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e Typical forms of sections for cold-formed structural members

JPA EZ | |

L

’ ’ :I I Open built-up sections
\ \

“r I
N L Jd. O ]: T Closed built-up sections

Single open sections




J ECCS
Background and peculiarities fi‘l £k’

Introduction
Types of cold-formed steel sections

-= JOINT RESEARCH CENTRE

* Profiled sheets and linear trays sections
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 Advantages of Using Cold-Formed Steel Sections
* Lightness;
e High strength and stiffness;
e Ability to provide long spans;
e Easy prefabrication and mass production;
* Fast and easy erection and installation;
e Substantial elimination of delay due to the weather;
* More accurate detailing;
* Non-shrinking and non-creeping at ambient temperatures;
*  Form work unneeded;
* Termite-proof and rat-proof;
* Uniform quality;
 Economy in transportation and handling;
*  Non combustibility;
* Recyclable material.
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* Roll forming;
* Folding;
* Press braking
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* Imperfections in Thin-Walled Cold-Formed Steel Members

_ Loading eccentricities
mecanical <
Support eccentricities

IMPERFECTIONS
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* Imperfections in Thin-Walled Cold-Formed Steel Members

. Loading eccentricities
mecanical <
Support eccentricities

IMPERFECTIONS  £——> material —> Forming process

b b

Yielding strength

Residual stresses

Local (sectional)
geometric <
Global (member)
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Effect of Strain Hardening and Strain Aging on Stress-Strain Characteristics
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* Increase of the Yield Strength and Ultimate Strength Due to Cold-Forming
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* Increase of the Yield Strength and Ultimate Strength Due to Cold-Forming
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* Flexural Residual Stresses Obtained at the “POLITEHNICA” University of
Timisoara
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* Flexural Residual Stresses Obtained at the “POLITEHNICA” University of

Timisoara
Schafer and Pekoz
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* Type and Magnitude of Residual Stress In Steel Sections

Hot Cold forming
Forming method . Cold Press
rolling : .
rolling braking

Membrane
residual stresses high low low
(Sem)
Flexural residual
stresses (s)
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* Buckling strength versus half-wavelength for a lipped channel in
compression (Hancock, 2001)
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 Behaviour of compression bar
(a) slender tick-walled (hot-rolled section)
(b) thin-walled (cold-formed section)

N | N |
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l |
Npil rigid plastic Npl 1 rigid plastic
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* Failure Mode of a Lipped Channel In Compression
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e Effect of local buckling on the member capacity
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* Erosion Concept — Erosion levels

Eroziune
maxima,

Coupling point

mod real
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* Erosion Concept — Erosion levels

Eroziune
maxima,

Coupling point
mod real
Nu:Ncr_ Y
I:  Weak interaction (WI), ¢<0.1
Il Moderate interaction (Ml), 0.1< g <0.3
lll: Strong interaction (Sl), 0.3< g <£0.5
IV: Very Strong interaction (VSI), ¢>0.5
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* Erosion Concept — Erosion levels

Eroziune
maxima,

Coupling point
mod real
Nu:Ncr_ Y
I:  Weak interaction (WI), ¢<0.1
Il Moderate interaction (Ml), 0.1< g <0.3 Thin walled
lll: Strong interaction (Sl), 0.3< g <£0.5 members
IV: Very Strong interaction (VSI), ¢>0.5
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* Open sections highly seensitive to torsional rigidity
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 Web Crippling (Critical Problems)
* In cold-formed steel design, it is often not practical to provide load bearing
and end bearing stiffeners. This is always the case in continuous sheeting and
decking spanning several support points.
* The depth-to-thickness ratios of the webs of cold-formed members are
usually larger than hot-rolled structural members.
* In many cases, the webs are inclined rather than vertical.
* The intermediate element between the flange, on which the load is applied,
1 member usuallv consists of a bend of finite
lied

SECTIUNEA A-A
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* CONNECTIONS

Thin-to-thin Thin-to-thick or thin- | Thick-to-thick or
to-hot rolled thick-to-hot
rolled
—  self-drilling, self- | — self-drilling, self- [ — bolts;
tapping screws; tapping screws; |— arc welds.
—  blind rivets; —  fired pins;
—  press-joints; —  bolts;
—  single-flare V — arc spot puddle
welds; welds;
—  spot welds; — adhesive
— seam welding; bonding.
— adhesive
bonding.

* Special Types of connections
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* CONNECTIONS

Thin-to-thin Thin-to-thick or thin- | Thick-to-thick or
to-hot rolled thick-to-hot
rolled
—  self-drilling, self- | — self-drilling, self- [ — bolts;
tapping screws; tapping screws; |— arc welds.
—  blind rivets; —  fired pins;
—  press-joints; —  bolts;
—  single-flare V — arc spot puddle
welds; welds;
—  spot welds; — adhesive
— seam welding; bonding.
— adhesive
bonding.

* Special Types of connections
* Connections Typology (based on the material)
* metal-to-metal connections

* metal-to-sheathing (wood-based and gypsum-based sheathings) connections
* metal-to-concrete connections.
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-to- Femark
theck
X Bolt= M5-M16
W Self-tapping  screw P63 wath  washer
) = 16 mm, 1 mm thick wath elastomer
Hexagon head screw $6.3 or 965 wath
washer = 16 mm 1 mm thack wath elastomer
Self-dnllng screws with diameters:
3 - 22 or 4.8 mm
- - P55 mm
- P63 mm
Bhnd nivets with diameters:
- 40 mm
- 4.8 mm
- {64 mm
X Shot (fired) pins
X Muts
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I Usual mechanical fasters I
Ten | 52 | - 11
e e -
o el Bolts M5-MI1G
v Self-tapping  screw P63 wath  washer
a = 16 mon | mon thick wath elastomer
= = Hexagon head screw $6.3 or 965 wath
washer = 16 nom 1 mom thock wath elastomer
Self-dnllng screws with diameters:
. - 22 or 4.8 mm
H H 455 mm
- 6.3 mm
Bhnd mvets with diaoeeters:
e - 40 mm
B - 4.8 mm
- 6.4 mm
X Shot (fired) pins
i Mart=s
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* Ductility and Plastic Design : Cold-Formed Steel Sections are , usually,
Class 4!

. Moment
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e @Generalities

EN 1090 — Part 1,Delivery Conditions for prefabricated steel components™ [
1 | 1
hEN | Eurocode 3: EN 1953 - « Design rules for steel structures™ EN 1090 -
product Pan 2
standards for wExecution
sleel matenials, of steel
semi- finished structlures *
praducts etc.

| i -
|Faligua‘( ol




JOINT RESEARCH CENTRE

Background and peculiarities

Introduction
Basis of Design

e Limit State Design > EN1990 (CEN, 2002a)
e All the separate conditions that make a structure unfit for use are taken into
account. These are the separate limit states;
* The design is based on the actual behaviour of materials and performance of
structures and members in service;
* Ideally, design should be based on statistical methods with a small
probability of the structure reaching a limit state.

ULS - Specific Thin Walled Issues

local instability and strength of sections

interactive instability and influence
of specific imperfection

connecting technology and related design procedures

reduced capacity with reference to ductility,
plastic design and seismic resistance

fire resistance
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Actions on Structures. Combinations of Actions (EN1991)

* Verification at the Ultimate Limit State
* Verification at the Serviceability Limit State

» safety factors according to EN1990 (as for hot rolled steel)

e factors:
Ymo — resistance of cross sections to excessive yielding including

local and distortional buckling
Ym1 — resistance of members and sheeting where failure is caused

by global buckling
resistance of net sections at fastener holes

Ymz —
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Actions on Structures. Combinations of Actions (EN1991)

* Verification at the Ultimate Limit State
* Verification at the Serviceability Limit State

» safety factors according to EN1990 (as for hot rolled steel)

e factors:
Ymo — resistance of cross sections to excessive yielding including

local and distortional buckling
Ym1 — resistance of members and sheeting where failure is caused

by global buckling
resistance of net sections at fastener holes

Ymz —

Recommended values
(EN1993 -1 - 3)

Ymo = 1.0

Yvi = 1.0
Ymz = 1.25
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 Materials (EN1993-1-3)

. . o . Ifl;‘]l} .f]'-l'
Type of steel Standard Grade (N/mm?)  (N/mm?)

Hot rolled products of non-alloy

ructural stoels. Part 2 Technical S 235 235 360
:1;'1[:::&:[:[ chuﬁZiil:un:l f'm: 112;:':111;& EN 10025: Part 2 5275 275 430
Y ‘ Y S 355 355 510
structural steels
S275N 275 370
S 355N 355 470
Hot-rolled products of structural S 420N 420 520
steels. Part 3: Technical delivery S 460 N 460 550)
conditions for EN 10025: Part 3 ¢ 275 NL 275 370
normalized/normalized rolled S 355 NL 155 470
weldable fine grain structural steels S 420 NL 420 520
S 460 NL 460 550
S275M 275 360
Hot-rolled products of structural 5335M 335 450
. ) S 420 M 420 500
steels. Part 4: Technical delivery
. . : S 460 M 460 530
conditions for thermo-mechanical EN 10025: Part 4
rolled weldable fine grain 5275 ML 275 360
structural steels : S 335 ML 333 430
) T S 420 ML 420 500

S 460 ML 460 530
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 Materials (EN1993-1-3)

. o . fob o
Type of steel Standard Grade (N/mm?)  (N/mm?)
sractural stels. Par 2 Technical S2p5. 25 360
;_lﬁ,‘li'sff,‘l'}" cﬁndiﬁuus f'm: non-alloy EN 10025 Part 2 5275 275 430
S 355 355 510

structural steels

S275N

Hot-rolled products of structural
steels. Part 3: Technical delivery
conditions for

normalized/norp

S 460 NL

S275M 275 360

S355M 355 450

steels. Part 4: Technical delivery 5420 M 420 200

.. . . S 460 M 460 530
conditions for thermo-mechanical EN 10025: Part 4

rolled weldable fine grain S 275 ML 275 >60

etunal stele & S 355 ML 355 450

SHCHuTal Steets S 420 ML 420 500

S 460 ML 460 530
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 Materials (EN1993-1-3)
* yield strength f , and ultimate tensile strength f, should be obtained:

* either by adopting the values f =R, (upper yield strength) or R,
(proof strength) and f, = R (tensile strength) direct from product
standards

e by using the values given in Table 2.7a or b of EN1993-1-3

* by appropriate tests (EN10002-1)
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 Materials (EN1993-1-3)
* yield strength f , and ultimate tensile strength f, should be obtained:
* either by adopting the values f =R, (upper yield strength) or R,
(proof strength) and f, = R (tensile strength) direct from product
standards
* by using the values given in Table 2.7a or b of EN1993-1-3
* by appropriate tests (EN10002-1)

e properties of cold-formed sections and sheeting
* modification of the stress-strain curve of the steel (increase of the yield
strength is due to strain hardening, the increase of the ultimate strength
is related to strain aging)
e coiling, uncoiling, cold reducing and the cold-forming process

: fu 1w
Soa =Ty +(f:, —f_‘l.thj:—r but 1 5(‘—5_2—-]

ks

used for
* cross section resistance of an axially loaded tension member
* buckling resistance of members with fully effective cross section
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* Methods of Analysis and Design
* Methods of analysis — Global frame analysis
* Finite Element Methods (FEM) for analysis and design
* Design assisted by testing

e determine the distribution of the internal forces and the corresponding
deformations in a structure subjected to a specified loading
* global analysis of frames is conducted on a model based on many
assumptions including those for the structural model, the geometric and
material behaviour of the structure, of its sections /members and
joints.
* (1) First-order elastic analysis;
* (2) Second-order elastic analysis;
* (3) Elastic-perfectly plastic analysis (Second-order theory);
* (4) Elasto-plastic analysis (second-order theory);

{5} Rigid-plastic-analysis {first-ordertheory}
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* Methods of Analysis and Design
 Methods of analysis — Global frame analysis
* Finite Element Methods (FEM) for analysis and design
* Design assisted by testing

* guidance can be found in Annex C of EN1993-1-5
* The FE-modelling may be carried out either for:
* (1) the component as a whole
* (2) a substructure as a part of the whole structure. Also, design of
members and details can be assisted by numerical simulations (e.g.
numerical testing).
e Sectional imperfections for Local and Distortional Buckling modes
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* Design assisted by testing — may be undertaken under any of the
following circumstances:

if it is desired to prove the validity and adequacy of an analytical procedure;
if it is desired to produce resistance tables based on tests, or on a
combination of testing and analysis;

if it is desired to take into account practical factors that might alter the
performance of a structure, but are not addressed by the relevant analysis
method for design by calculation.

