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Original Research Article

Study of the thermal and mechanical performance ofaterite blocks mixed with Néré

pod for the thermal insulation of buildings.
Abstract

This paper presents an experimental study on theacterization of local materials used in
the construction of buildings. These materialslaterite blocks associated with rates ranging
between 0% and 16%. with a pace of 4% of Néré pd. observed that the thermal

conductivity decreases and as the Néré pod ratedses. But it gets stabilized at 14-16%

with a corresponding value of0.42%V /f(nK ). The compressive strength is observed for

these same value rates of Néré pod. We found hieatampressive strength of the various
formulations decrease as the additive rate incsedsgecreases b30.43% when we add 4%
of Néré pod and by 41.96% when adding 8% of Neéeré. pde find that the compressive
strength improves when the Néré pod dosing raégiser than 8%. In this case it is reduced
by 19.6%. This rate is 15.63% when we had 12% &% df Néré pod respectively. The
ripening of the various formulations was also obedr particularly the LG8%; As a result.
the thermal conductivity and the compressive stieimcrease with the length of stay of the
Néré pod in the laterite. However. th8 8ay remains the maximum duration of ripening
which improves the compressive strength of the LE8%nulation as it increases from at
day O to in1.874 Mpa the ¢" day; this value is reduced B§3%at the 12' day of ripening.
The decrease in compressive strength in tHede®y is probably due to the decay of plant
material. i.e. the Néré pod.

Keywords: Néré pod. thermal conductivity. maturing. asymneetiot plan. mechanical

characteristics. volumetric heat capacity. thereffisivity.
Nomenclatures

LG%: Laterite plus % of Néré pod. o , 1
30 E: effusivity (J.m?K™S 2)
Wp : Plastic Limit (%)
31 F: Strength (N)
Rcm : Compressive strength (MPa)
32 L= Laplace Transformed
WL: Liquid limit (%)
33 A : Thermal ConductivityW/mK)



34 LS: Simple Laterite 37 Cs: Thermal Capacity of the Probe

35 Rc; Contact ResistancéK W™)

36 Jr: Day.
40 a : Thermal Diffusivity (m’.s™)

41 t: Temperature. (°C) @ : Laplace Transformed
42 P : Laplace Variable Temperature
43 e= Thickness (m)
44  R?:Linear Regression Coefficient.
45 1-INTRODUCTION
46  Energy consumption in buildings worldwide represenearly 40% of the total energy
47  consumption. It is responsible for 25% of totalbzar dioxide (CO2) emissions [1]. In Sub-
48  Saharan Africa. this consumption is between 50-7(®f% In Burkina Faso. power
49  consumption in buildings accounts for nearly 30-78%4ll low voltage power consumption.
50 [3]. This consumption can be reduced by simple iaedpensive passive techniques. In the
51 context of sustainable development. new regulatifmsthermal insulation in building
52 industry. lead researchers to find new materialsuitd energy saving systems. This research
53 was rapidly directed toward the use of materialsvedd from plant material. These come
54  either directly from the processing of the cultecproducts or from the development of their
55 waste. It seems useful to identify local materthkst improve thermal insulation and whose
56 production cost is low. The will to ensure the pmeation of the environment. the need to
57 design a low-cost housing for developing countaed the need to find suitable materials for
58 thermal insulation led us to conduct a thoroughitof some local building materials. The
59  subject of our study is the development of the Nxré obtained from the fruit of a Sahelian
60 tree. the Parkia biglobosa. Several methods usedgess thermal conductivity are known.
61 and the works on the characterization of thermaperties of materials have been published.
62 Bal et al [4] in 2011 adopted a system of asymmdtot plan to determine the thermal
63  characteristics of laterite mixed with millet podounoussa Millogo et al [5] studied the
64  physical and mechanical properties of compressetietlocks and reinforced with Hibiscus

38 (Jm’K™

39 @ : Thermal Inflow (W)
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Sabdarifa fibers. They find that with 0.02% to 898 of 30cm fiber mass. the pores in the

blocks of compressed adobes are reduced and teemanical properties are improved.

