Torsion:- N N
Beams subjected to Ioads which do not act through the
point-on the cross- sectlon known as the shear centre

normaIIy suffer some twrstlng -

Warplng due to TorS|on

Torsion




Torsmn

Generally, when a member IS sub]ected to- a torsmnal
moment T, the cross: sections rotate around the longitudinal-~
axis of the member (axis that is deﬁned by the shear centre
Jof the cross sections) and warp, that.is, they undergo
differential longitudinal dlsplacements and plane sections no
longer remain plane. If warping is free, which happens
when the supports do‘not prevent it and the torsional
moment is constant, the member is said to be under
luniform torsion. or St. Venant torsion. Conversely, if the
torsmnal moment is variable or warping is restrained-
at any cross section(usually at’ the supports), the member is
under non- unlform torsmn >



Torsion- q
Uniform torsion mduces dlstortlon that IS caused by the

rotation of the cross sections around the longitudinal axis. As
a consequence, shear stresses appear which balance the ..
applied torsional moment T; ‘under these cq_r_cumstances___the
Jresistance to the torsional moment T exclusively results
from St Venant’s torsion, T,. Although longitudinal warping
dlsplacements may exist, they do not introduce stresses.

In non-uniform torsion, besides the St. Venant shear
stresses, Iongltudmal strains also exist (because warping
{varies along the member). These longitudinal strains
generate self-equilibrating normal-stresses at the cross
sectional level that, dependingon the level of restrlctlon to
warping, vary along the member. The existence of varying
normal stresses implies (by-equilibrium in the longitudinal
Idirection) the existence of additional shear stresses that also

resist to torsional moments, Ieadlng to: T = T.L+;5N"
GJLLJ\MJTU-



Torsmn

The applled torsional moment Tis thus balanced by two
terms, one due to the torsional rotation of the cross sectlon “
(Tt) and the other.caused by the restramt to warpmg, |

{designated by warping torsion (T,).~

In cross sections of circular shape, becauSe they exhlblt
rotational symmetry with respect to the shear centre S (that
coincides with the centroid G);-only uniform torsion exists.

Jr-Ghayath-Hallak



Torsion- -

In thin-walled closed cross sectlons (the most
appropriate to resist torsion), uniform torsion is-predominant.
Therefore, in the analysis of thin-walled closed cross sections

| subjected to torS|on the warplng torsuon ( ) IS normally "
neglected.
In members with thin-walled open Cross sectlons

(suchas I or H sections), so that only the uniform torsion
component appears, it is necessary that the supports do not
prevent warping and that the torsional mement is constant.

1| On the opposite; if the
torsional moment is variable |
or warping is restrained at .~~~
some cross sections (usual
situation), the member is-
| under non-uniform torsion.




Torsion’- - N
Shear stresses and torS|on constant for typlcal steel cross sectlon shapes

Section | Shearstress | ansmn constant -
Cu'cular (solid or hollow) 'T :

(S

”Thin-wa_l_le_d clnsed__'--

| l, is the polar: moment of inertia, R4/2 in the case of a-

C|rcular solid sectton R is the radlus of the circular section
A/ is the area.defined by the mlddle line in a thin walied
fclosed cross section; -

“s is a coordinate that is deﬂned anng the outllne of a
thin-walled closed section ~




Torsion™- N e

1“ '

1—1—1—

a). Clrcula:r section b). Rectangular hnllow section . c) I sectmn

Shear stresses due to un/form torsmn for typical steel cross section shapes

|
|
I?




Torsmn =

Sectmn

Warping constant for typlcal Cross. sectlons

Clrcular (solid or hﬂllDW)

"I Thin-walled closed

11 or H . of equé;i._ "

ﬂang_fcsf"'_

[ or Hoof unequal |

ﬂapgés'

2_ ,."b::,b 3
12 b +b
(z b’ +z2 b3)

:%m+n@q+mﬁ)
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"’} Section

~ Warping constant for typical crq_ssi"’s_-ect:it_)'h{s

Channe:-l—%

3, 2 N ‘
t,bh,” 3bt,+2h,t,

< 3bz’[]c No
- tyh,+6bt,

, T or cross-shaped sections -




Torsmn -

V- Open sections normaIIy used as beams are mherently

<~ weak in resisting torsion: N
- In circumstances where beams are requrred to W|thstand
significant torsional foading, consideration should be
given to the use of a torsionally more efﬁcrent shape
“>such as a structural hollew section. &

V- The constant of umform torsion I, and the warpmg
= constant I, for standard cross sections are usuaIIy
supplled by steel producers in tab1es of proﬁles




Unrestrained Beams
Introduction -
The'design of a beam- subject to-bending and shear must

be performed in two steps:
1) verification of the resistance of the cross section

instability caused by
shear forces, shear

buckling & yielding

%cross sectional shape |—

- —4 cross section class —> |local cross section instability

ii) Check on member stability

Beams without continuous lateral restraint and
L subjected to bending moment are prone to buckling
about their major axis, this mode of buckling is called

lateral torsional buckling (LTB).

W (=l AVALLD ]L- z
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Buckling
Unloaq-é'd

Unrestrained Beams- Lateral Torsional

\\\ pc}gtion M {;i _ —— __ — _‘_ I __}M

| BUCkIed
/7 position

" Dead Welgh—t
load applied
ve_r___ti’ééiily

o

T =
L PAT

Cantilever beam

Slender & stocky web

o

Slmple beam
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Unrestramed Beams

Q- Con5|der a member subJect to bendmg “about the-
___strong axis of the cross section (the y-axis). Lateral-
| torsional bucklmg is characterised by lateral deformation of
| the compressecl part of the cross section (the compressed
flange-in the case of I.or H sectlons) This ‘part ‘behaves
like-a compressed member(column), but one continuously
restramed by the .part of the section in tension,~which
___”'.mltlally does not have any- tendency to move laterally.

