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Abstract 

Cold formed steel profiles, especially the Z sections, offer a wide range of 

applications but one of the applications, which requires more attention and is raising some 

questions in the latest years, is the use of cold formed steel sections as purlins systems. 

The aim is to use them with maximum efficiency regarding the strength and the economic 

costs. Generally, this purlins systems are frequently overlapped over the interior supports to 

maintain their continuity in a multi-span structure.  

The problem that this project is approaching is the connection of the purlins over the 

interior supports, where these profiles have to be overlapped. Depending on the static 

scheme, which is chosen by the designer, the profiles have to bear a certain calculated load 

and the connection must ensure the continuity of the system. An important aspect of the 

connection is the failure mode and the plastic zones that appear, when the connection is 

subjected to a high load. In order to find the bearing capacity of the connection and the 

failure modes that appear under loading, a finite element model with shell elements using 

the software Ansys Mechanical, is developed. As the goal of this project is to make a 

parametric study on different types of profiles and to find the bearing capacity of the 

connections, some macros that can automatically generate the models have been created. 

This first part of the project aims to achieve a good, workable and practical model that can 

satisfy the requirements and meet the goals of this study. The boundary conditions, contact 

between the profiles, meshing and the parameters to choose for the analysis, all raised 

different problems during this process, which needed a closer look and study, in order to get 

a more realistic model that can behave in the end as the experimental study.  

 In this study there are presented all the results of the analyses that have been 

carried out to develop the most suitable finite element model. Also, this paper contains the 

macros that have been generated in order to create automatically all the models needed 

later for the further study. The steps and the additional explanations for each of them is also 

included for a better understanding. All the analytical parameters are explained and studied 

according to their relationship with other parameters. Comparisons with similar studies and 

a final check with another software was also carried out to check our assumptions.  

 



Pág. 2  Memoria 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Finite element analysis of lapped connections between cold formed steel purlins Pág. 3 

 

ABSTRACT __________________________________________ _________ 1 

1. INTRODUCTION _____________________________________________ 5 

1.1 Origin of the project ........................................................................................ 5 

1.2 Motivation ....................................................................................................... 6 

1.3 Objectives of the project ................................................................................. 6 

1.4 Scope of the thesis ......................................................................................... 7 

2. STATE OF THE ART _________________________________________ 8 

2.1 Cold formed steel ........................................................................................... 8 

2.1.1 Generalities ....................................................................................................... 8 

2.1.2 Cold forming process ........................................................................................ 9 

2.1.3 Classification of sections................................................................................. 10 

2.1.4 Material ........................................................................................................... 11 

2.1.5 Corrosion and protection ................................................................................ 12 

2.1.6 Applications of cold formed profiles ................................................................ 12 

2.1.7 Advantages & Disadvantages ......................................................................... 15 

2.1.8 Specific problems of cold formed profiles ....................................................... 16 

2.1.9 Cold formed steel connections ....................................................................... 19 

2.1.10 Purlin systems used in building construction .................................................. 20 

2.2 Literature review ........................................................................................... 24 

2.2.1 Review on the design code and standards which govern cold formed steel 

profiles ............................................................................................................ 24 

2.2.2 Review on the research and progress on cold formed steel connections....... 25 

2.3 Objectives of investigation ........................................................................... 31 

2.3.1 Background..................................................................................................... 31 

2.3.2 Configurations of the lapped connection ........................................................ 32 

2.3.3 Characteristics of the Z profiles and cleat involved in this research ............... 33 

2.3.4 Structural system of the overlapping and simplified analysis .......................... 34 

3. FINITE ELEMENT MODEL ____________________________________ 36 

3.1 Introduction ................................................................................................... 36 

3.2 Concept of the model ................................................................................... 36 

3.3 Generating the macros................................................................................. 38 

3.3.1 ZB Macro ........................................................................................................ 39 

3.3.2 ZB_Geometry ................................................................................................. 40 

3.3.3 ZB_Bolts ......................................................................................................... 42 

3.3.4 ZB_Mesh ........................................................................................................ 45 

3.3.4.1 Element size ................................................................................................... 45 

3.3.4.2 Material definition ............................................................................................ 45 



Pág. 4  Memoria 

 

3.3.4.3 Element type ....................................................................................................46 

3.3.5 ZB_Contact ......................................................................................................48 

3.3.6 ZB_BoundaryConditions ..................................................................................50 

4. NUMERICAL INVESTIGATIONS AND STUDIES  __________________ 53 

4.1 Investigation of the analytical parameters ................................................... 53 

4.1.1 Miscellaneous - Thickness effect .....................................................................55 

4.1.2 Basic parameters .............................................................................................55 

4.1.2.1 Behaviour of contact surface ...........................................................................55 

4.1.2.2 Normal contact stiffness ..................................................................................56 

4.1.2.3 Penetration tolerance or FTOL ........................................................................60 

4.1.2.4 Updating the contact stiffness (KEYOPT (10)) ................................................61 

4.1.2.5 Pinball region (PINB) .......................................................................................61 

4.1.3 Initial geometric adjustment .............................................................................62 

4.1.4 Friction .............................................................................................................66 

4.2 Element size investigation ........................................................................... 67 

4.3 Importance of the elastic area around the bolts .......................................... 72 

4.4 Checking with another software - CONSTEEL ........................................... 75 

4.5 Conclusions and recommendations ............................................................ 78 

4.5.1 Conclusions .....................................................................................................78 

4.5.2 Recommendations ...........................................................................................79 

 

 

 ANNEX............................................................................................................ 80 

 BIBLIOGRAPHY ..................................... ....................................................... 98 

 

 

 



Finite element analysis of lapped connections between cold formed steel purlins Pág. 5 

 

1. Introduction   

Cold formed steel profiles, especially Z profiles can be used as roof purlins to 

sustain roofing deck or panels. The loading is transferred to them through the sheeting 

connected to the upper flange of the profiles. Their main characteristic is that they are 

lightweight, easy and economical to fabricate, to deliver to the clients and to assembly. 

These purlins can be continuous over the building frames, which serve as intermediate 

supports for them. The continuity is accomplished by lapping the profiles over the supports, 

and the easiest way to do it for the Z sections is using different flange sizes, nesting one 

inside the other. Figure 1 shows a typical roofing system with overlapped Z purlins.  

 

 

 

 

 

 

 

        Figure 1: Typical overlapping between Z purlins  

1.1 Origin of the project 

There are different companies that produce cold formed profiles for different 

applications. One of them is BRAUSA, a local company from Catalonia, which introduced 

profiled steel purlins in Spain years ago. Their range of products offer solutions for different 

applications like: railway transport, industrial vehicles, logistics, modular construction, solar 

installations, steel framing and construction profiles.  

This project started as collaboration with BRAUSA Company in order to improve 
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their construction field, more exactly the process of overlapping cold formed profiles, and to 

determine the bearing capacity of the connection. From their range of sections (C, Z, and 

Sigma) in this project, we focus on the Zetabrau sections described in chapter 3.3.  

1.2 Motivation 

The motivation to involve myself in this project is based on personal, commercial 

and economical aspects. The personal motivation generated from the fact that for a while I 

was working with cold formed profiles and I started to get more and more involved in the 

subject as it is a relatively new field for civil engineers. I started to ask myself many 

questions to which I could not find an answer anywhere. Research in this branch of steel 

construction is at the beginning and using cold formed steel profiles as principal or 

secondary structure for a building still rises many questions. They offer many advantages 

but before using them at their maximum potential, we must know how they behave in every 

situation.   

The commercial and economical aspects come from the collaboration with BRAUSA 

Company, and aim the design of a good connection and overlap of these profiles in order to 

achieve a more rapid and safe assembly of the Z profiles. The project also aims studying all 

the parameters that can influence the behaviour of the connection and finally creating a 

table with bearing capacities for all the profiles in order to facilitate designers work. 

1.3 Objectives of the project 

The main objective of this project is to make a parametric study on the connections 

that BRAUSA Company uses and to evaluate their bearing capacity. It aims to improve the 

efficiency of structural design. The software used is Ansys Mechanical, which will help us to 

create finite element models. From these models, we will analyze in the end the force-

displacement curve, the maximum load and the failure mode. To do this it requires a lot of 

time and resources so, in order to simplify it, one of the objectives is to generate the finite 

element model using macros created with the Ansys Mechanical commands.  Creating a 

good finite element model that works and is as close as possible to a real model is the most 

important step to reach the main objective of this project.  
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The parameters that influence the behaviour of the connection are the height and 

the thickness of the profiles, the dimensions of the cleat, the number of bolts, the type of 

connection (with sleeve or overlapped), the span, the overlapping length and the structural 

system which determines the distribution of the moment.  

In the end, this study will give us a better understanding on the behaviour of these 

types of connections regarding the parameters involved and how to design it in order to 

ensure the continuity of the system. 

1.4 Scope of the thesis 

This particular thesis focuses on the first part of the project, which aims to find the 

best finite element model on which later analysis will be ran. A previous study on the finite 

element model is important in order to illustrate what we want from this, what we should 

consider in our analysis, how to decrease the computation time and how to reach a good 

working model that can lead to good results. As civil engineers, we know that working with 

software programs is not as easy as it seems and what we input in the software is the most 

important step.  
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2. State of the art   

2.1 Cold formed steel  

2.1.1 Generalities  

Cold formed steel profiles are widely used in building industry since the middle of the 

XXth century, when they started to be used by American and British engineers. They range 

from purlins, to sheeting for roofs and floor decking which covers the secondary structure 

for a building, but lately these profiles are used as primary resistance structures as well.   

The requirements of costs and efficiency in construction are being more restrictive 

than ever, but these cold formed profiles offer, maybe, the best resistance/weight ratio, 

rapid delivery of the material, clean and rapid assembly and the possibility to move and 

recycle the structure. Being quite a new branch in the field of civil engineering, this implies 

solving of some difficult design problems, which one cannot encounter in using hot rolled or 

welded profiles. Of course, some of the hypothesis can be accepted, but the use of high 

strength profiles combined with the cold forming process and small thickness can cause 

doubts and troubles to most of the engineers.   

The problem usually rises from the fact that the component walls of the section are 

very slender, so the section will be of class 4 or class 3, according to the Eurocode. When 

using sections of class 4 we have to take into account the fogging (the loss of stability), thus 

using the active characteristics of sections which are reduced compared to the real 

characteristics. In this way local instability, buckling, distortion can mix with global instability 

and generate a higher sensitivity to imperfections and reducing the bearing capacity of the 

profiles subjected to compression or bending. 

Connecting cold formed profiles generates as well big problems and questions 

because we need different technologies than the traditional ones to realize it. Verification 

and design of such a connection is essential for obtaining a good and safe behaviour of the 

structure, from a technical and economical point of view. For the design and verification of 

these profiles and structures realized with them, different standards have been elaborated. 

In Europe, ECCS committee (European Convention for Constructional Steelwork) has first 
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elaborated a standard for cold formed profiles in 1987. Since this version, this document 

has been revised and republished reaching the final form as: Eurocode 3 - Design of steel 

structures - Part 1-3: General rules- Supplementary rules for cold-formed members and 

sheeting. 

2.1.2 Cold forming process  

The process of cold forming means the manufacturing of steel sections in a cold 

state (without applying heat) from steel sheets of uniform thickness. This is realized by 

folding of the sheet, by pressing, forging or by cambering (Figure 2 and Figure 3). All these 

processes of cold forming, affect the physical-mechanical properties of the material, 

especially in the zones where they suffer the most, like the corners. The material is 

hardened and the profile gains a supplementary strain in the corner zones, thus the yielding 

limit is increased but simultaneously, the ductility of the material decreases.  

 

   Figure 2: Manufacturing of a cold formed profile 
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  Figure 3: The steps in the process of cold forming 

The thickness of the sheet can be from 1 mm to 4 mm but the shape of the section 

offers a wide range and can vary a lot, sometimes it can even be customized on the clients 

‘needs. The section usually has stiffeners on the flanges or at its ends. The steel used for 

obtaining these profiles usually has yielding limits between 250-550 MPa (Hancock, 1997) 

but lately steel with higher limits is being used.  

2.1.3 Classification of sections 

a) Simple open sections  (Figure 4) 

b) Complex open sections  (Figure 5) 

c) Complex closed sections  (Figure 6) 

d) Profiled sheets  (Figure 7) 

                   Figure 5       Figure 6 

 

               

       Figure 4 Fig. 5 

 

         Figure 7   
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For the open and closed sections, the height can vary from 50-70 mm to 350-400 

mm while for the sheeting the height can reach 200mm for the latest generation of profiled 

sheeting, with a thickness of 0.4-1.5 mm. 

2.1.4 Material 

The stress-strain curve describes the material behaviour. The steel grade used to 

realize these cold formed profiles is very important in determining their bearing capacity. 

The stress strain graph of steel can be classified in 2 categories: sharp yielding and gradual 

yielding (Figure 8 and Figure 9). 
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           Figure 9 
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These two graphs represent the behaviour of cold formed steel sheets during 

tension tests. In the second graph the steel sheet used for the test has undergone the hard 

rolling during the manufacturing and it doesn’t register a yielding point with a plateau, and as 

a result the initial slope of the curve has been lowered. This is the behaviour of the annealed 

steel and the yielding point can be considered the level where the curve becomes 

horizontal.  

As presented before, the advantage of cold forming is that it increases the yield 

strength of the profiles, being a consequence of cold working well into the strain hardening 

range. This increase takes place in the zones where the material is deformed by bending or 

working. Another factor that influences the value of the yielding limit is the number of 

stiffeners of the walls of the profile. 

2.1.5 Corrosion and protection 

The non-corrodibility property of the cold formed profiles depends on how 

aggressive is the surrounding environment and how thick is the applied coating. Cold 

forming process allows the anticorrosive protection to be applied before lamination without 

being damaged.  

Galvanizing (or zinc coating) of the preformed coil provides very satisfactory 

protection against corrosion in internal environments. A coating of 275 g/m2 (total for both 

faces), is the usual standard for internal environments. This corresponds to zinc coating of 

0.04 mm. Thicker coatings are essential when moisture is present for longer periods. Other 

than galvanizing, different methods of pre-rolling and post-rolling corrosion protection 

measures are also used. 

