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ABSTRACT 

 

Construction industry has always been one of the main pillars of a specific country in that it has a 

high impact on the economy. Furthermore, due to the rapid development and flourishing field of 

technology, it has become the urgent need of the hour for the construction industry to develop and 

maintain a parallel improvement with the technology field. For this reason, real estate construction 

has known a rapid development by using advanced and sophisticated technologies along with new 

effective and efficient methods that have a great impact on the final product. As a result, researchers 

have spent considerable efforts to update new methods in order to enhance the properties of the clay. 

This last one, when mixed with stone and wood, can be seen as a crucial factor in the construction 

industry.  

After having shed lights on the importance of the construction industry field, it has come to my 

attention that clay is also considered as a basic raw material that should be highly taken into 

consideration. For this reason, I have chosen as my capstone project to enhance the properties of the 

clay using natural sources in order to sharpen and develop the final products of the clay. Regarding 

the natural sources, I have chosen crushed seeds of dates as natural additives due to high the 

availability of dates in our beloved country.  

Concerning the methodology, Dr. Khaldoune has provided me with a good quality clay that was 

collected the site f Bensmim near Ifrane. After having filtered the clay, I crushed the seed of dates 

into fine powder that was mixed with water and clay. In order to achieve the final product using 

appropriate dimensions, iron molds were used to have unified dimensions of bricks. Finally, the 

bricks were tested using special machines in EST Salé in order to test the compressive strength and 

flexion.  



 

8 
 

After having talked about the methodology of my project, the findings reached were appropriate 

and, as expected, the crushed seed of dates enhanced the mechanical properties of the bricks namely 

the compressive and flexural strength.  
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Résumé 

 

L'industrie de la construction a toujours été considéré comme étant l'un des principaux piliers 

économiques de n’importe quel pays, sur ce cette industrie joue un rôle primordial dans le 

développement de ce dernier. En outre, en raison du développement rapide du secteur de la 

technologie, il est devenu nécessaire pour le secteur de la construction de développer et de maintenir 

une amélioration parallèle avec le domaine de la technologie. Pour cette raison, la construction 

immobilière a connu un développement rapide en utilisant des technologies avancées et 

sophistiquées ainsi que de nouvelles méthodes efficaces et performantes qui ont un impact important 

sur le produit final. En conséquence, les chercheurs ont déployé des efforts considérables pour 

mettre à jour de nouvelles méthodes afin d’améliorer les propriétés de l’argile. Ce dernier, lorsqu'il 

est mélangé avec de la pierre et du bois, peut être considéré comme un facteur crucial dans 

l'industrie de la construction. 

Après avoir surligné l’importance du secteur de la construction, j’ai remarqué que l’argile était 

également considérée comme une matière première à prendre en considération. Pour cette raison, 

j’ai choisi comme projet de renforcer les propriétés de l’argile à l’aide de sources naturelles afin de 

développer propriétés mécaniques de l'argile. En ce qui concerne les sources naturelles, j'ai choisi 

les graines de datte comme additif naturel en raison de la grande disponibilité de dattes dans notre 

pays bien-aimé. 

Après avoir parlé de la méthodologie de mon projet, les résultats obtenus étaient appropriés et, 

comme on pouvait s'y attendre, les graine de dates ont amélioré les propriétés mécaniques des 

briques, à savoir la force compressive et flexion. 
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1. Introduction: 

 

As I have discussed before in the abstract, the construction industry is currently viewed as a 

rapidly growing field that should have our full attention in order to reach greater 

achievements. Even if researchers have already made a huge improvement in this field, but 

there are other concerns that must be taken into consideration such as the cost and negative 

impacts on our environment. Consequently, the natural wastes can be considered as great 

natural additives to the clay in order to both improve its quality and transform it to an eco-

friendly product that would not harm our nature. In this regard, people are more aware about 

the various negative impacts that construction industry may have on the environment given 

that statistics are showing that our world is going to a dangerous ending.  

The current clay that is used in the construction industry, such as clay bricks, is known to be 

less expensive and easier to construct than the usual clay. This is the main reason, which has 

pushed me to consider enhancing clay in my capstone report.  

Regarding my experiment, I have chosen crushed seed of dates to be mixed with water in 

order to improve the mechanical properties of the clay, mainly compressive sand flexural 

strength. The main process used in this experiment was to have three bricks with different 

components in that the mass percentages of the crushed seed of dates in the clay are as 

follow: 3%, 7% and 10%. The third brick that contained 7% of crushed seed of dates was 

built in a way that 40% of the natural additive was a fine powder and the other 60% was in 

the form of small grains of dates, each having a maximum diameter of 0.25 centimeters. 

Regarding the testing part, I went to FST Salé and more specifically “Centre Universitaire de 

Recherche Acousitique et Thermique des Matériaux et du Batiment” where I conducted 
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compressive and flexural strength tests using Pilot COMPACT-line Automatic Compression 

Machine. This last one is divided into two main parts: the left part is responsible for flexural, 

and the right part is responsible for the compressive strength.  

2. STEEPLE Analysis and Feasibility Study: 

2.1  STEEPLE analysis 

STEEPLE analysis is method of analysis in that it studies the project from two main 

perspectives. The first one is dealing with the way this project is affecting our 

environment, and the second object is to determine the various factors influencing the 

current project [7]. Following are the various STEEPLE analysis aspects:  

Socio-cultural:  

The improvement of the clay will definitely have positive impacts on the society in 

general in that it will provide citizens, especially in rural areas, with high quality bricks 

with a reasonable price. Moreover, these bricks will stand strong in any circumstance, 

especially in natural disasters such as earthquakes and floods. For this reason, the societal 

environment will be more protected and families will have safer areas in order to raise 

children and live a peaceful life.  

