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Abstract: The presentation describes the first technical guideline in Europe for design of 

wooden constructions with respect to durability and service life. The guideline is focusing on 

constructions above ground, in particular on decking and cladding – two commodities where 

wood is abundantly used. 

The philosophy behind this guideline is similar to that of structural design and it shall be seen 

as the first attempt to develop a quantitative tool for use in practice.  

It is based on a prescribed limit state for onset of decay during a reference service life of 30 

years. The approach is to determine the climate exposure as a function of geographical 

location, local exposure conditions, sheltering, distance to ground and design of details. The 

exposure is then compared with the material resistance defined in five classes, and the design 

output is either OK or NOT OK. 

The guideline has been verified by a number of reality checks of real buildings, which show that 

the output from the tool agrees well with documented experience. 

It is expected that the guideline will be continuously improved as it will be tested in practice by 

architects, specifiers and researchers, and that it will serve as a discussion document in the 

process of introducing performance-based engineering design for wood-based building 

components with respect to durability.  
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1. INTRODUCTION 

Service life prediction methods for 

wood and wood-based products is an 

area of research that so far has been 

given little attention in Europe. Whilst 

the concept is not new the development 

has been very slow in comparison with 

competing materials such as concrete. 

The best known, and most advanced 

approach to date is an Australian 

research programme initiated by Robert 

Leicester (Wang et al 2007) designed to 

develop performance based engineering 

design procedures applying a 

probability-based approach. 

 

The importance of service life issues are 

reflected in the European Construction 

Products Directive (CPD) (European 

Commission 2004) with its six essential 

requirements, which shall be fulfilled by 

construction products during a 

reasonable service life. 

 

A comprehensive feasibility study (CEI 

Bois 2006) was commissioned by the 

Building With Wood group within the 

CEI-Bois Roadmap 2010 initiative. It 

considered the future research and 

development requirements for wood 

durability and service life that would 

support the growth of the sector, 

underpinning the need for further 

research.  

 

There is potential in future European  
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building and construction for an 

increased competetiveness and use of 

wood as an environmentally friendly 

and renewable material, providing that 

durability and linked service life  issues 

are given appropriate attention and that 

the research is brought closer to the 

needs of the building community. 

 

The core team responsible for preparing 

the feasibility study was thus 

encouraged to approach the 

WoodWisdom-Net with an application 

for research in the area of wood 

durability and service life prediction. A 

consortium with partners from 8 

European countries (Jermer et al 2011) 

was established, the application was 

successful and the WoodExter (Service 

life and performance of exterior wood 

above ground) project began towards 

the end of 2007. 

 

The main objective of WoodExter was  

“to take the first steps towards 

introducing performance based 

engineering design in practice for wood 

and wood-based building components in 

outdoor above ground situations” with a 

guidance publication targeted for 

specifiers, architects and qualified DIY 

builders as the key outcome.  The vision 

was to develop a practical tool for 

design of wood constructions with 

respect to durability and service life, 

based on a similar approach as used in 

structural design which is familiar to 

engineers and architects. It was decided 

to focus on decking and cladding, two 

major end uses for wood as two test 

case products to rigorously assess 

the methodology. 

 

 

3. BASIC PHILOSOPHY  

A general principle for a performance-

based service life design model, which 

is  illustrated in Figure 1, has been 

utilised as basis for the WoodExter 

research (Thelandersson et al 2011). 

The problem here is described in terms  

of climatic exposure on one hand and 

resistance of the material on the other 

hand.  

 

The design is based on a defined limit 

state, corresponding to the onset of 

decay, under a reference service life 

assumed to be 30 years. Onset of decay 

is defined as a state of fungal attack 

according to rating 1 ("slight attack") in 

EN 252 (CEN 1989). 

 

According to the principles illustrated in 

Figure 1, the design condition on the 

engineering level is quantitatively 

formulated in the following way: 
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where ISk  is a characteristic exposure 

index, IRd  is a design resistance index 

and d depends on consequence class. 

The consequence class refers to the 

expected consequences if the limit state 

is violated. If the condition in the 

equation above is fulfilled, then the 

design is accepted, otherwise it is not 

accepted.  

 

The definitions of ISk and IRd are related 

to the following reference situations  

 

 Exposure: Exposure to outdoor 

temperature, relative humidity 

and rain of a horizontal member 

with no moisture traps, is used 

to define a basic exposure index 

depending on geographical 

location, see Figure 2. 

