
HomeHome Authors SpeakAuthors Speak Author ProfilesAuthor Profiles IndexingIndexing Publication ChargePublication Charge Giving BackGiving Back ContactContact

About UsAbout Us

MissionMission

Featured ArticlesFeatured Articles

Announcement : Special Offer: SDI announces special discount of 79-96% on normal Article Processing Charge (normal APC is US$ 500) for any manuscript submitted between
01 Dec, 2016 - 31 Dec, 2016, as described in Publication Charge link.

Quick MenuQuick Menu

Journals (A-Z)Journals (A-Z)

Journals by SubjectJournals by Subject

Manuscript SubmissionManuscript Submission

SDI in NEWSSDI in NEWS

ReprintsReprints

SubscriptionSubscription

FAQ & HelpFAQ & Help

Upcoming JournalsUpcoming Journals

Asian Journal ofAsian Journal of
Environment & EcologyEnvironment & Ecology

SCIENCEDOMAIN  international  (SDI)
publishes high-quality, OPEN peer reviewed,
OPEN access international journals in various
sectors of science, technology and medicine
(STM). Fast and Open access principle of SDI
help to promote rapid propagation of most
up-to-date research findings to the researchers
worldwide without any financial barrier.

Editorial team of SDI consists of many
famous scientists like:
Prof. Hans Verhagen, Head of the Risk
Assessment and Scientific Assistance
Department (RASA), European Food Safety
Authority
Prof. George Perry, Dean, College of
Sciences, University of Texas at San Antonio,
USA.
Prof. Ni-Bin Chang, University of Central
Florida, Orlando, Florida, USA
Prof. Marcello Iriti, Milan State University, Italy
Prof. Rajendra D. Badgaiyan, University of
Minnesota, Minneapolis, MN, USA
Prof. William Ebomoyi, Chicago State
University, USA
Prof. Z. Ghassemlooy, Northumbria University,
UK
Prof. Ali Nokhodchi, Universities of Kent and
Greenwich, UK
Prof. Miklas Scholz, The University of Salford,
UK
Dr. Fayyaz Ali Memon, University of Exeter,
Exeter, UK
Prof. Luigi Campanella, President of Italian
Chemical Society, University of Rome, Italy
Prof. Viroj Wiwanitkit, Chulalongkorn
University, Bangkok, Thailand
Prof. En Tao Wang, Instituto Politécnico
Nacional, México
Prof. Toshiaki Nikai, Meijo University School of
Pharmacy, Nagoya, Japan
Prof. M. A. Orlova, Faculty of Chemistry, M V
Lomonosov Moscow State University (MSU),
Moscow, Russian Federation
Prof. Y. Dai, Associate Director of Research,
Revivicor Inc. Blacksburg, VA 24060, USA
1

1. Publication of high quality, high impact,
peer reviewed research papers.
2. Fast dissemination of scientific findings by
reducing lag time between 'submission to final
publication' by introducing efficient and robust
peer review management system.
3. Providing ONLINE full text articles free of
cost perpetually, to encourage research
across the world, especially in low and middle
income countries.

Response of Bread Wheat to Sowing DatesResponse of Bread Wheat to Sowing Dates
and the Genotypes in Morocco  ...and the Genotypes in Morocco  ...
On the Gravitational Shielding PhenomenonOn the Gravitational Shielding Phenomenon
 ... ...

Optimization of Process Parameters forOptimization of Process Parameters for
Improved Lipase Production byImproved Lipase Production by
Hyperthermophilic Bacillus sonorensis 4RHyperthermophilic Bacillus sonorensis 4R
 ... ...

Blindness Resulting from Instillation of MissBlindness Resulting from Instillation of Miss
Paris Perfume into a 2 Year Old Child’s EyesParis Perfume into a 2 Year Old Child’s Eyes
during Febrile Convulsion: Case R...during Febrile Convulsion: Case R...
Treatment with CSE-1034 (Elores™) in theTreatment with CSE-1034 (Elores™) in the
Management of Community AcquiredManagement of Community Acquired
Pneumonia Due to Multi Drug ResistantPneumonia Due to Multi Drug Resistant
Pseudomonas ...Pseudomonas ...

Astragalus glycyphyllos and AstragalusAstragalus glycyphyllos and Astragalus
glycyphylloides Derived Polysaccharidesglycyphylloides Derived Polysaccharides
Possessing in vitro Antioxidant PropertiesPossessing in vitro Antioxidant Properties
 ... ...
Investigation of the Purity of Ursolic AcidInvestigation of the Purity of Ursolic Acid
Dietary Supplements  ...Dietary Supplements  ...

Prevalence and Risk Factors of DentalPrevalence and Risk Factors of Dental
Caries among Preparatory School Children,Caries among Preparatory School Children,
Menoufia Governorate, Egypt  ...Menoufia Governorate, Egypt  ...

Diagnosis of Urological Cancer by 1H NMRDiagnosis of Urological Cancer by 1H NMR
Based Metabonomics Urinalysis: A PilotBased Metabonomics Urinalysis: A Pilot
Study  ...Study  ...
Repair and Strengthening of R.C Flat SlabRepair and Strengthening of R.C Flat Slab
Connection with Edge Columns againstConnection with Edge Columns against
Punching Shear  ...Punching Shear  ...

