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Abstract  

Fired clay bricks has been manufactured the same way for decades which makes it old and 

uncompetitive compared to other products like concrete. If they want to stay in the market for 

more years, researchers must improve their quality.  

The main objective of this capstone project is to enhance the process of making bricks, this study 

aims to improve the thermal conductivity of the bricks and decrease the environmental issues 

related to it. The process of making bricks will be described and analyzed in the second part of 

this project, and solutions will be proposed to the Moroccan companies to enhance the process. 

The main goal in the third part is to study the effect of a smaller grain size distribution on the 

properties of the brick by manufacturing two kind of brick: handmade fired brick and foam fired 

brick. The properties of the bricks manufactured in the lab will be compared to normal bricks, in 

order, to study the physical, thermal and mechanical properties that characterize each type. Foam 

bricks will show great result concerning the apparent porosity and the water absorption which 

will lead to a better thermal insulation. Handmade bricks will be characterized by the best density 

and linear dying shrinkage which can lead to a better mechanical strength. Normal bricks will 

show combined properties.  
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Introduction 

These last decades Morocco has been active in researching and implementing new ways to 

decrease its CO2 emission, and it also has been motivated to invest in renewable energy in order 

to decrease its importation. According to the website Research scientific “Morocco is among the 

world top 20 producers and consumers of clayey building materials”  [1]. Therefore, building 

eco-friendly houses can be an important part of the progress. The idea behind our goal is to make 

houses that are energy efficient, and that have a significant reduction in the emission, the 

pollution and the waste. The first step toward constructing sustainable buildings is to find new 

processes for making an eco-friendly brick which should be more energy efficient and less 

environmentally harmful by reducing water consumption and carbon emissions during the 

fabrication process. 

The innovative part of this project is going to be related to improving the process of making 

bricks by studying the effect of a smaller grain size on bricks physical, mechanical and thermal 

properties. Two kind of bricks will be manufactured; the first one will be a handmade brick that 

we will manufacture the same way a commercial brick is done, but with a smaller grain size, and 

the second one will be a foam brick that will be manufactured using a binder to create more pores 

in its structure. 
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In order to compare the quality of fired bricks four properties are widely used; porosity, bulk 

density, water absorption and linear drying shrinkage. Many test procedures are used in the 

assessment of these properties before concluding if the brick quality respect the standard.   

 

Methodology:  

The purpose of my capstone is to find innovative way of manufacturing bricks. For that, I started 

by studying the processes of making bricks in Morocco in order to get a clear idea about the 

process. For this step, my supervisor organized a field trip to a company in Meknes that 

manufactures bricks using clay obtained in a field in Meknes. Then from this field trip, I analyzed 

the process and studied the clay physical properties such as porosity and loss on ignition. 

In the second part of this project, I took samples of bricks manufactured in Meknes at their 

viscoelastic state to the center Mascir in Rabat to study their rheology (G’ and G’’).  

In the third part, I manufactured two different type of bricks, but both with a better homogenous 

mixture (all grain had almost the same microscopic size). The objective was to study if an equal 

partition of the mixture can lead to better results. Also, if the new ways of manufacturing bricks 

could have better results concerning physical, thermal and mechanical properties. 
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STEEPLE analysis: 

SOCIO-CULTURAL 

Providing a better quality of living, especially, to people in critical 
situations in cold areas such as Ifrane. New bricks will be designed to save 
energy and to have a higher mechanical strength. 

TECHNOLOGICAL 

In this project, the use of a rheometer will be crucial to understand the 
characteristic of the brick. 

ECOLOGICAL 

➢ Reduce energy waste. 
➢ Reduce the use of water to manufacture bricks. 

ECONOMICAL 

As the energy consumption will be reduced the heating and cooling cost 
will be reduced consequently.  

POLITICAL 

Morocco is sensitive to the environmental issues that the world is facing, so 
grants are offered to researchers to reduce energy consumption. 

LEGAL 

Our motivation is to guarantee that all of the laws of the nation are 
regarded toward bricks, and to follow the Moroccan thermal regulations 
that encourage and advance energy effectiveness. 

ETHICAL 

The project is done to increase the physical and mechanical properties of 
the bricks. 
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Part I: Meknes Bricks 
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1- Analyzing the bricks 

1.2: Definition of the mixture 

Meknes clay is composed by the following elements: “Si, Al, Fe, Ca, Mn, Mg, Na, K, Ti, P and 

S”; during the drying and firing process chemicals oxides forming “SiO2, Al2O3, CaO and 

Fe2O3” [1]. 

Clay is a plastic material that contains water captured in its structure. The plasticity of the clay 

allows the bricks to be shaped and molded as desired when water is added to it. Due to the drying 

and firing process, clay loses its plasticity and turns into a hard and brittle material. 

Meknes bricks are made with 70% of clay and 30% of sand. The clay is characterized by a high 

drying shrinkage which makes the addition of sand useful to decrease the shrinkage and reduce 

the plasticity [1]. The value of linear drying shrinkage decreases as the portion of sand increases. 

[2] 

1.2: Grain size distribution  

A sample of raw materials with a low percentage of moisture is taken from the company after 

being grinded, as shown in figure 1. The sample was dried at 110 degrees during 3 hours; then 

using the sieving method we found the grain size distribution. A series of sieves are used to 

separate the grains depending on their diameters [3]. 
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Figure 1: Grinded raw materials 

Table 1: Grain size distribution of Meknes Bricks 

Type Size Percentage in the sample 

Small grain size 0,1-0.37 mm 90.2% 

Medium  grain size 0.37-1.2 mm 7.5% 

Industrial waste 1.2-6.5mm 2.3% 
 

According to the sieving analysis that we used; the mixture does not have a microscopic 

structure, as shown in figures 2, but also there is industrial waste in the mixture. 

