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Abstract 
 
In this article, clay was mixed with sand, cement, lime, and stone powder in different ratios 

without using brick firing with the purpose to achieve the minimum resistance required by the 

standards in terms of compressive strength. An average compressive strength of 8.36 N/mm2 

was obtained on the bricks having the highest levels of resistance. A comparison was also made 

with brick samples available on the market (Gary), which are manufactured in brick kilns. A 

comparison of the compressive strength of bricks made of different raw materials revealed that 

they were lower in compressive strength than Gary bricks. In order to solve this resistance gap, 

it was necessary to strengthen the bricks, this study refers to the technique known as 

strengthening bricks with hair fibers (SBHF). Here, human hairs were used as natural tensile 

fibers to achieve this resistance. Based on the combination of different percentages of hairs with 

bricks obtained from the best combination of materials, the compressive strength of the samples 

varied between 9.22 N/mm2 and 15.13 N/mm2. In this study, more than 300 bricks were 

produced without the use of brick kilns, which consume a significant amount of energy and 

contribute to environmental pollution. In the experiment campaign, it was found that bricks 

reinforced with 2% human hairs, which are waste materials and pollute the environment, had a 

higher compressive strength than bricks currently available on the market. Additionally, the 

SBHF method also resulted in increasing compressive strength of prisms, satisfactory water 

absorption, and reduction of 30% in production cost compared to samples found on the market. 
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1. Introduction 

Masonry buildings are among the most vulnerable structures when subjected to earthquakes. 

These constructions are made of masonry walls sustaining vertical and lateral loads, roofs, and 

partitions. Buildings constructed with steel and concrete frames are increasingly common, but 

masonry structures remain popular in many parts of the world due to their favorable 

characteristics. In Iran, the number of permits issued for residential masonry building 

constructions in urban areas from 1990 till 2020 is approximately 40 percent. Including 

construction in villages, this will be above 40% [1]. Schools are another type of masonry 

structure in Iran. In accordance with [2], approximately 90 percent of Iran's schools are made of 

masonry structures and contain a large student population. Approximately 90% of Iran's area 

lies within the Alpine-Himalayan earthquake belt, which is among the world's most seismically 

active regions. This area has experienced a series of catastrophic earthquakes resulting in 

significant economic and social damage. Almost 126,000 people have been killed as a result of 

earthquakes that occurred in Iran during the 20th century, including 14 earthquakes of magnitude 

7.0, and 51 earthquakes of magnitude between 6.0 and 6.9. During this period nine cities were 

destroyed [3,4].  Furthermore, materials with appropriate resistance should be used other than 

designing and constructing principles. Bricks are naturally a major component of masonry 

buildings. The traditional method of making bricks consists of preparing raw material, drying 
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and firing them at high temperatures in kilns. In this instance, the mixture of clay and water is 

transferred to the brick kilns after drying, and then heated in kilns like the Hoffman kiln to a 

temperature of approximately 1000 degrees Celsius [5]. There are approximately 7000 active 

factories in Iran producing annually more than 50 million tons of masonry bricks. Most of these 

factories produce traditional bricks, machine bricks and blocks using old technology, which 

consumes a significant amount of energy during production. Non-metallic minerals consume 

39% of the total fuel in the industry sector. Brick industries consume 21% of the total industrial 

fuel consumption in this group on a national level. Considering this information, the importance 

of paying attention to environmental issues is highlighted [6]. As well as consuming a significant 

amount of energy, the high temperature kiln firing releases a large amount of greenhouse gases 

[7,8]. Clay bricks, on average, have an embodied energy of approximately 2.0 kWh and release 

about 0.41 kg of carbon dioxide (CO2) per brick [9,10]. Furthermore, many parts of the world 

are experiencing a shortage of clay. Some countries, such as China, have begun to limit the use 

of clay bricks in order to protect the clay resource and the environment [11-13]. As an alternative 

to traditional methods, new technologies are suggested as a way to avoid environmental hazards. 

