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Preface 
The progress report presents the results obtained during the first year of the project, 
with focus on the progress during the latest six months. The initial stages of this project 
have focused on establishing the comprehensibility of the assessment method evaluated 
by a theoretical round robin and the initial testing activities to determine variations and 
defining the wood cribs to be used for the experimental program. 
 
The results from the theoretical round robin together with input from stakeholders and 
other liaisons has been used to identify where the readability and comprehensibility of 
the assessment method needs to be improved. The initial testing activity has benefitted 
from an extensive literature survey of the parameters influencing the burning of wood 
cribs and interactions with the combustion chamber. A theoretical study, including 
numerical modelling, has been performed to investigate the effect on the heat exposure 
to the specimen when geometrical changes are made on the combustion chamber. The 
wood crib tests in accordance with the original test plan, as well as some additional 
wood crib tests, have been performed and analysed. The results from the theoretical 
investigation and the experimental study have been the basis for a proposal on 
characteristics of the wood cribs and the design of the combustion chamber to be used 
in the next test series which is the experimental round robin. 
 
Finally, the consortium would like to thank the participants in the theoretical round 
robin, the stakeholders and liaisons for their valuable input, support and commitment 
to the project, and the Swedish Wood for supplying the wood for the wood crib tests. 
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Summary 
 
This progress report summarises the work carried out during the first year in project 
SI2.825082 financed by the European Commission – DG GROW, with focus on the 
progress during the latest six months. The main activities have so far been to perform a 
theoretical round robin with the aim to analyse how the current draft of the assessment 
method is interpreted by different laboratories, and to plan and carry out the first phase 
of the initial testing activities where the fire source and the design of the combustion 
chamber have been investigated. Furthermore, a substantial work has been done to 
ensure that the project is communicated in a good way to all stakeholders. 
 
The theoretical round robin was performed with 29 participating laboratories, all 
members of EGOLF. Over 200 questions covering the whole assessment method were 
asked, and thereafter analysed. The results show clearly which parts of the assessment 
method needs to be improved and clarified, as well as some practical details regarding 
the test method that needs to be handled. 
 
The first phase of the initial testing program is to decide on the requirements of the fuel 
source and the combustion chamber. A large quantity of wood, of two different wood 
species (spruce and pine), has been acquired and thereafter characterised by 
measurement of dimensions, weight and moisture content. Over 4000 sticks have thus 
been density graded. After the selection of sticks to the different wood cribs a series of 
tests have been performed, mainly in accordance with the original test plan. Some 
modifications to the test plan were made during the course of the experimental study, 
e.g. tests with a crib platform with either a grated or a solid floor. Also, a theoretical 
study through numerical modelling has been made to study the impact of changes of 
the combustion chamber geometry on the heat exposure to the test specimen. If some 
changes of the geometry of the combustion chamber can be done, for the large heat 
exposure test, it would be beneficial for two reasons: it would make the preparatory 
work when mounting the test specimen simpler and it would ensure that falling parts 
will not damage the wood crib during a test. 
 
Based on the results obtained a proposal has been made on the characteristics of the 
fuel source and the geometry and design of the combustion chamber. 
 
The project has been communicated through different channels. The project web page 
is the main communication channel where all reports and other documentation is 
published (https://www.ri.se/en/what-we-do/projects/finalisation-of-the-european-
approach-to-assess-the-fire-performance-of-facades). Several web-based meetings 
have been held with different stakeholders. A discussion and an extra meeting with the 
steering group of the project has been held where some fundamental questions were 
raised and answered. One important outcome was to arrange more frequent meetings 
with the steering group, especially when important decisions are needed for the 
continuation of the project. A Comment Handling Document has been made, and so 
far, more than 400 comments have been received. These comments are handled 
continuously and communicated on the above-mentioned web page. 
 
Due to the Corona pandemic, it has not been possible to work as efficiently as expected, 
and therefore the original time schedule has not been possible to follow as it was 
planned. It is mainly the initial tests that have been affected at present. There is a risk 
that further delays can be expected if the pandemic continues, especially regarding the 
experimental round robin where travelling between different countries is needed. 
  

https://www.ri.se/en/what-we-do/projects/finalisation-of-the-european-approach-to-assess-the-fire-performance-of-facades
https://www.ri.se/en/what-we-do/projects/finalisation-of-the-european-approach-to-assess-the-fire-performance-of-facades
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1 Introduction 
The present report is the second in a series of progress reports in the project SI2 25082 
financed by the European Commission. The report will present the progress and 
current status of the project. The conclusions as well as proposals made at this stage 
may be changed at a later stage in the project when more information is available. 
 
The main activities performed so far in the project are the following: 
 

• Information transfer to a stakeholder group 

• Establishment of an information transfer platform  
• Execution of the theoretical round robin and analysis of the results 

• Planning and start of initial tests 

• Wood crib tests and analysis of results 

• Proposal on wood crib characteristics and design of the combustion chamber 
 
Due to the Corona pandemic no physical meetings have been possible. It has not only 
made the work in the project team harder, but also the contacts and meetings with 
stakeholders important for the progress of the project. Therefore, the original time 
schedule has not been possible to hold for some parts of the activities. Although, with 
innovative rescheduling and other changes it will still be possible to perform and report 
the project as a whole within the original time schedule. 
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2 Theoretical round robin 
 

2.1 Aim 
 
The aim with the theoretical round robin was to evaluate whether the assessment 
method is written in such way that it is interpreted similarly and correctly, and to 
identify the parts where different interpretations were observed. Thereafter, 
improvements to the assessment method to minimize different interpretations are 
made. 
 

2.2 Status 
 
The theoretical round robin has been finalized and reported in Progress report 1. The 
comments and conclusions from the exercise have been used when updating the 
Assessment method. Although, several comments still need to be addressed in the 
Assessment method, and this will be done later when more information and practical 
experience is available. 
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3 Introductory tests 
3.1 Literature survey 

The literature survey was published in Progress report 1. The content of the survey 
constituted the basis for which the initial testing program was planned and conducted.  
 

3.2 Wood crib tests 

3.2.1 Summary 

A test program including 4 medium wood cribs and 9 large wood cribs has been 
performed and analysed. Furthermore, numerical simulations of the fire dynamics and 
the effects of the size and shape of the combustion chamber have been done. The aim of 
these studies has been to define the wood cribs and combustion chamber for the 
following test series. Table 1 summarizes the proposed fuel source and combustion 
chamber, as well as a reference to the chapter discussing the actual parameter. Note 
that a part of the façade (> 1 m) was added above the combustion chamber in order to 
be able to assess the impact on the façade. 
 

Table 1. Proposal on fuel source and geometry of combustion chamber. 

Parameter Medium test Large test Argument 

Wood species 
Spruce (Picea 
abies) 

Spruce (Picea 
abies) 

Chapter 3.2.3 

Cross section of sticks 
40 x 40 mm2 ± 
1 mm 

47 x 47 mm2 ± 3 
mm 

Chapter 3.2.9 

Length of sticks 500 ± 5 mm 

Long: 1500 ± 5 
mm 
Short: 1000 ± 5 
mm 

Chapter 3.2.9 

Nominal density of sticks 475 ± 25 kg/m3 500 ± 100 kg/m3 Chapter 3.2.5 
Weight of crib 30 ± 1.5 kg 350 ± 20 kg Chapter 3.2.5 

Number of sticks per layer and 
number of layers 

6 sticks per 
layer 
 
The number of 
layers and 
number of 
sticks in the top 
layer are 
adjusted so the 
weight of the 
crib is within 
the tolerances. 

Long: 10 
sticks/layer 
Short: 15 
sticks/layer 
 
The number of 
layers is 
adjusted so the 
weight of the 
crib is within the 
tolerances. The 
top layer shall 
always be a full 
layer. 

Chapter 3.2.9 

Joining of sticks Nailing Nailing Chapter 3.2.8 
Moisture content 11 ± 2 % 11 ± 2 % Chapter 3.2.4 
Surface finish Planed Sawn or planed Chapter 3.2.6 
Floor for crib Grating Solid Chapter 3.2.7 

Size of combustion chamber 

Width x Height 
x Depth 
1.0 x 1.0 x 0.8 
m3 

 

Width x Height x 
Depth 
2.4 x 2.2 x 1.3 m3 
 

Chapter 3.2.10 
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Opening 
dimension 
1.0 x 1.0 m2 
 
No apparent 
lintel 

Opening 
dimension 
2.0 x 2.0 m2 
 
200 mm heigh 
lintel at the top 
of the opening 

 
   

3.2.2 General information on the wood crib tests and the 

analysis 

 
The sampling of wood and characterization of the sticks were described and presented 
in Progress report 1. A total of 4400 sticks were sampled and thereafter divided into the 
different cribs needed in the test series. 
 
In addition to the sampled wood material described above some introductory tests were 
also performed using available wood from Efectis France, for a medium crib test, and 
wood available at Efectis UK/Ireland, for introductory and extra test with the large crib.  
 
A separate report has been published with a detailed description of the tests made and 
the results obtained (Fire test report no EFR-20-002989 and Fire test report no EUI-
20-000358) which both are available on the project home page. On the homepage are 
also all test data obtained during the tests available. 
 
In the discussion comparisons are made with the requirements written in BS 8414, 
which are the following: 

• Heat release rate (HRR) shall be 3 ± 0.5 MW (plateau) 

• Total heat release (THR) during the test (30 minutes) shall be 5 GJ 

• Heat flux 1 m above the upper edge of the combustion chamber shall be 45-90 
kW/m2 (in the previous version of BS 8414) 

 
 
Table 2 and Table 3 show the test programmes for the large and medium wood crib 
tests, respectively. It should be noted that for the tests L0 and L8 with the large fire 
exposure, the cribs used were the standard cribs for a normal BS 8414 test. 
 

Table 2. Test programme for large wood crib tests. 

Reference Species Surface Density Moisture Section Floor Chamber 
L0 Pine Sawn Average Average 50x50 Grated Large 
L1 Spruce Planed Average Average 47x47 Solid Large 
L2 Spruce Planed Low Average 47x47 Grated Large 
L3 Spruce Planed High Average 47x47 Grated Large 
L4 Pine Planed Average Average 47x47 Grated Large 
L5 Spruce Planed Low Low 47x47 Grated Large 
L6 Spruce Planed Low High 47x47 Grated Large 
L7 Spruce Planed Low Average 47x47 Solid Large 
L8 Pine Sawn Average Average 50x50 Solid Standard 

 

Table 3. Test programme for medium wood crib tests.  

