
SP Swedish National Testing and Research Institute
Box 857
SE-501 15 BORÅS, SWEDEN
Telephone: + 46 33 16 50 00, Telefax: +46 33 13 55 02
E-mail: info.sp.se, Internet: www.sp.se

SP
 S

w
ed

is
h

 N
at

io
n

al
 T

es
ti

n
g

 a
n

d
 R

es
ea

rc
h

 In
st

it
u

te

SP Fire Technology
SP REPORT 2002:29

SP Fire Technology
SP REPORT 2002:29
ISBN 91-7848-920-2
ISSN 0284-5172

M
ar

ke
rin

gs
bi

ld

(M
ås

te
 in

te
 v

ar
a 

ru
nd

)

SP Swedish National Testing and Research Institute develops and transfers 

technology for improving competitiveness and quality in industry, and for safety, 

conservation of resources and good environment in society as a whole. With 

Swedens widest and most sophisticated range of equipment and expertise for 

technical investigation, measurement, testing and certfi cation, we perform 

research and development in close liaison with universities, institutes of technology 

and international partners.

SP is a EU-notifi ed body and accredited test laboratory. Our headquarters are in 

Borås, in the west part of Sweden.

Lars Boström

Ageing effects on the fi re resistance 
of building structures

Brandforsk Project 322-011



2 
 
 
 
 

Abstract 
 
The fire resistance of structures is based on tests performed on specimens manufactured 
shortly before the fire test. The only requirement in respect of conditioning is that the 
temperature and moisture content shall be the same as expected in practical use. Since 
there are many components and materials used in different building structures, it is of 
great importance that they behave in the same manner throughout the whole life of the 
structure as when the fire test was performed. 
 
The present study has examined some different materials and building structures in order 
to determine possible ageing problems with respect to fire resistance. The objective of the 
study has been to see if there are materials or components used in fire-resisting structures 
that may change their characteristics over the assumed life span of the structures. 
 
There are several materials which, under certain conditions, can lose their characteristics 
and thus possibly reduce the fire resistance. Examples are gypsum, when exposed to 
temperatures above 45 ºC, and different types of polymers when exposed to UV light. 
 
There are today no European requirements with respect to ageing tests for  fire resistance. 
It is also difficult to find information regarding ageing and its effects on fire resistance for 
many materials and components. Since ageing of materials in structures may affect the 
fire resistance, it is of great importance that it is further studied. 
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Summary 
 
The expected life of many parts of a building can be very long, and so ageing may affect 
the properties of the materials and components used. The objective of this investigation 
was to find out if degradation of materials and components can affect the fire resistance 
of a building structures. 
 
When determining the fire resistance of building structures by testing, it is generally new 
products that are tested. According to the Construction Products Directive (CPD), there 
are no requirements with respect to the long-term fire resistance of  materials and 
components. This is the case, even though it is well known that the characteristics of 
many materials change when exposed to certain conditions, which may be the case in 
many buildings. 
 
The definition of ageing varies in the literature.  In this report, it is slightly wider than 
normal, since it is not only the materials themselves that are studied but also the complete 
structure, which is composed of several materials. Therefore effects not normally used in 
the common definition of ageing are covered, such as thermal and moisture movement or 
vibration. These can have a major influence on the fire resistance of the complete 
structure. 
 
Degradation effects are well known for several materials, but not for all materials. In 
many cases, even if it is known that a material degrades, it is difficult to determine the 
effects of the degradation on the fire resistance. It may, or may not, be an important 
factor. 
 
In most cases, the effect of ageing on the fire resistance of load-bearing structures is 
judged to be small. There are, however, some systems and effects that can reduce fire 
resistance. Carbonation of concrete may affect the fire spalling, and thus have an effect 
on fire resistance, but no information has been found in the literature on the subject. 
 
Protective systems used to insulate load-bearing structures may affect the fire resistance 
more severely. Insulating materials that adhere to the load-bearing structure, such as 
intumescent paint or spray-on systems, can lose their adherence due to thermal 
movements, corrosion of the structure etc. Insulating systems that are mechanically 
secured to the structure can be affected by vibrations or other movements of the structure. 
 
Gypsum boards are often used due to their good contribution to fire resistance. However, 
if gypsum is exposed to temperatures above 45 ºC, the water of crystallisation evaporates 
and the fire resistance is probably reduced. This can occur, for example, behind radiators, 
at penetrations where hot media is flowing through pipes and roof spaces during hot 
summer days. To what extent this degradation affects fire resistance is not known. 
 
Intumescent materials are often used for insulation or filling gaps in structures. Some of 
these materials are hygroscopic and must be protected from moisture to maintain their 
function. It is not known how these intumescent materials are affected by environmental 
factors, but there is a risk that it can have an effect on their fire resistance. Intumescent 
materials are also used as paint, where they have an insulating function in case of fire. In 
this case, it is most important that adhesion is maintained during the lifetime of the 
structure. Due to the hygroscopic characteristics of some intumescent materials, there can 
be risk of corrosion on the surface of painted steel. Another problem can be due to 
thermal or moisture movements, or vibrations in the structure, which can degrade the 
adhesion of the intumescent paint. 
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The general conclusion from the project is that, under certain conditions, ageing may 
degrade many materials. This degradation can reduce the fire resistance and should thus 
be considered. These aspects are not at present taken into account in the testing and 
classification standards developed within the European standardization organization, 
CEN.  
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1 Introduction 
 
1.1 Background 
 
In use, all materials are subjected to various types of degradation mechanisms. The speed 
of the degradation can be very different, depending on factors such as the type of 
material, the structure of the material and/or its composition, as well as by environmental 
conditions. While, in one environment, materials and material combinations can have a 
very long life, they may in another environment very quickly degrade and be destroyed. 
 
The durability of a material is not the same for all types of attacks. A material such as 
steel has a very good resistance against biological attacks but not against corrosion. It is 
therefore important clearly to define what kind of degradation process one is studying:  
for example, resistance to acids, resistance to biological attacks etc. A material’s ability 
to, for example, carry load or endure high temperatures are normally not included in the 
concept of durability. 
 
The term ageing is usually used for a slow ongoing change of a material. Due to 
instability of one or more of the chemical components in a material, a slow change can 
occur when the material is exposed to different environmental conditions such as water, 
sunlight or carbon dioxide. Thus the appearance and the properties of the material will 
change, but not necessarily in an unfavourable direction. 
 
The resistance of materials to different types of attacks is a very complex area, which for 
several reasons gives engineers a feeling of uncertainty. One reason is that tests are 
normally performed during a very short time period, perhaps a couple of months, and the 
predicted lifetime of the product is several decades. Another uncertainty is due to the little 
exchange of research results between different material groups and the fact that the 
research has not extended across material borders. This has led to specific test methods 
and assessment criteria for each material group. It is therefore nearly impossible to 
compare materials from different groups that are intended to have the same function 
within a building. 
 
Another problem related to the characterisation of durability is the difficulty of 
quantifying durability in numerical terms as is done for characteristics such as strength 
and modulus of elasticity. Instead, a general characterisation is made where the material 
is said to be, for example, “Good”, “Less Good” or “Poor”. 
 
 
1.2 Ageing and fire 
 
The essential requirement in respect of fire resistance, as set out in the Construction 
Products Directive (CPD), is for a high level of conformity of products and designs for 
limiting the risks if and when a fire occurs. The amount of damage due to a fire in a 
building, ship or other structure, depends on several factors, of which one is how well the 
separating function of the fire cells or compartments work. 
 
Many different building elements or structures used as separating and/or load-bearing 
elements are tested in order to prove their fire resistance. These tests are normally always 
carried out on newly manufactured samples. Classification of the products is then based 
on the results from these tests. There are today no ways to ensure that the fire-resisting 
ability of the tested element is maintained throughout the element's life. It is also likely 
that the fire resistance of structures is affected by different types of degradation which 
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may occur, depending on the materials used and on the environment. In order to ensure 
that the fire resistance is maintained throughout the life of the structure, it is of great 
importance that the possible effect of different degradation processes on the fire 
resistance is studied. This is especially important for structures playing an important part 
in the separating and load-bearing functions of the building. 
 
Generally, ageing is defined as degradation due to the influence of environmental factors 
such as pollution, relative humidity, etc. In this, report the term 'ageing' is used in a wider 
perspective. This is done because the report deals with structures composed of different 
materials and components, where the interaction between the components can be 
significant. Factors such as moisture and temperature movements are therefore included, 
as well as ordinary use of products such as doors.  
 