As with many technologies, they require initial investments, high costs of setting up a production 

line, and the use of skilled labor. However, the use of new kilns requires energy sources, such 

as natural gas and this results in air pollution, even at small scales. Optimization of energy 

consumption was the subject of many studies [14-18]. In these researches, there were different 

types of alternative energy consumptions and the reduction of pollution in all stages of making 

bricks, like raw material acquisition, industrial production, packaging, and transportation. In 

addition to reducing energy consumption, the solution also reduced air pollution. In spite of all 

these efforts, energy consumption, particularly during brick preparation and production, and 

harmful outputs from the devices remained. The construction industry faced a growing number 

of environmental concerns. Resource efficiency, energy efficiency, pollution control, waste 

minimization, and indoor air quality were among the areas of concern. By identifying 

environmentally friendly, healthy building materials, the green building movement attempted to 

minimize the impact on the environment and the health of building occupants. 

Masonry structures often suffer from various forms of deterioration such as cracking, 

deformation, and loss of load-carrying capacity. To address these issues and ensure the long-

term stability and safety of masonry structures, various strengthening methods have been 

developed and employed. These methods include both traditional and innovative approaches. 

Traditional techniques such as repointing, grouting, steel reinforcement, and fiber reinforced 

polymers (FRPs) involve filling the cracks and gaps in the masonry with mortar, cement, or 

epoxy, inserting metal rods or plates across the cracks to improve the cohesion and integrity of 

the walls, and applying thin layers of composite materials made of fibers (such as glass, carbon, 

or basalt) and resin on the surface of the walls. As well as innovative approaches such as textile-

reinforced mortar (TRM) or fabric-reinforced cementitious matrix (FRCM), which involve 

applying thin layers of composite materials made of fibers (such as glass, carbon, or basalt) and 

resin on the surface of the walls, or a composite material that consists of a cementitious matrix 

reinforced with high-strength fabric, such as carbon or glass fibers. [19-25]. 

One of the methods used to improve the physical and structural properties of masonry materials 

is the use of fibers for making bricks. Fiber-reinforced bricks are a type of construction material 

that combine traditional brick-manufacturing techniques with the addition of reinforcing fibers. 

These fibers, usually made of materials such as glass, carbon, or synthetic polymers, are mixed 

into the brick mixture to enhance their mechanical properties and improve their overall 

durability. The concept of using fibers to reinforce building materials is not new, as it has been 

applied in various industries for decades. However, incorporating fibers into brick production 

has gained significant attention in recent years due to the numerous benefits it offers. The fibers 

used in the fiber-reinforced bricks act as a reinforcement medium, providing enhanced tensile 

strength and crack resistance. In addition to improved mechanical properties, fiber-reinforced 

bricks also exhibit enhanced thermal and acoustic insulation characteristics. Some of the 

beneficial features of this type of brick include increasing abrasion resistance, increasing shear 

strength and flexural strength, decreasing cracking and shrinkage, and being sustainable and eco-

friendly [26-29]. Many studies [30-32] considered the ecological impact of a building based on 
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the materials used in its construction. Building construction was analysed in a number of ways 

in order to ensure that environmental control standards are satisfied. The majority of these 

studies identified a number of sources of greenhouse gas emissions associated with building 

construction, including the containment, manufacturing, and transportation of building 

materials; energy consumption of construction equipment; energy consumption of processing 

resources; and disposal of construction waste, and then establish a method for calculating 

greenhouse gas emission.  Thus, using waste and materials which cause environmental damage 

can be one method of preventing environmental pollution. There have been numerous waste 

materials studied, including fly ash, mine tailings, wood sawdust, cotton waste, limestone 

powder, rice husk ash, and cement kiln dust [33-44]. A general classification of studies 

conducted in this field can be made into three different subcategories: firing, cementing and 

geopolymerization. In terms of energy and environmental concerns, geopolymerization is the 

preferred method of producing bricks from waste materials [45]. Another environmental 

challenge involves human hairs. In many countries, human hairs are considered potential 

biowastes, and improper disposal can lead to a variety of environmental issues. As a result of 

their unique characteristics, human waste hairs can be effectively utilized for a wide variety of 

purposes [46]. Hair threads are natural fibers composed of keratin, a protein containing sulphur 

originating from cystine. A hair's physical and mechanical properties are mainly determined by 

its geometry; these include elasticity, smoothness, volume, shine, and softness as a result of both 

significant cuticle scale adhering and movement control. Hair exhibits a high tensile strength, 

from 150 to 270 MPa, which is significantly dependent on strain rate and humidity. The large 

tensile extension affects the internal cortex and the surface cuticle [47,48]. The use of human 

hairs as waste materials in concrete is being investigated by many researchers in the area of 