Technological: 

Technology field has played a crucial role in developing new technologies and machines 

that will enable researchers to have a clearer idea and image of the final products. Along 

with the updated methods of producing better quality of the clay, this project will have a 

great impact on the technology field in that researchers will have to discover and create 

new machines that will sharpen bricks. For instance, the machine that I used in order to 

conduct compressive and flexion tests is a well sophisticated one that gives specific and 
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exact measures. Moreover, it is divided into two main measuring compressive and 

flexural strength  

Economical: 

The usage of these natural additives did not cost too much because they are just natural 

wastes that are usually thrown in the garbage. Compared to the chemical additives that 

will definitely cost more than the natural ones. Therefore, crushed seeds of dates will 

enhance the mechanical properties of the clay at a minimum cost without harming the 

environment.  

Environmental:  

The natural additive to the clay has made it an eco-friendly raw material that will not 

harm our actual nature and will maintain it to the future generations. Moreover, this 

project is considered a recycling one because it uses mainly the wastes of dates that are 

usually thrown without any actual usage. As a result, the environment will be protected 

from the wastes and bricks will not harm our beloved nature after their usage. Therefore, 

it is a double-edged sword.  

Political:  

The political aspect is highly crucial and must be taken into consideration because it is 

the government who issues the taxes and regulations, that can either make this project 

work or hinder it. For this reason, in order for the product to enter the national and even 

the international market, it should be politically proven by the government. However, the 

main aim of this project is the rural area. For this reason, political issues are not going to 

be raised regarding this project.  
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Legal: 

In order to be accepted by both the government and society, it should follow a legal and 

regulatory framework in order to obey the law. It is mandatory for the final product to 

follow some national legal standards set by the Federation of Construction Materials 

Industries in Morocco [8].  

Ethical:  

Code of ethics is one of the essential pillars of a project in order to flourish properly. The 

final product must follow ethical procedures in every phase in order to gain people’s trust 

and to serve humanity in a proper way. Accordingly, the National Society of Professional 

Engineers have created a specific code of ethics that every engineer must follow in order 

to reach ethical and moral aims such as creating a safe environment for the citizens and 

targeting their well-being.   

2.2. Feasibility study:  
 

The feasibility study plays a pivotal role in each project because it gives the engineer a clear 

idea about the possibility of successfully completing the project. Furthermore, it can be seen 

as a crucial stage of each project that determines its various outcomes. In addition to that, the 

engineer must specify whether the project can be completed within the specified period and 

using the budget specified. I am going to divide the feasibility study of my capstone project 

into three parts: 

Technical Feasibility: 

A big part of this project is based on what have been done before by various researchers in 

the same field. However, a certain progress must be done. For this reason, I will conduct 

several trips to “Bensmim” site in order to both collect the materials needed for this project 
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and test the outcome. Moreover, I can also use the market as a secondary source for my 

projects requirements. In addition to that, the laboratory of AI Akhawayn University will 

help me in order to prepare the product and conduct the first sets of testing. Furthermore, I 

will conduct several compressive and flexural tests in FST laboratories. 

Economic Feasibility: 

When it comes to the economic feasibility, we mainly talk about the cost of the project. The 

budget needed in order to make this project work is not expensive because it relies mainly on 

natural sources that we can find easily. Furthermore, crushed seeds of dates are usually 

thrown in the garbage without any usage, and this idea is based on recycling the natural 

wastes that will definitely not cost too much.  

Software Feasibility: 

Concerning the software feasibility part of this project, I will use “Solidworks” as being a 

software that generates modeling designs. These designs will provide me with a clear idea 

about the final product outer look and its various dimensions. In order to use this software, I 

need a specific license, which will allow me to use it either online or by downloading the 

application. Moreover, AI Akhawayn university’s laboratories also have computers equipped 

with this software. Therefore, I can also use them in order to finalize my project. 
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3. Bricks in the Construction Field  

 

3.1  Types of bricks:  
 

3.1.1 Sun-Dried bricks: 

 

They are also called unburnt bricks, which means that they are unfired bricks without using 

ovens. The main source of drying used in this type of bricks is sun and air. I used these 

bricks in my project in that I kept them to dry in an open space focusing mainly on the sun 

and natural heat. Sun-dried bricks have short durability and their usage is temporarily [9].  

 

Figure 1: Sun dried bricks [9] 

There are three main stages in the preparation phase of this kind of bricks: preparation, molding, and 

drying.  

 Preparation phase: This phase consists of mixing the clay with the right amount of water. 

Additives can be added in this in order to enhance the mechanical properties of the bricks. 

The additives are usually added before watering the clay.  

 Molding phase: After preparing the clay, it becomes like a paste that can be shaped in 

different ways. The paste is then put in a mold, iron or wooden, in order to adjust the right 
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dimensions of the bricks. The dimensions are extremely important in the testing phase, 

because different machines require different dimensions.  

 Drying phase: In this last phase, bricks are left to dry by subjecting them to sunlight and 

natural heat coming from the sun. Any kind of watering is prohibited in this last phase. 

Unburnt clay bricks do not possess good mechanical properties because they are not meant 

for long-term structures like high buildings. Their compressive strength is not high enough, 

so they are not that strong. Their water resistance is weak in that any contact with water can 

demolish them. Their fire resistance is also considered as low. This is why; some additives 

are used in order to enhance these properties.  

