
▶ Conclusion 

The results of this study show 

that the algorithms to calculate 

moisture induced stresses were 

implemented successfully. The 

process depends on many 

parameters and can therefore be 

complex to understand and pre-

dict. Simulations can help in this 

process. 

Various cross sections subjected 

to different loads were studied 

and the simulations showed that 

maximum stress levels could be 

exceeded. Effects of width to 

height aspect ratios, board layup 

and eccentricity of pith locations 

on tension stress levels were 

studied, compared, and quan-

tified. This showed that smart 

planning and engineering can 

help to reduce the risk of crack 

developments and hence increase 

structural safety. 

▶ Moisture diffusion 

An important parameter that 

influences the magnitude of 

moisture induced stresses is the 

moisture diffusion. In wood, this 

transport takes place through the 

cell walls and the cell lumens, and 

adsorption and desorption be-

tween the two. Factors such as 

specimen size, temperature, 

moisture content, species, dif-

fusion direction, etc. play an 

important role in this process. 

The best known model to solve 

this process is Fick's model.  

Fick's model, applied analytically 

or numerically, gives good overlap 

with experimental values on short 

term. On long term however, dis-

crepancies are found when this 

model is applied for large 

transient changes in moisture 

content. The diffusion model was 

compared to measurements per-

formed at the laboratories of the 

BFH, but also with measurements 

found in literature. The mea-

surements at the BFH were done 

using glulam beams that were 

conditioned at a moisture content 

of 12% and then loaded in a 

climate chamber to achieve a 

moisture content of 23.9%. The 

measurements were used to de-

rive moisture diffusion para-

meters as well. 

▶ Moisture induced stresses 

The stress development in the 

cross section of the glulam beam 

can be subdivided into two parts: 

an elastic and a time-dependent 

part. The latter is often inter-

preted as creep, but this is a 

simplification of two processes 

that are taking place simul-

taneously. Both of the processes, 

creep and mechano-sorptive 

strains, reduce the stress levels. 

The latter requires two input 

parameters to model correctly: 

moisture transport - not content - 

and stress level.  

A simple 1D-model to calculate 

these mechano-sorptive strains 

was implemented in Matlab. 

Additionally, ANSYS was used to 

model stress developments in a 

2D-plane. Both  were used to carry 

out simulations with different 

board layups, geometries, and 

loads. 
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Comparison between  experiments 

and simulations for tangential 

moisture diffusion 

Simulations made for wetting processes with a 1D model and a 

2D FE model, and comparisons with experiments found in 

literature. 

▶ Abstract  

Glulam is an important structural building component of modern large span timber buildings such as 

bridges, ice rinks, production halls, etc. Moisture induced stresses develop in solid and engineered wood 

products like glulam when placed in varying ambient climatic conditions. These stresses are caused by the 

swelling and shrinkage of wood, unequal distribution of moisture and anisotropic material properties. 

Cracks that reduce the load bearing capacity may develop in the outer surface of a cross section during 

drying, and in the inner cross section of wood during wetting, both due to the low tension strength of 

wood perpendicular to the grain. The goal was to understand the development of moisture content and 

stresses in glulam through simulations with a Finite Element Method solver and observations in laboratory 

experiments. Simulations with various geometries and loads were carried out to study their effect on the 

maximum tension stress levels. The comparison of the simulations with the experimental results show 

that the developed numerical methods can be used in the calculation of the moisture induced stresses, but 

that specific characteristics related to long-term moisture diffusion and material response need to be 

added to the algorithms to make reliable predictions. 


