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Abstract 

This thesis studies fire safety in multi-storey apartment timber buildings. The use of timber 

in buildings is discussed, growth of fires and the behaviour of wood in fire. The difference 

between passive and active fire protection is explained. The regulatory environment 

regarding the use of wood as construction material in the Nordic countries is introduced 

and a comparison between the building regulations in the Nordic countries regarding fire 

safety design. The difference between prescriptive regulations and performance-based 

design is explained.  

The origin and development of the Fire Risk Index Method for Multi-storey Apartment 

Buildings (FRIM-MAB) is discussed and there is a review of the literature about the topic. 

Also the FRIM-MAB method is explained; how the method can be used in various design 

stages and finally a discussion on the limitations of the method.  

In the case study the FRIM-MAB method is applied to a reference object which is a 6 

storey apartment building of reinforced concrete. Five design alternatives for the building 

are assumed where the load bearing structure of the building is a timber-frame and then a 

timber-facade is added and some measures of active fire protection. For comparison the 

index method is also applied according to the prescriptive part of the Icelandic building 

regulation.  

Finally environmental aspects of timber are discussed. Literature which compares the 

environmental impact of timber to other building materials is reviewed.  The carbon 

footprint of timber is discussed as well as carbon emission from fire in relation to risk 

factors and fire hazards.  

 





 

Útdráttur 

Þetta verkefni fjallar um brunaöryggi í fjölbýlishúsum með burðarvirki úr timbri. Notkun 

timburs sem byggingarefni er rædd, brunavöxtur og hegðun timburs í bruna. Fjallað eru um 

muninn á passífum og aktífum brunavörnum. Regluverkið í kringum notkun timburs sem 

byggingarefnis á Norðurlöndunum er kynnt og bornir eru saman þeir hlutar 

byggingarreglugerða Norðurlandanna sem snúa að brunahönnun. 

Fjallað er um uppruna og þróun Fire Risk Index Method for Multi-storey Apartment 

Buildings eða FRIM-MAB aðferðarinnar. Þá er fjallað um efni sem skrifað hefur verið um 

þessa aðferð. Auk þess er FRIM-MAB aðferðin kynnt, útskýrt hvernig hún er notuð, fjallað 

um hvernig má nota hana á öllum stigum hönnunar og að lokum er aðeins fjallað um galla 

og takmörk sem upp geta komið við notkun hennar. 

Tekið er dæmi og FRIM-MAB aðferðinni beitt á fjölbýlishús sem stendur í Reykjavík. 

Þetta fjölbýlishús er úr járnbentri steinsteypu en það var notað og búin til 5 ímynduð dæmi 

til viðbótar þar sem burðarvirki hússins er timburrammi, auk þess er bætt við 

timburklæðningu og aktífum brunavörnum. Til samanburðar er FRIM-MAB  aðferðinni 

einnig beitt miðað við íslenska byggingarreglugerð.  

Að lokum eru umhverfisþættir timburs sem byggingarefnis skoðaðir. Farið er yfir vinnu 

sem þegar hefur verið unnin þar sem bornir eru saman umhverfisþættir timburs sem 

byggingarefnis við önnur byggingarefni svo sem steinsteypu og stál. Fjallað er um 

kolefnisspor timburs og hvernig taka þarf tillit til öryggis- og áhættuþátta þegar 

kolefnislosun timburs í byggingum er notuð í umhverfisgreiningum svo sem 

vistferilsgreiningu. 
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1 Introduction 

During the last years the trend in a great part of the world has been to introduce 

performance-based building regulations instead of the detailed regulations used earlier. But 

what is the difference between these two concepts? What is the basis for fire regulations in 

general in regard to the use of timber in buildings? Where do Icelandic regulations stand in 

comparison with regulations in the other Nordic countries regarding the use of timber in 

buildings? 

New possibilities to build multi-storey timber buildings are based on new knowledge for 

fire safety design. Performance based building regulations have lead to the possibility of a 

wider use of timber-structures. It is difficult to compare the fire risk in a building of non-

combustible frame and a timber-frame building. The risks are based on a large number of 

different factors. Therefore the need to compare fire safety in timber-framed buildings to 

other types of buildings arose. No convenient method was available so a new fire risk 

assessment technique was developed in 2002, an index method that can be used to rank 

different buildings with respect to fire risk. This method is called the Fire Risk Index 

Method for Multi-storey Apartment Buildings (FRIM-MAB). In this work the feasibility of 

multi-storey timber framed buildings is investigated. A case study building, an existing 6 

storey reinforced concrete apartment building, is re-conceived as a timber building. The 

fire safety of the two buildings is compared with the FIRM-MAB method. 

The goal of this project is to show that timber-frame structures can compete with other 

materials and be a reasonable option for up to 8 storey buildings. There is no tradition for 

multi-story timber buildings in Iceland but the other Nordic countries are well underway, 

apartment buildings have mostly been constructed but also offices and industrial buildings.  

Timber has been used as a construction material from the dawn of civilization because of 

its abundance. During recent years timber has been reintroduced as a sustainable solution 

to reach environmental goals. But how does timber stand in comparison to concrete? 

Because the timber has to be transported a long way to Iceland, is the environmental 

impact of timber as building material less than for concrete? 

This report will present work that has been conducted in recent years to promote the use of 

timber as load bearing material in multi-storey apartment buildings. The goal is to show 

how the fire safety in such buildings can be evaluated using a relatively simple 

methodology and to compare timber to other load bearing materials.  
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2 The use of timber in buildings 

All building materials are vulnerable to fire and each building material has its weakness. 

Timber is combustible, steel can buckle in severe heat and brick and stone can flake and 

disintegrate. Each mainstream method of construction has its strength and benefits as well 

as disadvantages. Both the advantages as well as disadvantages of timber in buildings, 

regarding fire safety, will be discussed in the following chapter. What is the difference 

between active and passive fire protection? What is the Nordic Wood project and do timber 

buildings even last in the harsh Icelandic climate? The following chapter will hopefully 

provide answers to these questions. 

2.1 Examples of timber buildings in Iceland 

For the last decades, when timber has been used as the main building material in buildings 

in Iceland, it has been in single family houses and small cottages. Glulam beams have also 

been widely used in industrial buildings and some sport halls.  

Most of the timber which is used in Iceland is imported from neighbouring countries like 

Finland and Norway, also the Baltic countries mainly Estonia and Lithuania. Examples of 

timber structures in Iceland which have a long tradition are the timber churches which have 

been built through the centuries and are probably a heritage from the Norwegian churches 

“stavkirke”. Here are examples of some of these churches in Iceland with the year they 

were built in the brackets: Fríkirkjan í Reykjavik (1903), Húsavíkurkirkja (1907), 

Möðruvallakirkja (1847) Grundarkrikja (1905), Blönduóskirkja (1895), Prestbakkakirkja in 

Síða (1858) and Grafarkirkja in Höfðaströnd (1680). (Stefánsson, 2000)   

 

Figure 2.1: Fríkirkjan í Reykjavik, a 

timber church built in 1903.  

 

Figure 2.2: Grundarkirkja in Eyjafjörður, 

a timber church built in 1905. 

There are also other kinds of timber structures around Iceland that have aged very well. In 

Reykjavik there are buildings such as: Hafnarstræti 1-3 (1904), Hafnarstræti 4 (1907), 

Tjarnargata 22 (1906), Tjarnargata 33 (1908), Tjarnargata 40 (1908), Miðbæjarskólinn 

(1898), Menntaskólinn í Reykjavík (1846), Landshöfðingjahúsið við Skálholtsstíg (1902), 

Bjarnaborg (1902), Iðnó (1896), Gamli Iðnskólinn í Reykjavík (1906) and Fríkirkjuvegur 
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11 (1908). Outside of Reykjavik there is for example Menntaskólinn á Akureyri. 

(Stefánsson, 2000)   

 

Figure 2.3: Bjarnaborg, a residential 

timber building in Reykjavik built in 1902.  

 

Figure 2.4: Menntaskólinn í Reykjavík, a 

school built in 1846. 

These examples show that timber buildings can last well in Icelandic climate. 

2.2 General on timber buildings 

When designing a building, features such as load bearing capacity, stability, fire safety, 

thermal and acoustic comfort are all included. The advantages of timber as a construction 

material are its abundance, high ratios of stiffness and strength to weight and it is relatively 

simple to shape it. Fire requirements and soundproofing usually interact. Wood structures 

with high acoustic qualities have been built in recent years. The airborne sounds are rarely 

a problem in timber buildings but impact sounds pose a bigger obstacle. “Good impact 

sound insulation has been achieved even at frequencies below 100 Hz, which is mandatory 

in Sweden. The good acoustic performance has been verified both by measurement and 

through interviews with residents of the apartment buildings.” (Östman, et al., 2011, p. 8) 

In spite of this statement a common criticism regarding timber-frame buildings are 

problems with sound insulation. Timber-frame buildings have many advantages over the 

customary concrete houses. They are lighter so there is less load on their supports. The 

light weight should also be an advantage where building material has to be transported a 

long way. Timber buildings are dry when built opposed to concrete buildings, it takes a 

long time for the moist from the concrete to dry out hence the construction time of timber 

buildings is shorter.  

Some of the main features for fire safety in timber buildings are fire stops inside the 

construction, supervision of the construction work and maintenance planning. Because 

constructing a timber-frame building consists of a combination many different materials 

the assembling is very important so that performance functions are fulfilled. Therefore 

proper execution and monitoring are required during the construction period. Fire 

management must be practised on building sites like the monitoring of hot work, 

controlling interaction of heat sources and fuels, and banning smoking. A fire safety plan 

should be a part of the overall quality management of the building site and should be 

reviewed regularly.    
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Wood is a combustible material which burns on the surface and releases energy and thus 

contributes to fire propagation and the development of smoke in case of fire. The 

combustibility of wood is one of the main reasons why most building codes limit the use of 

timber as a building material. Adequate fire safety is one of the main preconditions for an 

increased use of timber in buildings. Because of new fire design concepts and models, 

better knowledge in fire design of timber structures, technical measures like sprinkler and 

smoke detection systems and well equipped fire brigades, many countries have started 

revising fire regulations that extend the use of timber.  

...a maximum of eight storeys is often used as a practical and economic 

limit for the use of timber structures. This limit may be higher for 

facades, linings and floorings since these applications may also be used 

in, for example, concrete structures. (Östman, et al., 2010, p. 13) 

2.3 The Nordic Wood project 

For a long period of time timber-frame structures  and wood-facades were used to a very 

limited extent in multi-storey buildings in the Nordic countries. The main reason has of 

course been the bad experiences from fires in these types of buildings over the years. The 

Nordic countries have been leading in the extended use of timber in multi-storey and larger 

buildings for the last two decades. 

Since the late 1990s a number of multi-storey apartment buildings using timber as load 

bearing material have been constructed in the Nordic countries. The main reason why such 

buildings have not been allowed earlier by the authorities is due to fire risk. The wood 

industry and wood testing laboratories in the Nordic countries have been co-operating 

within the Nordic Wood program and the aim has been to develop construction 

methodologies that diminish the fire risk in timber-frame multi-storey buildings. As a part 

of that work a Nordic handbook on fire safety design of timber buildings Brandsäkra 

trähus was first published in 1999, an extended version in 2002 and a new version has just 

been published. For short, Nordic Wood is a research and development program initiated 

by the Nordic Industrial Fund and financed by the Nordic wood industry. The main aim of 

the program, since it started in 1993, has been to consolidate the position of wood as a 

construction material, especially in multi-storey buildings. The development of the Fire 

Risk Index Method for Multi-storey Apartment Buildings is the Swedish part of the project 

Risk Evaluation, a sub-project to the Nordic Wood project Fire-safe Wooden Houses. The 

project, led by Lund University in Sweden, had the objective of producing a simple fire 

risk index method possible to apply to both combustible and non-combustible buildings. 

(Karlsson, 2002) 

2.4 Growth of fires 

Two different stages of fire development should be considered in the fire safety design of 

buildings in relation to life safety and structural stability. The first stage is the initial fire or 

fire-up stage, often called the pre-flashover fire, where the focus is on life safety. Fire in 

the first stage depends on the availability of combustible materials in the room like 

furniture and decor. But a combustible wall and roof can also contribute to the progression 

of the fire. Furniture and decor are not subjected to building regulations but surface and 

linings usually are. The time to flashover in a room is often only a few minutes. Flashover 
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is where all unprotected combustible material burns. The second stage begins after 

flashover and is called the fully developed fire, where the design focus is on structural 

stability. In the fully developed fire the temperature is in the range of 800-900°C. In this 

stage the performance of the load-bearing and separating structures is critical in order to 

limit the fire to the compartment of origin. (Östman, et al., 2002)  

 

Figure 2.5: A room fire. The pre-flashover fire depends on the availability of combustible 

material in the room and the properties of surface linings. During the fully developed fire 

the temperature is 700-1200°C and the load bearing and separating structures are 

important to limit the fire to the room of origin. (Östman, 2004) 

The cooling phase begins when all combustible material in the room has been incinerated. 

However after ignition fires can; grow rapidly, slowly, or self-extinguish, depending on the 

type and amount of combustible material and their vicinity to the ignition source and the 

geometry, dimensions and ventilation of the room. The contents of a building are the main 

source for fire load. The energy from the structural elements is usually released more 

slowly. The reasons for that can be the characteristics of the combustible building elements 

or because they are protected for defined periods. The combustion process releases energy, 

gases and smoke. Gases and smoke are the reasons for approximately 70% of all fire 

fatalities. Heat, however, is the primary reason for damage to the structures of a building 

because the mechanical and thermal properties of building materials change with 

increasing temperatures. (Östman, et al., 2010) 

Evacuation from the fire room should be finished early in the course of fire. Hot gases are 

in the upper part of the room and fresh air closer to the floor. Evacuation has to be finished 

before the combustion gases reach a temperature of 175-200°C which corresponds to 

radiation intensity of 2.5 kW/m
2
 to the floor and about 80°C. The gas layer should also be 
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about 2 m above the floor for save evacuation.  At flashover the temperature in the upper 

gas layer is about 500-600°C and the radiation level on the floor 15-20kW/m
2
. (Östman, et 

al., 2002) 

Fire load is a measure of the total energy released by combustion of all the combustible 

material in the enclosure. (Karlsson & Quintiere, 2000) Thus the energy of the structural 

building elements and the energy of the contents provide the fire load. The energy from the 

structural elements is released much more slowly than energy from the contents because of 

the characteristics of the combustible building elements and/or because building elements 

are protected to a certain amount. Also national building regulations categorise building 

material. Thus the energy of the contents of a building is mainly the source of fire load, the 

magnitude of which is not controlled by any regulations.  

2.5 Behaviour of timber in fire 

Timber is classified as a combustible material; however, if a timber structure is properly 

designed it can perform very well in a fire. There are mainly two ways of delaying the 

ignition of timber elements; by encapsulation of the building elements by non combustible 

lining materials like gypsum or by impregnation or coating with fireproof agents. These 

measures require expert knowledge and must be carried out carefully. The long term 

behaviour of impregnating and coating systems is still under investigation and 

development. (Östman, et al., 2010) Light timber construction is normally protected with 

cladding while heavy timber construction has good inherent fire resistance because a char 

layer is formed which retards the heat penetration. Therefore the properties of wood 

surfaces in the early stages of fire may cause a risk of flashover. But traditional wooden 

structures like wood frame and laminated structures generally have good fire resistance in 

the fully developed fire.  

Solid wood constructions are more robust than timber frame structures under fire. Solid 

wood constructions are less vulnerable to collapse because of more load bearing reserves. 

