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ABSTRACT 

 
 
Fired clay bricks are the most used material in building practices due to its great mechanical 

properties and natural abundance. However, latest studies have shown that 35% of final energy 

consumption goes to the building sector. So, with the increasing shift towards green energies, 

cost optimization and need for durable buildings. It became crucial to come up with better 

alternatives especially in underdeveloped, and energy deficient countries.  

 

The aim of this work is to decrease the energy consumption as well as its cost per meter square 

in the building processes. This can be achieved through the switch to enhanced unfired clay 

bricks that use 98% less energy than the commonly used bricks (Scheibelein, n.d). 

 

The incorporation of straw as an additive proved to be capable of partially solving the wastage 

of 200 million tons of straw annually which costs agricultures thousands of dollars in disposal 

fees (Bridgewater & Boocock, 2013), and instead, recycle it by mixing it with clay and make 

construction bricks out of it. This technique has been used for years in Morocco especially in 

rural areas and in the south of the country for the purpose of enhancing the mechanical 

properties of the bricks naturally. Therefore, this study is performed to further investigate the 

mechanical properties of straw reinforced bricks as building blocks. In this capstone project, an 

intensive bibliographical study was conducted, followed by software testing using Solidworks. 

 

In the first simulation, a brick with the dimensions 160x40x40 mm was created and given the 

mechanical parameters of clay alone, it yielded 6.747 MPa for stress value, Whereas, in the 

second simulation, the density was changed from that of clay alone to the combined density of 

both materials (99% clay,1% straw). Similarly, the straw percentage was increased to 3%, 7% 

and 15%. The resultant densities were 2284.6 kg/m3, 2253.8 kg/m3, 2192.2 kg/m3, and 2069 

kg/m3 respectively. A load of 3.27 N/mm2 was applied on the brick surface. Then, the add-in 

Solidworks feature called “compare” yielded a decrease in the resultant stress values from 6.737 

MPa for 1% straw incorporated brick, to 6.483 MPa for 15% straw incorporated brick. And 

from a strain value of 8.025x105 to 7.723x105. 
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INTRODUCTION 

 
In developed countries, and after the second world war, the use of unfired clay bricks in 

construction has been shortly replaced by concrete. This has been the same case for Morocco 

especially in big cities where many companies took this route as well. However, according to a 

report from Slaoui’s factory of masonry, Morocco uses 10 KJ/kg more than the international 

standard of energy consumption which concerns about the sustenance of energy sources in the 

long run (Laarousi & al, 2014). 

 

Buildings and construction account for more than 35% of global final energy usage and nearly 

40% of energy-related CO2 emissions (“Global Status Report”,2017, p.18). And 82% of final 

energy consumption in buildings was supplied by fossil fuels in 2015 (“Global Status 

Report”,2017, p.9). Therefore, the need for large scale modern, efficient, and ecofriendly 

practices is now more pertinent than ever. This explains the high incline towards clay for its 

high thermal inertia which enables it to store heat and regulate temperature shifts from day to 

night which also decreases energy consumption through the usage of heaters and air 

conditioners. This raw material is highly available and the energy that is required in its 

preparation will be very low since its preparation does not involve heating or heavy processing. 

 

To optimize the efficiency of construction processes, it is primordial to break it down to its 

smallest component which are bricks. Bricks are the main core of buildings. These small units 

have a size of 225x112.5x75mm and can be assembled both horizontally and vertically making 

up the building segments that vary in size and nature according to the other materials that are 

coupled with the bricks, the budget allocated to it and the type of environmental needs of the 

construction site. 

 

However, the bricks’ properties and size should abide by certain rules and regulations in order 

to ensure the safety of its users and the durability of the building. These regulations often 

consider different characteristics such as the change in temperature of the bricks, its 

compressive strength, porosity, and its reaction with different climatic changes. 

 

The most commercialized types of bricks are fired ones, however, they are unrecyclable and 

less absorbent to air moisture. While unfired bricks save more energy, they seemingly have 

lower resistance, therefore their use is not recommended for thin walled earth masonry and high 
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load structures. This problem can be fixed with the incorporation of materials that can be both 

organic and inorganic to the brick to enhance its properties with a focus on the compressive 

strength.  

 
1.1 Feasibility Study 

 
The goal of this capstone is to use hay “straw” as a natural additive to clay to enhance its 

physical properties in construction practices (tensile and shear strength and reduces volume 

changes upon changes in water content). This approach is economical, eco-friendly, and 

sustainable in the long run. All of this without jeopardizing the mechanical properties of the 

clay (making it an ideal material in villages and rural areas where its generally cold and humid). 

Moreover, the price of the resulting brick should be lower than the commonly used bricks in the 

market nowadays. 

 
 

I am planning to reach these objectives by dividing the work into two parts: the theoretical part, 

and practical part. Firstly, the theoretical part is done through research, literature review, and 

interviewing professionals. All this while constantly relating this research to my previous 

knowledge in different classes such as mechanics of materials, chemistry and materials science. 

The second part will be an extensive use of Solidworks to investigate the behavior of the 

material using its properties as found in nature. The result that will allow us to make a definite 

decision of the optimal percentage of the straw and clay will come after comparison of the von 

misses stress and the strain of different samples with different percentages of the incorporated 

straw (0%, 1%, 3%, 7%, 15%). 
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1.2 STEEPLE Analysis 

 
a- Social: The main purpose of this project is to find the optimal unfired clay bricks that will 

withstand different harsh conditions which will be highly beneficial for people who want to 

build houses with a low budget as well individuals and organizations who are 

environmentally conscious and want to implement more eco-friendly practices. Moreover, 

the main goal of the mechanical and software analysis of the project is to ensure the safety 

of the present as well as future and long-term potential users. 