2.1.6 Applications of cold formed profiles 

In recent years, with the evolution of attractive coatings and the distinctive profiles that 

can be manufactured, cold formed steel construction has been used for highly pleasing 

designs in practically every sector of building construction. 

 

• Industrial buildings – main and secondary structure  

• Beams, columns 

• Purlins 
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• Aircrafts, ships 

• Electrical equipment, storage racks, house hold appliances, 

• Solar installations 

• Modular constructions 

Example of an industrial building with frames completely realized from cold formed profiles, 

with a compound section: 2  C profiles tied together back to back. 

 

 

 

 

 

 

 

 

• Trusses, frames 
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• Roofing & Decking 

 

• Motor vehicles, railways  

 

 

 

 

 

• Logistics, racks 
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2.1.7 Advantages & Disadvantages 

Cold formed profiles can fulfil designer’s needs from different points of view, which 

consider the work duration, cost and durability of a building. Most of the advantages are 

compared to hot rolled profiles and one can choose the best solution for a structure. In civil 

engineering, these profiles bring many benefits like: 

• The possibility of manufacturing of different section shapes for specific 

applications 

• Higher yield stress with at least 15% as an effect of the cold working 

• Pre-galvanized or pre-coated metals can be formed, so that high resistance to 

corrosion, besides an attractive surface finish, can be achieved 

• More economical, especially in the use of lower loads and lower spans 

• Rapid and economical manufacturing 

• Possibility of realizing longer lengths of the profiles  

• Easy to transport in a more compact stack and a better delivery to the clients 

• Panels and sheeting can as well undertake horizontal loading and can act as a 

diaphragm  

• Compared to other materials like wood or concrete cold formed profiles have the 

best resistance to weight ratio 

• Easy and rapid assembly, thus decreasing the execution time of a structure 

• Accuracy of the details 

• An entire structure can be recycled or transported  

• Easy to joint with bolts especially if the profiles are pre punched  

Cold formed profiles are directed to a specific sector in civil engineering and mostly they 

serve as secondary structures for cladding and roofing. In the later years, they started to be 

used as main resistance structures, but they cannot undertake high loads or very long 

spans. In industrial sector though, they are popular for their advantages presented before.   

 As the tendency in civil engineering is to build lighter structures, more rapid and more 

efficient, designers start to use them quite often. That is why, the disadvantages for certain 

uses appear and we struggle to improve them. As disadvantages, it can be mentioned the 

low fire resistance, reduced ductility, some shortcomings due to the automatic 

manufacturing and the most important is their way of behaving under higher loads when 
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different buckling modes can combine and they become very unstable and unpredictable. 

2.1.8 Specific problems of cold formed profiles 

Member buckling is the most common problem in cold formed steel profiles and 

usually is the one that causes the failure of the member before even reaching the yielding 

stress. This is mainly because of the small thickness to width ratio of the sections under 

compressive, bearing or shear bending forces. Most of the times, buckling is the design 

consideration for cold formed profiles, unlike hot rolled profiles where yielding is the leading 

design criteria. 

Thin walled elements can present one of these modes of buckling or a combined 

one between them: 

• Local buckling 

• Distortional buckling 

• Global buckling 
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Local buckling is a sectional mode of buckling which does not modify the longitudinal 

axis of the member. This mode is due to the bending of the inner walls of the element or 

simpler, it occurs for plates with the edges elastically restrained. However, for plates with 

one edge free, buckling occurs at a much lower load. For this reason, most of the profiles 

have a lipped channel that elastically restrains the adjacent walls and stiffens the element.  

 

 

 

 

                                     Figure 10:Lip channels for Z and C sections 

Distortional buckling is the loss of stability which appears as a consequence of 

distortion of the transversal section of an element. For cold formed profiles, this is generated 

by the relative displacement of the flanges, which rotate along the axes of the corners, 

where is the junction between the walls. The presence of stiffeners is associated with this 

buckling mode. As stated before, stiffeners improve the behaviour of the member but 

develop a second mode of instability. 

Local and distortional buckling are considered to be sectional modes and they can 

interact between them but as well with other buckling modes. 

 In Figure 11 single and coupled buckling modes are shown for a lipped channel C 

section under compression: 

a) Local (L)                                                                  

b) Distortional (D)          

c) Flexural (F)                   

d) Torsional (T)                                      

e) Flexural – Torsional (FT)    
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f) L+D 

g) F+L 

h) F+D 

i) FT+L 

j) FT+D 

k) F+FT 

 

                              Figure 11: Single and coupled buckling modes 
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Understanding the types of buckling modes and the behaviour of cold formed 

profiles is important for the later explanations on the finite element models and the failure 

modes of the studied connection, that occur under loading. 

Other problems that open cross-section steel member can develop are due to the 

low torsion stiffness. Most of the sections are non-symmetrical and their shear centre does 

not have the same location as the centre of gravity. Usually, the shear centre is outside the 

sectional area, thus generating torsion of the section under loading. Only when the load is 

applied in the shear centre, our member is subjected to bending without torsion, but any 

little deviation from it produces the combined effect of bending with torsion, which is very 

dangerous for cold formed profiles. Warping of the section due to torsion is another problem 

to be mentioned, as well as the web crippling and the decrease of ductility because of the 

cold working. Cold formed profiles do not behave well at all under concentrated loads and 

the failure modes, which appear for bolted connections, are quite different from the hot 

rolled ones. 

In order to consider the lower stiffness of the profile, when a sectional mode of 

buckling develops earlier than the global buckling we have to work with the reduced 

geometrical characteristics of the transversal section of the element.  

2.1.9 Cold formed steel connections 

In practice, cold formed steel profiles are usually bolted to hot rolled steel plates to 

form simple and moment connections, while welding is not the best solution, as these 

profiles are coated and the layer of zinc can suffer damages through welding and the small 

thickness of the section is, as well, not suitable for welding. 

One of the most used moment connection in practice is the overlapped connection, 

in roof construction, which is as well the main object of interest of this thesis. Although it is 

widely used, it has received little attention despite its simplicity and only in the later years, it 

started to be in the interest of researchers. Design guides do not offer a simple algorithm for 

solving such a connection and what we know until now about their behaviour, is based on 

experimental investigations and tests.  

To ensure the continuity of the connection over the spans, generally, the engineers 

use the configuration with sleeves or overlap. These are considered be beam-to-beam 
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connections subjected to combined bending and shear thus, the connection is treated as a 

moment connection. The most difficult problem is to determine the overall structural 

performance of the bolted connection and its stiffness. If the moment connection does not 

provide a full continuity, the moment distribution is hard to predict. 

As a conclusion, in order to design efficient structures from cold formed steel it is 

mandatory to investigate the moment connections and their structural behaviour inside the 

entire structure.  

2.1.10 Purlin systems used in building construction  

Cold formed product manufacturers together with engineers have studied the 

problem of using these profiles as supporting purlins for roofing and they have found some 

structural systems that fulfil clients needs depending on the costs, rapid erection of the 

structure, importance of the building and the load carrying capacity that has to be 

performed.  

The wide variety of cold formed sections used as purlins seems to perform well for 

spans ranging from 4 to 12 m, depending on the section dimension, material, bracing 

configuration and connection details. They perform badly for larger spans because of the 

member twisting which usually appears as a first reaction under loading, but this problem 

can be solved by restraining the lower flange with anti sag bars. The upper flange is 

considered to be fixed, because of the roof sheeting but the lower flange is the one causing 

most of the problems and leading to strange behaviour of the member. Thus, using anti sag 

bars we can improve the member behaviour, raise the load carrying capacity of the profile 

and prevent the excessive twisting.  

The engineers have developed 4 structural purlin systems: 

i) Single span system 

 

 

 

       Figure 12: Single span beam 
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Figure 13: Loading and bending moment diagram  

Single span systems are the simplest systems for structural analysis, design and 

fabrication process. They are suitable for shorter spans or, when continuity is not a criterion 

for choosing this system. The details are easy to realize, erection is fast and the maximum 

moment is in the middle of the span. 

ii) Double span system  

 

    

Figure 14: Loading and bending moment diagram 
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Double span systems have a small range of efficiency because the beam is 

considered continuous on 3 supports, thus generating a higher bending moment on the 

internal support. This one is effective only when the load carrying requirements allows using 

the same section. It is a cost effective system offering a significant saving on component 

parts and on site erection time.  

iii) Multiple span systems 

            Figure 15: Loading and bending moment diagram for multi-span systems 

For continuously connected purlins or multiple span configurations two systems have been 

developed:  

• Sleeve system 

 

                Figure 16: Sleeve system 
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In sleeve systems, 2 purlins are connected through a short sleeve element with a 

fitting cross section which sustains both ends of the purlins. This system is usually used 

when sections with different depths are connected. 

• Overlap system 

Figure 17: Overlap system 

The multiple span system with overlaps is the most efficient purlin system to support the 

roof sheeting. It is realised by the overlap of one purlin over another at its end, and their web 

is connected with screws together with a fastening cleat. It is the most used system 

because it provides a good continuity, it is easy and fast to put it in site, the section is 

doubled over the internal supports, different span lengths and purlin lengths do not create 

problems. 
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2.2 Literature review  

2.2.1 Review on the design code and standards which  govern cold formed 

steel profiles 

Due to the fact that the thickness of these profiles is very thin compared to their 

other dimensions, they buckle easily under compression. Most of the times, local buckling 

appears at a lower stress level than the yield strength of the section, when they are 

subjected to compression, shear, bending or bearing. In conclusion, local buckling is the 

main design criterion and the moment capacity of cold formed steel sections is related to 

their post buckling strength and behaviour. For this reason, engineers started to examine 

cold formed steel profiles and connections in order to create a set of design guides and 

worked examples to help practicing engineers and designers.  

In Europe we use Eurocode 3 Part 1-1 (ENV 1993-1-3) and Part1-3 (ENV 1993-1-3) 

[22] which focuses on cold formed steel sections, sheeting and decking. Eurocode 3 works 

in terms of limit state design and the last revised version covers sheetings of design yield 

strength up to 700N/mm² and thickness of 15 mm and also the curling effect is considered 

in the calculations. Cold formed steel sections are slender cross sections according to the 

code and the effect of the edge or intermediate stiffeners is counted. In order to evaluate 

the post buckling strength of a section the code adopts the effective width concept  and 

provides more formulations for practical uses of cold formed steel profiles and its 

applications. 

 The British engineers have another code of practice for cold formed steel sections, 

BS 5950: Part 5. The design strength calculations are made in the ultimate limit state and 

the yield strengths of steel is up to 350N/mm² with thickness of not more than 8 mm. This 

code is the most simple and user friendly to engineers.  

 In the United States of America the code of practice is entitled “Specification for the 

Design of Cold Formed Steel Structural Members” which is included in the Cold Formed 

Steel Design Manual (AISI, 2007) [23]. This one is quite different from the European and the 

British codes and it has two design approaches: Allowable Stress Design (ASD) and Load 

and Resistance Factor Design (LRFD). Design yield strengths allowed are up to 522N/mm². 
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The specification adopts the same concept on the design of cross section resistance as 

other codes of practice mentioned above. For evaluating the post buckling strengths, the 

effective width concept is also considered. However, for distortional buckling design rules 

are not provided. In 2002, AISI published an attachment regarding the design of cold 

formed steel structural members using the direct strength method, an easier way to 

approach the design of these profiles.   

Most of the standards mainly focus on the evaluation of the cross section capacity 

and members’ resistances not on the behaviour of the entire connection between two cold 

formed members. It is necessary to understand the structural behaviour of connections and 

their effects in both the local and overall performance of a structure. At this moment, we can 

evaluate the load carrying capacities of individual fasteners such as bolts and screws but 

not the structural performance of a connection. It is important to evaluate the moment 

resistances and their rigidities, as they affect the internal force distribution within the 

structure and they can modify under loading. 

 In general, there is a lack of design information on simple connections and moment 

connections between cold-formed steel sections and researchers tried to fill this gap with 

studies, experimental investigations and tests, in order to facilitate the use of cold formed 

steel structures with improved structural economy. 

2.2.2 Review on the research and progress on cold f ormed steel 

connections 

The first studies on cold formed steel profiles focused mainly on the behaviour of the 

members like compression, buckling, torsion and distortion, web crippling, mechanical 

properties of the sections and design optimization. Later on, after their use started to be 

more and more valued and engineers began to introduce them in different structural 

systems and connect them, research took a bigger step because practice enforced them to 

do it.  

In 1993, Bryan [1] studied bolted connections between cold formed steel profiles and 

gave some more background information on their behaviour and the parameters that 

determine their strength and flexibility. He developed some expressions for the bearing 

strength of bolted connections, as well as for the moment connections design he gave some 

moment capacities and moment rotation relationships.  
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Rogers and Hancock [2] studied this problem as well, and they developed a 

gradated bearing coefficient method to design the bearing resistance of bolted connections 

based on experimental results and gave some recommendations in the design of bolted 

connections, but Zhang and Roger [3] concluded that a modification factor should be added 

to their proposed gradated bearing coefficient formulation.  

In order to understand the behaviour of a moment connection first we have to 

investigate a simple bolted connection. Many researchers brought contributions on this 

subject: Rogers, Hancock, Chung and Ip [4-9] did a number of lap shear tests to examine 

the structural behaviour of simple bolted connection. All of them observed the same failure 

modes: bearing failure, shear-out failure and net-section failure. They did a parametric study 

on different configurations of bolted connections to provide bearing resistances for practical 

design. They concluded that for connections between high strength steel profiles, the design 

rules should be modified due to their reduction in ductility.  

The overlapped beam-to-beam connection is a bolted moment connection, a semi-

rigid joint that ensures the continuity of the purlin system. In order to achieve a safe and 

economic design, the structural performance of this connection is essential to be 

understood and verified. It is highly desirable to quantify the moment resistances and the 

rigidities of the lapped connections with various lap lengths for proper understanding and a 

rational design of multi-span purlin systems. There are some research works reported in 

literature on the development of purlin-rafter connections which started during the 90s and 

they are next summarized.  

Ghosn and Sinno [10-11-12] performed important experimental investigations on 

lapped cold formed steel Z sections. They tested 28 beams with different dimensions and 

various section seizes by applying lateral load at the mid span until they failed. The lap to 

length ratio was ranging from 0.25 to 1.00 and the depth to thickness ratio from 79 to 131. 