ECCS No 124 -2008: Testing of connections with mechanical fasteners in
sheeting and Sections

ECCS no. 127-2009 Testing and design of fastenings in Sandwich panels

En 15129 -2009: Steel static storage systems — Adjustable pallet racking
systems

EN 1990, Annex D : design assisted by testing ( reliability and strength)
EN 1993-1-3, Ch 9, Annex A
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* Design assisted by testing — may be undertaken under any of the
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Behaviour and Resistance of Cross Section
Properties of gross-cross section

 Dimensional limits of component walls of CFS

1. Unstiffened compression walls.

by by by by

| L |
I_."._ .A.]
1 2t
ry
a) Plain channel b) Plain Z-section c¢) Built-up I-section d) Plain angle

made of two plain
channels back-to-back
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Resistance of sections 0

Behaviour and Resistance of Cross Section
Properties of gross-cross section

 Dimensional limits of component walls of CFS
2. Stiffened or partially stiffened compression walls.

IFj'p.l
b
| |
=9 N -E:'i _ }\
|
a) Lipped channel b) Box-section
b1 b1
b
..._P__I

"';l -3
2 2t = L

c¢) I-section made of two lipped d) Lipped angle with equal
channels back to back stiffened legs
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Behaviour and Resistance of Cross Section
Properties of gross-cross section

 Dimensional limits of component walls of CFS
3. Multiple-stiffened walls.

b[ bpz bl

]

(o]
=1
=

the sizes of stiffeners should be

02<¢/b<0.6

0.1=d/b<0.3
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Behaviour and Resistance of Cross Section
Properties of gross-cross section

* Modelling of cross-section for analysis

Modelling nfelerjlents of a cross section (CEN, 2006a)
Type of element Model Type of element Model

T
[ Vo [T
Ferﬁﬁﬂ_ﬁ
[ 1= [T ] =
NNy
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Effect of wall slenderness :Flange curling
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Behaviour and Resistance of Cross Section
Effect of wall slenderness :Flange curling

George Winter (1940)

Ja-I-cfo':Ja-I o, -t

dl p E-IIM
04 is the average (mean) bending stress in flange;
E 1s the modulus of elasticity;

I 1s the second moment of the beam area;
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Behaviour and Resistance of Cross Section
Effect of wall slenderness :Flange curling

George Winter (1940)

Ja-r-a'qﬁzo'a-r o -t

a

P=""u o E-IIM
Oy is the average (mean) bending stress in flange;
E 1s the modulus of elasticity;
I 1s the second moment of the beam area;

If p 1s considered to be uniformly distributed load applied on the flange.
i 2 (o Uy is flange deflection of outer edge;
uf.:p ! :3-[5” - (1-v*) D is flexural rigidity of plate, D=FE-t° /12-(1—-v7);
© 8D E o : :
v is Poisson’s ratio.

il
t*-d
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The ECCS Recommendations (ECCS, 1987)

2 1.4
both compression and tensile flanges o o=2. o, by
. ‘ ‘ i 2 2
both with and without stiffeners: E° -tz
bt
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The ECCS Recommendations (ECCS, 1987)

2 1.4
both compression and tensile flanges o o=2. o, by
. ‘ ‘ i 2 2
both with and without stiffeners: E° -tz
bt

Flange curling can be neglected in calculations if the deflection u; < 5%,
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The ECCS Recommendations (ECCS, 1987)

2 1.4
both compression and tensile flanges o o=2. o, by
. ‘ ‘ i 2 2
both with and without stiffeners: E° -tz
2bs by

Flange curling can be neglected in calculations if the deflection u; < 5%,

to limit the curling effect
0.06t-d-E lﬂﬂ«ur
AISI S100-07 h_f. < — .4 y .

AS/NZS-4600:2005

us<0.05d
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Web Crippling

* Local Transverse Forces — Cross sections with a single unstiffened web

1 LESELS

SECTIUNEA A-A

ol
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Behaviour and Resistance of Cross Section
Web Crippling

* Local Transverse Forces — Cross sections with a single unstiffened web

1 LESTELS

SECTIUNEA A-A

ol

for a single local load or support reaction. 1) ¢ < 1.5 h,, clear from a free end:
- for a cross section with stiffened flanges: les.
kkk, | 9.04— " Ul 10015 |2 g, o]
i 60 { | e
R, Rd = s
Y ’
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Behaviour and Resistance of Cross Section
Local Buckling and Distortional Buckling

* Sectional buckling modes in thin-walled sections

I3

Dl
bl

-
e ddeddad.
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

Consecutive stress distribution in stiffened compression elements

fy{ G 1max = Ocr O2max = f;e

-

ol L L

L b ] b b

pre-critical stage  intermediate post-critical stage. ultimate post-critical stage
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

Consecutive stress distribution in stiffened compression elements

fy{ G 1max = Ocr O2max = f;e

-

ol L L

L b ] b b

pre-critical stage  intermediate post-critical stage. ultimate post-critical stage

e equivalent stress distribution
actual stress distribution ‘ effective width
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* Elastic buckling of thin plates

k -m*-E

Ona =1 T2 —v?)- (b, /1)

= Jcr L

\/12 (1 v) 1,

b. /2 | Ol max
L beo/2 E
o by =Ct

b C =k, -7*/12-(1-v?)

fy = g2.max
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Behaviour and Resistance of Cross Section

Local Buckling

fy = g2.max

* Elastic buckling of thin plates
k -m*-E

; O i v 2 2 =0, 2ff

T12-(1=v?) (b 1) -
................................ - Jox  [E

N TR R
b !fz O Lmax

it 2

| bﬂﬁ = bc.ﬁ' :C'f'1’j£»
b C=\Jk, -7 /12-(1-v?)
B k, -n*-E

12-(1=v*)-(b/t)

be.ﬁ' _ |9,
b f,

7 _|f _1052 b [f;._ b/t
P o \/E { E 23?4,5.\];?

=235/ 7,
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* Elastic buckling of thin plates

fy = g2.max

--------------------------------

ol

b . 1
eff
hq';f.i":p'h p— _E_El
f-.f.i’ J AFI'P i Max
G-mm Jmm

=19 {] 0415
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

fy = g2.max

--------------------------------

ol

X

b . 1
eff
hb.=ph = —<1
o = P = 77,
E b - _
by=C-t or & - [T« 3 p= " ma
. C'rmm b ng'., JU‘
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

1) Stiffened element 11) Unstiffened element

Longitudinal stresse
at edzes

Hancock, 1998
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Local Buckling
Elastic buckling of thin plates
B _ “Strut and Tie” grid model
11) Unstiffened element of a plate simply supported

1) Stiffened element

Longitudinal stresse
at edzes
Hancock, 1998
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

E«:{EJ =16.69-&-\Jk,
lim
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

b < (EJ —16.69.¢- /;;J web type elements flange type elements
lim

[ [
=) 4] 53 (1) -nse
lim lim

k=4 and k,=0.425 l t
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

b < (E) —16.69.¢- /;;J web type elements flange type elements
lim

[ !
b
=D () e (2) o
l lim 4 lim
(bf.“) values for stiffened and unstiffened plate elements

liinn

k=4 and k,=0.425

1 Type of plate element
Steel grade T : :
(N/mm~) Stiffened Unstiffened
S235 235 38 12.5
S275 275 35 11.5

S355 355 31 10
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Behaviour and Resistance of Cross Section
Local Buckling

* Elastic buckling of thin plates

b < (E) —16.69.¢- /;;J web type elements flange type elements
lim

[ !
b
=D () e (2) o
l lim 4 lim
(bf.")l_ values for stiffened and unstiffened plate elements

n

k=4 and k,=0.425

1 Type of plate element
Steel grade T : :
(N/mm~) Stiffened Unstiffened
S235 235 38 12.5
S275 275 35 11.5
S355 355 31 10

The effective or equivalent width method leads to simple design rules
and gives an indication of the behaviour of the plate as the ultimate condition
is approached.
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Distortional buckling: analytical methods

Finite Strip Analysis by Schafer, 2001

500

450 [ g omm
i E . :
- 400 3| =0.7mm Euler (torsional)
S 350 K
% 300f '
g L i i
%j:, 250 :::
= 2007 Euler (Mexural) :::
= 11 M
3 ™
= os0r i
: :5&:
100 :"-.
aT ! EE
0 : . . .
10 100 1O 100D
Half-wavelength (mm)
SRREE
Hitey
THHH
"igs
quq
it
; by
- 4.
™
" .
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Behaviour and Resistance of Cross Section
Distortional buckling: analytical methods
Finite Strip Analysis by Schafer, 2001

500

450 g 8mm
I g . 8
- 400 3| =0.7mm Euler (torsional)
S 3s0f K
% 300} :
g I E ‘gi 'JN
o 250 ty
';: 200F Eulcr{ﬂe?ulral} 5
= i
2 1500 - :§~.
N
L !
100 ::.
AT J EE
0 : ~ . :
10 100 1000 10000
Half-wavelength (mm)
Manual calculation methods fheiy
Law & Hancock T
. asd
Schafer & Pekiz ;J'H
A T
2 .
™
" '




E =
CECM = JOINT RESEARCH CENTRE
E s

Resistance of sections 0

Behaviour and Resistance of Cross Section
Distortional buckling: analytical methods
Finite Strip Analysis by Schafer, 2001

—0.Tmm E F'ET { torsional) :

Euler (Mexural)
1

-& ( i H
10 100 1000 10000
Half-wavelength (mm)

500
4350 |
400
ERT
EI
2500
2007
150 [
100 |
500
0

.
"

" .

’ o

.4
-~
> 4

ortional

Buckling stress (MPa)

o

L W -
v - - T~
T LY
T

pows
-

Manual calculation methods

Law & Hancock ::

Schafer & Pekoz it
Numerical methods : fnid

The finite element method (FEM) > .

Generalized Beam Theory (GBT) GBTUL
The finite strip method (FSM) CUFSM
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Distortional buckling: analytical methods

 The method given in EN1993-1-3:2006

K=ulo

‘ pE
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Distortional buckling: analytical methods

 The method given in EN1993-1-3:2006

K=ul/S Timoshenko & Gere (1961)

‘LE-I I )

C - by . +u G_U:J'r — + ~K-A°
e o ! A-A7 A

S— b @u—}i
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Behaviour and Resistance of Cross Section
Distortional buckling: analytical methods

 The method given in EN1993-1-3:2006

K=ul/S Timoshenko & Gere (1961)

‘LE-I I )

C - by . +u G_U:J'r — + ~K-A°
e o ! A-A7 A

— ; |
S— b @u—}i

EN1993-1-3 minimizing the critical stress

2. JK-E-1 <& i = 4/51;;2
ag,.=

A

&
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Behaviour and Resistance of Cross Section
Design Against Local and Distortional Buckling (EN1993-1-3)

e General

According to EN1993-1-3.
(a) The effects of local and distortional buckling shall be taken into

account in determining the resistance and stiffness of cold-formed

members and sheeting;
(b) Local buckling effects may be accounted for by using effective cross

sectional properties, calculated on the basis of the effective widths of
those elements that are prone to local buckling;

(c) The possible shift of the centroidal axis of the effective cross section
relative to the centroidal axis of the gross cross section shall be taken
Into account;

(d) In determining resistance to local buckling, the yield strength f,
should be taken as f,;;
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* General
According to EN1993-1-3.