But single puncture holes or bad fits in joints between two elements can cause fast burning 

in the lower part of the fire room and jeopardize the integrity. Contrary to timber frame 

structures, solid wood structures can contribute to fire duration and large quantities of 

flammable gases may be formed. This may increase risk of fire spread via windows or 

openings. These elements need to be taken into account when selecting appropriate active 

and/or passive fire protection measures. (Östman, et al., 2002)  

Heavy timber has the burning point of about 300°C, wood ignites and burns rapidly and 

burned wood becomes a layer of char. The char layer has no strength but acts as an 

insulating layer because of the low conductivity of char, which prevents further 

temperature rise in the core. Between the char layer and the normal wood there is a layer of 

heated wood with a temperature of above 200°C. This layer is called the pyrolysis zone 

which is the part of the wood undergoing irreversible chemical decomposition which is 

caused by a rise in temperatures. The normal wood is also slightly temperature affected 

with loss of strength and stiffness properties mainly due to moisture evaporation from the 

wood.  

Lightweight timber has little inherent fire resistance because of the small size of timber 

members thus the fire resistance must be provided with fire protection materials usually in 

the forms of internal linings, where gypsum is the most common one.  
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Fire performance of timer is mainly dependent on; charring rate, loss in strength and 

modulus of elasticity which depend on the temperature and moisture content of the wood. 

2.6 Fire classification 

European harmonisation of fire classification systems is based on standards for fire testing 

and classification. The main systems are Fire resistance for structural elements and 

Reaction to fire performance of building products. 

Fire resistance of structural elements can be verified by testing or calculation. Fire 

resistance means that a building element can withstand a fully developed fire while 

fulfilling certain performance requirements. A fully developed fire is described by the 

standard fire curve which is defined in EN 1363-1 (1999) and ISO 834-1 (1999). These 

performance requirements are load-bearing capacity (R), integrity (E) and insulation (I). 

The building elements are expected to withstand the fire exposure for a defined period of 

time, e.g. 60 or 90 minutes. 

The European classification system for Reaction to fire performance of building products 

is often called the Euroclass System. This system is based on a set of EN standards for test 

methods. (Commission Decision of 8 February 2000 implementing Council Directive 

89/106/EEC as regards the classification of the reaction to fire performance of construction 

products, 2000) The implementation of this system in national building regulations differs, 

but most countries use the European classes in parallel to the old national classes. In the 

Euroclass System, building products are divided into seven classes on the basis of their 

reaction to fire properties. The system has two sub-systems, one for construction products 

excluding flooring (mainly wall and ceiling surface linings) and another for flooring 

materials. The sub-systems have classes A to F where A1 and A2 are non-combustible 

materials, thereforethe highest possible class for fire retardant wood products is Class B. 

An overview of the European reaction to fire classes for building products is illustrated in 

Table 2.1 and Table 2.2. 

Table 2.1: Reaction to fire performance of building products, excluding floorings. An 

overview of the European classes. (Östman, et al., 2011, p. 11)  

Euroclass Smoke class 
Burning 

droplets class 
Examples of products 

A1 - - Stone, glass 

A2 s1, s2 or s3  d0, d1 or d2 
Gypsum boards (thin paper), mineral 

wool 

B s1, s2 or s3 d0, d1 or d2 
Gypsum boards (thick paper), fire 

retardant wood 

C s1, s2 or s3 d0, d1 or d2 
Coverings on gypsum boards, fire 

retardant wood 

D s1, s2 or s3 d0, d1 or d2 Wood, wood-based panels 

E - - or d2 Some synthetic polymers 

F - - No performance determined 
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Table 2.2: Reaction to fire performance of flooring materials. An overview of the 

European classes. (Östman, et al., 2011, p. 12) 

Euroclass Smoke class Examples of products 

A1fl - Stone 

A2fl s1 or s2  Gypsum boards  

Bfl s1 or s2 PVC, some textile floorings 

Cfl s1 or s2 Some wooden floorings 

Dfl s1 or s2 Most wooden floorings 

Efl - Some synthetic polymers 

Ffl - No performance determined 

 

The Euroclasses have requirements regarding smoke and burning droplets form the 

products, if they catch fire. s1 means very limited smoke production, s2 means limited 

smoke production and s3 means there is no limit to smoke production of the product. d0 

means that the product produces no flaming droplets or particles, d1 means that there is an 

insignificant amount of flaming droplets or particles and d2 means that there is no 

restriction regarding the amount of flaming droplets or particles. For example, a wall lining 

in Class D-s2,d0 is a wood or a wood-based panel with limited smoke production and no 

flaming droplets or particles in the event of fire. 

There also exist systems for Fire protection ability of coverings and External fire 

performance of roofs. Fire protection ability of coverings is a system with K classes which 

provide fire protection of underlying parts of a structure like insulation of a wall or a floor. 

The K classes have been used mainly for gypsum plasterboards. Collapse or falling parts 

are not permitted and the main parameter is the temperature behind the panel after different 

time intervals for example K110 means that the temperature rise behind the panel should be 

<250 °C after 10 minutes. 

2.7 Fire protection 

The distinction between passive and active fire protection is not always clear because some 

measures are a combination of both. In this chapter these concepts are explained. 

Evacuation safety is based on both passive and active fire protection. Ways to improve fire 

performance of timber are also discussed. 

In the case of timber-framed buildings construction should be progressive, with fire 

barriers, cladding and any other compartmentation put in place as quickly as possible. With 

steel and concrete structures however, much of the frame can be completed before fitting-

out starts. In timber-framed buildings there is also a greater need to ensure that particular 

attention is paid to risk assessment and compliance insertions, especially during 

construction. 
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2.7.1 Improving the fire performance of timber 

There are several methods for improving the fire performance of wood products such as 

chemical, biochemical and physical modifications and structural means.  

Flame retardant techniques for wood aim at delaying the ignition and reducing the heat 

release during combustion. One of the most common fire retardance methods for wood is 

based on changing the pathway of pyrolysis. Wood is treated with a substance that 

enhances the pyrolysis reaction of cellulose through the pathway leading mainly to char 

formation. The reaction should be that cellulose decomposes to char and water. Another 

teqnique is protecting the surface of wood with isolating layers that delay the temperature 

rise and reduce the evaporation of pyrolysis gases and the access of oxygen to the surface. 

This can be accomplished by using coatings that expand strongly when temperature 

increases, these coatings are called intumescent coatings. (Hakkarainen, 2009) It is also 

possible to change the thermal properties of wood because density, specific heat and 

thermal conductivity have an effect on the ignitability and flame spread. The easiest way of 

doing that, is simply wetting the wood, but practically this is done by adding components 

with high thermal inertia.  

There are three practical techniques for fire retardance of wood. One is impregnation of 

wood with a fire retardant using vacuum and overpressure. Another is surface treatment 

with a fire retardant and the third is adding a fire retardant to a product during its 

manufacturing process. The main difference between pressure impregnation and surface 

treatment is the depth of penetration of the fire retardant. In pressure impregnation the 

whole wood is usually impregnated. The penetration depth of surface treatments can be of 

the order of 1 mm or less. Surface treatments can be both coating that vanishes or coating 

that paints. Fire retardant treatment of wood during manufacturing process can be 

implemented by adding the fire retardant to raw materials before pressing phase, an 

example of that is fire retarded particle board.  

2.7.2 Passive fire protection 

Passive fire protection includes; compartmentation to inhibit the spread of heat, smoke and 

gases and limitation of fire compartment size, control of wall linings, control of spread of 

smoke, provision of protected escape routes, adequate thermal insulation, stability and 

structural performance and fire stopping.  

When fire safety strategies consist of structural measures it is called passive fire protection. 

Building elements are designed and constructed so that they maintain their load-bearing 

and/or separating function for the required minimum duration of fire exposure. Fire 

compartments are formed by building elements with separating functions. The objective of 

compartmentation is to divide buildings into areas of manageable risk, give time for escape 

and rescue and for fire separation for adjoining buildings. Fire rarely spreads by burning 

through a wall or a floor. Fire usually spreads through common concealed spaces in walls, 

floors or ceilings like; heating, ventilation and air conditioning duct systems, holes for 

electrical or communications cables, piping,  fire doors left open, etc. It is therefore very 

important that such penetrations between fire compartments are specially protected to 

resist the spread of fire. Another possible way for fire spread between compartments is 

through windows and along facades and/or eaves and roof structures. Close monitoring for 
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details and quality assurance during construction is therefore essential for an effective 

passive fire protection.  

2.7.3 Active fire protection 

Active fire protection includes; provisions of alarm systems (audible, visual, etc.), 

automatic fire detection, smoke/heat venting and exhaust control systems that extend the 

escape time, automatic closing of smoke dampers in ducts, automatic closing of doors to 

provide fire compartments, release of access control systems on doors, gates, turnstiles etc. 

to facilitate escape, provision of automatic fire suppression systems and visual displays. 

Active fire protection is used to increase the fire safety level in buildings as a compliment 

to passive fire protection. Then the fire safety level in buildings increases. Active fire 

protection can also be used as alternative fire design and a compensation for some passive 

fire protection requirements.  Fire detection and alarm systems are used to detect fire and 

give warning. Fire should be detected as early as possible. 

2.8 Summary 

A few examples of timber buildings in Iceland were named in order to show that wood 

actually is a suitable building material for Icelandic conditions. What makes timber 

buildings different from other buildings was discussed and also an overview of the 

behaviour of wood in fire and means of improving the fire performance of timber. The 

Nordic Wood project was introduced as well as the difference between active and passive 

fire protection. European harmonisation of fire classification systems was introduced and 

examples of the Euroclasses and products were given.  
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3 Fire Safety Regulations in the 

Nordic countries 

During the last years the trend in a great part of the world has been to introduce 

performance-based building regulations instead of the detailed regulations used earlier. 

The difference between these two concepts will be explained in the following chapter. Fire 

safety is a national responsibility even though European standards for the fire safety in 

buildings exist. In many countries, fire regulations form the main obstacle to the use of 

wood in buildings. The basis for fire regulations in general will be discussed as well as a 

short coverage on the building regulations in the Nordic countries regarding the use of 

timber in multi-storey apartment buildings. 

3.1 Prescriptive codes versus performance-
based design 

Fire regulations can be divided into prescriptive fire regulations and performance-based 

fire regulations. Prescriptive regulations give detailed instructions on how to gain an 

acceptable level of fire safety and may consist of a long list of specific requirements to be 

carried out. Standard fire safety concepts are used and do not require any further 

verification of the fire risk. Furthermore, if the prescriptive regulations are followed that 

guarantees acceptance by the fire authorities. Performance-based designs use detailed 

probabilistic and engineering based analysis to optimise the fire safety measures. 

Performance-based design is often necessary for unusual buildings where no experience 

exists. Then the building is designed and built based on design fire scenarios. Usually there 

is the choice of using the performance-based approach, the prescriptive approach or a 

combination of both. For example using prescriptive codes is most cost efficient when 

designing small to medium sized standard residential and office buildings. (Östman, et al., 

2010) 

Fire safety design with performance-based codes relies on fire safety engineering 

principles, calculations and/or appropriate modelling tools to comply with building 

regulations. Fire safety engineering is more important as the buildings get larger or more 

complicated and risks for people and property increase. Examples of such unconventional 

buildings are buildings with large light shafts, patios and covered atriums, large buildings 

and malls. Past experience or historical precedents form the basis of current prescriptive 

building codes and regulations. These do not exist for unconventional buildings and 

instead of prescribing all the protective measures for the building like the number of exits 

for evacuation, the performance of the overall system is presented against a specified set of 

design objectives like, that satisfactory escape must be provided in the event of fire. Fire 

and evacuation modelling and experimental evidence are used to assess the protective 

measures proposed in the fire safety design of a building.  

Other examples of design methods are quantitative analysis methods which are either 

probabilistic or deterministic. A probabilistic quantitative analysis method of fire safety 
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multiplies the probabilities for each sequence of events and ends up with the quantity of 

risk for individual scenarios. This method requires a lot of knowledge and resources. The 

probabilistic analysis is especially used in large and high risk applications. A deterministic 

quantitative analysis makes a detailed analysis only for one or a small number of scenarios 

in order to assess possible consequences. (Östman, et al., 2010)  

When the results of an analysis are compared with the prescribed acceptable solution based 

on prescriptive regulations, it is called comparative acceptance criteria. When the criteria 

are factors such as values for maximum heat flux and maximum temperatures that humans 

can be exposed to, i.e. experimental data, statistics, experience, etc, it is called absolute 

acceptance criteria.  

3.2 Fire safety regulations 

Fire test and classification methods have recently been harmonised in Europe. Regulatory 

requirements however remain on national bases. European standards exist on the technical 

level but fire safety is governed by national legislation and is therefore on the political 

level. National regulations present rules in terms of fire classes and numerical values to 

assess fire safety and performance requirements. National regulations may categorise 

building types according to expected fire load levels. National building regulations are 

however being altered towards functional or performance criteria. The European standards 

for fire safety in buildings are mainly aiming at harmonising methods for verification of 

product performance. The Construction Products Directive (CPD) is a system with 

harmonised standards for testing and classification of construction products. (Interpretative 

document No. 2: Safety in case of fire, 2010) The CPD is a part of the European 

Commission and the purpose of the CPD is to ensure free movement of all construction 

products within the European Union by harmonising national laws with respect to the 

essential requirements applicable to these products in terms of health and safety. When 

prescriptive codes are listed with examples or a list of specific requirements the 

performance-based codes have the main safety demands listed as clearly as possible. The 

CPD contains six essential requirements and safety in case of fire is one of those. It states 

that structures must be designed and built such that, in the event of an outbreak of fire:  

 the load-bearing capacity of the construction can be assumed for a specific period 

of time, 

 the generation and spread of fire and smoke within the works are limited, 

 the spread of fire to neighbouring construction works is limited, 

 occupants can leave the works or be rescued by other means, 

 the safety of rescue teams is taken into consideration. 

Fire safety design has three objectives which are listed in Figure 3.1. 
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Figure 3.1: The three objectives of fire safety design. 

Fire resistance periods for building elements in national regulations usually range from 30-

240 minutes depending on the location of the building element and the use of the building, 

its height and so on. Fire resistance of elements is usually determined by testing. These 

tests look at three things; the building elements structurally load bearing R (Stability), does 

it shield heat I (Insulation) and does it prevent the passage of smoke and hot gases E 

(Integrity). Verification by calculation is possible for stability and insulation and can for 

example be seen in Eurocodes 2, 3, 4, 5, 6 and 9. They all have a Part 1.2 which deals with 

the structural fire design. For example Eurocode 5 is Design of timber structures and the 

part that deals with structural fire design of timber is EN 1995-1-2. 

To sum up the levels of regulatory tools concerning fire safety the levels are described in 

the following figure. 
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Figure 3.2: Schematic presentation of regulatory tools. (Thureson, et al., 2008, p. 10) 
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The general principles and levels of regulatory tools of fire safety are described in Figure 

3.2. The objectives of fire safety design are described in Figure 3.1. To reach these 

objectives there are two possible routes: Pre-accepted design or performance-based design. 

Pre-accepted design means using fire classes and numerical values. European test and 

classification methods are used to define required classes or performance of materials, 

products and building elements. Performance-based design utilises fire safety engineering 

methods and at the product level, either European test and classification methods or 

engineering methods are used to define required classes or performance of materials, 

products and building elements.  

3.3 Nordic building regulations 

One of the main reasons that many building regulations and standards restrict the use of 

wood as building material is its combustibility. Adequate fire safety is therefore the main 

precondition for increased use of timber in buildings. The fire requirements in the Nordic 

countries are similar to some extent, but differ in particular in terms of multi-storey 

apartment timber buildings.  

3.3.1 Iceland 

Iceland has a common planning and building act administrated by the Ministry of 

Environment. The relevant national building regulation in Iceland is byggingarreglugerð 

nr. 441/1998 first issued in 1998. A building permit from the local authorities is needed for 

all construction work. 

