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Abstract: As earth is the most commonly used construction material in Chad, the purpose of the present study is to
characterize it as a whole, and to characterize its thermo physical properties. Various tests were conducted on it and mainly on
its thermo-physical characteristics, as these significantly affect the comfort of a house. The study focused on earth taken from a
climate zone of Chad, mixed with straw at a given proportion or used alone. Different values of thermal conductivity and
diffusivity of these materials as well as their variations in relation with water continence are presented.
Keywords: Construction Materials, Earth/Clay, Thermo-Physical Characteristics, Thermal Conductivity, Thermal
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1. Introduction
Nowadays in rural or urban Sahel which Chad is a part,
various materials are used for the construction of housing.
These materials range from earth mixed with straw
commonly called “banco”, to the mixture of cement and sand
or even concrete. The purpose of this research is the study of
thermo-physical properties of the material earth used in the
construction of housing in Chad. Given the diversity of these
materials in either parts of the country, it is important to
model the thermo-physical behavior of this type of
construction material. As for the materials considered as
porous, there are many possible models at our disposal.
Assuming that earth shaped as bricks is treated as a porous
material; we selected the parallel series configuration with a
distribution θ when the pores are filled with air. We present
the different testing methods used to study the thermophysical properties of the material under consideration and
the test results conducted on the different materials studied
on the one hand, and we carried out the practical study of
thermal modeling of these materials on the other.

2. Studied Materials
Raw earth, as used in building construction since the
earliest times and evidenced by traditional housing in
numerous parts of the planet, is the subject of our study. As it
is a highly heterogeneous material with very different
characteristics from one region to another, as well as being a
very large resource, its precise knowledge before any use in
construction is important. Numerous laboratory tests and in
situ tests can be performed to identify and characterize the
thermal conditions of a soil. In order to establish a reliable
diagnosis for the use of earth in construction, a number of
these tests are absolutely necessary.
2.1. Preparation of Samples
2.1.1. Choice of Site
Given the very large size of the country and taking into
account the diversity of its climate zones and meteorological
data, we limited our study to the earth materials used in the
city of N'Djamena, located in the Sahelian zone. The earth
studied is one taken from quarries closest to the above-
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mentioned city and from extraction depths comprised
between 1.50 and 2.50 meters. On that soil, we carried out a
few determination tests on its thermo-physical properties and
assessed its potential for use in construction as well as its
contribution to thermal comfort.
2.1.2. Production of Samples
The making of earth samples derives from the traditional
technique of making mud bricks [2], [3], [20]. A certain
amount of earth is taken from the collected material, poured
into a tank, and a certain amount of water is added. The
whole is mixed until a consistency closer to plasticity is
reached or even exceeded, generally. The paste is then
packed into a mold designed for this purpose until
completely filled. The molded mixture is left for 24 hours at
room temperature in the laboratory.
After 24 hours of drying, that mixture is placed in an oven
at a temperature of 105 °C ± 5 °C for 24 hours. After drying,
the samples are left to cool for 15 to 20 minutes before the
last weighing. In order to obtain baked bricks, the samples
are made, dried, and left to bake in an oven at a temperature
of 300 ° C to 400 ° C for twelve hours. To measure the
thermo physical characteristics of the material by the method
known as "method of boxes" presented in Chapter 2, we
made samples of adobe (earth + straw) destined to be
specifically placed in the measuring cell. Table 1show the
dimensions and detailed compositions of samples made and
dried in an oven for 24 hours.
Table 1. Dimensions and compositions of the samples.
Designation
Composition
Mass of earth (kg)
Mass of straw (kg)
Volume (cm3)
Mass (dry) in kg
a (kg/m3)