3.1.2 Burnt Clay Bricks:  

 

Burnt clay bricks are deemed as one the oldest kind of bricks used in that they are used 

largely in the masonry construction field. These bricks are meant to possess high quality and 

durability contrary to the first kind of bricks. Researchers and engineers have agreed to 

classify burnt clay bricks into four main types [9]: 

3.1.2.1 First Class Bricks:  

 

First class bricks have the best quality compared to the three other types. The 

minimum value of their compressive strength is 10.5 N/mm2 [10]. They do not absorb 

water a lot, in that water absorption should not exceed 20% by their weight [10]. One 

of the criteria showing its good quality is the emission of a clear sound when they are 

battered. First class bricks are characterized by unified shape, soft surfaces, and 

sharpened edges. The main process for molding is a table molding.  
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Figure 2: First class burnt bricks [9] 

3.1.2.2 Second Class Bricks:  

 

This second type of burnt clay bricks possesses a moderate quality compared to the 

first one. The main type of molding used is ground molding, which leads to less soft 

surfaces, and less sharpened edges. However, the mechanical properties are also 

deemed as high compared to the first class [9]. There is a not a considerable 

difference between the two. Their compressive strength should have a minimum 

value of 7 N/mm2 [10]. Their water absorption should not exceed 22% by weight 

[10]. The ringing sound while battering is not as a clear as the first class bricks, but at 

least a sound is emitted.  
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Figure 3: Second class burnt bricks [9] 

3.1.2.3 Third Class Bricks:  

 

The quality of these third class bricks is considered as a poor in that their usage is 

temporarily just as the unburnt clay bricks. There should be no contact with these 

bricks; otherwise, they will be demolished easily. Unlike first and second-class 

bricks, the surface is much rougher and edges are arbitrary [9]. Their compressive 

strength should have a minimum value of 3.5 N/mm2 by weight [10]. Their water 

absorption should not exceed 25% by weight [10]. When it comes to struck, a dull 

sound is emitted.  
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Figure 4: Third class burnt bricks [9] 

3.1.2.4 Fourth Class bricks: 

 

This fourth type of burnt clay bricks has the poorest quality compared to the other three 

types, and their main usage in structures is not bricks. The process of obtaining these bricks 

starts by over burning them to the extent they become very brittle and they can be broken 

easily. Consequently, they cannot be used for construction. The main purpose of these bricks 

is manufacturing of concrete after crushing them into powder. The mechanical properties of 

these bricks are far less than the other three types in that their compressive strength is very 

low to the extent that they can be crushed and broken easily. Furthermore, as they are brittle, 

water absorption is very high, and they do not emit any sound that can be heard by human 

ears when struck [9].  
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Figure 5: Fourth class burnt bricks [9] 

 

Table 1: Water absorption comparison between burnt clay bricks 

3.1.3 Fly Ash Bricks:  

 

This kind of bricks is produced using four main components, which are fly ash, cement, sand, and 

water. Furthermore, these bricks are known to have the best mechanical properties, even better than 

the conventional clay bricks. Their compressive strength varies from 8.82 N/mm2 to 9.81 N/mm2 

[11]. Their water absorption is less from the conventional bricks in that it varies from 10% to 14% 

[11]. The main advantages of this type of bricks over the regular clay bricks are the following: 
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 They possess high fire resistance 

 Higher compressive strength 

 Unified sizes and shapes 

 Lower water absorption 

Moreover, fly ash bricks are considered as self-cementing bricks they contain great amount of 

calcium oxide, which is mainly used in cement manufacturing. In addition to that, as fly ash is one 

of the main components of this kind of bricks, they are considered as lightweight bricks, and this 

characteristic does play a pivotal role in the construction field.  

 

Figure 6: Fly ash bricks [9] 

3.1.4 Concrete bricks:  

 

The main component of this kind of bricks is concrete. This last one can be defined as one of the 

most used construction materials that have cement as the main component. Furthermore, concrete 

bricks are considered as easy to reform in that they can be made in different sizes as desired. In 

addition to that, concrete is considered as a common building material since 1882 in that they 

possess a high-energy efficiency and they can effectively resist fire. The advantages of concrete 

bricks vary from the fact that they can made just in the manufacturing site, it does not require huge 
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amount of mortar, to the various colors that can be produced from this basic construction material. 

Concrete bricks have higher and better compressive strength than common clay bricks in that they 

can reach up to 12 N/mm2, which is considered as an important compressive strength [12]. 

Moreover, they possess a lower water absorption than clay bricks in that it does not exceed 15%.  

 

Figure 7: Concrete bricks  

3.1.5 Engineering bricks:  

 

These kind of bricks are characterized with very high compressive strength in that the main 

applications of engineering bricks require huge amount of strength and resistance to both porosity 

and acid. Furthermore, engineering bricks are largely used in basements, which are prone to flood 

attacks or chemical explosion in laboratories. They are specified with a red color. Their compressive 

strength is considered very high in that it can reach 75 N/mm2 and crushing strength can reach 50 
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N/mm2. Moreover, they do not absorb water a lot in that their water absorption varies from 4 % to 6 

%.  

 

 

Figure 8: Engineering bricks 

3.1.6 Sand lime bricks:  

 

They are also called Calcium Silicate, and they are consisted of sand mixed with lime. The main 

purpose of this kind of bricks is mainly decoration and ornament. As a result, they should not 

possess good mechanical properties in order to fulfill their objective. Furthermore, sand is 

considered as the main component in that it does exist in great amount reaching from 88% to 92%, 

which means that the properties of sand lime bricks are highly affected by the characteristics of the 

sand [14]. For this reason, the sand used in order to prepare sand lime bricks must be carefully 

chosen in that it should not have any impurities. Lime is also deemed as an important factor in the 
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manufacturing of calcium silicate bricks in that the percentage of lime alter between 8% to 12% 

from the overall mass of the brick. The third component of calcium silicate bricks is water in that it 

should not contain high amount of salt (less than 0.25%). Consequently, seawater is not relevant in 

the manufacturing because salt will weaken the material and make it more brittle. Finally, Pigment 

is the last component of sand lime bricks, which is responsible of coloring the bricks into various 

colors. Pigment is usually added in the phase of mixing lime and sand. The following table shows 

the relevant color for each pigment.  