However. by adding 0.08% of 60mm fiber mass. thisdpces a negative impact on the
compressive strength. Makinta Boukar [6] in 201Bl&td the thermal behavior of the clay-
cow dung mixture with the asymmetrical hot plan aedermined the compressive strength
of clay-cow dung mixture; it appears that the the@lroonductivity decreases by progressively
increasing the volume of cow dung and the mechasicangth increases when the dosage
rate is lower than 8%. and decreases when it iselnithan 8%. N Laaroussi et al [7] in 2013
used the hot plate method in a permanent reginasdess the thermal conductivity of small
size clay bricks produced by Slaoui in Morocco. raland al [8] in 2014 showed that adding
Cymbogogon Schoenantus Spreng fibers to the admhees the thermal conductivity. The
result shows that this 3% increase enables to ml#atomposite material whose thermal

conductivity offers a thermal comfort in the buridiconstructed with these local materials.
2- Materials and Methods
2-1 Laterite and Négé Pod.

The laterite we used comes from a company locatdbd Gandigal region in Senegal. The

diameter of its grain is lower than or equal 4mm.
Atterberg limits and the size of the laterite sadiwere studied by Sekou Bodian [9]
WP=16.02% WL=33.07% Ip=17.02%. The fineness nhaslis 2.476.

Néré fruits were heated to very high temperatucegliminate moisture. then crushed to

obtain a Néré pod flour lower than or equal to In2%. the size of bricks used for thermal

tests is10x 10x 2.5m°.

2-2 Method and Assessment of thermal and mechaniceharacteristique of the various

formulations.

We used the method of asymmetric hot plan availablBpplied Energy Laboratory of the
Polytechnic School of Dakar (L.E.A) to determitie thermal properties of laterite. to
which we gradually added 4%. 8% . 12%. 14% andll§in16% of Néré pod in order to

observe the evolution of thermal and mechanicgbgnties of these formulations
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I-3 Method used to measure the thermophysical propdes of materials

Aluminium block

Healing
element

Thermocouple T(1)_— L.

Aluminium block

Figure 1 :Asymmetric Hot Plan Figure2 : Simplified Hot Plan
Model

An experimental study of the effusivity and therreahductivity was mainly conducted using
the method of the asymmetric hot plan in a trangitegime. Figure 1 shows the asymmetric
experimental device.

The method is based on temperature measureméra e¢mter of the heating device with a
heated surfac&00+ Inm % 10Gt fnm and a thicknes6.22+ 0.0Inm . The uncertainty in

the heating device area is thus aro%@ We must add the uncertainty to the sample
thickness estimated 486 and to the heat flux produced in the heating ewestimated at

0.5%. The sum of these uncertainties leads to an ovenakrtainty rate 0f3.5% to which

must be added the estimation error due to noisesumement oA T and the errors due to
phenomena that have not been taken into accouhéimodel. Most of the heat dissipated

into the heating device which electric resistaRce 40Q . passes through the upper part of

the heating device . A plan heating device shatiegsame section with the sample is placed

under it. K-type thermocouple comprising two coofi.005mm diameter is placed at the
underside of the heating device. The sample ispldetween 40mm thick two blocks of
extruded polystyrene set between #@onmthick aluminum blocks. A heat flow is sent from

the heating device. The temperature evolufidt) is recorded at every ea@i s. The



113
114
115
116

117

118

119

120
121
122

123

124

125

126

127

128

129

130

131

132

presence of the thermocouple does not increaseotitact resistance between the heating
device and the polystyrene. Since polystyrene imamating material. this thermal resistance
will be marginal. The system is modeled with théirectional transfer hypothesis
(1D) at the center of the heating device and the sahypling the measurement. This
hypothesis is checked with 3D simulation using@@MSOL and residues analysis: the

difference between the temperature provided byttheretical modeT, ,(t) and that
provided by the experiendg,(t) . to determine the timg,, at which the unidirectional

hypothesis (1D ) is checked. Given the very loweadf the heat flow reaching the
aluminum blocks through the polystyrene and thighltapacity. the temperature is assumed

to be equal and constant. By applying the quadeufozimalism [10] on the device shown in

Figure 1 & 2. and by using the temperature of tHe before the samplg(t):

EAR T PR ] I P P R

CS = pSCSeS
sh
[Aa, B} hige) 0 } [A B.} @) A
C D
Ce Pl | hgssh(ae)  ch(ae) P | Agssh(ge)  ch(ge)
q= B et q, = £
a a.

