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Abstract 

For some years there has been an ongoing debate in Sweden on how to prove safety of single 

story buildings made of steel. Due to different interpretations of the rules, at one municipality 

one building can be considered as it is built according to safety requirements and in another 

municipality the same building can be treated as the building for which the safety requirements 

are not fully proven.  

The main objective of this thesis is to evaluate the fire resistance of a typical industrial hall used 

as a commercial store in Sweden. This will be done by evaluating a newly built, typical hall-

building, which serves as a grocery store. The method used for this is first to assess the hall-

building with the use of the temperature reached with the standard fire curve, namely 850 

degrees Celsius after 30 minutes. Thereafter evaluate the impact of a fire that has been 

simulated with Fire Dynamic Simulator (FDS). Four different fire scenarios were analyzed, 

where the highest temperature reached in the lower chord of the truss was 450 degrees Celsius. 

To be able to assess the structural resistance of the hall, three trusses in the middle of the 

building were modelled in the finite element program Abaqus. A temperature field in the 

middle of the midmost beam is applied and after that the vertical load. The loading was 

continually increased until a stage where a failure was found. The obtained failure load was 

compared to the design load of the building. To see whether some modifications of crucial 

parts could increase the overall structural resistance, a short parametric study was made. The 

parameters changed were: the thickness of the endplate of the beam, the boundary conditions 

of the beam and the cross-section area of rods that have been assumed to represent the roof 

over the three truss beams. In total nine different scenarios were considered. 

Even though some modifications of the beam, such as alter the boundary condition and 

thicken the endplate led to an increase of the overall structural resistance, none of the cases 

evaluated with the temperature of 850 degrees Celsius, could withstand the design load. Stress 

concentrations so large that plastic deformation occurred in either the supports or the middle 

of the beam led to failure in all the cases studied. It is rather easy to reach this conclusion, not 

many steel structures can withstand an elevation of temperature up to 850 degrees Celsius. 

When using the temperature found in FDS, namely 450 degrees Celsius instead of 850, all the 

cases studied could withstand the fire. 
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Sammanfattning 

I Sverige pågår en debatt om hur hallar ska byggas säkert. På grund av att det finns utrymme i 

regelverket att tolka regalerna kring dessa byggnader menar vissa att det finns skillnader i hur 

hallbyggnader konstrueras och byggs.  

Det huvudsakliga målet för den här rapporten är att evaluera och utreda vilket bärförmåga i 

brand som finns i en typisk hallbyggnad i Sverige. Det här görs genom att utföra en fallstudie på 

en nybyggd hall vilken används som en matvarubutik. Metoden som används är att ta fram 

vilken temperatur som uppnåtts efter 30 minuter, dels genom standardbrandkurvan och dels 

genom den temperatur som uppnåtts genom att simulera en brand i Fire Dynamic Simulator 

(FDS). Den temperatur som uppnåtts efter 30 minuter standardbrand är 850 grader Celsius. I 

FDS gjordes fyra olika scenarier där den högsta temperaturen, på en av takbalkarna, var 450 

grader Celsius. 

För att kunna analysera bärförmågan i brandfallet väljs tre takbalkar i mitten av byggnaden ut 

och dessa analyseras med programmet Abaqus. Abaqus är ett program som bygger på den finita 

element metoden. I programmet ritas takbalkarna upp och därefter väljs ett område i mitten av 

mittenbalken vilken höjs till den temperaturen som kom ifrån standardbrandkurvan eller FDS. 

Därefter läggs en last på till dess att balken gått till brott och den uppnådda lasten jämförs med 

den dimensionerande lasten. För att se om några förändringar i viktiga detaljer bidrog till att 

höja bärförmågan hos balkarna görs en typ av parametrisk studie. De saker som förändrades är 

infästningen av balken i mitten, randvillkoren, samt tjockleken på de stänger som är tänkta att 

motsvara taket på byggnaden. Totalt utvärderas nio stycken fall i Abaqus. 

Även om små förändringar i infästningen av balkarna gör att balken håller bättre än den skulle 

gjort från början håller ingen av de analyserade fallen för en temperatur av 850 grader Celsius. 

Det är relativt enkelt att förstå att en dessa balkar inte klarar sådana temperaturer eftersom 

väldigt få stålkonstruktioner skulle göra det. Det är däremot värt att notera att i de tre fallen där 

balken värmdes till 450 grader klarade konstruktionen med säkerhet den dimensionerande 

lasten.  
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1 Introduction 

 

For some years there has been an ongoing debate in Sweden on how to build safe industrial 

halls. These kinds of buildings are often used as large department stores where people shop for 

groceries and more. Subsequently a lot of people visit them on a daily basis. The main topic in 

the debate is on how to interpret and fulfill the rules and regulations from the Swedish 

National Board of Housing, Building and Planning (Boverket) regarding industrial halls. 

The general requirement for these kinds of buildings is that the bearing parts should withstand 

a standard fire for 30 minutes (R30). Some studies have already shown that this requirement is 

not fulfilled in some cases, se for example (Hägg & Andreas, 2007). Although this general 

requirement of R30 is valid for most of these buildings there is an exception in the rules that 

allows the designer, under some circumstances, to neglect the fire resistance requirement for 

the roof. This has led to that many of these types of buildings are built without any passive 

protection against fire and there are probably millions of square meters of unprotected halls in 

Sweden (Thor, 2012). 

1.1 Main Objective 

The main objective of the thesis is to evaluate the fire resistance of a typical industrial hall in 

Sweden. This will be done by evaluating a newly built, typical hall-building, that serves as a 

compartment store. This building will act as a case study from which some generalized 

conclusions might be made. A fire scenario for this building will be analysed with the CFD 

program Fire Dynamic Simulator (FDS) from National Institute of Standards and Technology 

(NIST) and the structural integrity of the building will be evaluated using a FE-analysis program 

Abaqus.  

1.2 Defining the Problem 

It is difficult to say whether these types of halls should have passive fire protective system or not. 

This is a complex subject which involves various aspects in both structural engineering and fire 

engineering topics. In Sweden the debate is mainly focused on how to fulfil the building 

regulations and design safe halls. Due to different interpretations of the rules some say that it is 

somewhat of a discrepancy in the field on how to build these kinds of buildings. Some even say 
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that with a more strict interpretation of the rules than today; it will have the effect that these 

buildings will become a lot more expensive to build (Johansson, et al., 2012). The authorities 

on the other hand says that the rules have developed over time, but the overall requirement of 

R30 has been there a long time, why the buildings should not be more expensive to build now 

compared to some years ago (Hjortsberg & Johansson, 2012). 

This thesis will evaluate the structural behaviour of a steel framed building exposed to fire in 

the midspan of a truss in the middle of the building. 

1.3 Purpose and Questions  

The purpose of this study is to try, in a quantifiable way, to describe and analyse the integrity of 

a typical industrial hall building exposed to fire. 

To be able to do this, the thesis will rest upon three questions that will be answered. These 

questions are as follows: 

 What is the state of art regarding research and rules in this field?  

 What temperature on the trusses is likely to be achieved in this building during a fire in this 

compartment?  

 Will the building go into a progressive collapse when subjected to a fire on a specific area?  

1.4 Case Study 

A case study is carried to concretize the discussion. The focus of this study is a newly built 

typical hall-building, in the southern part of Sweden. It is built as a grocery store, which is why 

the building contains large common areas. The case study will be presented in detail further on 

in chapter 4.1 Case Study. 

1.5 Boundaries 

Only one existing building is analyzed in this thesis. This is further narrowed down, so instead 

of analyzing the whole structure in the structural analysis, three trusses in the middle of the 

building that are connected to each other will be analyzed. 
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1.6 Self Evaluation  

The Master Thesis concludes the Master Programme in Fire Engineering and it is evaluated 

according the main requirements of education and knowledge that is in accordance to the 

faculty’s and the HSV demand on Master programmes.  Herby I confirm that the thesis is done 

by myself, with the guidance and support of the supervisor, All results were obtained using my 

own models which shows ability to use the most advance tools in analysis of a temperature 

development during the fire and a structural response. The Self standing and critical evaluation 

of results indicate my capability to analyse assumptions used in models and to interpret results 

from the models. The way of planning and performing the work is not shown in a report, it was 

addressed in my presentation done in Swedish, but it is clear from the outcome that it done 

properly. The work has started March 2012 and finished in October 2012 meaning that this 

work has been planned, preformed and presented within the time limits set up from the start. 

It is shown that I have a wide knowledge of the field but also a deeper knowledge of a specific 

part of the field. This report has gone through some general rules and ways of designing and 

constructing buildings exposed to fire. A rather specific and deep knowledge within the 

numerical modeling is clearly shown. I have shown understanding and use of Eurocodes and 

design recommendations for fire safety assessment.  

Finally I have indicate possible improvements of models used in the thesis and have suggested 

topics for further research.   

1.7 Reading Instructions 

After the introduction of the report (chapter 1) follows a chapter discussing the state of art 

(chapter 2) of the field, this chapter contains some previous research done in this field and 

some, for this thesis, important rules and regulations. Thereafter follows a chapter regarding the 

theory (chapter 3) that will be used in the modeling of the case study. Chapter (chapter 4) 

presents the method that this work rests upon and also contains the models used and how 

these are configured. The results of the calculations are shown in (chapter 5) and thereafter in 

(chapter 6), (chapter 7) and (chapter 8) the results are analyzed, discussed and concluded. 
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2 State of Art 

2.1 Earlier Research 

According to (RFCS, 2007) the main hindrances to the development of the steel construction 

in multi storey building is the fire resistance. With recent fire engineering methods that are 

issued from various research projects it has been shown that it is possible to obtain fire safe steel 

structures without any passive fire protection (Veljovic & Uppfeldt, 2012). In later years 

research has focused on the behavior of steel in natural fire development. The temperature 

achieved when using a natural fire, compared to the nominal standard fire curve ISO-834 

which follows a standardized mathematical formula, is highly dependent on different 

parameters such as fire load, ventilation conditions, geometry of the boundary and more. In 

recent years, as (RFCS, 2007) mentions, the development in predicting the fire behavior and 

the structural behavior of steel in elevated temperature has led to advanced computational 

tools, such as Finite Element analysis programs, now can predict real structural behavior of steel 

structures when exposed to fire. 

The concept of natural fire and the performance based design in structures is rather new and 

manufacturers and researchers are developing tools to evaluate the resistance of a building’s 

resistance to fire. One integrated design procedure is proposed in (Heinisuo, Hietaniemi, 

Kaitila, Laasonen, & Outinen, 2009) where the fire load of the building is set up by a 

predetermined fire sources. Their design procedure integrates several computer programs in 

such a way that with those predefined fire sources the whole building’s resistance can be 

evaluated at different fire loads. There are some modifications that must be done to each 

project, but overall, this shows at which state the research has come to. 

There are some difficulties though. One is that to be able to describe a natural fire a large 

number of parameters must be taken into account. Of course some kind of a predefined fuel 

source can be used, but it might not fit all types of projects. The parameters not only influence 

the growth of the fire but also the maximum temperature achieved in a building.  

It has been shown in previous research that an ordinary unprotected truss can only withstand a 

fire for just a couple of minutes (Hägg & Andreas, 2007) if exposed directly to the flame.  
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In a symposium held at Luleå Technical University (Veljovic & Uppfeldt, 2012) several experts 

presented their work and shared their view of the problem areas within the design procedure of 

these types of buildings. In the symposium Professor Olivere Vassart (ArcelorMittal) presented 

several projects regarding how to design safe hall-buildings. One project of particular interest 

for this thesis is a project where they tried to find the temperature of the plume in the ceiling 

based upon a design fire using a program called oxygen. The input data for the design fire was 

taken from statistical data from shopping centers. The fire load density used in this case was 

               (80% fractile). When using a fast fire growth rate            and a max 

rate of heat release                 the temperature development depending on the 

height of the building could be found. For four to six meter high buildings the temperature 

reached was 500 degrees Celsius and for buildings up to eight meters the temperature was 

about 400 degrees Celsius. 

