc.0.g.k / E0.g.05) = 0.294 

Effective length for z-axis bending; Le,z = 0 mm 

Slenderness ratio; l z = Le,z / iz = 0 

Relative slenderness ratio - exp. 6.22; l rel,z = l z / p ´  Ö(fc.0.g.k / E0.g.05) = 0 

Both lll l rel,y  <= 0.3 and lll l rel,z <= 0.3, column stability check not required 
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BETONIPILARI 

RC Column design in accordance with EN1992-1-1:2004 incorporating Corrigendum January 2008 and the 

Finnish national annex 
Tedds calculation version 1.3.05 

Design summary 

Description Unit Provided Required Utilisation Result 

Moment capacity (y)  kNm 120.93 58.98 0.49 PASS 

Moment capacity (z) kNm 95.56 64.48 0.67 PASS 

Biaxial bending utilisation       0.93 PASS 

  

 

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)); gC = 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; f  = 25 mm 

Link diameter; f v = 8 mm 

Total number of longitudinal bars; N = 6 

No. of bars per face parallel to y axis; Ny = ;2 

No. of bars per face parallel to z axis; Nz = ;3 

Area of longitudinal reinforcement; As = N ´  p ´  f 2 / 4 = 2945 mm2 

Characteristic yield strength; fyk = 500 N/mm2 

Partial safety factor for reinft (2.4.2.4(1)); gS = 1.15 

Modulus of elasticity of reinft (3.2.7(4)); Es = 200 kN/mm2 

Fire resistance details 

Fire resistance period; R = 60 min 

Exposure to fire; Exposed on more than one side  

Ratio of fire design axial load to design resistance; mfi = 0.70 

Axial load and bending moments from frame analysis 

Design axial load; NEd = 1677.0 kN 

Moment about y axis at top; Mtopy = ;0.0; kNm 

Moment about y axis at bottom; Mbtmy = ;0.0; kNm 

Moment about z axis at top; Mtopz = ;0.0; kNm 

Moment about z axis at bottom; Mbtmz = ;0.0; kNm 

Column effective lengths 

Effective length for buckling about y axis; l0y = ;4500; mm 

Effective length for buckling about z axis; l0z = ;4500; mm 

Calculated column properties 

Concrete properties 

Area of concrete; Ac = h ´  b = 106400 mm2 

Characteristic compression cylinder strength; fck = 25 N/mm2 

Design compressive strength (3.1.6(1)); fcd = acc ´  fck / gC = 14.2 N/mm2 

Mean value of cylinder strength (Table 3.1); fcm = fck + 8 MPa = 33.0 N/mm2 

Secant modulus of elasticity (Table 3.1); Ecm = 22000 MPa ´  (fcm / 10 MPa)0.3 = 31.5 kN/mm2 

Rectangular stress block factors 

Depth factor (3.1.7(3)); l sb = 0.8 

Stress factor (3.1.7(3)); h = 1.0 

Strain limits 

Compression strain limit (Table 3.1); ecu3 = 0.00350 

Pure compression strain limit (Table 3.1); ec3 = 0.00175 

Design yield strength of reinforcement 

Design yield strength (3.2.7(2)); fyd = fyk / gS = 434.8 N/mm2 

Check nominal cover for fire and bond requirements 

Min. cover reqd for bond (to links) (4.4.1.2(3)); cmin,b = max(f v, f  - f v) = 17 mm 

Min axis distance for fire (EN1992-1-2 T 5.2a); afi = 46 mm 

Allowance for deviations from min cover (4.4.1.3); Dcdev = 10 mm 

Min allowable nominal cover; cnom_min = max(afi - f  / 2 - f v, cmin,b + 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; Abar = p ´  f 2 / 4 = 491 mm2 

Spacing of bars in faces parallel to z axis (c/c); sz = (h - 2 ´  (cnom + f v) - f ) / (Nz - 1) = 135 mm 