They concluded that the lapped sections enhanced their load carrying capacities and 

stiffnesses only for ratios up to 0.5. For bigger ratios, the enhancement was not significant. 

The failure usually occurred at the end of the lapped zones in the single section, for lap 

length to span ratios less than 0.5. The researchers introduced a reduction factor R.s to 

evaluate the moment capacities of the specimens failed in the lapped region. Predicted 

moment resistances were overestimated, and compared to the measured ones, they were 

ranging from 0.85 to 1.23. They proposed as well some empirical formulae applicable only 
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for limited section sizes, material and specific fastener sizes.  

In 1994, LaBoube, Nunnery and Hodges[13] did an experimental study on the web 

crippling behaviour of lapped cold formed steel Z sections. The aim was to create a set of 

guidelines against combined bending and web crippling. This was because the codes of 

practice at that time did not provide any specific regulations for lapped connection under 

high concentrated lateral loads and moments.  

Some researchers did full scale tests on multi-span lapped purlin systems in order to 

achieve their ultimate load carrying capacities. In 1990, Willis and Wallace [14] conducted 

an experiment with twelve full-scale purlin systems with continuous C and Z sections. They 

used different spans, section sizes and position of fasteners and found out that C-sections 

were sensitive to the location of the fasteners compared to the Z-section, which were not. In 

addition, that Z-section behaves better than C-section under loading.  

Hancock and Celeban [15], in 1993 did a similar research, but the purlin system was 

restrained by the roof sheeting. They considered both the wind uplift and the downward 

loading in their experiments and they concluded that:  

-in the case of the wind uplift bridging the purlin system with 2 rows increased the load 

carrying capacity on the system 

-member twisting was more pronounced for the purlins without bridging and produced a 

non-linear response 

-all the specimens subjected to wind uplift presented sudden failure in the zone of the flange 

web junction of the cold formed steel profile 

-in the case of downward loading, failure occurred at the ends of lap by flexural failure, 

however,  the lateral bracings and cleat supports did not have an important boost on the 

load carrying capacity of the purlin system 

 Together with the technical papers and the investigations done by the engineers, 

more design guides for cold formed steel structures recommend the following assumptions 

to be considered by designers:  

• The lapped connection achieves full continuity between the individual members 
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• The flexural rigidity of the lapped connection is the sum of those of the individual 

members 

• The strength of lapped connection is assumed to be the sum of the strengths of the 

individual sections 

• The attachment of roof sheeting to purlin provides continuous lateral and torsional 

supports to the top flange of the purlin members 

• For gravity loads, the bottom flange near interior supports is assumed to be fully 

braced between the supports and the ends of the lap 

• Combined bending and shear at the ends of the lap should be taken into account 

Important contributions are brought by Ho and Chung since 2004 [16-17-18] with an 

experimental study on the behaviour of lapped connections of cold formed steel Z sections. 

The tests were carried out on 26 specimens of lapped Z sections with two different 

configurations of the connection: one with 4 bolts and one with 6 bolts between the webs of 

the cold formed profiles. The specimens were with different lap lengths and spans: lap to 

section depth ratios ranging from 1.2 to 6, lap to span ratios ranging from 0.05 to 0.38 and 

web depth to thickness ratios of 94 and 100 were used. The profiles were with different 

dimensions of top and bottom flanges in order to provide proper sitting at the overlapping 

zone.  

The test results showed that the moment resistance and the flexural rigidity of lapped 

connections not only depend on the lap to span ratios but also on the lap to section depth 

ratios. The full flexural strength and full flexural stiffness of the continuous section might be 

achieved in the lapped connections, when the lap to section depth ratios is equal or greater 

than 2.0 and 4.0 respectively. The common failure of the lapped Z sections, was governed 

by the combined bending and shear at the critical section, which is always located at the 

end of lap of the connected section. They also concluded that the assumption of full 

strength and continuity of lapped connections is not always correct.  

Based on these experiments, they proposed in 2005 an analytical method to evaluate all 

the internal forces within the lapped connections and along the individual members. As well 

they suggested some design rules based on checking the combined bending and shear at 

the critical cross section, at the end of the overlap and some design equations for evaluating 
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the effective flexural rigidity of the lapped sections.  

In 2008, Zhang and Tong [19] performed as well some test on overlapped connections 

of Z shaped purlins to investigate the moment resistance and the flexural rigidity over the 

internal supports. They tested different configurations and some had self-drilling screws 

between the flanges of the purlins. Their results, like the previous studies made, showed 

that the edge section of the lapped connections is the most critical section of the lapped 

purlins, and the load-carrying capacity of lapped purlins was governed by the bending 

moment at the critical section. Regarding the self-drilling screws at the bottom flanges within 

the lapped connections, they had a small effect on the moment resistance and no effect on 

the effective flexural rigidity.  

After studying and observing the previous tests, in 2010, Dubina and Ungureanu [20] 

carried out a numerical investigation on lapped cold formed steel Z purlins with bolted 

connections. They concluded that the purlins were semi continuous at the junction between 

the single and lapped sections. Like the previous results, they also got the critical section to 

be at the end of the overlap but the load carrying capacity of lapped purlins was governed 

by the combined bending and web crippling due to the local transverse action induced by 

bolts in bearing and locking of flanges. Another important conclusion is that for the laterally 

unrestrained purlins, the lateral-torsional buckling strength should be checked at the edge of 

the lap, and might become the relevant design criteria. 

Recently, in 2014, Pham, Davis and Emmet [21] performed both experimental and 

numerical investigations on high strength lapped Z-purlins with bolted connections subjected 

to combined bending and shear. They used straps attached to the top flanges for some 

specimens, to provide torsion/distortion restraint, which may have enhanced the lapped 

connection. The results showed that all section failures occurred just outside the end of laps 

and were governed by combined bending and shear at the critical sections. For tests without 

straps, significant cross-section distortion was observed at the end of lap, which led to the 

discontinuity of the lapped connections resulting in a large reduction of the flexural strength 

of lapped purlins. The author concluded that the failure mode was mainly due to the 

bending. For tests with straps, the continuity of the lapped connection was enhanced and no 

distortion at the cross-section was observed. The flexural strength of the lapped purlins was 

significantly increased. 

Another relevant study made by Ho and Chung can be found in a paper from 2014 
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where they make a numerical investigation on their experimental studies previously done. 

They establish some finite element models on cold formed steel lapped Z sections with 

bolted connections. They consider both material and geometrical non-linearity. The model of 

lapped Z section double span connection is simply supported and subjected to uniformly 

distributed loads. It aims to study the load carrying capacities of the lapped double span Z 

purlins with different lap lengths and lateral restraints conditions. The authors concluded that 

the moment redistribution in the lapped double span Z purlin gives a two-stage failure 

mechanism.  The connection configurations are found to be important in controlling the load 

carrying capacities of lapped double span Z purlins. The model provides an effective means 

to study the moment re-distribution behavior of multi-span purlins with various degrees of 

continuity over internal supports.  

Their finite element model was developed using Abaqus software. The next hypothesis 

are considered: only a lapped connection was modeled due to the symmetry, four nodded 

shell elements are used, material non linearity was incorporated and bolted fastenings 

between the section webs within the lap were modeled with a spring element. Regarding the 

laterally restraint conditions of the flanges, two different specimens were tested: one with full 

restraint conditions at the top and bottom flanges of the purlins and one with partial laterally 

restraints at every 300 mm spacing along the top flange. Two typical failure mechanisms of 

the lapped double span Z purlins appear : section failure at the end of the overlap under 

combined bending and shear in the first stage, followed by section failure near the mid span 

under loading in stage 2. 

Ho and Chung consider their finite element model for the cold formed steel lapped Z 

purlins to be a good one as the predicted structural behaviour of the connections with 

different lap lengths are found to compare well with the measured data. As well, the moment 

redistribution along the purlin member is “successfully predicted”. The model is considered 

effective, to study the moment re-distribution behaviour of multi-span purlins with various 

degrees of continuity over internal supports. 

This last paper is a very important study with which this thesis is going to be compared. 

As the experimental studies are going to take place after the numerical investigation, 

relevant comparisons are going to be made with Ho and Chung’s studies. The finite element 

model we managed to develop with Ansys is pretty close to this one but improved and with 

different loading and boundary hypothesis. The behaviour of the members, the behavior of 
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the connection, the failure mechanisms we obtained and the shape of the curves are very 

similar. For some models, we figured out two different failure stages with the same failure 

mechanisms.  

2.3 Objectives of investigation 

2.3.1 Background 

The objectives of this project are concerning the Z section profiles manufactured by the 

BRAUSA Company, which is evolving along the current market demands, sustaining the 

professional construction industry with technology solutions that provide innovation and 

profitability. For this, they are constantly working with researchers and their aim is to provide 

good, effective, safe and reliable structures. 

In order to improve the workability of cold formed steel purlin systems, extend their use 

and ensure a safe continuity of the system, this thesis aims to realize a theoretical study 

about the bolted moment connection between cold formed steel Z purlins over an interior 

support. The way they are connected is by overlapping one member over another and 

together they are connected to a fastening cleat attached to the structural frame, which is 

regarded as the interior support for the purlin system.  

An experimental study is as well prepared to back up all the theoretical study of this 

thesis. After the tests, the finite element models are going to be calibrated according to the 

real models and the conclusions are yet to be confirmed. The parametrical study for 

different types of profiles, spans and laps will help BRAUSA Company to offer more support 

and confidence to their clients based on a well documented research.  

 

The objectives of this project are: 

• Create a good functional finite element model 

• Create macros in order to be able to make the finite element models automatically 
for different parameters like: section dimensions, spans, lap lengths, etc 

• Run the parametric study for every configuration proposed by Brausa Company 

•  Get the load bearing capacity of each configuration and investigate the strength and 
deformation characteristics of bolted moment connections between lapped Z 
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sections 

• Determine the failure modes  

• Evaluate the parametric study and determine the efficient range for which these 
configurations behave the best 

• Make and experimental investigation and run some tests  

• Calibrate de finite element models and compare the experimental result with the 
analytical study  

This particular thesis will focus only on the first part of the project, because the time 

allocated for it is limited, the resources are also limited and the number of the studies similar 

to this one is relatively small. Therefore, the gathering of all the information related to this 

study has been an important step for defining the nowadays position regarding overlapped 

connections of cold formed Z section. The aim of this thesis is to set up the finite element 

model, to develop the macros and to understand all the analytical parameters, which have 

to be considered. Afterwards, the parametric study comes naturally.  

2.3.2 Configurations of the lapped connection 

The multi-span systems proposed by BRAUSA Company are both with overlap and 

sleeves but this thesis will focus only on the one with the overlap as in Figure 18.  

 

 

  

 

 

 

 

 

                Figure 18.  
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This system is the most effective purlin system due to the simple connection and 

ease of erection and is the most commonly used. Manufacturers also recommend this one 

for the supplementary strength over the interior supports that this system provides but this is 

more like a backup for the company because they do not provide load-bearing capacities for 

the connections. For this reason, it is highly desirable to examine this specific connection, its 

structural behaviour and to determine its load bearing capacity.  

For the beginning of the study and to create the finite element model, it is chosed 

the profile Z with the height of 200 mm and the thickness of 2 mm. It is also considered the 

connection with the sheeting at the upper flange and one horizontal restraint at the lower 

flange of each end. The webs of the profiles are bolted together with the cleat, which is 

going to be attached to the primary structural system (beam). There are considered as well, 

bolts between the profiles at the end of the overlaps. The overlap is a parameter to be 

studied, but based on previous studies, 20 % from the span is going to be the first value 

considered.  

 

2.3.3 Characteristics of the Z profiles and cleat i nvolved in this research  

 Geometry off the section: 

 

 

 

 

 

 

 

 

 Figure 19: Geometry of the Zetabrau section 
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   Geometry of the cleat: 

 

 

 

 

 

 

 

 

           Figure 20: Geometry of the cleat 

The elliptical boltholes on the vertical direction help to facilitate the on-site installation 

of the purlins over the interior supports. Any small fabrication error of difference in 

tolerances can be adjusted if the profiles have vertical slotted holes.  

 

2.3.4 Structural system of the overlapping and simp lified analysis 

 

The multi-span purlin system is considered a continuous beam over multiple 

supports this is why the connection of the overlap must ensure a good continuity of the 

system. Figure 21 shows the static diagram of the system with the bending moment 

distribution.  The profiles are connected with the cleat with 4 bolts M16 and the profiles are 

as well connected between them at each end of the overlap. The bolts distribution is shown 

in figure 22. 
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                 Figure 21: Loading and bending moment diagram 

 

 

 

  

 

 

 

                             Figure 22: Connection and bolt distribution 

Extracted from the system, this particularly connection is the main object of this 

study. The goal is to find the load bearing capacity of this connection. In order to find this, in 

the next chapter the numerical investigation, the models tested, results  and everything 

related to it is going to be explained and presented.  
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3. Finite element model   

3.1 Introduction 

This chapter presents all the details of the numerical investigation on the structural 

performance of the connection involved in the study. Some other particular investigations on 

different analytical parameters were needed during the process, in order to improve the 

finite element model and to make it as accurate as possible. To achieve the final objective 

of this project, which is the parametric study made on the finite element models, it is 

important to focus on this step and give it the proper attention.  

In the last few decades, numerical simulation has drawn the attention of many 

researchers from various scientific disciplines with the advancement of computer hardware 

and software. In the field of structural engineering, results from finite element simulation 

may provide detailed information on the stress and strain distributions in structures. Such 

information is not easily available from experiments, and thus, numerical investigation may 

be used to provide supplementary data for a better understanding. Of course, the 

experimental study is very important to back up the numerical investigation and they cannot 

be separated for a proper research.  

3.2 Concept of the model 

Due to the symmetry, it is modeled only a lapped Z section with full lengths. Figure 

23 illustrates the static simplified model of the considered joint, the loading and the 

boundary conditions.  

Figure 23. 
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The model is based on a multi-span purlin system, with spans of 5 meters and 

overlaps of 20% from the span, which means that for our model we will consider the overlap 

on 1 meter and half of each adjacent span. The beam is simply supported and half of it, is 

hanging and acting as a cantilever. The cantilever is loaded with a concentrated load, thus 

the bending moment is higher on the overlapped area. In figure 23 is illustrated the loading 

and the bending moment diagram. 