 

Figure 2: Sample of grinded brick 
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The idea after this part is to create a homogenous brick with a better grain size distribution and 

with no industrial waste.  

2-Process of making fired bricks 

Since decades bricks is one of the major material used for construction, and their manufacturing 

process has not known an important evolution. However, new technologies and recent studies are 

constantly making this product more sustainable and efficient. Bricks are basically made of clay, 

but some additives materials (sand, lime and concrete material) can be added in order to enhance 

the bricks’ properties. They can be produced in various shapes and sizes depending on the 

demand of the customers. There are two main types of bricks: fired and unfired bricks. The 

percentage of clay may vary on bricks depending on the property of the clay. 

During this project, I visited a brick manufacture in Meknes named “Extra-Brique” where I saw 

the entire production process used by the Moroccan companies.  

Essentially, bricks that are made with Meknes’s ground clay need an amount of sand that must be 

added to the raw material. After getting a mixture made of 70 percent of clay and 30 percent of 

sand, a convenient amount of water is added to the mixture to make it viscoelastic. Following 

that, the mixture is shaped, dried then fired. The manufacturing process in “Extra-Brique”  is 

composed of five main steps: 
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2.1: Extraction of raw material 

Clay is extruded from fields near the manufacture in Meknes using machines. It is then stored for 

few days so that it would adapt and acclimatize to normal temperature, and dry in case it contains 

water. 

 “Extra-Brique” manufacture claims sustainability by locating its manufacture next to the clay 

source so that it would reduce its transportation,  CO2 emission,  and cost.  

 
Figure 3: Extraction of clay 

2.2: Preparation of the mixture 

The following step consists of crushing for the first time the extruded clay stones using a big 

crusher, as shown in figure 4, that produce large grain size.  

The manufacture buys sand from quarries, which is used to create the clay-sand mixture. Note 

that the sand plays an important role in removing the brick from the mold.  
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Meknes clay is mixed with sand to produce a more uniform mixture that will provide better 

properties. The mixture is made with 70 percent of clay and 30 percent of sand. Following that, 

the mixture is passed through inclined vibrating screens, as shown in figure 5, that will reduce the 

size of the particles. 

 
Figure 4: The entrance of a crusher engine for big stones of clay 

 
Figure 5: Inclined vibrating screens to produce smaller size particles 
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2.3: Formation of the brick 

After the inclined vibration, a technician touches the mixture, and depending on his expertise he 

determines the amount of water that must be added to the mixture. The goal is to produce a 

viscoelastic mixture composed of clay, sand and water, which means solid enough to give to the 

bricks the desired shape, and liquid enough to be able to fill the mold. This step is named 

Tempering; it is done in a plug mill which is a mixing chamber with shafts and blades, as shown 

in figure 6. After tempering the clay; the air is taken off the mixture by passing it through a de-

airing chamber so that the clay would have a greater workability and plasticity. During the de-

airing process holes and bubbles are removed from the mixture.  After that, the mixture is ready 

to be mold into bricks, so it is passed through the Stiff-Mud Process “extrusion process”. During 

this process, the mixture is extruded through a die to form columns of bricks that are then 

automatically cut by a cutting machine to produce individual bricks. 

 

Figure 6: Shafts of the plug mill 
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The cutting machine is an automatic machine that can be programmed to cut at the right place. 

During our visit to the company we remarked that the machine let 10 centimeters at the beginning 

of the cutting as a safety measure. This 10 centimeters that has been cut is then reinserted in the 

ball mill to form a new brick. 

 

Figure 7: Cutting Machine 

 

Figure 8: Brick at its viscoelastic state 

 

2.4: Removing water  

This step consists of drying the bricks by placing them in a dryer chamber so that water 

evaporates. This process takes 24 hours, and it is considered very important in the manufacturing 

process since its prevents the bricks from cracking during the firing process. 
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Figure 9: Drying place 

 

Figure 10: Dried Brick 

2.5: Firing  

The manufacture uses tunnel kiln, which is one of the most known and used kiln. In this step, 

bricks are loaded into the kiln car that passes through five main different stages, as shown in 

figures 13: 

1. Final drying: when entering to the oven bricks are exposed to a low temperature.  

2. Dehydration: the bricks finish their drying at the beginning of the firing process. 

3. Firing at high temperature: the firing attend 850 degrees 

4. Firing at low temperature: the temperature decreases gradually  
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5. Cooling down: the final temperature is as low as the temperature at when the bricks 

entered the oven. 

 

Figure 11: Oven to fire the bricks 

 

 

Figure 12: Fired brick 

 

 



14 

 

 

Figure 13: Programming of kilns oven 

 

3- Analysis and Recommendation 

The process of making bricks used in Morocco is almost the same as the one used by other 

countries in the world. The only difference is that in developed countries they use machines as 

rheometers to determine the right amount of water to add to the mixture. Using a rheometer will 

allow the company to make bricks with the right percentage of water; therefore, many problem 

during the drying and firing steps can be avoided such as linear shrinkage or the formation of 

cracks. 

The grain size distribution of the mixture is not homogenous, so the company will have to invest 

in a powder grinding machine, as shown in figure 14, to have a better grain size distribution, and 

also invest in a high frequency screen, as shown in figure 15, to not have any industrial waste or 

large grain in the mixture. 
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We contacted a well-known company in china named “Henan Fote Heavy Machinery Co., Ltd.” 

and advised us to use the powder grinding machine or the ball mill. After discussing our issue 

with them we find out that the powder grinding machine gives a smaller grain size and can 

receive a greater input.  

The 10 centimeters that are recycled after being cut in the cutting machine, can be avoided 

partially. As the machine is a programmable tool the percentage of error is really low; so 3 to 5 

centimeters as a measure of safety is enough. 

