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Abstract
The lack of a method to quantify the contribution of exposed timber to a fire was
identified as one of the main gaps of knowledge concerning the challenges of building
high-rise timber buildings, in a recent gap analysis performed by the NFPA. Recent
experimental studies successfully quantified the contribution of large surfaces of exposed
timber, in terms of rate of heat release. However, a method to predict these quantities has
not been found in the literature.
This report proposes a model that includes the contribution of exposed or protected
timber to post-flashover fires in compartments with a floor area up to 100m2. The model
consists of a one-zone model and a wood combustion model. Using the one-zone model,
the temperatures in the room are estimated from the heat release rate. Using the wood
combustion model, the heat release rate coming from exposed or protected timber is
estimated. The influence of delamination of lamellas or fall-off of claddings can be
estimated with some restrictions regarding accuracy.
Comparative studies showed that predictions of the model correspond well with previous
full scale compartment fire tests.
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Preface
The model presented in this report was developed at SP Sustainable Built Environment
and is named SP-TimFire.
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1

Scope

The model presented in this report is giving estimations of the contributions of exposed
and protected timber surfaces in a compartment fire. This contribution is expressed in
terms of heat release rate, fire temperature, and duration of the fire. The model aims to
assess the contribution of timber in post-flashover fires. The pre-flashover fire is
simplified by using an assumed fire growth rate.
The influence of delamination of engineered wood products and gypsum board fall-off is
included in the model. The accuracy of the model is evaluated using results of previous
compartment tests.
Assessment of complete self-extinguishment or continuous smouldering combustion at
the end of the decay phase is not within the scope of this work.

2

Background

The maximum height of timber buildings has been regulated in many countries, due to the
combustible nature of timber. However, recently, more and more countries within Europe
started to allow high rise buildings with a main structure made of timber.
A recent gap analysis Gerard et al. (2013) showed that exposed timber surfaces contribute
to a potential fire. However, they showed that methods able to quantify the contribution
of exposed structural timber in a compartment fire were lacking. It has also been shown
that potential cladding failure and delamination of engineered timber products
significantly influence the contribution of timber to a compartment fire (Brandon and
Östman, 2016). Therefore, future models that predict the contribution of timber structures
in compartment fires should be able to account for potential delamination.

2.1

Compartment fire tests

Overviews and discussions of previous compartment fire tests of timber structures have
recently been published by the NFPA (Brandon and Östman, 2016). Six studies have been
found that included compartment fire tests in which the timber surfaces were unprotected
against fire before the fire started (Hakkarainen, 2002; Frangi and Fontana, 2005;
McGregor, 2013; Medina Hevia, 2014; Hox, 2015). Two of those studies involved
measurements of the heat release rate of the fire (McGregor, 2013; Medina Hevia, 2014),
which can be used to quantify the contribution of exposed structural timber elements.
From the work of Frangi and Fontana (2005) it was concluded that the temperatures
inside the compartment do not significantly differ between compartments with exposed
timber surfaces and without exposed timber surfaces. However, it was convincingly
shown that there can be significantly more combustion outside of openings of the
compartments. A similar conclusion was drawn earlier from the study by Hakkarainen
(2002). Frangi et al. (2008) reported an increase of external combustion which occurred
simultaneously with a sharp increase of temperatures behind the gypsum board
protections, indicating that a sudden exposure of cool timber surfaces results in an
increased combustion outside of the compartment.
In a number of tests it was shown that the duration of the fully developed phase of a fire
can be influenced by the presence of exposed timber. Medina Hevia (2014) showed that
fires in compartments can decay if only one of the compartment walls consist of fully
exposed cross laminated timber and all other walls are fully protected by gypsum plaster
boards for the duration of the fire. Tests of compartments with two exposed CLT walls
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showed a second flashover during the decay phase as a result of delamination of the polyurethane bond line between the CLT lamellas. Fires in compartments with more than two
exposed walls did not show a decay phase before the fire was manually extinguished at
the end of the test (Hakkarainen, 2002; McGregor, 2013; Hox, 2015).

3

Model (SP-TimFire)

The model proposed in this report combines a one-zone model with a wood combustion
model. This model is named SP-TimFire. The algorithm of the model for the estimation
of the contribution of CLT to a compartment fire is shown in Figure 3-1.