N’Djamena
Earth alone
3,5
0
23,28 x 22,80 x 2,54
2,786
2068

Earth and straw
0,5
0,05
17,52 x 8,29 x 1,84
0,409
1529

3. Measurement Methodology and
Description of the Material
Conductivity, diffusivity, mass-related heat and thermal
resistance are the most important features to consider when
choosing a heat exchanger material. It is important to
remember that conductivity is measured in steady state while
diffusivity is involved in transient state and, in most cases
these two quantities are the measured ones. The two others
are derived by computation. Many methods are used to
measure conductivity and thermal diffusivity. We used the
Boxes Method developed in the Laboratory of Solar and
Thermal Studies of Claude Bernard University. It is relatively
fast, of a simple handling technique, and has a level of
precision comparable to others. This method has been the
subject of several publications [1], [5], [4], [17], [21]; It uses
samples of significant sizes, and the associated measurements
are made in the actual conditions of use of the materials.
Figure 1 provides an overview of the experimental device the
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main elements of which are described below:

Figure 1. Sectional view of the cold capacitor and hot boxes.

The measuring cell consists of:
A lower chamber of size 2m x 1m x 0.45m that is highly
insulated and kept at low temperature (up to-10 ° C). It is
supplied with brine cooler. This cooler that we have named
"exchanger" is powered by a HAAKE circulating bath
cryostat of type DC1.
Two identical plywood boxes B isolated from the inside by
the styrodur and each equipped with a heat emitter C allow
two simultaneous measurements of conductivity and
diffusivity.
In order to measure the level of conductivity, the box is
coated on the inside of its upper surface with a film of
low power (<10 W) heating element in Zegadi [4], [13],
[14]whose heat output is controlled with a rheostat.
For the measurement of diffusivity, the box is equipped
with a high power incandescent lamp of 500 to 1500 W.
All the wiring connections of the temperature sensors and
film heating power source are connected to a box that can in
turn be connected either to a measurement console or a type
E 7100 hybrid central data acquisition recorder with 32 inlets
and equipped with an RS232C communication interface. It
allows the use of a 286 PC compatible remote computer to
access the information programmed in Turbo Pascal 6.0
language for storage or modification, and obtains
measurement results automatically, among others.
Temperature sensors that are surface and ambient
atmosphere probes divided between the two faces of the
sample that measures the temperature of the hot surface (Tc)
and that of the cold surface (Tf) as well as within the box that
measures the ambient temperature(Tb). Another sensor
common to both boxes measures the ambient temperature of
the room (Ta). The samples used have parallelepiped shapes
and 3 to 7 cm thick. Their square sections have 27 cm sides.
3.1. Measurement of Thermal Conductivity
3.1.1. Evaluation of Thermal Conductivity
Conductivity is a function of temperature. The expression
of conductivity averaged over the interval [Tc, Tf] is given by

1
λm =
Tc -Tf

Tf

∫ λ(T)dT

(1.1)

Tc

Thus, λm is the conductivity corresponding to the average
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temperature
Tm = (Tc + Tf) / 2 for a temperature difference∆ T = Tc-Tf.
This correspondence between λm and Tm requires linear
dependence between the two measurements. In steady state,
the heat flow that goes through the sample is written as



1 −

θ


P
P
T
T 
λeff = 
+ (1 − θ). 
+

 λ
λf 
 (1 − P T).λs + λf .P T

s


with:

−1

conductivity with good accuracy, the emission of heat inside
the box is adjusted in such a way that Tb becomes slightly
greater than Ta and Tb - Ta< 1°C.
Using the heat balance expressed above, the value of the
effective thermal conductivity is obtained in continuous state
by:

λ=

.

Q : Power emitted by the resistance formulated by

V2
R

 V2

e

− C(Tb − Ta )

S(Tc − Tf )  R


(1.3)

Errors corresponding to the test results are systematic
errors and random errors. The calculation of this error
resulted in: ∆λ ≈ 5%. It can be said that the relative error in

(where V is the voltage across resistor R)
.

Q1 : Power exchanged between the inside and outside of
.

the box (it is formulated by Q1 = C(Tb − Ta ) , C is the
coefficient of heat loss through the box and is expressed in W
/ °C. It is either determined experimentally or calculated).
.