 

Figure 14: Powder grinding machine 

 

Figure 15: High frequency screen 



16 

 

4- Innovative ways of making bricks 

Around the world, researchers and professors have been studying clay trying to find out a more 

efficient way to manufacture clay bricks. In this paper, our main concern is to find innovative 

ways to manufacture bricks in a more green manner such that the CO2  would be reduced and 

properties of the bricks enhanced.   

4.1: Eco BLAC brick  

MIT’s Tata Center for Technology and Design is now working on a project to create an Eco Blac 

brick in India. These bricks are composed of 70% of boiler ash from paper mills combined with 

sodium hydroxide, lime, and a small percentage of clay. The mixture gets hard at ambient 

temperature using “alkali-activation technology” [3].  Alkaline activation technology is a 

chemical process that mixes powdery aluminosilicate like fly ash with an alkaline activator in 

order to produce a paste that could get hard in a short time. 

The engineer working on the project are now testing the brick and say that the product can get 

cheaper and more energy efficient, but the long-term durability for this new type of bricks still 

needs to be proven.  

“The problems in India are the problems in so many areas around the world, so if we can develop 

solutions that work there, we can develop solutions that work anywhere,” says Tata researcher 

Leon R. Glicksman [3], a professor of building technology and mechanical engineering. The 

http://energy.mit.edu/profile/leon-glicksman/
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researchers hope to get the best combination of the materials that would allow them to obtain the 

best mixture.   

4.2: Manufacturing an eco-friendly fired bricks using pore-forming agents 

The goal of brick manufacturers is to create a product with the best quality which includes 

insulation properties, mechanical strength and water absorption. In this innovative work, 

researchers proposed to create a porous structure of the bricks which will lead to decrease thermal 

conductivity [5].  

The process of making porous bricks is the same as making normal fired bricks but it uses a 

different homogeneous mixture. The mixture is made of clay, pore-forming agents such as Wheat 

straw (WSW) or Corn cob (CCB) and water. Pore forming agents are mainly renewable resources 

because they are abundant in nature, cheap and have small impact on the environment. The 

mixture is then molded by extrusion, dried and fired.  

After creating 44 sample with different pore forming agents the researchers get positive results 

concerning physical properties like porosity, bulk density, water absorption and thermal 

conductivity [5].   

4.3: Olive pomace used to manufacture eco-friendly fired clay bricks _  

In this project, researchers wanted to increase physical properties of the bricks but also recycle in 

a green way olive pomace bottom ash. To get this result, they replaced between 10 and 50% of 
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the clay used in the bricks by olive pomace bottom ash. Different samples were made with 10 

various percentages of olive pomace bottom ash. The mixture was crushed and ground to 105 

micrometers and then the necessary amount of water was added (between 7 and 10%) [6].  

The best properties were obtained by bricks made by 10 and 20% of waste, these two samples 

have a bulk density of 1635 and 1527 kg/m3 and a compressive strength of 33.9 MPa and 14.2 

MPa, respectively. Additionally, these two new bricks fulfil all the requirements for clay masonry 

bricks by offering better insulation because they have a lower thermal conductivity compared to 

clay fired bricks [6].    
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Part II: Rheological study of Meknes Bricks 
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Introduction 

Bricks is our only target during this project and especially at their viscoelastic state. During this 

project, I worked with “Extra-Brique” a company in Meknes that manufactures bricks. In the 

previous chapter, I described the process followed to obtain bricks; therefore, along this chapter I 

will report the properties and characteristic of the bricks at its viscoelastic state.  

Today, most consumer products in various fields like cosmetics or pharmacy are manufactured 

products with complex mixtures that are composed of different raw materials such as lipids, 

minerals and vitamins. Rheology is a crucial tool in developing these complex products. 

1- Rheology  

The rheology has been developed in 1928 to describe the properties of materials with poorly 

defined and intermediate behavior between that of the perfect elastic solid and that of the 

Newtonian fluid [7]. A material, subjected to a set of forces, is likely to deform; the movements 

of the different points of the material depend, of course, on the distribution and the intensity of 

the forces applied.  

Rheology is the study of the flow and deformation of bodies in response to an applied force or 

shear stress. Deformations of bodies occur when internal or external forces are applied, then the 

shape and the size of the bodies change. Rheology explains the basic science and controls the 

quality of the raw material and manufactured products at their viscoelastic state (either liquid, 

soft solid or fluid). The complexity of viscoelastic materials is that they present combined 
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properties: solid and fluid that deform continuously under applied force, time and deformation 

[9]. Frequently, there are new complex substances that show an undefined behavior such as 

pastes, polymers, oil or honey; therefore, these substances need rheology to study their 

deformation and elasticity [7]. The following section aims to define the main rheological 

parameters of fluid flow. 

Rheology is controlled by a rheometer that will control: 

● Torque 

● Angular displacement  

● Angular velocity  

● Normal force  

● Frequency range 

2- Concept of laminar shear motion 

A laminar shearing motion is generated for distributions of forces. During the laminar motion, it 

is considered that the material has a structure in lamellas in adjacent layers. The deformation of 

the material is carried out by relative sliding of the different layers, without the transfer of 

material from one layer to another. Laminar shear movements are generated using rheometers. 

This is the simplest measurement mode to implement the principle of measurement that will be 

presented for a cylindrical rotational rheometer. The sample studied is imprisoned between two 

cylinders of coaxial revolution [8]. 
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3- Shear stress and strain 

Shear is the deformation of a body under a force: shear stress is the applied force per area and 

shear strain is the deformation under an external force applied on the body.  

The definition of shear deformation is presented in the simplest case of a shearing movement 

while having plane symmetry. The material is sheared between two parallel plates, one moving 

with a speed Vo, and the other being motionless. The fluid is said to be sheared when it is driven 

by the moving plane. In the laminar case, the deformation of the material is made by relative 

sliding of the layers relative to each other, without transfer of material from one layer to another. 

