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Abstract 
 

The aim of this project is to explore the components and the making process of bricks used in 

construction. It is also meant to study its mechanical and thermal properties and how can they 

be improved using an organic additive which is olive bottom pomace ash for energy efficiency 

and waste management. The three types of clay that will be the object of study are: “ExtraBric” 

and “Bab Mansour” manufactories’ clays in Meknes, and “Bensmim” clay. Through the x-ray 

diffraction characterization technique and rheological studies previously conducted, the clay 

from Bemsmim will turn out to be of type Illite and the two others of type Montmorillonite. 

The main test of the research is the thermal test using the single-sided hot plate technique. It is 

conducted to specify the thermal conductivity of each sample that ended up most likely 

dropping with the increasing percentage of the additive.  

Also, the results of a compressive strength test are presented to assess if the mechanical property 

of the clay mixture with the desired ash is meeting the minimum requirements of the 

international standards. Thus, even though the compressive strength might decrease due to the 

addition of the ash, the fact that it is still above the critical value while having a better thermal 

resistance of the bricks is a very favorable outcome from this experiment.  
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Résumé 

Ce projet est destiné à l’étude des différents types d’argiles, de leurs compositions et du 

processus de fabrication de briques à base d’argile utilisés dans les constructions. Il est aussi 

destiné a étudié leur propriétés mécaniques et thermiques et comment elles peuvent être 

améliorer en utilisant un additive organique qu’est les cendres des grignons d’olive, pour une 

meilleure efficacité thermique et gestion des déchets. Les trois différents types d’argile qui vont 

faire l’objet de cette recherche sont : les argiles des briqueterie « Bab Mansour » et « ExtraBric» 

a Meknès et l’argile de la région de Bensmime. Grâce à la technique de caractérisation de 

diffraction par rayons X et aux études rhéologiques menées auparavant, l’argile de Bensmime 

a été caractérisé comme étant de type Illite, et les deux autres comme étant de type 

Montmorillonite.  

Le test principal de cette recherche est le test thermique à l’aide de la méthode du plan chaud 

asymétrique au régime permanent. Cette dernière a permis la spécification de la conductivité 

thermique de chaque échantillon qui s’est avéré diminuer, dans le cas général, avec 

l’augmentation du pourcentage de l’additive dans le mélange. 

Aussi, les résultats d’un test de résistance à la compression ont été présentés pour évaluer si les 

propriétés thermiques du mélange d’argile et cendres sont conformes aux exigences minimales 

des normes internationales. Ceci dit, même si la résistance à la compression diminue avec 

l’addition de cendres, le fait qu’elle soit toujours au-dessus de le valeur critique, tout en 

obtenant une meilleure résistance des briques, est déjà un résultat désiré de l’expérience.
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1. Introduction 

1.1. Background 

A lot of discussions nowadays associate the production of materials to waste. An American 

study has shown that, every year, 46,414 pounds of new minerals must be provided for every 

person in the United States to make the everyday useful things. For example, the highest weight 

is recorded for Stone at 12,095 lbs, used for making roads, buildings, bridges, landscaping and 

numerous chemical and construction uses. 9134 lbs of Sand & Gravel are used to make 

concrete, asphalt, roads, blocks and bricks. As for clays, 290 lbs are used to make floor and 

wall tile, bricks and cement. Production of materials we use, high value materials in particular, 

produce massive amounts of waste. As of 2015, it takes almost 600,000 times as much material 

as it takes to produce one unit of gold. A great example of that is The Cullinan Diamond mine 

in South Africa for which the ratio of rock mined to obtain one carat of diamonds is 5,000,000 

to 1. As construction materials waste is the concern of a lot en entities at the international level, 

green building programs such us Build Green and LEED award builders who achieve at least 

50 percent recycling rate on their projects, based on the monthly recycling rate at the facility 

where the material is taken. [6] 

1.2. Project description 

The selection of the material to be used is a very critical part in the process of the construction 

of any building due to many considerations such as its high dependence on the weather 

conditions of the region in question, the type of loads meant to be applied on the construction 

and the cost of production. The region of Ifrane usually knows severe weather conditions in the 

winter season and, due to the poor nature of the surrounding area, the heating expenses and 
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concrete construction turn out to be anything but affordable. For this reason, the use of an 

available material with descent thermal properties and strength is highly recommended. Thus, 

fired clay bricks represent the greatest match for the previously mentioned requirements due to 

its high availability and consequently its low cost of production and transportation comparing 

to cement concrete.  

In this project, the focus will be on using clays from three different sources: “ExtraBric” and 

“Bab Mansour” factories in Meknes and Bensmim clay with different percentages of Olive 

Pomace Ash to make our own fired clay bricks samples. The purpose is to assess how the 

mechanical properties- mainly the compressive strength- and the thermal properties- mainly the 

thermal conductivity- of the material will be improved with the use of a natural additive.  

 

1.3. Methodology 

The methodology implemented to build up this project consists first on a descent literature study 

on: the most relevant mechanical and non-mechanical properties of construction materials, the 

material in question used for this project which is clay, the x-rays characterization technique 

that determines the composition of each clay and therefore its type, the fired clay bricks process 

consolidated by the visit of the factories “Bab Mansour” and “ExtraBric” in Meknes and finally, 

ash usage in the improvement of the properties of the building material. Second, the processing 

of the raw material was done and two sample blocks of bricks of each percentage of ash (0,5, 

7, 10 and 13%) and of each clay was made in the lab. Small portions of the clays were sent to 

Rabat for x-rays diffraction test to determine their composition as well. The thermal 

conductivity test was then conducted in EST-Salé on the samples made. Finally, the results of 

two trials were recorded, the percent error calculated, the graphs plotted and the correlation 

coefficient determined to define how strong is the relationship between the percent of additive 

added and the change in the thermal conductivity and the compressive strength. 
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2. Literature review 

2.1. Construction materials properties 

2.1.1. Mechanical properties 

A mechanical property refers to the feature a certain material will exhibit as a responsive 

behavior -deformation- when a load is applied on it.  

