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€34 General method for lateral and lateral torsional buckling of structural components

(1) The following method may be used where the metbods siven iz 6.3.1. §.3.2 and 6.3.3 do nat apply. It

What is the General Method? SR

- plane frames or subframes composed of such members,

EN 1993-1-1: 2005 (E) *

EN 1393-1-1: 2005 (E]

which = subject fo compression and/or meno-axial bending in fhe plane, but which do aet contain rofative
plasdic hingss.

Evaluation of member/2D frame stability: in-plane & out-of-plane ROTE o e ety e s s s

() Ovenl rssistance to out-of-plane buckling for any stractural componen conforming to the scape in

{1) cam be venfied by ensuring that-

1.9

Eaar 29 (6.63)

Tia

whers o, s the minimmm load amplifier of the desigm loads ta reach the chamacteristic rsistance of the

H H most cntical cross section of the smucniral compenent considenng it i plane behaviour
”II e Orlllu atlon without taking laeral or lateral rorsional buckling into account howevar accounsing for all

effacts due to in plane geometrical deformation and imperfsctions, global and local where

relevast,

4.y i the reduction factar for the non-dimensional slendemess X, see (3], o fake account of
lnteral and lsteral torsional buckling.

() The global non dimensional senderness o, for the structural component should be determined om

Difficulty: in deriving the 2 essential parameters (o, & o, op) i

whete g is definedin (2)
@, is e minimum amplifier for the in plane desizn loads to reach the elasti critical resistance of
the smucnial component with ragards to lateral or Lateral torsiomal buckling withour
accounting for in plane flexural buckling

NOTE I Gefermining o, 204 oy, Finite Element analysic may be used.

Requires the use of FE software 0 Tembcon e 1. oy e st g ekt

a) the miniomm value of
3 for lateral bucklmg according to §.3.1
3ur for lateral tarsional buckling according to 5.3.2
each calculated for the global non dimensional slendemess ., .

M,
. NOTE For example where g, is determined by the cross sechion check —— = it Mo g,
ay apply to
" ‘method kads to:
Nua Mo
—_— = B4 (6.65)
Foffm Mowfiw 7

complex structural components R R

M,
NOTE For example where o, , is determined by the cross section check 1 _Nu M

- this
NI(! 31-.1&

T

‘method keads to:

structural components with complex restraint conditions & load |«

EN 1333-1-1: 2005 [E)
N, M,

. " (669
ENa M A My [T




Applications of the General Method

Why: resistance for lateral (FB) and lateral-torsional buckling (LTB)
When: where 86.3.1 -- §6.3.3 do not apply

For:

single members (built-up or not, uniform or not, with irregular support conditions or not)

plane frames or sub-frames composed of such members
Load: compression and/or (mono-axial) in-plane bending and shear
To watch out: no plastic hinge rotates!
The National Annex may specify the field and limits of application of this method
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Applications of the General Method

NBN EN 1993-1-1 ANB:

Accepted as a general procedure
Only when EC3-1-1, 86.3.1 -- 86.3.3 CANNOT be applied

NF EN 1993-1-1 NA:

Requires that in-plane stability be determined from elastic analysis of the whole structure

DIN EN 1993-1-1 NA:

Limits to I-sections only
In-plane stability is limited by formation of first plastic hinge

BS EN 1993-1-1 NA:

Nominally straight components
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Applications of the General Method

SNO032a (Access steel, 2010): “NCCI: General method for out-of-plane buckling in portal frames:”

. . ® ®\MM wM
variable sections, haunches ;v QSTH fM> ® ) Fe— ﬁé
ey ”{___;__-:;)(r—_—::::::N / e /{f,/ N /
“odd” lateral restraints, different @ L lsf:l N %’ i‘g
from “simple fork” 0zuzl ol
g@__f*f'_f_'_'_fj'f'_'Zf_'_'_f_"_'_ﬁ'f'f_'_'f_'jf_f_ SO s— %\\
complex moment distribution \M; 5 NS - R
M M 0<y<l
=> Common conditions in portal frames o oo 35:%\1 e o
L—:(:g- 1 S 7 Cr/';_l H-ﬁ//:?;— - ﬁ%]
% L I I
M @ ® lsy=1

Examples of structural components in portal frames that can be treated using
EN1993-1-1 §6.3.4
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Intermezzo: Stability design of steel frames

Design against lateral or lateral-torsional buckling: / iZ‘/’l
b

Imperfections: /

Global imperfections of the frame |

Local (member) imperfections WL ,l

Deformations:

Second-order deformation in the frame (nodal displacements) Ne:

Local (member) second-order deformation

For uniform members: contained in EN 1993-1-1, Chapters 86.3.1 to §86.3.3
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Intermezzo: Stability design of steel frames

Analytical methods according to EN 1993-1-1, 6.2 & 6.3.1 t0 6.3.3

Compression Bending in-plane

Section check... Stability check... Section check... Stability check...

