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ABSTRACT 

  

Human hair is a waste that needs to be disposed of properly since this waste has an 

unlimited supply and will take time to decompose. Proper utilization and repurposing of 

this waste will make the environment cleaner by developing cement fiberboard products. 

Reinforcing the cement will be a step up since hair fiber is an excellent addition to the 

cement's characteristics due to the hair's high tensile strength. This research aims to study 

the utilization of human hair fiber as a reinforcement in cement fiberboard and specifically 

to evaluate its effect, particularly on bulk density, water absorption, flexural strength, 

compressive strength, and fireproof capability, by following the American Society for 

Testing Materials (ASTM) guidelines. All these tests will be performed to observe the 

effectiveness of using human hair fiber in a cement fiberboard. Based on the results, adding 

a percentage of human hair fibers to a cement fiber board will improve some of the 

mechanical properties of the board, especially the flexural strength, proving that hair fibers 

have excellent tensile strength. The addition of human hair fibers increased the strength of 

the boards compared to controlled mixed samples, which proved that these fibers could be 

used as a viable alternative natural fiber for cement fiberboard and will also reduce human 

hair waste. 
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Abstract— Waste materials like human hair are 

abundant in everyday life and produced in large 

quantities that cannot be putrefied. This waste is 

responsible for clogging sewage lines and polluting the 

environment. However, one advantage of human hair is 

its tensile strength. The tremendous tensile strength of 

human hair makes it comparable in strength to the 

copper wire of the same diameter. As a result, human 

hair is used as a reinforced fiber in concrete. This 

research aims to study the utilization of human hair 

fiber as a reinforcement in cement fiberboard and to 

evaluate its effect, particularly on bulk density, water 

absorption, compressive strength, flexural strength, 

and fireproof capability. After 28 days of curing, the 

250mmx250mmx10mm and 70mmx70mmx70mm 

samples with a design mix ratio of 3:1 (cement: sand) 

where cement was replaced by human hair fibers by 

weight percentages of 1%, 1.5%, and 2%, and plain 

concrete with 0% human hair fiber as the controlled 

mix and a water-cement ratio of 0.46 were tested for 

their mechanical properties. Based on the results, 

adding human hair fibers to a cement fiber board can 

improve some of the mechanical properties of the 

board, especially the flexural strength, proving that 

hair fibers have excellent tensile strength. The addition 

of human hair fibers increased the strength of the 

boards compared to controlled mixed samples, which 

proved that these fibers could be used as a viable 

alternative natural fiber for cement fiberboard and will 

also reduce human hair waste. 

 

Keywords—i Cement fiber board (CFB), Human 

hair fiber (HHF), Acetone, Tensile, Copper wire 

I. INTRODUCTION 

The Philippines has a population of approximately 

113.9 million, and this number of people will 

contribute to producing waste material from the 

body, such as nails, earwax, sweat, and human hair. 

These wastes can be massive environmental 

pollutants and harmful to people’s health when they 

are not correctly disposed of, like hair dust, which 

leads to tuberculosis, and hair fumes when burned, 

leading to lung failure [1]. Human hair waste is found 

in abundance in everyday life. These waste are 

produced in large quantities and estimated to be 6.9 

× 105 tonnes each year [2] and cannot be easily 

putrefied, which can end up in the streams or 

drainage systems in the community, where it will 

take several years to decompose [3]. With a 

population of approximately 2,770,000, Quezon City 

is in the number one spot. Next is Manila, which has 

approximately 1,600,000 people, and the third City 

has a population of 1,500,000, which is Caloocan. 

The fourth is Davao City, which has 1,215,000 

people. These significant cities produce human hair 

waste daily.  
Since the earliest days, numerous researchers 

have studied human hair as a reinforcement in 
concrete because it is the most affordable and 
environmentally friendly fiber [4]. Hair fibers are 
formed by a protein known as keratin, which gives 
the hair flexibility, strength, and durability [5]. This 
kind of fiber became the optimum researchable 
material due to its tremendous tensile strength, 
which enhanced the performance of concrete and 
reduced environmental pollutants. The tensile 
strength of these fibers was similar to that of a 
copper wire with the same diameter [6]. Hair fibers 
were used as a secondary reinforcement to prevent 
the concrete from forming hairline cracks and 
control drying and plastic shrinkage [7]. Also, these 
fibers were considered a stabilizing agent, and with 
the specific length and diameter, these fibers were 
used to strengthen the weak soil and improve the 
soil's durability [8]. 

