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Abstract 

Most people who live in rural and underprivileged areas use clay as the primary 

component for construction. Clay is used mostly because of its economic advantages. It is cheap 

and found abundantly in nature, for example, the village of Bensmim, in the Ifrane region. 

Furthermore, clay provides thermal insulation, which is an important factor especially in a region 

with harsh weather conditions. Moreover, clay has no environmental impact and has small carbon 

emissions. However, when used alone in construction, clay shows some weak mechanical 

properties.  

The main objective of this capstone project is the study and screening of new composite 

materials based on their effect on the mechanical properties of the bricks. This comparative study 

is based on the enhancement of the rheological properties of the green state of the clay bricks. 

The involved composite materials chosen must provide economic benefits, either by being cheap 

or available plentifully, and must show strong mechanical properties. 

By conducting rheological testing, more specifically the inclined plane test, on different 

samples of unfired clay alone, unfired clay and lime, and unfired clay and cement mixed with 

different portions of distilled water, we reached the conclusion that the mechanical properties of 

the clay of were enhanced significantly after addition of lime. Therefore, the use of clay with lime 

as an additive would be best in order to achieve the results required as it showed the best 

mechanical properties under different amounts of water. The samples of clay and lime started 

flowing at angles of 40° and 10° respectively when mixed with 30% and 40% of distilled water. 

The calculations of the maximum shear stress helped us find 67.53Pa and 16.79Pa for each 

sample respectively, which was the highest amount of yield stress. 
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1. Introduction 

1.1. Background 

Morocco has been focusing on renewable energy as a source of energy in order to reduce 

its energy importation, particularly now that energy sources are becoming scarce. One way to 

achieve this goal is by building houses that are energy and cost efficient. As a first step towards 

building greener houses.  The substitution of fired conventional bricks with unfired clay bricks in 

construction will make the houses more energy efficient and will minimize the environmental 

impact by reducing carbon emissions during the fabrication process. 

For centuries, clay has been used as the primary material for masonry mostly because it is 

a material that is easily accessible until it was replaced by other construction materials such as 

concrete, cement, and mortar. However, recently, clay is knowing a renewed interest due to its 

environmental friendly properties as well as its thermal properties [14]. Both of the mentioned 

properties play a big role in solving and reducing the ecological problems that world is facing 

nowadays.  

Using clay in buildings has also many economic and environmental benefits. It is a cheap 

material that is found abundantly in nature. It is a hard and durable material that can be easily 

molded into different sizes and shapes to meet the need of people. It can be recycled or reused 

and has a low maintenance cost.  But most of all, clay provides thermal insulation, which implies 

that the buildings can retain heat during cold seasons and can block it from penetrating during 

warm seasons [10]. 

Although clay provides many benefits, it still shows some weaknesses when it comes to 

its porosity and mechanical properties. Unfired clay is known to absorb water easily, which can 
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prove to be irritating during rainy days. In order to avoid the consequences of this problem, the 

constructor must take some measures such as increase the thickness of the wall or use an 

additional material to cover the clay. Clay shows a weak mechanical strength as well. Even 

though clay is known to be hard material, it does deform under some conditions.  

 

1.2. Project Description 

People who live in the area of Ifrane and Bensmim suffer during the winter from the cold 

and snowy weather and do not have the means to afford heating on a daily basis. The harsh living 

conditions of the area can be quite tough and difficult, especially if the material used for buildings 

does not provide the comfort required. Most houses in that region are built using modern ways of 

construction that use the concrete and cement. Using clay in construction will widely benefit the 

community because of its abundant availability in the region. However, clay by itself has its 

advantages that may affect negatively the structures and the comfort of its inhabitants.  

Throughout this project, we are exploring ways to improve properties of clay bricks and 

that is achieved by adding small percentages of additives, notably lime and cement, to unfired 

clay and comparing the rheological properties of the prepared samples. We will collect clay from 

Bensmim and clean it thoroughly. Then, we will prepare samples of different sizes and mix them 

with cement or lime and distilled water to get a pasty mixture. Finally, we will run rheological 

tests on the pasty samples prepared.  

The results of the rheological tests would help us find the right formulation for stable 

unfired clay and additives bricks that showcase the best mechanical properties without affecting 

its thermal properties. Hopefully, the new clay-based bricks would help improve the comfort of 
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people living in these unfortunate areas and reduce the environmental impacts of buildings as 

well as strengthen them. 

 

1.3. Methodology 

The first part of this report describes the scientific concepts involved in this project. It 

defines and gives information about rheology, viscosity, the types of Newtonian and non-

Newtonian fluids, as well as an introduction to rheometry and viscometry. The second part of the 

report discusses the chemical, physical, and mechanical properties of all the material that we deal 

with such as clay, cement, and lime. The third part gives a description of the experiments 

conducted. It defines the steps followed to gather and prepare the samples, the materials and 

parties involved in the testing, and the guidelines of the experiments. The fourth part of this 

project reports the results of the experiments and the calculations involved in them. The last part 

of this capstone report discusses the found results and their impacts on the overall project. 

 

2. Literature Review 

2.1. Rheology 

Rheology is the study of deformation and flow of bodies when undergoing a shear stress 

[4]. It is a way to understand the behavior and classify complex fluids. Fluid liquids are defined 

as substances with no fixed shapes that take the shape of their containers. However, based on 

their rheology, fluids show rheological properties classifying them somewhere between liquids 

and solids. Based on this definition, the term “fluid” encompasses liquids ranging from water, to 
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oil, all the way to honey and paste. Fluids are also defined as substances that deform continuously 

under the application of shear stress [9]. 