Reference Species Surface Density Moisture Section Floor Chamber 

M0 Spruce Sawn Low Average 47x47 Grated Standard 



9 

 

Reference Species Surface Density Moisture Section Floor Chamber 
M1 Spruce Planed High Average 47x47 Grated Standard 
M2 Spruce Planed Low Average 47x47 Grated Standard 
M3 Spruce Sawn Low Average 47x47 Grated Standard 

 

3.2.3 Effect of wood species 

Two different wood species have been examined, spruce (Picea abies) and pine (Pinus 
sylvestris). The aim was to evaluate the differences in burning characteristics between 
the two wood species when used in façade tests, and also to see whether it is possible to 
harmonize the medium and large heat exposure tests and use the same wood species 
for both. 
 

3.2.3.1  HRR comparison 

 
The comparison has only been done with the large wood cribs, i.e. the large heat 
exposure set-up. Three tests were performed with pine and six tests with spruce that 
show results when the crib is placed on a solid floor in the combustion chamber see 
Figure 1 – Figure 3 when the crib is placed on a grated floor. The results show that pine 
gives both higher heat release rate (HRR) and higher heat exposure on the façade 
surface compared to wood cribs of spruce, while also leading to an earlier collapsing of 
the crib associated with a premature decrease phase of the combustion. In BS 8414 pine 
is defined as the main wood species to be used. Although, in earlier versions of BS 8414 
it was also defined that alternative fire sources could be used when it could be shown 
that certain characteristics were fulfilled. 
 
It is proposed to use spruce as a fuel source even though it is less severe compared to 
pine. The reasons for this choice are that the heat exposure will be high enough (c.f. BS 
8414 criterion of HRR = 3 ± 0.5 MW, obtained for spruce but exceeded by pine) and it 
harmonizes the fuel to be used in both medium and large heat exposure tests. 
 
Furthermore, BS 8414 states that the total heat release during the test, i.e. for 30 
minutes, shall be 5 GJ. This is obtained with spruce while pine shows values of 6 GJ 
and higher. 
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Figure 1. Heat release rate measured in test L1 and extra test with BS 8414. Both with crib placed 
on a solid floor, and with similar density of the wood. 

 

 

Figure 2. Heat release rate measured in tests L2, L3 and L4. Test L4 was pine with average density, 
L2 was spruce with low density and L3 was spruce with high density. 

 

Figure 3. Temperature measured with plate thermometer 1 m above the upper edge of the 
combustion chamber in tests L2, L3 and L4. Test L4 was pine with average density, L2 was spruce 
with low density and L3 was spruce with high density. 

 
 

3.2.3.2    HRR and MLR: comparison and accuracy  

Considering HRR (Heat Release Rate) and MLR (Mass loss rate) and giving an 

arbitrary coefficient for the HoC (Heat of combustion) to pine (e.g 17.9 kJ/g) and to 

spruce (16.4 kJ/g). We can plot and compare ratios corresponding to efficiency of 

combustion which can be calculated as:  

Eff = HRR/ (MLR*HoC) 
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We obtain the following results: 

 

Figure 4. Comparison of efficiencies for large cribs 

 

Figure 5. Comparison of efficiencies for medium exposure cribs 

  

These graphs show a good correlation between the MLR and the HRR during the plateau 

phase. The difference of efficiency between the large exposure and medium exposure is 
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explained by the ventilation conditions which are clearly more favourable for the large 

cribs. Regarding the HRR values and MLR values, considering the different accuracy of 

each measurement involved in their calculation, an accuracy about 10 % for each can be 

considered. 

Furthermore, before each medium crib test was performed a calibration of the HRR 

measurement is performed by a propane burner. 

After the large crib test serie was performed two calibrations of the HRR by heptan pool 

fire pans was done: 

- Test A: Fuel tray overall dimension: 700 mm diameter, 200 mm high / Heat 

Release Rate expected from the Alpert – Heskestad equations: 931 KW 

   

Figure 6. View of the hood calibration with one heptane pan 
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Figure 7. Comparison between measured and theoretical HRR.  

  

Test B: 3 Fuel tray overall dimension: 700 mm diameter, 200 mm high / Heat Release 

Rate expected from the Alpert – Heskestad equations: 2 793 KW  
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Figure 8. View of the hood calibration with 3 heptane pans 

 

Figure 9. Comparison between measured and theoretical HRR 
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3.2.3.3   Heat flux estimations 

 
In a previous version of BS 8414 (2005), a section was included with information on 
heat flux 1 m above the upper edge of the combustion chamber when alternative fuels 
were to be used. Heat flux to Gardon gauges 1 m above the upper edge of the opening in 
the combustion chamber should be between 45 and 90 kW/m2 for a duration of 20 
minutes. Also, this requirement is fulfilled with spruce, and the pine cribs show heat 
flux above the tolerances. 
 
 

 

Figure 9: Heat fluxes calculated with temperatures measured by plate thermometer and 

thermocouples measuring the gas temperatures located 1 m above the upper edge of the 

combustion chamber and compared together and with the heat fluxes information specified in BS 

8414-1:2005 
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3.2.4 Effect of moisture content 

The tests show that moisture content has an effect on the dynamics of the fire, see 
Figure 4 – Figure 5. Increased moisture delays the onset of the HRR and temperature 
increase with a subsequently prolonged plateau. The results also indicate a marginally 
lower heat release rate for the crib with high moisture content. It is therefore proposed 
to have a good control of the moisture content of the wood to be used in the test. A 
conditioning of the timber in 23 °C and RH 50 % is proposed to reach a moisture 
content of 11 ± 2 % (weight of water / weight of the dried wood). 

 

Figure 4. Heat release rate measured with cribs L2, L5 and L6. The average moisture content of cribs 
L2, L5 and L6 was 10.0, 8.7 and 14.5 %, respectively. 

 

Figure 5. Temperatures measured with plate thermometer placed 1 m above the upper edge of the 
combustion chamber. The average moisture content of cribs L2, L5 and L6 was 10.0, 8.7 and 14.5 %, 
respectively. 

 

3.2.5 Effect of density and specific surface of the crib 

The density and or specific surface of the wood crib has a significant effect on the 
burning characteristics. 
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Tests with identical mass of the crib but different density of the wood showed that the 
HRR and temperatures are lower when using wood with higher density, see Figure 6 – 
Figure 7. It is not possible to say whether the effect is due to the density per se or the 
fact that the specific surface of the wood crib decreases for higher density. It is 
proposed to have stricter requirements on the density tolerances for the wood in the 
crib for medium heat exposure. 

 

Figure 6. Heat release rate measured with cribs M0 to M3, medium heat exposure. Crib M1 had a 
high density, while the other cribs had a low density. 

 

Figure 7. Temperature measured with plate thermometers 1 m above the upper edge of the 
combustion chamber with cribs M0 to M3, medium heat exposure. Crib M1 had a high density, while 
the other cribs had a low density. 

 
 
In the tests made with the large heat exposure, the effect of the density was not so 
pronounced. Although, it is shown that with a higher density a similar effect is found as 
for wood with high moisture content, see Figure 8 – Figure 9. The gradients of HRR 
and temperatures are lower in the beginning of the test, and the fire has a longer 
duration. A possible solution is to employ a differentiated start time, as is used at 
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present in BS 8414, and accept wider tolerances on the density. The reason for this 
proposal is that the amount of wood needed in the large heat exposure test is much 
larger, and it would be very laborious and costly to have very strict tolerances on the 
density. 

 

Figure 8. Heat release rate measured with cribs L2 and L3. The average densities of L2 and L3 were 
301 and 400 kg/m3, respectively. 

 

Figure 9. Temperature measured with plate thermometer 1 m above the upper edge of the 
combustion chamber. The average densities of L2 and L3 were 301 and 400 kg/m3, respectively. 

 
It is further proposed to have a defined weight of the crib, as it presently is defined in 
DIN 4102-20. This is a changed for the large crib where BS 8414 defines the number of 
sticks to be used. By defining a weight of the crib will ensure that the same amount of 
fuel is used. A procedure for determining the number of stick layers to be used in the 
large cribs is presented in chapter 3.2.9. 
 

3.2.6 Effect of surface finish 

Planed and sawn surfaces were examined, both with the medium and large wood cribs. 
The test results did not show any difference on the measured temperatures and HRR, 
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see Figure 10 – Figure 11 for tests with medium cribs and Figure 12 – Figure 13 for tests 
with large cribs. It is therefore proposed that both planed and sawn surface can be used 
in the large wood cribs. but that planed sticks are used for the medium wood crib, since 
this crib will have narrower tolerances on the cross-sectional dimensions. 

 

Figure 10. Heat release rate obtained with cribs M2 and M3. 

 

Figure 11. Temperatures measured with plate thermometer 1 m above the upper edge of the 
combustion chamber with cribs M0, M2 and M3. 
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Figure 12. Heat release rate obtained with pine cribs L0 (ρ=490 km/m3, MC=11.5 %) and L4 (ρ=485 
km/m3, MC=11.7 %). 

 

 

Figure 13. Temperatures measured with plate thermometer 1 m above the upper edge of the 
combustion chamber with cribs L0 (series 2 in the graph) and L4 (series 1 in the graph). 

 

3.2.7 Effect of platform for the wood crib 

There is a difference between DIN 4102-20 and BS 8414 regarding the platform on 
which the wood crib is placed. In DIN 4102-20 a grated floor of the platform is used, 
i.e. the crib is placed on a floor enabling ventilation from below. In BS 8414 the crib is 
placed on a solid floor, i.e. no ventilation is enabled from below. 
 
Tests were performed both with a solid floor and with a grated platform in some large 
wood crib tests, see Figure 14 – Figure 15. Two effects could be noted: 

• It was a significant difference in the measured temperatures and HRR, where 
the grated floor exhibits higher temperatures and HRR 

• The wood crib kept its stability for a longer time before starting to collapse 
when the solid floor was used.  
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The proposal is to use a solid floor on the platform for the large wood cribs. The 
temperatures and HRR are lower compared to a grated floor, but they are still severe 
enough and in accordance with BS 8414. Furthermore, it is of great importance that the 
wood crib keeps its stability throughout the test, and with a solid floor, the time of 
stability is significantly longer. 