Figure 3-1: Algorithm of SP-TimFire

In step 1. (see Figure 3-1) a one-zone model is used to determine the fire temperature
based on heat release rates (HRR) of the CLT and the movable fire load. The predicted
temperatures are based on an assumed airflow through compartment openings. The onezone model is further discussed in section 3.1.
In step 2. a wood combustion model, which is further discussed in section 3.2, calculates
the heat release rate corresponding to the CLT ceiling and walls from the fire
temperature. The temperatures within the CLT are calculated based on the fire
temperatures only. For simplification, differences of oxygen content and velocity of the
surrounding air are assumed to have no influence on the charring rate. Measurements of
charring depths after previous compartment fire tests (McGregor, 2013) have not shown
an increased charring depth near openings, where higher oxygen levels were expected.
Instead, the highest charring depths were located where a deficiency of oxygen can be
expected during the fully developed phase, far away from an opening and close to high
fuel sources.
Based on the charring temperature of wood (300°C) and an experimentally determined
heat release per charring depth of 5.39 MJ/m2mm (Schmid et al., 2016), the charring rate
and the heat release rate per unit area of CLT can be estimated.
In step 3. the HRR curves are updated in order to be used in the subsequent iteration of
the algorithm. Step 3 involves the principle assumption of the model:

© SP Sveriges Tekniska Forskningsinstitut AB

8

The heat release rate of the fire is assumed to be equal to the heat release rate of the CLT
plus the heat release rate of the movable fire load. Therefore, 100% of the CLT
contribution to the heat release is allowed to take place outside of the compartment.
The assumption can be tested using the studies found in the literature that involved
compartment tests of exposed CLT and calorimetry to determine the heat release rate.
These studies were reported by McGregor (2013) and Medina Hevia (2014). In Figure
3-2 and Figure 3-3 curve 2 is obtained by multiplying the reported charring rates by 5.39
MJ/m2mm and the surface area of the exposed CLT. The following should hold if the
assumption is correct:
Curve 1 + Curve 2 = Curve 3 ≈ Curve 4
It can be seen that there is good agreement with curve 3 and curve 4 in both figures. This
supports the assumption used in step 3. However, it should be stated that the assumption
can only be valid in case curve 1 corresponds to a post-flash over fire with a fully
developed phase that eventually completely burns out.

Heat release rate (MW)
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Curve 1: Protected compartment (McGregor)
Curve 2: Contribution of CLT determined from charring rates
Curve 3: Curve 1 + Curve 2
Curve 4: Unprotected compartment (McGregor)

60

Figure 3-2: Experimentally determined and predicted heat release rates in accordance with assumptions
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Figure 3-3: Experimentally determined and predicted heat release rates in accordance with assumptions

3.1

One-zone model

A one-zone model was used to determine the fire temperatures from the heat release rate
curves. Using a one-zone model, a single gas temperature within the compartment is
assumed. Magnusson and Thelanderson (1970) published the first model for predicting
compartment fire temperatures. Their model was based on the conservation of mass and
energy and it was later revised by Wickström (1986) to develop the parametric fire curves
of Eurocode 1.
In SP-TimFire, a distinction is made between the heat release rate corresponding to the
movable combustible load, 𝑄̇𝐶 , and the heat release rate corresponding to CLT, 𝑄̇𝐶;𝐶𝐿𝑇 .
The heat release rate corresponding to CLT is determined from the charring rate, which is
predicted using a heat transfer model.
In an under-ventilated fire, the heat release rate inside the compartment is limited by the
amount of oxygen that can flow into the room:
min(𝑄̇𝐶 + 𝑄̇𝐶;𝐶𝐿𝑇 ; 𝑄̇𝐶;𝑚𝑎𝑥 ) = 𝑄̇𝑊 + 𝑄̇𝑅 + 𝑄̇𝐿
(3.1)
Where:
𝑄̇𝐶 is the heat release rate corresponding to the movable fire load
𝑄̇𝑊 is the rate of heat loss through compartment boundaries (floor, walls and ceiling)
𝑄̇𝐿 is the rate of heat loss through air flow out of openings in the compartment
𝑄̇𝑅 is the rate of heat loss through radiation out of openings
𝑄̇𝐶;𝑚𝑎𝑥 is the maximum heat release rate inside the compartment
𝑄̇𝐶;𝐶𝐿𝑇 is the heat release rate of the combustible linings
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Figure 3-4: Schematic representation of SP-TimFire

