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Tassement en profondeur: une menace pour
les services ecosystemiques des sols

Habitat des organismes
Croissance racinaire
Aération
Drainage
Purification de l'eau

Dégradation des contaminants
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Le poids des machines augmente |
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Tassement des horizons profonds

* Une menace pour les services écosystémiques des sols
e Les contraintes transmises augmentent avec le poids des engins
* 'amélioration des horizons profonds est tres lente voire inexistante

—> Nous avons besoin de prévention!

— Quelle méthode d’estimation du risque ?



Methode d'estimation du risque

e La détermination des contraintes ne suffit pas

e La détermination de la résistance du sol ne suffit pas

» |l faut une comparaison contrainte-résistance pour
des conditions machine et sol données
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Estimation des contraintes dans le sol

Dimensions du pneu
Charge

Pression de gonflage

Taux d’argile

Densité apparente
Potentiel matriciel
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Le modele FRIDA

Une loi de puissance \

(parametre )
Distribution des contraintes Modéle

dans la direction de roulage

Mesures
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Schjgnning et al., 2008; Keller, 2005. Biosystems Engineering



Mesures des contraintes au contact pneu-sol
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e FRIDA : distribution des contraintes
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Lamandé and Schjgnning, 2008, Journal of Terramechanics



Distribution des contraintes dans le sol

La solution de Boussinesq
(Boussinesq, 1885)
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Distribution des contraintes dans le sol

La solution de Boussinesq
(Boussinesq, 1885)

(normal load)

Soil surface

G, (vertical stress at a given point in soil)
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Distribution des contraintes dans le sol

e Le facteur de Frohlich, v (Frohlich,1934)

e La solution de Boussinesq :v =3

e Concentration des contraintes quand v > 3 v=3 v=>3

e vaugmente quand le sol est plus souple
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Distribution des contraintes dans le sol

Nokian 800/50R34
Charge = 6t
Pression de gonflage = 100 kPa
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Estimation de |la résistance du sol

log stress (kPa)
0 1 2 3

* Expression de |a résistance a comparer aux contraintes

—> Fonction pour I'estimation de la contrainte de compression, g,
e Essai de compression avec un oedometre

Void ratio

 Détermination a partir de données accessibles et robustes "

[0pc = —26.51 + 25.57 X Densite apparente — 20.40 X Argile + 10.26 X Argile X log |Potentiel matriciel]

[1.33-1.73 g cm3] [0.12-0.46g g] [25 — 1995 hPa]

(Schjgnning & Lamandé, 2018, Geoderma)



Vertical stress (kPa)

:

La reésistance = contrainte de compression ?

 Déformation résiduelle observée pour des contraintes inférieures !
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La reésistance = contrainte de compression ?

3.5

Keller et al., 2012, Soil Sci.

Stress/PCS (kPa kPa-1)
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Estimation de |la résistance du sol

Densité apparente Opc sol humide
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Charge max. selon les conditions sol-pneu
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www.terranimo.dk

Welcome to Terranimo® International
Terranimo® is a model for

prediction of the risk of soil

compaction due to agricultural

. ® S
Start Terranimo ™~ by clicking Terranimo® Belgium-Flanders Terranimo® Finland

one of the buttons to the right

Web site provided by Aarhus University, Faculty of Science and Technology. Department of Agroecology.
Photo: H.C. Thomsen. Report technical problems to webmaster: Poul Lassen.
Version 2.1, Build: 6941, Release date: 02 January 2019.
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a* Home ,,@ Help / Introduction ,,-.'-_'-' Creats report |

7 Select machine . 4 Describe site . - Results: Contact stress

TERRANIMO ® GLOBAL

" Results: Profile soil strength and stress

Language | English v || Login

Select machine @

.-'Ir_||-
5 7330 HP tractor
O=AC )

fn

)WD HF tractor
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N ;‘\]9(} HP tractor
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A

{ﬁq E—;ﬂ Beet harvester

e
C .
: E:T'h"@@ Combine harvester

T

~0-6"

S Potato harvester
Fe—"

%j&%ﬁelf-propelled sprayer

Coleas.d, Slurry spreader

‘Forage harvester

330 HP tractor Slurry spreader

Click tyre icon to change tyre
Hold mouse over a tyre icon or axle icon to see specification

&

A=
A=
A=

&

#ﬁ’@j Beet harvester
F - — 1 (]

/Q: Big baler
@3

; . @;J Fertilizer

© ™ Four wheeled straw wagon

Mounted fertilizer

Mounted sprayer

_ﬁﬂ Potato harvester

m Slurry spreader

A —60

|
-’M Slurry spreader
.=TL—,=—&:TWD wheeled straw wagon

MNo implement

Slurry spreader

Type the technical name of the tyre you want to use (e.g. 800/50R34).
The system will display the options available in the data base.