 

b- Technological: Unlike the use of straw with clay as a coating material only, this paper will 

discuss the possibility of incorporating it with clay as a main building block. This where 

lays the innovative part in my project. Moreover, numerous modern tools such as 

Solidworks are to be used extensively as well. 

 

c- Environmental: Unfired clay bricks come from a natural composable materials, and they 

do not contain any harmful substances to humans or the environment. Straw also is a natural 

material that tons of it goes to waste each year. Therefore, using clay with addition to straw 

will represent a good ecological, low energy waste solution to the construction problems as 

well as recycling constraints. Moreover, no firing will be conducted which means less 

energy consumption as well. 

 

d- Ethical: This project has no hidden intentions, does not support an illegal party, nor does it 

conduct illegal practices that may harm any humans in any shape or form physically or 

morally. Moreover, very high levels of safety and quality are to be followed in order to make 

sure that the optimum level of comfort and protection are achieved. Moreover, the entire 

project is a personal intellectual property and nothing in the article is obtained without the full 

citation and crediting of its owners. 

 

e- Political: Creating affordable quality housing for low- and middle-income people will 

particularly create a stable environment and might reduce the pressure put on governments 

for a more subsidized housing. On the other hand, it does not contradict any political or 

regulatory rules in any shape or form. And it does not have any political affiliations or 

supports a political party at the expense of another one. 



4 
 

f- Legal: Safety regulations of the bricks used in this capstone are highly regarded in order to 

avert any legal non-compliance. It does not go against any employment laws, tax policies 

or environmental rules. Moreover, it uses official scientific, universal rules and 

measurements. 

 

g- Economic: One of the main purposes of the use of bricks and straw materials is their 

availability and low cost. It also aims to decrease the energy consumption that can be highly 

fluctuating due to the instability of energy prices of fossil-based sources. Therefore, it does 

not require any drainage of natural sources and provides the possibility of recycling of the 

materials as well. 
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Theoretical Framework 

 
2.1 Types of Bricks in Masonry Construction 

 
a) Sun-dried or Unfired Clay Bricks: The preparation of unfired bricks is done through molding 

the bricks structure; and dried under natural conditions using sunlight and air (“The 

constructor”, 2018). 

 
b) Fired Clay Bricks: are made of the same material as unfired bricks; however, they are 

subjected to high temperatures during the firing process, reaching around 900°C. They can be 

divided into three types. First class bricks, and of the best quality, they are table-molded, burnt 

in large kilns and have smoother, sharper edges, and surfaces. They are durable and stronger, 

hence, cost the most. Second type bricks are ground molded, they do not have the same 

smoothness compared with first class ones. However, their mechanical properties are the same. 

Lastly, there are third class bricks, which have poor quality and used only in temporary 

structures. They are ground molded and burnt in clamps. Their surface is rough and have unfair 

edges (“The constructor”, 2018). 

 

c) Fly ash Bricks: They are manufactured with fly ash and water. They are high in calcium 

oxide, found in cement produces. They are lightweight; therefore, they reduce the self-weight 

of big structures. They have high fire insulation, high strength, uniform shapes, and lower water 

penetration. They also do not need to be water soaked before used in masonry construction 

(“The constructor”, 2018). 

 

d) Concrete Bricks: They are manufactured using cement, sand, coarse aggregates and water. 

They can be made on site, using only small quantities of mortar, they can be customized in 

shape and color. They are usually used in construction of framed buildings (“The constructor”, 

2018). 

 

e) Engineering Bricks: They have high compressive strength, and answer frost and acid 

resistance as well as low porosity needs. These bricks are used in labs and basements where 

chemical and water attacks are a threat (“The constructor”, 2018). 
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f) Sand Lime or Calcium Silicate Bricks: They are made of sand and lime and popularly known 

as sand lime bricks and used for ornamental purposes in buildings and masonry works (“The 

constructor”, 2018). 

 

2.2 Construction Materials 

 
2.2.1 Microstructure and Composition of Clay 

 
Clay has a crystalline composition that comes in sheet like layers known as Phyllosilicate. This 

latter can be broken down into two types of sheets; Aluminate composed Octahedral sheets 

((AlO4)4-) and Silicate composed Tetrahedral sheets ((SiO4)4-) (Brigatti & al., 2013). 

 

Clay can be classified into three major types: Illite, Kaollinite and Montmorillonite-Smectite. It 

has been noticed that both Illite and Montmorillonite- Smectite clays are identical with a slight 

variance in the distance that sets the sheets apart. They are both composed of two tetrahedral 

layers and a single octahedral layer ((T-O-T or 2/1) while the Kaolinite is composed of one 

tetrahedral layer and one octahedral one (T-O or 1/1) (Cheng & Peng, 2018). However, it can 

be tricky to define the type of bonding in clay, and although it is generally an aggregate of flake 

shaped small crystalline, the molecular structure of the clay depends mainly on the type of 

minerals it contains, but generally speaking, the clay particles are held together by ionic bonds 

after the addition of water. This can be explained by the reactions of the aluminum ions from 

clay and hydroxide ions from water. During the anions and cations interactions, many 

modifications of the structure of clay occurred, forming ceramic molecules. Moreover, the 

compressive strength increases with prolongation of curing time (Zhang & Liu, 2018). 