concrete technology. These studies examined the effect of human hairs as fibers on the fresh, 

physical and mechanical properties of concrete. According to them, the compressive strength, 

tensile strength, and flexural strength of concrete samples were improved [49-52]. Adding 

human hair fibers to concrete can significantly increase its strength and durability over 

traditional concrete, with a 2% inclusion leading to notable improvements in the strength of the 

concrete in terms of compressive, tensile, and flexural properties as compared to conventional 

concrete [53], Masterbuilder, (2013) showed that, by adding human hair fiber, the bricks became 

stronger and less prone to water absorption, and human hair fiber provides a sustainable building 

material while reducing environmental pollution[54]. M. Manjunatha et al., (2021), reported on 

an experimental study on the use of human hair for enhancing concrete performance [55]. They 

resulted that the optimal dosage of human hair is found to be 2.5% by weight of cement for M40 

grade concrete and incorporating human hair improves the strength, durability, and workability 

of concrete, reducing water absorption and microcracks. 
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Despite these advances, limited research has addressed the application of human hair fibers in 

the production of masonry bricks, particularly non-fired masonry units. Moreover, the combined 

effects of hair content on compressive strength, failure behavior, masonry prism performance, 

and water absorption characteristics have not been comprehensively investigated. Therefore, this 

study aims to experimentally evaluate the feasibility of producing non-fired masonry bricks 

reinforced with human hair fibers as a low-energy and sustainable alternative to conventional 

fired bricks. The objectives of the research are to: (i) identify optimal material combinations for 

non-fired brick production, (ii) assess the influence of varying human hair content on the 

mechanical properties of brick units, (iii) evaluate the compressive behavior of masonry prisms 

constructed using the proposed bricks, and (iv) examine water absorption characteristics in 

accordance with relevant standards. The proposed approach is intended primarily for low-rise 

construction, rural housing, and regions with limited access to industrial brick manufacturing 

facilities. 

2. Brick-making methodology 

It is common for many countries, including Iran, to continuously alter their standard 

criteria, such as those contained in the Iranian Standard No. 7965 [56], for the consumption of 

energy in industries, such as that used for brick production. Therefore, to maintain 

synchronization and coordination with national and international developments in the field of 

industries, it is necessary to revise the standards as required. Today, it is clear that processes in 

the industry that promote optimal fuel consumption and are environmentally friendly are 

receiving attention and are being welcomed. The brick industry has no exception, as change is 

an integral part of its operations. 

In this research, the aim is to determine the compressive strength of the unfired masonry 

bricks made by reinforcing with human hairs, so the determination of other parameters is 

omitted. The dimensions of bricks have undergone many changes from the past until now. In 

the market, compressive bricks or Gary bricks are one of the oldest types of masonry blocks. 

The dimensions of these bricks are 5.5×11×22 cm, which are also available in the size of 

7×10×21 cm, and their weight is approximately 2.5 kg.  

2.1. Methods of making samples 

In general, the method used for production of bricks in this study are divided into two categories. 

1- Unreinforced bricks (without using human hairs). 2- reinforced bricks (with human hairs). 

The raw materials and their chemical compositions used in this study are listed in Table 1, and 

the ratios used are outlined in sections 2.1.1 and 2.1.2. 

 

Table 1. The raw materials and their chemical compositions used for making bricks 

Human Hairs 

(0.6-4.5%) 

Sand 

(14-20%) 

Stone powder 

(4-15%) 

Lime 

(4-15%) 

Cement (Type II) 

(14-20%) 

Clay 

(60-85%) 

Keratin 

(Protein): ~65-

95% 

(C): ~50-55% 

(O): ~20-25% 

(N): ~15-18% 

(H): ~6-7% 

(S): ~3-5% 

Minerals: <1% 

 

(SiO₂): 

~70-95% 

(Al₂O₃): 

~1-2% 

(Fe₂O₃): 

~0.5-1.5% 

(CaO): 

~0.1-1.5% 

(MgO): 

~0.1-0.5% 

(Na₂O): 

~0.1-0.6% 

(K₂O): 

~0.1-0.5% 

(CaCO₃): 

~95-98% 

MgCO₃): 

~1-3% 

(SiO₂): <1% 

(Fe₂O₃): 

~0.1-0.5% 

(Al₂O₃): 

~0.1-0.5% 

 