2.2 Rules and Praxis 

Further down are some regulations and advice on those. These are here presented in English. 

Due to the fact that most of these regulations are written in Swedish and there is no English 

version, the author’s translation is not as legally correct as it would be if a certified translator 

would translate it. This should not have a big impact on the thesis, because the main features of 

the regulations are what is important, not a precise translation of the regulations. In some cases 

there are some abbreviations that are commonly used in Sweden and in these cases this Swedish 

abbreviation is presented after the word in English. 

This thesis does not aim to go through all the rules and regulations in a precise manner. 

However, it is necessary to get somewhat of a perspective on what regulates the field and this 

chapter presents some, for this thesis, important rules and regulations in short terms. 

2.2.1 Rules and Regulations from the Swedish National Board of Housing, Building 

and Planning  

According to the Sweden’s buildings regulations (BFS 2011:26, 2011) spaces in buildings have 

to be classified according to what occupation that is expected in that space (verksamhetsklasser 

–vk.) i.e. occupational class. The same building can have different occupations, but each space 

must be classified. The classification is from 1-6 and there are subcategories for each. It is not 

important to go through them all, but class 2B will be the important classification for this 
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thesis. 2B is when a building has spaces involving common areas that are meant for more than 

150 people.  

The whole building must in turn be classified (Byggnadsklass – Br), in part from the earlier 

classification, but also according to other preferences of the building such as how many floors 

there are, and more. This is a scale from Br0 – Br3, where Br0 is the highest and Br3 the 

lowest. In most industrial halls, that contain common areas, a classification of the building is 

usually a Br2. 

2.2.1 Eurocodes and EKS 8 (national annex) 

Eurocodes is a collection of European standards that is mandatory for the member states in 

European committee of standardization (CEN) to follow. Some national selected parameters 

can be chosen for each member state and for Sweden the document presenting these 

parameters is called EKS 8. More about EKS 8 further down. The Eurocodes is a collection of 

guidelines and rules that should harmonize building regulations in the Europe. The main 

purpose is to enable a free market in Europe on engineering services and products as well as 

state a uniform level of safety in constructions (Joint Research Centre, 2012). 

There are ten basic Eurocodes, EN 1990 – EN1999 where every part has their own 

subcategories.  

The EKS 8 (BFS 2011:10, EKS 8, 2011) is Sweden’s national annex on how to apply the 

Eurocodes. In this document some national choices on how to interpret and use the Eurocodes 

are specified. This document presents both regulations, which the designer must follow, and 

advice on how to fulfill those regulations. It is up to the designer to show that the solution 

presented fulfills the regulations.  

2.2.1.1 Safety classes and load combinations 

When designing the building in the ultimate limit state, each member of the structure must be 

classified. This classification is based upon the consequence for the occupants in case of failure 

of the member. The classification is scale that varies from so called safety class one to safety class 

three where one is the smallest consequence and three is the highest. This is based upon 

probability. 
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The basic design in ultimate limit state is described in EN 1990 (European Committee for 

Standardization, 2002). When considering a limit state of rupture or excessive deformation of a 

section, member or connection, it shall be verified that: 

       Equation 2.1 

Where  

   is the design value of the effect of action such as internal force, moment or a 

vector representing several internal forces or moments 

   is the design value of the corresponding resistance 

The EKS 8 (BFS 2011:10, EKS 8, 2011) restates the load combinations that should be used to 

calculate    according to Eurocode and at the same time introduces the national choices of 

some parameters presented in EN 1990 for the STR combination in equation 6.10a and 6.10b. 

This table is reproduced here in Table 1. 

Table 1 Load combinations according to Eurocode with national parameters chosen from the national 

annex EKS 8 (Thelandersson, Mårtensson, & Isaksson, 2010) 

 
Load combination 

 
STR-A STR-B EQU 

Permanent load G    

Unfavorable G                          

Favorable G                   

Variable Load Q    

Main load     - -                     

Other, variable 

loads         
                                          

 

Where    is the self weight of the structure,   is a chosen variable load and   is a load 

combination factor depending on what kind of load it is and is chosen in the national annex. 

Typical variable loads are snow load, wind pressure and so on. These loads are then combined 
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with the load combination factors as well as safety factors (  ) to find the most unfavorable 

combination. From EKS 8 the value of safety factors are: 

                           
                           
                          

The most unfavorable load should be chosen as the design load   . 

STR-A is used when the dominant factor in the design is the self weight of the structure and the 

EQU is used when analyzing loss of static equilibrium. The STR-B combination is the one that 

is often used in the case at hand, due to the fact that it is most unfavorable when designing a 

building that does not have a dominant permanent load. This is the case for the most 

buildings. As can be seen on the load combinations, the safety class (represented as   ) has a 

significant influence on which load the building should be design to withstand.  

A typical way of finding the least favorable load combination is to evaluate some different 

possibilities. Let    describe the permanent load,     the snow load and    the wind load. If it 

is not possible to foresee which load combination that will be the dominated one, four different 

loading scenarios have to be evaluated according to STR-B. 

                     Equation 2.2 

                     Equation 2.3 

                                   Equation 2.4 

                                   Equation 2.5 

2.2.1.2 Fire safety design 

As for the fire condition some modifications can be made in comparison to the ultimate limit 

design. In EN 1990 (European Committee for Standardization, 2002) the way of designing 

buildings in the exceptional loading case such as fire derives from the general equation: 

                                                       Equation 2.6 

Where the loading combination inside the brackets should be described as: 
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   Equation 2.7 

The plus sign inside the quotes stands for combined with rather than an ordinary plus sign. 

A typical load combination for the fire situation is then the permanent load    the variable 

load    and a pre-tension force  . The pretension force is also mentioned in all the other 

design procedures but not restated earlier in this thesis. One new load compared to design in 

ultimate limit state is the force         is a force that comes from the behavior of the material 

or the whole structure at elevated temperature. As Eurocode describe this force:  

“For fire situations, apart from the temperature effect on the material properties,    should 
represent the design value of the indirect thermal action due to fire.” EN-1900 (European 
Committee for Standardization, 2002) 

It is up to the designer to define this somewhat diffuse force. One can for example examine the 

forces that will arise in, for example, the supports of a steel beam due to the thermal expansion 

of the steel or the extra force that will occur on the beam because of this elevation of 

temperature. This force can both be favorable and unfavorable for the design. 

In Sweden one particular choice that has been made for this case is to use the frequent value of 

the loading combination factor (   in the highest variable load in Equation 2.7 (EKS A1.3.2 

21 §). 

The load combinations in this case are calculated from STR-A, STR-B and the exceptional 

loading case in Appendix 1, Load combination calculation.  

2.2.1.3 Fire safety categories 

According to 2 §, chapter 1.1.2, EKS 8 a building member in a structure should be classified 

into what is freely translated from Swedish to “fire safety class” which is a scale from 1-5. This 

scale represents what kind of risk there is if this member would go into failure where 5 is the 

highest risk and 1 is lowest. Furthermore, in § 3 same chapter in EKS 8, it is stated that 

building members that maintain the function of a fire compartment should withstand the 

integrity for a predefined time. Which fire safety class a building member should be classified as 

is not stated in the mandatory regulations, neither is what a predefined time is to different 

members. But as mentioned earlier, in the EKS 8 there are both regulations and advice on how 

to fulfill these regulations. In the advice section, that are not mandatory but shows the level of 
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protection that is needed to fulfill the regulation, the detailed information about how to classify 

a building member and what kind of predefined time this member should withstand in case of 

a fire.  

Table 2 Fire Safety class and Resistance (BFS 2011:10, EKS 8, 2011) 

Fire safety class Resistance 

1 R 0 

2 R 15 

3 R 30 

4 R 60 

5 R 90 

 

In the advice part referring to 3§ in EKS 8, (BFS 2011:10, EKS 8, 2011), there are tables which 

represents a good classification for the building members according to which building it is. In 

the case of hall-buildings, the building members which in the event of a failure in a fire 

situation will lead to a progressive collapse of the building will be classified as fire safety class 3, 

thus a mandatory obligation of a resistance of R30. There is an exception to this though. If the 

damaged area of the building, in the case of a collapse of a building member due to fire, is 

restricted to the area as presented in Figure 1 then the building member can be classified as a 

fire class 1 and thus have a resistance of R0 instead.   
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Figure 1 Figure C-2 in EKS 8, maximal damaged area (BFS 2011:10, EKS 8, 2011) 
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3 Theory 

The structural behavior of the building will be analyzed with FE-modelling using Abaqus and 

the fire behavior will be analyzed with a computational fluid dynamics program from NIST 

called fire dynamic simulator, FDS.  

First some theory on the standard fire curve and fire dynamics is presented and thereafter some 

theory and regulations from Eurocode on how steel behaves in elevated temperatures is 

presented. 

3.1 Temperature-time Curves and Steel Temperature 

One commonly used way of describing the temperature development due to fire in an 

enclosure is the standard temperature-time curve, also known as the nominal temperature 

curve. This curve may also be referred as the “834-ISO” curve from the national standard 

document that gives this curve. The temperature is calculated from: 

                        Equation 3.1 

Where    is the temperature of the gas in that compartment and   is the time in minutes. The 

time-temperature relationship is shown in Figure 2. 

 

Figure 2 Standard firecurve, ISO-834 

This time-temperature relationship is used to test or evaluate the structural resistance of a 

member in fire conditions. 
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The standard temperature-time curve does not take into account factors such as different fuels, 

ventilation openings, compartment differences, differences in thermal properties of the 

boundary and the fact that the fire at some stage will decline. One way of taking these 

properties into consideration was developed by Magnuson and Thelanderson during the late 

1960’s and 70’s. Their approach is based upon acquiring fire load density, opening factor and 

characteristics of the fire compartment. The fire load density is the total amount of potential 

energy in that enclosure divided by a unit area, commonly used is the floor area and is given in 

[MJ/m2] (Karlsson & Quintiere, 1999). The opening factor is a factor based on the ventilation 

condition of the enclosure and is calculated from Equation 3.2 

                
     

  
   Equation 3.2 

Where  

    is the total opening area of the enclosure 

    is a weighted value of the high of the openings 

    is the total surface area of the enclosure 

The commonly used curves from Magnusson and Thelandersson varies from an opening factor 

from 0.02 to 0.12 whereas the 0.02 opening factor gives lower temperatures than the 0.12 curve 

due to the lack of ventilation. 

These curves give the temperature development of gas in a specific enclosure. To be able to 

assess the resistance in a bearing member, the temperature of that member has to be found in 

some way, either with testing or with calculation.  

EN 1993-1-2 proposes a way of calculating the steel temperature on a profile depending on the 

temperature surrounding the steel. 

The temperature is calculated with a forward finite calculation scheme according to Equation 

3.3. 

           

    

    
        Equation 3.3 

Where  
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     is the correction factor for the shadow effect 

         is the section factor for unprotected steel 

    is the surface area of the member per unit length 

      is the volume of the member per unit length 

    is the specific heat of steel 

       is the unit mass of steel 

          is the design value of the net heat flux per unit area 

       is the time interval 

In this case, because it is a square hollow section, the shadow factor will become 1.       is set to 

25 W/m2,   is 7833 kg/m3, and    follows the specific heat of steel depending on the 

temperature. The temperature of a steel hollow section with the dimensions 120mm by 120mm 

with a thickness of 5 mm is calculated and presented in comparison with the ISO temperature 

curve in Figure 3. 