Cellulose fibers are the key ingredient for 
cement fiber board, and cellulose fibers can be 
produced in plants, wood, and vegetables [9]. Strong 
typhoons, floods, climate condition and grass fires 
can affect the size and quality of a natural fiber 
which results to a huge problem in cultivating 
cellulose fibers [10]. For this reason, this will have 
a huge impact on the future of the construction 
industry since the country is now a progressive 
country. In the near future, all of these construction 
products will increase in price due to demand. The 
cost of concrete board is rising daily as a result of 
the use of naturally occurring materials, making it 
uneconomical for structural purposes. Fibers can be 
used to control the hairline cracks and pores that 
develop in concrete as a result of plastic and drying 
shrinkage [11] and in order to reduce permeability 

mailto:aiciteruu624@gmail.comAbbey
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and bleeding water. Fibers like polypropylene 
fibers, nylon fibers, tailored fibers, glass fibers, and 
carbon fibers have been used to overcome these 
obstacles and create practical economic solutions 
[7]. For this reason, human hair can be a huge 
alternative to cellulose fibers by utilizing human 
hair that is only waste and make it useful, that is 
why natural fiber like human hair was used in this 
study as a reinforcement in cement fiber board. 

The main objective of this research is to study 
the utilization of human hair fiber as a concrete 
additive to develop a cement fiber board with 
natural fibers. Specifically, to evaluate the effect 
of human hair fiber as a reinforcement of the 
cement fiber board, particularly with bulk density, 
water absorption, fire capability, compressive 
strength and especially with the flexural strength. 

  This research aims to study human hair fiber's 
utilization in cement fiber board with natural 
fibers. Specifically, to evaluate the effect of human 
hair fiber as a reinforcement of the cement 
fiberboard, particularly with bulk density, water 
absorption, fire capability, compressive strength, 
and especially with flexural strength. 

 This study benefits both the construction 
industry and the environment. Using human hair 
on a cement fiberboard could help the construction 
industry search for affordable and practical 
building materials that can be used in the future. 
At the same time, using human hair fibers can 
reduce the problem of human hair waste. 

 This research focuses on using varying 
percentages of human hair fiber as a concrete 
additive and reinforcement of the cement fiber 
board. In this study, the researchers investigated 
the effect of human hair fiber on physical and 
mechanical properties like water absorption, bulk 
density, compressive strength, and flexural 
strength. 

II. MATERIALS AND METHODS 

A. Conceptual Framework  

Figure 1 shows the conceptual framework of this 
study using an input-process-output system. In the first 
stage, the researchers gathered all the materials 
needed. The second stage focused on preparing the 
materials required for the study, and the researchers 
did all the particular tests with the samples. The last 
step was evaluating the specimens. Specimen with a 
total of 25 pieces with different percentages of human 
hair fiber by: 0%, 1%, 1.5%, and 2%.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

                    Fig 1. Conceptual Framework of the Study 

B. Materials and Resources  

Type I Portland cement, local fresh water, and 
fine sand that passed through sieve no. 8 and 
retained in sieve no. 200 were used for this study 
and acquired in the nearest stores. The human hair 
waste was collected from some households' 
bathroom floor drains and salons.  

C. Methods and Procedures  

1. Mixture Proportion 
The mortar-designed mix proportion chosen for the 

preparation of the specimens was 3:1(Cement: Sand) 

with a water-cement ratio of 0.46 [13]. The cement 

was replaced by varying percentages of the human 

hair fiber (0%, 1%, 1.5%, and 2%) by weight, as 

shown in Table 1, and taken as the control mix was 

the plain cement fiberboard with 0% hair fiber. 

 
 Table 1: Designed mix proportion of each specimen 

Cement: Sand Water-Cement 

 Ratio 

Hair Fibre 
(By cement 

weight) 

3:1 0.46 0% 

2.97:1 0.46 1% 

2.95:1 0.46 1.5% 

2.94:1 0.46 2% 

 

2. Procedure for the preparation of the specimens 

a. Preparation of human hair fibres 

The collected human hair fibers were washed with 

acetone to ensure the removal of unwanted particles 

and for polishing purposes. The hair fibers were air-

dried for one day to remove the moisture. After air 

drying, the hair fibers were cut to the same length of 

35mm to ensure uniform distribution. 