The maximum heat release rate inside the compartment, 𝑄̇𝐶;𝑚𝑎𝑥 , was determined
according to Wickström (1986), assuming a theoretical maximum temperature rise of
1325°C.
𝑄̇𝐶;𝑚𝑎𝑥 = 𝛼1 𝑇𝑚𝑎𝑥 𝑐𝐴√ℎ

(3.2)

Where:
𝛼1 is a flow constant
𝑇𝑚𝑎𝑥 is an assumed maximum temperature rise (1325K by Wickström, 1986) (K)
𝑐 is the specific heat of air
𝐴 is the opening area
ℎ is the opening height
The maximum heat loss rate due to air flow out of the openings is determined using
(Wickström 1986):
𝑄̇𝐿 = 𝛼1 (𝑇𝑓 − 𝑇∞ )𝑐𝐴√ℎ

(3.3)

Where:
𝑇𝑓 is the fire temperature (K).
𝑇∞ is the ambient temperature (K)
The radiant heat loss rate is determined using (Magnusson and Thelanderson, 1970):
𝑄̇𝑅 = 𝐴(𝑇𝑓4 − 𝑇∞4 )𝜎
(3.4)
Where 𝜎 is the Stefan Boltzmann constant.
The heat loss rate through the CLT boundaries, 𝑄̇𝑊 , is calculated using the heat transfer
model, discussed in the previous section.
SP-TimFire uses an algorithm to solve the fire temperatures. The fire temperature is
determined by substituting eq. (3.3) into eq. (3.1) and solving to determine 𝑇𝑓 :
𝑇𝑓 =

min(𝑄̇𝐶 +𝑄̇𝐶;𝐶𝐿𝑇 ; 𝑄̇𝐶;𝑚𝑎𝑥 )−𝑄̇𝑊 −𝑄̇𝑅
𝑐𝛼1 𝐴√ℎ

+ 𝑇∞

(3.5)

In the calculation, the fire temperature is determined for every time step. At each time
step, the values of 𝑄̇𝑊 and 𝑄̇𝑅 are determined and used as an input for the subsequent
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time step. 𝑄̇𝐶 is the input parameter and 𝑄̇𝐶;𝐶𝐿𝑇 is determined iteratively according to the
algorithm shown in Figure 3-1.

3.2

Wood combustion model

In the wood combustion model, the fire temperature is used to estimate the temperatures
inside the timber using a heat transfer model. Using this, the influence of the oxygen
concentration on the charring rate is ignored.

Heat release rate per area per charring
depth (kW/m2mm

The charring temperature of wood is 300°C (Buchanan, 2002; EN1995-1-2:2004). Using
this the charring rate is determined from the results of the heat transfer model. The wood
combustion model determines the contribution of the timber using a constant heat release
rate per millimeter of charring of 5.39 MJ/m2mm, for a char layer thicker than 10mm
(Schmid et al., 2016), which was based on a series of cone calorimeter tests by Crielaard
(2015). In the cone calorimeter tests, during a period of a few minutes after ignition, the
charring rate as well as the measured heat release rates peaked. The reported average
charring rate for the first 10mm (approximately 6 minutes) was more than double the
average charring rates deeper in the specimens. An increasing slope of heat release per
charring depth (see Figure 3-5) corresponded well with the cone calorimeter test results of
Crielaard. Therefore, for the model it is assumed that the for first 10 mm of char, the heat
release rate is 2.70 MJ/m2mm at the start of charring and linearly increases to 5.39
MJ/m2mm until the charring rate is 10mm.
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Figure 3-5: Heat release rate per unit area per charring depth

Thermal properties used in the model were published by König and Walleij (2000) and
are shown in Figure 3-5 to 3-7. The properties were included in the Eurocode 5 for
standard fires only (EN 1995-1-2:2004). However, König and Walleij showed that the use
of these properties also leads to a reasonable accuracy for predictions of wood
temperatures in parametric fires (see Figure 3-9). Effective thermal properties of gypsum
plaster board as a function of temperature are taken from the European design guide for
timber engineering (Östman et al. 2010). Fall-off of gypsum boards is simulated by
removing the gypsum layer from the model at a specified time. Similarly, delamination of
CLT is simulated by removing the exposed lamella from the model when temperatures in
the bond line reach a specified temperature.
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Conductivity (W/mK)

