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Methodology adopted

v'Rainfall R,;,; Runoff R ;

v'Evaporation E:
Air relative humidity, air temperature, wind speed

v'Net solar radiation R,;: Soil surface temperature T and suction ¢
Solar radiation, dew temperature, air temperature

v'Sensible heat H: Air temperature

v'Latent heat Lg : Evaporation

Rain = Rost +E
Ry =Lg +H+G)

. .
Boundary conditions * Im-t FHTEITEHEIE :
y Soil temperature T and suction ¢

Soil-atmosphere interaction model:

Coupled hydro-thermal soil model

Soil temperature Soil water content/suction /
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Coupled hydro-thermal model

Flow
Heat flow Woater flow
Equation
q — ql + qv
Flow 0, = _ZV(T)"' L.g, g = _kplv(§0+ y)
q, = _Datmaﬂv(pv)
oD ~ ow 3
Conservation oY h=0 EJFV'q_O
®=CT +(-6
AR w=6p, +(n-0)p,
Governin
b ¢ ic, L v [k T+ [k, Vo] (Cr LhiC, 2L ov K, VTV [K Vol o VK,
equation ot ot ot ot
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Application 1- Environmental chamber

-------------------

___________________

Infrared thermometer . - ----ccccoooooo o [IIIIIIITTTTTTTI T L T ¢
\:\\i\ [ ' Temperature regulator  Flowmeter
; > _/inr distributor
. Ventilation part ! AL Plastic cell

Heating hoses Laboratory air systemf

e o e M8z N T S A S I 0 e e B 3

——————————————————

ia—Water supply unit

__________________

Environmental chamber

Test number Air flow rate Temperature in  Test duration (day)
(L/min) heating tube (° C)
) v
Test 1 185 50 11.5
Test 2 172 200 11.5
Test 3 130 50 17.5
| 800 |
1 1 Test 4 130 200 30

Conclusion l
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Soll parameters*

Thermal conductivity curve

o Measured data

Thermal conductivtiy (W/mK)

1.04 Fitting curve
0.5
0.0 T T T

0.0 0.1 0.2 0.3

Volumetric water content (%)

(C6té and Konrad, 2005)

A=Asat = Adry) - Ar + Adry
Y 355‘Sr
" 1+(355-1)-;

0.4

Soil water retention curve

40
Data by Song et al. (2014)
35 Data by Doussan et al. (2009)
= Data by Mbonimpa et al. (2004)
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10" 10° 10" 107 10° 10* 10°

Matric suction (kPa)

VG model

m
Se = =
Os — Oy 1+ (a(p)n
6y =0.040
05 = 0.356

o =0.0002
m=0.3,n=3.0
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Hydraulic conductivity curve

10°
0ooaog + Data by Song et al. (2014)
10™ 4 o 0 Data by Dussan et al. (2009)
& Data by Mbonimpa et al. (2004)
10° 4 VG model-drying

0\ —=— VG model-wetting

Unsaturated hydraulic conductivity (m/s)

10” 10* 10° 10 10° 10° 10°
Matric suction (kPa)

VG model

2
K Ksseo-5[1—ﬁ—se1/ m, )’”1}

my =0.05
Kg =1.36x10""m/s




Initial and boundary conditions *

Initial conditions *

Soil temperature T and suction ¢

Infrared thermometer

Ventilation part

Environmental chamber

e

Water table measuring tube

Thermistor/ T3111 transmitter

7

Tensiometer

(x
Water tank J

Water pipe

(b)

Boundary conditions *
@ Water flux BC: Evaporation

254
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Results and analysis: Soil temperature
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Results and analysis: Soil volumetric water content
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Application 2- Rouen embankment (2D)

La Rochelle
e}

Siocka rairt

28.2 m long, 1.8 m high,
Slope 1: 2, 2:3 (Vertical: Horizontal).
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Soll parameters*

Thermal conductivity curve

I
o

=
o
L

=
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N

=
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\

o Measured data
Fitting curve

o
~
L

Thermal conductivtiy (W/mK)

0.0 0.1 0.2 0.3
Volumetric water content (%)

(De Vrie, 1963; Cui et al., 2005)

