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Abstract 
 

As a part of a project that intends to create the first ecological model village in Morocco, I had the 

chance to discover the need of habitants of Zaouiat Ifrane, to immediate solutions for improving 

their housing quality.  And this is by, conducting surveys and visiting the people concerned for 

multiple times during three months. As a matter of fact, the region of Ifrane has an important 

population living in rural areas whom have very low financial means. As well as the weather in 

the zone is known to be cold and harsh for most times of the year. As a result, habitants might be 

suffering from difficult living conditions seen the hardships to afford the purchase of suitable 

heating systems and good housing standards. Actually, Al Akhawayn University is carrying 

projects and researches in order to improve the quality of housing and to come up with better 

ecological alternatives for the buildings constructions. For this reason, and under the supervision 

of Dr. Asmae Khaldoun, I am required to study and test new compositions of unfired clay bricks 

with wool as an additive for safe, sustainable, and eco-friendly natural material for building 

constructions. The motivations behind choosing clay as the topic of study are: its abundant 

existence and the possibility to enhance its thermal and mechanical properties with the lower costs 

possible. Besides, the possibility to add additives and stabilizers instead of drying them using firing 

methods. 

Formerly, a research conducted under supervision of Dr. Khaldoun showed that wool addition 

increased thermal efficiency and thermal isolation of the bricks. In addition, one example of the 

captivating results is that the thermal conductivity of one sample, with five % wool, was (0.19 

W/m.K) . As a succession to previous work done, this capstone is about the enhancement of 

mechanical properties of unfired clay bricks especially the testing for compressive strength of the 

bricks, in order to evaluate their mechanical performance. 



iv 
 

 Therefore, my project had started by the literature review part, and after this I proceeded on the 

making of nine samples with different compositions of wool and stabilizer. More than that, the 

testing of samples showed positive results where the sample containing lowest percentage of wool 

and of stabilizer had showed compressive strength of 3.04 MPa.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



v 
 

Table of Contents 
 

ACKNOWLEDGEMENTS ....................................................................................................................... ii 

Abstract ....................................................................................................................................................... iii 

List of Figures ............................................................................................................................................ vii 

List of Tables ............................................................................................................................................ viii 

I. Introduction ..................................................................................................................................... 1 

1. Feasibility study .............................................................................................................................. 3 

2. STEEPLE analysis .......................................................................................................................... 4 

II. Theoretical framework ................................................................................................................... 6 

1. Masonry Construction Bricks ........................................................................................................ 6 

2. Mechanical properties .................................................................................................................... 9 

2.1. Stress ........................................................................................................................................... 10 

2.1.1. Normal stress ...................................................................................................................... 10 

2.1.2. Shear Stress ......................................................................................................................... 12 

2.2. Strain ........................................................................................................................................... 12 

3. Thermal properties ....................................................................................................................... 14 

3.1. Thermal conductivity .................................................................................................................. 14 

3.2 Specific heat ................................................................................................................................ 15 

3.3 Thermal expansion coefficient .................................................................................................... 15 

III. Literature Review ......................................................................................................................... 16 

1. Clay................................................................................................................................................. 16 

2. Additives ........................................................................................................................................ 17 

2.1. Wool ............................................................................................................................................ 17 

2.2. Alginates ..................................................................................................................................... 18 

3. Clay bricks experiments ............................................................................................................... 19 

4. Environment .................................................................................................................................. 21 

5. Morocco ......................................................................................................................................... 22 

IV. Experiment and results ................................................................................................................. 23 

1. Experimental procedure ............................................................................................................... 23 

1.2 Samples making: ......................................................................................................................... 23 

2.2 Preparation of samples ................................................................................................................ 25 

2. Testing and results ........................................................................................................................ 27 

3. Solidwork comparison .................................................................................................................. 30 



vi 
 

3.1 Experiment example ................................................................................................................... 32 

3.2 Perforated brick ........................................................................................................................... 33 

4. Discussion of results ...................................................................................................................... 35 

Conclusion .................................................................................................................................................. 36 

References .................................................................................................................................................. 37 

 

  



vii 
 

List of Figures 
 

 

Figure 1: Examples of masonry bricks shapes .............................................................................................. 6 

Figure 2: Fly Ash Powder ............................................................................................................................. 7 

Figure 3: Concrete bricks .............................................................................................................................. 7 

Figure 4: Sand Lime bricks ........................................................................................................................... 8 

Figure 5: Types of Mechanical  strength .................................................................................................... 10 

Figure 6:Forces Directions for compressive strength ................................................................................. 11 

Figure 7: Forces directions for Tensile strength ......................................................................................... 11 

Figure 8:Forces applied in Shear stress ....................................................................................................... 12 

Figure 9: Stress-strain Curve[1] .................................................................................................................. 13 

Figure 10: Stress-strain curves based on nature of material[2] ................................................................... 14 

Figure 11: Layers differences between types of Clay ................................................................................. 17 

Figure 12: Alginates used in the experiment .............................................................................................. 19 

Figure 13: The steps of bricks making[11] ................................................................................................. 23 

Figure 14: Clay filtering .............................................................................................................................. 23 

