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RESUMO 

 
O principal objectivo de qualquer engenheiro estrutural em todo o mundo é o desenho de 
estruturas mais leves e seguras. Através de estudos técnicos e melhoria da tecnologia, a 
aplicação de secções enformadas a frio permitiu aumentar a resistência das estruturas, 
garantindo também perfis mais leves. 
 
No sector fotovoltaico, assim como em outros sectores, é extremamente importante saber quais 
normas, em termos de projecto, fornecem melhores estruturas relativamente à resistência e 
peso. Assim, com o objectivo de aumentar a optimização das estruturas, utilizando-se quatro 
estruturas diferentes e as normas Norte Americanas, Australianas/Nova Zelândia e Europeia, 
foi realizada uma comparação entre elas. 
 
ASCE 7-10, AS/NZS 1170 e EN 1990/1991, sendo baseadas em normas idealizadas pela 
Organização Internacional de Normalização (ISO), possuem semelhanças entre elas. Todas 
fornecem um bom apoio para as quantificações de cargas de projecto, embora o ASCE 7-10, 
em comparação com os outros dois, forneça orientações para um leque mais alargado de cargas 
a serem utilizadas no projecto, falhando nas combinações de carga a serem usadas nos Estados 
Limite de Utilização. 
 
A EN 1993-1-3 é uma norma mais teórica, fornecendo linhas de orientação para o estudo de 
vários tipos de seções abertas enformadas a frio, relativamente à AISI S100 e AS/NZS 4600, 
que são mais focadas no uso de secções padronizadas, sendo a validação efectuada pela 
realização de testes. 
 
A aplicação das três normas, cada uma delas, envolve uma quantidade considerável de tempo, 
devido às inúmeras particularidades e parâmetros, mas, embora o AISI S100 pareça mais fácil 
de aplicar, o conhecimento da norma Europeia para estruturas enformadas a frio fornece um 
melhor conhecimento e facilita a transição da EN 1993-1-3 para a AISI S100 / AS/NZS 4600. 
Engenheiros que usam apenas as normas americanas podem considerar a norma europeia 
complexa mas o conhecimento ganho torna o trabalho lucrativo. 
 
Palavras-chave: Aço enformado a frio, AISI S100, AS/NZS 4600, EN 1993-1-3, AISI 
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ABSTRACT 

 
The main goal of any structural engineer worldwide is the design of lighter and safer structures. 
Through technical research and technology improvements, the application of cold-formed 
sections provided a way to increase the structures strength assuring, as well, lighter members. 
 
In the Photovoltaic sector, as well in other sectors, knowing which design standard provides 
better structures in terms of strength and lightness is extremely important. So, with the purpose 
of increasing the structures optimization, using four different structures types and the North 
American, Australian/New Zealand and European Standards, a comparison between them was 
made. 
 
ASCE 7-10, AS/NZS 1170 and EN 1990/1991, because are based in norms idealized by the 
International Organization for Standardization (ISO), possess similarities between them. All of 
them provides a good background for the design loads quantifications, although ASCE 7-10, 
compared to the other two, gives guidance for a more various loads essential in the design 
process but a negative aspect is the lack of guidance concerning the load combinations used in 
the Serviceability Limit States. 
 
EN 1993-1-3 is a theoretical standard, giving guidance lines for the study of various types of 
cold-formed open sections while compared to AISI S100 and AS/NZS 4600, which is more 
focused in the use of standard sections, that are previously validated by a certain quantity of 
tests.  
 
The application of the three standards, each one, involves a considerable amount of time, 
because of the numerous particularities and parameters, but, although the fact that AISI S100 
looks easier to apply, the knowledge of the European cold-formed design code provides a better 
background and facilitates the transition from EN 1993-1-3 to AISI S100 / AS/NZS 4600. 
Engineers that only use the American Specifications may consider the European code complex, 
which in fact is, but the knowledge gain makes the work profitable. 
 
Key words: Cold-Formed Steel, AISI S100, AS/NZS 4600, EN 1993-1-3, AISI 
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1 INTRODUCTION 

 

1.1 Cold-Formed Steel (CFS) 

Cold-formed steel (CFS) was been used as construction material since the beginning of the 
1800s. It was used principally in the construction sector, between 1920 to 1950 in the United 
States and United Kingdom but, nowadays, CFS members are used with diverse applications in 
different sectors, Automotive, Aircraft, Agricultural/Industrial Equipment, Mining, Nuclear 
and Space Industries. 
 
The use of CFS as structural members is increasing due to the improvement of the manufacture 
technology that assures pieces have uniform cross-sections, good protection against corrosion 
as well tight dimensional tolerances. This leads to the fabrication of new products with high 
levels of acceptance and competitiveness compared to the traditional construction materials, 
concrete and timber. 
 
Because of its reduced thickness members and light weight, CFS structures are easier to 
transport, construct and install, assuring at the same time size-to-thickness members ratio with 
high efficiency and flexibility, reduction members and connecting bolts. Pieces are separated 
into structural members (Figures 1.1, 1.2 and 1.3) or sheeting. 
 

 
 

Figure 1.1 - Cold-Formed Structural Members: Single Opens Sections 
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Figure 1.2 - Cold-Formed Structural Members: Open Built-up Sections 
 

 
 

Figure 1.3 - Cold-Formed Structural Members: Closed Built-up Sections 
 
CFS members, although provides members with light weight, high efficiency and flexibility, 
are sensitive to particular problems that must be tend in consideration in the design, as: (1) 
Buckling strength of cold-formed steel members because of four generic types of buckling, 
namely local, global, distortional and shear; (2) Torsional rigidity in cold-formed steel sections, 
because of its reduced thickness members and shear centre not coincident with the gravity 
centre (if it is a mono-symmetric section), generally have low torsional values. To prevent 
considerable deformations in a mono-symmetric thin-walled beam, the use of restraints, at 
intervals or continuously along the length, assures the resistance of the cold-formed section; (3) 
Web crippling is a critical problem at points of concentrated load supports because of the 
reduced thickness of high height of the webs; (4) Connections; (5) Fire resistance in CFS 
sections is reduced due to small ratio of the heated volume to the cross sectional area of the 
member; (6) Corrosion and (7) Ductility and plastic design in cold-formed steel sections, 
because, for example in EUROCODE, cold-formed sections are class 4 or 3, the use of plastic 
design is not allowable. Also, the use of cold-forming/work hardening, increases the resistance 
but reduces the ductility, not permitting the use of cold-formed steel sections to dissipate energy 
in seismic resistant structures. 
 

1.2 Cold-Formed Steel (CFS): Applications 

CFS members are used with different applications: 
 Industrial, Commercial and Agricultural building's roof systems (Figure 1.4) 
 Steel racks storage structures (Figure 1.5) 
 Cold-formed steel trusses (Figure 1.6) 
 Residential steel framing (Figure 1.7) 
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 Cold-formed steel floor joists (Figure 1.8) 
 Wall partitions (Figure 1.9) 
 Frame with bolted beam-to-column joists (Figure 1.10) 
 Cold-formed tubular members 

 

 
 

Figure 1.4 - Industrial building roof system (Metsec, 2018) 
 

 
 

Figure 1.5 - Steel racks storage structures (The Fabricator, 2018) 
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Figure 1.6 - Cold-formed steel trusses (Vanderwal Homes, 2018) 
 

 
 

Figure 1.7 - Residential steel framing (Argos Systems, Vertex BD BIM, 2018) 
 

 
 

Figure 1.8 - Cold-formed steel floor joists (FDR Engineers, 2019) 
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Figure 1.9 - Wall partitions (Steel Formed Sections [SFS], 2018) 
 

 
 

Figure 1.10 - Frame with bolted beam-to-column joists (Bone Structure, 2015) 
 

1.3 Cold-Formed Steel (CFS): Design Standards History 

CFS members have been used as structural elements since 1850s (USA and UK) but, since there 
was no specific design standard to cover cold-formed issues, it made implementation and 
acceptance very difficult. American Iron and Steel Institute (AISI), understanding that the 
incorporation of CFS members produces safer and lighter structures, sponsored a survey that 
was conducted in 1939 by Professor George Winter of the Cornel University. That work led to 
the creation of the first cold-formed steel design specification guide in 1946. 
 
Due to the increase of research and technical developments made through the years, focused on 
CFS members, AISI Standard has constantly been updated and also lead to the creation of other 
international standards, Australian/New Zealand Standard AS/NZS 4600 (based on AISI 
specifications), Canadian Standard CAN/CSA S136 (replaced by North American Standard, 
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AISI S100), British Standard BS 5950 Part 5 (replaced by EUROCODE EN 1993-1-3) and 
finally, European Design Code, EUROCODE EN 1993-1-3. 
 
Through the analysis of different standards, it is possible to identify that AISI S100 is one of 
the more organized and versatile standards that was ever been developed. AISI S100 permits 
the use of three different unit systems (U.S. customary units, SI units and MKS units), when 
AS/NZS 4600 and EN 1993-1-3 only uses SI units. AS/NZS 4600 and EN 1993-1-3 only 
permits the analysis through Limit States Design (LSD) when AISI S100 provides an integrated 
treatment for Allowable Strength Design (ASD), Load and Resistance Factor Design (LRFD) 
and Limit States Design (LSD). In AISI S100 specification, LSD analysis is only applied in 
Canada and ASD/LRFD is applied to both United States and Mexico, with the application of 

the appropriate resistance factors (ϕ) in LRFD/LSD and safety factors (Ω) in ASD. LRFD and 
LSD are almost equal, only differing load factors, nomenclature and load combinations. 
 

1.4 Master Thesis Main Goal 

The main purpose of Structural Engineers around the world is the design of lighter and safer 
structures. The inexistence of a global design standard, in this case regarding the study of CFS 
structures, “presents a little problem”, because isn’t possible to know which standard offers 
better results, in terms of strength and lightness, without the knowledge and proper use of each 
one. In the Photovoltaic Market, the optimization of the CFS structures is of extreme 
importance. 
 
Taking into account the previously mentioned, the present thesis will be focused in the 
application of three cold-formed design codes (AISI S100 in the United States of America, 
Mexico and Canada; AS/NZS 4600 in Australia and New Zealand; EUROCODE EN 1993-1-3 
in the European Union as well as other countries without proper design codes) to four types of 
structures. The structures that were used in the analysis are showed in Figures 1.11 to 1.14, 
composed with standard cross-sections fabricated in the company where the author works. It 
will be made a comparison between the different codes, regarding is applicability, restrictions 
and proper rules. 
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Figure 1.11 - 3D Photovoltaic Structure (Type 1) 
 

 
 

Figure 1.12 - 3D Photovoltaic Structure (Type 2) 
 

 
 

Figure 1.13 - 3D Photovoltaic Structure (Type 3) 
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Figure 1.14 - 3D Photovoltaic Structure (Type 4) 
 

1.5 Master Thesis Organization 

This thesis is organized in six chapters. First chapter provides a brief historical review about 
CFS structures, its applications and decisions that were taken to elaborate the actual design 
codes. Second chapter presents the structures used in the design, location of study, material and 
cold-formed sections. Third chapter provides information about the design load codes (ASCE 
7, AS/NZS 1170 and EUROCODE EN 1990 / EN 1991), for the specific loads considered in 
the design models, through the application of flow charts. Fourth chapter contains a brief 
presentation of some points of the design codes, AISI S100, AS/NZS 4600 and EN 1993-1-3, 
through the use of flow charts that were used for the verification of members’ subjected to 
compression forces and bending moments. In the fifth chapter, a comparison between codes, 
based on the mentioned four types of structures, is presented and the sixth chapter presents the 
conclusions obtained in the study. 
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2 PROJECT INFORMATION 

 

2.1 Structure Types 

The use of cold-formed steel members permits the creation of structures with different 
configurations. Photovoltaic structures are created with the purpose of obtaining the maximize 
energy output and the optimization of the solar farm design, so, they are disposed in arrays 
containing the photovoltaic modules in landscape (module with the longest side parallel to the 
ground) or portrait (module with the shortest side parallel to the ground) layout, with a specific 
tilt degree facing south. In the present study, photovoltaic modules are disposed in the portrait 
layout. 
 
The used structures, Figures 2.1 to 2.12, were idealized so that the frame supporting purlins, 
that cross the clamping fixation zone, defined in function of a photovoltaic model, were 
optimized to maximize the ratio in each structural section member. 
 

 
 

Figure 2.1 - 3D Photovoltaic Structure (Type 1) 
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Figure 2.2 - Photovoltaic Structure (Type 1): Standard Frame 
 

 
 

Figure 2.3 - Autodesk ROBOT Structural 3D Design Model (Type 1) 
 

 
 

Figure 2.4 - 3D Photovoltaic Structure (Type 1): Connections 
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Figure 2.5 - 3D Photovoltaic Structure (Type 2) 
 

 
 

Figure 2.6 - Photovoltaic Structure (Type 2): Standard Frame 
 

 
 

Figure 2.7 - Autodesk ROBOT Structural 3D Design Model (Type 2) 
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Figure 2.8 - 3D Photovoltaic Structure (Type 2); Connections 
 

 
 

Figure 2.9 - 3D Photovoltaic Structure (Type 3) 
 

Purlin "O"

End
Clamp

Bolt

PV panel
Bolt

PV panelPV panel

Purlin "O"

End panel
Connection C1

Middle panel
Connection C1

Middle Clamp

Nut with self
locking flange

Nut with self
locking flange

Purlin "O"

Bolt

Nut with self
locking flange

Beam "C"

Purlin / Beam
Connection C2

Washer

Bolt

Nut with self
locking flange

Washer

Pile / Beam
Connection C3

Pile "C"

Beam "C"

Washer

Bolt

Nut with self
locking flange



 

Design of Cold-formed Steel Structures 2 PROJECT INFORMATION 

 

 

  

 

José António Faria Araújo 13 

 

 
 

Figure 2.10 - Photovoltaic Structure (Type 3): Standard Frame 
 

 
 

Figure 2.11 - Autodesk ROBOT Structural 3D Design Model (Type 3) 
 

 
 

Figure 2.12 - 3D Photovoltaic Structure (Type 3): Connections 
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Figure 2.13 - 3D Photovoltaic Structure (Type 4) 
 

 
 

Figure 2.14 - Photovoltaic Structure (Type 4): Standard Frame 
 

 
 

Figure 2.15 - Autodesk ROBOT Structural 3D Design Model (Type 4) 
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Figure 2.16 - 3D Photovoltaic Structure (Type 4); Connections 
 

2.2 Cold-formed steel (CFS) sections and manufactured process 

The CFS sections used in the design are the result of years of study and tests, allowing 
dimensions to be optimized to meet the purposes for which they were created. They are patented 

and so it will only be possibly to present its commercial designation, "𝐵" for lipped channel 

sections and "𝛺" for OMEGA sections. These sections, presented in Figure 2.17, are obtained 
with the roll forming process that corresponds to the deformation of a continuous steel strip, 
through the utilization of a series of rolls, in various stages, until the final section is obtained. 
According to Dubina et al (2012), the use of this manufactured process, besides press braking, 
has an impact on the basic strengths of cold-formed profiles, as showed in Table 2.1. 
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Figure 2.17 - Cold-formed sections (Commercial definitions) 
 
Table 2.1 - Influence of manufacturing process on the basic strengths of cold-formed profiles 

(Dubina et al, 2012) 
 

Forming method 
  Cold forming 

  Cold rolling Press braking 

Yield strength 
Corner High High 

Flange Moderate --- 

Ultimate strength 
Corner High High 

Flange moderate --- 

 

2.3 Material 

The cold-formed steel material is S350 MAGNELIS® ZM310. The mechanical properties are, 
according to EN 10326: 

 Basic Yield Strength, 𝑓 = 350 𝑁 𝑚𝑚⁄  

 Ultimate Tensile Strength, 𝑓 = 420 𝑁 𝑚𝑚⁄  
 
According to EN 1993-1-1, Clause 3.2.6, material coefficients are: 

 Modulus of Elasticity, 𝐸 = 210000 𝑁 𝑚𝑚⁄  

 Poisson’s ratio in elastic stage, 𝜈 = 0.300 

 Shear Modulus, 𝐺 = 80769 𝑁 𝑚𝑚⁄  
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The materials used in the three continents (Australia, Europe and North America) are different 
in terms of resistance and ductility. It was adopted the values used in Europe to simplify the 
design process. 
 