Pigment Color 

Chromium oxide Green 

Carbon black Black or grey 

Ochre yellow 

Iron oxide Red, brown 

 

Table 2: Color associated with each pigment 
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Figure 9: Sand lime bricks [9] 

3.2  Mechanical properties:  
 

The mechanical properties of a specific construction material can be determined as the 

specifications that are included when a force is applied. These specifications are factors that 

determine the quality of that specific material in that each criterion gives a specific feedback. In 

more concrete terms, the mechanical specifications can be utilized in the process of 

classification and identification of the material. The behavior of the wanted material is analyzed 

and discussed upon the application of forces. Furthermore, life expectations can be determined 

in that the useful life of the material can be predicted through these calculations [15]. They may 

not be exact expectations, but they will definitely give a clear idea that is close to the reality. 

When it comes to bricks that are mostly manufactured using clay, following are the most studied 

mechanical properties: Compressive strength, flexural strength, thermal conductivity, water 

absorption, and durability.  
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3.2.1 Compressive strength:  

 

Compressive strength is considered as one the most crucial mechanical properties that are 

studied while dealing with bricks, especially when they are used in force or load bearing 

situations. For example, in the masonry construction, the first criterion that is studied by 

engineers is the compressive strength in order to measure the maximum load that the bricks 

can support without crushing or breaking. Many factors affect the compressive strength of 

the bricks:  

 The composition of the bricks: the percentages of raw materials, additives, and 

water used in the manufacturing and mixing process.  

 The burning temperature: burning the bricks is the last step in the process of 

manufacturing bricks. If the burning process exceeds a specific degree, the bricks 

more brittle and breakable.  

Other factors and criteria affect the compressive strength of masonry bricks, which are 

usually used in the building of walls. Furthermore, these elements can vary from one 

bricks to another based on the usage, directions, and positions. The following figure 

shows the essential components that are taken into consideration while building a wall of 

bricks [16].  
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Figure 10: Components that affect compressive strength [16] 

In order to calculate the compressive strength, engineers use the following formula:  

CS = F/A 

Where:  

 CS: Compressive strength  

 F: The force or load applied  

 A: cross-sectional surface area 

From the abovementioned equation, it can be deduced that the surface area on which the 

force is going to be applied plays a pivotal role in the value of the compressive strength. In 

more concrete terms, the higher the surface area, the lower is the compressive strength. 

Which means that a high force is needed in order to break a small surface area.  
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3.2.2 Water absorption:  

 

Water absorption is the second mechanical property that is also considered as essential in 

evaluating the quality of the brick. When it comes to talking about the water absorption, we 

are measuring the degree of damage that the brick can resist in the case of freezing. 

Furthermore, the more a brick or clay can absorb water, the more it is likely to break the 

brick easily because the water is entering to the interior of the brick through the pores. 

Therefore, if a brick has a lot of pores on its outer surface, water absorption degree is going 

to be considerably high. In the process of manufacturing a brick, the manufacturer should 

make sure to hide and fill, as far as possible, the pores and cracks. Water absorption should 

not exceed 20 %; otherwise, performance and quality of the brick will be low. After a brick 

is immerged in a water whose temperature is close to 0 °C for 24 hours, the following 

formula is used to calculate the water absorption: 

 

 

𝑾 =  
𝑴𝟐 − 𝑴𝟏

𝑴𝟏
 ∗  𝟏𝟎𝟎  

 

 W : Water absorption 

 M2 : Final weight of the brick  

 M1 : Initial weight of the brick  

The result is a percentage, which shows the difference in the weight of the brick before and 

after the immersion in water for a whole day.  

3.2.3 Flexural strength:  
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It is also called modulus of rupture, and it is defined as the force and load needed in order for 

the brick to bend. The bending usually occurs in the middle of the brick because the edges 

require a greater force to break. The dynamics behind the process of bending the material 

consists of a set of stresses that the brick is experiencing in its depth. The extreme edges of 

the bricks are not affected because they experience a maximum flexural and compressive 

strength. Furthermore, flexural strength is usually measured before the material is bent; 

however, if it is already bent, it is its maximum compressive strength. Therefore, when an 

object is homogenously made of one raw material (as the case of bricks), it is more likely 

that it will fail the flexural strength test before failing the compressive strength stress. In 

order to measure the flexural strength, the following formula is used:  

𝑭 =  
𝑷 ∗ 𝑳

𝒃 ∗ 𝐝 ∗ 𝐝
 

 

Figure 11: Dimensions of the brick 

         Where:  

 F: Flexural strength  

 P: Load or force of failure                                           

 L: the length of the brick  

 b: breadth of the brick  

 d: the height of the brick  
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3.2.4 Thermal conductivity:  

 

Thermal conductivity is defined as the amount of thermal heat conducted by the brick. The 

lower the thermal conductivity, the better is the brick because it will conserve heat in the 

inner environment. For instance, houses, which are constructed using walls made of bricks 

that have low thermal conductivity, are usually colder in the summer and warmer in the 

winter. For this reason, the quality of the bricks also includes low thermal conductivity. 