 

 
Figure 1: Atomic Structure of clay (“Introducing Clay Minerals”,2012) 
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2.2.2 Microstructure and Composition of Straw 

 
It has been noticed that after grinding of straw, the range of (5–20 mm) is predominant in straw 

bale fibers and that slits of 5–20 µm in length and a 0.5–2 µm opening are present in the outer 

surfaces of the straws. Moreover, the skin of the fibers seemed to be rough which increases the 

pull-out resistance of fibers, contributes to better adhesion with the binder material (clay) which 

consequently leads to a better mechanical resistance. Straw has a very dense structure with high 

thickness on the outside and porous structure on the inside (Bouasker & Al., 2014). 

 
The straw’s texture includes Sclerenchyma, parenchyma rings and vascular bundles. Those are 

vegetable fibers and are generally composed of three structural polymers (the polysaccharides 

cellulose, and hemicelluloses and the aromatic polymer lignin) as well as by some minor non- 

structural components (i.e. proteins, extractives, minerals) (Dinis & al, 2009). Cellulose forms 

a crystalline structure with regions of high order i.e. crystalline regions and regions of low order 

i.e. amorphous regions. Middle lamellas composed of pectic polysaccharides are connecting 

individual cells in bundles (Caffall, 2009). This is what gives straw a high density and porous 

nature which reinforces its strength as well as it makes it prone to absorb heat and moisture. 

 

 
Figure 2: Microscopic view of straw fibers (Dinis, 2009). 

 
 

Table 1: Densities and porosities of the different types of fibers (Odeyemi & al., 2017).
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Conclusions about the microstructural interactions between straw and clay particles: 

 
➔ According to the scanning Electron Micrograph (SEM), there is a strong adhesion 

between brick and straw fibers without any apparent brick saturation (Odeyemi & al., 

2017). 

➔ Straw can hold clay together, preventing it from forming cracks and deforming over 

time, it also halts the drying period of clay (Odeyemi & al., 2017). 

➔ Structural changes to the clay reinforced bricks is due to an increase in packing density 

introduced by the straw fiber, this latter acts as a load bearer, hence, enhancing the 

strength of the brick (Odeyemi & al., 2017). 

 

 
Figure 3: Brick without straw Figure 4: Brick with 0.01% straw 

(Odeyemi & al., 2017)  (Odeyemi & al., 2017) 

 

 
 

2.2.3 Microstructure and Composition of Animal Waste 

 
Animal manure differs slightly from one animal to another according to their diet and the type 

of fertilizers they are given. Cow manure is the main type of waste in construction as well as in 
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the compost making processes. It mainly contains undigested fibers, and about 3% nitrogen, 2% 

phosphorus, and 1% potassium. The fibers that are processed by the digestive systems of animal 

can be accommodated easily between fine particles of the clay fibers which eventually improves 

the strength of the material (Patel & Al.). Cellulose is the main material that makes animal waste 

eligible for treatment and adding to clay in construction. It is due to its complex microstructure. 

For instance, the primary structure of cellulose is a long chain of glucose attached by b(1,4) 

linkages. These chains are bonded by hydrogen bonds together forming into fibers. 

 
2.3 Mechanical Properties 

 
Mechanical Properties of a material are properties that can be identified from the reaction of the 

material to a certain applied load. For example, the mechanical properties of a metal determine 

its usefulness as well as its possible lifespan under different conditions. The mechanical 

properties also help in classifying materials (ceramics, metals, plastics..). The most common 

properties are strength, hardness, ductility, impact resistance, and fracture toughness 

(“Mechanical Properties”, n.d). 

 
Changes to mechanical properties of a material can occur naturally through changes in 

temperature, rate of loading, porosity and so on. This change can happen naturally as well as it 

can be forced through hot or cold working (“Mechanical Properties”, n.d).. Moreover, materials 

can also be enhanced using additives. In this paper, the usefulness of the selected additive will 

be investigated by applying loads on the samples, then test their mechanical behavior afterwards 
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There are two types of mechanical strengths: Stress and strain. 

 

Normal type Stresses 

 
Figure 5: Types of mechanical properties 

 

2.3.1 Stress 

 
2.3.1.1 Normal Stress 

 
Normal Stress is the material ability to withstand normal loading on the surface concerned. 

And according to the direction of the load, it can either be compressive or tensile (“Normal 

Stresses”, n.d.). Normal Stress can be computed using the following equation: 

 

 

 

 
a. Compressive Strength: 

 

The compressive strength is manifested through the decrease in the length of the body and 

an increase in its cross-sectional area. The compressive strength testing is very important 

for bricks testing because in the process of building especially when it comes to big units, 

the bricks should have a certain ability to withstand different types of loads to avoid 

accidents and building failures (“Compressive Force”, 2020). 

STRESS 

Compressive 
Stress 

Tensile 
Stress 

Shear 

Stress 

Volumetric 
Strain 

Shear 
Strain 

Tensile/ 

Compressive 

STRAIN 
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Figure 6: Force and direction of compressive force (“Compressive Force”, 2020). 
 

 

 
 

 

 

 
b. Tensile Strength: 

 

The tensile strength of a brick for example is the max amount of tensile stress that can be 

applied on that object before failure (“What is tensile strength?”, n.d.). 

 

 

 

Figure 7: Force and direction of Tensile force (“Tensile Force”, n.d.). 
 

 

 

 

 

 
2.3.1.2 Shear Stress 

 
Shear Stress is a force tensing to create deformation on a material along a plane parallel to the 

imposed stress. Shear Stress may occur in solids and liquids as well. 