2.4 Project Location 

The structures are located in Netherlands, on a flat terrain. Figures 2.18 and 2.19 presents the 
approximate location with a visualization of the terrain where they are installed. 
 

 
 

Figure 2.18 - Master Thesis Project Location 
 

 
 

Figure 2.19 - Master Thesis Project: Terrain (Google Earth) 
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3 STRUCTURAL DESIGN ACTION STANDARDS 

 

3.1 ASCE/SEI 7-10, AS/NZS 1170 and EN 1990 / EN 1991 

The standards that provide minimum load requirements for the design of structures, taking into 
account the norms that will be studied, are: 

 United States of America: ASCE/SEI 7-10, Minimum Design Loads for Buildings and 
Other Structures 

 Australia/New Zealand: AS/NZS 1170, Structural Design Actions 
 Europe: EUROCODE EN 1990, Basis of Structural Design and EN 1991, Actions in 

Structures 
 
In the design of photovoltaic structures, the applied loads are (1) Dead load; (2) Photovoltaic 
module load; (3) Snow load; (4) Wind load; (5) Temperature load and (6) Seismic load. In the 
study, temperature and seismic loads were disregarded. Temperature because the use of stress 
release mechanisms, like slotted or oversized holes with proper length permits the member 
length variation and seismic loads because, experience on photovoltaic structures has shown 
that the structure global low weight is not relevant when compared to wind and snow loads. So, 
considering the previously mentioned, only flow charts for wind and snow loads will be 
presented. 
 

3.2 Design Loading and Load Combinations 

 

3.2.1 Minimum Design Loads for Buildings and Other Structures (ASCE/SEI 7-10) 

ASCE/SEI 7-10 lets the designer choose between two different types of strength limit state, 
providing information and guidance to the loads and appropriate load combinations that were 
to be used, depending if the limit state is according to the “Allowable Stress Design” (ASD) or 
“Load and Resistance Factor Design” (LFRD) / “Strength Design”. 
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According to ASCE/SEI 7-10 (ASCE, 2010), Allowable Stress Design is “a method of 
proportioning structural members such that elastically computed stresses produced in the 
members by nominal loads do not exceed specified allowable stresses (also called “working 
stress design”)”. Strength Design is “a method of proportioning structural members such that 
the computed forces produced in the members by the factored loads do not exceed the member 
design strength (also called “Load and Resistance Factor Design”)”. 
 
ASCE/SEI 7-10 gives guidance for the following loads: 

 Load or load effect arising from extra ordinary event A, 𝐴  

 Dead load, 𝐷 

 Weight of ice, 𝐷  

 Earthquake load, 𝐸 

 Load due to fluids with well-defined pressures and maximum heights, 𝐹 

 Flood load, 𝐹  

 Load due to lateral earth, ground water or pressure of bulk materials, 𝐻 

 Live load, 𝐿 

 Roof live load, 𝐿  

 Rain load, 𝑅 

 Snow load, 𝑆 

 Self-straining load, 𝑇 

 Wind load, 𝑊 

 Wind-on-ice, 𝑊  
 
In the “Load and Resistance Factor Design” (LFRD), the load combinations are: 
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𝐸  
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(3.1) 
 

 

𝐸  
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1.20 × 𝐷 
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1.60 × 𝐿 
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0.50 × 𝐿  

0.50 × 𝑆 
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(3.2) 
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1.20 × 𝐷 
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1.60 × 𝑅 
 

+ 

 

𝐿 

0.50 × 𝑊 
 

 

(3.3) 
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(3.4) 
 

 

𝐸  
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(3.5) 
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(3.6) 
 

 

𝐸  
 

= 
 

0.90 × 𝐷 
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(3.7) 
 

 
The load combinations used in the “Allowable Stress Design” (ASD) are: 
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(3.8) 
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(3.9) 
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(3.10) 
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0.75 × 𝐿  
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(3.11) 
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1.00 × 𝐷 
 

+ 

 

0.60 × 𝑊 
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(3.12) 
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(3.14) 
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(3.15) 
 

 

𝐸  
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0 
 

 

(3.16) 
 

 
ASCE/SEI 7-10 defines the combination values to been used in the strength limit states 
calculations but, for serviceability limit states, leaves that choice for the owners, designers or 
builders. This measure has been adopted because is a non-catastrophic event, producing only 
local minor damage and, also, the level of acceptance regarding the quality of the structure or 
member varies from person to person. 
 
Figures 3.1, 3.2, 3.3 and 3.4 gives a description of the procedure used for determination of snow 
and wind loads, for the type of structures used in the study, monopitch open roof structures. 
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Figure 3.1 - Snow load for monopitch roof 
(Adapted from “Structural load determination under 2009 IBC and ASCE/SEI 7-05”) 
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Ground snow load, pg

Figure 7-1 for contiguous United States of America

Table 7-1 for Alaska

Exposure factor, Ce [ Table 7-2 ]

Thermal factor, Ct [ Table 7-3 ]

Risk Category [ Table 1.5-1 ]

Flat roof snow load, pf

ASCE 7-10, Equation (7.3-1)

Terrain / Exposure [ Section 26.7 ]
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Slope > 0º NO

Is the roof a multiple folded plate,

sawtooth or barrel vault roof ?
Yes Cs = 1.0 [ Section (7.4.4) ]
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Roof is defined as cold roof

ASCE 7-10, Section (7.4.2)

Roof is defined as warm roof

ASCE 7-10, Section (7.4.1)
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with an R-value = 30 ft² hºF/Btu or ventilated
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Roof slope factor, Cs

ASCE 7-10, Solid line in Figure 7-2a

Roof slope factor, Cs

ASCE 7-10, Dashed line in Figure 7-2a
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Is the roof an obstructed slippery surface

Roof slope factor, Cs

ASCE 7-10, Solid line in Figure 7-2b

Roof slope factor, Cs

ASCE 7-10, Dashed line in Figure 7-2b
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NO

Slope roof snow load, ps

ASCE 7-10, Equation (7.4-1)

Slope roof snow load, ps

ASCE 7-10, Equation (7.4-1)

Slope roof snow load, ps

ASCE 7-10, Equation (7.4-1)

Slope roof snow load, ps

ASCE 7-10, Equation (7.4-1)

NO
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Is the roof an obstructed slippery surface

Roof slope factor, Cs

ASCE 7-10, Solid line in Figure 7-2c
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ASCE 7-10, Dashed line in Figure 7-2c
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Slope roof snow load, ps

ASCE 7-10, Equation (7.4-1)

Slope roof snow load, ps

ASCE 7-10, Equation (7.4-1)
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Figure 3.2 - Process for Determining Wind 
(Adapted from ASCE/SEI 7-10, Figure 26.1-1) 

 

 
 

Figure 3.3 - Steps to determine MWFRS Wind Loads for Open Buildings of All Heights 
(Adapted from ASCE/SEI 7-10, Table 27.2-1) 

 

Basic wind speed, V

ASCE 7-10, Figure 26.5-1A, B or C

Exposure category

ASCE 7-10, Section 26.7

Enclosure classification

ASCE 7-10, Section 26.10

Internal pressure coefficient, GCpi

ASCE 7-10, Section 26.11

Wind directionality factor, kd

ASCE 7-10, Section 26.6

Topographic factor, kzt

ASCE 7-10, Section 26.8

Gust effect factor

ASCE 7-10, Section 26.9

Main Wind-Force Resisting System [ MWFRS ]

Components & Cladding [ C&C ]

Directional procedure for buildings of all heights

ASCE 7-10, Chapter 27

Envelope procedure for low rise buildings

ASCE 7-10, Chapter 28

Directional procedure for building appurtenances

ASCE 7-10, Chapter 29

Wind tunel procedure for structures

ASCE 7-10, Chapter 31

Directional procedure for building appurtenances

ASCE 7-10, Chapter 30 [ Part 6 ]

Wind tunel procedure for structures

ASCE 7-10, Chapter 31

Envelope procedure for low rise buildings

ASCE 7-10, Chapter 30 [ Part 1 and 2 ]

Directional procedure for buildings of all heights

ASCE 7-10, Chapter 30 [ Parte 3, 4 and 5 ]

START

Geographical

Location

[ 1 ] Risk Category

ASCE 7-10, Table 1.5-1

[ 4 ] Basic wind speed

ASCE 7-10, Section 26.5

[ 7 ] Wind Directionality

ASCE 7-10, Section 26.6

[ 5 ] Enclosure

ASCE 7-10, Section 26.2

Structure Type

[ 8 ] Internal pressure coefficients

ASCE 7-10, Section 26.11

[ 11 ] External pressure coefficients

[ 12 ] Wind pressure, p

ASCE 7-10, Section 27, Equations (27.4-1, 27.4-2 or 27.4-3)

GCpi = 0

[ 10 ] Gust Effect

ASCE 7-10, Section 26.9

[ 3 ] Topographic Effects

ASCE 7-10, Section 26.8

[ 2 ] Exposure

ASCE 7-10, Section 26.7

Structure height

above ground level, z

[ 6 ] Velocity pressure exposure coefficient

ASCE 7-10, Section 27, Table 27.3-1

[ 9 ] Velocity pressure [ qz ]

ASCE 7-10, Section 27, Equation (27.3-1)

ASCE 7-10, Section 26.11
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Figure 3.4 - Steps to determine C&C Wind Loads for Open Buildings 
(Adapted from ASCE/SEI 7-10, Table 30.8-1) 

 

3.2.2 Australian/New Zealand StandardTM: Structural Design Actions (AS/NZS 1170) 

Australian/New Zealand StandardTM: Structural Design Actions is composed of six parts: 
 AS/NZS 1170.0: General principles 
 AS/NZS 1170.1: Permanent, imposed and other actions 
 AS/NZS 1170.2: Wind actions 
 AS/NZS 1170.3: Snow and ice actions 
 AS 1170.4: Earthquake actions in Australia 
 NZS 1170.5: Earthquake actions in New Zealand 

 
AS/NZS 1170 provides information for loads like: 

 Permanent action (dead load), 𝐺 

 Imposed action (live load), 𝑄 

 Wind, 𝑊 (𝑊 , Wind for ultimate limit states | 𝑊 , Wind for serviceability limit states) 

 Snow, 𝐹  

 Earthquake, 𝐸 

 Static liquid pressure, 𝐹  

START

Geographical

Location

[ 1 ] Risk Category

ASCE 7-10, Table 1.5-1

[ 4 ] Basic wind speed

ASCE 7-10, Section 26.5

[ 7 ] Wind Directionality

ASCE 7-10, Section 26.6

[ 5 ] Enclosure

ASCE 7-10, Section 26.2

Structure Type

[ 8 ] Internal pressure coefficients

ASCE 7-10, Section 26.11

[ 11 ] Net pressure coefficients, CN

[ 12 ] Wind pressure, p

ASCE 7-10, Section 30, Equation (30.8-1)

GCpi = 0

[ 10 ] Gust Effect

ASCE 7-10, Section 26.9

[ 3 ] Topographic Effects

ASCE 7-10, Section 26.8

[ 2 ] Exposure

ASCE 7-10, Section 26.7

Structure height

above ground level, z

[ 6 ] Velocity pressure exposure coefficient

ASCE 7-10, Section 30, Table 30.3-1

[ 9 ] Velocity pressure [ qh ]

ASCE 7-10, Section 30, Equation (30.3-1)

ASCE 7-10, Section 30
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 Ground water, 𝐹  

 Rainwater ponding, 𝐹  

 Earth pressure, 𝐹  
 
In design, the purpose of Ultimate Limit States is to assure that all members and connections 
have design resistance to avoid the probability of collapse. Serviceability Limit States are used 
to see if the structure is capable of providing comfort, avoiding excessive deflections, sways, 
slopes or loss of material due to corrosion or abrasion. With this purpose, for three different 
cases, AS/NZS 1170.0 defines a series of load combinations:  

 Ultimate Limit States: Stability 
 Ultimate Limit States: Strength 
 Serviceability Limit States 

 
The basic combinations for the verification of stability in the ultimate limit states are: 

 Equation (3.17), combinations with net stabilizing effects. Permanent actions only (not 
applied to prestressing forces) 

 Equation (3.18), combinations with net destabilizing effects. Permanent actions only 
(not applied to prestressing forces) 

 Equation (3.19), combinations with net destabilizing effects. Permanent and imposed 
actions 

 Equation (3.20), combinations with net destabilizing effects. Permanent, wind and 
imposed actions 

 Equation (3.21), combinations with net destabilizing effects. Permanent, earthquake and 
imposed actions 

 Equation (3.22), combinations with net destabilizing effects. Permanent, snow and 
imposed actions 
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(3.17) 
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(3.19) 
 

 

𝐸 ,  
 

= 
 

1.20 × 𝐺 
 

+ 
 

𝑊  
 

+ 
 

𝜓 × 𝑄 
 

 

(3.20) 
 

 

𝐸 ,  
 

= 
 

1.20 × 𝐺 
 

+ 
 

𝐸  
 

+ 
 

𝜓 × 𝑄 
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(3.22) 
 

 
The basic combinations for the verification of strength in the ultimate limit states are: 

 Equation (2.23), permanent actions only (not applied to prestressing forces) 
 Equation (3.24), permanent and imposed actions 
 Equation (3.25), permanent and long-term imposed actions 
 Equation (3.26), permanent, wind and imposed actions 
 Equation (3.27), permanent and wind action reversal 
 Equation (3.28), permanent, wind and imposed actions 
 Equation (3.29), permanent, snow and imposed actions 
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(3.23) 
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For serviceability limit states, the basic combinations are: 
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(3.34) 
 

 
Figures 3.5 and 3.6 gives a description of the procedure used for determination of snow and 
wind loads, for the type of structures used in the study, monopitch open roof structures. 
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Figure 3.5 - Snow load for monopitch roof 
(Based on AS/NZS 1170:3) 

 

3.2.3 EUROCODE: Basis of Structural Design (EN 1990) and EUROCODE: Actions on 
Structures (EN 1991) 

European Structural Design Standards is composed of eight parts: 
 EUROCODE 0, Basis of structural design 
 EUROCODE 1, Actions on structures (Part 1-1): Densities, self-weight, imposed loads 

for buildings 
 EUROCODE 1, Actions on structures (Part 1-2): Actions on structures exposed to fire 
 EUROCODE 1, Actions on structures (Part 1-3): Snow loads 
 EUROCODE 1, Actions on structures (Part 1-4): Wind loads 
 EUROCODE 1, Actions on structures (Part 1-5): Thermal actions 
 EUROCODE 1, Actions on structures (Part 1-6): Actions during execution 
 EUROCODE 1, Actions on structures (Part 1-7): Accidental actions 
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Figure 3.6 - Steps to determine Wind Loads for Open Buildings (Based on AS/NZS 1170:2) 
 
One crucial aspect in the design of a structure is if the structure is capable of sustain the loads 
that will be applied over the years so, the definition of limit states is a crucial aspect. 
EUROCODE, to assures that the structure is capable of sustaining the loads that, if not 
controlled will increase the probability of structure collapse or deformation beyond repair, 
defines equations to been used for the verification of the Ultimate Limit States (ULS) and 
Serviceability Limit States (SLS). 
 
