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Introduction
Advantages

• Advantages of Using Cold-Formed Steel Sections
• Lightness;
• High strength and stiffness;
• Ability to provide long spans;
• Easy prefabrication and mass production;
• Fast and easy erection and installation;
• 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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• Imperfections in Thin-Walled Cold-Formed Steel Members
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• Imperfections in Thin-Walled Cold-Formed Steel Members
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Peculiar Characteristics of Cold-Formed Steel Sections

IMPERFECTIONS
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geometric
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• Effect of Strain Hardening and Strain Aging on Stress-Strain Characteristics

Introduction
Peculiar Characteristics of Cold-Formed Steel Sections
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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

Introduction
Peculiar Characteristics of Cold-Formed Steel Sections
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• Flexural Residual Stresses Obtained at the “POLITEHNICA” University of 
Timisoara

Introduction
Peculiar Characteristics of Cold-Formed Steel Sections

Schafer and Pekoz

39%

23%
27%

14%

15%

25%

17%

24%

12%

26%

24%

12%

39%

23%
27% 8%

17%

33%

(a) Roll-Formed (b) Press-Braked

39%

23%
27% 8%

17%

33%

(a) Roll-Formed (b) Press-Braked

Background and peculiarities



• Type and Magnitude of Residual Stress In Steel Sections

Introduction
Peculiar Characteristics of Cold-Formed Steel Sections
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• Buckling modes for a lipped channel in compression

a)     b)    c)     d)    e)

Single modes:
(a) local (L);
(b) distortional (D);
(c) flexural (F);
(d) torsional (T);
(e) flexural-torsional (FT).

f)           g)         h)           i)         j)        k)

Coupled (interactive) modes:
(f) L + D;
(g) F + L;
(h) F + D;
(i) FT + L;
(j) FT + D;
(k) F + FT

Introduction
Peculiar Problems of Cold-Formed Steel Design
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• Buckling strength versus half-wavelength for a lipped channel in 
compression (Hancock, 2001)

Introduction
Peculiar Problems of Cold-Formed Steel Design
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• Behaviour of compression bar 
(a) slender tick-walled (hot-rolled section) 
(b) thin-walled (cold-formed section)
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• Failure Mode of a Lipped Channel In Compression 

Introduction
Peculiar Problems of Cold-Formed Steel Design

Background and peculiarities



• Failure Mode of a Lipped Channel In Compression 

Introduction
Peculiar Problems of Cold-Formed Steel Design

Background and peculiarities



• Effect of local buckling on the member capacity 

Introduction
Peculiar Problems of Cold-Formed Steel Design
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• Erosion Concept – Erosion levels
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• Open sections highly sensitive to torsional rigidity

Introduction
Peculiar Problems of Cold-Formed Steel Design
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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, 

and the web of a cold-formed member usually consists of a bend of finite 
radius. Hence the load is applied eccentrically from the web. 
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• CONNECTIONS

• Special Types of connections
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• CONNECTIONS

• 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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• Ductility and Plastic Design : Cold-Formed Steel Sections are , usually, 
Class 4 !

Introduction
Peculiar Problems of Cold-Formed Steel Design
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• Generalities

Introduction
Basis of Design
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• Limit State Design > EN1990 (CEN, 2002a)
• 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. 

Introduction
Basis of Design

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)
• factors:

• γM0 – resistance of cross sections to  excessive yielding including 
local and distortional buckling

• γM1 – resistance of members and sheeting where failure is caused 
by global buckling

• γM2 – resistance of net sections at fastener holes

Introduction
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Recommended values
(EN1993 – 1 – 3)

γM0 = 1.0

γM1 = 1.0

γM2 = 1.25
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• Materials (EN1993–1–3)
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Introduction
Basis of Design

Background and peculiarities



• Materials (EN1993–1–3)
• yield strength fyb and ultimate tensile strength fu should be obtained:

• either by adopting the values  fy = Reh (upper yield strength) or  Rp0,2 

(proof strength) and  fu = Rm (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)
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• Materials (EN1993–1–3)
• yield strength fyb and ultimate tensile strength fu should be obtained:

• either by adopting the values  fy = Reh (upper yield strength) or  Rp0,2 

(proof strength) and  fu = Rm (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)

• 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)

• coiling, uncoiling, cold reducing and the cold-forming process

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

• 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-order theory)
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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).

• Sectional imperfections for Local and Distortional Buckling modes

Introduction
Basis of Design
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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 
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 
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• Dimensional limits of component walls of CFS
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Properties of gross-cross section
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• Modelling of cross-section for analysis

Behaviour and Resistance of Cross Section
Properties of gross-cross section
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Behaviour and Resistance of Cross Section
Effect of wall slenderness :Flange curling
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Behaviour and Resistance of Cross Section
Flange curling

Resistance of sections



Behaviour and Resistance of Cross Section
Web Crippling

• Local Transverse Forces – Cross sections with a single unstiffened web
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Behaviour and Resistance of Cross Section
Web Crippling

• Local Transverse Forces – Cross sections with a single unstiffened web

Resistance of sections



Behaviour and Resistance of Cross Section
Local Buckling and Distortional Buckling

• Sectional buckling modes in thin-walled sections

Resistance of sections



• Elastic buckling of thin plates
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Resistance of sections



Behaviour and Resistance of Cross Section
Distortional buckling: analytical methods

• The method given in EN1993-1-3:2006

Resistance of sections



Behaviour and Resistance of Cross Section
Distortional buckling: analytical methods