Paragraph 3.1 in byggingarreglugerð says that:  

Icelandic codes should be guiding for construction of buildings and other 

constructions. In the cases where Icelandic codes are not sufficient the 

Nordic codes and ISO-codes should be used as a guidance. All European 

codes (EN) become Icelandic codes. Common European codes and 

technical guidelines are also relevant in Iceland. (Byggingarreglugerð, 

1998/2010) 

The rules on fire safety design are largely based on the history of major fires from the 

beginning of civilization. About ¼ of the current Icelandic building regulation deals with 

fire safety. The fire safety requirements are very restrictive for the building layout. In the 

last 15-20 years performance-based fire regulations have been implemented. Advances in 

performance-based building regulations have opened the possibility of constructing multi-

storey timber frame apartment buildings.  

Section 98.1 in the regulation says: “An apartment cannot be on the upper level of a timber 

building unless there is an approved fire design”. (Byggingarreglugerð, 1998/2010) The 

aim of this section is not to make more stringent requirements for timber buildings but to 

stress that the fire engineering of a timber building is much more complex than a 

conventional concrete building. In the conventional concrete building the bearing walls and 

floor plates are combined and don´t have the problems that come with the combination of 

building parts. (Mannvirkjastofnun, 2007) There are two ways to design a building that 

satisfies the requirements of the building regulation and they are listed in Table 3.1. 
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Table 3.1: The two ways to verify compliance with requirements of the technical 

regulations in Iceland. 

Prescribed 

design 

The building is designed and constructed by applying the fire classes 

and numerical criteria provided by the regulations and guidelines. 

Performance-

based design 

Verification with the functional requirements is needed and a fire safety 

report must be submitted which will be reviewed by the local building 

authority. 

 

Section 104 in the Icelandic building regulation is about apartment buildings. Apartment 

buildings are categorised into; 4 storeys and lower, 5-7 storeys and 8 storeys and higher. 

These three categories have different requirements regarding escape routes. 

The main conditions in the use of wood are with respect to load bearing capacity, internal 

and external capacity as well as flooring. An overview of requirements in the Icelandic 

building regulation is shown in Table 3.2. 

Table 3.2: This includes an overview of the conditions in the Icelandic building regulation 

regarding the use of wood in multi-storey apartment buildings. 

Building part Conditions for prescribed design 

Load bearing 

capacity and 

stability 

An apartment cannot be on the upper level of a timber building unless 

there is an approved fire design. 

Internal surface 
As a rough guidance, products must meet Class K110/B-s1,d0. Products 

in Class D-s2,d0 are pre-accepted in buildings of less than two floors. 

Flooring Floorings meeting class Dfl-s1. 

External 

surfaces 

Products meeting class D-s2,d0 are accepted in single-storey buildings. 

Buildings of less than eight storeys are allowed up to 20% of external 

walls in Class D-s2,d0.  

 

Even though the functional principles of the building regulation do not limit the use of 

specific building materials, the regulations in Iceland are very strict regarding the use of 

timber in buildings. According to prescriptive rules, wood as load bearing material, facade 

cladding or as interior surface, is only accepted in buildings of less than 2 storeys. Further 

use of timber surfaces would in most cases involve the use of a sprinkler system.  
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3.3.2 Finland 

The procedural regulations in Finland state that the party engaging in a building project is 

responsible for that the design and construction is in accordance with building provisions 

and regulations. A building permit from authorities is needed for all construction work. 

The building permit has to be approved by the local building supervision authority and 

approval is needed by services to which the building will be connected like electricity, 

water supply etc. (Östman, et al., 2011) 

Requirements of the technical regulations are compulsory. They cannot be challenged 

without an approval from the local building authority. The technical regulations are based 

on functional requirements of fire safety concerning load-bearing elements, generation and 

spread of fire and smoke and safety of occupants and rescue teams. There are two ways to 

design a building that satisfies the requirements: (EI, The national building code of 

Finland. Fire Safety of buildings. Regulations and guidelines 2002) 

Table 3.3: The two ways to verify compliance with requirements of the technical 

regulations in Finland. 

Prescribed 

design 

The building is designed and executed by applying the fire classes and 

numerical criteria provided by the regulations and guidelines. 

Performance 

based design 

The building is designed and executed based on design fire scenarios 

which cover conditions likely to occur in the relevant building. 

Satisfaction of the requirements is checked in each case, by the local 

building authority, taking into consideration the use of the building and 

its properties. 

 

There are no limitations on the use of specific building materials, including wood in the 

functional principles of the technical regulations. There are, however, some points in the 

performance based regulations concerning the load-bearing capacity of structures, internal 

and external capacity as well as flooring. An overview of requirements is shown in Table 

3.4. (EI, The national building code of Finland. Fire Safety of buildings. Regulations and 

guidelines 2002)  
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Table 3.4: This includes an overview of the conditions in the Finnish building regulations 

regarding the use of wood in multi-storey apartment buildings.  

Building part Conditions for prescribed design 

Load bearing 

capacity and 

stability 

The use of wood as load-bearing material in structures is limited to 2 

storeys without sprinkler and 8 storeys with sprinkler. 

Internal surface 
As a rough guidance, products meeting class D-s2,d2 are accepted 

excluding exits and class P2 (timber-framed) buildings. 

Flooring Floorings meeting class Dfl-s1. 

External 

surfaces 

Products meeting class D-s2,d2 are accepted in buildings up to 2 storeys, 

8 storeys if a sprinkler is installed. 

 

In Finland wood is allowed in buildings of up to 8 storeys if a sprinkler system is installed. 

In buildings without a sprinkler system timber-facade claddings can be used in 3-4 storey 

buildings and timber as load-bearing material up to 2 storeys. 

3.3.3 Norway 

The procedural regulations in Norway say that parties involved in a building project shall 

be accountable to the local building authority. To help the local building authority a 

national approving system has been established. The National Office of Building 

Technology and Administration administers this approval system. (Östman, et al., 2011) 

Technical regulations mainly state functional requirements. These regulations are 

compulsory. The guidelines to the technical requirements describe the pre-accepted 

solutions and the use of the guidelines is optional. This is described in Table 3.5. 

Table 3.5: The two ways to verify compliance with requirements of the technical 

regulations in Norway. 

Prescribed 

design 

The guideline to the technical regulations describes acceptable solutions 

or pre-accepted design which meets the functional requirements for 

different building categories. 

Performance 

based design 

The designer is free to define specific solutions for the actual building 

but then he has to verify compliance with the functional requirements. 
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The functional requirements do not put any limitations on the use of specific building 

materials, including wood. The regulation does however state that: “Materials and surfaces 

not contributing to an unacceptable degree of development of the fire shall be used. Main 

consideration should be given to the time required for flash over, heat release, smoke 

production, and development of toxic gases.”  (Regulations concerning requirements for 

construction works and products for construction works, 1997)  

In the guidelines to the technical regulations, the pre-accepted use of wood with respect to 

load bearing capacity, internal and external capacity as well as flooring is described. An 

overview of requirements is shown in Table 3.6. 

Table 3.6: This includes an overview of the acceptable solutions in the guidelines to the 

technical regulations regarding the use of wood in multi-storey apartment buildings in 

Norway. 

Building part Conditions for prescribed design 

Load bearing 

capacity and 

stability 

Buildings ≤ 4 storeys, pre-accepted with fire resistance R30 or R60. 

Buildings > 4 storeys, use of wood structures has to be verified by 

analysis. 

Internal surface 
In fire cells smaller than 200 m

2
, products meeting class D-s2,d0 are pre-

accepted, except in escape routes. 

Flooring Products meeting class Dfl-s1 are pre-accepted in all buildings. 

External 

surfaces 

Products meeting class D-s3,d0 are pre-accepted in buildings of 4 

storeys or less. 

 

In Norway wood can be used as load bearing material, facade cladding and for interior 

surfaces in buildings regardless of the number of storeys. The use of wood as load bearing 

material in buildings higher than 4 storeys has, however, to be verified by analysis.  

3.3.4 Sweden 

In Sweden Boverket (the Swedish national Board of Housing, Building and Planning) has 

responsibility for new buildings and MSB (The Swedish Civil Contingencies Agency) is 

responsible for existing buildings. In the new building regulations from Boverket 

verification of fire design solutions will be increased and new activity classes for buildings 

introduced. The building regulations are performance requirements which can be fulfilled 

by simplified design or analytical design. Guidance on accepted fire safety design will 

however also be included. (Boverkets byggregler BBR, 2011) 
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Table 3.7: This includes an overview of the guidance on accepted fire safety design in the 

Swedish building regulations regarding the use of wood in multi-storey apartment 

buildings.  

Building part Conditions for prescribed design 

Load bearing 

capacity and 

stability 

The use of wood as load-bearing material in structures is not limited, 

provided that requirements on load-bearing and separating functions are 

fulfilled. 

Internal surface The use of wood is limited mainly to 2 storey buildings. 

Flooring 
Floorings meeting class Dfl-s1 and sometimes class Cfl-s1 like in escape 

routes. 

External 

surfaces 
The use of wood is limited mainly to 2 storey buildings. 

 

The Swedish building regulation does not state requirements for special fire classes 

because it is the goal of Boverket to encourage the development of performance-based fire 

safety design. A guidance to accepted fire safety design is however included in the 

regulations. According to the Swedish building regulations, if a sprinkler system is 

installed in a building, the use of visible wood is not limited to the same extent.   

3.3.5 Denmark 

Parties involved in a building project are responsible for that the design and construction 

are in accordance with building codes and regulations. A building permit from authorities 

is needed for all construction work. The building permit has to be approved by the 

municipal council and approval is needed by services to which the building will be 

connected, like electricity, water supply etc. (Building Regulations, 2007) 

The technical regulations are based on functional requirements of fire safety concerning 

load-bearing elements, generation and spread of fire and smoke and safety of occupants 

and rescue teams. There are two ways to design a building that satisfies the requirements: 

(Building Regulations, 2007) 

Table 3.8 Two ways to verify compliance with requirements of the technical regulations in 

Denmark.  

Prescribed 

design 

The building is designed and executed by applying the fire classes and 

numerical criteria provided by the regulations and guidelines. 

Performance- 

based design 
The designer has to verify compliance with the functional requirements. 
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There are no limitations on the use of specific building materials in the functional 

principles of the technical regulations. There are however some points in the guidelines 

which consist of a collection of examples.  

Table 3.9: This includes an overview of the guidelines in the Danish building regulations 

regarding the use of wood in multi-storey apartment buildings.  

Building part Conditions for prescribed design 

Load bearing 

capacity and 

stability 

The use of wood as load-bearing material is limited to a maximum of 4 

storeys with sprinklers or cladding in class K260/A2-s1,d0 and a 

maximum of 2 storeys without sprinklers. 

Internal surface 

Cladding covering in class K110/D-s2,d2* is accepted in buildings 

where the floor of the uppermost floor is not more than 22 meters above 

ground level and with fire compartments of no more than 150 m
2
. 

Flooring Floorings meeting class Dfl-s1 are accepted in most applications. 

External 

surfaces 

Up to 20% of the external surfaces may have wood-based products 

meeting Class D-s2,d2 or cladding class K110/d-s2,d2. For higher 

amount of wood exterior the product has to fulfil at least Class K110/B-

s1,d0. 
*K110/D-s2,d2 means that the cladding must deliver the prescribed fire protection ability for 10 minutes and 

fulfil the prevailing reaction to fire requirements of the stated class. 

 

According to prescriptive rules in Denmark, wood is allowed as load bearing material and 

as facade cladding in buildings of 3-4 storeys but wood in interior surfaces is limited to 2 

storeys.  
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3.4 Summary 

Fire regulations can be divided into prescriptive fire regulations and performance-based 

fire regulations. Prescriptive regulations give detailed instructions on how to gain an 

acceptable level of fire safety and may consist of a long list of specific requirements to be 

carried out. The levels of regulatory tools concerning fire safety are described in chapter 

3.2 and also the main safety demands in performance based codes as well as the main 

objectives of fire safety design.  

A short coverage was made on the building regulations in the Nordic countries regarding 

the use of wood in multi-storey apartment buildings. The technical regulations regarding 

building products are similar in the Nordic countries. The difference lies in the conditions 

for the load bearing capacity and stability in multi-storey apartment timber buildings. Only 

Denmark and Finland mention sprinklers as part of their requirements, but in practice, 

sprinkler would be used in multi-storey buildings in all countries. The Icelandic building 

regulation is the most stringent when it comes to use of timber.  
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4 Fire Risk Index Method for Multi-

storey Apartment Buildings 

As discussed in previous chapters performance-based building regulations have opened the 

possibility of constructing multi-storey timber frame apartment buildings. In this chapter 

the origin and development of the Fire Risk Index Method for Multistorey Apartment 

Buildings is discussed. The structure of the method is also explained and literature on the 

topic discussed. 

4.1 Development 

Performance based building regulations have made it possible to widen the use of timber-

structures. It is difficult to compare the fire risk in a building of non-combustible frame and 

a timber-frame building. The risks are based on a large number of different factors. 

Therefor the need to compare fire safety in timber-framed buildings to other types of 

buildings arose. No convenient method was available so a new fire risk assessment 

technique was developed, an index method that can be used to rank different buildings 

with respect to fire risk. The Index Method was developed at Lund University, Department 

for Fire Safety Engineering. A pilot study on the possibilities of creating such a method 

was published in 1998 by Sven-Erik Magnusson and Tomas Rantatalo. The method was 

developed by Björn Karlsson and co-writers in close cooperation with a Nordic project 

team and a Nordic Delphi-panel. Various papers have been published on the FRIM-MAB 

method.  

4.1.1 Literature study 

In their pilot study, Magnusson and Rantatalo (1998) laid down the outlines for the 

development of the risk index method. The method had to be simple and applicable to 

different types of multi-storey apartment buildings. It has to be possible to compare the 

level of fire safety in a building both to other buildings and to an acceptable risk. The level 

of fire safety in a building depends on many attributes; therefore the method must identify, 

analyze and evaluate these attributes in a systematic way. Magnusson and Rantatalo (1998) 

expressed two main requirements which both had to be fulfilled by the method. It has to be 

comprehensive so that all important fire safety attributes are included and the method 

should provide a numerical ranking so that alternative design configurations can be reliably 

compared. Magnusson and Rantatalo made an effort to evaluate available fire risk 

assessment methods, both quantitative and semi-quantitative methods. They concluded that 

no method existed that fulfilled both of the main requirements. 

Karlsson and Larsson (2000) discuss how a Delphi panel was used for developing a fire 

risk index method for multi-storey apartment buildings. The report contains a description 

of how the FRIM-MAB method was developed and specifically addresses how a Delphi 

panel of experts was used to help develop and fine tune the index method. Also all 

communications to and from the Delphi panel are included in the report, how answers were 

interpreted and how the method, version 1.2 was gradually arrived at.  
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In his thesis Daniel Larsson (2000) writes about developing the structure of a fire risk 

index method for multi-storey apartment buildings. Larsson describes the terminology used 

in the development process of the risk index method and briefly describes and evaluates 

other existing risk assessment methods. Also Larsson describes the FRIM-MAB method 

and illustrates it with an example, an existing timber framed building. The results are then 

compared to a corresponding concrete building.  

Hulquist and Karlsson (2000) evaluated the FRIM-MAB method against a standard 

Quantitative Risk Analysis (QRA) based on an event tree. They analysed four different 

multi-storey apartment buildings based on both methods with respect to fire risk. Three 

slightly different approaches of the FRIM-MAB method were used to arrive at a fire risk 

index for each building. Even so all three approaches of the FRIM-MAB methods results 

gave the same ranking as the QRA.   

Christensson (2002) evaluated the FRIM-MAB method by inspecting the national building 

regulations in the Nordic countries and compared 20 timber-framed apartment buildings. 

Christensson first used the method to arrive at a rough value for a highest acceptable fire 

risk index in buildings with non-combustible frames according to each countries building 

regulations. These grades were derived in cooperation with experts from the Nordic 

countries.  He then used those values as a comparison value for buildings with timber 

frames. Christensson concluded that the FRIM-MAB method can be used as means of 

assistance to indicate the fire safety level of a timber framed building in comparison with a 

building with a non combustible frame. The user however needs to be aware of limitations 

and simplifications related with the method. Measures like installing a sprinkler system or 

other fire safety measures can be used to lower the fire risk index of a timber-framed 

building so that it falls below the limiting risk index.  