 
1.3 Objective of the study 
 
The objective has been to produce a state-of-the-art report on degradation and ageing of 
materials and structures with respect to the fire resistance.  
 
 
1.4 Limitations 
 
The results presented are based on SP's own experience and generally available 
publications such as textbooks used on the technical universities [1-8], handbooks [9-13] 
and publications from different industrial groups [14-16]. Information has also been 
obtained through personal communications with some selected Swedish experts in the 
field of materials science and degradation. Due to the limited size of the project, it has not 
been possible to perform any deeper studies or literature surveys. 
 
Very little information has been found on the effects of ageing on the fire resistance, and 
so it has not been possible to determine to what extent ageing of different materials or 
components affects the fire resistance of the whole structure. Judgements have been based 
mainly on the importance of the actual material/component for the fire resistance of a 
specific structure. 
 
 
1.5 Reading instructions 
 
This report should be read as a reference report. A lot of information is repeated - in some 
cases several times - due to the structure of the report. Use the table of contents to find the 
material or structure of interest. 
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2 Fire resistance 
 
2.1 Classification 
 
Fire resistance is generally defined as a structure's ability to maintain its function when 
exposed to fire. There are several different functions of a structure that may be examined. 
The most frequent are load-bearing capacity, fire containment (integrity) and thermal heat 
transfer (insulation). Classification with respect to fire resistance will soon be determined 
in accordance with a European classification standard, EN 13501 Part 2 [29]. This 
standard specifies the available classes and the test standards to be used for the actual 
product.  
 
The fire resistance of a structure is presented as a code in the form of letters and numbers. 
This code indicates, for example, how long a time one or more performance criteria are 
fulfilled for a specific fire exposure, usually the standard time-temperature curve in 
accordance with EN 1363-1 [27] (more generally known as ISO 834). For some 
structures or components, other time-temperature curves can be more severe. Products 
that are reactive with heat may be tested with a slow heating curve, while elements used 
in tunnels may be tested with a fast heating curve. EN 1363-2 [28] specifies a number of 
different time-temperature curves in addition to techniques for measurement of radiation 
and mechanical impact. 
 
 
2.2 Load-bearing capacity 
 
The load-bearing capacity is indicated by the letter R and the time the structure continues 
to maintain its ability to support a certain predefined load. The load-bearing capacity is 
determined through a fire test where the structure is loaded as specified by a standard. 
The load level is usually specified by the test client, and equals the prescribed loads in the 
building regulations. A structure marked as R60 can therefore withstand a standard fire 
for 60 minutes while maintaining sufficient load-bearing capacity. 
 
The load is applied to the test specimen at least 30 minutes before the start of the fire test, 
and then kept constant through the whole duration of the test. The failure criteria are 
based on total deflection/deformation and deflection/deformation speed. Figure 2.1 show 
a fire resistance test on a loaded concrete deck. 
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Figure 2.1 Fire resistance test of a load-bearing concrete deck. 
 
 
2.3 Fire containment (integrity) 
 
Fire containment or integrity is indicated by the letter E and the time the structure 
continues to maintain its separating function. There are some different failure criteria that 
must be checked during the fire test. Hot gases leaking through the structure and causing 
ignition of a cotton pad are not allowed. It must not be possible to pass a gap gauge with a 
diameter of 25 mm through the structure, while it must not be possible to pass a smaller 
6 mm diameter gauge through the structure and move it a distance of 150 mm along the 
gap. Sustained flaming on the unexposed face for a period exceeding 10 seconds is not 
allowed. The integrity of the structure is regarded as having failed when any one of the 
failure criteria is not fulfilled. Figure 2.2 show a fire resistance test of a fire door where 
the integrity is checked with the cotton pad. 
 
 
2.4 Heat transfer 
 
Heat transfer or thermal insulation is indicated by the letter I. A structure can never be 
classified only with respect to thermal insulation. The classification of insulation always 
comes together with the integrity classification. Thus a structure marked as EI30 can 
withstand a standard fire for 30 minutes without failure of integrity or insulation. 
 
The failure criteria for heat transfer, or insulation, is based on the temperature rise on the 
unexposed face of the tested specimen. The mean temperature rise of some well-defined 
locations of the specimen face shall not exceed 140 ºC, and the maximum temperature 
rise at any single point shall not exceed 180 ºC. Figure 2.3 show a fire resistance test of a 
fire door where the thermal transmittance is measured with thermocouples mounted on 
the unexposed face of the door. Figure 2.4 is an enlargement of Figure 2.3. 
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Figure 2.2 Integrity check with cotton pad on a fire door. 
 

 
 
Figure 2.3 Measurement of insulation on a fire door by means of thermocouples. 
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Figure 2.4 Enlargement of Figure 2.3, showing temperature measurement. 
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3 Ageing mechanisms 
 
3.1 Environmental factors 
 
Environmental factors play a great part in determining the type and rate of degradation of 
a material. For example, high temperatures will increase chemical reactions. Low 
temperatures lead to freezing and thus a risk of frost erosion in porous materials. The 
presence of water is a necessity for several degradation processes. Air and water contain 
pollution, which may increase the speed of degradation. Industrial areas can have high 
local concentrations of gases in the air as well as aggressive substances in drainage. 
 
It is thus necessary to have knowledge of the environment in order to have control over 
possible degradation. Hence the environment is of great importance. Some environmental 
conditions can be assumed to be very rare when dealing with fire resistance. Structures 
used indoors in office buildings, for example, will not be exposed to temperatures below 
0 ºC, and they are not exposed to higher relative humidities than expected indoors. It is 
therefore possible to eliminate some environmental exposures for some types of 
structures. However, there are exceptions, such as cold storage chambers or industrial 
buildings, where the environment can be exceptional. It may also be that the climate is 
more severe than expected. Roof spaces, for example, depending on ventilation and 
insulation, can be very hot during the summer, with temperatures over 50 ºC. If gypsum 
boards are used as separating elements in the attic, the separating function can be reduced 
due to the high temperatures [3, 12]. 
 
This chapter describes different environmental factors and ageing mechanisms from a 
general perspective, and not focused on factors that may affect the fire resistance. 
Examples will be given of possible effects on the fire resistance. 
 
The relative humidity in the ambient air is an important factor for the moisture content of 
a hygroscopic material. The moisture conditions within the material will move towards 
equilibrium with the relative humidity of the surrounding air. Depending on the 
microscopic structure of the material, additional moisture may be present due to the 
effects of condensation and capillary attraction. Generally,  a high moisture content is bad 
for materials, since many degradation mechanisms depend on moisture. Examples are 
corrosion of metals and rotting of wood. On the other hand, high moisture content can be 
positive for the fire resistance of some materials, improving their  insulating properties.  
 
Air pollution, which can consist of solid particles or gases, is of great importance. Solid 
pollution can be dust or residual deposits, usually from densely populated or industrial 
areas. Sodium chloride, carried by the wind in coastal areas, is counted as pollution, even 
though it has natural causes. Solid particles can adhere to metal surfaces and give rise to 
corrosion. One of the most dangerous gaseous air pollutants is sulphur dioxide (SO2), 
which is produced during combustion, and can be converted into SO3 and sulphuric acid. 
Sulphur dioxide and its chain products strongly increase the corrosion of many metals. 
Corrosion can reduce the fire resistance of some structures and components. Especially 
important are fasteners such as nails and screws, and other jointing systems. 
 
Atmospheric precipitation, wind and temperature are important factors in the degradation 
of outdoor structures. Rain and snow affect the moisture content of materials. The 
combination of wind and rain, i.e. driving rain, will have an effect on the moisture 
conditions of materials used in vertical structures such as external walls. Moisture in 
combination with low temperatures gives rise to a risk of damage due to frost. The 
climate also has an effect on the speed of corrosion of metals. Special impregnation may 
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be used  to improve the fire resistance of wood. The durability of impregnated wood used 
on facades must be determined, since there is a risk that the impregnation is leached out 
[25].  
 
Water in one form or another contributes in most attacks on materials. The contribution of 
water in attacks can roughly be divided into the following groups; 

• Contribution in chemical reactions. Many reactions will occur only when water is 
present. 

