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This paper presents a study on the thermal characterization of laterite
used as a building material. In Senegal, laterite has been used in
construction on a semi-industrial scale since the 1990s through projects
aimed at promoting local materials that can contribute to the energy
efficiency of buildings. The aim of the work is to determine the thermal
characteristics of a composite (laterite + peanut shell). The results
showed that the pure laterite specimens have a higher conductivity than
the laterite + peanut shell composite specimens. The formulation
BTS10-12,5-4 has a thermal conductivity of 0.48 W.m™.K™, the bricks

of this formulation can then be classified as insulating earth bricks.The
thermal performance of the material has been improved by the addition
of peanut shells.
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Introduction:-
The thermal insulation character of a building envelope is directly based on the nature of the material or materials
used in its construction.

In the current context of energy scarcity and high energy prices, energy efficiency in buildings, particularly housing,
is an imperative. However, the materials used must be resistant to mechanical stresses and the effects of water on the
walls to ensure the safety of the occupants but must also have certain insulating properties to contribute to the
thermal performance of the building envelope. Hence the problem of the choice of materials on the basis of their
thermal characteristics.

This work is part of a thermal characterization study of a geoconcrete composite with the addition of peanut shells.
The objective is to determine, through laboratory experiments, the thermal characteristics of the material: thermal
conductivity, thermal inertia, effusivity and thermal diffusivity of the brick-made material in order to decide whether
or not to use it in the construction of the building envelope.

It should be noted that our previous work of mechanical performance testing on the material that is currently being
studied showed satisfactory results.
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Material And Method:-

Geoconcrete bricks are bricks made with stabilized and compressed earth (laterite). Stabilization is the set of
physical, chemical or physico-chemical treatment processes used to improve the mechanical characteristics of the
earth.

For stabilization we used cement as a stabilizer with a mass content of 10% laterite. Indeed, a stabilizer is a material
that can eliminate the shrinkage effects of bricks with geoconcrete but also the protection against the effects of water
on walls

Material:-

Laterite

Laterite or lateritic soil is soil that forms in humid tropical regions and is the result of a particular process of
alteration. Laterite is a bright red or brown red soil, very rich in iron oxide and alumina formed in a warm climate
[1].

The laterite that we will use for the production of the test tubes is exploited in the Mont Rolland quarry on the road
to Mont Rolland Thies, an area where the soil is very lateritic. The Mont-Rolland quarry is located north of the town
of Thies (Fig.1). It developed on the soils of the Thies plateau after a chemical and mechanical alteration of
sediments (clay and marl-limestone) eocenes [2]. Analysis of the particle size curve shows that the sample taken is
essentially made up of aggregate with a grain size between 2 mm and 12.5 mm. Indeed, in this range, we have
(93.5% — 21.8%) = 71.7% in mass of the sample analyzed.

REGION DE LOVOA

Fig.1:- Location of the Mont-Rolland quarry.

Cement
Cement is a widely used construction material on the planet and is its main application in concrete. Cement is a
hydraulic binder, a material that allows aggregates and other materials to be joined together.

Cement has several strength levels: 32,5 — 42,5 — 52,5 (expressed as MPa). The higher the index, the stronger the
cement). Depending on its class of compressive strength, cement will be used in the manufacture of mortar or
concrete for common purposes, structural work, or high-performance work.

In our work, class 32,5 cement was used as a binder or stabilizer for sample formulation.

Peanut shell

The peanut shell is a waste obtained during the shelling of the peanut pods for the recovery of the seeds. Knowing
the total production, the amount of peanut shell produced per year can be calculated from the Residue-to-Product
Ratios (RPR). The RPR calculation formula is as follows:

__quantity of peanut shell (1)

guantity of seed

RPR
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For the peanut shell we have RPR = 0,58 [3].

An important fact to note and therefore to take into account is the share of the export of groundnut production to
Senegal which is growing more and more in recent years. The exploitable potential of peanut shells will then be
estimated by applying the RPR to the quantity of production processed at the local level.

