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5.2 Global analysis
5.2.1 Effects of deformed geometry of the structure

(1) The internal forces and moments may generally be determined using either:
- first-order analysis, using the initial geometry of the structure or

- second-order analysis, taking into account the influence of the deformation of the structure.

(2)P | The effects of the deformed geometry (second-order effects)fshall be considered if they increase the
action effects significantly or modily significantly the structural behaviour.

(3)  First order analysis may be used for the structure, if the increase of the relevant internal forces or
moments or any other change of structural behaviour caused by deformations can be neglected. This
condition may be assumed to be fulfilled, if the following criterion is satisfied:

F
Qo =—->10 (5.1)
Fra
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(2) | The verification of the stabilityjof frames or their parts should be carried out consideringlimperfections
andsecond order effects.

(3)  According to thef type of framejand thelglobal analysis| second order effects and imperfections may be
accounted for by one of the following methods:

a) both totally by the global analysis,

b) partially by the global analysis and partially through individual stability checks of members according to
6.3,

c) for basic cases by individual stability checks of equivalent members according to 6.3 using appropriate
buckling lengths according to the global buckling mode of the structure.

Trika) © ZHNANGRIEEE DT E RS
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(5) Inaccordance with 5.2.2(3) a) and b) the stability of individual members should be checked according Z\ A EIL
AHNERERTHRAR,

to the following:

a) If second order effects in individual members and relevant member imperfections (see 5.3.4) are totally
accounted for in the global analysis of the structure, no individual stability check for the members AESIAED ==1|

E Z\ﬁ%] 2
according to 6.3 is necessary. HL‘L#B) I EX o -

b) If second order effects in individual members or certain individual member imperfections (e.g. member
imperfections for flexural and/or lateral torsional buckling, see 5.3.4) are not totally accounted for in the
global analysis, the individual stability of members should be checked according to the relevant criteria in
6.3 for the effects not included in the global analysis. This verification should take account of end
moments and forces from the global analysis of the structure, including global second order effects and /\ AELSSL =
global imperfections (see 5.3.2) where relevant and may be based on a buckling length equal to the JJ *ﬁlz” XIX%[EZIZUE’\J %1
system length, see Figure 5.1 (d), (e), () and (g).
(6)  Where the stability of a frame is assessed by a check with the equivalent column method according to gﬁ%ﬂj%g% },_'E' '

6.3 the buckling length values should be based on a global buckling mode of the frame accounting for the

stiffness behaviour of members and joints, the presence of plastic hinges and the distribution of compressive
forces under the design loads. In this case internal forces to be used in resistance checks are calculated
according to first order theory without considering imperfections, see Figure 5.1 (a), (b) and (c).

T3i%a) © DT T FHE R NN Rle, M IRBETERERE (FCBERERIE)
J3i%b): DTERE SR MU RN, MHRERERFTRAFRERT. (HBRIFERIE)
J3i%c): oiTRE—R, THEWRME, W EERENERIKEZREIRSHE(ERTERER)
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5.3.2 Imperfections for global analysis of frames

(1) The assumed shape of global imperfections and local imperfections may be derived from the elastic
buckling mode of a structure in the plane of buckling considered.

(2) Both in and out of plane buckling including torsional buckling with symmetric and asymmetric
buckling shapes should be taken into account in the most unfavourable direction and form.

(3) For frames sensitive to buckling in a sway mode the effect of imperfections should be allowed for in
frame analysis by means of an equivalent imperfection in the form of an initial sway imperfection and
individual bow imperfections of members. The imperfections may be determined from:

a) global initial sway imperfections, see Figure 5.1(d):
@ =gyt (52)

where:
¢y s the basic value: ¢y =1/200

o, is the reduction factor for height h applicable to columns:

ay w8 but §Sah <10

N

h is the height of the structure in meters

. : - 1
@, is the reduction factor for the number of columns in arow: @, = [0,5 {1-»— —J
m

m is the number of columns in a row including only those columns which carry a vertical load Ngg
not less than 50% of the average value of the column in the vertical plane considered.
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b) relative initial local bow imperfections of members for flexural buckling
ep/ L (5.3)

where L is the member length

NOTE The values ey L may be chosen in the National Annex. Recommended values are given in Table 5.1. »II
Table 5.1 - Design values of initial bow imperfection e,/ L " L .‘
o [ |
Buckling class elastic analysis | plastic analysis ol : - 1
acc. to Table 3.2 eo/L eo/L ] "‘
A 17300 17250 X
B 1/200 1/150
5.3.4 Member imperfections (E) (g}
(1)  The effects of imperfections of members described in 5.3.1(1) are incorporated within the formulas P
given for buckling resistance for members, see section 6.3.1. %EE E *ﬁrﬁ_l]:ﬂigﬁ E