Layer 1 (in tension face); dy1 = h - cnom - f v - f  / 2 = 325 mm 

Layer 2; dy2 = dy1 - sz = 190 mm 

Layer 3; dy3 = dy2 - sz = 55 mm 

2nd moment of area of reinft about y axis; Isy = 2 ´  Abar ´  Ny ´  (dy1-h/2)2 = 3552 cm4 

Radius of gyration of reinft about y axis; isy = Ö(Isy / As) = 110 mm 

Effective depth about y axis (5.8.8.3(2)); dy = h / 2 + isy = 300 mm 

Effective depths of bars for bending about z axis 

Area of per bar; Abar = p ´  f 2 / 4 = 491 mm2 

Spacing of bars in faces parallel to y axis (c/c); sy = (b - 2 ´  (cnom + f v) - f ) / (Ny - 1) = 169 mm 

Layer 1 (in tension face); dz1 = b - cnom - f v - f  / 2 = 225 mm 

Layer 2; dz2 = dz1 - sy = 55 mm 

Effective depth about z axis; dz = dz1 = 225 mm 

Column slenderness about y axis 

Radius of gyration; iy = h / Ö(12) = 11.0 cm 

Slenderness ratio (5.8.3.2(1)); l y = l0y / iy = 41.0 

Column slenderness about z axis 

Radius of gyration; iz = b / Ö(12) = 8.1 cm 

Slenderness ratio (5.8.3.2(1)); l z = l0z / iz = 55.7 

Design bending moments 

Frame analysis moments about y axis combined with m oments due to imperfections (cl. 5.2 & 6.1(4)) 

Ecc. due to geometric imperfections (y axis); eiy = l0y /400 = 11.3 mm 

Min end moment about y axis; M01y = min(abs(Mtopy), abs(Mbtmy)) + eiy ´  NEd = 18.9 kNm 

Max end moment about y axis; M02y = max(abs(Mtopy), abs(Mbtmy)) + eiy ´  NEd = 18.9 kNm 

Slenderness limit for buckling about y axis (cl. 5.8 .3.1) 

Factor A; A = 0.7 

Mechanical reinforcement ratio; w = As ´  fyd / (Ac ´  fcd) = 0.850 

Factor B; B = Ö(1 + 2 ´  w) = 1.643 

Moment ratio; rmy = ;1.000 

Factor C; Cy = 1.7 - rmy = 0.700 

Relative normal force; n = NEd / (Ac ´  fcd) = 1.113 

Slenderness limit; l limy = 20 ´  A ´  B ´  Cy / Ö(n) = 15.3 

lll l y>=lll l limy  - Second order effects must be considered 

 

Frame analysis moments about z axis combined with m oments due to imperfections (cl. 5.2 & 6.1(4)) 

Ecc. due to geometric imperfections (z axis); eiz = l0z /400 = 11.3 mm 

Min end moment about z axis; M01z = min(abs(Mtopz), abs(Mbtmz)) + eiz ´  NEd = 18.9 kNm 

Max end moment about z axis; M02z = max(abs(Mtopz), abs(Mbtmz)) + eiz ´  NEd = 18.9 kNm 

Slenderness limit for buckling about y axis (cl. 5.8.3.1) 

Factor A; A = 0.7 

Mechanical reinforcement ratio; w = As ´  fyd / (Ac ´  fcd) = 0.850 
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Factor B; B = Ö(1 + 2 ´  w) = 1.643 

Moment ratio; rmz = ;1.000 

Factor C; Cz = 1.7 - rmz = 0.700 

Relative normal force; n = NEd / (Ac ´  fcd) = 1.113 

Slenderness limit; l limz = 20 ´  A ´  B ´  Cz / Ö(n) = 15.3 

lll l z>=lll l limz  - 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; RH = 50 % 