 

 

Figure 3 ISO 834 curve and the steel temperature curve 

As can be seen from the figure, the temperature of the steel is almost the same as the ISO curve 

after about 30 minutes. 
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3.2 Material Properties of Structural steel in Normal and Elevated 

Temperatures 

Structural steel has been used as a building material since the middle of the 1800’s 

(Thelandersson, Mårtensson, & Isaksson, 2010). The strength of steel is often measured in 

where the steel starts to yield or where the stress strain curve no longer is in the elastic range. A 

typical, schematic illustration of the structural steels stress-strain curve is shown in Figure 4. The 

yield point can be seen in stress-strain curves for different steel classes or is given in tables. 

Depending on the steel, sometimes there is not a well defined elastic limit or an ultimate 

strength point, then the yield point is set to where, when after unloading, the steel has a 

remaining elongation of 0,2 %.  

As can be seen in Figure 4, after reaching the elastic limit, there is some residual resistance in 

the steel, but this is seldom taken into account due to the difficulties of predicting the steels 

behavior in the plastic region and to be on the “safe side”. Other effects that will occur in the 

compressive part of the steel such as local or global buckling often have a greater impact of a 

steel member’s behavior than the residual resistance in the tensional part of the cross-section 

after the elastic limit.  

 

Figure 4 Schematic Stress-Strain curve of Structural Steel 
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Three main parameters of the steels structural behavior that are reduced in elevated 

temperatures is described in EN-1993-1-2 (European Committee for Standardization, 2005). 

These parameters are the reduction of yield strength of the steel     , the elastic limit reduction 

     and the proportional limit reduction     . The reduction factors for carbon steel is reproduced 

in Table 3 and shown in Figure 5. 

Table 3 Reduction factors of carbon steel at elevated temperatures  

Steel temperature, 

   
     

    

  
      

    

  
      

    

  
 

20 1 1 1 

100 1 1 1 

200 1 0.9 0.807 

300 1 0.8 0.613 

400 1 0.7 0.42 

500 0.78 0.6 0.36 

600 0.47 0.31 0.18 

700 0.29 0.13 0.075 

800 0.11 0.09 0.05 

900 0.06 0.0675 0.0375 

1000 0.04 0.045 0.025 

1100 0.02 0.0225 0.0125 

1200 0 0 0 

 

 

Figure 5 Reduction factors in elevated temperatures for steel 
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As can be seen in the figure, the proportional limit of the steel is quickly reduced as well as the 

elasticity, but the strength of the steel starts to be effected just after 400 degrees Celsius.  

There are more effects on how elevated temperatures affects the characteristics of steel and an 

example is that the elastic limit becomes more subtle, see Figure 6.  

 

Figure 6 Stress strain curves of steel at elevated temperatures  (Buchanan, 2001) 

The rules of how to calculate the steels behavior in elevated temperatures are given in EN-1993-

1-2 (European Committee for Standardization, 2005) and are presented below. 
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Figure 7 Mathematical model for stress-strain curves (European Committee for Standardization, 2005) 

 

Figure 8 Stress-strain curve from the mathematical model (European Committee for Standardization, 

2005) 

Worth noticing from the Eurocode is that, when not allowing for any hardening, the steel 

cannot withstand more stress after 2% of strain in that cross section.  
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The stress strain curves for steel S355 is calculated with the procedure shown in Figure 7, 

Figure 8 and shown in Figure 9. 

Figure 9 Stress strain curves for steel S355 

3.2.1 True stress and logarithmic strain  

The stress-strain curves for different materials are often specified with engineering assumptions 

so that the reference value is fixed. This value is often the length of the specimen or the area of 

the cross section or such. When steel is subjected to the amount of stress that it yields, or goes 

into the plastic range of the load-displacement curve, the cross-section becomes significantly 

smaller in comparison to the elastic range. This leads to that the stress of the specific area 

increases even though the force on the specimen is constant. This phenomenon has to be taken 

into account when modeling the plastic range of the steel and the way to do this is to use true 

stress and logarithmic strain. A schematic difference between engineering stress-strain and the 

true stress-strain curve is shown in Figure 10. 
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Figure 10 Comparison Engineering Stress-Strain and True Stress-Strain  

 
The True stress and the logarithmic strain are calculated from the Eurocode’s approximation of 

the stress-strain curves presented above. The calculations of the true stress and the logarithmic 

strain is presented in here in Equation 3.4 and Equation 3.5. 

                     Equation 3.4 

 

     
  

            
    

 
 Equation 3.5 

For the specific data used for the calculations in Abaqus, see Appendix 2, Material Properties of 

steel used in Abaqus. 
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4 Method 

 

The main part of this thesis rests upon the case study, but the overall methodology is a 

literature study as well as study that is based upon numerical models from both CFD and FE 

calculations. 

There are mainly two different approaches in the case study. One is to determine the structural 

resistance in case of elevated temperatures with the FE-calculations. The other one is with the 

CFD calculation find a temperature on the bearing part based on a probable fuel source.  

The CFD calculation will evaluate different fire scenarios and the FE calculation will evaluate 

what forces one beam can take when heated to temperatures corresponding to a 30 minutes 

standard fire. 

4.1 Case Study 

The study object is a newly built industrial hall in southern Sweden. This building serves as a 

compartment store and has large common areas that people visit on a daily basis. 

The building is a steel framed building with steel columns and steel trusses. The roof is a steel 

profile that acts as a stiff plate for the building. 3D view of the structure of the hall without the 

roof is presented in Figure 11. The dimension of the hall is around 72 by 60 meters, so 

approximately 4 300 square meters, and the height of the building is about ten meters. The 

trusses are mostly the same except for some parts of the building where some heavier 

installations are built on the roof. The distance in between the trusses is six meters and the 

length of the beams in the middle of the building is about 19 meters. The inner columns are 

placed with a distance of 13 by 22 meters. 



 

22 

 

Figure 11 3D View of the industrial hall that serves as a case study 

To simplify and narrow down the work, three beams in the middle of the building are chosen 

to be analyzed further in the structural analysis. These are the beams circled in the figure and 

are all the same. The main difference is that the middle beam will rest upon a column and the 

other two will be attached to another beam. The upper and lower chord as well as the diagonals 

and horizontals in the truss are all steel square hollow sections with different dimensions. 

4.1.1 Design of the Building 

According to the drawings of the building the bearing parts, except for the beams, are built as a 

safety class three. The beams are built with a safety class one. 

The whole structure is designed in such a way that the roof has a self weight of 1,0 kN/m2 and 

a snow load of 2,0 kN/m2. The characteristic value of the wind pressure is 0,82 kN/m2. 

The common areas in the building as occupational class 2B and the whole building is classified 

as a Br2. The columns are built with fire safety class 3 (R30) and the beams and roof as a fire 

class 1 (R0). The building is designed to have a maximum of 1700 people at the same time. The 

building has sprinklers and therefore a fire load density of 800 MJ/ m2-floor area is used. 
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As can be seen from Appendix 1, Load combination calculation, the load that the building 

should have been designed to withstand in the fire is      
  

  . This will be the reference value 

of what the hall should withstand. 

4.1.2 Modeling the Building in FDS 

The model will examine a worst case scenario happening in the middle of one beem. The 

chosen scenario will simulate a fire as a traveling fire and it is necessary to ensure that the fire is 

not ventilation controlled, due to the limitation in FDS. This is taken care of by having quite 

large openings in the building.  

There are two main characteristics of the model in FDS, first the geometry and grid size of the 

model will be presented and thereafter the properties of the fuel.  

4.1.2.1 Geometry of the Building and Grid-size 

The building is modeled in accordance to the drawings, but some simplifications have been 

made. For simplicity the whole building is modeled as a rectangular box. One side of the 

building is 58 meters, the other side is 72 meters long and the height building is nine meters, 

see Figure 12. To be able to model some sort of worst case scenario, the entrance is assumed to 

be wide open at the time of the fire and the two sides of the building are opened. This should 

ensure that the fire will not be ventilation controlled. The openings on the sides are 4 meters. A 

hole in the roof (11 by 4 meters) will able some smoke to exit that way and ensure good 

ventilation conditions. This way, if not including the hole in the roof, an opening factor 

 
     

  
  of about 0.09 m is achieved.  
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Figure 12 Overview of the hall-building in FDS 

For calculation purpose, the model is divided into 24 different grids. In general, a finer grid, 

the better the numerical solution of the equations (McDermott, McGrattan, Hostikka, & 

Floyd, 2010) therefore a relatively small grid is chosen in the area where the fuel is. To save 

some computational time the grids not involving the fire is set to be a little coarser.  The grid 

size chosen is 20x20x20 centimeters for the finer grids and 40x40x40 centimeters for the 

coarser grids. The 20 and 40 centimeter mesh is partly chosen because of the easy alignment of 

the grids, see Figure 13. In total the model has 2.751.250 cells.  

 

Figure 13 Grid alignment 
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The amount of cells in each grid in the y and z direction are in corresponds to the form 

       so that the calculation does not take prolonged time (McGrattan, McDermott, 

Hostikka, & Floyd, 2010). See Figure 14 for the placements of the grids.  

 

Figure 14 Grids for the model 

4.1.2.2 Fuel 

The fuel used is designed to mimic a shelf containing high flammable groceries such as potato 

chips. This fuel is supposed to burn based upon the properties of the fuel rather than a specific 

heat release rate. There are basically two categories of fire-models to consider in FDS, those 

which are specified with a described heat release and those which predict the heat release curve 

with the thermophysical properties of the fuel (McGratta, Hostikka, Floyd, & McDermott, 

2010). In this thesis the latter is used. 

The actual thermophysical properties of these types of groceries, such as specific heat, 

conductivity and density, are hard to predict due to the nature of the fuel. An estimation of the 

characteristics of the fuel is made and it is based upon the characteristics of wood. The 

estimation of these characteristics has been made with the help of Xudong Cheng Ph.D., and 

his work related to traveling fires (Cheng, Sandström, Veljkovic, Wickström, & Heistermann, 

2011). Some characteristics of the fuel are presented in Table 4. 
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Table 4 FDS input data 

Thermophysical characteristics of the fuel 
 

Specific heat 1.3  
  

   
  

Density 120  
  

    

Emissivity 0.9  

Conductivity 0.2  
 

  
  

Heat of combustion 20 000  
  

  
  

Ignition temperature 300      

 

For more information on the fuel see the Appendix 3, FDS Input file. 

The shelves used are eight meters long, 1.2 meters wide and 2.4 meters high. On those shelves, 

there are some “packages” of fuel which should represent the groceries see Figure 15. 

 

Figure 15 Shelves used as fuel 

One important factor when designing a building is the fire load density. This is a rough 

estimate on how much potential energy there is present in a room (MJ/m2-floor area). This is 

not an easy estimation, because of the roughness of this measurement, to discretize this into an 

actual fuel source. The fuel source for this case is a shelf of groceries and a corresponding fire 
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load density for this shelf, taken into account the whole floor area of the building, will be a fire 

load density of about 300 MJ/m2. The main interest of this study is the temperature of a beam 

so if only considering the fuel located in the area below the beam then the fire load is roughly 

1500 MJ/m2. 

4.1.2.3 Measurements 

To be able to measure the temperature at the height of the beams in the roof a steel beam is 

introduced into the FDS model. On this beam several adiabatic thermocouples is placed. They 

are orientated in such a way that the spacing between them is two meters; see the arrows 

showing the placement of some of the thermocouples in Figure 16.  