The factors that affect the rheology of fluids are the shear stress and shear rate [5]. Stress 

is defined as an applied force F on an area A, and shear stress is a tangential stress applied along 

the surface of the fluid. Usually, shear stress is measured by dividing the applied force F by the 

area of application A. Strain is the reaction of a fluid when an external force is applied on it. It is 

quantified by the amount of deformation or elongation divided by the original length. Shear rate 

is the difference in velocity between different layers of the fluid. The value of shear rate is 

obtained by the ratio of the velocity of the top plate and the distance between the top and bottom 

plate [4]. The bottom plate does not move, which is why it is assigned a velocity of zero. 

 

2.2. Viscosity 

Viscosity and elasticity are properties that help with the rheological classification of 

materials. Viscosity is known as the resistance of a fluid against any irreversible positional change 

of its elements or its shape [5]. In other words, it is the resistance against the change imposed by 

the applied force. While elasticity is defined as the ability of a material to return to its original 

shape and size when the stress applied is removed. The property of elasticity is often used for 

solid material and the viscosity is often used to describe the property of a liquid. However, there 

are some materials that show viscosity and elasticity at the same time. Those materials are known 

as viscoelastic materials; they can be thought of as material with a response between that of a 

material showing viscosity and a material showing elasticity [1]. The ratio of shear stress and 

shear rate is the viscosity. Among the most common examples explaining the viscosity is the 
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speed of by which a spoon moves in honey compared to its speed in water. Although the applied 

force is the same, the speed of molecules in the two liquids is not. 

 

2.3. Newtonian Fluids 

𝝈𝝈 =  𝜼𝜼�̇�𝜸 

   Newtonian fluids are materials that show a correlation between shear stress and shear rate 

[5], meaning that there is a linear relation between the two at every point as is shown in the flow 

curve of Figure 2.3.1. On the other hand, the viscosity curve of a Newtonian fluid of Figure 2.3.2 

shows that the viscosity is independent of both time and shear rate. The equation above represents 

the equation of Newtonian Fluids. We clearly see that the shear stress 𝝈𝝈 is the result of the linear 

relationship between the viscosity 𝜼𝜼 and the shear rate �̇�𝜸. Ideal Newtonian fluids do not exist in 

real, but there are few fluids that approach the characteristics of a Newtonian fluids. Examples 

that we encounter in real life include water and air.   

  

Figure 2.3.1: Flow Curve of Newtonian Liquid  
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Figure 2.3.2: Viscosity Curve of Newtonian Liquid  

 

2.4. Non-Newtonian Fluids 

η = �
𝜎𝜎
�̇�𝛾�

𝜎𝜎=𝜎𝜎0

 

Non-Newtonian fluids, on the other hand, are fluids that show no correlation between the 

shear stress and shear rate [5]. Since there is no linearity between the two components, one way 

to determine a close value for the viscosity is by taking the slope of the line obtained by joining 

the origin to any point on the curve, which known as apparent viscosity [1]. The equation shown 

above represents how to find the apparent viscosity at a given shear stress σ and a given shear rate 

�̇�𝛾. Shear thickening, shear thinning, viscoplastic, and thixotropic fluids are few of the many types 

of non-Newtonian fluids.  

Shear thickening or dilatant behavior is observed in materials in which the apparent 

viscosity increases with increasing the shear rate. It means that the fluids become thicker and 

show more resistance as the applied shear rate increases [5]. It is a behavior that is independent of 
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time and reversible. Once the deformation or disturbance has occurred, the concerned fluid 

becomes harder but when the disturbance is removed, the fluid will regain its original state. One 

example of shear thickening materials from real life is cement. 

Shear thinning or pseudoplastic have a behavior opposite to that of shear thickening. The 

more shear rate is applied, the thinner the material becomes [5]. It is observed that in shear 

thinning materials, the apparent viscosity decreases with an increasing shear rate. The effect is 

not dependent on time and it can be reversible, which implies that as soon as the shear stress is 

removed, the viscosity of the fluid will regain its original state. One real life example of shear 

thinning material is ketchup.   

 

Figure 2.4.1: Flow Curves of Non-Newtonian Fluids  



14  
  

   

Figure 2.4.2: Viscosity Curves of Non-Newtonian Fluids  

 

Figure 2.4.1 and Figure 2.4.2 show the behavior of flow and viscosity in both shear 

thickening and shear thinning materials compared to those of a Newtonian fluid.  

Another example of non-Newtonian fluids are viscoplastics. They exhibit a different 

behavior from that of the materials explored earlier. Viscoplastic materials need to reach a yield 

point in order to flow or deform [4]. When the threshold is reached, the material shows three 

different types of deformations. It can show a deformation similar to that of a Newtonian fluid, in 

this case the material is called Bingham plastic. It can show a deformation similar to 

pseudoplastics and in this case, the material is called shear thinning with yield stress. It can also 

show a deformation similar to dilatants and in this case, the material is called shear thickening 

with a yield stress. Figure 2.4.3 and Figure 2.4.4 show the curves of flow and viscosity of all 

three types of viscoplastic materials respectively. In the latter, the curve is plotted with the log 

function of the shear rate.  
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Figure 2.4.3: Flow Curves of Viscoplastic Materials  

  

Figure 2.4.4: Viscosity Curves of Viscoplastic Materials  

  

2.5. Thixotropic and Rheopectic Fluids 

A special case of non-Newtonian materials is thixotropic and rheopectic materials. 