Column perimeter in contact with atmosphere; u = 1320 mm 

Age of concrete at loading; t0 = 28 day 

Parameter nu; nu = 1 + w = 1.850 

Approx value of n at max moment of resistance; nbal = 0.4 

Axial load correction factor; Kr = min(1.0 , (nu - n) / (nu - nbal)) = 0.508 

Reinforcement design strain; eyd = fyd / Es = 0.00217 

Basic curvature; curvebasic_y = eyd / (0.45 ´  dy) = 0.0000161 mm-1 

Notional size of column; h0 = 2 ´  Ac / u = 161 mm 

Relative humidity factor (Annex B.1(1)); f RH = 1 + [(1 - RH / 100%) / (0.1 mm-1/3 ´  (h0)1/3)] = 1.919 

Concrete strength factor (Annex B.1(1)); bfcm = 16.8 ´  (1 MPa)1/2 / Ö(fcm) = 2.925 

Concrete age factor (Annex B.1(1)); bt0 = 1 / (0.1 + (t0 / 1 day)0.2) = 0.488 

Notional creep coefficient (Annex B.1(1)); f 0 = f RH ´  bfcm ´  bt0 = 2.741 

Final creep development factor; (at t = ¥); bc¥  = 1.0 

Final creep coefficient (Annex B.1(1)); f ¥  = f 0 ´  bc¥  = 2.741 

Ratio of SLS to ULS moments; rMy = 0.80 

Effective creep ratio; f efy = f ¥  ´  rMy = 2.193 

Factor b; by = 0.35 + fck / 200 MPa - l y / 150 = 0.202 

Creep factor; Kf y = max(1.0 , 1 + by ´  f efy) = 1.442 

Modified curvature; curvemod_y = Kr ´  Kf y ´  curvebasic_y = 0.0000118 mm-1 

Curvature distribution factor; c = 10 

Deflection; e2y = curvemod_y ´  l0y
2 / c = 23.9 mm 

Nominal 2nd order moment; M2y = NEd ´  e2y = 40.1 kNm 

Design bending moment about y axis (cl. 5.8.8.2 & 6 .1(4)) 

Equivalent moment from frame analysis; M0ey = max(0.6 ´  M02y + 0.4 ´  M01y, 0.4 ´  M02y) = ;18.9; kNm 

Design moment; MEdy = max(M02y, M0ey + M2y, M01y + 0.5´ M2y, NEd ´  max(h/30, 

20 mm)) 

 MEdy = 59.0 kNm 

Local second order bending moment about z axis (cl.  5.8.8.2 & 5.8.8.3) 

Basic curvature; curvebasic_z = eyd / (0.45 ´  dz) = 0.0000215 mm-1 

Ratio of SLS to ULS moments; rMz = 0.80 

Effective creep ratio (5.8.4(2)); f efz = f ¥  ´  rMz = 2.193 

Factor b; bz = 0.35 + fck / 200 MPa - l z / 150 = 0.104 

Creep factor; Kf z = max(1.0 , 1 + bz ´  f efz) = 1.228 

Modified curvature; curvemod_z = Kr ´  Kf z ´  curvebasic_z = 0.0000134 mm-1 

Curvature distribution factor; c = 10 

Deflection; e2z = curvemod_z ´  l0z
2 / c = 27.2 mm 
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Nominal 2nd order moment; M2z = NEd ´  e2z = 45.6 kNm 

Design bending moment about z axis (cl. 5.8.8.2 & 6 .1(4)) 

Equivalent moment from frame analysis; M0ez = max(0.6 ´  M02z + 0.4 ´  M01z, 0.4 ´  M02z) = ;18.9; kNm 

Design moment; MEdz = max(M02z, M0ez + M2z, M01z + 0.5´ M2z, NEd ´  max(b/30, 

20 mm)) 

 MEdz = 64.5 kNm 

Moment capacity about y axis with axial load N Ed 

Moment of resistance of concrete 

By iteration:- 

Position of neutral axis; y = 317.8 mm 

Concrete compression force (3.1.7(3)); Fyc = h´  fcd ´  min(l sb ´  y , h) ´  b = 1008.3 kN 

Moment of resistance; MRdyc = Fyc ´  [h / 2 - (min(l sb ´  y , h)) / 2] = 63.4 kNm 

