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NATIONAL TECHNICAL UNVERSITY OF ATHENS
SCHOOL OF CIVIL ENGINEERING
INSTITUTE OFSTEEL STRUCTURES

DIPLOMA THESIS
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Design and Analysis of Steel Shelter with a Curved Roof
Lamprou Evangelos (supervisor: Thanopoulos Pavlos)

Abstract

The aim of the present thesis is the design,yasaand dimensioning of a stestlelter with

a curved roof and curved cantilevers, 40m long and 96m wide. The building will be
constructed in Hellinikon, Attica (at the location of the former &asAirport) and will be

used as an exhibition center.The construction material is S355 Structural Steel. It consists

of frames that are repeated every 6m, which are based on the ground, fixed eaxike X

and pinned on the -éxis. This foundation systeia chosen to ensure frame operation on

the strong axis and operation of the bracing joints on the weaklmtiee study the static

loads, which are the seliei ght s, the additional per manent
the wind and snow as well as thgnamic loads (earthquake) are calculated, the structural
elements of the body are dimensioned and the adequacy of movements and the limitation of
damages are checked. Moreover, the most important connections between members of the
construction are preseul and the total weight of the shelter and its total cost are
calculated. The study, analysis and dimensioning of the body was carried out using the
Autodesk Robot Structural Analysis 2017 program, in accordance with applicable
European regulations (Eummde 0,1,3,8) and the Greek national appendices. The ultimate
purpose of the dissertation is to select the optimal cross sections for the formation of the
bodybés member s, which wi | me et both the d
economic requaments.
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3. ¥793dUh 0¢LVEOARSUy o0 dd
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3712 FgsugUdeasa G

Bs (g3 llgeUfitesstbi e i 95U Us3s yaUoecae GUds a6y} sU:x
Ushaasgdaeo:

dUGssaea EKEgsiligUleaa
Ed=B [ 20 +3*p+201*Q1+B [ i* r*0 p), (25)

ggcdeUUsosasa FKFgsilgUlGeasa
Ed=B Of +P+Aq+Y11*Qua+B T 7215, -28)

FUsteosoaega EKEgaltugUleasa
Ed=B  "Of +P+Ag+B [ ;21 ¢ (3-27)

y ePgp=0, dasWpUaUd) stdlUssae Usee Udd "~ eys3UUGdc

zdiUs 0 digsdiag { ipgaiec We Jdgt Us d)

1,35*Giotal + 1,5°LIVE LOADS + 15*0,5*snow + 1,5°0,6*W otal_1
1,35*Gyotal + 1,5°LIVE LOADS + 1,50,5*snow + 1,5*0,6W total 2
1,35*Gyotal + 1,5°LIVE LOADS + 1,50,5*snow + 1,5*0,6W (otal 3
1,35*Gyotal + 1,5°LIVE LOADS + 1,50,5*snow + 1,5*0,6'W (otal_4
1,35*Gotal + 1,5 LIVE LOADS + 1,50,5*snows + 1,5*0,6‘W total_1
1,35*Giotal + 1,5 LIVE LOADS + 1,50,5*snow + 1,5*0,6'W tgtal 2
1,35*Giota + 1,5°LIVE LOADS + 1,5°0,5snow + 1,50,6*Wotal_3
1,35*Giota + 1,5 LIVE LOADS + 1,5*0,5 snow + 1,5*0,6*'W total_4

1,35*Gyotal + 1,5°0,0*LIVE LOADS + 1,5 snow + 1,5°0,6‘'W total_1
1,35*Gotal + 1,5°0,0*LIVE LOADS + 15*snow + 1,5*0,6W total 2
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5 snow + 1,5*0,6W total_3
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5'snow + 1,5*0,6W iotal_4
1,35*Giotal + 1,5°0,0*LIVE LOADS + 1,5 snow + 1,5*0,6'W otal_1
1,35*Gyotal + 1,5°0,0*LIVE LOADS + 1,5 snow + 1,5*0,6'W gtal 2
1,35*Giotal + 1,5*0,0*LIVE LOADS + 1,5 snow + 1,5*0,6'W otal_3
1,35*Gyota + 1,5°0,0*LIVE LOADS + 1,5'snow + 1,5*0,6'W otal_4

1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5snow; + 1,5W iotar 1
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5snow; + 1,5W total 2
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5snow; + 1,5W iotal 3
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5'snow; + 1,5W otal 4
1,35*Giotrd + 1,5°0,0*LIVE LOADS + 1,5°0,5'snow, + 1,5*W gtal 1
1,35*Gyotal + 1,5°0,0*LIVE LOADS + 1,5°0,5'snows + 1,5*Wigtal 2
1,35*Gyotal + 1,5°0,0*LIVE LOADS + 1,5°0,5snows + 1,5W iota 3
1,35*Gyotai + 1,5°0,0°LIVE LOADS + 1,5°0,5*'snow., + 1,5Wgtal 4
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zda Us 0 digxzdig Ul ¢ 6 ai d jAG e O Ud)d
1,0* C':‘total + 1,5* Wtotal_l
1,0* C':‘total + 1y5*VVtotaI_2
1,0* C':‘total + 1,5* Wtotal_3
170* Gtotal + 1,5 Wtota|_4

ZUs G ePsgasaliog Ul € @ a
1,0* Giotar + 1,00,0*LIVE LOADS N1,0* Ex

poUehyivyad UUssg » U3 ¥s@vas Us allygoUGU;e 1
6y disee 89a6i 30Us 0Ua gjdgs Wilgysstiegsfiltse i eds (leg 3Uviet Wevd
aUUU @36i 3 UesstUystiadyaUOilyalesPeoy YeeUUU - Uy
haeelU "6g yeUs lUedUa GUe "~ j hoy UeeU.