() In determining the resistance of a cross section, the effective width
of a compression element should be based on the compressive stress
O.om £ 1N the element when the cross section resistance is reached;

(f) Two cross sections are used in design: gross cross section and
effective cross section of which the latter varies as a function of
loading (compression, major axis bending etc.);

(g) For serviceability verifications, the effective width of a compression
element should be based on the compressive stress G.om g 1N the
element under the serviceability limit state loading;

(h) Distortional buckling shall be taken into account where it constitutes

the critical failure mode.
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Behaviour and Resistance of Cross Section
Design Against Local and Distortional Buckling (EN1993-1-3)

* Plane elements without stiffeners (no interaction)

The effective widths of compression elements shall be obtained from

Stress distribution (compression positive) Effective width b,
g fﬂ -
- b,=p-b
of ?
bl | |‘ bex | f
b, b,=0.5- f]t._ﬁ.lfjt_z =10.5 -e’;t__ﬂ.
™ by o
% 9, by =p-b,
Lb, b, | 5
b, = . -h ﬂ.:e’{_l =h i b,
—y
A B A !"J}”'V w <0
ﬂI ﬂ:ﬂ]%] btz‘.i" =P h: = Pbp "[1 _'.F"']
- :
Pelk Jebe ) | : b, =04-b:b, =0.6b,
h : :
v =0,/0 1 > =0 0 0= =>-1 -1 | “l>ywy=-3
Buckling factor k, [4.0|8.2/(1.05+y) | 7.81 | 7.81-6.29 +9.78y> |23.9 | 5.98(1—y)’

Internal compression elements
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Design Against Local and Distortional Buckling (EN1993-1-3)

JOINT RESEARCH CENTRE

* Plane elements without stiffeners

The effective widths of compression elements shall be obtained from

Stress distribution (compression positive) Effective width b,

ber > =0
a m‘mﬂ”///" o by=p-c
}
] b ;
' ¢ w <0
Wﬁﬂ]ﬂﬂj “ by=p-b =pci(l-—y)
o

5 Jebeg )
w=0,/0 1 0 ~1 1= w=-3

Buckling factor &, 0.43 0.57 0.85 0.57 —0.21 p+ 0.07y*

Outstand compression elements
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* Plane elements without stiffeners

The effective widths of compression elements shall be obtained from

Stress distribution (compression positive) Effective width b,
h
eff
ﬂl gz !J'-.'I-i" =p-C
fis ALf
] IiI.:"t:l"t‘
o V<0 |
by=p-b =pcil-—y)
0y
o Lol
w=0,l0 1 1= >0 0 0> p>-1 -1
Buckling factor k| 0.43 | 0.578/(yp+ 0.24) | 1.70 1.7 -5+ 17.1p° 23.8

Outstand compression elements
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Design Against Local and Distortional Buckling (EN1993-1-3)

Plane elements with edge or intermediate stiffeners (elastic interaction)

Cp Ca.l

a) Actual system
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Design Against Local and Distortional Buckling (EN1993-1-3)

Plane elements with edge or intermediate stiffeners (elastic interaction)

Cp Ca.l

a) Actual system

Lgs

=3 £ n =

b) Equivalent system
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Design Against Local and Distortional Buckling (EN1993-1-3)

Plane elements with edge or intermediate stiffeners (elastic interaction)

b,

a) Actual system

- K%I %K .

b) Equivalent system

T

¥
Compression Bending Compression
c¢) Calculation of ¢ for C and Z sections

S

Bending
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Design Against Local and Distortional Buckling (EN1993-1-3)

* Plane elements with edge or intermediate stiffeners

For an edge stiffener, the deflection ¢ should be obtained from:

u-b’ +12+(1—v2)

* with: @=u-b /C,
E-1’

5=0-b,+

For the edge stiffeners of lipped C-sections and lipped Z- sections the spring stiffness

_ Er 1
C4-(1=v?) B b 4B +0,5-b b, h -k,

- bel bez

co o o ] M

1
‘g ---uﬁ-_;{'k_:a - K%I
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Design Against Local and Distortional Buckling (EN1993-1-3)

* Plane elements with edge or intermediate stiffeners

For an intermediate stiffener the deflection ¢ should be obtained from

Brop2 12-(1=v
S=0.b + u-by b _ ( qv)
?3.(b+b,) E-r

Cg and Cp may conservatively be taken as equal to zero

Ca.l
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Design Against Local and Distortional Buckling (EN1993-1-3)

* Plane elements with edge or intermediate stiffeners

The reduction factor y; for the distortional buckling resistance

7, =10 if A4 £0.65
2, =147-0.723- 1, if 0.65< As <1.38 Ai=[f,lo

0.6
A

if s >1.38

A

Ors is the elastic critical stress for the stiffener(s)
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Design Against Local and Distortional Buckling (EN1993-1-3)

* Plane elements with edge stiffeners — conditions

An edge stiffener shall not be taken into account in determining the
resistance of the plane element to which it i1s attached unless the following

conditions are met:
- the angle between the stiffener and the plane element 1s between 45°

and 135°;
- the outstand width ¢ 1s not less than 0.2h, where b and ¢ are as shown

in Figure 3.35;
- the b/t ratio 1s not more than 60 for a single edge fold stiffener, or 90

for a double edge fold stiffener.
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Behaviour and Resistance of Cross Section
Design Against Local and Distortional Buckling (EN1993-1-3)

Plane elements with edge stiffeners — conditions

An edge stiffener shall not be taken into account in determining the

resistance of the plane element to which it 1s attached unless the following
conAditinne arsa meat:

b
-l—brEI'IA.{ /}Q—b -q—beﬂ——{
T ZZ 7] s I o
|-.-. = 9 { b‘l
| |
Aar '[s

a) single edge fold b) double edge fold
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* Plane elements with edge stiffeners — general procedure

Step 1: Obtain an initial effective cross section for the stiffener using
effective widths determined by assuming that the stiffener gives

full restraint and that &;.,.z4 = fip / 703
Step 2: Use the initial effective cross section of the stiffener to determine

the reduction factor for distortional buckling (flexural buckling of
the stiffener), allowing for the effects of the continuous spring

restraint;

Step 3: Optionally iterate to refine the value of the reduction factor for
buckling of the stiffener.
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* Plane elements with edge stiffeners — general procedure

Step 1: Obtain an initial effective cross section for the stiffener using
effective widths determined by assuming that the stiffener gives

full restraint and that 6,0 = f15 / Va0

a) Gross cross section and boundary
conditions

b) Step 1: Effective cross section for
K = oo based on 0o g4 = fin /a0
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* Plane elements with edge stiffeners — general procedure

Step 2: Use the initial effective cross section of the stiffener to determine
the reduction factor for distortional buckling (flexural buckling of
the stiffener), allowing for the effects of the continuous spring

restraint;

c¢) Step 2: Elastic critical stress o,
for effective area of stiffener 4, from

Step 1 2. JK-E-I.
O-cr: A -

d) Reduced strength y,f,4/ 740 for
effective area of stiffener 4, , with
reduction factor y,; based on o,

[~ 1
_T_

lteration 1
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* Plane elements with edge stiffeners — general procedure

Step 3: Optionally iterate to refine the value of the reduction factor for
buckling of the stiffener.

0]
_T_

¢) Step 3: Optionally repeat Step 1
by calculating the effective width
with a reduced compressive stress

Ovom Edi = XaJvn | i With g, from
previous iteration, continuing until

Iteration n
Xin= Xam-1but 74, € Y-
fofo g f Iy
4 } || w/in f) Adopt an effective cross section
b, t ) b Y |with b, cqand reduced thickness
e a2n = ) .
7 5 |tea corresponding to yy,
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Behaviour and Resistance of Cross Section
Design Against Local and Distortional Buckling (EN1993-1-3)

« EXAMPLE 2: Calculation of effective section properties for a cold-
formed lipped channel section in compression

The dimensions of the cross section and the material properties are:
Total height h =150 mm

Total width of flange in compression b, =47 mm

Total width of flange in tension b, =41 mm

Total width of edge fold c=16 mm

Internal radius r=3mm

Nominal thickness (., =lmm

Steel core thickness (§§2.4.2.3) t =0.96 mm

Basic yield strength /., =350 N/ mm’ ety
Modulus of elasticity E =210000 N/mm’ m]:
Poisson’s ratio v=0.3 L e
Partial factor (§§2.3.1) Varo =1.00
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« EXAMPLE 2: Calculation of effective section properties for a cold-
formed lipped channel section in compression

The dimensions of the section centre line are:

hp!
Er
<
5
hp_"
Web height h,=h-t,, =150-1=149 mm
Width of flange in compression b, =b —t,,, =47—1=46mm
Width of flange in tension b,=b-t,,, =41-1=40 mm

Width of edge fold

c,=c—t, [2=16-1/2=15.5mm

55372 e
Table 3.5 effective section
arties of the wel

Determine geometrical
proportions of cross-section

rative]
pplied t

Deter

mmmmmmmm
widths for m flange
and lipin compression

propert

Determine: th
Eﬁaclw

rm b
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Behaviour and Resistance of Cross Section
EXAMPLE 2: CFS in compression

* Effective section properties of the flange and lip in compression

For the initial evaluation, it is assumed

Final values of effective properties for flange and lip ‘“:5;ﬁ::g‘-;;i;‘;’,?ﬁ‘;:f‘fﬁe‘:f@\

strength is not reduced (oo, eefolin) | % N
in compression are: — O
':':rﬁ_a‘:;? ot :ep :mg::;n;\ne tf?: the
. stiffener using effective width
For the upper flange and lip: Gl

Xn=0622, b,,=20.65mm, ¢, =15.16mm and b,;, =17.57 mm |

§§3v322 | Detarmine the effective area of
eqgn, (3.48) the edge stiffener A

| ;

For the bottom flange and lip: wmm]
X =0.693, b, =18.92 mm, C ,=1549mm and b, =16.86 mm 2

oy =170 = 0.96% 0.622 =0.597 mm

§5§37.322
55372
Figure 3.36
§§3.7.31
Ba8
eqn [(3.49)
= = = __—
, =1}, =0.96x0.693=0.665 mm
§§37.31
eqn B.45)
§§3.72
eqn (3.36)
eqn. 3.37)
Table25
Table3.6
-

Step2 Use the itial effective

e stiffener
Where K is the spring siffness
ds12rm|n th reducunnfzcmr er unit length and fu s the
- |effe
-

e ectlva second moment of

o,
=
H
S5

D the elastic bucs klng
stress for the edge stiffene Gens

f o/ o

Fol Mo

Determine the reduction facter
for the distortional buckling > Pl
resistance of the edge stiffener|
[
——no Return
T
Yes
7322
Figure 3.36

¥
_ Step 3z Kerate to refine the
value of the reduction factor » To A
G (Eeib for buckling of the stiffener.  §+
1y
The iterations are carnied ou
ised on modified values of o

t
Y| ba
¥ obtained using: ceom, e
( Return ) The iteration stops when the
reduction factor y converges.

4Ceff,n—h-
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Behaviour and Resistance of Cross Section
EXAMPLE 2: CFS in compression

JOINT RESEARCH CENTRE

Effective section properties
Eftective cross section area:

4, =1b,

ntb, +h +h,+ bu""feﬁr] Aai bezz""fqrz Xz

Dimensians of
o -

IMaterial data

=117.37 mm’

Determine geometrical
proportions of cross-section

A@ff

i

The general (iterative)
procedure is applied to
calculate the effective

Bts60 -

ots50

hvi =500

02s0bs06
2
eqn (32a)
aqn (32a)
Table3.1 |
Yes

Compute the gross:

properiies of the flanges
and lips in compression.
The calculation should be ||
sarried outin three sleps. | |
1

properiies

The influence of rounding of the
comers may neglecled it
~ 7 |mtss: b, 501

DED

The general (iterativa)
procedure is applied to
: calculate the effective
Majoraxis bending properties of the flange
and lip in compression.
The calculation should b

!\ carried out in three sleps

I

!
L

Stormne oTeowue
. WERZ widths for the flanges
and lips in
compression

§537.31

ﬁ

Determine the:
effective section
properties of the web

e

Flowchart 3.2 (—»

o4
EAar

Determine effective
widths for the flange
and lipin compression

Determine the
effective section
properties of the web

‘
/

’
Recalculate the position | 7
of the neutral axis " £
Determine effectve E.;un;l; info amor:;\lst;e Determine the T
area of the cross- " ifiactrue P"’";an = Snd | | properties of effective -
section: Aer w ion: ke, Wi l
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Behaviour and Resistance of Cross Section
EXAMPLE 2: CFS in compression

* Effective section properties

Effective cross section area:

Ac'ﬁ = I|:b¢']] + bc'zl + kc’] + kc’l + (bc']z + Ec'ﬁ] )Zd] + (bc'll + Eeﬁl ) Zd2:|

Dimensians of
ross-sectiol

_ 2 e
Aeﬁ. =117.37 mm

- & & & §g21 rg:ssnou o Stop
Position of the centroidal axis with regard to the upper flange: -wml &
eqn (3.23)

Table3.1 |
&

C Lflfz The general (iterative)
F jure is ai
t| ¢ h,——— |+h, (b7 +b.5 )+ g
s pi flanges
é',rlf 2 Xﬂlz f.’ f.’ ( el d2 ell any ssion. ||
: 2 The should be || he cal
sarried outin three sleps. | | ) |carried out in
\
h
ssssssssssss Zin Doz,
§537.3.1 i §§37.3.1 Dete: effect
A ety an M* weraia e onee
‘-'ﬁ" compression c.,.é, bﬁ and lipin compression n
W L o
,EI : C : X Dets th Determine th
2 §s372 | || Determine e 58372 eterminethe
el el gff’l dl Table35 b effective section E Table 35 effecive section —E
—_ + + — properties of the web properties of the web
el fi] 2 -

2
- =74.92 mm

/
’
Recalculate the position | 7
of the neutral axis /" £
taking into acoount the Determine th

