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17.2 Load bearing capacity of timber members in the fire situation 

17.2.1 General 

Several simplified methods were recently presented by various authors, all referring back to standard fire 

resistance tests of timber components and the well-established charring rates in the fire resistance tests. A 

method for the assessment of the time equivalency has been presented recently (Barber et al. 2021). The 

process is linked to the one-dimensional basic design charring rate of 0.65 mm/min. Thus, the time 

equivalency can be assessed as: 

𝑡௘௤ =
𝑑ୡ୦ୟ୰

𝛽଴

 Eq. 5 

where   

𝑡௘௤ is the time equivalent, in min;  

𝑑ୡ୦ୟ୰ 
 is the charring depth for the non-standard fire, in mm;  

𝛽଴ is the one-dimensional basic design charring rate, in mm/min.  

   

The aforementioned method neglects the reduction of the load-bearing capacity in the fire situation which 

may be superior to the standard fire if the thermal impact depth is increased in the decay phase.  

An advanced approach is the prediction of the charring depth considering the fire dynamics and the 

estimation of the thermal impact on the, see 17.2.2. 

17.2.2 Simulation of heat transfer into the structural timber 

The thermal material properties of wood provided in standard documents, e.g. EN 1995-1-2 [CEN 2004] are 

not generally valid properties. As they have been developed (backwards calibrated) for standard fires, their 

validity may be limited when the design fire, and thus, the heating of the particular timber component, 

deviates significantly from the EN/ISO fire exposure. 

Consequently, in this document, a more flexible tool was used to determine the temperature profile, 

sometimes referred to as “heat wave”, within the timber section. The approach presented in this document 

uses generally valid Arrhenius functions to model the decomposition of wood and, therefore, the charring 

depth. Arrhenius equations are widely used by a lot of models to simulate the pyrolysis of timber with 

different proposals for reactions, sub-reactions and parameters, for example (Fredlund, 1993), 

(Lautenberger & Fernandez-Pello, 2008), (Mindeguia, 2017) and (Vermesi, et al., 2017). In Mindeguia 

(Mindeguia, 2017), there are formulas given for the timber thermal properties density 𝜌, specific heat 

capacity 𝑐 and conductivity 𝜆 for the Arrhenius method. They are compiled by the ratio of reaction of lignin 

𝜒𝑙 and water 𝜒𝑤 and the properties of timber, water and char. The production rate of the char layer material 

(rate γ) is derived by means of a significant density drop when timber is converted. The relative density of 
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char is assumed 0.2, other references state values from 0.15 (Nussbaumer, 2000) to 0.33 (Spearpoint & 

Quintiere, 2000). 

 

Eq. 6 

 

Eq. 7 

 

Eq. 8 

where   

𝑐 is the specific heat capacity;  

𝑐ℎ𝑎𝑟 is the index for the char layer;  

𝑙 is the index for the lignin;  

𝑠 is the index for the solid wood;  

𝑤 is the index for the wet wood;  

𝜆 is the thermal conductivity, in W/(mK).  

𝜌 is the density, in kg/m3.  

𝜒 is the ratio of reaction; in s-1.  

   

For the calculation of the charring rate, an element is considered charred when the additional reaction ratio 

per time of β-cellulose is maximal. This assumption gives the best results according to Mindeguia 

(Mindeguia, 2017). Typically, an element gets charred almost instantly when the reaction of β-cellulose 

started. For this reason, a secondary criterion, that the reaction ratio has to be at least 10%, was introduced. 

The explicit model of heat transfer (inner node) is schematically shown in Figure 40. 

 
Figure 40: Explicit heat equilibrium in inner node of the material.  

The model parameters have been developed and published by Mindeguia [2017] and are shown in 

Table 15. 
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Table 15: Arrhenius equation parameters from Mindeguia, 2017. 

 

17.2.3 Validation of the Heat Transfer Model 

The particular code used is a Python code which simulates the heat transfer to the solid and within the solid, 

i.e. the structural timber. The code was developed based on available material properties and basics of heat 

transfer. The functionality was validated using standard fire and deviating fire developments including the 

cooling phase. 

 

 

 

 

 

 

 

Figure 41: Temperature-time for standard fire (discrete method). 
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Figure 42: Temperature-time for a design fire (discrete method). 

The differences due to the implementation of heat generation and char recession can also be seen in the 

char rates (Figure 43). Without these effects, the char rate at the beginning is about 0.7 mm/min in both 

methods, and decreases as the fire temperature declines. The heat generation starts to show an effect after 

a simulation time of about 20 min, increasing the rate as additional energy is induced. With the given 

parameters, the chosen criterion of 80% char reaction ratio for char layer regression was not triggered in 

the simulation with the discrete method. For the analytical method, the char recession takes place very fast 

in a short time, leading to a jump up of the char rate. 

 
Figure 43: Charring rate vs. time for a design fire (discrete method); without heat generation (red 

curve) and with heat generation (green curve) 

 

Implementation of 
heat generation 
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17.3 External flaming 

17.3.1 General 

The external flaming analysis comprises the analysis of (a) flame heights and (b)  the radiation to 

neighbouring buildings  (alternatively the legal boundaries). The flame heights are used as an input for the 

radiation calculation as well as to estimate the risk of exterior fire spread.  