- As- seenin the- following Figure, where this
phenomenon Jis iHustrated for a cantilever- beam, the
resulting deformation of the cross /section“includes_both
lateral bending: and torsion. This iS-why this phenomenon
(is called lateral- torS|onaI buckllng S5

St
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Unrestralned Beams

Q- The load at which- the beam buckles can be much Iess
than that causing the full moment capaaty to develop
I Beams bent about their-minor pnnC|pa| axis will

j'-respond by deforming in that plane.i.e. there is no

tendency when loaded in a weaker direction to buckle by
deflectlng in a stiffer direction. - & R

Q- If the sort of deflections lllustrated in the foIIowmg
___._F|gure are prevented by the form of construction e. .g. by

- attaching the beam’s top flange to a IateraIIy very: stiff
concrete slab, then buckling of this type cannot-occur. -
Q- FlnaIIy, if the beam S Cross- -section:is torsionally very
stiff, as is the case for all SHS, its resistance to lateral -
torsional buckllng for all practical arrangements WI|| be SO
~great that |t will not |anuence the design.

= AdydUl-Halldk



Unrestrained Beams- factors mfluencmg LTB
Checks should be carrled N
out on all unrestrained
segments of beams™

}(between the pomts

|where lateral restraint
eX|sts)

Lateral-. -' Lateral
restraint restraint

I+

Beam on plan




Unrestrained Beams- factors mfluencmg LTB-

- Ioadlng (shape of the bendmg moment dlagram)
- support conditions
Q- length of the member between IateraIIy braced Cross .

| & sections , -

| Q- lateral bending stlffness I
Q- torsion stiffness I,
- warping stlffnessI

EI “the point of apphcatlon of the Ioadlng A graV|ty
< load applied below: the shear centre C (that/ comudes
with the centroid; in case of doubly symmetrlc TorH._
sections) hasa stab|I|zmg effect, whereas the same
-~ load applied above th|s pomt has a destablllzmg
< effect




Unrestramed Beams- factors mfluencmg LTB -

7 DEStabﬂIZII'IQ Iﬂad -
m| Root of cantilever :

stabilizing load stabilizing load Destablllzmg Ioad



LATERAL-TORSIONAL BUCKLING

EN 1993 1-1 contains‘three methods for checklng the
IateraI torsional stability of a structural member: G
e “The primary method adopts the lateral buckling curves:
given in Clause 6.3,2.2 (general case) and Clause
6.3.2.3 (just for rolled sections and equwalent
‘welded sections). - - '
2. The second is a simplified assessment method for beams
~ with restraints in buildings and is set outin Clause
6.3.2.4 of EN 1993-1-1.
3. The third is a general-method for Iateral and LTB of e
““structural components, such as single members with
" monosymmetric cross sections,-built-up, non-uniform
or plane frames and subframes given in CIause
6.3.4. S f-

- '\)JHI)-.A/'/'\..-J\_-Ju - : ol




LATERAL-TORSIONAL BUCKLING ,
he de5|gn buckling resistance M4 of a IateraIIy unrestralned

beam (or segment of ‘beam) shoulc

Reduction factor
1 for LTB

be taken as

Wpl,y For class 1&2

W, For class 3

N W, , For class 4

Reduction Factor7,,

The primary method

|) General case: (Clause 6 3 2 2 of IS EN 1993 1- 1)

S

<1.0

1 ——
P
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LATERAL- TORSIONAL BUCKLING

Reduction Factor ¥, ~ .
|) -General case: (Clause 6.3.2. 2 of & et

- BS EN 1993-1- 1)

__:___f_';__'-"_%'- T = O Sb-l- (04 LT ﬂ.LT — O 2 -|— ﬂ,

M.

Imperfectlon factor

' PIateau Iength

- Table 6.4 of BS EN 1993 1-1 Buckllng curves for LTB (General method)

Other sections

I or H sections h/b< 2 a
rolled h/b > 2 b

I or H sections h/b < 2 C
welded h/b ) d

d

D=GRaYatl=Eiadliak



LATERAL-TORSIONAL BUCKLING- Reductlon»Factor X

i) General case: (Clausé 6.3.2.2 of BS EN 1993 1<1)

P ™,

b

C

d

-

)

'Rhﬁy;tﬁlnn factor ;;,_T Q.- .,

Imperfection factor @,

=
A

0,21

0,34

0,49

0,76 e

0.2 Non-dirhensional slenderness ILT
DESGHAYdUILEIdliaK

Pl ™,
S
AN

P

Table 6.3 of BS EN 1993-1-1: imperfection factors for LTB curves g
Buckling curve



LATERAL-TORSIONAL BUCKLING- Reduction:Factor ¥,
) General case: (CIause 6.3.2.2 of BS EN 1993-1-1)

*¥ _ |ateral torS|onaI buckling effects may be' |gnored and
o only Cross. sectional checks apply IF -

1—Ar < Adiro where/m,o = LT,O//A =

2.'—'6r%£1a o--f 04 7'E 7/'\"0 93.9£=0.4

3- CHS SHS and [RHS(TabIe13 BSS950 2000)]