2.1.1.1. Loading conditions 

When designing a certain project, one of the first things to account for in the selection of the 

building material is the type of loads that the structure is supposed to withstand. These loads 

can be divided into static and dynamic loads. The static loads, also called dead loads, are the 

ones that remain fixed over the whole life cycle of the building, that to say, mainly the weight 

and equipment of the structure. Dynamic loads- or live loads- can be classified to: periodic that 

repeat itself over time, random that does not follow any specific pattern and transient loads that 

starts impulsively but fades after a short period of time. The figure below shows a representation 

of the different types of dynamic loads. [8] 

 

Figure 2.1.1.1.1: “Types of dynamic loads: (a) periodic, (b) random, and (c) transient.” 
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2.1.1.2. Stress-Strain Relations 

Due to the application of forces, materials tend to deform. This deformation can be associated 

directly to the properties and dimensions of a certain member and thus, a linear relationship 

between the amount of load applied on it and the resulting deformation can be defined. [8] 

The stress applied on a member can be then defined as the the force per unit area, and the 

deformation as the elongation over the initial length according to the following relations:  

= F/A    = L/L0  

These two parameters can be represented in a single diagram called stress-strain, such us the 

diagrams below that represent typical ones for some materials used in construction.  

 

Figure 2.1.1.2.1: “Uniaxial stress-strain diagrams for: (a) glass, (b) steel, 

(c) aluminum alloys, (d) concrete, and (e) soft rubber.” 

 

2.1.1.3. Elastic Behavior 

The elastic behavior of a material corresponds to its instantaneous deformation-stretching of 

the atoms’ bonds- after the application of a load, and the return to its initial state-original bonds 

state- as soon as the load is removed. Young’s modulus-or the modulus of elasticity E- is a 

parameter that defines the linear relationship between the normal stress  and the normal strain 

 of linear elastic materials. [8] 

E= /  
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Table 2.1.1.3.1: “Young’s Modulus and Poisson’s Ratio Values for some 

materials in room temperature” 

 

 

2.1.1.4. Elasto-plastic Behavior 

The plastic behavior of a material corresponds to its permanent deformation after the 

application and removal of a load-slip of atoms relative to each other-. For elasto-plastic 

material, the stress will increase very slowly as the strain reaches a certain value, making some 

of the deformation recoverable-bonds stretching- and some permanent-bond slip-.  

In construction, “ductile material provides the designer with a margin of safety” [8, Page 10] 

as the overloaded structure undergoes distortions first before failure. For this reason, they are 

preferred over brittle ones that suddenly fail without prior notice. [8] 
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Figure 2.1.1.4.1: “Stress-strain diagram of plastic material: (a) plastic 

deformation and elastic recovery, (b) elastic-perfectly plastic, and (c) elasto-

plastic with strain hardening” 

 

2.1.1.5. Viscoelastic Behavior 

While elastic and elasto-plastic materials consider that the immediate response to stress is the 

strain, viscoelastic material show instead an elastic response to stress followed by a time 

dependent viscous behavior. The material properties control its response delay. 

Stresses, strains and time can be related using one of the two approaches: Mathematical 

relations based on lab results or rheological models describing the material response. 

Rheological models give an insight about the different modes of material deformation and 

enable to mechanically model their time dependent behavior using different combinations, 

either in parallel or in series, of simple physical elements, forming three main rheological 

elements: [8] 

The Hookean element with a perfect elastic linear behavior. The material is compared to a linear 

spring following the formula:  

F= M 

Where F represents the force,  the deformation and M the proportionality constant. A complete 

recovery of the material is happening.  
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The Newtonian element with a perfect viscous behavior. The material is compared to a dashpot 

following the formula: 

F=  (d/dt) 

Where F represents the force, d/dt the rate of deformation and   the proportionality constant. 

Note that there is no recovery in here. 

The St. Venant element with an unrealistic approach. The material is compared to a sliding 

block with friction resisting the movement.  

The figure below represents these three elements. 

 

 

Figure 2.1.1.5.1: “Basic elements used in rheology: (a) Hookean, (b) Newtonian, 

and (c) St.Venant’s.” 

 

Figure 5 below illustrates how the basic elements can be combined to form rheological 

models that represent the material behavior. Figure 6 shows a more specific example of a 

model for viscoelastic materials. 
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Figure 2.1.1.5.2: “(a) Maxwell, (b) Kelvin, and (c) Prandtl rheological 

models” 

 

 

Figure 2.1.1.5.3: “Burgers model of viscoelastic materials” 

 

2.1.1.6. Work and energy 

In the selection of the suitable material to be used in the construction, the energy absorbed 

and energy needed for a certain member to be deformed is a trivial parameter to account for. 

The modulus of resilience is material’s ability to absorb the elastic energy which is the area 
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under the elastic region curve, while the toughness is the material’s ability to absorb energy 

before fracturing and is the total area under the stress-strain curve. [8] 

 

Figure 2.1.1.6.1: “Areas under stress-strain curves: (a) modulus of resilience, (b) 

toughness, and (c) high-strength/toughness materials.” 

 

2.1.2. Non-mechanical properties 

The selection of the right material to be used in a certain construction depends not only on the 

mechanical properties mentioned above but also accounts for other considerations-non-

mechanical ones – mainly the thermal expansion and the density. 

 

2.1.2.1. Density and unit weight 

It is very important to consider the weight of the material in construction. As it is considered 

as a dead load, the weight of the structure is permanent and by reducing it, the total stress over 

the whole structure can be reduced. The following formula relates the unit weight  to the 

density  and acceleration of gravity g. [7] 

= g 

2.1.2.2. Thermal properties 

The variation in temperature of a material may lead this last one to either expansion, 

contraction, conduction or heat reflection. The three basic thermal properties are: Thermal 
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conductivity (k), Thermal conductance fixed thickness materials (C) and the R-value for 

thermal resistance.  

