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Design of metal structures through non-linear analyses
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Supervisor. Professor Charis Gantes

ABSTRACT

The main objective of this thesis is the analysis of two metal frame structures through non -
linear analyzes and the comparison of the alternative analysis methods proposed by the new
version of Eurocode 3. Some of the topics covered include the criteria for selecting the
appropriate method, the effect of distorted geometry of structures and the initial imperfections
that must be considered in the analysis and design of flexible structures. Also, important
reference is made to the checks that each analysis method utilizes, whether it is geometrically
nonlinear with imperfections and cross-sectional level checks, or first-order linear analysis and
member-level checks.

In the second chapter and after the introduction of initial concepts of distorted geometry and
imperfections, the actions acting on structures are presented. The permanent, variable and
seismic actions are presented, as well as how they were taken into account in the design of
the specific frames. Finally, reference is made to load combinations, both for design in the
limit state of failure, and for the limit state of functionality.

The third chapter describes the theoretical background introduced by the new regulation and
the parameters used for design and analysis More specifically, the effects of distorted
geometry, the application of imperfe ctions at a global/local level, the new methods introduced
by the Eurocode for 2nd order analysis and the types of checks required in each analysis are
mentioned. Finally, reference is made to nonlinear P-Delta analysis and material nonlinearity.

The fourth chapter presents the design of the eight -story metal structure. Initially by capturing
its geometry, individual charges and its simulation process. In the following, the analyzes and
parameters applied are shown such as the geometrically nonlinear analyss with displacement
imperfections and local imperfections, the buckling analysis and the geometrically nonlinear
analysis with imperfections in the shape of the critical elastic buckling mode. Finally, the
analyzes are compared with each other in terms of the results of the degrees of utilization of
the collumns and some conclusions are drawn through summary tables.

In the fifth chapter, the design of a ten -story metal office building is analyzed, with the main
feature in terms of geometry being the existe nce of inclined columns. The simulation of the
carrier follows the logic described in the previous chapter, with a difference in the application



of wind loads where wind flow was simulated through the software. Also, the results of the
different analyzes are presented at the end of the chapter in summary tables together with
the corresponding conclusions. Finally, in the sixth and last chapter, the conclusions of this
thesis are listed as well as suggestions for future research in different types of structures.
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| NIPVEG 1 ETTITTEDEG KAl OPICOVTIES TTEPIOYES HE APEANTEQ
BAGOTNGN Kal XWpic euTIodIa 0,01 1

Il Meploxh PE XAUNAR BAGATNON 6TTWCE ypAaidl Kal
PEHOVWHEVA ERTTOBIN (BEVTPA, KTIPIA) E ATTOCTAGN 0,05 2
TOuAdyioTov 20 Qopég TO UWOog TwY eRTTodiwyY

Il MepioxA He KavoviKr KGAUWn BAACTNONG 1 ME KTipIA 1) HE
PEHOVWHEVA EUTTOBIN [IE PEYIOTN ATIOOTAGT TO TTOAU 20 03 3
QOPEC TO UYOS TWV EPTTOBIWY (OTTWG XwpId, TTPodoTIA,
Hoviua ddon)

IV Meployr 61Tou TOUAAXIOTOV TO 15% TG £TTIQAVEIAG
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15m.
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Q/(Z) = z ! Zmin G Zmax (2-8)
v(Z) =1 v(Zmin) y yA Zmin (2-9)
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5 -1.2 | 14 -08 | -11 -0.5 +0,8 +1,0 -0,7
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Zwvn
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Cpe,'-) Cpe,' Cpe,m cpe,1 cpe,m Cpe, 1 Cpe 10 cpe 1
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Zuvn 8gr/g
Z1 0.16
Z2 0.24
Z3 0.36
QUUEAOD$U GoOBUUEUUEUUO
GEU eU0UGeUVU6a2&O TUAAI EO U sUO O GoO6UUEUUEUUO E
UOT GoT UUTUGUYG ApDmiilU&EUOB@UG)e Gul UOT Udu¢eO O
G§RUOGEUGY 0O GEY UT UEeal eUUUGeUo60l Agl UUUE AEU EOR
GET Oug AEU GUEGT O TU TUAWRUGOBO0 O B0 2000 RoOI BaJAE
UT GEGUOERUg GU ‘I‘Eéc‘)UU_LOJBE GE@UTOUEUU o6¢edalUGEOD UE
GU T UAUT UUUDE UEAd e URAGAR G E UWHIQ eERUD (UeplBoER O E G E
T W ar GUOT EOQO8, E UEY 9@ aleoUEs ubsgol i CalOd B alpiU BO BT O Reaf |
2= At age, (2-14)
Dzl UeUGG&I.PUT VA UGS GpO6uUEDUEUUD
Kamyopia omovdoidtntog Zuvtedeom|g omouomoTnTag
| (pikpn) emovdodTnTa) 0.8
Il (ouviBng omovdaoTnTa) 1.0
111 (peydin omouvdmoTnTa) 1.2
v (oA peydin omoudadtnTa) 1.4
QUUEAOB$U UVuAGOBO
Q UEJUd U£GUOERUg GU adoUROUUO @ ¢OT U GelEdU «ulUGO
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Ou£i060 (Bwi UaUb 2
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U001 KQs
Katmyopiox eddgoug 5 Ty (sec) Te (sec) Ty (sec)
A 1.00 0.15 0.40 2.50
B 1.20 0.15 0.50 250
C 1.15 0.20 0.60 250
D 1.35 0.20 0.80 250
E 1.40 0.15 0.50 2.50
Gol UUT UaUPO Go6T GUDEGOD £D
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Earthquake hazard across Europe