Cross Sectlon Z
(From NA.2.17- NA to BS EN 1993-1-1:2005) Sk
For rolled sections and hot-finished and cold- 0.4
formed hollow sections:
For welded sections: 0.2

DI GHdYatiltEidlidk



LATERAL-TORSIONAL BUCKLING Reductlon Factor 7,
The prlmary method &

u) Rolled sections and equwalent welded sectlons
Clause 6 3 2.3 of BS EN 1993 1-1-

) Z LT <1 0
& 1 N :
X _ but<Z S
LT = —%
¢u J¢u ‘ﬁﬂu-  11
—05b+au)hT‘MIw+ﬂl ‘ _
Cross Sections Z IB
(From NA.2.17- NA to BS EN 1993-1-1:2005) LT 40
For rolled sections and hot-finished and cold- 0.4 0.75
formed hollow sections:
For welded sections: 0.2 1.0

D GRavatizriallaKk




LATERAL-TORSIONAL BUCKLING- Reduction-Factor ¥,
The primary method

i) Rolled sections and equivalent welded sections.
Clause 6.3.2.3 of BS-EN 1993-1-1

LTB curve for rolled and equivalent welded cases
(From NA.2.17- NA to BS EN 1993-1-1:2005)
Section Limits Buckling curve
rolled doubly symmetric I and H h/b< 2 b
sections and hot-finished hollow 2<h/b < 3.1 C
sections hb > 3.1 g
Welded doubly symmetric sections h/b <2 C
and cold-formed hollow sections 2<h/b < 3.1 d
Angles (for moments in the major d
principal plane)
All other hot-rolled sections d

S S a B s __
I LIl OJlicdYclll ‘F"[;!TF!!?? =



LATERAL- TORSIONAL BUCKLING- Reductlon Factor ¥,
The prlmary method |

i) RoIIed sections and equwalent welded sectlons CIause
6.3.2.3 of BS EN 1993-1-1 N
'Accordlng to this method, the shape of th’e'”bendlng mdment
diagram, between braced sections, can be takeninto
account by con5|der|ng a mOdIerd reductlon factor Zerod

T mod = Z;T bUtZLTmod—lo

f_1 05(1 K)[l 20(ALT—08)Z]butf<1o

K |s a correctlon factor- TabIe 6.6 BS EN 1993-1-1

W f
""Mb,Rd ZLt mod—

Y1

P GhavVatl:zEidliaKk



LATERAI; TORSIONAL BUCKLING- Reduction:Factor ¥,

Diagram of bending moments k.
¥=+1 10
-1=¥ <l I
| iR 1.33-0.33 %
| Table 6.6 - k. P ———
correction factors SN
A 0.94
WA 0.91
A —1/-\/(:1 P
I il
U 0.86
> D\W/rﬂ 0.77

¥ - ratio between end moments, with -1 <W< 1.

PDEGRaYall=Eladlilak




LATERAL- TORSIONAL BUCKLING- Reductlon Factor ¥,
The prlmary method |

Comparison between general curves and curves for rolled .
and equivalent welded sections (I- -sections — h/b>2) G

o 1.20
o 1.00 J Ep—
s -\\\k — Rolled
E nee - ‘method
< \ ~zmore
g 0.60 R\ - Economy
B 0.40 x‘:\\ _
3 0.20 “::-________:__:
0.00
0 0.5 1 1.5 2 25

Non-dimensional slenderness ILT  '

DI GHdYaUlEEalidK



LATERAL-TORSIONAL BUCKLING-
Calculatlon of M, Elastlc cr|t|cal moment

Method 1 Method for doubly symmetrlc sectlons ;

_,Access Steel Doctiment SN0OS3. Th|s method only applles to '-
1 Q- uniform straight members

Q- thecross-section is symmetric about the bendmg plane

Q- The conditions of restraint at each end are at least :
~ *- restrained against lateral movement (lateral .
restraints are defined-as arrangements that only
prevent Iateral deflection of the compression flange
_i.e. Lateral deflection of the tension fIange and
“twisting arestill p055|ble) o S
" *%*. restrained against rotation about: the Iongltudlnal
axis (tor5|onal restraints are defined as arrangements
that prevent both lateral deflectlon and twisting e.g.
restraint to both the terision and compression flanges

DI GHaYdatilzEidliark




LATERAL-TORSIONAL BUCKLING-

Calculation of M_, Elastic crltlcal moment
Method 1 -Method for doubly symmetrlc sectlons <&
Access Steel Document SN003 A

4

N

2B (kY (k L) Gl [ v
M, =C Z w C,Z,f -C,Z
T (KLY ( j | +— “mPEl, +( s F-C,

E iS the Young modulus (E 210000 N/mm2)
G is the shear modulus (G = 80770 N/mm2)
_'72 is the second moment of area about the weak axis
IT is the torsion constant -f
/,, is the-warping constant @ (~ :
L is'the beam Iength between pomts WhICh have IateraI restralnt
kand kw are effective length factors . 4
,__Zg is the dlstance between the pomt of Ioad appllcatlon and the shear
centre.” SR S :
C;and C,are coefﬁuents dependlng on the Ioadlng and end restralnt
conditions