The thermal conductivity is defined as the proportionality coefficient in Fourier’s law of 

conduction where, q is the energy flow in the direction of ΔT-the change in temperature-, A is 

the cross-sectional area and ΔL the change in length. [7] 

Q=-kA (ΔT/ ΔL) 

Table 2.1.2.2.1: “Typical thermal conductivities of construction materials” 

 

   

2.2. Clay  

2.2.1. Clay and clay minerals overview 

Clay is one of the oldest building material and one of the most widely used in the ceramics 

industry. From the old sculptures and pottery work to today’s heavy structural products such as 

bricks, 400M of tons is the estimated annual production of clay worldwide. [14] 

Clay is a soft, naturally occurring material with fine-grained minerals below 4 m and plastic 

properties. It is produced due to weathering or deposition of sediments resulting from the 

erosion of rocks containing feldspar, that reacts with water to form clay minerals. [14] 
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Clay minerals are naturally occurring phyllosilicate crystalline material with a sheet-like 

structure called sheet silicates. They are composed of tetrahedral sheets of Si and Al and 

octahedral sheets of Al, Mg, Fe2+, Fe3+.[14] 

The technique of X-ray diffraction enabled the determination of the composition of the different 

types of clay.  

 

Figure 2.2.1.1: “Composite layers in clay mineral structures” 

2.2.2. Types of clay minerals 

Clay minerals can be classified according to the type of sheet silicate it is forming: the 1:1 type 

that includes the Kaolin group (Kaolinite and Halloysite) and the 2:1 type that includes the 

Illite, Chlorite and Montmorillonite (smectite) groups. [14] 

2.2.2.1. Kaolin Group  

This most common 1:1-layer type of net zero negative charges has a dioctahedral structure with 

no water layers. 
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Kaolinite is one of the main types of the Kaolin group, along with its two polytypic varieties 

called Dickite and Nacrite, all with the general formula Al4Si4O10(OH)8. However, the ideal 

formula of Kaolinite is Al4Si4O5(OH)4 with the Al3+ and Si4+ cations respectively placed in the 

octahedral and tetrahedral layers. [14] 

Halloysite is another mineral of the Kaolin Group. It differs from Kaolinite in terms of having 

an interlayer of water that consequently changes its chemical formula to Al4Si4O10(OH)8.H2O 

and produces a 10 Angstroms spacing instead of 7 between the layers. [14] 

 

Figure 2.2.2.1.1: “Crystal structure of Kaolinite (Al4Si4O10(OH)8)” 

 

2.2.2.2. Illite  

It is part of the Illite-mica group with the 2:1-layer structure of net negative charge. This is due 

to the Al3+ and R2+ cations that replaced the Si4+ and R3+. Illite’s chemical composition is 

K0.8(R
3+

1.65 R
2+

0.35) (Si3.55Al0.45) O10(OH)2 and the interlayer is composed mainly of Potassium 

ions that balance the charge deficiency and lenses of water. A mica group mineral that is similar 

to Illite is called Muscovite KAl2(Si3Al) O10(OH)2, where the only difference is that, instead of 

having an ideal case of one fourth Si4+ replaced by Al3+, only one sixth will do so and the 

potassium content will consequently be higher. [14] 
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Figure 2.2.2.2.1: “Crystal structure of muscovite” 

 

2.2.2.3. Chlorite  

It is another mineral with a 2:1-layer type. It has the chemical formula (Mg, Fe2+)6-x (Al, 

Fe3+)xSi4-xAlxO10(OH)8. The interlayer in its crystal structure is a positively charged octahedral 

layer that balances the negative ones from the 2:1 layers and produces a 14.2 Angstroms 

spacing. This type of structure can resistant higher temperature than Kaolinite, Montmorillonite 

and Vermiculite. [14] 

 

Figure 2.2.2.3.1: “Crystal structure of chlorite” 
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2.2.2.4. Smectite 

Smectite is a mineral with a 2:1-layer type. It can be at the trioctahedral form but is generally 

dioctahedral with a general chemical formula (Al2 - yMg2+/y) (Si4 - xAlx) O10(OH)2M
+/ 

x + y· nH2O, where M+ is the interlayer exchangeable cation and x and y respectively the ionic 

substitutions in the tetrahedral and octahedral sheets, which balances the charge deficiency 

ranging between 0.2 and 0.6 per O10(OH)2. The smectites are characterized by the interlayer 

swelling caused by the hydration of the interlayer cations. When y>x, this type of smectites is 

called Montmorillonite and its formula is defined as R+
y(Al2 – yR2+y)Si4O10(OH)2.nH2O. [14] 

 

Figure 2.2.2.4.1: “Crystal structure of dioctahedral smectite” 

 

2.2.2.5. Vermiculite 

Vermiculite is another mineral of 2:1-layer type at the trioctahedral form. It has a general 

chemical formula Mg(x-y)/2(Mg,Fe2+)3-y(Al,Fe3+)y(Si4-xAlx)O10(OH)2.NH2O, where 

0.6<x+y<0.8 and consequently the charge deficiency ranges between 0.6 and 0.8 per O10(OH)2. 
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Vermiculites have a basal spacing of 14.5 Angstroms where hydrated magnesium cations 

occupy the interlayer and they show the same swelling properties as the smectites. [14] 

 

Figure 2.2.2.5.1: “Crystal structure of vermiculite” 

2.3. Clay bricks  

Clay bricks are one of the masonry units considered as the oldest construction materials. Used 

for both structural and non-structural masonry applications, clay bricks are rectangular blocks 

manufactured by grinding the clay and mixing it with water to from a moldable paste. The dried 

mixture is supposed to be fired at a temperature between 900 and 1200C. The properties of the 

bricks will initially depend on the composition of the clay and on the different proportions of 

the components but, in general, they have the properties of being strong and durable. [8] 

 

2.3.1. Absorption and Durability 

Among the many properties of clay bricks, they are considered to be fire resistant and good 

thermal and electrical insulators as bricks-made constructions tend to be warm in winter and 

cold in summer. Also, they are very durable, a property that can be looked at by measuring the 

absorption of the material [8]. For that, three parameters are to be determined, according to 
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ASTM C67, which are absorptions by 24-hour submersion and 5-hour boiling and the saturation 

coefficient, using the following formulas where Wd is the dry weight, Ws24 is the saturated 

weight after 24-hour submersion in cold water and Wb5 is the saturated weight after being 

submersed in boiling water for 5 hours. [2] 

Absorption by 24-hour submersion (%) =     

Absorption by 5-hour boiling (%) =   

Saturation coefficient =     

 

2.3.2. Compressive Strength 

The second most important property that determines the durability of the material is the 

compressive strength. It is calculated by dividing the recorded fracture load-applied in the 

direction of the height of the sample-by the cross sectional area. Several factors control the 

compressive strength of the bricks such as the type and composition of the raw material and the 

manufacturing process. The table below summarizes the required numerical values of the 

minimum compressive strength, maximum water absorption and saturation coefficient 

respectively for severe, moderate and negligible weathering conditions [8]. 