• As the electrolyte in corrosive attacks 
• Frost erosion 
• Transport media for salt in salt erosion 
• Moisture movements 
• Necessary for biological attack, i.e. rot in wood 
 
How aggressive water is towards different materials depends on factors such as acidity, 
hardness, the content of soluble salt and gases, temperature and to what extent the water 
flows around the structure (i.e. if the water is moving or not moving). 
 
The ground can contain substances which can be transported into the materials by the 
groundwater through capillary forces. The water can thus contain organic material, salt or 
have a different acidity. This is usually not a problem with respect to fire resistance. 
 
In addition to the general environmental factors it is important to investigate if local 
factors affect the environment. This is especially important for industrial areas where 
chemicals, raw materials, vapours and exhaust gases, often in combination with high 
relative humidity in the building, can result in especially severe stress on materials. 
 
 
3.2 Degradation processes 
 
3.2.1 Different degradation processes 
 
There are several different mechanisms that can degrade a material. These mechanisms 
can be divided into groups based on the different principles, and here the grouping has 
been made based on the nature of the degradation. It is thus possible to divide the 
processes into the following five different main groups [1]; 
• Chemical attack 
• Electrochemical attack 
• Physical attack 
• Biological attack 
• Radiation attack 
 
The boundaries between these main groups are not always clear, and the degradation of a 
material is often a combination of effects which can be assigned to more than one of the 
main groups. One example is corrosion of metals, which is often a combination of 
chemical and electrochemical attacks. 
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3.2.2 Chemical attack 
 
The simplest form of chemical attack is when a material is in contact with a liquid which 
has the ability to dissolve essential substances out of the material. Solvents can be neutral, 
such as water, acidic or basic water solutions, or organic solvents such as benzol, acetone, 
ether etc. In principle, a substance will most easily be dissolved by a solvent of which the 
composition and properties are close to those of the dissolved substance. For example, an 
organic material is most sensitive to organic solvents. Furthermore, a material composed 
of small molecules will be more easily dissolved than a material composed of large 
molecules. The temperature will also affect the process, so that the dissolving speed 
increases with increasing temperature. 
 
Most materials have a high resistance to attacks by pure water, but if the water includes 
salt or pollutants, the resistance decreases. Examples of chemical attacks are [1] 
• acids attacking cement-based materials 
• water dissolves lime in concrete 
• solvents attack certain plastics and paints.  
 
3.2.3 Electrochemical attack 
 
Among the group of electrochemical attacks, corrosion of metals is the most frequent. 
The term corrosion is often defined as an attack on metals or alloys through chemical 
and/or electrochemical reactions between the material and the environment. There are 
two groups of corrosion:  gas corrosion and liquid corrosion, of which the latter is most 
common. 
 
In order for corrosion to occur, there must be an electrochemical potential difference, an 
electrolyte and an electron acceptor. A potential difference may arise when two different 
metals are electrically connected. It may also arise as a result of inhomogeneities in the 
structure of a metal. An electrolyte is almost always available. It is sufficient to have a 
water layer with a thickness of a couple of molecules, which will be present if the relative 
humidity is 60 % or more. An electron acceptor is the substance which absorbs electrons 
detached at the cathode. The most frequent electron acceptors are hydrogen ions in acid 
solutions and oxygen gas. 
 
Components important for fire resistance that may be affected by electrochemical attacks 
are jointing systems of metals. These can be nails or screws, or other types of joints 
where metals are used. 
 
EN ISO 12944-2 [26] defines different corrosivity classes, with environmental examples 
for each class. 
  
3.2.4 Physical attack 
 
Generally, when speaking about physical attacks on building materials, three different 
groups can be defined [1]; 
• decomposition due to temperature variations in brittle materials with low tensile 

strength 
• degradation due to high internal stresses from temperature variations in brittle 

materials which are composed of two or more materials with different thermal 
expansion rates 

• frost erosion due to internal stresses caused by water that freezes in the pore system 
of brittle, porous materials. 
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It would also be possible to add moisture-induced movements to the second point above. 
From a fire resistance point of view, it is mainly the problems with composite materials, 
or composite structures, that can cause problems. 
 
3.2.5 Biological attack 
 
When living organisms or micro-organisms or fauna directly or indirectly attack a 
material, it is categorized as a biological attack. The material with most problems is 
wood. Keeping the moisture content at a low level decreases the risk for biological 
attacks on wood and wood-based materials. It is also possible to impregnate wood with 
chemicals that reduce the risk of attack. Biological attacks may also occur on other 
materials such as plastics or materials including lime and concrete, but the effect on fire 
resistance is considered to be small.  
 
3.2.6 Radiation attack 
 
During their lifetime, all materials are subjected to different types of radiation which, in 
some cases, can lead to radiation attack. There are many different types of radiation, such 
as infrared (IR), ultraviolet (UV), gamma radiation etc. The effect of radiation depends on 
the material and on the type of radiation. Examples of radiation attacks are discolouring 
of glass [13] and softening and reduction of tensile strength of different plastics [1, 16, 
20]. 
 
Metals are generally very resistant to radiation, while ceramic materials, including 
cement-bound materials, are to some extent less resistant. For both material groups, the 
effect due to radiation is an increased hardness and brittleness [1]. Organic materials are 
generally more sensitive for radiation attacks. The effects are different and depend on the 
chemical composition of the material. 
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4 Ageing of components and materials 
 
4.1 General information and limitations 
 
An important factor is the time it takes for the ageing adversely to affect the component 
or material. A steel beam, for example, exposed to wind will slowly erode due to blasting 
by particles in the air. This process is very slow and will not affect the strength of the 
beam during its normal life span. This kind of ageing, where the effects will not affect the 
component or material during its normal life, will not be further discussed here. 
 
For some materials it has not been possible, within this limited project, to define whether 
there is an ageing problem or not. Materials of which the fire resistance may be affected 
by ageing, but for which no information has been found, have been specially marked. 
 
There are some material characteristics which are not defined as an ageing effect, but 
which have been listed. An example is creep, which can have an influence on the fire 
resistance of some structures. Another example is thermal deformation which, for the 
specific material or component, does not affect its properties. The total structure, on the 
other hand, may be severely damaged if different materials with different thermal 
expansion are connected. 
 
In general, the materials listed are expected to have been manufactured for the expected 
use. Although some important ageing effects will be covered, which may be avoided by 
special treatment, some plastics without the addition of UV-stabilisers (for example) can 
be severely damaged by UV radiation. 
 
It has not been possible to cover all the different materials used in different structures. 
The most commonly used materials which can have an effect on the fire resistance are 
included. 
 
Some materials or components may not be used in a structure for their fire resistant 
function. This could, for example, be sealants. Certain ageing effects can affect the 
material's reaction to fire, and make it more flammable [23]. Such products can therefore 
reduce fire resistance.  
 
A compilation of the different materials and components used in different structures can 
be found in the Appendix. 
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4.2 Metals 
 
There are many different metals, which can be treated in different ways in order to obtain 
certain characteristics or properties. For example, steel nails can be coated with zinc to 
improve their resistance to corrosion. Generally, the main problem with metals is 
corrosion. It is therefore important to determine the risk of corrosion if corrodible metals 
are used. Important parameters are the acidity and the redox conditions [4]. If there is a 
risk, some type of protection is needed, or a better-suited material should be chosen. 
 
Some metals have a high thermal expansion [1, 4]. It is thus important for some structure 
to consider the movements that may occur due to varying temperature. In many cases, 
other materials are fixed to a metal structure and, if the thermal movements are not the 
same for the materials, the fixing may come loose. This can affect the fire resistance. 
 
Table 4.1 Different possible attack mechanisms on metals. 
Component/ 
material 

Chemical 
attack 

Electrochemical 
attack 

Physical 
attack 

Biological 
attack 

Radiation 
attack 

Steel - Corrosion [1, 4] - - - 
Copper - - High 

thermal 
expansion 
[1, 4] 

- - 

Aluminium - Corrodes in 
alkaline 
environment [1, 4] 
 
Contact with steel, 
copper or brass in 
moist environment 
leads to corrosion 
[1] 

Large creep 
deforma-
tions [1, 4] 
 
High 
thermal 
expansion 
[1, 4] 

- - 

- Probably no ageing effects 
* Possible ageing effect 
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4.3 Concrete  
 
Concrete generally has a good durability in most environments. The degradation 
processes that may affect concrete are chemical, electrochemical and physical. Table 4.2 
shows different possible degradation processes. 
 