Thixotropic materials flow depends on time and exhibit a behavior where the fluid concerned 

becomes less viscous and flows more easily as stress is applied to it, but when at rest, the fluid is 
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thick [4]. When the stress applied is removed, the thixotropic fluid recovers its original shape. 

Rheopectic fluids, on the other hand, exhibit a behavior where the fluid concerned become more 

viscous as stress is applied to it. However, under normal conditions, it goes back to its initial 

conditions [4]. One important remark to note here is that both of these types of non-Newtonian 

materials are dependent on time, which means that the fluid will be restored to its previous 

structure when the stress is removed after a period of time.  

  Figure 2.5.1 shows the path of flow followed by a thixotropic and a rheopectic fluid 

respectively. We notice that these types of fluid do not follow the same path when recovering their 

initial state and that is due to the fact that energy is required to break down the thixotropic or 

rheopectic structure [5].  

  

Figure 2.5.1: Flow Curve of Thixotropic and Rheopectic Fluids 
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2.6. Rheometry and Viscometry 

Rheometry refers to the experiments conducted in order to determine and understand the 

rheological properties of fluids. These experiments are conducted using rheometers, which are 

instruments made specifically to measure the viscoelastic properties of fluids by applying shear 

stress to the material. Figure 2.6.1. shows a rheometer machine that is composed of two cylinders. 

Viscometry represents the experiments conducted to determine the viscosity of fluids only. In this 

case, rheometry is a more global test procedure that gives more information about the material 

that we are experimenting on [4].  

 

Figure 2.6.1: Rheometer Machine 

 

Before we start the experiments, we need get acquainted first with the parameters that 

affect the results of those experiments. There are six independent parameters that viscosity 

depends on. The first one is S, which is the physical nature of the fluid concerned. Another 

parameter is the temperature T, which highly affects the viscosity. Next, we have the pressure p 
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because a decrease in pressure results in an increase in intermolecular resistance. The shear rate is 

another parameter that affects the viscosity as any increase or decrease in shear rate will result in 

a changed viscosity. Time t is also another important parameter. The time between measurements 

or from the last applied shear force might affect the experiments results. The last parameter 

affecting the viscosity is the electrical field E. the magnitude of the electrical fields acting upon 

the fluid might strongly influence its flow behavior [5].   

When conducting rheometric or viscometric experiments, there are boundary conditions 

that one needs to check in order to make sure that the experiments are conducted in good 

conditions that won’t affect the final results. In this case, there are six conditions that need to be 

checked.  

First, we need to make sure that we have a homogenous sample because it helps the fluid 

to react to the stress applied uniformly throughout. Second, we need to have a laminar flow, 

which means that the fluid flows in parallel layers that slide past one another and prevents the 

exchange of volume between layers. Third, we need to make sure that we are dealing with a 

steady state flow because the shear stress applied is correlated to the shear rate, and the stress 

applied should be sufficient to sustain a constant flow rate. Fourth, we need to make sure that 

there is no slippage between the boundary layer of the fluid and the moving plate because the 

applied stress must be transmitted across the fluid boundary into the liquid. Otherwise, the test 

results will be meaningless. Fifth, we need to make sure that there are no physical transformations 

during the experiments that will affect the results of the viscosity. Last, we need to make sure that 

fluid sample is not 100% elastic. It needs to be viscous or viscoelastic to get good test results.  
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2.7. Construction Materials 

Ever since the beginning of time, people have been looking for ways to build strong 

shelters in order to protect themselves and their families from any danger. There has been use of 

different materials of constructions in the past, but there is clay stands out as the most used 

material of construction in the past before concrete became popular in the 19th century. Old 

structures such as the Ziggurats of the ancient Babylon and the Great Wall of China, shown in 

Figure 2.7.1., were built using clay. The Pyramids in Egypt were built using lime, mud and straw. 

The Roman Empire used a material close to modern cement in their architecture and it found in 

structures such as the Colosseum in Figure 2.7.2. [18]. From concrete, to mortar, to mud, people 

in the past have explored many construction materials in order to build houses.  

 

Figure 2.7.1: Great Wall of China 



20  
  

 

Figure 2.7.2: The Colosseum of Roman Empire 

 

2.7.1. Clay Composition 

The main material explored during this project is one that is easily procured and found 

abundantly in the region of Ifrane. Clay is a naturally occurring material composed primarily of 

fine grained minerals, which are generally aluminosilicate plastics [12]. It is classified as an 

inorganic material. Clay minerals are crystalline materials with a sheet-like structure. They have 

two distinct arrangements: Silicate is arranged in the form of a tetrahedral silica and Aluminate 

groups are arranged in the form of an octahedral [20].   

There are three distinct types of clay: Kaolinite, Montmorillonite-Smectite, and Illite. 

Kaolinite (Al2Si2O5 (OH)4) has two-dimensional layer of silicate group bonded to a two 

dimensional layer of aluminate group, resulting in a sheet structure with the following 

arrangement: Silicate/Aluminate. Montmorillonite-Smectite (Na0.2 Ca0.1 Al2 Si4 O10 (OH)2 

(H2O)10) and Illite ((KH3O)(Al Mg Fe)2(Si Al)4O10[(OH)2,(H2O)]) clays have a different 
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arrangement. In both cases, the aluminate group is surrounded by the silicate group from both 

sides, which results in a basic unit in the form of Silicate/Aluminate/Silicate [20].  