 

Table 2.3.2.1: “Physical requirements for clay building bricks (ASTM C62)” 
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It is also worth mentioning that the modulus of rupture and the modulus of elasticity in a typical 

brick ranges between 3 and 26 MPa for the first and, for the second, between 10 and 35 GPa[8]. 

3. Bricks making process 

3.1. Extraction of raw materials 

Brick plants are usually installed next to areas where there is high availability of clay. The 

extraction process in then done using an excavator in individual or homogenized seam sequence 

and placed into stockpiles in the outdoor area of the plant. The yellow and the blue clays are to 

be placed apart if they are both available. Blue clay is considered to be more resistant to heat 

than the yellow clay. 

 

Figure 3.1.1. Clay stockpiles at “Bab Mansour” factory in Meknes 

3.2. Pre-treatment and preparation 

The clay left in stockpiles may undergo weathering which makes it more plastic after a certain 

period of time. The clays are then taken to a jaw crusher that reduces the size of the clay to 7.5 

centimeters in a process called primary crushing. Hammer mills are then used for secondary 

crushing to obtain even smaller rocks ranging from 2 to 3 centimeters. To finally obtain clay 
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layers of 1 to 2 centimeters, crushing rolls are used at the final grinding stage. The screening 

process is then applied to sieve apart the material that doesn’t conform to the desired crushed 

size and take it back to the finishing mill until all no rocks are left.  

The phase of preparation all begins here with the addition of the required proportion of sand 

(generally between 20 and 30% of the total mixture) and no pre-defined water content but till 

obtaining the right plasticity and moisture content.  

 

Figure 3.2.1. Primarily crushed clay on the way to the finishing mill  

 

3.3. Forming 

Among the many available forming processes, the one used in both factories is the extrusion 

process, which is also the most used worldwide due to the high physical properties of the 

resulting bricks. Once the ready clay mixture is taken out of the mixing chamber, it is forced 

into a die to obtain the desired shape and goes through a vacuum chamber to remove air from 

the paste. The extruded clay column undergoes surface finishing before being wire-cut to 
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uniform bricks. The left-overs from the cutting process are taken back to the second mixing 

chamber to be re-mixed with the freshly mixed clay paste.  

 

Figure 3.3.1. Extruded clay column ready to be wire-cut  

3.4. Drying  

After being formed, the bricks are charged into a rolling carrier and are taking to the dryer. The 

drying process nowadays takes about 24 hours to be completed but is still depending on the 

moisture content of the bricks. In the so-called semi-continuous heater used, the evaporation of 

one liter of water requires 330 kcal of energy. There are three sections in the drying chamber 

which are extraction ventilation, recycling and hot air impulse with increasing temperature 

values. This process should be carefully done in order to avoid cracking. 

 

3.5. Firing 

The last step of the bricks making process is firing. The quality of firing and the resulting 

vitrification generally depends on the composition of the clay used and the respect of the 

allowable maximum temperature. Kaolinite, for example, exhibit higher vitrification range than 
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Illite which make their combination that of an ideal brick. There exist several firing techniques 

such as the traditional clamp firing, Chamber and Tunnel kilns. This last one is the most popular 

and is used for the firing of both bricks in “ExtraBric” and “Bab Mansour” and consequently 

for our bricks too. It consists on three phases which are the pre-heating, maximum temperature 

firing and cooling. In the pre-heating phase, the  bricks enter the kiln in railed wagons where 

the temperature averages 120C , which is also considered as a final drying stage. The bricks 

are then moved to the center of the kiln where the temperature is at its maximum, ranging 

between 1000 and 1200C. Finally, the last step of the firing process is the cooling, where the 

temperature is dropped gradually in order to avoid cracks and the product is cooled down. This 

whole process takes up to 48 hours to be completed. [14] 

 

 

Figure 3.5.1. Mechanism of the firing tunnel kiln 
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Figure 3.5.2. Kiln controlling software 

4. Additives  

4.1. Background and overview 

Since the early discovery of plastic material, the very typical clay water mixture was used in 

the production of ceramics. Water was meant to fulfill two main functions: first, provide the 

mixture with its plastic property due to the fluid nature of water and second, bind the clay 

together to form the compact moldable mixture. However, more recent discoveries showed that 

other elements can be added to the clay mixture in order to complete the fluidizing and binding 

functions while improving the properties and quality of the product. These elements are what 

is called additives [14].  