In the ULS, is essential to be verified the EQU Limit States, involving the loss of static 
equilibrium of the structure, in a member or the whole structure. Destabilizing actions must be 
taken into account by adopting higher design values, while stabilizing effects (favors the 
structure equilibrium) have lower design values. 
 
For the verification of the structure strength and serviceability, the following steps are followed: 

1. Selection of appropriate design situations and limit states 
2. Determination of load arrangements and critical load cases. 
3. Calculation of design values for ultimate and serviceability limit states 
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Ultimate Limit States are designed for actions in persistent and transient design situations. 
Transient design situation (EN 1990, Clause 1.5.2.3) corresponds to a “design situation which 
is relevant during a period much shorter that the design working life of the structure and which 
has a high probability of occurrence”. It equals to a state that occurs only during, for example, 
the construction or reparation. A persistent design situation, which refers to normal use 
conditions, is defined as a “design situation which is relevant during a period of the same order 
as the design working life of the structure” (EN 1990, Clause 1.5.2.4). 
 
For the verification of transient or persistent design situations, EUROCODE defined three 
equations, (6.10), (6.10a) and (6.10b). Expression (6.10) is more conservative but it leads to a 
less number of combinations to be considered. Equation (3.35), (3.36) and (3.37) corresponds 
to the equation (6.10), (6.10a) and (6.11b) in EN 1990. 
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𝛾 , 𝜓 , 𝑄 ,  

 

 

(3.37) 
 

 
In serviceability limit states, the load combinations depend on the action effects. EN 1990 
defines that actions can be irreversible, reversible or long-term effects, which one producing 
combinations that serve the verification of the structure functionality. The load combinations 
are written as: 

 Equation (3.38), characteristic combination of actions, EN 1990 equation (6.14), for the 
irreversible limit states 

 Equation (3.39), frequent combination, EN 1990 equation (6.15), for the reversible limit 
states 

 Equation (3.40), quasi-permanent combination, EN 1990 equation (6.16), for long-term 
effects. 
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In serviceability limit states all partial factors are equal to unity. 
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Figures 3.7 and 3.8 gives a description of the procedure used for determination of snow and 
wind loads, for the type of structures used in the study, monopitch open roof structures. 
 

 
 

Figure 3.7 - Snow load for monopitch roof (Based on EN 1991-1-3) 
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Figure 3.8 - Steps to determine Wind Loads for Open Buildings (Based on EN 1991-1-4) 
 

3.2.4 Comparison among codes 

Actually, there is no acceptable international standard that can be used in the determination of 
the snow and wind loads, verifying as well, considerable difference in terms of format and type 
of information displayed in the three different studied standards. However, for the studied 
codes, serving as base, all adopt some points of the codes defined by the International 
Organization of Standardization (ISO), more concretely, ISO 4354 for wind loads and ISO 4355 
for snow loads. 
 
Through the analysis of the snow load design codes, it was possible to identify that, although 
there is differences in terms of notations and equations, AS/NZS 1170.3 and EN 1991-1-3 don’t 
cover, (a) impacts resulting for snow or ice sliding off or failing from a higher roof; (b) 
additional wind loads that could result from changes in shape or size of the building structures 
due to the presence of snow or a built-up ice; (c) lateral loading on structures due to snow on 
the ground (e.g. lateral loads exerted by drifts), while ASCE 7 provides design situations for 
the situations prescribed before like, for example, “Sliding Snow” (ASCE 7-10, clause 7.9) or 
“Drifts on lower roofs” (ASCE 7-10, clause 7.7). ASCE 7-10 considers as well the effect of 
rain-on-snow while both AS/NZS 1170.3 and EN 1991-1-3 don’t. All the standards have 

START

Geographical

Location
Structure Type

Terrain category

EN 1991-1-4, Clause 4.3

Fundamental basic wind velocity, vb,0

EN 1991-1-4, National Annex

Directional factor, cdir

EN 1991-1-4, Clause 4.2 NOTE 2

Season factor, cseason

EN 1991-1-4, Clause 4.2 NOTE 3

Basic wind velocity, vb

EN 1991-1-4, Clause 4.2(2), Equation (4.1)

Orographic factor, c0(z)

EN 1991-1-4, Clause 4.3.3

Roughness factor, cr(z)

EN 1991-1-4, Clause 4.3.2

Reference height, ze

EN 1994-1-4, Clause 7.3

ze < 15 m ?

EN 1994-1-4, Clause 6.2(1)

Men wind velocity, vm(z)

EN 1991-1-4, Clause 4.3.1

Air density, p

EN 1991-1-4, Clause 4.5, NOTE 2

Turbulance intensity, Iv(z)

EN 1991-1-4, Clause 4.4

Structural factor, cscd

EN 1994-1-4, Clause 6.2.1

Peak velocity pressure, qp(z)

EN 1991-1-4, Clause 4.5, Equation (4.8)

cscd = 1.0

EN 1994-1-4, Clause 6.2(1)
Area

Monopitch roof canopies

EN 1991-1-4, Section 7.3, Table 7.6

Overral force coefficients, cf

Wind Forces, Fw

EN 1994-1-4, Clause 5.3(2)

[ Calculation of structural members ]

Wind Forces, Fw

EN 1994-1-4, Clause 5.3(3)

[ Calculation of connections + cladding ]

Net pressure coefficients, cp,net



 

Design of Cold-formed Steel Structures 3 STRUCTURAL DESIGN ACTION STANDARDS 

 

 

 

 

José António Faria Araújo 33 

 

limitations in altitudes, 1500 m to EN 1991-1-3, approximately 1800 m to AS/NZS 1170.3 and 
around 2000 m to ASCE 7-10, in the contiguous zones of the United States of America (Alaska 
is a different case). 
 
In the determination of the design wind loads, all three standard codes have in common that the 
characteristic/basic wind speed is determined for a height of 10 m in open terrains with low 
vegetation and scattered obstructions, only differing the time measurement duration, which is 
10-minutes for EN 1991-1-4 and 3-sec to both ASCE 7-10 and AS/NZS 1170:2. The velocity 
measured in EN 1991-1-4 is the characteristic mean wind velocity while in ASCE 7-10 and 
AS/NZS 1170:2 is the gust wind speed. The wind speed profile in atmospheric boundary layer 
can be modeled using or the power law or logarithmic law. The logarithmic law, used in codes 
like EN 1991-1-4 and AS/NZS 1170:2, is valid in unmodified form in strong wind conditions 
in the atmospheric boundary layer near the surface, which is influenced by the surface 

roughness, defined by the parameter of roughness length (𝑧 ). ASCE 7-10 uses the power law, 
which is better to identify the overturning effects at the base of tall structures. 
 
A roughness length depends on the terrains, leading to different wind speed profiles. In the wind 
standard codes, there isn’t a global definition for the quantity and type for the terrain categories. 
According to Yang et al (2014), in 2009, Choi summarized information about terrain categories 
and its respective roughness length values. This table is presented in Table 3.1. 
 

Table 3.1 - Summary of terrain category information for various wind codes 
(Adapted from Local wind assessment in Australia, Table 2.4) 

 

 

Standard / Codes 

 

Terrain 

categories 

Roughness length 𝒛𝟎 range for  

all terrain categories [ m ] 

 

ASCE 7-10 
 

5 0.003 - 1.000 

 

AS/NZS 1170.2 
 

3 0.0039 - 0.580 

 

EN 1991-1-4 
 

4 0.002 - 2.000 

 

Ngo and Letchford compared ASCE 7-10, AS/NZS 1170.2 and EN 1991-1-4 to determine the 
topographic effects (orography in EUROCODE) and verified that only ASCE 7-10 considers 
the influence of terrain roughness on the speed effect of wind flows, treating hills and ridges 
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differently, while both EN 1991-1-4 and AS/NZS 1170.2 treats them identically (Yang et al, 
2014). They verified, as well, that there is a difference in the slope variation, with the following 
slope ranges defined in Table 3.2. 
 

Table 3.2 - Different slope ranges for ASCE 7-10, AS/NZS 1170.2 and EN 1991-1-4 
(Adapted from Local wind assessment in Australia, Table 2.6) 

 
 

Standard / Codes 
 

 

Lower Limit[ % ] 

 

Upper Limit [ % ] 

 
 

ASCE 7-10 
 

 

10 
 

 

25 
 

 

AS/NZS 1170.2 
 

 

5 
 

 

45 
 

 

EN 1991-1-4 
 

 

5 
 

 

30 
 

 

3.3 Load Combination, Practical Example 

 
1. Structure location: Netherlands 

 
2. Loads: 

 Dead weight (𝐷): 1.000 𝑘𝑁 𝑚⁄  

 Snow (𝑆): 0.700 𝑘𝑁 𝑚⁄  

 Wind (𝑊): 0.470 𝑘𝑁 𝑚⁄  
 

3. ASCE 7-10 Load combinations, Load and Resistance Factor Design (LFRD) 
 𝐸 = 1.40 × 𝐷 = 1.40 𝑘𝑁 𝑚⁄  

 𝐸 = 1.20 × 𝐷 + 0.50 × 𝑆 = 1.55 𝑘𝑁 𝑚⁄  

 𝑬𝒅 = 𝟏. 𝟐𝟎 × 𝑫 + 𝟏. 𝟔𝟎 × 𝑺 + 𝟎. 𝟓𝟎 × 𝑾 = 𝟐. 𝟓𝟓 𝒌𝑵 𝒎𝟐⁄  

 𝐸 = 1.20 × 𝐷 + 1.00 × 𝑊 + 0.50 × 𝑆 = 2.01 𝑘𝑁 𝑚⁄  

 𝐸 = 1.20 × 𝐷 + 0.20 × 𝑆 = 1.34 𝑘𝑁 𝑚⁄  

 𝐸 = 0.90 × 𝐷 + 1.00 × 𝑊 = 1.36 𝑘𝑁 𝑚⁄  

 𝐸 = 0.90 × 𝐷 = 0.90 𝑘𝑁 𝑚⁄  
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4. ASCE 7-10 Load combinations, Allowable Stress Design (ASD) 
 𝐸 = 𝐷 = 1.00 𝑘𝑁 𝑚⁄  

 𝐸 = 𝐷 + 𝑆 = 1.70 𝑘𝑁 𝑚⁄  

 𝐸 = 𝐷 + 0.75 × 𝑆 = 1.53 𝑘𝑁 𝑚⁄  

 𝐸 = 𝐷 + 𝑊 = 1.46 𝑘𝑁 𝑚⁄  

 𝑬𝒅 = 𝑫 + 𝟎. 𝟕𝟓 × 𝟎. 𝟔𝟎 × 𝑾 + 𝟎. 𝟕𝟓 × 𝑺 = 𝟏. 𝟕𝟑 𝒌𝑵 𝒎𝟐⁄  

 𝐸 = 0.60 × 𝐷 + 0.60 × 𝑊 =  𝑘𝑁 𝑚⁄  

 𝐸 = 0.60 × 𝐷 = 0.60 𝑘𝑁 𝑚⁄  

 
5. AS/NZS 1170.2 Load combinations, Ultimate Limit State (Stability) 

 𝐸 , = 0.90 × 𝐺 = 0.90 𝑘𝑁 𝑚⁄  

 𝐸 , = 1.35 × 𝐺 = 1.35 𝑘𝑁 𝑚⁄  

 𝐸 , = 1.20 × 𝐺 = 1.20 𝑘𝑁 𝑚⁄  

 𝐸 , = 1.20 × 𝐺 + 𝑊 = 1.66 𝑘𝑁 𝑚⁄  

 𝑬𝒅,𝒅𝒔𝒕 = 𝟏. 𝟐𝟎 × 𝑮 + 𝑺𝒖 = 𝟏. 𝟗𝟔 𝒌𝑵 𝒎𝟐⁄  

 
6. AS/NZS 1170.2 Load combinations, Ultimate Limit State (Strength) 

 𝐸 = 1.35 × 𝐺 = 1.35 𝑘𝑁 𝑚⁄  

 𝐸 = 1.20 × 𝐺 = 1.20 𝑘𝑁 𝑚⁄  

 𝑬𝒅 = 𝟏. 𝟐𝟎 × 𝑮 + 𝑾𝒖 = 𝟏. 𝟔𝟔 𝒌𝑵 𝒎𝟐⁄  

 𝐸 = 0.90 × 𝐺 + 𝑊 = 1.56 𝑘𝑁 𝑚⁄  

 𝐸 = 1.00 × 𝐺 + 𝑊 = 1.46 𝑘𝑁 𝑚⁄  

 
7. EN 1990 Load combinations 

 𝑬𝒅 = 𝟏. 𝟑𝟓 × 𝑫 + 𝟏. 𝟓𝟎 × 𝑺 + 𝟎. 𝟎𝟎 × 𝑾 = 𝟐. 𝟒𝟎 𝒌𝑵 𝒎𝟐⁄  

 𝐸 = 1.35 × 𝐷 + 1.50 × 𝑊 + 0.00 × 𝑆 = 2.04 𝑘𝑁 𝑚⁄  

 
In the photovoltaic market, usually it’s used design loads obtained, for example, using ASCE 
7-10 loads and combinations and verifications been done with a different standard that the one 
that must have been used, like EUROCODE 1993-1-3 instead of AISI S100. Using the same 
loads and applying load combinations given in standards, it is possible to see that load 
combinations from ASCE 7-10 (LFRD) gives worst values, followed by EUROCODE EN 
1990, AS/NZS 1170.0 (Stability), ASCE 7-10 (ASD) and finally AS/NZS 1170.0 (Strength). 
In the design process, if load values weren’t used with the respective load combinations codes, 
the results obtained in the analysis will be different than the reality. 
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4 STRUCTURAL DESIGN STANDARDS FOR COLD-FORMED STEEL 

 
The design of cold-formed steel structures, depending on the structure location or client request, 
is regulated by different standards. In this study, the codes utilized are accepted and used 
worldwide, AISI S100, AS/NZS 4600 and EUROCODE EN 1993-1-3. 
 