The difference between Montmorillonite-Smectite and Illite is in the elements that 

separate each basic unit. For Montmorillonite-Smectite, the sheet structures are separated by 

Magnesium, Potassium, and Calcium. While Illite sheet structures are separated by Potassium 

mostly and hardly ever Magnesium or Calcium. The high percentage of Potassium in the 

interlayer is responsible for the lack of swelling of Illite. Figure 2.7.1.1 shows the composition of 

each type of clay. For this capstone project, our experiments will be conducted using Illite clay as 

it is the type that is found the region of Bensmim where we got our samples from.  

  

Figure 2.7.1.1: Crystalline Structure of Clay Types 

 

2.7.2. Clay Properties 

Clay is a natural resource that is found locally, which implies that it is an economic 

material to use for construction. It provides environmental control due its good thermal properties 

by storing heat during winter and coolness during summer as well as cleaning the air surrounding 
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it by buffering humidity, which is accomplished by absorbing moisture from the air at high 

humidity and releasing it at low humidity [2]. By controlling the temperature and humidity, clay 

reduces the energy required to operate the house. Moreover, clay is reusable, it can be recycled, 

and it produces less carbon emission than the other available construction materials, which all 

help reduce the environmental pollution [12]. 

Clay has many good physical and mechanical properties. Besides the thermal properties, 

clay is known for being strong and hard. It has been used by the Roman Empire around the years 

70-80, which proves that it is a durable material. It has great plasticity properties where it can be 

molded into different shapes and sizes to meet the criteria required by the customer. Clay can 

shrink under firing or under air drying, which turn it into a fire resistant material [19]. Clay has 

also a high porosity. It means it can hold a large volume of water. The water-retaining property 

means that clay is capable of ion exchange with its environment and it results in swelling. 

However, this true for Montmorillonite-Smectite and Kaolinite clays. Illite clay does not swell 

because of its chemical configuration. Figure 2.7.2.1 shows Illite clay in its natural state.  

 

Figure 2.7.2.1: Illite Clay 
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2.7.3. Clay Bricks 

Clay has been used in construction for more than 3000 years. Construction techniques of 

clay bricks include crushing earth materials in mills and then adding water to it in order to turn it 

into a plastic material. Depending on the degree of plasticity, the clay is mixed with sand. Then 

clay is molded, textured in its the green state, and sintered at temperature higher than 900C make 

it hard and turn it into a brick. Unfired clay bricks, unlike conventional clay bricks, are not baked 

or fired, they are left in the air to be sun-dried [19]. This steps helps in reducing the shrinkage and 

improve the strength of the brick. Figure 2.7.3.1 shows the process of making the unfired clay 

bricks.  

 

Figure 2.7.3.1: Unfired Clay Brick 

2.7.4. Clay Additives 

History of clay in construction shows us that people have mixed clay with many other 

materials such as straw, sawdust, cork, and fly ash [15]. For our project, we will focus on only 
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two additives which have been used previously to improve the strength of clay bricks, which are 

cement and lime. We will mention briefly their chemical, physical, and mechanical properties as 

well as discuss the reasons why cement and lime were not selected as the main material of 

construction for this project.  

2.7.4.1. Cement 

There are two types of cement in the world. The first one is known as the non-hydraulic 

cement. It does not harden in water, but rather it solidifies as it dries and reacts with carbon 

dioxide in the air. The second type is the most widely used in construction and it is known as the 

hydraulic cement. This type of cement hardens and becomes adhesive due to a chemical reaction 

between the cement compounds and water, which results in strong covalent bonds and allows the 

hardening of cement in water [8]. Portland cements are a type of hydraulic cements that are used 

in buildings and we will use them in our research. Figure 2.7.4.1. shows cement powder before it 

is mixed with water.   

Furthermore, cement is a binder, which is a material that hardens and binds other 

materials together. It is a mineral powder manufactured through a chemical combination of 

Calcium, Silicon, Aluminum, Iron and other ingredients. These chemical elements are found in 

limestone, shells, and chalk. When these components are combined with clay, slate, and iron ore, 

and then heated at high temperature, the result is a rock-like substance that is crushed into a fine 

powder, known to us as cement [18].  

The paste composed of cement powder and water is known as concrete and is created 

through a process called hydration, where cement acts as a binder and H2O as the filler. When 

water is added to the cement powder, a chemical reaction occurs where Calcium ions (Ca2+), 
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Hydroxide ions (OH-), and a large amount of heat are released [3]. When newly mixed, the paste 

is plastic and ductile, but when it hardens, it is extremely strong and durable.  

Properties of cement include high durability and mechanical strength due to the covalent 

bonds between elements. These properties have many practical advantages in the construction 

field. Moreover, and just like clay, cement is resistant to corrosion and abrasion. However, 

Portland cements have a bad thermal insulation [17]. Their thermal conductivity is around 0.9 

W/(m K), while the thermal conductivity of clay soils is around 0.15 W/(m K).   

