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Is biomechanics an important 
component of tree architecture ? 
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 Introduction 

 
This is 
 
« a discipline that operates at the interface between 
Engineering and Biology »  
 
Niklas ,1992 
  

 
Definition of  biomechanics ? 
 
  

Mainly addresses the problem of plant response  
(passive or active) to external loads (static, quasi-static or 
dynamic) 

 
Plant biomechanics ? 
 
  



  Introduction 

 
Why studying tree biomechanics ? 
 
  

Ecology :  
 dynamics of ecosystems 
 adaptation of plants to global change 

Forestry :  
 economic loss due to windthrow 

Wood sciences and technology :  
 wood quality 

Management of urban trees :  
 risk for people and goods 

Fruit cultivation :  
 fruit tree habit and fruit production 



  Introduction 

 
Tree architecture is an important component of tree (bio)mechanics! 
 
 
  

 
BUT is (bio)mechanics an important component of tree architecture? 
 
 
  

Case studies on tree resistance to strong winds : 
Å wind-tree interaction -> tree motion 
Å Root-soil interaction -> tree anchorage 

Trees are growing structures : 
Å definition of tree architecture 
Å feedback between tree growth and biomechanics 



  Tree resistance to strong winds 

 
Questions addressed by urban/cultivated tree managers 
 
 
  

!ǊŜ Ƴȅ ǘǊŜŜǎ ǎǘǊƻƴƎ ŜƴƻǳƎƘ ǘƻ ǊŜǎƛǎǘ ǎǘǊƻƴƎ ǿƛƴŘǎΧ 
Χ ƻǊ ƻǘƘŜǊ ǎǘǊƻƴƎ ŦƻǊŎŜǎΚ 

Stand scale 

Tree scale 



  Tree resistance to strong winds 

 
¢ƘŜ 9ƴƎƛƴŜŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΧ 
 
 
  

Static structure 

Tree at a given growth stage 

= 



  Tree resistance to strong winds ς Tree scale 
 
!ǘ ǘƘŜ ǘǊŜŜ ǎŎŀƭŜΧ 
 
 
  

Is Tree architecture an important component of tree (bio)mechanics? 

QUESTION 1  
How crown structure influences tree dynamical response? 



Wind excitation 

Supply of mechanical energy 

Damping 

Energy dissipation : 
- material damping (wood property) 
- aerodynamic damping (air friction) 
-Structural damping 
   (mass distribution + transfer of energy between components and modes) 
-contact and friction between trees and/or branches 
-dissipation within the root-soil system 

Elastic dynamic 
behaviour of the 

system 

Conservative exchanges: 
-exchange between kinetic energy &  elastic strain potential energy 
-transfer of energy through structural elements and modes 

Energy dissipation from 
ǘƘŜ ǎǘŜƳ ǘƻ ōǊŀƴŎƘŜǎΧ 
Χ ōǳǘ conservation at the 
tree scale!!! 

  Tree resistance to strong winds ς Tree scale  
¢ǊŜŜ ŘȅƴŀƳƛŎǎΧ 
 
 
  

Energy balance 



Wind excitation 

Supply of mechanical energy 

Damping 

Energy dissipation : 
- material damping (wood property) 
- aerodynamic damping (air friction) 
-Structural damping 
   (mass distribution + transfer of energy between components and modes) 
-contact and friction between trees and/or branches 
-dissipation within the root-soil system 

Elastic dynamic 
behaviour of the 

system 

Conservative exchanges: 
-exchange between kinetic energy &  elastic strain potential energy 
-transfer of energy through structural elements and modes 

Energy dissipation from 
ǘƘŜ ǎǘŜƳ ǘƻ ōǊŀƴŎƘŜǎΧ 
Χ ōǳǘ conservation at the 
tree scale!!! 

  Tree resistance to strong winds ς Tree scale  
¢ǊŜŜ ŘȅƴŀƳƛŎǎΧ 
 
 
  

Energy balance 

review de Langre, 2008, Annu Rev Fluid Mecha ahw9 ƛƴΧ  
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: wind fequency 

n: tree eigenfrequency 
: damping coefficient 

|G|: energy transfer function 

Excitation of the tree deformation modes - resonance 

Damping dissipates resonance effects 

Wind excitation 

Supply of mechanical energy 

  Tree resistance to strong winds ς Tree scale 

Energy balance 
 
¢ǊŜŜ ŘȅƴŀƳƛŎǎΧ 
 
 
  

Frequencies (fi) and Damping coefficient (˅) main components 
of tree dynamics 



Strain gages glued on  
10 branches 

3 inclinometers on 
the stem for 

measuring flexural 
and torsion angles. Sellier, 2005, J Exp Bot 

pinus Pinaster  
saplings (4 y-old) 
 

Measurement of stem and branches movements 
 
¢ǊŜŜ ŘȅƴŀƳƛŎǎΧ 
 
 
  

  Tree resistance to strong winds ς Tree scale 
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  Tree resistance to strong winds ς Tree scale 

Main results 
 
¢ǊŜŜ ŘȅƴŀƳƛŎǎΧ 
 
 
  

Sellier, 2005, J Exp Bot 

A1 and A2 have same 
f0 

ɝ decreases 60% 

f0 increases 90% 

Foliage removal 

A1 and A2 have 
different f0 

A2 phase depending on 
their position in the 
crown 

15% less damped 25% less damped 



Le Bray, summer 2004 

3 inclinometers at different 
height along the trunc. 

Tower of wind speed 
measurement 

Displacement profiles in 
directions x and y 

Wind speed profil 

  Tree resistance to strong winds ς Tree scale 

Forced oscillations 
 
¢ǊŜŜ ŘȅƴŀƳƛŎǎΧ 
 
 
  

Sellier, 2008, Forestry 