Position of the centroidal axis with regard to the bottom flange:

Zgr =h, — 25, =149~ 74.92 = 74,08 mm

Stop Stop
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Behaviour and Resistance of Cross Section
Design Against Local and Distortional Buckling (EN1993-1-3)

« EXAMPLE 1: Calculation of effective section properties for a cold-
formed lipped channel section in bending

The dimensions of the cross section and the material properties are:
Total height h =150 mm

Total width of flange in compression b, =47 mm

Total width of flange in tension b, =41 mm

Total width of edge fold c=16 mm

Internal radius ¥ =3 mm

Nominal thickness (., =lmm

Steel core thickness (§§2.4.2.3) t =0.96 mm

Basic yield strength £ =350 N/mm‘j'

Modulus of elasticity E =210000 N/mm” s ] —
Poisson’s ratio v=0.3 el
Partial factor (§§2.3.1) Varo =1.00
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Behaviour and Resistance of Cross Section
EXAMPLE 1: CFS in bending

* Effective section properties
Effective cross section area:
bp1
bel  be2 _ —

+ The influence of rounding of the
l comers may neglecled it
,.’ mts5:eh,s0,1

E % s 60 -1
ot s 50
— ': = Q s 500
: ;)(: 02scbs06
} 2
= eqn (32a)
e sqn. (323)
Table 3.1 [
Yes
ﬁ The general (iterafive) l The general (iterative)

procedure is applied to
calculate the effective
properties of the flange
and lip in compression.
The calculation should b
carried out in three sleps

procedure is applied to
calculate the effective
properiies of the flanges
and lips in compression. \
The calculation should be ||
arried outin three sleps. | |
1

Compute the gross:

Majoraxis bending

properiies

1
I
!

Determine enect)

flectne Jirs Derzy
y §837.3 Determine effective
withelorth fanges Gom, Bory, Flowcant 22| bl witha for tafange
and lips in Yo Deaz, Gons bt
mpression o s and lipin compression
- 1—1
-

Nn.a.

hp

8§83 7. Determine the: §§3. Determine the e
(| Table 3.5 effective section Table 35 p|  effective section i
': properties of the web properties of the web

7
/
[
Recalculate the position | 7 e
of the neutral axis
taking into account the
N Determine the
effective properties of Tomn
A e N N ey
ferm, W

lip ]

7t

Determine effective
area of the cross-
section: Aer

Cp




Behaviour and Resistance of Cross Section
EXAMPLE 1: CFS in bending

* Effective section properties

Effective cross section area:

Aé_,ﬁ. =.€[EP +b ,+h+h +b, +(b, +cqj.);gd]

Aqf =096x|15.5+40+4+ 20+ 99.5+]?.5?+(20.7’36+12.?7]x0.6]4 s 4_3@
Ae_,gr =204.62 mm’ — i E“m

_-"|mss:m,s0.

p2

Bts60 -
ots50
02s0bs06
2
eqn (32a)
aqn (32a)
Table3.1 |
Yes
The general (iterative) l The general (iterative)

procedure is applied to
calculate the effective

procedure is applied to
calculate the effective
properiies of the flanges
and lips in compression. \
The calculation should be ||
arried outin three sleps. | |
1

Compute the gross:

Majoraxis bending properties of the flange
and lip in compression.
The calculation should b
carried out in three sleps

properiies

1

i
!
widths for the flanges
and lips in

Zor Bz §§37.3.1 Determine effecive
‘_‘;’" ot Flowchart 3.2 |—p widths for the flange
fes Buzz, n
compression b and lipin compressian
-7 l—‘
l (o
Determine the: §§37.2 Determine the e

effective section E Table 3.5 | effective section —E

properties of the web properties of the web
7

/
’

Recalculate the position |/ —
of the neutral axis

taking into account the
effective properties of

Determine the T
praperties of effective —7/—
flange and - o Wor W

_J ]

L

Determine effective
area of the cross-
section: Aer

lip
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Behaviour and Resistance of Cross Section
EXAMPLE 1: CFS in bending

* Effective section properties

Effective cross section area:
Aé_,ﬁ. =.€[EP +b ,+h+h +b, +(b, +cqj.);gd]
Aqﬁ. =096 x [15.5 +40+204+995+17.57+ (20.?36+ ]2.7?)>< 0.614]

Ay =204.62 mm’

p2

Position of the neutral axis with regard to the flange

in compression: e
:[cp (h,—c, [2)+b,h, +hy (h, —h, [2)+h? [2+c, 7, /2] T gt
= -  BE= AL e
of Oy —
Z e = 85 . ?5 mm Tgﬁess d ng;\‘i:;%:méE%eb _E

[
Recalculate the position | 7 e
f the tral axi

of the neutral axis
taking into account the
N Determine the
effective properties of Tomn
fon flange and ||| Properties o efiective i
s Tos W ]
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Behaviour and Resistance of Cross Section
EXAMPLE 1: CFS in bending

N g NS SR ey sl o ] o

* Effective section properties

Effective cross section area:
Aé_,ﬁ. =.€[EP +b ,+h+h +b, +(b, +cqj.);gd]

Determine geometrical

proportions of cross-section

i

bts 60
ot=50
hvi =500
02s0bs05
2

p2
4, =096x [] 3.5440+204+99.54+17.57+ (20.?36+ ]2.7?)>< 0.6]4] —
A,y =204.62 mm’ o
Position of the neutral axis with regard to the flange )
in compression: ﬂ .

(e, (h, =, [2)+b,h, +1y (h, =1y [2)+ 1 2 4¢,.° 7, /2] ]

Z =
Aerﬁ'
z,=85.75 mm

Position of the neutral axis with regard to the flange in tension:

z,=h, —z =149—-85.75=63.25mm

1 Idlhfolhﬂ nge

and lipin compression

%

D hernm th

Eﬁaclw
properti f m b
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Behaviour and Resistance of Cross Section
EXAMPLE 1: CFS in bending

N g NS SR ey sl o ] o

* Effective section properties
Second moment of area:
3 3
Ty = At + 't + Opat $2 0y bat’ n MJr
o120 12 12 12 12 12

3
C .. (;t’ 1)
" %'pr I(Z; -c, /2)2 + bpzizrz + hzf(zr _hl /2)2 *

+hit(z, —h (2 +b tz> +b,(x,t)z° +
+c, (2,02, —c [2)

1, , =668103 mm"

of the neutral axis
taking into account the
effective properties of

ion flange and

[
Recalculate the position | 7
the: tral axi
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Behaviour and Resistance of Cross Section
EXAMPLE 1: CFS in bending

* Effective section properties
Second moment of area:
3 3
L= "713'if 4 h;f 4 byt 4 6! n bat’ + b (2t) +
120 12 12 12 12 12

3
C .. (;t’ 1)
" %'pr I(Z; -c, /2)2 + bpzizrz + hzf(zr _hl /2)2 *

+hit(z, —h (2 +b tz> +b,(x,t)z° +
+c, (2,02, —c [2)

1, , =668103 mm"

Effective section modulus:
- with regard to the flange in compression

" Ly, 668103

dre ", 8575

[

- with regard to the flange in tension
W - Ly, _ 668103
Iz 63.25

I

[

3 Recalculate the position | 7 e
=7791 mm B
_— taking into account the

N Determine the
effective properties of Tomn
area of the cross- fon flange and ||| Properties o efiective 47/7
s Tos W
]

=10563 mm’
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Resistance of sections 0

Behaviour and Resistance of Cross Section
Resistance of Cross Sections

* Bending Moment - Elastic and elastoplastic resistance with
yielding at the tension flange only

Provided that bending moment i1s applied only about one principal axis
of the cross section, and provided that yielding occurs first at the tension
edge, plastic reserves in the tension zone may be utilized without any strain
limit until the maximum compressive stress o, g reaches f,/%i. In this
paragraph the pure bending case is considered. For combined axial load and
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Behaviour and Resistance of Cross Section
Resistance of Cross Sections

* Bending Moment - Elastic and elastoplastic resistance with
yielding at the tension flange only

Provided that bending moment i1s applied only about one principal axis
of the cross section, and provided that yielding occurs first at the tension
edge, plastic reserves in the tension zone may be utilized without any strain
limit until the maximum compressive stress o, g reaches f,/%i. In this
paragraph the pure bending case is considered. For combined axial load and

When accounting for plastic reserve capacity, the effective partially

plastic section modulus W,

bilinear in the tension zone but linear in the compression zone.

¢ Should be based on a stress distribution that is

<
<
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Behaviour and Resistance of Cross Section
Resistance of Cross Sections — Bending Moment

JOINT RESEARCH CENTRE

 Example — Design of a cold-formed steel member in bending

Basic Data C - )
Span of joist L=55m s o ooy
Spacing between joists S=0.6m ﬁ T
Distributed loads applied to the joist: :f:;m; m:m
self-weight of the beam ¢, =0.06 KN/m i%':c“:ig"??]“ bl 4@
lightweight slab 0.75 kN/m’ i B =
Qo =075x06=045kN/m ] —meaie—y o/
dead load 9o =9 o + Ge.as =0.51kN/m e
imposed load 2.50 kNXm2 — s

b _—

Er [3 58385 @

egn. {2.90) Ho

__‘_____/""'x @
l l l l l l /] Ef h em.ﬁ{:.fi;:u I Cdcu.la‘le' ; :o::e M
eqn. (2.120) = For -
‘-__.-/'__H\
C

L aqfﬁ;i:n @ No

b e —

qp =2.50x0.6=1.50 kN/m Sy /
()

TF.
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Behaviour and Resistance of Cross Section
Resistance of Cross Sections — Bending Moment

 Example — Design of a cold-formed steel member in bending

Basic Data ( - )

¥
The dimensions of the cross section and the material properties are:

Calculate reactions,
internal forces and

maments for ULS

Ll
h =200 mm plz | @ ,I Crooss crusssecn o

Total height
Total width of flange in compression b, =74 mm C::E';:‘rﬂe%;j:] " |
Total width of flange in tension b, =66 mm e e 4@
Total width of edge fold ¢=20.8mm ﬁmiﬁfm"‘] [ W
Internal radius r=3mm “‘?‘g‘;’ m——
Nominal thickness t . =2mm ﬁ @ ora(fo)
Steel core thickness t =1.96 mm
Basic yield strength £, =350 N/mm* ﬁ —mi?;‘:?‘;:;:“?m
Modulus of elasticity E=210000 N/ mm’ mes @ o
Poisson’s ratio v=203 — x
Partial factors Vo =1.0 o c*..a;!"m:e_
Y =1.0 =
7. =135 — permanent loads ﬁ @ o-»(7on)

Yo =150 — variable loads
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Resistance of sections S50

Behaviour and Resistance of Cross Section
Resistance of Cross Sections

Lipped Channel Beam

» Calculation of geometrical properties of effective section :
befti ; Aeftileff,i , Weff,i

» Cecking for Bending moment, MRd

» Checking for Shear, Vrd

» Checking for transverse force (web crippling), Rrd

» Checking for interaction MRrd +Vrd

» Checking for interaction MRrd +RRrd
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Behaviour and Resistance of Cross Section
Resistance of Cross Sections — Bending Moment

JOINT RESEARCH CENTRE

 Example — Design of a cold-formed steel member in bending

Effective section properties at the ULS
Second moment of area of cold-formed lipped channel
section subjected to bending about its major axis:

I, =4139861 mm®

. . Com E;?r:p:;;;nesof - ampute the properties
Position of the neutral axis: eﬂe:'"fe;ﬁ;m] “off | s, —@
- from the flange in compression: z, =102.3 mm C;ﬂ':;‘;;:%:w . — '
resistance for bending ~- alculate the design
& i ~ - resistance for bending of M. 5o
- from the flange in tension: z,=95.7 mm SRR [ e cosesecton M 47/7
. . _‘_____'/"‘_"'u
Eﬁect.we section modulus: | | ﬁ @ o)
- with respect to the flange in compression: .
I, ., 4139861 s [ v 4.
qlf,if - 3 e (391) "|shear resistance - Vias f
o z, 102.3 — o
&an. {3.90) Nb—b.
- with respect to the flange in tension: — a
Yes
¥
/ 4139861 oo Cocde e o
_ ey _ _ 3 o G »| tansverse resstance - _-
W, =-Lr= — 43264 mm = / =/
z 95.7
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Behaviour and Resistance of Cross Section
Resistance of Cross Sections — Bending Moment

JOINT RESEARCH CENTRE

 Example — Design of a cold-formed steel member in bending

Effective section properties at the ULS
Second moment of area of cold-formed lipped channel
section subjected to bending about its major axis:

I, =4139861 mm®

o C Com) E;Teﬂsoi;neso{ - ampute the properes
Position of the neutral axis: eﬂec”ffe;g;;fmn] i [EEre—— 4@
- from the flange in compression: z, =102.3 mm companimsen | '
resistance for bending ™ abculate the design
- . ™~ resistance for bending of M.
- from the flange in tension: z, =957 mm o g e 47/7
_‘_____'/"‘_"'u
Effective section modulus: W
- with respect to the flange in compression: .
#3485 Cabculate e des
Hf;ﬂ = I"ﬁ:'f — 4139861 — 40463 3 :jfi__\ 'meatresﬂance—\?:m
5 1025 = G >en()
- with respect to the flange in tension: —
Yes
¥
I, 4139861 i e
Hf:ﬁ, = eff .y _ 557 — 43264 mm® \E,:% b armvre ot
o z ;
I
55387
_ . _ 3 eqn. {3.117) @ N
Wy, =min(W,; , W, ) =40463 mm - X
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Behaviour and Resistance of Cross Section
Resistance of Cross Sections — Bending Moment

 Example — Design of a cold-formed steel member in bending

Applied loading on the joist at the ULS _‘
4, =Veq6 + 79 =1.35%x0.51+1.50x1.50=2.94 kN/m conbim e

Maximum applied bending moment (at mid-span)

about the major axis y-y: s 3.1 o '
M, =q,I[8=294x55/8=11.12kNm mmfmj e |y
Check of bending resistance at ULS 'ﬁmmgz:;jg J gl —/7
Design moment resistance of the cross section for bending EE; @N :
M, i =Wy fos Va0 = 40463x10”° x350x10°/1.0=14.16 kNm — gt

Verification of bending resistance
o 250 @ o @
My V1260851 —0K o

¥
M, ., 14.16 T [aame e
eqn. (2117} N
_‘_____/"_"\

m{f:ﬁ | Calculate the design !
o = "|shear resistance - Vias
\‘--_-/__“\
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Resistance of members i
Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

N_ﬂfgl

N

b oRd

Niy is the design value of the compression force;
Npra 15 the design buckling resistance of the compression member.



JOINT RESEARCH CENTRE

Resistance of members i
Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

N_ﬂfgl

N

b Rd
where

Niy is the design value of the compression force;
Npra 15 the design buckling resistance of the compression member.

The design buckling resistance of a compression member with Class 4
cross section should be taken as:

— ;L’Aqg-ﬂ-

boRd T
}/ﬁlrf]

N

(4.46)

where y is the reduction factor for the relevant buckling mode.



JOINT RESEARCH CENTRE

Resistance of members i
Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

N_ﬂfgl

N

b Rd
where

Niy is the design value of the compression force;
Npra 15 the design buckling resistance of the compression member.

The design buckling resistance of a compression member with Class 4
cross section should be taken as:

— ;L’Aqg-ﬂ-

boRd T
}/ﬁlrf]

N

(4.46)

where y is the reduction factor for the relevant buckling mode.

EN1993-1-1 +  §§6.2.1 of EN1993-1-3
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Resistance of members 0

Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

The design buckling resistance of a compression member with Class 4
cross section should be taken as:

— ;L’Aqg-ﬂ-

boRd T
}/M‘]

N

(4.46)

where y is the reduction factor for the relevant buckling mode.
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Resistance of members 0

Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

The design buckling resistance of a compression member with Class 4
cross section should be taken as:

— Z‘qc:ﬁ'fﬁ'

boRd T
}/M‘]

N

(4.46)

where y is the reduction factor for the relevant buckling mode.

1

p+\9’ -4
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—_—

Resistance of members 0

Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

The design buckling resistance of a compression member with Class 4
cross section should be taken as:

— Z‘qc:ﬁ'fﬁ'

boRd T
}/M‘]

N

(4.46)

where y is the reduction factor for the relevant buckling mode.

|
X= —
G+ -4

¢=0.5[1+a(1—0.2)+/1 }

but  y<I



%g:}‘: JOINT RESEARCH CENTRE

—_—

Resistance of members 0

Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

The design buckling resistance of a compression member with Class 4
cross section should be taken as:

— Z‘qc:ﬁ'fﬁ'

boRd T
}/M‘]

N

(4.46)

where y is the reduction factor for the relevant buckling mode.

|
X= —
G+ -4

¢=0.5[1+a(1—0.2)+/1 }

but  y<I

Acrﬁ'ﬂ-‘

o

oo |

for class 4 cross sections.
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Resistance of members §j SEcv

Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

Flexura/ b UCk/In g Type of cross section Buckling | Buckling
about axis curve
z
if £, isused any b
¥ ¥
L if £, isused” any ¢
- Z
] 1
y=y a
Y. S . A | N
! J) z—z b
L
{f.
R
- .y any b

p E/ 2! / [:.
¥ Y ¥ Y
N

zi any ¢

or other

—_
/

/ Y cross section

") The average yield strength f£,, should not be used unless 4, = 4,




Resistance of members

Compression members

ECCS
CECM
E K S

=

—_—

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3

Flexural buckling

,_% = Aqﬁ. ﬂ =
Nrr

. Buckli Buckli
Type of cross section He m[.g, Heeine
about axis curve
z
if £, isused any b
¥ ¥
L if £, isused " any c
z! ]
' i 1
y=y a
Y. Y ¥ ¥
! J) z—z b
£
{f.
v
; b
/ ¥ ay
A Z
z
zi/ _::/ [:
¥ : ¥ ¥ b4 ¥
!
NN L
2l any ¢

—
/

,’ "

or other
cross section

") The average yield strength f£,, should not be used unless 4, = 4,

JOINT RESEARCH CENTRE
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C
Resistance of members §j SEcv

Compression members

* Buckling resistance of uniform members in compression.
Design according to EN1993-1-3
Torsional and Flexural-Torsional buckling

)k
Il

i'-C

Hollow sections Web
or sections with
bolts passmg

through two i
webs per L i II
member iy ]
S | H— endlen 7 zi
¥ (— | Z
!
1

Ly ——— _':fl _'_'f'_ Ll_:_J] _i_
I".-_'—J. r .
1 n

Column to be considered

Connections capable of giving
significant torsional and warping restraint

¥

Mono-symmetric cross sections susceptible to torsional-flexural
buckling
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 Example — Design of an internal wall stud in compression

Basic Data

Height of column H=3.00m
Span of floor L=6.00m
Spacing between floor joists §=0.6m
Distributed loads applied to the floor:
- dead load — lightweight slab: 1.5 kN/n‘fI
g, =1.5x0.6=0.9kN/m
- imposed load: 3.00kN/m’

4, =3.00x0.6=1.80 kN/m
Ultimate Limit State concentrated load
0 =7.0kN

Start

v

Ovarall dimensions /

af the member | Calculate the internal
Load combinafion o farces for ULS
for ULS
r'y

v

b ( : | Choosaine coss e

saction of fhe membar Steel grade

Flowcharts 3.1 and 3.2
Examples 3.1 and 32

!

\‘_____-_'_/""_"“-

55383
aqn. (3.81)
Flowchart 33

¥

Computa tha
proparties of effective
cross-saction in
comprassion for ULS

v

Flowchart 3 4

55383
aqgn. (3.80)

§54.2.2

4

Calculate fhe design
esistance of the
ross-saction i

r n
cros: nin
comprassion — Nepg

Yes

¥

Calculate the design

aqn. (4.46)

55422

o buckling resistanca of
tha membar in
compression — N, qa

--,__/_"‘
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 Example — Design of an internal wall stud in compression

Basic Data
Total height
Total width of flange
Total width of edge fold
Internal radius

Nominal thickness

h =150 mm
b =40 mm
¢=15mm
¥ =3 mm

¢ . =1.2mm

Steel core thickness (§§2.4.2.3) t=1.16 mm

Steel grade
Basic yield strength

Modulus of elasticity
Poisson’s ratio

Shear modulus
Partial factors

S350GD+Z
/., =350 N/mm”

E =210000 N/mm?
v=0.3
G =81000 N/mm*

Vo =1.0
Vi =1.0

¥, =1.35
¥, =1.50

Start

v

Ovarall dimensions
of the mamber
Load combination
for ULS
F

Flowcharts 3.1 and 3.2
Examples 3.1 and 32

55231
Flerewct Choosa the cross-
et saction of fhe member
| —

o | Proparties of effactive

| Calculate the internal
o farces for ULS

prem—(—

Y

Computa tha

\‘_____-_'_/""_"“-

55383
aqn. (3.81)
Flowchart 33

cross-saction in
comprassion for ULS

v

Calculate fhe design

Flowchart 3 4

55383
aqgn. (3.80)

§54.2.2
aqn. (4.46)

|
o | resistanca of tha
| cross-saction in
comprassion — Nepg

Yes

¥

Calculate the design

o buckling resistanca of
tha membar in
compression — N, qa

55422
eqn. (4.45) No—p : )
"‘-..__/._“\
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Compression members

 Example — Design of an internal wall stud in compression
Basic Data St

Nea =(Yod6 +7od0) L [2+Q=16.79%N ——

af the member Calculate the internal L
Load combination forcas for ULS / N
for ULS
3 |

1
NECI §§2.3.1 i Cross-section
Flawchart 2.1 ®—. Ctr.”“:f‘ ;1“9 cross- »> data
sechon 8 membar Steal g[a$

L b '

Computa tha
Flowcharts 3.1 and 3.2 = =
Examples 3.1 and 32 p Properties of affective
r ) cross-saction in
I r e . compression for ULS

v

3.8.3
5 Calculate fhe design

|
R | resistance of the m
cross-sacdiion in
Lae] h Flowchart 3 4 comprasgion - Ners
553.8.3
agn. (3.80) N04>®
-.._______./__h‘

Yas
| i .

Calculate the design

§54.2.2 ; 3
o buckling resistanca of
* b‘ f CIL(C tha membar in M
- comprassion — Ny, gy
22
sqn. {4.45) No—n : )
L

J.-

b

k.
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 Example — Design of an internal wall stud in compression

Properties of the gross cross section
A=592 mm’

i}_ =572mm; i =18 mm

Area of gross cross section:
Radii of gyration:

Second moment of area about y-y: [, =1.936x10° mm*

Second moment of area about z-z; I, =19.13x10" mm*

I, =4.931x10° mm°
[, =266mm*

Warping constant:

Torsion constant:

A, =322mm’

Start

>
Ovarall dimensions
of the mamber Calculate the internal
Load combination forces for ULS
for ULS
F

L
¥
55231
Flerewct ( ] Choosa the cross-
et saction of fhe member

Flowcharts 3.1 and 3.2
Examples 3.1 and 32

Y

Computa tha
proparties of effective

\‘_____-_'_/""_"“-

55383
aqn. (3.81)
Flowchart 33

¥

cross-saction in
comprassion for ULS

v

Calculate fhe design
resistance of the

Flowchart 3 4

55383

aqgn. (3.80)

§54.2.2
aqn. (4.46)

55422
eqn. (4.45)

4

cross-sachon in
comprassion — Nepg

Yes

¥

Calculate the design
o buckling resistanca of

tha membar in
compression — N, qa
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Compression members
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 Example — Design of an internal wall stud in compression

Properties of the gross cross section

Area of gross cross section: A=592 mm*

Radii of gyration: i, =572mm; i =18 mm
Second moment of area about y-y: [, =1.936x10° mm*
Second moment of area about z-z; I, =19.13x10" mm*
Warping constant: I, =4.931x10° mm°
Torsion constant: [, =266mm*

Effective section properties of the cross section
Effective area of the cross section when subjected
to compression only:

A, =322mm’

Start

-

Ovarall dimensions
of the mamber
Load combination

Calculate the intarnal > N
forcas for ULS 7 N

for ULS
r Y

552.3.1
Flowchart 2.1 ®—.

Flowcharts 3.1 and 3.2
Examples 3.1 and 32

L
v

Choosa the cross- -
saction of fhe member

Y

\‘_____-_'_/-""_"“-

55383
aqgn. (3.81)
Flowchart3.3

¥

Computa tha
proparties of effective
cross-saction in
comprassion for ULS

v

Flowchart 3 4

55383

aqgn. (3.80)

§54.2.2
agn. (4.458)

4

Calculate fhe design

|
resistance of the
cross-sachon in
comprassion — Nepg

Yes

¥

Calculate the design

o buckling resistanca of
tha membar in
compression — N, qa

55422
eqn. (4.45) No—p : )
"‘-..__/._“\
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 Example — Design of an internal wall stud in compression

Properties of the gross cross section
Area of gross cross section: A=592 mm’
Radii of gyration: i, =572mm; i =18 mm

Second moment of area about y-y: [, =1.936x10° mm*

Second moment of area about z-z; I, =19.13x10" mm*
Warping constant: [, =4.931x10° mm°
Torsion constant: I, =266 mm'

Effective section properties of the cross section
Effective area of the cross section when subjected

to compression only:
A, =322mm’

Start

-

Ovarall dimensions

af the member Calculate the internal L
Load combination forcas for ULS 7 N
for ULS
F

1
¥
§52.31 Cross-section
Flowchart 2.1 ®—. Ctr.”“:f‘ }hhe cross- »> data
sechon 8 membar 5 IgladB

Computa tha
Flowcharts 3.1 and 3.2 = =
proparties of effective R
Examplas 3.1and 32 eros: fion in Aa
. compression for ULS
55383 v

agn. (3.81) Calculate fhe design

T e e / e/
chart3 4 crcss-sc.adun in
comprassion — Nepg
§53.8.3
aqgn. (3.80) MNao
__‘_‘___.__/__"'\

Yes

k.