 

Figure 16 Placement of the thermocouples 

4.1.2.4 Cases 

The fire will behave differently depending on where it starts. To consider this, four different 

cases are evaluated. The different cases are presented in Table 5. 
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Table 5 FDS cases 

Examined cases in FDS 

Case F1 Fire starts in the center of the fuel sources 

Case F2 Fire starts at the side of the fuel sources 

Case F3 Fire starts at the lower part of the fuel sources 

Case F4 Fire starts at one corner of the fuel sources 

 

 

Figure 17 Ingnition placements  

  

Case F1 

Case F3 

Case F2 

Case F4 
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4.1.3 Modeling the Building in Abqaus 

In Abaqus, the beams are modeled with shell elements as well as a subcategory for beam 

elements, so called truss elements. The truss elements are assumed to deform only by axial 

stretching. The shell elements are used for the beams and the truss elements are used to 

represent the roof. The shell element used is both rectangular and triangular. The approximate 

size of each element is 15-20 mm around the whole model. This value varies depending on 

mesh refinements and structural details. In the endplate for example the mesh density is higher 

than in the upper chord. The variety of the grid is done to save some computational time as 

well as not getting to large output files. A picture of the model that is used in Abaqus can be 

seen in Figure 18. The analysis is a two step procedure where the first step is a static general 

step, where the temperatures are applied. Thereafter the loads are introduced using a static Riks 

step. The Riks step uses an arc length method, also called modified Riks method, and is good at 

predicting an unstable, nonlinear response of the structure. The temperature will be applied as 

a predefined field in the middle of the midmost beam and will have the value of 850 degrees. 

This value is chosen due to the fact that after 30 minutes of a standard fire the temperature of 

surrounding gas and the steel are almost the same, see Figure 3 ISO 834 curve and the steel 

temperature curve. 

 

Figure 18 3D plot of the model in Abaqus 
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4.1.3.1 Assumptions in the model compared with the drawings 

There are some assumptions made to be able to model the structure in Abaqus. First of all only 

three beams in the whole building are used. Furthermore, there are some parts of the building, 

such as the supports of the beam and the attachment in the middle of the beam, which is not 

that straight forward to model in a FE program. The assumptions and simplifications of some 

structural details that have been made are presented below.  

4.1.3.2 Structural details 

The support of the beam is a plate that is welded to the upper chord of the truss where the 

plate stands on the column. The plate is also boltet to the support with two structural bolts. See 

Figure 19. In Abaqus, this support is modeled in such a way that the boundary conditions is 

chosen so that the lower part of the plate cannot move in the hight direction and the line 

where the middle of the bolts are located are restricted to move in the latteral and longitudinal 

direction see Figure 20. 

 

 

Figure 19 Support according to the drawing 
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Figure 20 Boundary conditions representing the support of the beam 

The middle of the beam is attached with two rather thick plates and screwed with four heavy 

bolts. It is assumed that this detail does not have a big influence on the overall structural 

behavior; this is rather a design to ease the erection of the building. The simplifications made 

for this part in the model is that the plate acts as a rigid where the beams connect in a perfect 

way.   
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Figure 21 Middle of the truss according to the drawing 

 

Figure 22 Model of the middle of the beam 

In the same manner as at the upper chord the lower part of the beam, in the middle, is 

connected with eight bolts that are bolted to a plate that is attached to the lower chord of the 

truss, see Figure 23. It is assumed that the effective area of the plate is equal over the whole 

length. This thickness is the same as the plate attached to the lower chord. So, in Abaqus, a 

plate with the same thickness is used and are attached to both ends of the lower part of the 

chord, see Figure 24.  
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Figure 23 Lower connection of the truss 

 

Figure 24 Model of the lower connection in Abaqus 

 

4.1.3.3 Roof 

The actual roof on the building is a steel profile that acts as a stiff plate for the structure. This is 

quite time consuming to model in Abaqus and there is no information from the manufacture 

about what profile that is used in the actual building. This is of lesser importance due to the 

fact that in any kind of building of this sort the part that will fail first is the fasteners of the roof 

to the building. This kind of roof is usually fastened with nails that are shot with a powerful 

nail gun. 

To be able to consider the roof in the overall structural analysis, an assumption has been made. 

This assumption is that it is only the nails that will have the contributing factor for the tensile 
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stress in the roof, not the roof itself. This assumption is made due to the fact that the force 

needed to get a nail to fail is far less than the force needed to get the roof profile to fail due to 

tensile stress. This is then introduced in the model in such a way that the forces of the nails are 

represented as rods that connect the three beams with each other. These rods are modeled as 

truss-elements, a type of beam element that only regards tensile stress. The rods are prescribed 

to have the same material properties as the rest of the model. In the model, the rods are 

coupled to the beams at the intersection of the diagonals, verticals and the upper chord of the 

truss. The heating will be introduced in the middle of the truss, so precisely in the middle that 

there will be no rods due to another assumption that the bolts will not have any capacity at all 

in the heated section. The total amount of rods used is ten and the effective area that they are 

acting on is about 13 meters. For the coupling of the roof to the truss see Figure 25.  

 

Figure 25 Connection of the "roof" to the truss 

The boundary conditions of these rods are presented in Figure 26. 
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Figure 26 Boundary conditions of the roof 

Since the material properties of the rods are chosen to be the same as for the rest of the model, 

the only parameter of the rods that is important is the cross-section area.  

First one needs know what type of forces these kinds of fasteners can withstand. The failures 

that can erupt in a fastener are shown in Figure 27. Firstly, the screw itself can fail due to the 

shear stress, secondly the nail can get inclined due to thin plates and thereafter the strength of 

the nail or the extraction from the plate becomes the weak link in the joint. If the screw can 

withstand the shear stress and the plate is prevented from tilting, the third failure mode will 

occur which is that the steel will yield in the plate and the screw will be ripped out from the 

sheeting. 
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Figure 27 Failures in thin-gauge members (Höglund & Johansson, 2012) 

Most joints are designed in such way that the most probable failure is the third one, namely 

that the bolt itself will rip through the sheeting. According to table 3.7 in (Höglund & 

Johansson, 2012) this kind of failure is reached at a force described in Equation 4.1.  

                  Equation 4.1 

Where  

   is the thickness of the upper plate in the connection  

  is the diameter of the nail 

    is the yield strength of the plate 

This equation is valid only if: 

              

           

            

Where   is the lower plate of the connection.  

Since there is not any information about what kind of fasteners or how thick the roof is, a 

parametric study on the fasteners has to be done to determine how much they influence the 

structural resistance. A normal thickness of a steel profile is 0.9 mm, so this is used in the 

calculations. Furthermore, if using a profile that is around 110 mm high, the spacing in 

between the fasteners can be 240 mm according to a manufacturer and this value is used to get 

a measurement of an equivalent force per meter. 

The main goal is to find a value of the cross-section area of a rod with yield strength of 350 MPa 

(the same yield strength used in the steel) that would represent the fasteners.  
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For 0.9 mm thick plate with 350 MPa yield strength and a nail with the diameter of 3.7 mm the 

force that that fastener can withstand, according to Equation 4.1, is about 3.7 kN. The 

equivalent force per meter, if using a spacing of 240mm in between the nails, would be 15.5 

kN/m. This value would be equivalent to what the rods can withstand.  

Since the force in a rod can be described as Equation 4.2 the equivalent area of the rods can be 

found. 

      
 

 
    Equation 4.2 

The total amount of rods in the model is ten and they act upon an area of about 13 meters the 

value for the case with 15.5kN/m will give an area of the cross section for one rod as 57mm2. If 

one would attach two fasteners at each bottom of the profile the total area of the fastener per 

meter would double. In Table 6 the values for the cross-section of each rod is presented due to 

the diameter of the nail, 0.9 mm thickness of the steel and according to the yield strength of 

the steel. 4.5 mm diameter is presented due to the fact that this diameter is commonly used for 

these buildings. The 420 MPa values are presented as if two fasteners per profile bottom are 

used, this is to get the highest value possible for this case. 

 

Table 6 Equivalent cross-section areas depending on the fasteners 

                        

        3.7 56.91 

 4.5 69.211 

 6 92.28 

        3.7*2 136.58 

 4.5*2 166.11 

 6*2 369.13 
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The cross section area varies from around 50 mm2 per rod up to almost 400 mm2 per rod as 

seen in Table 6. To asses this spectrum, three different cases for the model is evaluated. These 

cases are presented in Table 7. 

Table 7 cases in Abaqus 

Cross-section area per rod in Abaqus 

Case 1 50     

Case 2 200     

Case 3 400     

 

 

4.1.3.4 Load and Temperature 

The temperature is introduced as a predefined field within a static general step. The 

temperature should correspond to the steel temperature after 30 minutes of fire exposure and 

therefore the predefined field is set as 850 degrees Celsius. The predefined field is set to mimic 

the area of which was presented in Figure 1, where the area of the fire was 20 m2, so the length 

of the part of the beam which are heated is about five meters, see Figure 28. 
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Figure 28 Temperature field 

Thereafter a static Riks step is introduced where the load is applied. The loads are introduced 

as point loads. The point loads need a specific node to act upon. The loads are introduced in 

the middle of each intersection of the diagonals, horizontals and the upper chord of the truss. 

The node in the middle of this intersection is coupled to the nodes of the whole width of the 

upper chord to reduce the stress concentration of that specific node. See Figure 29. 
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Figure 29 How the load is applied in the Riks analysis  

 

4.1.3.5 New design and how to taking into account the FDS results 

One main objective for this thesis is to try to present examples of improvement for the design 

procedures in general and for the structure in particular. One way of linking the results of FDS 

into Abaqus is to use the highest temperature achieved in FDS in the same predefined field in 

the model in Abaqus and see what forces the structure can withstand in that case. Another 
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factor is to improve the design of the building in itself. This is done by slightly changing the 

boundary conditions. The change of boundary condition should represent a beam that is fully 

fixed, or fully supported. This is done by extending the original endplate and changing the 

boundary conditions in the manner as can be seen in Figure 30. The endplate of the beam is 

rather thin, so by applying a greater thickness of this endplate this may strengthen the entire 

structure.  

 

 

Figure 30 New boundary conditions 
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4.1.4 Failure Criterion and Summary of the Cases that will be Studied 

It is necessary to set a valid failure criterion to be able to analyze the structural integrity of the 

building. In general this may vary depending on what is about to be analyzed. In this study, the 

whole structural integrity of the building will be analyzed. So the failure criterion used in this 

thesis is set as when either the endplate has yielded it the extent that it will not have any 

residual strength left, when the critical cross section of the truss has yielded in the above 

mentioned way or both. Even though a cross section has yielded, there might still be some 

residual strength left in the structure, so in each specific case this failure criterion will be 

discussed. It is not easy to see what kind of failure that will be dominant in forehand, therefore 

the several different scenarios. The reaction force at the support for the beam that has been 

heated, the plastic deformation of critical points in the structure and critical cross section forces 

will be plotted against the deflection of the midmost node in the model. This enables to 

evaluate the different data from the model against a fixed parameter. The failure will be 

different in each case and therefore no fixed failure criterion has been specified, but some 

assumptions will be used when analyzing the data such as the steel cannot reach a plastic yield 

over 20% and when a mechanism (several plastic hinges acting as a mechanism) has been 

created in the beam the probability of a failure at that point or a impending point is significant. 

In order to get a good overlook of what cases that will be evaluated the cases at hand are 

summarized in Table 8. 
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Table 8 Summary of cases that will be examined in FDS and in Abaqus 

  FDS Ignition point 

 

  Case F1 Fire starts in the center of the fuel sources 

  Case F2 Fire starts at the side of the fuel sources 

  Case F3 Fire starts at the lower part of the fuel sources 

  Case F4 Fire starts at one corner of the fuel sources 

   

Abaqus 
Cross-section area of rods 

(per each) [mm2] 

Temperature 

[ ] 

Thickness of endplate 

[mm] 
Support 

Case A1 50 850 20 As is 

Case A2 200 850 20 As is 

Case A3 400 850 20 As is 

Case A4 200 850 50 As is 

Case A5 200 850 20 Fully supported 

Case A6 200 850 50 Fully supported 

Case A7 200 From FDS 20 Fully supported 

Case A8 200 From FDS 50 Fully supported 

Case A9 200 From FDS 50 As is 
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5 Results 

5.1 FDS 

The results from FDS will be presented as temperature profiles on the bottom flange of the 

beam in terms of adiabatic surface temperature. The results will be presented in two ways, first a 

diagram showing the temperature profile of the beam in respect to time. To simplify this figure, 

another diagram showing a mean temperature of each third of the beam (lower, middle and 

upper) will be presented. In the first case pictures showing the development of the fire will be 

shown to ease the interpretation of the data further on.  