The applied shear stress   on the material creates a deformation called shear strain  . The shear 

stress and the shear strain affect the rheology of the fluids [9].  

Shear Stress=  = applied force/ area of application =  
 
 

Shear Strain= γ= shear stress / modulus of rigidity =  /G  

4- Viscoelasticity 

The viscoelastic character is a very important non-Newtonian behavior, and it is very common 

characteristic of polymer solutions. The response of the fluid to a deformation has both an elastic 

aspect (stress proportional to the deformation) and a viscous aspect (stress proportional to the rate 

of deformation). In rheology, the behavior of a linear viscoelastic material is between that of an 

ideal elastic solid symbolized by a modulus of rigidity G and that of a Newtonian viscous liquid. 
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The elasticity of a material reflects its ability to preserve and restore energy after deformation 

while the viscosity of a material reflects its ability to dissipate energy [8]. 

Viscosity rely on independent variables that affect the result of the experiment; these variables 

are: 

➔ S: nature of the sample (physical properties) 

➔ T: temperature; it affects viscosity because as temperature increase; viscosity decrease. 

➔ P: pressure; when pressure is reduced, intermolecular resistance increases.  

➔  : shear stress “any change affect viscosity” 

➔  : shear strain “any change affect viscosity” 

4.1: Viscoelastic equations 

A way to study a viscoelastic material is to impose sinusoidal deformation on a structure. Shear 

stress is used by applying a force F on a related sample using a range of angular frequencies, 

stress, and amplitude. By conducting this experiment in rheometers we will obtain the storage 

modulus G’ and the loss modulus G’’ . 

Stress:                      

Shear Strain:                  

Damping Factor:          

    

https://www.google.com/search?client=safari&rls=en&q=sinusoidally&spell=1&sa=X&ved=0ahUKEwjEws67lY_XAhUDPhQKHUgoAakQvwUIIigA
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Where: 
 is the angular velocity.  

t is the time. 
  is the deflection angle between G’ and G’’. 

 

Note that complex modulus G* is obtained by dividing the shear stress over the shear strain. The 

storage modulus G’ reveals the elasticity of the material by representing the stored energy in 

elasticity. The loss modulus G’’ informs us about the characteristic of the viscous segment that 

reports the quantity of energy consumed as heat.  
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Figure 16:Relationship between G* and its component 

Source: [10] 

4.2: Maxwell  

In the 19th century a group of scientists studied non-Newtonian fluids by observing the recovery 

of a wide range of materials after undergoing deformation. One of these scientists was James 

Clerk Maxwell, who, after researching and experimenting with cold flow and the recovery of said 

materials, came up with the Maxwell model, after which the materials were named Maxwell 

materials [11]. A Maxwell material, also known as a Maxwell fluid, is a material that exhibits 

properties of both elasticity and viscosity meaning that it is a viscoelastic material.  

 

Figure 17: Maxwell method 

                               Source: [11]        

The stress is required to be identical in both parts to create equilibrium. The following equation 

represent the Maxwell method:  
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5- Rheometer  

Rheometer is a laboratory tool that measures the response of a viscoelastic material on the forces 

applied to it. Rheometers are classified into two main types: 

❖ Rotational rheometers: they control the shear stress or the shear strain. They can have 

different rotational systems: plate-plate, cone-plate or coaxial cylinders. 

❖ Extensional rheometers: they execute extensional stress or strain. 

 

 

Figure 18: Plat-plat rheometer used in MASCIR center 
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5.1: Rotational rheometers:  

The rotational rheometer has an upper measuring plate that impose deformation on the sample; 

the lower plate is fix. The driven spindle is in the upper part of the rheometer allowing torque to 

be measured. The main advantages of the rotational rheometer are: 

●  Measure a large range of torque  

● Rapid response  

●  Control stress and strain   

The principal rotational rheometers that are widely used are the plate-plate and cone-plate 

rheometers that are used for small samples.  

5.1.1: Plate-plate rheometers 

The sample is placed between two circular plates of the same diameter d, and separated by a gap 

h. The lower being fixed, the flow is generated in this geometry by the rotation of the upper disk. 

The main advantage of this method is the ease of shear adjustment “ Ω proportionally to  h”. 
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Figure 19: Geometry of a plate-plate rheometer 

Source: [8]  

The plate-plate rheometer was the one that we used during the experimental study that we 

conducted in MASCIR. 

5.1.2: Cone-plate rheometer 

The flow is generated by the rotation of the cone creating a velocity. The angle θ between the 

plate and the cone vary from 1 to 2 degrees. The velocity is linear when the angle θ is weak, then 

the shear stress can be considered constant between the existing gap [8]. 

 

Figure 20: Geometry of a cone-plate rheometer 

Source: [8] 

 

The plate and cone plate rheometers can operate in an oscillating or in combined rotational and 

oscillator modes to calculate elastic properties.  
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5.3.3: Rotational cylinder rheometer  

The rotational cylinder is composed of two cylinders one inside the other; the inner cylinder of 

radius r1 and height H constitutes the rotor and the outer cylinder (radius r2), the stator. The 

sample is confined between these two cylinders. The upward cylinder rotate at a determined 

speed. When torque is measured between the two plates; it can be converted to shear stress.  

 

Figure 21: Geometry of a rotational cylinder rheometer 

Source: [8] 

Experimental study          

A MCR500-Anton Paar (plate-plate Ø 25mm) rheometer was used during this project. Three 

different thickness “1.5, 2.5 and 3.8 mm” , frequencies between “10  and 0,5 Hz” and a 

deformation between “5 and 10%” were applied to the samples to give various result that we will 

interpret to find the best combination. The study was conducted in Mascir center in Rabat. 
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In this part of the report, we will study the rheological behavior of a brick at its viscoelastic state. 

