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Abstract

This paper investigates the mechanical properties and thermal conductivity of the compressed-stabilized earth
brick containing cork granules. First part of paper highlights the influence of mass percentage of cement and dune
sand on maximum dry density, the optimal water content and mechanical strengths. The results show that
composition (58% soil, 30% dune sand, 12% cement) assures maximum dry density of 1.75 T/m3 with a
compressive strength in the dry state of 2.87 MPa at 28 days. Then a test of static compaction is performed on this
composition for four levels of applied stresses. The results show that compaction of 10 MPa has increased
maximum dry density a rate of 0.23%, which corresponds to rate of increase of the compression strength in the dry
state of 46.69%. Second part examines the effect of the addition of the cork granules in mass relative to the dry soil
and which is suffered a the static compaction with the different applied stresses levels on the mechanical properties,
maximum dry density and thermal conductivity of optimized mixture. The results indicate that for a static compacting
of 10 MPa and 12% of cork granules, the dry density decreases an rate of 1.50%, the compressive strength in the
wet state decreases an rate of 7.41% at 28 days and the thermal conductivity in the dry state significantly decreases
an rate of 55% relative to optimized mixture without the incorporation of the cork granulates which improves

therefore thermal insulation.
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Introduction

We need to find alternative local low cost building materials which
do not require special skills, special machines, equipment for their
production and where traditional experience by local populations is
available. Soil based construction blocks have been used in North
Africa for centuries, especially in rural regions and in the desert. Soil
could be stabilized either by manual compaction, mechanical
compaction or natural fibers [1]. It has many environmental, social and
cultural benefits. Cement stabilization of soil began with a trial basis in
1917 and since then, several works have been published [2-13]. Most of
them focus on improving their strength and durability characteristics,
applicable in road construction technology as well as manufacturing of
building bricks. Several factors, affecting the strength of cement
stabilized soils have been studied, namely the type of stabilizer and
additives, genetic origin, mineralogical and chemical composition.
When clay soil is blended with cement in the presence of water,
hydration reaction will take place. The compound of C3S and C2S
present in the cement react with water forming complex calcium
silicate hydrates C-S-H gel [14]. C-S-H gel has beneficial effect in clay
material by reduction of deleterious heaving effects such as the growth
of ettringite due to the rapid removal of alumina. The formation of
ettringite contributes to the increase of porosity and simultaneously
decreases the free moisture content. The C-S-H gel formed fill the void

spaces and bind the soil particles together thus imparting strength to
the soil mixture [15]. The increase of the cement content increases the
compressive strength because the hydration products of the cement fill
in the pores of the matrix and enhance the rigidity of its structure by
forming a large number of rigid bonds in the soil. These links linking
the clay particles together could be attributed to the cementitious
reaction products such as calcium silicate hydrates C-S-H, calcium
aluminate hydrates C-A-H and calcium aluminosilicate hydrates C-A-
S-H [1,16,17]. As the cement content increases, the cement content per
grain contact point increases and upon hardening, imparts a
commensurate amount of bonding at the contact points. Beyond this
zone, the strength development slows down with gradual increase. The
incremental gradient becomes nearly zero and does not make any
further significant improvement. The zone is referred to as the
transitional zone. The considerable strength increase appears again
when cement content is significantly high [7,8]. The compressive
strength obtained after 7 days of curing was about 70% of that
obtained after 28 days of curing for up to 10% of cement content. The
higher cement content than 10% need a period of curing of 21-28 days
for the complete strength to be developed. The tensile strength
increased with the increasing of cement content in a similar trend to
that observed with the compressive strength [1,16].