Sieves
The sieves used comply with 1SO 565, which prescribes the nominal dimensions of the openings of perforated metal
sheet and electroformed sheets used as sieve bottoms in the test sieves.

Scales
The scales used are of electronic type and high precision. For the measurement of masses greater than 1 kg, a
balance with a precision of 5 g was used.

Mould
For the preparation of the specimens, we have chosen a block mould of which the section at the base is 10x10cm?
and of thickness 1,7 cm.

Sampling and preparation of test specimens

Sampling

After processing the material (crushing, drying and sieving), two different batches of test pieces are prepared. This
will be a batch of test specimens prepared with different granularities and a second batch consisting of composite
material, consisting of 12,5 mm of laterite mixed with different content with a sifted peanut shell with a sieve of 5
mm

Preparation of test specimens
The preparation and preservation of the test pieces is done according to the standard NF P 18-404.

For the series of specimens with different granularity:

To obtain different grain sizes, a treatment is carried out by sieving after natural drying of the laterite by spreading
with a thin layer for more than 7 days in the open air and in the sun. It should be understood here that the
consideration we have taken to speak of different particle size corresponds to the use of passers-by after sieving
laterite with three different sieve sizes. Indeed, we used loops of mesh sieves 5 mm, 12.5 mm and 20 mm.

The amount of spoilage water was taken equal to 10.2% representing Wopt found per Proctor test. We therefore
took a mass of water equal to 10.2% of the laterite mass.

Cement is used as a binder with a quantity equal to 10% by mass of laterite (10% of the mass of laterite is replaced
with cement for the same quantity).

Table 1 below gives a summary of the composition of the samples of the material used in the preparation of the
specimens.

Table 1:- Mass composition of samples.

Designation of test specimens Latérite (kg) Cement (kg) Wateur (liter)
BTS10P5 0,900 0,100 0,102
BTS10P12,5 0,900 0,100 0,102
BTS10P20 0,900 0,100 0,102
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For composite material (laterite + peanut shell)

The peanut shell is dried in the open air and in the sun for more than 7 days. This ensures that its natural water
content is almost negligible. Then it is crushed and sieved with a 5 mm sieve. In the series of specimens, laterite
passing from sieve 12.5 mm is mixed with peanut shell at different percentages (4%, 6% and 8%). The amount of
spoilage water was taken equal to 10.2% of the laterite mass. Cement is used as a binder with a quantity equal to
10% by mass of laterite (10% of the mass of laterite is replaced by cement for the same quantity).

Table 2 below gives a summary of the mass composition of the samples of the material used in the preparation of the
specimens

Table 2:- Mass composition of composite samples with pass-through laterite 12.5 mm.

Latérite (kg) peanut shell Cement (kg) Water (liter)
BTS10-12,5-4% 0,860 0,040 0,100 0,102
BTS10-12,5 - 6% 0,840 0,060 0,100 0,102
BTS10-12,5 - 8% 0,820 0,080 0,100 0,102

¥ , ;47.‘".": A ln
Fig. 3:- Test tube (laterite+ peanut shell) for thermal test.

Method:-

We use the asymmetric hot plane method. This method is chosen because it is very suitable for the thermal
characterization of building materials used in buildings. These materials include earth-based materials, concrete and
wood. The asymmetric hot plane generally gives satisfactory results. It is also a very rapid characterization method.
The diagram below shows the experimental installation with the equipment of the Applied Energy Laboratory of the
Ecole Supérieure Polytechnique (ESP) in Dakar.
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Voltage

insulatibn Sample - —Aluminum block

"~

(polystyrene) ~ Picolog

Fig. 4-a:- Experimental set-up.

Aluminam block

heating element

(hot plane) \ Sample
Thermocouple J/'_-l;;p

— olystyrene

Alumitiam block

Fig 4-b:- Block diagram of the experimental set-up.

