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A new Climatic Chamber adapted to the mini-centrifuge for simulating

Soil Drying
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IFSTTAR, Point 87, Route de, Bouaye BP4129, 44341 Bouguenais cedex, France

ABSTRACT: Drought is one of the extreme events that is expected to occur with greater frequency in the
world affecting soil and foundation structures. This phenomenon depends on the water content in the soil and
variables such as temperature, wind velocity, and sun radiation. To simulate the effect of these variables on
soil, climatic chambers have been created; however, there are no studies that include all the environmental
variables that generate desiccation in soil layers. In this work, a new climatic chamber adapted to the mini-
centrifuge has been designed. This chamber consists of two connected containers. The first one is designed to
contain water with salt in order to control the relative humidity; the second one is designed to contain the soil
and to receive the airflow. In addition, air and soil are heated with three infrared lamps simulating sun radia-
tion. This paper describes the design of the chamber, operation rages, facilities and preliminary results.

1 INTRODUCTION

Soil desiccation is caused by the change of environ-
mental variables that lead to drought. This phenom-
enon depends on changes in the regime of subsoil
water and the soil moisture, and factors such as tem-
perature, wind velocity, and sun radiation (IPCC,
2014). The water flow within the soil is affected in
great measure by these variables and therefore gen-
erate variations in stability and charge capacity. In
clayey soils specially, the loss of moisture causes a
raise in the stress forces giving place to cracks
(Nahlawi & Kodikara 2006, Thusyanthan et al. 2007,
Abu-Hejleh & Znidar¢i¢ 1995).

Crack formation has been studied by several au-
thors using laboratory experiments where environ-
mental factors such as temperature, relative humidi-
ty, sun radiation, and wind velocity are involved
(Trabelsi et al. 2012, Corte & Higashi 1960, Nahlawi
& Kodikara 2006, Miller et al. 1998, Vesga, et al,
2003, Song et al. 2013). However, most of these
studies do not couple the effect of all the variables
simultaneously.

In order to study the effect of environmental vari-
ables, climatic chambers have been adapted to the
geotechnical centrifuge in order to scale the soil
properties and variables to real conditions (Take &
Bolton 2002, Caicedo et al. 2010); nevertheless, the
focus of these research does not include desiccation
process or crack formation.

The aim of this work is to study the crack for-
mation and the desiccation phenomenon of clays due

to changes in sun radiation, relative humidity and
wind velocity. Unlike previous works, all the varia-
bles are coupled thanks to the construction of a cli-
matic chamber. Also, with the usage of the centri-
fuge the soil samples can be under accelerations up
to 200xG allowing to have results closer to the ones
under real stress conditions.

2 THE CLIMATIC CHAMBER FOR
MODELLING SOIL DESICCATION

2.1 Experimental setup

The centrifuge used in this research is located in the
Geotechnical models laboratory of the Universidad
de los Andes in Bogota, Colombia. It allows the
study of the behavior of geotechnical structures at a
reduced scale (see Figure 1).

The effective radius of the mini-centrifuge is 565
mm and it can accelerate a 4 kg model up to 200xG.
The strong boxes located in the arm of the centrifuge
are 70 mm wide, 140 mm long, and 120 mm high.

Table 1. Properties of Speswhite kaolin clay (Loza-
da et al. 2015)

Value
Liquidity limit 55 %
Plasticity limit 30 %
Specific gravity 2.6




Figure 1. Mini-centrifuge. Geotechnical models laboratory, Los
Andes University.

The soil used in this work is Speswhite kaolin
clay prepared from a slurry state with a water content
of 1.5 liquidity limit. The properties of the soil are
shown in Table 1.

2.2 Climatic chamber design and acquisition
system

The mini-climatic chamber of the Universidad de
Los Andes consists of two connected containers,
each one placed on one arm of the centrifuge. The
first container is designed to contain water with salt
to control the relative humidity and the second one is
designed to contain the soil and receive the airflow.
Additionally, this chamber has three infrared lamps
to simulate sun radiation, a manometer and a wind
sensor to simulate wind velocity, a thermocouple to
measure the air temperature near the soil, and a rela-
tive humidity sensor. A module ADAM 4561 is
connected to register the measurements of all sen-
sors. The subsystems of the climatic chamber are
depicted in Figure 2 and explained next.

Figure 2. Mini climatic chamber.

2.2.1 Sun radiation sub-system
The sun radiation sub-system consists of a series of
three infrared lamps of 200W, each one with a
length of 10 centimeters. The lamps are located at
the top of the soil container. The emitted radiation
by the lamps was calculated using a steel plate, with
a known specific heat, placed under the lamps.
Applying different electrical power to the lamps,
the temperature of the plate was measured during
1200s using an infrared camera. The radiation emit-
ted by the lamps is calculated based on the equations
1-3.

dT _ Yad ~%n
dt cm

1)

where Qrad = radiation flux, g = thermal emission
of the plate, ¢ = specific heat of plate, and m is the
mass plate. Replacing Qrad and qu equation 1 be-
comes:

_ 4
dT ~ asl ASSO'TS

)

where as = surface radiation absorptivity of the
plate taken as 0.9 (Cohen & Doner, 1971), dT =
change in temperature, &t = change in time, As = ar-
ea of the plate, ¢ = emissivity coefficient at the sur-
face, Ts = surface temperature, and o = Stefan-
Boltzmann constant. Finally, equation 3 provides the
irradiance emitted by the lamps as:

dt cm

1 dT 4
| = as(cmd[+ ASgO-TS ) (3)
The heat emitted by the lamps is controlled by the
power supplied and the calibration values are shown
in table 2.