(2)  Where the stability of members is accounted for by second order analysis according to 5.2.2(5)a) for
compression members imperfections eg g according to 5.3.2(3)b) or 5.3.2(5) or (6) should be considered.

(3)  For a second order analysis taking account of lateral torsional buckling of a member in bending the

imperfections may be adopted as keq q , where eq g is the equivalent initial bow imperfection of the weak axis
of the profile considered. In general an additional torsional imperfection need not to be allowed for.

NOTE The National Annex may choose the value of k. The value k = 0.5 is recommended.

RIBELEE?
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| SFEE RSECTION S8 (BiL) 858

EEEE

S AR | EN 1993 | DIN | 2020-11

c/t bl
R ERE B
<lmm] t{mm] cle[-]
20 15 133
426 15 2421
20 15 28,000
75 15 5.000
00 15 1333
75 15 5000
20 15 28,000
126 15 8412
20 15 133
79 15 5259
126 1.5 8412
35.4 [N 2350
79 1.5 525
26 15 2421
354 15 250
135 15 9.000
a5 15 6333
15 15 2.000
95 15 6333
250 15 16,667
125 15 9.000
95 15 633
135 15 9.000
a5 15 6332

47} | EN 1999 DIN | 2021-03

2

RSECTION (k72 (#i0)

o

2l

Section classification for major axis bending Class 4
Section classification for minor axis bending Class 4
[ Effective Sections
E1- Major axis bending | Effective section considering only reduced thickness pet
Results for iteration No. 2

MRS 1| TEE
RS 2| R 1
RS 3 | R4
AR 4| SR 1
MRS 5 | S 2
RS 6|01
RFHRS 7| FR 4
ARS8 | R 1
RS 9| TEE
RS 10| FR1

2 11| 2 1
= E&% -:,széiju

it | TLA0Eh | FIER | HHE B A | TEIRGS
BE b 354 mm
= t 15 mm
Fdy V(250 /o) e 1.021 - %62
1 AAHIRE B 1.227 - *62
4 2 R IR(E B2 16.330 -- #62
20 3 FARRLARTE B2 22454 - #62
fhimEEh oa -20.258 N/mm? <0
FIRES o 21800 N/mm? 20
Al [ -1.076 -- 6143
Stress gradient n 0385 -- = 648 6.5
s B 9092 - B F63
IR ER 6.1.4401)
i L]
S 14501
ARFHRS 15 | FR 1
RS 16| TEE
RS 17| TEE
HPHES 18 | TR
RFHES 19| TEE
RS 20 | TERE
EMHRS 21 | TEE
HIHES 22 | THRE
RFHES 23 | TR
RS 24 | TEE
- Effective section properties
Shift of centroid in x-axis L 0.0 mm
Shift of centroid in y-axis Frd 0.6 mm
FHATAER o 000 [E
Effective elastic section modulus using reduced thickness pt Weftx 8.82 cm? 6.2.5.1
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6.1.44 Classification of cross-section parts

(1) The classification of parts of cross-sections is linked to the values of the slenderness parameter f as
follows:

Parts in beams Parts in struts
BB cclass 1 B< b, :class 1 or2
PiL<P<fo:class 2 Po<B< Py iclass 3 -
Br< B<fy:class 3 Bi<p :class 4 Pc=10 lfﬂSﬂ3

Pa<p : class 4 C C
_ 1 ) ji=
Pe = = if >[5
© (Ble 2
(2) Values of B, B, and f3; are given in Table 6.2. (ﬁ /&)
Table 6.2 - Slenderness parameters f,/e, f,/c and f;/¢
Material classification Internal part Outstand part
according to Table 3.2 Bile Brle Bile pile pale pile
Class A, without welds 11 16 22 3 4.5 6
Class A, with welds 9 13 18 2,5 4 %]
Class B, without welds 13 16,5 18 35 45 5
Class B, with welds 10 135 15 3 35 4
EN
e =250/, . fo in N/mm®
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6.2.4 Compression