Earthquake hazard map (ESHM20)

0.0002 < accl. [g] < 0.0007
0.005 < accl. [g) < 0.0051
0.01 < accl. [g] < 0.0101
0.015 < accl. [g] < 0.02
0.03 < accl. [g] < 0.04
W 0.1043 < accl. [g] < 0.113
W 0.202 < accl. [g] < 0.2059
W 0.3 < accl. [g] < 0.3039
B 0.402 < accl. [g] < 0.4059
W 0.5 < accl. [g] < 0.5039
I 0.5981 < accl. [g] < 0.6

G R @1219: European Seismic hazard Model 2020(ESHM20)
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Method
Flow chart & Imperf.
Clause
MO
Q crns =k 0 None
See 7.2.1(4) LTB canbe 1\ yes 7.2.2(4)
neglected
and & cre 2 10 See 7.2.1(6) 2
See 7.2.1(5) o 2
M1 £
no no - @
None 5
7.2.2(5) =
Alternative Method EM L
" See 7.2.2(9) —
\ M2
@ crsw 2 10 yes SI
See 7.2.1(5) / 7.2.2(6)
no
M3
SI
Sway effects are 7.2.2(7) a)
accounted for. “
=
Sway effects and in-plane M4 %
non sway effects are accounted for. SI+MBI
7.2.2(7)b) B
S
E
Sway effects, in-plane and out-of-plane M5 ™
non sway effects are accounted for. SI+MBIT
7.2.2(8)
Keys: LTB  Lateral torsional bucking
SI Sway imperfection
MBI  Member bow imperfektion (in-plane)
MBIT Member bow imperfection including torsional effects (in-plane and out-of-plane)
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Combinations — X
Combination: 9 : ULSdvepogX @ ULS W
Case list: List of cases in combination:
Nature: | All i Factor Mo.  Case name
No. Case name ~ 1.35 1 b1 A
1.35 2 MévipoMiarag(3.0...
6 AvepogY(1.5kN/m2) = , ’ _Q(
. 1.35 3 NpdadzToMavipol...
7 ULSknwnTax .
. 1.05 4 Kivnma(2kM/m2)
8 ULSKvnTaY ==
) 1.50 5 AvepocH(1.5kN/m2)
10 ULSdvspocy
0.45 31 Snow(0.2kN/m2)
12 ULSsnowiX
13 ULSsnowY <
20 ULSkivnTaX non linear <
21 ULSKIvATEY non linear
22 ULSavepogX non linear
23 ULSavepocY non linear W
< >
Factor definiti
actor definition e -

Change Delete Apply Close Help

GROT U 45ofeatti 0O GUOUEGEO YU eUBEO YTUUUal EGh UO GO0dUsC

43 KguE UOT U1 OGUORIT

GUO QUG. 3.5 oUOOGUEAGUEeUT 0l U UU UsuE AdUT YT Eeéc
$pO06 UUTUUUE TU ¢0UAT UUOOPOEE&OUT GU &l UdUUIBIeD,
ROEGET OpOEE&OUT GO VUUeme OUBsaBOA UEO, &U uUOER&OUI]
ROEUGEY OpOEgeEe Ul eUUAL UET uUEUGUUGEOTI UAEGE UOs Oe
UOpEI #R&@EeUT GUOT 1 OAEGY Eeu Ul Al 6GEOD, elend eUE
ROEGEYT OpOEgeEeUT aUO UVUeAGUOUU UVUsudO Ul Al 6GED
GdUT T Eed GUUUBéaAndybigEl 6 0 E