Pr=Ghayatirtiallak



LATERAL-TORSIONAL BUCKLING-
Calculatlon of M, Elastlc cr|t|cal moment

Method 1 Method for doubly symmetrlc sectlons 'J

stablllzmg load stabili'ii"r\g load Destabllrzrng load

In the ‘common case of normal support cendltrons at the
ends. (fork supports), k = k,, £1.0. & 5 &
When the bending moment: dlagram is linear along a.
__'segment of a-member deI|m|ted by lateral restraints;
~“or when the transverse load |s applled in the shear centre,
C,z, =0,
J)r:.w-rﬂ[jf‘inm idlid

Access Steel Docu-ment SNO003

A



Calculatlon of M, Elastic critical moment
Method 1 Method for doubly symmetric sectlons

M, =C,

7Z'E|

I
%+

°’Gl,

L°

yA

7°El,

Values of 1/ C1 and (o) for varlous moment condltlans (Ioad is

not destablllsmg ) g P
End Moment Loading Sy = 1l- &
_~7| +1.00 | 1001 1.00
__ o | +075. 10920147
Ci ﬁ ) <07 | +0.50 0.86 | 1.36--
" | +0.25 | 0.80 1 1.56
“ar T o ‘000 | o075l 177
: X 0.25 0.1_1_:’-'-3.0&
; NG — -0.50 | 0.67 -| 2.24
AP -1 075 1063 | 2.49

Access Steel Docuiiment SN003




LATERAL-TORSIONAL BUCKLING- A
Calculatlon of M, Elastlc cr|t|cal moment

Vbhnmsafl/J'C}aun!C}fbrvamuuuannunentckuMﬂans(ﬁxufns

‘notcknuzwuhsuuz)

1 Intermediate Transverse Loadmg

1VCc,

HH#HHHHHH

FANPS Fih

]

T

| 0:94

1.13

+++++++++++++#+#+

A — R

213
1/3

0.62 -

|-0.86

' 2.60

1.35_~

ey Ny .
s :
A ~ Vi

0.77

1.69

St

k. =1/VC, = C=1/k?

DG HaaYatil-Eialiar

Access Steel Docuiiment SN003
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LATERAL-TORSIONAL BUCKLING-

Calculatlon of M, Elastic critical moment
Member with end moments and transverse Ioadlng

Ll ll'TI Y T M
N L P __

Values of G may be obtained-from the curves given in Access Steel
Document SN003. The moment dlstrlbutlon may be deﬂned usmg two
parameters

W is the ratio of end moments By definition, M is the maX|mum

R end moment, and SO : -1 <y<=<l1 (L|J = 1 for a unlform
moment) . S -

v 7is the ratio of the moment due to transverse Ioad to the

~~ maximum end:-moment M . /s
/~ Casea) (end moments WIth a unlformly dlstrlbuted Ioad)
u=qL?/8M ) -
Case b) {end moments ‘with a concentrated load at mld span)
- M=FL/4M ~ ~
> 0 if M and g or F), bend the beam in the same direction. As shown above
J)ﬁu.pn[‘yrinﬂp Eladlld

= Access Steel Docdment SNO003



LATERAL-TORSIONAL BUCKLING-

Calculation of M, Elastlc crltlcal moment >

Method 2

The value of M, _may be determmed usmg the software

V-L7TBeam avallable from www cticm. com
Method3 b

As an. alternative to calculating M and hence 7, ,Fthe value

of 3 /1 .= may be calculated dlrectly from the expressmn

A =——_UVDA, N

JC,

C s & factor that allows for the shape of the bendlng X
_“moment dlagram It may be conservatlvely taken” as

& equal to 1.0. For cantilevers ¢ should be ta

ken-as 1.0

The factors in the . followmg Table assume that the

load is not destablhsmg Where the load is ¢
Cl ‘should be taken as 1.0.

estabilising

DI GHayauliidliak



LATERAI:-TORSIONAL ‘BUCKLING-

Calculatlon of M, Elastlc crltlcal moment >

Method 3

" Values of 1 / J' (:1 and (:1 far various moment condltlons

End Moment Loading

{1.33-033%

1.00
1.1.17
861 1.36
1.56

2:49
60 2.76

1.77 .
2.00°
2.24-

AK

DLEGNaYaUIEldilid



LATERAL-TORSIONAL BUCKLING- YK
Calculatlon of M, Elastlc crltlcal moment
Method 3 o 5% |

" Values of 1 / J' (:1 and (o) far Varlous moment candltlons

1 Intermediate Transverse Loadmg

Cl

HH#HHHHHH

FANPS Fih

]

T

| 0:94

“:1/\/§a:

1.13

HHHHHHH#H

A — R

213
1/3

|-0.86

0.62 -

' 2.60

1.35

ey Ny .
s :
A ~ Vi

0.77

1.69

PrGHavatilzEidliak



LATERAL-TORSIONAL BUCKLING-

Calculation of M_ EIastlc cr|t|cal moment
Method 3 ~
U ds a parameter that depends on sectron geometry

_-__-':?'-*;Where g= \/ (1—'— .or may conservfativezl'_y;: L0.
oL _

| U 0.9 conservatrve upper bound for UKB and UKC sectlons
V is a parameter reIated to sIenderness

=

(k ] °E A |, (2 9)2 |

W W

DreGlhiayatizHallak




LATERAL-TORSIONAL BUCKLING-
Calculatlon of M, Elastlc crltlcal moment |
Method 3 & _;';;;;fi\‘-if

“ For doubly- symmetnc hot roIIedUKB and UKC sectlcms
and for cases where the Ioadlng is not destablllzmg

.