 

Figure 14. Heat release rate obtained in tests L2 (ρ=411 km/m3, MC=10.0 %) and L7 (ρ=447 km/m3, 
MC=10.0 %). 

 

Figure 15. Temperature measured with plate thermometer 1 m above the upper edge of the 
combustion chamber in tests L2 (ρ=411 km/m3, MC=10.0 %) and L7 (ρ=447 km/m3, MC=10.0 %). 

 

3.2.8 Joining of sticks 

Test results show a significant effect of HRR and temperatures when the crib collapses. 
It is thus of great importance that the crib keeps its stability throughout the test time. 
The proposal is therefore to nail the sticks together. It is judged that it is not necessary 
to nail all sticks, but rather to nail sticks together two layers by two layers. The final crib 
is then built by stacking these elements on top of each other, each element consisting of 
two layers of nailed sticks. No nailing is needed between the elements. 
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3.2.9 Geometry of crib and sticks 

The tests L4 and L0 (BS 8414-grating) are made with cribs with cross sectional 
dimensions 47 x 47 mm2 and 50 x 50 mm2 respectively. There is also a small difference 
in average density (L4, ρ = 355 kg/m3 and L0, ρ = 368 kg/m3). The only notable 
difference in the measured characteristics is that the stability of the crib with a larger 
cross section is longer and thus the burning continues at the high level for a longer 
period, see Figure 16 – Figure 17. 

 

Figure 16. Heat release rate obtained in tests L0 and L4. 

 

Figure 17. Temperatures measured with plate thermometer 1 m above the upper edge of the 
combustion chamber in tests L0 and L4. 

 
The proposal on cross sectional dimensions will differ between the medium and the 
large wood crib. The medium wood crib is likely to be more sensitive to changes in the 
fuel source, and therefore it is proposed to have narrower tolerances on the cross-
sectional dimensions. Furthermore, the wood sticks to be used in the medium crib shall 
be planned, and thus it is easier to be within narrower tolerances. For the large crib, a 
large quantity of wood is needed. It shall thus be possible to get access to suitable 
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timber locally. Since the generally used cross-sectional dimensions are different 
between EU member states it is proposed to accept a wider span of nominal cross-
sectional dimensions. 
 
The length of the sticks are proposed to be kept as prescribed in DIN 4102-20 and BS 
8414, i.e. 500 mm for the medium heat exposure tests and 1000 mm for the short sticks 
and 1500 mm for the long sticks in the large heat exposure tests. 
 
For the large cribs, a special procedure is proposed to calculate the amount of wood to 
be used in the crib, see appendix C, the probabilistic approach. This procedure will 
consider the spread in the geometry of the sticks as well as the density of the sticks. 
 
 

3.2.10 Numerical investigations on combustion chamber 

The purpose and aim of the numerical investigation, using FDS 6.6.0 were to 
determine, if possible, differences between the regular and the modified combustion 
chamber. Two simulations were performed, one with a regular combustion chamber 
(called simulation 1) and one with a slightly larger combustion chamber (called 
simulation 2). There might be differences in the dynamics due to the difference in 
volume. The results were evaluated by computing the heat release rates and 
temperature measurements in front of the chamber as well as heat flux to the façade.  
 
One important aspect in defining simulations is resolving the conflict between their 
overall accuracy and the computational time required. The simulation must have a 
sufficiently resolved mesh to provide accuracy, while the finer the mesh size, the more 
processing time is required. To help resolve this, a mesh resolution study was 
performed using 20 cm, 10 cm and 5 cm cubic grids for the three different HRRs. A 
general recommendation for the mesh size relevant for buoyant plumes is to compute 
the ratio characteristic fire diameter (D*) and the nominal grid size (dx), where the 
recommended range is 10 < D*/dx < 20. For SP Fire 105 HRR at maximum intensity, 
the ratio characteristic has previously been found to be 6.6, 13.3 and 26.6 for the 20 cm, 
10 cm and 5 cm grid, respectively. This means that the 10 cm grid gives a sufficiently 
good resolution considering 10 < D*/dx < 20, and for BS 8414 with a higher HRR the 
resolution works even better. However previous comparisons with experimental data 
indicates that simulations using the 5 cm grid performs better. 
 
The geometry of the combustion chamber is presented in Figure 18, the façade is 
similar to the BS 8414‐1:2015 which consists of a main test wall at least 2.6 m wide and 
6.0 m high above the fire compartment and a return wall of a minimum width of 1.5 m 
and the same height as the main wall. The HRR was assumed to be released from an 
object with the same physical dimensions as obtained from previous measurements, to 
avoid different dynamics in the simulations and the fire source is modelled as an HRR 
per unit area releasing a certain amount of fuel per area unit where the fire source is 1.5 
m x 1.0 m x 1.0 m (width x length x height) placed 0.5 m from the ground. The fuel is 
specified as in the methods, wood as in the case of BS 8414. 
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Figure 18. The modified combustion chamber. 

 

Figure 19. The difference in HRR [kW] between the regular and modified combustion chamber. 

 
In Figure 19, a comparison of sim 1 (original combustion chamber) and sim 2 (modified 
combustion chamber) where it is found that the HRRs are comparable with a slight 
increase due to larger volume of the modified chamber. Here it is assumed that both 
cribs had the same mass loss rate and the differences were due to available oxygen 
concentrations. 
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Figure 20. The PT temperatures [°C] measured 0.5 m from the fire source at 1.5 m from the ground. 

 
In order to characterize the crib, three plate thermometers (PTs) were placed 
symmetrically outside the chamber 0.5 m from the façade surface and 1.5 m above 
ground, see Figure 20. Here these are used to characterise the difference in where the 
combustion takes place. It is indicated that higher temperatures are found outside in 
sim 2 (original combustion chamber) most probably due to a slight difference in the 
dynamics where more of the combustible gases burn just outside the chamber. 
  

 

Figure 21. Heat flux [kW/m2] 2.9 m above ground averaged over 5 s to the façade. 
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Three Schmidt-Boelter heat flux (here averaged over 5 s) meters inserted in the model, 
placed 2.9 m above ground at three locations. One is centred relative to the combustion 
chamber and the two others in line with the edges of the combustion chamber on each 
side. It is found that the heat flux is at similar levels at the centre and close to the 
corner however, slightly lowered at the edge of the main face in the modified case, 
Figure 21. 
 

 

Figure 22. Comparison of different thicknesses of the façade specimen, the first case called inert  is 
0 mm, the average  is 100 mm and the extreme is 300 mm. 

 
Another important factor is the thickness of the façade specimen as has been indicated 
in earlier experiments and numerical modelling.  
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Figure 23. The PT temperatures [°C] measured 0.5 m from the fire source at 1.5 m from the ground 
for the three cases illustrated in Figure 22 of inert façade, average façade (100 mm) and the extreme 
façade (300 mm). The results are presented in the order right, center and left of the combustion 
chamber. 

 
In Figure 23, the PT temperatures in front of the combustion chamber measured 0.5 m 
from the fire source at 1.5 m from the ground are displayed for the different façade 
thicknesses. The specimen thickness influences the fire plume and thicker specimen 
may yield a slightly larger outward momentum of the plume. There are some 
differences on the order of 100 °C from minimum to maximum temperatures after 
600 s. 
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Figure 24. A comparison of the heat flux 2.9 m above ground for the three cases illustrated in Figure 
22 of inert façade, average façade (100 mm) and the extreme façade (300 mm). The results are 
presented in the order right, center and left of the combustion chamber.  

 
The heat flux as measured by Schmidt-Boelter gauges in the model, in Figure 24, are 
placed similarly to those in Figure 21. Significant differences on the thermal impact on 
the façade for different specimens are found. 
 
When comparing the width extension of the combustion chamber, simulations indicate 
a small difference in HRR, where some differences in the PT (0.5 m away directed 
towards the fire) temperatures in front of the combustion chamber are found, whereas 
good agreement in heat fluxes at 2.9 m above ground is found. Thus, it is indicated that 
this change may have a limited effect on outcomes from testing. The important 
limitations of this study are that the wood crib is not self-consistently modelled. Thus, 
the pyrolysis process may change due to the increase in volume due to different re-
radiation conditions and oxygen concentrations are found.  
 
Note that the simulations are only performed until maximum intensity is reached since 
it is expected that the main differences between the cases are found in the early phase 
of the fire rather than for the maximum intensity plateau. 
 
In comparing the effect of the façade specimen thickness, large differences in 
temperatures in front of the combustion chamber are found, which has been seen 
before in both experiments and numerical work. Moreover, there are significant 
differences in the heat fluxes around 2.9 m above ground. However, one issue if the test 
has to compensate for this difference, then a change of wood crib placement is possible. 
This is, however, not easily done with simulations due to possible differences in the 
mass loss rates with different placements. 
 
The proposal on geometry of the combustion chamber is for the medium heat exposure 
test to maintain the definition as it is in DIN 4102-20, and for the large heat exposure 
test to make an enlargement. There are two main advantages by extending the size of 
the combustion chamber for the large heat exposure test: 
 

• Firstly, by extending the width of the combustion chamber, it is possible to have 
the same test rig configuration for all façade thicknesses (limited in this 
proposal to facades up to 400 mm thick). This will simplify the work needed 
during the mounting and preparation of the test sample. The calculations show 
only a small effect due to this change. 

• Secondly, with the extended depth of the combustion chamber, the wood crib 
can be moved into the chamber with two benefits: firstly it limits the risk that 
falling parts from the tested specimen may hit and thus affect, possibly destroy, 
the wood crib during the test, and secondly it allows extending a bit the solid 
floor of the platform in order to collect the charred sticks falling from the crib, 
which biases the weight measurement. The calculations show that the thickness 
of test specimens affects the temperatures and heat flux. It is reasonable to 
assume that extending the depth of the combustion chamber and moving the 
wood crib further in would lead to a lower heat exposure to the test specimen. 
Although, the tests performed with wood cribs show that the heat exposure 
obtained is high, and it will still be a relevant heat exposure even if it is reduced 
to some degree. 
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3.2.11 Comparisons to real façade exposures 

The exposures from the L1 – L7 tests are also compared to the exposure from a number 
of real compartment tests carried out by RISE during fall of 2020 in a USDA funded 
project om exposure of mass timber surfaces in tall buildings (Sjöström et al, 2021). In 
this test series, five compartment tests were carried out and on top of the compartment 
an inert façade was placed upon which temperatures of thermocouples (TCs) and plate 
thermometers (PTs) were collected.  
 
