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Introduction

Matériaux: Melange of 40% limon and 60% bentonite;

Densites seches initiales: 1,27(L) and 1,55(D) Mg/m?3;
Succion initiale de 20 MPa;

Cycles de séchage et humidification entre 20 et 0 MPa.
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(Nowamooz and Masrouri, 2010)
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Introduction

L§ L

Structure interne initiale avant les cycles hydriques;
Densités seches initiales: 1,27(L) and 1,55(D) Mg/m3,
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Introduction

" Structure interne finale apres les cycles hydriques successifs;
" Densiteés seches initiales: 1,27(L) and 1,55(D) Mg/m?3,
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Introduction

Modéles théoriques pour les sols argileux gonflants

» Contrainte totale > Contrainte effective
v
BExM (Alonso et al. 1999) v Wheeler et al., 2003
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Interaction Sol—-Atmosphére :

Water balance _ Energy balance

P : Précipitation

Ta : Température (air) ] - ]
Bilan d'eau hr : Humidité relative Bilan d'énergie
P-(I int+Roff)=Et+ I inf u:Vitesse du vent Rn=G+H+LeFt
Iint : Interception

Evapotranspiration

Roff : Ruissellement
Rsi : Rayonnement globale
e0 : La pression de vapeur

saturante a Ta
ea : La pression de vapeur de l'air l

=0

!

Ry
o

4) Et 1) Rn=f(Ts) 2) H 3) LeEt
]
I inf=P-(I int+Roff)-Et G=Rn-H-LeFEt

Precipitation :

/

R, (W/m?) et Radition,

G (W/m?) Heat Flux,

(es - ea) Vapor pressure deficit

Average air density,

Air heat specific,

A slope relation between air temperature and pressure,

Psychrométriic constant - (Pa/°C),

r. and r, are the surface airodynamic resistances.

. - 0 '
Iinf - A—— G=f(Ts)

Sol non saturé
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Net Radiation Rn:

Heat flux in soil G:

Sensible heat flux (H):
=h -
Latent heat flux (LeE):

gl wo-
=1, 267 W= )




Couplage Hydro—Thermique
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Végétation (Feddes et al. 1978) :
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Tassement (Retrait—gonflement) :

. a) |  b) |
Loose soil Dense soil
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h
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Tassement (Retrait—gonflement) :

Corrélation de ks et As avec les parametres géotechnique de base :
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Tassement (Retrait—gonflement) :

Corrélation de ks et As avec les parametres géotechnique de base :
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Approche numérique
Organigramme de la modélisation numeérique :

Input climatic parameters
(P, Ta,RH,U2,Rs)
or o or or X +
CO) 5z = e (>\7:,7-(9)a,—£j)— Cua; Ers _Soﬂ—atrposphere
20 o - interaction model
azg[K(w)(%+ D] —|5C %, %) I | I
Water balance Energy balance —— _
: (Iinf) (Ts) Initial suction
Vegetation effect | | time series
I Time Variable k,& A, =A In(Ao )+ B
s R - ¢ Atmospheric B.C. M
)= @ (@.y,2)5t L pot
T,y= ET. [1 — exp(—k. LAI)] Hydro-Thermal Loading conditions: Input soil physical parameters :
S0l = &eI9y Soil Model C(0)= C,6, + Coby + C,0 Applied stress: Ao, PI, LL, SL, ¢,, w, ¥g
Epot - Efzﬁ(‘ — ijpot )\U (9): bl -+ 629 -+ b390.5
Unsaturated Flow — ey — €
& Heat transport A=f(O) S, & Sotrink Fa = log (50)
Str
| P €4 — Csh
s S
%m 2 k & A ].Og (Str
= 1 — 1— S . . S d shrink
K(Se) =K. S ( e )] Input soil retention and
0 . 0, — 0, R thermal parameters S, = 0.214 exp 4.54,
4 1+ |ay|?]™ (SWRC, Ks, C, A) S iring = 7 64,5, —3-264 ]
o(h) = o Shrink - Swell model
0, h > 0 — —
Initial conditions
(Ts, 6) AH = & €1 — € g,
= 1+ e
Output: Suction, Water content \ 4
and Temperature Spatio-temporal .
variations So1l movements
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Application de 1’ approche :

Site de Roaillan, instrumenté dans le cadre du projet ARGIC :
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South side

Source : BRGM |
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des argiles

West side

Extensometer

diameter

Theta 1 (1m)

R

Theata 2 (1m)

Considered
area in the
Cross section

B-B'

Theta 7 (1m)

South side

Ho®

West side

—1B' East side

Theta 6 (3
@® [ J eta 6 ( m)H
Theta 4 (2m)
Theta 3 (1m)

~

— L

- -

Representation of the building

Expérimentation et modélisation numerique de retrait/gonflement

x i

Considered
area in the
Cross section
A-A'

EE Suction probes

@ TDR probe (profile)
@ Water content probe

. Extensometer

‘ Core samples

with the sensors.