The formula ( 01) leads to the following formu{@2) :

R B R e
Pl LGP O 1] Jassge chiee) | Agsshge)  chge) LB LG PL®:

By developing the previous matrix product (O1prttwe get®,

(D ‘; . . '



133 withd =0, +0, =¢SO . S0 @, = 0{2“3] and then we draw the value 6f, using

134  the relation ) - O 1 (05) .
'“p|D,D:

B B,

135  With the inverse transformed [11]. the relation€Bables to get.

136 (06)

137  For the whole time. we used the unidirectional liipsis (1D). Temperature at the center of
138  the heating device in the Laplace area becomes:

S 1+ RESVP

139 6.(0,0,p) =
:(0.0.p) 2p me,p +[Remyc,p + 1 ESVP

(07) and after inversion with longer

.\ 204t

ESVr

140 time we have : T,(0,0,t)= CD[R - ME, } (08)

E’S?

141 The principle of the method is to determine theugabf the effusivity E. the thermal
142 conductivity A of the sample and the contact resistaft¢hat minimize the Mean Squared
2

N
143 Error of the sum :Z[ATexp(tj)_Tmod(j )] (9) between the theoretical curve
j=0

144 T 000 = LmdOit)and the experimental curveAT, =T (0,t)-T,

c cexp cexp

o&t)in  the

145  Levemberg-Marquardt-like algorithm program [12].91 is the Laplace temperature
146  transformedT,(t) . @,is Laplace transformed of the heat flow from theber toward the
147  sample above®, is Laplace transformed of the heat flow from theher to the insulator
148  (polystyrene) located at the bottori, is the sum of Laplace transformed of the total flux
149 released by the probe to the sample (on top) artieonsulator (polystyrene) underneath.
150 C,=p&C.is the heat capacity per unit area of the proBgis the contact resistance

151  between the sample and the prolee.et eare the thicknesses of the insulator and the

152  sample respectivelyg, is the thermal diffusivity of the polystyrene.
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3- Results and discussions on thermal performances.

3-1 Characteristic of thermal performances.

Table 1 : Variation of the thermal conductivity recorded and thermal effusivity of the

laterite materials mixed with the Néré pod

materials  A(W/mK) T B/miKs") %
LS 0.750 0.121 1277.561 0.027
LG4% 0.603 0.226 1160.735 0.017
LG8% 0.552 0.175 1082.955 0.053
LG12% 0.483 0.240 1056.508 0.013
LG14% 0.428 0.113 1005.946 0.016
LG16% 0.427 0.118 975.1414 0.019
075 , , , , ,
> H : :
“‘E H 1 1 H H 1
= 0T it EECEECEEEE EOPEETEPERE SERERRTES e beooeoaas R -
= H H H H H H H
e e e e
S | ! ' ' | | '
R s T RSt SOTETCEEEE] SUPREERED .
E H 1 1 1 H H 1
] B e Ul S S my
e e e e
.- L
04 i i i | |
0 2 4 6 10 12 16

Figure3 : Thermal conductivity variation according to the Néré pod dosage rate in the

laterite

The analysis of the results shows a decrease im#ieonductivity and thermal effusivity of

Meéré Pod in the Laterite (%)

materials depending on the dosage rate of the pdé
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The conductivity of the laterite without adding Mépod is 0.750N//mK . This value is
reduced by 19.6% when adding 4% of Néré pod an@8%vhen adding 12% Néré pod. But
this reduction stabilizes when the mass of Nérd ipdetween 14% and 16%. accounting for
43.06% reduction of the thermal conductivity whea add 16% of Néré pod. Indeed. Néré
pod associated with laterite creates an empty spiea with air in the composite matrix.
and this air is an insulator; the more the dosateaf Néré pod increases in the solid matrix.
the more empty spaces are created within it; thev@iume increases in this solid and
decreases the thermal conductivity progressiveth@slosage rate increases

3-2 Thermal conductivity evolution according to the bulk density of the various

formulations.