In this experiment, we will keep the shear stress constant at 0.2 Pa and  vary the frequencies, to 

measure the frequency depending on the storage modulus G ', and the loss modulus G' '.  

At 3.821mm of thickness and 10 % of deformation, the sample shows different properties, as 

shown in figure 22. Under 10 Hz the sample is perfectly viscoelastic because the storage modulus 

and the loss modulus are almost equal, so under these frequencies the sample exhibits both elastic 

and viscous properties. As the frequency decreases; the loss modulus is predominant making the 

sample viscous because the G’’ is higher than G’. Therefore, the sample will have a high ability 

to dissipate energy to heat [9]. 

 

Figure 22: G' and G'' at a thickness of 3.821mm at 10 % deformation 

At the same thickness of 3.821mm but a deformation of 5%, we can see that the sample has a 

higher storage and loss modulus than in the 10% deformation, as shown in figure 24. Which 

means that at 5% deformation the sample has higher ability to dissipate energy to heat and also 

more ability to store energy.  
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As shown in figure 23, the sample has a higher storage modulus which means that it is more 

elastic than viscous, this graph can be taken by “Extra-Brique” company as a comparative graph. 

The comparative graph will be compared with the sample tested daily to knox the right 

percentage of water to add.   

 

 

Figure 23:G 'and G'' at a thickness 3.821mm and 5% deformation 
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Figure 24: G' and G'' at 3.821mm under 5 and 10 % of deformation 

Damping factor is the ability of the sample to dissipate energy and absorb energy. It represents 

the ability of a material to get rid of the energy, and it measures how well the sample is able to 

absorb energy. This ratio varies according to the frequency, as shown in figure 24. The damping 

factor varies with the frequency and deformation. At low frequencies, 10% deformation has a 

higher damping factor. On the other hand, at higher frequencies 5% deformation shows the 

highest damping factor.  

 

Figure 25: Damping factor at 10 and 5% in 3.821mm 

At 2.5 mm of thickness and a deformation 10%, as shown in figure 26, the sample is viscoelastic, 

under 10 Hz. as frequency increase the loss modulus become higher than the storage modulus 

which makes the sample viscous and more able to dissipate energy than store it. Between 400 and 

500 Hz there is a transition part which is a crossover that characterize the sample by a relaxation 

time. And then G’ is more important than the loss modulus G’’, so we can conclude that bricks 

have an elastic structure because the structure of the brick breaks when frequency increase. 
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Figure 26:  G' and G'' at a thickness of 2.5 mm and a deformation of 10% 

In the sample shown in figure 26, we can see that at 2.5 mm the damping factory is almost the 

same, with a special range of frequencies where at 10 % the damping factor is better. 

3.821mm thickness and 5 % deformation show the highest ability to store energy and dissipate 

energy to heat, as shown in figure 27 and 28. 

 

 

Figure 27: G' at different thickness and a deformation of 5 % 



34 

 

 

Figure 28: G'' at different thickness and a deformation of 5% 

 

 Conclusion  

Rheology is the study that allows us to understand the material response to stress, frequency, 

deformation, thickness and other important values. Two main important factors that result from 

this analysis are: the storage modulus G’ that measures the ability of the material to store energy, 

it also shows that the material is elastic, and the loss modulus which measures the ability of a 

sample to dissipate energy into heat. During this analysis, we compared three different 

thicknesses over a range of frequencies varying between 0.5 to 10Hz.  

When the applied force of deformation is higher than the force inside the structure; the structure 

of the material collapse and the energy is dissipated into heat which makes the material flows. In 

this case the loss modulus is higher than the storage modulus. In the case that we studied, G’’ was 

the predominant which means that the force that we were applying was higher than the inner 
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force in the material. And in this case the sample was showing viscous properties. Therefore, 

when G’ is higher than G’’, the sample has a large ability to store energy that he will be able to 

return which implies that the force applied on the material was smaller than the force inside the 

structure. So the sample was showing elastic properties.   

We can use figure 23 as a comparative graph that Meknes company will use to know the right 

percentage of water to add. 

3.821mm shows the highest ability to dissipate energy into heat at 5% deformation, as shown in 

figure 28. And also the largest capacity to store energy at 5% of deformation, as shown in figure 

29.  

To conclude, as the thickness is higher; the ability to store or dissipate energy is larger. And as 

deformation increases, the structure has less ability to store or dissipate energy. 
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Part III: Comparison study with the bricks made in the lab 

and Meknes bricks 
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1- Process of the bricks manufactured in the lab 

1.1: Raw materials preparation 

I manufactured two type of bricks the first type was a handmade brick and the second one was 

made in a binder to form a foam brick. The materials used for this experimental study were clay, 

sand and water. Clay and sand used in this study was brought from Meknes manufacture. During 

this study the raw materials “clay and sand” were used after being processed. The raw materials 

were crushed and crumbled by hand using a mortar and then in the binder to have a homogenous 

powder with microscopic grain size particle distribution. After that we passed the mixture in 

sieves at different scales and we got the following result: 

Table 2: Grain size distribution of lab Bricks 

Type Size Percentage in the sample 

Small grain size 0,004 -0.037 mm 72.5% 

Large grain size 0.037-0.053 mm 27.5% 

Different samples were made to study the quantity of water needed to make a brick with a perfect 

grain distribution. 
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Figure 29:: Grinded raw materials 

1.2: Bricks manufacturing  

The mixture was put in a dry area for 24 hours to rest. In this project, two different kind of bricks 

were designed the first one was a handmade brick and the second one was a foam brick. The 

mixture was separated into two parts each one was designed to a specific process.  

a- Handmade bricks 

The raw materials were mixed with water by hands and molded in molds that were designed in 

the lab. For this study we worked with three different samples of brick that were manufactured 

the same but with various percentage of water content, as seen in Figure 31. In the first sample 

we used the same percentage of water as for a brick manufactured in “Extra-Brique”; in the 

second and third sample we used a quantity of water that we choose and seemed enough at the 

same place. 
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Table 3: Percentage of water tested for handmade brick 

Samples Percentage of Water 

Sample 1 21.2% 

Sample 2 17.9% 

Sample 3 16.9% 

After molding the mixture we got three different pastes. Therefore, to know the percentage of 

water that we will study during this project; we compared the paste that we made with a brick at 

its viscoelastic state from “Extra Brique”. 