Guettala et al. [18], shows that the compressive strength of dry and
humid sand-soil samples increases with increasing the sand content.
However, in percentage terms, the compressive strength evolution is
30% for dry samples and 36% for humid samples, when the
concentration of sand is 30%. Venkatarama et al. [19], shows that the
compressive strength of compacted cement stabilised soil is sensitive to
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dry density. Strength increases with increase in density irrespective of
the moulding water content and cement content. Commonly, most
researchers found that the density of compressed stabilized earth
bricks is within the range of 1500 to 2000 kg/m3. Density of the
compressed earth brick is consistently related to its compressive
strength and compactive force applied during production. The dry
density is largely a function of the constituent material’s characteristics,
moisture content during pressing and the degree of compactive load
applied and even compressive strength is controlled by density. Various
studies [6,12] have been published where a suitable value of the
compaction pressure of specimens has been assumed from 10 to 30
MPa for laterite and lateritic soils. In some cases, specimens were
compacted in the Proctor mould at the optimal water content. Types of
compaction applied such as dynamic, static and vibro will also affect
the density. The density of brick can be determined through standard
procedure such as ASTM C 140 and BS 1924-2 (1990) and others
[1,15,20,21].

The compressive strength and the dry density increased with the
increase in the applied static stress [1,16]. Compacting procedure also
affect considerably on the compressive strength of the brick Guettala et
al. [18], concluded that by increasing the compacting stress from 5 to
20 MPa, it will improve the compressive strength up to 70%. His
conclusion was strengthened by Bahar et al. [1], observed that by using
dynamic compaction energy dry compressive strength increases by
more than 50% but for vibro-static compaction increases slightly for
about 5%. Thermal comfort in building materials is an important
aspect that attracts great attention nowadays since building regulations
nowadays stressing more on the thermal performance of the buildings
compare to the past. As a building material, brick has quite excellent
thermal conductivity. Oti et al. [15], observed that thermal
conductivity is a function of the material density and moisture content.
Compressed stabilized earth bricks showed better thermal conductivity
value compare to the fired clay bricks. Moisture contents affect
strength development and durability of the material and have a
significant influence on the long term performance of stabilized soil
material especially has an effect on bonding with mortars at the time of
construction. When the brick is dry, water is rapidly sucked out of the
mortar preventing good adhesion and proper hydration of the cement
and when the brick is very wet the mortars tends to float on the surface
without gaining proper adhesion [15,21]. For improving the thermal
comfort and the energy savings, it is necessary to implement
particularly efficient materials, providing good thermal insulation.
Indeed, good thermal insulation leads to the choice of cooling less
powerful equipment therefore more economical. Bahar et al. [1], noted
that the addition of cement and sand content can decrease slightly the
conductivity of the brick. The higher conductivity for low cement
contents could be attributed to the low consumption of mixing water
by hydration for low cement contents and hence to the higher quantity
of available conductible free water. A wet specimen has a higher
thermal conductivity than a dry specimen [1,16]. In the same way
Meukam et al. [22,23], shows that the thermal conductivity increases
with the natural water content of the mixture. Indeed increasing the
humidification of the materials translates into a gradual replacement of
the air pores by water. The thermal conductivity of water (about 0.54
w/m.k) is much greater than that of air (about 0.02 w/m.k) at the same
temperature, therefore the humidifying leads to increased thermal
conductivity of the materials studied. The advantage of having low
thermal conductivity can result in energy efficiency, cost reduction of
heating in winter and air conditioning in summer, and environmental
friendly of a building. Before needs increasing of resource in materials,