 Material: Norway spruce (Picea 

abies), uncoated, corresponds to 

IRd = 1,0 

 Consequence class 3 (most 

severe) corresponds to  d = 1,0 

 

 

 



 

 

 

4. EXPOSURE 

The exposure index Isk can be conceived 

as a “characteristic (safe) value” 

accounting for uncertainties.  The 

exposure index is assumed to depend on 

the following factors: 

 

 Geographical location 

determining global climate 

 Local climate conditions 

 The degree of sheltering  

 Distance from the ground 

 Detailed design of the wood 

component 

 Use and maintenance of coatings 

 

The exposure index is determined from: 
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where 

Iso = basic exposure index depending on 

geographical location/global climate 

ks1= factor describing the effect of local 

climate conditions (meso-climate) 

ks2=factor describing the effect of 

sheltering 

ks3=factor describing the effect of 

distance from the ground  

ks4=factor describing the effect of 

detailed design 

ca = calibration factor to be determined 

by reality checks and expert estimates 

 

The exposure index intends to describe 

the severity in terms of combined 

moisture and temperature conditions 

favourable for development of decay 

fungi.  

 

The basic exposure indices Iso were 

calculated for various geographical 

locations. Figure 3 shows calculated 

values for a number of European sites. 

Due to the variation of climate across 

Europe, relative doses between 0.6 

(northern Scandinavia) and 2.1 (Atlantic 

coast in Southern Europe) were 

obtained. 

 

The factors describing the effects of 

local conditions for a building, degree 

of sheltering, distance from the ground 

and the detail design are mainly based 

on expert opinions and investigations of 

existing guidelines for best practice.  

 

The local exposure for a building at a 

given geographical site is assumed to be 

affected by land topography, adjacent 

buildings and distance from the sea. 

Sheltering and distance from the ground 

are important factors for the 

performance of both cladding and 

decking. As an example, the factors for 

coefficients ks2 and ks3 are given in 

Tables 1 and 2 and illustrated in Figure 

4.  

 

The effect of microclimate conditions as 

influenced by the detail design is 

described by the factor ks4 in the 

equation above. In general, different 

details are assumed to be allocated to 5 

different ratings according to Table 3. 

This table describes the rating in generic 

terms, and for practical application it 

will be interpreted slightly different for 

decking and cladding. For example, 

conventional coating systems used for 

decking (e.g. oil systems) do not affect 

the risk of decay significantly. 

Therefore, coatings are not assumed 

relevant for rating of detail design in 

decking, whereas coating systems are 

very relevant for cladding (Thelan-

dersson et al 2011). 

 

5. MATERIAL RESISTANCE 

The design resistance index IRd for 

selected wood materials is determined 

on the basis of a simplified first step for 

a material resistance classification 

according to Table 4. This is based on a 

balanced expert judgement of durability 

class according to EN 350-2 (CEN 

1994), laboratory and field test data, 

experience of treatability and 

permeability for wood species as well as 

experience from use in practice. 



Biological durability is the key factor 

determining performance for wood in 

different use classes. Robust laboratory 

and field test methods make it possible 

to assign a durability rating to timber 

linked to the intended use class 

according to EN 335 (CEN 1992), 

assuming a worst case scenario.  

 

Preservative-treated wood is often a 

combination of mixed treated 

heartwood and sapwood. Sapwood 

should be thoroughly treated and 

enhanced to durability class 1 according 

to EN 350, part 2. Heartwood is more 

resistant to treatment and the 

enhancement can be considered to be 

slightly higher than the natural 

durability class of heartwood for the 

species according to EN 350, part 2. 

Therefore, for preservative-treated 

decking it may be more sensible to take 

a mid-point between the resistance class 

of the treated sapwood and the treated 

heartwood. E.g. for pine heartwood 

treated (resistance class C) and pine 

sapwood treated (resistance class A) the 

overall batch of preservative-treated 

wood should then be classified as 

resistance class B. 

 

For untreated wood if there is a mixture 

of heartwood and sapwood present in 

the wood species then the material 

resistance can either be classified as the 

mid-point between the class of the 

heartwood (resistance class A to D) and 

the sapwood (resistance class E). If this 

risk is not acceptable then the material 

resistance class should be taken as the 

worse case (E), the least resistant 

component of the overall material. 

 

The durability of modified wood, e.g. 

acetylated, furfurylated and thermally 

modified, is specific to the technologies 

employed and may vary between 

specifications for the different 

materials. Expert advice is 

recommended for assigning the material 

resistance class for modified wood. 

 

 

6. VERIFICATION BY REALITY 

CHECK 

All elements in the design system are so 

far only expressed in relative terms. The 

calibration factor ca has to be 

determined to produce a reasonable 

safety level against non-performance.  

The only possible approach at the 

present level of knowledge is to check if 

the system will give reasonable results 

in accordance with generally accepted 

experience. For this reason verifications 

of the guideline against a number of 

reality checks have been carried out. 

Each reality check consists of a case 

from practice, for which the guideline is 

applied and where the real service life 

performance is known.  

 

 

7. SOFTWARE 

In order to facilitate the practical use of 

the guideline, a special software, based 

on MS Excel has been developed, see 

Figure 5.  
 