A repeatability test was carried out on four multi-storey timber framed buildings by five 

different engineers. This was done as a part of the development of the FRIM-MAB method 

and is described by Christensson and Karlsson (2002). These four buildings were chosen 

among the 20 buildings analyzed in the earlier work by Christensson (2002). Drawings and 

fire documentation of the four buildings were sent out to four different fire safety engineers 

who analysed the buildings according to the FRIM-MAB methodology. The results were 

compared with each other and with the analysis made in earlier work. This was done in 

order to test the repeatability of the risk index method. This resulted in showing that 

repeatability was excellent for most parameters and good for others so overall repeatability 

was very good. This also led to a discovery of a limitation in the method regarding 

buildings with external walkways. Therefore a new help text was written for several 

parameters incorporated into the main document describing the method for users.  

4.2 Organisation and Delphi panel work 

As mentioned in chapter 2.3 a Nordic research and development program called Nordic 

Wood started in 1993. The program was initiated by the Nordic Industrial Fund and 

financed by the Nordic wood industry. The aim of the program was to consolidate the 

position of wood as a construction material. A part of the project was called “Risk 

Assessment of Timber-frame Multi-storey Apartment Buildings”. That part had a steering 

group which met 2-3 times a year during the two year duration. The Project group had one 

member from each of the Nordic countries. The Project manager was Björn Karlsson, who 
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ran the project together with Daniel Larsson and with Professor Sven Erik Magnusson as 

advisor. Two external advisors were: Professor Jim Shields University of Ulster, Northern 

Ireland and Dr. John M. Watts Fire Safety Institute, USA. The Project group met 3-4 times 

per year for the two year duration of the project. The main purpose of the Project group 

was to prepare proposals for the Delphi group and the Project group was responsible for 

formulating the structure of the Risk Index Method. Figure 4.1 illustrates the project 

organisation and flow of information. 

 

Figure 4.1: A schematic of the project organisation and flow of information. (Karlsson & 

Tómasson, 2004) 

The Delphi panel was a panel consisting of 20 Nordic fire safety professionals. They were 

selected to give opinions on the FRIM-MAB method in general, help determine the 

structure of the index method and the give weights to the objectives, strategies and 

parameters.  

The Delphi technique is a methodology for reaching consensus on different issues. A panel 

of experts in a specific field is asked to give its opinion on several different questions 

concerning the field. A small project group usually designs the questionnaires and 

evaluates the results. After every question round the panel members get feedback from the 

project group, usually a summary of the results and sometimes also common arguments 

among the members. Interactions between panel members are avoided since the 

composition of the group is unknown to each member. This reduces the influence 

dominant personalities usually have on the decision process. Since the results are based on 

the statistical responses of the entire group, every member’s opinion is of equal 

importance. The objective is that only arguments founded on facts will convince a person 

to revise his/her response. (Larsson, 2000) All communications to and from the Delphi 

panel are included in Karlsson and Larsson (2000). 

The process and organisation of the making of the FRIM-MAB method is summed up in 

the following figure.  

Steering Group 

•Nordic Wood 

•Representatives from 
industry, authorities and 
research organisations 

Project Group 

•5 Nordic experts and project 
manager 

Delphi Panel 

•20 Nordic fire safety 
professionals 

Expert Group 

•3 internationally known 
experts on index methods 
and risk analysis 

Project 
Manager 
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Figure 4.2: The process of developing the FRIM-MAB method summed up. 

4.3 Description of the method 

There are mainly three types of methods to quantify risk (Karlsson & Tómasson, 2004): 

 Qualitative methods consist of regulations and checklists. Can be written texts or 

checklists where a number of important risk factors are identified. It can be difficult 

A repeatability test was carried out on four buildings by five different engineers.  

20 timber-framed buildings analyzed with the FRIM-MAB 
method.  

The FRIM-MAB method evaluated against a standard quantitative 
risk analysis (QRA) based on an event tree 

The weights were assigned through a Delphi exercise.  

Grades are assigned using specially designed tables, called grading 
schemes and developed by the project group. 

The attributes of FRIM-MAB were derived from a Fire Safety Concepts Tree developed 
by Karlsson and Larsson based on the NFPA Fire Safety Concepts Tree. 

Existing fire risk assessment methods studied and decided that the most appropriate 
methodology is a hierarchical model. Each decision making level of the hierarchy 

model is composed of different attributes. 

1998 Sven Erik Magnusson and Tomas Rantatalo made a pilot study: Risk Assessment of 
Timber-frame Multistorey Apartment Buildings – Proposal for a Comprehensive Fire safety 
Evaluation Procedure. The pilot study described various possibilities when developing such 
a method and was published by the Department of Fire Safety Engineering, Lund 
University as a report. 
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to produce a checklist with the most relevant safety issues. Also different safety 

issues cannot be weighed against each other. 

 Semi-quantitative methods are ranking methods. Certain important variables are 

chosen based on professional judgement and experience and weights are assigned 

to them. These weights are used to obtain a single index value which can then be 

compared to similar risk assessments or to a certain ranking value. 

 Quantitative methods are methods where a measure of the acceptable risk is 

defined, uncertainties are quantified and methods for estimating the measure of risk 

are used, often deterministic and/or probabilistic models.  

A method of the semi-quantitative type was chosen when FRIM-MAB was developed 

since a risk assessment method of that type is simple to use and at the same time takes 

account of the many different objectives and parameters that constitute building fire safety.  

The Fire Risk Index Method is based on a hierarchical system where each decision making 

level of the hierarchy is composed of different attributes (components) where each attribute 

accounts for a portion of the total fire safety. These attributes consist of policy, objectives, 

strategies, parameters, sub-parameters and survey items which were derived from a Fire 

Safety Concepts Tree developed by Karlsson and Larsson (2000) and based on the NFPA 

fire Safety Concepts Tree.     

The top level in the hierarchical system is the policy. The policy of the FRIM - MAB is to 

provide acceptable fire safety level in multi-storey apartment buildings. The objectives 

come next and they are to provide life safety and property protection. The next level 

specifies the strategies and finally the method is divided into 17 different parameters, P1 – 

P17, where each parameter is given a grade. The parameters can be divided into sub-

parameters that are quantifiable, either directly or by use of decision tables. See also 

Appendix A where the FRIM-MAB method is presented. A schematic of the policy, 

objectives, strategies and parameters is illustrated in Figure 4.3. 
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Figure 4.3: The structure of the hierarchical system for the FRIM-MAB method. (Karlsson, 

2002, p. 8) 

The user can work through the parameters until all parameters have been given a grade. 

The grades are entered into a table and multiplied by weights. The weighted grades are 

then summed up and result in the Score for the building in question. The Score can receive 

the maximum value of 5.00. The Risk Index is defined as 5 – Score. A low Risk Index 

means low risk and high fire safety level, in the same way as other risk assessment 

methods. 

The Score is calculated from the following formula: 

S =  w  xi i
i = 1

n


   

Equation 1 

•Provide acceptable fire safety level in 
multistorey apartment buildings Policy 

•O1 Provide life safety 

•O2 Provide property protection Objectives 

•S1 Control fire growth by active means 

•S2 Confine fire by construction 

•S3 Establish safe egress 

•S4 Establish safe rescue 

Strategies  

 

 

•P1 Linings in apartment 

•P2 Suppression system 

•P3 Fire service 

•P4 Compartmentation 

•P5 Structure - separating 

•P6 Doors 

•P7 Windows 

•P8 Facade 

•P9 Attic 

•P10 Adjacent buildings 

•P11 Smoke control system 

•P12 Detection system 

•P13 Signal system 

•P15 Escape routes 

•P15 Structure - load - bearing 

•P16 Maintenance and information 

•P17 Ventilation system  

 

 

Parameters 
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S = the Score 

n = number of Parameters (= 17) 

wi = weight for Parameter i  

xi = grade for Parameter i  

The Risk Index is then defined: Risk Index = 5.00 - S 

4.3.1 Using the method in various design stages 

The FRIM-MAB method may be used in various design stages. Because of the detailed list 

of parameters, strategies and objectives the method acts as a good reminder of various 

issues that need to be dealt with.  

During the concept phase of a building project the method provides a thorough list of 

design objectives, strategies and parameters. It enables a quick comparison between design 

alternatives and allows comparison with accepted solutions of prescribed codes.  

In the preliminary design stage a detailed FRIM-MAB method analysis may be used for 

cost comparison and comparison of usability of the various design alternatives. The 

method can also be of assistance when seeking approval from the local fire authorities.  

In the development stage the final fire safety report is usually produced and approval 

sought from the authorities. The FRIM-MAB method can be used in this context. Also the 

method can be used to facilitate the coordination of other building services such as 

ventilation etc.   

4.3.2 Limitations in the method 

The index method is not an engineering design method and can therefore not be used to 

prove exceptions from individual prescriptive regulations. For example in order to reduce 

the minimum pre-described separation distance between buildings, radiation calculation 

and special window glass may be used to prove that the separation distance can be reduced. 

It is not possible to use the index method and get a low grade for P10 (Adjacent buildings) 

and just increase some other parameter. 

The index method does not replace building regulations and it is assumed that the designer 

ensures that the building fulfils all major demands in the national building regulation. For 

example the method cannot be used to prove that it is okay to use a very combustible lining 

material in escape routes (which gives a low grade in P1 lining materials) by simply 

increasing the grade for some other parameter in order to get an acceptable risk index.  

As for most methods in all engineering disciplines, the use of the method must be based on 

common sense. It is possible to get a low risk index simply by giving some parameters a 

very high grade and others a very low grade. An example of that is if P12 (Detection 

system) gets a high grade and P13 (Signal system) gets a low grade. This could result in a 

low risk index but the building design would be totally unacceptable because a fire would 

be detected but no warning signals given. 

Buildings with external walkways can receive a very misleading grade in P11 (Smoke 

control system). In many cases such buildings do not need a smoke control system because 

the smoke can flow freely from the walkway. However, in some types of external 
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walkways there are skirting boards that divide the walkway from the atmosphere, which 

can create a smoke reservoir in the walkway. Therefore engineering estimates must be used 

when grading P11 for buildings with external walkways. Also P14 (Escape routes) does not 

account for buildings with external walkways.  

The FRIM-MAB method only takes the number of floors into account in parameter P14b 

Dimension and layout of Escape routes. This sub parameter has little weight in the final 

risk index of a building. It is also unclear how to grade a building with various kinds of 

escape routes. 

Maintenance and information (P16) is a very important fire risk parameter. The user of the 

method has to seek information about this parameter because it is not stated in drawings 

and documentation. Also one can question how the user of the method can be sure that 

evacuation will be practiced and maintenance will be done regularly. 

4.4 Summary 

The risk index is not a measure of the absolute fire safety level, but a rough indicator of 

whether the building is safer than other buildings or not. The method may also be used for 

choosing fire design alternatives. The design must however always meet building 

regulation requirements because receiving a risk index which is lower than the acceptable 

risk level is not a guarantee that the building fulfils the current building regulation.  The 

FRIM-MAB method can be applied to all types of ordinary apartment buildings but not 

homes for aged, hospitals, hotels, etc.  

The FRIM-MAB method is relatively easy to use for people trained in architecture or 

engineering. The user must be familiar with the specific building and its design. Access to 

drawings is necessary and some knowledge regarding the responding fire service. 
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5 Case study 

In this chapter the FRIM-MAB method will be applied to a reference object.  The purpose 

is to visualize general differences between a building made of a combustible frame and a 

concrete building. Apart from the construction material, the conditions are the same for the 

buildings. For comparison the FRIM-MAB method was also applied according to the 

prescriptive part of the Icelandic building regulation to get a maximum risk level allowed.  

5.1 Risk index for the Icelandic building 
regulation 

The FRIM-MAB method was applied according to the prescriptive part of the Icelandic 

building regulation; illustrated in Appendix B. As mentioned in section 3.3.1, apartment 

buildings in Iceland can be categorised into; 4 storeys and lower, 5-7 storeys and 8 storeys 

and higher.  The resulting risk indexes are illustrated in Table 5.1.  

Table 5.1: Resulting risk index for the prescriptive part of the Icelandic building 

regulation. 

Number of storeys Risk index 

1-4 Storeys 2.41 

5-7 Storeys 2.30 

≥ 8 Storeys 2.28 

 

These risk indexes will be used as a comparison and represent the maximum risk level 

allowed according to the Icelandic building regulation.   

5.2 Tryggvagata 18, the reference object 

In this section the reference object, Tryggvagata 18, 101 Reykjavík, will be introduced. 

Tryggvagata 18 will be called T18 from now on. Parameter grades for the existing concrete 

building and a corresponding imaginary timber-frame building are presented. The 

estimates made in this section have been based on interviews with the architects of T18, 

which are +Arkitektar, and information found in drawings and building data for T18. 

5.2.1 Building characteristics 

This apartment building was completed in November 2008. T18 stands in the down town 

area of Reykjavik which is a densely built area. T18 consists of a single building with four 

separate stairwells (T18, T18a, T18b and T18c), each one has an elevator. This is a six-

storey building with a basement but no attic. The basement has machinery rooms, laundry 

rooms and storage rooms. On the first floor there are two shops, the entrances to the four 

stairwells and a parking garage with 11 parking spaces. On storeys two to six there are 24 

apartments each consisting of a south terrace. The size of the apartments is within the 

range of 54.9 – 328.9 m
2
, the apartments are 2.53 m interior height but in the penthouse the 
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interior height is 2.87 m. There is only one apartment, the penthouse on storey 6, three 

apartments on storey 5, seven apartments on storeys 4 and 3 and six apartments on storey 2.  

 

 
Figure 5.1: Tryggvagata 18. On the left is the south side of the building where the 

balconies are. On the right the building can be seen from Tryggvagata where the entrances 

are. 

The load-bearing construction is concrete (R60-R120). The walls are isolated on the 

outside with 100 mm stone wool and covered with plaster, magical rock (facade tiles made 

of non-combustible material) and sheet metal. Because of traffic noise windows have triple 

glass or gas filled K-windows on the north and east sides.  

All windowless spaces have ventilation. The main pipelines are near the elevator shafts. 

Also, each stairwell has its own technical space where heat, water and electricity are 

connected to the building. All internal walls of light construction are built from metal 

pillars with 2x13 mm gypsum boards on each side and stone wool in between (EI90-EI60). 

A floor plan of the west half of T18 is shown in Figure 5.2. 

 

Figure 5.2: A floor plan of half of the third floor in T18. 

The horizontal and vertical separation of fire compartments is classed for 60 minutes. The 

shops on the first floor and the basement will have a fire alarm system connected to an 

approved security central. The apartments and the stairwells are separate fire 
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compartments. There is a smoke detector and fire extinguisher in every apartment and on 

each floor of the stairwells. In the stairwells there is a manual smoke control system and 

the stairs are designed so there is space to drag up a fire-hose, shown in Figure 5.3.  

 

Figure 5.3: Plan view of T18, stairwell and elevator. Space for a fire-hose in the stairwell 

is marked with the arrows.  

Note that the stairwells are only five-storeys in T18 and T18b because of the penthouse. 

T18c is only four-storeys. The stairwell in T18a leads to the penthouse and is therefore six-

storeys. The window that can be manually opened and is a part of the smoke control 

system is usually in the top landing of each stairwell. But for T18a the window is on the 

fifth floor even though the stairwell is six floors. This makes the smoke control system less 

effective for that stairwell. This can be seen in Figure 5.4. 
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Figure 5.4: A view of the two entrances to T18 and T18a, north side. There is a smoke 

control system in the stairwells. The windows, in the stairwells, that can be manually 

opened are marked with the arrows.  

According to the Icelandic building regulation (section 104.11) buildings that are 5-7 

storeys need an intermediate fire compartment between the apartments and the stairwell. In 

T18 this is solved by adding an intermediate fire compartment in the stairwells on the fifth 

and sixth floors only, this is shown in Figure 5.5. 