the requirements of environmental protection in a vision of sustainable
development, it has become necessary to explore all possibilities of
reuse and recovery of waste and the use of materials in abundance as
soil, dune sand and cork granules in earth construction. Cork is a
natural, renewable resource and has unique properties which differ
from other lignocellulosic materials. The main byproducts of the cork
industry, cork powder and granules, can be valorized with an
application on environmental adsorption technologies, as two benefits
can be drawn simultaneously: waste recycling and water, waste water
or air purification [24]. Due to their lightness and resistance to
moisture, they can present a technical solution in the building sector
[25]. Several studies have been made on incorporating cork aggregates
in cement and plaster to obtain a composite thermally insulating
material [26-28]. Based on the experiments reported by Castro et al.
[29], the concrete blocks containing cork were reported to reduce the
thermal conductivity by 45% of concrete blocks without cork and in
addition reduced the CO, emissions associated with the block wall well
as makes the lighter and easier to handle. Therefore, the low density of
the cork granules could be exploited to make lightweight cementitious
composites. In addition to the low density, there are other advantages
associated with the cork caused by its cellular structure and chemical
composition. These advantages include: low thermal conductivity,
good sound absorption, and water resistance [30]. The thermal
conductivity of concrete-cork composites decreases, as the concrete
density decreases. A 46% greater thermal resistance was measured for
concrete-cork composites containing 20% cork in comparison to the
concrete without cork granules. Panesar et al. [31], shows that the
thermal conductivity is controlled by the percentage of cork used
which is attributed to the direct relationship observed between cork
density and the concrete-cork composite density. In the same context,
these results are confirmed by Ana Brés et al. [32], indicate that the
microstructural analyses show that the mechanical properties of
cement-cork blend are not only controlled by corks low density, but
also by interaction of cork extractives with the cement hydration
process. Thermal conductivity presents a linear decrease for an
increasing cork dosage in mortars. This work is part of the promotion
of local products such as soil, dune sand and waste from the
manufacture of agglomerated expanded cork primarily designed for
thermal insulation. Industrial wastes now raise particularly difficult
issues. Or reuse could solve three problems: economic problems,
technical and environmental. The present paper therefore is aimed at
studying the influence of the addition of the cork granules on the
mechanical properties, maximum dry density and thermal
conductivity of the cement-stabilized compressed earth blocks.

Experimental Program

Here are the presented materials used, testing method, proportions
of mixtures, the specimen’s preparation and tests conducted.

Materials

The soil used in this investigation was sourced from the Djelfa
region was first passed through a 5 mm sieve before being
characterized. Table 1 summarises the characteristics of the soil used.
Figure 1 gives the grading curve of the soil used. Composite cement
(CEM II/B) class 42.5 MPa with 35% to limestone fillers was used for
the chemical stabilization of soil. The clinker is from the cement
factory of Misila. The chemical analysis of clinker shows that it is in
conformity with standard NFP 15-301. The chemical and
mineralogical compositions of clinker are presented in Tables 2 and 3,
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respectively. The sand used was fine dune sand passing a 0.63 mm sieve By sight (%) ‘ 176 ‘
from the Djelfa region. Table 4 also shows some physical
characteristics of the studied dune sand. The grading curve of dune - .

o § § . . 'Table 1: Characteristics of the soil used.
sand is given in Figure 1. Cork granules from waste in sawing plate’s
compressed cork at the factory located in Jijel region, these wastes are
then separated according to the different sizes using sieves. Table 5 | SiO2 | AlOs | FeO; | CaO | MgO | SO; | Na,0 | K;0 | CI | LOI
shows some characteristics of the stgdlgd co.rk g.ranules. The gradln.g 1749 | 451 | 302 |e278 | 215 | 238 | 005 | o064 | 002 |81
curve of the cork granules 3/8 mm is given in Figure 1. The water is
drinking water that contains little sulfate and having a temperature of | LOI: Loss on ignition.
20 + 2°C. Its quality conforms to the requirements of NFP 18-404
standard. Table 2: Chemical composition of clinker (%).
csS C.S CsA C.AF
1 O«d:cm}
. Thmma, DEJTDT T 55.41 13.65 2.25 14.83

Percentage passing (%)

/]
|
i

3

1E4 3 001

Sleve size (mm)

Figure 1: Grading curves of soil, the dune sand and the cork
granules.

Table 3: Mineralogical composition of clinker (%).

Finene | Apparent Specific Porosity Sand equivalent
ss density density (%)
modulu | (kg/md) (kg/m?3)
s
By sight| By piston
(%) test (%)
1.13 1491.13 2517 41 97.58 96.58

Table 4: Physical characteristics of dune sand (0/0.63 mm).