5.1.1 F1 - Fire starts in the center of the fuel source 

In Figure 31 the fire development in the compartment can be seen. The fire starts in the middle 

and extends to the sides. At a point the fuel in the middle has burnt away and the fire 

continues towards the sides of the fuel. 

 

1  2  

3  4  

Figure 31 Temperature development in the enclosure (F1) 
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Figure 32 Temperature development F1 

 

Figure 33 Mean temperatures of parts of the beam, F1 
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Figure 34 Heat release rate F1 
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5.1.2 F2 - Fire starts at one side of the fuel source 

 

 
Figure 35 Temperature development, F2 

 

 
Figure 36 Mean temperatures of parts of the beam, F2 
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Figure 37 Heat release rate, F2 
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5.1.3 F3 - Fire starts at the lower part of the fuel source 

 

Figure 38 Temperature development, F3 

 

Figure 39 Mean temperatures of parts of the beam, F3 
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Figure 40 Heat release rate, F4 
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5.1.4 F4 - Fire starts at one corner of the fuel source 

 

Figure 41 Temperature development, F4 

 

Figure 42 Mean temperatures of parts of the beam, F4 
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Figure 43 Heat release rate, F4 

 

5.1.5 Temperature to be used in Abaqus 

Based on the findings in the four different scenarios, the temperature of the beam will not 
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5.2 Abaqus 

The results from the calculations in Abaqus will be presented in terms of diagrams showing 

critical cross section forces, plastic deformation at critical points and reaction forces in the 

support plotted against the deflection of node that is in the middle the beam. Some pictures 

showing the deformed shape of the structure will be presented so that the reader also can see 

how the structure looks like when the loading has been applied. To be able to compare the data 

to that kind of load that the beam should withstand in the fire case, the load of 171 kN is 

shown in the diagrams as the “design load”. This is the value from Appendix 1, Load 

combination calculation multiplied with the span of six meters and the length of the beam of 

19 meters, see Equation 5.1. 

                
  

  
                  Equation 5.1 

5.2.1 A1 – 850 degrees, 50mm2 rods and supports in accordance to the drawings 

The deformed shape of the structure is shown in Figure 44, Figure 45 and in Figure 46 and the 

structural data of the case is presented in Figure 47. The deformed shape is enhanced five times 

so that it is clear what has happened to the beam. 

 

 

Figure 44 Deformed shape of the structure 
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Figure 45 Yielding in the middle 

 

 

Figure 46 Support, deformed shape 
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Figure 47- 50mm2 rods, 850 degrees 

The behavior of the beam can be seen in Figure 44, Figure 45, Figure 46 and Figure 47. The 

beam starts to plastically deform at circa 35 kN. As the load continues to increase a larger 

yielding in the cross section can be seen up to a point of about 50 kN where the support starts 

to behave in a plastic manner. At the point where the midspan has deflected 400 mm and the 

critical cross section (as can be seen in Figure 45) has yielded about 7% a clear mechanism has 

been created and the calculation has stopped. The beam can in this case at least withstand a 

force of 65 kN, but a clear failure point has not been shown. The design load of 171 kN has 

clearly not been reached. 

5.2.2 A2 – 850 degrees, 200mm2 rods and supports in accordance to the drawings 

The overall behavior of the structure is the same as in A2, so the same critical cross section is 

used.  
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Figure 48- 200mm2 rods, 850 degrees 

In this case, the beam behaves in the same manner as in A1 but with the difference that a load 

can increase to about 70 kN. 

 

5.2.3 A3 – 850 degrees, 400mm2 rods and supports in accordance to the drawings 

In A3, the case at hand shows that the first hinge is created in the middle as in A1 and A2 but 

thereafter another hinge appears and the cross section of that hinge yields even more than the 

first one. In Figure 49 the deformed shape can be seen and in Figure 50 the data is presented. 
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Figure 49 Deformed shape of the midspan, A3 

 

Figure 50- 400mm2 rods, 850 degrees 
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Critical cross section number one is the cross section in the middle, as in A1 and A2. After a 

certain point another critical cross section yields even more than the first one and the behavior 

of this beam becomes more complex. After about 88 kN of load, plastic hinges can be seen in 

the middle of the beam as well as in the support, so a clear mechanism has been created. 

5.2.4 A4 - 850 degrees, 200mm2 rods, supports in accordance to drawings, but a 

thickness of the endplate as 50mm 

The contour plot of the case can be seen in Figure 51 and Figure 52. The structural data is 

presented in Figure 53. 

 

Figure 51 Deformed shape, middle 
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Figure 52 Deformed shape, support 

 

Figure 53- 200mm2 of rods, 850 degrees, 50 mm thickness of endplate 

The overall behavior of the truss is that the cross-section in the middle, as in previous cases, 

starts to yield and thereafter the plastic deformation becomes more dominant in a cross section 
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support in this case (Figure 52) so the deformations are solely concentrated in the middle of the 

beam. After a plastic strain of 20 %, the upper limit of what steel can achieve is reached, so the 

upmost value of the reaction force in this case, as can be seen in Figure 53 (pointed out with 

red arrows), is about 105 kN.  

5.2.5 A5 – 850 degrees, 200mm2 rods, fully fixed supports with thickness of the endplate 

as 20mm 

The deformed shape of the support and the midspan of the critical beam are shown in Figure 

54 andin Figure 55. Thereafter the data are presented in Figure 56 

 

Figure 54 Deformed shape of the support 
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Figure 55 Deformed shape of the middle 

 

Figure 56- 200mm2 rods, 850 degrees, fully fixed supports, 20 mm endplate 

The same behavior as earlier is seen in this case in terms that two cross-sections in the middle 

deforms plastically. The essential difference in this case compared to the earlier is the support. 
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the forces created by the loading and yields dramatically. As pointed out with arrows in the 

figure, the maximum load of the beam in this case, has been set to 90 kN.  

5.2.6 A6– 850 degrees, 200mm2 rods, fully fixed supports with thickness of the endplate 

as 50mm 

The contour plot of the support and the midspan can be seen in Figure 57 and Figure 58. The 

data is presented in Figure 59. As for Figure 58, the deformation is multiplied by two, so it is 

obvious to the eye what has happened. In Figure 59, the plastic strain in the support is taken 

from the element in the upper chord of the truss where the plastic hinge has been created. 

 

Figure 57 Deformed shape of the support 
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Figure 58 Deformed shape of the midspan 

 

Figure 59- 200mm2 rods, 850 degrees, fully fixed supports, 50 mm endplate 
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The same behavior as earlier is seen in this case, where the cross sections in the middle 

plastically deforms. The significant difference from this case is that the support is fully fixed and 

does not fail due to the loading of the beam. Instead a plastic hinge is created in the truss, just 

outside of the endplate. A cross section slightly shifted from the middle is exposed to the largest 

plastically deformation, and when this cross section has reached a plastically strain of 20 % the 

value of that load is taken as the load that this beam can withstand. As the red arrows shows, 

the highest value of the load in this case is slightly more than 140 kN. 

5.2.7 A7 - 450 degrees, 200mm2 rods, fully fixed supports with thickness of the endplate 

as 20mm 

 

 

Figure 60 Deformed shape, support 
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Figure 61 Deformed shape, middle 

 

Figure 62- 200mm2 rods, 450 degrees, fully fixed supports, 20 mm endplate 
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In this case, the design load is reached in the elastic range of the beam. As in A5, the support 

yields when the plastic range of the deformation in the middle is reached. After loading after 

this point the plastically deformation of the support is clearly dominant in the strength of the 

beam. No actual failure is reached, but there is a mechanism that has been created in the sense 

that both the cross section in the middle has yielded as well as in the support. After little over 

400 kN a numerical problem within the model is encountered and the analysis is stopped, why 

it is hard to say where the actual failure is reached, but it should be impending because of the 

relative large deformation in the support.  

5.2.8 A8 - 450 degrees, 200mm2 rods, fully fixed supports with thickness of the endplate 

as 50mm  

The deformed shape of the support is shown in Figure 63 and the structural data in Figure 64. 

There is no need to show the deformed shape of the midspan, because it the appearance is very 

similar to Figure 61. The cross section force is still shown in the data though. 

 

Figure 63 Deformed shape, support 
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Figure 64 - 200mm2 rods, 450 degrees, fully fixed supports, 50 mm endplate 

As in the previous case with a thinner endplate the design load is reached within the elastic 

range of the beam. The significant difference in this case is that the beam can withstand a lot 

more force. In this case, as in A6, the plastic hinge in the support is not created in the endplate, 

but in the upper part of the chord. No obvious failure is reached, but as the rapid growth of the 

plastic strain in the support points towards that a failure is near. The calculation ran into 

numerical problems when a reaction force of near 600 kN was reached, but since the desing 

load was met no further analysis was made.  

5.2.9 A9- 450 degrees, 200mm2 rods, supports in accordance to the drawings and with 

thickness of the endplate as 50mm 

The deformed shape of the support is shown in Figure 65 and the structural data in Figure 66. 

There is no point in showing the midspan due to the fact that it is in the support the largest 

plastic deformation occurs. The plastic strain in this case is gathered from an element on the 

bottom part of the upper chord in the truss, where the deformation is the largest. As earlier, the 

data of the cross section data from the middle is presented in Figure 66. 
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Figure 65 Deformed shape, support 

 

 

Figure 66- 200mm2 rods, 450 degrees, 50 mm endplate 

0 

0.05 

0.1 

0.15 

0.2 

0.25 

0.3 

0.35 

0.4 

0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

500 

550 

600 

0 100 200 300 400 500 

[ɛ] [kN] 

[mm] 

A9 

Reaction force [kN] 

Cross section force [kN] 

Design load 

Plastic Strain, support [ɛ] 

Plastic Strain, middle [ɛ] 



 

69 

In this case the largest deformation occurs in the support. The endplate is stiff enough to allow 

the chord to deform rather than the endplate. The exposed part of the chord has reached a 20 

% plastic strain when a load of 550 kN is applied.  
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6 Analysis 

 

There is some data that can be compared from the cases and some diagrams of this are 

presented here. To achieve a good comparison only the reaction force of the cases are 

presented. In the cases where a critical point has reached a plastic deformation of over 20 % the 

data is cut from that point and in the cases where a clear failure point has not been reached all 

the data is presented. At first a comparison of the cases altering the cross section area of the 

rods are presented.  

Since the only parameter that was change in A1 to A3 is the cross section area of the rods, a 

comparison in between them are presented in Figure 67 so that conclusions regarding the 

amount and properties of the nails in the fasteners can be discussed later. 

 

Figure 67 Comparison reaction forces in A1-A3 
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In A2, A4-A6 the only parameter changed is the design of the support. These four cases are 
presented in Figure 68. 
 

 
Figure 68 Comparison A2, A4-A6 
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6.1.1 Summary of results in Abaqus 

The results from Abaqus are shown both as the reaction forces in Figure 69 and in tabulated 

data in Table 9. A relationship in between the presented failure load and the design load is 

calculated and is marked as red if under one and green if above one. The three cases that could 

resist the given design load is obviously the ones calculated with a temperature of 450 degrees 

Celsius.  