Moreover, thermal conductivity is known to have a relationship with bulk density, which is 

defined as the weight of dust particles divided by the overall volume using the following 

formula:  

Pb = 
𝑴(𝒔𝒐𝒊𝒍)

𝑽(𝒕𝒐𝒕𝒂𝒍) 

Therefore, manufacturing a brick with a low thermal conductivity entails increasing the 

porosity of the brick, which can be defined as the possibility of accessing the brick from the 

outer surface. Consequently, it can be said that thermal conductivity and porosity are 

mutually reinforced. Thermal conductivity can be calculated using the following formula:  

𝑲 =  
𝑸 ∗ 𝑳

𝑨 ∗ 𝜟𝑻
 

Where:  

 K: thermal conductivity 

 Q: Heat transferred through the brick  

 L: Length  

 A: The surface area  

 ΔT: difference in temperature 
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4.  Literature review 

       For the experiment to be precise and fruitful, it is necessary to go back to previous experiments      

and study their results. Furthermore, I am going to base my experiment on those results and build 

my samples.  

4.1 Abdu Hai Alami’s research: 
 

This research by Abdu Hai Alami is investigating the effect of adding natural resources on clay 

and comparing the mechanical properties of the new bricks with the old manufactured ones. For 

this purpose, clay and leaves were mixed with clay in order to enhance and improve the thermal 

conductivity and compressive strength.  

4.1.1 Preparation of the specimen:  

 

In the process of preparing the specimen, 15 samples were prepared which includes 5 sets of 3 

bricks. The first set is void which does not have any additives in order to compare it with the 

other sets. The main difference between the other four sets is the arrangement of seed of dates. 

In more concrete words, the first set has serial arrangement (b), the second set has vertical 

arrangement (c), the third set has an arrangement angled by 45° (d), and the last contains 

crushed seed of dates [3]. The following figure shows the combination of the different four sets.  

 

Figure 12: Different arrangement of specimen [3] 
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Following is the composition of the dates pits:  

Item Percentage (%) 

Crude protein 6 

Crude fibre 13.5 

Ether extract 8 

Ash 1 

           Strach NFE 3 

Non-strach NFE 68.5 

 

Table 3: Composition of dates pits 

The palm fronds used in the experiment were put in the oven under a temperature of 50°C 

for six hours. Then, fronds and crushed seed of dates were mixed with water (65 ml) and 

molded using moulds having the following dimensions: 50 mm x 50 mm x 50 mm.  

4.1.2 Tests and results: 

 

After having shed lights on the specimen composition and the preparation process, two main 

tests were conducted: 

 Compressive strength test: This test was conducted using proving ring, which has a 

maximum force application of 2 KN. All 15 specimen were subjected up to the 

maximum load and the test continued even after the specimens were completely 

crushed. 
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 Thermal conductivity test: All specimen were put in the thermal conductivity 

machine which is based on ASTM E1225 IS and were subjected to a temperature of 

50 °C for four hours in order to attain the equilibrium heat transfer.  

             After conducting the two tests, the results achieved showed the following improvement:  

 Compressive strength test: The set that contains the crushed seed of dates had 

the highest compressive strength and recorded the maximum stress value before it 

is totally crushed.  

 

Figure 13: Graph of strain vs. stress [3] 

 Thermal conductivity test: The thermal conductivity test did not show any 

improvement in that it reached λ= 0.4 W/m*K.  
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4.2 Aka Adefemi, Muhammad Hassan Nensok, Ephraim Tersoo Ka’ase2 & 

Idris Abubakar Wuna’s research: 

  
 

The main aim of this research was to investigate the possibility of replacing crushed 

granite (CG) by crushed seed of dates (CD) as being an additive that enhances the 

compressive strength and workability. This research was conducted because CG is 

expensive and researches aimed at lowering the cost of contraction materials by recycling 

natural wastes. Therefore, it is a double-edged sword experience. Following are the 

properties of CG and CD [5].  

 

Table 4: Properties of CG and CD [5} 

4.2.1 Specimen preparation:  

In the process of preparing the specimen, following are the materials used: Ordinary 

Portland Cement, aggregate, crushed seed of dates, and water. Crushed seed of dates 

were put in the oven in order to reduce the amount of moisture. The abovementioned 

materials were mixed using a specific machine for 6h to 8h. Then, the mixture was 

molded in 150 mm x 150 mm x 150 mm moulds. About 90 samples were prepared in 

order to conduct the tests [5].  
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4.2.2 Tests and Results:  

 

After preparing the samples, the researchers conducted two types of research, which     

are compressive strength and workability. 

 Workability test: There was no significant improvement in the workability of 

the samples prepared in that the tests showed that workability varied between 6 

mm and 9 mm, which is considered as low workability. The following table 

shows the different workability of the samples.  

 

Table 5: Workability test results of the samples [5} 

 Compressive strength test: The results showed that as the percentage of CG 

decreased, a decrease in strength was recorded. Which means that the 

replacement of CG by CD did not show any improvement and a reduction of the 

strength was recorded. However, even if the compressive strength was reduced 

when CG was replaced by CD, it was higher than a sample, which did not CG nor 

CD. As a result, it can be concluded that CD cannot replace C in order to improve 

the compressive strength, but it is enhanced compared to samples without CD. 

The following table shows the results of the compressive strength test.  
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Table 6: Compressive strength results [5] 

 

4.3  Aeslina Abdul Kadir1, Noor Amira Sarani, and Syafiqah Amirah Abd 

Kadir’s research 
 

I have chosen this research to examine the suitability of using palm leaves as an additive 

in addition to crushed seed of dates in order to enhance the compressive strength and 

thermal conductivity. Therefore, the main purpose of this research is to recycle the 

wastes generated by the production of palm oil in the construction field, and more 

precisely bricks manufacturing. These wastes, namely palm kernel shell (PKS), can be 

mixed with clay as being a raw material in producing bricks. This research was 

conducted in Malaysia dues to the availability of palm trees where palm oils is widely 

used. As Morocco is known to be a country that has considerable number of palm trees, 

this process of recycling palm oil wastes can be an innovative and sustainable at the same 

time in that nature will be protected and reserved and bricks in the construction field will 

be enhanced regarding mechanical and physical properties [4].  