KaUdstTuaUEeU AdUV 1T Eeg GUUUEeg Ul AioaE AEU 0l U0 UE
Goel uoUaY OUHd RHaInd, OUPEDRAOOUET Al E Ostagcsfd B UE @

Jo DB h 3 g Kdz0 @ GoDFg3 DalzDFOK dzg G o g K. 3-2m23



QKo g GBI h dzDAN DK g

411a)ée UE UT UG UOERU uUlT UO¢ET «AOUUE T E AdUT VT Eeg Ul A
G0 Ad UV Eeésaticiiitedal E & & (
GUET G661 &RUEU, E 6UEU UEUUEe&UGsU UGUT IRBIT BA 0UCOLC
411b) e UE &UGE UGETEO60AUSUUE &I UO Ad UV T Eeited G611 U6
Combination).
.. Change Analysis Type X i Change Analysis Type X
Case: ’ MovipolAdkag(3.0kN/m2) Case: ’ ULSavepocX
Previously: I Static - Linear I Previously: I Linear Combination I
New analysis type New analysis type
@ Statics (@ Statics
(O Buckling (O Buckling
Harmonic analysis Harmonic analysis
() Modal taking into account static forces (O Modal taking into account static forces
Modal Modal
(O Push over (O push over
Harmonic in the frequency domain (FRF) Harmonic in the frequency domain (FRF)
Cancel Help Cancel Help
(a) (b)
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Static Analysis Parameters X
Case: ULSavepocY non linear
[ Auxiliary case
Geometric nonlinearity
[«] P-Delta
[ ]Large displacements
| Monlinear analysis parameters
oK Cancel Help
GR@1 U2:4i.URY UUbEe £ T E ApPDeltaEeg Ul A 60E
Nonlinear Analysis Parameters x
Method
(@ Incremental Additional criterions to stop analysis
() Arc-length
Parameters of incremental method
Load increment number:
Maximum iteration number for one increment:
Increment length reduction number:
Increment length reduction factor: 0,5
Maximum number of line searches: I:I
Control parameter for line-search method: 0,5
Maximum number of BFGS corrections: I:I
[] Matrix update after each subdivision
[] Matrix update after each iteration
[«] Save results after each increment
Relative code tolerance for residual forces:
Relative code tolerance for displacements:
Get settings from preferences
Save settings in preferences Cancel
GRZY U3:DpWa A UUBOE U¢UTUIEQUEedO T UeuluoOo
QUEOY Ob (i E éigs AR #in@ddBE¢kling Analysis)
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'\ Buckling Analysis Parameters
Case: | ULSbuckling
Eigenproblem
Mumber of modes:
Tolerance: 0,0001
Mumber of iterations:
(@) Subspace iteration
() Block subspace iteration
Farameters
[ ]petermine positive critical coefficients only
Sturm check
Geometric nonlinearity
[ |P-Delta
[ ]Large displacements
Monlinear analysis parameters
'\, Combinations X
Combination: 30 : ULSbuckling : ULS v
Case list: List of cases in combination:
Nature: | All e Factor Case name
No. Case name A 12: ; I[;Ll i
; dviponAdakac(3.0...
5 AvepogX(1.5kN/m2) = A 2 'q(
. 1.35 3 NpoéoBeToMovipo(...
6 AvepogY(1.5kN/m2) :
; 1.50 4 KivnTo(2kN/m2)
7 ULSkivnToX >
8 ULSkivnTOY
9 ULSavepocX
10 ULSavepocy s
12 ULSsnowX <<
13 ULSsnowY
20 ULSkivnToX non linear
21 ULSkivnTOY non linear
< >
Factor definition >
Change Delete Apply Close Help
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1,65333e+01| 1,33228e-03
1.69867e+01| 1,59663e-03
1,72968e+01| 7,84291e-04