 

 

 

T 

 

 

 

      

              

 The upper flange of the Z profile has restraints at every 50 centimetres, which take 

into account the steel sheeting or the roof panels, which usually are used for covering the 

structure. The lower flange has only one horizontal lateral restraint at the end of the spans 

and this is in reality an anti sag bar which connects the lower flanges of the purlin system.  

The model is created with the help of Ansys Mechanical Software, which is a well-

known software for finite element simulation. It has a user-friendly interface and it allows the 

user to create macros and generate models automatically based on the commands from the 

back of the software, which has its own programming language. This is one of the reasons 

for which, we chose this particular software for the parametric study. As we need to run 

many analyses with different models in order to evaluate all the results, we must create 

macros, that can be accessed and our model to be generated fast, so we won’t spend much 

time on creating the models. For this, we created short sequences of written code and they 

are going to be explained and presented in the next chapter. 

Figure 24. 
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3.3 Generating the macros 

The graphic interface of Ansys offers the possibility to create models using the 

mouse and the tree commands from the left side of the interface. But the parametric 

programming language specific to this software or APLD (Ansys Parametric Design 

Language) allows us to create sequences of computing instructions for every step in 

generating the finite element model. These are called macros and they can be saved with 

the extension .mac and called in Ansys GUI.  

As we need to create several models with different parameters, we wanted it to be 

as automatic as it possibly can be realized. In this way, any change can be quickly made in 

the macro and save it for the desired model. But, these changes require most of the times 

to manually perform the whole model again and run the analysis as well.   

In addition, to the macro that implements the entire finite element model in Ansys, 

ZB.mac, we created several other macros: for the geometry of the section, for the geometry 

of the model, for the overlap, to create the mesh, the boundary conditions, the position of 

the bolts. These macros are used in a structured manner and interact with each other. The 

macros used to store data, for the geometry of the section for example, are obtained 

through a dialog box (Command *ask) where the user can introduce the requested 

dimensions and save the file. Although these macros save the coordinates of the vertices of 

the section, plus the thickness and the fillet radius, the user must enter only the geometry 

values that are included in the manufacturer's catalogue, as the profile height ,width of 

flanges, thickness thus facilitating the use.  In order to save all the information the PARSAV 

command information is used. The command saves the values of the parameters in files 

with extension .parm in the desired location. To retrieve the data, we can just use the 

command PARRES. Instead of PARSAV and PARRES we could also use *VREAD and  

*VWRITE that allow you to save vectors. There are many options and ways to work with 

vectors, and Ansys APLD offers a wide variety of commands for every operation and one 

can chose the best options for his model. It is important to be careful, as the task of entering 

data in these macros is slow due to the large number of dialog boxes that open with the * 

*ask. Small changes in the section, like thickness for example, can be made directly into the 

file with .parm extension, but there is a higher risk of having errors. The format must be 

respected and followed as suggested. Once the macros for the section dimensions are 

established and saved, it is not necessary to execute them every time.  
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To generate the finite element model, we have to execute every time the macro 

ZB.mac and inside this one, dialog boxes should be avoided by making all the necessary 

changes in the code. In order to facilitate this and the process of generating the model, the 

ZB macro contains five subscripts well defined and each having its own purpose.  

 

    Figure 25: Structure of the macros 

3.3.1 ZB Macro  

This macro is the general one that creates the finite element model and incorporates 

all the other macros. Once a change is made, everything must be saved again. Inside this 

section, we define the span length in millimetres and the overlap length as a percentage of 

the span. These parameters are going to be changed for the parametric study, thus, in this 

way it is going to be easier to control them. This macro also contains the names of the 
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macros defined for the profiles used and the applied load, which can be changed easier 

from here.  

/PREP7 

! Parameters 

sl=5000 

hol=10 

pl=sl/2+hol/100*sl 

ol=2*hol/100*sl 

PARRES,CHANGE,'pruebaZB','parm',' ' 

PARRES,CHANGE,'L200S','parm',' ' 

! Geometry 

ZB_Geometry 

ZB_Bolts,1,'B200S450' 

ZB_Mesh 

ZB_Contact 

ZB_BoundaryConditions,500 

FK,36,FY,-7000 

 

3.3.2 ZB_Geometry 

This section is calling three other macros where the profiles are defined, which are 

going to be lapped and the data for the fastening cleat as it follows:   

• OverlappingProfileLocation1_ZB 

• OverlappingProfileLocation2_ZB 

• OverlappingProfileLocation_L 
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The structure of these macros is very similar and they can be changed according to 

the data needed for a certain model. Each of them creates the individual profiles following 

the same path. First, the number of sections needed is introduced with the help of another 

macro InputSection, where are defined: the key points, the lines which are going to be 

between them and the lines for the fillet radius. In order to transfer the failure only to the 

connection and to avoid plastic zones to develop in the point where the load is applied, 

some elastic sections are used. Similarly,elastic areas are created around the bolts as we 

do not seek for failure around the them. This is later explained in the proper section.   

Each section is defined as vertices connected by lines and with corresponding fillet 

radiuses. One entire profile is actually composed from 3 zones: an extreme elastic zone, the 

middle plastic zone and the last one is the overlapping of the 2 profiles with contact 

elements between. The fastening cleat is considered a support for the connection and it is a 

single plastic zone with contact elements on the side attached to the web of the cold formed 

Z section.  

The following macro, InputLines, links all the key points of the section, creating its 

middle line, while InputArea joins all the lines creating areas between them. So, each of the 

macros OverlappingProfileLocation (1_ZB,2_ZB, L) incorporates: 

• InputSection 

• InputLines 

• InputAreas 

An example for one of them is: 

OverlappingProfileLocation_L 

!Fastening cleat (for ZETABRAU) 

*GET,pnkp,KP,0,COUNT 

*GET,pnl,LINE,0,COUNT 

InputSectionL,ARG1,ARG2,lL/2,ARG3    !x,y,z,ROTz 

InputSectionL,ARG1,ARG2,-lL/2,ARG3 



Pág. 42  Master Thesis 

 

InputLinesL,2,pnkp 

InputAreasL,2,pnl,pnkp 

The ZB_Geometry macro calls all the 3 subscripts for the profiles and the fastening 

cleat and puts them in the correct position:  

OverlappingProfileLocation1_ZB,0,0,1 

OverlappingProfileLocation2_ZB,-t,t*(SQRT(2)+1),1 

OverlappingProfileLocation_L,t/2,-h/2,1 

 

3.3.3 ZB_Bolts 

The aim of this finite element model for the overlapped connection is to find its 

ultimate load or the load bearing capacity of the connection. It is not a point of interest of 

this study the behaviour of the bolts and the failure around them, but a global failure of the 

connection. Modelling the bolts is a very difficult job, which takes a lot of time and resources 

for the model. In the future, after the best functional model is found for the connection, a 

further research on the behaviour of the bolts can be done. For this reason, a circular area, 

like a “donut”, is generated around the holes in the web of the profiles and assigned elastic 

properties, in order to avoid the plastic zones around the bolts. All these elastic areas are in 

the interior of the areas, which should be connected by the bolts: the webs of the Z profiles 

and the fastening cleat. After they are meshed, all the interior nodes of the circular areas 

are coupled so that they simulate a bolt. The property of this way of coupling the nodes one 

by one is that the degree of freedom of one node is constrained to move with all the other 

coupled nodes; it is not constrained to have no motion, but must have the identical motion 

as the ‘master’ node.  

The macro ZB_Bolts generates all the holes according to the BRAUSA Company 

given design. The diameter we chose is of 16 mm (M16 bolts) but because we have the 

elastic area around the holes this is not very important. We can easily change this in the 

macro. This scrip allows us to create holes (bolts) between the webs of the profiles and the 

cleat, only between the profiles at the end of the overlap and as well between the flanges of 

the Z profiles.  
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ZB_Bolts macro contains a subscript hole.mac, which also creates the elastic ring 

around each hole once its coordinates are known.  It is important to have everything in order 

because Ansys numbers all the key points, lines and areas and we have to track them in 

order to work with them easier and to use this property. Boolean operations commands, as 

ADRAG, AFIL disordered numbering. Commands such as CMP, NUMMRG or KPMERGE 

can help maintain the correct order.  

We can input the coordinates for the holes manually or we can save them in a 

previously created file with .parm extension and use the command *ask. In this way, we can 

save different files with more ways of positioning the bolts and make a parametric study 

regarding also their distribution. 

Maintaining order of key points, lines and areas inside the model is a  relatively 

complicated task considering the need to use the command AOVLAP which overlaps the 

areas but also changes again their order and we lose their track. Although the macros are 

designed to keep the order, we can also use to use the CMP command, and neglect the 

order. The CMP command groups all key points, lines, areas or desired elements, giving 

them a reference name. For example, we can group all the areas to which we assign an 

elastic material during meshing. 

  Figure 26: General assembly of the model 
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                           Figure 27: Front view of the model 
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3.3.4 ZB_Mesh 

3.3.4.1 Element size 

The macro for the mesh inputs different size elements for profiles, fastening cleat 

and the areas around the bolts. The aim is to get an efficient surface mesh, which gives 

accurate results and a reasonable computation time.  

For the areas where the failure is expected to occur, the size of the mesh is refined. 

Also, around the bolts a smaller mesh is assigned and the transition from smaller elements 

to the bigger ones must be done in order to avoid strange element shapes. The most 

important aspects in creating the mesh are: no sudden changes in the element size and 

shape, enough refinement to capture the expected effect or even the local geometry 

changes, but still a mesh simple enough to get a good computation time and a converged 

solution. In order to find the most suitable sizes for the model a separate study is carried, 

with different element sizes and it is presented in the chapter 4.2.  

With the help of AESIZE command to each specified area, a predefined size is 

assigned.  

3.3.4.2 Material definition 

In this macro, we also define the materials used for each section including the ones 

for the contacts .For the cold formed profiles and the fastening cleat normal steel properties 

are used. Different material models are defined as seen in the figure 28. For the cold 

formed profiles, we use a nonlinear material for which we must define not only the elastic 

modulus or Young modulus (210000 MPa) and the Poisson’s ratio (0.3) but also the yield 

stress (275 MPa) and the tangent modulus (210 Mpa). We define a Bilinear Isotropic 

Hardening along with the Linear Isotropic material properties and we consider the next 

assumptions: the material behaviour is described by a bilinear stress-strain curve starting at 

the origin with positive stress and strain values. The initial slope of the curve is taken as the 

elastic modulus of the material. At the specified yield stress, the curve continues along the 

second slope defined by the tangent modulus (having the same units as the elastic 

modulus). The tangent modulus cannot be less than zero nor greater than the elastic 

modulus. Properties such as stress-strain data are described as nonlinear properties 

because an analysis with these properties requires an iterative solution.  
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The command TB, BISO helps us to define all 

these properties for the materials. We define as 

well a linear elastic material for the end of the 

profiles (50mm) and the areas around the bolts to 

avoid high plastic strains in the supports and 

around the bolts and to capture different failure 

modes of the model. For all these areas, an elastic 

material has been assigned. Together with the 

non-linear material defined before the contact 

considered also leads to a nonlinear behaviour of 

the model, thus conducting us to an iterative 

solution with a high computation time.  

      

                                                                                  Figure 28. 

Example of defining Material 1 in the ZB_Mesh macro: 

MPTEMP,1,0   

MPDATA, EX,1,,210000      (introducing Young Modulus) 

MPDATA, NUXY,1,,0.3        (introducing Poisson’s Ration) 

TB, BISO,1,1,2                      (defining Bilinear Isotropic Hardening) 

TBTEMP,0 

TBDATA,, 275, 210,,,,            (introducing Yield Stress and Tangent Modulus) 

 

3.3.4.3 Element type 

The element type used for this model is SHELL 181, which is suitable for analyzing 

thin to moderately thick shell structures. It is a four-node element with six degrees of 

freedom at each node: translations in the x, y, and z directions, and rotations about the x, y, 

and z-axes. We assign it to our model using the command ET which selects an element 

type from the element library and establishes it as a local element type for the current 

model. It is well suited for linear, large rotation, and/or large strain nonlinear applications. 

Change in shell thickness is accounted in nonlinear analyses. In the element domain, both 
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full and reduced integration schemes are supported. SHELL181 accounts for follower 

effects of distributed pressures. This type of element is good to use when having 

convergence problems.  

 

 

 

 

 

 

 

                                           Figure 29: Element type SHELL 181. 

For the contact elements, we assigned CONTA 173 which goes together with the 

target element TARGE170. CONTA 173 is used to represent contact and sliding between 3-

D "target" surfaces and a deformable surface, defined by this element. This element has 

three degrees of freedom at each node: translations in the nodal x, y, and z directions. This 

element is located on the surfaces of 3-D solid or shell elements without mid side nodes. It 

has the same geometric characteristics as the solid or shell element face with which it is 

connected, and occurs when the element surface penetrates one of the target segment 

elements (TARGE170) on a specified target surface.  

Finally, after we assigned everything needed for our elements we mesh the areas 

with the command AMESH and the resulted mesh is the one in figure 30 and 31. 

                                                              Figure 30. 
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            Figure 31. 

3.3.5 ZB_Contact 

The contact to use in this model is a Surface-to-Surface Contact. These contact 

elements use a "target surface" and a "contact surface" to form a contact pair. To create 

this pair we assign the same real constant number to both the target and the contact 

elements. These surface-to-surface elements are well suited for applications such as 

interference fit assembly contact or entry contact, forging, and deep-drawing problems. The 

surface-to-surface elements have several advantages over the node-to-surface elements.  

These elements: 

- Support lower and higher order elements on the surface  

- Support large deformations, with a significant amount of sliding and friction, efficiently. A 

consistent stiffness matrix is calculated, and the elements provide an unsymmetrical 

stiffness matrix option. 

- Provide better contact results needed for typical engineering purposes, such as normal 

pressure and friction stresses. 

- Have no restrictions on the shape of the target surface. Surface discontinuities can be 

physical or due to meshing 

- Require fewer contact elements than the node-to-surface elements, resulting in less disk 

space and CPU usage, and efficient visualization. 
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- Allow numerous modelling controls, such as: bonded contact, no separation, and rough 

contact pair interaction, ramping initial penetration, automatic movement of target surface to 

come into initial contact, offset contact surface (to account for beam and shell element 

thickness) and user-defined contact offset, birth and death support. 