When concrete is used in special industrial applications where it may be exposed to 
chemicals, such as in the dairy industry, or when exposed to flowing water, it may suffer 
degradation which can affect the fire resistance. Reference [10] includes a list of different 
chemicals and their effects on concrete. 
 
Physical degradation through frost or salt erosion is a minor problem for normal building 
constructions. However, if erosion occurs, which may be the case in tunnels, the covering 
of the reinforcement decreases and, if a fire occurs, the structure will  lose its strength 
more rapidly, which can lead to collapse. 
 
Table 4.2 Different possible attack mechanisms on concrete. 
Component/
material 

Chemical  Electrochemical  Physical  Biolo-
gical  

Radia-
tion  

Concrete Inorganic acids 
at high concen-
trations dissolve 
all components 
in the cement 
paste [1, 4, 10] 
 
Organic acids, 
such as lactic 
acid, can also af-
fect concrete. [1, 
4, 10] 
 
Water flowing 
through concrete 
dissolves calcium 
hydroxide. This 
can lead to de-
gradation of the 
concrete. [1, 4, 
10] 

The concrete is 
not affected, but 
the reinforcement 
can be degraded.  
Normally the ce-
ment paste is al-
kaline, which 
passivates the 
reinforcement 
steel. When 
carbon dioxide 
reacts with 
calcium hydroxi-
de forming cal-
cium carbonate, 
and the pH de-
creases and 
corrosion can 
start. [1, 4, 10] 

Frost and salt 
erosion may occur 
in concrete. When 
water in the pore 
structure freezes it 
expands and, if the 
available space is 
not enough, stresses 
form. This may lead 
to erosion. [1, 4, 10] 
 
Salt erosion is simi-
lar. Salt expands in 
contact with water 
and may form high 
stresses in the 
concrete. [1, 10] 

- - 

- Probably no ageing effects 
* Possible ageing effect 
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4.4 Wood and wood-based materials 
 
The degradation processes of interest for wood and wood-based materials are chemical, 
physical and biological attacks. The most important degradation is due to biological 
attack, but also moisture and thermal deformations can also be of interest when 
considering fire resistance. Such deformation may affect the fire resistance mainly in 
structures where fixings are loosened due to the movements of the wood. Table 4.3 gives 
examples of different attacks that may occur in wood and wood-based materials. 
 
Wood can be impregnated with certain chemicals which enhance its performance in the 
case of fire. Some of these chemicals are soluble in water and hygroscopic [25]. It is thus 
possible for the impregnation to migrate out of the wood and the fire retardant effect is 
lost. However, this mainly affects the reaction to fire performance 
 
Table 4.3 Different possible attack mechanisms on wood and wood-based materials. 
Component/material Chemical 

attack 
Electro-
chemical 
attack 

Physical 
attack 

Biological 
attack 

Radiation 
attack 

Wood Chemical 
attacks can 
occur which 
decrease the 
strength. Acids 
can hydrolyse 
cellulose, and 
alkaline sol-
vents can at-
tack the lignin 
and the 
hemicellulose. 
[2] 
 
Fire 
impregnation 
can be 
dissolved in 
water and 
leached out of 
the wood [25] 

- Moisture 
and thermal 
movements 
[1, 2, 4, 8] 

Insect and 
fungal 
attacks are 
the main 
problem 
for wood. 
These at-
tacks can 
destroy the 
wood. [2, 
4] 

- 

Plywood See Wood - See Wood See Wood - 
Particleboard 
Fibreboard 
OSB 

See Wood - See Wood  
 
Large creep 
deformations 
[3] 

See Wood - 

- Probably no ageing effects 
* Possible ageing effect 
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4.5 Ceramic binders 
 
There are several ceramic binders, of which cement and gypsum are the most frequently 
used in applications with requirements in respect of fire resistance. Cement is normally 
used as a binder in concrete, which is discussed above. Gypsum in different forms is often 
used in fire-resistant structures. It could be as boards on walls or roofs, or as a sealant 
material where installations penetrate through a fire-resistant structure. The degradation 
processes that may affect gypsum are chemical and physical attacks. Table 4.4 gives 
examples of different attacks that may occur for gypsum-based materials. 
 
Table 4.4 Different possible attack mechanisms on gypsum and gypsum-based products. 
Component/material Chemical attack Electro-chemical 

attack 
Physical 
attack 

Biological 
attack 

Radiation 
attack 

Gypsum At temperatures 
higher than 
45 ºC, the water 
of crystallisation 
evaporates, 
which reduces 
the strength and 
the moisture 
content. [3, 12] 
 
Gypsum is sen-
sitive to water. 
Gypsum 
exposed to water 
or relative 
humidity above 
90 % loses its 
strength, which 
may in some 
conditions affect 
the protection. 
[3] 

- The 
material has 
little 
mechanical 
strength, 
and 
there-fore 
may easily 
be damaged 
[3] 

- - 

Lime * - * - - 
Cement Inorganic acids 

in high concen-
trations dissolve 
all components 
in the cement 
paste [1, 4, 10] 
 
Organic acids, 
such as lactic 
acid, can also 
attack cement 
[1, 4, 10] 

- - - - 

- Probably no ageing effects 
* Possible ageing effect 
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4.6 Glass 
 
There are many different types of glass used in building structures. The glass in itself may 
age due to radiation, but this ageing probably has no effect on the fire resistance. There 
are many different types of glass which may be used alone or connected in systems. 
Normal window glass, i.e. lime sodium silicate glass, has almost no fire resistance. If a 
wire netting or stiffening layer is built into the glass, or if it is hardened, the glass can 
withstand a fire, but it will not provide any insulation performance and so only E-
classification is possible. The fire resistance can be improved by changing the 
composition, to replace some of the sodium and calcium by boron or other earth type 
minerals. Insulating performance can be achieved by sandwiching materials between 
glass panes, which swell and form an insulating layer when exposed to high temperatures. 
It is also possible to use a gel which gives off water vapour which foams and forms an 
insulating layer. The gel is a colloidal solution of sodium silicate or potassium silicate 
[13]. 
 
Generally, the ageing of glass itself has no impact on the fire resistance. There are, 
however, glass systems which can be affected. Table 4.5 gives examples of different 
attacks that may occur for glass and glass systems. 
 
Table 4.5 Different possible attack mechanisms on glass. 
Component/material Chemical 

attack 
Electroche-
mical attack 

Physical 
attack 

Biological 
attack 

Radiation 
attack 

Glass Alkali may 
affect glass 
[32] 

- - - Discolou-
ration 
[13] 

Glass systems Moisture 
may destroy 
swelling 
layers used 
for 
insulating 
glass [13] 

Corrosion of 
wire netting 
[13] 

Moisture 
may cause 
delamination 
of laminated 
glass [13] 

- Discolou-
ration 
[13] 

- Probably no ageing effects 
* Possible ageing effect 
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4.7 Intumescent materials 
 
Intumescent materials are used in many applications. Intumescent paint can be used as 
protection for structures, while strips of intumescent material can be used in (for 
example) fire doors in order to seal openings between the frame and the door leaf. The 
intumescent material is normally of great importance for the behaviour of the structure in 
case of fire. 
 
There are three basic types of intumescent materials used for seals; hydrated sodium 
silicate, graphite and mono-ammonium phosphate. Of these, graphite is inherently stable 
and assumed to be relatively unaffected by atmospheric conditions. Hydrated sodium 
silicate and mono-ammonium phosphate are hygroscopic and need to be properly 
protected to prevent deterioration through the absorption of atmospheric moisture [14, 
15]. 
 
It has not been possible to find any information on these materials with respect to ageing, 
although it is suspected that intumescent materials may be affected by ageing through 
chemical, physical, biological and radiation attacks. Table 4.6 gives examples of possible 
attack mechanisms that may occur for intumescent materials. 
 
Table 4.6 Different possible attack mechanisms for intumescent materials. 
Component/material Chemical 

attack 
Electrochemical 
attack 

Physical 
attack 

Biological 
attack 

Radiation 
attack 

Intumescent paint * * * * * 
Intumescent strips * - * * * 
- Probably no ageing effects 
* Possible ageing effect 
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4.8 Insulation materials 
 
There are many different materials used for insulation. The most common is mineral 
wool, which can be divided into rock wool and glass wool. Generally, mineral wool is 
resistant to ageing but the binder can be affected [3]. Other insulation materials include 
various cellular plastics, which can be affected by both chemical and radiation attack, 
although this depends on the composition and whether precautions have been taken in the 
chemical composition. Table 4.7 gives examples of possible attacks that may occur for 
insulation materials. 
 