12 
 

 

Figure 8: Visualization of shear stress 
 

 

 
2.3.2 Strain 

 
Strain inside a body measures the deformation that a body undergoes following the application 

of external forces. It is the ratio of change in length compared with the original length. This 

change can be longitudinal or lateral, based on the direction of the change in length. It is a 

dimensionless quantity. The value of strain differs depending on external forces, cross sectional 

area and the resting force exhibited by the body (“Normal Strain”, n.d.). 

 

 

Figure 9: Visualization and formula of Normal Strain (“Srain”, 2017) 

 
a. Normal Strain: Normal strain is the strain inside a body. It occurs when a force is 

perpendicular to a cross sectional area is applied, therefore it results in normal stress (both 

tensile and compressive). This normal stress results in change in length in both the lateral and 

longitudinal directions. The lateral strain can be defined as the change in length in the direction 

perpendicular to the applied force, while the longitudinal strain equals the ratio of change in 

length in the direction of the applied force (“Normal Strain”, n.d.). 



13 
 

b. Shear Strain: Shear strain is defined as the change in the tangential angle in the direction of 

shear force. It is an angle therefore it is measured in radians (“Shear Strain”, n.d.). 

 

 

 

 

 

 

 

 

 

 
Figure 10: Shear Strain force reaction 

 
c. Volumetric Strain: The volumetric strain can be defined as the change of volume inside a 

body that underwent an external force in all its directions (“Volumetric Strain”, n.d). 

 

 

 
Figure 11: Volumetric Strain force (“Volumetric Strain”, n.d). 

 
d. Stress-Strain Relationship: The mechanical properties of stress and strain have a huge role 

in determining whether the object can withstand the loads applied on it or not. Several materials 

have a proportional relationship that links stress to strain up to a certain threshold. This limit is 

shown in graph below in point “A”. This relationship between the two physical attributes is 

called “Hooke’s Law”, and the modulus of elasticity can be attributed through calculating the 

slope of stress-strain curve below. . The modulus of elasticity measures the stiffness 

of the material and its potential deflection under a load. And if the material is under that 

proportional   limit,  the  stress-strain   relationship   is   the  same  whether  under  tension  or 
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compression. After that yield point, the object enters the region of plasticity, where any change 

that it undergoes can no longer be reversed (“Normal Strain”, n.d.). 

 
 

 
Figure 12: Stress Strain Curve (Dannana, 2017) 

 

2.4 Thermal Properties 

 
Thermal properties of materials are properties which are related to its heat conductivity. To be 

more explicit, they are the properties that a material displays after its contact with heat. Thermal 

properties discuss how the material might respond to heat fluctuations and how that may alter 

its physical properties. 

 
2.4.1 Specific Heat 

 
The specific heat of a material equals the total energy that it needs to raise or lower its 

temperature. Therefore, it is subject to change from a material to another according to their 

respective properties. 
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Figure 14: Specific heat formula (“Specific Heat”) 
 

 

Figure 13: Specific heat for certain materials (“Specific Heat”,n.d.) 
 

2.4.2 Thermal Expansion Coefficient 

 
Thermal Expansion coefficient measures the extent in which a material expands upon heating. 

This coefficient is constant within anisotropic materials and not constant in isotropic materials 

(“Thermal Expansion of Solids”, 2012). This coefficient can be calculated using the following 

formula: 

 

 

Figure 15: Thermal Expansion Coefficient Formula 

 

2.5 Literature Review of previous experiments 

 
a) Study of the suitability of unfired clay bricks with polymeric HDPE & PET wastes 

additives as a construction material. Research by Houssame Limami, & al 

 
The purpose of the study is to investigate the mechanical and thermal properties of clay 

coupled with HDPE & PET wastes additives in construction materials. The clay was 

extracted from the region of Ben Smim. Five different proportions (0%, 1%, 3%, 7%, 15% 
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and 20%) by weight, of each type of polymeric additive, and for the three studied additive 

grain-sizes (δ <1 mm; 1 mm < δ <3 mm & 1 mm < δ <3 mm) and a pressure of 6.5 MPa 

was applied to it. Experimental compressive strength test showed a decreasing compressive 

strength in accordance with the increase in the percentage and size of the used additive. 

Also, HDPE based samples showed a higher mechanical strength than PET ones. On the 

other hand, porosity levels and percentages of additives showed to have positive correlation. 

Moreover, Also, Small grain size polymeric additives produce brick samples with improved 

properties (Limami, Khaldone, 2019). 

 

b) Mike Lawrence, Andrew Heath, Pete Walker, and Tom Morton’s research on 

“Development of Unfired Clay Brick System for Sustainable Construction” 

 
The purpose of the research conducted by Lawrence & al. was to investigate the best ways 

to develop unfired clay bricks systems to optimize the construction process. They used 18 

bricks samples with varying percentages of Silt, clay and sand. The following table details 

the different percentages of the materials in bricks: 

 

 
Table 1: Minerals percentages in bricks (Lawrence & al., 2013) 

 
After the clay bricks samples were dried, the researchers investigated their compressive 

strengths, which can be shown in the table below: 

 

 
Table 2: compressive strength of different units (Lawrence & al., 2013) 
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After conducting those tests, it was proven experimentally that the higher the moisture content 

in the bricks, the less likely they are prone to withstand high compressive forces. Moreover, the 

biggest compressive strength with respect to dimensions is equal to 5.24N/mm², and it also 

corresponds to the sample with the highest clay percentage (35.3%). Therefore, Clay bricks 

should generally contain high level of clay and relatively smaller amount of water, just enough 

to make the mixture homogenous (Lawrence & al., 2013). 

 
c) Ali Arasteh’s Research “unfired clay bricks and structures”: 

 
This article researches the properties of unfired clay bricks. The main composition of the bricks’ 

material was low-plasticity, low sulfate, low chloride and organic clays. It was expected that 

the moisture level is between 3 and 5% for domestic use. The dimensions of the bricks vary 

according to the shrinkage properties of clay. Shrinkage is due to ambient moisture and varies 

from 6.5% to 10%. Net bulk density is approximately 2000kg/m3. Compressive strength varies 

between 5N/mm2 and 2.25 N/mm2 (Aratesh, n.d). The increase is clay content increases the 

compressive strength while the increase in moisture content decreases the compressive strength. 