The presence of flames outside of a burning compartment is caused by unburned pyrolysis gases leaving 

the burning compartment. This happens when the (natural) ventilation does not provide enough oxygen 

to combust all pyrolysis gases that are produced in the compartment due to high temperatures. In general, 

the external HRR is the difference from the total HRR and the internal HRR, see also Figure 44: 

𝐻𝑅𝑅௘௫௧ = 𝐻𝑅𝑅௧௢௧௔௟ − 𝐻𝑅𝑅௜௡௧  Eq. 9 

  

The internal HRR is basically given by the burning objects (total HRR), but may be limited by the oxygen 

entering through the openings (CCC: compartment combustion capacity). Only in these so-called 

ventilation-controlled fires the external HRR will be above zero.  

The calculation of flame heights is done based on EN 1991-1-2 [BSI 2002], which is equivalent to Law 1983 

and Spearpoint 2008. However, the HRR given in EN 1991-1-2 would not consider the structural HRR. Thus, 

the HRR used for the flame height calculation is the external HRR given from the auto-extinction analysis. 

BR 187 limits the irradiation in the decisive distance to 12.6 kW/m2, which reflects the ignition limit of wood 

when exposed to radiation. Babrauskas 2003 proposes 20 kW/m2 as a limit, reflecting an average for typical 

building materials.  

The calculation bases on the Stefan-Boltzmann-law, which defines the power radiated by a body in terms 

of its temperature. EN 1991-1-2 provides the necessary formulas and gives guidance on assumptions. The 

 
Figure 44: General development of the total heat release (rate) in a fire. 
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energy that is received from a radiating surface depends on the distance and orientation. Since every solid 

with a temperature above 0 K radiates, the actual irradiation is the difference between the radiation received 

from surrounding surfaces and own radiation losses. For the analysis, it is assumed that the surface at the 

decisive distance has a temperature of 20°C. The radiation emission from the compartment on fire is 

modelled according to EN 1991-1-2 and BR 187 by a (virtual) surface at the opening radiating with the 

compartment temperature. The emissivity for those surfaces is chosen as 1.0. The flames above the window 

are modelled in a similar way, where EN 1991-1-2 defines a temperature based on the flame length and an 

emissivity based on the thickness of the flames.  

The irradiation limit must be fulfilled at any point on the neighboring building. Assuming that the façade of 

the neighboring building is parallel to the investigated one (i.e. is at a constant distance), the highest 

irradiation of a rectangular emitter occurs centrally in front it. However, for multiple sources or when flames 

are considered, the critical location must be found iteratively. Exemplarily, Figure 45 shows the irradiation 

at various heights, measured from the top of the radiating opening. Generally, the higher the flames the 

higher the most critical point. If there are no flames at all, i.e. when the fire is fuel-controlled, the most critical 

point is at mid-height of the opening. 

  
Figure 45: exemplary irradiation over the height, centrally in front of the openings  

 

17.3.2 Consideration of sprinklers 

In the current building, water sprinkler will be installed as part of the technical measures of fire safety design. 

The consideration of sprinklers follows currently available guidance which is given in the present Eurocode 

and British standards. Typical values of the reliability of installed sprinkler values describe the risk of failure 

to be not able to effectively suppress a fire effectively. 
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Following guidance, for the fire design, sprinklers are considered by the modification of the fire load density, 

while the peak HRR in remains unchanged. This means, that the resulting external HRR and the radiation to 

a neighbouring building remain changed when a sprinkler is present, despite the reduced risk to observe a 

fully developed fire.  

To consider the effect of sprinklers despite the assumption of a fully developed fire, the Approved 

Document B (ADB) suggests to divide the required distance to the legal boundary or the decisive distance 

(e.g. to the neighbouring building façade) in halves. This is equivalent to double the amount of allowed 

unprotected area (ADB clause 13.21). Thus, the present analysis considers the effect of sprinklers by halving 

the required boundary distance as proposed in ADB. 

18 Annex R – Fire Safety requirements for timber buildings  

18.1 Limitations                                   

Classification  done in this document provided by IGNIS is not necessarily directly related to classification 

according to (European) fire resistance testing and classification according to EN 13501-1 and EN 13501-2 

or other classification standards unless explicitly stated. The fire design and the resulting requirements for 

the building components may have impact on the execution, acoustics and architecture. The 

corresponding information flow of eventually needed changes should be ensured by the project lead. It is 

important to underline that the assessment given in this document can only be applied for the project 

considered in this document. If products (brands, types) are mentioned, they represent examples and can 

be exchanged when a similar performance is provided. If products that are specified in this document are 

replaced by other products, their performance need to be assessed accordingly. 

18.2 Identification of the requirements for the design  

The requirements for the connections and joints shall fulfil the building regulations relevant for the given 

project. As building regulations aim for life safety  as major objective, other objectives are not necessarily 

specified. The definition of safety objectives exceeding the building regulations may have favourable 

impact on the performance in and after building fires and insurance costs. However, it is expected that 

those additional safety objectives have impact on the design of the building in general and on detailing.  