Taking into account the level of detail present in each code, and the fact that one of the major 
points of interest is the comparison between codes, it will only be presented some parts of each 
standard showing, as well, calculation procedures that were used in the cold-formed steel 
analysis. 
 
The text presented in points 4.1, 4.2, 4.3 and 4.4 is extracted directly from standards, as well 
from technical documents that are available to public, like the discontinued “Project Access 
Steel” for Europe and “AISI Design Tool: Design flowchart for using the 2007 Edition of the 
North American cold-formed steel specification and the 2008 Edition of the AISI Cold-formed 
steel design” (AISI D101-09, 2009) for North America. 
 

4.1 North American Specification for the Design of Cold-Formed Steel Structural 
Members 

 

4.1.1 Strength increase from cold work of forming 

AISI S100, clause A7.2 (AISI, 2007) defines that the strength increase from cold work of 

forming shall be permitted by substituting 𝐹  for 𝐹 , where 𝐹  is the average yield stress of 

the full section. The limits and methods for determining 𝐹  shall be in accordance with (a), (b) 

and (c): 
a. For axially loaded compression members and flexural members whose proportions 

are such that the quantity 𝜌 for strength determination is unity for each of the 

component elements of the section, the design yield stress, 𝐹 , of the steel shall be 

determined on the basis of one of the following methods: 
1. full section tensile tests 
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2. stub column tests 
3. computed in accordance with Equation (4.1) 

 

 

 

𝐹 = 𝐶 × 𝐹 + (1 − 𝐶) × 𝐹 ≤ 𝐹  
 

 

(4.1) 
 

 

𝐹  average yield stress of full unreduced section of compression members 

or full flange sections of flexural members; 

𝐶  for compression members, ratio of total corner cross-sectional area to 
total cross-sectional area of full section; for flexural members, ratio of 
total corner cross-sectional area of controlling flange to full cross-
sectional area of controlling flange; 

𝐹  tensile yield stress of corners. Equation (4.2) applies only when 

𝐹 𝐹⁄ ≥ 1.20, (𝑅 𝑡⁄ ) ≤ 7.00 and the included angle ≤ 120º; 

 

 

 

𝐹 = 𝐵 × 𝐹 (𝑅 𝑡⁄ )⁄  
 

 

(4.2) 
 

 

 

 

𝐵 = 3.69 × 𝐹 𝐹⁄ − 0.819 × 𝐹 𝐹⁄ − 1.79 
 

 

(4.3) 
 

 

𝐹  Tensile yield stress of virgin steel specified by Section A2 or established 

in accordance with Section F3.3; 

𝑅 Inside bend radius; 

𝑡 Thickness of section; 
 

 

 

𝑚 = 0.192 × 𝐹 𝐹⁄ − 0.068 
 

 

(4.4) 
 

 

𝐹  Tensile strength of virgin steel specified by Section A2 or established in 
accordance with Section F3.3; 

𝐹  Weighted average tensile yield stress of flat portions established in 

accordance with AISI S100, Section F3.2 or virgin steel yield stress if 
tests are not made 
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b. For axially loaded tension members, the yield stress of the steel shall be determined 
by either method (1) or method (3) prescribed in paragraph (a) of this section. 

c. The effect of any welding on mechanical properties of a member shall be determined 
on the basis of tests of full section specimens containing, within the gage length, such 
welding as the manufacturer intends to use. Any necessary allowance for such effect 
shall be made in the structural use of the member. 

 

4.1.2 Elements: Dimensional limits and considerations 

AISI S100, Section B, defines limits and considerations for: 
a. Maximum Flat-Width-to-Thickness Ratios 

Maximum allowable overall flat-width-to-thickness ratios, 𝑤 𝑡⁄ , disregarding 

intermediate stiffeners and taking 𝑡 as the actual thickness of the element, shall be 
determined as follows: 
1. Stiffened compression element having one longitudinal edge connected to a web 

or flange element, the other stiffened by: 

Simple lip ............................................................................................. 𝑤 𝑡⁄ ≤ 60 

Any other kind of stiffener, 𝐼 < 𝐼  ...................................................... 𝑤 𝑡⁄ ≤ 60 

Any other kind of stiffener, 𝐼 ≥ 𝐼  ...................................................... 𝑤 𝑡⁄ ≤ 90 
 

𝐼  actual moment of inertia of full stiffener about its own centroid axis 
parallel to element to be stiffened 

 

𝐼  adequate moment of inertia of stiffener, so that each component element 
will behave as a stiffened element 

 
2. Stiffened compression element with both longitudinal edges connected to other 

stiffened elements ............................................................................... 𝑤 𝑡⁄ ≤ 500 

3. Unstiffened compression element ......................................................... 𝑤 𝑡⁄ ≤ 60 
 

It shall be noted that unstiffened compression elements that have 𝑤 𝑡⁄  ratios 

exceeding approximately 30 and stiffened compression elements that have 𝑤 𝑡⁄  ratios 
exceeding approximately 250 are likely to develop noticeable deformation at the full 
available strength (factored resistance), without affecting the ability of the member 
to develop the required strength [effect of factored loads]. 
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Stiffened elements having 𝑤 𝑡⁄  ratios greater than 500 provide adequate available 
strength (factored resistance) to sustain the required loads; however, substantial 
deformations of such elements usually will invalidate the design equations of this 
Specification. 

 
b. Flange Curling 

Where the flange of a flexural member is unusually wide and it is desired to limit the 
maximum amount of curling or movement of the flange toward the neutral axis, 
Equation (4.5) shall be permitted to be applied to compression and tension flanges, 
either stiffened or unstiffened as follows: 
 

 

 

𝑤 = 0.061 × 𝑡 × 𝑑 × 𝐸 𝑓⁄ × 100 × 𝑐 𝑑⁄  

 

 

(4.5) 
 

 

𝑤  width of flange projecting beyond web; or half of distance between webs 

for box- or U-type beams; 

𝑡 flange thickness; 

𝑑 depth of beam; 

𝑓  average stress in full unreduced flange width. (Where members are 
designed by the effective design width procedure, the average stress equals 
the maximum stress multiplied by the ratio of the effective design width to 
the actual width); 

𝑐  amount of curling displacement 

 
c. Maximum Web Depth-to-Thickness Ratios 

The ratio, ℎ 𝑡⁄ , of the webs of flexural members shall not exceed the following limits: 

1. For unreinforced webs .............................................................. (ℎ 𝑡⁄ ) = 200 
2. For webs which are provided with bearing stiffeners satisfying the requirements 

of Section C3.7.1: 

Bearing stiffeners only .............................................................. (ℎ 𝑡⁄ ) = 260 

Bearing stiffeners and intermediate stiffeners ........................... (ℎ 𝑡⁄ ) = 300 
 

ℎ depth of flat portion of web measured along plane of web; 

𝑡 web thickness. Where a web consists of two or more sheets, the ℎ 𝑡⁄  ratio 
is computed for the individual sheets 
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The provisions for design by calculation given in AISI S100 are not applied to cross-sections 

outside the range of width-to-thickness ratios 𝑤 𝑡⁄  and ℎ 𝑡⁄  given in Table 4.1. 
 

Table 4.1 - AISI S100: Maximum width-to-thickness ratios 
 

Element of cross-section 

 

Maximum value 
 

 

 
 

 

30 

(60) 
 

 

 
 

 

60 
 

 

 
 

 

90 
 

 

 
 

 

250 

(500) 
 

 

 
 

 

200 
 

 

w w

t t

w w

t t

w w

t t

w w

t t

h ht

t



 

Design of Cold-formed Steel Structures 4 STRUCTURAL DESIGN STANDARDS 

 

 

 

 

José António Faria Araújo 41 

 

4.2 Australian/New Zealand StandardTM: Cold-formed steel Structures 

 

4.2.1 Strength increase resulting from cold forming 

AS/NZS 4600, clause 1.5.1.2 (AS/NZS, 2005) defines that the strength increase resulting from 

cold forming shall be permitted by substituting the average design yield stress (𝑓 ) of the full 

section for 𝑓 . The limitations and methods for determining 𝑓  shall be as follows: 

a. For axially loaded compression members and flexural members whose proportions 

are such that the quantity (𝜌) for load capacity is unity, as determined in accordance 
with Clause 2.2 for each of the component elements of the sections, the average 

design yield stress (𝑓 ) shall be determined on the basis of one of the following: 

1. Full section tensile tests 
2. Stub column tests 
3. The following calculation: 

 

 

 

𝑓 = 𝐶 × 𝑓 + (1 − 𝐶) × 𝑓 ≤ 𝑓  
 

 

(4.6) 
 

 

𝑓  average design yield stress of the steel in the full section of compression 

members or full flange sections of flexural members 

𝐶 for compression members, ratio of the total bend cross-sectional area to 
the total cross-sectional area of the full section; and for flexural members, 
ratio of the total bend cross-sectional area of the controlling flange to the 
full cross-sectional area of the controlling flange 

𝑓  Tensile yield stress of corners. Equation (4.7) applies only when 

𝑓 𝑓⁄ ≥ 1.20, (r t⁄ ) ≤ 7.00 and the included angle ≤ 120º 

 

 

 

𝑓 = 𝐵 × 𝑓 (𝑟 𝑡⁄ )⁄  
 

 

(4.7) 
 

 

 

 

𝐵 = 3.69 × 𝑓 𝑓⁄ − 0.819 × 𝑓 𝑓⁄ − 1.79 
 

 

(4.8) 
 

 

𝑓  tensile yield stress of unformed steel; 

𝑟  inside bend radius; 
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𝑡 thickness of section; 
 

 

 

𝑚 = 0.192 × 𝑓 𝑓⁄ − 0.068 
 

 

(4.9) 
 

 

𝑓  tensile strength of unformed steel; 

𝑓  yield stress of the flat portions (see Clause 8.1.4); or yield stress of 

unformed steel if tests are not made 

b. For axially loaded tension members, 𝑓  shall be determined by either Item (a)(1) or 

Item (a)(3). 
 

4.2.2 Elements: Dimensional limits and considerations 

AS/NZS 4600, Section 2.1, defines limits and considerations for: 
a. Maximum flat-width-to-thickness ratios 

The maximum overall flat-width-to-thickness ratios, 𝑏 𝑡⁄ , disregarding intermediate 

stiffeners and taking 𝑡 as the nominal thickness of the element, shall be as follows: 
1. For a stiffened compression element having one longitudinal edge connected to 

a web or flange element and the other stiffened by 

Simple lip …………………………………………………..……....... 𝑏 𝑡⁄ ≤ 60 

Any other kind of stiffener, 𝐼 < 𝐼  ………………………….………. 𝑏 𝑡⁄ ≤ 60 

Any other kind of stiffener, 𝐼 ≥ 𝐼  ……………………….…………. 𝑏 𝑡⁄ ≤ 90 
2. For a stiffened compression element with both longitudinal edges connected to 

other stiffened elements ....................................................................... 𝑏 𝑡⁄ ≤ 500 
3. For an unstiffened compression element ............................................... 𝑏 𝑡⁄ ≤ 60 

NOTE: Unstiffened compression elements with 𝑏 𝑡⁄  ratios greater than 30 and 

stiffened compression elements with 𝑏 𝑡⁄  ratios greater than 250 are likely to develop 
noticeable deformation at the full design load, without affecting the ability of the 

member to carry the design load. Stiffened elements with 𝑏 𝑡⁄  ratios greater than 500 
can be used with adequate design capacity to sustain the design loads. However, 
substantial deformations of such elements usually will invalidate the design 
equations of this Standard. 

 
b. Flange curling 

Where the flange of a flexural member is unusually wide and it is desired to limit the 
maximum amount of curling or movement of the flange toward the neutral axis, the 
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maximum width (𝑏 ) of the compression and tension flanges, either stiffened or 
unstiffened projecting beyond the web for I-beams and similar sections or the 

maximum half distance (𝑏 ) between webs for box- or U-type beams, shall be 
determined from the following equation: 

 

 

 

𝑏 = 0.061 × 𝑡 × 𝑑 × 𝐸 𝑓⁄ × 100 × 𝑐 𝑑⁄  

 

 

(4.10) 
 

 

𝑡  thickness of the flange; 

𝑑 depth of the section; 

𝑓  average design stress in the full, unreduced flange width (see Note 1); 

𝑐  amount of curling (see Note 2) 

 
NOTES: (1) Where members are designed by the effective design width procedure, 
the average stress equals the maximum stress multiplied by the ratio of the effective 
design width to the actual width; (2) The amount of curling that can be tolerated will 
vary with different kinds of sections and should be established by the designer. 

Amount of curling in the order of 5% of the depth of the section is usually not 
considered excessive. 

 
c. Maximum web depth-to-thickness ratio 

The maximum web depth-to-thickness ratio, 𝑑 𝑡⁄ , of flexural members shall not 
exceed the following: 

1. For unreinforced webs ................................................................... 𝑑 𝑡⁄ = 200 
2. For webs with transverse stiffeners complying with Clause 3.3.8.1: 

Bearing stiffeners only ................................................................... 𝑑 𝑡⁄ = 260 

Bearing stiffeners and intermediate stiffeners ................................ 𝑑 𝑡⁄ = 300 
 

𝑑   depth of the flat portion of the web measured along the plane of the web 

𝑡  thickness of web 
 

Where a web consists of two or more sheets, the ratio 𝑑 𝑡⁄  shall be calculated for 
each sheet. 
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The provisions for design by calculation given in AS/NZS 4600 are not applied to cross-sections 

outside the range of width-to-thickness ratios 𝑏 𝑡⁄  and 𝑑 𝑡⁄  given in Table 4.2. 
 