Denser clay bricks tend to change length. Bricks shrink about 0.37% after approximately two 

months, while 50% of the shrinkage occurs 24 hours after construction and about 50% happens 

two months after construction. Unfired clay bricks are useful in: Control moisture levels in 

interiors, thermal insulation of units, while they maintain good endurance over time (Aratesh, 

n.d). 

 

d) Ahmad, Iqbal and Muhammed research on “Effects of coal and wheat husk additives 

on the physical, thermal and mechanical properties of clay bricks” 

 

This article investigates the techniques that can enhance the properties of bricks through coal 

and straw additives. Those properties are compressive strength, bulk density, porosity, thermal 

insulation, shrinkage, and water absorption (Ahmad & al., 2017). 

 

Bricks sample were prepared by mixing 5, 10, 15, 20, 30, 40 and 50 wt.% of coal and wheat 

husk. After having been formed, test pieces were subjected to drying and firing operations of 

110 ◦C for over 4h. Microstructural analysis of the samples showed larger voids in the treated 

with additives samples when fired at 100C. Thermal conductivity went down to
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27% and 68% with the addition of 5% and 50% wt.% of coal, respectively. Therefore, the higher 

the percentage of additives, the lower the coefficient of thermal diffusivity. Water absorption for 

treated bricks varied between 14-35% for samples treated with coal, and between 16-37% for 

wheat husk added samples. Compressive strength went down from 15 to 4 MPa and 14 to 3 MPa, 

after the wheat and coal addition increased from 5 to 50 wt.%. Hence clay brick containing 5–15 

wt.% additives showed the best results. Therefore, the optimal wheat and coal percentage is 5%, 

and the additive starts to have the reversed effect when its percentage is increased beyond this level 

(Ahmad & al., 2017). 

 
5) Yousif Mawlood’s research about “Straw Stabilized Local Clay Bricks” 

 
The goal of this research was to evaluate the behavior of straw stabilized unfired clay bricks. 

Clay was mixed with drinking water and was left to ferment for three days with a water content 

of 39%. The clay was mixed then with straw additive (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.5) % by 

weight. Dry compressive strength showed maximum strength value 100 kg/cm at 1% straw 

content (Mawlood, n.d). Therefore, we can conclude that the use of straw as a stabilizer increases 

dry and wet compressive strengths as well as it improves the modulus of rupture and cracks at the 

percentage of 0.5 and 1% of weight to straw ratio. The optimal percentage of straw addition is 

at 1% of the overall weight of the sample bricks (Mawlood, n.d). 

 

6) Yalley & Manu’s research discussing “Strength and Durability Properties of Cow Dung 

Stabilized Earth Brick” 

 

This research reports on the durability and strength of unfired clay bricks using cow dunk animal 

waste as an additive. Untreated bricks were used for comparison as well as bricks of 15%, 20%, 

25%, and 30% cow dung percentages were prepared and left to cure in air temperature for 28 

days. The results of the compressive strength tests showed a high level of both dry and wet 

compressive strength in the specimen stabilized with 20% of cow dung at a rate of 25% of 

increase (Yalley & Manu, n.d). Moreover, the abrasive strength increased at 20% of cow dung 

percentage. However, any increase over 20% of the additive showed to have the opposite effect 

on the compressive strength of the clay bricks. Also, prolonged contact with water content can 

also jeopardize the strength of the treated bricks (Yalley & Manu, n.d). 
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7) Konecny et al.’s research about “Mechanical and Physical Properties of Straw Bales” 

 
The aim of this research was to investigate the materials properties for realizing straw bale 

houses through discussing the load bearing deformation behavior of the straw bales, and find 

their modulus of elasticity in laboratory conditions in order to get a better understanding of the 

construction process using the natural additive. The first step of the experiment was creating 

brick like shapes from straw and placed. The recommended density of the load bearing straw 

wall bales is between 90-120 kg/m3 (Konecny & al., 2013). Moreover, the straw bales had the 

following characteristics: 

 

 
Table 3: Straw Bales properties (Konecny & al., 2013) 

And these are the corresponding mechanical tests: 

 

 
Table 4: Mechanical Tests results (Konecny & al., 2013). 

 
Therefore, according to these results, it is safe to say that the low-density straw bales showed 

high deformability compared with denser bales. Moreover, time related loading can cause 

higher deformability especially with lower density straw bales (Konecny & al., 2013). 
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8. Aouba & al.’s work on “Properties of fired clay bricks with incorporated biomasses: 

Cases of Olive Stone Flour and Wheat Straw residues”. 

 

The goal of this research is to come up with green, efficient solution to construction materials. 

It examines using different cheap and abundant organic matters (clay and olive stone flour) to 

fired clay bricks to improve their thermal performance while maintaining load bearing capacity. 

A mixture of 69% of illite and kaolinite clay, with 31% of sand temper and 16% wt. water. Then 

an addition of (2, 4, 5 and 8%) and of olive stone flour and (1, 3, 5 and 7%) of wheat straw. 