For aII sectlons symmetrlc about the maJor”aX|s and not
sub]ected to destablllzmg Ioadlng, V= 1.0 conservatlvely

DI GHayatl-iidliak



LATERAI:-TORSIONAL ‘BUCKLING- .
Calculation of M. Elastic critical moment

ht;

10 15 20 25 30 35 40 45 50

091 09| 097 098| 099| 099 099| 099| 1.00

082 09| 093 09| 097| 098 098] 099| 0.99

072 082 088 091| 093| 095 09| 097| 097

Method 3 |* 5
’ 30 0.77
__ 50 0.64
= |75 0.53
VaIues Of 100 0.47

064 075 082| 086| 090| 092 093] 095| 0.96

slenderness 195 0.42

058 069| 076 082| 086| 088 091 092| 0.93

053| 064 072 077 082| 085 088| 090, 09N

parameter 4 150 0.38

050 060| O67| 073| 0.78| 082 085 087| 0.89

047 056 064| 070| 075 0.79| 0.82| 084| 0.86

044 | 053| 061 | 067| 072| 076 0.79| 082| 0.84

042| 051 058 064| 069 073| 0.76| 0.79| 0.82

040| 049 056| 061| 066 070 0.74| 0.77| 0.79

175 | 036

200 0.33
7 |22 | 03t

o 250 | 030

275 | 0.28

300 | 027

038| 047 053| 059| 064 068 0.72| 0.75| 0.77

g . IS 3 parameter t
| cross=section;

nat allows for the classification of the
forClass 1 ‘and 2 sections, B =1

while for Class’3 sections B, = W,/ W

DreGhayatiz=tialiak



LATERAL-TORSIONAL BUCKLING- y
Calculatlon of M_, Elastic critical moment

__Method 3

/12 is the minor aX|s non- dlmen5|onal slenderness of the “
=" member_given by jz=2 / 1>, in‘which
A= .E/f =93.9¢ A4, =K i.z.-,..where k is an
effectlve Iength parameter | 3
—E Conditions of restraint at supports Parameters
E . k D
:{.’ Compression flange Both flanges fully restrained against 0.70 1.2
1E |laterally restrained: rotation an plan
g = Nominal torsional Compression flange fully restrained 0.75 1.2
o ® retst:elnt ahga"t"'ﬂ against rotation on plan
rotation abou
E ﬁ longitudinal axis Bnth_ﬂanges partially restrained against | 0.80 1.2
T O rotation on plan
Q O Compression flange partially restrained | 0.85 1.2
1 S against rotation on plan
¥ @ Both flanges free to rotate on plan 1.00 1.2

Pr=Ghayatir:Hallak




LATERAL-TORSIONAL BUCKLING- < Method 3
Calculatlon of M_, Elastic critical moment /*
Effectwe length kL for Normal and destablhsmg Loadmg for

51mply supported beams. N % >
Conditions of restraint at supports kL Loading condition
Normal Destabilizing

Compression flange |Partial torsional restraint against rotation 1.0, + 25 1.2/ + 2A
laterally about longitudinal axis provided by conneetion | = '
unrestrained. of bottom flange to supports.

Both flanges free to  |Partial torsional restraint against rotation
|rotate on plan. about longitudinal axis provided only by
' pressure of bottom flange onto supports.

h= depth of beam.

o /N o



LATERAI:-TORSIONAL ‘BUCKLING-
Calculatlon of M, Elastlc crltlcal moment

Method 3

\

1 Column .
Column ~2 Cantilever beam (buckllng)
2 Thin flanges "~ o3 criffe | both <id
/,3\’Cantllever beam- (buckllng) 4 St]'ffen'ng pati (a? dOt &l es)
.Case of “free" ‘warping ene“r s (on bo S;l es)
: Case of restrained” warping

S’

"conditions at support -
PP "condntlons at support

DEESHdYaulEldliak



LATERAL-TORSIONAL BUCKLING-  *° Méthod 3
Calculation of M, Elastic critical moment /=
f—1 o o

1 | N -, N | S |

Both Flanges fuII_y____'-i%éétraingdf’égainst rotatiop{bﬁ plén _'

Both FIa_néés partially restrained against rotation on plaf

_




LATERAI:-TORSIONAL BUCKLING- Method 3

Calculatlon of MCr Elastlc crltlcal moment

Partlal torsional restralnt agalnst
fotation about lofgitudinal axis:
“provided by cénnection of bottom
flange to supports |

—

|
)
> ., === Vs
B
\

1,_ "

qu_ti'al torsional restraint__—‘_?’_a'gainst
- rotation about longitudinal axis
- ~provided by pressure-of bottom

flange onto supports




L —

LATERAL-TORSIONAL BUCKLING-

Calculatlon of M, Elastlc crltlcal moment |

MEthOd 3 "
"Stablhty cIeat

Y ~ . i
o - Full
7| compression~- tU £ I
o~ flange free . orginal
L~ to rotate s o4 eDd restraint

’ on plar[ - : i -ff /%o beam

(a)‘Thln end plate to web only

Nl

o |

L

{ N Bea m /‘“H -
- comp ression

f Iange free N Z Z N A
o =~ | A flange free
73} ~~on plan Sy =k Al
o " P A Al — h | tosrotate.
- (c) Web cleats bolted to beam > P ‘NO torsional
i) N - ~ “_restraint

(d) Flange bolted to padstone
DESGHAdYAUIEIdlidK

|
[T
)
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LATERAL-TORSIONAL BUCKLING-
Calculatlon of M, Elastlc crltlcal moment |
Me“““‘ 3

Com pressmn

& ‘Full torsional <~

i H— - Lend restrain_tj__’:

i to beam

flange ~
AE T rotation

; reduced.