0.75

<
-‘J
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Thermal Conductiity (YW/m.K)
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Figure 4 : Evolution of the thermal conductivity acording to the bulk density of

formulations.

We can see that the curve increases accordinglkadbuasity of the materials. The higher the

Néré pod rate. the lower the density and condugtiVihe material becomes thermally more
A 2
insulating. By using the relations= (E) (10) and E = /Apc (11). we can draw the

thermal diffusivity of the materials that shows thpeed at which the thermal wave is



182
183

184

185

186

187
188
189
190

191

192
193
194
195
196
197

198

spreading in them and the volumetric thermal cdapacf materials that determine the

gquantity of heat stored per meter cube of the reter

=
o
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Thermal Conductivity (Wm.K)

e
~

1 1
2 4 6 8 10 12 14 16 18 20
Water Content (%)

Figure 5 : Thermal conductivity according to wate content.

Figure 5 shows the evolution of the thermal conigiigt according to water content. It
appears that the thermal conductivity increaseordoty to water content. Indeed. the
increasing humidification content of the materietiors through a gradual replacement of the

air contained in the pores by water. At the sammeptrature. the thermal conductivity of

water is much higher than that of the &gV m™ K™ against0.026/ m™ K ™).

The thermal behavior of the hygroscopic materiainiduenced by water content which

reaches its maximum value corresponding to a welasaturation state and the thermal
conductivity tends to get stabilized [13]. This dagtivity increase is consistent with the
results found by Dos Santos [14] showing that tiexrhal conductivity decreases when the

quantity of steam absorbed by the material decseakde increasing its porosity.



199 Table 2 : Variation of the density of the thermal apacity and the thermal diffusivity
200 according to the Néré pod dosage rate.

materials  anfsyao7 2oL PAKI /TP K) o)
LS 3.445 0.296 2176.216 0.175
LG4% 2.697 0.486 2234.337 0.260
LG8% 2.597 0.456 2124.630 0.281
LG12% 2.090 0.506 2310.992 0.266
LG14% 1.810 0.258 2364.320 0.145
LG16% 1.617 0.274 2226.933 0.156
201
202

203  The materials show high thermal diffusivity for ldwéré pod dosing. i.e. less than 12%.
204 However. the higher the diffusivity. the lesser tinee the heat will take to get into the
205  building.

206 4. Characteristics of the mechanical performancesfahe various formulations.

207 Test tubes have been made the same day just bétgaréparation of the paste. Test tubes
208 used for simple compressive and traction testsraparallelepiped form with the following

209 dimension 4x4x16cm®. Tests were performed on the™@8ay after the making of the test
210  tubes.

211 Re= (12)
S
212
213 RC = Compressive Strength (MPa)
214 F = Maximum compressive strength (N)
215 S- Strength support are@n’)
216

10
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Figure6 : Variation of the mechanical resistance ofest tubes according to the various
% of Négé pod

We see (Figure 6) that the mechanical strengthedsess. It is 2.309 Mpa when the laterite is
not stabilized. This value is found in the Hakwork’'s [16]. It is also comparable to the

value of the mechanical strength of the laterit@ &C obtained by Laurent Mbumbial et al

[17] in (2000). It decreases by 10.43% when 4% éfé\pod is added and 41.96% when we
add 8% of Neéré pod. This reduction is 19.960 % wive add 12% and 15.63% when we
add 16%. We find that the mechanical strength graved when the dosage of Néré pod is
above 8%. In short. we can say that the Néré ped dot improve the mechanical strength
of laterite. The flexural strength is very low fall laterite materials to which Néré pod is

added.