Adsorption and Electrokinetic Properties ofAdsorption and Electrokinetic Properties of
Catalase onto Perlite Samples  ...Catalase onto Perlite Samples  ...

Native Vietnamese Medicinal Plants withNative Vietnamese Medicinal Plants with
Anti-atopic Dermatitis Activity: A SystematicAnti-atopic Dermatitis Activity: A Systematic
Review  ...Review  ...
Effect of Selected Conditions on SporeEffect of Selected Conditions on Spore
Populations Outgrowth Dynamics and TimePopulations Outgrowth Dynamics and Time
to Single Spore Outgrowth Distribution into Single Spore Outgrowth Distribution in
Bacillus ...Bacillus ...

Evaluation of the Relationship and Impact ofEvaluation of the Relationship and Impact of
Climatic Factors on West Tennessee CornClimatic Factors on West Tennessee Corn
and Soybean Yields from 1955 to 2013  ...and Soybean Yields from 1955 to 2013  ...
An Efficient Method for Solving Linear andAn Efficient Method for Solving Linear and
Nonlinear System of Partial DifferentialNonlinear System of Partial Differential
Equations  ...Equations  ...

Laparoscopic Gastric Plication: AppropriateLaparoscopic Gastric Plication: Appropriate
Option in Times of Crisis?  ...Option in Times of Crisis?  ...

Haptoglobin Phenotype and SolubleHaptoglobin Phenotype and Soluble
Transferrin Receptor among Tuberculosis  ...Transferrin Receptor among Tuberculosis  ...
Bactrim-induced Severe ThrombocytopeniaBactrim-induced Severe Thrombocytopenia
in Pregnancy  ...in Pregnancy  ...

A Review of the Degenerative IntervertebralA Review of the Degenerative Intervertebral
Disc Disease  ...Disc Disease  ...

Foundation Soil Characterisation for aFoundation Soil Characterisation for a
Building with Multiple Cracks at Tarkwa,Building with Multiple Cracks at Tarkwa,
Ghana  ...Ghana  ...

Search this siteSearch this site

Advanced Search

Announcement &Announcement &
NewsNews

SCIENCEDOMAINSCIENCEDOMAIN
AwardsAwards

SCIENCEDOMAINSCIENCEDOMAIN
international Excellenceinternational Excellence
Award 2014Award 2014

1.5KLikeLike

Index Copernicus Value ofIndex Copernicus Value of
British Journal of Medicine andBritish Journal of Medicine and
Medical ResearchMedical Research
  We are delighted to inform
that Index Copernicus (a leading
indexing organization ...

SDI journal got 35th ranking inSDI journal got 35th ranking in
PublonsPublons
We are delighted to announce (as of
04/01/2016) that British Journal of
Medicine and Medical Re...

Growth of SDI and worldGrowth of SDI and world
publication marketpublication market
As of 2014, total 25,064 journals are
competing in World market of journal
publication. In 2011, tot...

Publication and site statisticsPublication and site statistics
(up to Sept, 2015)(up to Sept, 2015)
  Number of submission: 22181
(Total up to Sept, 2015) Number of
published paper: 10949&n...

PORTICO: Permanent DigitalPORTICO: Permanent Digital
Archiving of SDI journalsArchiving of SDI journals
SDI is happy to announce that all our
journals are now permanently
archived in PORTICO. Please see t...

Index Medicus selected 15 SDIIndex Medicus selected 15 SDI
journalsjournals
We are delighted to inform that Index

SCIENCEDOMAIN international http://www.sciencedomain.org/

1 sur 2 14/12/2016 12:48



Browser Compatibility : Mozila firefox, Google Crome and IE 7 & above. Terms & Condition   |   Privacy Policy   |   Join Us   |   Help   |   Contact Us
© Copyright 2010-2016, SCIENCEDOMAIN international. All rights reserved.

SCIENCEDOMAIN international http://www.sciencedomain.org/

2 sur 2 14/12/2016 12:48



Procédure pour vérifier que cet article est indexé sur la plateforme de CASSI 

Etape 1 : Aller sur le site de CASSI en tapant dans votre navigateur http://cassi.cas.org/ 

 Cet écran s’affiche 

 

 Accepter en cliquant sur ‘’I accept’’ 

 Cet écran s’affiche  

 

 

http://cassi.cas.org/


2ème étape : Rechercher l’article 

 

 Sélectionner le mode de recherche  dans le menu déroulant, le Titre du journal, 

le CODEN, le ISBN ou le ISSN. 

Dans ce cas, Sélectionner par exemple Title ou Abbreviation 

 Taper (ou Copier et Coller) le Titre de l’article (Ici par exemple,’’ Physical Science 

International Journal’’) dans le champ de recherche. 
 

 Cliquer sur Search 

 



 Cet écran s’affiche (cet écran s’affiche si le Journal existe dans la base de données 

de CASSI) 

 

Cet écran renseigne sur toutes les informations détaillées de l’article comme sur la photo 

ci-dessus.  