 

b. Preparation of the specimens 

The weight of each constituent for each specimen 

is in Tables 2 and 3 below. The cement and sand were 

thoroughly mixed for one minute at a dry 

temperature. Water and the required quantity of 

human hair fiber were also added, and the hair fiber 

should be distributed equally and thoroughly mixed 

until a uniform color was obtained. The mixture was 

poured into a mold. After 24 hours, the specimens 

Collection 

of human 

hair waste 

from the 

different 

salon and 

hair that are 

found in the 

bathroom 

floor drains 

Preparation of 

the materials 

and testing for 

compressive 

flexural 

strength, bulk 

density, water 

absorption test 

and fireproof 

capability by 

the standard 

procedure 

INPUT OUTPUT PROCESS 

Cement fiber 

board with 

human hair 
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were removed from the molders and submerged in 

the water for 28 days for proper curing. Five samples 

were prepared for each treatment with different hair 

fiber percentages corresponding to 250 mm x 250 

mm x 10 mm [13] for flexural strength, water 

absorption, bulk density, and fireproof test and 

specimens with sizes of 70x70x70mm for 

compressive strength testing. 

 
Table 2: Weight of the constituents per specimen with the 

size of 250x250x10mm 

Fibre % Cement 

(g) 

Sand 

(g) 

Water 

(g) 

Fiber 

(g) 

0% 750 250 345 0 

1% 742.5 250 345 7.5 

1.5% 738.75 250 345 11.25 

2% 735 250 345 15 

 

Table 3: Weight of the constituents per specimen with the 

size of 70x70x70mm 

Fibre % Cement 

(g) 

Sand 

(g) 

Water 

(g) 

Fiber 

(g) 

0% 450 150 207 0 

1% 445.5 150 207 4.5 

1.5% 443.25 150 207 6.75 

2% 441 150 207 9 

 

D.  Testing of cement fiber boards 

All the specimens with different percentages of 

human hair fibers, such as 0%, 1%, 1.5%, and 2% per 

weight of cement, were tested to obtain the needed 

results. The sample's bulk density was determined 

using the water displacement method by measuring 

the volume of the mass of an example. The 

mechanical properties of concrete have a high impact 

when it comes to density. The fiberboard density will 

vary depending on the mixture used on each 

specimen. Water absorption provides preliminary 

quality-control information to determine whether 

water needs to be added or removed from the soil, 

and these were determined by testing the samples as 

per ASTM C1185. The conduction of the 

compression strength test was per ASTM D1037, and 

the results were measured using the standard 

compressive testing machine. A flexural strength test 

was also performed to measure the tensile strength of 

the CFB, and the results were determined using the 

universal testing machine as per ASTM C1185. The 

last test performed was the fire-proof capability, and 

the results were determined per the procedures given 

by ASTM E84. 

III. RESULTS AND DISCUSSIONS 

A. Water absorption test result  

To evaluate the percentage of water absorbed by 
each specimen, water absorption per ASTM C1185 
was conducted. Figure 2 shows the average water 
percentage absorbed by the samples with different 
hair fiber content after 24 hrs. The results of the 

specimens range from 7.36% - 13.86%. The 
specimen with 2% of hair fiber has the highest 
percentage of water absorbed, which is 13.86%. The 
main reason for the increase in water absorption as 
the fiber content increases is due to the high 
capacity of the untreated natural fibers to absorb 
water [14,15], and this could create impurities and 
voids between the fiber and concrete, which will 
result in poor bonding caused by the low capacity of 
the concrete mixture and weak interfacial adhesion 
throughout the procedure. The presence of voids 
between the fibers and concrete caused the water to 
be trapped, increasing the specimens' composite 
weight. Therefore, the higher the percentage of hair 
fibers added to the sample, the higher the rate of 
water absorbed, which is also why each specimen's 
weight increased. 

 

 

 

 

 

 

 

 

 

 

 
 

 

          Fig. 2 Average result of water absorption with 

varying fiber percentage 

B. Bulk density 

Figure 3 shows the results of the specimen's 
density with varying percentages of hair fibers. The 
samples' density was evaluated after 28 curing days 
using the water displacement method. The results 
range from 1913.04 kg/m3 to 1647.06 kg/m3. The 
density of the samples is mainly influenced by their 
weight and especially by the mixture used on the 
specimens. CFB with 0% hair fiber has the highest 
result of density with 1913.04 kg/m3 since it is 
composed of 100% cement, while CFB with 2% 
hair fiber added to the mixture has the lowest value 
of density, which is 1647.04 kg/m3. The density of 
these samples decreased as the hair fiber increased 
because the more voids and impurities there were, 
the lower the sample density. This result is related 
to the compressive strength of the specimens 
because when the fiber content increases in the 
instance, the compressive strength also decreases. 
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Fig. 3: Average results of bulk density with varying 

fibre percentage. 