4.3.1 Specimen preparation:  

 

The main two materials used in this research are clay and palm kernel shell. After 

delivering clay soil and PKS, they were both put in an oven under a temperature of 

105°C for a whole day (24h) in order to reduce moisture from air generally. Then, both 

of materials were stocked in containers in order to maintain their dryness and protect 

them from moisture. After that, Palm kernel shell were cut into homogenous length of 
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4.75 mm [4]. the following table shows the various chemical components of clay soil and 

PKS:  

Chemical components Clay soil Palm kernel shell 

SiO2 55.7 % 22.58 % 

Fe2O 4.46 % 43.37 % 

Al2O3 24.4 % 0 % 

 

Table 7: Chemical components of clay soil and PKS [4] 

4.3.2 Tests and results:  

 

Numerous tests were conducted in this research, but I will focus mainly on the 

following test:  

 Dry Density: based on the results of the experiment, it was concluded that the 

higher the amount of PKS added, the lower is the dry density in that it was 

reduced from 1915.91 Kg/m3 (1 % of PKS) to 1646,93 Kg/m3 (10 % of PKS). 

The decrease in the dry density is crucial because it will play a pivotal role in 

reducing the load (weight of bricks) while the process of constructing. The 

following graph shows the improvement in reducing the dry density after adding 

PKS:  

 

Figure 14: Dry density of bricks [4] 
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 Water absorption: The experiment showed that as the percentage of PKS in the 

bricks increased, the water absorption also increased. The values of water 

absorption varied between 12.84 % (0 % of PKS) and 17.75 % (10 % of PKS) 

with an increasing slope. Moreover, it was noticed that as the percentage of PKS 

increased, the numbers of pores in the outer surface of the bricks also increased. 

Based on the water absorption of the bricks, they can be ranked among B class 

bricks. The following graph shows the increasing values of water absorption after 

adding PKS:  

 

Figure 15: Water absorption of bricks [4] 

 Compressive strength: It was recorded that the compressive strength was at maximum 

when 1 % of PKS was added with a value of 24.61 MPa. Furthermore, as the percentage of 

PKS increased, the compressive strength decreased reaching 6.75 MPa with 10 % of PKS. 

The reason behind these results can be due to the fact that the bricks containing 10 % of PKS 

had more organic matters that generated numerous pores which reduced the compressive 

strength. Therefore, the best percentage of PKS in bricks was 1 %. The following figure 

shows a graph of the compressive strength of the various bricks:  
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Figure 16: The results of compressive strength test [4] 

4.4 Hachem CHAIB, Abdelouahed KRIKER, Abdessalam 

MEKHERMECHE’s research 
 

I have chosen this research in order to study the role of date palm fibers in enhancing the 

thermal characteristics of bricks, as the previous research did not cover the thermal properties 

of the bricks [1]. For this reason, the above-mentioned researchers have conducted an 

experiment in which the main aim was to enhance the thermal specifications of the bricks 

that are mixed with sand and fibers. This experiment was conducted in Algeria due to the 

high availability of palm trees, and as Algeria is just next to Morocco, it is a good 

comparison in order to implement the same experiment here in Morocco.  

4.4.1 Preparation of the specimen:  

 

In the process of preparing the different samples, three main components were mixed 

which are: clay, sand, and palm fibers. Researchers have used eight samples in that they 

vary in terms of the percentage of the three components. Then, the eight samples were 

molded using 200 mm x 100 mm x 50 mm molds. Following are the properties and 

characteristics of the different components used:  
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Components Results 

Dry bulk density P =2.03 g/cm3 

Insoluble 63.18 % 

SO3 0.45 % 

Ca SO4 / 2H2O 2.46 % 

CaCO3 18.0 % 

Cl- 0.42 % 

NaCl 0.68 % 

 

Table 8: Characteristics of the clay [1] 

 

Components  Results  

Dry bulk density ɏ=2560 Kg/m3 

The apparent density ɏ=1512.5 Kg/m3 

Fe2 O3 – AL2 O3 0.25 % 

Ca SO4, 2H2 O 2.78 % 

SO4 0.51 % 

Ca CO3 1.30 % 

Insoluble  93.23 % 

Na cl  Trace 

 

Table 9: Characteristics of sand 
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4.4.2 Tests and results:   

 

The thermal test used is the hot wire technique in that it does test with precision the 

thermal specifications of the brick.  The bricks that recorded the lowest thermal 

conductivity are C4, which contained 67 % of clay, 30 % of sand, and 3 % of the fibers, 

and C8, which contained 77 % of clay, 20 % of sand, and 3 % of fibers. The following 

tables show the results of the experiment:  

 

 

Table 10: Results of samples from C1 to C4 

 

Table 11: Results of samples from C5 to C8 

It can be concluded from the results of this experiment and the previous one that dates 

palm fibers do not enhance the compressive strength of the bricks, but it does reduce the 

thermal conductivity.  
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5. Personal Experiment of Making Clay Bricks 

5.1. Procedure 
 

After having shed lights on the previous experiments that handled enhancing the mechanical 

properties of clay bricks using either crushed seed of dates or palm fibers, it is time to discuss 

my own personal experiment. The previous researches provided me with the necessary 

information and details that I used in order to reach better results. As I discussed before, the 

main aim of my experiment is to enhance the mechanical specifications of clay bricks, 

namely compressive strength and flexural strength, using crushed seed of dates as being a 

natural additive. In this regard, it worth mentioning that it is a double-edged sword in that 

this experiment recycles natural wastes (dates pits) that are mostly thrown without any actual 

usage, and improving the quality of the brick using cheap natural additives. Furthermore, as 

crushed seed of dates are considered as natural additives, they will not have any negative 

impact on the environment. Therefore, they are deemed as ecofriendly additives. In addition 

to that, crushed seed of dates are going to be mixed with clay and water based on two main 

criteria:  

 The degree of crushing: Whether date spits are well-crushed (powder) or small 

particles are left in the process of mixing.  