Moment of resistance of reinforcement 

Strain in layer 1; ey1 = ecu3 ´  (1 - dy1 / y) = -0.00007 

Stress in layer 1; sy1 = max(-1´ fyd, Es ´  ey1) = -14.9 N/mm2 

Force in layer 1; Fy1 = Ny ´  Abar ´  sy1 = -14.6 kN 

Moment of resistance of layer 1; MRdy1 = Fy1 ´  (h / 2 - dy1) = 2.0 kNm 

Strain in layer 2; ey2 = ecu3 ´  (1 - dy2 / y) = 0.00141 

Stress in layer 2; sy2 = min(fyd, Es ´  ey2) - h ´  fcd = 267.3 N/mm2 

Force in layer 2; Fy2 = 2 ´  Abar ´  sy2 = 262.4 kN 

Moment of resistance of layer 2; MRdy2 = Fy2 ´  (h / 2 - dy2) = 0.0 kNm 

Strain in layer 3; ey3 = ecu3 ´  (1 - dy3 / y) = 0.00289 

Stress in layer 3; sy3 = min(fyd, Es ´  ey3) - h ´  fcd = 420.6 N/mm2 

Force in layer 3; Fy3 = Ny ´  Abar ´  sy3 = 412.9 kN 

Moment of resistance of layer 3; MRdy3 = Fy3 ´  (h / 2 - dy3) = 55.5 kNm 

Resultant concrete/steel force; 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 = 234.0 mm 

Concrete compression force (3.1.7(3)); Fzc = h´  fcd ´  min(l sb ´  z , b) ´  h = 1007.8 kN 

Moment of resistance; MRdzc = Fzc ´  [b / 2 - (min(l sb ´  z , b)) / 2] = 46.8 kNm 

Moment of resistance of reinforcement 

Strain in layer 1; ez1 = ecu3 ´  (1 - dz1 / z) = 0.00014 

Stress in layer 1; sz1 = min(fyd, Es ´  ez1) = 28.4 N/mm2 

Force in layer 1; Fz1 = Nz ´  Abar ´  sz1 = 41.9 kN 

Moment of resistance of layer 1; MRdz1 = Fz1 ´  (b / 2 - dz1) = -3.5 kNm 

Strain in layer 2; ez2 = ecu3 ´  (1 - dz2 / z) = 0.00267 

Stress in layer 2; sz2 = min(fyd, Es ´  ez2) - h ´  fcd = 420.6 N/mm2 
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Force in layer 2; Fz2 = Nz ´  Abar ´  sz2 = 619.4 kN 

Moment of resistance of layer 2; MRdz2 = 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; ratiol  = max(l y, l z) / min(l y, l z) = 1.36 

Eccentricity in direction of y axis; ey = MEdz / NEd = 38.4 mm 

Eccentricity in direction of z axis; ez = MEdy / NEd = 35.2 mm 

Equivalent depth; heq = iy ´  Ö(12) = 380 mm 

Equivalent width; beq = iz ´  Ö(12) = 280 mm 

Relative eccentricity in direction of y axis; erel_y = ey / beq = 0.137 

Relative eccentricity in direction of z axis; erel_z = ez / heq = 0.093 

Ratio of relative eccentricities; ratioe = min(erel_y, erel_z) / max(erel_y, erel_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 ´  fcd) + (As ´  fyd) = 2787.9 kN 

Ratio of applied to resistance axial loads; ratioN = NEd / NRd = 0.602 

Exponent a; a = 1.42 

Biaxial bending utilisation; UF = (MEdy / MRdy)a + (MEdz / MRdz)a = 0.934 

PASS - The biaxial bending capacity is adequate 
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TERÄSPILARI 

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) - Euro SHS 200x200x8.0 

  

�

Span Length (m) Section Start Support End Support 

1 4.5 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 cm2, Inertia Major 3709 cm4, Inertia Minor 3709 cm4, Shear area parallel to Minor 30 
cm2, Shear area parallel to Major = 30 cm2 

