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ABSTRACT 

 

Construction industry is and has always been a flourishing industry in the whole world. 

Today, with the global development especially in technology, real estate construction is 

growing more than ever and is continuously using new techniques and methods. However, 

cost remains a big challenge especially to developing and under developed countries where 

people in urban as in rural areas can’t afford expensive materials and construction methods to 

build their own houses with. As a result, companies in the construction industry are highly 

competing, and several researches are being held in this field in order to find the best and most 

cost efficient building materials and techniques.  

 

In this context, I decided to make my capstone project about relatively unexpansive building 

bricks that are made of clay and some additives, and that can be prepared without firing and 

used for construction. Those bricks can be used especially by people in the region of Ifrane to 

afford constructing strong and warm houses.  

 

In this report, I am going to talk about masonry construction in general and the different types 

of units used. After that, I will talk about the differences that exist between sun-dried and 

burnt clay bricks when it comes to strength, energy consumption and environmental effects. 

Later on, I will focus on unfired clay bricks since they are the main subject of this capstone 

project. It is important to have an idea about their classifications and internal environment in 

order to understand their performance.  

 

Since researchers have already made big advances in unfired clay bricks manufacturing, a 

literature review is mandatory. Therefore, 6 research experiments will be sited in order to 

know how masonry units are made and what can be done to enhance their properties.  

 

After siting the theoretical information needed, I will move to explaining the experimental 

procedure I followed to make 7 unfired clay bricks samples mixed with 3 additives: Palm 

fronds, dates pits and limestones. Then, results got from testing compressive strength of those 
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bricks will be shown in order to be able to give a final decision about which additive is better 

in enhancing bricks’ properties.  

 

Last but not least, I will talk about the different dimensions and uses of perforated clay bricks, 

which are one type of hollowed units used in many applications, and show how SolidWorks 

Software was used as a tool to inspect whether or not holes add in the strength of bricks. In 

fact, I will display SolidWorks simulations of a solid brick and 3 types of perforated ones, and 

the mechanical study that revolved around applying a certain pressure on them and looking at 

its effect on stress, displacement and strain of the bricks.  
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1. INTRODUCTION 

 

Construction industry is a global industry that highly affects national economies. Companies 

and researchers all over the world are working on the development of effective building 

materials and methods to make good quality, cost efficient and environment-friendly 

constructions. In fact, although there exists today high quality engineering materials, but their 

cost and effect on the environment is still a big challenge to overcome. The environmental 

effect is a point that needs to be seriously taken into consideration when thinking about 

building constructions especially nowadays as people are getting more and more aware about 

the horrible consequences of harming nature, and about the need of preserving what the 

environment has to offer to us.  

 

In fact, people around the world are now talking about replacing actual building methods and 

materials with green buildings. Even though it is important to note that the concept of green 

buildings is not new, but it is now needed more than ever because of the problems earth is 

currently facing such as global warming. As Dr. Julie Cidell from the Department of 

Geography of Illinois at Urbana-Champaign University wrote in her article “Building Quality, 

Building Green: Conventions Theory and Industry Transformation,” “A "green building" takes 

the environment into account when producing a permanent structure. This includes conserving 

energy and water, reducing waste and emissions, and promoting a healthy indoor 

environment, all of which have become factors in defining the quality of a building” (Cidell, 

2012, p. 186).  

 

Bricks that are commonly used, such engineering bricks, are expensive and harmful to our 

environment; from here, the need of unexpansive alternatives that can be used to build 

sustainable and strong constructions emerges especially for people who seek to build their 

own houses with an affordable price. One of the materials that has been used for centuries and 

that is very interesting when it comes to its properties is clay which can be used to make 

building bricks.   
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Clay bricks, also called masonry earth bricks, are a fundamental construction material that 

people have been using for decades. In fact, clay, compared to other construction materials, is 

neither expensive nor difficult to work with. However, it is important to note that clay bricks 

that are used for the majority of buildings are fired to very high temperatures (around 1200°c), 

which adds a lot in the price of their manufacturing (Tsega, Mosisa & Fufa, 2017). Therefore, 

we have to find ways to make strong clay bricks but without firing. Also, buildings that are 

constructed with unfired clay bricks are thermally insulated compared to other materials; 

hence, they keep the inside warm during cold seasons. Consequently,  we can say unfired clay 

bricks are a very good alternative for people in some regions like Ifrane where it gets 

extremely cold in the winter, and who can’t afford expensive building materials.   

 

The reason why fired clay bricks are used instead of unfired ones is that temperature increases 

the strength of bricks which makes buildings more appropriate and favorable. For this reason, 

we face the need of making unfired clay bricks stronger either using some additives, changing 

the percentages of the bricks’ materials or changing the geometry of the bricks.  
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2.  STEEPLE and Feasibility Study  

 

2.1. STEEPLE Analysis 

 

STEEPLE is a simple strategic management analysis that focuses on macro-environmental 

aspects and gives a broad idea about the external factors related to the project.  

 

Socio-Cultural: 

Making unfired clay bricks directly impacts society in the sense that people, especially in rural 

areas, will be able to build strong yet unexpansive houses that will be able to both withstand 

loads and also thermally insulate the buildings.  

 

Technological: 

Technological advances have made a great improvement in field of construction materials. 

When it comes to unfired clay bricks, new testing technologies made it easier to see the 

properties of the bricks in order to conclude if they are good or not. More than that, designing 

innovative clay bricks that can sustain high loads can be seen as a new technology that may 

enter the market.  

 

Economic:  

Economically speaking, designing unfired clay bricks can be a great solution for they are 

unexpansive to manufacture, which leads to save big amounts of money and makes people 

with limited resources able to build their own houses.  

 

Environmental:  

Unlike other bricks, unfired clay bricks are environmentally friendly. Later in this report, we 

will discuss further the effect on environment as it represents a big advantage of using unfired 

clay. Furthermore, using some additives such as dates or palms fronds or even resides goes 

makes the bricks even more suitable for the environment.  
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Political: 

This section includes state interference, market regulations, trade agreements, and tariffs or 

restrictions taxes. For my project, those are important to take into consideration, but because 

the bricks samples made are not going to enter the market and are mainly for people in the 

region of Ifrane to enable them build their houses, taxes and regulations are not very 

determinant.  

 

Legal: 

When it comes to the legal aspects, the design of bricks must be according to some specific 

standards along with some regulatory and law determinants that the design should obey for it 

to be acceptable. For this reason, it is important to make the materials’ percentages that 

correspond each time to the standard of those materials.  

 

Ethical: 

In the ethical section, morality is extremely important for we have to take into consideration 

that the bricks I will design will be used in making people’s houses. Therefore, they have to 

obey all regulations and standards in order for the buildings to be as strong as possible.   

 

2.2  Feasibility Study  

 

Even though a big part of the project includes theoretical work, meaning knowing previous 

researches done in this field along with theoretical measures and calculations for the design of 

the bricks, but the bigger part revolves around actually making the bricks. This is feasible for 

the materials needed will be collected in sites near Ifrane or in the market, and the preparation 

will be held in the science laboratory of Al Akhawayn University.  