= =4 4 2

Yises byYyed (U0} h3UvBEABLOADSaas501 3 GUsscUar¥:
Y haEBHBE s P:UADDITIONAL DEADLOADS

TosdqUh GeLivEdOADBY o dd:

AaxUUjps0e "~ al0d UsyWaerpo st oM wlilyss abelae s 6
“al08d Useg Usyeeg ( alGd U R eyaU "j3e6d UU
We, horizontal 1 (+X) T Wi, in_out (+0,20)

AsaxU0U) s0ce ’0Uch;uU33yaJng39$lUJLdUein}J:rMﬁ;o:ebgse +
“alU8d Useg Usyeseg (" alad U fh yav yjed UU
We, horizontal 1 (+X) Wi, out_in (-0,30)

A3xxUU)p soe “aUlUld Usyesg oUWXUakl wlilrss aele s 6 |
“al08d Ueg Usyeeg ( alGd U eyaU "j3ed UU
We, horizontal 1 (+Y)  Wijin_out (+0,20)

A3xxUU)p soe "aUlUld Usyesg oUWXUakl wlilss alele s 6 |
“"al00d Ueg Usyeeg ( alGd U R yay “~j3ed UU

We, horizontal 1 (+Y) Wi, out_in (-0,30)

AaxUUj;s0e "all0d UsyedgldPywoddgsyodrsy ¢
99U os3UK&rvWP)y90e “alld Ueg Usyeeg ( a
We, vertical 1,up (+X) - Wi,in_out(+0,20) Hh @8 g:

We,verticall,up(+X)=We. ﬁUy'\j)'Wé, (G QE’)*W@ (6 09o¥ g (

We ) ebupeyg 1,

AzxrvUU) soce Udd Usyeaseg GUywsdd joddp UU sy
99U o03UkBYBY) doe ~aldd Ueg Usyeeg ( alGd
We, vertical 1,down (+X) Wi, in_out (+0,20),h ~

We, verticall,down (+X) = =We ¢ Uy':l)'Wé. (G C)B)*Wé, (G U@)O"('ig’ (

We | 6 bdpangg) 1,

AzxvUU) soe "aliad dByeasy alydaidy siygsyyg Ur 3
99U o03UKkBYBY) doe ~alUld Uesg Usyesg ( albd
We, vertical 1,up (+X) Wi,out in(-0,30) fh @8 g:

Wevertlcallup(+X) We, ﬁUy?Wé, (@QE)*W@ (6 Ug)old (

We | cbupemyg 1.

6o iy
a Ui d

o
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Az3xxUU)yp soe “aUlUld Usyecgg GU¥xdd 9@g Ulas biyd
99U 03UKkBYGY), 90 " alfiqUOdgUUyegdU "~ jaed (
We, vertical 1,down (+X) Wi, out_in (-0,30), h 8Qg:

We, verticall,down(+X):We, G 0y'1’)'W§,L°J Oy )B)I"(y\/e( 6 Ugolg (

We | ¢ bdpangg) 1,

AzxrvUU)pso0e "altd dbyesy alydady siygsyyg Ur s
99U oYUABYGU); seoe "alid Uesg Usyeasg ( allq
We, vertical 1,up (+Y) Wi,in_out(+0,20) fH @8 g:

We,verticall,up(+3):We,ﬁ UyongWe, "1 cbhupE@w®g 1,

AzxrvUU)p soe “~alUGd Usyeeg GUyodd aUs "~ ebhar
99U oYUAkBYyBU); seoe ~alUl0d Uesg Usyesg ( albd
We, vertical 1,down (+Y) Wi, in_out(+0,20) f @8 g:

We, verticalrdown( + F)\We, 6 Uy o ¥We( +3) o bdgumery) 1,

AzxrvUU)p s0e "alUGd Usyeeg GUyodd aUs "~ jebhar
99U oYUAkBYBU); seoe “~alUlGd Usg Usyesg ( albd
We, vertical 1,up (+Y) Wi,out in(-0,30) f @6 g:

We,verticall,up(+3:)We, a0y o'ﬁWe,(+1},l)ebup(a~Y3)g 1,

AzxrvUU)p s0e "alUGd Usyeeg GUyodd aUs "~ jebhar
99U oYUAkBYBU); seoe “~alUlGd Usg Usyesg ( albd
We, vertical 1,down (+Y) Wi, out_in (-0,30) h 8g:

We, vertical1,down +3:)We, a0y o'ﬁWe,( +73) e bdhvemery) 1,

) Uae ijudlg sas dlisnomg 1 :

) Ua e ijbgdlg sas dlisndwg 2 :

I Co

i C

{4} + {8}
W1_0={ We horizontal 1 @31 Wi, in_out (+0,20)} +
{ We, vertical 1,up (+Xj_ Wi, in_out (+0,20)}