 

4.2. Solid waste and the ceramic industry 

The increasing growth of the population results in the increase of their needs and consequently 

of the rate of production of different elements, which has inevitably an impact on the 

environment. Industries produce a huge amount of waste which is not only harmful for the 

environment if not properly recycled but also increases operating costs. Because it is one of the 
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many industries to produce waste, ceramic industry is very involved in the recycling of these 

residues. In fact, some solid wastes exhibit the same properties of the raw material used in the 

ceramic which gives it this ability to be incorporated onto the mixture. Not only the properties 

of the material remain the same-if not improved- but the industrial waste, cost of production, 

consumption of the high-value raw materials and energy are all reduced. Solid waste can exist 

in many forms and can serve as an additive in many ceramic applications such as in the bricks 

making. [1] 

 

4.3. Olive Pomace Bottom Ash as an additive 

The Mediterranean basin countries-including Morocco- are known for their high production of 

olives and therefore there is an important activity of olive processing industries, especially for 

olive oil. These industries have been concerned with the disposal of their waste and, many 

others actually use it as a source of energy for heating [12]. The example can be given with 

“Bab Mansour” factory or even AUI’s swimming pool that respectively use biomass as the 

main fuel to heat the furnace and the facility. The furnace itself generates another form of waste 

after combustion has occurred which is ash. Studies on the characteristics of ash produced from 

the combustion of olive waste has shown several physicochemical properties that would make 

it suitable for various applications. Fly ash was found to be characterized by having a large 

amount of Potassium that made of it a good choice of fertilizers for years. Bottom ash, however, 

was found to be more suitable for industrial activities such as construction. [12] 

 

5. Experimental procedure and results 

After a descent study on the most important properties of building materials, clay composition 

and characteristics, fired clay bricks making process and the use of ash as an additive to improve 

the clay mixture properties, hands-on experience has followed:  
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5.1. Procurement of raw material  

The goal of the study is to make bricks from three different clays: that of both “Bab Mansour” 

and “ExtraBric” factories located in Meknes and a third one brought from the region of 

Bensmim nearby Ifrane. With the visit made to both factories, Yellow and Blue clays, sand and 

olive pomace ash were brought from “Bab Mansour” and, Clay and sand were also brought 

from “ExtraBric” as well. The last type of clay was brought from a land field in Bensmim. 

Molds also had to confectioned, with a length exceeding 10 cm in order to be suitable for the 

future thermal tests.  

5.2. Treatment of raw material 

In order to be able to prepare the clay mixture, the raw material had to be first pre-treated. This 

consists of first crushing the clay stones into smaller parts that would be able to be re-crushed 

again to obtain a sort of powder. The grinded clay was then sieved to obtain a material ready to 

be used for further mixture. The ash had also to be sieved since it contained a great amount of 

solid residues. The following step was the sample preparation.  

5.3. Molds preparation 

We have decided to make clay mixtures with increasing percentages of ash from the three 

different clays. The percentages used were 0%, meaning that clay was mixed with regular sand 

and water, 5%, 7%, 10% and 13% by mass. Two molds of each percentage of ash and of each 

clay were made which makes it a total of 30 samples. Two samples each were made in order to 

overcome cracking problems due to a wrong drying process of the material. Using a balance, 

the proper amounts of clay powder and ash were measured and mixed with approximately 30% 

of water. In fact, the moisture content was not pre-determined as it all depends on the texture 

of the mixture. This later was blended manually for couple of minutes until obtaining a 

homogeneous elastoplastic paste, that was immediately compacted into the square molds with 

a flat surface finish to give samples of 10x10x2.5 cm in dimensions. The samples were left to 
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dry for couple of days and then were taken out of the molds. For the last step of this process, 

the samples were taken to “Bab Mansour” factory to be fired with the regular bricks since the 

kilns on campus are not suitable for a peak temperature of 1200C.  

 

Figure 5.3.1. Samples made from “Bab Mansour” clay 

 

Figure 5.3.2. Samples made from “ExtraBric” clay 

 

5.4. Material testing 

5.4.1. X-rays Diffraction  

X-rays diffraction is a characterization technique suitable for amorphous material with a 

relatively high number of crystals such as ceramics. It allows the identification of 

polycrystalline mineral phases of materials. In this technique, a monochromic X-ray beam 

strikes the crystal and is diffracted in the direction given by lattice planes when the Bragg 

condition is satisfied: n is the order of diffraction, l the wavelength of the x-rays beam, d the 

distance between two lattice planes and q the angle of incidence. [19] 

nl= 2d sin qn 
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Figure 5.4.1.1: Representation of the x-rays diffraction of a group of lattice planes 

 

A so-called Geiger-Muller detector measures the intensity of diffracted x-ray in a certain 

direction. It rotates around the same axis but at twice the speed of the sample which makes the 

angle measured by the counter be 2 q when the angle of incidence is q. The diffracted x-rays 

intensity is recorded as a function of the diffraction of angles. According to ASTM standards, 

the distances between the lattice planes are matched to the angles 2q and the position of the 

peak values in the diagram allows the determination of crystalline structures and thus of the 

crystallographic composition of the sample. [19] 

 

Figure 5.4.1.2: Representation of a diffractometer 
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Results:  

The samples of the sands and three clays available were sent to the Faculty of Science of 

Agdal in Rabat for X-rays diffraction test since it is not available in Ifrane. The tests takes 

time to be realized so we couldn’t get the results by now but, based on the results of a test 

already completed by Dr. Khaldoune, the X-ray diagram of Bensmim clay is shown below 

along with its composition that identifies it of type Illite.  

 

Figure 5.4.1.3: “X-rays diagram of Bensmim clay of type Illite” 

Table 5.4.1.1: “Chemical composition of Bensmim clay” 
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5.4.2. Thermal conductivity test 

5.4.2.1. Apparatus used  

Several methods can be used to measure the thermal properties of a material either in the steady 

or transient state. For the sake of this experiment, the single-sided hot plate method was used 

since it is the one available in EST-Salé, where the experiment was conducted. The single-sided 

hot plate is a steady-state method that allows the determination of the thermal conductivity of 

a system placed between two isothermal plates. An example of a possible scheme of this method 

can be described as following: two blocs of aluminum encompass respectively from top to 

bottom the sample material to be tested, a heating element and an insulating body. Aluminum 

was used for its high conductivity and can get the whole system quickly to an equivalent 

temperature. Three thermocouples are placed to measure respectively the temperatures:  T1 of 

the sample face touching the heating element, T2 at the opposite face of the sample and T3  at 

the face of the insulating body not touching the heating element. The following figure shows a 

sample representation of this description. [11] 

 

Figure 5.4.2.1.1: Example of an asymmetric hot plate 

 

Using this specific method, the conductivity of the sample when the system will get to the 

steady state can be determined using the formula below where: 1 is the desired thermal 

conductivity of the sample, 2 a pre-defined thermal conductivity of the insulating body, t1 and 

t2 respectively the thicknesses of the sample and insulating body,  the total rate of heat flow 

Aluminum Bloc 

Insulating body 
Aluminum Bloc 

Heating 

element 

Sample 
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given by the heating element,  1 2 the rates of heat flow respectively going through the sample 

and the insulating body, V the voltage across the heating element considered as a resistor of 

resistance R and I the current through the same element.  