 

 
 

_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: clarence.semassou@gmail.com; 
 
 

 Physical Science International Journal 
12(4): 1-9, 2016; Article no.PSIJ.29393 

ISSN: 2348-0130 
 

SCIENCEDOMAIN international 
             www.sciencedomain.org 

 

 

Thermomechanical Characterisation of Compressed 
Earth Blocks Added with Sawdust 

 
Chakirou Akanho Toukourou 1,2, Guy Clarence Semassou 1,2*,  
Clément Ahouannou 1,2, Sèfiou Avamasse 1,2, Antoine Vianou 2  

and Gérard Degan 1 
 

1Laboratoire d’Energétique et de Mécanique Appliquée (LEMA), Université d’Abomey-Calavi,  
01 BP 2009 Cotonou, Bénin. 

 2Laboratoire de Caractérisation Thermophysique des Matériaux et d’Appropriation Energétique 
(LABO-C.T.M.A.E.), Université d’Abomey-Calavi, 01 BP 2009 Cotonou, Bénin. 

 
Authors’ contributions 

 
This work was carried out in collaboration between all authors. Author CAT designed the study, wrote 
the protocol and wrote the first draft of the manuscript. Author GCS managed the literature searches 

and analyses of the study performed the spectroscopy analysis. Authors CA and SA managed the 
experimental process. Authors AV and GD identified the local building materials. All authors read and 

approved the final manuscript. 
 

Article Information 
 

DOI: 10.9734/PSIJ/2016/29393 
Editor(s): 

(1) Lei Zhang, Winston-Salem State University, North Carolina, USA. 
(2) Christian Brosseau, Distinguished Professor, Department of Physics, Université de Bretagne Occidentale, France. 

Reviewers: 
(1) Ishaya M. Dagwa, University of Abuja, Nigeria. 

(2) Kamila Muzafarovna Gapparova, M. Auezov South Kazakhstan State University, Kazakhstan. 
(3) Shodolapo Oluyemi Franklin, University of Botswana, Botswana. 

(4) A. Ibe Kenneth, Federal University of  Petroleum  Resources, Nigeria. 
Complete Peer review History: http://www.sciencedomain.org/review-history/17087 

 
 
 

Received 8 th September 2016 
Accepted 12 th November 2016 
Published 1 st December 2016  

 
 

ABSTRACT 
 

The study of mechanical resistances twined to standards dispositions allows keeping a composition 
of CEB measured out 10% of cement and 2% of Tectona grandis sawdust. This composite material 
offers a higher strength compared to the one obtained with Afzelia sawdust. The method of 
asymmetric hot plan has been used to determine the thermal conductivity of the material and 
deduct the thermal parameter such as the diffusivity, the effusivity and calorific capacity. This 
method proceeds by a quadripolar modelisation 1D and allows to represent with a good precision 
the temperature in the center of a drill linked to the studied samples. The results that are obtained 
have shown that the addition of sawdust to the ordinary compressed earth blocks has clearly 
improved isolation performances of the final composite material. 

Original Research Article 
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Keywords: Compressed earth block; sawdust; mechanical resistance; thermal parameters. 
 
NOMENCLATURES 
 
a  : Thermal diffusivity (m-2.S-1) 
BTC : Compressed earth block (CEB) 
CEB 10 : CEB dosed at 10% cement 
CEB 8 : CEB dosed at 8% cement 
CEB 6 : CEB dosed at 6% 
Cp : Calorific capacity J.m-3. K-1 
E : Separatement between (cm) 
F : Maximal charge supported by two 

half block (kN) 
V : Volume (m3) 

F’ : Resistance to tests compression, 
MN/m2 

GTR : Earthworks Road Guide 
H : Thickness of the blocks (cm) 
L : Width  of the blocks (cm) 
M : Mass of the material (kg) 
Ρ : Charge at the break (KN) 
S : Average surface of tests face 

(cm2) 
X : Water content (kg water.kgms-1) 
 
Greck Symbols 
 
λ : Thermal conductivity (W. m-1 .k-1) 
ρ : Volumic mass (kg.m-3) 
 
Subscripts  
 
a : Apparent 
b : Test 
e : Water 
ec : Sample 
h : Wet 
i : Initial 
Xop : Optimal water contents 
S : Dry 
 
1. INTRODUCTION 
 
The recent researches on the local material have 
shown that the earth offers a great potentiality to 
the different need of human beings. Houben H. 
and Guillaud H. have precised that, this kind of 
material doesn’t really get, at natural state that 
people wanted to grant it, the thermal 
performances [1]. Nethertheless, when the earth 
material was mixed to other materials, these 
external, like fibrous materials and the linking, 
participate to the improvement of its 
performances, as well mechanic as thermal one. 
So the sawdusts generally are raised to be 
suitable as adjuvant in earth composite materials 
[2-5]. In practice, wood processing companies in 

developing countries generate more than 30 to 
50% of the waste treated wood volume, 
according to the case. These wastes are often 
used as a solid fuel, which promotes 
consequently the substantial production of 
carbon dioxide (C02): a greenhouse gas, which 
contributes to the destruction of the ozone layer 
[6]. 
 