Table 4.7 Different possible attack mechanisms for insulation materials. 
Component/material Chemical 

attack 
Electrochemical 
attack 

Physical 
attack 

Biological 
attack 

Radiation 
attack 

Rock wool - - - - - 
Glass wool - - - - - 
Loose wool - - Vibration 

may pack 
the insula-
tion and the 
conductivity 
increases. 

- - 

Cellulose insulation * - * * - 
Phenolic resin used 
as binder in mineral 
wool 

May 
degrade at 
temperatures 
above 
200 ºC [3] 

- - - - 

Polystyrene cellular 
plastic 

Some 
solvents and 
oils can 
affect it [3, 
16, 21] 

- * - UV [16, 
20, 21] 

Polyethylene 
cellular plastic 

petrol, 
esters, 
ketones [30]

- * - * 

Polyurethane Acids [3], 
hydrolysis 
[30] 

- * - * 

- Probably no ageing effects 
* Possible ageing effect 
 
 



26 
 
 
 
 

4.9 Sealants 
 
Sealants can be made from many different materials, such as polysulfide, polyurethane 
and silicone, together with sealants based on acrylates and oil. Resistance to ageing can 
be very different for these materials, and also dependent on the chemical composition. It 
is possible to improve the ageing resistance through the chemical composition [3, 4, 17, 
31]. Generally, these sealants are not used in structures to improve the fire resistance, and 
thus do not affect the fire resistance even if the sealant ages. There might be one problem, 
and that is if the reaction to fire changes due to ageing. If the material burns more easily, 
or burns more intensively, it may affect the integrity of the structure. 
 
Sealants can be important for smoke leakage through the structure. Some countries have 
requirements on the spread of smoke, and there are different smoke tightness classes in 
the European classification system [29]. For smoke tightness, it is important that the 
shape and flexibility of the sealant is maintained throughout its lifetime, and this may be 
affected by different ageing mechanisms. 
 
Many structures used for fire resistance include different types of sealants. The effects of 
ageing have been studied for normal use [31], but the impact on fire resistance due to 
ageing has not been investigated. 
 
Table 4.8 Different possible attack mechanisms for sealant materials. 
Component/material Chemical 

attack 
Electrochemical 
attack 

Physical 
attack 

Biological 
attack 

Radiation 
attack 

Silicone * - * - * 
Polysulfide * - * - * 
Polyurethane Acids can 

attack [3] 
- * - * 

- Probably no ageing effects 
* Possible ageing effect 
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4.10 Polymers  
 
There are many different polymers used in building structures such as different plastics 
and adhesives. In some cases they can be vital for the fire resistance and in other cases 
not. Polymers can chemically be composed so certain degrading processes do not affect 
them and thus a correct choice of material is important. It is well known that many 
polymers are sensitive to certain kinds of ageing [22, 24]. It has not been possible to fully 
cover how ageing can affect all different types of polymers. Although it may in some 
cases have an important affect on the fire resistance. 
 
Temperature is a factor that have both chemical and physical effects on polymers. There 
are thermally stable polymers, such as aromatic polyamides which maintain their 
mechanical properties during 1000 hours at 175 °C while other polyamides degrade very 
quickly. Varying temperature may also lead to phase transformations which can give rise 
to changes of volume, stiffness and other properties. The main physical effect of 
temperature is dimensional changes. The thermal dimension changes can give rise to 
phase separation, cracking, delamination or fatigue. In addition to temperature also 
moisture and oxygen can degrade polymers. The most destructive degradation process for 
polymers is photo oxidation. There are several reactions that may occur when polymers 
are exposed to light, and especially UV-light. Table 4.9 gives examples on some ageing 
factors and also factors that may affect the characteristics of the materials. 
 
Table 4.9 Different possible attacks on some polymers. 
Component/material Chemical 

attacks 
Electrochemical 
attacks 

Physical 
attacks 

Biological 
attacks 

Radiation 
attacks 

Polyethylene * * * * * 
Polystyrene * * * * UV [3] 
PMMA * * * * * 
PVC * * * * UV [3, 4] 
PVAC Can be 

sensitive to 
moisture [3] 

* * * * 

Epoxy * * * * * 
Polyurethane Acids can 

attack [3] 
* * * * 

Polyester Alkaline 
solutions can 
attack [3] 

* * * * 

Phenol resin Alkaline 
solutions can 
attack [3] 

* * * * 

Urea resin * * * * * 
Melamine resin Strong acids 

and strong 
basics [3] 

* * * - 

Crude rubber Oils can attack 
[3] 

* * * - 

Chloroprene rubber - * * * - 
Polysulfide rubber Strong acids 

[3] 
* * * - 

- Probably no ageing effects 
* Possible ageing effect 
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5 Analysis of structures 
 
5.1 Ageing of structures in general 
 
A structure is an assembly of different components which fulfil a desired function [7-8, 
11-16]. The structure and/or the components may well be composed of different 
materials. A structure has often more than one function. A door, for example, is a closable 
opening in a separating element such as a wall, that may have several functions. It could 
be a fire door, and thus have a fire resistance function, with certain acoustic properties 
and be burglar-resistant. Thus it can have many different functions at the same time. A 
problem in some cases is that a structure optimised for one function may be bad for an 
other function. An example is the gluing of the panels on a door. In order to get good fire 
resistance the panels shall be fully glued, while to obtain good sound insulation the panels 
shall be glued only in small dots. 
 
Structures built up from different layers are common in many applications, and especially 
in building industry. An example is a wall which consists of, at least, boards on each side 
and insulation or an air space and studs between these boards. These layers could be 
joined together by using different coupling techniques as gluing, nailing, screwing, etc. 
Normally, the lifetime of a structure is equal to the lifetime of the weakest component 
and, furthermore, the lifetime of a component is equal to the lifetime of the weakest 
material. In order to be able to estimate the lifetime of a structure for a desired function, 
all materials and details involved in the structure should be investigated. 
 
Structures may be divided into two groups; load-bearing structures and non load-bearing 
structures. A non load-bearing structure must prevent spread of fire from one side to the 
other during a prescribed length of time. A load-bearing structure must maintain its load-
bearing capacity during a fire for a prescribed length of time, while for certain structures 
such as load-bearing walls there may also be requirements in respect of heat transfer 
and/or integrity. 
 
For some materials and structures, severe ageing can occur although not considered a 
problem for the fire resistance. If, for example, a load-bearing column of wood is heavily 
attacked by the house longhorn beetle (Hylotrupes bajulus), the load-bearing capacity of 
the column is lost. This column must be replaced, but not only due to the decreased fire 
resistance but also due to the danger in normal use. The structure can collapse from the 
normal loads. 
 
 
5.2 Load-bearing structures 
 
5.2.1 General 
 
Generally, load-bearing systems are classified with respect to their load-bearing capacity 
(R). For some structures, such as walls, that also have a separating function, the 
classification can be extended and incorporate other classes. The classes normally used 
are integrity (E), insulation (I), radiation (W) and mechanical impact (M). Thus the 
classification of a load-bearing wall could be a combination of different classes, for 
example RE, REI, RE-M or REI-M. 
 
In normal conditions, the fire resistance of load-bearing structures of concrete should not 
be affected by ageing. Concrete can, in some conditions, be degraded. The main problem 
with concrete is physical attack, such as by frost or salt erosion. For reinforced concrete, 
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carbonisation can lead to corrosion of the reinforcement steel [1, 4, 10]. If the concrete is 
degraded due to these attack forms it will also lose its normal function and would thus 
have to be repaired. 
 
Steel structures without any type of protection lose their load-bearing capability at 
relatively low temperatures, and thus the fire resistance is low. In order to carry load in a 
fire, some type of protection is often necessary. If the steel structure is protected, it may 
be possible that the steel, in certain conditions, will corrode due to hygroscopicity of the 
protection. 
 