 

Figure 5.5: An intermediate fire compartment was added to in the stairwells on the fifth 

and sixth floor. 
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5.3 Using the FRIM-MAB method 

Various implementations of passive and active fire protection were applied on the building 

to see how it would affect the outcome of the fire risk index. 

5.3.1 Parameter grades 

The method was carried out four times; one using the building as it is now (Concrete) and 

three design alternatives; one assuming that the structural frame is made of timber (Timber 

1), one assuming the structural frame is made out of timber and with a timber facade 

(Timber 2) and one with a timber frame, timber facade and sprinkler system (Timber 3).  

For these gradings the most common apartment size (50-100 m
2
) was chosen as a reference 

object even though the size of the apartments ranges from 60 – 330 m
2
. 

 

 

Figure 5.6: A schematic view of the four design alternatives for the reference object T18. 

The FRIM-MAB method was applied to these four test cases using information from 

drawings and building documentation as well as interviews with the Architects. The 

parameters were graded for each test case as described in section 4.3. The lowest parameter 

grade is 0 and the highest is 5. A high grade means a higher fire safety level for that 

parameter. The grades for the four different cases are shown in Figure 5.7 were the test 

case Concrete is represented in blue, Timber 1 is red, Timber 2 is green and Timber 3 is 

purple. All four case gradings for each parameter are illustrated together for comparison.  

 

•timber as load-bearing material Timber 1 

•timber as load-bearing material 

•timber facade 
Timber 2 

•timber as load bearing material 

•timber facade 

•sprinkler system 
Timber 3 

•no changes to T18 Concrete 
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Figure 5.7: Detail study of parameters for T18. 

As illustrated in Figure 5.7, five parameters out of seventeen or; P2, P5, P8, P15 and P16 

differ between the four cases.  

P2 Suppression system 

In Timber 3 a residential sprinkler is added in the apartments and escape routes which 

explains the increase of P2 for Timber 3.  

P5 Structure-separating 

The integrity (E) and insulation (I) of the fire compartments and penetrations between 

separating fire compartments is the same for all four design alternatives. Also both 

separating structure and insulation are non-combustible in all four building alternatives. 

The separating structure is gypsum and the insulation is rock wool. It is parameter P5b, fire 

stops at joints, intersections and concealed spaces, which differs between the design 

alternatives. The concrete building is a homogeneous construction with no voids but in a 

timber-frame building the joints, intersections and concealed spaces should be specially 

designed for preventing fire spread. This gives the concrete building a higher grade than 

the timber buildings. 

P8 Facades 

The magical rock, which covers about 40% of the north side of the building, is replaced 

with timber in design alternatives Timber 2 and 3. The timber facade is indicated with 

orange arrows in Figure 5.8. 
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Figure 5.8: The magical rock facade is replaced with a timber facade. It covers 

approximately 40% of the north side of the building. 

P15 Structure-load-bearing 

The load-bearing capacity is the same for both timber and concrete or R60  LBC  R90. 

It is however parameter P15b that differs between concrete and timber. Concrete is non-

combustible and thus scores a higher grade as load-bearing-material. Timber can be 

combustible but the insulation is non-combustible for all design alternatives. 

P16 Maintenance and information 

When adding a sprinkler in Timber 3 it scores higher in the maintenance and information 

parameter. It is assumed that the maintenance of fire safety systems i.e. detection, alarm, 

suppression and smoke control is carried out at least once every three years for Concrete, 

Timber 1 and 2. When a sprinkler is added it is assumed that the maintenance of the 

sprinkler system is carried out at least once a year. The inspection of escape routes and 

information to occupants on suppression and evacuation is assumed to be the same for all 

four design alternatives. 

5.3.2 Resulting risk index 

The grades for each parameter are inserted in a summary table and each is multiplied by its 

weight as discussed in section 4.3. The maximum individual grade for each parameter is 5. 

The weights were developed by the Delphi panel as described by (Karlsson & Larsson, 

2000). The weighted grades for all parameters are then summed up and result in a Score 

with the maximum value of 5.00. The Risk Index is defined as 5 – Score. A low Risk Index 

means low risk and high fire safety level in the same way as other risk assessment 

methods. (Karlsson, 2002) 

Table 5.2: Resulting risk index for the four design alternatives of T18. 

 

 

Detailed calculations are illustrated in Appendix C. The results were plotted in Figure 5.9 

and for comparison the risk indexes according to the prescriptive part of the Icelandic 

building regulation are also shown in the graph as dotted lines. There are three dotted lines 

Design alternative Risk index 

Concrete 1.89 

Timber 1 1.98 

Timber 2 2.14 

Timber 3 1.83 
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in the graph because multi-storey buildings are categorised into 1-4 storeys, 5-7 storeys 

and ≥8 storeys. T18 is 6 storeys and therefore the maximum risk level allowed, according 

to the Icelandic building regulation, is 2.30.  

 

 

Figure 5.9: Comparison of the resulting risk indexes for the four design cases of T18 and 

the maximum risk index allowed by the Icelandic building regulation depending on the 

number of floors. 

The concrete building got a risk index of 1.89 and the timber-frame building attained a risk 

index of 1.98. The risk index for the concrete building is therefore 0.09 lower than for the 

timber-frame building. The timber-frame building with a timber facade got a risk index of 

2.14 which is 0.25 higher than for the concrete building. It is however possible to 

compensate for the higher timber-frame risk index in many ways. An example would be to 

install a residential sprinkler system in the apartments and in the escape routes, which 

results in a decrease in the index for Timber 3 to 1.83. By installing a residential sprinkler 

the risk index for the timber-framed building with a timber facade becomes 0.06 lower 

than for the concrete building. Installation of smoke control system and detection system, 

inspection of escape routes and information to occupants are other examples of ways to 

decrease the risk index.  

If a sprinkler is installed in Timber 2 it receives a risk index of 1.67 which is 0.22 lower 

than for the concrete building. To further stress the importance of sprinkler a sprinkler is 

also added to the concrete building so it gets the risk index of 1.58 which is 0.31 lower 

than without the sprinkler.  

5.3.3 Sensitivity analysis 

There are a total of 24 apartments in T18, 16 of which are in the range of 50-100 m
2
. 

Therefore it was decided to give parameter P4 Compartmentation the grade 3 in the case 

study. Six apartments are in the range of 100 - 200 m
2
 and would therefore receive the 

grade 2 and one apartment, the penthouse, is in the range of 200 – 400 m
2
 and would 

receive the grade 1. The cellar would probably be made of concrete because of 
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groundwater and tidal conditions. The first floor consists of the parking garage, two shops 

and the four entrances. The shops are small about 58 m
2
 each but the parking garage is 

415.1 m
2
. A sensitivity analysis is made for the Compartmentation parameter (P4) to 

include the larger apartments and the parking garage. 

 

 

Figure 5.10: A sensitivity analysis on the Compartmentation parameter (P4). The risk 

index for all four buildings using different fire compartment sizes in the calculation. 

As illustrated in Figure 5.10 the increased size of the fire compartments has almost the 

same effect for all the design alternatives. Increasing the compartment size always adds 

0.06 - 0.07 to the final risk index. Only for Timber 3 does the risk index exceed the 

prescribed index according to the Icelandic building regulation. 

A sensitivity analysis is also made for parameter P8 Facades. A Timber facade was added 

in cases Timber 2 and Timber 3, which only covered 40% of the facade. The sensitivity 

analysis is done to see what happens when the timber covers more than 40% and also when 

there is a continuous void between the facade material and the supporting wall. This is 

plotted in Figure 5.11. 
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Figure 5.11: A sensitivity analysis on the Facade parameter (P8). The risk index when the 

area of combustible material on the facade is increased. 

The changes in the timber facade only increase the risk index by 0.04 – 0.05. 

5.4 Additional fire protection 

Two more alternatives regarding the fire protection of the building were also considered. 

One example of an active fire protection and another example of passive fire protection 

were added. 

5.4.1 Active fire protection 

An alternative regarding active fire protection is considered, mainly adding a relatively 

robust detection system.   

 

Figure 5.12: Design alternative Timber 4. 

This mainly affects the following parameters: 
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P13 Signal system 

If there is no detection system this parameter usually scores 0. But when the detection 

system is added alarm bells are assumed to be included and the possibility to send a signal 

to the whole building or at least a large section of it. 

 P16 Maintenance and information 

When adding a detection system the score is higher in the maintenance and information 

parameter. It is assumed that the maintenance of fire safety systems i.e. detection, alarm, 

suppression and smoke control is carried out at least once a year. The inspection of escape 

routes and information to occupants on suppression and evacuation is also assumed to be 

once a year. When a fire system is installed, there are usually written information regarding 

fire safety and an overview of the system next to the fire station, which usually is in the 

lobby or near an entrance.  

The design alternative Timber 4 gets the risk index of 1.83 which is the same as for Timber 

3 (timber as load bearing material, timber facade and a sprinkler system). The only 

difference between Timber 3 and Timber 4 lies in parameters P2 (Suppression system) 

where the sprinkler scores higher and in P12 (Detection system) and P13 (Signal system) 

where the detection system scores higher. 

5.4.2 Passive fire protection 

Lowering the risk index for Timber 2 (timber as load bearing material and timber facade) 

with passive fire protection only, is considered, this case is called Timber 5. The effect of 

the size of the fire compartments, parameter P4 (Compartmentation) is illustrated in Figure 

5.10. Other parameters regarding passive fire protection and which are relevant for the 

reference object are P1 (Linings in apartment), P5 (Structure separating), P7 (Windows) and 

P15 (Structure-load bearing).  P1 already gets the highest grade possible. In P5 the integrity 

and insulation could be increased to EI60. If joints, intersections and concealed spaces 

were tested and shown to have endurance with the EI part of the construction and if special 

installation shafts or ducts were in an own fire compartment with certified sealing systems 

to other fire compartments, it would be possible to get a higher grade in P5. If the windows 

were smaller or with more distance between them it would result in a higher grade for P7. If 

load-bearing capacity was increased to R90 at minimum it would result in a bit higher 

grade for P15. All these features are probably very costly and some a bit unreasonable. 

These changes only resulted in the risk index of 1.97 which is almost the same as for 

Timber 1, which is Timber 2 without the timber-facade. 

5.5 Results 

All in all the FRIM-MAB method was applied to the reference object, T18, for six 

different cases or design alternatives. These cases and the final risk index each one 

received are listed in Table 5.3 and the calculations for these risk indexes are illustrated in 

Appendix C.        
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Table 5.3: The six different design alternatives for T18, the case study, and the risk indexes 

they received.  

Design alternative Risk index 

Concrete 1.89 

Timber 1, timber as load-bearing material 1.98 

Timber 2, timber as load-bearing material and a timber facade 2.14 

Timber 3, timber as load-bearing material, timber facade and a sprinkler 

system 
1.83 

Timber 4, timber as load-bearing material, timber facade and a detection 

system 
1.83 

Timber 5, timber as load-bearing material, timber facade and passive fire 

protection 
1.97 

 

A low risk index value indicates low fire risk. Initially the concrete building gave a lower 

risk index than the timber-framed building. But when an active fire protection like a 

sprinkler system or an advanced alarm system is installed the risk index for the timber-

framed building is lower than for the concrete building. The detection system gave the 

same risk index as a residential sprinkler which means that it is worthy of consideration as 

a design alternative. 

Sprinkler systems allow for an alternative design of buildings. Requirements on passive 

fire protection may be partly reduced when a sprinkler is installed. For example timber-

facades could be used in sprinkled buildings because the risk of flames out of a window 

from a fully developed fire is eliminated.  

5.6 Summary 

The Fire Risk Index Method for Multi-storey Apartment Buildings was applied to a 

reference object. The non-combustible framed building or concrete building scored the 

lowest risk index but the timber-framed building can be compensated with active fire 

protection means like a sprinkler system or a robust fire detection system. When adding 

these systems the timber-framed building received a lower risk index than the concrete 

building. 
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6 Environmental aspects 

Human induced climate change is recognised as the greatest environmental threat of the 

21
st
 century. The global community, countries, organisations and individuals are starting to 

take responsibility for making necessary emissions reductions to stabilise global warming 

gases in the atmosphere. But how can we compare the impact of products and services on 

global warming?  

The building industry is a major consumer of both primary and secondary recourses, 

materials and energy. The industry is also a major producer of waste and a source of 

pollution through the production of building materials and the use of pollutant substances. 

But what is the alternative and is it possible to select raw materials and produce building 

materials from an ecological perspective? Renewable resources are those that can be 

renewed or harvested regularly. Non-renewable resources are those that cannot be renewed 

by harvesting or that renew themselves very slowly like metal, sand and aggregates. As a 

reduction of the use of raw materials in the production process organic alternatives like 

timber could be used as an alternative. 

Where does timber stand in comparison to other building materials and how are the 

conditions in Iceland different from the neighbouring European countries? 

6.1 Icelandic conditions 

The Kyoto protocol originated at the 3
rd

 Conference of the Parties to the United Nations 

Convention on Climate Change in 1997. There six greenhouse gases where identified 

whose atmospheric concentration are strongly influenced by human activity. Global 

warming gases or greenhouse gases affect the ability of the earth´s atmosphere to retain 

heat. The most important of these is carbon dioxide (CO2) and the Global Warming 

Potential (GWP) of each greenhouse gas can be expressed in CO2 equivalents, where CO2 

is 1 GWP. (Abbott, 2008) 

Forests are only about 0.56% of the area of Iceland. Forests since after 1989 are called 

“Kyoto-forests” because they have the CO2 binding that is deductible from the CO2 

release. Icelandic woods bind about 4-5 tons CO2 each ha a year which is between 230,720 

and 288,400 tons CO2 eq. In comparison the release in Iceland was about 5,500,000 tons 

CO2 eq. in 2006 or about 14.1 tons CO2 eq. for each individual. (Umhverfisráðuneytið, 

2009) To sum it up the carbon binding of Icelandic woods is between 4-5% of the carbon 

release each year. For comparison forested land in 2005 in Finland was 73.90%, in Norway 

30.70%, Estonia 53.90% and Lithuania 33.50%. (Publications: CEI-Bois)  

Iceland has an abundance of renewable energy and plenty of sand and gravel which are 

used in concrete. Iceland has no natural recourses for steel as building material. The 

amount of usable timber in Iceland is not enough for the building industry. Due to 

Iceland´s small population the amount of timber transported is relatively small compared to 

the distance to major markets. Also the shipping route to Iceland probably needs much 
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energy due to wind and rough sea. Therefore the shipping and transport to Iceland may 
reduce the environmentally friendly benefits of timber.   

But what are the options? As mentioned above Iceland is not abundant with building 
materials other than sand. The import of timber in the years 2008-2010 was about 20% of 
the total import of building materials; only cement was higher 33.47%. Most of imported 
building materials come from the Nordic and Baltic countries (Estonia, Latvia and 
Lithuania). Timber is mainly imported from Estonia, Lithuania and Finland or about 
76.18% of all imported timber in the years 2008-2010. Finland has however the highest 
amount of produced timber (particleboard, fibreboard, plywood). (Breiðfjörð, 2011)   

6.2 Life Cycle Assessment 

LCA, short for Life Cycle Assessment, is a methodology to assess the use of recourses, 
global and regional environmental impacts for a process, product or service. LCA is the 
broadest indicator for calculating environmental impact and an internationally standardized 
method (ISO 14040 and ISO 14044). Environmental impacts are assessed for the whole 
life cycle of the product, or from the extraction of raw material to the incineration and 
disposal. LCA is a comparative method e.g. it compares options A or B, which is better? 
All environmental impacts are relevant and the life cycle is global. Also the life cycle may 
span over decades or even centuries. Life Cycle Assessment of a building from the cradle 
to the grave consists of the following components listed in Figure 6.1. 

 

 

Figure 6.1: The components of a LCA on a building from the cradle to the grave.  

