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Figure 1. Pareto front Simulation with two different wood properties. 
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This research presents an optimization problem, which aims to understand the inherent design 

rules of the shape of a tree. It makes use of a classical optimization problem, the Nowacki beam, 

which consists of a cantilever beam with a point load at the end which seeks to obtain the lowest 

cross-sectional area and bending stress under a set of constraints [1]. Forrester et al. developed 

an algorithm to address this problem [2] by means of machine learning techniques. They began 

defining the beam properties and building a distributed random sampling plan and then 

computed the objective function and constraint functions. The process starts from an initially 

computed dataset that is used to train Kriging models, which are later used as a filling strategy, 

and genetic algorithms, as an optimization strategy. The result of each iteration is added to the 

dataset, and the process is repeated until convergence is found. In this way, the Pareto front 

with the optimal solutions is obtained. 

 

The problem is adapted to understand the relation between the geometry of the tree trunk, 

assumed as a natural optimization, and the mechanical properties of its wood. Abaqus, a finite 

element simulation software, is used to model the training dataset. The model includes 

different features to adequately model timber. Two objective functions (compressive stress 

and Ø/height ratio) and four constraint functions (compressive and tensile stress, shear stress 

and strain) are used in the process. Subsequently, the same filling strategy with Kriging and 

optimization with genetic algorithms is used to search for the optimal solutions [Fig. 1]. Each 

trade-off shows the Pareto front for different wood properties and limits. The x-axis shows 

different Ø/height ratios, and the y-axis represents the highest compressive stress elements of 

each different tree geometry. The solutions obtained after the optimization process show the 

relation between the shape of the tree and the material characteristics that define it. 
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