The tests were aimed to constitute severe but representative examples of compartments 
with different degrees of exposed mass timber. A survey of opening factors, and floor 
area from 729 newly constructed residential and office compartments, both mass 
timber and non-combustible comprised the basis for determining the test design 
(Brandon et al 2020). Four of them (tests 1, 2, 3 and 5) were representative of 
residential buildings while one (test 4) was representative of open plan office buildings. 
All details of the exposure to the façade and the comparisons to different types of 
assessment methods can be found in Sjöström et al (2021). Some experimental 
parameters of the comparison tests are given in Table 4.  
 

Table 4. Test parameters form the compartment test for comparisons (Sjöström et al, 2021).  

Parameter Test 1 Test 2 Test 3 Test 4 Test 5 
Floor area 48 m2 
Ceiling height 2.73 m 
Movable fuel load density 560 MJ/m2 
Number of openings 2 2 2 6 2 
Opening factor 0.062 m1/2 0.062 m1/2 0.062 m1/2 0.25 m1/2 0.062 m1/2 
Exposed mass timber 
surfaces 

54 m2 91 m2 96 m2 78 m2 97 m2 
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Figure 25. Photo from the flashover phase of one of the compartment tests (Test 2) 
used as a comparison in Figure 26.  
 
The façade extension (Figure 25) had embedded PTs and 1 mm TCs one meter above 
the top of each of the openings and could therefore be compared to the exposure to the 
façade from tests L1 – L7.  
 
Comparing the PT temperatures shows that the exposure to a surface at 1 m height in 
L1 – L7 are fairly similar to that of the most severe compartment tests in terms of both 
duration of the high exposure period and the actual temperature of the PT. Only the 
tests with either the least exposed mass timber surfaces or the large opening factor 
(office building) had considerably lower exposure in terms of duration and 
temperatures (Figure 26).  
 
Notably, the temperatures of the TCs are bigger in the L1 – L7 tests compared to that of 
the compartment tests. In particular the TC temperatures by roughly 200 °C. Since TCs 
are more susceptible to gas temperatures and velocities and PTs are more 
representative of the exposure to a larger surface, where radiation and convection both 
play significant roles, we attribute this difference to a lower radiation but a higher 
convective heat transfer in the assessment tests (L1 – L7) compared to the 
compartment tests. The flames of the compartment tests are much thicker and radiated 
more severely than the thinner flames from the wood cribs corresponding to the 
assessment tests. Nevertheless, the similar behaviour of the PTs shows that the thermal 
exposure of a solid surface is highly similar in the wood crib arrangements studied here 
and highly severe but realistic compartment fires.   
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Figure 26. Comparisons on the exposure to the façade, 1 m above the opening (combustion 
chamber or compartment) by PT (upper) and TC (lower) measurements between L1 – L7 (coloured) 
and five full scale compartment tests (grey scale) (Sjöström et al, 2021). No comparative TC 
measurement was obtained for compartment test 5. The curves corresponding to the compartment 
tests (Test 1-5) are shifted to each time of flashover for the compartment (here t = 0).  

The comparison here merely concerns the large fire exposure however the medium fire 

exposure scenario is also based on a down-scaled flash-over scenario. The method has 

thus virtually removed one storey from the test set-up, and only focus on the façade 

part located two storeys above the fire room, i.e. the top of the flames. The project 

report BI5-8001 96-18 (Kotthoff) states in section 8.3.5.4 (translated): “The thermal 

impact of a 25 kg wood crib is of course not comparable to a fire in a fully furnished 

room. At the area where the flames emerge the opening and directly above the lintel the 

exposure is similar to the exposure of a room fire”. The issue at hand depends mainly 

on the fire load and the opening factor, thus it is a question on how much of the 

combustion takes place outside of the compartment and directly impinge the façade. 

According to these tests larger fire exposures cannot be ruled out, in particular since 

the fire load and opening factors are determined by the use of current statistics on 

dwellings. 
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3.2.12 Conclusions 

The initial aim was to have as similar as possible characteristics of the fuel source for 

the medium and large heat exposure tests. It has been shown that this will be difficult 

to achieve, and at the same time have a cost-effective test procedure. 

The crib for the medium heat exposure test is much smaller and more sensitive to 

changes in density, and probably also to cross-sectional dimensions of the sticks, and 

therefore stricter tolerances and requirements are proposed. 

The crib for the large heat exposure crib is proposed to be made of spruce, which is a 

deviation from BS 8414 which states pine. The tests show that with spruce the HRR and 

temperatures are significantly lower compared with cribs of pine. Although, the spruce 

cribs are shown to be in accordance with the tolerances and the target values given in 

BS 8414. Other full-scale tests with real fires also show that the values on HRR and 

temperatures reached with spruce cribs are representative for a severe fire. 

In both the medium and large heat exposure tests it is proposed to use a target weight 

of the wood crib, i.e. it is not defined the number of sticks to be used as in BS 8414. For 

the large heat exposure, a method for determining the number of layers to be used in 

the crib is proposed. It is a probabilistic approach that includes a sampling of some 

material from the batch of sticks on which the density and dimensions are measured. A 

simple calculation is then made, and the number of layers needed in the crib can be 

determined. 

 

3.3 Stage 2 of the initial test program 

The next step in the project is the finalization of the initial tests. A proposal on the fuel 
source and design of the combustion chamber has been made, see chapter 3.2. It is thus 
proposed to continue the testing program with full façade tests using the proposed fuel 
source and the proposed design of the combustion chamber. 
 
AVERAGE INERT FAÇADE TESTS 
  
The proposed crib configurations selected in the first phase will be installed in the 
combustion chamber of the test rig with an inert façade. The inert façade will be made 
of lightweight concrete, i.e. the supporting construction as defined in the present 
version of the Assessment method. 
 
Average tests will be carried out with both the medium and the large heat exposures. 
These tests will be made without any facade test specimen, i.e. with just an inert surface 
on the test rig. The test will be repeated three times in order to establish the 
repeatability under as ideal conditions as possible, as well as to establish the starting 
point for the following tests where different parameters will be examined. 
 
PARAMETRIC TESTS ON INERT FACADES 
 
The tests will be performed on an inert façade built in the same way as for the average 
test, in order to evaluate the impact of wind and uplift on both the heat exposure and 
on the falling parts. In addition, the impact of the parameter of the air flow rate blown 
onto the crib in the combustion chamber will also be studied for the medium exposure. 
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Effect of environmental conditions  
 
Two tests will be conducted for the large heat exposure: one with a stable wind speed 
(less than 1.0 m/s) and one with a higher wind speed (around 3.0 m/s). These tests will 
be defined in such a way to assess also wind direction and outdoor testing. Therefore, 
an outdoor test will be introduced at this stage. 
 
Uplift of the test rig 
 
In the initial test plan, an uplift of the test rig where planned, and a necessary distance 
from the combustion chamber to the floor (called uplift) where the falling parts will 
land was intended. The main aim of the uplift parameter analysis is to determine from 
which vertical distance, between the ground and the combustion chamber, the 
radiation from the fuel source and test specimen will not ignite any combustible 
material falling down from the test specimen. The falling debris will be investigated 
further by a questionnaire to determine what are the important parameters to measure 
and appropriate limits for these parameters. 
 
In the test method an uplift of at least 0.5 m is specified. This value will be considered 
for the average tests for both medium and large exposure. In the coming tests an uplift 
of only 0.5 m will be considered to accommodate further testing of the crib position and 
combustion chamber geometry to verify the repeatability of the assessment method, 
thus the planned tests with different uplifts will not be performed.  
 
The tests were planned with inert façade were, i.e. no falling parts nor burning debris 
are expected. Instead, different combustible materials, e.g. paper, cotton, wood, plastic, 
of different sizes, shapes and mass, will be placed on the ground in front of the façade 
rig to simulate some fallen debris and compare their behaviour. The sizes and mass will 
be chosen in such a way to be close to the values considered in the classification 
criteria, i.e. a mass of 1.0 kg or an area of 0.1 m2 for falling parts, respectively a 
diameter of 50 mm for melted burning material. 
 
There are, however, some tests that will be performed with combustible façade systems 
(for the study of the eccentricity parameter) and they will give the opportunity to check 
the ignition risk for a 0.5 m uplift. 
 
However, it was deemed according to questions from the SG members that further 
experimentation of the effects of wood crib volume and combustion chamber geometry 
was needed thus the Uplift tests were exchanged to gain more knowledge on these 
matters. One other important aspect is that a larger uplift than 0.5 m would make the 
testing procedure considerably more expensive. 
 
Air supply of the crib 
 
For the medium exposure, two additional tests will be performed with different values 
of air flow blowing on the wood crib. 
 
Secondary opening 
 
Tests will be performed with the secondary opening placed eccentrically to the 
combustion chamber and symmetrically placed over the combustion chamber. 
 
Since it may be expected that the secondary opening has a greater influence on the 
behaviour of the façade system than on the behaviour of the wood crib, the comparison 
tests regarding the eccentricity of the secondary opening will be carried out on inert 
façades but also on a real system consisting of a façade system constituted of 
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combustible materials selected within the first three families described to be used in the 
experimental round robin (Task 3). 
 
Six additional tests (three per exposure) are foreseen in order to compare the influence 
of the presence of secondary opening (with and without opening), and the influence of 
the location of the secondary opening. 
 
It would be therefore possible to compare: 
 

• With eccentrically located opening/without opening on an inert façade 

• With symmetrically located opening/without opening on a laminate façade 
 
The comparison symmetrically / eccentrically located opening on a combustible façade 
system will also be possible with the test on the same façade system foreseen to be used 
in the experimental round robin (Task 3). 
 
