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 wood underlays large variation 
in material parameters 

 product of nature

 discontinuities 

 dependencies to
environmental conditions

 realistic representation 
of structural capabilities 
with respect to material uncertainties

 sustainable use of construction
material

Motivation

bauwesen.tu-dortmund.de
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Motivation

Rafter and tie beam joint

 design according to DIN EN 1995

 cutting depth 𝑡𝑣

 front wood length

 ultimate load
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Motivation

 influence of uncertain
distribution parameter?

 Fuzzy probability based
random variable
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 Norway spruce specimen

 material strengths

 elasticity moduli 

 all tests according to DIN and DIN EN

 45/30 samples for each test mode

 standard climate conditions

Specimen tests
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 considerably “good” circumstances
broad variety of test results

 no strong correlation between 
geometric/climate conditions 
and test results

Specimen tests
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 preselection of outliers

Specimen tests
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Polymorphic uncertain structural analysis

 characterizing function for precise set

 extension to non-precise data set

 characterizing function        becomes 
membership function 
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 random variable    
cannot be described precisely

 introduction of fuzzy probability

and fuzzy probability distribution

 representation as fuzzy cumulative
distribution with uncertain parameters 

Polymorphic uncertain structural analysis
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Polymorphic uncertain structural analysis

 three loop computational model

fuzzy analysis

stochastic analysis

fundamental
solution
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Polymorphic uncertain structural analysis

 bounds for  

 heuristic approach for bunch parameters, 
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Uncertain structural analysis

 timber board with 4 knotholes

 computation of ultimate loading

 uncertain knothole size

empty knotholes:

knotholes filled:
with branches:
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Uncertain structural analysis

 multi-surface plasticity with hardening and softening rules 
in order to capture specific characteristics of wood

 seven failure modes

 tension in radial direction

 pressure in radial direction

 tension in tangential direction

 pressure in tangential direction

 tension in longitudinal direction

 pressure in longitudinal direction

 shear failure

 TSAI-WU criterion for failure

with yield condition
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Uncertain structural analysis

 evaluation on neural network

 preselection of input parameters 

based on sensitivity analysis

 evidently no significant influence 

of knothole size

 trapezoidal interval distribution parameters 

 triangular distribution parameters  
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Uncertain structural analysis

 7   - levels

 computation 
of uncertain ultimate load 

 multiple quantile values 

 apparently filling type 
minor effect to
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Conclusion

 engineering related process to cope with material uncertainties

 use of generalized uncertainty model

 extension of information compared to deterministic design value

Outlook

 further interpretation of uncertain result variables 
necessary in order to deduce design parameters / decisions

 no correlation of material properties considered

 geometrical distributed uncertain material parameters (fuzzy fields / 
stochastic fields)

 compare with p-boxes