6.2.4 Compression 6.2.5 Bending moment

[
6.3.1 Uniform members in compression 626 Shear

e (Flexural buckling) \

l /[ 6.3.2 Uniform members in bending
Interaction m (Lateral-torsional buckling)
6.2.8 Bending and shear

| 6.3.3 Uniform members in bending and axial compression
6.2.9 Bending and axial force '
Annex A/Annex B
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Intermezzo: Stability design of steel frames

Section checks & general method according to EN 1993-1-1,6.2 & 6.3.4

Compression Bending in-plane

Section check... Stability check... Section check... Stability check...

6.2.4 Compression

6.2.5 Bending moment
[

6.2.6 Shear

Interaction

General method
6.2.8 Bending and shear

| 6.3.4 General method for lateral and lateral torsional buckling of structural components

6.2.9 Bending and axial force
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Formulation of the General Method

Analysis of the whole structure with global imperfections

S |
4Selected member/2D framei
¥ y
In-plane G(M)NIA LBA Out-of-plane
stability Fully restrained Account for stability
(G BAY) out-of-plane warping (FB around z-z,
LTB)
- - Oyt k Olerop

7
¢ L
- o
Buckling curves Aop = \] ek Oer.op ]J
for critical section -
Stability verification ‘[ XopQult,k [ =1 ]
based on General Method | M1 =

[)(op = min(y, x.r) ]
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Formulation of the General Method

Analysis of the whole structure with global imperfections

. s . rpsmp—
Option 1 Y 7 Option 2 N4 : [T

g

P HEBERSES
a3 o oo aa

o
0

Load: internal forces from 1 global model & local load
BCs: hinges at extremities
k&, 5! X global analysis model
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Formulation of the General Method

[' Analysis of the whole structure with global imperfections ,'
_____________ z_Ax
4Selected member/2D framey
4 ¥
In-plane G(M)NIA LBA Out-of-plane
stability Fully restrained Account for stability
(G BAY) out-of-plane warping (FB around z-z,
LTB)
- - Oyt k Olerop

7
¢ L
- o
Buckling curves Aop = \] ek Oer.op ]J
for critical section -
Stability verification ‘[ XopQult,k [ =1 ]
based on General Method | M1 =

[)(op = min(y, x.r) ]
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Formulation of the General Method

How much we have to increase the design load in order to:

Olyit k

Reach the characteristic resistance of the most critical
cross-section, ...

... considering the member/frame in-plane behaviour:
in-plane geometrical deformation and imperfections...

...without taking lateral or lateral torsional buckling into
account
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Formulation of the General Method & Example

-10.00

2D frame
members of variable heigh
“design load:” 10 kN/m

T

slender sections

_ Bbz00

" hib 16

‘ g tha 8

\/l
Hw 991

Ba 1023

10152

8129
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Formulation of the General Method & Example

Model: 2" order analysis of the frame taking into account all in-plane effects:

In-plane G(M)NIA
stability Fully restrained
(FB around y-y) out-of-plane

3 DoF beam elements
~10 sections per member
per section: (effective) cross-section properties and class

global and member imperfections

215
G150
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because the cross-section varies along the length
Because one needs to define the imperfection shape accurately
To capture second order effects
Guidelines in literature: ~10 sections along the length should be enough



Formulation of the General Method & Example

Model: 2" order analysis of the frame taking into account all in-plane effects:

4

17"

In-plane G(M)NIA e
stability Fully restrained |
(FB around y-y) out-of-plane

oyt k ﬁ

-_;,:“:)X,_ o

Run analysis

Make sure no plastic hinge rotates!@ﬁh“'; —

Derive unity Cross-Section Check value per section

=» Maximal unity check == critical section
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Formulation of the General Method

[' Analysis of the whole structure with global imperfections ,'
_____________ z_Ax
4Selected member/2D framey
4 ¥
In-plane G(M)NIA LBA Out-of-plane
stability Fully restrained Account for stability
(G BAY) out-of-plane warping (FB around z-z,
LTB)
- = 71 Cuiek Olerop

7
¢ L
o
Buckling curves Aop = \] ek Oer.op ]J
for critical section -
Stability verification ‘[ XopQult,k [ =1 ]
based on General Method | M1 =

[)(op = min(y, x.r) ]
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Formulation of the General Method

How much we have to increase the design load in order to:

Reach the elastic critical resistance of the structural
component,...