Case/Mode Critical coef. Precision
30/ 1 6,86451e+00| 3,37617e-04
30/ 2 0.62265e+00| 4,97403e-04
30/ 3 1,02351e+01| 2,37045e-03
30/ 4 1,15147e+01| 2.17938e-04
300 5 1,28057e+01| 7.16770e-04
30/ 6 1.31103e+01| 7.78054e-04
30/ 7 1,38565e+01| 5,58107e-04
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Non-Linear Analysisi Sway & Bow Imperfection)
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SpeciallLoads NotlonaILoads,uq)OZT)oEauIUEUO uoel A UEO ao6T UdUG] I L
D R o o 2 ° - ~ 7 o - A = owa N w ENA N N0 L AN 0
G§OdU0UsU UoUT UBAOUT Uods URY) . @L&Joeummo/ELmlu(LGRme 48. C
~1 1 s Y o = v ~ o 1 w s A A 71 &= Lalgpal 1 - 1A ™~ 17 ~ 17 o
UUel OEU YT OUARUGEO eUE RO ¢500 UEO uUO eUUU0Ub&0T @
v A O w O % ., o 7 9 w w oz TR O
Go0Y Ul @G UUBE ¢UBBOURGE.
& Imperfection.. — *
Automatic deflection according to:
EC3 - e0,d (fig. 5.5.1) v
IED
Zaxis Y axis
Initial deflection (e0)
[#] Automatic (according to the code)
[Juser-defined: 0,00 =
Relative Absolute
Deflection direction
oyl
]
Buckling length coefficient: 1,00
Add Close Help
A o ., o o o A « o . A YN W~
GRAN 47:40¢Ee &0 UU UEUO TUI Ol UO6 GO0 a&U
H} Notional loads - X
Load case name: Motional loads X+
Conversion parameters
Convert loads (-Z) from cases
Conversion coefficient | 0,002 |
Notional loads direction X+ ~
Add Modify
Nao. Name Coeffici... Direction Converted Cases
= 17  Notional loads X+ 0.0020 X+ 1to3
18  Notional loads X+ (KivnTd) 0.0020 X+ 4
19  Notional loads Y+ 0.0020 ¥+ 1to3
24 Notional loads Y+ (Kivntd) 0.0020 Y+ 4
< >
Delete | Generate loads | Close Help
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L Analysis Type — X

Load to Mass Conversion Combination Sign Result Filters Buckling Deformation | < | »

Consider buckling mode as initial deformation
Parameters
Case: 9 : ULSavepocX v
Mode: 1 Coefficient: I:]
-~
Mode Coefficient Add
il < 1 1.000000 '
Delete
B
< > Modify
Ser Maximum displacement: 1 (em)
Omit case for structure with deformations

Model generation Close Help

L Analysis Type - X

Analysis Types Structure Model Load to Mass Conversion Combination Sign Result ¢ [»

No. Name Analysis Type A
13 ULSsnowY Linear Combination
20 ULSkivnToX non linear Nonlin. Combination
21 ULSkivTdY non linear Nonlin. Combination
l - 22 ULSavepocX non linear Nonlin. Combination l
23 ULSavepocY non linear Nonlin. Combination
30 ULSbuckling Combination of buckling cases v
< >

Operations on selection of cases

New ‘ Change analysis type Delete

Case list [
Set parameters Chaqgg z!n;!ysjs lype [ Deleter ’
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2 Member Definition - Parameters - EN 1993-1:2005/A1:2014 X

P s Load parameters

. . . . oK
BUCklmh?e(:'lba:rl'sl]ength ly: BUCk“nhie(an;:Irsl]ength lz: close Load type: My: Mz:
O Real O Real Cancel
(@ Coefficient — (@ Coefficient —— Section parameters
Buckling length coeff. y: Buckling length coeff. z: Anet/Agross ratio: 1,00 Help
Shear parameter Eta: 1,00
Sway Sway Angles in tension [6.2.3.5]

Buckling curve y Buckling curve z [] Connected by one bolt row

2
[/] Flexural-torsional buckling

1,0
Lateral buckling parameters
Lateral buckling Lateral buckling length coefficient 3,0
Load level: Upper flange Lower flange 2.0

Ler = 0.5 lo Ler = 0.5 lo
Pipes
Critical moment: ®huto g .
(C)user Mer= 1,00 | kN*m tobmledipipes
Lateral buckling Yield strength:
Average 235,00
(@) General method  [6.3.2.2] Lambda LT,0 = 04 erage
() Detailed method  [6.3.2.3] Beta = 0.75 Additional conditions for round pipes
0 lSi{nplwlﬁedStmgtrgor:[I;%r:ia]ms with i = 11 [ Pipes - unidirectional bending
ateral restraints [6.3.2. =
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Awaypappa Metakwvnoswv Koppou 143
Kopudng