{4} + {9}
W2_0={ We, horizontal 1 +x) Wi in_out (+0,20)} +
{ We, vertical 1,down (+X} Wi, in_out (+0,2() }

{5} + {10}
W3_0={ We, horizontal 1 +x)T Wi, out_in ¢0,30)} +
{ We, vertical 1up (+x Wi, out_in ¢0,30)}

{5} + {11}
W4_0={ We, horizontal 1 +xJ] Wi, out_in ¢0,30)} +
{ We, vertical 1,down (+)(T Wi, out_in (-0,30)}

{6} + {12}
W1_90={ We, horizontal 1 +v) Wi in_out(+0,20)} +
{ We, vertical 1,up (+Yj_ VVi, in_out (+0,20)}

-64-



1 {6}+{13}
W2_90= { We, horizontal 1 +Y) Wi in_out (+0,20)} +
{ We, vertical 1,down (+Y} Wi, in_out (+0|20)}

T {7} +{14}
W3_90= { We, horizontal 1 +Y) Wi out_in (-0,30)} +
{ We, vertical 1,down (+Y} Wi, out_in (-0,30)}

T {7} +{15}
W4 _90= { We, horizontal 1 @)l W, out_in (—0|30)} +
{ We, vertical 1,down (+Y] Wi, out_in ¢0,30) }

T {1} +{2}
Grotal = DEADLOADS + ADDITIONAL DEADLOADS

zdi Us 0 digxzdig { ipgadiec We Jdgt Us d)
1,35*Gotal + 1,5°'LIVE LOADS + 1,5*0,5*snow; + 1,5*0,66W 1 ¢
1,35*Gotal + 1,5°'LIVE LOADS + 1,5*0,5*snow; + 15*0,6*W 3 ¢
1,35*Gotal + 1,5°LIVE LOADS + 1,5*0,5'snow; + 1,5*0,66W3 ¢
1,35*Gotal + 1,5°'LIVE LOADS + 1,5*0,5*snow; + 1,5*0,6W 4 ¢
1,35*Gotal + 1,5*LIVE LOADS + 1,5*0,5*snow; + 1,5*0,6W 1 g0
1,35*Gotal + 1,5'LIVE LOADS + 1,5*0,5*snow; + 1,5*0,6°W oo
1,35*Gotal + 1,5'LIVE LOADS + 1,5*0,5*snow; + 1,5*0,6°W 3 oo
1,35*Gotal + 1,5'LIVE LOADS + 1,5*0,5*snow; + 1,5*0,6W 4 oo
1,35*Gotal + 1,5'LIVE LOADS + 1,5*0,5*snow, + 1,5*0,66W 1 ¢
1,35*Gota + 1,5LIVE LOADS + 1,5*0,5*snow, + 1,5*0,686W ¢
1,35*Gota + 1,5LIVE LOADS + 1,5*0,5*snow, + 1,5*0,6W 3 ¢
1,35*Gota + 1,5LIVE LOADS + 1,5*0,5*snow, + 1,5*0,6W 4 o
1,35*Gota + 1,5LIVE LOADS + 1,5*0,5*snow, + 1,5*0,6W 1 g0
1,35*Gotal + 1,5'LIVE LOADS + 1,5*0,5*snow, + 1,5*0,6°W oo
1,35*Gotal + 1,5'LIVE LOADS + 1,5*0,5*snow, + 1,5*0,6°W 3 oo
1,35*Gotal + 1,5°'LIVE LOADS + 1,5*0,5*snow, + 1,5*0,6W 4 oo

1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5*snow + 1,5*0,6W 1 ¢
1,35*Gota + 1,5*00*LIVE LOADS + 1,5*snow; + 1,5*0,6*W> ¢
1,35*Gota+ 15*0,0*LIVE LOADS + 1,5*snow; + 1,5*0,6*W3 ¢
1,35*Gota + 1,5*00*LIVE LOADS + 1,5*snow + 1,5*0,6*W; ¢
1,35*Gota + 1,5*00*LIVE LOADS + 1,5*snow; + 1,5*0,6*W3 o9
1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow; + 1,5*0,6*W; oo
1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow; + 1,5*0,6*W3 oo
1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow + 1,5*0,6*W4 oo
1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow, + 1,5*0,6*W, ¢
1,35*Gotal + 1,5%0,0*LIVE LOADS + 1,5*snow., + 1,5*0,6*W; ¢
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1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow, + 1,5*0,6*W3 ¢
1,35*Gota + 15%0,0*LIVE LOADS + 1,5*snow, + 1,5*0,6*W4 ¢
1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow, + 1,5*0,6*W3 oo
1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow, + 1,5*0,6*W> oo
1,35*Gotal + 1,5*00*LIVE LOADS + 1,5*snow, + 1,5*0,6*W3 oo
1,35*Gotal + 1,5*0,0*LIVE LOADS + 1,5*snow + 1,5*0,6*W 4 oo