➢ Sample 1 had a paste that seem emerged with water we could see that it is not strong 

enough compared to the original brick. 

➢ Sample 2 had a paste that seem homogenous and as viscous as the original brick. 

➢ Sample 3 had a brittle structure after drying compared to the original brick. 

We chose to work with sample 2 and study it more closely and also compare it to the original 

one. By using 17.9% of water we saved 3.3% of water in a brick. This saving is consequent 

because it represent 108.24ml of water per brick. According to “Extra Briques” website the 

company produce 250 tons of bricks per day [12]. With the technique that we used the company 

will save 8 250 litre of water. As the company works 7 days per week the saving per year will be: 
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Figure 30: Handmade brick at its viscoelastic state 

b- Foam brick 

The raw materials were mixed with water by a binder and molded in circular molds. Three 

samples were made in the lab with three different percentages of water as follow: 

Table 4: Percentage of water tested for handmade brick 

Sample Percentage 

Sample 1 21.2% 

Sample 2 32.92% 

Sample 3 40.1% 

These three samples had an important difference between the textures of their foams as we cannot 

compare it with a normal brick we used the expertise of “Extra Brique” to choose the good 

sample to study. Sample2 was the one chosen because it had less water content than the third one 

and more that the first one. As the first one did not have enough water; the particles did not fuse 

together to form a foam. For the third sample, the percentage of water was high because during 

the firing step the sample break.  
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Figure 31: Preparation of foam brick 

 
Figure 32: Foam brick after molding 

 

After drying, we can see that the foam brick is porous, as shown in figure 34. 
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Figure 33: Foam brick after drying 

2- Important bricks features      

During this part of the report, the influence of the grain size on porosity, compressive strength, 

bulk density, linear drying shrinkage and water absorption are evaluated. A comparison study 

between a brick from “Extra-Brique” and bricks made in the lab is conducted.  

Bulk densities, apparent porosities and water absorption can be measured using the Archimedes 

principle which is one of the oldest test that can be applied [6]. The properties can be measured 

using the Archimedes buoyancy techniques with weight of dry sample (Wd), weight of 

suspended sample (Ws), and weight of removed sample (Wr).According to the scientist Melville 

Bruce Berger, “Archimedes Principle states that the buoyant force on a submerged object is equal 

to the weight of the fluid that is displaced by the object” [13].  

Archimedes found out his principle white getting into his bath. The Greek inventor and 

mathematician noticed that when he was entering the bath water spilled over the sides. 

Instantaneously, he understood the connection between the water that had dropped out and the 
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heaviness of his body. Therefore, he realised why some items buoy and others sink. The inventor 

was so hysterical about his revelation that he bounced out of the shower naked into the street 

saying: ‘Eureka’ which means I have discovered it, as shown in figure 34. 

 

Figure 34: Archimedes when he discovered his theory 

Source: [13] 

 
Figure 35:Archimedes Method 
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To make sure of the study that we conducted, we made three samples of each kind of bricks that 

we studied and we reported the average in the report. All the detailed result are reported on the 

appendix.     

  

2.1: Porosity 

Porosity is the percentage of empty space in a material. Porosity is an important feature in 

polycrystalline materials like clay because it can have positive and negative impacts depending 

on its percentage. The porosity depends on the grain size distribution and the nature of the 

mixture. The mixture of the brick is made of 70% of clay and 30 % of sand, since both of these 

materials have different grain sizes, it will induce and permit bigger pore spaces.  There is no 

maximal porosity, since porosity and mechanical strength are negatively correlated such that a 

high porosity leads to a weak mechanical strength. On the other hand, a high porosity leads to a 

high thermal insulation. We should note that porosity increases during the drying and firing 

process because particles breakdown and water evaporates creating space. 

To study porosity in bricks important properties have to be controlled by the following: 

❖ Grain size distribution of particles  

❖ Texture and composition of the brick  

❖ Firing temperature and time  

❖ Porosity of the raw materials  
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The porosity can be measured by: 

● The apparent porosity depends on water absorption and does not incorporate the volume 

of closed pores.  

Apparent Porosity % =     
     

     

where: 

Wd: Weight of the dry sample 

Ws: Weight suspended in water 
Wr: Weight removed from water 

 
 

 

● The true porosity relies on the properties of the clay and incorporate the volume of closed 

pores.  

True Porosity %=      
  

      

Where: 

BD= Bulk density (density of dried brick) 

PD= Particle density (density of fired brick) 

 
 

 
Table 5: Percentage of apparent porosity in the three samples 

 Normal brick  Handmade brick Foam brick 

Apparent porosity 12.88% 8.01% 18.16% 
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Result analysis: 

Foam brick has the highest porosity because during the drying and firing process the added water 

particles breakdown leaving more voids in the structure. The foam brick has a low mechanical 

strength but a high thermal efficiency. The handmade brick has the lowest porosity which make it 

has a better mechanical strength but a lower thermal efficiency. Normal brick has an acceptable 

has an acceptable mechanical strength and thermal efficiency.    

2.2: Bulk density 

Bulk density is the ratio of the mass over the volume of the dried bricks. Porosity and density are 

negatively correlated such that a high porosity leads to a sharp reduce in density. Additionally, a 

high decrease of density leads to a high mechanical defect. According to Masonry Structures, 

density must be between 1800 and 2000 Kg/m3. 