Steel (EC3): Density 7850 kg/m3, Youngs 210 kN/mm2, Shear 80.8 kN/mm2, Thermal 0.000012 °C-1 

Loading 

Self weight included 
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Permanent - Loading (kN) 

  

�

Imposed - Loading (kN) 

  

�
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Load combination factors 

Load combination 

S
el

f W
ei

gh
t 

P
er

m
an

en
t 

Im
po

se
d 

1.35KFIG (Strength) 1.35 1.35   

1.0G + 1.0Q + 1.0RQ (Service) 1.00 1.00 1.00 

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) 1.15 1.15 1.50 

1.15KFIG + 1.5KFIQ + 1.5y 0KFIS (Strength) 1.15 1.15 1.50 

1.0G + 1.0Q + 1.0y 0S (Service) 1.00 1.00 1.00 

1.15KFIG + 1.5y 0KFIQ + 1.5KFIS (Strength) 1.15 1.15 1.05 

1.0G + 1.0y 0Q + 1.0S (Service) 1.00 1.00 0.70 

1.0G + 1.0Q + 1.0y 0S + 1.0y 0W (Service) 1.00 1.00 1.00 

Element Loads 

Element Load case Load Type Orientation Description 

1 Permanent Point load GlobalZ 584.1 kN at 4.5 m 

2 Permanent Point load GlobalZ 419.3 kN at 4 m 

1 Imposed Point load GlobalZ 187.2 kN at 4.5 m 

2 Imposed Point load GlobalZ 157.2 kN at 4 m 

Results 

Element end forces 

Load combination: 1.35K FIG (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 FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Element Length Nodes Axial force Shear force Moment 

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

1 4.5 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 FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Element Length Nodes Axial force Shear force Moment 

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

1 4.5 1 -1675.1 0 0 

2 720.1 0 0 

2 4 2 -720.1 0 0 

3 0 0 0 

Load combination: 1.0G + 1.0Q + 1.0 yyyy 0S (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 FIG + 1.5yyyy 0KFIQ + 1.5KFIS (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 yyyy 0Q + 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 yyyy 0S + 1.0yyyy 0W (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) 

  

�

Strength combinations - Axial force envelope (kN) 

  

�
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Member results 

Envelope - Strength combinations 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Teräspilari 0 0  0  

Envelope - Strength combinations 

Member Position Axial force 

 (m) (kN) 

Teräspilari 0 1675.1 (max) 1360 

 4.5 1672.7 0 (min) 

1.35KFIG (Strength) - Moment (kNm) 

  

�
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1.35KFIG (Strength) - Axial force (kN) 

  

�

Member results 

Load combination: 1.35K FIG (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Teräspilari 0 0  0  

Load combination: 1.35K FIG (Strength) 

Member Position Axial force 

 (m) (kN) 

Teräspilari 0 1360 (max) 1360 (max) 

 8.5 566.1 0 (min) 
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1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Moment (kNm) 

  

�

1.15KFIG + 1.5KFIQ + 1.5KFIRQ (Strength) - Axial force (kN) 

  

�
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Member results 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Teräspilari 0 0  0  

Load combination: 1.15K FIG + 1.5KFIQ + 1.5KFIRQ (Strength) 

Member Position Axial force 

 (m) (kN) 

Teräspilari 0 1675.1 (max) 1675.1 (max) 

 4.5 1672.7 0 (min) 

1.15KFIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) - Moment (kNm) 

  

�
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1.15KFIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) - Axial force (kN) 

  

�

Member results 

Load combination: 1.15K FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Teräspilari 0 0  0  

Load combination: 1.15K FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Member Position Axial force 

 (m) (kN) 

Teräspilari 0 1675.1 (max) 1675.1 (max) 

 4.5 1672.7 0 (min) 
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1.15KFIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) - Moment (kNm) 

  

�

1.15KFIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) - Axial force (kN) 

  

�
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Member results 

Load combination: 1.15K FIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) 

Member Position Shear force Moment 

 (m) (kN) (kNm) 