 

 

Figure 69 Comparison, all cases studied 
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Table 9 Summary of results in Abaqus 

Case 
Failure load 
            

Design Load 
             

        

         

A1 65 171 0.38 

A2 70 171 0.41 

A3 88 171 0.51 

A4 105 171 0.61 

A5 90 171 0.53 

A6 140 171 0.82 

A7 400 171 2.34 

A8 600 171 3.51 

A9 550 171 3.22 
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7 Discussion 

 

There were three main questions that were considered in this thesis, namely: 

 What is the state of art regarding the research and rules in this field? 

 What temperature on the trusses is likely to be achieved in this building during a fire in this 

compartment 

 Will the building go in to a progressive collapse when subjected to a fire on a specific area? 

The questions will be analyzed and discussed separately. 

What is the state of art regarding research and rules in this field? 

It is hard to summarize the state of art in this field, even though some essential rules, 

regulations, research and more have been presented. The field of study is vast and it is not so 

easy to summarize in the master thesis. It involves two large fields of practices, namely the fire 

engineering and the structural engineering. Numerous tests have been made in the earlier 

research regarding the structural elements’ behavior at elevated temperatures and these findings 

can now be used to evaluate complete structures with computer models using finite element 

methods. It is worth to mention that there are some full scale fire test done on a part of 

buildings, the most know Cardington tests (Usmani, et al., 2000).The improvement of 

computational fluid dynamics programs such as fire dynamics simulator in combination with 

the development in computational capacity of computers, it is now possible to simulate large 

fires in vast volumes in a time efficient way.  

Worth noting from the previous research is that the temperatures found in Prof. Olivier 

Vassart  (Veljovic & Uppfeldt, 2012) is that the temperature of the ceiling of different scenarios 

is not consistent with the temperatures presented in the nominal temperature-development 

curve. When looking at the results in this thesis, the temperature on the beam reached is about 

the same as Prof. Vassart has found as the temperature of the ceiling in his work. 

What temperature on the trusses is likely to be achieved in this building during a fire in this 

compartment?  
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In the approach used in this thesis the adiabatic surface temperature of the beam in a fire is 

considered as an appropriate measurement of the steel section’s temperature. This temperature 

is a combination of the surface temperature of the roof truss and the gas temperature in the fire 

plume. The temperature profile in the four cases that have been evaluated is shown in terms of 

time and space. No temperature distribution studies within the truss have been done. This is 

due to the conservative thought that the steel will have the same temperature as the adiabatic 

surface temperature and this temperature will be evenly spread in the heated section. This is 

obviously not true, but disregarding the effect of heating of the beam is a simplification on the 

safe side, due to the fact that steel is a good conductor and thus, the steel’s temperature should 

in reality be less than the adiabatic surface temperature. The fire load density is quite high in 

the model, but as mentioned earlier in the report, it is difficult to discretize this parameter into 

an actual fuel source. The highest temperature reached in this study, assuming that the shelves 

used would symbolizes combustible food, is about 450 degrees Celsius. A tendency after this 

temperature is that the fuel has burnt away and therefore the temperature will not be higher 

than this. This is a rather mild temperature due to the fact that most of the steel strength at this 

temperature is almost the same as at the room temperature. Worth noticing is that the highest 

heat release rate from the cases is about 200 MW which is comparable to a fire of a petrol tank 

truck. This kind of fire may not be a probable fire scenario for a grocery store, but even with 

this extremely high energy release rate, the temperature of the roof truss is rather small. 

For the large compartment evaluated in this study, the fire load density may not be of great 

importance. This has to do with the fact that this value does not take into account the 

properties such as flammability and geometry of the fuel, it only accounts for the total potential 

energy in that space. The important factor for the resistance of a member under fire is the 

highest temperature that could be achieved for that specific member and for how long this 

temperature is maintained. 

Will the building go into a progressive collapse when subjected to a fire on a specific area?  

The term progressive collapse is hard to quantify. It is relatively clear when looking in the rules, 

but the problem arises when analyzing a model. This study has focused on finding when three 

tusses, connected with each other via rods, that are assumed to represent the roof, will fail due 

to loss of integrity cause by the fire. The area chosen where the heat would act upon in the 

different cases is taken from the model proposed by the Swedish board of Housing, Building 
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and Planning regarding the rules of building. But only at one spot, not in numerous spots to 

evaluate the whole building’s resistance. It has been shown that in all the cases the structure will 

pass the requirement of progressive collapse. The affected area that will collapse due to the loss 

of integrity in one beam is lesser than the prescribed area that may collapse due to fire. This is a 

fairly easy conclusion to make though, so this is not necessary to discuss further. The main 

focus on this thesis is to find what forces a beam can withstand when exposed to an elevated 

temperature.The finding in this thesis regarding the strength of one beam that integrates with 

two others is shown in a summary in Table 9. 

It is clearly shown that the cases were the temperature in the field of the middle of the beam is 

850 degrees Celsius, in accordance to the nominal fire curve, will fail. When using another 

temperature, namely 450 degrees Celsius from FDS, all those cases could withstand the 

elevation of the temperature. One other observation from the cases presented in this report is 

that when using fuel that burns away, a travelling fire occurs and therefore the most affected 

area of the beam moves. This has the effect that the temperature development in the beam is 

not uniform and when a heated area loses its fuel source the temperature drops and the 

structural properties of the steel regains. 

One parameter that has been changed in the study is the cross section area of the rods, 

representing the roof, which connects the beams together. This area should represent the 

strength of screws connecting the sheeting to the truss. In these cases, a cross section area of 50 

mm2, 200 mm2 and 400mm2, where used. The impact, as shown in the comparative figure for 

the cases A1-A3, Figure 67, shows that with an increase in the nails, the strength of the beam 

increases. It does not increase that much though. By increasing the strength of the nails four 

times (from 50 mm2 to 200 mm2) the increase in the structural resistance is not more than 7,6 

%. By increasing it 8 times (to 400mm2), the increased structural resistance is found to be 35 % 

higher, so it seems to somewhat of an exponential relationship, but more studies on this matter 

is needed. One may stress though, that the 400mm2 cross section corresponds to a steel roof 

profile that has been pinned with two screws in every bottom of a profile that has a spacing of 

240 mm, so that the effect of this increased strength in the fasteners may not be economical. 

One crucial factor for a beam’s overall structural behavior is the support details, or more 

precisely, the boundary conditions of the truss. In reality, the boundary conditions of a truss 

cannot be neither simply supported nor fully fixed. A fully fixed beam can in many cases 
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withstand more loads than a simply supported one. There are difficulties creating a real support 

that is fully fixed and it may not even be economical in many cases. But to assess the impact of 

changing properties of the supports, this study has slightly changed some parameters of the 

supports. First the thickness of the endplate was varied and thereafter another, a more fully 

fixed support, was introduced into the model. By comparing A2 and A4-A6 in Figure 68 the 

effect of new boundary conditions can be seen.  It is obvious that by increasing the thickness of 

the endplate a new behavior of the truss is found. When increasing the thickness of the 

endplate so that it does no longer fail, another part of the beam must fail instead. Therefore 

either the middle part of the beam fails, or the profile near the support does, or even both. 

When comparing the results for the cases where the supports are fully fixed with the boundary 

condition that should represent the supports in accordance to the drawings, an increase by 

around 30 % of resistance can be found in both the cases studied (20mm and 50mm thickness 

of endplate). 

The overall comprehensive figure, Figure 69, where all the cases studied are presented, shows 

that none of the cases considered can withstand a temperature of 850 degrees. This is a rather 

simple conclusion, but nevertheless an important one.  If the nominal fire curve should be used 

to assess the integrity of the truss, even with altering the supports, it is clear that the R30 

demand is not met. 

It is worth noting that the trusses at hand are not designed to withstand a fire at all, they are 

designed so that the resistance in case of fire is R0. This is due to the fact that the affected area, 

if a single beam would fail due to elevated temperature, is smaller than the area prescribed in 

the advice to the regulations. If analyzing the structural data when exposed to the fire found 

from FDS the structure could with ease resists a fire that progressed over 30 minutes. Even 

though this cannot be used to say that the resistance of the structure is R30, in a sense it tells us 

that even in industry halls that are regarded as having no resistant to fire, it could survive for 

rather some time after that a fire occurred in the building. 

7.1 Discussion of the Method 

The fire area issued by the authorities is a simplification to assess the impact of a fire at 

different locations in a building. In this case only one such location has been chosen, namely 

solely in the middle of a beam. For a complete evaluation the whole building must be assessed, 
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but with the approach used in this study the effects of changing some parameters in crucial 

details, some conclusions could be found even though a full analysis of the whole building is 

not considered.  

When analyzing the integrity of the structure via this “heated effected area” with design loads, 

some effects that would not occur in the actual fire may appear. In an actual fire, the 

temperature distribution will not be as it is set to be in this study. Steel is a great conductor of 

heat and this will lead to a more even temperature distribution over the whole length of the 

beam than in the hand calculation model. Due to the fact that no temperature distribution 

calculation has been made, the temperature field will be constant over the whole loading step in 

the calculation. 

When using numerical tools based on computational fluid dynamics and finite element 

methods, it is always important to consider the validity of those models. The typical validity 

study of a model is to compare the model predictions with experimental data. Thereafter it is 

known whether the model can be used for the given application.  

As for the validation in the model in FDS, there are some boundaries of the program that 

needs to be considered. In the validation guide from the creators of the program it says: 

“Validation studies have shown that FDS predicts well the transport of heat and smoke when 
the HRR is prescribed. In such cases, minor changes in the properties of bounding surfaces do 
not have a significant impact on the results. However, when the HRR is not prescribed, but 
rather predicted by the model using the thermophysical properties of the fuels, the model 
output is sensitive to even minor changes in these properties.”(McDermott, McGrattan, 
Hostikka, & Floyd, 2010) 

In this study the thermophysical properties of the fuel predicts the fire spread and the 

temperature reached in within the compartment, so there are big uncertainties that need to be 

considered within the model. There are some difficulties using the approach that has been 

done in this study and the validation guide continues and states: 

“Although FDS simulations have been compared to actual and experimental large-scale fires, 
it is difficult to quantify the accuracy because of the uncertainty associated with material 
properties. Most quantified validation work associated with flame spread has been for small, 
laminar flames with length scales ranging from millimeters to a few centimeters.” 
(McDermott, McGrattan, Hostikka, & Floyd, 2010) 
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Even though these characteristics are hard to prescribe one may take data from earlier, validated 

work. In the model used for this thesis the characteristics of the fuel were taken from previous 

work from Dr. Xudong Cheng, see for example (Cheng, Sandström, Veljkovic, Wickström, & 

Heistermann, 2011) and altered in such a way that the fuel would represent groceries much like 

potato chips. Because of the uncertainty within the properties of the fuel the results given by 

FDS should not be taken as a precise manner but more as a hint on what temperatures that 

could be achieved. The validation guide continues on this matter: 

“For real wood products, it is unlikely that all of the necessary properties can be obtained 
easily. Thus, grid sensitivity and uncertain material properties make blind predictions of fire 
growth on real materials beyond the reach of the current version of the model. However, the 
model can still be used for a qualitative assessment of fire behavior as long as the uncertainty 
in the flame spread rate is recognized.” (McDermott, McGrattan, Hostikka, & Floyd, 2010) 

As for the model used in this case, the temperatures and flame spread are used in a more 

qualitative way. The most dominant factor of the temperature of a specific point in the FDS 

model is the geometry of the fuel, so a precise description of the fuel is in that essence not 

important. If the fuel would be stacked upon to each other so that the flame could spread 

upwards, a whole other temperature curve for the beam would be found, even with some 

alteration in the properties of the fuel. 

No grid-validation studies have been carried out due to the fact that if the grids were supposed 

to get smaller than they already are the computational time would be unnecessarily long. In the 

FDS calculation the exact temperature was not sought, therefore, the temperature of the beam 

should be recognized as just an estimation. Even though this is just an estimation, it is based 

upon previous work from Ph.D Xudong Cheng and when comparing the results from this study 

to Prof. Oliviere Vassart’s work regarding temperatures in ceilings depending on the height of 

the building it is in the same range. 