C. Compressive strength test result 

After 28 days, the specimens were tested by 

applying increasing compressive load until failure 

occurred as per ASTM D1037. The results are shown 

in Figure 4. Twenty (20) samples were prepared for 

the compressive strength test, five (5) specimens for 

each percentage of hair fiber. The bar graph shows 

the average value obtained from the compressive test 

result, which ranges from 11.53 – 15.638 𝑁/𝑚𝑚2, 

while the error bars show the highest and lowest 

average value results of the specimen. CFB with 

1.5% hair fiber has the highest average outcome 

value, while CFB with 2% fiber has the lowest mark. 

The results of the specimens with 1% and 1.5% 

human hair are much higher than the controlled mix 

sample, which is the CFB with 0% fibers and CFB 

with 2% hair fiber is lower than the controlled 

sample, which means adding hair fibers to the 

specimens contributes to increasing the compressive 

strength of the cement fiber board. However, the 

result decreased when the added hair fibers reached 

2%. This only means that the compressive strength 

of the samples will fall if the addition of hair fiber in 

the mixture comes more than 1.5% hair fiber, and this 

is because the more fiber added to the specimen, the 

more voids are present in the mix. The overcrowding 

of the fibers has led to a reduction in binding between 

the cement and fibers, all of which have a massive 

effect on the material's compressive strength. Also, 

the natural fiber quality can only strengthen the 

tensile strength but not the compressive strength of 

the specimens [16]. On the other hand, the 

compressive average strength of the CFB with 1.5% 

fiber is 15.638 𝑁/𝑚𝑚2 which is the highest, is almost 

42% less than the comparison material of 26.9 

𝑁/𝑚𝑚.  
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Compressive strength results after 28 days 

D. Flexural strength test result 

Figure 5 shows the results obtained from the 

flexural strength test of the specimens with various 

percentages of human hair fiber. These specimens 

were tested after 28 days, and based on the results, 

CFB with human hair fibers gained higher flexural 

strength than the controlled mix samples (0%). The 

average value of the results is shown in the bar graph, 

which ranges from 4.92 MPa to 7.76 Mpa, while the 

error bars show the specimen's highest and lowest 

average value results. CFB with 1.5% hair fiber has 

the highest average value of 7.76 MPa, while CFB 

with 0% hair fiber has the lowest average test result 

of 4.92 MPa. The increase in flexural strength of the 

specimens might be due to the addition of hair fibers 

since human hair fibers have a unique property of 

flexibility and high tensile strength. 

   Further expansion of the fiber reveals a decrease 

in the outcome of the specimens with 2% hair fiber. 

Visual observations during the concrete mixing 

revealed that the fibers turn spherical at 2% of human 

hair, making it challenging to separate them. 

   On the other hand, the flexural strength of the 

cement fiber board with human hair is much higher 

than the comparison material of 4.15 𝑁/𝑚𝑚2 

according to ASTM C1185. CFB with 1.5% hair 

fiber has the highest average result, being almost 

87% stronger than the comparison material of 4.15 

𝑁/𝑚𝑚2, proving that human hair fiber can be used as 

an alternative natural fiber for cement fiber board. 
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Fig. 5: Flexural strength results after 28 days 

E. Fire proof capability 

a. Comparison of the average weight between the 

unburnt and burnt samples after 60mins 

       

      Figure 5 shows the specimens’ average weight 

after being exposed to a controlled environment 

burning process for about 60 minutes. The graph 

shows that the specimen’s average weight decreased 

after burning the samples. The initial average weight 

of the specimens ranged from 1.43 kg to 1.46 kg, but 

after burning, the pieces lost approximately 100 

grams of their weight. The weight lost in the cement 

fiber board is due to the conversion of the moisture 

present in the CFB to vapor, also called evaporation 

[17].  

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Comparison of the average weight between the 

unburnt and burnt samples after 60mins 

 

 

 

 

 

 

 

 

b. Visual observation of the cement fiber board after 

exposure to fire. 