Table 4.2 - AS/NZS 4600: Maximum width-to-thickness ratios 
 

Element of cross-section 

 

Maximum value 
 

 

 
 

 

30 

(60) 
 

 

 
 

 

60 
 

 

 
 

 

90 
 

 

 
 

 

250 

(500) 
 

 

 
 

 

200 
 

 

b b

tw tw

b b

tw tw

b b

tw tw

b b

tw tw
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4.3 EUROCODE 3, Design of steel structures (Part 1-3), Supplementary rules for 
cold-formed members and sheeting 

 

4.3.1 Material properties of cold formed sections and sheeting 

EN 1993-1-3, clause 3.2.2 defines that, where the yield strength is specified using the symbol 

𝑓  the average yield strength 𝑓  may be used with some limitations. In other cases, the basic 

yield strength 𝑓  should be used. Where the yield strength is specified using the symbol 𝑓  

the basic yield strength 𝑓  should be used. 

 

The average yield strength 𝑓  of a cross-section due to cold working may be determined from 

the results of full size tests. Alternatively, the increased average yield strength 𝑓  may be 

determined by calculation using: 
 

 

𝑓 = 𝑓 + 𝑓 − 𝑓 ×
𝑘 × 𝑛 × 𝑡

𝐴
 

 

 

(4.11) 
 

 
 

𝑓 ≤
𝑓 + 𝑓

2
 

 

 

(4.12) 
 

 

𝐴  is the gross cross-sectional area; 

𝑘 is a numerical coefficient that depends on the type of forming, 𝑘 = 7 for roll forming 

and 𝑘 = 5 for other methods of forming 

𝑛 is the number of 90º bends in the cross-section with an internal radius 𝑟 ≤ 5𝑡 (fractions 

of 90º bends should be counted as fractions of 𝑛) 

𝑡 is the design core thickness of the steel material before cold-forming, exclusive of metal 
and organic coatings 

 
The increased yield strength due to cold forming may be taken into account as follows: 

 in axially loaded members in which the effective cross-sectional area 𝐴  equals the 

gross area 𝐴  

 in determining 𝐴  the yield strength 𝑓  should be taken as 𝑓  
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The average yield strength 𝑓  may be utilized in determining: 

 the cross-section resistance of an axially loaded tension member 
 the cross-section resistance and the buckling resistance of an axially loaded 

compression member with a fully effective cross-section 
 the moment resistance of a cross-section with fully effective flanges 

 

4.3.2 Elements: Dimensional limits and considerations 

The provisions for design by calculation given in this Part 1-3 of EN 1993 should not be applied 

to cross-sections outside the range of width-to-thickness ratios 𝑏 𝑡⁄ , ℎ 𝑡⁄ , 𝑐 𝑡⁄  and 𝑑 𝑡⁄  given in 
Table 4.3. 
 

NOTE: These limits 𝑏 𝑡⁄ , ℎ 𝑡⁄ , 𝑐 𝑡⁄  and 𝑑 𝑡⁄  given in table 4.3 may be assumed to represent the 
field for which sufficient experience and verification by testing is already available. Cross-
sections with larger width-to-thickness ratios may also be used, provided that their resistance 
at ultimate limit states and their behaviour at serviceability limit states are verified by testing 
and/or by calculations, where the results are confirmed by an appropriate number of tests. 
 

Table 4.3 - EN 1993-1-3: Maximum width-to-thickness ratios 
 

Element of cross-section 

 

Maximum value 
 

 

 
 

 

𝑏 𝑡⁄ ≤ 50 
 

 

 
 

 

𝑏 𝑡⁄ ≤ 60 

𝑐 𝑡⁄ ≤ 50 
 

 
 
 

b b

t t

b b

cc

t t
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Table 4.3 - EN 1993-1-3: Maximum width-to-thickness ratios (Continuation) 

Element of cross-section 

 

Maximum value 
 

 

 
 

 

𝑏 𝑡⁄ ≤ 90 

𝑐 𝑡⁄ ≤ 60 

𝑑 𝑡⁄ ≤ 50 
 

 

 
 

 

𝑏 𝑡⁄ ≤ 500 
 

 

 
 

 

45º ≤ 𝜙 ≤ 90º 
 

ℎ 𝑡⁄ ≤ 500 𝑠𝑖𝑛 𝜙 
 

 
EN 1993-1-3 defines that, for the flange curling analysis, the effect on the load-bearing 
resistance of curling (i.e. inward curvature towards the neutral plane) of a very wide flange in 
a profile subjected to flexure, or of a flange in an arched profile subjected to flexure in which 
the concave side is in compression, should be taken into account unless such curling is less than 

5% of the depth of the profile cross-section. If curling is larger, then the reduction in 
loadbearing resistance, for instance due to a decrease in the length of the lever arm for parts of 
the wide flanges, and to the possible effect of the bending of the webs should be taken into 
account. 
 
The formulae used in the calculation of flange curling apply to both compression and tensile 
flanges, both with and without stiffeners, but without closely spaced transversal stiffeners at 
flanges. For a profile which is straight prior to application of loading (see figure 4.1): 
 

b b

c

d

c

d
t t

b b

t t

h ht

t
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𝑢 = 2 ×
𝜎

𝐸

𝑏

𝑡 × 𝑧
 

 

 

(4.13) 
 

 

𝑢 is bending of the flange towards the neutral axis (curling); 

𝑏  is one half the distance between webs in box and hat sections, or the width of the portion 
of flange projecting from the web; 

𝑡 is flange thickness; 

𝑧 is distance of flange under consideration from neutral axis; 

𝜎  is mean stress in the flanges calculated with gross area. If the stress has been calculated 
over the effective cross-section, the mean stress is obtained by multiplying the stress for 
the effective cross-section by the ratio of the effective flange area to the gross flange 
area 

 

 
 

Figure 4.1 - Flange curling 
(Figure 5.3, EN 1993-1-3) 

 

4.4 AISI S100, AS/NZS 4600 and EN 1993-1-3: Calculation procedures 

In this section, due to the quantity of calculations that were need to be done, it was chosen only 
to show some flow charts, containing steps to been used in the verification of cold-formed steel 
problems. The North American Specification is updated regularly, and also gives documents 
containing guidance to solve some specific problems. 
 
The AISI document D101-09, “AISI Design Tool: Design flowchart for using the 2007 edition 
of the North American cold-formed steel specification and the 2008 edition of the AISI Cold-
formed steel design”, gives a series of considerations, as well flow charts, to been used. So, 
according to AISI D101-09, the following steps that should be considered in cold-formed steel 
member design are: 
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a. Calculate the loads and load combinations according to an applicable building code. 
Perform structural analysis to determine member forces 

b. Layout the lateral bracing for preventing buckling of members. The bracing needs to 
be designed with consideration of the strength and the stiffness in accordance with 
AISI S100, Specification D3.3. 

c. If the member is subjected to compression force, determine and check the 
compression strength based on flow charts I(a) (Figure 4.2) and I(b) (Figure 4.3) 

d. If the member is subjected to bending: 
 Determine and check the flexural strength, if applicable, based on flow chats 

II(a) (Figure 4.3) and II(b) (Figure 4.4) 
 Determine the shear strength based on AISI S100, Specification C3.2 and check 

the strength based on AISI S100, Specification A4.1 or A5.1 
 Perform bending and shear interaction check based on AISI S100, Specification 

C3.3 
 Calculate web crippling strength for the sections at the supports and locations 

with concentrated loads based on AISI S100, Specification C3.4.1 (without web 
openings) and AISI S100, Specification C3.4.2 (with web openings) 

 Perform bending and web crippling check based on AISI 100, Specification C3.5 
e. If the member is subjected to tension, Determine the tension strength based on AISI 

S100, Specification C2 
f. If the member is subject to both bending and compression, perform bending and 

compression interaction check per AISI S100, Specification C5.2 
g. If the member is subjected to tension and bending, perform bending and tension 

interaction check per AISI S100, Specification C5.1 
h. If an unsheathed flexural member subjected to torsion (could be due to loading that 

not go through the shear center), AISI S100, Specification Section C3.6 should be 
considered 

i. Check member connection strengths with consideration of bearing strength of 
connected members, shear or/and tension of connectors, and pull-over and pull-out 
as applicable for fasteners and edge distance requirements 
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Figure 4.2 – Flow chart I(a): Compression Member Strength Determination 
(Adapted from AISI Design Tool D101-09, 2009) 

 

Design Check
Required Strength Compression = Available Strength

Consider strength increase from cold work of forming per Specification A7.2, Fy = Fya

Note: This step may not need to be considered

Fully braced?

NO

Determine buckling stress due to yielding, flexural, flexural-torsional and torsional buckling (Specification C4.1):

1. Determine the minimum elastic buckling stress:

a. Specification C4.1.1 for flexural buckling

b. Specification C4.1.2 for torsional or flexural-torsional buckling

c. Specification C4.1.3 for point symmetric sections

d. Specification C4.1.4 for nonsymmetric sections

e. Select the minimum stress level: Fe = min [ buckling stresses from a to e ]

Note: Web openings do not need to be considered in determining the elastic buckling stresses

2. Determine the nominal buckling stress Fn per Specification C4.1: f = Fn

Yesf = Fy

Determine the effective width of flat elements, bi, at the stress level, f:

a. B2.1 for both edges stiffened or B2.2 if holes exist

b. B3.1 for one of the edges unstiffened

c. B4 for element with a simple edge stiffener

d. B5 for stiffened element with a single or multiple intermediate stiffeners

Calculate the effective area, Ae, by summing effective element areas and the corner areas

Axial compressive strength due to yielding, flexural, flexural-torsional and torsional

Pn1 = Ae x Fn

Allowable Strength: P1,ASD = Pn1 / Oc

Design Strength: P1,LFRD = ?c x Pn1

Factored Resistance: P1,LSD = ?c x Pn1

Determine compression strength due to distortional buckling:

a. Calculate elastic distortional buckling stress per C4.2 (a), (b) or (c)

b. Calculate the nominal buckling strength due to distortion, Pn2, per C4.2

c. Calculate:

 Allowable Strength: P2,ASD = Pn2 / Oc

 Design Strength: P2,LFRD = ?c x Pn2

 Factored Resistance: P2,LSD = ?c x Pn2

The compression strength is the minimum of the strengths due to yielding,

flexural, flexural-torsional, torsional buckling and distortional buckling:

PASD = min [ P1,ASD ; P2,ASD ]

PLFRD = min [ P1,LFRD ; P2,LFRD ]

PLSD = min [ P1,LSD ; P2,LSD ]
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Figure 4.3 – Flow chart I(b): Compression Member Strength Using AISI Cold-Formed Steel 

Design Manual 
(Adapted from AISI Design Tool D101-09, 2009) 

 
Flow chart II(a) provides design guide for members under the following conditions: 

 Z-section bending about the centroid axis that is perpendicular to the web 
 C-sections bending about both principal axes 
 Symmetric Angles bending about the symmetric axis 
 Boxed sections 
 Hat sections with lips in tension, which can be treated the same as C-section bending 

about the weak axis. 
 

1. Determine compression strength with consideration of yielding, flexural, flexural-torsional and torsional buckling

Yes NO

from Design Manual Tables III-1 to III-3

Find strength, safety and resistance factors

from Design Manual Tables III-7 to III-9

Find strength, safety and resistance factors

2. Find compressive strength with consideration of distortional buckling from Tables III-4 to III-6

Note: Compressive strength with the consideration of rotational restraint can be determined using Specification Section C4.2

Note: Stiffener is provided in Design Manual Tables III-4 to III-6

3. The available compression strength is the lesser determined in steps 1 and 2

Fully braced?
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Figure 4.4 - Flow Chart II(a): Flexural Strength of Members with an I-, C-, or Z- Section, a 
Boxed Section or an Angle Bending about the Symmetric Axis 

(Adapted from AISI Design Tool D101-09, 2009) 
 

Determine flexural strength due to yielding and/or flexural lateral-torsional buckling

Fully braced?

Yes

Whether inelastic reserve capacity

can be considered per C3.1.1(b)

Consider strength increase from

cold work of forming per A7.2

Fy = Fya

Note: This step may not need to be considered

Consider strength increase from

cold work of forming per A7.2

Fy = Fya

Note: This step may not need to be considered

NO

Determine nominal stress, Fn,

based on C3.1.1(b) and ? and O

in C3.1.1. The stress level for

calculating Sc, f = Fy

Yes

Determine lateral-torsional buckling stress Fe, based on:

a. C3.1.2.1 for I-, Z-, C- snd other single-symmetric cross sections

Note: Web openings do not need to be considered in determining the buckling stresses

Fe = 2.78 x Fy

NO

Determine Fn, ?b and Ob based on C3.1.2.1

Stress level for calculating Sc, f = Fn

Nominal stress, Fn = Fy, ?b and Ob in C3.1.1

Stress level for calculating Sc, f = Fn

Yes

Based on the maximum compressive stress level, f, and an assumed

neutral axis location, y0, calculate the stress level, f0, in each element

Note: For convenience, choose the centroidal axes of the full section as the initial neutral axes

Determine the effective width of each element based on the calculated stress level, f i, using Specifications:

a. B2 for uniformely compressed and stiffened element

b. B3 for element with one of the edges unstiffened

c. B4 for element with one of the edges supported by a simple lip

d. B2.3 or B2.4 for element without or with openings under stress gradient

Based on effective widths, calculate the new neutral axis, yi and Sc. Calculate the new stress level, f i, based on the new yi and Sc

If | yi-1 - yi | = tol. NO

Yes

Flexural Strength due to yielding or flexural lateral-torsional buckling:

Nominal strength, Mn1 = Sc x Fn

Allowable Strength: M1,ASD = Mn1 / Ob

Design Strength: M1,LFRD = ?b x Mn1

Factored Resistance: M1,LSD = ?b x Mn1

NO

Next Page
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Figure 4.4 - Flow Chart II(a): Flexural Strength of Members with an I-, C-, or Z- Section, a 
Boxed Section or an Angle Bending about the Symmetric Axis 

(Adapted from AISI Design Tool D101-09, 2009) (Continuation) 
 

 
 

Figure 4.5 – Flow chart II(b): Flexural Member Strength for C- and Z-Sections using AISI 
Cold-Formed Steel Design Manual 

(Adapted from AISI Design Tool D101-09, 2009) 
 
The Australian/New Zealand Standard is almost identical to the AISI Specification. According 
to Dubina et al (2012), Sections 1 to 5 in the AS/NZS 4600 corresponds to Section A to E in 
the AISI Specification, as the author was also capable to see. The equations are similar, differing 
only in the position and designation in the standards. The design procedure, for a typical 
compression member design, should be considered: 

Determine flexural distortional buckling Strength per C3.1.4:

 User either of subsections C3.1.4(a), (b) and (c) to determine the elastic distortional buckling stress Fd