Figure 15: Wool spinning ........................................................................................................................... 24 

Figure 16: Sodium alginates used in the experiment .................................................................................. 24 

Figure 17: Wool weighting ......................................................................................................................... 25 

Figure 18: Bricks drying ............................................................................................................................. 26 

Figure 19 Compressive strength test ........................................................................................................... 28 

Figure 20: Example of flexural strength result ........................................................................................... 28 

Figure 21: graphs of obtained results .......................................................................................................... 29 

Figure 22: Example of brick before and after loading ................................................................................ 30 

Figure 23: Properties plugged in Solidworks .............................................................................................. 31 

Figure 24: Model of sample six brick ......................................................................................................... 32 

Figure 25: Stress results of the first simulation ........................................................................................... 32 

Figure 26:Strain results of the first simulation ............................................................................................ 33 

Figure 27: Model plugged in second simulation ......................................................................................... 33 

Figure 28: Stress results for second simulation........................................................................................... 34 

Figure 29: Stain results for second simulation ............................................................................................ 34 

 

  

file:///C:/Users/52818/Downloads/Final_report1.docx%23_Toc7558634


viii 
 

List of Tables 
 

Table 1: Table of mechanical properties of wool fiber (Bobeth,1993) ....................................................... 18 

Table 2: results of compressive stress and shrinkage[7] ............................................................................. 20 

Table 3: Samples composition .................................................................................................................... 26 

Table 4: Samples charachteristics ............................................................................................................... 27 

Table 5:Results of compressive and flexural  strength ............................................................................... 29 

Table 6: Reaction Forces of first simulation ............................................................................................... 32 

Table 7: Reaction forces of second simulation ........................................................................................... 33 

Table 8: Simulation results ......................................................................................................................... 35 

 

  



1 
 

I. Introduction 
 

Constructions industry is one of the major components of any economy all around the world. In 

fact, the development of countries infrastructures and services implies a direct necessity of 

providing suitable buildings and constructions. As a result, the development of industries and 

economies can be negatively proportional to the safety of environment. Because of different 

emissions; due to materials production that causes pollutions, as well as the risky exploitation of 

earth resources such as wood. For that reason, green inventions and renewable energies are being 

introduced as better alternatives to conventional ones. Green energies are also known to be less 

expensive, sustainable, and have no harm on human’s lives because they do not produce toxins 

and harmful substances in the production phase.  

Furthermore, technologies, sciences, engineering, activists are concerned with the impact of 

world’s development on the environment and started conducting projects and researches to achieve 

ecological solutions. Besides, engineering field has a major role in the development of the 

constructions domain and green energies with all its branches; civil engineering, mechanical 

engineering, electrical engineering, chemical engineering. etc. As far as mechanical engineering 

in concerned, we will start by providing alternatives to the principle and smaller unit of any 

building construction; bricks.  

Additionally, the ethical and societal implications of engineering require to come up with solutions 

to make lives comfortable for people in need. Following, Dr. Khaldoun is working on enhancing 

materials properties to come up with an ecological house in Zaouiat Ifrane. This model house will 

benefice from optimized insolation and thermal efficiencies, and this will be realized by choosing 

the more beneficial natural materials and work on their enhancements using ecological options. 
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Obviously, any constructions are based on the usage of the bricks as units to develop the building 

process. For that matter, the targeted bricks for this project are unfired clay bricks because they 

can afford low costs options and better mechanical and thermal properties for the region 

population.  

Conventional Bricks in general are known to have strong mechanical properties in contradictory 

to efficient thermal characteristics. Also, they are known to be non-ecofriendly during 

manufacturing, and also more expensive for some people. Therefore, in this capstone project, I 

will try to come up with a better composition of good quality unfired clay bricks that obey to the 

respect of environment as well as that can be considerably cheaper that the Normal bricks. My role 

is to find the combinations of composition of Unfired clay bricks, with sheep wool as an additive. 

Together with the testing of mechanical properties, since thermal efficiency was already done in 

one thesis under the supervision of Dr. Khaldoun previously. 
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1. Feasibility study 
 

The major objective of my capstone project is to come up with effective unfired clay bricks, to be 

used in buildings constructions. Those clay bricks, should have thermal properties to ensure the 

conservation of energy inside the buildings, as well as effective mechanical properties. Moreover, 

the price of the bricks should be kept lower than the commonly used type of bricks. Therefore, the 

requirement and the tools needed for the project will be divided into two parts: theoretical part and 

concrete part.  

First, the theoretical part of the research should be done using different tools of research and 

analysis acquired during my academic studies. The main classes concerned are, mechanics of 

materials, materials science, and thermodynamics, computer Aided engineering that I have already 

taken during my studies.  