Q2 : Thermal power passing through the sample. It is
.

λ
S(Tc − Tf ) where e represents the
e
thickness of the sample, S the useful area also known as
measurement area and slightly less than (27 x 27) cm2 in size.
In our calculations, we used the area described as corrected
formulated by Q2 =

 l+ln 
 instead, taking into account the very geometry
S= 
 2 
2

of the box (Figure 1.2).

Figure 2. Cross section of a measuring box.

In order to calculate C, we can use the formula given by [5]

 4a

a

d
C=b  + 2.23 λ +  + 2.57 λ '+ 0.6  
 d
 d'
 a 



λ

the determination of continuous thermal conductivity by the
method of box is about 5%.
3.1.2. Measurements
a) Measurement of Tb - Ta
An ambient heat sensor is placed near the boxes and
measures the room temperature Ta. Another one that
measures Tb, is placed inside the box in a suitable position
(middle), so that the temperature is averaged throughout the
volume. In the determination of Tb - Ta, and up to the
measurements checking, one must assure that the outer
atmosphere had been stable for at least two hours. Indeed,
because of the high inertia of the box, a change in
temperature of the room is not transmitted immediately
inside the box.
b) Measurement of Tc-Tf
Two contact probes are distributed on both sides of the
sample. On the cold side, the temperature is strictly uniform
(homogeneous). However, on the warm side, the edges of the
sample are slightly colder than the center. The difference
being constant, a systematic correction is made.
c) Measurement of V and of R
Heat is generated by Joule effect, at the beginning of the
test, an approximate voltage has to be applied to the resistor.
After an initial stabilization of temperatures, especially that
of the room Tb, voltage adjustments can be made. When the
steady state is reached, we record the precise value of the
voltage reading and that of the resistance obtained with a
DVM (Digital Voltmeter).
d) .Conductivity measurement by embedding

2

(1.2)

With d = d1 + d2 and d '= 2d1 + d2;
λ
1
λn
1
=
=
d
d1 d2 dn
2d1 d2
+
+
λ1 λ2
λ1
λ2
λ1: thermal conductivity of the hard styro that equals 0,033
W.m-1 styrodur-1.K-1
λ2: thermal conductivity of the plywood that equals 0,12
W.m-1plated.K-1.
In order to minimize the lateral losses and to determine

Figure 3. Diagram of an embedded sample.

This method is used if the sample under consideration is
small. In order to be able to use samples with sections
smaller than standard, and to determine their conductivity or
diffusivity, they have to be placed in a parallelepipedic
polystyrene matrix, since the box is designed to receive
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samples of size 27 cm x 27 cm. The sample is placed as show
in Figure 3.
In steady state, a part of the flow passes through the
sample and another through the matrix of polystyrene.
Considering that the flow remains unidirectional, its
preservation for a given medium is written as follows:
.

.

.

.

Q = Q1 + Q 2 + Q 3
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The initial water content is obtained from an addition of a
certain amount of water to the sample previously conditioned
for 48 hours in a closed environment with less variable room
temperature and humidity in order to allow the water to be
distributed the most evenly possible. We simultaneously
report the results of two selected soils.
a) Earth only
The results obtained are shown in the following figure.

With:
.

Q : Electrical power emitted by the resistance (film) shaped
by

.
V2
. Q1 : Lateral losses toward the room atmosphere
R

.

.

(expressed by: Q1 = C(Tb − Ta ) ). Q2 : Thermal power
through
the
polystyrene,
expressed
by:
.
λp
Q2 =
S (T
− Tp.inf ) where ep is the thickness of the
ep p p.sup
polystyrene, Sp, also called measurement area, is its area
.

useful. Q3 : Thermal power running through the sample and
.

expressed as: Q3 =

λb

S (T
− Tb.inf ) .
e b b.sup
The index b refers to the box.In steady state, we express:

λb =

Figure 4. Variation of conductivity λ according to the water content w: dirt
only (N'Djamena).

b) Earth and straw
The results obtained are shown in Figure 5. The moisture
content w was calculated in relation to the mass of the
completely dry sample obtained by baking it in an oven for
24 hours and at a temperature of 105 ° C.