Two different contact pairs were defined for this model, as it follows: one between 

the two cold formed profiles and another one between the fastening cleat and the profile 

attached directly to it. For each pair a contact and a target must be assigned:   

• L – Z PROFILE pair: the target is the L fastening cleat and the contact on the 

Z profile directly attached to it 

• Z – Z PROFILE pair: the Z profile from before becomes the target for the 

profiles overlapping it where is assigned the contact  

In this macro, both contact and target surfaces are generated for both pairs with the 

element type assigned before. The normals to each surface must be towards one each 

other according to its pair: 

 

 

 

 

 

 

 

 

 

 

                            Figure 32: Contact elements between the surfaces 
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3.3.6 ZB_BoundaryConditions 

In this macro we define all the boundary conditions for the model in order to make it 

as close to the real experiment as possible. The beam is considered as simply supported, 

and half of each span is taken into account. The overlap is proportionally to the real span 

and the fastening cleat behaves as well as a support under the overlap. In addition, we 

constrain the model on the horizontal direction at the upper flange to simulate the steel 

sheet, which usually covers the roofing system. At the end of the spans, at the lower 

flanges, in both sides of our model we constrain two points, which represent the anti sag 

bars used to fix the lower flange and to break the buckling length. These anti-sag bars 

improve the behaviour of the purlins a lot, and increase the load bearing capacity, because 

as assumed, the cold formed profiles fail due to the buckling and stability problems initially, 

not to section failure.  

Three different groups or sets of boundary conditions were assigned as it follows: 

• Fastening cleat 

• Coupling of the points around the bolts 

• Anti sag bars 

For the fastening cleat a group of points was selected and all the degrees of 

freedom of these points were constrained, displacements (UX,UY,UZ,) and rotations 

(ROTX, ROTY,ROTZ). (see Figure 33) 

 

 

 

 

 

 

 

Figure 33. 
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As seen in the picture above, the points lay on a smaller area of the fastening cleat 

and this is because the more points we constrain in the fastening cleat, the bigger the 

plastic strain in the corner of the cleat will be. At the beginning we did this, but we soon 

realized that is not a good behaviour and we cannot allow the plastic strain to appear initially 

in the cleat. By making this area smaller, we drove the plastic strain towards the end of the 

overlap in the cold formed profiles.  

The next group is the coupling of the points around the bolts. As we did not model 

the bolts, we had to insert in the model a way of simulating the bolts, mainly to join the Z 

profiles together with the fastening cleat. This was one of the most difficult jobs to realise 

inside a macro, because we had to select all the nodes of the inner line of one hole in one 

area and couple them with the other points attached to the all areas. Coupling more points 

is an effective method, because it will cause only the prime DOF to be retained in the 

analysis’ matrix equations and will cause all the other DOFs in a coupled set to be 

eliminated. The value calculated for the prime DOF will then be assigned to all the other 

DOFs in a coupled set. 

 

 

 

 

 

 

 

                    Figure 34: Coupling of the points around the bolts 

The last set of constraints simulate the sheeting and the anti-sag bars : for the upper 

flange we block the displacement on X direction for the points located at every 500 mm and 

for the lower flange we block 2 points at the ends of the spans. At the left end for the same 

point, we also block the vertical displacement UY to make the beam simply supported. The 

load is applied on a point on the other end of the model where we have the anti-sag bar.  
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                                                 Figure 35: All applied boundary conditions  
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4. Numerical investigations and studies   

4.1 Investigation of the analytical parameters 

Throughout the development of the finite element model different studies had to be 

carried out, so another objective of the project was to concretize the values of the analytical 

parameters in order to get good result, convergence of the model and effective 

computational time. “A good solution” for us to be validated would be to find the perfect 

balance between accuracy of the results, behaviour of the model and time to run an 

analysis. Parameters such as the size of the elements or the rigidity of the contact elements 

are very important and their values can change the entire flow of the analysis and the 

results. Too much precision can constrain the model and exert too much computation time 

or the solution might not even converge.  

The analytical parameters that needed a closer look are the ones belonging to the 

definition of the contact and those regarding the meshing and the element size. They were 

studied separately, and divided in 2 groups: first those of the contact and then of the 

meshing. Further on, we can consider all the parameters related to the contact as correct 

(those already defined) regardless of the other parameters.  

We assume the following hypothesis: there is no interaction between the parameters 

of the contact and the parameters of the mesh that can have a significantly influence on the 

results. The variation of the results is not related to this interaction but to its own numerical 

calculation method.  

Although the interaction is not very important numerically, it would have been 

interesting to study qualitatively what conclusions we would found, but due to the lack of 

resources, both time and materials, this was not possible. 

In order to determine the contact parameters, we have used the parameters of the 

mesh that seemed to be reasonable after several simulations. At first, we tried using the 

initial meshing parameters as close as those in the final stages, in order to decrease the 

effect of the possible interaction. Namely, we tried to determine the optimum values for 

these contact parameters for initial values of the meshing parameters. It may happen that 



Pág. 54  Master Thesis 

 

the contact parameters found are not optimal for the final meshing parameters, but if the 

difference between final and initial values is small, the contact parameters will approach the 

optimum values. 

As a result to assess the effect of different parameters, we considered the next: 

• Curve of applied load vs. and vertical displacement of the node of interest 

• Maximum plastic strain at ultimate load 

• Stress at ultimate load 

• Contact penetration in the yielding point 

• Time taken to perform the complete simulation (qualitatively). 

It has also been taken into account whether the failure mode is the same and if the 

yielding occurs in the same areas. 

Contact modeling in ANSYS is one of the most complicated tasks to accomplish and 

one of the biggest sources of problems.  Although the program uses default values for 

various parameters, which are usually correct, for the most of the contact problems due to 

the high number of types of contact, it is mandatory to study the problem before and to 

analyze the situation in order to find the best solution. ANSYS has a manual dedicated to 

the contact, stating its performance and parameters that may vary for specific problems. 

Furthermore, the program divides the different parameters involved in the basic properties 

as friction, initial geometric adjustment and miscellaneous. The study of these parameters 

was performed ranked according to the type of property, except the thickness effect 

parameter, miscellaneous group (according to Ansys terminology), which has always been 

active in this study. 

All the analyses are non linear and are performed using the arc-lenght method. The 

load is applied in 100 substeps, the maximum and the minimum multipliers of the reference 

arc-lenght radius was 5 and 0.001, respectively.  
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4.1.1  Miscellaneous - Thickness effect 

 The thickness effect parameter is an option form the group of miscellaneous 

properties. We can account for the thickness of shells using KEYOPT(11): 1 means it is 

activated while 0 disables it. This reports whether the thickness is considered or not in 

calculating the contact. It is important to mark the thickness of the mesh sheet because 

stresses and strains are calculated based on this and if not activated, the contact will occur 

only between the surfaces defined by the mesh (i.e) between middle planes. In order to use 

this option correctly, the surfaces must be defined by the middle plane, thus creating the 

expected contact surfaces.  

The thickness effect can be regarded such as performing two actions.  On one 

hand, it sets a geometric contact surface, placing the contact elements in actual contact 

surface, while the target elements remain in the middle surface. On the other hand, the 

contact distance is calculated between the outside surfaces rather than the middle planes. 

These actions have consequences when using other parameters, such as the pinball 

region. 

Excluding the thickness effect, does not present any advantage in the models 

because the calculation time increases. Furthermore, it is a must to use this option, as we 

use shell elements. For these reasons, we considered that we should continue using the 

thickness effect in following analysis.  

4.1.2 Basic parameters 

4.1.2.1 Behaviour of contact surface 

Contact problems are non-linear problems and require significant computer 

resources to solve them. It is important to understand the physics of the problem and to set 

up the parameters of the contact to run as efficiently as possible. The following types of 

contact are available in Ansys: 

a) Bonded  

This type assumes that until contact occurs between the surfaces they behave 

as standard nonlinear, but once in contact, the surfaces are permanently tied 

together and cannot slide with respect to each other. They cannot separate and 

there is no relative motion between them. 
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b) No separation  

This one is similar to the bonded behaviour except that sliding is allowed but in a 

very low range and is frictionless. This also means that relative motions between the 

surfaces can occur. It is recommended to use when the loading will be in such a way that 

the surfaces will not separate.  

c) Rough  

Surfaces are allowed to separate depending on loading but they cannot slide. 

d) Frictionless 

Surfaces can slide freely and the contact can open or close depending on the 

loading. Under constrained models may give rigid body errors. This can happen for any non 

linear contact where separation of the surfaces is allowed. 

e) Frictional 

Surfaces are allowed to slide by user defined coefficient of friction and can open and 

close. This is real like having two surfaces sliding against each other. Sliding will occur after 

the threshold resistance value of shear stress depending on the friction. 0.2 is considered 

as the ‘magic number’ in FEA world. Any friction below this value would converge easily.  

After studying all the possible behaviours of the contact surfaces we did a short 

study on a simple model using 2 plates of 5 mm thickness and dimensions 50x20 mm and 

the overlap of 30 mm. The plates are fixed at one end and free at the other one with a 

space of 2 mm between the 2 plates. The load was applied at the end of the upper plate.  

We concluded that frictional or standard contact is the contact we should use, with a 

low friction accepted (which is later studied). The surfaces must be allowed to slide and the 

gap can open or close. None of the other types of contact matched our expected behaviour 

of the overlap between the cold formed steel profiles.  

4.1.2.2 Normal contact stiffness 

Using the Augmented Lagrange Method, the contact is modelled with springs in the 

direction normal to the surfaces. The spring’s elastic constant is equivalent to the normal 

contact stiffness. Although this value is not linked to an actual property of the contact 

materials, it is a mathematical trick that serves to simulate the contact and Ansys calculates 

this according to the modulus of elasticity of the material and the element size, allowing 

users to impose the normal stiffness factor (FKN) to correct it. When using a negative FKN, 
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the stiffness is constant and the value with a positive sign. It is better to use analytical 

factors instead of constants, thus if the size of the elements changes, the stiffness is 

updated. 

The stiffness parameter FKN has a great influence in the contact problem. For most 

of the issues, using an FKN between 0.01 and 1 works well. In order to evaluate if we are 

using the correct value, checking the penetration of contact is a good indicator: less 

penetration means the solution is more close to reality and accuracy is higher. To reduce 

the penetration, it is necessary to increase the value of FKN, but convergence gets 

complicated and the computation time increases. We must use high enough values in order 

to obtain good results and a converged solution.  

The finite element model realized has two contact zones, one located between the 

profiles in the overlapped zone and the other between one profile and the fastening cleat. It 

is not compulsory for both of them to have the same value of FKN but for a first 

approximation of the final values, a parametric study of FKN considering the same for both 

contacts is made. Later it will be refined for each of the contacts. 

The analyses show remarkable results regarding the terms of convergence. For 

values greater than 0.05 the solution does not converge since the first step of loading in a 

reasonable number of iterations. For the range between 0.01 and 0.05 the analysis 

converges, but the calculation time until the limit point is appreciably higher than in cases 

with lower FKN. 

The graph in figure 36 shows the force - displacement curve, where only the 

analysis with FKN=0.01 made the right branch after the limit point, and it continued the 

descending branch. The other analyzes continue the branch once the material plasticized 

and return to a position of equilibrium where the applied load balance is zero. The elements 

return to rest, but plastically deformed. Taking the wrong branch does not mean that the 

model does not converge properly, it is a different phenomena. It is not known if taking a 

branch or another can be decided by the way in which different increments approach the 

turning point or directly by the value of FKN (FKN also changes the way to approach the 

breaking point). However, convergence problems due to contact in this model appear 

mainly in the first increment of FKN, increasing the number of iterations required to 

converge. 
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         Figure 36: Graph showing the results for different values of FKN 

It is certain that the curves are superimposed from the origin to the limit point; it 

proves that the ultimate load values are not too sensitive to the value of FKN. 

     Table 1: Results at yielding point when using different FKN 

We can observe that all the results, excepting the stresses, increase while 

decreasing the value of FKN. But, these relationships are not cause and effect for all 

outcomes. FKN only acts directly on the contact penetration: an increased penetration is 

normal to lead to a higher yielding, since efforts are transmitted further by bolts rather than 

by contact. The area around the bolts is the one suffering the highest yielding.  

FKN 
LOAD 

(N) 
DISPL.(mm)  

PLASTIC 

STRAIN 

STRESS 

(N/mm ²²²²) 

CONTACT 

PENETRATION(µm)  

0.05 6254 67.15 0.007477 1904 28.68 

0.01 6258 67.25 0.007814 1903 92.99 

0.005 6270 67.34 0.008045 1904 150.81 

0.001 6283 67.87 0.009266 1909 352.78 
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  Figure 37: Plastic strain for the loaded profile 

The applied load, the displacement and the stress do not vary directly because of 

the value of FKN. It only changes the way to approach and exceed the limit point of the F-d 

curve, getting different results depending on the number of increments decided. If a limit 

point with a higher load is reached, displacement and stress attained also will be bigger. 

Usually the highest point reached will be slightly greater if a greater number of steps are 

performed. 

To confirm these assumptions 2 analysis were carried out: one with 1000 and one 

with 100. The results obtained are shown in the table 2:  

Table 2. 

NUMBE

R OF 

STEPS 

FKN LOAD(N) DISPL.(mm)  
PLASTIC 

STRAIN 

STRESS 

(N/mm ²²²²)))) 

CONTACT 

PENETRATION 

(µm) 

1000 0.01 6274 67.37 0.007713 1908 93.68 

100 0.01 6258 67.25 0.007814 1903 92.99 
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Plastic strain and penetration barely change for the same FKN. The load, the 

displacement and the strains vary if the approach to the ultimate point modifies. Performing 

more steps taking actual displacement load curve is traversed more points, cutting to a 

lesser extent the ultimate point, obtaining higher values for the applied load, which in turn 

implies greater displacement and higher stressees. 

Finally, a value for FKN of 0.01 is considered to be the most suitable for both 

contacts, giving an efficient computation time and acceptable penetration values.  