Determination of heat exposure 
 
No specific test is foreseen for the evaluation of different methods to determine the heat 
exposure to the test specimen. However, many different measurements, such as weight 
loss of the wood crib, heat flux gauges at different locations as well as temperature 
measurements with plate thermometers will be conducted during each test. 
 
These measurements will be assessed after each test so that the method can be adapted 
and improved during the project until it is possible to demonstrate that it can be 
validated. 
 
Falling parts  
 
Falling parts and burning debris/droplets are currently assessed through visual 
observations. A quantitative method is therefore needed. Falling parts are judged based 
on the weight and/or size of the falling parts. This may be measured with techniques 
such as Digital Image Correlation (DIC) or other scanning techniques and by having the 
floor suspended on load cells. With DIC can the size of the falling objects be 
determined, and the weight can be measured with load cells under the suspended floor. 
These techniques shall be used and evaluated.  Measurements of size of the falling parts 
has been suggested to be removed from the current proposal of the Assessment 
method. This will be investigated in detail in Test group L of Table 5. In order to assess 
these proposed methods, a dedicated test will be defined separately from the fire tests. 
 
At the bottom of a dummy façade a floor suspended on load cells will be installed. A 
scanning system will be installed at the foreseen distances. 
 
Some “objects”, inert for some of them and burning for some others, will be thrown 
from the top the dummy façade. The size and mass of these objects will be chosen in 
such a way that they are close to the values considered in the classification criteria, i.e.  
a mass of 1.0 kg or an area of 0.1 m2 for falling parts. 
 
A comparison between measurements performed by scanning techniques and a floor 
where the weight of the falling objects can be measured together, and with the true 
value of the objects will allow to assess the methodologies and to improve them. 
 
The tests will be performed at one location to ensure that the general conditions around 
the test are the same. 
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This rule is absolutely valid for the average test and will be generally respected, except 
for the parameter “environment” where outdoor testing (with stable low wind condition 
and test with greater wind velocity) will be relevant, especially to get the first feedback 
of its possible influence and to compare it with the indoor tests. Table 5 shows the 
complete test program for Task 2, the initial testing program. 
 

Table 5. Task 2 test program. 

Test group Type of test  Number  Location  Remark  

C 
Average test – 
large exposure 

3 RISE Indoor  

D 
Average test – 
medium exposure  

3 BRE Indoor  

E 

Parametric test air 
flow - medium 
exposure  

2 BRE Indoor  

F* 

Parametric test 
uplift - medium 
exposure  

2, 1 or 0 BRE Indoor  

G* 

Parametric test 
uplift - large 
exposure  

2, 1 or 0 RISE Indoor  

H 

Parametric test 
with 1 m/s - large 
exposure  

1 RISE Indoor  

I 

Parametric test 
with higher speed 
velocity - large 
exposure  

1  Efectis France Outdoor  

J 

Secondary 
opening 
parametric test – 
large exposure  

3  
RISE 
  

Indoor  

K 

Secondary 
opening 
parametric test – 
medium exposure 

3  BRE Indoor  

L 

Non fire test for 
measuring falling 
parts and burning 
debris 

1  BAM Indoor / outdoor 

 

*These tests will be used to gain more knowledge on wood crib geometry and other 
relevant parameters. 
 
Some discussion has been initiated within the Consortium and with the Stakeholders to 
define the façade systems to be installed for the experimental round robin and for the 
determination of the impact of a secondary opening. 
 
Façade systems such as ventilated wooden façade, combustible rainscreens with non-
combustible insulation, ETICS with combustible insulation and render were proposed 
by the Consortium, based on their own experience and on the test reports available in 
the public domain. 
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It is important that the chosen façade systems assessed are on the border line between 
the pass and fail criteria. Therefore, the project will need evidence from previous large-
scale tests in accordance with at least one of the currently used national methods in 
Europe showing that the system is on the border line.  
 
The systems selected for the tests can deviate from those used in practice if it is 
anticipated that they will give the needed information.  
 
No decisions on which systems are to be used in the tests have been made yet, and 
many comments have already been received from Stakeholders. The next step is to fine-
tune the selection. 
 

 

4 Time schedule 
 

4.1 Task 1 – theoretical round robin 
 

The task has been finalized and reported, and all comments received have been 
handled.  
 

4.2 Task 2 – initial studies 
 

Due to the Corona pandemic it has not been possible to follow the original time 
schedule as initially planned, and there is some delay. The laboratories have been partly 
closed and due to rescheduling of other commercial test activities also tests within this 
project has been moved forward in time, see Table 6. 
 

Table 6. Updated time schedule for Task 2 – Initial studies.  

Task Initial plan Updated plan Comment 

Literature 
survey 

May 2020 January 2022 

Literature will be studied throughout the 
project. An update will be included in each 
progress report and the final conclusions 
will be presented in the final report of the 
project. 

Wood crib 
tests 

May 2020 February 2021 
The wood crib tests will start this month. 
The analysis of the results and reporting 
of the tests will be done in October. 

Large tests 
with inert 
façade 

September 
2020 

June, 2021 

The laboratory is booked in June 2021 to 
perform the first part of tests with an inert 
façade. There has been a difficulty to get 
access to the laboratory due to 
rescheduling of other commercial 
activities caused by the pandemic. 

Large tests, 
secondary 
opening 

September 
2020 

Q4, 2021 

It is proposed to await the results from the 
first tests on an inert façade before 
continuing with the remaining initial tests. 
This gives the opportunity to make 
eventual changes in the test program, and 
also some time to define which type of test 
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specimen to be used when examining the 
effect of the secondary opening. 

Medium 
tests 

September 
2020 

Q3, 2021 

The laboratory is booked in October-
November to perform the tests. There may 
be a risk that the tests need to be moved 
forward in time if the timber for the wood 
cribs cannot be delivered in time (the time 
schedule here is very tight). 

Analysis December 2020 Q1, 2022 

The analysis will be performed 
continuously, and it is expected that some 
time can be gained. Although, to carry out 
this task efficiently physical meetings are 
needed, and thus the situation with the 
pandemic may affect the time schedule. 
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5 Risk assessment 
Table 7.  Risks and proposed mitigation measures for the remaining of the project. 

Description of risk  
   

Task involved   Proposed risk mitigation measures  

Proposal on fuel source and design of 
combustion chamber not accepted by the 
steering group.  

Task 2  No major changes have been proposed for the medium heat exposure crib and 
combustion chamber. It is therefore a very limited risk that the proposal is not accepted. 
 
For the large heat exposure test some major changes have been proposed.  The 
arguments for these changes are backed up with experimental evidence and numerical 
work and also by economic reasons, i.e. to avoid labours work. 
 
If the proposal is not accepted, the coming test plan needs to be revised. 
 
An alternative is that the proposal is accepted at present and the first average tests are 
performed after which another meeting is arranged with the steering group before a final 
decision on the fuel source is decided. This would affect the time plan further, and also 
have an economic impact since the laboratories are now booked for tests in June, and if 
no replacing clients can be found the project must pay for the rental of the lab. 

Cost and availability of wood for the wood cribs Task 2 The proposal on wood for the cribs has been done so it shall be possible to find suitable 
material in most Member States. It is especially important for the large crib since the 
amount of material needed is large. Therefore, nominal timber dimension is proposed to 
be within the span 44-50 mm. A method has been developed to determine the number of 
layers needed for the large crib, and this procedure will minimize the labor needed to 
produce the cribs, and still ensure cribs with similar characteristics. 
 
For the medium crib the proposal is to use planed wood, as currently required in DIN 
4102-20, and it should not be any difficulties to find suitable material in most Member 
States. 

Time schedule Task 2 There is already a delay in the task due to the Corona pandemic. There are also 
indications that the delivery of wood to the cribs can be difficult due to a large demand of 
wood at present at the sawmills. 
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Further delays are foreseen since the steering group will be more involved in the project. 
There is a risk the even more delays may occur if the proposals made by the project team 
are not accepted. Therefore, the proposals made will be as far as possible well prepared 
with good evidence and arguments. 

The measurement technique necessary for 
measurement of falling parts will be complicated 
and/or expensive.  

Task 2  New types of measurement techniques will be introduced in the assessment method that 
is not commonly used by fire laboratories. The foreseen new techniques to be introduced 
are weight measurements with load cells and possibly image analysis for determination 
of falling parts. These techniques are commonly used in other fields, and there are many 
low-cost solutions available with enough accuracy for the measurements to be made. 
Therefore, the risk is very low.  

Poor repeatability and/or reproducibility of the 
test method  

Task 2  
Task 3  

There are several factors that can lead to a poor repeatability and/or reproducibility. 
Firstly, the assessment method must be written so everyone using it, interprets and 
perform the tests in the same way. This has been dealt with in the theoretical round 
robin, where parts of the assessment method has been identified that may be 
interpreted differently, and thus needs to be reworked. 
 

The other factors are mainly the fuel source, dealt with above, and the environmental 
conditions. The wood crib tests performed show that the repeatability is good regarding 
the fuel source. Further tests will be performed in the next stage of the project when the 
average tests are performed on an inert façade. Since no major changes has been made 
on the medium heat exposure test the same repeatability will be obtained as has been 
previously. Regarding the large heat exposure test more restrictions are proposed wich 
would lead to a better repeatability.  
 
A study will be performed on the effect of the environmental conditions in order to 
define the tolerances needed to give good enough repeatability.  

Unforeseen effects due to synergy effects of 
different factors in the test method.  

Task 2  
Task 3  

In the initial test program, Task 2, the effect of individual factors is studied in order to 
ensure that the heat exposure to the test specimen is within certain limits independent 
of where or who carries out the test. The present study does not consider the fact that 
synergy effects might be present, i.e. that two or more factors acting together can give an 
unpredicted result. Although historically many studies have been done, and through the 
literature review, and by using fire dynamics calculations, the risk for unforeseen effects 
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will be reduced. Any eventual effects will likely be found in Task 3, the experimental 
round robin. By having  good control of all variations between the tests, any eventual 
synergy effects will show up, and it will be possible to fine-tune the method further to 
ensure that the method is robust and deliver  good repeatability and reproducibility.  

Time restraint due to delivery of wood cribs 
and/or test specimens.  