They were placed in a s 170 mm x 75 mm x 17 mm cuboid blocks. They were then fired at 

temperatures up to 105°C and cured in an electric furnace at up to 920°C for 1 hour (Aouba & 

al., 2016). The experiment yielded the following results: 

 

 
Table 5: Thermal and mechanical straw properties (Aouba & al., 2016) 

 
The following table lists the mechanical properties of fired clay bricks using wheat straw and 

olive stone flour with varying percentages. 

 

 
Table 6: Compressive strength test results (Aouba & al., 2016) 
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And it was also illustrated in the following graphs: 

 

 
Figure 16: Compressive strength vs porosity (Aouba & al., 2016) 

 

 
Figure 17: Compressive strength vs %w.t of organic matter (Aouba & al., 2016). 

 
After analyzing these results, it has been observed that percentage of both wheat straw and olive 

stone flour at 5% yielded better results for water absorption and compressive strength values 

(Aouba & al., 2016). 
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9. Samson & al.’s “Determination of Load Carrying Capacity of Clay Bricks Reinforced 

With Straw” 

 
Clay is a natural abundant material that has the potential of establishing good strength 

properties. Therefore, it is possible to further improve its properties with straw reinforcement. 

120gm of clay with an utmost diameter of 0.75mm was made as paste. Then different percentage 

of straw were added varying between 0.0025%, 0.005%, 0.0075% and 0.01%) at water-clay 

mixing ratio of 0.15. Then a load was applied on the composite after curing period. These are 

the results: 

 

 
Table 7: Compressive test results (Samson & al., 2017) 

 
Therefore, we can conclude that the higher the straw percentage, the better the compressive 

strength. So, the addition of straw reinforces the strength of the bricks and enhances the 

mechanical properties of the composite (Samson & al., 2017). 
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Experiments and Results 

 
3.1 Experimental Procedure 

 
3.1.1 Sample Making 

 
The first step of sample making was to acquire and prepare the raw materials. The first element 

was illite clay which was brough from the village of Ben Smim. It has been sifted multiple times 

with sifters of different diameters to obtain the finest grains possible as well as to get rid of any 

unwanted bodies that would affect both homogeneity and the properties of the samples. 

 

 

Figure 18: Clay used in samples before sifting 

 
 

The preparation of straw was done also in parallel. First, straw was treated in order to remove 

any impurities, then it was cut laterally in order to facilitate its incorporation with clay. The 

median of length of the straw particles was about four centimeters. 

 
3.1.2 Preparation of Samples 

 
The location of the preparation of the samples was done in one of Al Akhawayn University’s 

laboratories. All the samples were prepared on the same day. 

 

- The first step was to prepare two brick samples, one for the compressive and one for the 

thermal tests using only clay and water in order to have a dummy sample to compare with the 

other brick samples treated with straw. 
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- Percentages 0%, 1%, 3%, 7%, 15% of straw were used, accounting for both thermal and 

compressive tests. Starting from 7%, straw had to be used increasingly thinner while increasing 

the water content to fully incorporate it onto the brick molds. 

- Samples were divided into two genres. The first was meant for conducting compressive 

strengths, and the second was for conducting thermal tests. 

- The water to mixture ratio (straw + clay) was about 1:2.5 (straw + clay, water) up until the 

mixture became homogenous. 

- The mixture was rested for approximately 90 mins before it has been placed in their respective 

molds. 

- Samples were left to dry in room temperature. 
 

 

Figure 19: Different bricks left to cure at room temperature 

 
 

This part of the capstone has been postponed because access to the lab is required, which is 

something not feasible in these days due the pandemic, that is why the integrity of work was 

based on simulations only. 

 
 

3.2 SolidWorks Simulations 

3.2.1 Simulation Procedure 

 
Solidworks simulation is a virtual testing software with the aim of analyzing an engineering 

design, evaluate its performance and therefore make decisions about it. The software employs 

a technique called Finite Element Analysis. It is a numerical approach to compute relevant 

properties such as stresses and strains. This method results in a distribution with a color scale 

of the “numerical” behavior of the material. This option uses the mesh option and uses the VON 
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mises stress equation to study the mechanical reaction. The VON mises stress can be defined 

as “a value used to determine if a given material will yield or fracture.” (simscale, 2017) and 

can be calculated using the following equation: 

 

Since experimental data is not available now, all the mechanical properties values were 

retrieved from the literature review and plugged into solidworks in order to mimic clay brick 

properties and specifically Montmorillonite mineral which gives clay its properties. 

 
(Bathija, P. 6) 

(“Montmorillonite Mineral Data”) 

(“Montmorillonite Mineral Data”) 

(“Montmorillonite Mineral Data” 

(Alsagayar, & al. 2015) 

(Uddin, 2008 

(Plötze, &. al, 2017) 

(Benkheda, 2018) 

 
Table 9: Mechanical measurements plugged in SolidWorks 

 
 

3.2.1.1. Clay brick only: 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Figure 20: Bricks dimensions created using SolidWorks 

The dimensions of the bricks 

are 40*40*160 cm 
 

Elastic Modulus 50 000 N/mm² 

Poisson's Ratio 0,26  

Shear Modulus 16 400 N/mm² 

Mass Density 2300 kg/m3 

Tensile Strentgh 30 N/mm² 

Thermal Expansion Coefficient 20 K 

Thermal Conductivity 1 W 

LOAD 3,27 N/mm² 
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a. Reaction Forces: 
 

Table 10: Reaction forces of first simulation 

 
 

b. Stress Results VON misses type : 
 

 

Figure 21: Stress Results of first simulation 
 

 
Max Min 

6.747e+06 1.876e+06 

 

Table 11: Max and Min stress values of first simulation 
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c. Strain Results ESTRN type : 
 

 

Figure 22: Strain Results of first simulation 
 

 
Max Min 

2.907e+03 1.00e+03 

 

Table 12: Max and Min strain values of first simulation 

 
 

d. Displacement Shape 
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Figure 23: Displacement results of first simulation 

 
 

Following the previous simulation, it has been shown that both the stress and strain were mainly 

located on the surface and the four corners of the brick (figure 12 & 13). 