 

After making the bricks and drying them, the compressive strength test will be held in the 

laboratory of ENSAM Mekness. For me to make these tests, I have to write a letter for the 

dean of those schools, signed by our AUI Engineering dean.  
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Chapter 1: Bricks in Masonry Construction  

 

1.1  Types of Bricks in Masonry Construction  

 

Masonry is the art of building structures using units such as bricks or stones and sticking them 

together using mortar in a systematic manner to create an end structure capable of 

withstanding specific loads. Brick masonry simply uses bricks as individual units which size 

can be either nominal or architectural. Nominal size of bricks is the standard one and is equal 

to 225*112.5*75mm. However, actual dimensions that are commonly used make up the 

architectural size which is equal to 215*102.5*65mm. When it comes to the types of bricks in 

masonry construction, they can be categorized based on different characteristics such as shape 

as material (“Brick-Masonry”, 2018).  

 

  1.1.1 Bricks by Shape  

 

Masonry bricks can be classified using their shape. Within this category, we find solid bricks 

which are perfect rectangles as shown in figure 1 bellow. Perforated bricks are another type 

that is characterized by having holes which volume beyond one fourth of the total volume of 

the brick. There exist also frogged bricks that have depression in one or more brick’s faces. 

Like perforated bricks, depression in frogged bricks can’t exceed one fourth of the total 

volume of the brick. The last type of bricks within this category is cellular bricks that have 

depressions but beyond one fourth of the total brick’s volume (“Brick-Masonry”, 2018). 

 

              

 

Figure 1: Different types of bricks classified by shape (“Brick-Masonry”, 2018) 
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  1.1.2 Bricks by Materials  

 

Another category that we can use in order to classify masonry bricks revolves around 

materials used and techniques of manufacturing.  

 

Clay Bricks: 

Clay bricks, also called “Soft mud or dry-press bricks” are manufactured by making the brick 

mixture in molds and then pressing it. If the bricks are then left to dry in open air, they are 

called unfired clay bricks, and if they are fired to high temperatures, they become fired clay 

bricks. Fired clay bricks can be further classified as first, second, third and fourth class based 

on the shape of bricks’ surfaces and temperature used in the firing process. (“Types of 

Bricks”, 2018) 

 

Sand Lime Bricks: 

Sand lime bricks are made from sand, fly ash and lime. After mixing those materials, they are 

put in molds under pressure and result in more uniform surfaces compared to clay bricks. 

(“Types of Bricks”, 2018) 

 

Engineering Bricks: 

As their name states, engineering bricks are manufactured in a certain way in order to improve 

their properties namely compressive strength. According to Stephen O’Connor, “traditionally, 

engineering bricks are used where in construction where strength and resistance to water and 

frost attack are important. Some common application examples are: retaining walls, damp 

proof courses, manholes, sewers and general ground works” (S. Connor, 2018). 

 

Engineering bricks are further classified as class A and class B bricks. Class A engineering 

bricks are more expensive for they are manufactured to withstand high loads in some specific 

applications. For this reason, their compressive strength is above 125N/mm² and their water 

absorption is below 4.5%. Class B engineering bricks, on the other hand, are strong bricks but 

less strong than class A. in fact, they can withstand more than 5N/mm² and absorb water in a 

percentage below 7%.  (S. Connor, 2018). 

 

https://www.designingbuildings.co.uk/wiki/Brick
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Concrete Bricks: 

Concrete masonry units are made by mixing cement and an aggregate that is usually sand. 

They are mainly used in walls constructions for their strength and appealing look. As stated in 

the Portland Cement Association website, “concrete used to produce the bricks can be 

anything from regular aggregate concrete to various mixtures of lightweight aggregates. They 

are usually colored with iron oxide pigment at the surface, or the pigment is present 

throughout the mixture.” (“Building Systems for Every Need, Bricks”) 

 

The following figure shows a summary of the 5 masonry bricks and their uses: 

 

 

Figure 2: Types of Bricks Based on Materials and their Uses (J. Rodriguez, 2018) 

 

 

Before starting the design of unfired clay bricks samples, it is important to have a broad look 

at the different types of bricks in masonry construction. In fact, many types are according to 

the kind of application they are needed for.  In general, we can divide the masonry 

construction bricks into two main categories: sun-dried and burnt bricks. 
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1.1.3 Bricks Quality  

 

In masonry constructions, we have to make the difference between good and bad quality 

bricks. For this, many methods can be used and we can site some of them. To start with, the 

color of good quality bricks is perky and identical; they have smooth surfaces, piercing edges 

and a uniform structure. More than that, in order for the units’ quality to be considered good, 

thermal and sound conductivity have to be small and they shouldn’t absorb more than 20% by 

weight when we place them in water. Furthermore, when we smash 2 units together, the sound 

that we get should be clear, and when we drop the brick from 1m high, it should not break. 

(Anupoju, 2017).  

 

1.2 Sun-Dried vs Burnt Clay Bricks  

 

After looking at the different types of masonry bricks, we have to go into details of clay bricks 

since they are the main subject of this project. To do that, we have first to compare fired and 

unfired units.  

 

  1.2.1 Strength  

 

Sun-dried bricks, also called unburnt clay bricks, are construction units made by mixing clay 

and usually some additives that enhance their properties. After putting the mixture in specific 

molds, they are left to dry under sunlight. Generally, the fact that those bricks don’t get fired 

makes their compressive strength less than fired ones, and hence not suitable for permanent 

high loads baring structures. Burnt clay bricks, on the other hand, are good quality bricks that 

can sustain high loads. We can’t give an actual value for the minimum value of compressive 

strength that makes unfired clay bricks acceptable for constructing building; however, we can 

relate to the minimum standard compressive strength of fired clay bricks which is known to be 

equal to 2.73N/mm². 

 

Even though unfired clay bricks are proved to be stronger than unfired ones, unfired clay 

bricks can also withstand big loads if made properly, especially in construction of small 
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buildings. As Dr. Johannes Reeh Scheibelein from DTU Department of Civil Engineering of 

Technical University of Denmark wrote in his article “Investigation of the Use of Unburnt 

Clay Bricks in Load Bearing Structures”, “unfired clay bricks are more than capable of taking 

the loads subjected to them, when building normal living size houses, villas, etc. This gives 

good confirmation of what was already known based on practical experience…This gives a 

tool for architects and engineers to design new and modify existing structures in accordance 

with the design code” (R.R. Scheibelein, p.48). From this point, we can say that unfired clay 

bricks can be safe and suitable for constructing houses since the objective of this project is to 

enable people to build their own homes.  

 

  1.2.2 Energy Consumption  

 

Even though sun-dried bricks are weaker than unfired ones, no one can deny the fact that 

firing bricks comes with several drawbacks mainly the big amount of energy consumed during 

the manufacturing process. According to Dr. J.R Scheibelein, “the manufacturing and 

construction of a 140 m2 house is 98% less for unfired clay bricks than a house build of 

concrete and fired bricks” (R.R. Scheibelein, p.48). Knowing that energy consumed during 

building construction represents 40% of the total energy consumption of our planet, saving 

98% of it would definitely make a considerable twist in the energy field and construction 

industry. Also, when it comes to energy consumption, it goes mainly in the firing process. In 

fact, “approximately 85% of the energy from the production of fired bricks goes into firing. 

With the increasing financial and environmental cost of energy production, low-energy 

alternatives to conventional construction materials are becoming increasingly popular. One 

potential low-energy construction material is unfired clay masonry” (Heath, Walker, Fourie & 

Lawrence, 2009).   