• The method given in EN1993-1-3:2006

Resistance of sections



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

• General

Resistance of sections



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

• General

Resistance of sections



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

• Plane elements without stiffeners (no interaction)
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Behaviour and Resistance of Cross Section
Design Against Local and Distortional Buckling (EN1993-1-3) 

• Plane elements with edge stiffeners – general procedure 
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• EXAMPLE 2: Calculation of effective section properties for a cold-
formed lipped channel section in compression
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• Effective section properties of the flange and lip in compression
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• EXAMPLE 1: Calculation of effective section properties for a cold-
formed lipped channel section in bending
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• Effective section properties 
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• Effective section properties 

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

• Bending Moment - Elastic and elastoplastic resistance with 
yielding at the tension flange only
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Behaviour and Resistance of Cross Section
Resistance of Cross Sections

Lipped Channel Beam

 Calculation of geometrical properties of effective section : 
beff,i ; Aeff,i Ieff,i , Weff,i

 Cecking for  Bending moment, MRd

 Checking for Shear, VRd

 Checking for transverse force (web crippling), RRd

 Checking for interaction  MRd +VRd

 Checking for interaction  MRd +RRd

Resistance of sections
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• Buckling resistance of uniform members in compression. 
Design according to EN1993-1-3

Torsional and Flexural-Torsional buckling
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Introduction
Case Studies – Structural Performances

Conceptual design

• 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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Conceptual design

• Overlap distances

• Designed for… (load and deformation)
1. Corrugated sheet inside - outside (pressure and suction
2. Corrugated sheet outside (pressure, gravitational)
3. Corrugated sheet outside (suction)
4. Allowed deflection L/200
5. Allowed deflection L/300
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Z roof purlins design

Conceptual design

• Initial data
• Load on purlin 5 kN/m gravitational load

2 kN/m suction
• Span 5 m
• Structural system 5
• Analysis type 2, 3, 5

Static system no. 5 – “Z” Profile 

Profile Case 
Length [m] 

3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 

Z100/1+1 

1 2.30 1.69 1.29 1.02 0.83 0.68 0.58 0.49 0.42 0.37 

2 1.85 1.45 1.16 0.95 0.79 0.66 0.56 0.48 0.41 0.36 

3 1.39 1.04 0.80 0.64 0.52 0.43 0.36 0.30 0.26 0.22 

4 2.10 1.32 0.88 0.62 0.45 0.34 0.26 0.21 0.16 0.13 

5 1.40 0.88 0.59 0.41 0.30 0.23 0.17 0.14 0.11 0.09 

Z100/2+2 

 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 

1 6.11 4.49 3.44 2.71 2.20 1.82 1.53 1.30 1.12 0.98 

2 4.49 3.57 2.91 2.41 2.01 1.69 1.44 1.24 1.07 0.94 

3 3.46 2.59 2.02 1.62 1.33 1.10 0.92 0.78 0.66 0.57 

4 4.21 2.65 1.78 1.25 0.91 0.68 0.53 0.41 0.33 0.27 

5 2.81 1.77 1.18 0.83 0.61 0.46 0.35 0.28 0.22 0.18 

Z200/2.5+1.5 

 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 

1 17.85 14.08 11.36 9.33 7.79 6.59 5.64 4.88 4.26 3.75 

2 12.15 9.08 7.18 5.90 4.99 4.30 3.76 3.31 2.93 2.61 

3 10.90 7.67 5.63 4.31 3.43 2.81 2.36 2.03 1.76 1.55 

4 33.85 21.32 14.28 10.03 7.31 5.49 4.23 3.33 2.66 2.17 

5 22.57 14.21 9.52 6.69 4.87 3.66 2.82 2.22 1.78 1.44 

Z200/2.5+2 

 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 

1 24.99 18.36 14.05 11.10 8.99 7.43 6.25 5.32 4.59 4.00 

2 13.80 10.28 8.10 6.64 5.61 4.84 4.23 3.73 3.31 2.95 

3 12.14 8.61 6.41 4.98 4.02 3.34 2.83 2.44 2.13 1.88 

4 34.89 21.97 14.72 10.34 7.54 5.66 4.36 3.43 2.75 2.23 

5 23.26 14.65 9.81 6.89 5.02 3.77 2.91 2.29 1.83 1.49 

Z200/2.5+2.5 

 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 

1 25.25 18.55 14.20 11.22 9.09 7.51 6.31 5.38 4.64 4.04 

2 15.59 11.56 9.08 7.44 6.28 5.41 4.74 4.18 3.72 3.32 

3 13.61 9.66 7.21 5.63 4.55 3.78 3.20 2.75 2.40 2.10 

4 36.04 22.69 15.20 10.68 7.78 5.85 4.50 3.54 2.84 2.31 

5 24.02 15.13 10.14 7.12 5.19 3.90 3.00 2.36 1.89 1.54 

Z250/1.5+1.5 

 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 

1 13.79 10.13 7.76 6.13 4.96 4.10 3.45 2.94 2.53 2.21 

2 10.48 7.27 5.25 3.98 3.15 2.58 2.17 1.86 1.61 1.42 

3 7.39 5.11 3.64 2.68 2.04 1.61 1.31 1.09 0.93 0.80 

4 36.70 23.11 15.48 10.88 7.93 5.96 4.59 3.61 2.89 2.35 

5 24.47 15.41 10.32 7.25 5.29 3.97 3.06 2.41 1.93 1.57 
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