Second, the concrete part of the project will start first by gathering amounts of clay available in 

the village of Bensmim, mainly from lands I can have access to.  In addition to the raw materials, 

I will mainly have to use the university laboratories in order to fabricate the bricks; and that are 

available for students at any time needed. Also, the strength tests would be done in laboratories 

that own the right machines for such measurements, that will be coordinated by Doctor Khaldoune 

Asmae; laboratory of energy efficiency in (Ecole supérieure de technologie de Salé). Besides, As 

I am enrolled into Computer Aided class, I am currently having access to work on the Solidworks 

Software and guided by my instructor. This software is going to help me for the analysis of two 

types of bricks; one brick from the sample I will make, and on perforated bricks. Last but not least, 

the ethical, social, and economical aspect of the project are highly considered which make it 

beneficial for the environment and people living in the region of Ifrane. As a result, there are no 

moral, financial or resources obstacles to restrain the feasibility of the project. 
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2. STEEPLE analysis 
 

Social:  

The ultimate objective of this project is to come up with the best possible combination of unfired 

clay bricks, to make it easier for people in the region to benefit from less expensive and good 

quality bricks. The people in the region are having not comfortable with the access to the means 

of heating and building materials. for this reason, and as the thermal benefits was already approved, 

the mechanical analysis will be applied in this capstone in order to insure high quality bricks for 

the future users that might help people overcome their hardship concerning their buildings. 

Technological:  

The invention of sustainable unfired clay bricks with natural additives, that ensure both high 

thermal and mechanical characteristics, might be considered as a new technology entering the 

constructions domain.  

 Environmental: 

Unfired clay bricks are naturally composed, not containing any harmful or industrially transformed 

substances that might contain toxic and harmful components. also, the non-firing of the bricks 

makes them highly different than the conventional bricks, in terms of the productions of CO2 and 

others gazes that might be resulted from the firing.  

Ethical: 

The clay bricks are going to be tested on accurate machines, to ensure that they are secure for 

building constructions. The results from the Testing will be precisely reported,  
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and explained in the report. The moral aspect is taken seriously in the project, because it is dealing 

directly with people safety and comfort.  

Political:  

The creation of cheaper bricks that allow people to have a decent housing, would give more 

stability to social life which implies a political stability as well. Also, these bricks have no effects 

that are contradictory to political regulations or strategies as well as has no negatives impact on 

political stability.  

Legal:  

Safety regulations are highly considered in the capstone in order to avoid any legal non-

compliance; and this is by using only legal and allowable materials. Those bricks are not going 

to be competing in the market, so they are not concerned nor taxes fraud. 

Economic: 

The idea of creating low production cost bricks, coms from the idea to help people build their 

houses and building using cheaper materials. So these bricks are economically beneficial for 

people in the region. 
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II. Theoretical framework  
 

1. Masonry Construction Bricks 
 

Bricks are the smallest unit needed in masonry constructions, that can be joined using mortar. The 

bricks alignment is done sequentially in a vertical and horizontal directions to form building 

segments for small or huge contractions. The building requirements and priorities need different 

types of bricks in terms of materials and shape taking into consideration the volume and the climate 

properties of the building.  

And to ensure safety, the bricks dimensions and characteristics are standardized and regulated 

depending on the shape and materials used in fabrication, and the standardization differs from one 

country to another. The regulations of building take into consideration different parameters such 

us the atmospheric pressure, the Temperature variation, climate changes ..etc. There are many 

different types of bricks with different raw materials and with different shapes but we will talk 

about the most known ones. And first, figure 1 describes some of types of masonry bricks based 

on their shape. 

 

Figure 1: Examples of masonry bricks shapes 

 



7 
 

 

This section shows some types of bricks based on materials used in their composition:  

Fly Ash: 

 

Figure 2: Fly Ash Powder 

Fly ash (figure 2) based bricks are basically composed of fly ash and clay. They are most known 

to be relatively light bricks with low density. The fly ash component is a product generated from 

the burning of coal which make this types of bricks contain higher proportion of calcium oxide. 

The composition of fly ash makes the bricks experience high expenditure when they are exposed 

to contact with moisture which can cause failure within the bricks when exposed to loading. And 

to enhance their mechanical strength, fly ash bricks should be exposed to a very high temperature 

that can achieve 1000 C°. 

Concrete Bricks: 

 

Figure 3: Concrete bricks 
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Concrete bricks (figure 3) are cement based bricks with aggregate which is most of times natural 

sand. They are usually used for home outside decoration thanks to their esthetical virtues since 

they can be colored using specific treatments. The concrete Bricks do not have minimum required 

physical properties to hold infrastructures that would hold huge buildings. So, this types of bricks 

are not usually used in the constructions of infrastructural buildings.  

Sand Lime Bricks: 

 

Figure 4: Sand Lime bricks 

 

Sand lime bricks (figure 4) are composed of lime, sand, and fly ash, and these components are 

exposed to chemical reaction between them. This reaction occurring during the formation of the 

bricks helps the strengthening of the bricks. Sand Lime bricks must be submitted to high pressure 

while molding to help the chemical reaction occurring. Beyond that, this type of bricks is best 

known for its strength to hold huge loads. And it can be used at any level of the building design, 

because it can ensure stability of the structure. 
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Clay bricks:  

 

Clay bricks have been used by humanity since long time in history as a primary natural material 

for constructions. This type of bricks started to re appear in the recent time thanks to their 

ecological and economical advantage. 