1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,50,5snow; + 1,5*W; ¢
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5snow; + 1,5*W> ¢
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5'snow; + 1,5*W;s ¢
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5'snow; + 1,5*W, ¢
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5*'snow; + 1,5*W; oo
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,50,5*snow + 1,5W; oo
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,50,5*snowl + 1,8W 3 g9
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,50,5*snow; + 1,5W4 oo
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,50,5*snow + 1,5W 1 ¢
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,50,5*snow + 1,5W 3 ¢
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5*snow + 1,5W3 ¢
1,35*Gotal + 1,5%0,0*LIVE LOADS + 1,5°0,5*snows + 1,5W4 ¢
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5¢0,5*snow + 1,5W 1 oo
1,35*Gota+ 1,5°0,0*LIVE LOADS + 1,5°0,5*snow + 1,5W; oo
1,35*Gotal + 1,5°0,0*LIVE LOADS + 1,5°0,5*snow + 1,5W 3 oo
1,35*Gota + 1,5°0,0*LIVE LOADS + 1,50,5*snow + 1,5W 4 g0
zda Us 0 digxsdig Ul ¢ 6 ad d jAGeE O Ud)d
1,0:Giota + 1,5W1 o

1,0:Gota + 1,5W> o

1,0:Gota + 1,5W3 o

1,0*Giotal + 1,5W4 o
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Member type:  AvapTmipeg
Buckling (y axis) Buckling (z axis) Close
Member length ly: Member length Iz:

@ Real e 9@ Real T5 A

Coefficient d o Coefficient d A

Buckling length coeff, y: Buckling length coeff. z:

Sway Sway
Buckli Buckli
uckling curve y P uckling curve z e
(7] Flexural-torsional buckling
Lateral buckling parameters S
| Lateral buckling Moceies
Critical moment: ) puto
) User Mc = | 1,00 kN*m
Lateral buckling
curve: auto v
75

Additional sets of member parameters

| Limit deflections and displacements:
("] Complex sections: Note
[ Thin-walled sections:
["|Fire analysis parameters:
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4C Member Definition - Parameters - EN 1993-1:2005/A1:2014

Member type:  KapnUAn
Buckling (y axis)

Member length ly:
[ @ Real

= 44,12
() Coefficient 2

Buckling length coeff. y:

1,00

Sway

Buckling curve
< ¥ auto v

[¥] Flexural-torsional buckling

Lateral buckling parameters
[¥] Lateral buckling

Load level:
Critical moment: @ Auto
) User
Lateral buckling
auto v

curve:

@ General method [6.3.2.2]
") Detailed method  [6.3.2.3]

lateral restraints [6.3.2.4]

[] complex sections:
N [[] Thin-walled sections:

D Fire analysis parameters:

Buckling (z axis)
Member length lz:

iied 552 |'m

©) Coefficent ~"

Buckling length coeff. z:

Sway

Buckling curve z
< auto

Lateral buckling length coefficient

[UDDEr flange ] [Lower flange ]

A Simplified method for beams with

[ Limit deflections and displacements:

Ler = lo L =lo

Mcr = | 1,00 kN*m

LambdalT,0 = 0.4
Beta = 0.75 ~

Kkl = 1.1

Additional sets of member parameters

More...
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Member type:  MpoBoAol
Buckling (y axis) Buckling (z axis)
Member length ly: Member length Iz:
@ Real i @ Real 1150
(7) Coeffidient - 0 () Coeffident ~ ' m

Buckling length coeff. y: Buckling length coeff. z:

1,00 0,50

Sway Sway
Buckling curve z

Buckling curve y

auto v auto v

[¥] Flexural-torsional buckling

Lateral buckling parameters

[¥] Lateral buckling Lateral buckling length coefficient

(Upperﬂange] [Lowerﬁange‘

Load level:
La =0.5lo Lar =0.5lo
Critical moment: @ Auio .
(@) User Mo = | 1,00 | kN*m
Lateral buckling
curve: auto v