Traction ¥/ Implement

Select tyre
.H Save “x Cancel

@ Recommended pressure [bar] v
Pressure [bar] 1.2 { | ] |
0.8 1.3 1.8 2.3 2.3
Load [kg] 6000 M
500 1500 2500 3500 4500 5500
.H Save || X Cancel

b
3.3 3.8 4.3 4.8
b
6500 7500 8300 9500 10500
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Login

| ‘i‘ Home || 0 Help / Introduction || 'Z] Create report | TE RRANIMO ® DAN MARK Language | English

# Select machine 1 # Describe site A & Results: Contact stress ?"_ﬁ 2 Results: Profile soil strength and stress A
Site information @
Tillage () Yes (only if recently ploughed) '®' No
Soil texture @ Soil water @
'® Automatic by soil type ' Manual texture ' Texture from soil database '® Automatic by wetness ' Manual matric potential *' DAISY matric potential
Select wetness | Moist |
Select soil type | JBG - |
Mo. Bottom Clay Silt Sand Organic matter Bulk density Mo. Bottom Matric potential
[em] [%e] [%] [%e] [%e] [g/cm’] [em] [hPa]
1 10 12.7 258 B1.7 26 1.53 1 10 100
2 20 12.7 25.6 b1.7 26 1.53 2 20 100
3 30 12.7 21.9 B5.5 0.5 1.64 3 30 100
4 40 127 21.9 B5.5 0.5 1.64 4 40 100
5 50 12.7 21.9 B5.5 0.5 1.64 5 50 100
b 60 12.7 21.9 B5.5 0.5 1.64 ) 60 100
7 70 12.7 21.9 B5.5 0.5 1.64 7 70 100
] 80 127 21.9 B5.5 0.5 1.64 ] 80 100
9 90 13.3 23.9 B2.8 0.2 1.72 9 90 100
10 100 133 23.9 62.8 0.2 1.72 10 100 100
11 110 13.3 23.9 b2.8 0.2 1.72 11 110 a0
12 120 13.3 23.9 b2.8 0.2 1.72 12 120 80
13 130 13.3 23.9 B2.8 0.2 1.72 13 130 70
14 140 133 23.9 62.8 0.2 1.72 14 140 60
15 150 13.3 23.9 b2.8 0.2 1.72 15 150 50
Resat soil and water to default




| & Home |@ Help/Introduction || T8 Create report | TERRANIMD® DANMARK Language | English v || Login |
2 Select machine \i\ [ Describe site | 22 Results: Contact stress 11'-,& & Results: Profile soil strength and stress \\
Results: Contact stress @
® Surface ' Contour
Contact stress [surface]
400
] \N\
_--'"'-_-_.-.-.
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300 —-""“‘r—-’-ﬂr___.,-:ﬁ \\‘ \\._ 2
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20— | T~ T~ £
150 f—"" P T~
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100 T
a0
13
-3 100
0 G
4 2 - . . — 50
Across the tyre DOriving direction
-1
— 0
; Wheel load Pressure  Recommended pressure Contact area Mean ground pressure Maximum stress
Select machine  Axle Wheel Tyre [ka] [bar] [bar] (] [kPa] [kPa]
9
330 HP tractor  Front axle Right Michelin, Axicbib 600/70R30 1968 0.6 0.6 0.390 42 93
330 HP tractor ~ Rear axle Right Michelin, Machxbib 650/85R38 7052 1.4 1.4 0.628 110 203
Slurry spreader Front axle Right Mokian, ELS Radial 710/55R34 4500 0.7 0.7 0.586 75 139
Slurry spreader  Mid axle Right Mokian, ELS Radial 710/55R34 6000 1.2 1.2 0.610 a7 180
Slurry spreader Rear axle Right Mokian, ELS Radial 710/55R34 6000 3.0 1.2 0.445 132 321
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/% Home

Help / Intreduction

T Create report

TERRANIMO® DANMARK

Language  English

# Select machine # Describe site i Results: Contact stress ] = Results: Profile soil strength and stress
Results: Profile soil strength and stress @
® Compare soil strength and stress
Compare soil strength and stress
Clay Depth 330 HP tractor 330 HP tractor Slurry spreader =hrry spreader Slurry spreader hatric
[%] [tm] Frort axle Rear axle Frort axle Micl zxle Rear axle patertial
[hPa)
127 31[' _ 100
127 0ao / / / / / 100
127 05 100
12.7 0.4- / / / / / 100
127 I:I.S _ 100
127 0 100
127 I:I.T _ 100
127 I:I.B _ 100
13.3 v 100
13.3 1 .I:I _ 100
13.3 11— a0
133 1o- a0
13.3 1 '3 _ 70
133 - B0
13.3 ' a0
1 5 = T T T T T T T T T T T T T T T
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400

Strength and stress [kPa] Strength and stress [kPa] Strength and stress [kPa] Strength and stress [kPa] Ztrength and stress [kPa]

The limit between green and yellow indicates soil strength estimate, and the limit between yellow and red gives strength 50% higher than estimated. The lines show vertical soil stress.

The intended traffic should not be undertaken if the lines runs within the red area (especially for layers deeper than 0.5 m). We suggest one or more of the following actions: 1) change tyre, reduce inflation pressure (primarily affecting
stresses in upper soil layers), 2) reduce wheel load (primarily affecting stresses in the deeper soil layers), and/or 3) wait with the intended traffic to soil water content has reduced (which will increase soil strength).

Click tyre icon to select tyre for changing load and pressure
Hold mouse over a tyre icon to see specification

Fecommended pressure [bar] ¥

Fressure [bar]

Load [kg]
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Limites de cette méthode d’estimation du
risque de tassement

5 roues
’g __________________________ 7 t de charge
< 3 bar de pression
Q.
1 roue 8 _________________________
12 t de charge ‘
1.5 bar de pression 4 .. B [ o Upakket

—4— 6 tons, traktor-trailer (5 hjul)
—{1+— 12 tons, selvkagrende (1 hjul)

100....|....|...|....|....|.
0.0 0.5 1.0 1.5 2.0 2.5

Penetration resistance (MPa) 28



Limites de cette méthode d’estimation du
risque de tassement
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Validation de la méthode

0.33-0.37 m

Chenille
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Conclusions et perspectives

e || faut continuer les investigations |
- Evaluation du risque pour une roue sans traction
— Comment inclure les effets de la traction ?

— Comment inclure les effets de plusieurs roues?

©Bakker.com
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