(CaO): 

~90-95% 

(MgO): 

~1-5% 

(SiO₂): 

~0.5-1.5% 

(Al₂O₃): 

~0.1-1% 

(Fe₂O₃): 

~0.1-0.5% 

 

(CaO): ~60-65% 

(SiO₂): ~18-22% 

(Al₂O₃): ~4-6% 

(Fe₂O₃): ~2-4% 

(MgO): ~1-4% 

(SO₃): ~2-4% 

(Na₂O + K₂O): 

~0.2-1% 

 

(SiO₂): 

~50-60% 

(Al₂O₃): 

~15-25% 

(Fe₂O₃): 

~3-10% 

(CaO): 

~0.1-1% 

(MgO): 

~0.5-3% 

(Na₂O): 

~0.1-2% 

(K₂O): 

~1-3% 
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2.1.1 Unreinforced masonry bricks 

In this research, these types of bricks are divided into two categories according to the type of 

materials used in their construction. 1- Bricks made using clay, lime, stone powder, Portland 

cement and water 2- Bricks are made from clay, sand, cement and water. Based on experience, 

the water amount needed for a mixture is 20% to 25% of sample’s dry weight. 

2.1.1.1. Category 1 

A basic mix of bricks is formed by combining raw materials, including clay, lime, stone powder, 

Portland cement, and water, according to the percentage quantities of Table 2. Materials are 

placed into brick molds and are allowed to dry in the ambient air. It was determined that the 

manufactured samples must dry completely for about 20 days before they can be tested for 

compressive strength assessment. In this method, the dough obtained from the raw materials 

should be uniform and without lumps. Several tests were conducted in the experimental 

campaign carried out. As a result of these tests, the dry weight of bricks obtained by this method 

is approximately 2200 kilograms. Additionally, approximately 22% to 28% water is required to 

prepare the initial dough. The amount of water added in this study was about 25%. 

Primary raw materials are fine-grained, and clay must be sieved. Moreover, the maximum 

diameter of the sand grains in this study is 2.36 mm, which is equivalent to ASTM grade 8 sieve. 

As a matter of fact, in the traditional method of producing bricks, the dried sample is transferred 

to brick kilns and heated at high temperatures for about 10 to 15 days. It is not necessary to use 

brick kilns in the method proposed in this study. Therefore, after drying, the samples are 

subjected to a pressure test to determine their strength. Table 2 shows the specifications of the 

11 types of samples investigated. 

 

Table 2. The brick specifications of Category 1 

Stone powder (%) Lime (%) Cement (%) Clay (%) Types 

4 4 14 78 Type 1 

6 6 16 72 Type 2 

8 8 18 66 Type 3 

10 10 20 60 Type 4 

- - 14 86 Type 5 

- - 16 84 Type 6 

- - 18 82 Type 7 

- - 20 80 Type 8 

10 10 - 80 Type 9 

15 - - 85 Type 10 

- 15 - 85 Type 11 

  
Figures 1 and 3 show pictures of Category 1 bricks ranging from type 1 to type 11. 

 

 

 
 

b) Bricks type 2 a) Bricks type 1 
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d) Bricks type 4 c) Bricks type 3 

  

f) Bricks type 6 e) Bricks type 5 

  

h) Bricks type 8 g) Bricks type 7 

Fig. 1. Unreinforced masonry bricks of Category 1 (made of clay, lime, stone powder, 

Portland cement and water) ready for testing 

The Figure 1, shows that the samples are free of cracks and can be tested for compressive 

strength. In Figure 2, the results of the compression tests on the first eight samples obtained in 

accordance with Table 2 are presented. In order to investigate this issue, the numerical average 

of the compressive strength of the samples was calculated. 

 
Fig. 2. Numerical average of the compressive strength of the Category 

1 samples from type 1 to type 8 
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As for other bricks made from types 9, 10 and 11, they had large cracks and are not subjected to 

the compressive strength test. Figure 3 shows pictures of the mentioned samples. 

   
c) Bricks type11 b) Bricks type 10 a) Bricks type 9 

Fig. 3. Unreinforced Masonry Bricks of Category 1 (made of clay, lime, stone powder, 

Portland cement and water) not suitable for testing 

According to the ASTM C62-13a standard [57], compressive masonry bricks must meet the 

following minimum requirements before they can be used for constructions. The minimum 

compressive strength of a brick should be greater than 8.43 N/mm2 and the minimum average 

compressive strength of 5 bricks should be greater than 10.1 N/mm2. On the basis of the diagram 

shown in Figure 2, it can be seen that none of the proposed samples are expected to meet these 

requirements. Consequently, these bricks are not suitable to be used as structural materials. The 

solution proposed in this study is to choose the best combination of the brick constituents and 

then mix them with sand, as discussed in Section 2.1.1.2. As seen from the above Figure 2, type 

8 bricks have the best performance, so that this type is chosen as masonry block to be 

strengthened. 