In order to participate to the fight against the 
degradation of environment many researchers 
are interested on nowadays in the valorization of 
wastes, the recycling. It’s in this context that this 
study has permitted to explore the possibilities of 
compressed earth blocks utilization with sawdust 
addition. 
 

2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Sample material which constitutes the basic 
element for out study is a laterite composite + 
cement + sawdust + water in good studied 
propositions. 
 
2.1.1 The earth  
 
The laterite used is from Woba Karou in N’dali 
district See Fig. 1 (area located in the Northern 
Benin in the department of Borgou). The Fig. 1 
show the geographical location of the sampling 
site of laterite. 
 
2.1.2 The cement  
 
The cement portland CPJ 35 has been used for 
this study because of its relative quick 
adherence. 
 
2.1.3 The sawdusts  
 
The sawdusts of two species of tropical woods 
have been exploited. Afzelia and teck woods are 
concerned, recognized for their availability in 
Benin. 
 
2.1.4 The stove and the scales  
 
A ventilated stove of Memmert mark DO6060, 
functioning between the temperatures range (T) 
as 30°C ≤ T ≤ 225°C with a ventilation register, 
setting from 0 to 6, has permitted to dry the 
sawdust sample and to determine the dry 
extracts of compressed earth blocks (CEB). Two 
scales Sartorius type (precision 0.01 g) and
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Fig. 1. Geographical location of the sampling site of laterite 
 

Roverbal with a respective weight expanse of 
3100 g and 20 000 g, have been used for the 
different internal weights forming the mixture. A 
belcher of 500 ml capacity has allowed to    
determine the volume of water constituting the 
block sample composition. The water that is used 
is the one supplied by National Society in charge 
of water in Benin. 
 
2.1.5 Hydraulic press (squeezer)  
 

It’s a mechanic squeezer type SATEC MKIII-60 
TVI, equipped with a command console digital 
hill porting. It has been used for resistance tests 
in flexion of three points and in compression. 

2.2 Methods 
 
2.2.1 Physical characterization of the laterite  
 
In this part of the study, we have been interested 
on the characterization of the laterite of Woba 
Karou careers. This characterization consisted 
on the determination of physical properties like: 
the water content, the granulometry, the 
Atterberg limits, the volumic mass in bulk, the 
compressibility, the equivalent in sand and the 
real volumic mass of the produce ante-dried 
(Specific weight) [7,8]. Fig. 2 illustrates the 
particle size of the earth. 

 

 
 

Fig. 2.  Grading curve of the laterite 
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2.2.2 The cement  
 
The cement portland CPJ35 used has been 
preserved in better conditions of temperature and 
humidity during 7 days in order to reach its 
maximal resistance to permit the relative quick 
use.  
 
2.2.3 The sawdust  
 
Sawdust samples treatment consisted on 
soaking in hot water previously brought at 105°C 
during 48 h. The mixture obtained has been 
decanted and cooled down. The soaking water 
cooled down has been removed and replaced by 
the current water. The saw dusts have been 
neatly cleaned. The washing water has been 
filtered and replaced by current water in which 
the sawdust has been rinsed out. This approach 
permits on the one hand to dissolve in water 
inhibition extractible substances contained in the 
sawdust, and on the other hand to eliminate the 
microorganisms eventually present inside the 
sawdusts. The sawdusts neatly cleaned have 
been recuperated and piet inside the stove 
(oven) at 105°C during 72 h. 
 
Out of the oven, they has been spread on a tray 
and preserved in atmosphere conditions for 24 h 
to be adapted to atmosphere conditions. The 
sawdusts of each wood genus are examined 
closely and the fractions of sawdusts of granular 
class 0.16-5 mm have been packed and 
preserved far from humidity and heat under 
closed package until CEB realization. 
 
2.2.4 Test realization (BTC)  
 
� Cycle of compressed earth production 

 
A pre-treatment by sieving, with sieve of 
stitch of 10 mm laterite destined to the 
confection of EBC has been useful 
because of the presence of big particles in 
the earth samples, which have been 
spread in thin lagers at atmosphere 
temperature during 7 days in order to 
insure a natural drying. The water content 
of laterite has been determined Xcc in order 
to deduce the indispensable water volume 
to the composite mixture. In the same way, 
the masses of different components 
contributing to the preparation of dry 
mixture have been obtained. An adequate 
mixture of laterite + cement + sawdust + 
water has been realized and introduced 
into the press for the confection of CEB. 

� Water volume of production  
 

Messing water has been progressively 
brought until the mortar is brought to the 
optimal content in water (Xop) of the earth 
determined for Proctor test. So the volume 
of water in liter to add has been given by 
the following formula:  

 
( )

ce

cepo
e X

MXX
V

+
−

=
100

1
              (1) [3] 

 
Tests production CEB has been done according 
following the important steps: extraction, 
preparation, mixture, pressing, treatment and 
storing. 
 
� Massic composition of CEB tests 

 
Table 1 informs on massic composition of 
different mixtures (laterite + cement + 
sawdust + water) realized for the sampling.  