The definition of additional safety  objectives is finally up to the fire safety engineer and the building 

owner. The fire resistance rating  with respect to R, E and I may be equal or different for fire from one or 

the other side; consequently, the definition is part of the fire engineer ’s work. 

The following requirements can be listed with respect to fire performance of building components: 
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R-Resistance in fire:  The load-bearing resistance is verified for a relevant design load defined by the fire 

safety engineer and/or the structural engineer, assessed by testing or calculation. As the design fire, 

typically, the EN/ISO standard fire time-temperature curve is assumed which is considered as comparative 

measure. It should be noted that the fire resistance classification is done in certain steps (levels), e.g. 

multiples of 30 min and specified as R30, R60, R90 or R120. Furthermore, it should be considered that the 

verified fire resistance is valid for a particular loading. The latter means that the same component may be 

appropriate for a high fire resistance with respect to the time for a low mechanical loading while the 

contrary is not automatically valid. For structural timber, the remaining (uncharred) section is the most 

relevant variable for the assessment of the load-bearing capacity in the fire situation. For structural steel, the 

section temperature is decisive for the load-bearing capacity.  

E-Integrity in fire: The integrity of a component or a joint or connection between adjacent components 

addresses its or their performance in the fire situation with respect to the penetration through the detail 

by hot gases . Hot gases may lead to fire spread on the other side of the member. This function has to be 

verified for compartmentation at the boundaries of compartments.  

I-Insulation: The insulation of a component or a joint or connection between adjacent components 

addresses its or their performance in the fire situation with respect to the conduction of temperature 

through the detail. The temperature rise can be verified by testing (limitation of a temperature increase by 

140 K (mean) and 160 K (max), respectively), calculated by simplified models or simulated using advanced 

models (e.g. FEM). 

K-encapsulation:  The European system of so-called K-classes for the fire protection performance of 

coverings is defined in EN 13501-2 based on full-scale furnace testing in horizontal orientation according to 

EN 14135. Beside the measured temperature criterion behind the protective lining after different time 

intervals (10, 30 and 60 minutes), no collapse, burning (discoloration) on the wood-based panel substrate 

or falling parts are allowed. Two types of K classes are defined, depending on the substrate behind the 

protective material. Class K1 includes substrates with density less than 300 kg/m3, while class K2 includes all 

substrates, so in practice it is sufficient to verify K2 classes for protection of wood. Currently, encapsulation 

can only be achieved by protection by fire boardings. Beside the temperature rise behind the panel, the 

discoloration near fire protection boarding panels and mechanical fixations (screws) is taken into account 

for the assessment of the encapsulation function.  

B-Burnout: The burnout of a compartment may be required in building regulation or guidance depending 

on the building class (typically related to the building height) and/or its occupation. Regardless the building 

material, total burnout cannot be guaranteed but its likely occurrence can be assessed by the application 

of design models. Consequently, building and detail design may be adjusted based on this criterion. 

Typically, for timber buildings, this is a criterion explicitly requested for higher or more complex buildings. 

However, the general application of standard fire resistance ratings (specified in minutes) may still be 

sufficient to achieve burnout.  
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GS-Glowing and smouldering combustion: The prevention of glowing and smouldering combustion is a 

typical element, which supports the achievement of likely burnout. Detailing appears to be crucial to reduce 

the risks for unrecognised glowing and smouldering combustion after a fire event, as its detection requires 

special skills and equipment of the fire services. The limitation of this criterion requires the limitation of 

charring and gas flow (continuous paths through the construction). 

CH-Charring:  The prevention of charring behind a fire protection system may be required by building 

regulations or by the model assumptions. Consequently, the temperature limit behind a fire boarding may 

be adopted to a limit equal or lower than 300°C, recognised in e.g. Eurocode as charring temperature. The 

protection ability can be determined by means of a fire resistance encapsulation test and a corresponding 

classification (K-classes) or, if applicable, simplified or advanced modelling.  

In the current project, the following max temperature should be set in cooperation with building control:  

(1) The temperature on the top side of the CLT floor panels should not exceed 300°C (to prevent 

contribution of timber to the total fuel load in the case of fire). 

(2) The temperature at the CLT support area should not exceed 250°C (to avoid additional deflections 

at the support due to charring). The critical temperature is verified by means of thermal finite 

element simulations.  

LST-Limiting Steel Temperature:  The load-bearing capacity of steel members is correlated to member 

temperature with a significant drop from about 400°C regardless the heating rate. With respect to the 

load-bearing capacity of the steel works, a temperature limit  for the cross-section must be defined for all 

design details by the structural engineering team. This limit must be considered for the planning of the 

configuration of the fire boarding. It should be noted that this temperature limit is eventually above the 

pyrolysis and charring temperature of timber. Consequently, charring can be expected for corresponding 

details where the steel elements are in direct contact with timber elements and a steel temperature limit 

higher than the pyrolysis temperature is used for the design of the detail. This criterion is not a standardised 

criterion. 