SP TimFire was used in combination with finite element software, SAFIR2007, to
calculate the temperatures in the CLT. The temperatures are determined for every
millimeter throughout the depth of the CLT. The thermal properties of every element are
adapted to the predicted temperature of the element in accordance with Figure 3-6, Figure
3-7 and Figure 3-8. As the charring temperature can be taken as 300°C (Buchanan, 2002),
the charring rate can be determined from the movement of the 300°C iso-line.
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Figure 3-6: Effective properties for conductivity according to König and Walleij (2000)
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Figure 3-7: Effective properties for density according to König and Walleij (2000)
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Figure 3-8: Effective properties for specific heat according to König and Walleij (2000)
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Figure 3-9: Comparisons of experimental and numerical results (from König and Walleij, 2000)

4

Verification

Previous full scale compartment test results corresponding to compartments with exposed
CLT or heavy timber walls are modelled. A comparative study between the experimental
results and the model predictions is performed in order to assess the model accuracy and
identify potential limitations.

4.1

The input parameters for the verification

The main input of the model is the heat release rate curve corresponding to the movable
fire load. A series of assumptions were made to describe a heat release rate curve
corresponding to the movable fire load. These assumptions were taken so that the
resulting heat release curve corresponds well with the fire test results of the fully
protected compartment by McGregor (2013) and Su and Lougheed (2014), as can be seen
in Figure 4-1. The set of assumptions were used to generate an input for the model, based
on a comparable test. Instead of the assumptions below, an alternative would be to use
rules given for design fires by ISO 16733-1 (2015). The assumptions were as follows:
-

-

For the pre-flashover fire, it was assumed that the fire grows with a fire
growth rate of 0.047 kW/s2.
It was assumed that the combustion of the movable fire load that can take
place outside of the compartment is 30% of the combustion that can take
place inside the compartment. This is comparable to the fuel-excess
percentage of 37% published for wood cribs (Babrauskas, 2008). The
combustion inside the compartment is assumed to be limited by the amount
of oxygen that flows into the room following eq. 3.2.
The heat release rate per floor area during the decay phase corresponding to
the movable fire load was assumed to be similar to the heat release rate per
floor area found for compartment tests involving fully protected CLT
elements McGregor (2013).
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Figure 4-1: Heat release rate corresponding to the movable fire load

For the one-zone model, a small time step of 2 seconds was used in order to minimize the
temperature increments. The flow constant 𝛼1 is taken as 0.6, which is in within the range
given by Rockett (1976). For the heat transfer model, the effective emissivity, εeff, is
assumed to be 0.8 and the convection coefficient hc is assumed to be 25W/m2K in
agreement with Buchanan (2002).
The temperature at which delamination occurs is very much dependent of the adhesive
used. Medina Hevia (2014) reported that the adhesives used in the tested CLT was polyurethane based with a melting point of 200°C, which indicates that delamination occurs at
temperatures below 200°C. The temperatures were not measured in the bond line during
the fire tests. However, using a rough extrapolation of other temperature measurements,
the temperature in the bond line at the start of delamination is estimated to be 140°C. The
modelled lamella thickness is 35mm, which is similar to the lamellas of the CLT tested
by McGregor (2013) and Medina Hevia (2014).

4.2

Experiments versus predictions

McGregor (2013) performed compartment fire tests with fully exposed CLT walls and
ceiling. Figure 4-2 shows the corresponding temperature measurements and predictions
by SP-TimFire. If delamination is not included in the analysis SP-TimFire predicts a start
of decay within the test duration, while this is not observed in the tests. In case
delamination is included, the decay phase is not expected to occur within the test time. As
a result of this the temperatures are expected to increase slowly.
The predicted heat release rate corresponding to McGregor’s test is shown in Figure 4-3.
It can be seen that the predicted heat release rate is higher than the measured heat release
rate directly after flashover and directly after delamination. The overestimation of the
heat release rate after delamination is caused by the assumption that all CLT in the entire
room delaminates at the same instant. Instead of a single heat transfer model for all CLT,
a series of heat transfer models could be implemented of which each represents an area of
CLT that delaminates at different points in time. This is recommended for future research.
The overestimation of the heat release rate after initial flashover could be caused by lack
of accuracy of the heat transfer model used. However, it should be noted that the peak
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heat release rate during tests can be missed if the extraction is not sufficient to clear all
the smoke from the laboratory.