 

Figure 6 shows the specimens with different 

percentages of human hair fiber. A has 0% hair fiber, 

B has a content of 1% hair fiber by cement weight, C 

has a 1.5% of HHF, and D has the highest hair fiber 

content, which is 2%. These specimens with different 

percentages of human hair fiber were exposed to a 

controlled-environment burning process for about 

one hour. The figures show the behavior of the 

fiberboard after 60 minutes of fire exposure. The 

discoloration of the fiberboard observed above is 

only due to the smoke from the fire. The CFB with 

0% of human hair fiber developed more hairline 

cracks than those CFB with 1%, 1.5%, and 2% of 

HHF. There was no shrinkage observed after the 

burning of the specimens. All of these observations 

are because of the main advantage of natural fibers in 

reducing the drying shrinkage and cracking of a 

cement fiber board [21]. 

 

 

  
 

  
Fig. 7: Visual observation of the cement fiber board 

after exposure to fire 

 

IV. CONCLUSIONS AND FUTURE WORKS 

     The researchers studied the effect of using 

human hair with a length of 35mm as a reinforcement 

in cement fiber board. Adding human hair can 

improve some but not all of the mechanical 

properties of the cement fiber board. Increasing the 

fiber content of the fiberboard has increased the 

specimens' water absorption and flexural strength 

with a dimension of 250x250x10mm, which passed 

the minimum strength of a cement fiber board 

according to ASTM C1185. Hair fibers also helped 

lessen the cracks formed in the specimens after fire 

exposure. However, the bulk density of the 

fiberboard decreased as the hair fiber increased, 

which affected the results of the compressive 

strength of the board. The results showed that the 

compressive strength of the board with a size of 

70x70x70mm was increasing but still failed to meet 

the minimum strength of a CFB according to ASTM 
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D1037. Based on the results of each test, the 

researchers conclude that human hair fibers can only 

strengthen the flexural strength of the cement 

fiberboard, and the appropriate percentage of human 

hair fiber to develop a cement fiber board with human 

hair is 1.5%, with the strength increasing 

significantly in the compressive and flexural tests. 

With the conclusion above, the researchers 

recommend conducting future work on cement fiber 

boards with human hair with the same parameters 

employed above but using treated human hair fibers 

with chemical treatment. A chemical treatment that 

can lessen the fiber's ability to absorb water [18, 19] 

and, by doing so, improve the compressive strength 

of the CFB. Also, to conduct more tests on the 

properties of the fiberboard to fully evaluate the 

effect of treated human hair fiber as a cement additive 

in cement fiber board. 

ACKNOWLEDGMENT  

The researchers would like to give their warmest 
thanks to their research adviser, Engr. Noroddin 
Melog, who guided and helped them, made this 
study possible. They would also like to express 
their gratitude to their family and friends, who 
supported them throughout this study. Finally, the 
researchers would like to thank God for giving 
them the wisdom, knowledge, and strength they 
needed during the research. 

 

REFERENCES 

 
[1] Massachusetts, Amherst, MA, CMPSCI Tech. Rep. 99-02, 

1999. Awoyera, P.O.; Odutuga, O.L.; Effiong, J.U.; De 

Jesus Silvera Sarmiento, A.; Mortazavi, S.J.; Hu, J.W. 

“Development of Fibre reinforced Cementitious Mortar 
with Mineral Wool and Coconut Fibre. Materials” 2022, 15, 

4520. 

[2] Akbar, Muhammad, Tariq Umar, Zahoor Hussain, Huali 
Huali, and Guoqiang Guoqiang. "Effect of Human Hair 

Fibers on the Performance of Concrete Incorporating High 

Dosage of Silica Fume" Applied Sciences 13, no. 1: 124. 
2023 

[3] Mondal KK, Banerjee S, Dhar S, Sudarshan M, 

Bhattacharjee P. “The impact of human waste hair 
reprocessing occupation on environmental degradation-A 

case study from rural West Bengal, India”. Environ 

Geochem Health. 2020 Oct;42 (10):3157-3170. doi: 
10.1007/s10653- 020-00551-0. Epub 2020 Mar 19. PMID: 

32193807 

[4] S Kaleem A Zaidi, SM Talha, Manisha Bhati and Shobha 
Ram, “An Experimental Study on Human Hair Fiber 

Reinforced Concrete” CES, University of Vermont Cancer 

Center, India, School of Engineering G B University, India, 
April 16, 2018 

[5] Dr.A.S.Kanagalakhmi, B.Indhuja, U.Rithisri 

R.P.Kowsalya Devi, “Study on human hair in concrete as 
fibre reinforcement” April 2021, Volume 8, Issue 4. 