 The percentage of crushed seed of dates: The samples will have different 

percentages of crushed seed of dates.  
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5.2. Specimen preparation:  
 

5.2.1. Gathering of materials: 

 

Clay was gathered from the suburbs of Ifrane, and more precisely from Ben Smim, in that 

sufficient amount of good quality without any filtering was collected. After that, the clay was 

filtered in the laboratory of Al Akhawayn University using a sieve in order to remove of the 

impurities and small rocks that were naturally mixed with the clay. The following picture 

shows the process of filtering the clay:  

 

Figure 17: Filtering of the clay 

Dates were bought from Ifrane, but they were originally from Zagora. About 3 kg of dates 

were bought in order to guarantee sufficient amount of date spits. Then, seeds of dates were 

separated from the outer surface and were washed in order to remove the viscosity from the 

outer surface of the seeds. Finally, seeds were crushed using a blender in a way to obtain 



 

44 
 

both fine powder and small grains having a maximum diameter of 0.25 cm. Figure 17 is 

showing seed of dates in the process of crushing. Finally, the crushed seed of dates were 

filtered using a sieve in order to separate the fine powder from the small grains (Figure 18).  

 

Figure 18: Seeds of dates in the process of crushing 

 

Figure 19: Filtering crushed seeds of dates 
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5.2.2. Samples preparation:  

 

After collecting the necessary materials for the experiment, the three main components 

(crushed seed of dates, clay, and water) were mixed together. Minimum quantity of water 

was added gradually in order to avoid pouring too much water in order to make the samples 

homogenous. Water was added in small amounts in order to have the minimum possible 

moisture. After the mixing process, the samples were molded using 105 mm x 50 mm x 25 

mm molds. The following table shows the composition of each sample:  

 

Figure 20: Molds to shape bricks 

Sample Water 

(ml) 

Clay 

(g) 

Seed of dates 

(g) 

1 50 200 6 (3 %) 

2 50 200 - 6 (3%) powder 

- 8 (4%) small grains 

3 50 200 20 (10%) 

 

Table 12: Composition of each sample 



 

46 
 

The second sample contained 14 g of seed of dates in which 6 g was fine powder and the 

other 8 g contained small grains of dates. The purpose of having small grains was to test the 

effects on the mechanical properties of the bricks, as these grains are harder than the powder 

itself.  

5.2.3.  Tests ad results  

 

After preparing the bricks, we went to FST laboratory for acoustic and thermal research in 

order to conduct compressive and flexural tests. We used a Compact-Line automatic 

compression machine from Pilot Company. The machine combined both test as shown in the 

figure: 

 

Figure 21: Compressive and flexural strength tests machine 

After the samples were left to dry in the open air under sunlight for 15 days, the test were 

conducted. As shown in the above figure, on the left is the flexural test part in which the 

brick is placed under the vertical metallic beam, which is breaking the brick in the middle. 

Once the brick is divided into two portions, the machine gives the highest load needed. 

Concerning the compressive strength part which on the right, the brick is placed on the lower 
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pad, and the above is compressing until the brick is crushed. After crushing the brick, the 

machine gives the necessary load needed.  

 

Figure 23: Example flexural strength test result 

 

After conducting the tests, results of the tests were recorded in the following table:  

 

Samples Compression strength 

(N/mm2) 

Flexural strength (N/mm2) 

1 1.99 0.211 

2 1.45 0.165 

3 2.25 0.354 

 

Table 13: Results of compressive and flexural tests 

The tests results are showing that third brick that contained 10 % of crushed seed of dates had the 

highest compressive strength of 2.25 N/mm2 and the highest flexural strength of 0.354 N/mm2. 

Furthermore, the second brick that contained 3 % of fine powder and 4 % of small grains of dates 

recorded the lowest compressive (1.45 N/mm2) and flexural strength (0.165 N/mm2), which can be 

 

Figure 22: Example of compression test result 
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due to the fact that the small grains created numerous pores on the outer surface of the brick making 

it more brittle and easy to be crushed.  

As a conclusion, based on the tests, it can be said that crushed seeds of dates enhance the 

compressive and flexural strength of the bricks.  

5.2.4. Financial analysis of the project 

 

The material used in the previous experiment were not expensive due to many factors. Regarding the 

clay, it was collected and gathered from Ben Smim site in the region of Ifrane; so, it did not cost us 

anything except hard working and time. Concerning water, it was obtained from the laboratories of 

Al Akhawayn University. Therefore, the only material that we paid for was dates in that 3 Kg were 

bought at a price of 120 MAD (40 MAD per 1 Kg). It can be clearly seen that the enhancement of 

clay bricks using crushed seeds of dates does not require huge budget in that very cheap natural 

additives can make a considerable improvement in the mechanical properties of the clay bricks.   
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6. Software Simulations 

6.1. Solidworks:  
 

After having conducted the compressive and flexural strength tests, it is time to use a software in 

order to back up the results. The software that I used in capstone project is Solidworks. This last one 

creates simulations and models of real life shapes in that it helps conduct engineering analysis. The 

method that I will be using is the finite element method (FEM) which is a design analysis tool 

included in Solidworks that helps conduct engineering analysis. The engineering analysis that I have 

chosen is the dispersion of the stress in the brick after applying a specific force on the outer surface 

of the brick. This analysis will provide us with a clear idea about the path of stresses and the exact 

location in the brick where the majority of the stresses gather. This specific location will be 

considered as the weakest part of the brick where it will definitely break or crush initially before the 

entire crushing. The aforementioned analysis is divided into two main parts, which are pre-

processing and post-processing:  

6.2. Pre-processing:  
 

This first step is about modeling the real life brick for Solidworks simulation, and it consists 

of four main parts:  

- Geometry creation: the main aim of geometry creation is to design a geometrical 

view of the modeling (part). In this step, I tried to build the different part of the brick 

using the real life measures that I used while molding the brick. I have chosen to 

model the brick that scored the highest value of compressive and flexural strength, 

which is the third brick. Figure 23 is showing the final geometrical view of the brick. 