] - 7 <. >h MY D T [ B~ ¢ < !
- m-h>>" 0"
Increment Displacement Y (cm)
0,05 0,7335 0,00
0,10 1,4763 0,63
0,15 2,228 1,27
0,20 2,9904 1,92
0,25 3,7621 2,58
0,30 4,5438 3,24
0,35 5,3357 3,92
0,40 6,1381 4,60
0,45 6,9511 5,30
0,50 7,7750 6,00
0,55 8,6100 6,71
0,60 9,4564 7,43
0,65 10,3143 8,17
0,70 11,1840 8,91
0,75 12,0659 9,67
0,80 12,9601 10,43
0,85 13,8668 11,21
0,90 14,7865 11,99
0,95 15,7194 12,79
1,00 16,6659 13,60
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Increment 5AaLld I OSYS )Wu v o00YJU
0,05 0,6313 0,00
0,10 1,2680 0,43
0,15 1,9103 0,87
0,20 2,5581 1,30
0,25 3,2116 1,75
0,30 3,8708 2,19
0,35 4,5358 2,64
0,40 5,2067 3,09
0,45 5,8836 3,55
0,50 6,5665 4,02
0,55 7,2556 4,48
0,60 7,9509 4,95
0,65 8,6525 5,43
0,70 9,3605 5,91
0,75 10,0750 6,39
0,80 10,7961 6,88
0,85 11,5234 7,38
0,90 12,2583 7,88
0,95 12,9994 8,38
1,00 13,7481 8,89
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6¢O0GU6T a1 00U, U¢RO U6 UA URodbRirictirtl AnabjsisBroféssiondl OAE 4T E
KOEOOUG@@WUWOY &l RT eUE 0Ol RT URT ¢0OEAOQUY UI RI ¢D
dUd 060 E ABEQ VA U 0 uddsdA el MoRUEG £ OE aUeit 06 UT E
6oO0aUBT 0T U0U 00 =& e 07 ROOBGEeu ART EUen, &l U UTROU
UGRUVUOEen O eA&AEDI G.UAed EG Ee Ul Ia@@EWwED RT O 00T U (
AbUEeaodO0 aUUUEegO UI AloGEO eUE UEO AURV UUbEe A& T E
UUe&l 0T U U6 UA& GoAedsi OTUUE eUE A T0O6 0O 01 0
AdUT T Eeg ARG 00D 1 BU Bl OB @ GA) GROT U UEDO éd
T 00001 6 AEGRAOUT T EeAURY EUoEEA T E Ad UV VTV Eeo , Ul Al 60
AdUT 1 Eed( DAUAEDUEED g¢g PAp £0&)&Ed HRG)AEU UETI U1 UARAQ
GU Ozl WedEe O gl e Utdiélaguuma‘ietﬂozéo | OUE e A9pOEU ao6tv ¢U0d
GoAedwva @l UeOUUI VAGY AURIT

DZ &l UAROO URIC6U BEGBEAGTTOUO OEUsUUE tef‘skL"Stee'IllﬁeTsignP‘Zé gakE U
SteekAluminum Design’i Wesign code ton EN1993-1 :2005/A1:2014. GUU U¢ uBUDOU GR

WA

4388&439,GUg1 OT UUE UU GUTTU U¢OUUT Vo omRIGAED UO 6 ¢

3 RESULTS - Code - EN 1993-1:2005/A1:2014 = X
Z Section OK
5 ection
Ll Member 173 Q
Point / Coordinate: 2/x=050L=1.75m
HEA 220 s Load case: 9 ULSavepocX (1+2+43)%1.35+4%1.05+5%1.50+31%0.45
hange
Simplified results Detailed results
FORCES
N,Ed = 143.83 kN My,Ed = 1.19 kN*m Mz,Ed = -2.21 kN*m Vy,Ed = 18.32 kN
Nc,Rd = 2284.11 kN My,Ed,max = 9.54 kN*m Mz,Ed,max = -34.28 kN*m  Vy,c,Rd = 1100.66 kN
Nb,Rd = 1061.17 kN My,c,Rd = 201.82 kN*m Mz,c,Rd = 96.06 kN*m Vz,Ed = 4.78 kN z
MN,y,Rd = 201.82 kN*m MN,z,Rd = 96.06 kN*m Vz,c,Rd = 423.68 kN Orers
Mb,Rd = 198.46 kN*m Detailed
Class of section = 2
LATERAL BUCKLING
z=0.00 Mcr = 2676.87 kN*m Curve,LT - a XLT = 0.98
: Ler,upp=1.75 m Lam_LT = 0.27 fi,LT = 0.55
BUCKLING y BUCKLING z Calc. Note
Ly =3.50m Lam_y = 1.21 Llz=3.50m Lam_z = 1.14
Parameters
Ler,y =8.50 m Xy =047 Ler,z=4.79m Xz =046
Lamy = 92.65 kzy = 0.44 Lamz = 86.93 kzz = 0.58
== j o]
Help
SECTION CHECK
N,Ed/Nc,Rd = 0.06 < 1.00 (6.2.4.(1))
Vy,Ed/Vy,c,Rd = 0.02 < 1.00 (6.2.6.(1))
MEMBER STABILITY CHECK
Lamy = 92.65 < Lam,max = 210.00 Lamz = 86.93 < Lam,max = 210.00 STABLE
N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT *My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.36 < 1.00 (6.3.3.(4))
LN oo o~ A w w o SN 0N 0o aN omAANa W A LN N oA « o - . W« A .
GRO1 B8:4.UTTO UpOUUI Uitedl MBARROMKgel 060 TU AdUITEeg U]
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i Auto