2.1.1.1. Category 2 

In this section, bricks are made by mixing sand, cement and clay with water in the proportions 

shown in Table 3. As in Section 2.1.1.1, 20 days are considered for complete drying of the 

samples. This brick consists primarily of Iranian high-quality clay, that is suitable for making 

these building components. The constitutive materials of bricks are combined to each other based 

on different weight ratios. Finally, the most optimal combination is selected to be strengthened 

with human hair and evaluated under compression tests. 

Table 3. Specifications of Category 2 bricks 

Sand (%) Cement (%) Clay (%) Types 

14 14 72 Type 12 

16 16 68 Type 13 

18 18 64 Type 14 

20 20 60 Type 15 

Figure 4 shows an example of these bricks, which are made from sand grains with a maximum 

diameter of 2.36 mm. Accordingly, this number was chosen based on the construction and 

evaluation of different samples made using grade 4 and 8 sieves. 

 
Fig. 4. Unreinforced masonry bricks made of clay, sand, cement and water 
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As can be seen, the appearance of this brick is free from cracks, so to be completely suitable for 

testing. In Figure 5, the average compressive strength of the samples of Table 3 after performing 

the compressive tests is shown. 

 

 
Fig. 5. Numerical average of the compressive strength of the Category 2 samples  

Figure 5 shows that the average compressive strength of samples has increased appropriately. 

However, the extracted average compressive strength is less than the minimum requirement 

provided by the ASTM C62-13a standard. As a result, type 16 is selected as the most appropriate 

brick. Therefore, it will be reinforced by human hairs as natural fibers and its performance will 

be evaluated in the next section. 

2.1.2. Reinforced masonry bricks  

As a result of the Sections 2.1.1.1 and 2.1.1.2, the most optimal composition is that of Type 16 

brick, which is chosen as the main material to be reinforced. Most parts of the world consider 

human hairs to be waste materials and their accumulation in waste streams can have detrimental 

effects on the environment. Using hairs as reinforcing fibers in the bricks can help reduce 

environmental pollution. In addition, bricks reinforced by human hairs can be used in the 

construction of masonry buildings. In the Section 2.1.2.1, the brick type 16 is reinforced and 

examined using human hairs. Different standards have proposed various characteristics for 

checking masonry bricks. In this research, the compressive strength test of brick units, the 

flexural strength test of brick units, the compressive strength test of masonry prisms, and the 

water absorption percentage test were performed on the samples and their performance was 

investigated. Adding more fibers can usually cause clumping or uneven distribution, which 

complicates the mixing process. In order to achieve uniform dispersion of the hair fibers 

throughout the mixture, mixing time, speed, and technique need to be carefully controlled. 

Adjustments such as optimizing the mixing order (e.g., adding fibers gradually) or utilizing 

specialized mixers designed specifically for fiber-reinforced materials may be required in order 

to overcome these challenges. Additionally, the fiber length and quantity should be controlled 

to ensure workability without compromising the mechanical properties of the masonry bricks. 

These factors are essential for maintaining the quality of the mix as well as ease of handling 

during the production process. Raw materials are mixed using a mixer. Additionally, the fibers 

used in the mixture were hairdressing waste. The maximum fiber length was 7 cm. An illustration 

of the dry mixture and hair fibers is showed in Figure 6. 
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b) Dry mixture a) Hair Fibers 

Fig. 6. Illustration of the dry mixture and hair fibers 

 

 2.1.2.1 Compressive strength of reinforced masonry brick units  

As a next step, Type 16 brick is reinforced using eight different percentages of human hairs as 

mixture additives, as shown in Table 4, and the compressive strength of the resulting eight brick 

types has been experimentally evaluated. In accordance with the large number of tests carried 

out, the amounts of human hair fibers less than 0.6 percent and greater than 4.5 percent were 

found to have a negative effect on the compressive strength of the samples, therefore experiments 

were conducted using the ratios shown in Table 4. 