Note: C3.1.4(a) provides conservative result; C3.1.4(b) is a manual calculation approach which is applicable only to C and Z sections;

Note: and C3.1.4(c) is applicable to prismatic members with any types of cross sections

 Calculate the nominal strength Mn2 per C3.1.4:

Allowable Strength: M2,ASD = Mn2 / Ob

Design Strength: M2,LFRD = ?b x Mn2

Factored Resistance: M2,LSD = ?b x Mn2

The available strength of the member:

Allowable Strength MASD = min [ M1,ASD ; M2,ASD ]

Design Strength MLRFD = min [ M1,LRFD ; M2,LRFD ]

Factored Resistance MLSD = min [ M1,LSD ; M2,LSD ]

Previously Page

1. Determine flexural strength with consideration of yielding and lateral-torsional buckling:

Fully braced?Yes NO

Manual Tables II-1 to II-6

Find nominal strength from Design

Note: The ? and O factor should be checked out from Section C3.1.1

Manual Tables II-1(a) to II-3(b)

Find nominal strength from Design

Note: The ? and O factor should be checked out from Section C3.1.2.1

2. Find the flezural strength with consideration of distortional buckling from Tables II-7 to II-9

Note: For members with deck or sheating attached to the compression flanges, distortional buckling need not be considered

Note: The distortional buckling strength with consideration of rotational restraint can be calculated per Section C3.1.4

3. The member flexural strength is the lesser determined in steps 1 and 2
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a. Consider strength increase from cold work of forming (1.5.1.2) (A7.2 in AISI S100-
07) 

b. Determine member strength with consideration of yielding, flexural, lateral-
torsional, torsional buckling (3.4.1) (C4.1 in AISI S100-07): 
 Determine minimum elastic buckling stresses due to yielding, flexural, lateral-

torsional, torsional buckling, 𝑓  (𝐹  in AISI S100-07) 

 Determine the nominal buckling stress, 𝑓  (𝐹  in AISI S100-07) 

 Calculate the effective area, 𝐴 , based on the stress level 𝑓 = 𝑓  

 Calculate the nominal strength 𝑁 = 𝑓 × 𝐴  (𝑃  in AISI S100-07) 

c. Determine the member strength, 𝑁  (𝑃  in AISI S100-07), with consideration of 
distortional buckling per Section 7.2.1.4 

d. The member strength is the lesser of member strengths determined per b and c 
 
In the European Union, until 2006, “Project Access Steel” elaborated a series of 274 documents 
to been used in the analysis of steel structures. Regarding the specific study of cold-formed 
steel structures: 

 “Flow chart: Calculation of effective section properties for cold-formed steel lipped 
channel sections under compression or bending” and “Flowchart: Effective section 
properties of the flange and lip in compression – General (iterative) procedure” 
(Document reference SF038a) 

 “Flow chart: Design of a cold-formed steel member in compression” (Document 
reference SF039) 

 “Flow chart: Design of a cold-formed steel lipped channel member in tension” 
(Document reference SF040) 

 “Flow chart: Design and serviceability limit state check of a cold-formed steel 
member in bending” (Document reference SF041) 

 “Flow chart: Design of a cold-formed steel wall stud in combined compression and 
uniaxial bending” (Document reference SF042) 

 “Flow chart: Design resistance of screwed connections of cold-formed members” 
(Document reference SF043) 

 “Example: Calculation of effective section properties for a cold-formed lipped 
channel section in bending” (Document reference SX022) 

 “Example: Calculation of effective section properties for a cold-formed lipped 
channel section in compression” (Document SX023) 

 “Example: Design of a cold-formed steel lipped channel wall stud in compression” 
(Document reference SX024) 



 

Design of Cold-formed Steel Structures 4 STRUCTURAL DESIGN STANDARDS 

 

 

 

 

José António Faria Araújo 55 

 

 “Example: Design of a cold-formed steel lipped channel wall stud in tension” 
(Document SX025) 

 “Example: Design and serviceability limit state check of a cold-formed steel member 
in bending” (Document reference SX026) 

 “Example: Design of a cold-formed steel lipped channel wall stud in compression 
and bending” (Document reference SX027) 

 “Example: Design resistance of a screwed connection of cold-formed members” 
(Document reference SX028) 

 
Figure 4.6, 4.7 and 4.8 presents some examples regarding the use of the European cold-formed 
design code, EN 1993-1-3. 
 

 
 

Figure 4.6 - Flow chart: Design of a cold-formed steel lipped channel member in tension 
(Adapted from SF040a-EN-EU, 2006) 

 

START

NEd

Overral dimensions of the member

ULS load combinations

A

Compute gross cross-section properties Gross cross-section area, Ag

Calculate the design

resistance for uniform tension

EN 1993-1-3, Equation 3.1

To calculate the design resistance for tension, average yield strength fya should be used

ANO

END

Calculate internal force for

Ultimate Limit States [ ULS ]

Choose cross-section of member Cross-section data, steel grade

Axial tension, Nt,Rd

EN 1993-1-3, Equation 6.1

Tension, NEd / Nt,Rd = 1.0

EN 1993-1-1, Equation 6.5
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Figure 4.7 - Calculation of effective section properties for cold-formed steel lipped channel 
sections under compression or bending 
(Adapted from SF0380a-EN-EU, 2006) 

 

START

Determine geometrical

proportions of gross section

Dimensions of cross-sections

Material data

END

The corners rounding influence

r/t = 5 ; r/bp = 0.1
may be neglected if,

EN 1993-1-3, Clause 5.5.2

EN 1993-1-5, Clause 4.4

Determine effective area

of the cross section, Aeff

END

The general iterative procedure is applied to calculate the

effective properties of thelanges and lips in compression.

The calculation should be carried out in three steps

EN 1993-1-3, Clause 5.5.2

EN 1993-1-5, Clause 4.4

Determine the properties of

efective cross section, Ieff  ; Weff

END

he1 ; he2

b/t = 60

c/t = 50

h/t = 500

0.2 = c/b = 0.6EN 1993-1-3, Table 5.1

EN 1993-1-3, Clause 5.1(3)
NO

Yes

Compute the

gross cross section

Axial compression Major axis bending

Determine effective widths for

the flanges and lips in compression

Determine effective widths for

the flange and lip in compression

EN 1993-1-3, Clause 5.5.3.2
EN 1993-1-3, Clause 5.5.3.2

? d1 ; be12

ceff1 ; be11

ceff2 ; be21

? d2 ; be22

The general iterative procedure is applied to calculate the

effective properties of the flanges and lips in compression.

The calculation should be carried out in three steps

Determine the effective

section properties of the web
he1 ; he2

? d1 ; be12

ceff1 ; be11

Determine the effective

section properties of the web
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Figure 4.8 - Flow Chart: Calculation of effective section properties of the flange and lip in 
compression - General iterative procedure 

(Adapted from SF038a-EN-EU, 2006) 
 
 
 
 

START

EN 1993-1-3, Clause 5.5.3.2

A

EN 1993-1-3, Clause 5.5.3.2(5a)

EN 1993-1-5, Clause 4.4

EN 1993-1-3, Clause 5.5.3.2(6)

EN 1993-1-3, Clause 5.5.3.2(3)
Allow for the effects of

continuous spring restraint

EN 1993-1-3, Clause 5.5.3.2(7)

EN 1993-1-3, Clause 5.5.3.1(5)

Spring stiffness per unit length, k

Effective second moment of area of the stiffener, Is

Determine the reduction factor

for the distortional buckling resistance

of the edge stiffener, ? d

EN 1993-1-3, Clause 5.5.3.1(7)

EN 1993-1-5, Clause 4.4(2)

To A

Return

EN 1993-1-5, Clause 5.5.3.2(3), (10) and (12)

The iterations are carried out based on modified

values of r obtained using: s com,Ed = f 4 / ?M0. The

iteration stops when the reduction factor converges.

Step 1

Determine the effective

cross section for the stiffener

using effective width of flange

be1 ; be2 ; ceff

For the initial evaluation, it is assumed that the flange

in compreession is double supported (k = ??) and that

the design atrength is not reduced (s com,Ed = f
yb

 / ?M0)

Determine the effective area

of the edge stiffener, As

Step 2

Use the initial effective cross

section of the stiffener to

determine the reduction factor

Determine the elastic buckling

stress for the edge stiffener, s cr,s

? d < 1.0 ? NO Return

Yes

Step 3

Iterate to refine the value

of the reduction factor for

buckling of the stiffener
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5 COLD-FORMED DESIGN STANDARDS COMPARISON 

 

5.1 Main differences between cold-formed design standards 

In this chapter, it will be presented some points identified through the application of the cold-

formed design codes in the practical cases. It was possible to see that all codes are very similar, 

giving provisions for the following topics: 

1. Geographic target work 
 EC3: Multiple countries in Europe 
 North American Specification [NAS]: USA, Canada and Mexico 
 Australian/New Zealand Standard: Australia and New Zealand 

2. National specialties 
 EC3: Can be considered by the application of National Annexes 
 North American Specification [NAS]: Can be considered by the application of 

National Annexes 
 Australian/New Zealand Standard: Incorporated in the standard 

3. Design Basis 
 EC3: Limit State Design (LSD) 
 North American Specification [NAS]: Allowable Strength Design (ASD) and Load 

and Resistance Factor Design (LRFD) in USA, and Mexico; Limit State Design 
(LSD) in Canada 

 Australian/New Zealand Standard: Limit State Design (LSD) 
4. Plate Thickness 

 EC3: 0.45 𝑚𝑚 ≤ 𝑡 ≤ 15 𝑚𝑚 for members; 0.45 𝑚𝑚 ≤ 𝑡 ≤ 4 𝑚𝑚 for 
connections 

 North American Specification [NAS]: 𝑡 ≤ 25.40 𝑚𝑚 for members; 𝑡 ≤

4.76 𝑚𝑚 for bolted connections 

 Australian/New Zealand Standard: 𝑡 ≤ 25.40 𝑚𝑚 for members; 𝑡 ≤

3.00 𝑚𝑚 for bolted connections 
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5. Material Coefficients 

 EC3: 

 Modulus of elasticity, 𝐸 = 210000 𝑀𝑃𝑎 

 Poisson's ratio in elastic stage, 𝜐 = 0.300 

 Shear modulus, 𝐺 = 80769 𝑀𝑃𝑎 

 North American Specification [NAS]: 

 Modulus of elasticity, 𝐸 = 203000 𝑀𝑃𝑎 

 Poisson's ratio in elastic stage, 𝜐 = 0.300 

 Shear modulus, 𝐺 = 78077 𝑀𝑃𝑎 

 Australia/New Zealand Standard: 

 Modulus of elasticity, 𝐸 = 200000 𝑀𝑃𝑎 

 Poisson's ratio in elastic stage, 𝜐 = 0.300 

 Shear modulus, 𝐺 = 76923 𝑀𝑃𝑎 
6. Sections with longitudinal intermediate stiffeners 

 EC3: Covered for intermediate stiffeners in flanges and webs of members 
 North American Specification [NAS]: Covered for intermediate stiffeners in 

flanges of members, but not webs. Direct Strength is used when the web has one 
intermediate stiffener 

 Australian/New Zealand Standard: Covered for intermediate stiffeners in flanges 
of members, but not webs. Direct Strength is used when the web has one intermediate 
stiffener 

7. Standard materials 
 EC3: 63 standardized materials 
 North American Specification [NAS]: 16 ASTM materials 
 Australian/New Zealand Standard: 37 AS and AS/NZS materials 

8. Yield strength 

 EC3: 𝑓 = 220 𝑡𝑜 700 𝑀𝑃𝑎 

 North American Specification [NAS]: 𝑓 = 165 𝑡𝑜 550 𝑀𝑃𝑎 

 Australian/New Zealand Standard: 𝑓 = 170 𝑡𝑜 550 𝑀𝑃𝑎 

9. Tensile strength 

 EC3: 𝑓 = 300 𝑡𝑜 750 𝑀𝑃𝑎 

 North American Specification [NAS]: 𝑓 = 290 𝑡𝑜 690 𝑀𝑃𝑎 

 Australian/New Zealand Standard: 𝑓 = 280 𝑡𝑜 570 𝑀𝑃𝑎 
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10. Non-standard materials 

 EC3: Allowed if " 𝑓  𝑓⁄ ≥ 1.00 ", " elongation at failure not less than 15% " and " 

𝜀 ≥ 15 × 𝜀  "  

 North American Specification [NAS]: Allowed if " 𝑓 𝑓⁄ ≥ 1.08 " and "elongation 

at failure not less than 10% for a 50 mm gauge length or 7% for a 200 mm " 

 Australian/New Zealand Standard: Allowed if " 𝑓 𝑓⁄ ≥ 1.08 " and " elongation 

at failure not less than 10% for a 50 mm gauge length or 7% for a 200 mm " 
11. Effect of cold hardening 

 EC3: Taken into consideration, for fully effective sections. Formula used in EN 
1993-1-3 is different from the used in both AISI S100 and AS/NZS 4600 

 North American Specification [NAS]: Taken into consideration, for fully effective 
sections. Values differing if it’s a compression or flexural member. 

 Australian/New Zealand Standard: Taken into consideration, for fully effective 
sections. Values differing if it’s a compression or flexural member. 

12. Effect of rounded corners 
 EC3: Fictitious plane elements are introduced. The influence of rounded corners may 

be neglected if internal radius (𝑟), 𝑟 ≤ 5 × 𝑡, 𝑟 ≤ 0.10 × 𝑏 , so the cross-section can 

be assumed to consist of plane elements with sharp corners. 
 North American Specification [NAS]: Rounded corners are always fully effective. 

Treated separately from the flats 
 Australian/New Zealand Standard: Rounded corners are always fully effective. 

Treated separately from the flats 
13. Upper limit for corner radius 

 EC3: 𝑟 ≤ 0.04 × 𝑡 × 𝐸 𝑓⁄  

 North American Specification [NAS]: None 
 Australian/New Zealand Standard: None 

14. Geometrical limits 
 EC3: Width-to-thickness ratios of plates | Width-to-thickness rations of lips | 

Inclination of webs | Web height-to-thickness ratios 
 North American Specification [NAS]: Flange flat-width-to-thickness ratios of 

plates | Maximum web depth-to-thickness ratios of plates | Maximum inside radius-
to-thickness ratio (Equation A7.2-2) 

 Australian/New Zealand Standard: Maximum flat-width-to-thickness ratios of 
plates | Maximum web depth-to-thickness ratios of plates | Maximum inside radius-
to-thickness ratio (difference between clause 1.3.5 and the one used in equation 
1.5.1.2(2)) 
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15. Handling local buckling 
 EC3: Effective width approach 
 North American Specification [NAS]: Effective width approach 
 Australian/New Zealand Standard: Effective width approach 

16. Effective width calculation 
 EC3: Winter formula (depends if it is an outstand or internal element) 
 North American Specification [NAS]: Winter formula for compressed elements. 