... with regards to lateral or lateral-torsional buckling...
... without taking in-plane flexural buckling into account
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Formulation of the General Method

Linear stability analysis of the frame ignoring all in-plane effects:

Elastic analysis

LBA Out-of-plane
No imperfections needed Account for stability

warping (FB around z-z,

Warping deformation needed:

Shell elements

7DoF beam elements
The first eigen mode representing LB or LTB is the critical
acr,0p - the load factor for this critical mode

=1

Acrop
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Formulation of the General Method & Example

Linear stability analysis of the frame ignoring all in-plane effects:

LBA Out-of-plane
Account for stability
. warping (FB around z-z,
LTB)

Lateral restraint

Mesh size 5 cm S5CiAENGINEER




Formulation of the General Method & Example

Linear stability analysis of the frame ignoring all in-plane effects:

" LBA Out-of-plane
Account for stability
warping (FB around z-z,

LTB)

Critical mode shape: No 1

Load factor: 2.1|2

Aerop = 2.12 2 1

SCIAENGINEER


Presenter
Presentation Notes
TO DO: add informative image


Formulation of the General Method

[' Analysis of the whole structure with global imperfections ,'
_____________ z_Ax
4Selected member/2D framey
4 ¥
In-plane G(M)NIA LBA Out-of-plane
stability Fully restrained Account for stability
(G BAY) out-of-plane warping (FB around z-z,
LTB)
- - Oyt k Olerop

7
¢ L
- o
Buckling curves Aop = \] ek Oer.op ]J
for critical section -
Stability verification ‘[ XopQult,k [ =1 ]
based on General Method | M1 =

[)(op = min(y, x.r) ]
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Formulation of the General Method

- 7 = |Gtk i
Buckling curves L. Aop = J /acr,op Relative slenderness of
for critical section member/(sub)frame

Yop = min(y, x;r) | —  Reduction factor of the resistance;
P takes into account all out-of-plane effects
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Based on this slenderness, we use the methods for uniform members (Chapter 6.3.1 and 6.3.2) to calculate a reduction factor of the resistance, that takes into account all out-of-plane buckling, 
This factor we will use in the final verification 

To determine chi, we will use the buckling curve corresponding to the critical section that delivered us the (minimal) value of alpha_ult,k

The procedure of deriving chi is completely standard:
e.g., if the slenderness is below 0.2/0.4, chi is set directly to 1. 


Formulation of the General Method

Critical section from
calculation of o

7 _ |Gtk
Aop = \/ /acr,op 8
- % (- -
\(ES ﬂ“op > 02 ?%/1;1 ﬂ“op > /ILT,O )/
1 I
‘Yo
EN 1993-1-1, §6.3.1 _ NS WO _{ EN 1993-1-1, §6.3.2
1 ‘* P 1
X = I/ XL =
-2 —_ 1 2 -2
¢+1/<D2—/1 X - - ¢LT+,/¢LT_2LT
_ -2 \ XLT = 1 _ -2
b = 05 [1 + a(ﬂ, — 02) + l ] \ " ¢LT = 05 [1 + aLT(lLT — 02) + ﬂ'LT]
\ . . .
Table 6.1: Imperfection sactors for buckling curves \ ', Table 6.3: Recommended valuebi:::ri:lr;[:ir:‘?::on factors for lateral torsional
Buckling curve g a b C d \ I Buckling curve a b c d
Imperfection factor o 0.13 0211 0.34 0.49 0.76 \¥ I Imperfection factopdrr | 0.21 0.34 0.49 0.76
\ 4
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Formulation of the General Method & Example

ault,k =2.16>1

Aerop = 2.12 2 1

N Oluit, — . — . .