 

More than that, using unfired bricks don’t reduce the energy consumption just in the 

manufacturing process, but even after the building is constructed. In fact, fired bricks are less 

thermally insulated than unfired ones which leads to consuming remarkable amounts of 

energy when installing ventilation and heating systems. On the other hand, buildings made 

from unfired clay bricks keep the indoor climate suitable for living and don’t require losing 
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energy. As a result, unfired clay bricks save energy both during manufacturing and 

construction, and also after when maintaining the buildings. (R.R. Scheibelein, p.48)  

 

 

  1.2.3 Environmental Effect  

 

Another aspect that we talked about earlier and that is extremely important to take into 

consideration is the impact on environment. Here again, there is a major difference between 

unfired and fired clay bricks regarding manufacturing process. This difference revolves 

around the embodied carbon of building materials which is directly connected to CO2 

emission when manufacturing the bricks. According to Dr. Arman Hashemi, a researcher from 

the University of Brighton, the embodied carbon of buildings along with the operational 

carbon, which is represented in the energy consumed during the lifetime of constructions, 

make up what we call the total carbon footprint of buildings. This total carbon footprint is 

now extremely important in construction industry for the required energy efficiency is getting 

more and more important in order to save our environment and not deteriorate it even more. 

However, in developing countries, operational energy is not very considerable as much as the 

embodied energy. Therefore, embodied energy becomes a vital factor in assessing the effect of 

low-income building construction on the environment. As Dr. Hashemi stated in his article 

“Embodied Energy of Fired Bricks: The Case of Uganda and Tanzania”, “Improving energy 

efficiency and reducing material wastes during production processes could reduce the overall 

greenhouse gas emission rates and mitigate the environmental impacts of the construction 

industry” (A. Hashemi, 2015). 

 

In another article entitled “Comparing the Environmental Impact of Stabilizers for Unfired 

Earth Construction” by Daniel Maskell, Andrew Heath and Peter Walker, building 

construction is responsible for one third of the energy emission in the world. Although this 

percentage can be lower if innovated methods are discovered and temperature is regulated, but 

“not firing the extruded clay bricks, an embodied energy saving of 86% can be achieved, 

compared to fired clay, and 25% compared to concrete blocks” (Maskell, Heath & Walker, 

2014).   
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Indeed, fired and unfired bricks can be compared based on their embodied energy. Even 

though fired bricks are more favorable than unfired ones when it comes to their durability and 

the loads they can sustain, but they contain a very high embodied energy which makes them 

bad materials of the environment.  

 

The two figures below, which are taken from an article entitled: “Environmental Impacts of 

Clay Bricks in South Africa,” give us an idea about the impact of the main 6 steps that are 

followed to make bricks in 6 different sites. In order to analyze the environment effect, the 

author of the article, Dr. Andrea Del Duc–Quantis gathered data of each of the 6 sites 

corresponding to the production year 2012-2013.  

 

 

(a) 
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(b) 

Figure 3 : Impact of Fired Bricks on Human Health and Ecosystem Quality (Quantis, 2017) 

 

 

(a) 
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(b) 

Figure 4 : Impact of Fired Bricks on Climate Change and Resources (Quantis, 2017) 

 

The figures above are a representation of the harm that the six steps and techniques of making 

fired bricks have on human health and on our ecosystem, and also how they are involved in 

climate change and non-renewable resources consumption when producing 1Kg of fired 

bricks. The steps whose impact is being analyzed are:  

- Transport  

- Clay preparation 

- Stock piled clay  

- Clay extraction 

- Brick firing factory overheads  

- Brick drying  

Those 6 steps are not all directly related to the environmental effect of fired units. For 

example, transportation of bricks harms nature by the emission of transportation means. 

However, even though they all harm our body, ecosystem, climate and resources in a way or 

in another, the figures show that the steps that have the greater damage are clay preparation 

and firing (Quantis, 2017).  
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If we take into consideration the whole damage that the six steps have on environment, the 

author of the article, Dr. Andrea Del Duce–Quantis calculated the corresponding CO2 

emission. “The production of 1 kg of clay brick in South Africa can be associated with the 

emission of 0.27 kg of CO2-equivalents. Based on the yearly production of 9’611’178’437 kg 

fired bricks considered for 2012/2013 in this study, this leads to a total of 2.6 million tons 

CO2 equivalents emitted per year” (Quantis, 2017). 2.6 million tons is a huge number that 

demonstrates how terrible the situation is, and even thoug this study is based on South African 

production, it is relevent for all countries.  

 

Since we are more interested about the firing step, and since it is the factor that has the bigger 

harming percentage as shown in the figures, we can say that it is recommended to decrease the 

fuels that serve the combustion in this step. However, even with reducing the amount of fuels, 

the bad impact is still going to take place, which leads us to say that bricks that are not fired 

are extremely more beneficial for humans and for earth (Quantis, 2017). 

 

 

As a result of all this harm that firing bricks has, unfired clay bricks can be considered as the 

ultimate alternative for building constructions. It is an environmentally friendly material that 

can save a lot of energy consumption in the globe, and even more if methods to strengthen the 

bricks are discovered and used. As Daniel Maskell, Andrew Heath and Peter Walker state in 

their article, “earth is traditionally associated with having a lower environmental impact and 

therefore represents a significant potential saving with respect to national and global 

environmental impact” (Maskell, Heath & Walker, 2014).   
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Chapter 2:  Unfired Clay Bricks  

 

Because the purpose of this capstone project is to design good quality unfired clay bricks, it is 

important to gather a large amount of information about their characteristics, structure, 

properties and manufacturing process.  

 

 2.1 Unfired Clay Bricks Classification  

 

Unfired clay bricks, which we can also refer to as earth masonry, are made of earth materials 

with generally some additives. As said earlier, traditional bricks are fired in order to enhance 

their properties. However, unfired clay bricks are left in the air to dry to make them stronger 

and then bonded together with mortar and potentially finished using paint. Those earth units 

can be classified as traditional or modern bricks.  

 

  2.1.1 Traditional Units  

 

Traditional clay units such as cob and mudbricks are bricks made manually without using any 

advanced technique. This method has been used for centuries and produces bricks with 

diverse dimensions. However, they all share the property of having tick walls usually above 

300mm in order to cover the loss of bond strength due to mortar. Nevertheless, it is important 

to note that the standard wall thickness for internal partitions of sun-dried earth units is around 

100mm (Heath). 

 

  2.1.2 Modern Units  

 

Concerning modern sun-dried clay units, they are fabricated with precise tolerances with the 

help of extrusions or pressing systems which leads to improving their properties, and hence 

their quality. Therefore, manufacturing 100mm modern thick sun-dried units can be 

considered as fact, unexpansive and environmentally friendly. Also, because the plants use the 

same materials for fired clay bricks but without high temperatures, the energy used is 

remarkably less (Heath). 



16 

 

 2.2 Internal Environment of Unfired Clay Bricks  

 

  2.2.1 Heat Loss and Dissipation 

 

According to Dr. Andew Heath, Heat loss and dissipation is controlled in buildings made of 

unfired clay bricks in order to provide thermal comfort indoors. This is possible thanks to the 

concept of temperature and humidity buffering by taking air vapor at elevated humidity and 

liberating it at lower humidity. This concept in the reason why buildings that are constructed 

using unfired clay bricks don’t need ventilation and air conditioning systems, which result in a 

small amount of energy consumption during the lifetimes of those buildings (Heath). 