 
Table 1. Massic composition of CEB tests 

 
 Laterite 

(Kg) 
Sawdust 
(Kg) 

Cement 
(Kg) 

water 
(L) 

CEB dosed at 
4% of sawdust   

7,74 0,36 0,9 0,5 

CEB  dosed at 
6% of sawdust 

7,56 0,54 0,9 0,5 

CEB  dosed at 
8% of sawdust  

7,38 0,72 0,9 0,5 

CEB6 8,46 * 0,54 0,5 
CEB8 8,28 * 0,72 0,5 
CEB10 8,1 * 0,9 0,5 
CEB  dosed at 
2% of sawdust  

7,92 0,18 0,9 0,5 

 
� Treatment and storage of blocks  

 
The local where the blocks are 
manufactured is well isolated from solar 
radiance and the treatment has been done 
under a transparent covering of polyster. 
This precaution has permitted after the 7th 
day of preservation to prolong the 
treatment opened in the local without 
damages on the blocks. 
 

2.2.5 Mechanical characterization of CEB  
 
In the context of this study, we have been 
interested in classical characteristics as below: 
the resistance in inflexion three points, in 
compression. For the test of resistance in flexion 



in three points, the block support face has been 
installed  on two tubes spaced out of 20 cm and 
perpendicular to the block length, in the middle of 
the superior face, a third tube parallel to the firsts 
has been installed .We submit the CEB test to a 
constant charge at the rupture. The resistance to 
the blocks flexion has been determined by the 
formula: 
 

2

5.1

HL

PE

∗
∗∗=σ                                         

  

 
Fig. 3. Test of resistance in inflexion (three 

points) on CEB 
 

That is adopted the procedure for resistance in 
compression test has also permitted to take the 
twos halves of the test CEB stemming from 
flexion in three points tests. The two half 
were not always identical with regular forms. 
So the section held for the calculations is the 
mean average of the surfaces inferior and 
superior of the half-blocks. The resistance to the 
compression has been obtained by the formula
 

S

F
F ∗= 10'

sec                                        

 

 
Fig. 4. Experimental mechanism  

characterization of experience test
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in three points, the block support face has been 
installed  on two tubes spaced out of 20 cm and 
perpendicular to the block length, in the middle of 

rallel to the firsts 
has been installed .We submit the CEB test to a 
constant charge at the rupture. The resistance to 
the blocks flexion has been determined by the 

                                        (2) 

 

Test of resistance in inflexion (three 

That is adopted the procedure for resistance in 
compression test has also permitted to take the 
twos halves of the test CEB stemming from 
flexion in three points tests. The two half – blocks 

always identical with regular forms.            
So the section held for the calculations is the 
mean average of the surfaces inferior and 

blocks. The resistance to the 
been obtained by the formula: 

                                      (3)[9] 

 

 of thermical 
characterization of experience test  

2.2.6 Thermical characterization of CEB 
 
The thermical properties assessed in the context 
of this work are: thermical conductivity, thermical 
diffusivity, the effusivity, calorific capacity. The 
method chosen here is the « asymetric hot plan » 
method materialized by the picture below. We 
have used a program of simulation on support « 
Matlab » for the estimation of thermi
parameters. 

 
3. RESULTS AND DISCUSSION
 
3.1 Mechanical Characteristics
 
The laterite water content sampled at Woba 
karou is estimated at 1.3%. Its granularity was 
inferior to 35% and the percentage of fines is 
about 17.23%. 
 
The maximal diameter of grains is about 10mm 
(inferior to 50mm). Referring to the standards of 
classification NFP 11-300 and the GTR 92
can deduce that the laterite used for our study 
belongs to class B (it has thus been sampled in 
sandy ground and grave lows one with fi
[10]. This assertion is confirmed  by the theory 
about Atterberg limits in which the plasticity 
indice found is about 15.66% (superior to 12%), 
what allows to conclude with precision that 
laterite sample belongs to the under class B6. 
(Sand and clay grave to very clayer). Moreover, 
this type of laterite replies to Ramillon and 
Cratere granulometric standard, which 
recommends that fines percentage must be 
between 15 and 30% so as to be used for CEB 
manufacturing. According to the stan
681: 1996 compressed earth blocks good 
manufacturing process in manufacturing of earth 
mortar, the earth of under –class B6 were 
acceptable for realization of CEB, Consequently, 
Woba Karou laterite can be used for CEB 
realization [4,11,12]. 
 
Proctor tests permit to emphasize on the 
following characteristics for the studied laterite: 
an optimal water contents (Xop) about 5,82% and 

a maximal dry density ( maxdγ ) about 2,27 T.m

Beyond these characteristics, we can notice that 
the consistence indice Ic > 1.3 So according 
the standards NFP 11-300 and knocking down 
transport (KDT), the laterite used was at a very 
dry state; its equivalent in sand is Es=20%, this 
confers to this material a perfect stability and a 
sawdust textures [10]. Its use for the CEB is thus 
possible and can provide good results. The 
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cement CPJ 35 from SCB Lafarge society has 
been used for the composition of the sampled 
mixture. It was produced according to the 
standard, NF P15-301 and allows a relatively 
rapid taking [13]. The third constituent of the 
mixture is the sawdust stemming from wood 
species: Afzelia africana and Tectona grandis
 

 
Fig. 5. Influence of dosage of Afzelia sawdust 

on the resistance in compression
 

The Figs. 5 and 6 present the influen
measuring out of Afzelia sawdust in the 
resistance in compression and inflexion in three 
points. Between 0 and 3% average, we notice a 
rapid decreasing of CEB resistance in which 
stabilizes at an average value about 1 Mpa for 
the resistance in compression and about 0.23 for 
the resistance in three points flexion.
 