Aop = \/ ogrop = JZ 16/, 15 =101 At critical section: LTB curve d, a;r = 0.76

At critical section: FB curve b, a = 0.34 @, =05 [1 +ayr (A —0.2) + er] = 1.32
1

_ _ =0.46
®=05[1+a(i-02)+1| =115 Xir = R
1 Qpr + | Pir — Aur
= = 0.59

® + /q)z 7 Xop = min(y, x;r) = 0.46
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Formulation of the General Method

[' Analysis of the whole structure with global imperfections ,'
_____________ z_Ax
4Selected member/2D framey
4 ¥
In-plane G(M)NIA LBA Out-of-plane
stability Fully restrained Account for stability
(G BAY) out-of-plane warping (FB around z-z,
LTB)
- = 7 Ok Olerop

e
¢ L
o
Buckling curves Aop = \] ek Oer.op ]J
for critical section -
Stability verification ‘[ XopQult,k [ =1 ]
based on General Method | M1 =

[)(op = min(y, x.r) ]
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Formulation of the General Method

Ayt = 2.16

Stability verification f 0.46 X 2.16/1.0 = 0994 ~ 1 ]

_ 1
[ Xop = 046 ) based on General Method |

SCIAENGINEER


Presenter
Presentation Notes
Final verification


Example 2

From: “Background document to EN 1993-1-1,"
G. Sedlacek, J. Naumes, 2009

A support frame from the Schwebebahn in
Wuppertal

Variable cross-section
Fork supports modelled at column feet

Beam laterally supported eccentrically in 2
points

Asymmetric loading

Non-uniform distribution of N and My
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Example 2

From: “Background document to EN 1993-1-1,"
G. Sedlacek, J. Naumes, 2009

2150 kN

With FEM, see Figure 4.7 the numerical values are

%k,k,mm = 1 B 69
iz = 3,41

Figure 4.7: First eigenmode of the support frame from FEM-analysis (2 ao,,;; = 3,41)




For the verification flexural buckling curve ¢ has been used as safe-sided approach.

All relevant calculation steps are given in Figure 4.6.

121 S0 kN
:L 450/60 l%o

Abstlitzung gegen Ver-
formungen aus der Ebene

| *t
1 P =%
298 kN
| ]
R
‘ ‘5—18
|
| Innerer Flansch: 450/60
6901 400/40 | || Alle Steifen: 450/18
|| |
H |
| || | ||
R i L 400
3000 | 2264 | 3136 | 3000 |
| [ |

Ergebnisse der FEM-Berechnung:

ac‘rir = 3"41

o =1,69

ult k min

Ermittlung des Abminderungsbei-
wertes:

/1_ _ aufr.k.min _ 169 —0.704
mod a,cn_r 341 ]

p=1
o, =0.49
Zor =0.722

Nachweis:

ILT ’ au!f.k.min 2 }/M'l
0,722-1.69=122>110

Figure 4.6: Example for the lateral torsional buckling verification acc. to the

general method



Limitations of the General Method

ECCS TC8 Stability (2006): ‘Field and limits of application of the General Method:”

Linear members and truss and frame structures built-up out of linear members,

where the lateral (torsional) buckling is related to a straight member behaviour. Sufficient

lateral supports should be present such that the behaviour with respect to overall buckling

between these lateral supports can be regarded as a straight member behaviour.

For structures/components out of the scope of the general method, a rigorous method like 3D
GMNIA should be applied

The General Method is always on the safe side when compared to a full 3D GMNIA
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About the last point: both effects of in-plane and out-of-plane stability and imperfections are jointly taken into account, and this superposition may lead to an underestimation of the load-bearing capacity in special cases. 


Conclusion

The general method is used for stability verifications for:
standard or complex structural components
with complex loading or boundary conditions (or not)

loaded in compression and/or in-plane bending

The method takes into account:
in-plane imperfections & loss of in-plane stability by GMNIA of the structural component
out-of-plane loss of stability by LBA of the component (eventually, by the reduction factor ;)

out-of-plane imperfections by adopting the appropriate buckling curve in the derivation of y,,
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General method in context

Internal forces from...

Modelled imperfections

EN 1993-based checks

1st order analysis none
2D (in-plane) 2" order

: In-plane global inclination
analysis

2D (in-plane) 2" order
analysis

In-plane (1) global inclination
& (2) member imperfections

Global inclination
Member imperfections

3D 2" order analysis, warping
included

(General method)
1st order for whole structure
2"d order for component/frame

In-plane (1) global inclination
& (2) member imperfections

required

86.2 & in-plane FB L, # L
out-of-plane FB /LTB (86.3)

§6.2 & in-plane FB L, =L
out-of-plane FB /LTB (86.3)

86.2 &
out-of-plane FB /LTB (86.3)

Section checks only (86.2)

86.2 &
0 au
Xop lt,k/,YMl > 1
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