In Abaqus the structural data of steel used have quite extensive research behind it and this 

thesis have no means in questioning that data. The mesh used in the model is constructed in 

such way that some details, such as the endplate, have a higher mesh density than for example 

the diagonals in the truss. This is done both to save time for the calculation as well as not 

making the output files too large. The element size varies from 10- 20 mm and no grid 

sensitivity study has been carried out due to the fact that all the parts included in the model 

have a rather fine mesh, in aspect to the overall size of the model, which is checked 
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independently. Even with an evaluation of the mesh size in the model, the impact on the results 

with a finer mesh will not be more than a couple of percent at the most. This study has not the 

aim of finding the exact value of a failure so this, rather small, source of error can be 

disregarded. 

In this study the steel’s expansion factor has been disregarded. The only thing that happens in 

this study with the structure when undergoing heating in the model in Abaqus is that the 

structural properties of steel are reduced. In a sense this is to disregard a quite crucial factor in 

the steel’s behavior when undergoing heating, but the effect of the forces that are created when 

the steel expands is far less than the forces created by the loading. In further studies the effects 

of this heating should be taken into account though, because it could have impact on the 

design of supports, for example. One may first introduce the load and then the heating in a 

predescribed way or one may use elements that both have mechanical degrees of freedom as 

well as temperature degrees of freedom.  

7.2 Continued Research 

In the continued research one could make more realistic model of a  roof into account. This 

thesis has merely substituted the forces that interconnect the structure with rods and in the 

future one may model this roof with actual fasteners and sheeting to get the whole structural 

behavior of the building. One thing that came up when working with the model in Abaqus was 

that one could model the fasteners using spring elements that are connect to the beam 

elements, rods. In such way a more accurate estimation of the fasteners may have been possible 

to make. 

This thesis only deals with three interconnected beams and not the entire structure. In further 

studies maybe the whole building could be analyzed instead. The degree of roughness in the 

model is a crucial factor. Maybe an approach using only beam elements may have been a more 

efficient way of analyzing the whole structure, but then the details in for example supports and 

fasteners and such cannot be integrated in the model. One has to know what phenomenon that 

should be addressed and sought after and then creating the model. 

The interconnection to CFD and FE modeling could be better. There are studies that have 

been made for this type of interconnection but the approximation and estimation of the 
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overlap in the models are not easy to make. Some integrated design procedure, in terms of fire 

design, could be presented.  

Validation studies on what kind of temperatures that could arise in a building of this size 

should be done in order to get a good comparison to the results from FDS. 

One crucial part of the truss behavior that has been neglected in this thesis is the expansion of 

the steel at elevated temperatures. This effect should be implemented in further studies in order 

to find a more realistic failure criterion. 

A design guideline should be made, so that the difference in interpretation of the rules cannot 

take a place. This is not an easy task, but a guideline would have benefits to all stakeholders. 

Such guideline should have the basis in several case studies to gain the approval from the 

researcher’s community as well as the authorities.   
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8 Conclusions 

In this work it has been shown that: 

 The temperature field in the bottom member of the studied truss, when the fuel used is 

discretized into shelves that represents combustible food, is no more than 450 degrees 

Celsius. The use of fuel that burns away and travels show that the highest temperature 

of the main truss moves with the fire and is not, as presented in the advice to the 

regulation, constant over the same area. 

 In all cases studied, when using the nominal fire curve as an input for the temperature 

in FEA, none of the cases could withstand the design load. This is not hard to see 

because in that temperature level almost all the structural ability in steel has 

disappeared. Worth pointing out is that the trusses studied are not designed to 

withstand a fire at all (R0). 

 When taking into account, the natural fire scenario e.g. the traveling fire as well as the 

temperature development when using an actual fuel instead of the nominal fire curve, 

the structural ability of the truss is far greater. In the cases when using 450 degrees 

Celsius instead of the 850 degrees from the nominal fire curve, every case studied could 

withstand the elevated temperature. Even though the structure is not designed to 

withstand a fire in the sense that is prescribed in the regulations; it could withstand the 

fire described in this report.  
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Appendix 1, Load combination calculation 

 

Prerequisites given in the drawings of the building 
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Design loads in ultimate state 
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Appendix 2, Material Properties of steel used in Abaqus 

Reduction factors, elevated temperatures 

Table 10 Data used in Abaqus (European Committee for Standardization, 2005) 

                        

20 1 1 1 

100 1 1 1 

200 1 0.81 0.90 

300 1 0.61 0.80 

400 1 0.42 0.70 

500 0.78 0.36 0.60 

600 0.47 0.18 0.31 

700 0.23 0.08 0.13 

800 0.11 0.05 0.09 

900 0.06 0.04 0.07 

1000 0.04 0.03 0.05 

1100 0.02 0.01 0.02 

1200 0 0.00 0.00 

 
 

 
Figure 70 Reduction factors for steel 
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Specific heat, elevated temperatures 

 

Table 11 Specific heat  

                                

20 439.80  

 
Figure 71 Specific heat 
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Thermal Conductivity 

The thermal conductivity is calculated from eurocode 1992-1-2 (European Committee for 

Standardization, 2005)  

Table 12 Thermal conductivity 

                       

 
 

  
  

20 53.334 

800 27.36 

800 27.3 

1200 27.3 

 

 

Figure 72 Thermal conductivity used in the model 
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Elasticity and Plasticity 

The elasticity and plasticity are calculated in the manner presented in chapter 3 Theory. It is 

worth noting is that the highest plastic strain possible that has been used in the model is 80 %. 

Obviously this is not true for actual steel, but this high strain is used to ensure that no 

numerical errors occur in the model.  

 
 

Table 13 Elasticity data used in Abaqus 

         
         

      

           
      

         

210 000 0.3 20 

210 000 0.3 100 

189 000 0.3 200 

168 000 0.3 300 

147 000 0.3 400 

126 000 0.3 500 

65 100 0.3 600 

27 300 0.3 700 

18 900 0.3 800 

14 175 0.3 900 

9 450 0.3 1000 

4 725 0.3 1100 

0.01 0.3 1200 
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Table 14 Plasticity data used in Abaqus 

             
       

         
       

         

355.6001 0 20 

356.9001 0.003639 20 

358.2001 0.007268 20 

359.5 0.010885 20 

360.8 0.014488 20 

362.1 0.018078 20 

369.2 0.037463 20 

532.5 0.402929 20 

355.6001 0 100 

356.9001 0.00291 100 

358.2001 0.006537 100 

359.5 0.010151 100 

360.8 0.013752 100 

362.1 0.017339 100 

369.2 0.036709 100 

532.5 0.401843 100 

286.9193 0 200 

328.7543 0.002963 200 

344.0619 0.006529 200 

353.5674 0.010122 200 

359.3526 0.013727 200 

362.1 0.017339 200 

369.2 0.036709 200 

408.25 0.136985 200 

286.9193 0 300 

328.7543 0.002963 300 

344.0619 0.006529 300 

353.5674 0.010122 300 

359.3526 0.013727 300 

362.1 0.017339 300 

369.2 0.036709 300 

532.5 0.401843 300 

149.2512 0 400 

267.5481 0.00298 400 

313.2487 0.006441 400 

340.6205 0.010012 400 

356.1882 0.01365 400 

362.1 0.017339 400 

369.2 0.036709 400 

532.5 0.401843 400 

127.9296 0 500 

214.4158 0.003341 500 

 

              
      

         
       

         

247.2255 0.00689 500 

266.8982 0.010514 500 

278.122 0.014181 500 

282.438 0.017881 500 

415.35 0.40264 500 

63.96272 0 600 

122.6417 0.00394 600 

145.6561 0.007561 600 

159.4308 0.011232 600 

167.2472 0.014929 600 

170.187 0.018645 600 

250.275 0.403763 600 

26.65097 0 700 

57.419 0.004378 700 

69.95793 0.008073 700 

77.4632 0.011787 700 

81.7089 0.015509 700 

83.283 0.019236 700 

122.475 0.404632 700 

17.76667 0 800 

30.14905 0.004535 800 

34.82018 0.00829 800 

37.62025 0.012044 800 

39.21736 0.015791 800 

39.831 0.019532 800 

58.575 0.405067 800 

13.325 0 900 

18.09425 0.004617 900 

19.82233 0.008392 900 

20.86798 0.012158 900 

21.47581 0.015912 900 

21.726 0.019655 900 

31.95 0.405248 900 

8.883335 0 1000 

12.06283 0.004658 1000 

13.21489 0.008437 1000 

13.91199 0.012205 1000 

14.31721 0.015961 1000 

14.484 0.019704 1000 

21.3 0.40532 1000 

4.441667 0 1100 

6.031417 0.004699 1100 
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6.955993 0.012252 1100 

7.158605 0.01601 1100 

7.242 0.019753 1100 

10.65 0.405393 1100 
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Appendix 3, FDS Input file 

&HEAD CHID='Tornby',TITLE='Fire in ICA supermarket'  / 

&TIME T_END=2000.0/ 

&DUMP RENDER_FILE='ICA.ge1', NFRAMES=1500, 

PLOT3D_QUANTITY(1:2)='TEMPERATURE', 'HRRPUV' / 

 

///MESH/// 

&MESH ID='5',IJK=50,160,30,XB=15,25,-1,31,0,6/ 

&MESH ID='6',IJK=50,160,20,XB=15,25,-1,31,6,10/ 

&MESH ID='7',IJK=50,150,30,XB=15,25,31,61,0,6/ 

&MESH ID='8',IJK=50,150,20,XB=15,25,31,61,6,10/ 

&MESH ID='9',IJK=50,160,30,XB=25,35,-1,31,0,6/ 

&MESH ID='10',IJK=50,160,20,XB=25,35,-1,31,6,10/ 

&MESH ID='11',IJK=50,150,30,XB=25,35,31,61,0,6/ 

&MESH ID='12',IJK=50,150,20,XB=25,35,31,61,6,10/ 

&MESH ID='13',IJK=50,160,30,XB=35,45,-1,31,0,6/ 

&MESH ID='14',IJK=50,160,20,XB=35,45,-1,31,6,10/ 

&MESH ID='15',IJK=50,150,30,XB=35,45,31,61,0,6/ 

&MESH ID='16',IJK=50,150,20,XB=35,45,31,61,6,10/ 

&MESH ID='1',IJK=40,80,15,XB=-1,15,-1,31,0,6/ 

&MESH ID='2',IJK=40,80,10,XB=-1,15,-1,31,6,10/ 

&MESH ID='3',IJK=40,75,15,XB=-1,15,31,61,0,6/ 

&MESH ID='4',IJK=40,75,10,XB=-1,15,31,61,6,10/ 

&MESH ID='17',IJK=30,80,15,XB=45,57,-1,31,0,6/ 

&MESH ID='18',IJK=30,80,10,XB=45,57,-1,31,6,10/ 

&MESH ID='19',IJK=30,75,15,XB=45,57,31,61,0,6/ 

&MESH ID='20',IJK=30,75,10,XB=45,57,31,61,6,10/ 

&MESH ID='21',IJK=40,80,15,XB=57,73,-1,31,0,6/ 

&MESH ID='22',IJK=40,80,10,XB=57,73,-1,31,6,10/ 

&MESH ID='23',IJK=40,75,15,XB=57,73,31,61,0,6/ 

&MESH ID='24',IJK=40,75,10,XB=57,73,31,61,6,10/ 
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///MATERIAL/// 

&REAC ID         = 'POLYURETHANE' 

      SOOT_YIELD = 0.01 

      N          = 1.0 

      C          = 6.3 

      H          = 7.1 

      O          = 2.1 / 

 

&SURF ID = 'BURNER', HRRPUA=200, COLOR='RED', RAMP_Q='fireramp1' / 

&RAMP ID='fireramp1', T=0.0, F=1.0 /   

&RAMP ID='fireramp1', T=150.0, F=1.0 /  

&RAMP ID='fireramp1', T=200.0, F=0.0 / 

 

&MATL ID            = 'CONCRETE'                                                                     

      FYI           = 'Quintiere, Fire Behavior' 

      EMISSIVITY    = 0.85                                                     

      SPECIFIC_HEAT = 0.95                                                                           

      DENSITY       = 2100.                                                                          

      CONDUCTIVITY  = 2.0 /                                                                          

 

&MATL ID   = 'STEEL'                                                         

      FYI  = 'Quintiere, Fire Behavior'                                      

      EMISSIVITY  = 0.8                                                             

      DENSITY   = 7850.                                                           

      CONDUCTIVITY   = 45.8                                                            

      SPECIFIC_HEAT  = 0.46 /                   

 

&MATL ID                      = 'SPRUCE'                                                                   

      EMISSIVITY              = 0.9                                                     

      SPECIFIC_HEAT          = 1.3                                                                                                                                                   

      CONDUCTIVITY  = 0.2 

      DENSITY  = 120. 
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      HEAT_OF_COMBUSTION = 20000. /  

 

&SURF ID         = 'FUEL'                                                                                                                            

      MATL_ID    = 'SPRUCE' 

      COLOR    = 'MELON' 

      BURN_AWAY = .TRUE.                                                                   

      THICKNESS = 0.05 

      HRRPUA =120. 