 
Fig. 6. Influence of dosage of Afzelia sawdust 

on the resistance in three points flexion
 

The mechanical performances of CEB with 
addition of sawdust are reversely proportional to 
the sawdust quantity inside the 
mixture the works of Solomon-Ayeh
the standards  ARS 674:1996 and ARS 675:1996
indicate that a CEB material can
building when its resistance in compression is 
superior  to 2MPa [6,9,14]. We will also retain 
that the content in cement has an influence on 
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The Figs. 5 and 6 present the influence of 
measuring out of Afzelia sawdust in the 
resistance in compression and inflexion in three 
points. Between 0 and 3% average, we notice a 
rapid decreasing of CEB resistance in which 
stabilizes at an average value about 1 Mpa for 

ssion and about 0.23 for 
the resistance in three points flexion. 

 

Fig. 6. Influence of dosage of Afzelia sawdust 
on the resistance in three points flexion  

The mechanical performances of CEB with 
addition of sawdust are reversely proportional to 
the sawdust quantity inside the composite 

Ayeh supported by 
74:1996 and ARS 675:1996 

indicate that a CEB material can be used in 
building when its resistance in compression is 

. We will also retain 
that the content in cement has an influence on 

the mechanical resistances of CEB studied this 
influence has an increasing look and linear for 
the case of resistance in flexion, with a minimum 
in the coordinates points (6; 0, 27). As for the 
resistance in compression, it is proportional to 
the content in water, with a minimal value around 
2.25 Mpa. 
 

 
Fig. 7. Influence of cement content on the 

resistances in compression
 

 
Fig. 8. Influence of cement content on the 

resistances in flexion three points
 

The curves of Figs. 7 and 8 show up to an 
addition of 10% of cement, the mechanical 
resistances of CEB rise in proportion with cement 
dosage. Consequently, the mixture sample of 
CEB studied has been dosed at 10% in cement. 
Peltier correlation (8) presented in the formula (3) 
expresses the optimal water con
maximal resistance for the test in flexion in three 
points. This expression has been retaken by 
Olodo and Rigassi who confirmed it has been 
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the mechanical resistances of CEB studied this 
influence has an increasing look and linear for 
the case of resistance in flexion, with a minimum 
in the coordinates points (6; 0, 27). As for the 
resistance in compression, it is proportional to 

n water, with a minimal value around 

 

Fig. 7. Influence of cement content on the 
resistances in compression  

 

Fig. 8. Influence of cement content on the 
resistances in flexion three points  

The curves of Figs. 7 and 8 show up to an 
of 10% of cement, the mechanical 

resistances of CEB rise in proportion with cement 
dosage. Consequently, the mixture sample of 
CEB studied has been dosed at 10% in cement. 
Peltier correlation (8) presented in the formula (3) 
expresses the optimal water content offering a 
maximal resistance for the test in flexion in three 

n has been retaken by 
who confirmed it has been 



applicable for the case that the CEB is without 
addition. For this study, the samples
has been realized by compressed earth block 
(CEB) with addition of sawdust
Assembling the sawdust to a granular material 
and making analogy between the two types of 
CEB with and without sawdust addition, we 
theorically deduce that  the optimal water
of CEB with Afzelia sawdust has permitted to 
reach a water  volume of wasting in level of Ve = 
470 cl. The experimental curve of Fig. 
a value Ve = 460 Cl, which corresponds to a 
maximal resistance in flexion three points. So, a 
relatively very weak interval of (2.12%) in touch 
with obtained values Ve has been noted; that 
permits to conclude that the correlation
applicable for the studied CEB with s
addition  
 
3.2 Mechanical Characteristics 

with Sawdust Addition 
 
The graphs of Figs. 10 and 11 give a general 
idea of mechanical resistances of CEB with 
addition of sawdust coming from essences of 
Tectona grandis and Aflzelia africana.
 

Fig. 10. Resistance in flexion three points and in compression with 
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that the CEB is without 
y, the samples-test in CEB 

s been realized by compressed earth block 
(CEB) with addition of sawdust [15,16]. 
Assembling the sawdust to a granular material 
and making analogy between the two types of 
CEB with and without sawdust addition, we 
theorically deduce that  the optimal water content 
of CEB with Afzelia sawdust has permitted to 
reach a water  volume of wasting in level of Ve = 

Fig. 9 presents 
, which corresponds to a 

maximal resistance in flexion three points. So, a 
relatively very weak interval of (2.12%) in touch 
with obtained values Ve has been noted; that 

onclude that the correlation is well 
applicable for the studied CEB with sawdust 

Characteristics of CEB 

The graphs of Figs. 10 and 11 give a general 
idea of mechanical resistances of CEB with 
addition of sawdust coming from essences of 

and Aflzelia africana. 