 Moreover, as clay bricks need drying time to be formed there are two types of clay bricks; fired 

and unfired. In fact, the firing of clay bricks makes them gain stronger mechanical properties for 

example compressive strength. In contrast, the emissions of CO2 due to firing creates an issues 

concerning the ecological implication of Clay bricks. For this reason, Clay bricks can be exposed 

to sun drying or ambient air, with Additives added to their composition in order to enhance their 

properties instead of firing. 

2. Mechanical properties 
 

The mechanical properties of materials are changing indicators that demonstrate the behavior, and 

more specifically the reactions of a certain material when exposed to loading. The Forces applied 

can be normal, tangential, or rotational, and they affect the resistance and elongations aspects of 

the material. The mechanical properties of materials or bodies depends on other geometrical and 

quantity of materials such as the directions and position points of appliances of the loads. 

 There are different tests of stresses and strain that should be applied to determine the mechanical 

performances of a certain materials. In fact, the forces applied to materials causes different types 

of stresses and deformations to the prisms and surfaces of the body bearing the load. In addition, 

every type of materials has a recommended type of mechanical properties testing.  
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For example, it is better to study the yield strength to determine metals strengths, and to precise 

the compressive strength failure for Ceramics. 

 However, the mechanical properties can be enhanced by using additives, also reinforcement 

methods such as drying and chemical reactions. In our case, we have to determine if the fiber 

addition to clay composition does increase the mechanical properties. For this reason, we will 

study the behavior of clay bricks under compressive strength. 

The types of mechanical strengths that  the body is can body react to are as follow:  

 

 

 

 

 

 

 

 

 

 

 

2.1.Stress 

2.1.1. Normal stress 

 

Normal stress is the ability of the material to resist to normal loading; the load applied is normal 

to the surface concerned. And it has two types depending on the direction of the load. Compressive 

and Tensile strengths. Following is the equation to compute Normal stress. 

 

Strain 

Compressive 

stress 
Tensile stress 

stress 

Stress and 

strain 

Shear stress 
Shear strain Volumetric 

strain 

Compressive 

and tensile 

strain 

 

Figure 5: Types of Mechanical  strength 
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𝜎(𝑀𝑃𝑎) =
𝐹𝑜𝑟𝑐𝑒 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 (𝑁)

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎(𝑚𝑚²)
 

Compressive strength:   

 

 

Figure 6:Forces Directions for compressive strength 

 

 The compressive strength decreases the length of the body and increases cross sectional 

area. 

 The tensile strength implies tensile strain which is = 
𝑎𝑏𝑠(∆𝑙𝑒𝑛𝑔ℎ𝑡)

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑙𝑒𝑛𝑔ℎ𝑡
 

 Compressive strength test is primordial for bricks testing, because the structure of buildings 

requires that the units of buildings should have a certain ability to ensure the stability of 

the structures that will be added in each stage of the building. 

Tensile strength:  

 

 

Figure 7: Forces directions for Tensile strength 

 

 The tensile strength increases the length of the body and decrease cross sectional area. 

 The tensile strength might introduce tensile strain which is = 
∆𝑙𝑒𝑛𝑔ℎ𝑡

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑙𝑒𝑛𝑔ℎ𝑡
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2.1.2. Shear Stress 

 

Figure 8:Forces applied in Shear stress 

 

 The shear stress is the tangential component of the force acting on the surface Area and it is 

calculated as follow:  

𝜏(𝑀𝑃𝑎) =
𝑡𝑎𝑛𝑔𝑖𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝑓𝑜𝑟𝑐𝑒(𝑁)

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎(𝑚𝑚²)
 

 

2.2.Strain 

Strain is the calculations of the deformation and the elongations occurring when a body is under 

stress. It is necessary to have stress in order to have strain, but we can have stress without strain. 

The equation for compression and tensile strain is  

  𝜀 =
𝑎𝑏𝑠(∆𝑙𝑒𝑛𝑔ℎ𝑡)

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑙𝑒𝑛𝑔ℎ𝑡
 

 

Stress-Strain relationship                   

Young’s Modulus: E, is a constant parameter that determine the stiffness of each material. And it 

is interpreted as an indicator to how much the material under loading will deform. The relationship 

between stress and stress is expressed by hook’s law as follow:  



13 
 

strain * young’s modulus = stress 

 

Figure 9: Stress-strain Curve[1] 

 

The stress-strain relationship is illustrated in the above graph (figure 9), that shows that Hook’s 

law can be applied in certain set from the elastic region only. Where the strain and stress are 

proportional; by young’s modulus. However, when the material enters the yield points, it is on the 

Plastic region, where it cannot be recovering from deformation caused by stress and would 

approached failure. Also the ductility and plasticity of materials; as shown in figure 10, are 

controlling the type of the slope of the curve between strain and stress. In other words, materials 

physical properties such as density and chemical bounding of the elements, can make the 

difference about the resistance of the materials. The following figure is an illustration of the 

different stress-strain curve depending on the nature of the material. 
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Figure 10: Stress-strain curves based on nature of material[2] 

 

3. Thermal properties 
 

In this section we are going to mention only three thermal properties of materials.  