Property
e L Thermal Apparent Specific Porosity Absorption (%)
Atterberg’s limits Liquid limit WL 70.4 conductivity density
Im.k
Plasticity index Ip 432 (wim-k)
kg/m3 densit 9
Gravel (>4.75 mm) (%) 23 (kg/m) ensity | (%)
o (kg/m?3)
Grain size distribution Sand (0.074-4.75 mm) (%) 6.4
0.036 71 145 51 23
Clay and silt (<0.074 mm) (%) 91.3
Chemical characteristics | Iron oxide-alumina (%) (Fe203 - Al203) | 14.6 Table 5: Characteristics of cork granules (3/8 mm).
Carbonate CaCO3 (%) 33 . . . .
Testing method, proportions of mixtures and the specimens
Chloride NaCl (%) 0.15 preparation
Sulphates CaS0O4 (%) 0.2 An experimental program was carried out to studying in parallel the
1 [V) V) 0, [V) 0,
Insoluble residue LR (%) 422 effect of different percentages of d'une sand. 0%, 10%, .20 %, 30%, 40%,
50%, 60% and 70% by mass relative to soil and the influence of the
Normalized Proctor test | Optimum water content (%) 9 chemical stabilization by cement addition of 0%, 2%, 4%, 6%, 8%, 10%
) ) and 12% by mass relative to soil on the physico-mechanical properties
Maximum dry density (kN/m?3) 16.8 of the various mixtures. We have prepared fifty six formulations
Sand equivalent By piston test (%) 14.8 without compaction and without the incorporation of the cork
granules. The details of the mixtures proportions are given in Table 6.
Mixture (soil - dune sand - cement) Water (%)
= 0% cement 2% 4% 6% 8% 10% 2%
(100-p)% S + 0% DS + p% C 16.2 16.1 17.4 17.6 18.2 18.6 18.7
(90-p)% S + 10% DS + p% C 15.8 16.4 16.5 16.9 17.5 17.8 17.9
(80-p)% S +20% DS + p% C 15.4 16.02 16.05 16.08 16.5 16.9 17.05
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(70-p)% S + 30% DS + p% C 14.6 15.08 15.1 15.8 16.14 16.23 16.8
(60-p)% S +40% DS + p% C 15.2 15.6 15.9 16.02 16.25 16.32 16.42
(50-p)% S + 50% DS + p% C 16.05 15.88 16.2 16.26 16.36 16.62 16.74
(40-p)% S + 60% DS + p% C 16.58 16.65 16.74 16.88 17.12 17.62 17.87
(30-p)% S + 70% DS + p% C 16.8 16.88 17.05 17.25 17.32 17.48 17.54

Table 6: Mixtures proportions.

After this we have determined the optimal composition (soil - dune
sand - cement). Subsequently, we studied the influence of the
mechanical stabilization by static compaction for four levels of applied
stresses 2.5, 5, 7.5 and 10 MPa on the mechanical properties,
maximum dry density and thermal conductivity the mixture already
optimized in the first part, well as the effect of the curing methods
(dry-humid) on the mechanical properties and thermal conductivity of
optimized mixture. Finally, we evaluated the effect of the incorporation
of the mass contents of the cork granules 2%, 4%, 6%, 8%, 10% and
12% relative to soil on the mechanical properties, maximum dry
density and the thermal conductivity. Well as the effect of the curing
methods (dry-humid) on the mechanical properties and thermal
conductivity of optimized mixture. In this study, the specimens were
demoulded 1 min after completion of the compaction and were stored
in two environments (in the free air and wet wrapped in thin plastic
film). We have thought to the treatment of cork granules before
addition in the earth concrete stabilized and compressed. The
treatment is a superficial cover to the cement selected from the
literature [33]. The cork granules are coated with a cement milk
(cement + water) and allowed to dry completely before their use so
that the cork granules do not absorb water during incorporation in the
cement-stabilized compressed earth blocks.

Tests Conducted

Proctor compaction test

The Proctor test is used to determine the optimal water content that
leads to the maximum density. This test uses a soil sample with less
than 4.76 mm (sieve n’. 4) to which an increasing water content is
added. The soil sample is compressed into three layers with 25 blows
per layer. Proctor standard compaction test, according to BS
1377-1990: Part 4 [34] was applied to determine the maximum dry
density (MDD) and the optimal water content (OWC) of soil.