 V2

λ
e

− C(Tb − Ta ) − p Sp (Tp.sup − Tp.inf ) (1.4)

Sb (Tb.sup − Tb.inf )  R
ep



Therefore, we conducted an experimental verification of
the results given by this method and another on a sample of
size 27 x 27 of same nature.

4. Introduction and Use of the
Experimental Results Related to the
Thermo Physical Characteristics
In the following paragraphs, we try to accurately follow
the behavior of thermo physical parameters as a function of
water content. These parameters are essentially the thermal
conductivity (λ) and thermal diffusivity (a).We will study the
influence of moisture on these two parameters.

4.1. Change as a Function of Water Content
4.1.1. Thermal Conductivity
Conductivity is the measurement that characterizes the
ability of the materials to let heat through. We know that the
more a material is a conductor of heat, the higher it
conductivity is. The choice made on the dirt as a reference
material is justified by the fact that among the construction
materials used in Chad, it plays an important role. For the
tests, we varied the water content of the soil in each
composition, starting from a sample containing a certain
amount of water that is gradually dried until completely dry.

Figure 5. Variation of conductivity as a function of water content: dirt and
straw (N’Djamena).

Interpretation of results:
With regards to the results shown in the previous figures,
we notice that the thermal conductivity increases with water
content, regardless of the composition of the samples. Since
the samples are porous materials, continuous membranes of
liquid water with higher thermal conductivity than the dry air
contained in the pores are formed in the capillary spaces,
consequently resulting in an increase of the apparent thermal
conductivity. In fact, KALBOUSSI [10] had shown in his
work that, for light materials, thermal conductivity increases
in a roughly parabolic function of density. Thermal
conductivity of the samples can be estimated in relation with
their density by connecting them through a degree 2
polynomial. And as the density and water content change
linearly, we connected the points of the thermal conductivity
of our measurements in relation with the water content by a
degree 2 polynomial.

4.1.2. Thermal Diffusivity
Thermal diffusivity is related to a propagation speed of the
thermal wave. In presenting the results, we followed the
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previously adopted plan in the case of thermal conductivity.
The results given below are obtained from the formulations
derived from the expressions of the model of the flash pulse
on the sample [3], [6], [13].
a) Earth only
The measurements yielded the following results
summarized in Figure 6.

b) Earth and straw
For dirt mixed with straw, we obtained the results collected
in Figure 9.

Figure 9. Variation of mass-related heat as a function of water content:
earth and straw (N'Djamena).

Figure 6. Variation of the diffusivity as a function of water content: Earth
only (N'Djamena).

b) Earth and straw
In order to assess the amount of straw actually introduced,
we can compare the densities of earth only and earth plus
straw. For the form of use of dirt and straw combination, we
obtained the following results:

Figure 7. Variation of the diffusivity as a function of water content: earth
and straw (N'Djamena).

Interpretation of results: For all the measurements done,
we found that diffusivity increases slightly with water
content, which shows that when dirt is wet, it transmits heat
more than when it is dry.
4.1.3. Mass-Related Heat
Here we present the values of specific heat taken from the
measured values obtained previously. Indeed, having
obtained the thermal conductivity and diffusivity by direct
measurements, we deduced the specific heat by the relation
Cp = λ/aρ.
a) Earth only
The calculation gave us the following results for earth used
alone:

4.1.4. Thermal Resistance
In all the tables that follow, the values for thermal
resistance are obtained using the formula: Rth = e/λ where e
is the thickness of the sample under consideration [18].
a) Earth only
The calculation results of thermal resistance for earth alone
without addition are shown in fig. 10.