3.1. Thermal conductivity 

 

Thermal conductivity is the measurement of rate flow of heat within the materials i.e. the 

evaluation of the material ability to keep or to transfer heat from a point to another, or from a 

surrounding to another. The equation of thermal conductivity is: 

𝑘 =
𝑄∗∆𝑥

𝐴∗(𝑇2−𝑇1)
            

 
 

  

 

 

Q= heat entering the material 

∆X= is the thickness of the material 

A =Surface Area of the material  

T2= Final temperature 

T1= Initial temperature 
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3.2 Specific heat 

 

The specific heat of a material is the total energy needed to lower or arise the temperature of a 

mass of a certain material. The specific heat is not constant but it changes with temperature and 

density of the material. 

3.3 Thermal expansion coefficient 

 

Thermal expansion coefficient is the total change in the material dimensions due to a temperature 

change. The thermal expansion factor is not constant within an anisotropic material in contrast to 

isotropic materials. This coefficient is calculated as follow: 

𝛼 =
∆𝐿

𝐿 ∗ ∆𝑇
 

L= initial length 

∆L= the difference between initial and final length 

∆T = is the change in Temperature 
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III. Literature Review 

1. Clay 
 

Clay is a natural material that contains very fine minerals grains; less than 2 µm, and that exists 

widely on the planet earth. Clay materials are used for construction, decoration, plants growth, 

cosmetics ...etc.  

The elasticity and strength of clay based materials are both related to the quantity of water it is 

containing. In other words, the phyllosilicates aspect of the clay makes it flexible and easy to 

model, but at the same time the existence of other minerals makes the clay hard when dried or fired 

[3]. 

The particles of minerals in clay are organized in a way similar to sheet layers. there are three 

categories of clay depending on the ratios and layers.:  

Kaolinite:   Al2 Si2 O5 (OH)4 this type of clay is considered the purest type of clay. Kaolinite is not 

significantly affected by water and it does not absorb water this is the reason it is used for ceramics 

manufacturing. 

Montmorillonite: (Na,Ca)0,3 (Al,Mg)2 Si4O10 (OH)2  mostly known for its important expenditure 

when contacting water, which make it dangerous for certain construction that require safety. 

Illite: it has the same structure as montmorillonite but with a layer of potassium between the two 

sheets instead of Mg, Ca, which make it less swilling. This type of clay is the one used in the 

experiment, it is the one existing in the region of Ifrane. The following is a drawing that shows the 

differences between the layers of the three types of clay mentioned in the section.[4] 
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Figure 11: Layers differences between types of Clay 

2. Additives 
 

2.1. Wool 

 

Fibrous materials were commonly used throughout history for textile and many house furniture 

manufacturing that can be natural or artificial, vegetal or animal. And sheep wool is one type of 

fibers that not only concerning textile nowadays but also started to gain importance in civil 

engineering domain.  Sheep wool is a natural fiber from animal origins, that have many virtues 

contributing in the reinforcements of construction materials. The advantages of sheep wool are:  

 Sound and odors insulators 

 Bacteria’s insulators 

 Resistant to burning 

 Absorb moisture 

 High thermal and mechanical characteristics 

 Recyclable, renewable, abundant, and eco-friendly 
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Wool fibers are made up from protein (90%) mainly Alpha-Keratin, composed of more than 20 

types of amino acids blocks or bridges. The keratin fibers are the basic composition of nails and 

hair, used widely in cosmetics products and pharmaceutical usages.   

The virtues attributed to wool fibers are thanks to the abundant existence of keratin fibers that have 

a stable chemical and morphological compositions explained by the covalent bonding between the 

molecules, and the existence of hydrogen [5]. 

As a result, the integration of keratin matrices present in sheep wool into clay bricks enhances 

effectively the mechanical and thermal properties of the bricks, the elasticity, and isolation 

properties. The following is a table that shows some of the mechanical properties of wool fibers: 

 

Mechanical properties of Dry wool fiber 

Braking stress 250-350 MPA 

Breaking strain 24-48  % 

Elasticity modulus 4.0-5.0 GPA 

Bending modulus 4.0-5.5 GPA 

Torsion modulus parallel 3.0-4.0 GPA 

Shear modulus in torsion 1.2 GPA 

 

Table 1: Table of mechanical properties of wool fiber (Bobeth,1993) 

 

2.2. Alginates 
 

Sodium alginates are a natural polymers extracted from brown seaweed used mainly in food 

industry and medical prosthesis; tooth and bones. the usage of alginates which is a hydrophilic 

material helps to provide consistency, and enhance the usage of water within mixtures and repeal 

desiccation thanks to its capacity to form gels and a result enhance the materials strength 

properties[6].  
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Figure 12: Alginates used in the experiment 

 

3. Clay bricks experiments 
 

Sheep wool, and alginate as a natural polymer used as stabilizer were used by C. Galán-Marín et 

al.  In order to define the compressive strength of the bricks.  There were different samples with 

different percentage compositions. The result was being that wool fibers inclusion increases the 

compressive strength of the fibers. Also, the fiber helps to avoid shrinkage that can occur during 

the drying process [6]. 