Task 2  
Task 3  

We will be dependent on different manufacturers on the delivery of different materials in 
the different test series. We will work towards as early ordering of materials as possible 
to avoid loss of time. Recent indications are that the saw mills have quite full order 
books, and that they may have difficulties to make fast deliveries, and thus this may 
affect the time schedule.  
 
If the proposed fuel source is accepted, it will be easier to find suitable material for the 
fuel source. 

Travel restrictions due to corona virus (or other 
unforeseen events)  

Task 1  
Task 2  
Task 3  
Task 4  
Task 5  

 At present it is unknown how long time we will have travel restrictions. Our meetings can 
be held via skype or another similar tool. This is not as efficient as physical meetings, but 
it shall not hinder the progress of the project, but it may lead to more delays in 
deliverables.   
 

In the experimental round robin, we also rely on witness from other laboratories. If we 
have travel restrictions, this can also be solved with video links, not as good but it is 
manageable.  
 
Travel restriction may also disturb the access on site of the team in charge of the 
installation of the façade system, since the initial idea was to try to work with the same 
team for all labs. If such issue occurs, a reinforced control of the installation will be 
performed by the welcoming lab on the basis on a detailed installation report performed 
by the lab performing the first test 

Tests cannot be carried out at a test lab  Task 2  
Task 3  

If a lab, for some reason, cannot perform the tests as planned, we have other labs that 
can take these tests instead. We have three labs at present who can perform the tests 
indoors, RISE, Sweden, RISE Fire Research, Norway, and BRE, UK.  
  
Some changes have been made. BAM cannot perform the crib tests with measurement of 
HRR, and therefore these tests will be made by Efectis. This will also change how the 
budget is divided between the project members, which has been updated.  
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A change in laboratory was necessary when performing the large wood crib tests. The 
tests had to be moved to Efectis Ireland. This change lead to a delay in the testing 
activities. At present, it is not expected to be any other changes regarding location of the 
coming tests. 

Changes in personnel  Task 1  
Task 2  
Task 3  
Task 4  
Task 5  

We cannot foresee any risks regarding eventual changes of personnel. We have a good 
redundancy in all Task teams, and the management is done in a team.  
 
The project leader, Lars Boström, will retire at the end of March 2021. He will be replaced 
by Johan Anderson who has been deeply involved in both the previous project as well as 
in the present project. 

Difficulty in reaching an agreement of the 
classification method  

Task 4  An important outcome of the project is a classification system. This will be in the same 
format as the classification system for reaction to fire for building products, i.e. 
the Euroclass system. By using this type of classification makes it possible to include a 
number of features used in the assessment, i.e. falling parts, duration of fire exposure, 
intensity of heat exposure, detailing and other aspects that may be needed. This will 
make it possible to include all criteria used, beyond the already existing classifications, for 
assessing facades. There are, however, different opinions on how a classification system 
shall be built, from a very simple classification to a complex classification where several 
different failure criteria are utilized. In the end a compromise must be achieved, and the 
solution to this is a very close contact and discussion with regulators and stakeholders 
throughout the project in order to find the best solution.  

Low acceptance of the proposed methodology 
by the Member States  

Task 4  The main risk with the project is that the results are not accepted by the regulators in the 
MS. In order to minimize this risk, the regulators will continuously be informed about the 
progress in the project, and they will have the opportunity to give their input. The 
European industry, through the group of stakeholders will also be able to continuously 
give their input to the project.  
 
It has been decided to have more frequent meetings with the steering group. Meetings 
will be arranged before critical decisions are made, i.e. when the fuel source is decided, 
when questions regarding the secondary opening is decided and when test specimens for 
the experimental round robin is decided. 
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Difficulty incorporating the different regulatory 
requirements in the preferred solution  

Task 4  The test methods used for assessing facades, beyond reaction to fire and fire resistance, 
are generally similar. It is a flat surface (façade) exposed to a fire coming from an opening 
below the test specimen, or at the lower part of the specimen. The main differences 
between the test methods used are the severity and length of the heat exposure to the 
façade, whether detailing such as windows are included in the test, and where the 
required measurements are made. A classification system will be developed so it covers 
the different requirements presently used in the Member States regulations.  

Acceptance by the European industry  Task 4  There are some different factors that may hinder the acceptance by the European 
industry. The methodology shall as far as possible be applicable for all present and future 
façade systems. There will be systems that cannot be assessed with this methodology 
due to factors such as the geometry of the products, and for these systems alternatives 
needs to be developed, which is outside the scope of this project. The framework of the 
present methodology was fixed from the start, although we will try to make the 
methodology as flexible as possible.  
 

Another factor is the economy, i.e. the cost to perform the tests. We will try to make the 
method as simple as possible and allow for testing in different environmental conditions 
in order to make it possible for as many laboratories as possible to carry out the tests. 
Although, we must ensure that the methodology has good enough repeatability and 
reproducibility. We will also try to minimize the dimensions of the test set-up in order to 
reduce the cost of the test specimens and make it possible for more laboratories to carry 
out the test. In the end a harmonized methodology will reduce the testing costs for the 
industry since it is enough to test once to get an approval for all Member States.  

Acceptance by the Member States  Task 4  The introduction of this new harmonized assessment method will not affect the 
regulations in the Member States. The new assessment method has approximately the 
same level of safety as the current national methods used in the Member states who 
have such and will offer several new possibilities to MS who do not have yet. In the end it 
is up to each Member State to regulate and chose which of the available classes to be 
used.  

 



43 

 

6 Communication 
 

6.1  Project group 

The project group have biweekly video meetings where the progress of the project is followed 

up. In addition to the project group are also some other stakeholders, who are working on 

research projects related to the present project, invited. At present DBI from Denmark and 

Imperial College from UK take part in the meetings. 

Technical meetings are also frequently held, where specific technical questions as well as test 

results are discussed. 

The project group has also been invited to participate in all experimental tests performed via 

video, which has been of great value. 

6.2  Steering group 

A meeting was held with the steering group on September 15, 2020, where the first progress 

report was presented. 

During the progress of the project it was indicated that, at least parts of the steering group, 

would like to have more frequent meetings and be more involved in decisions to be made. 

Furthermore, the project group had some fundamental questions to the steering group that 

needed answers for the progress of the project. Therefore a questionnaire was sent to the 

steering group with six questions. The following tables show the questions as well as the 

response received divided in responses from Member States (generally regulators) and 

Stakeholders (generally industrial associations). 

1. How should the façade fire performance tests be performed until the European assessment 
method is published and available? 

  Member States Stakeholders 

Keep national methods 8 4 

Use national methods, start using new method when available 1 0 

Issue common technical guidelines for testing 2 0 

Use BS and DIN for MS without national methods 1 5 

Commission delegated regulation (1) 1 1 

(1) Please note that the Commission has no mandate to issue such delegated acts  
 

2. Shall the secondary opening be mandatory in the medium fire exposure test? If so, shall it 
have the same position as in the large fire exposure test, or be moved downwards/sidewise 

closer to the fire source? 

  Member States Stakeholders 

Mandatory 7 3 

Optional 4 5 

No preference 2 2 

 

3. Shall curtain walls be removed from this assessment method? 
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  Member States Stakeholders 

Include 10 2 

Exclude (2) 3 2 

No position 0 6 

(2) One MS proposes exclusion at least for "medium size" test  
 

 

4. Shall assessment of floor to external wall junction be included? 

  Member States Stakeholders 

Include 0 2 

Exclude 13 7 

No position 0 1 

 

 

5. How can the Steering Group be more involved in the steering of the project? 

  Member States Stakeholders 

Keep it as it is 4 2 

Inform SG when new material is available 2 0 

More frequent SG meetings 3 4 

No opinion 4 2 

General comments on management 0 2 

 

 

6. What failure criteria shall be used for falling parts? 

  Member States Stakeholders 

Weight 3 1 

Weight and flaming 4 2 

Weight and distance 1 0 

Size 1 0 

Large pieces 1 0 

Size and flaming 1 0 

Project team decides 1 0 

More discussions needed 0 6 

No opinion/comment 1 1 

 

 

An informal meeting was arranged with the steering group on December 1, 2020, mainly to 

present and discuss the outcome of the questionnaire. 
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6.3  Stakeholders 

10 video meetings have been held since progress report 1 was published. The meetings where 

held with different stakeholders, mainly different associations, with the aim to have more 

discussions. The project team have presented the current status and progress of the project, 

and stakeholders have had the opportunity to give their input and get answers on their 

questions. These meetings have been of great value for the project group. 

6.4  Other communication 

The project has been presented at two webinars, one organised by the Royal Netherlands 

Standardization Institute, on October 6, 2020, see Webinar facade fire safety (nen.nl). The 

second webinar was arranged by Fire Safe Europe on October 13, 2021, see WEBINAR: 

Assessment of facades fire performance in the future | Fire Safe Europe. In addition to this 

webinar Fire Safe Europe also recorded a podcast. 

Due to the Corona pandemic has no physical meetings been possible. All meetings have been 
held as video meetings. 
 
A web page have been launched where all documentation in the project will be made 
available, https://www.ri.se/en/what-we-do/projects/finalisation-european-approach-
assess-fire-performance-facades  
 
Two webinars have been held where all stakeholders were invited. An introduction to the 
project was held on April 1, 2020. The second webinar was held on July 8, 2020, where the 
progress of the project was presented as well as some clarifications on some questions sent to 
stakeholders on the façade systems to be used in the test program. 
 
A number of web-based meetings have been held with different stakeholders, enabling more 
discussions. 
 
Follow-up meetings are held bi-weekly in the project group. In parallel many remote 
meetings are performed with each task group. 

  

https://www.nen.nl/en/bouw/brandveiligheid/webinar-facade-fire-safety
https://firesafeeurope.eu/webinar-assessment-of-the-fire-performance-of-facades-in-the-future/
https://firesafeeurope.eu/webinar-assessment-of-the-fire-performance-of-facades-in-the-future/
https://www.ri.se/en/what-we-do/projects/finalisation-european-approach-assess-fire-performance-facades
https://www.ri.se/en/what-we-do/projects/finalisation-european-approach-assess-fire-performance-facades
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Appendix A – Comments Handling 

Document 

The comments handling documents are available on the web page. The following documents 
have been published (dated accordingly): 

• Comments Handling Document - dated July 22 2020 

• Comments Handling Document - updates October 23 2020 

• Comments Handling Document - updates November 18 2020 

• Comments Handling Document - updates December 11 2020 

As well as the Q&A from the Steering Group meeting and the Answers on questions on the 
facade assessment project - REV1. 