HEA 220 v

FORCES

N,Ed = 144.27 kN
Nc,Rd = 2284.11 kN
Nb,Rd = 1061.17 kN

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

Member 173

x=1.00L=3.50m

Load case:

Simplified results Detailed results

My,Ed = 10.20 kN*m
My,Ed,max = 10.20 kN*m
My, c,Rd = 201.82 kN*m

Mz,Ed = -37.23 kN*m
Mz,Ed,max = -37.23 kN*m
Mz,c,Rd = 96.06 kN*m

Section OK

22 ULSavepocX non linear (9+100)*1.00

Vy,Ed = 20.05 kN
Vy,T,Rd = 1097.43 kN
Vz,Ed = 5.76 kN

X

For
MN,y,Rd = 201.82 kN*m  MN,z,Rd = 96.06 KN*m Vz,T,Rd = 422.88 kN vrees
Mb,Rd = 198.35 kN*m Tt,Ed = 0.04 kN*m Detailed
Class of section = 2
LATERAL BUCKLING
z=0.00 Mcr = 2629.27 kN*m Curve,LT - a XLT = 0.98
' Ler,upp=1.75m Lam_LT = 0.28 fi,LT = 0.55
BUCKLING y BUCKLING z Calc. Note
Ly =3.50m Lam_y =1.21 Lz=3.50m Lam_z =1.14
Parameters
Ler,y =8.50 m Xy =047 Ler,z=4.79 m Xz =0.46
Lamy = 92.65 =0.46 Li =86.93 kzz = 0.58
' “
== =y Help

SECTION CHECK
(My,Ed/MN,y,Rd)"~ 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.39 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,T,Rd = 0.02 < 1.00 (6.2.6-7)

MEMBER STABILITY CHECK
Lamy = 92.65 < Lam,max = 210.00 Lamz = 86.93 < Lam,max = 210.00 STABLE
N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.39 < 1.00 (6.3.3.(4))

GRZT B9:4.01 10 U¢OUUIT Uil AVARRHROMDKIGEUUOT B8O T U T E AdUT Y EE
481 GUAeedEGE U¢ OUUOA-GNIA (FikR & Bow)
GUOT DxiUeuU 4.1 GUgI OTUUE UU U OUUT &aGT UUU YT UOUUOT
Ul 2AR0O6 0 a4 ODARODAGU Voo 0u0 1 &l 060 AR ¢ApoUIQ E é ¢
UEUUOYT o6 AEU VY E AdUVT T Eeg. Ki Azl UE 69 AORUE VT EU C
UET TE AdUT 1T Eeg Ul Al oGE, & AUPUAOHO UIEDBO AEd ACE oF
Va0l 000, e Ueafio® OB6 TOEUMER O G RO T UUGWSRUED ApOUe Gk
Ul £l 60 E. DAUdUI U UsUA GUOI ¢6i UeU ¢UBUUEDBOUI UUE
e AUR, e0606RO aUU UVIUEA UGU OGRUUVUBEe A 6¢0OaUbBT 0T UU
A1 OT U eUUA UET UEUVUUe&6T GE p. go6Ub 00T &UBEIRGUE C
pUBUT UUDOPOBEGE eUE Ul £l 6GE UOb6 1 OAEGTEEOU @ 1 04
T 0eou06 35 AEU eAe8U T2 00 GU ¢EO aUie&elUO6O UBE
G667 alel OE, TUAR UEO UITEITU¢stidoUGEDO UERROURDOOUUE
00 eUUUVU6&U0UT GUEDO, eAUE ¢06 UTUUROT &I RO 1T ¢0O0Us 11
T 07 O R & O 1 &l 060 AEU UeUUd U066 UpEPaeuO6 UOb6 (C
U GEVUERe&Us a0 UsUU UO GET 0O, WDE EBGUIDHWOELVG UL
arswO1 0, E UUTEGE URT UGRUUbEenal uo6l A& URI eUE 8O0«
0 oEud U4 oed 7 U GiErpbiedd Ut Joa U1 UE UO 10% URT 0OaRUOU
eUE 00¢al GUITGRTU TU UBOeuadaUedEUIBREO BEEDODEO
G0 UoU0Qip UG ¢ URGE:O QDEDBEB UGB U GUET UEYT O 6. 86
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Dzl Ue UGG Mai106 UI EO9 O EGE O LAGNOBWaY & BowEURT AEU
: .| Non Linear Analysis - M}
Linear Analysis
(Sway & Bow
(Annex A) .
Imperfections)
rwe<’ “h ;\/Igemb.e.r bgcklmg Cross-sectional verification|y | * ¢ '
verification .