 

  2.2.2 Compressive Strength 

 

Compressive strength is a very significant property in masonry construction, if not the most 

important one. When we talk about compressive strength of unfired clay bricks, we can’t 

actually give a precise value because many parameters should be taken into account, namely 

the dimension of units’ walls, the materials and percentage of water used in their 

manufacturing. It is commonly known that the more the percentage of water used, the lower 

units’ strength is. Consequently, unfired clay bricks should be properly dried (Andew Heath). 

 

 

 

 

 

 

 

 

 

 

. 
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Chapter 3: Literature Review of Unfired Clay Bricks Design  

 

In order to make good samples of unfired clay bricks, and examine the effect of different 

additives, it is important to take a look at previous research in this field.  

 

 3.1 Mike Lawrence, Andrew Heath, Pete Walker, and Tom Morton’s 

Research  

 

In the second appendix of their research “Development of Unfired Clay Brick System for 

Sustainable Construction”, Mike Lawrence, Andrew Heath, Pete Walker, and Tom Morton 

showed the different materials and amounts they experimented in order to get the best unfired 

clay bricks, and then tested them after leaving them to dry in open air.  

 

For this research, 18 bricks samples were prepared using different percentages of clay, slit, 

sand and fine gravel. The table below shows the percentage of each material used along with 

the particle size distribution (Lawrence, Heath, Walker & Morton). 

 

Table 1: Materials Percentages (Lawrence, Heath, Walker & Morton) 
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After the clay bricks samples were dried, they were tested for their compressive strength. The 

table below shows the results knowing that the normalized value is the compressive strength 

multiplied by approximately 0.85. (Lawrence, Heath, Walker & Morton) 

 

Table 2: Compressive Strength (Lawrence, Heath, Walker & Morton) 

 

 

Those results showed that compressive strength goes up with increasing clay content and 

decreasing fine gravel amount. In fact, the highest net compressive strength corrected for 

dimensions, which is equal to 5.24N/mm², corresponds to the sample that has a large 

percentage of clay equal to 35.3% and a small percentage of fine gravel equal to 0.9%. When 

it comes to the relationship between compressive strength and water percentage, it appears to 

be linear and shows that bricks are less strong as moisture content raises (Lawrence, Heath, 

Walker & Morton).  

 

Based on this research, we can say that unfired clay bricks should contain a relatively high 

amount of clay and the minimum amount of water that makes the mixture a homogeneous 

one. However, experiment is required in order to find the optimal clay percentage as it 

changes from one type of clay to another, and from one additive to another.  

 

  



19 

 3.2 Ali Arasteh’s Research  

 

In his article, “unfired clay bricks and structures”, Dr. Ali Arasteh reported the findings of a 

research project by the University of Bath, Lime Technology and ARC Architects’ 

researchers.   

 

The project started by designing unfired clay bricks samples and testing them in order to see 

their properties.  When making the bricks, the materials utilized are low-plasticity clays that 

have low sulfate and chloride levels and different organic content. Researchers expected that 

the equilibrium moisture content of the manufactures bricks should be between 3 and 5% in 

domestic uses (Arasteh). 

 

The results of this research are as follow:  

- Dimensions of bricks manufactured are varied due to the different shrinkage 

characteristics of clays.  

- Linear shrinkage is a function of ambient moisture and goes from 6.5% to more than 

10%.  

- Net bulk density is approximately 2000kg/m3. 

- Compressive strength varies between 5N/mm2 and 2.25 N/mm2 and is found to be a 

function of moisture content. As the moisture content goes up, compressive strength 

decreases. 

- As clay content increases, compressive strength also increases. 

- The clay bricks that have bigger density have more length change. 

- Shrinkage gets around 0.37% after more or less 2 months. 50% of the shrinkage takes 

place during the 24h that follow construction and the other 50% occurs in the 

remaining 2 months. (Arasteh) 

As a conclusion of this research, we can say that unfired earth units can be used to construct 

walls that enhance living conditions in the sense that they control moistness and keep the 

interior warm and insulated from the outdoor temperature. 
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 3.3 Jonathan E.Oti ,John Kinuthia, and Jiping Bai’s Research  

In order to have more information about the process of making unfired clay bricks, I referred 

to an article in Proceedings of the Institute of Civil Engineers: Engineering Sustainability 

entitled “Unfired clay bricks: From laboratory to industrial production” by Jonathan E.Oti 

,John Kinuthia, and Jiping Bai. This article is a report on work done for unfired clay bricks 

from laboratoty to industry.  

 

The materials used in this research project are Lower Oxford clay (LOC), quicklime (L1) and 

hydrated lime (L2), round granulated blast-furnace slag (GGBS), and Portland cement (PC). 

Quicklime is used to reduce moisture in the mixture which makes it stabilize faster especially 

in places where there is not enough sunlight. Hydrated lime increases the strength of bricks 

with time. GGBS, on the other hand, affects hydraulicity (Oti , Kinuthia & Bai, 2009). 

 

Using the materials above in different percentages, 6 bricks samples were made. The first one, 

LG1-lanboratory contains 2.6% L1, 10.5% GGBS, 21.3% water and 65.6% LOC. The second 

one, LG2-laboratoty contains 2.6% L2, 10.5% GGBS, 21.3% water and 65.6% LOC. The 

third sample, PG1-laboratoty, has 10.5% GGBS, 2.6% PC, 21.3% water and 65.6% LOC. 

Those three samples make the first set. When it comes to the second set, it contains the three 

remaining samples. In fact, the fourth sample, LG1-industrial, it contains 1.5% L1, 5.5% 

GGBS, 6% water and 87% LOC. The fifth one, LG2-industrial, contains 1.5% L2, 5.5% 

GGBS, 6% water and 87% LOC. The last sample, PG1-industrial, has 5.5% GGBS, 1.4% PC, 

5.5% water and 88.6% LOC (Oti , Kinuthia & Bai, 2009). 

 

After making those samples, they were left to dry and then tested for their compressive 

strength. In fact, after 30 days, results showed that the compressive strength of the first set of 

bricks which is in the laboratory scale as it contains bigger water percentage is lower than that 

of the second industry-scale set. Moreover, PG1 –laboratory has the lowest strength within the 

first set of samples which is equal to 2.66N/mm², and the same thing is true for PG1-industrial 

within the second set with a compressive strength equal to 3.337N/mm². This means that 

bricks that contain PC are less strong than those who don’t. In other words, the use of lime 

activated GGBS in making masonry bricks is better than PC activated GGBS. It is important 
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to note that the range of compressive strengths found, 2.66-3.33N/mm² for the laboratory scale 

set, and 3.337-3.75N/mm² for the industrial-scale set is under the accepted range of the UK 

building regulations (Oti , Kinuthia & Bai, 2009). 

 

All in all, we can say that this research shows us that unfired clay bricks can be used in 

construction as their strength is within regulations; knowing that they are much less expensive 

than fired clay bricks and that cost-efficiency is an extremely important parameter in the 

construction industry. 

 

 3.4 O.S. Oladeji and A.F. Akinrinde’s Research  

 

In the Enrg Research and Applications journal, O.S. Oladeji and A.F. Akinrinde from the 

department of civil engineering of Ladoke Akintola University of Technology have posted 

their report entitled “Performance Characteristics of Stabilized Clay Bricks Using Additives.” 

This report shows the procedure and results of using two additives: KS770 and soda ach in 

making unfired clay bricks.  

