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Is biomechanics an important
component of tree architecture ?

7t Plant Biomechanics Conference, ClermbBatrand, August 24, 2012



& Introduction

Definition of biomechanics ?
This Is

« a discipline that operates at the interface between
Engineeringnd Biology»

Niklas, 1992

Plant biomechanics ?

Mainly addresses the problem pfant response

(passiveor active) to external loads (static, quastatic or
dynamic)



- Introduction

Why studying tree biomechani€s

Forestry:
economic loss due tavindthrow

Fruit cultivation: 4
fruit tree habit and fruit productlon

Ecology. RS
dynamics of ecosystems o .
adaptation of plants to global Chan %gft«

Wood sciences and technology %%,
wood quality y 0?',"“




- Introduction

Tree architecture Iis an important component of tree (bio)mechani

Case studies on tree resistance to strong winds :
Awind-tree interaction-> tree motion
ARootsoil interaction-> tree anchorage

BUT is (bio)mechanics an important component of tree architectu

Trees are growing structures :
Adefinition of tree architecture
Afeedback between tree growth and biomechanics



o Tree resistance to strong winds
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Questions addressed by urban/cultivated tree managers
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Stand scale

Tree scale
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Tree resistance to strong winds
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Tree at a given growth stage
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& Tree resistance to strong windsTree scale
0 GKS UNBS aol fsSx
Is Tree architecture an important component of tree (bio)mechanit

QUESTION 1
How crown structure influences tree dynamical response?




& Tree resistance to strong windsTree scale

- ¢ NBES Reéy Il Energybalance

Conservative exchanges:

-exchange betweeRinetic energy& elasticstrain potential energy
nsfer of energy through structuralementms

I

Elastic dynamic
behaviour of the

system

Energy dissipatiorirom

0KS aadSy G2 oN.
X  ocdm$ervationat the

tree scale!!l

Wind excitation

Supply of mechanical energy

Damping

Enerqgy dissipation
- material damping (wood property)
- aerodynamiadamping(air friction) ¢
-Structural damping.

ass distribution transferof energy betweercomponﬁtsﬁ@es
-con ang MCUoIT DetweeTT trees araror pranchnes
-dissipation within the roosoil system
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- ¢ NBES Reéy Il Energybalance

Conservative exchanges:

-exchange betweeRinetic energy& elasticstrain potential energy
nsfer of energy through structuralementms

S

Elastic dynamic

behaviour of the
system

ahw9 A yeXiewde Langre, 200AnnuRevFluidMecha

N Damping

Enerqy dissipation

- material damping (wood property)
- aerodynamiadamping(air friction) ¢
-Structural damping.

ass distribution transferof energy betweercompom?ntsﬂ@les
-con ang MCUoIT DetweeTT trees araror pranchnes
-dissipation within the roosoil system




& Tree resistance to strong windsTree scale

¢ NBES Reéy I Energysbalance

Frequencies (f and Damping coefficienty main components
of tree dynamics

Excitation of the tree deformation mode$esonance\

10\

Wind excitation wEE

Supply of mechanical energy

o: wind fequency
Damping dissipates resonance effeefs o, tree eigenfrequency

€. damping coefficient
|G|: energy transfer function
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¢ NBS Reé Yy IMegasuteinent of stem and branches movemen
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. . Temps (s) 20

Coefficients d'ondelettes

Straingagegluedon Scalograms

10branches

deformation (udef)

Signal analysis
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time (s)

o Oscilograms
3inclinometerson

the stem for
measuringlexural

Sellier2005, J Exp Bot and torsion angles.
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¢ NBES Reé Yy IMHAresalts

Foliage removal

—

foincrease®0%
3decrease$0%

Al and A2 haveame

f & Al and A2 have
0

_ differentf,
A2 phasalependingon
their position in the
crown

15%lessdamped 25%lessdamped

Selliey2005, J Exp Bot
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¢ NBES Reé VY IFofcedoscHlations

3 inclinometers at different Towerof wind speed
height along the trunc. measurement

Displacement profiles in
directions x and y

/

Le Bray, summer 2004 f
Wind speed profil
Selliey2008, Forestry