A =2.18186+0.808

0.4

Volumetric water content

Soil water retention curve

Fitting curve- SWRC
o Samplel

Sample 2
A Sample 3

10° 100 100 10° 10 10° 10° 100 10°

Suction (kPa)

VG model
m
_0-6r 1
e Os — Oy _[l+(a(p)n }
6y =0.004
05 = 0.37
o =0.0025

m=0.18,n=2.2
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Hydraulic conductivity (m/s)

|
Hydraulic conductivity curve

10° 4 — Fitting curve

A Measured data

Suction (kPa)
VG model
2

i Ksseo.s{l_ s )’“1}
m =0.5
Ks =10"m/s




Initial conditions *

=m sonde TDR Pied de la
® sonde PT100 stationmetéo
| £
| 2,0m 1 2,7m j ¥
0.7m 0,7m 0,9m K
——

l 0,3m

0,15m

1,8m

TDR et PT 1C0 ol sueps rt / 260 7 300
(2 /S // s, /////////

= . 0.4m
I Distance entre le milieu de la digue

4cu %
/}/////
et la station météo =29 m

- —
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Soil-atmosphere interaction model

L |
Water transfer Energy transfer |
(Blight, 1997)
T \
— ] X - / Net
( \/ /r/ -~ _ radiaTigtrI. R radiation, R, hesa’?r}Zi-E)'eH
N ( A 2 e ir),
IO N SO~ Gon 2 * Latent heat of Evaporation,
PA R S \ SO Y8 evaporation, L, L,
' \ &0
Incoming solar \ & Sensible
radiation less \ 9°0/\/ Snow strorage\ heat (air), H N
reflected radiation of < 3 m SURFACE
Is net ¢ - e
ra%c?:taioi???) \)“6\“?&‘ <\>(\0 \\0 \ﬂ Phre\anc o~
. G‘Z*v?’“\ « //&\\\‘ " surface SURFACE
A ET\\%‘) /9}\ ’ Soil heat,
N de X G -
(\5@‘3 JI{SO\\ * * Soil heat, G
ou? e
@,a % i ‘ag .
. =t I . - . .
evoporation 7~ Bec |- Wi (Blight, 1997) Daytime Nighttime

LY 6‘0"‘ Fous

Mass balance:  Rrain = Roff + Eq +1nt Energy balance: R, =G+ L. +H

v Rainfall R, :

v Runoff R :

v' Evaporation E,:
» Air relative humidity, air temperature, wind speed
» Soil temperature and suction

e €,

Solar radiation, dew temperature, air temperature
v Sensible heat H: Air temperature
v" Latent heat L : Evaporation

a

ERe. ¢,
E, =(a+bu)100-h,)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| v Net solar radiation R,:
I
I
I
I
I
I
I
|
I
|
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Boundary conditions *

Water flux BC
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Results- water content (?)
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Corrected model dimension*
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Corrected model dimension*
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Results and analysis: Soil temperature

(@ near top surface points
(point 1C5 and 2C5)
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Results and analysis: Soil volumetric water content

Volumetric water content (%)
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Application 3- Héricourt embankment (2D)
— ,

E_ Hanover
a
o
Brunsv
g
O un

Site:
Franche-Comte region, the northeast of France.

Climate type:
Continental climate influenced by ocean.

83m 83m

ﬁﬁ
N

e 107 m long, 5 m high,
» Slope 1: 2 (\ertical: Horizontal).
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Soll parameters*
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Field meteorological data (06/07/2011 to 26/07/2011)
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Results and analysis: Group 1
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Results and analysis: Group 2
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Conclusions

» Development of a numerical tool combing fully coupled hydro-thermal model and soil-
atmosphere interaction model .

» In environmental chamber, soil hydro-thermal behavior in four tests are simulated correctly,
validating the proposed method.

» For Rouen embankment, seasonal variations of soil temperature (+daily variation for points
near surface region) are observed and soil volumetric water content show reasonable
variations.

> At Hericourt embankment, soil temperature and volumetric water content at the interior
points normally keep stable as their initial states. While for the points near surface, their
behaviors are influenced effectively by soil-atmosphere interaction.

» Further application for the long term behavior.
» Extension to deformable materials (clay).
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