Different formula is used in flexural elements 
 Australian/New Zealand Standard: Winter formula for compressed elements. 

Different formula is used for flexural elements 
17. Distortional buckling 

 EC3: Must be considered, by thickness reduction of the effective part of stiffeners 
 North American Specification [NAS]: Provisions for distortional buckling from 

beams (Section C3.1.4) and columns (Section C4.2) 
 Australian/New Zealand Standard: Provisions for distortional buckling from 

beams (Clause 3.3.3.3) and columns (Clause 7.2.1.4) 
18. Hand-formulae for distortional buckling 

 EC3: Included for C/Z sections, but the proposed procedure is computationally 
demanding, including iterations 

 North American Specification [NAS]: Included for C and Z-sections 
 Australian/New Zealand Standard: Included for C and Z-sections (Appendix D) 

19. Column buckling resistance 
 EC3: European multiple buckling curves (3 curves) 
 North American Specification [NAS]: Single buckling curve 
 Australian/New Zealand Standard: Single buckling curve 

20. Flexural, torsional and flexural-torsional buckling 
 EC3: All included. Used three different curves, depending of the type of cross-

section, axis of buckling and yield strength. 
 North American Specification [NAS]: Included 
 Australian/New Zealand Standard: All Included 

21. Flange Curling 
 EC3: Taken into account unless such curling is less than 5% of the depth of the 

profile cross-section 
 North American Specification [NAS]: Taken into account unless such curling is 

less than 5% (AISI S100 Commentary) of the depth of the profile cross-section. 
Formula is different from the one used in EUROCODE 
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 Australian/New Zealand Standard: Taken into account unless such curling is less 
than 5% of the depth of the profile cross-section. Formula is equal to the one used in 
AISI S100 and different from EUROCODE 

22. Torsion 
 EC3: Both St. Venant and Warping stresses are considered. Axial forces and bending 

moments are based on the effective cross-sections. Shear stresses, due to transverse 
forces, uniform torsion and warping are based on the gross cross-section 

 North American Specification [NAS]: Without specific guidance 
 Australian/New Zealand Standard: Without specific guidance 

23. Crippling 
 EC3: Designed by “Local transverse forces”, involving crushing, crippling or 

buckling. Empirical formulae. Sections with longitudinal web stiffeners are handled 
 North American Specification [NAS]: Empirical formulae. Contains equation to 

include the effects of the presence of holes on webs or not, updated constantly 
 Australian/New Zealand Standard: Empirical formulae. Contains equation to 

include the effects of the presence of holes on webs or not, updated constantly 
24. Shear 

 EC3: Sections with longitudinal web stiffeners and transverse stiffeners are handled 
 North American Specification [NAS]: Sections with transverse, shear and bearing 

stiffeners are handled 
 Australian/New Zealand Standard: Sections with transverse, shear and bearing 

stiffeners are handled 
25. Design assisted by test 

 EC3: Allowed with detailed rules for testing of steel and fasteners 
 North American Specification [NAS]: Tests for special cases, like, tests for 

determining structural performance, tests form conforming structural performance 
and tests for determining mechanical properties 

 Australian/New Zealand Standard: Testing for determining material properties 
and testing for assessment or verification are permitted 

26. Manufactured process 
 EC3: Taking into account on the determination of the average yield strength 
 North American Specification [NAS]: No reference is made 
 Australian/New Zealand Standard: No reference is made 
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5.2 Cold-formed design standards comparison 

AISI S100, compared to AS/NZS 4600 and EUROCODE EN 1993-1-3, is the more versatile 
of them all because of its capacity to use different unit systems and permits the structure analysis 
through different design processes. As it’s well known in Europe, EUROCODE EN 1993-1-3 
only permits the structure analysis through the application of the Limit States Design (LSD), 
the same in the Australian/New Zealand StandardTM, AS/NZS 4600, when the North American 
Specification, AISI S100, gives a treatment about the Allowable Strength Design (ASD), Load 
and Resistance Factor Design (LRFD) and, finally, the Limit States Design (LSD). 
 
About the plate thickness, while the European Standard only permits members with thickness 

between 0.45 𝑚𝑚 ≤ 𝑡 ≤ 15 𝑚𝑚, both American and Australian/New Zealand Standards 

accept higher values, 𝑡 ≤ 25.40 𝑚𝑚. Regarding the plate thickness used for bolted 
connections, the values used in the North American and European Specifications are very 

similar, 𝑡 ≤ 4.76 𝑚𝑚 and 0.45 𝑚𝑚 ≤ 𝑡 ≤ 4 𝑚𝑚, when the Australian/New Zealand 

Standard only permits a maximum thickness of 𝑡 ≤ 3.00 𝑚𝑚. 
 
Tables 4.1, 4.2 and 4.3, regarding the geometrical limits, presents a set of values to been used 
in the definition of the profiles that can be used for each specific standard. Through the analysis 
and comparison, it is possible to conclude that the values are similar between the three 
standards, although EN 1993-1-3 is more detailed than AISI S100 and AS/NZS 4600. 
 
Another point that is different is the calculation of the effective widths. EN 1993-1-3, for the 
effective width calculation, considers two different approaches, rounded or sharp corners in the 
determination of the real widths when, both the AISI S100 and AS/NZS 4600 always considers 
the corners as fully effective, removing this part from the final width, considering only the flat 
part of the elements, as showed in Figures 5.1, 5.2 and 5.3.  
 

 
 

Figure 5.1 - Uniformly Compressed Stiffened Elements 
(Adapted from Figure B2.1-1, AISI S100) 
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Figure 5.2 - Stiffened Elements with Uniform Compression 
(Adapted from Figure 2.2.1, AS/NZS 4600) 

 

 
 

Figure 5.3 - Notional widths of plane cross section parts 𝑏𝑝 allowing for corner radii 

(Adapted from Figure 5.1, EN 1993-1-3) 
 
The effect of cold hardening is taking into the North American, Australian/New Zealand and 
European Specifications. AISI S100 and AS/NZS 4600, if it’s a compression of flexural 

member, considers different average yield strength 𝑓  values when EN 1993-1-3 considers 

only one value. Figure 5.4 presents one of the sections used in the design, to help in the 
illustration of the differences between the three standards.   
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Figure 5.4 - Section 𝐵 230 × 1.50 
 

Cold-formed steel, S350 MAGNELIS® ZM310 

Basic Yield, 𝑓 = 350 𝑁 𝑚𝑚⁄  | Ultimate Tensile, 𝑓 = 420 𝑁 𝑚𝑚⁄  

 

Practical Example: Utilization of cold form of working 
 

Check North American (AISI S100) Requirements 
 

The average yield strength 𝐹  may be utilised in determining: 

 For axially loaded compression members, the quantity 𝜌 is unity for each of the 
component elements of the section 

 For flexural members, the quantity ρ is unity for each of the component elements of the 
section 

 For axially loaded tension members 
 

𝐹 𝐹⁄ ≥ 1.20 ↔ (420 350⁄ ) ≥ 1.20 ↔ 1.20 ≥ 1.20 → OK 
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(𝑅 𝑡⁄ ) ≤ 7.00 ↔ (2.500 1.500⁄ ) ≤ 7.00 ↔ 1.667 ≤ 7.00 → OK 

 
∅ ≤ 120º ↔ 90º ≤ 120º → OK 

 

𝐵 = 3.69 × 𝐹 𝐹⁄ − 0.819 × 𝐹 𝐹⁄ − 1.79 

 
𝐵 = 3.69 × (420 350⁄ ) − 0.819 × (420 350⁄ ) − 1.79 = 1.459 

 
𝑚 = 0.192 × 𝐹 𝐹⁄ − 0.068 

 
𝑚 = 0.192 × (420 350⁄ ) − 0.068 = 0.162 

 
𝐹 = 𝐵 × 𝐹 (𝑅 𝑡⁄ )⁄  

 
𝐹 = (1.459 × 350) (2.500 1.500⁄ ) .⁄ = 470.093 𝑀𝑃𝑎 

 

𝐶  For compression members, ratio of total corner cross-sectional area to total cross-
sectional area of full section; for flexural members, ratio of total corner cross-sectional 
area of controlling flange to full cross-sectional area of controlling flange 

 
Compression Members 

 

𝐶 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑟𝑛𝑒𝑟𝑠

𝐹𝑢𝑙𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎
 

 

𝐶 =
7.647 + 7.649 + 7.647 + 7.649

356.121
= 0.086 

 
𝐹 = 𝐶 × 𝐹 + (1 − 𝐶) × 𝐹 ≤ 𝐹  

 
𝐹 = 0.086 × 470.093 + (1 − 0.086) × 350 ≤ 420 

 
𝐹 = 360.328 𝑀𝑃𝑎 ≤ 420 𝑀𝑃𝑎 → OK 

 
Flexural Members 

 

𝐶 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑤𝑜 𝑐𝑜𝑟𝑛𝑒𝑟𝑠

𝐹𝑢𝑙𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑙𝑎𝑛𝑔𝑒
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𝐶 =
7.647 + 7.649

7.647 + 57.759 + 7.649
= 0.209 

 
𝐹 = 𝐶 × 𝐹 + (1 − 𝐶) × 𝐹 ≤ 𝐹  

 
𝐹 = 0.209 × 470.093 + (1 − 0.209) × 350 ≤ 420 

 
𝐹 = 375.099 𝑀𝑃𝑎 ≤ 420 𝑀𝑃𝑎 → OK 

 

Check Australian/New Zealand (AS/NZS 4600) Requirements 
 

The average yield strength 𝑓  may be utilised in determining: 

 For axially loaded compression members, the quantity 𝜌 is unity for each of the 
component elements of the section 

 For flexural members, the quantity ρ is unity for each of the component elements of the 
section 

 For axially loaded tension members 
 

f f⁄ ≥ 1.20 ↔ (420 350⁄ ) ≥ 1.20 ↔ 1.20 ≥ 1.20 → OK 

 
(r t⁄ ) ≤ 7.00 ↔ (2.500 1.500⁄ ) ≤ 7.00 ↔ 1.667 ≤ 7.00 → OK 

 
∅ ≤ 120º ↔ 90º ≤ 120º → OK 

 

B = 3.69 × f f⁄ − 0.819 × f f⁄ − 1.79 

 
B = 3.69 × (420 350⁄ ) − 0.819 × (420 350⁄ ) − 1.79 = 1.459 

 
m = 0.192 × f f⁄ − 0.068 

 
m = 0.192 × (420 350⁄ ) − 0.068 = 0.162 

 
f = B × f (r t⁄ )⁄  

 
F = (1.459 × 350) (2.500 1.500⁄ ) .⁄ = 470.093 MPa 
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𝐶  For compression members, ratio of total corner cross-sectional area to total cross-
sectional area of full section; for flexural members, ratio of total corner cross-sectional 
area of controlling flange to full cross-sectional area of controlling flange 

 
Compression Members 

 

𝐶 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑟𝑛𝑒𝑟𝑠

𝐹𝑢𝑙𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎
 

 

𝐶 =
7.647 + 7.649 + 7.647 + 7.649

356.121
= 0.086 

 
𝑓 = 𝐶 × 𝑓 + (1 − 𝐶) × 𝑓 ≤ 𝑓  

 
𝑓 = 0.086 × 470.093 + (1 − 0.086) × 350 ≤ 420 

 
𝑓 = 360.328 𝑀𝑃𝑎 ≤ 420 𝑀𝑃𝑎 → OK 

 
Flexural Members 

 

𝐶 =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑡𝑤𝑜 𝑐𝑜𝑟𝑛𝑒𝑟𝑠

𝐹𝑢𝑙𝑙 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑓𝑙𝑎𝑛𝑔𝑒
 

 

𝐶 =
7.647 + 7.649

7.647 + 57.759 + 7.649
= 0.209 

 
𝑓 = 𝐶 × 𝑓 + (1 − 𝐶) × 𝑓 ≤ 𝑓  

 
𝑓 = 0.209 × 470.093 + (1 − 0.209) × 350 ≤ 420 

 
𝑓 = 375.099 𝑀𝑃𝑎 ≤ 420 𝑀𝑃𝑎 → OK 

 

Check European (EN 1993-1-3) Requirements 
 

The average yield strength 𝑓  may be utilised in determining: 

 Cross-section resistance of an axially loaded tension number 
 Cross-section resistance / Buckling resistance of axially loaded compression member 

with fully effective cross-section 
 Moment resistance of a cross-section with fully effective flanges 
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𝑘 is a numerical coefficient that depends on the type of forming, k = 7 for roll forming 
and k = 5 for other methods of forming 

 

𝑟 ≤ 5 × 𝑡 → 2.500 ≤ 5 × 1.500 𝑡 → 2.500 ≤ 7.500 → OK 

 

𝑛 =
∅  

90º
+

∅  

90º
+

∅  

90º
+

∅  

90º
 

 

𝑛 =
90º

90º
+

90º

90º
+

90º

90º
+

90º

90º
= 4.000 

 
𝑡 = 1.500 𝑚𝑚 

 

 Gross cross-sectional area (𝐴  ) → 𝐴 = 356.121 𝑚𝑚  

 

𝑓 = 𝑓 + 𝑓 − 𝑓 ×
𝑘 × 𝑛 × 𝑡

𝐴
≤

𝑓 + 𝑓

2
 

 

Cold-Formed Manufacturing Process → Roll Forming → 𝑘 = 7.000 

 

𝑓 = 350 + (420 − 350) ×
7 × 4 × 1.500

356.121
≤

(420 + 350)

2
 

 
𝑓 = 362.383 𝑀𝑃𝑎 ≤ 385 𝑀𝑃𝑎 → OK 

 

Cold-Formed Manufacturing Process → Other methods of Forming → 𝑘 = 5.000 

 

𝑓 = 350 + (420 − 350) ×
5 × 4 × 1.500

356.121
≤

(420 + 350)

2
 

 
𝑓 = 358.845 𝑀𝑃𝑎 ≤ 385 𝑀𝑃𝑎 → OK 

 
Due to extension of the calculations, regarding the four different structures subjected to study, 
it was defined that only some calculations were being presented. Table 5.1 shows the sections 
used in the study, in a perspective of comparison between the different standards. Table 5.2 
shows, according to the used sections, the mechanical resistances values obtained using AISI 
S100, AS/NZS 4600 and EN 1993-1-3. 
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Table 5.1 - Photovoltaic Structures: Cold-formed sections 
 

Designation 

 

Purlin 
 

 

Beam 
 

 

Column 
 

 

Strut 
 

 

Photovoltaic Structure (Type 1) 
 

 

𝛺 200 × 1.00 
 

 

𝐵 230 × 1.50 
 

 

𝐵 200 × 2.50 
 

 

𝐵 134 × 1.50 
 

 

Photovoltaic Structure (Type 2) 
 