 

Figure 2.7.4.1: Cement Powder  

 

Most rheological research found in the literature were conducted using cement because it 

is the most widely used material for construction of buildings with extremely strong mechanical 

properties, which are the most important properties to take into consideration when you are 

building a house since you want it to last for years [13]. However, now with the concerns that are 



26  
  

rising due to environmental impacts, cement is no longer seen as the best material for building 

mostly due to its high environmental impact. The chemical reaction between cement and water 

produces greenhouse gases, mostly carbon dioxide, and heavy metal emissions in the air. Studies 

show that about 5% of CO2 emissions worldwide are due produced by cement industry [18]. 

Moreover, the manufacture of cement consumes a lot of fuel.   

The negative environmental impacts along with its bad thermal insulation are the main 

reasons why it was not considered as the main component of construction. The aim of the project 

is to build houses with good mechanical and thermal properties and reduce energy consumption 

at the same time, and cement does not provide all three conditions. 

 

2.7.4.2. Lime 

Just like cement, there are two types of lime used in the field of construction. Non-

hydraulic lime does not harden under water, but rather sets when it exposed to the carbon dioxide 

in the air. This hardening process is called Carbonatation. In this chemical reaction, the calcium 

hydroxide reacts with carbon dioxide and forms Calcium Carbonate [7]. On the other hand, 

hydraulic lime hardens with water under the process of hydration. For the experiments of this 

project, we will use hydraulic lime. Figure 2.7.4.2. shows lime powder before it is mixed with 

water.  

Lime is derived from a sedimentary rock named limestone that is largely composed of 

Calcium Oxide (CaO). It is a white crystalline made of calcium carbonate with small percentage 

of silica and/or alumina [18]. It has a low elastic modulus, which implies that lime has no 

resistance to being deformed elastically. However, its production is less polluting than that of 
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cement because it is burnt at a lower temperature (900 °C for lime vs.  1450 °C for cement). In 

construction, lime powder is usually mixed with sand and water to produce mortar, and pozzolans 

(fly ash, silica fume, and heat treated clay) are added to the mixture to improve its strength.  

 

Figure 2.7.4.2: Lime Powder 

   

Even though mortar lime alone is environmentally friendly, it has a lower compressive 

strength than cement. Thus, making it not suitable for handling heavy loads over an extended 

period of time but it is used widely for restoration and repair of bricks built using lime mortar. 

Moreover, the addition of additives such as pozzolans is necessary to increase its mechanical 

properties. Even though lime is mixed with clay to produce cement, all three materials do not 

share the same properties.  

While the aim of this project is to find a material that has good thermal and mechanical 

properties and is environmentally friendly, lime does not have the thermal properties suited for 
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the weather of Ifrane and Bensmim region. In fact, when the temperature surrounding lime mortar 

before curing or drying goes below 5 °C, it loses its mechanical properties and becomes weak.  

Thus, lime cannot be used as the primary material for this project. 

 

3. STEEPLE Analysis 

The STEEPLE analysis is a tool designed to assess different aspects and impacts of the 

project in macro-economic fields. It is an acronym that stands for Social, Technological, 

Environmental, Economic, Political, Legal and Ethical. In this part, we will conduct a STEEPLE 

analysis on our project.  

 

3.1. Societal Implications 

Social factors are ones that affect the income distribution, demographic changes, and/or 

lifestyle changes. As discussed previously, people living in the region of Ifrane still live in houses 

made of clay blocks, and clay alone does not provide the necessary comfort and ease a person 

expects in a house. The social impacts of this project include improving the living style as well as 

the living conditions of people living in rural and underprivileged areas with harsh weather 

conditions such as Bensmim. Moreover, the heating problem will be solved due to the good 

thermal properties of clay. By building houses made of clay composites of high mechanical and 

thermal properties, the inhabitants’ exposure to health issues will be reduced and the individual 

comfort will be improved.  
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3.2. Technological Implications 

Technological factors are concerned with the new inventions and development, and 

changes in information technology. Technologically speaking, the result of this capstone project 

is considered a development in the field of house buildings because it creates a new product, clay 

based bricks, and a new opportunity to help develop the community. 

 

3.3. Environmental Implications 

The environmental factors are imposed regulations that make sure that the ecological 

guidelines are respected and that the project does not harm the environment. The main objective 

of the project is to understand the rheological properties of unfired clay alone and unfired clay 

with additives in order to find a composite with high mechanical properties and good thermal 

insulation. These properties will enable to develop eco-friendly houses using natural and local 

materials from the region of Bensmim. Using clay-based bricks in houses will help reduce the 

energy consumption, which implies less carbon emission due to the reduced industrialization and 

transportation.   

  

3.4. Economic Implications  

Economic factors affect the economic growth, savings, interest rates, and costumer 

confidence. Clay is a material that is available abundantly and locally with low prices, which is 

seen as an economic advantage. In fact, it will allow an economic growth for industries investing 

in this project as the raw material is found in nature, so its procurement costs less and its 
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maintenance is low as well. It will also allow the reduction of energy consumption, which implies 

that there are cost savings as well as construction savings. 

 

 

3.5. Political Implications  

  Political factors have an impact on government organization and political stability. In fact, 

the Moroccan government is currently promoting energy saving and sustainable development and 

encouraging projects that aim at reducing energy consumption of households and increasing their 

energy efficiency. Since this project aims at constructing and building low cost and environmental 

friendly houses, it complies with the political mission of the country. 