 
3.2.1.2 Clay + Straw 

 
In order to have a base to compare the behavior of the bricks after incorporation of different 

percentages of straw into the materials, three extra scenarios have been created where the 

change of density of the bricks has been calculated after accounting for the density of straw as 

well. Please refer to the table below: 

 

 
Table 13: Clay and straw %w.t. of four samples and their respective densities 

 
- The values of density of both straw and clay are [760 kg/m3]1 and 2300 kg/m3 

((“Montmorillonite Mineral Data”) respectively that I retrieved through the literature review. 

 

 Although this density (1) contradicts the usual straw density  of 123 

kg/m3, it is accurate after compression. According to Ferrero & 
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al.’s research about “Density-pressure relationship in compaction of 

straw”, they found that the increase in compression (for up to 40 MPa), 

results in the deformation of stalk parenchyma, where cell walls and 

fibers of cellulose are destructed and prevail an elastic behavior. The 

straw density went up to 1320 kg/m3 with a 16% w.b. Therefore, 

averaging on 720 kg/m3 which is the value eventually used in Solidworks 

simulations.” 

 

- Then it was ran in SolidWorks for VON mises, strain and deformation stresses. 

 
- The order of the densities is descending with the highest density (99% clay : 1% straw) in the 

top left corner and smallest density in the bottom right corner (85% clay : 15% straw) 
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a. Stress comparaison VON mises type : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Max Min 

6.675e+06 1.859e+06 

 
 

Figure 24: VON mises stress results for (1%,3%,7%,15%) w.t. straw densities and their 

respective min-max stress values 

 
➔ The comparison study has showed that the density corresponding to highest straw 

percentage ratio to clay experiences the lowest maximal stress 

Max Min 

6.737e+06 1.877e+06 
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b. Strain Results ESTRN type : 

 

 
 

  

Figure 25: Strain results for (1%,3%,7%,15%) w.t. straw densities and their respective min- 

max strain values 

 
➔ The comparison study has showed that the density corresponding to highest straw 

percentage ratio to clay experiences the lowest strain value. 

Max Min 

7.951e+05 3.301e+05 

 

Max Min 

8.025e+05 3.332e+05 
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c. Displacement Comparaison using URES type : 

 
Max Min 

2.985e+03 1.877e+03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Max Min 

2.957e+03 1.000e+03 

 

 
Figure 26: Displacement results for (1%,3%,7%,15%) w.t. straw densities and their respective 

min-max displacement values 

 
➔ The comparison study has showed that the density corresponding to highest straw 

percentage ratio to clay experiences the lowest displacement. 
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Strain Results 
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Displacement Results 
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5.3.3 Discussion and Conclusions 
 

 

Figure 27: Change curve of Maximal stress values for (1%, 3%, 7%, 15%) w.t. straw 
 

 

 
 

        

        

        

        

        

        

        

 
 

Figure 28: Change curve of Maximal strain values for (1%, 3%, 7%, 15%) w.t. straw 
 

 

 
 

        

        

        

        

        

        

        

 
 

Figure 29: Change curve of Maximal displacement values for (1%, 3%, 7%, 15%) w.t. straw 

VON mises Stress Results 

6,75E+06 
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6,65E+06 
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• According to SolidWorks simulations, we found that the best composition with the 

highest potential compressive strength is sample 4 with a maximal stress (MPa) of 6.48. 

Therefore, theoretically speaking, the higher the additive percentage, the stronger the 

brick meaning that it exhibits less stress, strain, and displacement values. 

• We can also conclude from the simulation that most damaged areas in the brick after 

applying the load are the corners, therefore, the brick has higher resistance strength on 

its inside than on the outer surface. We can make the same observation for strain and 

displacement as well. 
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Enhanced Clay Bricks Impact on the Environment and Sustainability 

 
The cement industry is one of the main sources of carbon dioxide emissions, which accounts to 

8% of the global emissions of the gas, of which 50% is a result of chemical processes and 40% 

from fuel burning. The CO2 produced throughout this process is approximately 410 kg/m3 (~180 

kg/tonne at a density of 2.3 g/cm3) , which can be reduced to 290 kg/m3 with 30% fly ash 

replacement of cement (“ The Cement Sustainability Initiative”,2002). 

 
Building demolition and destruction due to natural disasters such as earthquakes often releases 

high levels of concrete dust into the atmosphere, which is a major source of air pollution which 

was heavily felt by the people of the Kobe region in Japan after the Hanshin earthquake. This 

causes a lot of health hazards ranging from lung and skin cancer, asthma, and tuberculosis. 

Moreover, there are some materials found in concrete that are naturally radioactive, depending 

on the source of the raw materials used such as (K, U, Th, and Rn) (Ademola & al., 2005). 