  

https://www.ri.se/sites/default/files/2020-10/Comments%20Handling%20Document%20-%20ver.2%20-%202020-10-23.pdf
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Appendix B – Updated assessment method 
The updated assessment method is published on the web page, the latest draft “Assessment 

method - draft 1 dated May 7 2020 - SI 2 825082” and a version where all received comments 

are added “Commented version of the Assessment method November 18 2020”. All questions 

and issues will be taken into account during the testing phase of the project. 
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Appendix C – Wood crib geometry 
1 Introduction 

 
1.1 Object 
 
The aim is to supply a method to determine the amount of wood sticks necessary to build large 
exposure cribs in such a way that its total weight comply with given tolerances. The method will also 
give easy rules to assess some properties of the wood sticks, e.g. cross section dimensions and 
density. The proposed method should be simple enough to be applied by any lab with limited time 
and effort consumption. 
 
1.2 Baseline parameters 
 

Parameter Medium test Large test 

Wood species Spruce Spruce 

Stick cross section 40 x 40 mm2 ± 1 mm 47 x 47 mm2 ± 3 mm (1) 

Stick length 500 ± 5 mm Short sticks 1000 ± 5 mm 
Long sticks 1500 ± 5 mm 

Weight of crib 30 ± 1,5 kg 350 ± 20 kg 

Density of wood crib 475 ± 25 kg/m3 500 ± 100 kg/m3 

Number of sticks/layer 6 sticks/layer Long sticks 10 sticks/layer (2) 
Short sticks 15 sticks/layer (2) 

Number of layers/crib The number of layers will be adjusted 
to bring the total weight of the crib 
within the mass tolerances given 
above. 
 
In the top layer, the number of sticks 
may be reduced below 6. 

The number of layers will be adjusted 
to bring the total weight of the crib 
within the mass tolerances given 
above. 
 
The top layer will remain a full one, 
i.e. the number of sticks may not be 
reduced. 

 

 
(1) There is no common size of cross section used in most member states. It is therefore 

proposed to allow a larger span on the nominal cross section dimensions, this being 
compensated by the number of sticks to be used in the crib. However, the same nominal 
dimensions of sticks shall be used in each crib. Once a nominal dimension is chosen, it can be 
reasonably expected that the cross section dimensions of the sticks will lie within a range of 
±1 mm around this nominal dimension. 

(2) The first base layer is made of long sticks. The number of sticks by layer is constant 
regardless of the dimensions of the cross section. This means that the distance between the 
centres of the sticks is always the same whatever the cross section, while the air gap distance 
between sticks will vary depending on the cross section. 
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2 Deterministic approach 

 
2.1 Principle 
 
The deterministic approach consists in determining the total number of layers that would be needed, 
depending on the nominal cross section of the sticks, to satisfy the tolerances on the total weight of 
the crib for all the possible stick lengths and densities. 
 
2.2 Example 
 
For instance, consider the case of sticks with a nominal cross section of 47 x 47 mm²: 
 

   Value Tolerance  

Sticks 

Cross dimension 
Width 47 ± 1 mm 

Depth 47 ± 1 mm 

Length 
Long sticks 1500 ± 5 mm 

Short sticks 1000 ± 5 mm 

Density   500 ± 100 kg/m³ 

 

 
The best geometry with the middle values (47 x 47 mm², 1500 and 1000 mm, 500 kg/m³) is 21 layers 
(11 layers of long sticks + 10 layers of short sticks), leading to a total weight of the crib of 347,9 kg. 
But this geometry would lead to 265,5 kg for the lower range worst case (46 x 46 mm², 1495 and 995 
mm, 400 kg/m³), and to 437,3 kg for the upper range worst case (48 x 48 mm², 1505 and 1005 mm, 
600 kg/m³). 
 
The span between these two extremes (171,7 kg) is definitively incompatible with the requirement of 
±20 kg for the weight of the crib, whatever the number of layers. 
 
2.3 Conclusion 
 
Given the baseline parameters above, this method fails. The reason is that the deterministic 
approach considers that the worst case scenarios are equally likely scenarios as any other one, and 
that those scenarios shall therefore also comply with the required tolerances. 
 
This shows how pessimistic is the deterministic approach. 
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3 Probabilistic approach 

 
3.1 Principle 
 
The probabilistic approach consists in determining the total number of layers that would be needed, 
depending on the actual probability distributions of the baseline parameters of the sticks, to satisfy 
the tolerances on the total weight of the crib with a given confidence level. 
 
In the framework of this method, the confidence level will be chosen at 95%, as is very generally the 
case in measurements. 
 
The probabilistic approach is much more realistic. It allows some individual sticks to fall out of the 
tolerances on the baseline parameters, provided that the average values of the whole crib still meet 
these tolerances. 
 
This approach is based on the principle of sampling. This will prevent labs from having to measure all 
the individual sticks used to build the crib, which would be unreasonably time consuming. 
 
3.2 Sampling 
 
The actual probability distributions of the baseline parameters of the sticks will be determined from 
a sample of n sticks. The baseline parameters whose probability distribution will be determined are: 
the stick cross section dimensions (width and depth), the stick lengths (long and short sticks), the 
sticks masses, and the sticks densities. 
 
Actually, knowing the exact distributions themselves is not needed, only the averages and their 
uncertainties will be determined. Anyway, it is shown below that the distributions can be assumed to 
be normal ones. 
 
For each baseline parameter, the average (arithmetic mean) of the n measurements will be assumed 
to give the best available estimate of the average value of all the sticks of the crib, provided that the 
n sampled sticks have been randomly selected in the whole batch of sticks. 
 
3.3 Normality assumption 
 
Generally speaking, when a variable results from the superposition of numerous, random, and more 
or less independent causes, the Central Limit Theorem shows that such variable is reasonably 
correctly represented by a normal distribution. 
 
Practically, this has been checked on a great number of measurements carried out on a realistic 
batch of timber sticks: 

- the side of the cross section has been measured on 113 sticks of spruce received from the 

Bergqvist sawmill (Sweden) → the D'Agostino-Pearson K2-test concludes to a strong 
normality of these values (p-value=0,71) 

- the density has been measured on 1900 sticks of spruce received from the Bergqvist sawmill 

(Sweden) → the D'Agostino-Pearson K2-test concludes to a good normality of these values 
(p-value=0,31) 

- the mass has been measured on 610 long sticks (1504 mm long) of spruce received from the 

Bergqvist sawmill (Sweden) → the D'Agostino-Pearson K2-test concludes to a good normality 
of these values (p-value=0,28) 
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- the mass has been measured on 923 short sticks (1034 mm long) of spruce received from the 

Bergqvist sawmill (Sweden) → the D'Agostino-Pearson K2-test concludes to a good normality 
of these values (p-value=0,30) 

-  
This shows that the baseline parameters of the spruce sticks can indeed be assumed to be normally 
distributed. 
 
3.4 Practical procedure 
 

1. A sample of n sticks is randomly collected from the whole batch of sticks. The size n of the 
sample should be of at least 10 sticks. 

 
2. For each of these n sticks, the following parameters are measured: 

 
Sample nr. 1 … n mm 

Cross section width w1 … wn mm 

Cross section depth d1 … dn mm 

Length (long sticks) LL,1 … LL,n mm 

Length (short sticks) LS,1 … LS,n mm 

Mass (long sticks) ML,1 … ML,n kg 

Mass (short sticks) MS,1 … MS,n kg 

Density D1 … Dn kg/m³ 
Moisture content H1 ... Hn % 

 

 

 
Notes 

- Widths and depth should be measured to 0,1 mm or less (i.e. at least one decimal) 
- Lengths should be measured to 1 mm or less (i.e. at least at the integer) 
- Masses should be measured to 0,001 kg or less (i.e. at least at one gram) 
- Densities should be measured to 0,01 kg/m³ or less (i.e. at least two decimals) 
- Moisture content shall be measured to 0,1 % or less (i.e. at least one decimal) 

 
3. For each parameter, the average values and their uncertainties are calculated: 

 
 Average U95% mm 

Cross section width �̅� 𝑈𝑤 mm 

Cross section depth �̅� 𝑈𝑑  mm 

Length (long sticks) �̅�𝐿 𝑈𝐿𝐿
 mm 

Length (short sticks) �̅�𝑆 𝑈𝐿𝑆
 mm 

Mass (long sticks) �̅�𝐿 𝑈𝑀𝐿
 kg 

Mass (short sticks) �̅�𝑆 𝑈𝑀𝑆
 kg 

Density �̅� 𝑈𝐷 kg/m³ 
Moisture content    

 

 
where, for each parameter x: 

- �̅� =
𝑥1+⋯+𝑥𝑛

𝑛
 (1) 

- 𝑈𝑥 = 𝑏. (𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛) (2) 
with: 

o 𝑥𝑚𝑖𝑛 = 𝑀𝑖𝑛(𝑥1, … , 𝑥𝑛) and 𝑥𝑚𝑎𝑥 = 𝑀𝑎𝑥(𝑥1, … , 𝑥𝑛) (3) 
o b is a factor that depends on the sample size n as follows: 
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n 10 15 20 25 30 35 40 45 50 

b 0,233 0,160 0,126 0,105 0,092 0,082 0,074 0,068 0,063 

 

 

 
Note 
The above formula for Ux gives approximations that are very easy to calculate since it needs only xmin 

and xmax. The exact formula is 𝑈𝑥 = 𝑇−1(95%, 𝑛 − 1)√
∑ (𝑥𝑖−�̅�)2𝑛

𝑖=1

𝑛(𝑛−1)
 where 𝑇−1(95%, 𝑛 − 1) is the 

inverse Student's distribution with a probability of 95% and n-1 degrees of freedom. 
 