Static compaction test

Static compaction is obtained by applying a static pressure. The
oedometric mold enables the production of the cylindrical specimens
under an axial stress which can vary from 2.5 to 10 MPa. It consists of
two half-shells fixed to an outer shaft and two lower pistons (fixed) and
upper (mobile). This mold 100x100 mm is movable along its axis
independently of the two pistons to ensure compaction symmetrical
relative to the median plane and horizontal spread between the friction
material and the walls along the entire height of the sample.

Compressive strength test

The compressive strengths of were measured by testing on the
cylindrical specimens of 100 mm in diameter and 100 mm in height in
following with the ASTM D 1633-00 [35]. The compressive strength
was determined at the ages of 7, 14, 28 and 90 days.

Tensile strength test

The tensile strength by splitting (Brazilian test) was measured by
testing on the cylindrical specimens with 100 mm in diameter and 100
mm in height in accordance with the ASTM 496-96 [36]. The tensile
strength by splitting was determined at the ages of 7, 14, 28 and 90
days.

Conductivity test

The measurement method of thermal conductivity used known of
hot wire which makes it possible to estimate the thermal conductivity
of a material from the evolution of the temperature measured by a
thermocouple placed near a resistive wire. The probe consisting of the
resistive wire and the thermocouple in an insulating support in kapton,
is positioned between two samples of the material to be characterized
[37,38]. We used a multimeter belonging to the laboratory at the
University of Laghouat (Figure 2).

Figure 2: Multimeter.

Test Results and Discussion

Mixture optimization (soil-dune sand-cement)

Figure 3 shows the different variations of the maximum dry density
and optimal water content as function of cement content of 0 to 12%
for each mass percentage of dune sand ranging from 0 much as 70%,
we find that for a content of 0% dune sand the maximum dry density
decreases from 1.73 T/m3 for 0% cement at 1.67 T/m3 for 12% cement
corresponding to a decrease of the order of 3.59%. This effect is
explained by the cement demand to water for hydration affecting the
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decline in maximum dry density and increased the water content of a
rate of the order of 15.43%. However a optimal percentage of 30% dune
sand improves the maximum dry density for 0% of cement a rate of the
order of 9.82% and approximately 4.79% with 12% cement, cons by the
optimal water content decreased a rate in the order of 10.96% with 0%
cement and approximately 11.31% with 12% cement. Beyond 30%
much as 70% dune sand it is also observed for 12% cement a lessening
of the maximum dry density and the compressive strength coming
respectively at a rate in the order of 15.13% and 114.18% and an
increase of the optimal water content in the order of 4.40%.

T —o— o tCemen B
) ——10m
.

N

q ) ] 5 “ E @

Mondnmmn dry density (Tin')

Daze sand comcent (%)

Figure 3: Effects of dune sand and cement content on the maximum
dry density and optimum water content of the mixtures.

The results illustrated in Figure 4 shows that whatever the cement
content an increase in mechanical strength at 28 days was observed
from 0% dune sand up to 30%. Therefore the dune sand plays a
beneficial role up to of the contents of about 30%. By cons, beyond we
observed a decrease in mechanical strength even with the increase of
the cement content, more we are adding of dune sand to the soil more
we lose in quantity of fines (binder) and therefore cohesion. This effect
is explained by the loss of cohesion and entanglement of the granular
skeleton. The compressive strength for 12% cement and 30% dune sand
increases a rate in the order of 112.59% compared to the soil without
dune sand, this is due to the increase of the compactness and
simultaneously with the hydration of the cement thereby forming C-S-
H responsible for hardening of the mixture. So we take as optimal
mixture (58% soil, 30% dune sand, 12% cement). Also the mechanical
strengths curves have peaks to the right of the mass content of dune
sand which is in the order of 30%; this confirms that the mechanical
strength is closely related to the dry density. What is in accort with the
study conducted by [18,19].

