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cies but on their form, because open-grown trees usually grow with considerable branch mass and the dynamic response in winds may 
be different to other tree forms. Methods of dynamic analysis applied to trees are reviewed. Simple tree models have been developed to 
understand tree dynamic responses, but these largely ignore the dynamics of branches. More complex models and finite element analy-
ses are developing a multimodal approach to represent the dynamics of branches on trees. Results indicate that material properties play 
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containers appeared to inhibit growth in horizontal roots closer to the substrate surface, and resulted in a vertically oriented root sys-
tem. In contrast, growing trees in 3.8 L and 9.5 L containers with exceptionally porous walls produced a more horizontal-oriented root sys-
tem similar to well-anchored trees in the landscape. Vertical roots were discouraged from developing due to an elevated and porous bot-
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ated by winching trees at two bending stresses to simulate wind events. Interaction between propagation container type and root prun-
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ity) immediately following pulling was greatest for trees with the most root CSA deflected by the 9.5 L container; trees with straighter 
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Abstract. Tree assessment relies on identifying and assessing structural conditions to predict failure. The tree is a complex struc-
ture made of live composite materials where multi-axial stress conditions exist in the interaction of the branches between external 
and internal forces. Failure criteria included bending moment and torsion, while also considering the wood as an orthotropic mate-
rial. Ash (Fraxinus spp.) tree branches that failed in natural conditions demonstrated to be subject to both torsion and bending moment 
upon failure. Maximum stress values measured in controlled failure experiments demonstrated excellent agreement with the crite-
ria used in the study, thus obtaining a curve extending from pure bending moment failure, pure torsion failure, and combination of both. 
From these experiments, the ultimate values determined for the tree species tested were X̅ = 75.5 MPa for pure bending and Z̅ = 11.2 
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	 Key Words. Ash; Bending Moment; Failure; Failure Criteria; Fraxinus uhdei; Torsion; Orthotropic Material.