The system boundaries can however differ in the LCA. The life cycle phases for a LCA of 
a building are shown in the following figure.  
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Figure 6.2: Life cycle phases for a Life Cycle Assessment of a building.  

LCAs conducted on buildings frequently compare the environmental impacts of the three 

common building materials; wood, concrete and steel. These studies often conclude that 

wood is a more environmentally friendly building material. The reasons; wood is a 

renewable resource, has lower embodied energy (the amount of energy that is required to 

produce a material), and releases fewer greenhouse gases during processing.  

Eriksson (2003a) compared twelve previously conducted LCA studies in a study complied 

for the Swedish Wood Council. The twelve studies were of buildings with wood, concrete 

and steel structures or combination of the three materials. Even though the twelve studies 

differenced to some extent in physical boundaries (functional units like size, heating etc.) 

of the studied structures as well as to the system boundaries for LCAs, Erikson´s study 

concluded that the use of wood would decrease energy use and green house gas emissions 

compared to other building materials. Eriksson (2003b) also did another study about wood 

components in steel and concrete buildings. He found that from an environmental (LCA) 

perspective, timber-frame structures virtually always out-perform the competing 

techniques.  

The use phase of a building includes heating, lighting, embodied energy of maintenance 

and improvement materials. Adalberth et al. (2001) did a LCA dealing with the 

environmental impact of four multi-family houses in different places in Sweden. The 

houses had different framework and foundations. They found that the occupation phase of 

the buildings had the largest environmental impact compared to the other phases and 
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accounted for 70-90% of the total environmental performance. The manufacturing phase 

only accounted for 10-20% of the total. It was therefore their conclusion that in order to 

reduce the environmental impact of buildings it is wise to design building which are 

energy–efficient during their occupation phase. Iceland uses renewable energy sources for 

electricity and heating. Therefore the use phase of a building in Iceland will likely account 

for a smaller percentage of the overall life cycle impacts, making the materials and 

manufacturing more important. 

Línuhönnun (2005) compared three different buildings in Reykjavík with a LCA study. 

The structural building materials were glulam, reinforced concrete and steel. All three 

buildings meet the same design specifications and same system boundaries. The life span 

was considered 60 years and the life cycle phases were the same as in Figure 6.2 except 

that the “end of life” phase was not included. Línuhönnun concluded that the steel 

framework usually had the largest contribution to the environmental impact categories 

assessed in the report and the glulam framework scored the lowest in five out of six 

categories. The comparison may be seen in Figure 6.3.  

 

 

Figure 6.3: Comparison of complete building frameworks of glulam, concrete and steel. 

Normalized results in person equivalents pr. year during the life time of 60 years. 

(Línuhönnun, 2005, p. 16) 

The steel framework had the largest contribution to the environmental impact categories 

assessed, except persistent toxicity where concrete contributed more. The most significant 

differences were in Acidification and GWP. Only for Photochemical Ozone Formation did 

glulam contribute a bit higher than concrete.   

Línuhönnun (2005) also compared the energy used to manufacture, transport and construct 

the building frameworks. They found that the concrete framework used the most amount of 

Comparison of Building Framework

0.00E+00

3.00E-02

6.00E-02

9.00E-02

1.20E-01

1.50E-01

1.80E-01

A
ci

d
if

ic
at

io
n

G
lo

b
al

W
ar

m
in

g

P
o

te
n

ti
al

H
u

m
an

T
o

x
ic

it
y

N
u

tr
ie

n
t

E
n

ri
ch

m
en

t

P
er

si
st

en
t

T
o

x
ic

it
y

P
h

o
to

ch
em

ic
al

O
zo

n
e

F
o

rm
at

io
n

Environmental Impacts

P
er

so
n

 E
q

u
iv

a
le

n
ts

  
 

Glulam Framework

Concrete Framework

Steel Framework



65 

energy. The concrete framework requires the use of a concrete truck and a pump in 

addition to the crane and lift used for the other two materials. The comparison of the 

cumulative energy consumed for each framework as an average consumption pr. year 

during the life time of 60 years is expressed in Figure 6.4. 

 

 

Figure 6.4: Energy consumption for complete building framework (including transport to 

Iceland) as an average amount pr. year during the lifetime of 60 years. (Línuhönnun, 2005, 

p. 17) 

The reason why the steel framework uses more energy than the glulam framework for 

construction is because the steel is heavier. Also the transportation of the steel contributed 

a large portion of the energy used.   

6.3 Carbon Footprint 

A carbon footprint is a LCA with the analysis limited to emissions that have an effect on 

climate change. A carbon footprint measures the Green House Gas (GHG) emissions 

associated with an activity, group of activities or a product. (Abbott, 2008) Why do we 

want to calculate the carbon footprint? In order to make informed decisions on how to 

reduce the climate change impact of a company, service or in this case a product. 

Definitions of a carbon footprint may vary in terms of which activities and greenhouse 

gases should be included within the scope of a carbon footprint assessment. Carbon 

footprints can also be expressed either as “cradle to gate” footprints or “cradle to grave” 

depending on the life cycle stages included. These expressions are explained in the 

following figures.  
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Figure 6.5: System boundaries for the “cradle to gate” carbon footprint assessment. 

 

 

Figure 6.6: System boundaries for the “cradle to grave” carbon footprint assessment. 

For instance, wood products from sustainably harvested forests have a negative carbon 
footprint which means that they act as a carbon store. 

6.3.1 The carbon cycle of timber 

As trees grow they fix carbon dioxide from the atmosphere by photosynthesis and it is 
stored as carbon within the organic matter that makes up the trees.  When trees die and 
decay they release carbon dioxide back into the atmosphere. Another release factor is when 
trees are burned for fuel or during deforestation. Trees can give products such as timber 
which then acts as long-term carbon store. (Abbott, 2008) 

Managed forestry is more affective because younger trees grow more rapidly and fix more 
carbon dioxide than older trees. Also when trees rot they can produce Methane (CH4) 
which has the GWP of 23. Trees which are harvested however keep the carbon which they 
have collected. The life cycle of timber can span from 2 months (paper) to 75 years (load 
bearing structures). (Publications: CEI-Bois) 

In the end of its life span timber can be recycled, burned for fuel or used as landfill. When 
burned it releases carbon dioxide into the environment. When finding the carbon footprint 
of timber other aspects have to be taken into account such as production and transport. It 
also matters whether timber is in the end burned or used as landfill. In his master thesis 
Kenneth Breiðfjörð (2011) looked at the CO2 emission of timber which is used in the 
building industry in Iceland. He estimated that the carbon binding of timber during its time 
as trees is 1.850 CO2 equivalents for each kg of timber hence timber starts out with a 
negative value. The greenhouse gas emissions of timber is, according to his findings, 1.905 
CO2 eq./kg if it is burned in the end and 1.689 CO2 eq/kg if it ends up as landfill. Thus the 
CO2 emission of timber is 0.055 CO2 eq/kg if the timber is burned and the CO2 uptake of 
timber is 0.161 CO2 eq/kg if it is used as landfill in the end. What is also interesting in 
Breiðfjörð (2011) findings is that production and transport weigh very little in the CO2 
emission. Production is only 3.1% (incineration) and 3.5% (landfill) of the CO2 emission. 
Transport is only 11.1% (incineration) and 12.5% (landfill) of the CO2 emission; these 
calculations include transport form the forest to the building site in Iceland. 
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As mentioned above the emissions associated with harvesting, transport and processing of 

wood are small compared to the total amount of CO2 emission when the wood is at last 

incinerated or used as landfill. That means in retrospect that harvesting, transport and 

processing is small compared to the carbon stored in the wood while in use in buildings or 

other structures. Wood starts with a negative carbon footprint because of the carbon 

dioxide fixed by the original living tree. Materials like metal and concrete however require 

a lot of energy for extraction of raw materials and manufacture and thus these materials 

have positive carbon footprints.  

6.4 Carbon emissions from fire 

The references mentioned in chapters 6.2 and 6.3 and the goal to design and build energy-

efficient and effort to reduce the carbon emissions have focused on normal conditions over 

the life cycle of the building and the consumption of energy required for the production 

and transportation of materials and construction process. The normal life cycle carbon 

emissions should however also include the influence of risk factors due to fire and natural 

hazard which are both important potential sources of carbon emissions. According to 

Gritzo et al. (2009) in a technical report for the insurer FM Global, fire risk factors can add 

up to 14% to carbon emissions over the lifetime of a building exposed to extensive fire 

hazards. The risk of fire also increases the carbon emission of a standard office building by 

1-2% (which is about 30-40 kg CO2/m
2
). “Efforts to improve sustainability solely by 

increasing energy efficiency (without consideration of risk) have the potential to increase 

the relevance of risk factors by a factor of 3.” (Gritzo, et al., 2009, p. 18) This means that 

the carbon footprint of a building may actually increase by factor of 3. A fire in a relatively 

sustainable building can result in a carbon emission that is greater than if sustainability had 

never been considered in the design. 

The report by Gritzo et al. (2009) introduces a methodology to evaluate carbon emission 

during both normal operations and abnormal events over the life of a facility. It provides 

quantitative estimates of possible reductions in carbon emissions and potential 

advancements in sustainable development that can result from improvements in risk 

management. The methodology goes on to calculate the extent to which risk management 

measures, such as sprinkler systems, can reduce the risk fraction. It is the key conclusion of 

the report that effort to improve sustainability must concentrate both on energy efficiency 

and risk management in order to be truly effective.  

6.5 Summary 

Forests are only about 0.56% of the area of Iceland. These forests however bind between 

4-5% of the yearly carbon release in Iceland. Life Cycle Assessments made to compare 

wood, concrete and steel as building materials are usually in favour of wood. Timber acts 

as a long-term carbon store. It is however the end result that matters the most in the carbon 

footprint of timber because when burned timber releases the CO2 back into the atmosphere.  

Therefore the normal life cycle carbon emissions should also include the influence of risk 

factors due to fire and natural hazard which are both important potential sources of carbon 

emissions. 
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7 Conclusions 

The use of timber as a load bearing material in multi-storey buildings has been restricted or 

forbidden by building regulations in many countries, mainly due to issues to do with fire 

safety. During the last decades, there has been a concentrated effort by various partners to 

increase knowledge on timber-frame buildings. This has led to the publication of 

handbooks with advice on how to construct multi-storey buildings of timber-frame. 

Examples of such efforts is research and development work carried out in the Nordic 

countries (Östman, et al., 2002) and in Europe (Östman, et al., 2010). Some of these efforts 

have concentrated on the fire safety of multi-storey apartment buildings. Because no 

convenient method for comparing fire safety in timber-framed buildings to other types of 

buildings existed, a new fire risk assessment technique was developed. This is the Fire 

Risk Index Method for Multi-storey Apartment Buildings (FRIM-MAB). 

In this work we have summarized a description of previous work and discussed demands 

made in the building regulations of the Nordic countries. We have shown how the fire 

safety of a typical newly built multi-storey building in Iceland could have been secured, 

had the structural elements of the building been made of timber. We have compared 

various different active and passive measures to achieve similar safety as when the 

structure is made of concrete. Finally there is a brief introduction of the environmental 

benefits of using timber as a construction material and an overview of some LCA studies 

and carbon footprint studies done to compare timber with other building materials such as 

concrete and steel. Manufacturing timber structures has generally a small environmental 

impact because of low energy use and less level of pollution. Wood could be a continuous 

and sustainable supply of building material in the future. Therefore timber structures are 

becoming an important factor for a sustainable and economical development. New 

methods for construction and design are important contributors to the increased use of 

timber as a building material. 

This work has shown that it is quite possible to construct multi-storey apartment buildings 

in Iceland equally safe in respect to fire as concrete. However, to do this in a safe manner 

considerable knowledge in design and craftsmanship are a key element to successfully 

build fire safe. It is the hope of this author that the publication of various handbooks of the 

Nordic countries and Europe, and this work will in some way contribute to an increased 

awareness of the possibilities of constructing multi-storey timber buildings in Iceland. 
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Appendix A: The FRIM-MAB method 

POLICY, OBJECTIVES AND A LIST OF PARAMETERS 

Policy:   

Provide acceptable fire safety level in multi-storey apartment buildings 

Definition: Multistorey apartment buildings shall be designed in a way that ensures 

sufficient life safety and property protection in accordance with the objectives listed 

below.  

Objectives: 

O1 Provide life safety  

Definition: Life safety of occupants in the compartment of origin, the rest of the 

building, outside and in adjacent buildings and life safety of fire fighters 

O2 Provide property protection 

Definition: Protection of property in the compartment of origin, in the rest of the 

building, outside and in adjacent buildings  

Strategies: 

S1 Control fire growth by active means 

Definition: Controlling the fire growth by using active systems (suppression systems 

and smoke control systems) and the fire service. 

S2 Confine fire by construction 

Definition: Provide structural stability, control the movement of fire through 

containment, use fire safe materials (linings and facade material). This has to do with 

passive systems or materials that are constantly in place.  

S3 Establish safe egress   

Definition: Cause movement of occupants and provide movement means for occupants. 

This is done by designing detection systems, signal systems, by designing escape routes 

and by educating or training the occupants. In some cases the design of the escape route 

may involve action by the fire brigade (escape by ladder through window). 

S4 Establish safe rescue 

Definition: Protect the lives and ensure safety of fire brigades personnel during rescue. 

This is done by providing structural stability and preventing rapid unexpected fire 

spread and collapse of building parts. 

Parameters:  

P1 Linings in apartment 

Definition Possibility of internal linings in an apartment to delay the ignition of the 

structure and to reduce fire growth 

P2 Suppression system 

Definition: Equipment and systems for suppression of fires 
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P3 Fire service 

Definition: Possibility of fire services to save lives and to prevent further fire 

spread 

P4 Compartmentation 

Definition: Extent to which building space is divided into fire compartments 

P5 Structure - separating 

Definition: Fire resistance of building assemblies separating fire compartments  

P6 Doors 

Definition: Fire and smoke separating function of doors between fire 

compartments 

P7 Windows 

Definition: Windows and protection of windows, ie. factors affecting the 

possibility of fire spread through the openings 

P8 Facade 

Definition: Facade material and factors affecting the possibility of fire spread 

along the facade 

P9 Attic 

Definition: Prevention of fire spread to and in attic 

P10 Adjacent buildings 

Definition: Minimum separation distance from other buildings 

P11 Smoke control system 

Definition: Equipment and systems for limiting spread of toxic fire products 

P12 Detection system 

Definition: Equipment and systems for detecting fires 

P13 Signal system 

Definition: Equipment and systems for transmitting an alarm of fire 

P14 Escape routes 

Definition: Adequacy and reliability of escape routes 

P15 Structure - load-bearing 

Definition: Structural stability of the building when exposed to a fire 

P16 Maintenance and information 

Definition: Inspection and maintenance of fire safety equipment, escape routes 

etc. and information to occupants in suppression and evacuation 

P17 Ventilation system 

Definition: Extent to which the spread of smoke through the ventilation system 

is prevented.  
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P1 LININGS IN APARTMENT 

DEFINITION: Possibility of internal linings in an apartment to delay the ignition of the 

structure and to reduce fire growth 

PARAMETER GRADE P1: 

This refers to the worst lining class (wall or ceiling) that is to be found in an apartment. 

(Excluding the small amounts allowed by building code.) 