The composites on the basis of Tectona grandis
sawdust shows a resistance sensitively superior 
to those elaborated on the basis of 
africana sawdust. The values of the resistance 
obtained for the two realized tests respect the 
requirements of Standards ARS674: 1996 and 
ARS 675: 1996. 
 

 
Fig. 9. Influence of wasting water on the 

resistance in flexion three points
 

 
Fig. 10. Resistance in flexion three points and in compression with Afzelia africana

Tectona grandis  sawdusts 
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Tectona grandis 
sawdust shows a resistance sensitively superior 
to those elaborated on the basis of Afzelia 

sawdust. The values of the resistance 
obtained for the two realized tests respect the 

RS674: 1996 and 

 

Fig. 9. Influence of wasting water on the 
resistance in flexion three points  

 

Afzelia africana  and 



Table 2. Thermal characteristics values evaluated f or CEB 10 and CEB 10

Parameters  
Thermal 
effusivity 

Uncertainty 
on thermal 
effusivity%  

CEBC 10 1811.00 0.45 
Standard 
deviation 

54.37  

CEB 10-T-
2% 

1317.89 0.02 

Standard 
deviation 

1.83  

                                                                                                                           

 
Fig. 11. Resistance in flexion three points and 

in compression with Afzelia africana
Tectona grandis  sawdusts

 
3.3 Thermal Characteristics of CEB with 

or without Sawdust Addition
 
The results obtained for the CEB 10 at the end of 
thermal test are presented in the Fig. 10

 

 
Fig. 12. Curve experimental model and testing 

of residues on the sample 10 BTC
 

The theoretical and experimental curves are 
superimposed perfectly and the residues are well 
equally flat. This confirms the accuracy of 
operations. 
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Table 2. Thermal characteristics values evaluated f or CEB 10 and CEB 10 -
 

Average values  
Uncertainty 

 

Thermal 
conductivity 
λ w.m -1.K-1 

Uncertainty on 
thermal 
conductivity % 

Thermal 
diffusivity   
m-2.S-1.10-7 

Calorific 
capacity J. 
m-3.K-1 

1.70 1.10 8.91 1925759.79
0.08  0.26 2932.49 

0.85 0.08 4.16 2042773.42

0.01  0.09 22968.73 

                                                                                                                            

 

Fig. 11. Resistance in flexion three points and 
Afzelia africana  and 

sawdusts  

Thermal Characteristics of CEB with 
or without Sawdust Addition  

The results obtained for the CEB 10 at the end of 
thermal test are presented in the Fig. 10. 

 

Curve experimental model and testing 
of residues on the sample 10 BTC  

The theoretical and experimental curves are 
superimposed perfectly and the residues are well 
equally flat. This confirms the accuracy of 

4. CONCLUSION 
 
These reports enumerated above show CEB 
incorporating Tectona grandis sawdust constitute 
an isolant which could play a very interesting role 
in the field of energic efficience The values of 
thermal parameters wanted for BTC 10
and BTC-10 as following: calorific capacity, 
thermal diffusivity thermal effusivity and thermal 
conductivity are summarized in the 
blocks without sawdust addition present effusivity 
and thermal conductivity values superior to those 
of CEB with addition. This means th
conduction of heat by a material is intimately 
linked to thermal conductivity and to the 
effusivity. It stands out from this that CEB 
incorporating Tectona grandis sawdust conducts 
less heat. It’s the same thing for the CEB with 
sawdust addition which diffuses less heat than 
classic CEB. Bisides, as the table 2 presents it at 
2% of sawdust addition; CEB gets a better 
calorific capacity. Consequently our material, in 
addition to the fact that in limits heat conduction, 
it gets a strong capacity of storing. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Houben H, Guillaud H. Traité de 

construction en terre. 2 ed. 
construction processed] 
Marseille; 1995. 

2. Franz V. Constructeur  en terre 
[Earth construction lightened]  Actes Sud 
2016 pour l’édition Française; 2016.
Available:www.Actes-sud.fr 

3. Jannot Y, Felix V, Degiovanni A, Bal H. A 
centered hot plate method for measure
ment of thermal properties of thin 

 
 
 
 

; Article no.PSIJ.29393 
 
 

- T-2% 

Calorific 
capacity J. 

Estimated 
times 

1925759.79 350 
 

2042773.42 650 

  

These reports enumerated above show CEB 
sawdust constitute 

an isolant which could play a very interesting role 
in the field of energic efficience The values of 
thermal parameters wanted for BTC 10-7-2% 

calorific capacity, 
thermal diffusivity thermal effusivity and thermal 
conductivity are summarized in the Table 2. The 
blocks without sawdust addition present effusivity 
and thermal conductivity values superior to those 
of CEB with addition. This means that the 
conduction of heat by a material is intimately 
linked to thermal conductivity and to the 
effusivity. It stands out from this that CEB 

sawdust conducts 
less heat. It’s the same thing for the CEB with 

ch diffuses less heat than 
classic CEB. Bisides, as the table 2 presents it at 
2% of sawdust addition; CEB gets a better 
calorific capacity. Consequently our material, in 
addition to the fact that in limits heat conduction, 

ring.  