 

3.6. Legal Implications  

Legal implications include impacts that this project might have on tax policies, 

employment laws, and safety regulations. Its purpose is to ensure that all of the regulations and 

laws of the country are respected. This project does not affect any safety regulation nor any legal 

law of the country. In fact, it reinforces the Moroccan thermal regulations that encourage and 

promote energy efficiency. 
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3.7. Ethical Implications  

Ethics imply the moral principles of the individuals working on the project, and in this 

case, they refer to the code of ethics of engineers. There are six fundamental canons that 

engineers must follow in order to perform their professional duties, which are:  

1. Hold paramount the safety, health, and welfare of the public.  

2. Perform services only in areas of their competence.  

3. Issue public statements only in an objective and truthful manner.  

4. Act for each employer or client as faithful agents or trustees.  

5. Avoid deceptive acts.  

6. Conduct themselves honorably, responsibly, ethically, and lawfully so as to enhance the 

honor, reputation, and usefulness of the profession.  

 In our case, the objectives of the project do not contradict in any case the six fundamental canons 

of the ethics code of engineers.  

 

4. Experiments Conducted 

4.1. Collection of Raw Materials  

 Samples of clay were collected from a region outside of the village of Bensmim as shown 

in Figure 4.1. Previous research conducted by Dr. Khaldoun and her colleagues on this topic, 
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performed an X-ray diffraction test to determine what type of clay we are dealing with [14]. The 

XRF is a technique used to determine the chemical characterization of rocks, minerals, sediments, 

and fluids. The behavior of the atoms after interaction with the x-radiations allows to know the 

composition of the sample. The energy is then absorbed by the compounds in a manner that 

depends of their chemistry [15].  

 

Figure 4.1: Bensmim Region 

 

The results of the experiment, found in Appendix A, show the chemical composition of 

clay. The sample is composed of 59.6% of Silica (SiO2), 22.4% of Alumina (AL2O3), and 2.53% 

of Potassium Oxide (K2O) and other elements with a small percentage. We can conclude from the 

results that the clay of the Bensmim region is Illite [15]. To have a more concrete result, they 
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conducted another x-ray test on the sample to study its crystalline composition. The X-ray 

diffraction confirms that the sample is made from Illite clay. 

  A stabilization test was also applied on a sample of clay and 3% additives of cement and 

lime in a Capstone project conducted by Hind Sourat under the supervision of Dr. Khaldoun. The 

test consisted of applying a compressive strength to the bricks. The results show that the tubes 

that contained 3% of cement as an additive were showing more resistance than the other samples. 

They also show that the resistance increase with a bigger amount of rest days [19]. 

  The rest of the materials, Cement and Lime, were procured from a hardware store.   

 

4.2. Preparation of Samples  

The gathered clay was sifted, cleaned, and grinded using a mortar and pestle. Once we had 

small size grains, we prepared six samples of clay and additives using different percentages of the 

raw materials. The total amount of the mixture was held constant around 260 ml but the 

proportions of the components were changed for each sample. The components used were clay, 

cement, and lime. Distilled water was added to the mixtures and they were all blended well in 

order to ensure complete homogenization. 

Samples from 1 to 3 were prepared and left to rest 10 days to allow enough time for the 

hydration and dispersion of the molecules. Samples 4 to 6 were prepared and left to rest for few 

minutes before taking the pictures. Each two samples have the same composition. However, the 

difference lays in the number of rest days. 



34  
  

The choice behind the 3% of additives lays in the fact it is imposed by Moroccan law [20]. 

It is also important to note that a higher percentage of additives will not be economically 

beneficial. Moreover, previous Capstone and Master thesis done on this topic used the same 

percentage of additives and got good thermal results, such as in the case of Nesrine Ouriaghli 

who was supervised by Dr. Asmae Khaldoun. In her Master thesis, she came to the conclusion 

that a combination of Clay and the addition of 3% of Lime shows the best thermal properties 

[16].  

Table 4.2.1: Percentage of Composition of Samples  

  Clay  Cement  Lime  Distilled Water  

Sample 1  75%  0%  0%  25%  

Sample 2  72%  0%  3%  25%  

Sample 3  72%  3%  0%  25%  

Sample 4  75%  0%  0%  25%  

Sample 5  72%  0%  3%  25%  

Sample 6  72%  3%  0%  25%  

 

All samples after being well blended were in the form of a homogenous gel. They were 

kept in containers with closed lids and hidden from the sun and any condition that might affect 

their composition. After seven days of rest, the first sample, made of clay and water, was still wet 

and damp as shown in Figure 4.2.1 – Sample 1. The water content did not evaporate and the 

sample did not absorb or react with the added water. Also, compared with the rest of the samples, 
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it was more liquid. The second sample was made of clay and cement. It absorbed some of the 

water and produced a thick solution that could flow slowly. The sample contained less water and 

the mixture seemed more viscous than Sample 1. The third sample was much thicker than the 

previous ones and moved extremely slow. It was more viscous. The mixture contained big 

separated chunks of the material, but when stirred it came together.  

 

  
 Sample 1    –    Sample 2    –    Sample 3  

Figure 4.2.1: Pictures of Samples 1 to 3 Taken after Seven Days  
  

 

 Sample 4    –    Sample 5    –    Sample 6  
Figure 4.2.2: Pictures of Samples 4 to 3 Taken after Few Minutes  
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Sample 4 consists of the same composition of Sample 1 and we notice the same remarks.  

The water was not absorbed by the clay, the sample was still wet, and it could flow easily. 