(1)P The design value of the axial compression force Ngg shall satisfy:

N
Ed 1.0 (6.20)

NeRa
(2) The design resistance for uniform compression N, gq should be taken as the lesser of N\ gq and N pqg
where :
a) in sections with unfilled holes Nurd =Anetfu! P2 (6.21)
b) other sections I Nerd = Aetr fo /7M1 I (6.22)
in which:

Aper 18 the net section area, with deductions for unfilled holes and HAZ softening if necessary. See
6.2.2.2. For holes located in reduced thickness regions the deduction may be based on the reduced
thickness, instead of the full thickness.

Aggr s the effective section area based on reduced thickness allowing for local buckling and HAZ
softening but ignoring unfilled holes.
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6.3.1.1 Buckling Resistance

(1)P A compression member shall be verified against both flexural and torsional or torsional-flexural
buckling as follows:

N
—Ed i (6.48)
NpRrd

where: Eg%; : X

Ngq  1s the design value of the compression force

NpRra is the design buckling resistance of the compression member
Ny rd =&V Actt fo ! Y (6.49)

where:
X 1is the reduction factor for the relevant buckling mode as given in 6.3.1.2.
Kk 1s a factor to allow for the weakening effects of welding. For longitudinally welded member « is
given in Table 6.5 for flexural buckling and x =1 for torsional and torsional-flexural buckling. In case
of transversally welded member x = @, according to 6.3.3.3.
Aqsr 1s the effective area allowing for local buckling for class 4 cross-section. For torsional and

torsional-flexural buckling see Table 6.7.
T Aegr = A for class 1, 2 or 3 cross-section
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(1) For axial compression in members the value of y for the appropriate value of 2 should be determined
from the relevant buckling curve according to:

1 —
z=% but 7 <1,0 (6.50) 0o T I
AR AR x T~ T~ Pl
08 = '\-.\ 1
where: 0,7 ™~ g 2
I K
¢=051+a(d —Ay) +47) 0,6 \&
~ (A f 0.5 ~S
i e ) (6.51) 0.4 \‘\
N ' \h::\
a is an imperfection factor 0.3 —
Ao 1s the limit of the horizontal plateau 0,2 ==
N is the elastic critical force for the relevant buckling mode based on the gross cross-sectional 0.1
roperties 0
prop 0 0.5 1,0 15 7 2,0
Table 6.6 - Values of @ and 4, for flexural buckling 1 Class A material,
_ 2 Class B material
Material buckling class according to Table 3.2 a A | ; '
g g Figure 6.11 - Reduction factor y for flexural buckling
Class A 0,20 0,10
Class B 0,32 0,00
(4) For slendemess 1 <7, or for Ngg s/TOZNC, the buckling effects may be ignored and only cross-

Dlubal sectional check apply.
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6.3.1.3  Slenderness for flexural buckling

(1) The relative slenderness A is given by:

7= |t fo Lo 1 A fo (6.52)
Nge izVAE

where:
L, is the buckling length in the buckling plane considered

(2) The buckling length L. should be taken as kL, where L is the length between points of lateral support;
for a cantilever strut, L is its length. The value of &, the buckling length factor for struts, should be assessed
from a knowledge of the end conditions; Table 6.8 gives guidance.

NOTE The buckling length factors k are increased compared to the theoretical value for fixed ends to allow for various
deformations in the connection between different structural parts.

Table 6.8 - Buckling length factor k for struts

End conditions k

1. Held in position and restrained in direction at both ends 0,7
2. Held in position at both ends and restrained in direction at one end 0,85
3. Held in position at both ends, but not restrained in direction 1.0

4. Held in position at one end, and restrained in direction at both ends 1,25

5. Held in position and restrained in direction at one end, and partially | 1.5
restrained in direction but not held in position at the other end

6. Held in position and restrained in direction at one end, but not held | 2,0
in position or restrained at the other end

~,
’
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Kl k=24 e
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User defined
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F— Restrained
k. @~ Partially restrained
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I—  Effectively restrained
——  Cantilever
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6.2.5 Bending moment