 

BD=   
     

   

where: 
Wd: Weight of the dry sample 

Ws: Weight suspended in water 
Wr: Weight removed from water 

ρ=water density 
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Table 6: Bulk density in the three different kind of bricks 

 Normal Brick Hand made Foam brick 

Bulk density 1700 kg/ m3 
 

1920 Kg/ m3 
 
 

1550 Kg/ m3 
 

 

Result analysis: 

For the given result, handmade brick seems to have the best density because its respect Masonry 

Structures range. However, the highest apparent porosity percentage lead to a significant 

reduction in density. For normal brick, density is lower than the predicted range, but it is does not 

affect the mechanical strength. Therefore, a high decrease in density can affect the mechanical 

strength.      

  

2.3: Linear shrinkage  

Linear shrinkage is determined by measuring the length of the sample both before and after 

drying or before and after firing, or even over the whole process. During the drying and firing 

process, and especially at high temperatures, bricks particles merge together leading to a better 

proximity and a more enhanced linear shrinkage. Positive linear shrinkage represent that the 

water is out of the system. According to Korman and Wend: “ Bricks must have a firing linear 

shrinkage lower than 8% in order to retain good mechanical performance”[6]. A higher linear 
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shrinkage could generate tension and breakage which will lead to low mechanical strength. 

Furthermore, linear shrinkage and mechanical strength are negatively correlated.   

The linear shrinkage (before and after drying) is calculated as follow: 

Linear drying shrinkage, %=      
  

     

 
Where: 

Ld= length of dried sample (cm) 
Lv= length of viscous sample (cm) 

 
 

 
Table 7: Percentage of linear drying shrinkage in the three samples 

 Normal 
Brick 

Handmade brick Foam mixture 

Linear drying shrinkage 
5.60% 2.48% 10.36% 

 

Result analysis: 

Foam brick has the highest linear shrinkage; therefore, it can result on a mechanical defect. 

Handmade brick has the lowest linear drying shrinkage which can lead to the best mechanical 

strength compared to the two other kind of bricks. 
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2.4: Water absorption           

Water absorption can be reached by weighing samples of fired bricks at constant mass then 

immersed them in water for 24 hours, dried them and re-weighted them. The different between 

the bricks before immersion and after it represented the percentage of water absorption. The 

creation of pores leads to the formation of voids in the structure, while immersed in water voids 

are filled and dependently on the arrangement and the way the pore are linked water can 

penetrate the brick more or less easily.  Porosity and water absorption are positively correlated 

because a high porosity lead to a higher ability to absorb water.       

 

Table 8:Percentage of water absorption in the three samples 

 Normal Brick Handmade brick Foam mixture 

Water absorption 
5.60% 2.48% 10.36% 
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Result analysis: 

In the three samples studied we have different percentages of porosity; foam brick has the highest 

one due to its high porosity. Normal brick has a better water absorption that the handmade brick. 

For the percentage of water absorption there is no standardized maximum rate to follow, so a 

higher porosity lead to a higher water absorption. However, it may affect its durability in terms of 

resistance and mechanical strength.   

2.5: Loss on ignition 

Loss on ignition describes the lost weight lost between the drying and firing stages. This lost 

weight represents the water evaporation and the assessment of organic content. The loss on 

ignition happens because of: 

➔ Chemically bounded water that can evaporate during the firing steps leading to the loss on 

ignition. 

➔ Iron, silicon and other metals present in bricks can be oxidized during firing leading to 

lower results. 

According to Weng, “in order to retain good performance, weight loss on ignition should remain 

below 15%” [6].  

As porosity increases; it leads to the formation of voids inside the structure. Knowing that air is 

lighter than clay and sand the formation of voids make the brick lighter which can have a 

negative impact on its densification. Loss on ignition is calculated using the following formula: 
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Table 9:Percentage of loss on ignition in the three samples 

 Normal Brick Handmade brick Foam mixture 

Loss on ignition 
12.31% 15.71% 21.61% 

 

Result analysis: 

Foam brick has the highest loss on ignition due to its high porosity which can lead to an 

important mechanical defect. Normal brick has the best loss on ignition; it is lower than the 

threshold. Handmade brick has an acceptable loss on ignition because it is just 0.71% higher than 

the threshold.  

2.6: Mechanical characteristics: 

During this project we could not calculate the compressive strength but we will able to predict it 

using the value of properties that we have above. The increase of porosity leads to a decrease in 

density and increase of loss on ignition; therefore, the mechanical strength of lightweight bricks 

reduce sharply. Foam brick will have the lowest compressive strength value. We could not 
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differentiate between the handmade bricks and normal brick in terms of compressive strength 

because their properties vary; for instance, handmade bricks have a lower porosity than normal 

bricks, but normal bricks has a better loss on ignition than handmade [6] . 

Grain size is important regarding compressive strength because as the grain size decrease 

porosity and linear drying shrinkage decrease too which lead to a higher mechanical strength. 

2.7: Thermal conductivity 

The insulation capacity of fired brick is measured by their thermal conductivity; as we were not 

able to calculate it due to the lack of time; we predicted the result by analyzing the known 

properties. Thermal conductivity of the bricks is closely related with porosity and density because 

the best insulator is the trap air that fills the pores. Porosity and thermal conductivity are 

negatively correlated; a high porosity leads to a decrease in thermal conductivity which make it 

better. As foam brick samples have the highest porosity and the lowest bulk density; it’s 

insulation capacity will be the best. Normal bricks have better thermal insulation than handmade 

bricks because they have a higher porosity and a lower bulk density.  

Grain size plays an important role in defining thermal properties even though there is no 

mathematical formula that predict the impact of grain size on insulation capacity. However, as 

normal bricks has a higher porosity than handmade bricks, we can conclude that bigger grain size 

offer a better insulation. 
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3-Analysis and Recommendation  

The physical, thermal and mechanical properties studied must be correlated and linked to each 

other to understand if the bricks meet the Moroccan standard. Indeed, the most important 

characteristic for a material that is used for construction is the mechanical performance because it 

represents the ability of a building to resist to natural condition, such as bad weather, and to avoid 

falling down. 