One of the main problems with wood and wood-based materials is biological attack. 
Some of the fungi or moulds that attacks wood can affect the load-bearing capacity. 
However,, if the load-bearing capacity decreases, it affects the structure in its normal use 
and it must be repaired. Thus it is not a problem for the fire resistance, since precautions 
must be taken anyway. Generally there are no ageing effects on wood that decrease the 
fire resistance to any dangerous degree. Crack formation due to moisture or temperature 
movements may have an effect due to the larger surface area formed by the cracks. It is, 
however, judged to be of minor importance. 
 
Most load-bearing materials, concrete, steel and wood, are sensitive to high temperatures. 
In order to provide sufficient fire resistance, the structures are often protected. This 
protection can be provided by various materials, such as normal rock wool insulation or 
intumescent paints. The function of the protection is to prevent high temperatures in the 
load-bearing structure, and so the protection used must maintain its insulation 
characteristics during its lifetime. 
 
5.2.2 Walls and floors 
 
The general design of load-bearing walls and floors is based on a load-bearing structure, 
insulation if necessary and some type of boards at the surface. The load-bearing structure 
can be of steel, wood or concrete. Some typical designs are shown in figures 5.1-5.3. 
 

 
 
Figure 5.1 Floor with load-bearing wood beams, insulation and surface boards. 
 

 
 
Figure 5.2 Suspended ceiling with a load-bearing steel beam. 
 



30 
 
 
 
 

 
 
Figure 5.3 Wall with a load-bearing steel column. 
 
As the figures show, load-bearing walls and floors can be made of different materials. 
The load-bearing structure is most often made of steel, concrete or wood, or composites 
of these materials. Generally, the load-bearing capacity in case of fire is not affected due 
to ageing as long as the load-bearing capacity is enough in normal use. 
 
The separating function, i.e. insulation and/or integrity, may be affected, but that depends 
more on the other materials used in the structure. This will be covered more in detail in 
the chapter on non load-bearing structures, walls and ceilings (5.3). 
 
5.2.4 Columns and beams 
 
Columns and beams are usually made of reinforced concrete, steel or wood. These 
materials can all be affected by ageing, but as long as the load-bearing capacity in normal 
use is fulfilled, the load-bearing capacity in case of fire is also considered to be enough. 
 

 
 
Figure 5.4 Cross-section of reinforced concrete beam. 
 

 
 
Figure 5.5 Reinforced concrete column. 
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5.2.5 Protective systems 
 
Materials such as steel, concrete and wood lose their load-bearing capacity when the 
temperature rises. In many cases these materials must be protected in order to prolong the 
fire resistance time. There are several systems for protection, as shown in figures 5.6-5.8. 
For these protective systems, it is of great importance that they are tight during their 
entire life. If there is a gap in the protection, the load-bearing element can be locally 
heated and thus lose its load-bearing capacity. Gaps and cracks in the protective systems 
can be formed due to movements of the complete system, or by physical damage. 
 

 
 
Figure 5.6 Protection with insulating material 
 

 
 
Figure 5.7 Protection with intumescent paint. 
 

 
 
Figure 5.8 Protection with spray-on insulation. 
 
With protection by insulation materials, i.e. mineral wool, or calcium silicate boards, 
there are generally no problems with ageing. It is, however, important to minimise the 
risk of physical damage, since cracks or other openings in the protection change the 
insulating ability. 
 
The ageing of intumescent paints is not well known. It is known that some paint systems 
can be sensitive to different degradation processes, and thus there will be a risk also for 
intumescent paints [14, 15]. Protection by intumescent coating can therefore, at least in 
some applications, be hazardous. It is important that the ageing effects of intumescent 
paints are further investigated, since such paints can be a crucial component of the load-
bearing system. Furthermore, paint systems can also be damaged physically, and so it is 
important to minimise the risk of damage. 
 
Protection by spray-on systems can be applied in many different ways. It can be concrete, 
plaster or other materials, with the addition of (for example) different types of fibres. 
These protections are relatively thin, up to a couple of centimetres, which means that 
degradation processes, such as carbonation in concrete, can occur. How these forms of 
degradation affect the fire resistance is not known.  
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Generally, for all protective systems, the adherence or gripping is of great importance. 
This is of special importance in case of explosions, or when large movements of air or 
fire gases can be expected. Physically attached systems such as boards or mineral wool, 
are normally well fixed to the load-bearing structure. Systems based on adhesion to the 
load-bearing structure may lose their adherence under certain conditions. For example, if 
corrosion occurs on the surface of steel, i.e. the interface between steel and protection, the 
adhesion decreases. This may happen if the coating is hygroscopic. 
 
5.4 Non load-bearing structures 
 
5.4.1 Walls  
 
Walls can be made of many different materials. Some typical designs of walls are shown 
in figures 5.9-5.10. The design is often based on a fixed structure of wood or steel, to 
which boards are attached, made of materials such as gypsum, wood-based materials, 
calcium silicate etc. In order to fulfil possible temperature requirements, the wall can be 
insulated with mineral wool. Non load-bearing walls are classified with respect to 
integrity (E) or integrity and insulation (EI). Walls incorporating glazing may also be 
classified for radiation (W). 
 

 
 
Figure 5.9 Insulated sandwich wall 
 

 
Figure 5.10 Wall with steel studs. 
 
The main problem with walls and ceilings are gaps through which hot gases may leak. It 
is thus important that gaps are not formed during the lifespan of the structure or, in case 
of fire, during the fire. Gaps can be formed due to movements in the structure caused by 
varying relative humidity or temperature. If the movements of the fixed structure and the 
boards are not the same, the boards may lose adherence to the structure. This means that 
the boards may fall off earlier than expected when exposed to fire, and the integrity and 
insulation of the wall is reduced. 
 
If gypsum boards are used, it is important that they are not subjected to temperatures 
above 45 ºC, since the fire protecting characteristics of the boards may be reduced [3, 4]. 
This may occur if heating systems are placed close to the boards, or when installations, 



33 
 
 
 
 

through which hot media flow, penetrate the wall. Another application where there is a 
risk of high temperatures is that of separating walls in roof spaces, which may be very hot 
during summer. 
 
5.4.3 Fire doors 
 
Fire doors are complex structures, often made of many different materials and 
components. Examples of design are shown in figures 5.11-5.13. The main design is a 
frame on which a door leaf is hung on hinges. The main construction can be made of 
steel, aluminium or wood. 
 
Fire doors can be classified in different classes; integrity only (E), both insulation and 
integrity (EI) and, in addition to these classes, there may also be requirements in respect 
of self closing devices (C), radiation for glazed doors (W) and smoke leakage (S). 
 

 
Figure 5.11 Glazed door. 
 

 
 
Figure 5.12 Insulating steel door. 
 

 
 
Figure 5.13 Wood door. 
 
One failure that may occur for fire doors is that hot gases leak through gaps between the 
frame and the door leaf. This leakage can cause flaming on the unexposed face, or it can 
ignite the cotton pad used for integrity check. Intumescent strips are often used in order to 
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prevent leakage of hot gases. These strips are thus vital for the characteristics of the door. 
If the strips do not expand to the expected size and at the expected time, the integrity of 
the door may be lost. It is thus of great importance that the intumescent strips perform in 
the same manner throughout their lifespan. It is not known whether intumescent strips 
will lose their characteristics through ageing. 
 
Fire doors often have sealing strips that enhance the acoustic performance. These sealing 
strips may age and ignite more easily. This can have an effect on the integrity of the fire 
door. This effect may occur with all plastic details used in the assembly. Plastics can be 
found in many details of the door, such as door viewer, hinges, closers etc. 
 
Gypsum is sometimes used in fire doors. If the fire door is exposed to temperatures above 
45 ºC, the performance of the gypsum may be affected [3, 4]. 
 
Boards and insulation in the door leaf are often fixed by adhesion, where different types 
of adhesives can be used. If the adhesive loses its adhesion due to ageing, the fire 
resistance may be affected. 
 
Since fire doors are opened and closed many times during their lifetime, it is important 
that opening and closing do not affect fire resistance. The hanging of the door can change 
over time, leading to changed distances between the door and the frame [19]. The gap 
between the door and the frame is, at least for some doors, of great importance for fire 
resistance. It is therefore important that fire doors are adjusted if movements have 
occurred in their hanging. 
 