Table 4. Reinforced bricks by human hairs as mixture additives 

Human Hair (% by 

dry weight of 

bricks) 

Sand (%) Cement (%) Clay (%) Types 

0.6 20 20 60 Type 16 

0.8 20 20 60 Type 17 

1 20 20 60 Type 18 

1.2 20 20 60 Type 19 

1.6 20 20 60 Type 20 

2 20 20 60 Type 21 

3 20 20 60 Type 22 

4.5 20 20 60 Type 23 

Figure 7 shows an example of these bricks containing 2% and 3% of human hairs. 

 
 

Fig. 7. Reinforced masonry bricks 

 

Figure 8 shows the compression properties of these bricks made from the combination of the 

basic materials with hairs after undergoing a pressure test. Due to the presence of hair fibers, this 

type of brick has no initial cracks and did not suffer shrinkage. Furthermore, the appearance of 

the bricks is very regular and free of cracks. 
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Fig. 8. Numerical average of the compressive strength of the reinforced samples 

 

As can be seen in the diagram of Figure 8, the average resistance of the samples has increased 

significantly, Specifically, the average compressive strength increased from approximately 10.5 

MPa for the unreinforced control specimens to about 15.0 MPa for bricks reinforced with 2.0% 

human hair fibers, corresponding to an improvement of approximately 43%. In other words, 

depending on the amount of human hairs, the average compressive strength has increased 

compared to samples without hairs. Moreover, all single-made samples reinforced with hair 

fibers have a compressive strength more than 8.43 N/mm2 and also an average compressive 

strength (evaluated on 5 bricks) of all types, except than type 23, greater than the minimum value 

of 10.1 N/mm2. Based on Figure 8, it can be seen that the process of increasing compressive 

strength was not continuous, and after an upward trend, it began to decline. In Figure 9, the 

average compressive strengths of the samples reinforced with hair fibers are shown in terms of 

the percentage of hairs used. This enhancement can be attributed to the crack-bridging effect of 

randomly distributed human hair fibers, which restrain the initiation and propagation of 

microcracks and improve stress redistribution within the brick matrix under compressive 

loading.   It should be noted that the proposed empirical relationship is valid only within the 

investigated fiber content range (0.6–4.5%), and extrapolation beyond this range may lead to 

unreliable predictions. 

 

 
Fig. 9. Average compressive strength of the samples based on the percentage of 

hairs used (type 16- type 23) 

According to Figure 9, the highest average compressive strength was obtained for 2% of human 

hairs, and with an increase in hair, the average compressive strength decreased significantly. 

Therefore, the compressive strength of the samples with hairs is approximately the same as that 
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of the samples without hair at 4.5%. This indicates that the addition of hair to the samples is not 

always considered a positive factor. Instead, it is imperative to determine the optimal amount of 

hairs to be added to the samples. A value of 2% is considered to be the most appropriate value 

here. In this research, using regression analysis, a transient optimal curve was estimated from 

the points displayed in Figure 9 and shown in Figure 10 using SPSS software [58]. 

 

 
Fig. 10. Comparison of the original diagram and the traced scatterplot of 

compressive strength versus human hairs percentage 

 
Equation 1 shows the relationship extracted from Figure 10 between the percentage of human 

hairs used and the average compressive strength of bricks made with the proposed wastes in this 

research. Hence, the compressive strength can be determined from this equation by considering 

the hair percentage as follows: 

 

𝑃 = −1.03ℎ2 + 4.72ℎ + 8.39 (1) 

In the above relationship, P represents the average compressive strength of the samples and h 

represents the percentage of hairs used in the samples. Based on a comparison between the graph 

obtained from this equation and the actual graph of the samples, we can conclude that the results 

of this equation are usable, since only a 10% error in the worst case scenario is provided. For the 

purpose of comparing the proposed bricks with bricks currently available on the market, bricks 

made in Fars province of Iran have been used. The average compressive strength of 5 of these 

bricks is 13.63 N/mm2. It is evident from the comparison of this resistance to the values shown 

in Figure 7 that the average compressive strength of types 20 and 21 exceeds this value, so that 

they are suitable for construction purposes. A very important aspect of these bricks is how they 

break. Figure 10 illustrates broken samples under net compression for comparison. 