 

𝛺 200 × 1.00 
 

 

𝐵 230 × 1.50 
 

 

𝐵 200 × 2.50 
 

 

---- 
 

 

Photovoltaic Structure (Type 3) 
 

 

𝛺 200 × 1.00 
 

 

𝐵 230 × 1.50 
 

 

𝐵 200 × 2.50 
 

 

𝐵 134 × 1.50 
 

 

Photovoltaic Structure (Type 4) 
 

 

𝛺 200 × 1.00 
 

 

𝐵 230 × 1.50 
 

 

𝐵 320 × 2.50 
 

 

𝐵 134 × 1.50 
 

 
Table 5.2 - Photovoltaic Structure (Type 1): Cold-formed sections Resistances 

 

Designation 

 

𝑨𝑰𝑺𝑰𝑨𝑺𝑫 
 

 

𝑨𝑰𝑺𝑰𝑳𝑹𝑭𝑫 
 

 

𝑨𝑺/𝑵𝒁𝑺 
 

 

𝑬𝑼𝑹𝑶𝑪𝑶𝑫𝑬 
 

 

Purlin: Axial Tension 
 

 

68.6 𝑘𝑁 
 

 

68.6 𝑘𝑁 
 

 

68.6 𝑘𝑁 
 

 

68.9 𝑘𝑁 
 

 

Purlin: Bending 𝑴𝒚,𝑬𝒅  
 

 

1.0 𝑘𝑁𝑚 
 

 

1.0 𝑘𝑁𝑚 
 

 

1.0 𝑘𝑁𝑚 
 

 

1.0 𝑘𝑁𝑚 
 

 

Purlin: Bending 𝑴𝒚,𝑬𝒅  
 

 

1.2 𝑘𝑁𝑚 
 

 

1.2 𝑘𝑁𝑚 
 

 

1.2 𝑘𝑁𝑚 
 

 

1.2 𝑘𝑁𝑚 
 

 

Purlin: Bending 𝑴𝒛,𝑬𝒅  
 

 

1.1 𝑘𝑁𝑚 
 

 

1.1 𝑘𝑁𝑚 
 

 

1.1 𝑘𝑁𝑚 
 

 

1.0 𝑘𝑁𝑚 
 

 

Purlin: Bending 𝑴𝒛,𝑬𝒅  
 

 

1.1 𝑘𝑁𝑚 
 

 

1.1 𝑘𝑁𝑚 
 

 

1.1 𝑘𝑁𝑚 
 

 

1.0 𝑘𝑁𝑚 
 

 

Purlin: Shear 
 

 

20.6 𝑘𝑁 
 

 

20.6 𝑘𝑁 
 

 

22.0 𝑘𝑁 
 

 

21.2 𝑘𝑁 
 

 

Purlin: Local Transverse Forces 
 

 

2.3 𝑘𝑁 
 

 

2.3 𝑘𝑁 
 

 

2.3 𝑘𝑁 
 

 

2.3 𝑘𝑁 
 

 

Beam: Axial Tension 
 

 

124.2 𝑘𝑁 
 

 

124.2 𝑘𝑁 
 

 

124.2 𝑘𝑁 
 

 

124.9 𝑘𝑁 
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Table 5.2 - Photovoltaic Structure (Type 1): Cold-formed sections Resistances (Continuation) 
 

Designation 

 

𝑨𝑰𝑺𝑰𝑨𝑺𝑫 
 

 

𝑨𝑰𝑺𝑰𝑳𝑹𝑭𝑫 
 

 

𝑨𝑺/𝑵𝒁𝑺 
 

 

𝑬𝑼𝑹𝑶𝑪𝑶𝑫𝑬 
 

 

Beam: Bending 𝑴𝒚,𝑬𝒅  
 

 

4.2 𝑘𝑁𝑚 
 

 

4.2 𝑘𝑁𝑚 
 

 

2.7 𝑘𝑁𝑚 
 

 

4.4 𝑘𝑁𝑚 
 

 

Beam: Bending 𝑴𝒚,𝑬𝒅  
 

 

4.2 𝑘𝑁𝑚 
 

 

4.2 𝑘𝑁𝑚 
 

 

2.7 𝑘𝑁𝑚 
 

 

4.4 𝑘𝑁𝑚 
 

 

Beam: Bending 𝑴𝒛,𝑬𝒅  
 

 

1.3 𝑘𝑁𝑚 
 

 

1.3 𝑘𝑁𝑚 
 

 

2.0 𝑘𝑁𝑚 
 

 

1.5 𝑘𝑁𝑚 
 

 

Beam: Bending 𝑴𝒛,𝑬𝒅  
 

 

1.3 𝑘𝑁𝑚 
 

 

1.3 𝑘𝑁𝑚 
 

 

1.3 𝑘𝑁𝑚 
 

 

1.3 𝑘𝑁𝑚 
 

 

Beam: Shear 
 

 

25.1 𝑘𝑁 
 

 

25.1 𝑘𝑁 
 

 

26.7 𝑘𝑁 
 

 

25.1 𝑘𝑁 
 

 

Beam: Local Transverse Forces 
 

 

4.6 𝑘𝑁 
 

 

4.6 𝑘𝑁 
 

 

4.6 𝑘𝑁 
 

 

4.3 𝑘𝑁 
 

 

Column: Axial Tension 
 

 

183.1 𝑘𝑁 
 

 

183.1 𝑘𝑁 
 

 

183.1 𝑘𝑁 
 

 

185.8 𝑘𝑁 
 

 

Column: Bending 𝑴𝒚,𝑬𝒅  
 

 

4.6 𝑘𝑁𝑚 
 

 

4.6 𝑘𝑁𝑚 
 

 

4.3 𝑘𝑁𝑚 
 

 

5.3 𝑘𝑁𝑚 
 

 

Column: Bending 𝑴𝒚,𝑬𝒅  
 

 

4.6 𝑘𝑁𝑚 
 

 

4.6 𝑘𝑁𝑚 
 

 

4.3 𝑘𝑁𝑚 
 

 

5.3 𝑘𝑁𝑚 
 

 

Column: Bending 𝑴𝒛,𝑬𝒅  
 

 

2.1 𝑘𝑁𝑚 
 

 

2.1 𝑘𝑁𝑚 
 

 

3.3 𝑘𝑁𝑚 
 

 

3.2 𝑘𝑁𝑚 
 

 

Column: Bending 𝑴𝒛,𝑬𝒅  
 

 

2.1 𝑘𝑁𝑚 
 

 

2.1 𝑘𝑁𝑚 
 

 

1.9 𝑘𝑁𝑚 
 

 

2.1 𝑘𝑁𝑚 
 

 

Column: Shear 
 

 

41.2 𝑘𝑁 
 

 

41.2 𝑘𝑁 
 

 

44.0 𝑘𝑁 
 

 

43.6 𝑘𝑁 
 

 

Column: Local Transverse Forces 
 

 

17.1 𝑘𝑁 
 

 

17.1 𝑘𝑁 
 

 

17.1 𝑘𝑁 
 

 

15.5 𝑘𝑁 
 

 

Strut: Axial Tension 
 

 

73.9 𝑘𝑁 
 

 

73.9 𝑘𝑁 
 

 

73.9 𝑘𝑁 
 

 

74.6 𝑘𝑁 
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Table 5.2 - Photovoltaic Structure (Type 1): Cold-formed sections Resistances (Continuation) 
 

Designation 

 

𝑨𝑰𝑺𝑰𝑨𝑺𝑫 
 

 

𝑨𝑰𝑺𝑰𝑳𝑹𝑭𝑫 
 

 

𝑨𝑺/𝑵𝒁𝑺 
 

 

𝑬𝑼𝑹𝑶𝑪𝑶𝑫𝑬 
 

 

Strut: Bending 𝑴𝒚,𝑬𝒅  
 

 

0.7 𝑘𝑁𝑚 
 

 

0.7 𝑘𝑁𝑚 
 

 

0.9 𝑘𝑁𝑚 
 

 

1.2 𝑘𝑁𝑚 
 

 

Strut: Bending 𝑴𝒚,𝑬𝒅  
 

 

0.7 𝑘𝑁𝑚 
 

 

0.7 𝑘𝑁𝑚 
 

 

0.9 𝑘𝑁𝑚 
 

 

1.2 𝑘𝑁𝑚 
 

 

Strut: Bending 𝑴𝒛,𝑬𝒅  
 

 

1.1 𝑘𝑁𝑚 
 

 

1.1 𝑘𝑁𝑚 
 

 

1.1 𝑘𝑁𝑚 
 

 

1.1 𝑘𝑁𝑚 
 

 

Strut: Bending 𝑴𝒛,𝑬𝒅  
 

 

0.3 𝑘𝑁𝑚 
 

 

0.3 𝑘𝑁𝑚 
 

 

0.7 𝑘𝑁𝑚 
 

 

0.7 𝑘𝑁𝑚 
 

 
Tables 5.3, 5.4 and 5.5 indicate the percentages obtained for each sections, using the same load 
values and combinations. It’s important to say that, in virtue that only been used the load 
combinations defined by EUROCODE, the percentages presented for ASD, LRFD and AS/NZS 
don’t correspond to the values that must be obtained, using the appropriate load standards 
(ASCE7 and AS/NZS 1170). This way it was possible to established values of comparison 
between the three different standards. 
  

Table 5.3 - Photovoltaic Structure (Type 1): Purlin Verifications 
 

Designation 

 

𝑨𝑰𝑺𝑰𝑨𝑺𝑫 
 

 

𝑨𝑰𝑺𝑰𝑳𝑹𝑭𝑫 
 

 

𝑨𝑺/𝑵𝒁𝑺 
 

 

𝑬𝑼𝑹𝑶𝑪𝑶𝑫𝑬 
 

 

Shear + Axial + Bending 
 

 

60.9 % 
 

 

38.4 % 
 

 

16.4 % 
 

 

44.0 % 
 

 

Bending + Local Load 
 

 

153.0 % 
 

 

102.0 % 
 

 

103.0 % 
 

 

81.6 % 
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Table 5.4 - Photovoltaic Structure (Type 2): Beam Verifications 
 

Designation 

 

𝑨𝑰𝑺𝑰𝑨𝑺𝑫 
 

 

𝑨𝑰𝑺𝑰𝑳𝑹𝑭𝑫 
 

 

𝑨𝑺/𝑵𝒁𝑺 
 

 

𝑬𝑼𝑹𝑶𝑪𝑶𝑫𝑬 
 

 

Tension + Bending 
 

 

35.0 % 
 

 

23.0 % 
 

 

21.7 % 
 

 

31.0 % 
 

 

Compression+ Bending 
 

 

37.0 % 
 

 

21.9 % 
 

 

21.7 % 
 

 

36.8 % 
 

 

Shear + Axial + Bending 
 

 

35.6 % 
 

 

22.6 % 
 

 

11.5 % 
 

 

19.9 % 
 

 

Bending + Local Load 
 

 

109.4 % 
 

 

73.9 % 
 

 

92.4 % 
 

 

66.4 % 
 

 
Table 5.5 - Photovoltaic Structure (Type 3): Column Verifications 

 

Designation 

 

𝑨𝑰𝑺𝑰𝑨𝑺𝑫 
 

 

𝑨𝑰𝑺𝑰𝑳𝑹𝑭𝑫 
 

 

𝑨𝑺/𝑵𝒁𝑺 
 

 

𝑬𝑼𝑹𝑶𝑪𝑶𝑫𝑬 
 

 

Tension + Bending 
 

 

19.0 % 
 

 

12.5 % 
 

 

13.0 % 
 

 

19.6 % 
 

 

Compression+ Bending 
 

 

34.4 % 
 

 

22.7 % 
 

 

16.4 % 
 

 

52.7 % 
 

 

Shear + Axial + Bending 
 

 

25.6 % 
 

 

16.3 % 
 

 

2.0 % 
 

 

29.7 % 
 

 

Bending + Local Load 
 

 

54.7 % 
 

 

36.7 % 
 

 

36.8 % 
 

 

30.4 % 
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6 CONCLUSION 

 
The career of Civil Engineering is a life of constant challenges and study because there isn’t a 
global accepted standard regarding the structure design, as well the fact that the technical 
knowledge is always increasing. Through the study presented, it was possible to identify that, 
although the standards had things in common, there are some specific matters that are treated 
with more detail in some standards than in others. 
 
Although ASCE/SEI 7, AS/NZS 1170 and EUROCODE EN 1991 possess similarities because 
are based in standards created by the International Organization of Standardization (ISO), they 
are different in numerous aspects. ASCE/SEI 7 provides information for 14 different load types, 
when AS/NZS only provides for 9 and EUROCODE EN 1991 only for 7, providing that way a 
better background for a structural engineer in the quantification of the loads to be applied on a 
design model. 
 
One negative point in ASCE/SEI 7, in the authors view, is the absence of load combinations for 
the Serviceability Limit State. Although it’s comprehensive that the acceptance of the 
deflections presented in a structure depends on the person in charge, a similar procedure equal 
to the one provided in EUROCODE is well accepted, were the load combinations were simply 
given as guidance, as well the deflection limit values.  
 
One point of extreme importance is the knowledge that the use of, for example, load 
combinations provided by the European standards with the cold-formed design verifications 
provided by the North American Specification will give results that don’t correspond to the 
reality. It’s important to say that if the code used was AISI S100, the loads values and 
combinations used must be provided by ASCE/SEI 7, was well AS/NZS 1170 to AS/NZS 4600 
and the EUROCODE as well because each one was specifically calibrated for one standard. 
 
Regarding the cold-formed design standards, although all off then are full detailed, the fact that 
AISI S100 permits the use of three different system units (U.S. customary units, SI units and 
MKS units), as well the structure analysis for three different methods (Allowable Strength 
Design (ASD), Load and Resistance Factor Design (LRFD) and Limit States Design (LSD)), 
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AS/NZS 4600 and EN 1993-1-3 only permits the use of SI units and Limit States Design (LSD). 
EUROCODE, North American and Australian/New Zealand Specifications shared many 
similarities but EN 1993-1-3 is more theoretical than AISI S100 and AS/NZS 4600. 
 
EUROCODE provides better information in the treatment of more complex open cross-sections 
than AISI S100. AS/NZS 4600 is practically equal to AISI S100, differing on the determination 
of the distortional buckling. 
 
The application of the three standards, each one, involves a considerable amount of time, 
because of the numerous particularities and parameters, but, although the fact that AISI S100 
looks easier to apply, the knowledge of the European cold-formed design code provides a better 
background and facilitates the transition from EN 1993-1-3 to AISI S100 / AS/NZS 4600. Users 
that only use the American Specifications may consider the European code complex, which in 
fact is, but the gain makes the work profitable. 
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ANNEX A STRUCTURE TYPE I: EUROCODE VERIFICATION 
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