Application de 1’ approche :
Caractéristiques physiques
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Soil identification parameters (Mathon and Godefroy, 2015).
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Application de 1’ approche :

Profile géotechnique:

1

Le P

Thermal energy balance Water/mass balance

‘ Water content probes

Soil surface temperature (Ts)

Infiltration rate (I inf)

Root Water Uptake (RWU)
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South angle profile

North angle profile
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Application de 1’ approche :
Instrumentation In-situ:
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Application de 1’ approche :
Maillage d'élements finis:

Atmospheric B.C.

No flux B.C.
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Free drainage B.C. Free drainage B.C.
Finite element mesh and the boundary conditions- Finite element mesh and the boundary conditions-
South angle North angle
CFM5-06/03/2025 Expérimentation et modélisation numérique de retrait/gonflement
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No flux B.C.



Application de 1’ approche :
Parametres des sols

Layer 1-Clayey Loam - Estimated V.G. SWRC for top layer
0.5 — — — Layer 2-Clay - Fitted V.G. SWRC at 2.3 m depth 0.6 : - , Layer 1-Loam - Estimated SWRC 2
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: = == = Measured SWRC of the soil sample collected at 4.3m depth @ Layer 2&3-Typical clayey soil data (Lu, 2015)
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Application de 1’ approche :

Model Hydro-thermal parameters

Parametres des sols

Angle Couche Profondeur (m)
1 0-1.5m 0.0059 1.48 0.47 0.1 0.5 650 0.243 0.393 1.534 1.4
Nord 2 1.5-4m 0.00042 2.3 0.335 0.135 0.5 100 -0.197 -0.962 2.531 1.43
3 4-5.5m 0.00027 2.5 0.28 0.132 0.5 5 -0.197 -0.962 2.531 1.43
1 0-1Tm 0.00248 2.25 0.58 0.001 0.5 184.2 0.243 0.393 1.534 1.4
Sud 2 1-2m 0.0026 1.305 0.458 0.0982 0.5 134.1 -0.197 -0.962 2.531 1.43
3 2-3.8 m 0.00312 1.384 0.46 0.068 0.5 74.5 -0.197 -0.962 2.531 1.43
2 3.8-5m 0.0019 1.31 0.41 0.095 0.5 62.4 -0.197 -0.962 2.531 1.43
Model swelling-shrinkage parameters (north angle)
Depth LL SL w%
PI (% e kPa kPa
(m) oo (%) (%) Sat. ° (Mg/m?) (kPa) (kPa)
1 36 71 27 0.46 0.95 1.38 -0.0381 -0.0596 112.55
2 39 69 14 0.33 0.89 1.42 -0.0371 -0.0541 134.96 4678.76
3 36 65 22 0.33 0.89 1.42 -0.0359 -0.0532 134.96 1070.1

CFMS-06/03/2025
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Application de 1’ approche :
Parametres (Climat + Végétation)
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Application de 1’ approche :
Conditions (eévapotranspiration, infiltration et la température de
SU rface): a) Potential evapotranspiration of the north angle

Potential Evaporation (mm/day)
-Potential Transpiration (mmyday
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Application de 1’ approche :

Conditions initiales:

Water content

Temperature

a) North

Root Distribution

a) North a) North

173 0.2 0.229 0.257 0.Z285 0. 0.369 0.397 0.425

| T 1 .

Water Content - th[-]. Min=0.117, Max=0.4235

b) South

S04 2636 21.727 228 23909 Z23.0040

B [ I |

Temperature - T[FC], Min=13.000, Max=25_ 0

0257 0238 0338 0.

Water Content - thfmm], Min=0_055, Max={0_5{H)

CFMS-06/03/2025

9.245 20636 21727 228 23.8909 25 000

---_--I:I:I---

Temperature - T[FC]. Min=13.000, Max=25. 0

Expérimentation et modeélisation numeérique de retrait/gonflement
des argiles
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------:I:I---

Min=0.000, Max=1.680
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Application de 1’ approche :
Comparaison entre les mesures in-situ et les prédictions de l'approche:

(Succion-

1000 T T T T T Measured soil suction at 0.8m (TR1)
— Simulated soil suction at 0.8m depth (TR1)
£ 800T a) :
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1000 T T T T T Measured soil suction at 0.8m (TR2)
—_ Simulated soil suction at 0.8m depth (TR2)
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E 800 I e) Simulated soil suction at 2.3m depth (TR6) | | TpOt (Transplratlon) ‘ P
2 .
‘g“ 600 . Epot (Evaporation) Q Temperature probes
S 400k i ‘ Additional Suction TDR probes
:E 200
0 1 A‘ 1 ‘A/I\\ - 1 1 1 g T
S PP L L PP PP O Theta 2 Theta 1
o oV @ &V o & 9V o Y U Y
Q Q Q Q Q Q Q Q Q Q Q Q TR1 BU1 BU2 BU3 —
—~
O
500 T T T T T T T T T T T . . ‘ %\'
Measured soil suction at 3m (TR7) E T s . —
E 400 f) Simulated soil suction at 3m depth (TR7)| | S Test Point
i,
=500k 1 TR5 _TR4 Tl T2 BU4 ___ BUS5
e ® O O® @® T
2200 .
= BUSI
“1100 | T
W Er BUG6
0 1 1 1 1 1 1 1 1 1 1 1 TR6 .
N N ™ 2 5 © o A
SRR SR EIF IR S RO ® “®’ o
& & & & & & & & & & & & ® 5
BU7 BUS3 <
800 T T T T — Measured soil suction at 3.5m (TRS1) — TR7 Clay (1 .2m-3. 8m) —
Simulated soil suction at 3.5m depth (TRS1)
- .. L ~ |77 Measured soil suction at 4m (TRS2) g--
& 600 [ g) ————— Simulated soil suction at 4m depth (TRS2) ] BUS4
=2 : : TRS1
= — — — Measured soil suction at 4.5m (TRS3)
2400 F — — — Simulated soil suction at 4.5m depth (TRS3) | 4
3 === Measured soil suction at Sm (TRS4)
; Simulated soil suction at 5m depth (TRS4)
A 200 |
TRS2 T3 TRSS5 T4 BUSS Gravel Layer
0 1 1 1 1 g —— a ——
N T R R O T R R ~ ~ Ochre Clay ( 3.8m-4.4m)
Vv (Vv Vv vV v v vV v vV v Vv Vv TRS6 BUS6
Y
800 T T T T Measured soil suction at 4m (TRSS5) — q>{_
Simulated soil suction at 4m depth (TRS5) TRS4 TRS7 BUS7 ﬁ
= h) ————— Measured soil suction at 4.5m (TRS6) =g ‘ .
v eoO;F -~/ | === Simulated soil suction at 4.5m depth (TRS6) | | v Stiff Clay (44111—5 Zm)
= — — — Measured soil suction at 5Sm (TRS7)
2400+ — — — Simulated soil suction at 5m depth (TRS7) | 4 ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
Q L L L L L ]
E 6*0.25 m 0.75 m 0.75 m 6%0.25 m 0.7 m
&3 200 4
0 1 L Se— 1 S —— - — 1 1
N v v > ) ™ ™ 5 2 © o A
\S NS " NS \ \ \ S NS \S S NS
Q Q Q Q Q Q Q Q Q QS Q Q
v (Vv (Vv (Vv v vV (Vv v Vv v v (Vv
S & & ® & & & & &

proche de l'arbre- Nord)

‘ Primary Suction TDR probes

Elapsed Time (days)

Suction close to the tree

CFMS-06/03/2025

Expérimentation et modeélisation numeérique de retrait/gonflement des
argiles




Application de 1’ approche :

Comparaison entre les mesures in-situ et les prédictions de I'approche:
(Succion- proche du batiment- Nord)

200 T T T T T T T T T T 1000 T T T T T T T T T T T
= Measured soil suction at 0.8m (BU1) = | Measured soil suction at 2.3m (BU6)
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Application de 1’ approche :

Comparaison entre les mesures in-situ et |

(W% and température -Nord)

Soil volumetric

Soil volumetric
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Measured water content near the tree (Theta probe)
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Application de 1’ approche :

Comparaison entre les mesures in-situ et les prédictions de l'approche:
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Application de 1’ approche :

Comparaison entre les mesures i
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Application de 1’ approche :

Cumulative soil movements (mm)

Cumulative soil
surface movements (mm)
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Application de 1’ approche :

Cumulative soil

Tassement différentiel (arbre):
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Conclusions :

JdUne approche considérant l'interaction “sol-végétation-atmospheére” a
ete développee.

Jd'approche numérique a été utilisée pour calculer le retrait/gonflement
de site de Roaillan.

dle tassement différentiel du site a été obtenu en considérant
'interaction “sol-végetation-atmosphere”.
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