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Tree biomechanics: time and spatial scales vs objectives
(Adapted from Fourcaud, Moulia & Constant, PlantVirt 2008)
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Application of the FEM at the tree level : tree anchorage
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Application of the FEM at the tree level : tree dynamics

Level of description: tree architecture
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Sellier et al., Tree Physiol 2006
Sellier et al., Forestry, 2008

Dynamical model :

Damping matrix (Rayleigh’s hypothesis) :

Drag forces :



Application of the FEM at the tree level : form regulation and growth stresses

Level of description: tree architecture
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Fourcaud & lac, Trees 2003
Fourcaud et al., Trees, 2003
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Application of the FEM at the tree level : form regulation and growth stresses

Level of description: tree architecture

From Fourcaud et al., Trees, 2003



Application of the TMM at the population level : stand stability to wind

Level of description: tree stem + agregated crown

From Ancelin et al., AFS 003
& Ancelin et al., FEM 2004



Application of the TMM at the population level : stand stability to wind

Level of description: tree stem + agregated crown

From Ancelin et al., FEM 2004



From Ancelin et al., FEM 2004

Application of the TMM at the population level : form regulation and growth stresses

Level of description: tree stem + agregated crown



Application of the TMM at the population level : form regulation and growth stresses

Level of description: tree stem + agregated crown

Ancelin et al., AFS 2003
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{Beam elements

Linear, quadratic…

{Predefined: circular, others

Numerical integration

Multi-layer

{Elasticity, plasticity, visco- 

elasticity, etc…

Isotropic, orthotropic,…
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The PlantBioM library
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#D:/Mes Donnees/WorkDir/AMAPsim/Output\pinoir_9_0.mtg
#Tue Oct 07 22:07:48 2008

CODE: FORM-A

CLASSES:
SYMBOL SCALE DECOMPOSITIOINDEXATION DEFINITION
$ 0 FREE FREE IMPLICIT
P 1 CONNECTED FREE EXPLICIT
B 2 LINEAR FREE EXPLICIT
U 3 LINEAR FREE EXPLICIT
E 5 LINEAR FREE EXPLICIT

DESCRIPTION :
LEFT RIGHT RELTYPE MAX
B B + ? 
U U + ? 
U U < 1
E E + ? 
E E < 1

FEATURES:
NAME TYPE
XX REAL
YY REAL
ZZ REAL
Dia REAL

MTG:

ENTITY-CODE XX YY ZZ Dia
/P1
^/B1 0 0 0 3.9048
^/U1
^/E1 9.99997e-005 0 2 3.864
^<E2 0.0002 0 3 3.8436
^<E3 0.0003 0 4 3.8232
^<E4 0.0004 0 5 3.8028
^<E5 0.0005 0 6 3.7824
^<E6 0.0006 0 7 3.762
^<E7 0.0007 0 8 3.7416

^/U1
^/E1 -2.7744 -1.13116 16.117 0.869943
^<E2 -3.69839 -1.50768 16.1839 0.859257
^<E3 -4.62142 -1.88381 16.2648 0.848571
^<E4 -5.54331 -2.25947 16.3596 0.837886
^<E5 -6.46389 -2.6346 16.4683 0.816514

^/U1
^/E1 -7.75945 0.39673 16.0269 0.5958
^<E2 -8.15103 1.31293 15.9418 0.5856
^<E3 -8.54327 2.23068 15.8795 0.5754
^<E4 -8.93597 3.1495 15.84 0.5652
^<U2
^/E1 -10.1148 5.90758 15.8586 0.5346
^<E2 -10.5072 6.82588 15.9104 0.5244
^<E3 -10.8991 7.74285 15.985 0.5142
^<E4 -11.2903 8.65802 16.0824 0.504

^<U2
^/E1 -9.2159 -3.75603 16.8778 0.763086
^<E2 -10.1294 -4.12827 17.0419 0.7524
^<E3 -11.0407 -4.49962 17.2198 0.741714
^<E4 -11.9496 -4.86999 17.4115 0.720343
^<E5 -12.8559 -5.23931 17.6169 0.709657
^<E6 -13.7595 -5.60751 17.8359 0.698971
^<E7 -14.6601 -5.97452 18.0686 0.688286

MTG

from Godin and Caraglio, JTB 1998

Encoding plant architecture 



#Mon Sep 03 16:26:45 2007

#file D:/AmapsimTravail/pinoirmil.fpa
#age 9
#seed 0

CODE: FORM-A

CLASSES:
SYMBOL SCALE DECOMPOSI INDEXATION DEFINITION
$ 0 FREE FREE IMPLICIT
P 1 CONNECTEDFREE EXPLICIT
U 3 LINEAR FREE EXPLICIT

DESCRIPTION :
LEFT RIGHT RELTYPE MAX
U U + ? 

FEATURES:
NAME TYPE

XX REAL
YY REAL
ZZ REAL
Dia REAL
Mass REAL

MTG:

ENTITY-CODE XX YY ZZ Dia Mass
/P1 0 0 0 4.7616 0,00
^/U1 0.000704967 2.07293e-013 8 4.6188 0,00
^<U2 0.0019097 3.73978e-013 20 4.374 3,21
^<U3 0.00331413 5.01184e-013 34 4.0884 2,90
^<U4 0.00701883 5.0703e-013 71 3.3336 3,08
^<U5 0.0105239 5.05157e-013 106 2.6196 2,50
^<U6 0.0135287 5.18161e-013 136 2.0076 1,12
^<U7 0.0163337 5.36991e-013 164 1.4364 0,76
^<U8 0.0185386 5.85053e-013 186 0.9876 0,78
^<U9 0.020443 6.21346e-013 205 0.6 0,35

MTG for a single stem…
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Encoding plant architecture 
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Example of an Abaqus input file



Open discussion and demos…

from AMAPsim to Abaqus
FOREOLE in Capsis

about AMAPméca

PlantBioM in Scilab…

Other…


	Towards a generic method for the numerical analysis of tree biomechanics
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15