6.25.1 Basis

(1)P The design value of the bending moment Mg, at each cross section shall satisfy
Mgq
Mgy

<10 (6.23)

(2) The design resistance for bending about one principal axis of a cross section M gy is determined as the
lesser of M, pq and M gq where:
in a net section and

Mu,Rd =Waetfu / M2 (6.24)

M pa =W f,/ a1 ateach cross-section (6.25)

Table 6.4 - Values of shape factor «

Cross-section class Without welds With longitudinal welds
) )

1 Wpl "Wel* Wp],haz "Wel -

2 Wpl Wy Wp],haz W

3 a3,u a3,w
4 Wetr [ Wer Wett haz / Wel
e # NOTE These formulae are on the conservative side. For more refined value, recommendations are
Dlubal given in Annex F

~,
’

@3, =1 or may alternatively be taken as:

)63 i )8 Wpl
a3y=|1+| ——— [ —-1
B3-Ba \Wer
a3 = Welhaz /W Or may alternatively be taken as:
W el haz ,83 z ,8 Wpl,haz - Wel,haz
a3 w= +
Wel )3 5" )3 2 Wel
O R
P
a (38 A BE 1102
[ Byt
o
ER
& :
B E = x N
}ans\\xﬂ 2@ WO f £ ) &

a3,33.w AAVATRIRSTEN1.0,

BRILAFHERE
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6.3.2.1 Buckling resistance

NOTE Lateral torsional buckling need not be checked in any of the following circumstances:
a) bending takes place about the minor principal axis and at the same time the load application is not over the shear centre;

b) the member is fully restrained against lateral movement throughout its length;

¢) the relative slenderness ZLT (see 6.3.2.3) between points of effective lateral restraint is less than 0,4.

(1)P A laterally unrestrained member subject to mayor axis bending shall be verified against lateral-torsional
buckling as follows:

M
B <10 (6.54)
My ra
where: Eg%%& . X
Mgy is the design value of the bending moment =% - LT

My Rq s the design buckling resistance moment.

(2) The design buckling resistance moment of laterally un-restrained member should be taken as:

Myra =XL1Wely fo !/ TM1 (6.55)
where:
Wel,y is the elastic section modulus of the gross section, without reduction for HAZ softening, local
buckling or holes.
« s taken from Table 6.4 subject to the limitation & <Wp y /We) 5 -

Dlubal XLt is the reduction factor for lateral torsional buckling (see 6.3.2.2).
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1

nr=—F7— but i1 <1 (6.56)
2 =2
PLr+\9iT— AT
where:
=058l g = B2 | (6.57)
arr is an imperfection factor
LT is the relative slenderness

Aot  is the limit of the horizontal plateau
M., is the elastic critical moment for lateral-torsional buckling.

(2) The value of @1 and ;1 should be taken as:
apr =010 and 3, + = 0,6 for class 1 and 2 cross-sections

o1 =020 and ZO,LT =0,4 for class 3 and 4 cross-sections.

(3) Values of the reduction factor y; 1 for the appropriate relative slenderness ZLT may be obtained from
Figure 6.13

(4) For slenderness Ay 1 SIO,LT or for Mgy Sﬂ%’LTM o the buckling effects may be ignored and only
cross-sectional check apply.

=5

W

- S

O ¢
~

/
/|,
><
N_l

//
"4

/

ST
0.3 \
=

0,2

0 0,5 1,0 1,5 2,0

/1LT
1 Class 1 and 2 cross sections,
2 Class 3 and 4 cross sections

Figure 6.13 - Reduction factor for lateral-torsional buckling
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6.3.2.3 Slenderness

(1) The relative slenderness parameter j; 1 should be determined from

(6.58)

o s taken from Table 6.4 subject to the limitation &< Wy /Wy, .
M

o 18 the elastic critical moment for lateral-torsional buckling.

(2) M, is based on gross cross sectional properties and takes into account the loading conditions, the real
moment distribution and the lateral restraints.

NOTE Expressions for M . for certain sections and boundary conditions are given in Annex L1 and approximate values of

ZLT for certain I-sections and channels are given in Annex [.2.

