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Abstract: Fibre reinforced concrete offers a practical andnemical method for overcoming micro-cracks and
similar type of deficiencies. Fibres are usuallydisn concrete to control plastic shrinkage and shijinkage
cracking and also to lower the permeability of cete. It also reduces greater impact, abrasions shadter
resistances in concrete. It is an effective metbbdonstruction of light weight seismic resistatrustures. Since
concrete is weak in tension hence some measurdadmasiopted to overcome this deficiency. Humanikaitrong
in tension; hence it can be used as a fibre raiefoent material. Hair Fibre (HF), an alternate degradable
matter, is available in abundance and at a veryagheost. It also creates environmental problem ifer
decompositions. Present studies has been undertalsgtudy the effect of human hair on plain centaricrete on
the basis of compressive, crushing, flexural gftterand cracking control to economize concrete @ndeduce
environmental problems. Experiments were conduoteadoncrete cubes with various percentages of human
fibre i.e. 0%, 1.5% and 2% by weight of cement.cAlgery fine hair fibres can be used for the phrgalacement
of cement in concrete. For each combination of prigpns of concrete three cubes are tested for thechanical
properties. By testing we found that there is ama@ment in the various properties and strengthootiete by the
addition of human hair as fibre reinforcement whinhkes it suitable for an alternative additive ¢oncrete to
enhance its mechanical properties.

Index terms: fibre reinforced concrete; hair fibre; compresstrength; flexural strength

1. FIBRE REINFORCED CONCRETE equivalent strength of thicker plain concrete
sections.

Fibre-reinforced concrete (FRC) is concrete  (4) When used in ridges it helps to avoid

containing fibrous material which increases its catastrophic failures. In quake prone areas the

structural integrity. It contains short discretéréis use of fibre reinforced concrete would certainly

that are uniformly distributed and randomly orighte minimize the human casualties.

Fibres include steel fibres, glass fibres, syntheti (5) Fibre reduces internal forces by locking

fibres and natural fibres — each of which lends microscopic cracks from forming within the

varying properties to the concrete. In additiore th concrete.

character of fibre-reinforced concrete changes with  (6) Studies have been proven that fibre reinforced

varying concretes, fibre materials, geometries, concrete is found to improve the following

distribution, orientation, and densitie&ibres are mechanical properties of ordinary concrete:

usually used in concrete to control cracking due to Compressive Strength, Modulus of Elasticity

plastic shrinkage and to drying shrinkage. They als and flexural strength, Toughness, Splitting

reduce the permeability of concrete and thus reduce Tensile Strength, Fatigue Strength, and Impact

bleeding of water. Some types of fibres produce Resistance.

greater impact—, abrasion—, and shatter—resistiance

concrete. 1.2. Disadvantages

1.1. Advantages of fibre reinforced concrete The fibres have to be uniformly mixed and spread

throughout the concrete mix. At times, this is fdun
(1) FRC is used in civil structures where corrosion to be a difficult process and time consuming. i$ th
is to be avoided at the maximum. limitation has been overcome by new and effective
(2) FRC is better suited to minimize cavitations  methods of fabrication, fibre reinforced concrete i
lerosion damage in structures where high  found to be more adaptable for common concreting
velocity flows are encountered. works.

(3) A substantial weight saving can be realized
using relatively thin FRC sections having the
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1.3. Why hair isused as afibre?

Human hair is considered as a waste material it mos
parts of the world and is a common constituent doun
in municipal waste streams which cause enormous
environmental problems. This particular topic has
been first chosen as a method of finding the
possibilities of hair rather than considering itaason

2. PREPARATION OF SPECIMEN

2.1. Collection of materials required

bio degradable waste material. It is also available
abundance and at a very low cost. It reinforces the
mortar and prevents the spalling of concrete. The
properties like high tensile strength, unique clezini
composition, thermal insulation etc makes it suéab
to be used as a reinforcing material.

The materials required for the preparation of ceter
cube specimens are given in table 1

Tablel. Details of necessary materials required

MI1X PROPORTION M15 M 20 M 25
Quantity of cement (kg) 3.82 4.86 6.68
Quantity of sand (kg) 7.64 7.29 6.68
Quantity of coarse aggregate (kg) 15.27| 14.58 13,36
Water cement ratio 0.48 0.5 0.55
Quantity of water (1) 1.834 2.43 3.67
Quantity of hair (kg) (1.5%) 0.0573 0.073 0.1
Quantity of hair (kg) (2.0%) 0.0764 0.097 0.134

2.2. Treatment of hair fibre

The hair needed for the preparation of concretesub
was collected from salons and beauty parlours. It
needs treatment before to be added in the concrete
specimens. It is carried out as in the followingpst

e Separating hair from other waste:
Depending on the source, the collected hair
may contain wastes. This has to be removed.

» Washing After sorting, the hair is washed
with acetone to remove impurities.

e Drying: The hair is then dried under sun or
in oven. After drying, the hair can be stored
without any concern for decay or odor.