[6] Petrounias, P.; Rogkala, A.; Giannakopoulou, P.P.; 
Lampropoulou, P.; Xanthopoulou, V.; Koutsovitis, P.; 

Koukouzas, N.; Lagogiannis, I.; Lykokanellos, G.; 

Golfinopoulos, A. “An Innovative Experimental 
Petrographic Study of Concrete Produced by Animal Bones 

and Human Hair Fibers.” Sustainability 2021, 13, 8107. 

[7] M. Manjunatha a, Balaji Kvgd b, Jagadish Vengala c, L.R. 

Manjunatha d, K. Shankara e, Chandan Kumar Patnaikuni 
b, “Experimental study on the use of human hair as fiber to 

enhance the performance of concrete: A novel to reduce the 

disposal challenges” Materials Today: Proceedings, 
Volume 47, Part 13,      2021,Pages 3966-3972 

[8] R. I. Shohag, K. K. Islam, M. N. I. Bhuiyan, “Human Hair 

Waste Addition on Performance of Plain Concrete” 
Department of Civil Engineering, Daffodil International 

University, Dhaka, Bangladesh. e- ISSN: 2457-001X 

Volume-8, Issue-2 (May-August, 2022) 
[9] T G, Yashas, M R, Sanjay, Parameswaranpillai, 

Jyotishkumar, Siengchin, Suchart “Natural Fibers as 

Sustainable and Renewable Resource for Development of 
Eco-Friendly Composites: A Comprehensive Review”, 

Frontiers in Materials , Vol. 6 (2019), 

10.3389/fmats.2019.00226 
[10] Azizatul K, Muhammad R.R., Sasa S.M., Danang S.A., 

Ismadi, R.D., Bambang S., Widya F., Ahmad F., “A review 

on natural fibers for development of eco-friendly bio-
composite: characteristics, and utilizations”, Journal of 

Materials Research and Technology, Volume 13, 2021, 

Pages 2442-2458, ISSN 2238-7854 
[11] Naraindas Bheel, Paul Awoyera, Oluwatobi Aluko, Santosh 

Mahro, Amelec Viloria, Carlos Alberto Severiche Sierra, 

“Sustainable composite development: Novel use of human 
hair as fiber in concrete”, Case Studies in Construction 

Materials, Volume 13, 2020, e00412, ISSN 2214-5095 
[12] Thanon Dawood, Eethar and Hani Abdullah, Mafaz. 

"Behavior of non- reinforced and reinforced green mortar 

with fibers" Open Engineering, vol. 11, no. 1, 2021, pp. 67-
84 

[13] Agamveer Singh, Jaspreet Singh and Shaurya Ajay 

“Properties of Fiber Cement Boards for Building 
Partitions” International Journal of Applied Engineering 

Research ISSN 0973-4562 Volume 13, (2018). 

[14]  Sreevani, G. & Ajitha, B. “Human Hair as Fibre 
Reinforcement” in IJESC JNT University, Anantapur, 

India. Vol. 7 Issue No. 5.,2017 

[15] Begum,H.A., Tanima, T.R., and Shahid, M.A. “Analysis of 
Water Absorption of Different Natural Fibre”. Journal of 

Textile Science and Technology,7,152- 160,2021 

[16] A Yusra et al.  “Use of bamboo fiber on the relationship 
between compressive strength and split tensile strength of 

high strength concrete” IOP Conf. Ser.: Mater. Sci. Eng. 

933 012010, 2020 
[17] D. Kore Sudarshan, A.K. Vyas, “Impact of fire on 

mechanical properties of concrete containing marble 

waste”, Journal of King Saud University Engineering 
Sciences, Volume 31, Issue 1, 2019, Pages 42-51, ISSN 

1018-3639 

[18] Pieter De Winne,Tamene Adugna Demissie,and Hans De 
Backer “Treatment of Natural Fiber for Application in 

Concrete Pavement” Department of Civil Engineering, 

Ghent University, Technologiepark-Zwijnaarde 60, Gent, 
Belgium, Volume 2021 

[19] Ravi M. , Rajnish R Dubey, Alok Shome, Saikat Guha, Dr 

C Anil Kumar “Effect of surface treatment on Natural fibers 
composite” UG Scholars of Sri Sairam College of 

Engineering, Professor Department of Mechanical Engg Sri 

Sairam College of Engineering, IOP Conf. Series: Materials 
Science and Engineering 376 (2018). 