LINING CLASS  

GRADE 

P1 
Typical products Possible 

Euroclass 

DK FIN NO SWE 

Stone, concrete A1 A 1/I In1 I 5 

Gypsum boards A2 A 1/I In1 I 5 

Best FR woods 

(impregnated) 

B A 1/I In1 I 4 

Textile wall cover on 

gypsum board 

C  1/II 

2/- 

In2 II 3 

Wood (untreated) D B 1/- In2 III 2 

Low density wood 

fibreboard 

E U U U U 1 

Some plastics F U U U U 0 

(Minimum grade = 0 and maximum grade = 5) 

P2 SUPPRESSION SYSTEM 

DEFINITION: Equipment and systems for suppression of fires 

SUB-PARAMETERS: 

P2a Automatic sprinkler system 

Type of sprinkler (N = no sprinkler, R = residential sprinkler, O = ordinary sprinkler) 

Location of sprinkler (A = in apartment, E = in escape route, B = both in apartment and 

escape route) 

SURVEY ITEMS DECISION RULES 

Type of sprinkler  N R R R O O O 

Location of sprinkler - A E B A E B 

GRADE P2a N M L H M L H 

(N = no grade, L = low grade, M = medium grade and H = high grade) 

P2b Portable equipment 

N None 

F Extinguishing equipment on every floor 

A Extinguishing equipment in every apartment 

 

PARAMETER GRADE P2: 

SUB-PARAMETERS DECISION RULES 

P2a Automatic sprinkler system N N N L L L M M M H H H 

P2b Portable equipment N F A N F A N F A N F A 

GRADE P2 0 0 1 1 1 2 4 4 4 5 5 5 

(Minimum grade = 0 and maximum grade = 5) 
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P3 FIRE SERVICE 

DEFINITION: Possibility of fire services to save lives and to prevent further fire spread 

SUB-PARAMETERS:  

P3a Capability of responding fire service  

CAPABILITY OF RESPONDING FIRE SERVICE GRADE P3a 

No brigade available 0 

Fire fighting capability only outside the building 1 

Fire fighting capability but no smoke diving capability 2 

Fire fighting and smoke diving capability 4 

Simultaneous fire fighting, smoke diving and external rescue by ladders 5 

(Minimum grade = 0 and maximum grade = 5) 

 

P3b Response time of fire service to the site  

RESPONSE 

TIME (min) 
GRADE 

P3b 

> 20 0 

15 - 20 1 

10 - 15 2 

5 - 10 3 

0 - 5 5 

(Minimum grade = 0 and maximum grade = 5) 

 

P3c Accessibility and equipment (ie. number of windows (or balconies) that are accessible 

by the fire service ladder trucks)  

ACCESSIBILITY AND EQUIPMENT GRADE P3c 

Less than one window in each apartment accessible by fire service ladders 0 

At least one window in each apartment accessible by fire service ladders 3 

All windows accessible by fire service ladder  5 

(Minimum grade = 0 and maximum grade = 5) 

PARAMETER GRADE: 

P3 = (0.31  P3a Capability + 0.47  P3b Response time + 0.22  P3c Accessibility and 

equipment) 

P4 COMPARTMENTATION 

DEFINITION: Extent to which building space is divided into fire compartments 

PARAMETER GRADE P4: 

MAXIMUM AREA IN  

FIRE COMPARTMENT 
GRADE P4 

> 400 m
2
 0 

200 - 400 m
2
 1 

100 – 200 m
2
 2 

50 – 100 m
2
 3 

< 50 m
2
 5 

(Minimum grade = 0 and maximum grade = 5) 
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P5 STRUCTURE - SEPARATING 

DEFINITION: Fire resistance of building assemblies separating fire compartments  

SUB-PARAMETERS: 

P5a Integrity and insulation  

INTEG.RITY AND INSULATION (EI) GRADE P5a 

EI < EI 15 0 

EI 15  EI < EI 30 1 

EI 30  EI < EI 45 3 

EI 45  EI < EI 60 4 

EI  EI60  5 

(Minimum grade = 0 and maximum grade = 5) 

P5b Firestops at joints, intersections and concealed spaces  

STRUCTURE AND FIRESTOP DESIGN GRADE P5b 

Timber-frame structure with voids and no firestops 0 

Ordinary design of joints, intersections and concealed spaces, without special 

consideration for fire safety. 
1 

Joints, intersections and concealed spaces are specially designed for preventing 

fire spread and deemed by engineers to have adequate performance. 
2 

Joints, intersections and concealed spaces have been tested and shown to have 

endurance in accordance with the EI of other parts of the construction. 
3 

Homogenous construction with no voids 5 

(Minimum grade = 0 and maximum grade = 5) 

P5c Penetrations  

Penetrations between separating fire compartments 

PENETRATIONS GRADE P5c 

Penetrations with no seals between fire compartments 0 

Non-certified sealing systems between fire compartments 1 

Certified sealing systems between fire compartments 2 

Special installation shafts or ducts in an own fire compartment 

with certified sealing systems to other fire compartments 
3 

No penetrations between fire compartments 5 

(Minimum grade = 0 and maximum grade = 5) 

P5d Combustibility  

Combustible part of the separating construction  

COMBUSTIBLE PART GRADE P5d 

Both separating structure and insulation are combustible 0 

Only the insulation is combustible 2 

Only the separating structure is combustible 3 

Both separating structure and insulation are non- combustible 5 

(Minimum grade = 0 and maximum grade = 5) 

 

PARAMETER GRADE: 

P5 = (0.35  P5a Integrity and insulation + 0.28  P5b Firestops + 0.24  P5c Penetrations + 

0.13  P5d Combustibility) 

Note: If grade for penetrations = 0, then the parameter grade P5 = 0 
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P6 DOORS 

DEFINITION: Fire separating function of doors between fire compartments 

SUB-PARAMETERS: 

P6a Doors leading to escape route  

Integrity and insulation (= EI) 

(A = EI < EI 15, B = EI 15  EI < EI 30, C = EI 30  EI < EI 60, D = EI  EI 60) 

Type of closing (M = manually, S = self-closing) 

SURVEY ITEMS DECISION RULES 

Integrity and insulation A A B B C C D D 

Type of closing M S M S M S M S 

GRADE P6a 0 1 1 3 2 4 3 5 

(Minimum grade = 0 and maximum grade = 5) 

P6b Doors in escape route  

Integrity and insulation (= EI) 

(A = EI < EI 15, B = EI 15  EI < EI 30, C = EI 30  EI < EI 60, D = EI  EI 60) 

Type of closing (M = manually, S = self-closing) 

If no doors are needed in the escape routes the highest grade is received. 

SURVEY ITEMS DECISION RULES 

Integrity and insulation A A B B C C D D - 

Type of closing M S M S M S M S - 

GRADE P6b 0 1 1 3 2 4 3 5 5 

(Minimum grade = 0 and maximum grade = 5) 

PARAMETER GRADE: 

P6 = (0.67  P6a Doors leading to escape route + 0.33  P6b Doors in escape route) 

P7 WINDOWS 

DEFINITION: Windows (and other facade openings) and protection of these, ie. factors 

affecting the possibility of fire spread through the openings 

SUB-PARAMETERS: 

P7a Relative vertical distance 

This is defined as the height of the window divided by the vertical distance between 

windows 

Window

h

l

 
Relative vertical distance, r = l/h 

(A = r < 1, B = r  1) 

P7b Class of window 

(C = window class < E 15, D = window class  E 15, E = tested special design solution e.g. 

automatic closing skield, or window class  E 30) 
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PARAMETER GRADE P7: 

SUB-PARAMETERS DECISION RULES 

P7a Relative vertical distance A A A B B B 

P7b Class of window C D E C D E 

GRADE P7 0 3 5 2 5 5 

(Minimum grade = 0 and maximum grade = 5) 

P8 FACADES 

DEFINITION: Facade material and factors affecting the possibility of fire spread along 

the facade 

SUB-PARAMETERS: 

P8a Combustible part of facade  

COMBUSTIBLE PART GRADE P8a 

> 40 % 0 

20 – 40 % 2 

< 20 % 3 

0 % 5 

(Minimum grade = 0 and maximum grade = 5) 

P8b Combustible material above windows  

COMBUSTIBLE MATERIAL 

ABOVE WINDOWS? 
GRADE P8b 

Yes 0 

No 5 

(Minimum grade = 0 and maximum grade = 5) 

P8c Void  

Does there exist a continuous void between the facade material and the supporting wall? 

TYPE OF VOID GRADE P8c 

Continuous void in combustible facade 0 

Void with special design solution for preventing fire spread 3 

No void 5 

PARAMETER GRADE: 

P8 = (0.41 P8a Combustible part of facade + 0.30  P8b Combustible material above 

windows + 0.29  P8c Void) 

P9 ATTIC 

DEFINITION: Prevention of fire spread to and in attic 

SUB-PARAMETERS: 

P9a Prevention of fire spread to attic (eg. is the design such that ventilation of the attic is 

not provided at the eave? The most common mode of exterior fire spread to the attic is 

through the eave. Special ventilation solutions avoid this.) 

N No 

Y Yes 
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P9b Fire separation in attic (ie. extent to which the attic area is separated into fire 

compartments) 

MAXIMUM AREA OF FIRE 

COMPARTMENT IN ATTIC 

GRADE P9b 

No attic H 

< 100 m
2 

M 

100 – 300 m
2 

L 

300 – 600 m
2 

L 

> 600 m
2 

N 

(N = no grade, L = low grade, M = medium grade and H = high grade) 

PARAMETER GRADE P9a: 

SUB-PARAMETERS DECISION RULES 

P9a Prevention of fire spread to attic N N N N Y Y Y Y 

P9b Fire separation in attic N L M H N L M H 

GRADE P9 0 1 2 5 2 3 4 5 

(Minimum grade = 0 and maximum grade = 5) 

P10 ADJACENT BUILDINGS 

DEFINITION: Minimum separation distance from other buildings. If the buildings are 

separated by a fire wall this is deemed to be equivalent to 8 m distance. 

PARAMETER GRADE P10: 

DISTANCE TO ADJACENT BUILDING, D GRADE P10 

D < 6 m 0 

6  D < 8 m
 1 

8  D < 12 m
 2 

12  D < 20 m
 3 

D  20 m
 5 

(Minimum grade = 0 and maximum grade = 5) 

P11 SMOKE CONTROL SYSTEM 

DEFINITION: Equipment and systems in escape routes for limiting spread of toxic fire 

products 

SUB-PARAMETERS: 

P11a Activation of smoke control system 

N No smoke control system 

M Manually 

A Automatically 

 

P11b Type of smoke control system 

N Natural ventilation through openings near ceiling 

M Mechanical ventilation 

PN Pressurisation and natural ventilation for exiting smoke 

PM Pressurisation and mechanical ventilation for exiting smoke  
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PARAMETER GRADE P11: 

SUB-PARAMETERS DECISION RULES 

P11a Activation of smoke control system N M M M M A A A A 

P11b Smoke vent openings - N M PN PM N M PN PM 

GRADE P11 0 2 2 3 3 4 4 5 5 

(Minimum grade = 0 and maximum grade = 5) 

P12 DETECTION SYSTEM 

DEFINITION: Equipment and systems for detecting fires 

SUB-PARAMETERS: 

P12a Amount of detectors 

Detectors in apartment (N = none, A = at least one in every apartment, R = more than one 

in every apartment)  

Detectors in escape route (N = no, Y = yes) 

SURVEY ITEMS DECISION RULES 

Detectors in apartment N N A R A R 

Detectors in escape route N Y N N Y Y 

GRADE P12a N L L M H H 

(N = no grade, L = low grade, M = medium grade and H = high grade) 

 

P12b Reliability of detectors 

Detector type (H = heat detectors, S = smoke detectors)  

Detector power supply (B = battery, P = power grid, BP = power grid and battery backup) 

SURVEY ITEMS DECISION RULES 

Detector type H H H S S S 

Detector power supply B P BP B P BP 

GRADE P12b L M M M H H 

(N = no grade, L = low grade, M = medium grade and H = high grade) 

PARAMETER GRADE P12: 

SUB-PARAMETERS DECISION RULES 

P12a Amount of detectors N L L L M M M H H H 

P12b Reliability of detectors - L M H L M H L M H 

GRADE P12 0 1 2 2 2 3 3 3 4 5 

(Minimum grade = 0 and maximum grade = 5) 

P13 SIGNAL SYSTEM 

DEFINITION: Equipment and systems for transmitting an alarm of fire 

SUB-PARAMETERS: 

P13a Type of signal 

Light signal (N = no, Y = yes)   

Sound signal (N = no, A = alarm bell, S = spoken message) 
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SURVEY ITEMS DECISION RULES 

Light signal N Y N N Y Y 

Sound signal N N A S A S 

GRADE N L M H M H 

(N = no grade, L = low grade, M = medium grade and H = high grade) 

P13b Location of signal 

Do you just receive a signal within the fire compartmentation or is it also possible to warn 

other occupants? 

A The signal is sent to the compartment only. 

B It is possible to send a signal manually to the whole 

building or at least to a large section of the building. 

 

PARAMETER GRADE P13: 

SUB-PARAMETERS DECISION RULES 

P13a Type of signal N L L M M H H 

P13b Location of signal - A B A B A B 

GRADE P13 0 1 2 3 4 4 5 

(Minimum grade = 0 and maximum grade = 5) 

P14 ESCAPE ROUTES 

DEFINITION: Adequacy and reliability of escape routes 

SUB-PARAMETERS:  

P14a Type of escape routes  

Staircase (A = one staircase may be used as an escape route, B = escape route leading to 

two independent staircases, C = direct escape to two independent staircases). 

Window/Balcony (D = windows and balconies can not be used as escape routes, E = one 

window may be used as an escape route, F = at least two independent windows may be 

used as escape routes, G = the balcony may be used as an escape route, H = at least one 

window and the balcony may be used as escape routes) 

SURVEY ITEMS DECISION RULES 

Staircase A A A A B B B B C C C C C 

Window/Balcony E F G H E F G H D E F G H 

GRADE P14a 0 1 1 3 2 3 3 4 4 5 5 5 5 

(Minimum grade = 0 and maximum grade = 5) 

P14b Dimensions and layout  

Maximum travel distance to an escape route (A < 10 m, B = 10 – 20 m, C > 20 m) 

Number of floors (D  4, E = 5 – 8) 

Maximum number of apartments per floor connected to an escape route (F  4, G  5)  

SURVEY ITEMS DECISION RULES 

Travel distance to... C C C C B B B B A A A A 

Number of floors E E D D E E D D E E D D 

Number of apartments... G F G F G F G F G F G F 

GRADE P14b 0 1 2 2 3 3 4 4 4 4 5 5 

 (Minimum grade = 0 and maximum grade = 5) 
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P14c Equipment  

Guidance signs (A = none, B = normal, C = illuminating light), General lighting (D = 

manually switched on, E = always on) 

Emergency lighting (F = not provided, G = provided) 

 

SURVEY ITEMS DECISION RULES 

Guidance signs A A A A B B B B C C C C 

General lighting D D E E D D E E D D E E 

Emergency lighting F G F G F G F G F G F G 

GRADE P14c 0 3 3 4 2 4 3 4 2 4 3 5 

(Minimum grade = 0 and maximum grade = 5) 

P14d Linings and floorings  

This refers to the worst lining or flooring class that is to be found in an escape route 

(excluding the small amounts allowed by building law. The flooring must have at least 

class DFL which is fulfilled by e.g. solid timber floor. 