Porosity is one of the main important characteristic of a brick because it is correlated to many 

physical, mechanical and thermal properties. Porosity and density are negatively correlated, so 

foam bricks have the best porosity which leads to the worst density, and the best thermal 

insulation. And as a large decrease in density can lead to many defects on the structure of the 

material; therefore, the mechanical strength of the foam brick will not be optimal. Specially, that 

it has also a high linear drying shrinkage which insures that the foam bricks have high 

mechanical defect. 

Handmade bricks have the best density and the worst apparent porosity which make them have a 

low water absorption and a bad thermal insulation. On the other hand, they seem to have the best 

mechanical strength compared to the other kinds of bricks studied. 

The normal bricks show combined characteristics; they are good but they do not always have the 

best properties.  



54 

 

Conclusion  

During this capstone, I learned how bricks are formed and the importance of the impact of the 

mixture and the process of manufacturing in the properties of the fired brick. The bricks have a 

mixture composed of 70% of clay and 30% of sand, with a grain size distribution that is not 

microscopic and homogenous. During the formation of the brick the water added to the mixture is 

chosen according to employees who touch the mixture and decide the amount of water that must 

be added. Investing in machines that control the quality of the mixture and choose the adequate 

amount of water must be an advantage for the company because many problems that bricks face 

during the drying and firing process can be avoided. 

Rheology is the study of flow and deformation of the material in response to the force and 

frequency applied to it. After bringing a brick at its viscoelastic state to Mascir center to study its 

rheology; we concluded that a larger thickness and a smaller deformation make the bricks have 

better ability to respond positively to the shear strain. Therefore, the structure of the brick has a 

larger ability to store energy and dissipate it into heat. We also concluded that at low frequencies, 

the sample shows viscoelastic characteristics; on the other hand, at larger frequencies the sample 

has viscous characteristic. 

In the third part of the report, we compared the influence of grain size distribution on porosity, 

compressive strength, bulk density, linear drying shrinkage and water absorption. The 

comparison was between a bricks manufactured in Meknes, handmade bricks and foam bricks. 

The foam bricks showed that they have the best insulation ability but they are brittle and their 
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mechanical strength is low. The handmade bricks seems to have the best mechanical strength 

because they are made with a low percentage of porosity. On the other hand, their insulation 

capacity is really low compared to the other kind of bricks. Normal bricks have mixed properties 

they do not have a good thermal insulation as foam bricks and they do not have a good 

mechanical strength as the handmade bricks, but they have mixed properties. 

It would be interesting to create bricks using the process that we used for foam bricks but with a 

foam that is stronger. The percentage of water that we used must be diminished to decrease the 

porosity and increase the mechanical strength. So next capstone student can work in improving 

the mechanical, physical and thermal properties of this promising kind of bricks. The thickness of 

the foam can also be studied because as the rheology confirmed a large thickness implies better 

abilities of the bricks. 
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Appendix  

Normal brick  

 

 
Apparent porosity True porosity  

Sample1 13.59 19.76 

Sample2 12.5 10.58 

Sample3 12.56 21.66 

Average 12.88% 17.33% 

 

Handmade brick 

 

 
Apparent porosity True porosity  

Sample1 7.92 7.77 

Sample2 8.03 2.97 

Sample3 8.08 9.05 

Average 8.01% 6.60% 
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Foam brick 

 
Apparent porosity True porosity  

Sample1 18.1 5.20 

Sample2 18.29 7.95 

Sample3 18.04 4.82 

Average 18.16% 5.99% 

 

 

Bulk density 

 

 
Normal Brick  Handmade brick  Foam brick   

Sample
1 

1.685 1.90 1.46 

Sample
2 

1.725 1.96 1.62 

Sample
3 

1.70 1.91 1.58 

Average 1.70g/cm3 
 

1.92g/ cm3 1.55g/ cm3 
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Particle density: 

 
Normal Brick  Handmade brick   Foam brick   

Sample
1 

2.10 2.06 1.54 

Sample
2 

1.56 2.02 1.76 

Sample
3 

2.17 2.10 1.66 

Average 1.94g/ cm3 2.06g/ cm3 1.65g/ cm3 

 

Loss on ignition 

 
Normal Brick (%) Handmade brick (%)   Foam brick (%)  

Sample1 13.02 19.08 22.25 

Sample2 10.81 11.07 20.98 

Sample3 13.11 16.97 21.60 

Average 12.31% 15.71% 21.61% 

 

The linear shrinkage  
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Normal Brick (%) Handmade brick (%)   Foam brick (%)  

Sample1 5.56 2.10 7.14 

Sample2 5.26 3.33 13.57 

Sample3 6.06 2.00 10.36 

Average 5.60% 2.48% 10.36% 

 

Dry density 

 
Normal Brick   Handmade brick  Foam brick  

Sample
1 

2.12 2.10 1.40 

Sample
2 

1.75 2.01 1.50  

Sample
3 

2.14 2.08 1.46 

Average 2.00g/ cm3 2.06g/ cm3 1.45g/ cm3 

 

 

Dry density 

Dry density= mV 

where : 
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DD=dry density 
m= mass of dried sample 

V= volume of dried sample 

 

 
Normal Brick Hand made Foam brick 

Dry density 2.00g/ cm3 2.06g/ cm3 1.45g/ cm3 

Particle density: 

PD= mV 

where : 
m= mass of fired sample 

V= volume of fired sample 

 

 
Normal Brick Hand made Foam brick 

Particle density 1.94g/ cm3 2.06g/ cm3 1.65g/ cm3 

 