Furthermore, Vegetal and animal fibers have different level of benefices for compressive strength 

enhancement.  STATUTO et al did a comparative study between the three of them: bricks with 

clay only(C), clay ricks with straw (3% of straw) (S), and clay bricks with wool (3% of wool) (W). 

All the types of bricks were let nine weeks in the Sun to dry naturally. After the drying period, the 

dimensions were retaken in order to calculate the shrinkage in bricks, and after this the strengths 

test were conducted in order to measure the compressive strength of the bricks [7]. 
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Here is a table that show briefly the results/ 

 
Table 2: results of compressive stress and shrinkage[7] 

 

But according the study, wool addition to clay bricks, may be considered the best environmental 

alternative materials for construction, but more studies should be conducted to enhance shrinkage 

properties and/or characteristics [7]. 

Oladeji and A. F. Akinrinde had worked on testing the enhancement of clay bricks using two 

additives and compere between them in term of quality. The two additives used are KS770 and 

Soda Ash.  

The soil was gathered from cites nearby the laboratories where density and compressive strength 

tests were conducted. But before this, all the bricks; simple or those with additives, were let too 

dry for seven days in the open air, and after that, they were fired in the oven for approximately 24 

hours in a temperature of 105 degrees Celsius. 

The findings of the researches were that The KS770 increases the moisture in the which prevents 

hardening. but on the other hand, soda ash seems to improve the performance of the clays in 

comparison to the other additive and bricks with no additives. Especially the fired bricks with Soda 

Ash [8]. 

Odeyemi et al had conducted research to come up with the best alternative for sand Crete blocks 

commonly used in Nigeria, and which has a high cost but low strength characteristics. 

The mixing was done manually in a dry manner, meaning that the straw and clay (four kilograms) 

were mixed in dry, and then water was moderately sprayed into the solid mixture in order to avoid 

distortion and shrinkage.  
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The resultant bricks were let in Sun to dry for 21 days to adjust hydration and hardening within 

the materials and remove excess moisture. After this, the compressive strength of the bricks was 

tested using a Testometric machine. 

The result was that, there was an enhancement of the properties of the bricks where the 

compressive strength of the bricks had increases. Also, the mixtures of clay and straw was a strong 

adhesion and there was no was no sign of saturation [9]. 

 

4. Environment 
 

The process of conventional bricks making requires firing for enhancing the properties of the 

bricks, as well as it requires the usage of non-natural materials that also need manufacturing. For 

that reason, researches were conducted in order to determine the sources of particles polluting the 

environments or what called the total particles suspended. And the results showed that cement 

factories emit 36% of TSP, brick manufacturing 31 %. 

Furthermore, the emissions from bricks processing and cement manufacturing are claimed to have 

high toxins and very harmful for people in the surrounding. Some of the particles from the 

emissions are; Silicosis, Carbon monoxide, and Crystalline silica. Those toxic particles, among 

many others, can directly cause chronic diseases such as lung and skin cancer, asthma, and 

tuberculosis. 

On the environmental aspect, the making process of bricks result in extraction of huge million tons 

of the wood. This wood taking can cause deforestation, and all the results it can enchain. But more 

importantly the fume from bricks firing produces Sulfur oxide and Nitrous Oxide; two dangerous 

chemicals that result acidic rain, harm the agriculture, and obviously bad for the Ozone [10]. 
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5. Morocco 
 

This section will illustrate a real case of clay bricks production and usage in Morocco which is 

Tamnougal village. Tamnougal is a Kasbah Located in region of Draa in the south-west of the 

kingdom.  

Tamnougal is classified as dry climate zone, it has 300 mm of rainfall every year and an average 

annual temperature of 20.5C° 

the main construction material used in the village are clay bricks that have been used by the 

habitants since very longtime. The making of the bricks has been done traditionally by local 

artisans that claim to produce about 500 bricks every day. The bricks can be used for housing, 

schools, mosques and all types of buildings. the artisans adopt straw as a natural and organic 

additive. 

The dimensions of the bricks vary upon the usage of those bricks;  

100*150*100 bricks are for the construction of upper floors, since they are not included in huge 

loading bearing 

200*300*150 bricks are used for the construction of lower floors because they are exposed to 

higher loading, and they should ensure stability. 

 the process of mixing is done traditionally as shown in figure 13. First the clay, straw, and 

water are mixed and left for mixed for four hours. 

 next the mixture is molded using frames determined based on the usage and necessity by 

the producers. 

 after molding the mixtures, the bricks are left to dray in natural air in the first floor of the 

atelier for one day, and then they are taken to be drying in the upper floor exposed to sun 

rays for six days[11].  
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Figure 13: The steps of bricks making[11] 

 

IV. Experiment and results 
 

1. Experimental procedure 

1.2 Samples making:  

 

Preparation of raw materials: 

The first step of samples making, was to prepare and filter the raw materials that are going to be 

used. The two essential elements are clay illite and wool fibers, and they were brought from Ibn 

Semim village. The clay extraction was done in lands from the village from 20 cm deep earth in 

order to obtain the finest grain possible.  