4. The total number of layers to include in the crib is determined from the average mass of the 
long sticks �̅�𝐿 and of the short sticks �̅�𝑆. The corresponding row and column in the table below 

gives the number of layers: 
 

Number of 
layers 

Average mass of short sticks �̅̅̅�𝑺 (kg) 

0,7 0,8 0,9 1 1,1 1,2 1,3 1,4 1,5 1,6 

A
ve

ra
ge

 m
as

s 
o

f 
lo

n
g 

st
ic

ks
 �̅�

𝑳
 (

kg
) 

1,1 33 30 29 27 25 24 23 22 21 20 

1,2 31 29 27 26 25 23 22 21 20 19 

1,3 30 28 26 25 24 23 22 21 20 19 

1,4 29 27 25 24 23 22 21 20 19 18 

1,5 27 26 25 23 22 21 20 19 19 18 

1,6 26 25 24 23 22 21 20 19 18 18 

1,7 25 24 23 22 21 20 19 18 18 17 

1,8 25 23 22 21 20 19 19 18 17 17 

1,9 24 23 22 21 20 19 18 18 17 16 

2 23 22 21 20 19 18 18 17 16 16 

2,1 22 21 20 19 19 18 17 17 16 16 

2,2 22 21 20 19 18 18 17 16 16 15 

2,3 21 20 19 18 18 17 16 16 15 15 

 

 
5. For the whole crib, the best estimate of mass and its uncertainty is calculated: 

 
 Best estimate U95%  

Total mass of the crib �̅�𝑐𝑟𝑖𝑏 𝑈𝑀𝑐𝑟𝑖𝑏
 kg 

 

 
where: 

- �̅�𝑐𝑟𝑖𝑏 = 10. 𝑁𝐿. �̅�𝐿 + 15. 𝑁𝑆. �̅�𝑆 (4) 

- 𝑈𝑀𝑐𝑟𝑖𝑏
= √(10. 𝑁𝐿)2. 𝑈𝑀𝐿

2 + (15. 𝑁𝑆)2. 𝑈𝑀𝑆

2  (5) 

- NL and NS are the number of layers of long and short sticks respectively 
 

6. The compliance of the uncertainties with the tolerances on the baseline parameters are 
checked, namely: 

 
Cross section width �̅� ± 𝑈𝑤  is within 47 x 47 mm² ± 3 mm 

Cross section depth �̅� ± 𝑈𝑑 is within 47 x 47 mm² ± 3 mm 

Length (long sticks) �̅�𝐿 ± 𝑈𝐿𝐿
 is within 1500 ± 5 mm 
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Length (short sticks) �̅�𝑆 ± 𝑈𝐿𝑆
 is within 1000 ± 5 mm 

Density �̅� ± 𝑈𝐷 is within 350 ± 20 kg 
Moisture content ± is within 11 ± 2 % 

Total mass of the crib �̅�𝑐𝑟𝑖𝑏 ± 𝑈𝑀𝑐𝑟𝑖𝑏
 is within 500 ± 100 kg/m³ 

 

 
7. If one or more tolerances are not met at step 6 above, the size n of the sample shall be 

increased. This process shall be repeated until all the tolerances are met. In case where one 
or more tolerance can definitively not be met, the whole batch of crib shall be rejected. 

 
8. The following information is reported in the façade test report: 

 

"The crib used in this test is made of spruce. It includes NL layers of 10 long sticks and NS layers of 15 
short sticks. The sticks have the following properties: 
 

 Average U95% mm 

Cross section width �̅� 𝑈𝑤 mm 

Cross section depth �̅� 𝑈𝑑  mm 

Length (long sticks) �̅�𝐿 𝑈𝐿𝐿
 mm 

Length (short sticks) �̅�𝑆 𝑈𝐿𝑆
 mm 

Density �̅� 𝑈𝐷 kg/m³ 
Moisture content   % 

 

 

The total mass of the crib is: 

 

 Best estimate U95%  

Total mass of the crib �̅�𝑐𝑟𝑖𝑏 𝑈𝑀𝑐𝑟𝑖𝑏
 kg 

 

 

The tabulated values have been calculated on a sample of n sticks. 

U95% give the uncertainties on the related averages, expanded at a confidence level of 95%." 

 

Note 

In these tables, the uncertainties must be reported with at least two significant digit, and the 

averages should be rounded to the last significant digit kept for the uncertainties. 

 
3.5 Example 
 
In order to present a realistic example, all the values below have been randomly picked-up in the 
data base of measurements on spruce sticks from the Bergqvist sawmill (Sweden). 
 
1. A sample of 10 sticks is randomly collected from the whole batch of sticks. 

 
2. For each of these 10 sticks, the following parameters are measured: 

 
Sample nr. 1 2 3 4 5 6 7 8 9 10  

Cross section width 47,1 46,6 47,6 47,0 47,1 47,4 47,4 46,6 46,6 47,3 mm 

Cross section depth 46,6 47,5 47,0 47,5 47,4 47,0 47,1 47,2 47,1 46,8 mm 

Length (long sticks) 1500 1505 1499 1504 1503 1498 1496 1502 1499 1499 mm 

Length (short sticks) 999 998 1002 1005 996 1002 1003 1001 995 1004 mm 
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Mass (long sticks) 1,724 1,625 1,408 1,529 1,563 1,479 1,749 1,724 1,426 1,527 kg 

Mass (short sticks) 1,148 1,078 0,941 1,022 1,036 0,989 1,173 1,149 0,947 1,023 kg 

Density 523,66 487,85 419,87 455,37 465,89 443,20 523,66 521,83 433,55 460,16 kg/m³ 

 

 
3. For each parameter, the average values and their uncertainties are calculated: 

 
 Average U95% mm 

Cross section width 47,070 0,233 mm 

Cross section depth 47,120 0,210 mm 

Length (long sticks) 1500,500 2,097 mm 

Length (short sticks) 1000,500 2,330 mm 

Mass (long sticks) 1,575 0,079 kg 

Mass (short sticks) 1,051 0,054 kg 

Density 473,504 24,182 kg/m³ 

 

 
4. The total number of layers to include in the crib is determined from the average mass of the 

long sticks �̅�𝐿 = 1,575 𝑘𝑔 and of the short sticks �̅�𝑆 = 1,051 𝑘𝑔, leading to 22 layers. 
 
5. For the whole crib, the best estimate of mass and its uncertainty is calculated: 

 
 Best estimate U95%  

Total mass of the crib 346,639 12,468 kg 

 

 
6. The compliance of the uncertainties with the tolerances on the baseline parameters are checked 

for all the parameters. 
 
7. Point 6 above shows that the compliance of the uncertainties with the tolerances on the 

baseline parameters are easily met for all the parameters: the size 10 of the sample is sufficient. 
 
8. The following information is reported in the façade test report: 

 
"The crib used in this test is made of spruce. It includes 11 layers of 10 long sticks and 11 layers of 15 
short sticks. The sticks have the following properties: 

 Average U95% mm 

Cross section width 47,07 0,23 mm 

Cross section depth 47,12 0,21 mm 

Length (long sticks) 1500,5 2,1 mm 

Length (short sticks) 1000,5 2,3 mm 

Density 474 24 kg/m³ 

 

 

The total mass of the crib is: 

 Best estimate U95%  

Total mass of the crib 347 12 kg 

 

 

The tabulated values have been calculated on a sample of 20 sticks. 

U95% give the uncertainties on the related averages, expanded at a confidence level of 95%." 
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3.6 Confirmation by random sampling simulation 
 
The probabilistic approach has been checked by means of random sampling simulations applied on a 
realistic data base of wood stick masses. This data base consists of the individual masses measured 
on 610 long sticks (1504 mm long) and on 923 short sticks (1034 mm long), forming a whole batch of 
sticks in a testing lab (spruce from the Bergqvist sawmill (Sweden) with a nominal section of 47 x 47 
mm²). 
 
The simulations have been randomly repeated 10000 times. 
 
Each simulation consists of the following steps. 
 
1. A fictitious wood crib is built by stacking 11 layers of 10 long sticks alternatively with 11 layers of 

15 short sticks. The mass of each individual stick is randomly picked up in the masses data base, 
and the actual total mass of the crib 𝑀𝑟𝑒𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 is calculated as being the sum of the individual 
masses of the selected sticks. 

 
2. A sample of 10 long sticks and a sample of 10 short sticks are randomly selected in the masses 

data base. For both samples, the minimum value (equation (3) above), average value (equation 
(1) above), maximum value (equation (3) above) and uncertainties U95% (equation (2) above) are 
calculated. From these results, the best estimate of the total mass of the crib �̅�𝑐𝑟𝑖𝑏 (equation (4) 
above) and its uncertainty 𝑈𝑀𝑐𝑟𝑖𝑏

 (equation (5) above) are then processed. 

 
3. The compatibility of the sampling-based estimation with the actual value is checked, namely 

�̅�𝑐𝑟𝑖𝑏 − 𝑈𝑀𝑐𝑟𝑖𝑏
≤ 𝑀𝑟𝑒𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 ≤ �̅�𝑐𝑟𝑖𝑏 + 𝑈𝑀𝑐𝑟𝑖𝑏

 (6) 

 
With regards with the choice of 95% confidence level (see 3.1 above), the compatibility should be 
met in 95% of cases. Once repeated 10000 times, this random sampling simulation has confirmed the 
compatibility in 9558 cases, i.e. 95,58%, which indeed perfectly matches with the expected 95% 
confidence level. 
 
Moreover, relying on the existing data base of wood sticks, these 10000 simulations have shown 
that: 

• the uncertainty 𝑈𝑀𝑐𝑟𝑖𝑏
 on the sampling-based estimation of the wood crib mass is 14,6 kg on 

average, 

• the absolute error of the sampling-based estimation compared to the real mass ∆=
|�̅�𝑐𝑟𝑖𝑏 − 𝑀𝑟𝑒𝑎𝑙 𝑡𝑜𝑡𝑎𝑙| is 5,1 kg on average. 

 
Compared to the tolerance 350 ± 20 kg, these values confirm the relevance of the probabilistic 
approach to assess the total mass of the wood cribs. And in the few cases where the compliance with 
these tolerances will not be met, it is then possible either to increase the size of the sample as 
explained in the procedure in 3.4 (step 7) above in order to decrease the uncertainty, or to adjust the 
number of layers in the wood crib as explained in the procedure in 3.4 (step 4) above in order to 
bring the sampling-based estimation of the wood crib mass closer to 350 kg, and consequently to 
bring back the compliance. 
 