 

8. CONCLUSIONS  

The guideline with the design tool was 

tested against a number of "reality 

checks", to see if the output agreed with 

known experience and results from 

practice.  The results from this 

validation led to the following 

conclusions: 

 

 The output from the design tool 

agrees reasonably well with 

experience from the practice. 

 The quantification of exposure 

seems to provide reasonable 

results.  

 The quantification of resistance 

is difficult on the basis of the 

limited information normally 

available in practice.  



 

 

 

 More carefully documented 

reality checks are needed to fully 

validate the design tool. 

 A main challenge is to find the 

right balance from the risk point 

of view accounting for 

variability in material resistance 

but also variation in exposure. 

 

The use of this guideline/design tool can 

give the following advantages compared 

to current practice, since the designer 

will  

 

 have a method to consider 

climate conditions at the actual 

geographical site and also to 

some extent local exposure 

conditions.   

 have a simplified way to account 

for the effect of coatings on 

exposure.  

 have to think about the 

consequences of violation of the 

limit state.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 have to go through a check list 

where he/she becomes aware of 

the importance of appropriate 

 detailing solutions.  

 

Even if the factors describing material 

resistance, effects of detailing, contact 

zones, coating systems and maintenance 

are difficult to quantify in a reliable 

way, the use of the guideline can 

generally be expected to lead to better 

solutions. Many users have limited 

understanding of the concept of 

durability by design. Direct descriptions 

of so called best practice solutions are 

quite difficult to use because the 

designer does not understand what 

happens if the solution is modified, 

which is most often necessary.  

 

It is believed that many building 

professionals will appreciate a tool 

within the area of wood durability 

which is structured in a similar way as 

other design tools they are using. 
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·  
·  

· Figure 1. Principle for performance-based service life design of wood elements 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2. Test set up for reference detail of spruce board (cross section 22x95 mm
2
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11. Performance 

      criteria  

 
1. Climate 

2. Design 

3. Surface  

    treatment 

4. Material         

    performance 

5. Design 

6. Location 

7. Material          

    modification 

10. Performance     

      model  

8. Exposure S    

   (variable/function)  

9. Resistance R     

    (variable/function)  

14. Aesthetics 

 

13. Serviceability 

      requirements 

12. Structural 

      safety 

 



 

Figure 3. Climate zones in Europe. Numbers shown indicate relative risk of  

fungal decay.  

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. Illustration of effect of eave overhang and definition of distance from ground.  

 

Eave length e 

W
al

l h
ei

gh
t 

d
=P

o
si

ti
o

n
 o

f 

d
es

ig
n

 d
et

ai
l 

D
is

ta
n

ce
 

fr
o

m
 

gr
o

u
n

d
 

 



 

 

 

Table 1. Effect of sheltering from eave overhang. 

Sheltering: eave to detail position ratio e/d (see Fig. 4) ks2 

e>0.5d 0,7 

e= 0.15d-0.5d 0,85 

e<0.15 d (directly exposed to rain) 1,0 

 

Table 2. Effect of distance from the ground. 

Distance from ground (see Fig. 4) ks3 

> 300 mm 1,0 

100 – 300 mm 1,5 

< 100 mm  2,0 

 

 Table 3. General rating of design details. 

 
Rating Description 

1. Excellent Excellent design with features to maximize water shedding and ability to 

dry when wet 

2. Good Good design with features to provide water shedding and ability to dry 

when wet (corresponds to the reference of a horizontal board without 

possibility of moisture trapping) 

3. Medium Design with a limited probability of water trapping and with some ability 

to dry when wet 

4. Fair  Design with medium probability of water trapping and limited ability to 

dry when wet 

5. Poor Design with high risk of water trapping and very limited ability to dry 

when wet 

 

 Table 4. Resistance rating of selected wood materials and corresponding design 

 resistance index IRd. 

Material 

resistance 

class 

Examples of wood materials* IRd 

A Heartwood of very durable hardwoods, e.g. afzelia, 

robinia (durability class 1) 

Preservative-treated sapwood, industrially processed to 

meet requirements of use class 3 

10,0 

B Heartwood of durable wood species e.g. sweet chestnut 

and western red cedar (durability class 2) 

5,0 

C Heartwood of moderately and slightly durable wood 

species e.g. douglas fir, larch and Scots pine  

(durability classes 3 and 4)   

2,0 

D Slightly durable wood species having low water 

permeability (e.g. Norway spruce) 

1,0 

E Sapwood of all wood species (and where sapwood 

content in the untreated product is high) 

0,7 

* For the majority of wood materials there is variability in material resistance. The material resistance classification 

should defer to local knowledge based on experience of performance of cladding and decking and where this is not 

available field test data and then laboratory test data.  

 



 
 

Figure 5. Illustration of software display 

 