Authors have declared that no competing 

Houben H, Guillaud H. Traité de 
construction en terre. 2 ed. [earth 
construction processed] Parenthèses, 

Franz V. Constructeur  en terre allégée, 
[Earth construction lightened]  Actes Sud 
2016 pour l’édition Française; 2016.  

 
Jannot Y, Felix V, Degiovanni A, Bal H. A 
centered hot plate method for measure-
ment of thermal properties of thin 



 
 
 
 

Toukourou et al.; PSIJ, 12(4): 1-9, 2016; Article no.PSIJ.29393 
 
 

 
9 
 

insulating materials. Measurement Science 
and Technology. 2010;21(3). 

4. Toukourou CA, et al. Mechanical charac-
terization of an eco-material: Case of 
compress earth bloc (CEB) with addition of 
cotton waste. Int. J. Cur. Tr. 2015;4(1):109. 
ISSN: 2278-8042. 
Available:www.injctr.com 

5. Laeticia F, Romain A. Bâtir en terre du 
grain de sable à l’architecture [Build 
earthen grain of sand to architecture] 
éditions-Belin; 2013. 
Available:www.editions-belin.com 

6. Ulrich R, Christof Z. Construire en terre 
crue, [Build earthen] Edition Le Moniteur; 
2013. 

7. Peltier M. Contribution à l’étude de la 
géotechnique routière en France et dans 
nos territoires d’Outre-mer, [Contribution to 
the study of road geotechnics in France 
and in our overseas territories] Paris. 
1950;450. 

8. Organisation Régionale Africaine de 
Normalisation. Ed. blocs de terre 
comprimée: normes. Technologie n°11. 
CDI et CRATerre-EAG, ARS 674: 1996, 
Belgique, Mars. 1998;51-55. [African 
Regional Organization for Standardization, 
Ed. Compressed Earth Blocks: Standards. 
Technology No. 11. CDI and CRATerre- 
EAG, ARS 674. 1996- compressed earth 
blocks Technical Specification for ordinary 
compressed earth blocks, Belgium]. 
1998;51-55. 

9. Organisation Régionale Africaine de 
Normalisation. Ed. blocs de terre 
comprimée: normes. Technologie n°11. 
CDI et CRATerre-EAG, ARS 674 :1996, 
pp47-50, Belgique, mars; 1998. [African 
Regional Organization for Standardization, 
Ed. Compressed Earth Blocks: Standards. 
Technology No.11. CDI and CRATerre- 
EAG, ARS 674. 1996- compressed earth 
blocks Technical Specification for ordinary 
compressed earth blocks, Belgium]. 
1998;47-50. 

10. NFP 11 300:1992 Earthworks - 
Classification of materials for use in the 
construction of embankments and capping 
layers of road infrastructures. 

11. Organisation Régionale Africaine de 
Normalisation, Ed. Blocs de Terre 
Comprimée: Normes. Technologie n° 11. 
CDI et CRATerre-EAG, ARS 681:1996- 
Blocs de terre comprimée Code de bonne 
pratique pour préparation des mortiers de 
terre. Belgique, Mars. 1998;87-98. [African 
Regional Organization for Standardization, 
Ed. Compressed Earth Blocks: Standards. 
Technology No. 11. CDI and CRATerre- 
EAG, ARS 681: 1996- compressed earth 
blocks Code of Practice for Preparation of 
Earth Mortars, Belgium]. 1998;87-98. 

12. Organisation Régionale Africaine de 
Normalisation, Ed. Blocs de Terre 
Comprimée: Normes. Technologie n° 11. 
CDI et CRATerre-EAG, ARS 675 :1996- 
Blocs de terre comprimée Spécification 
techniques pour les blocs de terre 
comprimée ordinaire. Belgique, Mars. 
1998;47-50. [African Regional 
Organization for Standardization, Ed. 
Compressed Earth Blocks: Standards. 
Technology No. 11. CDI and CRATerre- 
EAG, ARS 675: 1996- Compressed Earth 
Blocks Technical Specification for Ordinary 
Compressed Earth Blocks, Belgium]. 
1998;47-50. 

13. NFP 15 301:1994 Hydraulic Binders - 
Common Cements - Composition 
specifications and conformity criteria. 

14. Solomon-ayeh KA. Studies of strengths of 
stabilized laterite blocks and rendering 
mortars. Building Research and 
Information. 1994;22(3). 

15. Olodo D. Murs en terre stabilisée et 
structures en béton de terre, [stabilized 
earth walls and ground concrete 
structures] CBRST, CNERTP. 1999;30. 

16. Rigassi V. Blocs de terre comprimés, vol 
Manuel de production, CraTerre. 
[Compressed earth blocks, vol production 
Manuel CraTerre] 1994;63. 

_________________________________________________________________________________ 
© 2016 Toukourou et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/17087 


	SCIENCEDOMAIN international
	CASSI
	Semassou1242016PSIJ29393_1 copy