 

When it comes to making the sample, the researchers prepared clay soil materials and 

removed visible gravels in order for the bricks not to crack. In order to displace the lumped 

soil materials, crashing was manually done. The bricks were under the British Standard 

Number 24 sieve size. The clay bricks that contain and additives and those that don’t were all 

molded and put to dry in open air for one week and then got fired in an oven at around 105°c 

for 24h. After that, the bricks were taken to the laboratory where compressive strength and 

density tests took place (Oladeji & Akinrinde, 2013).  

 

The bricks were 200*225*75mm on average and had a percentage of clay equal to 40%. In 

fact, the researchers used this percentage, which is the minimum required, because the higher 

the amount of clay, the more likely the bricks will shrink or crack (Oladeji & Akinrinde, 

2013). 

 



22 

After one week of drying, it was found that fired bricks have less density and more 

compressive strength compared to unfired ones. Also, both density and compressive strength 

of the unfired bricks go down with increasing percentage of water. On the other hand, it is the 

opposite for fired bricks as the compressive strength goes up with increasing water percentage 

especially in bricks that contain soda ash (Oladeji & Akinrinde, 2013). 

 

As for the compressive strength, the higher value is 2.33N/mm2 achieved for the fired bricks 

sample with 4.92L of water corresponding to a ratio equal to 1:27, and 0.18L of soda ash 

additive. The density of this sample is found to be 0.95g/cm3 (Oladeji & Akinrinde, 2013). 

 

When it comes to the additives used, KS770 raises moisture content which makes setting and 

hardening take longer time. Soda ash, however, makes stronger and less dense bricks even 

without firing (Oladeji & Akinrinde, 2013).  

 

As a conclusion, the researchers recommended the use of soda ash in making fired and unfired 

clay bricks for it enhances their properties and makes them good and cost-efficient for 

buildings construction (Oladeji & Akinrinde, 2013).  

 

 3.5 Mike Lawrence, Pete Walker, and Andrew Heath’s Research  

 

In their research paper entitled “Compressive strength of extuded unfired clay masonry units”, 

Mike Lawrence, Pete Walker, and Andrew Heath from the University of Bath showed their 

results on studying the compressive strength of unfired clay bricks. 

  

In order to analyze the bricks, twelve samples were prepared and tested for their compressive 

strength. Results have shown that unconfined compressive strength and the water content of 

the unfired clay bricks samples have an exponential relationship. Studying this relationship 

demonstrates that moisture content above 6% is not allowed in building constructions (Heath, 

Lawrence & Walker, 2009). 

 

Improvement of compressive strength can be achieved at a 1% moisture content which leaves 

a high clay percentage. The drop in compressive strength that results from the increase in 
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moisture content is the same for all the samples tested. It is around 50% decrease as moisture 

content goes from 1% to 6%. Talking about clay percentage, the research has shown that large 

clay percentages result in higher strength. As stated in the article, “this is in contrast to 

observations with mass earth construction such as rammed earth where higher clay contents 

are not recommended” (Heath, Lawrence & Walker, 2009).  

  

One of the samples prepared was made of wood fiber as additive. Results have shown that this 

addition brought about “12% reduction in dry density, but had almost no effect on strength or 

the strength–moisture relationship for the material” (Heath, Lawrence & Walker, 2009). 

Consequently, we can conclude that wood fiber does not reinforce the unfired clay bricks 

when it comes to compressive strength, yet it may be good thermal insulation (Heath, 

Lawrence & Walker, 2009). 

 

 3.6 Abdul Hai Alami’s Research  

 

Abdul Hai Alami, from the Sustainable and Renewable Energy Engineering Department in the 

University of Sharjah, has written a report entitled “Experiments on unfired masonry clay 

bricks mixed with palm fronds and date pits for thermal insulation applications.”  

 

Knowing that the resources for straightening building materials are limited and also 

expensive, Dr. Alami studied the effect of some waste materials as additives that can easily be 

found in the desert and that have the ability to enhance some of the properties of unfired clay 

bricks. The report has shown that crushed pits make clay bricks 85% tougher and 15% 

stronger although they don’t improve the thermal properties (Alami, 2013). 

 

  3.6.1 Specimen composition 

 

For studying the effects of palm fronds and date pits, Dr. Alami has prepared 15 bricks 

samples with precise percentages of clay, fronds and pits. Those samples were molded in 

cubic molds of 50*50*50mm. A 150*150*30mm mold was also used for thermal conductivity 

test (Alami, 2013). 
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  3.6.2 Specimen Preparation  

 

- Clay was collected from a place called Emirates of Ras Al Khaima, crushed and then 

thoroughly filtered (Alami, 2013). 

- Palm fronds were collected from the same place, dried at 50°c at the over for 6 hours, 

and then cut into similar rectangular forms (0.78*0.33cm on average) (Alami, 2013). 

 

Clay and palm fronds were mixed at a clay percentage of 90% for it is the value that results in 

minimum shrinkage. Water was then added with a weight of 65ml, which is just the minimum 

that makes the mixture stick together. (Alami, 2013)  

 

The first specimen was made by this procedure with no pits in order to be the control group to 

which properties would be compared. Then, the specimen was dried by a drier for 8 hours.  

The second specimen was also made by the same procedure and percentages while adding pits 

in layers according to four specific arrangements, and then molded and left to dry in the drying 

furnace at approximately 55°c for twelve hours. The final specimen was made as the previous 

one but in the 150*150*20mm mold to be tested for thermal conductivity.  We have to note 

that every specimen has a number of 5 samples which gives a total of 15 unfired clay bricks 

samples (Alami, 2013).  

 

  3.6.3 Tests and Results 

 

Compression test was conducted using a maximum load of 2.0, 6, 0.1KN, 

Thermal conductivity test was conducted by placing the palm fronds and crushed pits 

specimen in the thermal conductivity measuring machine for four hours at a temperature of 

50°c (Alami, 2013). 

 

Results show that the specimen with no pits is the most rigid one. Adding pits improves 

toughness by 74%. Crushed pits make the specimen have the ultimate stress and maximum 

strain which makes unfired clay bricks good for constructions. However, the thermal 

conductivity for the clay-fronds-pits is 0.4 +- 0.02 W/(m K). Therefore, Dr. Alami concluded 

that adding pits and fronds doesn’t enhance the thermal performance of the bricks.  
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All in all, we can say that dates pits make clay-frond bricks stronger which makes it better to 

use in constructions or in insulation by making sheets or packed between construction 

buildings layers (Alami, 2013). 
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Chapter 4: Making Unfired Clay Bricks Samples Experiment  

 

 4.1 Experiment Procedure 

 

After gathering information about unfired clay bricks preparation, types of materials needed 

and benefits of some additives, it was time to decide the materials I would be using to make 

bricks samples that can be used in buildings construction. As seen earlier, limestone, dates 

pits and palm fronds are good additives to be used in order to enhance the thermal and 

mechanical properties of bricks even with using low or no temperature.  

 

 4.2 Materials and Samples Preparation 

 

  4.2.1 Materials 

 

Clay was collected from an old house in Ben Smim located in the region of Ifrane. After that, 

it was granulated and then filtered using a sieve to eliminate rocks.  

 

Palm fronds were collected from a plant nursery in the region of Meknes, cut into small 

rectangles of 3*7mm on average, and then put in the blast furnace for 5hours with a 

temperature of 50°.  

 

Date pits were crushed into powder then filtered to eliminate the remaining big grains.  