Sample 5 is the same as Sample 2. We notice that it absorbed some of the water few minutes after 

its preparation and was more viscous than the previously prepared mixture. The last sample was 

the same as Sample 3. It absorbed the added water, but it was less viscous than sample 3 and no 

big chunks were formed yet. It means that the material of Sample 3 became more viscous over 

time. However, we notice little to no change between the other samples of the same composition.  

It is worth mentioning that Sample 3 and Sample 6 are the ones that show good properties 

from inspecting them on the macroscopic level. However, the rheological tests are important to 

have more concrete results.  

  

4.3.  Testing and Measurements 

4.3.1. Inclined Plane Experiment  

 A natural shear stress can be produced naturally by setting the samples of clay on an 

inclined plane. The gravitational force acts as a shear stress [11]. In other words, the inclined 

plane test is a practical and quick technique that could be used as a rheometer in order to 

determine the viscosity of suspensions [6]. It is used to determine the yield stress of the fluid. 

A small sample is placed on the plane, and the wood plane is moved to different angles 

until the sample of clay starts moving. That angle at which the sample start flowing represents the 

maximum angle of shear stress. Moreover, the flow of fluid stops when the value of the yield 

stress becomes equal to that of the shear stress. This is due to the balance of the gravity force on 
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the sample and the viscous force “resulting from the contact between two local adjacent layers at 

the height y” [11]. Usually, for the case of ideal yield stress fluid, the flow stops when the 

maximum shear stress along the plane becomes equal to the yield stress. 

 

Figure 4.3.1.1: Inclined Plane Experiment 

 

We were able to reproduce this experiment at our laboratories here at AUI. We used a 

plane made of wood because it has a rough surface. We prepared nine samples of clay but with 

different water content. The percentage of cement and lime added was 3% of the clay content. 

Figure 4.3.1.1. shows how the Inclined Plane Experiment was conducted.  
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4.4. Results and Discussions  

  This part of the report summarizes the results of the experiments conducted. It also 

includes a discussion about the results and how they might help us achieve our goal of finding a 

clay-based material with the best mechanical and thermal properties. 

 

4.4.1. Inclined Plane Experiment Results  

We notice that all samples start flowing only after reaching a specific angle that is distinct 

to each sample. Each sample starts flowing with a high speed and it decreases until it stops. The 

flow is due to the influence of gravity. However, it stops because the gravitational shear stress 

balances the yield stress of the sample. We can say that the apparent viscosity decreases in time 

during the application of shear. This phenomenon proves that all clay samples are yield stress 

fluids. The Table 4.4.1.1 summarizes the angle of flow of each sample.  

 

 

 

 

 

 



39  
  

Table 4.4.1.1: Summary of the Inclined Plane Experiment  

Sample Number  Contents  Angle of Flow  

Water Content:       25%  

Sample 1  Clay alone  81°  

Sample 2  Clay + Cement  N/A  

Sample 3  Clay + Lime  N/A  

Water Content:       30%  

Sample 4  Clay alone  11°  

Sample 5  Clay + Cement  32°  

Sample 6  Clay + Lime  40°  

Water Content:       40%  

Sample 7  Clay alone  5°  

Sample 8  Clay + Cement  7°  

Sample 9  Clay + Lime  10°  

 

For the samples containing 25% of water, we notice that the angle of flow is not available 

for sample 2 and 3. It means that the mixture did not expand, but rather slid as an entire body 

under the influence of gravity at very high incline angles. At small incline angles, the mixture was 

stable and did not move. On the other hand, sample 1 that is composed of clay only slid when 

reaching a high incline angle (81°). 
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For all samples containing 30% of water, they start flowing at moderate angles. Clay alone 

flows at a lower incline angle than the other two samples, which flow at much higher angles. The 

samples that contain 40% start flowing at lower angles, but the ones with the cement and lime 

additives flow at higher angles than clay alone. 

We left samples 7, 8, and 9 to rest for 2 hours in order to check their reaction to the 

Inclined Plane Experiment. However, there was a sedimentation of all 3 samples containing 40% 

of water. The sedimentation implies that the samples contain more water than necessary and 

cannot be used for the construction of clay bricks. Our experiments show that the maximum 

percentage of water that is to be used in the process of preparation of clay bricks in 35% of water 

in order to avoid sedimentation and loss of the material.  

The angle of flow can help us calculate the shear stress σ at which the flow happens using 

the following expression:  

𝜎𝜎 = (𝑦𝑦) = 𝜌𝜌𝜌𝜌ℎ ∗ sin 𝜃𝜃  

where ρ is the sample, g represents the gravity and has a value of 9.81m/s2, h represents the 

thickness of the mixture layer and we assume that it is 5mm for all samples, and the angle θ 

represents the flow angle. It is important to note that the results of this experiment are not 100% 

precise and have a marge of error.  