5.4.5 Penetrations 
 
Often it is necessary to make openings in walls, floors or ceilings in order to 
accommodate different types of installations. It could be pipes, ventilation or cables that 
must be passed through the structure. When this is done, it is of great importance that the 
penetrations are made correctly and that they are tight. There are several different systems 
available to tighten the penetrations. Figures 5.14-5.17 give some examples of different 
penetrations. The requirements for penetration seals are both integrity and insulation (EI-
class). 

 
 
Figure 5.14 Different sealing of a pipe penetration. 
 

 
Figure 5.15 Insulated pipe penetration with intumescent paint. 
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Figure 5.16 Cable penetration with sealant. 
 

 
 
Figure 5.17 Cable penetration with intumescent paint. 
 
Since there are many forms of penetrations, there are also many different solutions and 
materials used to make the penetration seals. Generally, the volume between the 
installation and the surrounding construction must be sealed and, if necessary, the 
installation must be insulated. 
 
There are several factors that may affect sealing. Movements due to temperature, 
moisture or mechanical actions can affect the sealing system, depending on which kind of 
materials are used. Pipes used for hot water or other hot liquids can affect the sealing, and 
this is especially important if gypsum is used. 
 
There are many variants of sealing systems where intumescent materials are incorporated. 
The intumescent materials can be sensitive to moisture and may also be degraded by 
other processes. Some penetration systems use intumescent paint, which can lose its 
adhesion if there are movements of the underlying materials. 
 
The insulation of cables can be chemically unstable, which may change the properties. It 
is possible that the insulation becomes more easily ignitable, and thus decrease the fire 
resistance. 
 
Corrosion can occur on metallic materials, which can be ducts or parts of sealing systems. 
It is thus possible that cracks or gaps can be formed in the penetration, which decreases 
the fire resistance. 
 
New penetrations are often made in existing walls or roofs.  
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6 Conclusions and recommendations 
 
This report has been based on literature reviews, experience and interviews. A literature 
survey was carried out early in the project, but found very few references, of which none 
was applicable to fire resistance. Instead, general information, found in textbooks on 
building materials, has been used as a base for the analysis of the possible behaviour of 
different materials used in structures. Information has also been sought from some experts 
on different materials, and the result was disappointing because the general answer was 
that not much has been done on ageing.  
 
The following conclusions can be drawn regarding ageing and its effect on the fire 
resistance for load-bearing structures without separating functions; 
 
• Load-bearing structures of steel can, under certain circumstances, age. The main 

problem with steel is corrosion. Corrosion can affect the adhesion of intumescent paint 
fire insulation, and may also affect the fixing systems used for boards or rock wool 
insulation. 

• Load-bearing structures of wood are regarded as having good long-term behaviour.  
Possible ageing that may occur, and which could endanger the fire resistance, also 
endangers its use in normal conditions. It is therefore not assumed to be of any risk in 
terms of fire resistance. 

• Load-bearing structures of concrete can, under certain circumstances, age. 
Carbonation, i.e. when carbon dioxide reacts with calcium chloride, changes the 
properties of the concrete. It is not known if this has an effect on the fire resistance. 
Another ageing problem with reinforced concrete, which also has to do with 
carbonation, is corrosion of the reinforcement steel. It is not known whether this 
damage is more severe for fire resistance than in normal use. 

• Protection systems for load-bearing structures can be a weak point. The fixing of 
protection to the structure can be affected by different ageing mechanisms. Corrosion 
behind intumescent paint, or corrosion of nails or screws used to fix boards or 
insulation, are examples. In addition, intumescent paint may age due to radiation, 
chemical attacks, thermal or moisture movements, etc. 

 
The following conclusions can be drawn with respect to non-load-bearing structures and 
the separating function of load-bearing structures; 
 
• The chemical composition of plastic components can change due to different ageing 

mechanisms such as oxidation, radiation, migration, evaporation or chemical attacks. 
Even if the component is not used to improve the fire resistance, it may affect the 
structure because it may ignite more easily. 

• Gypsum loses its fire resisting properties if exposed to temperatures above 45 ºC due 
to evaporation of the water of crystallisation. This can affect the performance of 
boards and seals in the event of fire. If gypsum is exposed to water or air with a 
relative humidity above 90 %, its strength is reduced. This can have an impact on the 
time gypsum boards protect underlying materials, and thus on the fire resistance. 

• Intumescent materials are of great importance for fire resistance. It has not been 
possible to find information on the long-term behaviour of these materials. 
Intumescent paint in particular may be affected, since it is in relatively thin layers and 
adhesion to the underlying material is of great importance. The adhesion may be lost 
due to corrosion, moisture or movements of the protected materials. 

• Seals can be made of different materials and are used in many applications. Some 
materials used in sealing, such as different polymers, are known to age. The effect on 
fire resistance is difficult to judge, but it may well have a negative effect. 
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• Adhesives are a large group of materials, and the characteristics vary over a wide 
range. It can be expected that some types of adhesives may be susceptible to some 
ageing mechanisms, such as chemical, biological and/or radiation attacks. If the 
adhesion decreases, it may affect the fire resistance. 

• Thermal and moisture movements are generally not considered as ageing effects. 
However, when considering a structure made of several different components of 
different materials, they can act as an ageing mechanism. If components fitted to each 
other move differently, there will be stresses in the bonding which can lead to failure 
or weaker bonding. It is thus possible that some parts fail more quickly than expected 
in a fire scenario, which can give a decreased fire resistance. 

 
The general conclusion is thus that there are several materials and components that may 
be affected by environmental conditions, although very little information was found on 
the effects of ageing on fire resistance. Hence the following recommendations can be 
made, based on the present study; 
 
• The results from the present study show very little information, and a more thorough 

study is recommended. 
• Some materials can be found in many different structures and are of great importance 

for fire resistance. These are different products made of gypsum, intumescent 
materials and polymers. The ageing mechanisms are known for gypsum and some 
polymers, but how these affect the actual fire resistance is difficult to say. For other 
polymers and intumescent materials, it is only a qualified guess that ageing may occur, 
and this may well influence the fire resistance. 

• It is important that the complete structure is analysed, and not just the individual 
materials or components. Even if a material or component shows degradation due to 
ageing, it does not necessarily affect the fire resistance of the structure. The material 
could be well protected, i.e. it is not exposed to the environment that can cause ageing, 
or redundant systems could be used in the structure. It could also be that minor ageing 
effects can be found for the materials, but when assembled in the structure, synergic 
effects could cause a more severe reduction of the fire resistance. 

• The effect of movements due to temperature or moisture, or mechanical vibrations, on 
the fire resistance can be important for certain structures. Also effects due to normal 
use, as in the case of fire doors, can affect fire resistance. It is thus important also to 
consider these aspects when examining the long-term behaviour of structures used in 
fire-resisting applications. 
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Appendix 
 
A1 Protection of load-bearing structures 
 
Component Material Ageing effects 
Intumescent 
paint 

 UV radiation may affect properties of the intumescent paint.
 
Intumescent paint can be hygroscopic. If the intumescent 
paint is applied to steel, it may lose its adhesion due to 
possible corrosion of the steel. 
 
Direct impact and vibrations can affect the adhesion of the 
intumescent paint. 
 
Different thermal movements between the intumescent paint 
and the underlying structure can affect the adhesion of the 
paint. 

Cement 
coating 

 Cement-based products are hygroscopic. If the protection is 
applied to steel, it may lose its adhesion due to possible 
corrosion of the steel. 

Spray-on 
system 

Glass or 
cellulose  
fibres with 
cement base  

The material can be quite soft and sensitive to direct impact.
 
Cement-based products are hygroscopic. If the protection is 
applied to steel, it may lose its adhesion due to possible 
corrosion of the steel. 

Board Calcium 
silicate 

Direct impact and vibration can affect the protection. 

Board Gypsum When the temperature is higher than 45 °C, the water of 
crystallisation evaporates and it loses its fire-resisting 
abilities. 
 
Direct impact and vibrations can affect the protection. 
 
Gypsum is sensitive to water. Gypsum exposed to water or 
relative humidity above 90% loses its strength, which may 
in some conditions affect the protection. 

Board Rock wool Direct impact and vibrations can affect the protection. 
Board fixing 
devices 

Metal Severe corrosion of the fixing devices can make them come 
loose, and thus not hold the insulation system in place. 
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A2 Walls 
 
Component Material Ageing effects 
Walls General Direct impact and vibrations can give rise to cracks in or 

between boards or components in the wall. 
 