BEESH:

L
Dlubal  JINEN

MRINARNEBTFIIONTRER, H9HBHE, MinaiiHLIRAIESZR

~,
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1.1 Elastic critical moment and slenderness
1.1.1 Basis i 0

(1) The elastic critical moment for lateral-torsional buckling of a beam of [iniform symmetrical cross-section
\with equal flanges, under|standard conditions of restraint fat each end and subject t uniform momentlin plane

going through the she: ter is given by:

UGl Iy ”VEIGI‘ 14 2 ELy @
%Gl ’

V/rzEl I,

where:
__E
T 201+v)
I; is the torsion constant
I, is the warping constant
I, is the second moment of area about the minor axis
L is the length of the beam between points that have lateral restraint

v is the Poisson ratio

(2) The standard conditions of restraint at each end are:

- |reera.ined against lateral movememl free to rotate on plan (k, = 1);

-| restrained against rotation about the longitudinal axiq, free to warp (ky = 1);

-| restrained against movement in plane of loading{ free to rotate in this plane (ky = 1).
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BERITE

Lateral-torsional buckling acc. to 6.3.2.1

Wcﬂlr
Wiy
190.20 em?

= 0.

234 43 cm?

811

Oer Mr.Ed.mlx
499 - 41.26 kNm
206.01 kNm

hLT

PR
[ - wel.y e

V.

36.000 kN
“86.000 kN

{0,811 - 234.43cm? . 260.000 N/mm?

\ 206.01 kNm

0.490

6.25 Tab. 6.4

6.3.2.2(1)

6.3.2.3(1), Eq. 6.58
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(2) For non-slender sections, hy, /ty, <39¢ , see 6.5.5(2)
6.2.6 Shear
a) non-slender plate ( f<39¢):

(1)P The design value of the shear force Vg, at each cross-section shall satisfy: VRa= Anet £ o/(3 7o)

VEd <10 b) slender plate ( 8 > 39¢):
VRd il Values of vy, for both yielding and buckling should be checked. For the yielding check use a) above for
non-slender plates. For the buckling check:
where: Vrd =101 f o/ (Bryy) (6.89)
VR4 18 the design shear resistance of the cross-section.
where:

430122
)

vy =17te\/k; /b but not more than y;=k,
ko=53444.00b/a)® if a/bz1

k:=4,00+5 34(]9/:1)2 if a/b<l

A3 o —\-U A3 E —_—— d =
E* E 7?( — H *}il l t E NOTE These expressions do not take advantage of tension field action, but if it is known that the edge supports for the plate are

R ARRRARES IR (6,89 B BRI 110 = IR
S R SER)
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(RIVERINIRE, FRANIHEFISE)

Table 6.13 - Factor py for shear buckling

(4) The contribution from the web to the design resistance for shear should be taken as: Ranges of A, Rigidiend post Nou-rigid end post
Ay £0,83/p 7 n
fo 0,83/ < Ay <0,937 0.83/ Ay 0.83/ Ay
VRA= Pylw hy . 0.937< Ay 23/(1.66+ Ay ) 0,83/ Ay
\/5 . }/Ml 7=0.7+0,35f,y / fow but not more than 1,2 where f, is the strength for overall
yielding and f,, is the ultimate strength of the web material.
where p, is the factor for shear buckling obtained from Table 6.13 or Figure 6.28. E E E
F"’ ”I - e) f) 9)
(5) The slenderness parameter A, is 1 |
+
A f-ed £
. L1 [ W < U
/1 ; 0?81 bw -fo v < :l
w ‘11|| +
4 kr tw E J +|
T S
Cross section a) No end post b) Rigid end post c¢) Non-rigid end post d) Bolted connection

Notations e), f), g) Alternative rigid end posts

Figure 6.27 - End-stiffeners
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— *m%ﬁmgii : *@{t :gﬁ% k., = 534+ 4- ("?ﬂ)l 6.7.4.2(7)
- 53444 (%)2
— 542
6.7.4.2(2)