The density of each sample can be calculated using the following formula, while keeping 

in mind that the density of Illite clay is 2700kg/m3, the density of cement is 1522 kg/m3, the 

density of lime is 1090 kg/m3, and the density of water is 1000 kg/m3:  

𝜌𝜌(𝑠𝑠) = % 𝑐𝑐𝑐𝑐𝑐𝑐𝑦𝑦 ∗ 𝜌𝜌(𝑐𝑐𝑐𝑐𝑐𝑐𝑦𝑦) + %𝑐𝑐𝑙𝑙𝑙𝑙𝑒𝑒 𝑜𝑜𝑜𝑜 𝑐𝑐𝑒𝑒𝑙𝑙𝑒𝑒𝑐𝑐𝑐𝑐 ∗ 𝜌𝜌(𝑐𝑐𝑙𝑙𝑙𝑙𝑒𝑒 𝑜𝑜𝑜𝑜 𝑐𝑐𝑒𝑒𝑙𝑙𝑒𝑒𝑐𝑐𝑐𝑐) + %𝑤𝑤𝑐𝑐𝑐𝑐𝑒𝑒𝑜𝑜 ∗ 𝜌𝜌(𝑤𝑤𝑐𝑐𝑐𝑐𝑒𝑒𝑜𝑜)  
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The results of density of each sample are summarized in the Table 4.4.1.2 along with the 

results of the shear stress in Pascal units. 

According to a research conducted by Dr. Coussot, there is a strong correlation between 

the inclined plane test and the rheological test [6]. The experiments allowed us to reach the 

conclusion that the clay and its additives are considered thixotropic fluids with a yield stress, 

which implies that the concerned fluids become less viscous and flow more easily, however, they 

stop flowing after a period of time when there is balance of forces. Also, when under the critical 

stress, the fluid will not flow.   

Using different water content, we notice that the samples with the clay are the ones with 

the lowest shear stress value. It means that clay alone does not have good mechanical properties, 

and, thus, is not suitable for building big houses with many floors. Therefore, it is necessary to 

add another material to the sample. The cement additive show stronger mechanical properties due 

to the high shear stress, and is, thus, better than clay. However, we notice that lime additive start 

flowing at the highest value of applied shear stress. These results imply that the lime additive is 

the best material to use in construction of clay houses. The lime provides the clay with a higher 

load bearing property. The elements of lime were able to penetrate the most into the matrix of the 

clay, which gave a result of a strong interlinking and bonding network of the sample.   
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Table 4.4.1.2: Summary of the Density and Shear Stress of Samples 

Sample Number  Density of Sample (kg/m3)  Shear Stress (Pa)  

Water Content:       25%    

Sample 1  2275.00  110.22  

Sample 2  2239.66  N/A  

Sample 3  2226.97  N/A  

Water Content:       30%    

Sample 4  2190.00  20.50  

Sample 5  2154.66  56.00  

Sample 6  2141.70  67.53  

Water Content:       40%    

Sample 7  2020.00  8.64  

Sample 8  1984.66  11.86  

Sample 9  1971.70  16.79  

    

Using clay as the primary material in the construction of houses is a big step towards 

achieving energy independence and at the same time realizing high thermal insulation. However, 

clay alone is not strong enough to handle big loads. Therefore, there is a need to introduce 

hydraulic binders in clay bricks in order to improve their strength and resistance. Our experiments 

have helped us reach the conclusion that lime is better than cement in strengthening the clay, and 

is therefore recommended for this project. Moreover, x-ray testing helped us conclude that we are 
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working with Illite clay, a type of clay with little to no swelling properties. This characteristic of 

Illite helps avoid cracks in the brick when they come into contact with water.  

Adding 3% of lime to the clay ensures a higher load bearing and a bigger resistance. 

Moreover, the small percentage of the added additive allows to preserve the thermal properties of 

clay but, at the same time, improves its mechanical properties. Clay houses built with the use of 

the lime additive will help reduce energy consumption, generate economic savings, and improve 

people’s conditions of living all at once. Clay bricks with lime additive will provide all of these 

conveniences as well as respect the Moroccan norms of construction and environment.   
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5. Conclusion and Future Work  

The aim of this project was to find a clay-based material with the best mechanical while 

focusing on keeping the good thermal properties of clay intact in order to build clay houses. For 

this purpose, we conducted rheological tests as well as the inclined plane test on samples of clay 

alone and clay with additives that we prepared. While previous research in this field used other 

natural resources, such as cork and wool, we investigated additives such as lime and cement. 

These samples were mixed with different percentage of water and then compared to each other. 

The results of the experiments allowed us to select a compound material that demonstrates strong 

mechanical properties.   

The conducted experiments show promising results for the use of lime as an additive as it 

has proven to be stronger than clay alone and clay with cement under different water content. The 

viscosity of the clay and lime has definitely increased and the compound has become more 

viscous and could hardly flow at low water content, and it flows extremely slowly at high water 

content.  

This conclusion is beneficial to our project as it proves that this compound has better 

mechanical properties. The results of the tests have also helped us understand the reasons behind 

sedimentation of fluids and we concluded that the water content should not exceed 35% in order 

to avoid wasting the materials. However, a water content of 25% shows better mechanical results. 

For future work, students can explore this fact and conduct research on how much water should 

be used in order to find the optimal mechanical properties of such bricks.  

To summarize, this project encourages the utilization of a compound made of clay and 

lime in order to produce unfired clay bricks for houses of the region of Ifrane. The clay houses 
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will benefit from the good thermal properties of clay as well as its economic savings. Lime will 

help construct houses that can withstand big loads as well as increase the durability of clay and 

reduce its porosity and water content. They will allow to develop the living conditions of their 

inhabitants and increase their comfort. But most of all, this new compound will help reduce the 

ecological problems that the world is facing today and reinforce the new Moroccan laws 

concerning energy independence.   
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Appendices  

Appendix A – Results of X-Ray Fluorescence  

  

Table 1: Chemical Composition of Clay from Bensmim  
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