Compressive strangth (MPx)

Figure 4: Variation of the compression strength and the tensile
strength by splitting as a function of cement content for each
percentage of sand.

Influence of static compaction and the curing method on the
properties of the optimal mixture

In this part, the impact of the increase in pressure static compaction
from 2.5 to 10 MPa and the curing method (dry-humid) on the
properties of optimal mixture has been studied. The results presented
in Figure 5 shows an increase in compressive strength more
remarkable at early-age up to a relative stabilization at 28 days. What is
in accord with the study conducted by [1,16]. However, the
compressive strength at 28 days increases in a dry environment of the
order of 46.18% whereas in humid environment approximately 77.91%
when the compacting pressure pass from 2.5 to 10 MPa. This also
manifests at the tensile strength by splitting which increases in a dry
environment an rate of the order of 40.62% and in environment humid
a rate of the order of 79.10%. These effects are explained by the cement
hydration and the C-S-H formation, subsequently improving
compactness thereby increasing the rigidity of cement-stabilized
compressed earth blocks. What is in accord with the study conducted
by [1,14-17].

Time (davs)

Figure 5: Effects of static compaction energy and the humidity
degree on the compressive strength and the tensile strength by
splitting of optimal mixture.

We also observe in Figure 6 an increase in the dry density with
increasing the compaction pressure. When the compacting pressure
pass from 2.5 to 10 MPa the dry density increases a rate of 1.98%.
What is in accord with the study conducted by [1,15,16,18,20,21]. This
minimal rate significantly affects the mechanical properties, maximum
dry density and thermal conductivity of cement-stabilized compressed
earth blocks.

17551 J
1750
17451
1740
17351
17301
17251
mf—

Maximum dry density (T/nr’)

1715 T T T T T T T
3 4 5 6 7 8 9 10
Static compaction (MPa)

Figure 6: Effect of static compaction energy on the maximum dry
density of optimal mixture.
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All the measurement results relating to the evolution of the thermal
conductivity as a function of compaction static degree and the
humidity degree are shown in Figure 7. Whatever dry state or humid,
the thermal conductivity increases in proportion with density. Indeed,
firstly the increase the densification of the materials by clogging of the
pores and eliminates the air located therein, the latter has a lower
thermal conductivity to thermal conductivity of solid matrices, and on
the other hand, more the material is compact, more it comprises
elementary particles to transport thermal energy. However, thermal
conductivity is the algebraic sum of the contribution of each of these
particles to the conduction within the material. It is clearly observed
on this figure for dry environment an increase rate to conductivity of
the order of 24.44% when the maximum dry density pass from 1720 to
1722 kg/m3 this rate of increase which decreases of the order of
17.30% at 1732 kg/m3 and which decreases then of the order of 13.97%
at 1754 kg/m3. This translates by given that the compaction tends to
densify the mixture until its maximum compactness and subsequently,
stabilization quasi the conductivity which will take place. The curve
analysis also allows observing an increase in thermal conductivity with
increasing water content. In the same context, these results are
confirmed by [1,15,16,22,23].
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Figure 7: Effects of static compaction energy and the humidity
degree on the variation of the thermal conductivity of optimal
mixture.
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Influence of content in cork granules on the properties of the
optimal mixture

In the following section, the incorporation of cork granules
significantly affects the mechanical properties for each level of
compression. The results illustrated in Figure 8 clearly shows
degression increasing mechanical strengths both in a dry environment
and at wet environment, which translates effectively by creating a
porous network. However we note an evolution of the mechanical
strength with increasing the compaction. The results of the curve
shown in a dry environment that for 2% of the cork granules the
compressive strength increases in the order of 89.64% when the
compacting pressure pass from 2.5 to 10 MPa while with 12% of cork
granules increase the compressive strength of about 140.91%. This
effect is explained by the fact that the cork granules show largely the
crush energy and subsequently the increase in the plasticity zone. This

is also evident in tensile by splitting. For a static compacting of 10 MPa
and 12% of the cork granules, the compressive strength in the wet state
decreases an rate of 7.41% at 28 days relative to optimized mixture
without the incorporation of the cork granulates.