4TSV BARERE R
GRIERNEIENG, ERASIFERER) (o) o

o TR = 34.892

% E L E=2

& 01 2 0umh 4 | e, SRR | 0 G2 1) 1 2mEh IR |45, VAR | R GTEE D) v >

Acc. to 6.74.2(2), shear buckling has to be considerad,

25
@'W’ [ I AR gt Toove 6.2.6(2), Eq. 6.29
. iz *[m] DR =3 ®i Virg = Aug = ——
| j V3 -t
* R & 260.000 N/mm?
= 012em?  ——
3 - 110
= 124456kN
% 2} x (@ n 081 b, o 6.7.4.2 Eq. 6.126
sroos I e T Tk w VE
S8 RE | G MRS 1 VK W
IR B - ENAW-OUSZ 10| o).
SR - fizks 0.81 220.0mm [260.000 N /mm?
N ] = : <
= HCP{RE R 100 mm Ny 3 4.0mm ! 70000.0 N /mm?
a0621 ‘,?; ‘;Erﬂ&iﬁ As: 100 mm 5.420 1" fmm
5 B t A mm = 1.166
i —
E] %ﬁigﬂi (-) 0.83 6.7.4.1(3), Tab. 6.13
/ At o T Tw
062,
‘& Ema B
i 006 [kNm?] 1.166
3 = 0712
v ; h Fom 6.7.4.2, Eq. 6.125
z,w,Rd = Py~ by - My - p
V3 -1
260.000 N/mm?
= 0,712 - 40mm - 228.0 mm - —'ﬂ
/3 - 110
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6.2.8 Bending and shear

(1) Where a shear force is present allowance should be made for its effect on the moment resistance.

(2) If the shear forcc{VEd 1s less than half the shear resistance Vggf its effect on the moment resistance may
be neglected except where shear buckling reduces the secion resisfance, see 6.7.6.

(3) Otherwise the reduced moment resistance should be taken as the design resistance of the cross-section,
calculated using a reduced strength

Fr= it -0 Vi) 6.38)

where Vpgy is obtained from 6.2.6.

BUJIRIHEVEg KTF0.5Veg
iY, TEEXTNESHREH
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6.2.9 Bending and axial force

62.9.1 Open cross-sections
(1) For doubly symmetric cross-sections (except solid sections, see 6.2.9.2) the following two criterions
should be satisfied:
<o
M
{ N ] +—2E <100 (6.40)
@y N gy @yM gy
Ty y Yo Su
( NEa } o Mymd 1Ll Mapd T (6.41)
@y NRd Wy My Rd @y Mz Rd

6.2.9.2 Hollow sections and solid cross-sections

(1) _ should satisfy the following criterion:

0.6

v i 1.7 . 17
[ NEd ] ] ¥ | Mz <100 (6.43)
@wp NRd wo M yRd @M 2Rd

where =13 for hollow sections and =2 for solid cross-sections. Alternatively { may be taken as
a,c, but 1=y <13 forhollow sections and 1 =y =2 for solid cross-sections.
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6.3.3 Members in bending and axial compression

(1) Unless second order analysis is carried out using the imperfections as given in 5.3.2, the stability of
uniform members should be checked as given in the following clause, where a distinction is made for:

— members that are not susceptible to torsional deformations, e.g. circular hollow sections or sections
restrained from torsion (flexural buckling only);

— members that are susceptible to torsional deformations, e.g. members with open cross-sections not
restrained from torsion (lateral-torsional buckling or flexural buckling).

ARMEERENG (REfm/ AHEAIRTOEH) | (NFESHERRE.

SHETAG (REHLLIRVFOEE) @ HRHkEEEENSHERNS.
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6.3.3.1 Flexural buckling

(1) For a member with open doubly symmetric cross-section (solid sections, see (2)), one of the following N
criterions should be satisfied: %XLA .

- For major axis (y-axis) bending:

fyC

M

NEa ® y,Ed <1.00 (6.59)
Xy®@x Nrd oM yRrd

Ne = Eyc = &zc =0.8

wy=w.=1.0
- For minor axis (z-axis) bending:

7, e
{ NEd } 5| SmEA <1,00 (6.60)
X, @x NRrd @oM zRd

(3) Hollow cross-sections and tubes should satisfy the following criterion:

0,6
Yo 3| {myza = P Ed i
( Neg ] oL (Myea )" (Mg <100 (6.62)
X min @x NRd o | \ MyRd M zRd
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6.332  Lateral-torsional buckling 2R
(1) Members with open cross-section symmetrical about major axis, centrally symmetric or doubly
symmetric cross-section, the following criterion should satisfy: = Ezc =
7 Ye ¢
< M M zc
(% ] " B 4| =B <00 (6.63)
X;Dx Nrd X111 PxLT My Rd @o Mz Rd
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