  
Fig. 11. broken samples under net compression 

 

It can be seen from Figure 10 that when the fractures of proposed samples and those of Gary 

bricks are compared to each other, the former blocks have a very favorable fracture pattern and 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



12 

did not undergo brittle failure. As masonry structures typically experience sudden failures during 

earthquakes, this can be a desirable feature. Moreover, the cost of producing each brick is another 

advantage of this type of product. It is estimated that the SBHF method will reduce brick costs 

by about 40% when compared to the cost of construction and transportation to the project site. 

This significant cost reduction for establishing environmentally friendly local businesses is one 

of the positive aspects of this research methodology. 

 2.1.2.2 Flexural strength of reinforced masonry bricks 

The flexural strength of materials is another measure of load resistance characteristic. This test 

is also performed in accordance with ASTM C67. Therefore, in this section, 5 samples of the 

proposed reinforced bricks are tested using the flexural strength measuring instrument for 

masonry bricks as shown in Figure 11, and their average value is extracted. 

 
Fig. 12. Flexural strength test of reinforced masonry bricks 

To provide a comparison, Gary bricks' bending strength has also been calculated. A comparison 

has been made between this value and the value obtained for the proposed bricks in Table 5. 

Table 5. Flexural strength of bricks 

Coefficient of variation 

(C.O.V.) 

Flexural Strength (N/mm2) Type of Brocks 

14.97 % 
2.67 Proposed Bricks 

3.61 Gary Bricks 

According to Table 5, the average flexural strength of the proposed bricks is approximately 35.3 

% lower than the corresponding value for Gary bricks. Since human hairs are uniformly 

distributed throughout the entire volume of the proposed bricks, the compressive strength of the 

proposed bricks has been increased. However, in the flexural test, there is only one part of the 

hair used in the compressive part of the brick cross-section, and another part in the tensile part, 

and as human hairs are most effective in the compressive part, bricks' flexural capacity has been 

reduced compared to Gary bricks. Unlike synthetic fibers with controlled orientation, randomly 
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dispersed human hair fibers do not effectively align along the tensile stress trajectory, which 

explains the reduced flexural performance observed. 

2.1.2.3 Compressive strength of reinforced masonry prisms  

Due to the fact that a masonry structure is comprised of bricks and mortar, its behavior under 

vertical and seismic loads will be influenced by the characteristics of its constituent components. 

Therefore, a compressive strength test of the masonry prism has also been carried out in this 

research. For this purpose, according to ASTM C1314, a masonry prism is constructed using 4 

bricks and 3 layers of 10 to 12 mm thick mortar. To evaluate the effectiveness of bricks 

reinforced with 2% human hairs, their compressive strength is compared with the compressive 

strength of Gary brick prisms. Making mortar with the right materials and mixing ratios plays 

an important role in the compressive strength of masonry prisms. For this purpose, in this 

research, fine sand with a diameter of 2.36 mm, which is within the range of the ASTM C144 

standard [7], was used in conjunction with Portland cement type 2 with a mixing ratio of sand to 

cement of 1:3. Figure 12 illustrates an example of this type of prism. In this study, three samples 

of masonry prisms were made and the prism's compressive strength was determined by the 

numerical average of the samples' compressive strengths. Also, 3 And finally, the average 

compressive strength is considered as the compressive strength of the prism obtained from Gary 

bricks. Table 6 shows numerical results. The improved prism strength indicates enhanced brick–

mortar interaction and suggests better load redistribution capacity at the assemblage level, which 

is critical for masonry performance under seismic loading. 

Table 6. Flexural strength of masonry prisms 

Coefficient of variation 

(C.O.V.) [%] 

Compressive Strength 

(N/mm2) 

Type of prisms 

6.1 % 
5.22 Proposed Bricks 

4.62 Gary Bricks 

 

 
Fig. 13. Masonry prism is constructed using 4 bricks and 3 layers of mortar 
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Based on Table 6, it is evident that the average compressive strength of prisms made with the 

SBHF method is 12.95% higher than the average compressive strength of prisms made with 

Gary bricks. In which the SBHF method is shown to produce bricks with the proper performance.  

 

 

2.1.2.4 Water Absorption of reinforced masonry bricks  

Water absorption is one of the criteria used to determine the standard performance of a brick. 