77 )

7_ 4% A~ Torsional end
rrestramt

Welded to web and fIang_e,'::'_'__-;..i--

-

(f)FIa nge bolted tQF__:,p’_é'd’stone, web'stiffener

f// / // /,I Full torsmnal restralnt

No retatlon of A=\

: o Y i

Compre55|on fIange,, J
() Full end stiffener .

Pr=Ghayatirialiak



" Effectivelength parameter k and dest
without interme

-

diate restraint.

~

abilising D for cantilevers

Restraint conditions

At support

At tip

D

a) Continuous, with Iaterﬁl--'

1) Free P
2) Lateral restraint to
top flange 7~

3) Torsional restraint

4) Lateral-and torsional
restraint

3,0
27

24,
2.1

|25

19

1.7

b) Con
torsional restraint

1) Free

tinuous, with partial |
"1"2) Lateral restraint to

~-{ top flange

3) Torsional réstraint

4) Lateral and torsional
restraint

2,0
1.8

1.6
1.4

2,8
1.9

25

17

¢) Continuous, with __I_aitéi’*al
and torsional restraint

1) Free

2) Lateral restraint to
top flange ~ -

3) Torsional restraint
4) Lateral and torsional
restraint -

1,0

0.8
407

09

125
28

1.9
1.7

DreGhayatiz=tialiak




LATERAI:-TORSIONAL ‘BUCKLING-

Effectwe length parameter k and destablllsmg D for cantllevers

W|thout intermediate restraint. -

/'-__

e

-

P
e

o P

—
P~
"

Restraint conditions

At support

At tip

d) Restrained laterally,

|-torsionally and against
T “rotation on plan

_.,--rESIralnt

1)Free -

2) Lateral restraint to
top flange

3) Torsional restraint "~ |’

4). Lateral and torsmnal

| 07

06
05

1,75 P

e AT
~o] 1,05

/O8N Tip restraint mndniuns

“11) Free

Mo

2) Lateral restraint TJJ

{hraoed on plan in at -
least one bay)

“|3) Torsional restraint

| (not braced on pian)

4} Lawral and torsional -

refstramt L~

(braced on plan in at least
one bay)

DIGaydUtilEidll
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LATERAII-TORSIONAL»BUCKLING & Method 3

Calculation of M, Elastic critical moment . |
D /is a destabilizing-parameterto allow: for destablllzmg ,‘_x\._;};‘-_‘i-"
< loads (i.e. Loads applied- above the shear centre of ©

-

the beam, where the load can’ move ‘with the beam
et buckles), glven by: . _1

- D= Nl
- FOF non- destablllzmg k)ads D= 1. o W

For destabilizing Ioads D = 1.2 for. S|mply supported |

beams. As'shown in the previous Table. .

In practlce desta JI|IZIng loadsare only con5|dered in cases

forawhich the app ied loading: offers no resistance to lateral

movement, e.g. a free standlng brick wall on a beam: Normal
{loads from ﬂeors do not constltute a destablllzmg,»lead

DI GHdYdUIEidllak



DeS|gn procedure for LTB

-hwl\.) —

= © oo\l _ow U1

. Calculate M, and W,f,~

. Determine imperfection factor a,;;
. Calculate buckling reduction factor XLT

Determlne BMD and SFD from deS|gn Ioads

. Select section and determine geometry
. Classify cross-section (Class 1, 2, 3'or 4)-
. Determine effective (buckllng) length Lo — depends on

‘boundary conditions and Ioad level

Non-dimensional sIenderness At = =

De5|gn buckling resistance Mpra = At '

0. Check for each’ unrestralned portion- __.:T-m

MEI:I
Mh Rd

< 1.0

P GhavVatl:zEidliaKk



LTB Example & N
A S|mply—supported prrmary beam’is requrred to’span 10. 8m
and-to support two- secondary ‘beams as shown below. T_:re'
_.,secondary beams<are conneéted through fin plates to‘the
Yweb of the prlmary beam,-and fulllateral restraint may he
assumed- at these points. Select-a suitable member for the
prlmary beam assumlng grade S 275 steel. o -~

DeS|gn loading is as foIIows

”- 425.1 kN 319 5 kN
| - o N N | F
___fif".E m 32m - 51m N~

Pr=Ghayatirialiak



LTB Example e~ 425.1kN 319.6 hH o~

Lateral torsional buckling >8> - ™ o~ __
checks to be carriedout ., o, g
‘on segments BCand CD. *%™  3&m 5o &im ~
| By inspection, segment - Loading

AB is not critical.