Settlement of the ground or other movements such as 
moisture or thermal movements of the wall or parts of the 
wall may also give rise to cracks in or between boards or 
components in the wall, as well as between the wall and the 
adjoining structure. 

Wall Light-weight 
concrete  

- 

Stud Wood Creep of load-bearing studs can affect the fastening of 
boards to the stud, which may have an effect on fire 
resistance. 

Stud Steel Under certain conditions, steel corrodes. A possible 
scenario is that the connection between fasteners and the 
stud is affected. Thus the boards will not be attached to the 
studs as expected, and they may fall more quickly in case of 
fire. 

Board Gypsum When the temperature is higher than 45 °C, the water of 
crystallisation evaporates and it loses its fire resisting 
properties. 
 
Direct impact and vibrations can affect the fastening of the 
board. 
 
Gypsum is sensitive to water. Gypsum exposed to water or 
relative humidity above 90 % loses its strength, which may 
in some conditions affect the protection. 

Board Calcium 
silicate 

Direct impact and vibration can affect the fastening of the 
board. 

Board Wood- 
based 
materials 

Moisture movements and creep may influence the fixing of 
the board to the frame. 
 
Direct impact and vibration can affect the fastening of the 
board. 

Insulation Mineral 
wool 

Non-rigid insulation can move and become compacted 
within the structure if exposed to vibration. Thus the 
insulation will be decreased. 

Fasteners Metal Severe corrosion of the fasteners can make them come loose 
and thus not hold the structure in place. 

Adhesives  There are many different types of adhesives. Since the 
characteristics and the sensitivity to different attacks vary 
over a wide range, it is of great importance to use an 
adhesive suitable for the expected environment. 

Sealing Gypsum See Board - Gypsum 
Sealing Mineral 

wool 
- 
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A3 Sandwich walls 
 
Component Material Ageing effects 
Cladding Steel Corrosion may affect the fixing of the cladding. 
Insulation Flame-

retardant 
polyurethane  

Moisture may cause swelling, soaking, leaching or 
hydrolysis attack. 

Insulation Polyurethane  Moisture may cause swelling, soaking, leaching or 
hydrolysis attack. 

Paint Intumescent 
paint 

UV radiation may affect properties of the intumescent paint.
 
Intumescent paint can be hygroscopic. If the intumescent 
paint is applied to steel, it may lose its adhesion due to 
possible corrosion of the steel. 
 
Direct impact and vibration can affect the adhesion of the 
intumescent paint. 
 
Different thermal movements between the intumescent 
paint and the underlying structure can affect the adhesion of 
the paint. 
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A4 Glazed partitions 
 
Component Material Ageing effects 
Frame Wood Moisture movements and creep may influence the fixing of 

the board to the frame. 
Frame Aluminium Different thermal movements between the frame and the 

glazing may cause the glazing to come loose. 
Frame Steel Under certain conditions, steel corrodes. A possible 

scenario is that the connection between the frame and the 
glazing is affected. The glazing will therefore not be 
attached to the frame as expected, and may fall out in the 
event of fire. 
 
Different thermal movements between the frame and the 
glazing may cause the glazing to come loose. 

Fasteners Metal Severe corrosion of the fasteners can make them come 
loose, and thus not hold the structure in place. 

Glazing bead Wood Moisture movements may influence the fixing of the 
glazing to the frame. 

Glazing bead Aluminium - 
Glazing bead Steel Corrosion of the glazing beads may affect the fitting of the 

glass. 
Battens  Rubber The properties of the rubber batten may be changed due to 

different attacks, such as radiation and chemical. 
Battens  Silicone The properties of the silicone batten may be changed due to 

different attacks, such as radiation and chemical. 
Strips Intumescent Chemical instability which may change the strips' 

properties. 
 
Movement and vibration create gaps or cause the sealing to 
collapse. 
 
Radiation may attack intumescent materials. 
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A5 Fire doors 
 
Component Material Ageing effects 
Frame Wood Moisture movements may influence the fixing of the board 

to the frame. 
Frame Steel Under certain conditions, steel corrodes. A possible 

scenario is that the connection between frame and panels is 
affected. The panels will therefore not be attached to the 
frame as expected, and they may fall out in the event of 
fire. 
 
Different thermal movements between the frame and the 
panels may cause the panels to come loose. 

Frame Aluminium Different thermal movements between the frame and the 
panels may cause the panels to come loose. 

Panel Steel Under certain conditions, steel corrodes. A possible 
scenario is that the connection between the frame and the 
panels is affected. The panels will therefore not be attached 
to the frame as expected, and they may fall out in the event 
of fire. 
 
Different thermal movements between the frame and the 
panels may cause the panels to come loose. 

Panel Wood Moisture movements may influence the fixing of the panel 
to the frame. 

Insulation Gypsum When the temperature is higher than 45 °C, the water of 
crystallisation evaporates and the gypsum  loses its fire 
resisting abilities. 
 
Gypsum is sensitive to water. Gypsum exposed to water or 
relative humidity above 90 % loses its strength, which may 
in some conditions affect the protection. 

Insulation Calcium 
silicate 

Direct impact and vibration can affect the fastening of the 
board. 

Insulation Mineral 
wool 

Non-rigid insulation can move and become compacted 
within the structure if exposed to vibration. The insulation 
performance will be degraded. 

Adhesives   
Strips Rubber The properties of the rubber strips may be changed due to 

different attacks, such as radiation or chemical. 
Strips Silicone The properties of the silicone strips may be changed due to 

different attacks, such as radiation or chemical. 
Strips Intumescent Chemical instability which may change the properties of 

the material. 
 
Movement and vibration create gaps or cause the sealing to 
collapse. 
 
Radiation may attack intumescent materials. 
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A6 Penetrations 
 
Component Material Ageing effects 
Pipes PVC  

PE  
PP 

Substantial deformation as a result of thermal or moisture 
movement of the supporting structure, may cause gaps or 
cracks which can affect the fire resistance. 

Pipes Metals Corrosion can damage the pipes.  
 
In the event of substantial deformation caused by thermal 
or moisture movement of the supporting structure, gaps or 
cracks may form which can affect the fire resistance. 

Ducts Metals Corrosion can damage the ducts.  
 
In the event of substantial deformation caused by thermal 
or moisture movement of the supporting structure, gaps or 
cracks may form which can affect the fire resistance. 

Cables Metals 
Plastics 

The chemical composition of the insulation of the cables 
may change. This can cause the insulation to ignite at lower 
temperatures and thus affect the fire resistance. 

Sealants Intumescent 
material 

UV radiation may affect the properties of the intumescent 
material. 
 
Intumescent material can be hygroscopic. If intumescent 
paint is applied to steel, it may lose its adhesion due to 
possible corrosion of the steel. 
 
Direct impact and vibration can affect the adhesion of the 
intumescent material. 
 
Different thermal movements between the intumescent 
material and the underlying structure can affect the 
adhesion of the material. 
 
Chemical instability which may change the properties. 

Sealants  Sleeves 
Sheet iron 

Corrosion can damage the sleeves. 
 
In the event of substantial deformation caused by thermal 
or moisture movements of the supporting structure, gaps or 
cracks may form which can affect the fire resistance. 

Sealants Mineral 
wool 

Non-rigid insulation can move and become compacted 
within the structure if exposed to vibrations. Gaps can also 
be formed in the sealant. The insulation performance will 
be degraded. 
 
In the event of substantial deformation as a result of 
thermal or moisture movements of the supporting structure, 
gaps or cracks may form which can affect the fire 
resistance. 
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Component Material Ageing effects 
Sealants Gypsum When the temperature is higher than 45 °C, the water of 

crystallisation evaporates and the material loses its fire-
resisting properties. 
 
Direct impact and vibration can affect the sealant. 
 
Gypsum is sensitive to water. Gypsum exposed to water or 
relative humidity above 90 % loses its strength, which may 
in some cases affect the protection. 
 
In the event of substantial deformation as a result of 
thermal or moisture movements of the supporting structure, 
gaps or cracks may form which can affect the fire 
resistance. 

Sealants Silicone The properties of the silicone may be changed due to 
different attacks, such as radiation or chemical. 
 
In the event of substantial deformation as a result of 
thermal or moisture movements of the supporting structure, 
gaps or cracks may form which can affect the fire 
resistance. 
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