Further, there have been carried out analyses with higher values of FKN, but only for 

the contact between the Z profiles, as the maximum penetration occurs at the end of the 

overlap. But the results were not positive, because increasing FKN lead to a very 

complicated convergence of the solution. If we increase the value of FKN for the contact 

between the Z profile and the fastening cleat we get a good computation time but the 

penetration does not decrease.  

As it is not necessary to increase the value of FKN for one of the contacts we will 

continue to use the value of 0.01 for both contacts. 

4.1.2.3 Penetration tolerance or FTOL 

Tolerance penetration has the same purpose as FKN: reduces penetration for more 

accurate results. Its way of proceeding consists in not considering any iteration as 

converged, if the penetration exceeds the tolerance. If this happens, it continues iterating 

until the penetration is smaller.  It is concluded that for smaller values of tolerance, the 

results will be more accurate but this will also increase the computation time. To reduce the 

penetration is advisable to use FKN rather than FTOLN. 

Tolerance penetration is calculated similar to the way of computing normal contact 

stiffness:  Ansys calculates a value depending on the thickness and type of contact (in this 

case it is flexible to flexible), and the user can use the FTOLN factor to correct it (you can 

also directly assign a value to the tolerance using a negative FTOLN, the sign only indicates 

that it is not a factor). Ansys gives FTOLN a default value of 0.01. 

Tests carried out with tolerances below 0.1 mm gave an unsatisfactory limit point, 

which is due to the local yieling at the base of the cleat. This problem is beyond the scope of 

this thesis and should be studied in future works. 
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It was decided to use FTOLN = 0.025 for both contacts, which results in a tolerance 

of 0.2 mm, but it is updated if the thickness changes. This ensures that no great 

penetrations will occur during the iteration process. Using the default value, the tolerance 

would be 0.8 mm, but considering that the thickness is only 2 mm, this tolerance is not 

considered acceptable. 

The reduction made to FTOLN reduces penetration by 17% at the limit point, but 

requires 89 iterations to achieve it, instead of 80. 

4.1.2.4 Updating the contact stiffness (KEYOPT (10) ) 

Ansys allows automatically update of the values of FKN and FTOLN during each 

iteration or at each load step. It is recommended to update the values for each iteration as 

the model does not converge if the updating is not realized. The value of FKN updates if the 

element size varies while FTOLN updates if the thickness varies. To activate the update 

option on each iteration it is necessary to indicate KEYOPT (10) = 2. 

4.1.2.5 Pinball region (PINB) 

Pinball region is a parameter, which affects the contact status determination. It is a 

circle (in 2D) or a sphere (in 3D) around the contact element. The position and motion of a 

contact element relative to its associated target surface determines the contact element 

status. ANSYS monitors each contact element and assigns a status: 

• STAT = 0 Open far-field contact 

• STAT = 1 Open near-field contact 

• STAT = 2 Sliding contact 

• STAT = 3 Sticking contact 

The state zero has a computational cost much less than other states, but to 

differentiate it from the others we use the pinball region. A contact element is considered to 

be in near-field contact when its contact element enters a pinball region, which is centred on 

the integration point of the contact element. 

Pinball region is an area located in the Gaussian integration points, which in turn are 

located in the contact elements considering a given thickness. If the sphere reaches a node 

in the target element, the state will be 1, 2 or 3. If the nodes are outside this region, the 



Pág. 62  Master Thesis 

 

assigned state is zero. It should be noted that Gauss points are situated on the contact 

surface and nodes of the target elements are located in the median plane. So, the minimum 

radius of the sphere should be half the thickness of the target surface. It is advised to avoid 

having an element pass from state 0 to 2 or 3 without passing through 1. 

The pinball region only affects the results when the sphere is not big enough to 

detect correctly the contact between the surfaces. It only has influence on the computation 

time for each iteration, and it must be as small as possible, but to detect correctly the 

contact.  

Ansys calculates the radius of the pinball region by default, depending on the 

thickness of the contact surface and the type of contact (in this case flexible to flexible). For 

this model, the value is 16 mm, excessively high. It is considered a value of 2 mm for 

contact between the cold formed profiles and 3.5 mm for the contact of one profile and the 

fastening cleat. The results do not change and the computation time reduction is not 

noticeable, each iteration is estimated at 12 s. 

4.1.3 Initial geometric adjustment 

It is not desired the contact to occur between the defined surfaces. In fact, the 

studied model requires consideration of the thickness so that the contact is realized as 

expected on the desired region even if it is necessary to adjust the location of the contact 

surface to be closer to reality. Ansys has different parameters to accomplish this 

adjustment. The settings are designed to fix small numerical errors, not to modify the 

geometry of the mesh. 

The offset of the contact surface (CNOF parameter) allows zoom in or out the 

contact elements of the target surface, the adjustment is done in a block, i.e. all contact 

elements move. 
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    Figure 38: Representation of CNOF 

Another option is to use the so-called stripe set. A strip from the target surface is 

defined and all points contained therein Gauss move until the target surface is met. The 

swath width is determined by the value assigned to ICONT parameter. It is recommended to 

use small values to avoid creating discontinuity between Gauss integration points. 

 

  

 

 

 

 

 

 

 Figure 39. 
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PMIN and PMAX 

Another initial setting is performed with PMIN and PMAX parameters. These define 

a range of acceptable penetrations and Ansys is responsible for moving the target elements 

to meet the range requirements. The underlying elements are also displaced if the contact 

is flexible to flexible, so the initial meshing is modified. This adjustment takes into account 

that the degrees of freedom are blocked by the boundary conditions. See figure 40. 

 

 

 

 

 

 

               Figure 40. 

KEYOPT (5) 

This option allows Ansys either to provide the CNOF value, or just close the gap 

between the surfaces or to reduce the initial penetration. A positive value for CNOF is 

considered as interference while a negative value is a gap. Using CNOF will either move the 

contact surface inwards or outwards for the analysis but the target surface will not be 

moved.  We can set this as follows using the KEYOPT (5): 

• KEYOPT (5) = 1 Closing the gap 

• KEYOPT (5) = 2 Reduce initial penetration 

• KEYOPT (5) = 3 Close the gap and reduce the initial penetration 

Should be remembered that CNOF does not change the position of the mesh, only 

the location of the contact elements. 
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KEYOPT (9) 

To understand the use of this option it is first necessary to understand the two 

reasons that can introduce a possible initial penetration of the contact. On one hand, there 

is the geometric penetration, which is given by the geometry of the model and most often 

occurs due to errors in generating round regions. On the other hand there is the penetration 

due to the use of CNOF. 

Once clear both concepts, KEYOPT (9) can decide whether penetration is to 

consider or is ignored by options: 

• KEYOPT (9) = 0, both penetrations (default) are included. 

• KEYOPT (9) = 1, both initial penetrations are ignored. 

• KEYOPT (9) = 2, two penetrations are included gradually. 

• KEYOPT (9) = 3, is included solely due to penetration CNOF. 

• KEYOPT (9) = 4, it is included only gradually due to penetration CNOF. 

• KEYOPT (9) = 5, is included only due to penetration CNOF long as the contact is 
detected within the region pinball. 

• KEYOPT (9) = 6, is included only gradually due to penetration CNOF long as the 
contact is detected within the region pinball. 

In cases where the penetration is gradually applied it is necessary to make a 

previous load step without applying external forces or moments. 

 

 

 

 

 

 

 Figure 41. 
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Initial setting for the model 

The manner in which our model is defined initially, no gap between the surfaces to 

be in contact is considered. But, due to the rounding of the profile very small penetrations of 

lower order occur. Thus, the only option to be activated is KEYOPT (9) = 1. In this way, the 

regions where some penetration still occurs remains just in contact. Performing a simulation 

with this option enabled the results to remain the same, because the initial penetration is 

negligible. 

4.1.4 Friction 

Setting up the friction parameters might be the most complicated of all the 

parameters of contact. The first step is to assign values for the static and dynamic 

coefficients of friction. Although in principle they are different, assigning the same value has 

advantages: convergence problems are avoided and the computation time is reduced. Also, 

if they have different values is recommended to assign a negative exponential function 

between points: the first should be with no relative speed between the contact surfaces and 

static friction coefficient and the second with infinite relative speed and dynamic friction 

coefficient. 

Besides the classical Coulomb friction model, Ansys attached an extension: allows 

entering the value of the parameter named COHE which indicates the tangential force that 

opposes the sliding when the normal stress is null. It should also be introduced the value of 

TAUMAX which indicates the maximum tangential force that friction between surfaces 

admits. By using this extension nonlinearities are introduced, thus increasing the calculation 

time and a complicated converged solution. 

Finally, we choose a simple friction model with a single coefficient of friction of 0.1. 

Fortunately, the friction has no great importance in this model. The importance of the 

contact normal stresses is much higher than the tangential stresses. So it is assumed that 

simplification does not introduce large errors. The table shows the results regarding the load 

caring capacity of the profiles for different coefficients of friction. The results hardly vary 

even for very different friction coefficients and it is demonstrated that the friction is not 

important. See Table 3 below. 
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µ 
LOAD(N) 

MAX.point 
PLASTIC STRAIN  STRESS(N/mm ²²²²) 

CONTACT 

PENETRATION(µm) 

0.1 6258 0.007581 1892 76.82 

0.5 6276 0.007764 1912 66.81 

0.9 6289 0.0075 1889 75.74 

                            Table 3  

It's interesting to observe that the load at yielding limit increases when using a higher 

friction, although the variation in results is small this has an explanation. In the maximum 

yielding point the plasticization occurs around the screws, but increasing the friction, part of 

the efforts are transmitted by the contact thus relieving the areas close to the screws and 

increasing the value of the limit point. 

4.2 Element size investigation 

In order to find the best parameters for the mesh, a small study with different sizes 

for the elements has been carried out. As explained in the ZB_Mesh macro, there we define 

the size for the main areas of the profiles, the size for the lip channel that must be 

proportional with the one for the main areas and a smaller size for the zones around the 

annulus in order to have a gradual transition to the bolts. Three analyses where carried out 

and the sizes of the elements are: 

Analysis 1 – MESH 40 – with the sizes for the main areas of 40, for the lip 20 and for 

                                                    the zones around the bolts 10.  

Analysis 2 – MESH 20 – with the sizes for the main areas of 20, for the lip 10 and for 

                                                    the zones around the bolts 5.  

Analysis 3 – MESH 16 – with the sizes for the main areas of 16, for the lip 8 and for  

                                                    the zones around the bolts 4.  
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The best results were obtained from the second analysis, which gave high accuracy 

within a reasonable time. The third analysis was carried out but I will point out only the final 

results. The comparison will be made only for the first two, as the third analysis did not 

converge and the solution was not obtained after the failure point. They both reached 

approximatelythe same ultmate load the curves superimposed from the origin till the limit 

point.  Between the second and the third mesh there are not very big differences but still the 

time needed to run the last analysis was too long. For this reason it is considered that the 

seond mesh is better than the 3rd. 

 

Name 
ELEMENT 

SIZE 
FKN LOAD (N) 

STRESS 

(N/mm ²²²²) 
STRAIN 

TOTAL 

TIME 

MESH 40 

ANALYSIS 

1 

40/20/10 0.01 6048 1526 0.0038 52 min 

MESH 20 

ANALYSIS 

2 

20/10/5 0.01 6258 1903 0.0078 78 min 

MESH 16 

ANALYSIS 

3 

16/8/4 0.01 6251 2182 0.0089 137 min 

 

                                       Table 4: Results for different element size 
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MESH 40 MESH 20 

 

 

 

 

 

 

 

 

 

 

 

ELEMENT SIZE 40/20/10 ELEMENT SIZE 20/10/5 

  

STRESS DISTRIBUTION AND DEFORMATION (at limit point) 

  

VON MISSES PLASTIC STRAIN (at limit point) Max. strain around the left group of bolts 
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PLASTIC STRAIN (CLOSER VIEW) 

  

DEFORMATION OF THE MODEL IN THE LAST STAGE 

  

DEFORMATION OF THE MODEL IN THE LAST STAGE(zoom back side)von Mises plastic 

strain 
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                      Figure 42: Graph showing result using different element sizes 

 After this study, it is concluded that the best element size to choose for the model is 

the second one with 20,10 and 5 values for our areas. This gives good results in a relatively 

small computation time that can be further improved. It reached the highest load at limit 

point and the mesh looks normal with no strange and deformed element. The transition from 

the smallest element to the bigger one is done correctly and it is assumed the mesh is 

enough refined in order to have an expected failure mode.  

 The analysis with a bigger mesh gave as well good results in a shorter amount of 

time, but the ultimate load is lower and the deformation in the last stage appears in the other 

side of the overlap (left side) opposite to the charged point as it can be seen in the picture 

above. It is supposed that the failure at both ends of the overlap may occur in the same time 

or close one to another but we cannot capture both of them.  For both analyses failure in the 

limit point is the same, plastic strain occurs around the annulus and in the last stage we 

have the local buckling at the end of the overlap, which might transfer from the bolts to the 

corner of the profiles affecting the lower flange and the web. This is an expected behaviour 

and similar to other experiments [21]. 
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4.3 Importance of the elastic area around the bolts  

An important parameter to consider is the radius of the elastic areas around the 

bolts, used to avoid very high plastic strains in the singular points due to coupling of degrees 

of freedom of the nodes. By using these elastic areas, efforts tend to go through them, thus 

reducing the forces transmitted by the rest of the section. It is recommended to take the 

smallest radius possible; but at the same time convergence problems should be avoided. 

The radius of the holes is 8 mm. The parametric study is performed from a radius of 25 mm 

to 10 mm. The results are shown in the graph, figure 41. 

It is very important to note that the failure mode is different depending on the radius 

used. For the radius of 10 and 15 mm the failure occurs in the uncharged profile. When we 

have the radius of 25 mm, it occurs in the loaded profile. For 20 mm it has not been 

determined since the desired results are not beyond the limit point.   

 

              Figure 43: Graph showing results with different radiuses  
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Except for the radius of 20 mm, the results are correct. As expected, load at yield 

decreases as the radius decreases, as shown in the table 5 below. 

 

RADIUS LOAD(N) 
PLASTIC 

STRAIN 
STRESS(N/mm ²²²²) 

CONTACT 

PENETRATION(µm)  

10 5813 0.037819 1353 88.85 

15 6013 0.02642 1636 77.24 

20 6198 0.12216 2028 72.08 

25 6258 0.007581 1892 76.82 

        Table 5. 