My p 6y|l” | KEA200 0,30 0,33 110,00

My c 6 y|” . KEA200 0,39 0,47 120,51

My T Oy|™ | KEA200 0,39 0,35 89,74

MT 00 T| .| KHEA220 0,36 0,39 108,33

MT NnoT| | KEA220 0,51 0,55 107,84

MT pOT| .| KHEA220 0,67, 0,69 102,99

Mc MO c|”  HEA320 0,27 0,31 114,81

MCHOC| .| KHEA320 0,40 0,43 107,50

MC 0 Oc|”  HMEA320 0,44 0,43 96,59

Mn o p|” . KEA320 0,32 0,39 121,88

Mpnaop|l”  KMEA320 0,46 0,52 113,04

Mp MO p|” . KWEA320 0,63 0,60) 95,24

MOT OnN|”  HKEA320 0,39 0,47 120,51

Moy 6n|” | HEA320 0,56 0,61 108,93

Mo o n|” | KWEA320 0,77 0,74 96,10

MHpP 6 o|” | MEB320 0,38 0,42 110,53

MHC Oo| . KWEB320 0,53 0,62 116,99

MHT Oo| |, HEB320 0,74 0,71 95,95

MMO O H|” . KWEB320 0,48 0,48 100,00

MMn O Hl™  HEB320 0,61 0,67, 109,84

MMPp OHl™  HEB320 0,85 0,78 91,76

oom” HEB36( 0,44 0,52 118,14

nom” HEB360 0,50 0,55 110,00

pom HEB36( 0,76 0,83 109,21

rw- - LY 107.4

482 GUAEdEGE U¢p OUOBNA-BNIA(GREy & Bow)
GUOT DxiUeUlU 4.2 GUsT OTUUE 00U U0U¢OUUT &GT UUU T UUUI
Ul OT OG0ORT TU UUxlI UEUO. DzZ KodoReauEeUO a0 UeUL UO
T 2AEGUE UOpEUBUOUG Uduel EaGE 1Y OUUT U ORI 00 1T U0e
eo)7 UANEOCTE0 ¢ U0 UT GUO GO UEYT &0 10 % «®Gd D& UgEd e 0BG
UpOUUT 0T UUU &RUE O Udbu¢pOO eUE UO T a&AU0Ue 0O UGUDBY C
TO0UARUVUGED G0 Uido &&E OE EGOuUT UYUO OodEauil UEUD uo
Upu UUDed®®GEU GOd0U0UegU, UVGUBY Oaul UO6GUI T0O ¢EO Ue
6ol Ol EexO UEUeéeosY A1 AUEO ¢0006 UU ¢AT R GUU U OUUIT e
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Dx i Ue2OsWay O Ui EO9 O E G E O GRIAGNASHVAyR BoY RT AEU

Non Linear Analysis - M5 | Non Linear Analysis - M}
(Imperfections in the shape o (Sway & Bow
the critical elastic mode) Imperfections)
rw<"[n"h _ [ >Cross-sectional verification Cross-sectional verification 1< '
My p oyl  HEA200 0,32 0,33 103,13
My c 6y|”  HEA200 0,47 0,47 100,00
My T Oy[  HEA200 0,29 0,35 120,69
MT 006 T| HEA220 0,37 0,39 105,41
MT norT|  HEA220 0,61 0,55 90,16
MT pOT| HEA220 0,56 0,69 123,21
Mc M6 c|”  HEA320 0,30 0,31 103,33
MCHOCc|  HEA320 0,37 0,43 116,22
Mc o 6c|  HEA320 0,39 0,43 108,97
Mn o p|”  HEA320 0,38 0,39 102,63
Mp noépl~  HEA320 0,55 0,52 94,55
Mp MO p|”  HEA320 0,58 0,60 103,45
Mo T 6n|”  HEA320 0,46 0,47 102,17
Moy 6n| HEA320 0,65 0,61 93,85
Mo 6 n|”  HEA320) 0,72 0,74 102,78
MHP Oo|"  HEB320 0,42 0,42 100,00
MHC 60|  HEB320 0,60 0,62 103,33
MHT 00| HEB320 0,68 0,71 104,41
MMO 6 H|”  HEB320 0,47 0,48 102,13
MMn 6 H|"  HEB320 0,67 0,67 100,00
MMp 6 H|”  HEB320 0,73 0,78 106,85
o6m” |0 HEB360 0,50 0,52 104,00
néom” |0 HEB360 0,56 0,55 98,21
pom” . |0 HEB360 0,79 0,83 105,06
rw- - A 103.9
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: ._|Geometrically Non
Linear Analysis . )
Linear Analysis
(Annex A)
(Annex A)
cwe|ptn Vl\gemb_e_r bgckling Memb.e.r bl_Jcinng G
verification verification