Gas temperature (°C)
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Figure 4-2: Experimentally determined and predicted temperatures for a compartment with exposed
CLT walls and ceiling according to SP-TimFire
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Figure 4-3: Experimentally determined and predicted temperatures for a compartment with exposed
CLT walls and ceiling according to SP-TimFire

Delamination was clearly observed during a fire test of a compartment with two exposed
walls and other surfaces protected (Medina Hevia, 2014). Figure 4-4 shows temperatures
of a compartment fire involving two exposed walls that face each other, together with
corresponding predictions. The predicted temperatures are generally lower than the
measured temperatures. However, the start of the decay phase is estimated accurately.
Due to delamination, the temperatures increased after 40 min. The time at which
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delamination occurs corresponds well with the model results. However, the predicted
increase of temperatures is too steep. This is related to the simplifying assumption that
delamination occurs at one instant in all CLT walls.
The heat release rate corresponding to the test is shown in Figure 4-5. For comparative
purposes the measured heat release rate of a compartment with fully protected CLT is
included in the figure. The heat release rate of both fires seems to be overestimated.
However, the contribution of CLT, which is the difference between the black and the red
curve, is predicted with a reasonable accuracy.
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Figure 4-4: Experimental results and predictions using SP-TimFire for a compartment with two
exposed walls
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Figure 4-5: Experimental results and predictions using SP-TimFire for a fully protected compartment
and a compartment with two exposed walls
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Medina Hevia (2014) performed a fire test of a compartment with one wall exposed and
all other surfaces protected, which did not lead to delamination. In accordance with SPTimFire delamination does not occur in this fire, which is in agreement with the test
results. After the fire temperature has dropped below 300°C, delamination could still
occur. However, it will not result in an increase of predicted temperatures or heat release
rates as the timber is not considered to char below 300°C by the model.
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SP-TimFire; 1 wall exposed

Figure 4-6: Experimentally determined and predicted temperatures for a compartment with one
exposed CLT wall using SP-TimFire

5

Conclusions

SP-TimFire, a model to predict temperatures and heat release rates of fires in
compartments with exposed timber was developed. The model includes a method to
predict delamination and its influence on the heat release and the fire temperature.
Comparisons with existing test results were used to evaluate the model.
The following was concluded from the comparative study between the numerical results
and the test results:
The predicted temperatures were generally underestimated for the fully developed
phase by approximately 100°C. However, the accuracy of the temperature predictions is
considered to be reasonable.
The predicted peak heat release rates were higher than the peak heat release rates
measured during the tests.
The time to start of the decay phase was predicted with a good accuracy.
The predicted time at which delamination occurs corresponds well with the
experimental results.
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The increase of fire temperature and the increase of heat release rate due to
delamination were overestimated by the model, because of the assumption that
delamination of a large CLT surface takes place at one instant.

6

Future research

In the present study, a relationship between charring rate and heat release rate was used as
a basis for calculations of the contribution of CLT in a compartment fire. It is possible to
have a comparable approach using the mass loss and heat of combustion of the wood to
calculate the heat release rate.
The following improvements are planned:
- Improvement of the heat transfer model for calculations of the wood temperature in the
decay phase. Existing heat transfer models for the calculation of temperatures in wood
will be considered.
- Improvement of the delamination model to implement delamination occurring in a time
period instead of delamination occurring in a single moment in time for the entire room.

References
Babrauskas V. (2008) Section 3 Chapter 1 Heat Release Rates. In SFPE Handbook of
Fire Protection Engineering. Fourth edition National Fire Protection Association.
Quincy, MA.
Brandon D. and Östman B. (2016), Fire safety challenges of tall wood buildings – phase
2: literature review. NFPA National Fire Protection Association, Report: FPRF-2016-22,
Quincy MA, USA.
Buchanan A.H. (2002) Structural design for fire safety. Wiley, Chichester, UK.
EN 1995-1-2 (2004), Design of timber structures – Structural fire design. British
Standards Institution.
Crielaard R. (2015) Self-extinguishment of cross-Laminated timber. Diss. TU Delft, Delft
University of Technology.
EN 1995-1-2 (2004), Design of timber structures – Structural fire design. British
Standards Institution.
Frangi, A., Bochicchio, G., Ceccotti, A., Lauriola, M. (2008). Natural Full-Scale Fire
Test on a 3 Storey XLam Timber Building. Engineered Wood Products Association,
Madison, Wisconsin, USA.
Frangi, A., & Fontana, M. (2005). Fire Performance of Timber Structures under Natural
Fire Conditions. Fire Safety Science Symposium 8: 279-290. IAFSS, Beijing, China.
Gerard R., Barber D., Wolski A. (2013) Fire safety challenges of tall wood buildings.
Fire Protection Research Foundation (FPRF), Quincy, MA, USA, and Arup North
America, San Fransisco, CA, USA.
Hakkarainen T. (2002) Post-flashover fire in light and heavy timber construction
compartments. Journal of Fire Sciences, 20 (2002): 133-175.