[20] Guravtar Singh Mann , Jaswinder Singh , Ankur Bahl , 

Satnam singh “Benefits and limitations of using natural 
fibers as reinforcement materials” School of Mechanical 

Engineering, Lovely Professional University, Phagwara 

144411 India, January 2019, Volume 6, Issue 1 
[21] Hummaira K., Muhammad S.A, Tayyaba L.M, Muhammad 

A, Reena, M.M, “Human Hair as Fiber Reinforced 

Concrete for Enhancement of Tensile Strength of Concrete” 
Mehran University Research Journal of Engineering & 

Technology Vol. 39, No. 1, 63-70, January 2020 

 
 

 



7 

 

Appendix A:  

Research Data 

 

Bulk Density Result of the Cement Fibre Board with Human Hair 

Bulk Density Test Result of the Cement fibre board 

Trial Fibre Percentage Mass Volume 

1 0% 1.27 0.79 

2 0% 1.32 0.64 

3 0% 1.26 0.62 

4 0% 1.35 0.73 

5 0% 1.40 0.67 

 Average:  1.320 0.690 

1 1% 1.27 0.77 

2 1% 1.29 0.53 

3 1% 1.46 0.84 

4 1% 1.36 0.52 

5 1% 1.285 0.95 

 Average:  1.333 0.72 

1 1.5% 1.29 0.86 

2 1.5% 1.33 0.78 

3 1.5% 1.26 0.74 

4 1.5% 1.41 0.71 

5 1.5% 1.33 0.88 

 Average:  1.324 0.794 

1 2% 1.35 0.88 

2 2% 1.27 0.86 

3 2% 1.41 0.76 

4 2% 1.27 0.76 

5 2% 1.42 0.82 

 Average:  1.344 0.816 

 

Formula:  

New Water Level – Original Water Level = Volume of the Specimen 

Original Level = 11L 

Density = Mass/Volume 

 

Average Test Results of Bulk Density 

Fibre 

Percentage  

New Water 

Level (L) 

Average 

Volume 

 (L) 

Average 

Volume 

 (m3) 

Average 

Mass  

(kg) 

Average 

Density 

(kg/m3) 

0% 11.69 0.69 0.00069 1.320 1913.04 

1% 11.72 0.72 0.00072 1.333 1846.26 

1.5% 11.794 0.794 0.000794 1.324 1667.51 

2% 11.816 0.816 0.000816 1.344 1647.06 
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Water Absorption Result of the Cement Fibre Board with Human Hair 

Water Absorption Test Result of the Cement fibre board 

Trial Fibre Percentage Mass 1 Mass 2 

1 0% 1428 1535 

2 0% 1460 1560 

3 0% 1440 1552 

4 0% 1426 1530 

5 0% 1446 1553 

 Average:  1440 1546 

1 1% 1450 1582 

2 1% 1440 1571 

3 1% 1468 1598 

4 1% 1436 1578 

5 1% 1438 1591 

 Average:  1446.4 1584 

1 1.5% 1476 1641 

2 1.5% 1456 1623 

3 1.5% 1436 1607 

4 1.5% 1456 1628 

5 1.5% 1446 1612 

 Average:  1454 1622.2 

1 2% 1434 1614 

2 2% 1460 1664 

3 2% 1434 1637 

4 2% 1410 1617 

5 2% 1440 1641 

 Average:  1435.6 1634.6 

 

Formula:  

W = [(M2 – M1)/M1] x 100 

 Where:  

               W = Water Absorption  

               M1 = Mass 1 

               M2 = Mass 2 

 

 

Average Water Absorption Test Results 

Fibre Percentage Average Mass1(g) Average Mass2 (g) Water 

Absorption % 

0% 1440 1546 7.36 

1% 1446.4 1584 9.51 

1.5% 1454 1622.2 11.57 

2% 1435.6 1634.6 13.86 
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Flexural Strength Result of the Cement Fibre Board with Human Hair 

Samples 0% 1% 1.5% 2% 

S1 300 620 860 700 

S2 620 740 840 630 

S3 540 540 740 860 

S4 340 620 800 740 

S5 660 780 640 660 

 

Formula:  

                 Flexural Strength: 

   Fb = 
𝑷𝑳

𝑩𝑫𝟐
 

 Where: 

  P = maximum load of every samples in N          L = length of the sample in mm 

  B = base of the sample in mm                             D = depth of the sample in mm 

  

Flexural Strength Test Result 

Trial Fibre 

Percentage 

P B L D Fb 

(Mpa) 