M_' _Wyplf /7/MO
W —I\/ICRd 7/|v|o/f SE I arrsxn

h Shear force diag'ram
Wy 1 trlal_ =M 7/M0/O 8f < ) P e

B N~

267.1kN

© 1362x10°
Wy",-_pl,trial = N
| | (08 x 265) E” 1194'uﬂm 1362 kNm
W =6424.5E°mm’ Bending moment dlagram

y, pl,trial

DIEGHdYaUlLEidliak




LTB Example

Try 762><267>< 173 UB in grade S 275 steel

h'=762.2 mm U 0.865
| b=266.7 mm . ; - 1,=55. 8mm
| t, =143 mm" --
=216mm s
r=16.5mm
A= 22000 mm? -~
‘W, = 6200x103mm3
1 = 68.50x106mm*+
IT = 2670x103 mm#*
I, =9390x10° mm®

Steel Propertle _
4Omm>tf 21 6 mm>16mm

For 5275 (to EN 10025 2

f, = 265N/mm2

Pr=Ghayatirtiallak



LTB Example

Steel Propertles “
Frem clause 3.2.6:. E 210000N/mm2 and G ~81000N/mm2

Cross section cIaSS|f|cat|on clause 5 __5 2):

£ = \/235/f —\/235/265 0:94

Outstand flanges (Table 5.2, sheet 2)

= (b-t,-2r)/ 2= 109.7 mm

V&/ = 109 7 /216 = 5.08

| Limit forClass 1 ﬂange =0g = 8 48 >/ 5 08
FIange is Class NS |

Web internal part in bendlng (Table 5 2 sheet 1)
G, = h— 2t —2r = 686.0 mm

c, / t,= 686. 0/ 143 =48.0

L|m|t for Class 1 web =72 £ =67.8 > 48.0

PrGhRavatn=EialiaKk




LTB Example

Cross section cIassrﬁcatlon (clause 5 5 2)_

<~ Web is Class 1 - <
;'OveraII Cross- sectlon cIaSSIﬁcatlon iS- therefore CIass 1

Bendmg resistance of cross sectlon cI_ause 6 2.5):

MCVRd_MP' Rd_Wply /VMo for Class 1 and 2 sectlons
Mcde—6200x103x265/1 0= 1643x1o6 N mm

7 =1643 kN m>1362 kN m
Cross sectlon re5|stance |n bendlng is OK

D =GhaYatEidliaKs:



LTB Example S
Lateral torsional buckllng check (clause 6 3 2 2)—-

Segment BC. &
~ MEd —1362kN m

Mb A= Zu W, :W For class 1&2 -
VM1

Determme M, for segment BC (Lcr - 3200 mm)

7°El, \/ 1, LG, 5

|, ~« EI | |
For end moment Ioadlng Cl may be apprOX|mated from
__C1—188—140L|J+052L|J2butC1<270 -
1w is the ratio of the end moments =1194/1362= O 88=>
Cl= 1.05

PrEGRaYaulzEidliark



LTB Example

Lateral torsional bucklmg check (clause 6 3 2 2)—-

Segment BC.

| End Moment Loading -

: +1.00|:1.00|-1.00

+0.75.| 0.92 | 1.17

+0.50 | 0.86 | 1.36

#0.25 | 0.80 |1.56

_ ‘I"~0.00 | 0.75°|1.77

T, | one | oer | aoe

1 1 ot o I T s

o S -0.75-| 0.63 %
-1.007 | 0.60 | 2.76

224 7
2.49 /7

,_Accordlng to Jthe above table (by |nterpolat|on for L|J—O 88)

-Cl= 1. 08

St

PrGhavatlzridllaKk



LTB Example |
Lateral torsional bucklmg check (clause 6 3 2.2) -

Segment BC:

_Accordmg to the above table (by mterpolatlon for p=0. 88)
1C,= 1.08 g

M, =1.05x

772 x210000% 68.5x10° \/ 9390x10° . 32002 x81000x 2670x10°
3200° 68.5x10°  7z°x 210000 68.5x10°

M, =5699x10° N:mm =5699kN.m f
' Non- dlmenS|onaI Iateral tor5|onal slenderness for segment BC:

_ W, f, \/6200><103><265

lLT = -
M, - 5699x10
SeIect buckling curve and imperfection factor o;+:

{From Table 6.4: h/b = 762 2/266 7 = 2.85 |
For a rolled I-section with h/b > 2, use buckling curve b

~054

DI GHdYatiltEidlidk



LTB Example

Lateral torsional bucklmg check (clause 6 3 2 2)—-
Segment BC: | N

From Table 6.3 of EN 1993-1-1: For buckllng curve b, oy1= 0. 3
ICalculate reduction factor for Iateral torsional buckllng, T —

S t BC: &
egmen P 1 s <10
e J¢u __

--¢ —05b+au(zu—02 m ‘ 05><1+034><(O54 02)+0542]

& .—O8N10
07+Jo# osf g

P GhavVatl:zEidliaKk



LTB Example i -
Lateral torsional bucklmg check (clause 6 3 2 2)—-

Segment BC. 2
Lateral torsional buckllng re5|stance Mb Rd ™ Segment BC

W, ”f
;gu =0. 87><6200><10‘°’ x@ _1429><1o6 N mm

Mde = 1429k|\|-m_‘: | | | _

M. = 1362 = O 95 < 1 O Segment BC Is OK
Mb r 1429 { ’ | =

P GhavVatl:zEidliaKk



LTB Example

Lateral torsional bucklmg check (clause 6 3 2. 2)—-

Segment BC: using Method 3

‘Lateral torsional buckllng re5|stance Mb Rd ™ Segment B__C:-‘

Jc—1 (]

ZLT = LUVDAZ \m e “““""-j‘_"_"f‘"“ﬂ

JC,

VK is the ratio of the: end | 0z

| moments =1194/1362= osé e
1

= kL/I —1><3200/55 8 57 35

" +0.75
+0.50
+0.25
0.00

—

= /31 .57, 35/(93 9><o 92) 0.66

“¥1.00 | 1.00

1.00

0.92 | 117

0.86
0.80

1.36
1.56

0.75 | 1.77

0.7
0.67

0.63
0.60

2.00
2.24

2.49
2.76

_093 U=0. 865 /—55 8mm D 1.0 (Normal) BW-_—l

P GRavYaulztialiak



LTB Example :
Lateral torsional bucklmg check (clause 6 3 2. 2) —

Segment BC: usmg Method3 ___
[N S I Y

_ 2 N ' _r 2
Jiz L[4 Jp 1 ( 57.35 j N
A 20(ht ) - 20(762.2/21.6 )