@ General method [6.3.2.2] LambdalT,0= | 0.4 -

() Detailed method [6.3.2.3] Beta = 0.75 ~

A Simplified method for beams with

lateral restraints [6.3.2.4] kfl = e

Additional sets of member parameters

[ Limit deflections and displacements: Service
[] complex sections: Complex
[] Thin-walled sections: Thin-walled
[ Fire analysis parameters: Fire
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4 Member Definition - Par;met;rs - EN 1993-1:2005/A1:2014 ‘ o2 P
7 ] 3 3 .
e oo lyedegUgaveloys: 9
Buckling (v axis) Buckling (z axis) Close
Member length ly: Member length Iz: o - 1 171
| o i s Ui dga¥id aUUY
") Coefficient " ") Coefficient m
Buckling length coeff. y: Buckling length coeff. z: o .
Zzeoagd o@PIH®UE G
0,70 0,50
Sway Sway
: : o ° P o -
Buckling curve y o Buckling curve z . E g 3 U U a"U lj UE’ g’ ) lj Ui 3 U
[¥] Flexural-torsional buckling 0 ’ 70
Lateral buckling parameters
[¥] Lateral buckling Lateral buckling length coefficient @ (De LOJ + d. q 3 Zl q 5 D 0 Y
Load level: [ Upper flange } [Lower flange ]
La =0.5l0 La =0.5l0
° .
Critial moment: @ AUto Zeoagd o@POUE G
() User Ma = | 1,00 kN*m
Lateral buckling o
curve: % SN o o o o ~
Fg3sUUaUUUed oslelUi 3U
@ General method [6.3.2.2] LambdalT,0= 0.4 0 w
) Detailed method  [6.3.2.3] Beta = 0.75 '
= Simplified method for beams with :
“ lateral restraints [6.3.2.4] kfi = b C_) o 0 766 g- q 0 Hong } 98 f]
Additional sets of member parameters
[ Limit deflections and displacements: Service _ . . .
: °o o~
[] complex sections: Complex Nots OaUoGa g uu u Uj. U Uag o
| [] Thin-walled sections: Thin-walled
[ Fire analysis parameters: Fie
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Member |  Section | Material | Lay | Laz | Ratio | Case
Code group : 1 AvapTripeg
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Member | Section | Material | Lay | Laz | Ratio | Case
Code group : 1 AvapTripeg
CHS 219.1x10 152.43| 152.43 1.08| 34 1,35Gtotal +
30 Beam_ 30 ||cHs 219.1x12| s3sS 153.80| 153.80 0.91| 1.50°w0g"LIVE +
. 1,50%0,5*S1 +
| cHS 219.1x12) 154.11| 154.11 0.88 Sy
Code group : 2 KaptmuAn
HEA 800 126.02| 77.18 1.07| 27 1,35Gtotal +
29 f | HEA 900 5355 113.45| 7895 07| HSCROGLVE
HEA 1000 102.75| 80.77 074 :;,i?,nsi;ﬂ
HEB 700 141.80| 7478 1.08| 27 1,35Gtotal
29 # | HEB 800 5355 125.26| 76.85 0.89] 1S0WO.QLVE+
8| HEs 900 11256]  7664] 03] ,ooor .
Code group : 3 NpoBoAol
HEA 300 9278| 7893 1.21 5
9 B HEA 320 5388 8705] 7886  036] - ;2}"?:’53,’;&\{5
| HEA 340 g2.08| 7918 0.83
HEB 250 105.32| 8976 1.21 . .
9 i | HEB 280 5385 o759]  341]  097] - b v somi
HEB 300 9097| 77.98 0.76
Code group : 4 YmootuAwpara
HEA 800 3437| 80.15 1.14| 27 1,35"Gtotal
2 [ | HEA 900 5355 30.85| 81.98 0.93 1501"413;21-':’5 *
#l| HEA 1000 28.03| 8388 0.80] ., chmen e
HEB 700 3868 7764 1.13| 27 1,35*Gtotal +
2 # | HEB 800 5355 3417|  79.81 0.94| 1.50°w0.gLIVE +
Fl| HEB 200 3070 8186 0.78] . :I,So'nsz +s' 1
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EUyoUGUp 6 1
a3 Ubl@yes U oaUs UebUuhs eU0UUsa901 3 UsUUseL 3
Type | Number| Length (m) Un:tkz'enight Bar(vl:g;ght Tota:z:;ight Pain:i:g )area
S 355
CHS 24 2 15,35 135,07 2073,31 4147 2358
HEA 30 2,26 88,37 199,71 1997 38,80
HEA 60 14 0,85 177,83 151,16 21186 27,46
HEA 60 3,59 177,83 638 42 5745 74,56
HEB 50 2 S,00 187 40 1686,59 3373 38,24
Total per
CHS 24 2 30,70 135,07 4145 61 4147 2358
HEA 30 10 2260 88,37 1997,08 1997 38,80
HEA 60 23 4421 177,83 7862,03 7862 102,02
HEB 50 2 18,00 187 40 337317 3373 38,24
Total 17379 202,64
¢ Ggscaslbeeg eMblUb YOG U3Bdg. 1 UVUasUs 17
EUyoUGU)p 6 2
a3 U2@yecU oaUs UehUuhs eUUUaa901 3 UosUUscs
Unit weight Bar weight | Total weight | Painting area
Typocs | |ambier:) SLesiih (G (kG/m) (KG) (kG) (m2)
5 355
CHS 21 2 11,28 61,28 691,24 1382 15,52
HEA 32 18 1,32 97 66 128,92 2320 41,71
HEA 90 9 456 251,70 114777 10330 118,87
HEA 90 2 16,00 251,70 402726 8055 9269
Total per
CHS 21 2 22,56 61,28 138247 1382 15,52
HEA 32 18 23,76 97 66 2320,50 2320 41,71
HEA 90 11 73,04 251,70 18384 44 18384 211,56
Total 22087 268,80
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Geometry Y SupportsY New Support Definition Y Support 1

RX & RY a

A Support Definition
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IRigid IEIasﬁcIFricﬁon]Gap m lr

Label: Support_1

Fixed Gap value

directions:

[¥]ux 0,0 m

[¥]uy 0,0 an

[¥]uz 0,0 fa )]

[¥]rx 0,0 Deg

[z] RY 0,0 Deg

[[rz 0,0 Deg

e —————

Support directions are

compatible with the Q/J)\E]

global coordinate system
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Geometry Y Additional Attributes Y Offsets

Offset1( ) GeJdeUUUs daxdWad aliceple " i odd ) HEB90O]
UxY Beginning 0,0,End 0,0