The principle consists of placing a 10 x 10 cm2 heating element between the sample and a polystyrene or
polyurethane insulating block. The thin heating element has the same surface area as the polystyrene and the sample.
A small diameter thermocouple, about 0.05 mm, is placed in contact with the heating element, between the latter and
the polystyrene. On the other side of the sample, another insulating block of the same size is also placed. Two
aluminum blocks of the same surface as the insulation and 4 cm thick finally sandwich all the elements mentioned.
The back faces of the insulation, in contact with the aluminum blocks, are kept at a constant temperature. When a flow
step is applied to the heater, the temperature T(t) is recorded from the thermocouple.

After data acquisition, a simulation program on Matlab makes it possible to determine directly the conductivity and
thermal effusivity; the diffusivity can be deduced after calculation of the volumetric thermal capacity (pc).
The hypothesis that the heat transfer remains at one dimension is made and allows us to obtain the following

relationships in which & is the Laplace transform of T (t).
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Parameters @ and A refer respectively to the diffusivity and thermal conductivity of the sample. The index “i” is
used to designate the thermal insulation used in the experimental assembly and p is the Laplace variable.
This leads to the following relationship.

6. (p)= 520(2 (12)

+
Bl Bi

The expression of 6, (p)is finally given by

o 1
95 ( p) =—
p (mth+r Cth+r )s D+ 1+ RC (mth+r Cihir )s D bech \F (13)
Sr Sr L)
1+Rcbech\/6 1+Rcib|\/3
With the reverse Laplace transform, we end up with the following relationship.
T, (t)—TS (0) _ 2¢h Je+ Reb” + RC|2b| _ ( )52 (14)
(b+b )7 (b+b )Y (b+b)’sS

A simplifying hypothesis is made, we neglect the thermal resistance and the calorific capacity of the heating element.

The graphic representation of T (t)—T; (0)as a function of\/f gives a right part of the origin up to 150s [6], whose
slope &, with:
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24y
a=—"-
(b+b)V7 19)
Effusivity b is then calculated with the following formula (16)
24
b=——-b 16
Nz 1o
For a semi-stationary diet, the following relationship can be written (17):
dT
¢ = poe+(poe), +(pce), |- (17)

For a long time, for example t >400s we obtain a quasi-linear part of the graphical representation of T as a function
of t from the relation (17) [6].
This line has a slope g, with:

_ ¢
~ pee+(pce), +(pce),

(18)

The volumetric thermal capacity of the sample can then be calculated by applying the following formula (19):

pee= %—[(pw)i +(pce), | (19)
It should be noted that this relationship, which makes it possible to calculate the thermal capacity of the sample, gives

precise results only for heavy materials with pc ~10° J.m=.K™ [6].

Finally if we have the Effusivity and the volumetric thermal capacity of the sample will allow to calculate the thermal
conductivity of the sample to be characterized from the formula (20):

b2
:E

The advantage of the asymmetrical hot-plane method is that it allows the determination of most of the thermal
characteristic of the material.

A (20)

Effects of particle size on geoconcrete thermal properties
After data acquisition, a simulation program on Matlab makes it possible to determine directly the conductivity and
thermal effusivity; the diffusivity can be deduced after calculation of the volumetric thermal capacity (pc).

The program written on Matlab allows to obtain the curves of figures 5 and 6

For each formulation, two specimens are made up in order to have two estimated values, the average of which is
taken as the value of the measured quantity. The results of the measurements carried out are given in Table 3 below
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> theoretical curve '
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Fig. 5:-Asymmetric Hot Plane Thermogram.

The analysis of the curve in Fig.5 shows that for a long time, for examplet >400s, a quasi-linear part of the graphic
representation of as a function of from the relation is obtained.

The volumetric thermal capacity pc of the sample can then be calculated after determining the slope of the linear

part of the thermogram. The program written on Matlab will also allow to calculate Effusivity. Thermal conductivity
and thermal diffusivity will also be calculated.

Reduced sensitivity

E L3 T
—— |am
ar | Re | 1
- - E
0 S — =1 d
] |
4 ‘“\\H\ e

=10 F -
-12F .
H"‘-\-..
-14 L i i i L ;
U 200 400 G0 BOO 00 1200

Fig. 6:- Curves of reduced sensitivities.