1=
t1

T1−T2
[
𝑉2

𝑅.𝐴
−

𝜆2

𝑡2
(𝑇1 − 𝑇3)] 

5.4.2.2. Modelling of the asymmetric hot plate method 

Before attempting to perform the thermal testing using the single-sided hot plate method for a 

desired sample, it is required to account for two conditions that shape the accuracy of the results 

and limitation of the method. [11] 

The first one consists in making sure that the heat transfer at the center of the sample is 

unidirectional during the whole measuring period and that there are no lateral heat losses. For 

that, the calibration with a material with similar thermal properties is needed to have a time 

estimate of the unidirectional behavior of the heat transfer of the sample. [11] 

The second condition consists in having the contact resistance in both faces of the specimen 

inferior to the actual resistance of the sample. For this to be satisfied, the error due to 

disregarding the contact resistance should be inferior to 10%, leading the following constraint 

equation:                                        
𝑡

𝜆
 > 20 Rc  

In the case of our material, Rc represented by a 0.1 mm thickness air layer of = 0.025W/m.K 

and the constraint then becomes:  
𝑡

𝜆
 > 80 x 10-3 .  

5.4.2.3. Results  

First, the right value of the required thickness should be determined using the previous 

constraint. If we consider the fact that the thermal conductivities of the clay and the ash are 

respectively clay = 0.51 W/m.K and ash = 0.14 W/m.K. then the thermal conductivity of the 

clay mixture should be somewhere between the two values. Using  
𝑡

𝜆
 > 80 x 10-3 , the thickness 
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turns out to be in the following range 11 mm < t < 40 mm. Therefore, 25 mm is the most 

convenient thickness value for our samples and it is exactly what we have.  

After making sure that both constraints were satisfied, we proceeded to the physical test shown 

in the picture below. 

 

Figure 5.4.2.3.1: Asymmetric hot plate technique used in EST-Salé 

The red wires to the right of the picture are connected to a power source where the voltage was 

fixed to the value V= 6V and the current I= 0.15 A. Using Ohm’s law, where V= R I, we can 

deduce the value of the resistance. In this case, R= 6/0.15 ➔ R= 40 .   The greenish wires on 

the left allow the readings of the three temperature values defined earlier in the equation-the 

temperatures in the center of the two faces of the sample and the temperature in the center of 

the bottom part of the insulating body. They are connected in the other side to a signal generator 

that converts the analog signals transmitted from the body to digital signals, displayed on the 

screen of the computer, in forms of the three desired temperatures values. Before being able to 

compute the value 1-the thermal conductivity of our brick sample-, couple of other parameters 

should be predefined to complete the previously retrieved equation. “Agilent benchlink” data 

logger is the software used for the data acquisition. Once the curve shown in the picture below 
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stabilizes in a horizontal position and the the temperature values are also stable to the 0.01 

decimal, we can conclude that our system has reached the steady-state and that we can use these 

values for our calculations. This happens approximatively after 90 to 120 minutes of testing. 

 

 

Figure 5.4.2.3.2: “Agilent Benchlink” Data Logger 

 

 These parameters are the thickness t1 of our specimen equal to 0.025 m, the thickness t2 of the 

insulating layer equal to 0.0102 m and its thermal conductivity 2 = 0.04 W/m.K. The area of 

the contact surface can be also retrieved and in this case is A= 0.0105 m2.  

Now that all the parameters needed in the equation are known, the table below shows the results 

of the thermal conductivities of our fired clay bricks samples with different ash percentages. It 

represents two trials for each brick, the mean of the two trials and the percent error, computed 

using the following formula:  

mean = (trial_1+trial_2)/2 

% error = ((trial_1-trial_2)/ mean)x100 
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Table 5.4.2.3.1: Thermal conductivities of the fired clay bricks samples using the 

asymmetric hot plate technique in the steady state 

% OP Ash  Thermal conductivity Trial 1 Thermal conductivity Trial 2 Mean of the two trials  % error  

0% 0,49 0,51 0,5 4,000% 

5% 0,27 0,264 0,267 2,247% 

7% 0,249 0,255 0,252 2,381% 

10% 0,257 0,244 0,2505 5,190% 

13% 0,304 0,305 0,3045 0,328% 
 

Since the apparatus used for this test is very sensitive and can be affected by any small external 

factor, the experiment generally requires three trials to obtain a mean value of the thermal 

conductivity that can be reliable enough. However, due to the fact that each trial of each brick 

requires around two hours of testing and the unavailability of the testing machine at several 

occasions, the experiment could barely be made for two trials. The highest percent error 

obtained between the two trials is 5.19% which implies that the results are accurate to some 

extent.  

The following plot represents the change in the mean value of the thermal conductivity of the 

specimens with the increase of the percentage addition of Olive Pomace ash:  

 

Figure 5.4.2.3.3: Plot of the thermal conductivity (W/m.K) vs % OP Ash  
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From the table and graph, we could observe that the thermal conductivity dropped considerably 

with the addition of up to 5% of ash. Then, it started decreasing slightly until reaching the 

minimum value at 10% addition, from which it started increasing again. The correlation factor 

R2 = 0.48287 ➔ R= 0.695 is pretty high and thus reflects a strong negative relationship between 

the independent variable - % of OP ash addition- and the dependent variable – the thermal 

conductivity.  

The olive pomace ash is known to be very porous for its organic waste and carbonates contents. 

Therefore, its addition to the clay mixture and combustion during the firing process would 

create voids in the samples due to the increasing number and size of the pores. These pores will 

give air the opportunity to penetrate and fill them making thus a good insulator.  This will result 

in high values of porosity, which is inversely proportional to the thermal conductivity. This 

basically explains why the increasing percentage of the additive decreases the thermal 

conductivity.  