It is also noted a more remarkable decrease in the maximum dry
density as a function of cork granules for each level of static
compaction (Figure 9). The experimental measurements show that for
a static compacting of 2.5 MPa maximum dry density decreases in the
order of 2.33% when the percentage of cork increases from 2 to 12%
and for a static compacting of 10 MPa decreases in the order of 1.27%.
This results in the increased porosity that provides the cork granulates.
For a static compacting of 10 MPa and 12% of the cork granules, the
dry density decreases an rate of 1.50% relative to optimized mixture
without the incorporation of the cork granulates.
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Figure 9: Effect of incorporation of cork granules on the maximum
dry density of the optimal mixture for the different energy levels of
static compaction.

Thermal conductivity is the characteristic in terms of heat
insulation. It is known that more material is a heat conductor, and its
conductivity is high. We present in the following the results of the
companion of measures conducted in our laboratory. The results
presented in Figure 10 shows the evolution of the thermal conductivity
in the dry state and wet for a static compaction of 10 MPa. The results
show that the cork granules increase the pore volume and thereafter
the air having a very low conductivity, contributes significantly to the
reduction of the effective conductivity. The thermal conductivity
presents a decrease for an increasing cork granules dosage. For a static
compacting of 10 MPa, the blocks containing 12% the cork granules
were reported to reduce the thermal conductivity in the dry state by
55% relative to optimized mixture without the incorporation of the
cork granulates which improves therefore thermal insulation.
Therefore the addition of the cork granules to initial material improves
the thermal conductivity.
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Figure 10: Effects of incorporation of cork granules and the
humidity degree on the thermal conductivity of the optimal mixture
for energy static compaction of 10 MPa.

The latter is strongly influenced by the density, increases and as and
when that the material is dense. A the wet state other words the open
porosity and completely filled with water, the conductivity increases
and of thermal bridges will be held to facilitate the conduction.
Therefore humidity at a significant effect on the heat transfer, it
increases the thermal conductivity. The latter evolves in the opposite

direction of the percentage of cork granulates; this is justified by the
fact that the thermal conductivity of the cork granules is very low
compared to that of the initial material. For a given volume, by
increasing the volume percentage of the cork granules in the initial
material, therefore it renders the latter more thermally insulating.
Significant influence of density and humidity on thermal conductivity
therefore on the thermal insulation capacity, more the material is dense
and humid; more its thermal conductivity increases. It is clear that the
determining factor in this growth is the porosity of the material.

Conclusion

The following conclusions are therefore drawn from the laboratory
investigation carried out:

Composition (58% soil - 30% dune sand - 12% cement) assures
maximum dry density of 1.75 T/m3 with a compressive strength in the
dry state of 2.87 MPa at 28 days.

Compressive strength at 28 days increases in a dry environment of
the order of 46.18% whereas in humid environment approximately
77.91% when the compacting pressure pass from 2.5 to 10 MPa. The
use of static compaction is in the aim of improving the mechanical
strengths by cons it increases the thermal conductivity grace to
densifying the blocs this is why we thought to incorporate granules
cork which has two effects: the lightening and the reduction in thermal
conductivity.

Compressive strength and tensile of cement-stabilized compressed
earth blocks decrease with the increasing content of cork granules.
Nevertheless, with minimal mass contents we obtained acceptable
strengths.

Regardless of the level of static compaction there is a noteworthy
decrease in the maximum dry density with increasing content of the
cork granules.

Thermal conductivity presents a decrease for an increasing cork
granules dosage. For a static compacting of 10 MPa, the blocks
containing 12% the cork granules were reported to reduce the thermal
conductivity in the dry state by 55% relative to optimized mixture
without the incorporation of the cork granulates which improves
therefore thermal insulation. Therefore the energy consumption for
thermal comfort can be reduced.

More the material is dense and humid; more its thermal
conductivity increases. It is clear that the determining factor in this
growth is the porosity of the material.
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