Figure 6 shows that the sensitivity to thermal conductivity is high for a long time, for example.
The method used (asymmetric hot plane) is therefore well suited for measuring conductivity and thermal effusivity.
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However, the sensitivity to contact resistance is very low and does not vary for the entire duration of the test. This
shows that the influence of the contact resistance on the measurements made is negligible.

The results of the thermal characterization of the material are given in Table 3.

Table 3:- Thermal characteristics of geoconcrete specimens.

Designation of | Dried Thermal conductivityﬂ Thermal effusivity Thermal
p ; 12 2 el ; .
specimens specimens |y m? K1) (J.s7.m” .K™) dlffu_§|V|ty
density uncertainty | mean uncertainty | mean (107
(kg.m™) (%) (%) m°“.s-7)
(mean)
BTS10 | Ech 2198 0,53 | 0,45 1051,20 | 0,17
P5 1 0,52 1031,54 2,54
Ech 0,52 | 0,47 1011,89 | 0,18
2
BTS10 | Ech 2526 0,58 | 0,41 1223,93 | 0,15
P125 |1 0,56 1206,68 2,15
Ech 0,55 | 0,35 1189,44 | 0,13
2
BTS10 | Ech | 2692 0,65 | 0,49 1272,88 | 0,19
P20 1 0,62 1257,57 2,43
Ech 0,60 | 0,49 1242,27 | 0,18
2

The graphs in Fig.7 are plotted from the data in Table 3.

o 12.5,2526 20, 2652 2000
T 5,2198
- 0.62 .
= 2500 %
s 06 s
=3 g
> 058 2000 £
£ 20,0.62 z
g 2°° 1500 2
s 12.5,0.56 s
3 054 8
o 0.52 1000
(9]
I 05 5,0.52
= 500
Z 048
T
= 0.46 0
5 125 20
—— Dried specimens density
2198 2526 2692
(kg.m-3)
—4&— Thermal conductivity
0.52 0.56 0.62

(W.m-1.K-1)
Fig. 7:- Effect of particle size on thermal conductivity and density.

Analysis of the graphs in Fig.7 shows that the density of laterite briquettes increases with grain size. We also find
that the thermal conductivity of the material increases with density. Indeed, when the density increases, it means that
there are fewer pores in the briquette, so less air trapped in the material. A decrease in the porosity of the material
gives the latter a better heat conduction power. In the literature, insulating stabilized earth blocks have a thermal
conductivity of 0.47 W.m™.K™* [5].

Recall that the 12.5 mm passers-by were retained because in our previous work, we found that they give a higher
compressive strength. The thermal conductivity of samples passing 12.5 mm is equal to 0.56 W.m™.K™, therefore
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much higher than that of insulating stabilized earth bricks. In the remainder of our experimental study, we will
verify the change in thermal conductivity with the addition of peanut shells.

Effects of peanut shell content on geoconcrete thermal properties
In this part of the work, the objective is to show the influence of peanut shell content on the thermal properties of the
material. We selected three formulations with 4%, 6% and 8% peanut shell. The composition of the samples is given
in Table 2 above.

The test results are summarized in Table 4 below.

Table 4:- Thermal Characteristics of geoconcrete specimens with Added Peanut Shell.

Designation of | Dried Thermal conductivity | Thermal effusivity volumetric | Thermal
specimens specimens l b heat diffusivity
density (W.mLK? 1.5 m? KD capacity a
A .m™. Seme. .
(kg.m™) Incerti- | moyen- Incer- | Moyenne pC - ('120 1
(mean) tude ne titude @.m.K?Y | m.sT)
(%) (%)
BTS10- | Ech | 2198 0,46 | 0,36 984,56 | 0,13
12,5 1 0,48 1008,05 | 2117010 2,26
4% Ech 0,51 | 0,58 1031,55 | 0,22
2
BTS10- | Ech | 2039 0,47 | 0,51 989,89 | 0,19
12,5 1 0,45 972,44 2101421,23 | 2,14
6% Ech 0,43 | 0,75 955,00 | 0,26
2
BTS10- | Ech | 1875 0,37 | 0,85 880,46 | 0,26
12,5 1 0,36 870,30 2103950,25 | 1,71
8% Ech 0,35 | 0,68 860,14 | 0,19
2
The graphs in Fig. 8 and 9 are thus plotted from the data in Table 4 above.
T 4,2.26 -
f‘ 0.6 6,2.14 25 4
< 3
E 0.5 8,1.71 5 vé
- . ’\0\‘ -
> 0 4,0.48 E
'g 6, 0.45 15 35
(%]
s 03 8,0.36 r
§ 0.2 ' é
S S
% 0.1 05 &
T ’ T
= =
0 0