 

  4.2.2 Samples 

After having all the materials ready, it was to make bricks samples. 7 bricks were made with 

different percentages of each material as shows in the table below:  
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Table 3: Samples Contents 

Sample number Clay % Dates Pits % Palm fronds % Limestone % 

1 100% 0% 0% 0% 

2 95% 4% 1% 0% 

3 85% 14% 1% 0% 

4 90% 10% 0% 0% 

5 95% 0% 0% 5% 

6 90% 0% 0% 10% 

7 85% 10% 0% 5% 

 

 

When making each sample, the minimum amount of water that made the mixture 

homogeneous was added in order to decrease moisture content as much as possible, therefore 

make the samples’ stabilization and drying faster. It is important to note that the first sample 

contained only clay and water in order to serve as a reference.  

 

 4.3 Samples Testing  

 

 After making the mixtures in molds, all bricks samples were left to dry for 13 days under 

sunlight and then taken to the civil engineering laboratory of ENSAM Meknes to be tested.  

The machine used is a Control Group flexural and compressive strength testing machine 

shown in the figure bellow  
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Figure 5: Flexural and Compressive Strength Testing Machine 

 

Flexural strength testing is designed for concrete beams to give the maximum rigidity for their 

working range by applying a load on the beam as the piston moves down, but it is also used 

for this research in order to compare the samples and decide which one is more rigid. For 

compressive strength testing, it gives us an idea about the maximum amount of compressive 

load the bricks can bear before fracturing. In fact, as shown in the figure below, the brick is 

placed between platens and compressed as a load is applied gradually. As shown in the figure 

below, the machine gives the compressive strength that the sample can bear in MPa, 

equivalent to N/mm². This value is simply the load that the brick can withstand divided by the 

surface area which is 4*4cm in the machine used for this research.  

 

 

Figure 6: Compressive Strength Testing 

 

 

Figure 7: Example of Compressive Strength Testing Result  
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The following table shows the flexural strength and compressive strength of each of the 7 

unfired clay bricks samples.  

 

Table 4: Flexural Strength and Compressive Strength Testing Results 

 

Sample Number Flexural Strength (N/mm²) Compressive Strength 

(N/mm²) 

1 0.12 1.4 

2 0.51 2.63 

3 0.43 2.04 

4 0.63 2.91 

5 0.11 1.3 

6 0.21 1.81 

7 0.15 1.44 

 

Testing the bricks samples showed us that brick 4, which contains 10% dates pits and 90% 

clay, is the strongest one with a compressive strength equal to 2.91N/mm². This means that it 

even exceeds the minimum allowable compressive strength of fired clay bricks that is equal to 

2.73N/mm². We can also notice that samples that contain limestone, which we refer to us 

brick 5,6,7, have higher compressive strengths than the sample that contains only clay, but 

still lower than all the other samples that contain dates pits and palm fronds. 

 

To sum up, according to this test we can say that dates pits are the most preferable additives to 

be used with clay in order to make strong unfired bricks.  
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Chapter 5: Perforated Clay bricks  

 

Up till now, compressive strength of unfired clay bricks is tested as a result of using some 

additives with clay. However, as seen in chapter one, bricks’ properties are not only a function 

of substances added but of several other parameters. One of those parameters that we can look 

into is the units’ geometry. In fact, people have always made bricks in different formats and 

holes shapes. From this point, we have to analyze the impact of holes on the bricks’ strength. 

One way to do the analysis is using the software Solidworks that can help up simulate clay 

bricks in 3 dimensions and give us an idea about the changes that occur in the bricks if we 

make them with holes.  

 

 5.1 Perforated Bricks Dimensions and Uses  

 

Before actually starting to design the voided bricks in Solidworks, it is important to have a 

clear idea about those items. As seen earlier, the holes in perforated units should represent 

more than one fourth of the total volume. “In technical terms, the SABS defines clay brick 

units with core holes of 25% or less of the metric volume of the unit, as a ‘solid’ unit. Hollow 

units have core holes that constitute more than 25% of the volume” (“Clay Bricks, Core Holes 

and Clay Masonry”, 2011).  

 

 

According to Dan Bloom’s article on Stonehengemasonry website, there are many motives 

behind making voided bricks such as bricks with core holes or recesses (frogs) shown in the 

figure below (Bloom, 2017). 

 

 

Figure 8: Core Hollowed Brick (Bloom, 2017) 

http://stonehengemasonry.ca/why-do-bricks-have-holes/brick-pictures-22-2/
http://stonehengemasonry.ca/why-do-bricks-have-holes/brick-pictures-22-2/
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Figure 9: Frog Brick  (Bloom, 2017) 

 

One of the reasons behind making voided bricks is what we refer to as “Keying in” as shown 

in the figure bellow. In fact, when mortar is used to bind the bricks, “the mortar squeezes into 

the holes which, when dried, locks the bricks into place.” At the end of construction, walls 

that are built using voided bricks become very strong as the “individual bricks are part of a 

wall system where a single brick cannot move without putting tension on the surrounding 

bricks” (Bloom, 2017).  

  

 

 

 

 

 

 

 

Figure 10: Keying In Effect Representation (Bloom, 2017) 

 

Another reason why bricks are made with holes revolves around the bricks’ weight and cost. 

In fact, it is logical that voided bricks have less mass than those who don’t have holes. This 

leads to using less amounts of materials and energy when producing those bricks. 

Consequently, the cost of both manufacturing and transportation of bricks gets lower (Bloom, 

2017). 

 

  

http://stonehengemasonry.ca/why-do-bricks-have-holes/brick-pictures-19-3/
http://stonehengemasonry.ca/why-do-bricks-have-holes/brick-pictures-19-3/
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 5.2 SolidWorks Simulation  

Now, in order to investigate the effect of holes on the strength of bricks, SolidWorks 

simulations are used for three different perforated bricks along with a solid one that is used as 

a reference. In order to make those simulations, the first thing to do is to add the material used 

for making those units in SolidWorks materials library as it does not include clay. 

Consequently, we need to find some specific clay properties.  

 

According to Stephen Guggenheim from the department of geological sciences in University 

of Illinois at Chicago, Montmorillonite is the material that makes clay minerals (Guggenheim, 

p. 371). Consequently, we can consider that the material used for making clay bricks is red 

montmorillonite, and we find the properties needed to fill in SolidWorks library. Those 

properties are as follow:  

- Elastic modulus: 50 GPA=50 000 N/mm²  (Bathija, P. 6) 

- Poison’s ratio: 0.26 N/A  (“Montmorillonite Mineral Data”)  

- Shear modulus: 16.4GPA= 16 400 N/mm²  (“Montmorillonite Mineral Data”) 

- Mass density: 2.3g/cm3 = 2 300 kg/m3   (“Montmorillonite Mineral Data”) 

- Tensile strength:   30N/mm² (Alsagayar, Arsad, Rahmat & Binti Mustapha, 2015) 

- Specific heat:  1 100 J/(Kg.K)    (“Specific Heat of Common Substances”)  

- Thermal conductivity:  1W/(mK)   ( Plötze, Schärli,  Koch &. Weber, 2017) 

- Thermal Expansion coefficient:   20/K (Uddin, 2008) 

After adding red montmorillonite in SolidWorks library, simulation of a solid bricks and 3 

kinds of perforated units was made. After that, a study was performed in order to see which 

one of the four bricks is the stronger, and hence conclude the effect of holes. In fact, after 

designing the brick, a fixed geometry was added in the bottom side of the unit, and a pressure 

equal to 3.5 N/mm² on top. 
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Study Properties 