This relationship is logical because the maximum plasticization is located around the 

bolts. By decreasing the elastic area, yielding is favored and the limit point is reached with 

smaller loads. Except for the results to a radius of 20 mm, the values obtained seem to 

follow certain relationship. As the radius increases, so do stresses, while plasticizing and 

penetration decreases. Perhaps the results are not comparable because, as already 

mentioned, belong to different failure modes. Penetration remains at acceptable values. 

For models with each radius, in the limit point occurs an important yielding situated 

at the end of the overlap in the opposite side to the loaded profile, between the end of the 

profile and one of the holes, as shown in the images below, Figure 44. 

This yielding also affects the left side profile (the one not directly charged). But, 

depending on the radius used, two separate failure modes appear, really very similar, 

differing only in location.One is located in the loaded profile (right side), the other in the 

unloaded (left side), and both at the end of the overlap. Their loads at yield are similar, that’s 

why we suppose that failure at the end of the overlap appears in the same time at both end 

or one after another in a very short time. 
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RADIUS = 10mm 

 

 

 

 

RADIUS = 25mm 

 

      

          

  Figure 44. 

This failure mode is expected to appear if we look at the bending moment diagram, 

in figure 46, because at the end of the overlap there are the same values in both sides. 

Compared with other experiments, like the one of HO and Chung from 2014 [21] the failure 

it’s similar and yielding of the zones at the end of the overlap occur close one after another.  

As for the yielding in the limit point, we can observe in the pictures above two 

differences: increasing the radius, the maximum plastic strain occurs in the base of the cleat 

and the zone at the end of the overlap (right side). So, it is recommended to use smaller 

radius because, probably, in this way the behaviuor will be closer to the actual bahaviur of 

the model. See Figure 45. 
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               Figure 45. 

4.4 Checking with another software - CONSTEEL  

One structural analysis software, that allows us to create a Z section with any 

dimensions and calculate different models using them, is CONSTEEL. We created a 

similar model with the same boundary conditions: a simply supported beam with a 

cantilever, horizontal constraints at the upper flange and 2 anti-sag bars at both 

ends of the spans. The material was the steel S 275 and the section was doubled on 

the interior support where the profiles overlap. The applied load is of 6300 N at the 

right side of the model.  

Of course, we cannot compare this analysis with a finite element model, 

which gives us for sure more sophisticated results and failure modes, but the aim of 

this small check was to see if the ultimate load is around the value we found, what 

buckling shapes we obtain and what results we get from another output. The results 

are presented next:  
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            Figure 46. 

This small study shows that the model fails in the immediate region at both ends of 

the overlap, under a load of 6.3 kn, which is approximately the same we get in the F.E 

model. The bending moment diagram displays also quite the same values at the end of the 

overlaps. As the shear centre is not coincident with the gravity centre of this profile, torsion 

is also present. 

The cross section resistance diagram, according to the above picture, shows that 

the end of the overlap our profile presents high utilisation percentage in this region, which is 

above the 100% (orange coloured).  

The dominant failure mode is considered the global instability reached for a buckling 

eigen value of 2.42*, and for this shape we get the values of the global stability resistance in 

the above picture. Around the connection, there are high values that transfer towards the 

end of the overlap and after, but here is where local buckling appears which leads to the 

failure of the model before reaching a global failure.  
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4.5 Conclusions and recommendations 

4.5.1 Conclusions 

In order to investigate the structural performance of the lapped connections of cold 

formed steel Z profiles and to start the real parametric study, a good finite element model 

was established which can be automatically generated in Ansys for the different parameters 

to be investigated:  

• Span length 

• Overlap length 

• Section dimensions 

• Number of bolts between the profiles (for webs,for flanges) 

It is possible to easily change these values in the macros and generate all the 

models needed. Based on the study regarding the analytical parameters, now it is known 

what to consider for the contact surfaces, and how to improve the results. It is also known 

which is the most effective mesh and how to manage the elastic regions considered in the 

model. As well, where to look and what must be improved if any convergence problems are 

encountered. The model presents a good behaviour and expected failure modes. Avoiding 

the modelling of the bolts, the implemented solution seems to work well and compared with 

other studies is better and more accurate in simulating the bolted connection. In other 

studies bolts have been simulated by using a spring or coupling only 2 points of the 

surfaces connected, but this can lead to high plastic strains concentrated in a single point.   

The way through here was a difficult one and many analyses were carried out. The 

first models generated had the load imposed at both ends in the same time but we soon 

realized that the buckling shapes we get are very complicated and the converge of the 

solution is not reasonable. So, we had to simplify the model. Symmetry boundary conditions 

were considered at both ends, but changing the input of the load only at one end, imposed  

to change the boundary conditions too. The model was also improoved by considering the 

upper flange connected to the sheeting, and the lower flange constrained horizontally in the 

end points by the anti-sad bar. This led to a different behaviour and to better results. At the 
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beginning, 8 bolts were connecting the whole system L-Z-Z but then we considered bolts 

between the profiles as well, at the end of the overlap, resulting in the actual distribution. 

This led to even better results and to better convergence. After, a well deserved attention 

was given to study the contact problem as this was the one leading us to a non linear 

analysis every time.  

The geometrical imperfections were not considered in this model and neither the 

residual stresses, because they increase the complexity of the model and and are difficult to 

determine. For residual stresses, a specific study on the exact the same profiles and 

material properties must be carried out in the laboratory. 

For most of the analyses, the section failure occurred at the end of the overlap 

connection due to combined shear and bending and we suppose this happens at both ends 

in the same time or one after the other. The load-displacement curves we obtained are 

similar to the ones we reminded in the literature review and the failure mode follows the 

same path.  

4.5.2 Recommendations 

Based on the experience gained in realising this model, the following recommendations for 

future work are proposed in order to improve the model: 

1. Changing the length of one span and considering a real one for one side, would lead 

to different bending moment values at the end of the overlap. 

2. Investigations on the load input in different sides of the model. 

3. Introducing geometric imperfections, after running the Eigen values buckling 

analysis. 

4. Improving the mesh by increasing the element size in the regions like middle span, 

end of the profile, and a finer mesh in the connection region. 

5. Expanding the contact surface outside the direct overlap and considering an edge to 

surface contact at the end of the overlap. 

6. Additional investigations on the size of the area around the bolts should be carried 

out. 
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7. The final parametric study may give new input for a better behaviour of the finite 

element model 

8. An experimental study to infirm or confirm some of the analysis and to calibrate our 

finite element model would be the better comparison and support. 
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 ANNEX - MACROS 

---ZB.mac--- 

/PREP7 

!Parameters 

sl=5000 

hol=10 

pl=sl/2+hol/100*sl 

ol=2*hol/100*sl 

PARRES,CHANGE,'pruebaZB','parm',' ' 

PARRES,CHANGE,'L200S','parm',' ' 

!Geometry 

ZB_Geometry 

ZB_Bolts,1,'B200S450' 

ZB_Mesh 

ZB_Contact 

ZB_BoundaryConditions,500 

!Load 

FK,36,FY,-7000 

---ZB_Geometry.mac--- 

OverlappingProfileLocation1_ZB,0,0,1 

OverlappingProfileLocation2_ZB,-t,t*(SQRT(2)+1),1 

OverlappingProfileLocation_L,t/2,-h/2,1 

OverlappingProfileLocation1_ZB  

!First profile (ZETABRAU) 

*GET,pnkp,KP,0,COUNT 

*GET,pnl,LINE,0,COUNT 

InputSection,ARG1,ARG2,ol/2,ARG3    !x,y,z,ROTz 
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InputSection,ARG1,ARG2,-ol/2,ARG3 

InputSection,ARG1,ARG2,-(pl-ol/2)+50,ARG3 

InputSection,ARG1,ARG2,-(pl-ol/2),ARG3 

InputLines,4,pnkp 

InputAreas,4,pnl,pnkp 

OverlappingProfileLocation2_ZB  

!Second profile (ZETABRAU) 

*GET,pnkp,KP,0,COUNT 

*GET,pnl,LINE,0,COUNT 

InputSection,ARG1,ARG2,(pl-ol/2),ARG3 

InputSection,ARG1,ARG2,(pl-ol/2)-50,ARG3 

InputSection,ARG1,ARG2,ol/2,ARG3 

InputSection,ARG1,ARG2,-ol/2,ARG3 

InputLines,4,pnkp 

InputAreas,4,pnl,pnkp 

OverlappingProfileLocation_L  

!Fastening cleat (for ZETABRAU) 

*GET,pnkp,KP,0,COUNT 

*GET,pnl,LINE,0,COUNT 

InputSectionL,ARG1,ARG2,lL/2,ARG3    !x,y,z,ROTz 

InputSectionL,ARG1,ARG2,-lL/2,ARG3 

InputLinesL,2,pnkp 

InputAreasL,2,pnl,pnkp 

InputSection 

*GET,cnkp,KP,0,COUNT 

*GET,cnl,LINE,0,COUNT 

!KP 

*DO,i,1,nkp,1 
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K,(3*i-2)+cnkp,(SECTION_KP(i,1)+ARG1)*ARG4,(SECTION_KP(i,2)+ARG2)*ARG4,ARG3 

*ENDDO 

!Lines 

*DO,i,1,nl,1 

NUMSTR,LINE,(2*i-1)+cnl 

L,(3*SECTION_LINES(i,1)-2)+cnkp,(3*SECTION_LINES(i,2)-2)+cnkp,,,,,,,, 

*ENDDO 

NUMSTR,LINE,1 

!Fillet lines 

*DO,i,1,nl-1,1 

LFILLT,(2*i-1)+cnl,(2*i+1)+cnl,rad, 

*ENDDO 

!Delete KP 

KDELE,4+cnkp,(3*(nkp-1)-2)+cnkp,3 

NUMCMP,KP 

InputLines 

!Lines 

snkp=(2*(nkp-1)) !Number of keypoints of the section 

*DO,i,1,ARG1-1,1 

*DO,j,1,snkp,1 

L,j+(i-1)*snkp+ARG2,j+i*snkp+ARG2,,,,,,,, 

*ENDDO 

*ENDDO 

InputAreas 

!Areas 

snl=snkp-1   !Number of lines of the section 

*DO,i,1,ARG1-1,1 

*DO,j,1,snl,1 
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*IF,(1-(j/2-nint((j-1)/2))*2)*2,EQ,0,THEN 

CSYS,0 

AL,j+(i-1)*snl+ARG2,j+ARG1*snl+(i-1)*snkp+ARG2,j+i*snl+ARG2,(j+1)+ARG1*snl+(i-1)*snkp+ARG2 

*ELSE 

KCENTER,KP,j+(i-1)*snkp+ARG3,j+(i-1)*snkp+1+ARG3,j+(i-1)*snkp+2+ARG3,rad 

*GET,lkp,KP,,NUM,MAX 

KWPAVE,lkp 

CSWPLA,11,1 

AL,j+(i-1)*snl+ARG2,j+ARG1*snl+(i-1)*snkp+ARG2,j+i*snl+ARG2,(j+1)+ARG1*snl+(i-1)*snkp+ARG2 

CSYS,0 

WPAVE,0,0,0 

CSDELE,11 

KDELE,lkp 

*ENDIF 

*ENDDO 

*ENDDO 

CSYS,0 

---ZB_Bolts.mac--- 

*GET,cna,AREA,0,COUNT 

*GET,cnkp,KP,,COUNT 

*GET,cnl,LINE,,COUNT 

*IF,ARG1,EQ,0,THEN 

!Vertical shell 

*ASK,nb1,Number of bolts (Vertical shell,Z-Z), 

*IF,nb1,NE,0,THEN 

*DO,i,1,nb1,1 

*ASK,z,Coord. z, 

*ASK,y,Coord. y, 
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hole,0,y-h/2,z,0,-90,0,8,5,i              !x,y,z,wp rotx,wp roty,wp rotz,hole radius,area number 

hole,-t,y-h/2,z,0,-90,0,8,50,i 

*ENDDO 

*ENDIF 

*ASK,nb4,Number of bolts (Vertical shell, Z-Z-L), 

*IF,nb4,NE,0,THEN 

*DO,i,1,nb4,1 

*ASK,z,Coord. z, 

*ASK,y,Coord. y, 

hole,0,y-h/2,z,0,-90,0,8,5,i+nb1 

hole,-t,y-h/2,z,0,-90,0,8,50,i+nb1 

hole,(t+tL)/2,y-h/2,z,0,-90,0,8,57,i 

*ENDDO 

*ENDIF 

!Lower shell 

*ASK,nb2,Number of bolts (Lower shell), 

*IF,nb2,NE,0,THEN 

*DO,i,1,nb2,1 

*ASK,x,Coord. x, 

*ASK,z,Coord. z, 

hole,x,-h/2+t/2,z,90,0,0,8,3,i 

hole,x,-(h-t)/2+t+t*SQRT(2),z,90,0,0,8,48,i 

*ENDDO 

*ENDIF 

!Higher shell 

*ASK,nb3,Number of bolts (Higher shell), 

*IF,nb3,NE,0,THEN 

*DO,i,1,nb3,1 
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*ASK,x,Coord. x, 

*ASK,z,Coord. z, 

hole,x,h/2-t/2,z,90,0,0,8,7,i 

hole,x,(h-t)/2+t+t*SQRT(2),z,90,0,0,8,52,i 

*ENDDO 

*ENDIF 

*ELSE   !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

PARRES,CHANGE,ARG2,'parm',' ' 