Table 2. Electrical power supply and Infrared radia-
tion by the lamps.

Electrical power IR by the lamps

% Wim2
25 137.6
37.5 265.6
50 802.5
62.5 1354.9
75 1858.9

2.2.2 Wind velocity sub-system

Wind velocity is controlled by a manometer that
regulates the air pressure. For the tests, the air source
provided by the laboratory of Geotechnical models
was used. A wind velocity sensor is placed at 1cm
from the soil surface (Fig. 2). The calibration curve
for wind velocity is shown in Figure 3.



2.2.3 Relative humidity sub-system

The relative humidity is controlled by the container
with a solution of salts. Depending on the relative
humidity required by the simulation, water and spe-
cific salts must be mixed in different proportions. In
order to simulate real conditions, the relative hu-
midity was selected between 72% and 86%, which
corresponds to the conditions of Bogotd (IDEAM,
2008) the salt used in this research was sodium chlo-
ride NaCl.

1.2 4

Wind velocity (m/s)

Air pressure (bar)

Figure 3. Calibration curve for wind velocity.

According to the proportions of salts specified by
Omega, 2005, 400ml of water was mixed with 450 g
of sodium chloride. Three tests were conducted with
this solution. One box of the chamber was condi-
tioned with the salt solution and the other box was
filled with three different materials. The first used
water reaching a relative humidity of 83%, the sec-
ond used expanded polystyrene reaching 65% rela-
tive humidity, and the third used kaolin reaching
90% relative humidity.

3 PRELIMINARY RESULTS OF DESICCATION
TEST

In this section, the preliminary results in soil with
the mini-climatic chamber are described. All of them
conducted at one gravity. Table 3 shows the selected
values for the tests, which correspond to the maxi-
mum and minimum values of calibration specified in
Section 2. For all tests, sodium chloride was used to
simulate relative humidity as previously described.
The measurements of the evaporated water were per-
formed using an electronic scale each two hours.

Table 3. Test specifications.

Test Radiation  Wind Velocity
W/m? m/s

T1  1550.9 0.98

T2  109.6 0.3

T3  109.6 0.98

T4  1550.9 0.3

3.1 Effect of wind velocity on desiccation

Figure 4-5 show the water evaporation curves for the
models with the same emitted infrared radiation.
Figure 4 depicts the results for an infrared radiation
of 1550.9 W/m? and Figure 5 for 109.6 W/m?,

For potential evaporation, it was expected that the
tests T1 and T3, with highest wind velocity, show
higher evaporation rate than the tests T2 and T4,
with lowest wind velocity (Penman, 1948).

This trend is in accordance with the obtained re-
sults, but the difference in the evaporation rate be-
tween the two wind velocities is higher for the low-
est values of radiation. For higher values of radiation
the effect of wind velocity seems not be as signifi-
cant.
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Figure 4. Evaporated water comparison between two test using
the highest radiation 1550.9 W/m2 and different wind velocity.
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Figure 5. Evaporated water comparison between two test using
the lowest radiation 109.6 W/m2 and different wind velocity.

3.2 Effect of radiation on desiccation

Figure 6-7 show the same tests described before. In
this case, evaporation curves are plotted using the
same wind velocity and different emitted radiation.
The evaporation rates for these curves evidence the
main effect of radiation on evaporation.
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Figure 6. Evaporated water comparison between two test using
wind velocity of 0.98 m/s and different radiation.
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Figure 7. Evaporated water comparison between two test using
wind velocity of 0.3 m/s and different radiation.

4 DESICCATION CRACKS

As it is shown in Figure 8-11 cracks were developed
as desiccation occurred. These desiccation cracks
started at the surface propagating to the bottom of
the container.

Figure 10. Crack formation. Test T3.



Figure 11. Crack formation. Test T4.

5 CONCLUSIONS

A new climatic chamber for modelling soil drying
was developed at the Universidad de los Andes in
Bogota, Colombia. Preliminary desiccation tests
were conducted at one gravity to determine the in-
fluence of wind velocity and sun radiation on evapo-
ration.

As a result, the influence of wind velocity is
higher in the experiments made with lower radiation
leading to a state that the evaporation rate depends
more on the radiation impinged in the soil that of the
effect of wind velocity. Additionally, desiccation
cracks were registered in all models started from the
surface.

Many tests have to conduct in order to completely
characterize the effect of wind velocity, infrared ra-
diation, and relative humidity on desiccation and
cracking process. Additionally, further research is
needed in the scaling of environmental variables in
centrifuge and the effect of a real stress state.

Next investigations will be made in the new envi-
ronmental chamber adapted to the geo-centrifuge. A
comparison of the 1xG and NxG results will be
made in order to stablish the effect of the stress in
the soil and the scaling laws of the environmental
variables.
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