- The clay was filtered and sifted multiple times and using different scales sifters. in order 

to have the finest particles of clay possible as well as eliminating any unwanted particles 

that would affect the homogeneity of samples. The clay is of color red. 

 

Figure 14: Clay filtering 
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-  After this, the wool was treated also to eliminate any particles that would impact 

negatively the experiment (figure 15), and this by spinning wool manually different times 

also. The length of wool parts used was about three to five centimeters.  

 

Figure 15: Wool spinning 

 

- As for the stabilizer; the Alginate was purchased from Casablanca via a dentist in Azrou, 

and was prepared directly before the making of each sample when needed. The product is 

from Italy and distributed by demand in the market.  

 

Figure 16: Sodium alginates used in the experiment 
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2.2 Preparation of samples 

 

The preparation of samples was done in one of Al Akhwayn University laboratories for 

engineering and researches purposes. The samples from one to six were done the same day 

consecutively. And seven days later, I have constructed the samples from seven to nine. And the 

following process were followed for every sample of the nine samples as well as the samples were 

constructed from one to nine respectively. 

- The measurements of percentages of the raw materials were done using two different types     

of balances to determine the weight needed of each component. One type of balances is 

electrical balance for gold weighting as shown in figure 17. All the percentages were ready 

before the start of samples mixing.  

 

 

Figure 17: Wool weighting 

 

- After this, I have mixed the samples according to the predefined percentages compositions. 

The mixing of wet clay and wool was not easy for samples containing 1% of wool which 

means the mixture were not so flexible. 

- The alginate powder was mixed with water in proportion of approximation 1:2 (alginate, 

water) until getting a homogenous mixture. 
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- The potential mixtures were left for one hour before I started molding. 

- The formation of the bricks was done using a 16 cm length steel mold.  

- And finally the samples were let drying in room temperature as shown in figure 18, and for 

the periods of drying are indicated in table 4. 

 

Figure 18: Bricks drying 

 

The compositions of the samples were as follow: 

Table 3: Samples composition 

 

As shown in table 3, the compositions of samples differences in term of wool, clay, water and 

alginates proportions. The main difference between the samples is the existence of sodium 

alginates or not. As well as, the percentages were alternated in the different samples, in order to 

test the possible combinations of the components.  

 Clay % Wool % Water % Alginate % 

S1 79.5 1 19.5 -- 

S2 80 0.5 19.5 -- 

S3 80 0.25 19.75 -- 

S4 79.5 1 0.5 19 

S5 80 0.5 0.25 19.25 

S6 80 0.25 0.75 19 

S7 79.5 1 19.5 -- 

S8 80 0.5 0.25 19.25 

S9 80 0.25 0.75 19 
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Samples properties: 

 

 

 

Table 4: Samples charachteristics 

 

The samples were divided to Four categories: 

 The first category is made of two bricks that contain only clay and wool which the same 

percentage of composition but with different compositions. 

 The second category and the third one contains similar bricks in term of materials 

compositions: alginate, clay and wool. But with different dimensions. 

 The first category had a period time of drying of 15 days, whereas the third category had a 

drying period of seven days only. 

 The samples containing sodium alginate seemed to dry more rapidly that the ones that do 

not contain the stabilizer. 

2. Testing and results 
 

The testing of the bricks samples was conducted in ESTS (Ecole Superieure de Technology de 

Salé).  

- First, the bricks were tested for flexural strength and this by applying centered load in the 

surface area (16*4 cm²).  

- And after this the bricks were submitted to a compressive strength forces on the surface 

area (8*4 cm²)  

  
Dimensions (cm 3) 

 
Initial weight (g) 

 
Drying 
period(days) 

S1 to S6 16*4*4 320 15 

S7 to S9 10*5*5 340 7 
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Figure 19 Compressive strength test 

 

 

Figure 20: Example of flexural strength result 

 

- The machines for compressive strength testing represented in figure 19, had an issue on 

the fixing of the upper tool, So I had to use a support in order reach the required high. The 

issue is that we had to stop the calculation before that the sample fail completely. So the 

results reported concerning the compressive strength for the six bricks are significantly 

lower than they would be in reality 

- Sample one and seven were easily broken using hands. 

 

- Figure 20 shows an example of Flexural strength test for sample number 2, that has no 

existence of sodium alginates and 0.5 % wool. 
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Table 5:Results of compressive and flexural  strength  

 

 Table 5 shows that the best result gotten from the experiment is 3.04 Mpa, for sample 6. 

This sample has the lowest percentage of wool and contains sodium alginate. Also, during 

the drying period, this sample was clearly drying faster than the other samples on the eye 

level. 

 The two strengths were plotted in figure 21; and the result show that the materials behave 

in the same way or react with the same intensity toward both tests. 

 

Figure 21: graphs of obtained results 

 Compressive strength 
(MPa) 

Flexural strength (MPa) 
 

S1 --------------- --------------- 

S2 1.23 0.29 

S3 1.44 0.38 

S4 2.124 1.26 

S5 1.52 0.72 

S6 3.04 1.83 

S7 --------------- --------------- 

S8 2.04 0.91 

S9 2.99 1.75 
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Figure 22: Example of brick before and after loading 

- Figure 22 is the example of sample 8 when exposed to compressive strength. This sample 

was damaged from the outer surfaces more than the area of appliance of the load and the 

bottom surface. 