      IGNITION_TEMPERATURE=300. 

      RAMP_Q='fireramp' /  

 

&RAMP ID='fireramp', T=0.0, F=0.0 /   

&RAMP ID='fireramp', T=5.0, F=0.1 /   

&RAMP ID='fireramp', T=15.0, F=0.5 /  

&RAMP ID='fireramp', T=25.0, F=0.9 / 

&RAMP ID='fireramp', T=30.0, F=1.0 / 

&RAMP ID='fireramp', T=4000.0, F=1.0 / 

 

&SURF ID        = 'CONCRETE WALL'                                                                                                                            

      MATL_ID   = 'CONCRETE'   

      BACKING    = 'EXPOSED'                                                                  

      THICKNESS = 0.20 /                     

 

&SURF ID        = 'STEEL METAL' 

      MATL_ID   = 'STEEL' 

      BACKING   = 'EXPOSED' 

      THICKNESS = 0.005 / 

 

&SURF ID        = 'COLUMN' 

      MATL_ID   = 'STEEL','CONCRETE' 

      BACKING   = 'EXPOSED' 

      THICKNESS = 0.02,0.18 / 
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///BURNER/// 

 

&OBST XB=30.15,30.35,26.96,27.16,0.00,0.20, SURF_ID='BURNER', DEVC_ID='TIMER'/ 

ignition  

&DEVC XYZ=0,0,0, ID='TIMER',SETPOINT=210, QUANTITY='TIME', 

INITIAL_STATE=.TRUE./ 

 

///BUILDING/// 

&OBST XB=0.20,72.4,0.20,58.6,0.00,0.0, RGB= 

128,128,0, SURF_ID='CONCRETE WALL'/ floor 

&OBST XB=0.20,72.4,0.20,0.20,0.00,9.2,RGB= 

128,128,0, SURF_ID='CONCRETE WALL'/ wall 

&OBST XB=0.20,72.4,58.6,58.6,0.00,9.2,RGB= 

128,128,0, SURF_ID='CONCRETE WALL'/ wall 

&OBST XB=0.20,0.20,0.20,58.6,4.00,9.2,RGB= 

128,128,0, SURF_ID='CONCRETE WALL'/ wall 

&OBST XB=72.4,72.4,0.20,58.6,4.00,9.2,RGB= 

128,128,0, SURF_ID='CONCRETE WALL'/ wall 

 

&OBST XB=0.20,72.4,00.20,58.6,9.2,9.2,RGB=128,256,256, 

TRANSPARENCY=0.50,SURF_ID='CONCRETE WALL'/ ceiling 

 

&HOLE XB= 36.00,48.00, -0.40,0.40,0.0,2.80/ Entré 

&HOLE XB= 58.40,62.00, 24.00,35.20,8.6,9.4/ Hole roof 

 

 

 

 

 

 

 



 

97 

///SHELVES/// (just one shelf presented here, in the actual FDS file there is 9 shelves) 

 

/Shelf1/ 

/fuel1/ 

&OBST XB=26.35,28.15,24.66,25.26,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.66,25.26,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.66,25.26,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=32.35,33.95,24.66,25.26,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=26.35,28.15,24.66,25.26,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.66,25.26,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.66,25.26,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=32.35,33.95,24.66,25.26,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=26.35,28.15,24.66,25.26,1.2,1.6,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.66,25.26,1.2,1.6,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.66,25.26,1.2,1.6,SURF_ID='FUEL' / Fuel 

&OBST XB=32.35,33.95,24.66,25.26,1.2,1.6,SURF_ID='FUEL' / Fuel 

&OBST XB=26.35,28.15,24.66,25.26,1.8,2.2,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.66,25.26,1.8,2.2,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.66,25.26,1.8,2.2,SURF_ID='FUEL' / Fuel 

&OBST XB=32.35,33.95,24.66,25.26,1.8,2.2,SURF_ID='FUEL' / Fuel 

/fuel2/ 

&OBST XB=26.35,28.15,24.06,24.66,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.06,24.66,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.06,24.66,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=32.35,33.95,24.06,24.66,0,0.4,SURF_ID='FUEL' / Fuel 

&OBST XB=26.35,28.15,24.06,24.66,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.06,24.66,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.06,24.66,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=32.35,33.95,24.06,24.66,0.6,1,SURF_ID='FUEL' / Fuel 

&OBST XB=26.35,28.15,24.06,24.66,1.2,1.6,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.06,24.66,1.2,1.6,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.06,24.66,1.2,1.6,SURF_ID='FUEL' / Fuel 
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&OBST XB=32.35,33.95,24.06,24.66,1.2,1.6,SURF_ID='FUEL' / Fuel 

&OBST XB=26.35,28.15,24.06,24.66,1.8,2.2,SURF_ID='FUEL' / Fuel 

&OBST XB=28.35,30.15,24.06,24.66,1.8,2.2,SURF_ID='FUEL' / Fuel 

&OBST XB=30.35,32.15,24.06,24.66,1.8,2.2,SURF_ID='FUEL' / Fuel 

&OBST XB=32.35,33.95,24.06,24.66,1.8,2.2,SURF_ID='FUEL' / Fuel 

/SHELF/ 

&OBST XB= 26.15,34.15,24.66,24.66,0,0.2, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.66,24.66,0.4,0.8, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.66,24.66,1,1.4, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.66,24.66,1.6,2, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.66,24.66,2.2,2.4, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,26.15,24.06,25.26,0,2.4, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 34.15,34.15,24.06,25.26,0,2.4, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.06,24.26,0.6,0.6, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.46,24.86,0.6,0.6, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,25.06,25.26,0.6,0.6, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.06,24.26,1.2,1.2, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.46,24.86,1.2,1.2, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,25.06,25.26,1.2,1.2, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  
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&OBST XB= 26.15,34.15,24.06,24.26,1.8,1.8, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,24.46,24.86,1.8,1.8, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

&OBST XB= 26.15,34.15,25.06,25.26,1.8,1.8, RGB=128,128,256,  SURF_ID='STEEL 

METAL'/  

 

///BOUNDARY CONDITIONS/// 

&VENT MB='XMIN', SURF_ID='OPEN' / 

&VENT MB='XMAX', SURF_ID='OPEN' / 

&VENT MB='YMIN', SURF_ID='OPEN' / 

&VENT MB='YMAX', SURF_ID='OPEN' / 

&VENT MB='ZMIN', SURF_ID='OPEN' / 

&VENT MB='ZMAX', SURF_ID='OPEN' / 

 

/////OUTPUT////// 

//ADIABATIC SURFACE TEMPERATURE// 

//BEAM// 

&OBST XB=28.0,28.0,16.0,48.00,7.6,7.8, RGB=105,105,105, SURF_ID='CONCRETE 

WALL'/ "Beam" 

&OBST XB=28.0,28.0,16.0,48.00,8.8,9.0, RGB=105,105,105, SURF_ID='CONCRETE 

WALL'/ "Beam" 

&OBST XB=27.8,28.2,16.0,48.00,7.6,7.6, RGB=105,105,105, SURF_ID='CONCRETE 

WALL'/ "Beam" 

 

&DEVC XYZ=28.0,16.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y16.4negativz undre'/ 

&DEVC XYZ=28.0,18.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y18.4negativz undre'/ 

&DEVC XYZ=28.0,20.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y20.4negativz undre'/ 
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&DEVC XYZ=28.0,22.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y22.4negativz undre'/ 

&DEVC XYZ=28.0,24.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y24.4negativz undre'/ 

&DEVC XYZ=28.0,26.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y26.4negativz undre'/ 

&DEVC XYZ=28.0,28.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y28.4negativz undre'/ 

&DEVC XYZ=28.0,30.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y30.4negativz undre'/ 

&DEVC XYZ=28.0,32.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y32.4negativz undre'/ 

&DEVC XYZ=28.0,34.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y34.4negativz undre'/ 

&DEVC XYZ=28.0,36.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y36.4negativz undre'/ 

&DEVC XYZ=28.0,38.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y38.4negativz undre'/ 

&DEVC XYZ=28.0,40.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y40.4negativz undre'/ 

&DEVC XYZ=28.0,42.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y42.4negativz undre'/ 

&DEVC XYZ=28.0,44.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y44.4negativz undre'/ 

&DEVC XYZ=28.0,46.4,7.6, IOR=-3,QUANTITY='ADIABATIC SURFACE 

TEMPERATURE',ID='xz28-7.6 y46.4negativz undre'/ 

 

&BNDF QUANTITY='WALL TEMPERATURE' / 

&SLCF PBY=8, QUANTITY='TEMPERATURE' / 

&SLCF PBY=8, QUANTITY='VISIBILITY' / 

&SLCF PBY=14, QUANTITY='TEMPERATURE' / 

&SLCF PBY=14, QUANTITY='VISIBILITY' / 
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&SLCF PBY=20, QUANTITY='TEMPERATURE' / 

&SLCF PBY=20, QUANTITY='VISIBILITY' / 

 

&SLCF PBY=26, QUANTITY='TEMPERATURE' / 

&SLCF PBY=26, QUANTITY='VISIBILITY' / 

 

&SLCF PBY=27, QUANTITY='TEMPERATURE' / 

&SLCF PBY=27, QUANTITY='VISIBILITY' / 

 

&SLCF PBY=32, QUANTITY='TEMPERATURE' / 

&SLCF PBY=32, QUANTITY='VISIBILITY' / 

 

&SLCF PBX=8, QUANTITY='TEMPERATURE' / 

&SLCF PBX=8, QUANTITY='VISIBILITY' / 

 

&SLCF PBX=14, QUANTITY='TEMPERATURE' / 

&SLCF PBX=14, QUANTITY='VISIBILITY' / 

 

&SLCF PBX=20.2, QUANTITY='TEMPERATURE' / 

&SLCF PBX=20.2, QUANTITY='VISIBILITY' / 

 

&SLCF PBX=26, QUANTITY='TEMPERATURE' / 

&SLCF PBX=26, QUANTITY='VISIBILITY' / 

 

&SLCF PBX=30.15, QUANTITY='TEMPERATURE' / 

&SLCF PBX=30.15, QUANTITY='VISIBILITY' / 

 

&SLCF PBX=32, QUANTITY='TEMPERATURE' / 

&SLCF PBX=32, QUANTITY='VISIBILITY' / 

 

 

&TAIL / 