UyY Beginning 0,0,End 0,0cm

UzY Beginning 60,&cm, End 60,0cm

Coordinatesystem Local

Offset6( (6 UM UUUs daxr@Wd alie¥gy & b FHEA ¢00]):
UxY Beginning 0,0,End 0,0

UyY Beginning 0,0,End 0,0cm

UzY Beginning 36,0&m, End 36,0cm
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Coordinatesystem Local
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r‘ Member Definition - Parameters - EN 1993-1:2005/A1:2014‘ l, 23 ,P
T e r— Zeaed UUonmuu s 6, 00
Buckling (y axis) Buckling (z axis)
Member length ly: Member length |z: . )
© Real @) Real Cp9U+ dgs\ﬂq SUUY
() Coeffident " Coefficient "
Buckling length coeff. y: Buckling length coeff. z: o . 6 O O
1’00 1’00 Zeaagad a&agomueagi :
Sway Sway
Buckling curve y T = Buckling curve z S v E g 3 L’] LOJ ao Cl Ue g— 5 lj g lj i 3 U e
[¥] Flexural-torsional buckling 1 y OO
Lateral buckling parameters
[V] Lateral buckling Lateral buckling length coefficient 0 . d_ ZI U U Y
Load level: [Upper ﬁange] [Lower ﬂange] ms L q 3 q 9
] La = lo Lo =lo
Critical moment: @Al e aag g’ o 9 mﬁ e a i 6 O O
() User Mca = | 1,00 kN*m Z g !
Lateral buckling
curve: auto v . o o, o ° . ~
, - Fg3sUUaUuUuUed osUeUi 3Ueg
@ General method [6.3.2.2] LambdalT,0= | 0.4
") Detailed method [6.3.2.3] Beta = 0.75 1’00
= Simplified method for beams with
— lateral restraints [6.3.2.4] kfi = b - o o o
Additional sets of member parameters O o U 2Ga@6 @ U gl :I-US 9 h o g d9UE€E
[7] Limit deflections and displacements: Service NAI
["] complex sections: Complex Note
[} Thin-walled sections: Thin-walled - o o o o o . J
|| Fire analysis parameters: Fire = O o U 2GG g u U u UJ. U U G 9 L
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Y i 0 eYyQffset 2

U x YBeginning: 0,0End: 0,0

Uy Y Be gi48,0cm,Egd:43,0cm

UzY Beginning: 0,0, End: 0,0
Coordinate system: Global

Yady Y Qfigets

UxY Begi 0&ndO®: 0,

UyY Beginning: ch3,0cm, End: 43,0
Uz Y B eng:i0,0,End: 0,0

Coordinate system: Global

Yo Y ofgyU U stbdyd) A G oYy @figet 3

UxY Beginning: coh3,0cm, End: 43,0
UyY Beginning: 0,0, End: 0,0
UzY Beginning: 0,0, End: 0,0
Coordinate system: Global

YoaYohoyl; o 0 UGidivh G eYy Aftfets:

Ux Y Be g i48,0cmrEgd:43,&cm

UyY Beginning: 0,0, End: 0,0
UzY Beginning: 0,0, End: 0,0
Coadinate system: Global
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4 Member Definition - Parameters - EN 1993-1:2005/41:2014 | £

e oG edamur¥rs: 6, 0C
Member type: Mrkidizg Z g d-
Buckling (y axis) Buckling (z axis) R o

] Member length ly: ] Member length lz: (ps U + d g 3 \fl q f= U U Y
) Real () Real
@ Coeffident (@ Coeffident
Buckling length coeff, y: Buckling length coeff, z: Z Y oG g a._g o) mlj [l ¢ { : 6 , (
1,00 1,00
Sway Sway RN o o 4 o o - o
Buckling curve y ato - Buckling curve z P E g 3 U U (S8 U u U e g 9 u%g,ld 3 Ll.

Flexural-torsional buckling

Lateral buckling parameters o . o
[¥] Lateral buckling Lateral budding length coefficent CDS U+ d Cl 3 Z' q 9 U U Y

Load level: ’Upper flange ] ’Lower flange ]

_ = L=l zeoaed agomiesi: 6, (
Critical moment: IR

) User Mo = | 1,00 | kN*m
tﬁﬁ:lbudding o EgsUOaO&Ueg’ stasUi 3|
@ General method [6.3.2.2] Lambda LT,0 = | 0.4 1’00
() Detailed method  [5.3.2.3] Beta = 0.75 _
] Sooited ethod rbeams it g _ OaUseed uU "aUgyoaf

NAI

Additional sets of member parameters
[ Limit deflections and displacements:

[ Complex sections:

OaUoGcad

c
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Co
C
—
C
C
(0]
s

|:| Fire analysis parameters: Fire
Help

[ Thin-walled sections: Thin-walled
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i 4 Member Definition - Parameters - EN 1993-1:2005/A1:2014 5 ‘ ,23,
O ™ -
Member type:  KepahoGokog Z e o6 g o U u U ooBuUBoal 3
Buckling (y axis) Buckling (z axis)
Member length ly: Member length Iz: o .
@ Real @ Real Cp9 UI’ dg3\ﬁq SUUY
() Coefficient - () Coefficient -
Buckling length coeff. y: Buckling length coeff. z:
o .
w [5] o 1] Zeoaeadgoole ai 6,00
Sway Sway
Buckling curve y Buckling curve z
auto v auto v .. o o o . ° o .
FgsaUUaUuUed oug Ut
[¥] Flexural-torsional buckling o .
e -~ ago9suUueg@t : 1,00
ateral buckling parameters
[¥] Lateral buckling Lateral buckling length coefficient
i98 o, . -
Load level: [Upperﬂange] lLowerﬂange] q:)e U i d’ q 3 ZI d, 2 U U Y
Ler=lo Ler = lo
Critical moment: W out
() User Ma = | 1,00 kN*m
Lateral buckling Z eaag g a\'g ;MU E BH 6
curve: auto v
@ General method [6.3.2.2] LambdaLT,0= 0.4 1 1° o o 17 o - -
_ i Fg3sUUaUUUed osUe6U
") Detailed method [6.3.2.3] Beta = 0.75 o .
7= Simplified method for beams with o o~ g 95U 8&3 t 1 y O
“lateral restraints [6.3.2.4] kfl = s
Additional sets of member parameters _ o
[7] Limit deflections and displacements: ervice O o U J2GG@G g u U a\I\lAg J_ 9
[] Complex sections:
[] Thin-walled sections: Th O ° o o -
["Fire analysis parameters: Fire o U J2GG g u U u UJ. U
Help
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$& New Release Definition L= | 2 |
Bars  |Elastic | Damping I Unidirectional l Ga|idi] >

Label: Metopikos Stylos

Released directions
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M o ]
[ w ]
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E Ry ]
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1 f 1 1 1 i 1 t 1 1 i i
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r‘ Member Definition - Parameters - EN 1993-1:2005/&1;201% X OaUd2Ga au UGdGUeaa g y
' oaUs oUUUsfhygldrs 0g
Member type:  Z0vdzopor duokapyiag Y g C| 9 U eya U g-
Buckling (y axis) Buckling (z axis)
Member length ly: Member length lz:
OReal = OReal - Zeoed Ugslylevys U
@ Coeffident @ Coeffident
Buckling length coeff. y: Buckling length coeff. z: o . \ﬂ . .
» 0 o Ut dgs3syvdq aUUY
Sway Sway
Buckling curve y Buckling curve z [=
auto v auto v zeaaed a&goomeEagt 15

["] Flexural-torsional buckling

Lateral buckling parameters E g 3 0 0 a lj lj U e g 3 lj G U t 3
[F] Lateral bucking Lakeral buicking length cosfFice a2gooleai 1,00

o pos Ui dgsfiq aU0UUY
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Guota+ Yq* LIVE N1,0*ExND,3*Ey

UX (ecm) UY (cm)
MAX 1,2 10,0
HNode 443 1171
Case 69 (C) (CQcC) &9 (C) (CQCc)
MIN -1.4 0,0
HNode 286 1
Case 69 (C) (CQcC) &9 (C) (CQCc)
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A=7,2&n?. ¢ tsUyjyee Usg Ggasluyleasag U seayoUUUs 3
heos GWxU yeiUz tUGdd. jgUf GgebUaszUs, tUshUs @
UasUs eyaasad Us 6 6as U’ G;;GUY GUstGesoe Usyy

Uy y Us 30 saUse 895U0alUUs d Geyld:

RiO 1RpO0* (7-1)

F]’aGg:v - - - - o

RtUa3 Us d bUlsse UsUscece Udd Gis3uUlGdd

RyUas Us d UsUs toUjjyeed Usg "~ aYiUseseg cyos

zyo950U0d UGUeaoagliUsore Usge fNsRBgALENG Y g3 U
A s2coe UavleUUesd

usuu

T t*b Oy Ju,ungg—A-e—V% O 5,82cm

hz z z

f No ra(0ofhedoeged* 3" & 120+ 6

z . hz h z h z z B
1200V - o 1—2—9—LYb 6O 8.79cm

A sayoUUUs yberBmU ~oayvYUsgd
| 3Ucsce osscast 3 UU uUsyUedhilq

K sayo063UUs osecoald 716 6.8 80 Uds ~ Uy UOue
C Js U g y i 30Us taUedUea:

U oaGYsUsUd UsyYUedlidd. ¢a6 edUUs
UosaUUecee Usg Ushl=oeta0khk slici UUs ¢ U:
z oz z z h z R

h 2z
Furd = *m = - *m = 96,48*m (7-2)
1,20*Ny ra= 310,128 kN

FordO 1 ,N2AQ¥ 96, 48*m & n3 100 B1n2g& 4 osceccoald

zU 4 seeeaalUd z16 8.8 d UsUsce aecGcast 3 GU us:®

h z
Furd = = *4 = 385,92kN
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| 3Usce GU Gisdesyd YsUgoUd
Ky = min {2,80*— 1 1,70 ; 2,50} = 2,50 (7-3)

G =min{—;——1 - —; 1} (7-4)

z

¢ Ggseesoe UsUsce Usg oc6caalU U Gisdesyd Ys!