¥
§54.2.2 Calculate the design

o buckling resistanca of
CIL(C tha membar in M
“‘_____/"_"‘\ comprassion — Ny, s
8422
aqn. (4.45) Mo
‘-..___/_“\
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 Example — Design of an internal wall stud in compression

Buckling resistance check

Members which are subjected to axial compression should satisfy
M <1
Nb,Ra’

— X Ae:!f' f.r

- , where y 1s the reduction factor

M1

!
7= =
o9 - A7

¢=0.5[1+a(1—0.2)+12]

for the relevant buckling mode.

but

¥<10

« — imperfection factor

_ |4t
N{T‘

A

Start

>
Cwvarall dmensions
af the member Calculate the internal L N
Load cambination forces for ULS i/ *
for ULS
, |
L
.
§52.31 Cross-section
Flechart (: A cecton homemter [T 2%
Steal grade

i

Flowcharts 3.1 and 3.2
Examples 3.1 and 32

\‘_____-_'_/-""_"“-

Computa tha
proparties of effective
cross-saction in

comprassion for ULS

-

55383
aqgn. (3.81)
Flowchart3.3

Flowchart 3 4

Calculate fhe design
resistance of the
cross-sachon in

comprassion — Nepg

i

55383

aqgn. (3.80)

§54.2.2
agn. (4.458)

22
aqn. (4.45)

T
Yes

Calculate the design
buckling rasistanca of
tha membar in
compression — N, qa

MNeaiNemas 1 —NU@
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Resistance of members §j SEcv

Compression members

 Example — Design of an internal wall stud in compression

Buckling resistance check (" san
- - - ¥'_/
Determination of the reduction factors %, 1. 1 —
554221 stermine
' san 440 rordmendond N,
Flexural huckfmg ean (47 (o ondemess or Y Ak

j — Aﬁ_‘.l_‘.i"f vh — L-:‘r '\fAé_.ﬂ- / A — both:xis

F e §84.2.21 Determine nor-
N ! ﬂ] eqn. (4.48) dimensiona =
fuls eqn. (£.14) | slendemess for 42 Ay .:
- . eqn. (4.15) torsional and flexurak
The buckling length: o lorsonalbucking

,=L,.=H=3000mm

fz 10000 eyt PN
A=7 =76.95 x“:;:;"n;'r‘;“:’;ﬁ::;}
f Vb = v
ean (4.47) - De:z;ﬂp;'igfion
Buckling about y—y axis C
v
~ L, JAy/4 322/592 SR
- Ay /4 _3000 322/592 _ .. e

' .i A 57.2 76.95

¥

¥ §§4.22 Dietermine the
eqn 4.48) |  design buckling » N
a-',‘__ = 0.2] resistance — Muym /
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Resistance of members §j SEcv

Compression members

 Example — Design of an internal wall stud in compression

Buckling resistance check (" san
Determination of the reduction factors %, 1. 1 +

.
Determine
Sl non-dimensional

Buckling about y—y axis o (40 S o/ 7.7
e both axis
— L. JA;/4 3000 +/322/592
1 = or ¥ A7 _ %
Yo A 57.2 76.95 o 419 of serement | /T ]
eqn. (4.15) torsional and flexurak

= 0 '503 §54.2.21 Determﬁe non-
ﬂrv = 0 2 ]. - - torsional buckling

0, =O.SL1+£1’_F(Z_F - 0.2)+,I_*_-’-J =

=0.5%| 1+0.21x(0.503-0.2)+ 0.503" | =0.658 m}

torgional buckling

+
- = L 1 —0.924 | (T Y
"p 4o -7 0.658++/0.658 —0.503
y HG -4 ;
/ Fin = MMz 7z 770
'

58422 Determine the
eqn 4.48) |  design buckling » N
resistance — Muym /
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Resistance of members §j SEcv

Compression members

 Example — Design of an internal wall stud in compression

Buckling resistance check (" san
Determination of the reduction factors %, 1. 1 -

Determine
Sl non-dimensional

Buckling about z—z axis o 448) Slondemess for o/ 7.7

flexural buckling for

—_ both axis

- _L 1./ o /A 3000 322/592 ;
A, =1.597 | &% ey .
_ 18 7695 ity e —— 7/

. =034
6. =051+, (4 -02)+Z |=

Sosiomx(imT-02) om0 L

6. +02-22 2013442013 -1.597° / ——

58422 Determine the
eqn 4.48) |  design buckling » N
resistance — Muym /
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==  JOINT RESEARCH CENTRE

Buckling resistance check
Determination of the reduction factors %, 1. 1

Torsional buckling

2
N_,= %[Gfr N HIE‘IWJ
, i
where !

2 .2 . 2 2 2
I —I_‘_ +E_. +y” +Z”

..-Vr? =zn =D
i>=57.2"+18" + 0+ 0=3594 mm’

[, =H =3000 mm
The elastic critical force for torsional buckling is:
7 x210000%4.931x10°

3000°

cr.T

1 x| 81000x266 +
94

=37.59x10° N

J=

Example — Design of an internal wall stud in compression
Start
L

This verification has to be
done for both flexural and | -~

torsional/ flexural-
torgional buckling

Y
h
Determine
ig:iﬁ;) non-dimensional R
ean @.7) slandemess for * A A
) flexural buckling for —
'\___/‘/n\‘ both axis
*
584221 Determine non-
eqn. (4.48) dimensiona =
eqn. (4.14) slendemess for 45
eqn. (4.15) torsional and flexurak
\__‘//‘—"\ torsional buckling

~" Check if
A (A )=020r

N
— = 0004
N,

-

Yes

A

§54.22
eqn (4.47)

Determine reduction
factor » . v

v
/ A =Mz, F2 77)

§54.2.2
eqn (4.48)

Determine the
P design buckliing »
resistance — Muym /
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|

Compression members
 Example — Design of an internal wall stud in compression
Buckling resistance check (" san
Determination of the reduction factors %, 1. 1 —
. . §842.2.1 ej:ermn_e
Torsional buckling e 442 Sendemes or o/ 7
flexural buckling for R
1 ﬂ_?_ E ir.,.; —_ both axis
N{‘I‘,T - E_E[G‘Ir + f 2 §§4.221 Determii';e nor-
o r eqn. (4.48) dimensional =
where iy sirentc ——— %]
\__‘//‘—"\ torsional buckling
7 {;C:‘e}ﬁg; or N Z=10
':#> 0.04

'fuz = 'i_rz + 'i:.:2 + ynz + ‘an

..-Vr? =zﬂ =D

i>=57.2"+18" + 0+ 0=3594 mm’
[, =H =3000 mm

The elastic critical force for torsional buckling is:
7 x210000%4.931x10°

3000°

cr.T

1 X[SIOOO X266 +

=37.59x10° N
The elastic critical force will be:

This verification has to be

daone for both flexural and | -~
torsional/ flexural-

torgional buckling

-

Yes

Determine reduction
factor » . v

A

§54.22
eqn (4.47)

J=

§54.2.2
eqn (4.48)

N, =N, ,=37.59kN

v
/ A =Mz, F2 77)

Determine the
P design buckliing » Ny
resistance — Muym /
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Resistance of members §j SEcv

Compression members

 Example — Design of an internal wall stud in compression

Buckling resistance check (" san
Determination of the reduction factors %, 1. 1 —
. 0 §542.2.1 etermine
Torsional buckling ean @4 endemess for o 1.1
Ee G flexural buckling for R
—_ both axis

The non-dimensional slenderness 1s:

584221
eqn. (4.48)
(ﬁfv'l-f) J 322 >(35[}3 —173] EE/EE;_L
N \37.59x10

&y =0.34 — buckling curve b

_ 7 72| This verification has to be |
¢ =05 1+ 0, (£ ~02)+ 4" | = s e el

torgional buckling ¥

=0.5% 1+0.34x(1.731-02) + 1.731* | =2.258 ng;;n o e/
The reduction factor for torsional buckling 1s:

v
1 1 / Fin = MMz 7z 770
P - =0.270 !

+82 -2 2258++2.258° -1.731° e N b o/

resistance — Muym
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Resistance of members §j SEcv

Compression members

 Example — Design of an internal wall stud in compression

Buckling resistance check e
Determination of the reduction factors %, 1. 1 ——— *
x=min(x,.7.. )= min(0.924,0.309,0.270) = 0.270 g | Rl @

gty _ 0. ozt | (% ) S e/ TR
Ny = ¥4/, 0 2?0>:1202><350 =30429N =30.429kN =T
. }/.HW ] l

Computa tha

proparties of effective A
cross-saction in "

comprassion for ULS

Flowcharts 3.1 and 3.2
Examples 3.1 and 32

—
Ney _ 1679 =0.552<1 - 0K :

§§3.8.3 -
N!} Ref 30.429 eqn. (3.81) C-alculat: he;:{a:;gn
: Flowchart 3.3 resiianca
Flowchart34 cross-sachon in

Ed

comprassion — Nepg

%
55383
aqgn. (3.80) MNea/Negas 1 —No@
__‘_‘______/__"‘\
Yes

Calculate the design

554.2.2 - iy
buckling rasistanca of o
CE () the member in Ne.raa
“‘_____/"_"‘\ comprassion — Ny, s

8422
aqn. (4.45) My MNyga% 1 —Ho.
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Buckling strength of bending members

* Theoretical background

Clamp atroot

\ Unloaded
\ s
%N osition
\‘\ ‘\ p
)
Buckled N R
position 5 W
\:\\ \\\ \
NN . .
. A
Vertical "R
AR % K
load R
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Resistance of members 0

Buckling strength of bending members

* Theoretical background

Clamp atroot

\‘ Unloaded

N position
\‘\ \‘\
) .
Buckled N R
it A4 ‘\ ‘\
position )
Vertical W NN
Y A ~
load R
‘\‘\ :
SN\
RW'AN

- bending about minor axis, z—z
v (x)

El
©odx?
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Resistance of members 0

Buckling strength of bending members

* Theoretical background

Clamp atroot

\. Unloaded
Y %
\ position
Buckled \
e N\ ‘\‘
position 5 LW
‘\ \\
y Y \‘
Vertical \ X
load

- bending about minor axis, z—z

v (x)
EI:F-I-Q(X)M-,:U
- torsion around x—x axis
d’ d d
g, 100 g A0 g )
dx dx T dx
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Buckling strength of bending members

Theoretical background

=

load factor

I8
- distortional

B (o at
C—Jother

=——  JOINT RESEARCH CENTRE

half-wavelength

T

650, 10.2

1300 1700
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Resistance of members 0

Buckling strength of bending members

* Design according to EN1993-1-3
Lateral-torsional buckling of members subject to bending

A laterally unrestrained member subject to major axis bending should
be verified against lateral-torsional buckling as follows:

Ma‘: R

{_:10 iA K&h

where
My 1s the design value of the moment;
My, rs  1s the design buckling resistance moment.
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Resistance of members 1
Buckling strength of bending members

* Design according to EN1993-1-3
Lateral-torsional buckling of members subject to bending

A laterally unrestrained member subject to major axis bending should
be verified against lateral-torsional buckling as follows:

Ma‘: R

{_:10 iA K&h

where
My 1s the design value of the moment;

My, rs  1s the design buckling resistance moment.