» Sorting The hair is then sorted according to
length, color, and quality. The hair fibres are
checked at random for its length and
diameter.

3.METHODOLOGY

3.1. Compressive strength Test

The following tests are conducted on concrete
specimens to analyse its mechanical properties like
compressive strength, flexural strength etc.

i. Compressive Strength test
ii. Flexural Strength test

3.1.1.Compressive strength test (on cubes):

The compressive strength of concrete is its abitity
resist a crushing force. It is the ratio of loadaalure

to surface area of concrete specimen. Compressive
strength test is the most common test conducted on
hardened concrete as it is an easy test to perdodn
also most of the desirable characteristic propeidie
concrete are qualitatively related to its compressi
strength. The compression test is carried out on
specimens cubical in shape of the size 150 x 150 x
150 mm. The test is carried out in the following
steps: First of all the mould preferably of casniris
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used to prepare the specimen of size 150 x 15@:
mm. Calculated quantity of hair fibre is evenly adt
into the concrete mix manuallpuring the placing o
concrete in the moulds it is compacted with
tamping bar with not less than 25 stroker layer.
After 24 hours the specimens are removed fromr
moulds and immediately submerged in clean fi
water. After 28 days the specimens are tested
the load in a compression testinachine. The load
is appled uniformly at the rate of 14 N/n? in the
compression testing machine. Thepecimen for the
test ismade in the following manneThree cubes are
made for each M15, M20 and25 with 0%, 1.5%
and 2% hair by weight of cement.

The results from the compression test are in thm
of the maxinum load the cube can carry before
ultimately fails. The compressive sngth can be

found by dividing the maximum load by tlcontact
area of the test specimen.

Let, P = maximum load carried by the cube be
the failure

A = contact area norrl to the load = 150 x 150
mn? = 22500 mm

6 = maximum compressive stress (N/?),
equals to the compressive stren

Therefore, o= N/mn?

. (1)

The results of compreve strength test and the
corresponding compressive ngth of the cube
specimens arshown in table 2

Table2. Compressive strength test results of cubes

. . . Avg. Compressive
S No. | Mix Design Date Of Casting | Tested On strength(N/mm?)
1 M15 : without hai | 2-3-2015 30-3-2015 16.89
1.5% hair 10-3-2015 7-4-2015 18.33
2% hair 12-3-2015 9-4-2015 18.88
2 M20 : without hai | 19-1-2015 16-2-2015 20.587
1.5% hair 13-3-2015 10-4-2015 20.77
2% hair 13-3-2015 10-4-2015 21.885
3 M25 :without hail | 3-3-2015 31-3-2015 24.995
1.5% hair 19-3-2015 16-4-2015 25.215
2% hair 19-3-2015 16-4-2015 26.105
30
25
20 = Without Hail
12 m \With Hair(1.5%
5 = With Hair(2.0%
0

M15 M20 M25

Fig.1. Comparisown the basis of maximum load carried with varyieggentages of hair fib

When M15concrete with 1.5% hair is compared w
the plain cement concrete, it is found that theran

increase of 8.5% in compressive strength and v
M15 concrete with 2% hair is compared with !
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plain cement concrete, it is found that there is
increaseof 12% in compressive strength. WhM20
concrete with 1.5% hair is compared with the p
cement concrete, it is found that there is an eme
of 1% in compressive strength and whM20
concrete with 2% hair is compared with the pl
cement concretdt is found that there is an incree
of 6.3% in compressive strength. WKM25 concrete
with 1.5% hair is compared with the plain cem
concrete, it is found that there is an increas#%fin
compressive strength and wh&R5 concrete with
2% hair is conpared with the plain cement concre
it is found that there is an increase of 4.44%
compressive strength.

3.1.2.Compressie strengt test (on cylinders):

Compressive strength of cylinders is always leas

that of cubes due to the following reas: contact
area of a cube with the upper platen in the te:
machine is more which results in more confinen
and it offers resistance to specimen against expa

resulting in more compressive strer. Studies have
proven that there exists a ratibetween the
compressive strengths of cylinders to that of ct

and in normal case it ranges between-0.9. By

taking this ratio to be 0.8, the compressive stifeg

cylinders can be roughly calculated as shown b

Table3.Compressive strength of cylinders

3. No. Mix ratio Average Compressive , Averz?lge Comprve strength
strength of cube(N/mm?) | of cylinder (N/mm®)
1 M15: without hai 16.8¢ 13.51:
2 1.5% hai 18.3¢ 14.66¢
3 2% hail 18.8¢ 15.10¢
4 M20: without hai 20.58° 16.4%
5 1.5% hair 20.77 16.62
6 2% hair 21.885 17.508
7 M25:without hai 24,995 19.996
8 1.5% hair 25.215 20.172
9 2% hair 26.105 20.884
25

M15 M20 M25

m Without Hair
® With Hair (1.5%
u With Hair (2.0%

Fig.2. Comparisown the basis of maximum load carried with varyieggentage of hair fibre
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Compressive strength of cylinders also shows a
remarkable improvement justifying the addition of
hair into the concrete mix for enhancing the
mechanical properties.

