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ABSTRACT 

A new adaptive strategy to efficiently exploit velocity discontinuities in 3D finite-element-based 
upper bound limit analysis formulations will be presented [1,2]. Based on an initial upper bound 
result, obtained with a conventional approach without velocity discontinuities, possible planes of 
plastic flow localisation are determined at each strain-rate evaluation node and, subsequently, this 
information is used to sequentially introduce discontinuities into the considered discretised structure. 
To make this method also applicable for orthotropic strength behaviours, traction-based yield 
functions defining the plastic flow across discontinuities are derived from their stress-based 
counterparts.  

By means of three different examples, including isotropic as well as orthotropic yield functions, the 
performance of the proposed strategy is investigated and upper bound results as well as failure modes 
are compared to reference solutions. The proposed approach delivers reliable upper bounds for each 
example and the majority of plastic flow takes place across the sensibly-arranged discontinuities. 
This represents an attractive alternative to commonly-used adaptive mesh refinement strategies, 
where often a huge number of degrees of freedom need to be added to capture localised failure. 

Finally, we combine 3D limit analysis approaches and a knot reconstruction algorithm to predict the 
bending strength of CLT plates under concentrated loading [3]. Thereby, also non-constant strength 
property distributions are considered using an appropriate stochastic approach. For the latter, data 
collected during the grading process of wooden boards is condensed into so-called strength profiles 
for single wooden boards. The limit analysis approach then allows a time efficient simulation of a 
large number of randomly assembled CLT plates. The comparison of the resulting strength 
predictions to experiments shows good agreement with respect to both the mean load bearing 
capacity and the statistical scatter of strength. 
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