© SP Sveriges Tekniska Forskningsinstitut AB

19

Hox K. (2015) Branntest av massivtre. SPFR-rapport SPFR A15101. SP Fire Research,
Trondheim, Norway. In Norwegian.
ISO 16733-1 (2015), Fire safety engineering – Selection of fire scenarios and design fires
– Part 1: Selection of design fire scenarios. ISO-standards.
König J., Walleij L. (2000) Timber frame assemblies exposed to standard and parametric
fires, Part 2: a design model for standard fire exposure. Institutet för träteknisk forskning,
Stockholm, Sweden.
Magnusson S.E., Thelanderson S. (1970) Temperature-time curves of complete process
of fire development – a theoretical study of wood fuel fires in enclosed spaces. Acta
Polytechnica Scandinavica, 65.
McGregor, C.J. (2014) Contribution of cross-laminated timber panels to room fires.
Master thesis. Department of Civil and Environmental Engineering Carleton University.
Ottawa-Carleton Institute of Civil and Environmental Engineering, Ottawa, Ontario,
Canada.
Medina Hevia A.R. (2014). Fire resistance of partially protected cross-laminated timber
rooms. Master thesis. Department of Civil and Environmental Engineering Carleton
University. Ottawa-Carleton Institute of Civil and Environmental Engineering, Ottawa,
Ontario, Canada.
Rockett JA (1976) Fire Induced Gas Flow in an Enclosure. Comb. Sci. and Tech. 12, pp
165-175.
Schmid J, Brandon D, Santomaso A, Wickström U, Frangi A (2016) Timber under real
fire conditions - the influence of oxygen content and gas velocity on the charring
behaviour. In: proceedings of the 9th International Conference on Structures in Fire
Conference, Princeton, USA.
Su J.Z. and Lougheed G.D. (2014) Report to research consortium for wood and wood
hybrid mid-rise buildings – Fire safety summary – Fire research conducted for the
project on mid-rise wood construction. National Research Council Canada, Client report:
A1-004377.1, Ottawa, Ontario, Canada.
Östman B. et al. (2010). Fire safety in timber buildings – Technical guideline for Europe.
SP Technical Research Institute of Sweden, SP Report 2010:19
Wickström U. (1986) Application of the standard fire curve for expressing natural fires
for design purposes. Fire Safety: Science and Engineering, ASTM STP 882 or SP-RAPP
1986:19

© SP Sveriges Tekniska Forskningsinstitut AB

SP Sveriges Tekniska Forskningsinstitut
SP-koncernens vision är att vara en internationellt ledande innovationspartner. Våra 1 400
medarbetare, varav över hälften akademiker och cirka 380 med forskarutbildning, utgör en
betydande kunskapsresurs. Vi utför årligen uppdrag åt fler än 10 000 kunder för att öka deras
konkurrenskraft och bidra till hållbar utveckling. Uppdragen omfattar såväl tvärtekniska
forsknings- och innovationsprojekt som marknadsnära insatser inom provning och certifiering.
Våra sex affärsområden (IKT, Risk och Säkerhet, Energi, Transport, Samhällsbyggnad och
Life Science) svarar mot samhällets och näringslivets behov och knyter samman koncernens
tekniska enheter och dotterbolag. SP-koncernen omsätter ca 1,5 miljarder kronor och ägs av
svenska staten via RISE Research Institutes of Sweden AB.

SP Technical Research Institute of Sweden
Our work is concentrated on innovation and the development of value-adding technology.
Using Sweden's most extensive and advanced resources for technical evaluation,
measurement technology, research and development, we make an important contribution to
the competitiveness and sustainable development of industry. Research is carried out in close
conjunction with universities and institutes of technology, to the benefit of a customer base of
about 10000 organisations, ranging from start-up companies developing new technologies or
new ideas to international groups.

SP Sveriges Tekniska Forskningsinstitut
Box 857, 501 15 BORÅS

SP Arbetsrapport :

Telefon: 010-516 50 00, Telefax: 033-13 55 02

ISBN

E-post: info@sp.se, Internet: www.sp.se

ISSN 0284-5172

www.sp.se
Mer information om SP:s publikationer: www.sp.se/publ