Also, it is very important to assess how the results obtained are meeting the international and 

national standards. At the national level, “Le règlement thermique de construction au Maroc” 

has set regulatory minimum requirements of thermal characteristics of buildings –attached in 

Appendix A- depending on the climate zone where the building is located (the apportionment 

of the climate zones is also attached in Appendix 1). Since our bricks are meant to be used in 

the region of Ifrane, located in climate zone 4, the maximum thermal conductivity is limited to 

0.49 W/m.K. Back to table 5.4.2.3.1 with our computed values, we can conclude that our bricks 

are by far meeting the national standards and thus, comply to the thermal regulations.  

 

5.4.3. Compressive strength test 

In order to effectuate the compressive strength test, it is required to follow international 

standards dictated by ASTM C67 for “Testing of brick and structural clay tile”. This test was 
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not available at Al Akhawayn University and thus was intended to be conducted at ENSAM 

University in Meknes. The procedure to be followed to conduct this test is as following: the 

sample brick should be centered flatwise between the two plates of the testing machine. Then, 

a load approximately equivalent to half of the estimated maximum load the brick could 

withstand should be applied on the specimen at a uniform rate of 13 Newton per minute [17]. 

When failure occurs, the recorded value in the tested machine is the maximum load at failure, 

from which we can determine the compressive strength of the specimen using the following 

formula:  

c= 
𝑃𝑓

𝐴
 

c is the compressive strength value we are looking for 

Pf is the maximum load applied on the specimen at failure  

A is the cross sectional area of the specimen tested 

 

Figure 5.4.3.1. Compressive strength testing machine 

 

Based on previous compressive strength studies from [4], the following table shows the 

results for the compressive strength test with the addition of percentages of olive pomace 

bottom ash ranging from 0 to 20%.  
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Table 5.4.3.1. Recorded Compressive Strength values for corresponding ash % 

Ash percentage (%)  Compressive Strength (MPa) 

0 50 

3 46 

5 43 

7 40 

10 34 

13 25 

15 22 

17 19 

20 14 
 

The graph that follow shows the representation of the results sited above along with the 

correlation coefficient value of R2= 0.99017 ➔ R= -0.995. This coefficient is meant to 

measure how strong is the relationship between the independent variable (ash percentage) and 

the dependent variable (Compressive strength). This very high value that is almost close to -1 

shows that there is an almost perfect negative linear relationship between the two variables. 

Although the correlation is very strong we can’t conclude a cause and effect relationship but 

we can say that the drop of the compressive strength of the material is highly related to the 

percentage of ash added.  

 

Figure 5.4.3.2: Compressive strength vs OP Ash % 
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6. STEEPLE Analysis 

The STEEPLE analysis is a model that permits the identification of the major social, 

technological, economical, environmental, political, legal and ethical-in the same order as 

defined in the acronym- factors in a certain process or industry that would affect, either 

positively or negatively, the targeted audience.  

 

6.1. Social-cultural Factor  

Is is very important to understand that the social factor is initially the reason why we build. In 

other words, we build to modify the outdoor environment to make it a better place with desired 

features designed to comply to certain human requirements.  

The region of Ifrane is known to be a poor region that suffers from severe weather conditions 

especially in winter. As concrete turns out to be very expensive due to high prices of the cement 

mixed with coarse and fine aggregate, the use of fired clay bricks in constructions is a more 

rational choice due to the abundance and low prices of clay and sand used for the mixture and 

its descent thermal properties. Knowing that, naturally, concrete has a better compressive 

strength and thermal insulation, the social implication of this project is to reinforce the 

mechanical and thermal properties of this fired clay bricks. This would be achieved using some 

additives and making new raw materials from recycled waste material, in order for it to have 

optimum cost values in terms of the reducing the costs related to the heating/cooling needs and 

a safe healthy lifestyle for the habitants of the region. 

 

6.2. Technological factor 

As a technological implication of this project, several existing technologies and techniques are 

used to improve the properties of an already existing product which is the fired clay bricks. The 

X-rays diffraction is a characterization technique initially used to determine the exact 
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composition of the different clays and therefore define the type of clay minerals and the 

associated properties to it. Rheology is also being used to assess the deformation of clay in the 

viscoelastic state after the appliance of stress. The rheometer is the instrument to be used for 

that, and it differs depending on what experiment is to be conducted. For the thermal 

conductivity test, the TCi is another technology used to give a detailed look over the thermal 

characteristics of the brick samples, measuring directly the conductivity and effusivity. Finally, 

the compressive strength testing machine will be used to determine how much load the brick 

samples will withstand under compression before breaking.  

 

6.3. Environmental factor  

The environmental impact is clearly one of the major concerns of the construction industry 

nowadays. 28% of the world’s energy consumption is recorded in constructions and, it 

contributes to one third of the total carbon dioxide emissions [15]. The environmental aspect of 

this project is its consideration to be a step towards sustainable buildings. If the building 

performs its function with minimum energy used, it is as light as possible, it uses materials with 

low embodied energy, it is preferably in the city and is easy to adapt for future use, then it is a 

sustainable building. Using naturally available clay and natural additives not only improves the 

previously mentioned characteristics that make up for sustainable buildings but also reduces 

the waste of the ash brought from one of the factories in Meknes and the carbon dioxide 

emissions related to transportation. 

 

6.4. Economic factor  

Among the different economic sectors in the country, constructions are the second energy 

consumers with 25% of the total energy consumption. This number is subject to significant 

growth in the future years due to the high demand of household appliances such as heaters, air 
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conditioners, water heater etc… and the evolution of important national projects. The Moroccan 

government has established a program called “The energy efficiency program” that would 

reduce the energy consumption by 1.22 Mtep-between 12 and 15%- by 2020, according to “The 

thermal regulations of Construction in Morocco” [15]. To relate to this research project, the 

olive pomace ash added to the clay mixture is supposed to naturally improve the thermal 

properties of the bricks, which would lead to less needs for the household devices that are meant 

to improve the quality of life. Thus, this will not only reduce the energy bill of the single 

costumer but also the national one. In addition to the socio-economic factor, clay is very 

available, has a low cost of maintenance and its cost of production is known to also be less 

expensive than other construction materials such as concrete with its aggregates and cement. 