The dimensions of the brick were plugged accordingly (105 mm x 50 mm x 25 mm) 

using the smart dimensions tool.  

- Material property assignment: In this subdivision, the different mechanical 

properties of the clay used in the making of the brick. Figur e 24 shows the different 
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mechanical specifications in that they were calculated using the actual inputs of the 

brick such as dimensions and mass. In this Solidworks analysis, we assumed that the 

brick was homogenously made form a single raw material which clay soil and 

crushed seed of dates were neglected because the main aim of this study is to locate 

the dispersion of the stresses in the brick. For this reason, crushed seed of dates will 

not change the path taken by stresses through the brick.  

 

 

Figure 24: Geometrical view of the brick in Solidworks 

 

Table 14: Mechanical properties of the brick in Solidworks 
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- Boundary condition specification: In this third sub-step, the main forces and loads, 

which are applied on the outer surface of the brick, are added. Forces are mainly 

applied on the upper surface of the brick such as the case of the compression and 

flexural strength tests. Figure 25 gives a clear idea of those forces, which were given 

blue color. Furthermore, green forces were added at the bottom of the brick in order to 

prevent it from rotating.  

 

Figure 25: Green and blue forces applied on the brick 

- Mesh generation: The aim of this sub-step is to divide the brick into sub-divisions or 

into small parts in a way that makes it easy to study the dispersion of the stresses in 

each small part. This concept is the same as calculating surfaces using integrals. 

Consequently, regions that experienced high stresses will be clearly isolated. Figure 26 

shows the mesh refining of the brick. Furthermore, table 14 shows the mesh 

information used in order to refine the part.  

6.3. Post-processing:  
 

In this second part, the dispersion of the stress and strain is going to be analyzed. As a 

first step, the displacement of the resultant forces is displaced accordingly in that 

Solidworks gives the magnitude of the force applied in each direction as table 15 is 

showing.  
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Table 15: Reaction forces on the brick in every direction 

 

Figure 26:    

 

Table 16: Mesh information 

After calculating the reaction forces that are applied on the outer surface of the brick, it can be 

noticed that the forces are considerably high which means that brick is strong enough to perform its 
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role. Finally yet importantly, Solidworks has generated the stress and strain analysis and dispersion 

along the brick as shown in the following figures:  

 

Figure 27: Stress dispersion along the brick 
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Figure 28: Strain dispersion along the brick 

As the above figures showed, the stress dispersion along the brick was generated using Von Mises, 

which is a tool to predict the yielding of the brick under applying a force or load in that if Von 

Mises is higher than the yield stress of the brick, it will eventually experience fracture. From figure 

27, Von Mises stress recorded the highest value of 2.025 e+005 N/m2, which is located at the 

bottom corners and on the above surface. Regarding the strain dispersion, figure 28 is using URES 
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strain analysis, which means the displacement of the deformation occurred in the brick after 

applying the force. As the figure is showing, the highest displacement was recorded on the upper 

surface of the brick having the highest URES value of 4.746 mm. As the strain is going down the 

brick, the URES value is decreasing gradually until it reaches 1.000e-030 mm, which is a very small 

displacement.   

Briefly, the brick has recorded a strong stress value, which has proven the good compressive and 

flexural strength obtained from the results of my experiment. Consequently, the brick possess a 

good strength. Furthermore, the strain analysis has revealed that the deformation displacement is 

high on the upper surface of the brick where the force is applied, and then it decreases as it goes 

down the brick afterwards.  
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7. Conclusion 

As a conclusion, the masonry construction field has known numerous improvement in terms of the 

quality and efficiency of the materials used. It is true that chemical additives are available in that 

they have great impact on the enhancement of the raw materials; however, they create environmental 

constraints by harming nature after their useful life ends. Furthermore, these chemical additives are 

considered expensive due to the expenses that are occurring while producing them. Nonetheless, 

natural additives are closely as efficient as the chemical additives but much cheaper. Moreover, they 

are eco-friendly in two ways: they encourage the recycling of natural wastes (seeds of dates in this 

case), and they do not harm nature after throwing them.   

Crushed seeds of dates play a pivotal role in enhancing the mechanical properties of the brick used 

in the construction filed. They improve the compressive strength in a way that makes the bricks 

stronger when forces are applied to them. Flexural strength is enhanced in that bricks become less 

likely to bend or yield when load are applied in the middle of the outer surface. Studies have also 

shown that thermal conductivity is bettered in that it decreases which makes the brick more 

insulating. This last enhanced mechanical property plays a pivotal role in energy efficiency in a way 

that indoor temperatures are maintained, which leads to less energy usage in order to either warm or 

cool houses. Water absorption is sometimes not improved because crushed seeds of dates in the form 

of powder absorb more water, which makes the brick heavier.  

The software simulation part did approve the results obtained from the experiment. Stress analysis 

using Von Mises revealed that strength of the brick is high enough to perform its role in the 

construction field. Additionally, strain analysis has showed the displacement of the deformation 

along the brick, which helped me to identify the location where most of the stresses occurred. 
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