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Use classes

(UC)

Durability classes
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Very

durable

Durable Moderately

durable

Slightly

durable

Not durable

1 + + + + +

2 + + + (+) (+)

3 + + (+) (+)/(-) (+)/(-)

4 + (+) (+) - -

5 + (-) (-) - -

+ = natural durability sufficient

(+)
= natural durability is normally sufficient, but for certain end uses

treatment may be advisable

(+) /(-)
= natural durability may be sufficient, but depnding on the wood species, 

ist permeability, and end use, preservative treatment may be necessary

(-)
= preservative treatment is normally advisable, but for certain end uses

natural durability may be sufficient

- = preservative treatment necessary

 Non – continuous process

Results in the conclusion whether a material is suitable 

for a certain exposure or not 

Gives no information about the service life or performance 

of a material in a quantitative manner

Guidance on durability



Objectives

• Current rethinking within European standardization 

bodies claims

…the development of performance related classification 

systems for timber products

…delivery of respective performance data 

• The first attempts for comprehensive approaches to 

predict performance: e.g. WoodExter, WoodBuild, 

PerformWood, DuraTB



DEd = Exposure dose

(based on temperature and wood MC)

DRd = Resistance dose

(material property)

Exposure (DEd) ≤ Resistance (DRd)*

Acceptance for a chosen design, if…

Performance-Modelling
 Design principle

* Isaksson et al. (2014) & Brischke et al. (2014) 
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Exposure Model

Macro climate
(RH, T, Rain, …)

Reference material climate
f (MC, T)

FEM

• Starting point: series of 
macro-climate data

• Derive a reference material 
climate

Reference:

Horizontal Norway spruce 
board without water traps 

Reference location: 
Uppsala, Sweden



Exposure Model

- based on Fick’s second law of diffusion

- taking into account RH, T and precipitation
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Decay model

Response (e.g. fungal decay)

Dose (material climate)



Decay model

1 Oslo

2 Uppsala

3 Taastrup

4 London

5 Watford

6 Portsmouth

7 Gent

8 Bordeaux

9 Ljubljana

10 Zagreb

11 Hamburg

12 Reulbach

13 Essing

14 Heilbronn

15 Heidelberg

16 Dobel

17 Schömberg

18 Stuttgart

19 Bühlertal

20 Hornisgrinde

21 Oberrottweil

22 St. Märgen

23 Hinterzarten

24 Freiburg

25 Feldberg

• Horizontal double-layer tests at 25 different sites in Europe

• Daily recording of T and MC

• Annual assessment of fungal decay

• Exposure: 4 - 8 years



Decay model



Exposure ≤ Resistance
Decay-

Model

Exposure-

Model

Resistance-

Model

• Climate

• Design

• Surface 

treatment

• …

• Fungi

• Termites

• Insects

• Marine 

organisms

• …

• Inherent 

protective 

properties

• Wetting ability

• Susceptibility 

to cracks 

• …

Performance-Modelling
 3 step approach

Site specific decay hazard



Decay hazard

• Exposure model & decay model

 Meteonorm database

 Annual dose for each location

 Reference site: 

Uppsala, Sweden (dose = 1.0)

 Describes the climatic effects 

for the reference object
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DEd = Exposure dose

(based on temperature and wood MC)

DRd = Resistance dose

(material property)

Exposure (DEd) ≤ Resistance (DRd)*

Acceptance for a chosen design, if…

Resistance model
 Design principle



DEd = Expositions-Dosis

(basierend auf Temperatur und Holzfeuchte)

DRd = Resistenz-Dosis

(Materialeigenschaft)

Exposure (DEd) ≤ Resistance (DRd)*

Acceptance for a chosen design, if…

DRd = Resistance dose 

(material property)

Resistance model
 Design principle
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Bergen
Oslo

Ås

Basis 1:

•Field tests above ground at 3 locations in Norway 

•25 materials exposed for 10 – 12 years

Bergen Oslo Ås

Resistance model



Basis 2:

• Corresponding lab test data for kinh & kwa :

Resistance model

‘Wetting ability’ (kwa)

‘Inherent resistance’ (kinh):

Liquid water 
uptake

(submersion)

Vapour water 
uptake

(100 % RH)

Water release
(desorption
at 0 % RH)

Capillary
water uptake
(tensiometer)

 Model is open to consider further tests

White rot
(Basidiomycete tests)

Brown rot 
(Basidiomycete tests)

Soft rot
(Soil contact tests)



Resistance model
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R² = 0,912

R² = 0,875

R² = 0,847

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0 500 1000 1500 2000 2500 3000 3500 4000

Resistance dose (DRd = Dcrit • kinh • kwa) [ d ]

Response = Decay rate [ Rating / year ]

Bergen

Mean

Ås

Oslo



Exposure ≤ Resistance
Decay-

Model

Exposure-

Model

Resistance-

Model

• Climate

• Design

• Surface 

treatment

• …

• Fungi

• Termites

• Insects

• Marine 

organisms

• …

• Inherent 

protective 

properties

• Wetting ability

• Susceptibility 

to cracks 

• …

• 3-step modelling approach: 

 Design guidance & Performance prediction

Conclusion
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Ratio: Detail 6 (horizontal contact face) : Detail 1 (reference detail) = 1.25
 Detail 6 performs 1.25 times worse than reference

Principle of relative performance

1 = reference detail

6 = horizontal contact 