The design buckling resistance moment of a laterally unrestrained
beam should be taken as:

M!;-,Rd =ZLTW1-]_;-’I}JM]
where

W, is the appropriate section modulus as follows:
W, = W, 1s for class 3 cross section;
W, = W 1s for class 4 cross section;
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Buckling strength of bending members

* Design according to EN1993-1-3

Lateral-torsional buckling of members subject to bending
In determining W), holes for fasteners at the beam ends need not to be
taken into account.
XLT is the reduction factor for lateral-torsional buckling,

1
Air = — but y,, <1

; , (057
QLT + (¢Lr'_ _‘A‘”')

with: @,, =0.5 [1 +ay, (Iu- -0.2) +Ii} ;

&;; 1s the 1mperfection factor corresponding to buckling curve b,
o =0.34;

= vty
Air = —
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Resistance of members 0

Buckling strength of bending members

Beams with LT restraints in building

anti-sag bars for Z-purlins and Z-purlins for roof beams

- Members with discrete lateral restraint
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Buckling strength of bending members

Beams with LT restraints in building

secondary beams
anti-sag bars for Z-purlins and Z-purlins for roof beams

- Members with discrete lateral restraint
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 Example — Design of an cold-formed steel beam in bending

Basic Data -

v

Span of beam L=45m s i P
] of the member
Load combination #| forces and moments
for ULS

Spacing between beams S=30m for LS :
§62.31 Chooss fhe crase. cros;::tbn
Distributed loads applied to the joist: (2 )y S e

¥

self-weight of the beam ¢, =0.14kN/m ‘"‘"“é,‘:.":.?.:;:"” f"tﬁl&?‘;éﬁﬁ&“ﬁ”@

weight of the floor and 0.6 kN/m’ — :

Calculate the design Deasign
eqn. (A1) # resisiance of the aoss- i resistance of

G =0.55%3.0=1.65kN/m o I Ei o
total dead load 46 =9 pean 9. = 1-79 KN/m T
imposed load 1.50kN/m’

qp =1.50x3.0=4.50 kN/m R

meamber in bending — M, 5y membear

Check if buckling

§54.3.2 resistance of member is
eqn. {4.55)
My <10 ™
M, . W

adequate
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Buckling strength of bending members

 Example — Design of an cold-formed steel beam in bending

Basic Data St

I:I Overall dimansions

‘of the mamber Cakulate fhe inlarnal
S ¥ forces and moments
Load combination fr ULS
for ULS r
I r L"l

v

2341 i
Flui?d'n’l?.i ( J Choose the cross- cms;::mn
q _Ed secfion of membar Siesl grads

& v i Y e h s
Flowcharts 3.1 and 32 Compute fhe effective cross-
i : Ll Example 3.1 » saction properties for
o bending for ULS
. 384 Y
--1 [ 528, Calculate the design Design
eqn. {3.83) - 5 . N
Flawchart 3.6 > resr_star_lc.e ofll?a OS5~ Ly resrsianc.e_of
b l sacfion in bending -M. s cross-section
£53.8.4
eqn. {3.82)
Flowchart 3 6

584321 Calculate the design Design buckling
aqn. (4.58) # buckling resistance of the resistance of
meamber in bending — M, 5y membear

Check if buckling

§§4.3.2 resistance of member is No—b@
sqn. {4.55) adequate
M -7

—w ocyg [
M,
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Behavi Buckling strength of bending members

 Example — Design of an cold-formed steel beam in bending

The dimensions of the cross section and

Total height

Total width of flanges
Total width of edge fold
Internal radius

Nominal thickness

the material properties are:

h=250mm
b =70 mm
c¢=25mm
r=3mm

¢ =3.0mm

Steel core thickness (§§2.4.2.3) 1t =2.96 mm

Steel grade
Basic yield strength

Modulus of elasticity

Poisson’s ratio

Partial factors y,,, =1.0

Vi =1.0
Yo =1.35
Y, =1.50

S350GD+Z
f, =350 N/mm?

E =210000 N/mm”
v=0.3

Start

v

of the member

Owerall dimensions

Load combination

Cakulate fhe inlarnal
#| forces and moments

for ULS for ULS
ala
¥
§§2.31 Cross-section
Fonemz | (G4 Tozeieems e/ i
Sieel grada

Flowcharts 3.1 and 32
Example 3.1 >

E53E4
eqn. {3.83)
Flowchart 3.6

£53.8.4
eqn. {3.82)
Flowchart 3 6

saction properties for
bending for ULS

Compute the effective cross- 4@
n

sacfion in bending -M. &,

Calculate the design Deasign
| resistance of the oross- Ly resistance of

cross-section

584321 Calculate the design Design buckling
aqn. (4.58) # buckling resistance of the resistance of
= A membear

§64.3.2
eqn. (4.55)
M

M,

meamber in banding — M,

Check if buckling

resistance of member is
adequate
ocio [
bR Yas



Resistance of members

ECCS
CECM
E K S

;

Buckling strength of bending members

JOINT RESEARCH CENTRE

Properties of the gross cross section

Second moment of area about y—y: [ =2302.15%10" mm®*

Second moment of area about z—z: [, =244.24x10* mm*

Radii of gyration: i,=953mm; i, =31 mm
I =17692.78x10° mm’

I =7400 mm"

Warping constant:

Torsion constant:

Example — Design of an cold-formed steel beam in bending

Start

v

Owerall dimensions
of the member

Cakulate fhe inlarnal

Load combination
for ULS

#| forces and moments

for ULS

-
¥
2341 = sacti
Flui?d'n’l?.i @_“. Choose the cross- Crosdag fian
secfion of membar Siesl grads
Flowcharts 3.1 and 32 Compute fhe effective cross-
Example 3.1 »|  section proparties for
bending for ULS
55224 Calculate the design Deasign
eqn. {3.83) - 5 . N
Flawchart 3.6 # resisiance of the aoss- Ly resistance of
sacfion in bending -M. ss cross-section

£53.8.4
eqn. {3.82)
Flowchart 3 6

§84321
eqn. (4.58)

Calculate the design

buckling resistance of the
meamber in bending — M, 5y

Design buckling
resistance of
memb ar

§§4.3.2
eqn. (4.55)
My cyp 7
M, .

Check if buckling

adequate

resistance of member is
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Resistance of members §j SEcv
Buckling strength of bending members

 Example — Design of an cold-formed steel beam in bending

Effective section properties at the ultimate limit state su
: v
Second moment of area of cold-formed lipped channel o e p— 7
. - . . - . oad combination | forces and moments
section subjected to bending about its major axis: s s 4’
o

4
ff_lﬁ':r = 22688890 mm Cho l'he Cross-gaction
i s, Flowchart 2.1 cse Ihe cross- data
®_ﬁ' sacfion of member Stedl grade
T

Position of the neutral axis: '

h J

c C Flowcharts 3.1 and 32 Compute fhe effective cross-
- from the flange in compression: z, =124.6 mm ‘ B 21 weckn gpecien for y M /

: . _ :
- from the flange in tension: z, =122.4mm i —t —
e | it momning dems | ) assecton

Effective section modulus:

£53.8.4

- with respect to the flange in compression: i
I, ., 22688890
pp;!f' V.0 = L = = 182094 mm3 §54.321 Calculate the design Design bucklin
Tz 124.6 e e e
|
- with respect to the flange in tension: N
§§4.3.2 resista?ot :ﬂ:‘l‘ir is No—b@
I, 22688890 s |\
W, =-1t= =185367 mm’
o z 122.4

)
Siop
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 Example — Design of an cold-formed steel beam in bending

Effective section properties at the ultimate limit state su
: v
Second moment of area of cold-formed lipped channel o e p— 7
. - . . - . oad combination | forces and moments
section subjected to bending about its major axis: s s 4’
o

4
ff_lﬁ':r = 22688890 mm Cho l'he Cross-gaction
i s, Flowchart 2.1 cse Ihe cross- data
®_ﬁ' sacfion of member Stedl grade
T

Position of the neutral axis: '

h J

c C Flowcharts 3.1 and 32 Compute fhe effective cross-
- from the flange in compression: z, =124.6 mm ‘ B 21 weckn gpecien for y M /

: . _ :
- from the flange in tension: z, =122.4mm i —t —
e | it momning dems | ) assecton

Effective section modulus:

£53.8.4

- with respect to the flange in compression: i
I, ., 22688890
pp;!f' V.0 = L = = 182094 mm3 §54.321 Calculate the design Design bucklin
Tz 124.6 e e e
|
- with respect to the flange in tension: N
§§4.3.2 resista?ot :ﬂ:‘l‘ir is No—b@
I, 22688890 s |\
W, =-1t= =185367 mm’
o z 122.4

)
Siop
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Example — Design of an cold-formed steel beam in bending

Start

v

Cakulate fhe inlarnal
#| forces and moments
for ULS

Effective section properties at the ultimate limit state

Effective section modulus:

Owerall dimensions
of the member
Load combination
for ULS

- with respect to the flange in compression:

o
¥

Choose the cross-
secfion of membar

55231
Flowchart 2.1 @_0,

Iy, 22688890

Cross-saction
data

3 Siedl grada
W, .= =182094 mm . -
S z(‘ 124'6 ‘Fluwd'n'ls31 nd32 c proe
.1 a ompute fhe effective cross-
Example 3.1 section properties far —z W
bending for ULS
- with respect to the flange in tension: B |
55224 Calculate the design Deasign
eqn. (A1) # resisiance of the aoss- i resistance of
I 22688 890 A " sacfion in bending -M. ss / cross-section
¥ ', 1] 3
W, =—Lr= =185367 mm
Ttz 1224 P
— M1 _ 3
W, =min(W, W, )=182094 mm
584321 Calculate the design Design buckling
bﬁll\ g buckling_resista!'nce ofthe 7/ resistance of
meamber in bending — M, 5y membear

Check if buckling
resistance of member is
adequate

§§4.3.2

eqn. (4.55)
My cyp 7
M, .
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 Example — Design of an cold-formed steel beam in bending

Applied loading on the beam at ULS

Start

:

4 =Veqc Vo9 =1.35x1.79+1.50x4.5 =9.17kN/m

Owerall dimensions
of the member
Load combination
for ULS

Cakulate fhe inlarnal
| forces and moments
for ULS

Maximum applied bending moment about the major axis y-y:

M, =q,I* [8=9.17x4.5"/8=2321kNm
Check of bending resistance at ULS

55231
Flowchart 2.1 @_0,

Flowcharts 3.1 and 32
Example 3.1

E53E4
eqn. {3.83)

Design moment resistance of the cross section for bending

Flowchart 3.6

M, =W for Vo =182094x107x350x10°/1.0 =
=63.73 kNm

£53.8.4
eqn. {3.82)
Flowchart 3 6

Verification of bending resistance

<
¥
Choose the cross- 'Crc-sdag fian
secfion of membar Siesl grads
; T
¥
Compute fhe effective cross-
saction properties for Woyr
bending for ULS
|
ok
L 4
Calculate the design Deasign
resistance of the arass- Ly resistance of
sacfion in bending -M. ss ross-sectio
T

Calculate the design

M, 2321
M_,, 63.73

o Rd

§84321
eqn. (4.58)

Ed

=0364 <1 -OK

5§4.3.2

n ul
eqn. (4.55) _
My <10 |77
M, ., W

# buckling resistance of the

meamber in bending — M, 5y

Check if buckling
esistance of member is
adequate
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Buckling strength of bending members

 Example — Design of an cold-formed steel beam in bending

Determination of the reduction factor y,r
Lateral-torsional buckling

20 : but gz, <1.0 (=)

v

h 4

torsional buckling

2 7 2
Byr + By =
LT LT LT I - I
et |, O

Drr =0-5[l+ o, (,I“ - 0_2) + ,i_.”.ﬂ

C nr=1.0
o, =0.34 —buckling curve b
Yes
S Determine reduction
SN (3573 > factor 7.1
\\_—/_\
§§4.3.2.1 Determine the
eqn. (4.56) | design buckling 4@
\__-/-—\ resistance — Momg
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Buckling strength of bending members

 Example — Design of an cold-formed steel beam in bending

Determination of the reduction factor y,r
Lateral-torsional buckling

20 : but gz, <1.0 (=)

5 - 3 1

+\/ -A '
‘?IT ‘?IT LT Determine non-dimensional _
§84.3.21 slenderness for lateral > AL r

Drr =0-5[l+ o, (,I“ - 0_2) + ,i_.”.ﬂ

C nr=1.0
o, =0.34 —buckling curve b
The non-dimensional slenderness is iy
e%?zzs;) .| Determine reduction
' S factor 7.1
I _ H;:_'ﬁ',_v,mfnj_vb "
LT = !
M,
§§4.3.2.1 Determine the
eqn. (4.56) p  design buckling 42 Mb.ra ;
o resistance — Mpra

< I I°GI
Mc‘r=C]HEI:J >+ 1'

r I mEl

C, =1.127 for a simply supported beam under uniform loading
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Buckling strength of bending members