Figure 10. Variation of thermal resistance as a function of water content:
land only (N'Djamena).

b) Earth and straw
The calculation results of thermal resistance for earth with
added straw are shown in Fig.11.

Figure 11. Variation of thermal resistance as a function of water content:
earth and straw (N'Djamena).

4.2. Change in Thermal Conductivity as a Function of
Temperature

Figure 8. Variation of mass-related heat as a function of water content:land
only (N'Djamena).

For the influence of temperature, we only studied the case
of the thermal conductivity λ we consider an important
parameter of the out layer in the transfer of heat. For this, we
varied the atmosphere of the measurement boxes by working
on the supply voltage of the heating film. We performed the
measurement of the parameter sought (λ) each time the
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steady state was established.
According to the theory of gases, the temperature of an
element of matter is proportional to the kinetic energy of
microscopic particles that constitute it. Thus, the higher the
temperature is, the faster its particles move. The extension of
these results to the solid and liquid media shows that the pure
electrolytic conductivity is a function of average temperature.
The theoretical approach to the study of the apparent
conductivity of a porous medium according to the average
temperature may be conducted based on parallel series model
[11], [10], [15] [19]. This approach as we have just shown for
porous composite materials, would fit better for the case of
our samples made of earth. As for porous medium that are
opaque to radiation, the apparent thermal conductivity is
given by:

λeff


1 −

θ


P T + P T 
=
+ (1 − θ). 

 λ
λf 
 (1 − P T).λs + λf .P T

s
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consideration. In order to verify the theoretical reasoning
outlined, we varied the voltage of the heating film. The
variation of the supply voltage of the heating film increased
the average temperature of the sample. Once the steady state
was established, we proceeded to determine λwith varied the
average temperature of materials in temperature ranges
corresponding to the dry environment in the tropical zones.
The results obtained are shown in the tables below. Then we
plotted least-squares curve of fitness between the thermal
conductivity and the average temperature of the sample.
a) Dirt only sample
We present the results of measurements of thermal
conductivity for the composition of earth alone without
addition in relation with temperature in Figure 12.

−1

+

3

4.σ.e.T m

2

n.  − 1
 ε


(3.1)
Figure 12. Variation of conductivity as a function of the average
temperature: earth only (N'Djamena).

λs =λos (1 + βs Tm)

(3.2)

λf =λof (1 + βfTm)

(3.3)

θ: Parallel conduction fraction
PT: total porosity.
λs: thermal conductivity of the solid (earth and straw).
λf: thermal conductivity of the fluid part.
βs: temperature coefficient of the solid medium.
βf: temperature coefficient of the fluid medium.
λos: thermal conductivity of pure conduction at 0 °C, the
solid part.
λof: thermal conductivity of pure conduction at 0 °C, the
fluid part.
n: number of heat shields used in the model.
The combination of equations (3.1), (3.2) and (3.3) gives
an expression of the form:
λapp = λc0 + λct + λr

(3.4)

λc0: thermal conductivity of pure conduction at 0 °C
λct: term reflecting the change in conduction pure in
relation with temperature
λr: thermal conductivity of internal radiation in the pores.
The amount λr is negligible as compared to λc and λct for
the temperature range considered in our experiments (0 to
50 °C).
Thus theoretically, we obtain the following expression for
the thermal conductivity:
λapp = A + B.Tm

(3.5)

As A and B are constants, it can be assumed in first
approximation that thermal conductivity is a linear function
of the average temperature of the environment under

b) Dirt and straw sample
We present the results of measurements of thermal
conductivity for the soil with added straw as a function of
temperature in Figure 13.

Figure 13. Variation of conductivity as a function of the average
temperature: earth and straw (N'Djamena).

Interpretation of results:
For each sample of the material studied, the curves
obtained show that the conductivity varies linearly with the
average temperature. In our case, this variation is very small
and it is confirmed by the narrow range of temperatures
considered [0 - 50 °C]. We relied on these temperatures
because they are broadly representative of ambient
temperatures in the Sahel.