3.2. Flexural strength test

A flexural test is the most common procedure used t
measure the tensile strength of concrete. Although
concrete is not designed to resist direct tengioa,
knowledge of tensile strength is of importance in
estimating the load under which cracking develop.
The test is very useful especially in relation e t
design of road slabs and runways because the #exur
tension is a critical factor in these cases.

The system of loading used in finding out the flaku
tension is Third-point Loading Method. In this
method the critical crack may appear at any section
where the bending moment is maximum. The test is
carried out in the following steps: First of alleth
mould preferably of cast iron, is used to prepaee t
specimen of size 150 x 150 x 700 mm. During the
placing of concrete in the mould it is compactethwi
the tamping bar with not less than 25 strokes per
layer. After 24 hours the specimens are removed
from the moulds and immediately submerged in clean
fresh water. After curing, place the specimen ia th
machine in such a manner that the load is appbed t
the uppermost surface along two lines spaced at a
proper gauge length, at specified rate. Increaee th
load till the specimen fails. Note the appeararafes
the fractured faces of concrete.

Table4. Flexural strength of cubes

Average
Compr essive Average flexural

SI. No. | Mixratio P strength of
strength of cube(N/mm?)
cube(N/mm?)

1 M15: without hair 16.89 2.877

2 1.5% hair 18.33 2.997

3 2% hair 18.88 3.04

4 M20: without hair 20.587 3.176

5 1.5% hair 20.77 3.19

6 2% hair 21.885 3.275

7 M25:without hair 24.995 3.4996

8 1.5% hair 25.215 3.515

9 2% hair 26.105 3.5765

When M15 concrete with 1.5% hair is compared with
the plain cement concrete, it is found that therari
increase of 4% in flexural strength and when M15
concrete with 2% hair is compared with the plain
cement concrete, it is found that there is an emge
of 5% in flexural strength. When M20 concrete with
1.5% hair is compared with the plain cement
concrete, it is found that there is not any apaiaei
increase in flexural strength and when M20 concrete
with 2% hair is compared with the plain cement
concrete, it is found that there is an increasg%fin
flexural strength. When M25 concrete with 1.5% hair

is compared with the plain cement concrete, it is
found that there is not any appreciable increase in
flexural strength and when M25 concrete with 2%
hair is compared with the plain cement concretis it
found that there is an increase of 2% in flexural
strength.

4. REDUCTION IN CRACK FORMATION

According to Grimm, 1988, a crack may be defined
as a ‘“break, split, fracture, fissure, separation,
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cleavage orlongated narrow opening visible to f
normal human eye and extending from the sur
and into a masonry unit, mortar joint, interfe
between a masonry unit and adjacent mortar”.
The cracks are classified according to its dan
level for load bedng masonry. In order to reps
cracks up ta width of 5mm, either cemegrouting
can be used or steel wire meshes can be insette
the cracks. But it is found that when fibre reicfed

Fig.3. Hair Fibre Reinforcedoncretecube
with fewer cracks after compression

5. CONCLUSIONS

e According to the test performed it
observed that there is remarkable incren
in properties of concrete according to
percentages of hairs by weightcement in
concrete. There was an overall increase-
12% in the compressive strength of conc
and up to 5% in the flexural strength
concrete test specimens by the additior
hair fibres in different quantitie

It is well observed that the maximt
increase is noticed in the addition of 2% h
fibre, by weight of concrete, in all the mix

e It is to be noted that maximum increase
the compressive strength is observed
lower concrete mixes, making the hair fil
reinforced concrete best suitable tse in
the applications with those concrete mi

e Crack formation and propagation are v
much reduced showing that FRC can h
its applications in seismic resiste
constructions.

concreteis used, crack formation and propagatiol
very muchreduced since fibres can form a strc
bond with the concrete mix and can bridge the &
to some extent.

Examining the concretgpecimens after the tests, it
found that cracks wereonsiderably reduced in
specimens with hair fibore when compared
concrete specimens without hair fibre cont

Fig.4. Ordinaryconcrete cube with mol
cracks after compression t

5.1. Future scope:

e During our research work we also faced
problem of uniform distribution of hair i
the concrete. So an efficient method
mixing of hair fibre to the concrete mix is
be found out.

e A wide study on partial replacement
cement using fine hair fibris to be carried
out.

e Applications of hair fibre reinforce
concrete in the construction of seisr
resistant structure

e The distribution matrix of hair in concre
since the resultant matrix could affect
properties.

e The study of admixtures and su
plasticizer which could distribute the ha
without affecting the properties of concre

¢ The use of animal hairs in concri

¢ The research can be further extendec
study the influence of hair fibre on otk
properties of composites such physi
thermalpropertie and appearances.
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Fig.7. Drying of hair

Fig.8. Concreteube specimens after cast Fig.9.Concret specimens put for curing
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