—i— Thermal diffusivity
(.10-7m2.s-1)

—&— Thermal conductivity
(W.m-1.K-1)

2.26

0.48

2.14

0.45

1.71

0.36

Fig. 8:-Effects of peanut shell content on thermal conductivity and thermal diffusivity.
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T 2120000 4,2117010 2300
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9 2100000 1900 2
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2 2095000 1800
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2090000 1700

4 6 8
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2198 2039 1875
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Fig.9:- Effects of peanut shell content on density and volumetric heat capacity.

The combined analysis of the graphs in Fig. 8 and 9 shows that the conductivity, thermal diffusivity of the material
and density decrease for an increase in the peanut shell content. This fact gives these formulations insulating
characteristics.

The thermal inertia of the material also decreases with the peanut shell content from 4% to 6%. For a content greater
than 6%, we see an increase in thermal inertia. This can be explained by the fact that the peanut shell is very
hygroscopic and the mass thermal capacity of the material increases due to the presence of more and more water in
the material when the peanut shell content is increased.

It should be noted that at the end of the mechanical tests, the peanut shell content retained is 4% because it gives a
compressive strength higher than the minimum standard value. Thus, we will focus our analysis on the results of the
sample _ BTS10-12.5_ 4%peanut shell content _. This material formulation gives a thermal conductivity of

0.48 W.m™. K™, close to that of insulating earth blocks (0.47 W.m™.K™). To confirm the choice of this formulation, a
comparative table of data from the literature and the results of this work is developed.

Fig. 10:-Comparison of study Results Table.

Autors Material designation compressive Thermal
strength conductivity
(MPa) (W.mtK?
Clément Ahouannou et | BTC 10 — 2% sawdust of Tectona 2,12 0,85
al
P. Meukam et al 81 % laterite + 9 % sawdust + 10 % | 2,59 0,55
cement
P. Meukam et al 45 % laterite + 45 % pouzzolane + 10 % | 1,01 0,68
cement
Our current work BTS10-12,5 4% peanut shell 2,05 0,48

Through this table, we can see that our formulation has given the best result as having the lowest thermal
conductivity.
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For the mechanical characteristics the results obtained are also acceptable because the compressive strength obtained
is greater than the minimum value required by the standard which is 2 MPa.

Conclusion:-

The results obtained from the tests show that the addition of peanut shells significantly improves the thermal
performance of geoconcrete. We have thus noted that conductivity and thermal diffusivity are inversely proportional
to the peanut shell content.

In order to comply with the normative requirements in relation to the mechanical resistance in compression, the
formulation _ BTS10-12,5-4%_has been retained. The mechanical tests carried out on the series of composite
specimens of this formulation give a compressive strength of 2.05 MPa, therefore higher than that required by ARS
674:1996 and ARS 675:1996. Therefore, the analysis of the thermal test results was more focused on this sample.
The thermal conductivity found for BTS10-12.5-4%_ is 0.48 W.m™.K™, the bricks of this formulation can then be
classified as insulating earth bricks. The results obtained from the thermal characterization work show that the
laterite composite + peanut shell could contribute effectively to the thermal insulation of the housing envelope while
respecting the normative requirements in terms of strength mechanical.

Also, by the results obtained, the use of the peanut shell is already found, from an environmental point of view, to
manage a bio-sourced waste by using it as a building material. The second interest of the results of this work is the
proven possibility of improving the thermal insulation of the building with this material.
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