/ILT =0.93x0. 865><O 97><1 0x0.66x1. O 0.52 ‘

Select buckling curve and imperfection factor o

From Table 6.4: h/b.= 762.2/266.7 = 2.85 .
For arolled I- sectlon with h/b > 2, use bucklmg curve b
From Table 6.3 ef EN 1993 15y 1: For buckllng curve b

07=0.34 £
| Calculate reduction factor for Iateral torsional buckllng, 0T —

Segment BC:

P GRavYaulztialiak




LTB Example i -
Lateral torsional bucklmg check (clause 6 3 2 2)—-

Segment BC: usmg Method 3

L& caf

: ¢LT \/¢LT __-/%LT .
b _osbmu(zu—oz +M 05><[1+034><052 02)+0522
¢, =0.69 - S

S __ -0 87(1 0.
'_':LT O 69+\/O 692 O 522 [«

Wt ’
Zu =0. 87><6200 ><103 Xi—GOS _1429><106 N.mm

Y m1

PrEGRaYaulzEidliark



LTB Example i :
Lateral torsional bucklmg check (clause 6 3 2 2)—-

Segment BC: usmg Method 3

| M Ed_ _ —1362_ =0.95<1. O Segment BC IS OK
|\/|b i - 1429 )

U5//7g the second method Ro//ed sections and eqU/ va/ent
We/ded sections. C/ause 6 2. 2.3 0f BS EN 1 993-1 _7

"-'From NA.2.17- NA to BS. EN 1993-1- 1: 2005
3. 1>h/b 762. 2/266 7 = 2. 85>2 use buckllng curve C

From Table 6. 3 of EN 1993-1- 1: For bucklmg curve C .

o= 0.49 '

4. =05 OO - T T B
¢, =05x[140.49(0.52—0.4)+0.75x0.522]= 0.63

PrGnavatn-eadliaKk




LTB Example S
Lateral torsional bucklmg check (clause 6 3 2 2)—-

Segment BC: usmg Method 3 &

¢|—T \/¢LT ﬁﬁ“ LT O 63+ \/O 632 O 75)( O 522
= 7ir S100K S
%ir =0.934but ZLT — _i =37 OK

fot -0 5(1 K )b zo(zu -0. 8)Zj
f—1 0.5x(1-0.93)L-2(0.52 - 08)] 095<1o

Sy 0934
~0.983<1.0
ZLT ,mod ~ f 095 | e

P GhavVatl:zEidliaKk



LTB Example i --
Lateral torsional bucklmg check (clause 6 3 2 2)—-

Segment BC: usmg Method 3

=0. 983><6200 x103x%—1615kN m

| 'Mb,Rd ?:Zu,mod
S 7M1
Mg, 1362 _ 0. 84 <1, 0 Segment IC is OK
My 1615 7 P

PrGhavatlzridllaKk



LTB Example S
Lateral torsional buckllng check (clause 6 3 2 2)—-

Segment CD: &
~ MEd —1362kN m

Mb A= Zu W, :W For class 1&2 -
VM1

Determme M, for segment CD (LCr - 5100 mm)

7°El, \/ 1, LG, 5

|, ~« EI | |
For end moment Ioadlng Cl may be apprOX|mated from
__C1—188—140L|J+052L|J2butC1<270 -
1w is the ratio of the end moments =1194/1362= O 88=>
Cl= 1.05

PrEGRaYaulzEidliark



LTB Example |
Lateral torsional bucklmg check (clause 6 3 2. 2)—-

Segment CD:

Determine Y from TabIe
| w is the ratio of the end moments O/ 1362=0 =
Cl= 1 88

M_ —188x 7% x 210000 x 68.5><1O6 \/939O><109 51007 ><81000>< 2670x10°

_|_
51002 68.5x10° 7z2 x 210000 68.5x10°

M, =4311x10°N.mm=4311kN.m _
Non- dlmensmnal Iateral tor5|onal slenderness for segment CD:

_ X W f 3
W, \/6200><10 ><6265_0_62
f M,V 4311x10°

| The buckling curve and |mperfect|on factor o, are-as for
segment BC.

DI GHdYatiltEidlidk



LTB Example

Lateral torsional bucklmg check (clause 6 3 2 2)—-
Segment CD: | - NS

Calculate reduction factor for Iateral tor5|ona| bUCkIm g, XLT
egment, CD: « QIO
| 1 -
ALt <
¢LT \/¢LT _l _-

¢ = O 76 S '

= Iy 83(1 0
oo, 76+\/O 76 0. 622

1.0

P GhavVatl:zEidliaKk



LTB Example i -
Lateral torsional bucklmg check (clause 6 3 2 2)—-

Segment CD: k: :
Lateral torS|onaI buckllng re5|stance Mb Rd ™ Segment C.D,:-“

W f
Zu 083x6200x103x@—1363 7><106N mm

” Y m1 1.0 /
M bR = =1363. 7kN m | > 4 | &

Segment CD |s crltlcal and marglnally fa|Is LTB check

P GhavVatl:zEidliaKk