My p oyl  HEA200 0,30 0,30) 100,0
My c 0yl  HEA200 0,39 0,39 100,0
My T Oy[  HEA20( 0,39 0,39 100,0
MT 0OT|  HEA220 0,36 0,37 102,8
MTnoT|  HEA220 0,51 0,52 102,0
MT poT|  HEA220 0,67 0,68 101,5
Mc MO cl|  HEA320 0,27 0,27, 100,0
MCHOC|  HEA320 0,40 0,40 100,0
Mc oOc|  HEA320 0,44 0,44 100,0
Mn 6 p|”  HEA320 0,32 0,33 103, 1]
Mpnaop|”  HEA320 0,46 0,46 100,0
Mp MO p|  HEA320 0,63 0,64 101,6
MoT On|"  HEA320 0,39 0,41 105,1]]
Moy on| HEA320 0,56 0,57 101,8
Mo o n|”  HEA320 0,77 0,79 102,6
MHPp Oo|  HEB320 0,38 0,40 105,3
MHC 00|  HEB320 0,53 0,55 103,8
MHT 00|  HEB320 0,74 0,75 101,4
MMO O H|” HEB320 0,48 0,50 104,2
MmmMnoH|” HEB320 0,61 0,63 103,3
MMp OH|T HEB320 0,85 0,87 102,4
oom” |0 HEB360 0,44 0,47 106,8
nom” |0 HEB360 0,50 0,52 104,0
pom” |0 HEB360 0,76 0,79 103,9

rw: >~ Y Y 102,3
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UT UOTUGVUES Uoad 70 UET 328000 1(0DDOZpDAD EIGE] OuGY
UEUGOd 2O URI uGUO Vv UVeuuRl, ¢O6 &@0OROOUIUUE ui RO EN
URT GolT UUOT VGUGT UITEIT UoppstuoUBGED kij Ul UEUGOBUUE
TOAAIE Upueéel EaE YOUUT O URT UG UE uAR RiGEAN WO WERE Ol
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Linear Analysis | Linear Analysis
(Annex A) (Annex B)
cwe lptn f I;/Ie‘mb.e.r bgckling Memb.e'r bgckling T .
verification verification
My p oyl" HEA200 0,30 0,47 156,7]
My c 0y|l" HEA200 0,39 0,63 161,5
MY TOY|” ,HEAZOd) 0,39 0,45 115,4
MT 00 T|  HEA220 0,36 0,56 155,46
MTnoT|  HEA220 0,51 0,84 164,7
MT p OT| HEA220 0,67 0,81 120,9
MC MO c|” HEA320 0,27, 0,40 148,1
MCHOC|” HEA320 0,40 0,61 152,5
Mc 00 c|” HEA320 0,44 0,53 120,5
Mn o p|” HEA320 0,32 0,48 150,0
Mp o pl” HEA320 0,46 0,73 158,7
Mp MO p|” HEA320 0,63 0,91 1444
MO T On|” HEA320 0,39 0,60 153,8
Moy 0n|" HEA320 0,56 0,92 164,3
Mo o n|” HEA320 0,77 1,19 1545
MHPp Oo|” HEB320 0,38 0,56 147,4
MHC 00| HEB320 0,53 0,86 162,3
MHT 00| HEB320 0,74 1,12 151,4
M MO O H|W HEB320 0,48 0,60 125,0
MMn O H|™ HEB320 0,61 1,01 165,49
MMPp O HW HEB320 0,85 1,29 151,8
oom~ |0 HEB360 0,44 0,53 120,5
nom” |0 HEB36) 0,50 0,72 144.0
pom” [0 HEB36) 0,76 0,94 123,7
[ Sy 146.4
Parameters of global stability analysis of member
Method of interaction parameter calculations - Annex B
Cmy 0.90 Parameter related to bending moment distribution Table B.3)
Cmz 0.90 Parameter related to bending moment distribution Table B.3)
CmLT 0.90 Parameter related to bending moment distribution (Table B.3)
kyy 0.96 Interaction parameter (Table B.2)
kyz 0.63 Interaction parameter (Table B.2)
kzy 0.98 Interaction parameter Table B.2)
kzz 1.05 Interaction parameter Table B.2)
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Pressure maps - Objects (kPa)
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