 

LINING CLASS  

GRADE 

P14d 
Typical products Possible 

Euroclass 

DK FIN NO SWE 

Stone, concrete A1 A 1/I In1 I 5 

Gypsum boards A2 A 1/I In1 I 5 

Best FR woods 

(impregnated) 

B A 1/I In1 I 4 

Textile wall cover on 

gypsum board 

C  1/II 

2/- 

In2 II 3 

Wood (untreated) D B 1/- 

 

In2 III 2 

Low density wood 

fibreboard 

E U U U U 1 

Some plastics F U U U U 0 

(Minimum grade = 0 and maximum grade = 5) 

PARAMETER GRADE: 

P14 = (0.34  P14aType of escape routes + 0.27  P14b Dimensions and layout + 0.16  P14d 

P14c Equipment + 0.23  P14d Linings and floorings) 

P15 STRUCTURE - LOAD-BEARING 

DEFINITION: Structural stability of the building when exposed to a fire 

SUB-PARAMETERS: 

P15a Load-bearing capacity  

LOAD BEARING CAPACITY (LBC) GRADE P15a 

LBC < R 30 0 

R 30  LBC < R 60 2 

R 60  LBC < R 90 4 

R 90  LBC 5 

(Minimum grade = 0 and maximum grade = 5) 

P15b Combustibility  
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P15b Combustibility  

Combustible part of the load-bearing construction  

 

COMBUSTIBLE PART GRADE P15b 

Both load-bearing structure and insulation are combustible 0 

Only the insulation is combustible 2 

Only the load-bearing structure is combustible 3 

Both load-bearing structure and insulation are non- combustible 5 

(Minimum grade = 0 and maximum grade = 5) 

PARAMETER GRADE: 

P15 = (0.74  P15a Load-bearing capacity + 0.26  P15b Combustibility) 

P16 MAINTENANCE AND INFORMATION 

DEFINITION: Inspection and maintenance of fire safety equipment, escape routes etc. 

and information to occupants on suppression and evacuation 

SUB-PARAMETERS: 

P16a Maintenance of fire safety systems ie. detection, alarm, suppression and smoke 

control system  

 

MAINTENANCE OF FIRE SAFETY SYSTEMS GRADE P16a 

Carried out less than every three years 0 

Carried out at least once every three years 2 

Carried out at least once a year 4 

Carried out at least twice a year 5 

(Minimum grade = 0 and maximum grade = 5) 

 

P16b Inspection of escape routes  

INSPECTION OF ESCAPE ROUTES GRADE P16b 

Carried out less than every three years 0 

Carried out at least once a year 1 

Carried out at least once every three months 3 

Carried out at least once per month 5 

(Minimum grade = 0 and maximum grade = 5) 

 

P16c Information to occupants on suppression and evacuation  

Written information (A = no information, B = written information on evacuation and 

suppression available in a prominent place in the building, C = written information 

available in a prominent place and distributed to new inhabitants) 

Drills (D = no drills, E = suppression drill carried out regularly, F = evacuation drill carried 

out regularly, G = suppression and evacuation drills carried out regularly) 

SURVEY ITEMS DECISION RULES 

Written information  A A A A B B B B C C C C 

Drills D E F G D E F G D E F G 

GRADE P16c 0 1 1 2 1 3 3 4 2 4 4 5 

(Minimum grade = 0 and maximum grade = 5) 
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PARAMETER GRADE: 

P16 = (0.40  P16a Maintenance of fire safety systems + 0.27  P16b Inspection of escape 

routes + 0.33  P16c Information) 

P17 VENTILATION SYSTEM 

DEFINITION: Extent to which the spread of smoke through the ventilation system is 

prevented. 

PARAMETER GRADE P17: 

 

TYPE OF VENTILATION SYSTEM GRADE P17 

No specific smoke spread prevention through the ventilation 

system  
0 

Central ventilation system, designed to let smoke more easily into 

the external air duct than ducts leading to other fire compartments. 

The ratio between pressure drops in these ducts is in the order of 

5:1
 

2 

Ventilation system specially designed to be in operation under fire 

conditions with sufficient capacity to hinder smoke spread to 

other fire compartments 
 

3 

Ventilation system with a non-return damper, or a smoke detector 

controlled fire gas damper, in ducts serving each fire 

compartment.
 

4 

Individual ventilation system for each fire compartment
 

5 

(Minimum grade = 0 and maximum grade = 5) 
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Parameter Summary Table 

Fire Risk Index Method – Multi storey Apartment Buildings: Version 2.0 

Grades for each parameter has to be inserted in the Summary table below and multiplied 

by the weight. Maximum individual grade for each parameter is 5.00. The weights have 

been developed by the Delphi panel
3
. The weighted grades for all parameters are then 

summed and result in a score with a maximum value of 5.00.  

The Risk Index is defined as 5  Score. A low Risk Index means low risk and high fire 

safety level in the same way as other risk assessment methods 
4
. 

Summary table  

 

Parameter Weight Grade WEIGHTED GRADE  

P1Linings in apartment 0.0576   

P2 Suppression system 0.0668   

P3 Fire service 0.0681   

P4 Compartmentation 0.0666   

P5 Structure - separating 0.0675   

P6 Doors 0.0698   

P7 Windows 0.0473   

P8 Facades 0.0492   

P9 Attic 0.0515   

P10 Adjacent buildings 0.0396   

P11 Smoke control system 0.0609   

P12 Detection system 0.0630   

P13 Signal system 0.0512   

P14 Escape routes 0.0620   

P15 Structure – load-bearing 0.0630   

P16 Maintenance and information 0.0601   

P17 Ventilation system 0.0558   

Sum 1.0000   

SCORE (Sum of weighted grades)                                           

 

RISK INDEX (= 5 – Score)                                                      
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Appendix B: FRIM-MAB applied according to the Icelandic building 

regulation 

Parameter Number of storeys Minimal requirements in the building regulation?  

  1-4 5-7 ≥8  Y/N        Relative section in the building regulation: 

P1 Linings in apartment 4 4 4 Y Buildings higher than 2 storeys Flokkur 1 (gr. 104.16) 

P2a Automatic sprinkler system N N N N   

P2b Portable equipment A A A Y 92.3  

P2 Suppression system 1 1 1 Y   

P3a Capability of responding fire service 5 5 5 N   

P3b Response time of fire service 3 3 3 N 5-10 min from T18 

P3c Accessibility and equipment  5 5 5 N   

P3 Fire service 4,06 4,06 4,06 N   

P4 Compartmentation 3 3 3 N   

P5a Integrity and insulation 5 5 5 Y   

P5b Firestops at joints, intersections and 
concealed spaces 2 2 2 Y 92.3 

P5c Penetrations 2 2 2 Y 166 

P5d Combustibility 5 5 5 Y   

P5 Structure - Separating 3,44 3,44 3,44 Y   

P6a Doors leading to escape route 4 4 4 Y   

P6b Doors in escape route 0 4 5 Y   

P6 Doors 2,68 4 4,33 Y   

P7a Realitive vertical distance 1,2 1,2 1,2 Y/N Fire service 

P7b Class of window E30 E30 E30 Y/N Fire service 

P7 Windows 5 5 5 N   

P8a Combustible part of facade 3 3 3 Y 135 

P8b Combustible part of material above windows 5 5 5 Y   
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P8c Void 3 3 3 Y   

P8 Facades 3,6 3,6 3,6 Y   

P9a Prevention of fire spread to attic N N N N   

P9b Fire separation in attic L L L Y 104.9 

P9 Attic 1 1 1     

P10 Adjacent buildings 2 2 2 Y 75.2 

P11a Activation fo smoke control system M M M Y Fire service 

P11b Type of smoke control system N N N     

P11 Smoke control system 2 2 2     

P12a Amount of detectors L L L Y 92.3 

P12b Reliability of detectors M M M     

P12 Detedtion system 2 2 2     

P13a Type of signal N N N     

P13b Locationof signal - - -     

P13 Signal system 0 0 0     

P14a Type of escape routes 1 1 1 Y 104.13 

P14b Dimensions and layout 2 3 3     

P14c Equipment 0 0 0 N   

P14d Linings and floorings 4 4 4 Y 205.5 

P14 Escape routes 1,8 2,07 2,07     

P15a Load-bearing capacity 5 5 5 Y 132.6 

P15b Combustibility  3 3 3 Y 135.10 

P15 Structure-Load-Bearing 4,48 4,48 4,48     

P16a maintenance of fire safety systems 4 4 4 N If a system is installed maintenance is required 

P16b Inspection of escape routes 0 0 0 N   

P16c Iformation 0 0 0 N   

P16 Maintenance and information 1,6 1,6 1,6     

P17 Ventilation systems 2 2 2 Y 166 
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Parameter Summary Table 

 

Parameter Wight  
Grade1-4 
storeys 

Weighted 
Grade 1-4 

Grade 5-7 
storeys 

Weighted 
Grade 5-7 

Grade ≥8 
storeys 

Weighted 
Grade ≥8 

P1 0,0576 4 0,2304 4 0,2304 4 0,2304 

P2 0,0668 1 0,0668 1 0,0668 1 0,0668 

P3 0,0681 4,06 0,2765 4,06 0,2765 4,06 0,2765 

P4 0,0666 3 0,1998 3 0,1998 3 0,1998 

P5 0,0675 3,44 0,2322 3,44 0,2322 3,44 0,2322 

P6 0,0698 2,68 0,1871 4 0,2792 4,33 0,3022 

P7 0,0473 5 0,2365 5 0,2365 5 0,2365 

P8 0,0492 3,6 0,1771 3,6 0,1771 3,6 0,1771 

P9 0,0515 1 0,0515 1 0,0515 1 0,0515 

P10 0,0396 2 0,0792 2 0,0792 2 0,0792 

P11 0,0609 2 0,1218 2 0,1218 2 0,1218 

P12 0,0630 2 0,1260 2 0,1260 2 0,1260 

P13 0,0512 0 0,0000 0 0,0000 0 0,0000 

P14 0,0620 1,8 0,1116 2,07 0,1283 2,07 0,1283 

P15 0,0630 4,48 0,2822 4,48 0,2822 4,48 0,2822 

P16 0,0601 1,6 0,0962 1,6 0,0962 1,6 0,0962 

P17 0,0558 2 0,1116 2 0,1116 2 0,1116 

Sum 1,0000 SCORE: 2,5865   2,6953   2,7184 

Risk Index = 5-Score   2,41   2,30   2,28 
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Appendix C: Case study calculations 

FRIM-MAB, Concrete 
         Building: Tryggvagata 18 Building 

material 

Concrete no. 

floors 

6 

           Parameter Underparameter 

a 

Underparameter b Underparameter c Underparameter d Resultat 

P1 5   
0,288 

P2 1   
0,0668 

P3   P3a 5 P3b 3 P3c 5   
0,2765 

P4 3   
0,1998 

P5   P5a 4 P5b 5 P5c 2 P5d 5 
0,2653 

P6   P6a 2 P6b 5   
0,2087 

P7 3           
0,1419 

P8   P8a 5 P8b 5 P8c 5   
0,246 

P9 5           
0,2575 

P10 0   
0 

P11 2   
0,1218 

P12 4   
0,252 

P13 0   
0 

P14   P14a 1 P14b 4 P14c 5 P14d 5 
0,2089 

P15   P15a 4 P15b 5   
0,2684 

P16   P16a 2 P16b 1 P16c 1   
0,0841 

P17 4   
0,2232 

Safety Index 3,1089 

Risk Index = 5 - Safety Index 1,89 
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FRIM-MAB, Timber 1 timber as load-bearing material 
      Building: Tryggvagata 18 Building 

material 

Timber no. floors 6 

Parameter Underparameter 

a 

Underparameter b Underparameter c Underparameter 

d 

Resultat 

P1 5   
0,288 

P2 1   
0,0668 

P3   P3a 5 P3b 3 P3c 5   
0,2765 

P4 3   
0,1998 

P5   P5a 4 P5b 2 P5c 2 P5d 5 
0,2086 

P6   P6a 2 P6b 5   
0,2087 

P7 3           
0,1419 

P8   P8a 5 P8b 5 P8c 5   
0,246 

P9 5           
0,2575 

P10 0   
0 

P11 2   
0,1218 

P12 4   
0,252 

P13 0   
0 

P14   P14a 1 P14b 4 P14c 5 P14d 5 
0,2089 

P15   P15a 4 P15b 3   
0,2356 

P16   P16a 2 P16b 1 P16c 1   
0,0841 

P17 4   
0,2232 

Safety Index 3,0195 

Risk Index = 5 - Safety Index 1,98 
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FRIM-MAB, Timber 2 timber as load-bearing material and a timber facade 

   Building: Tryggvagata 18 Building 

material 

Timber no. 

floors 

6 

Parameter Underparameter 

a 

Underparameter b Underparameter c Underparameter d Resultat 

P1 5   
0,288 

P2 1   
0,0668 

P3   P3a 5 P3b 3 P3c 5   
0,2765 

P4 3   
0,1998 

P5   P5a 4 P5b 2 P5c 2 P5d 5 
0,2086 

P6   P6a 2 P6b 5   
0,2087 

P7 3           
0,1419 

P8   P8a 2 P8b 0 P8c 3   
0,0831 

P9 5           
0,2575 

P10 0   
0 

P11 2   
0,1218 

P12 4   
0,252 

P13 0   
0 

P14   P14a 1 P14b 4 P14c 5 P14d 5 
0,2089 

P15   P15a 4 P15b 3   
0,2356 

P16   P16a 2 P16b 1 P16c 1   
0,0841 

P17 4   
0,2232 

Safety Index 2,8566 

Risk Index = 5 - Safety Index 2,14 

 

  



96 

 

FRIM-MAB, Timber 3 timber as load-bearing material, timber facade and a sprinkler system 

  Building: Tryggvagata 18 Building 

material 

Timber no. 

floors 

6 

Parameter Underparameter 

a 

Underparameter b Underparameter c Underparameter d Resultat 

P1 5   
0,288 

P2 5   
0,334 

P3   P3a 5 P3b 3 P3c 5   
0,2765 

P4 3   
0,1998 

P5   P5a 4 P5b 2 P5c 2 P5d 5 
0,2086 

P6   P6a 2 P6b 5   
0,2087 

P7 3           
0,1419 

P8   P8a 2 P8b 0 P8c 3   
0,0831 

P9 5           
0,2575 

P10 0   
0 

P11 2   
0,1218 

P12 4   
0,252 

P13 0   
0 

P14   P14a 1 P14b 4 P14c 5 P14d 5 
0,2089 

P15   P15a 4 P15b 3   
0,2356 

P16   P16a 4 P16b 1 P16c 1   
0,1322 

P17 4   
0,2232 

Safety Index 3,1719 

Risk Index = 5 - Safety Index 1,83 
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FRIM-MAB, Timber 4 timber as load-bearing material, timber facade and a detection system 

  Building: Tryggvagata 18 Building 

material 

Timber no. 

floors 

6 

Parameter Underparameter 

a 

Underparameter b Underparameter c Underparameter d Resultat 

P1 5   
0,288 

P2 1   
0,0668 

P3   P3a 5 P3b 3 P3c 5   
0,2765 

P4 3   
0,1998 

P5   P5a 4 P5b 2 P5c 2 P5d 5 
0,2086 

P6   P6a 2 P6b 5   
0,2087 

P7 3           
0,1419 

P8   P8a 2 P8b 0 P8c 3   
0,0831 

P9 5           
0,2575 

P10 0   
0 

P11 2   
0,1218 

P12 5   
0,315 

P13 4   
0,2048 

P14   P14a 1 P14b 4 P14c 5 P14d 5 
0,2089 

P15   P15a 4 P15b 3   
0,2356 

P16   P16a 4 P16b 1 P16c 1   
0,1322 

P17 4   
0,2232 

Safety Index 3,1725 

Risk Index = 5 - Safety Index 1,83 
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FRIM-MAB, Timber 5 timber as load-bearing material, timber facade and passive fire protection 

  Building: Tryggvagata 18 Building 

material 

Timber no. 

floors 

6 

Parameter Underparameter 

a 

Underparameter b Underparameter c Underparameter d Resultat 

P1 5   
0,288 

P2 1   
0,0668 

P3   P3a 5 P3b 3 P3c 5   
0,2765 

P4 3   
0,1998 

P5   P5a 4 P5b 3 P5c 3 P5d 5 
0,2437 

P6   P6a 2 P6b 5   
0,2087 

P7 5           
0,2365 

P8   P8a 2 P8b 0 P8c 3   
0,0831 

P9 5           
0,2575 

P10 0   
0 

P11 2   
0,1218 

P12 4   
0,252 

P13 0   
0 

P14   P14a 1 P14b 4 P14c 5 P14d 5 
0,2089 

P15   P15a 5 P15b 3   
0,2822 

P16   P16a 2 P16b 1 P16c 1   
0,0841 

P17 4   
0,2232 

Safety Index 3,0329 

Risk Index = 5 - Safety Index 1,97 
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