1 0% 300 250 250 10 3 

2 0% 620 250 250 10 6.2 

3 0% 540 250 250 10 5.4 

4 0% 340 250 250 10 3.4 

5 0% 660 250 250 10 6.6 

     Average: 4.92 

1 1% 620 250 250 10 6.2 

2 1% 740 250 250 10 7.4 

3 1% 540 250 250 10 5.4 

4 1% 620 250 250 10 6.2 

5 1% 780 250 250 10 7.8 

     Average: 6.60 

1 1.5% 860 250 250 10 8.6 

2 1.5% 840 250 250 10 8.4 

3 1.5% 740 250 250 10 7.4 

4 1.5% 800 250 250 10 80 

5 1.5% 640 250 250 10 6.4 

     Average: 7.76 

1 2% 700 250 250 10 7 

2 2% 630 250 250 10 6.3 

3 2% 860 250 250 10 8.6 

4 2% 740 250 250 10 7.4 

5 2% 660 250 250 10 6.6 

     Average: 7.20 
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Compressive Strength Result of the Cement Fibre Board with Human Hair 

Samples 0% 1% 1.5% 2% 

S1 61.59 64.547 71.144 68.610 

S2 60.28 69.305 72.202 53.587 

S3 56.85 66.594 74.521 57.291 

S4 56.20 75.519 86.446 52.360 

S5 58.859 80.370 78.833 54.625 

 

Formula to calculate compressive strength is  
Fb = P/A 

Where: 

Fb = Compressive strength (MPa) 

P = Maximum load (or load until failure) to the material (N) 

A = Cross section of the area of the material resisting the load (mm2) 

 

Compressive Strength Test Result 

Trial Fibre 

percentage 

P L W A Fb 

(Mpa) 

1 0% 61.59 70 70 4900 12.579 

2 0% 60.28 70 70 4900 12.302 

3 0% 56.85 70 70 4900 11.602 

4 0% 56.20 70 70 4900 11.469 

5 0% 58.859 70 70 4900 12.012 

     Average: 11.991 

1 1% 64.547 70 70 4900 13.173 

2 1% 69.305 70 70 4900 14.144 

3 1% 66.594 70 70 4900 13.591 

4 1% 75.519 70 70 4900 15.41 

5 1% 80.370 70 70 4900 16.402 

     Average: 14.544 

1 1.5% 71.144 70 70 4900 14.519 

2 1.5% 72.202 70 70 4900 14.735 

3 1.5% 74.521 70 70 4900 15.208 

4 1.5% 86.446 70 70 4900 17.462 

5 1.5% 78.833 70 70 4900 16.088 

     Average: 15.638 

1 2% 68.610 70 70 4900 11.961 

2 2% 53.587 70 70 4900 10.936 

3 2% 57.291 70 70 4900 11.692 

4 2% 52.360 70 70 4900 10.685 

5 2% 50.625 70 70 4900 10.337 

     Average: 11.530 
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Fire Capability Result of the Cement Fibre Board with Human Hair 

 

Mass of each unburnt specimens 

Unburnt Samples (250mm x 250 mm x 10 mm) (kg) 

Trial 0% 1% 1.5

% 

2% 

1 1.42

9 

1.44

0 

1.46

6 

1.43

5 

2 1.46

5 

1.45

0 

1.45

6 

1.46

0 

3 1.44

2 

1.46

7 

1.47

6 

1.43

5 

4 1.42

6 

1.43

6 

1.45

6 

1.41

0 

5 1.44

6 

1.43

7 

1.44

5 

1.44

0 

Average

: 

1.44

2 

1.44

6 

1.46

0 

1.43

6 

 

Mass of each burnt specimens 

Burnt Samples (250mm x 250 mm x 10 mm) (kg) 

Trial 0% 1% 1.5

% 

2% 

1 1.32

8 

1.30

5 

1.31

0 

1.34

2 

2 1.32

8 

1.34

8 

1.31

1 

1.29

3 

3 1.32

2 

1.30

8 

1.32

3 

1.28

2 

4 1.32

0 

1.34

2 

1.32

7 

1.30

2 

5 1.35

8 

1.36

0 

1.35

4 

1.32

7 

Average

:  

1.33

1 

1.33

3 

1.32

5 

1.30

9 
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Appendix B:  

Documentations 

 

Appendix B-1: Preparation of materials 
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Appendix B-2: Moulding and curing of the cement fibreboard samples  
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Appendix B-3: Testing of the cement fibreboard samples 
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Appendix C:  

Certificate of Appearance 
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