*IF,nb1,NE,0,THEN 

*DO,i,1,nb1,1 

z=B_nb1(i,1) 

y=B_nb1(i,2) 

hole,0,y-h/2,z,0,-90,0,8,5,i              !x,y,z,wp rotx,wp roty,wp rotz,hole radius,area number 

hole,-t,y-h/2,z,0,-90,0,8,50,i 

*ENDDO 

*ENDIF 

*IF,nb4,NE,0,THEN 

*DO,i,1,nb4,1 

z=B_nb4(i,1) 

y=B_nb4(i,2) 

hole,0,y-h/2,z,0,-90,0,8,5,i+nb1 

hole,-t,y-h/2,z,0,-90,0,8,50,i+nb1 

hole,(t+tL)/2,y-h/2,z,0,-90,0,8,57,i 

*ENDDO 

*ENDIF 

*IF,nb2,NE,0,THEN 

*DO,i,1,nb2,1 

x=B_nb2(i,1) 
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z=B_nb2(i,2) 

hole,x,-h/2+t/2,z,90,0,0,8,3,i 

hole,x,-(h-t)/2+t+t*SQRT(2),z,90,0,0,8,48,i 

*ENDDO 

*ENDIF 

*IF,nb3,NE,0,THEN 

*DO,i,1,nb3,1 

x=B_nb3(i,1) 

z=B_nb3(i,2), 

hole,x,h/2-t/2,z,90,0,0,8,7,i 

hole,x,(h-t)/2+t+t*SQRT(2),z,90,0,0,8,52,i 

*ENDDO 

*ENDIF 

*ENDIF 

hole.mac 

/prep7 

outrad=25 

WPOFFS,ARG1,ARG2,ARG3 

WPROTA,ARG6,ARG4,ARG5 

NUMSTR,AREA,200 

CYL4,,,ARG7, 

*GET,lastarea,AREA,,num,max 

ASBA,ARG8,lastarea, 

*GET,lastarea,AREA,,num,max 

NUMSTR,AREA,1 

AGEN,2,lastarea 

NUMMRG,KP 

NUMSTR,AREA,200 
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CYL4,,,ARG7,,outrad 

*GET,lastarea,AREA,,num,max 

AOVLAP,ARG8,lastarea 

*GET,lastarea,AREA,,num,max 

NUMSTR,AREA,1 

*IF,ARG9,EQ,1,THEN 

j=1 

*ELSEIF,ARG9,GE,2 

j=0 

*ELSE 

*ENDIF 

AGEN,2,lastarea-j 

NUMMRG,KP 

ALLSEL 

NUMCMP,AREA 

CSYS,0 

WPCSYS,-1,0 

 

---ZB_Mesh.mac--- 

/prep7 

!!!!!AREAS 

size1=20 !Radius 

size2=10  !Main areas 

size3=5 !Bolts 

AESIZE,ALL,size1 

*DO,j,1,3,1 

*DO,i,1,snl,2 

AESIZE,i+(j-1)*snl,size2 
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AESIZE,i+(j+2)*snl,size2 

*ENDDO 

AESIZE,55,size2 

AESIZE,57,size2 

*ENDDO 

*DO,j,1,2*(nb1+nb2+nb3)+3*nb4 

AESIZE,57+j,size3 

*ENDDO 

MPTEMP,1,0   

MPDATA,EX,1,,210000  

MPDATA,NUXY,1,,0.3 

TB,BISO,1,1,2 

TBTEMP,0 

TBDATA,,275,210,,,, 

MPDATA,EX,2,,210000 

MPDATA,NUXY,2,,0.3 

 MPDATA,EX,3,,210000 

MPDATA,NUXY,3,,0.3 

TB,BISO,3,1,2 

TBTEMP,0 

TBDATA,,275,210,,, 

ET,1,181 

ET,4,170 

ET,5,173 

SECTYPE,1,SHELL 

SECDATA, t,1,0,5 

SECOFFSET,MID 

SECTYPE,2,SHELL 
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SECDATA,tL,3,0,5 

SECOFFSET,MID 

SECTYPE,3,SHELL 

SECDATA, t,2,0,5 

SECOFFSET,MID 

SECTYPE,4,SHELL 

SECDATA,tL,2,0,5 

SECOFFSET,MID 

AATT,1,,1,,1 

AMESH,1,18,1 

AMESH,37,54,1 

AATT,2,,1,,3 

AMESH,19,36,1 

AATT,3,,1,,2 

AMESH,55,57,1 

AATT,2,,1,,3 

*IF,nb1,GT,0,THEN 

AMESH,58,57+2*nb1,1 

*ENDIF 

*IF,nb4,GT,0,THEN 

AMESH,57+2*nb1+1,57+2*nb1+3*nb4,3 

AMESH,57+2*nb1+2,57+2*nb1+3*nb4,3 

*ENDIF 

*IF,nb2+nb3,GT,0,THEN 

AMESH,57+2*nb1+3*nb4+1,57+2*nb1+3*nb4+2*(nb2+nb3),1 

*ENDIF 

AATT,2,,1,,4 

*IF,nb4,GT,0,THEN 
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AMESH,57+2*nb1+3,57+2*nb1+3*nb4,3 

*ENDIF 

---ZB_Contact.mac--- 

/prep7 

MP,MU,4,0.1 

MP,MU,5,0.1 

R,3 

R,4 

KEYOPT,5,2,0   !Contact algorithm 

KEYOPT,5,4,0   !Contact detection point 

KEYOPT,5,5,0   !Automated adjustment 

KEYOPT,5,6,0   !Contact stiffness variation 

KEYOPT,5,7,0   !Control 

KEYOPT,5,8,0   !Asymmetric 

KEYOPT,5,9,0   !Effect of initial penetration or gap 

KEYOPT,5,10,2  !Contact stiffness update 

KEYOPT,5,11,0  !Thickness effect 

REAL,3 

MAT,4 

! Generate the target surface    

ASEL,S,AREA,,1,9,1 

*IF,nb1,GT,0,THEN 

ASEL,A,AREA,,57+1,57+2*nb1,2 

*ENDIF 

*IF,nb4,GT,0,THEN 

ASEL,A,AREA,,57+2*nb1+1,57+2*nb1+3*nb4,3 

*ENDIF 

*IF,nb2+nb3,GT,0,THEN 
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ASEL,A,AREA,,57+2*nb1+3*nb4+1,57+2*nb1+3*nb4+2*(nb2+nb3),2 

*ENDIF 

SECNUM,1 

TYPE,4 

NSLA,S,1 

ESLN,S,0 

ESLL,U   

ESEL,U,ENAME,,188,189    

NSLE,A,CT2 

ESURF 

ALLSELL 

! Generate the contact surface   

ASEL,S,AREA,,46,54,1 

*IF,nb1,GT,0,THEN 

ASEL,A,AREA,,57+2,57+2*nb1,2 

*ENDIF 

*IF,nb4,GT,0,THEN 

ASEL,A,AREA,,57+2*nb1+2,57+2*nb1+3*nb4,3 

*ENDIF 

*IF,nb2+nb3,GT,0,THEN 

ASEL,A,AREA,,57+2*nb1+3*nb4+2,57+2*nb1+3*nb4+2*(nb2+nb3),2 

*ENDIF 

TYPE,5   

NSLA,S,1 

ESLN,S,0 

NSLE,A,CT2 

!ENORM,ALL 

ESURF,,BOTTOM 
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ALLSEL 

REAL,4 

MAT,5 

! Generate the target surface    

ASEL,S,AREA,,57 

*IF,nb4,GT,0,THEN 

ASEL,A,AREA,,57+2*nb1+3,57+2*nb1+3*nb4,3 

*ENDIF 

SECNUM,1 

TYPE,4   

NSLA,S,1 

ESLN,S,0 

ESLL,U   

ESEL,U,ENAME,,188,189    

NSLE,A,CT2 

ESURF 

ALLSELL 

! Generate the contact surface   

ASEL,S,AREA,,5 

*IF,nb4,GT,0,THEN 

ASEL,A,AREA,,57+2*nb1+1,57+2*nb1+3*nb4,3 

*ENDIF 

SECNUM,2 

TYPE,5   

NSLA,S,1 

ESLN,S,0 

NSLE,A,CT2 

ESURF,,BOTTOM 
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ALLSEL 

                               ---ZB_BoundaryConditions.mac--- 

anodez5=NODE(0,-(h-t)/2,sl/2) 

D,anodez5,UY,0, 

ALLSEL,ALL 

!Coupled degrees of freedom (Bolts) 

*IF,nb1,GT,0,THEN 

*DO,i,1,nb1,1 

LSEL,S,LINE,,cnl+16*(i-1)+1,cnl+4+16*(i-1) 

NSLL,S,1 

CM,OneHole,NODES 

ALLSEL,ALL 

LSEL,S,LINE,,cnl+16*(i-1)+1,cnl+4+16*(i-1) 

LSEL,A,LINE,,cnl+16*(i-1)+9,cnl+12+16*(i-1) 

NSLL,S,1 

CM,AllHoles,NODES 

CMSEL,S,OneHole,NODE 

*GET,nn,NODE,0,COUNT 

*DO,j,1,nn,1 

*GET,sn1,NODE,,NUM,MIN 

*GET,x,NODE,sn1,LOC,x 

*GET,y,NODE,sn1,LOC,y 

*GET,z,NODE,sn1,LOC,z 

CMSEL,S,AllHoles,NODE 

sn2=NODE(x-t,y,z) 

CP,NEXT,ALL,sn1,sn2 

CMSEL,S,OneHole,NODE 

NSEL,U,NODE,,sn1 
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CM,OneHole,NODES 

*ENDDO 

ALLSEL,ALL 

*ENDDO 

*ENDIF 

*IF,nb4,GT,0,THEN 

*DO,i,1,nb4,1 

LSEL,S,LINE,,cnl+16*nb1+24*(i-1)+1,cnl+16*nb1+24*(i-1)+4 

NSLL,S,1 

CM,OneHole,NODES 

ALLSEL,ALL 

LSEL,S,LINE,,cnl+16*nb1+24*(i-1)+1,cnl+16*nb1+24*(i-1)+4 

LSEL,A,LINE,,cnl+16*nb1+24*(i-1)+9,cnl+16*nb1+24*(i-1)+12 

LSEL,A,LINE,,cnl+16*nb1+24*(i-1)+17,cnl+16*nb1+24*(i-1)+20 

NSLL,S,1 

CM,AllHoles,NODES 

CMSEL,S,OneHole,NODE 

*GET,nn,NODE,0,COUNT 

*DO,j,1,nn,1 

*GET,sn1,NODE,,NUM,MIN 

*GET,x,NODE,sn1,LOC,x 

*GET,y,NODE,sn1,LOC,y 

*GET,z,NODE,sn1,LOC,z 

CMSEL,S,AllHoles,NODE 

sn2=NODE(x-t,y,z) 

sn3=NODE(x+(tl+t)/2,y,z) 

CP,NEXT,ALL,sn1,sn2,sn3 

CMSEL,S,OneHole,NODE 
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NSEL,U,NODE,,sn1 

CM,OneHole,NODES 

*ENDDO 

ALLSELL,ALL 

*ENDDO 

*ENDIF 

*IF,nb2,GT,0,THEN 

*DO,i,1,nb2,1 

LSEL,S,LINE,,cnl+16*nb1+24*nb4+16*(i-1)+1,cnl+16*nb1+24*nb4+16*(i-1)+4 

NSLL,S,1 

CM,OneHole,NODES 

ALLSEL,ALL 

LSEL,S,LINE,,cnl+16*nb1+24*nb4+16*(i-1)+1,cnl+16*nb1+24*nb4+16*(i-1)+4 

LSEL,A,LINE,,cnl+16*nb1+24*nb4+16*(i-1)+9,cnl+16*nb1+24*nb4+16*(i-1)+12 

NSLL,S,1 

CM,AllHoles,NODES 

CMSEL,S,OneHole,NODE 

*GET,nn,NODE,0,COUNT 

*DO,j,1,nn,1 

*GET,sn1,NODE,,NUM,MIN 

*GET,x,NODE,sn1,LOC,x 

*GET,y,NODE,sn1,LOC,y 

*GET,z,NODE,sn1,LOC,z 

CMSEL,S,AllHoles,NODE 

sn2=NODE(x,y+t*(SQRT(2)+1),z) 

CP,NEXT,ALL,sn1,sn2 

CMSEL,S,OneHole,NODE 

NSEL,U,NODE,,sn1 
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CM,OneHole,NODES 

*ENDDO 

ALLSELL,ALL 

*ENDDO 

*ENDIF 

*IF,nb3,GT,0,THEN 

*DO,i,1,nb3,1 

LSEL,S,LINE,,cnl+16*(nb1+nb2)+24*nb4+16*(i-1)+1,cnl+16*(nb1+nb2)+24*nb4+16*(i-1)+4 

NSLL,S,1 

CM,OneHole,NODES 

ALLSEL,ALL 

LSEL,S,LINE,,cnl+16*(nb1+nb2)+24*nb4+16*(i-1)+1,cnl+16*(nb1+nb2)+24*nb4+16*(i-1)+4 

LSEL,A,LINE,,cnl+16*(nb1+nb2)+24*nb4+16*(i-1)+9,cnl+16*(nb1+nb2)+24*nb4+16*(i-1)+12 

NSLL,S,1 

CM,AllHoles,NODES 

CMSEL,S,OneHole,NODE 

*GET,nn,NODE,0,COUNT 

*DO,j,1,nn,1 

*GET,sn1,NODE,,NUM,MIN 

*GET,x,NODE,sn1,LOC,x 

*GET,y,NODE,sn1,LOC,y 

*GET,z,NODE,sn1,LOC,z 

CMSEL,S,AllHoles,NODE 

sn2=NODE(x,y+t*(SQRT(2)+1),z) 

CP,NEXT,ALL,sn1,sn2 

CMSEL,S,OneHole,NODE 

NSEL,U,NODE,,sn1 

CM,OneHole,NODES 
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*ENDDO 

ALLSELL,ALL 

*ENDDO 

*ENDIF 

!Fastening cleat 

NSEL,S,LOC,X,20,200 

NSEL,R,LOC,Y,-h,0 

NSEL,R,LOC,Z,-23,23 

D,ALL,UX,0,,,,UY,UZ,ROTX,ROTY,ROTZ 

ALLSELL,ALL 

 

nbcl=pl/ARG1+1 

*DO,i,1,nbcl,1 

anodez1=NODE(t,(h-t)/2+(sqrt(2)+1)*2,sl/2-(i-1)*ARG1) 

anodez2=NODE(t*2,(h-t)/2,-sl/2+(i-1)*ARG1) 

D,anodez1,ux 

D,anodez2,ux 

*ENDDO 

!Antisagbars 

anodez3=NODE(-2*t,-(h-t)/2,-sl/2) 

anodez4=NODE(-t-rad,-(h-t)/2+(sqrt(2)+1)*2,+sl/2) 

D,anodez3,ux 

D,anodez4,ux 
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