 Example — Design of an cold-formed steel beam in bending

Determination of the reduction factor y,r

> x210000% 244 .24 x10*

M =1.127x b4 Start
“ 4500° C )

*

< J]?ﬁgz.?8><10“+ 4500° x 81000 x 7400 @ Oetmine o imensns
24424x10" 77 x210000%244.24x10° ﬂ

M _ =27.66 kNm
_ w . f
I, = |2 yondyp _ \/1 82094 x 35(0 1518
M, 27.66x10°
§§4.5.2.1 Determine reduction
eqn. (4.57) > factor 7.1 7 AT
— — ) ‘\_._/_\ |

s =0.s[1+a” (4r —02)+ 4, ]= ;

§§4.3.2.1 Determine the
=05x[1+034x(1.437-0.2)+1.4372 | =1.743  [esa | zmiem /e /

1 1 ~0.369

;U/ = — =
g, e, -, 1743441734 1,437
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Buckling strength of bending members

 Example — Design of an cold-formed steel beam in bending

Check of buckling resistance at ULS
Design moment resistance of the cross section for bending

I Start
M bRd — ALT I’K_-{jr',_rf vh / Vi =

*

— 3 . ) .
= 0_ 3 69 pd l 8209 l pd l 0 - 3 5 0 pd l 0 /l . 0 = §54.32.1 Determine non-dimensional
slenderness for lateral
torsional buckling
=23.52 kNm .
xnr=10
Yes
e%?azs;) N Deten;i:;rr;?fction 7 r
‘\_,_/_\ |
-
§§4.3.2.1 Determine the
eqn. (4.56) design buckling 4@
o resistance — Mpra
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Check of buckling resistance at ULS

Example — Design of an cold-formed steel beam in bending

Start

:

Design moment resistance of the cross section for bending

Owerall dimensions
of the member

Cakulate fhe inlarnal

Load combination
for ULS

| forces and moments
for ULS

M bRd — ALT I’K_-{jr',_rf vh / Vi =

<
— _q 3 — #5231 Choose the cross- Gtz section
=0.369x182091x107° x350x10°/1.0 = o P
=23.52 kNm C ; :
Flowcharts 3.1 and 32 Compute fhe effective cross-
Example 3.1 saction prapa rties far Wi
. . . . bending for ULS
Verification of buckling resistance - }
55224 Calculate ;19 design Deasign
eqn. (A1) resistance of the arass- Ly resistance of
M ) 23 ‘2 l A sacfion in bending -M. ss cross—fe:iion
MM =2352=0.98?¢:1 — OK '
b, Rd - 533.3.4
) S~y

Calculate the design
buckling resistance of the

§84321
eqn. (4.58)

55432

eqn. (4.55)

My <10 |77
M, .

meamber in bending — M, 5y

Design buckling
resistance of
memb ar

7/

Check if buckling
resistance of member is
adequate

_No_,®
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Buckling of members in bending and axial compression

* Design of beam-columns according to EN1993-1-1 and EN1993-1-3
Two different formats of the interaction formulae

Method 1 (Annex A of EN 1993—1-1) contains a set of formulae that
favours transparency and provides a wide range of applicability together
with a high level of accuracy and consistency.

Method 2 (Annex B of EN 1993-1-1) is based on the concept of
global factors, in which simplicity prevails against transparency. This
approach appears to be the more straightforward in terms of a general
format.
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Resistance of members 0

Buckling of members in bending and axial compression

* Design of beam-columns according to EN1993-1-1 and EN1993-1-3

Members which are subjected to combined bending and axial
compression should satisfy:

N&f + k M_!',Ed +‘&M_r,£“d + k M:,Ed + M:,&f

. <1.0
XN ! Vs M.y ! Vi

yz

. Y oM Vi

Ngar k M_\',Ed' + M_r,fd + k M:,Ed + M:,&f E 1 O

+ s Iz
Z_-NM ’F:Vm i ZLTM_r,Rk ’f}/m M:,R.& ’F:Vm
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Resistance of members 0

Buckling of members in bending and axial compression

* Design of beam-columns according to EN1993-1-1 and EN1993-1-3

Members which are subjected to combined bending and axial
compression should satisfy:

N&f + k M_!',Ed +‘&M_r,£“d + k M:,Ed + M:,&f

W | Leg i: 1 0
Zer o A TM}-,M m ' M.—,m m
M + AM M + AM
New L, — SR 2B <10
XN 'V ' ZLTM_u-,M m M:,R.& o
Valuesfor Ny, = f .4, M, = f W, and AM, ,
Class 1 2 3 4
A; A A A Ao
W, Wiy Wpiy Wery Wy
W: u’fuﬂ: H'r:rJf,: ch,: Wqﬁ oz
M_r.fa' [] 0 U e N

AM_ g, 0 0 0 e, .N
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Resistance of members 0

Buckling of members in bending and axial compression

* Design of beam-columns according to EN1993-1-1 and EN1993-1-3

Members which are subjected to combined bending and axial
compression should satisfy:

N&f + k M_!',Ed +‘&M_r,£“d + k M:,Ed + M:,&f

vy vz = 1 0
Z!'Nﬂk "If}/M‘] h ;LVJ_ TM}-,R& / :VM] . M:,Rk / :VM]
Ngar + N M_\',Ed' + M_r,fd + k:__ M:,Ed + M:,&f E 1 O
Z:Nﬁk ’f }/M] . ZLTM_r,Rk ’IIII}/M] M:,R.ﬁ ’f }/M]

The interaction factors k,,, k-, k., k.- depend on the method which is

chosen, being derived from two alternative approaches: (1) Alternative
method 1 — see Tables 4.7 and 4.8 (Annex A of ENI1993-1-1) and (2)
Alternative method 2 — see Tables 4.9, 4.10 and 4.11 (Annex B of EN1993-
1-1).
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Buckling of members in bending and axial compression

* Design of beam-columns according to EN1993-1-1 and EN1993-1-3

As an alternative, the interaction formula may be used

0.8 0.8
[ﬁ [M_ <10
Nh,RJ Mf:-,Rd
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Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

* General. Constructional detailing and static system

91 sheeting . _sheeting . sheeting
N Z section ) Z section
Stiffened angle Diagonal bracket
bracket
Z purlin rafter rafter
a) b)
., _sheeting

2 ~

Z section

Channel bracket

% weld
— rafter

¢)
Vi (1} individual lengths of
profiled sheet

{3 ) parallel
member | rafier)

(4) sheat/perpend
imeimber fasteners
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Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

 Modeling of beam-sheeting interaction

To evaluate the restraining effect of sheeting, in EN1993-1-3 the free
flange 1s considered as a beam on an elastic foundation

quI- v K Gy

A R A R R R R AR R R R R R R R R R R R R R R R R R’

e — i —— e I —

khquIK.F :

K
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Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

 Modeling of beam-sheeting interaction

To evaluate the restraining effect of sheeting, in EN1993-1-3 the free
flange 1s considered as a beam on an elastic foundation

q'EdI v K Gy

A R A R R R R AR R R R R R R R R R R R R R R R R R’

k.
e — i —— e I —

S EEEEEREEEE N
khqi,.,z K‘r .

K

The equivalent lateral spring stiffness for the strength and stability
check is obtained by a combination of:
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Resistance of members 0

Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

 Modeling of beam-sheeting interaction

G

|

The equivalent lateral spring stiffness for the strength and stability

check is obtained by a combination of:
1. Rotational stiffness of the connection between the sheeting and the
purlin Cp,
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Resistance of members 0

Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

 Modeling of beam-sheeting interaction

G

|

The equivalent lateral spring stiffness for the strength and stability

check is obtained by a combination of:
1. Rotational stiffness of the connection between the sheeting and the
purlin Cp,

2. Distortion of the cross section of the purlin, K,
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Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting
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 Modeling of beam-sheeting interaction
” Triitt

—
—

The equivalent lateral spring stiffness for the strength and stability

check is obtained by a combination of:
1. Rotational stiffness of the connection between the sheeting and the

purlin Cp,
2. Distortion of the cross section of the purlin, K,

3. Bending stiffness of the sheeting, Cp, perpendicular to the span of
the purlin (see Figure 4.49).
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Resistance of members 0

Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

 Modeling of beam-sheeting interaction

According to EN1993-1-3, the partial torsional restraint may be
represented by a rotational spring with a spring stiffness Cp, which can be
calculated based on the stiffness of the sheeting and the connection between
the sheeting and the purlin, as follows,

Cha 1s the rotational stiffness of the connection between the
sheeting and the purlin;

Cpe 1s the rotational stiffness corresponding to the flexural
stiffness of the sheeting.

Both Cp 4 and Cp are specified in Section 10.1.5 of EN1993-1-3.
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Resistance of members 0

Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

 Modeling of beam-sheeting interaction

The restraints of the sheeting to the purlin have important influence on
the buckling behaviour of the purlin.

5 —T—— - - T T 1T | T 7 T T T
— Mo restraint ! !
4.5H === Translational restraint : ! -
== Rotational restraint !
4 H === Full restraints ﬂ 1 4

Ratio of critical buckling stress to yield strength

ol g ] I I I I I B 1 1 [
10° 10°
Half-wavelength, mm

Buckling curves of a simply supported zed section beam with different
restraint applied at the junction between web and compression flange subjected to
pure bending (A=202 mm, 5=75 mm, ¢=20 mm, ¢ =2.3mm) (Martin & Purkiss, 2008)
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Resistance of members 0

Behaviour and Design Resistance of Bar Members
Beams restrained by sheeting

 Modeling of beam-sheeting interaction

The restraints of the sheeting to the purlin have important influence on
the buckling behaviour of the purlin.

Y — . '
— Mo restraint
% 4.5 H == Translational restraint
5 === Rofational restraint
% 4H Full restraints
=
.z
= 3.5
£
w
E 3
W
o 2.5
=
3
s 2r
i) I
e o
8 15f
=
(]
5 1f
L
w L
& 05
ol a ] ] [ B B ] 1 L

10% 10°
Half-wavelength, mm
Buckling curves of a simply supported zed section beam with different
restraint applied at the junction between web and tension flange subjected to pure

bending (A=202 mm, »=75 mm, ¢=20 mm, ¢ =2.3mm) (Martin & Purkiss, 2008)
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Introduction
Case Studies — Structural Performances

* Conceptual design principles
Designing cold-formed steel building structures is based on the conceptual framing of designed
conventional steel structures
However, the designer has to manage four specific categories of problems which characterise
the behaviour and performance of cold-formed thin-walled structures i.e.
» Stability and local strength of sections;
» Connecting technology and related design procedures;
» Reduced ductility with reference to ductility, plastic design and seismic resistance;
» Low fire resistance

If compares with conventional steel construction (EN 1993-1-1), the fact that structural
members of a cold formed steel —structures are, in general, of class 4, involves to work with
effective cross sections of members in compression - bending.

Even the general rules are similar, the members, stiffness is wakened by local instability
increasing the risk of instability of these structures; their sensitivity to imperfections and 2nd

order effects must carefully controlled by proper analyses and design.
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Case Studies

* Hall Type Modular System (HTMS) - POPET Hall
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Conceptual design J

Case Studies

* Hall Type Modular System (HTMS) - POPET Hall
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* Designed for... (load and deformation)

1. Corrugated sheet inside - outside (pressure and suction
Corrugated sheet outside (pressure, gravitational)
Corrugated sheet outside (suction)

Allowed deflection L/200
Allowed deflection L/300

nHRWN



—  JOINT RESEARCH CENTRE

Conceptual design )

Z roof purlins design

* Initial data
* Load on purlin 5 kN/m gravitational load
2 kN/m suction
* Span 5m



Conceptual design

Z roof purlins design

JOINT RESEARCH CENTRE

* Initial data
* Load on purlin

* Span
e Structural system

b b ey
1 55
le . N

= 1

2 PR P VPR P VPR AR PR RV
i ) S
i . 5

5 kN/m gravitational load
2 kN/m suction

5m

5

VW b b e e
N

\I/

-"I\

AN YA AAN TV T Y NN b

o R R RV R A R R RV DA A R 2R AR AR T 2R D DDA R R

]
K

[_
\{/ !
/P /]

L.

-
)

L [ “ L
‘ ot LT

’]\



JOINT RESEARCH CENTRE

Conceptual design J

Z roof purlins design

e [|nitial data

* Load on purlin 5 kN/m gravitational load
2 kN/m suction

* Span 5m

e Structural system 5

* Analysis type 2,3,5

* Designed for... (load and deformation)
* Corrugated sheet inside - outside (pressure and suction)

* Corrugated sheet outside (pressure, gravitational)
e Corrugated sheet outside (suction)

* Allowed deflection L/200

* Allowed deflection L/300
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