For different geographical conditions, this criterion may have a different value. In the event that 

the brick has a very limited ability to absorb moisture, the mortar becomes weak, and because 

there is insufficient water for the hydraulic reaction of the cement, there is no good contact 

between the brick and the mortar, and as a result the strength of the structure is reduced. 

Additionally, if a lot of water is absorbed by the brick, the strength and durability of the structure 

will be adversely affected. Depending on the weather conditions, different countries have 

suggested different numbers as appropriate ranges. To control this issue, the method of boiling 

for 5 hours was used according to the national standard of Iran (INSO 7, 2017). In this method, 

samples are dried first and their dry weight is determined. Following this, the samples should be 

placed in water so that the water can freely flow over their entire surface. Following the 

placement of the samples in the tank, the water should be heated to boiling within one hour, and 

then maintained at boiling for five hours. Following this period, the sample should be removed 

from the heat source so that the samples will reach room temperature by natural heat loss over 

the following 16 to 19 hours. After the samples have been removed from the water tank, the 

saturated weight is determined, and the water absorption percentage is calculated. This standard 

specifies that masonry bricks should absorb no more than 25% and no less than 6% of water. In 

this research, as shown in Figure 13, 5 bricks made by the SBHF method were selected and 

tested. According to the obtained results, the water absorption percentages of the samples were 

24.72, 23.8, 22.41, 23.56, and 22.84. The presence of hair fibers likely interrupts continuous 

pore channels, limiting excessive water ingress while maintaining sufficient absorption for 

proper mortar bonding. As a result, it can be concluded that the bricks performed satisfactorily 

from a water absorption standpoint. 

 
Fig. 14. Water absorption test on hair reinforced masonry bricks 

Considering that in this research, human hair fibers were used in a city in Iran, it is possible that 

the properties of human hair in other regions differ from those used in this research. This 

phenomenon could change the optimal percentage of hair fiber selection based on compressive 
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and flexural strength. Due to the fact that these bricks were dried naturally, the time needed for 

the bricks to reach their final strength can vary depending on their geographical location. Another 

parameter that affects the results to some extent is the type of clay used in different areas. 

 

 

3. Conclusions 

A novel method of reducing energy consumption and utilizing waste materials in brick 

manufacturing is presented in this article due to the high level of energy consumption and 

environmental pollution involved in the manufacture of masonry fired bricks. Various raw 

materials were used to prepare samples for testing and the following results were obtained. 

1. Bricks reinforced with 2% human hair have a higher compressive strength than traditional 

bricks (Gary bricks) available on the market. It should be noted that this amount of human hairs 

was not necessarily the maximum amount of wastes to be used. 

2. No need for skilled labour to produce these bricks. 

3. By comparing the broken samples of bricks manufactured by existing methods with those 

manufactured by the proposed wastes in this article, it was observed that traditional bricks are 

extremely brittle and the destruction of walls constructed with these bricks will be instantaneous. 

In spite of this, the broken brick samples produced by the proposed wastes remained intact and 

were not completely broken. 

4. The compressive strength of the produced samples meets the minimum standards. In 

comparison to the fired samples based on the percentage of hair used, the strength of the samples 

increased. 

5. Since human hairs are environmental pollutants, these waste products entered the production 

cycle and were used in a suitable way. 

6. A masonry prism constructed from the proposed bricks performed satisfactorily in the 

compressive test compared to Gary bricks. 

7. As it explained in section 2.1.2.2, the flexural strength of the proposed bricks is lower than 

the corresponding value for Gary bricks. Because, in a flexural test, the brick is subjected to both 

tension and compression forces. It is important to note that human hair is only useful in support 

zones, so the tensile areas of the brick are not adequately reinforced, which decreases the brick’s 

ability to resist bending as compared to Gary bricks. C.O.V equal to 14.97 % was obtained in 

this case. 

8. As it showed in section2.1.2.3, it is evident that the average compressive strength of prisms 

made with the SBHF method is 12.95% higher than the average compressive strength of prisms 

made with Gary bricks. As masonry structures' behaviour is a function of their masonry bricks' 

combined behaviour, this feature demonstrates the superiority of the proposed bricks. This case 

results in a C.O.V coefficient of 6.1 %. 

9. Water absorption by bricks reinforced with human hairs falls within the standard range of 

regulations.  
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