 

In contrast, clay bricks are made of natural sources and are not heavily synthesized which makes 

it an ideal material for construction that does not take up much of natural energy sources that 

are usually used in firing conventional brick types and it also does not cause any health problems 

as it comes from a natural sources and is not cured using any chemicals or harmful substances. 

https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Uranium
https://en.wikipedia.org/wiki/Thorium
https://en.wikipedia.org/wiki/Radon
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Case Study from Morocco 

 
This part will investigate the traditional way of production and usage of clay bricks and straw 

in Morocco and specifically in south of Morocco in Drâa Valley with a focus on the villages of 

Tamnougault, Tissergat, Amzrou. This region has always been famous of its earthy vibe and 

cool, ambient houses in the hot summer temperatures averaging 20.5 oC per year and only 300 

mm of rainfall. The draa river flows onto the villages, providing the soil with clayey materials 

which are suitable for making durable, strong bricks. Moreover, the mountains provide a shield 

for the villages from desert winds 

The main type of bricks used in the village are clay bricks, either in over 1000 years old houses, 

or newly built ones. There is no large-scale brick production in the village and only small 

artisans oversee the production making on average 500 bricks per day, with an average curing 

time of 10 days before use (Shihembets & Madete, 2018). Most of artisans adopt straw and 

animal manure as a main additive in the making of the bricks, and as a coating plaster material 

for walls and surfaces. 

 
 

Figure 30: clay & straw wall bricks Figure 31: wall plastering using straw 

 
 

The technique used to make walls like those in (figure 21) is making a mixture of soil, water 

and crushed dry straw and/or dried cow dung. The mixture is left to sit for approximately four 

hours, then the mixture is placed in a timber formwork of mainly two dimensions, 

(100x150x100) for upper floors where the loading is smaller, whereas, (200x300x150) are used 

in lower floors for structural stability. After the bricks are molded, they are left to dry under 

sunlight for a minimum of one day and a maximum of six days before they are stored away. 
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Figure 32: Bricks left in the sun to dry Figure 33: Brick in Storage 

 
 

The walls are typically 350mm to 600mm wide with small windows that serve for ventilation 

and lighting (Shihembets & Madete, 2018). 

On the same note, a Moroccan project set up exemplary houses using the traditional method in 

construction in Morocco called “éco-dôme”. These prototypes set up at the outskirts of 

Ouarzazat, have 16 oC less inside compared with the outside temperature. Moreover, it costs 

45% less per m² than a cement-built house. 
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COST ANALYSIS 
 

➔ On average, a single apartment wall in morocco is of 2.4m in height and 5m in lentgh 

➔ 20% of the standard Moroccan apartment area goes to inner walls surface. 

➔ Number of bricks needed for the construction of a 50 m² apartment’s inner walls is:                      

 Wall height (m) x wall length (m) x 60 = 2.4 x 10 x 60 = 1440 bricks 

➔ Number of bricks for the construction of the external walls is: 

Wall height (m) x wall length (m) x 60 = 2.4 x 7.07 x 60 = 1018 bricks 

➔ Total number of bricks needed is: 

1440 + 1018 = 2458 bricks 

 

- The average price of conventional brick is 2,20 MAD 

- The average price of clay is = 1.34 MAD/kg 

- The average price of straw is 1.5 MAD/kg 

- The average weight of a single unfired clay brick is around 500 g 

- According to our study, the ideal straw additive percentage is 15%  

of straw, yielding 75g of total brick mass, 425g of clay for a single brick 

 

➔ Total mass of clay needed is: 

2458 bricks x 425g = 1,044,650 g = 1044.65 Kg (clay) 

➔ Total mass of clay needed is: 

2458 bricks x 75g = 184,350 g= 184.35 Kg (straw) 

➔ Total cost of constructing a straw reinforced house is:  

(1044.65x1.34) + (184.35x1.5) = 1676 MAD 

➔ Total cost of constructing a 50m² apartment using conventional type bricks is:  

2458 x 2.2 = 5407.6 MAD 

 

                 Total Money Saved is: 5407.6 – 1676 = 3731.6 MAD 
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CONCLUSION 

 
A building material is mainly characterized by its mechanical performance, which provides 

proof of its quality. However, the measurement of the compressive or flexural strength of an 

earth-based material with plant aggregates, which is very ductile, is not fully standardized. The 

objective of this study is to determine the compressive strengths of a composite made of clay 

and 0%,3%,7% and 15% of straw. 

In order to achieve this goal; many steps were followed. Firstly, the capstone dealt with an 

extensive theoretical study to understand the following physical parameters (tensile stress, 

compressive strength, strain, displacement…) as well as the optimal materials used. For 

instance, In this work, unfired clay bricks were chosen instead of fired ones due to their low 

energy consumption during construction as well as during their lifetime (thermal insulation, 

therefore, less heating energy). Moreover, their internal environment is more controlled 

regarding heat dissipation and loss. Extensive bibliographical study was also done in order to 

get a grasp about the behavior of the unfired bricks alone, as well as with different types of 

organic additives with an emphasize on straw. The literature review yielded almost always the 

same results which is a positive correlation between the increase in strength of the material and 

the increase in percentage of straw only with few exceptions where experiments showed that 

sometimes, lower additive percentages gave better strength and adhesion than higher level straw 

percentages (Mawloud, n.d.). SolidWorks software was used to further examine the mechanical 

properties of the composite mathematically and geometrically. Firstly, a physical test using clay 

only was conducted, then, the input density for that of straw was adjusted. Later, and after 

comparing the results, samples with higher straw densities showed less reaction to the load 

applied, meaning that they exhibited higher compressive strength. However, other factors play 

a role in the degree of improvement of the composite such as the percentage weight of the added 

fibers, the interfacial bonding between the fibers and the brick and their level of saturation as 

well.
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