Ford = *m = - *4 = 1058, 40* U (75

gy y Us 3 Wb joaliloeijbae U R Use h UqUUd Gi edysU €0
UdUecalU "~y Us 30U UasUs d Gia3adesyd Y3UgoUd |
UdUeccaUd aUs hRes d UGUscalU aU usyUedad Usg =

1,20"Np rdOFprdOFyraY 310, 128 QO1LBB%0 929000 U36

AKzosliasy Uds “~ Uy U ¥sy UsslGhUJUE U Usd Useyd
1T 0,29—0 0Y3657cnm9@me

ﬂO,Z-QZ—ﬁ—O 0Y2692ci@®@ @,29 cm
AaoYeoUUd U sGUYGUsd

min e = 1,20*c¢h= 1,20*1,80 = 2,16cm = 21,60cm (7-6)
min p; = 2,20%d, = 2,20*1,80 = 3,96m = 39,6@&m (7-7)

zyos0BgUYGUsd
maxe; = 40mm+ 4*t = 40 + 4*15 = 106hm (7-8)
maxp; = min {14*t, 200} =min {14*15, 200} =min {210, 200} = 20Gnm (7-9)

A sayo63UUs U e=b0nhd Umgetmam c o951 3
U, =min{—; —1 —;,—; 1} = min {0,93; 0,49; 1,22; 1,00} = 0,49

¢ Ggseaesoe UsUscece GU Gisdesyd ¥Y3sUgoUd dU Ua:
Fora=1058,400 , 49 = 5 1,80/NgrA= 34 NL28kN

OaUoeced Ggooafhaadldd
¢ sUsce UddiaBdglldpe ardt ddé e d :

fuwi= =57 = 25,15kN/cn' (7-10)

K 92603e ~Yeegg=ommooahaadiddd U
LV-l‘nin:3r’nm

unax: O,70*tmin: 0,70*6,30 = 4,4mm
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HEB 550

TOMH A-A'

TCAR 50x4 M =15mm

AoohsU 7.1 EFistulGd aUUUeah)glicg GgalUylea

72Fi 30U0UGdg badidagor c UUs d

gy UoelUUg 895U0alUUs Gis3tldd Uesg g elGUgaeteUUsd
“"UaUveysad Uds Gistlad, ushUs UsU Ui GaOUUs
Yya3e3U €. BYUjegloa¥YesesUUs UU eyosGUU UsUUUsaY

1 ?eq=66088 kN

1 Veqay= 23,58kN

T Vear= 183,46 kN

T Meqy= 425,17 kNm

1 Megg,=11,35kNm
GUxeUU)y 90y Uy UaUdyoatUsayY GisulGdd

d
o UUecee g ceHEBB58L ¢ UUc(J:
Lyed g euaUxoan ¢ UUsa d:
baoYaU wyuy UGdd
Ipd=740nm
bpa = 300Mm
tpd:7011m
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jyoadehd 63 96hsUsrys GUsyp 1L 3: 2
j;sdshg’ aUUUsfhygtivrs GUsyL3: 6
] "haUUGd ey ochatdoarys GUsjp 1 3: 140

] "hGU0U0UGd a2aU0UUsfhmniGys GUsjy13: 126
L1:O

L, = 600nm

Ls=100nm

baYoaU Uooagjaxvys 0GU0Uds U sGyY3sUsU Udd dUeUsaxrld:
lap= 40mm, bap = 40mm), tp=10mm

baYoU Udlsdhhagyddd ~oaYoaUd GoagjceilyeUUsd:

YaYo U dUelGa8508niB5850mm, H=650mm, t;=50mm
UYced Ggoaly=18at d,gJ10mm

bUjeglsay¥YeseaUUs UU U eUUeaydelUUU Udgd Us
dUe

U Yoag
"3} Aoy UeeU o090 Uz Usce Udd Gisuladd oa Y

Co Co

1
(

Co

d
d

9 OaUnoced UszUesced GiszudUGdd aGU Uze3zosoe Ui 3 U:

CONNECTION CAPACITY CHECK

Nj,Ed/Nj,Rd =1,0(6.24) 0,23 < 1,00 verified

ey = 643 [mm] Axial force eccentricity

zc.y = 225 [mm] Leverarm FC.My

Ly~ 315 [mm] Lever arm FT.Rd,y

M ray = 607,43 [kN*m] Connection resistance for bending

MLEd y/MJ Rdy = 1,0 (6.23) 0,70 < 1,00 verified
B= 17 [mm] Axial force eccentricity

Zi = 75 [mm] Lever arm FC.Rd.z

Z,,= 70 mm] LeverarmF o,

Mg 39,70 [kN*m] Connection resistance for bending

Mj_Ed'z/Mjm_Z =1,0(6.23) 0,29 < 1,00 verified
Migay/Mesy *Migs /Mgy .=10 0,99 < 1,00 verified

KooafhsU 7.2 jJ eUUayleUUU Uayoecaeg UsUescwgbotdi 3uU0(
StructuralAnalysi9
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T OaUoced Usserdleadilad d

SHEAR CHECK

vj.Rd.y = nbxmm(F1 .vb,Rdy' F2.vb.Rd) 22 Fv.F!d,'.sg,y * Ff.Rd

Viray = 5979,56 [kN] Connection resistance for shear
Vieay!Viray =10 0,00 < 1,00
Virdz =N MIN(F, oy Ry Fovbra) ¥ Furdwgz * Fird

Vj_Rd_z = 4812,90 [kN] Connection resistance for shear
Vigdaz!Viraz510 0,04 < 1,00
Vieay!Viray *Vigaz!Yira5 10 0,04 < 1,00

Ve

VE

VE

AKoohsU 7.3 | 6UUay e UUURokbtSustaralAgalysis ¥ Ue d G d d

T OaUoced Gagoohoeodldd Yo Usdd Gaia UiWis d

KooafhsaU 7.4 J 8UUeayleUUU Uosy3se&e Ulfg ¥

(RobotStructuralAnalysig
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