Table 5: SolidWorks Study Properties  

Study name Static 1 

Analysis type Static 

Mesh type Solid Mesh 

Thermal Effect:  On 

Thermal option Include temperature loads 

Zero strain temperature 298 Kelvin 

Include fluid pressure effects from 

SolidWorks Flow Simulation 

Off 

Solver type FFEPlus 

Inplane Effect:  Off 

Soft Spring:  Off 

Inertial Relief:  Off 

Incompatible bonding options Automatic 

Large displacement Off 

Compute free body forces On 

Friction Off 

Use Adaptive Method:  Off 

Result folder SolidWorks document 

(c:\users\65518\appdata\local\temp) 
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Units: 

Table 6: SolidWorks Study Units 

Unit system: SI (MKS) 

Length/Displacement mm 

Temperature Kelvin 

Angular velocity Rad/sec 

Pressure/Stress N/m^2 
 

 

Material Properties: 

Table 7: Material Properties Used in SolidWorks Study 

Model Reference Properties Components 

 

Name: Red 

Montmorillonite 

Clay 

Model type: Linear Elastic 

Isotropic 

Default failure 

criterion: 

Unknown 

Tensile strength: 3e+006 N/m^2 

Compressive 

strength: 

1.1e+009 N/m^2 

Elastic modulus: 5e+010 N/m^2 

Poisson's ratio: 0.22   

Mass density: 2300 kg/m^3 

Shear modulus: 1.64e+010 N/m^2 

Thermal expansion 

coefficient: 

20 /Kelvin 

 

SolidBody 1 

(Boss-

Extrude1) 

(Part1) 

Curve Data:N/A 
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  5.2.1 Solid Bricks Simulation  

The figure below is an illustration of the solid brick simulation with dimensions 4*4*16mm 

 

Figure 11: Solid Brick Design 

Loads and Fixtures:  

Table 8: Solid Brick Study Loads and Fixture 

Fixture name Fixture Image Fixture Details 

Fixed-1 

 

Entities: 1 face(s) 

Type: Fixed 

Geometry 
 

Resultant Forces 

Components X Y Z Resultant 

Reaction force(N) 0.00261719 235.242 -0.00138651 235.242 

Reaction 

Moment(N.m) 
0 0 0 0 

  

Load name Load Image Load Details 

 

 

Pressure-1 

 

 

Entities: 1 face(s) 

Type: Normal to 

selected face 

Value: 3.5 

Units: N/mm^2 (MPa) 

Phase Angle: 0 

Units: deg 
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Resultant Forces: 

Table 9: Solid Brick Study Forces 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model N 0.00261719 235.242 -0.00138651 235.242 

 

Table 10: Solid Brick Study Reaction Moments 

Selection set Units Sum X Sum Y Sum 

Z 

Resultant 

Entire Model N.m 0 0 0 0 

 

Name Type Min Max 

Stress1 VON: von Mises 

Stress 

2.26131 N/mm^2 

(MPa) 

Node: 9906 

6.65926 N/mm^2 

(MPa) 

Node: 15 

 Study Results:  

A- Stress 

Table 11: Solid Brick Study Results of Stress 

 

 

 

 

 

 

 

 

 

 

 
Figure 12: Stress Results of Solid Brick Study 
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A- Displacement  

 

Table 12: Solid Brick Study Results of Displacement 

Name  Type Min Max 

Displacement1 URES: Resultant 

Displacement  

0mm 

Node:8 

0.000327277mm 

Node 1 

 

 

 

Figure 13: Displacement Results of Solid Brick Study 

 

B- Strain  

Table 13: Strain Results of Solid Brick Study  

Name  Type Min Max 

Strain 1 USTRN: Resultant 

Strain 

3.83228e-005 

Element: 3172 

7.91093e-005 

Element: 1954 
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Figure 14: Strain Results of Solid Brick Study 

 

  5.2.2 Perforated Brick 1 Simulation  

Brick one contains 3holes. In order for it to be perforated brick, the volume of holes should be 

bigger than the total brick volume which is equal to 4*4*16=256mm3. Knowing that the 

volume of a sphere is hr², with h=4mm in this case, the radius of each hole should be bigger 

than 1.3mm. We take it to be equal to 1.73 mm for our simulation as shown in the figure 

below.   

 

Figure 15: SolidWorks Simulation of Perforated Brick 1  

Loads and Fixtures: 

 

 



39 

Table 14: Perforated Brick 1 Fixture 

Fixture name Fixture Image Fixture Details 

Fixed-1 

 

Entities: 1 face(s) 

Type: Fixed 

Geometry 
 

Resultant Forces 

Components X Y Z Resultant 

Reaction force(N) -0.000975173 320.968 -0.016029 320.968 

Reaction Moment(N.m) 0 0 0 0 
 

 

Table 15: Perforated Brick 1 Loading 

Load name Load Image Load Details 

Pressure-1 

 

Entities: 1 face(s) 

Type: Normal to selected 

face 

Value: 3.5 

Units: N/mm^2 (MPa) 

Phase Angle: 0 

Units: deg 
 

 

 

Resultant Forces: 

Table 16: Reaction Forces 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model N -0.000975173 320.968 -0.016029 320.968 

 

Table 17: Reaction Moments 

Selection set Units Sum X Sum Y Sum Z Resulta

nt 

Entire Model N.m 0 0 0 0 
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Study Results:  

A- Stress 

Table 18: Perforated Brick 1 Study Results of Stress 

Name Type Min Max 

Stress VON: von Mises Stress 12.6476N/mm²(MPA) 

Node: 9906 

12.6476N/mm²(MPA) 

Node: 15 

 

 

Figure 16: Stress Results of Perforated Brick 1 

B- Displacement  

Table 19: Study Results of Perforated Brick 1 Displacement 

Name Type Min Max 

Displacement 1 URES: Resultant 

Displacement 

0mm 

Node:201 

0.000767821mm 

Node: 10365 
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Figure 17: Displacement Results of Perforated Brick 1 

C- Strain  

Table 20: Study Results of Perforated Brick 1 Strain 

Name Type Min Max 

Strain 1 ESTRN: Equivalent 

Strain 

4.8182e-006  

Element 1729 

0.000186466  

Element 2969 

 

 

Figure 18: Strain Results of perforated Brick 1 

                      5.2.3 Perforated Brick 2 Simulation  

The second perforated brick (shown in the figure) contains 10 holes, each of a radius equal to 

1.4mm.  
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Figure 19: Perforated Brick 2 Simulation 

Loads and Fixtures:  

Table 21: Perforated Brick 2 Fixture 

Fixture name Fixture Image Fixture Details 

Fixed-1 

 

Entities: 1 face(s) 

Type: Fixed Geometry 
 

Resultant Forces 

Components X Y Z Resultant 

Reaction force(N) -0.000279926 223.999 0.000162892 223.999 

Reaction Moment(N.m) 0 0 0 0 
 

 

Table 22: Perforated Brick 2 Loading  

Load name Load Image Load Details 

Pressure-1 

 

Entities: 1 face(s) 

Type: Normal to selected face 

Value: 3.5 

Units: N/mm^2 (MPa) 

Phase Angle: 0 

Units: deg 
 

 

 

Resultant Forces: 

Table 23: Reaction Forces 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model N -0.000279926 223.999 0.000162892 223.999 
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Table 24: Reaction Moments 

Selection set Units Sum X Sum Y Sum Z Resultant 

Entire Model N.m 0 0 0 0 
 

 

Study Results: 