5-Characteristics of the thermal and mechanical pdormances of the maturing of the
formulation (LG8%) laterite plus 8% of Néré pod.

5-1 Characteristics of the thermal performances othe LG8%formulation

We studied the thermal and mechanical propertieshef LG8% formulation composite
whose blocks are made at O day. 3 days. 6 dayy®atad 12 days after the preparation of

the paste. As a result. the thermal conductivityeases according to the number of days.

11
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Figure 7 : Variation of the thermal conductivity according to the number of days for the
maturing of the LG8%.

We find that the thermal conductivity (Figure 7tiieases according to duration of the Néré
pod in the laterite before the making of blocksintreases from 0. 522/mK when the
LG8% paste is used on the same day to make th&<koc0.55W/mK. accounting for
5.26% increase on the third day of the construatibiine blocks. This conductivity increases
from 13.43%; 16.34% to 19.56% respectively when ¥58astes last 6 days; 9 days and 12
days respectively before the construction of tleekd. This increase in thermal conductivity
over time is due to the fact that Néré pod reactsthe laterite over time by secreting
chemicals that increase its thermal conductivitye Tonger the pod stays in the laterite. the
higher the secretion rate and then the higher ahewctivity.

5- 2 Characteristic of mechanical performance of th&. G8% formulation maturing.

Figure 8 below shows that the mechanical strength increastisthe g day and decreases
the 12" day.

12
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Figure8: Variation of the mechanical resistance degnding on the number of days for

the maturing of the Néré pod in the laterite

The optimum mechanical strength is 1.874a and is obtained on thé"@lay. This value is
reduced by 43% on the “12day of the maturing and 33.41% against the valfi¢he

mechanical strength of the LG8% formulation withodturing.

The decrease in the mechanical strength on tH‘eday is possibly due to the decay of the
Néré pod in the laterite. The mechanical strendtlthese various formulations was also

noticed on the 12day of the maturing of the Néré pod.
6-Thermal and mechanical characteristics of LG4% LG8%. LG 12% formulations
6-1 Characteristics of the thermal performances

The test tubes were made on tfiedhy after the preparation of the paste and tHedeg

after the preparation of laterite-Néré pod mixture

13
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Figure 9: Change in volumetric heat capacity
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Figure 10: Variation of the thermal effusivity.
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Figurell : Variation of the thermal conductivity

The maturing time leads to the variation of therrtine properties of the various formulation
materials. The Néré pod acts on the thermal prigserin long-term material. The
conductivity and thermal effusivity values obtained the 1¥ day are higher than those
obtained in day 0. However. we notice the revaread with the volumetric thermal

capacity.

6-2 Results of the mechanical trials on the variourmulations for 12 days maturing.

T
I (st day
[ ]12th day

Compressive Strength (MPa)

Nére Pod in the Laterite (%)

15
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Figure 12: Mechanical strength between 0 day and t112" day of the maturing of the
laterite plus various % of Néré pod

We notice that only the laterite without Néré paak hts mechanical strength increased by
11.69% on the 12day of maturing. However LG4%. LG8% and LG12% fatations have
their mechanical strength reduced by 42.98%. 22.60% 51.89% respectively during this

period.
Conclusion

The will to protect environment and the need toaliey a low-cost housing for developing
countries. has led us to undertake a thorough stfidgcal building materials. notably the
laterite blocks to which we have gradually addedhaable rate of pod Néré to know all of
their thermo-physical and mechanical charactesstithermal conductivity decreases
gradually as the Néré pod rate increases. The maaisstrength is reduced depending on
the dosage rate. which enables to conclude thaléré pod does not stabilize laterite. The
maturing impact was also studied during the expegeon the thermal and mechanical
characteristics of materials. including LG8% foratidn. The length of stay of the Néré pod
in the laterite impacts the thermal and mechangsformance. We have found that the
thermal conductivity and the compressive strengtiiease depending on the maturing time
of the Néré pod. Yet. this compressive strengthreteses on the f2day of maturing; this
decrease of the mechanical strength is probablytdute deterioration of the Néré pod

which is a plant material.
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