5. Testing of Thermal Modeling and
Comparison with Experimental
Results
This part of our work is a study approach designed to
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present key information needed to assess the variation of the
apparent thermal conductivity of materials previously studied
as a function of water content.
5.1. Proposed Model
For modeling, [8], [9] we assume that the materials studied
in relation to the water content are tri-phasic porous materials:
a gas, liquid and a solid phase by:
4

σ(T 4c − T f )
Qr =
2

3.a.e
+ n.  − 1
4
ε

.

(3.5)

For low temperature gradients Tc - Tf below 30 K it can be
assumed that:
Tc4 -Tf4≅ 4.Tm3. (Tc -Tf)

(3.6)

+
With Tm= T c T f , the average temperature of the
2
environment.
Assuming that the gas is non-absorbent (a = 0) the density
of heat flux exchanged by radiation within the material is:

5.2.1. Determination of λsand θ
In order to model the heat level of these materials, we had
to search for the conductivity of the solid structure λs of each
of them. The structure of solid or solid matrix material is the
dry part of material, excluding the pores.
Thus, modeling requires knowledge of λs that corresponds
to the conductivity of the material compressed up to the total
disappearance of the pores, which is even more difficult to
achieve as this does not happen in a vacuum and air is
incompressible. However, knowledge of ρs helps to obtain
the conductivity of the solid structure by calculation. To
determine ρs we used the simple method described below.
We had a scaled cylinder in which we poured a quantity of
water with known mass me and volume Ve. By adding an
amount of crushed material and measuring the mass mT and
the volume VT as a whole, we obtained the mass m and
volume V of the added material. Density of the solid matrix
is given by the relation:
ρs =

m
V

(3.9)

With: m = mT - me and V = VT - Ve
Measurements of the density of different samples gave
results that we recorded in Table 2.

3

.

Qr =

4.σ.T m(T c − T f )
2

n.  − 1
 ε


(3.7)

Thus, thermal conductivity induced by radiative exchange
and by analogy with the thermal conductivity is:
3

4.σ.T m.D

λ r = 2

 − 1

 ε


(3.8)

e
, the average pore diameter.
n
Taking into account the experimental measuring conditions
and the pore dimensions of the materials we studied,
convection and radiation transfers are negligible.
To simplify the study, we adopt the model proposed by
KRISCHER for two phases taking into account the above
assumptions discussed above.
With D =

5.2. Validity of the Model
In order to calculate the thermal conductivity of the
materials studied with the model we proposed, we had to
experimentally determine two parameters, namely the
thermal conductivity of the solid matrix λsand the volume
fraction of the parallel phaseθ. For us, the gas phase is the air
the thermal conductivity of which we fix at 0.023 W/mK and
the liquid phase is water with a conductivity estimated at
0.57 W/mK, assuming that on average, measurements were
performed at 20 °C.

Table 2. Values of the density of the solid structure of Samples.
Name
Measure
mT (g)
VT (cm3)
me (g)
m (g)
V (cm3)
s (kg/m3)

N’Djamena
earth only
82,531
76,000
70,060
15,471
6,000
2579

earth and straw
90,747
82,000
69,810
20,937
12,000
1745

After determining ρs we made the determination of the
porosity PT. The porosity of a sample is given by the relation:

PT =

VP

(3.10)

Va

with: VP, pores volume and Va the total apparent volume. The
porous material consisting of solid and pores, this
relationship can be expressed as:

PT = 1 −

Vs

(3.11)

Va

Where Vs: the volume of the solid structure.
In representing the density of the solid structure by ρs and
the apparent density of the dry material by ρa, we show that
the above relation is marked as shown below:
PT = 1 −

ρa
ρ2

(3.12)
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We use this last expression (4.12) to determine the porosity
of the materials studied. The calculations provided the results
shown below in Table 3.