A- Stress 

Table 25: Study Results of Perforated Brick 2 

Name Type  Min Max 

Stress  Von: Von Mises 

Stress 

0.111754 N/mm^2 (MPA) 

Node: 7191 

16.2276 N/mm^2 (MPA) 

Node: 12782 

 

 

Figure 20: Stress Study Results of Perforated Brick 2 

B- Displacement  

Table 26: Study Results of Perforated Brick 2 Displacement 

Name Type Min Max 

Displacement URES: Resultant 

Displacement 

0mm 

Node: 538 

0.000780785mm 

Node: 587 
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Figure 21: Displacement Study Results of Perforated Brick 2 

C- Strain  

Table 27: Strain Study Results of Perforated Brick 2 

Name Type Min Max 

Strain  ESTRN: Equivalent 

Strain 

2.21633e-006 

Element 7474 

0.000209681 

Element: 4760 

 

 

Figure 22: Strain Results of Perforated Brick 2 Study 
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  5.2.4 Perforated Brick 3 Simulation 

For this last simulation, the brick is of a different kind as it contains 9 holes, each of 0.4mm 

radius, but that goes along the 16mm side (figure) 

 

Figure 23: Perforated Brick 3 simulation  

Loads and Fixtures: 

Table 28: Perforated Brick 3 Study Fixtures 

Fixture name Fixture Image Fixture Details 

Fixed-1 

 

Entities: 1 face(s) 

Type: Fixed Geometry 
 

Resultant Forces 

Components X Y Z Resultant 

Reaction force(N) 4.28972e-005 223.999 3.26782e-005 223.999 

Reaction Moment(N.m) 0 0 0 0 
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Table 29: Perforated Brick 3 Study Loading  

Load name Load Image Load Details 

 

 

Pressure-1 

 

 

Entities: 1 face(s) 

Type: Normal to 

selected face 

Value: 3.5 

Units: N/mm^2 (MPa) 

Phase Angle: 0 

Units: deg 
 

 

Resultant Forces: 

Table 30: Reaction Forces  

Selection set Units Sum X Sum Y Sum Z Resultan

t 

Entire Model N 4.28972e-

005 

223.999 3.26782e-

005 

223.999 

 

Table 31: Reactions Moment  

Selection set Units Sum X Sum Y Sum Z Resultan

t 

Entire 

Model 

N.m 0 0 0 0 

 

Study Results: 

A- Stress 

Table 32: Perforated Brick 3 Stress Study Results 

Name Type Min Max 

Stress VON: von Mises 

Stress 

0.190496N/mm²(MPA) 

Node: 18859 

18.56672N/mm²(MPA) 

Node: 11186 
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Figure 24: Stress Results of Perforated Brick 3 Study 

B- Displacement  

Table 33: Displacement Results of Perforated Brick 3 Study 

Name Type Min Max 

Displacement URES: Resultant 

Displacement  

0mm 

Node:1438 

0.000703471mm 

Node: 9998 

 

 

Figure 25: Displacement Results of Perforated Brick 3 Study 
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C- Strain  

Table 34: Strain Results of Perforated Brick 3 Study 

Name Type Min Max 

Strain  ESTRN: 

Equivalent Strain 

6.53095e-006 

Element: 1289 

0.000239223 

Element: 4271 

 

 

Figure 26: Strain Results of Perforated Brick 3 Study 

   

 5.2.5 Analysis  

According to this SolidWorks Simulation, we can see that the best design when it comes to 

clay bricks is first perforated brick that contains 3 holes because it has the highest reaction 

force resultant which is equal to 320,968N. It is very high compared to the other bricks, 

recalling that the reaction force of the solid brick is 235.242N, and that of the other 2 

perforated bricks is 223.999N.  
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Even though the displacement and strain noticed in perforated bricks after applying a load on 

them are higher than those of solid brick, but the high resultant reaction force of perforated 

brick 1 makes us assume that it is the stronger one. This explains why we usually see 3 holes 

in clay bricks used for construction.  
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Conclusion  

Construction Industry is a huge industry that keeps growing every day and opening the door to 

creative and innovative ideas able to improves existing building materials and techniques. 

This, however, comes with many side effects that badly influence our environment and human 

health in several ways. More than that, construction industry faces the challenge of increasing 

costs which makes it hard, especially for low-income families, to construct their houses. As a 

result, finding or enhancing relatively cheap and simple construction materials becomes 

extremely essential.  

 

Several bricks types are used in masonry constructions depending on the kind of buildings and 

applications they are used for. In order to see the difference between al the existing bricks, 

they can be classified in many categories. For example, we can classify them by shape as they 

can be solid, perforated and frogged, by the material used such as clay, sand lime, concrete or 

fly ash, or by quality as we find good and bad quality bricks depending on many criteria 

namely color, shape of edges and structure.  

 

As seen throughout this project report, unfired clay bricks are proved to be a very interesting 

kind of construction units. In fact, comparing burnt and unburnt clay bricks gave us an idea 

about the remarkable advantages of unfired ones. Even though they are less strong than burnt 

bricks for temperature enhances compressive strength, but they are more favorable regarding 

energy consumed during manufacturing and even after, during the life-time of buildings. They 

are also extremely less harmful to the environment and to our health. More than that, unfired 
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clay bricks are interesting if we take into consideration their internal environment. Buildings 

made from unfired masonry units are more internally controlled regarding heat loss and 

dissipation, noting that compressive strength, which is a very important property in 

construction materials, can be improved through different means such as using additives.  

 

Numerous researchers have studied the manufacturing of unfired clay bricks and the effect 

that using some additives has on them. Mike Lawrence, Andrew Heath, Pete Walker, and Tom 

Morton’s Research showed us that unfired clay bricks should contain a high amount of clay 

and the minimum amount of water in order to make them strong. Next, Ali Arasteh’s research 

demonstrated that unfired earth units can be used to construct walls that enhance living 

conditions in the sense that they control moistness and keep the interior warm and insulated 

from the outdoor temperature. When it comes to Jonathan E.Oti ,John Kinuthia, and Jiping 

Bai’s Research, it showed that unfired masonry units are eligible for construction because 

their strength is proved to be within regulations and that they are less expensive than other 

materials. 

 

When studying additives that can enhance unfired clay bricks, O.S. Oladeji and A.F. 

Akinrinde recommended the use of soda ash in making fired and unfired clay bricks for it 

enhances their properties and makes them good and cost-efficient for buildings construction. 

They also recommended to use high clay percentage in order to increase the bricks’ strength. 

When it comes to Abdul Hai Alami’s Research, it showed that dates pits can improve bricks’ 

toughness by 74% but don’t influence their thermal properties, and that palm fronds are also 

good for improving the compressive strength.  
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As experiment is needed to better investigate unfired clay bricks, 7 samples were prepared 

using clay, limestone, dates pits and palm fronds. After testing those samples using the 

appropriate machine, it is shown that dates pits are the ultimate additive to be used with clay 

in making unfired units to give us a compressive strength that can reach 3N/mm².  

After investigating the effect of additives on the strength of unfired clay bricks, SolidWorks 

software was used in order to see the impact of geometry. In fact, simulating the bricks and 

studying their mechanical properties after applying a load on them showed that perforated 

bricks that have three holes are the best ones.  

 

All in all, we can say that unfired clay bricks represent a very good masonry units type for all 

the advantages sited above. However, further research is needed to determine new ways to 

improve them and make them more suitable for high load baring buildings.  
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