Teräspilari 0 0  0  

Load combination: 1.15K FIG + 1.5yyyy 0KFIQ + 1.5KFIS (Strength) 

Member Position Axial force 

 (m) (kN) 

Teräspilari 0 1520.1 (max) 1520.1 (max) 

 4.5 1517.7 0 (min) 

; 

Partial factors - Section 6.1     

Resistance of cross-sections; gM0 = 1 

Resistance of members to instability; gM1 = 1 

Resistance of tensile members to fracture; gM2 = 1.25 

Teräspilari - Span 1 design 

Section details 

Section type; Euro SHS 200x200x8.0 (BS EN 10210) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Teräspilari span 1 results summary Unit Capacity Maximum 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 FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 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 ´  e; 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 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 1675.1 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 2156.7 kN 

 NEd / Nc,Rd = 0.777 

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; Lcr,y = Lm1_s1 = 4500 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 3796.2 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.754 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.842 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.821 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1770.8 kN 

 NEd / Nb,y,Rd = 0.946 

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; Lcr,z = Lm1_s1_seg1 = 4500 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 3796.2 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.754 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.842 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.821 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1770.8 kN 

 NEd / Nb,z,Rd = 0.946 

PASS - Design buckling resistance exceeds design compr ession 
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Teräspilari - Span 2 design 

Section details 

Section type; Euro SHS 200x200x8.0 (BS EN 10210) 

Steel grade - Table 3.1; S355H 

Nominal thickness of element; tnom = t = 8 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 510 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  

 

 

Teräspilari span 2 results summary Unit Capacity Maximum 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 FIG + 1.5KFIQ + 1.5yyyy 0KFIS (Strength) 

Classification of cross sections - Section 5.5 

 e = Ö[235 N/mm2 / fy] = 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 ´  e; 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 ´  e; Class 1 

Section is class 1 

Check compression - Section 6.2.4 

Design compression force; NEd = 720.1 kN 

Design resistance of section - eq 6.10; Nc,Rd = Npl,Rd = A ´  fy / gM0 = 2156.7 kN 

 NEd / Nc,Rd = 0.334 
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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; Lcr,y = Lm1_s2 = 4000 mm 

Critical buckling force; Ncr,y = p2 ´  E ´  Iy / Lcr,y
2 = 4804.6 kN 

Slenderness ratio for buckling - eq 6.50; `l y = Ö(A ´  fy / Ncr,y) = 0.67 

Check y-y axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; ay = 0.21 

Buckling reduction determination factor; f y = 0.5 ´  (1 + ay ´  (`l y - 0.2) + `l y
2) = 0.774 

Buckling reduction factor - eq 6.49; cy = min(1 / (f y + Ö(f y
2 - `l y

2)), 1) = 0.861 

Design buckling resistance - eq 6.47; Nb,y,Rd = cy ´  A ´  fy / gM1 = 1857.8 kN 

 NEd / Nb,y,Rd = 0.388 

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; Lcr,z = Lm1_s2_seg1 = 4000 mm 

Critical buckling force; Ncr,z = p2 ´  E ´  Iz / Lcr,z
2 = 4804.6 kN 

Slenderness ratio for buckling - eq 6.50; `l z = Ö(A ´  fy / Ncr,z) = 0.67 

Check z-z axis flexural buckling resistance - Sectio n 6.3.1.1 

Buckling curve - Table 6.2; a 

Imperfection factor - Table 6.1; az = 0.21 

Buckling reduction determination factor; f z = 0.5 ´  (1 + az ´  (`l z - 0.2) + `l z
2) = 0.774 

Buckling reduction factor - eq 6.49; cz = min(1 / (f z + Ö(f z
2 - `l z

2)), 1) = 0.861 

Design buckling resistance - eq 6.47; Nb,z,Rd = cz ´  A ´  fy / gM1 = 1857.8 kN 

 NEd / Nb,z,Rd = 0.388 

PASS - Design buckling resistance exceeds design compr ession 

 

 

 