The transportation costs are then optimized because the plants are usually installed in regions 

where the clay is mostly available. 

 

6.5. Political factor 

As mentioned before, the Moroccan government is very concerned with the optimization of the 

sector of construction in terms of having both solid buildings with a low energy cost. For this 

reason, “The National Agency for the development of Renewable Energies and energy 

efficiency (ADEREE)” announced the launching, in partnership with FEM-PNUD “The United 

Nations Development Program” and the German cooperation GIZ, of an energy efficiency 

program in the sector of construction to hopefully decrease the total national energy 

consumption by 1.2 Mtep/year and the emission of greenhouse gazes by 4.5 MteCO2. This 

program is framed by “The thermal regulations of Construction in Morocco (RTCM)” and was 

established in cooperation with several partners concerned as well with the sector such us: “The 

ministry of Energy and Mines”, “The Ministry of Habitat, Urbanism and Territory 

Arrangement”, “The ministry of Tourism”, “The Ministry of National and Higher Education”, 
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“The Ministry of Public Health” and “The Ministry of Finance”. The Moroccan government 

also announced that the objective is to primarily reach 12 to 15% savings by 2020 [15]. Thus, 

the objective of this capstone project complies to this political efforts and decisions and can be 

considered a step towards the achievement of the intended energetic goals. 

 

6.6. Legal Factor 

The legal aspect of this research project would be the compliance with the national and 

international standards, developed by setting organizations, that guide the design, 

manufacturing and construction processes. At the international level, the “American Society 

for Testing and Materials” (ASTM International) is the most important standards body in the 

world that contains mainly more than 12,000 technical standards for materials in 77 volumes 

[3]. Several other associations and agencies are concerned with the settlement of standards but, 

in addition to the international standards, there are national standards that are specific to each 

country and should be taken into account. The previously mentioned “Thermal regulations of 

Construction in Morocco (RTCM)” is a great example of it. It specifies the regulatory limit of 

the thermal characteristics in residential buildings according to the climatic zone where Ifrane, 

as an example, fall in the fourth zone. Both ASTM and RTCM will thus provide standards that 

specify the values of the mechanical and non-mechanical properties the fired clay bricks 

samples should comply with. [15] 

 

6.7. Ethical Factor 

The ethical factor is a very important aspect in the professional life and project of every 

engineer. Since the engineering innovations have an impact on the daily life of humans, the 

work done should comply to all forms of morality, integrity and honesty.  



 39 

The “National Society of Professional Engineers (NSPE)” have developed a code of ethics -

divided into three main sections that are the fundamental canons, rules of practice and 

professional obligations- that discuss the main ethical and professional issues governing the 

engineer, from which I site:  A professional engineer should prioritize the safety and well being 

of the public, should stick to tasks only in his area of expertise and should honor the profession 

by exhibiting values of honesty, responsibility, trustworthiness and avoid deceiving people. The 

Engineer should also issue public statements in an objective manner and treat clients equally 

such that not to mix the personal and professional life. Based on all these rules, this project has 

a main concern of improving the quality of life of the public and providing evidence for the 

results obtained in the most honest and professional way, which meets the requirements of the 

code of ethics. 
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Conclusion 

In this project, the aim of this project is to study the change of the thermal and mechanical 

properties of fired clay bricks samples with the addition of different percentages of olive 

pomace bottom ash to the clay mixture. The choice of this specific additive didn’t come 

randomly. The production of olive oil is very important and thus the generation of the waste 

derived from it is very important as well. Although efforts have been made in some industries 

to recycle this waste, through its usage as a source of renewable energy and heat that would 

substitute the regular fuel, another type of waste -ash- was generated. The disposal of this ash 

is of big concern in the studies of waste management since the most common practice is 

stockpiling it in lands next to the factory-not the most environmentally friendly practice -. 

Proving that this ash can be safely used in the construction sector was studied in several steps 

in this research project. First, the type of clay used in the experiment was to be determined 

through the x-ray diffraction test and rheology studies reported in previous researches, showing 

that the type of clay we are dealing with in Bensmime is of type Illite and the ones brought from 

“Bab Mansour” and “ExtraBric” were of type Montmorillonite. Second, the bricks samples 

were molded with different percentages of ash and taken to the firing kiln then to the thermal 

conductivity test. This test allowed us to determine how the additive used would improve the 

resistance of our material to heat transfer –inversely proportional to the conductivity -. Indeed, 

we could see that the value of   dropped with the increasing percentage of olive pomace bottom 

ash and kind of stabilized after 10% . Furthermore, based on the results of a previously done 

compressive strength test, we could observe that the compressive strength of the material drops 

considerably with the increase of the additive percentage. However, it drops below the 

minimum value specified by the international standards only at 20% addition. At last, we can 

conclude that the optimum percentage of additive to be used to have optimum results of thermal 
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conductivity with a compressive strength that slightly exceeds the minimum requirements of 

the international standards is 10%. 

To conclude, we can say that two major outcomes can be highlighted from the study of the use 

of Olive pomace bottom ash as an additive in the clay mixture of fired bricks.  

First, from an environmental perspective, it is an interesting way to reduce waste disposal 

generated from different industries. Second, from a socio-economic perspective, it is an 

optimum technique to build safe constructions with a thermal resistivity that not only reduces 

the needs for household appliances -such as heaters and air conditioners -and thus reduces 

personal bills of consumers, but also contributes to the optimization of the total energy 

consumption in the Nation -Construction being the second biggest energy consuming industry 

in Morocco. 
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APPENDIX A 

 

Table 1: Climate zones repartition according to “Le règlement thermique de 

construction au Maroc” 
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Figure 1: Climate zones repartition on the map 
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Table 2: Minimum requirements of thermal characteristics of residential buildings 

 