3. Solidwork comparison 

 

Finite Element Analysis (FEA) is the method used by the software Solidworks in order to perform 

difficult analysis on elements and assemblies. It is a numerical method that can solve engineering 

problems concerning mechanical and thermal studies. This method studies prismatic parts of the 

body using meshing option. In this section, I have conducted two simulations using Solidworks in 

order to conduct a comparison between one brick from my experiment and perforated bricks with 

the same properties.  

Moreover, the analysis of Solidworks studied the mechanical reactions of the bricks using VON 

mises stress equation:  

σ= ([( σ1 - σ2 )2 +  ( σ2 - σ3 )2 + ( σ1 - σ3 )2 ] / 2)1/2 

The brick used for the experiment were sample six. And The determination of the properties of 

clay bricks were calculated from the data related to my experiment.  

Young’s modulus:   E= 14000 MPa [12] 
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Force applied:                  

                 𝐹 = (0.16 ∗ 0.04) ∗ 3.27 = 20,928𝑁 

 

Shear Stress   

            𝜏 =
20928

0.04∗0.04
= 13,08 𝑀𝑃𝑎 

Density of the brick:   

            𝜌 =
𝑚𝑎𝑠𝑠

𝑣𝑜𝑙𝑢𝑚𝑒
=

380𝑔

0.16∗0.04∗0.04
= 1485 𝑘𝑔/𝑚^3 

Yield strength:   was calculated using the 0.2 % rule 

            Yield strength = 0.2% * E = 2800 MPa 

 

Figure 23: Properties plugged in Solidworks 

 

Figure 23 shows the input parameters for solidworks simulation. Where Young’s Modulus was 

obtained from literature review for normal clay bricks, since no data were available for me for 

unfired clay bricks with wool. In addition, the other parameters were based on the information 

about sample number 6, which was the highest of compressive strength I have gotten.  
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3.1 Experiment example 

 

Figure 24: Model of sample six brick 

 

Table 6: Reaction Forces of first simulation 

 

 

Figure 25: Stress results of the first simulation 
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Figure 26:Strain results of the first simulation 

 

According to figure 25 and 26, the Bricks experienced higher stress and strain on the surface and 

the bottom corners. This matches the real results I have gotten, where the brick of sample 6 had 

crushed mainly on the corners and upper surface where the load is applied.  

3.2 Perforated brick 

 

Figure 27: Model plugged in second simulation 

Table 7: Reaction forces of second simulation 
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Figure 28: Stress results for second simulation 

 

Figure 29: Stain results for second simulation 
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4. Discussion of results 
 

 Maximal stress(MPa) Maximal strain  

Sample 6 6.18 5.619*10-8 

Perforated model 6.927 7.037* 10-8 
Table 8: Simulation results 

 

 Tables 5 shows the results obtained from compressive strength tests. As it shows also that 

the best composition in terms of high compression resistance is sample six. This sample is 

made of Clay, alginates 19%, and the lowest weight percentage of wool which is 0.25 %. 

Therefore, an average amount of wool does enhance the strength of clay bricks more than 

higher amount.  

 The data also shows that the addition of alginates strengthens the bricks. Because the two 

bricks without alginates were easily broken, whereas the others did support the manual 

force exerted on them. 

 The addition of sodium alginates increased the resistance of the material by 47 %. 

 The flexural – compression strengths curves showed that the bricks reacted in a similar 

way for both test. In other words, the bricks kept the same intensity of reaction toward each 

test. 

 Figure 13 demonstrates the most damaged areas after the compressive stress test. The areas 

are the corner edges of the brick. Which means that the resistance is higher in the inside of 

the brick more than on its facial surfaces. The same observation as in the first simulation 

resultant stress. 

 Tables 8 shows that the perforated bricks have experienced higher stress and strain than 

full bricks. But they still experience significantly similar distribution of stress. As a result, 

perforated bricks can be described as more effective than full bricks. 
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Conclusion  
 

The objective of this study was to determine if the addition of wool fibers to unfired clay brick 

enhances the mechanical properties of the material. As already mentioned before, it was proved 

that the thermal characteristics are improved in the clay bricks by adding Sheep wool to the 

mixture.  More specifically, the thermal conductivity showed that success of wool fibers to make 

the unfired clay bricks a good material for insolation and housing envelopment for thermal 

efficiency.  

Based on the literature review I have done, I have preferred to work on unfired clay bricks with 

sheep wool and Sodium alginate as a stabilizer. And the experimental part was conducted on 

different bricks in terms of compositions, dimensions, and drying time.  

As an answer to my problematic, the wool fibers does increase the mechanical properties of the 

unfired clay bricks. And the alginate stabilizer reinforced the bricks in term of resistance to 

compression more than wool alone by. Besides, the drying time and dimensions have also a major 

role in the bricks performance. The bricks with higher density and surface area showed less 

strength in comparison to the bricks with lower density and higher surface area. 
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