To solve this system of nonlinear equations with two
unknowns by the software Mathcad provided the results
reported in Table 4.

Table 3. Calculated values of the porosity of different samples.

5.2.2. Results of the Calculation of Thermal Conductivity of
the Material from the Model
In order to calculate the apparent thermal conductivity of
the materials studied from the model for given water content,
we need to know the rate of water by any fraction of volume.
The rate of water volume σe is the ratio between the
volume of water contained in the material and the apparent
volume. When the material is dry, the pores are empty and σe
equals zero. The value of σe in any state is given by:

Name
Measure
a (kg/m3)
s (kg/m3)
PT

N’Djamena
earth only
2068
2579
0,198

earth and straw
1529
1745
0,125

In order to determine λs we conducted two tests one of
which on dry material and dry and material in saturated state
in the other. In the dry state, the fluid phase was air, and in
the saturated condition, the fluid phase was water. The
apparent thermal conductivity depends on the thermal
conductivity of the solid structure and the thermal
conductivity of fluids of the phase or phase λf as well as on
the degree of resistance on the part of the arrangement of
phases. The distribution of each phase is random in the
porous material.
It is believed that the porous material is replaced by a
system of flat plates (Figure 6), each representing a phase.
The plates are arranged in parallel, then in series so that the
thermal conductivity reached by the model equals that of the
material under consideration.
The thermal conductivity of a parallel configuration of
volume fraction θ is given by:
λeff =λ// = (1 - PT)λs + PTλf

(3.13)

And the configuration of a series of volume fraction (1 - θ)
is:
λeff = λ⊥ =

1
1-PT
λs

+

PT

(3.14)

λf

When the porous body is dry, its thermal conductivity
depends on the thermal conductivity of the solid structure λs
and that of the thermal conductivity of the air filling the
volume of the pores. And when it is saturated, its thermal
conductivity depends on that of the water included in the
volume of the pores and of λs. By applying the relationship
3.1, we will have the following systems of equation:

σe = w.

ma
ρe .V a

(3.16)

With: w, water contents of the sample ma, and Va
respectively the mass and the apparent volume of the sample
and ρe the density of water.
From σe, we deduce the rate of air volume in σa(σa = PT σe) for a given value of water content and we present the
results by the study area as shown below. The following are
samples made with the dirt of N'Djamena.
Table 5. Thermal conductivities Values calculated with the proposed model
(N'Djamena).
Land only
w (%) σe(%)
0,0
4,3
6,1
7,1
8,4
8,9

0,0
8,9
12,6
14,7
17,4
18,4

σa(%) λeff
(W/m.K)
19,8
0,34
10,9
0,43
7,2
0,48
5,1
0,52
2,4
0,57
1,4
0,59

Earth and straw
w (%) σe(%) σa(%) λeff
(W/m.K)
0,0
0,0
12,5
0,32
0,3
0,5
12,0
0,32
0,5
0,8
11,7
0,33
0,8
1,2
11,3
0,33
1,5
2,3
10,2
0,35
3,2
4,9
7,6
0,39

5.2.3. Comparison of Theoretical Models with
Experimental Results
To compare experimental results with theoretical models
presented in the previous section of this study, we present the
variations of thermal conductivity calculated and
experimentally determined as figures for this area.The results
for samples made with earth taken from N'Djamena are
presented in the following figures:



1
θ
1-P
=
+ (1 − θ).  T + P T 
 λ
λdry
λair 
(1 − PT ).λs + λair .P T
 s

 (3.15)
1
θ

=
+ (1 − θ). 1− P T + P T 
 λ
λsaturated
λwater 
(1 − PT ).λs + λwater .P T
 s
Table 4. Calculated values of λs and θ for the different samples.
N’Djamena
Measure
λs (W/m.K)
θ

Earth only
0,63
0,88

Earthand straw
0,59
0,75

Figure 14. Calculated and measured thermal conductivity variations: earth
only (N'Djamena).
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