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Abstract: Experimental Studies were conducted to analyse the influence of crimped polypropylene fibres in
cementitious  matrix.  The  compressive strength of concrete with the addition crimped polypropylene fibres
for relative  volume  fractions  of 0.1% and 0.3% were evaluated in concrete with water cement ratio as low as
0.3. High  compressive strength   of  56.4 MPa  was observed for 0.3% of polypropylene fibres with HRWR
(high range superplasticizer based polymer admixtures) and showed an increase in strength up to 14.6%
compared to plain concrete. The polypropylene fibre addition showed initial reduction in the workability of
concrete composite containing fly ash and HRWR admixtures. The experimental results showed that increase
in compressive strength absorbed for polymer modified fibre concrete under the 6 days water curing followed
by 22 days dry air room temperature compared to 28 days water curing regime. It is mainly due to HRWR
admixtures and their excellent water retention inside the concrete due to polymer film formation around the
cement grains. The compressive strength of Polymer modified fibre concretes shows reduction in strength
under wet curing compared to dry curing regime.
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INTRODUCTION investigated in his study that influence of styrene

Polymers additions in cement concrete have shown strength for the higher replacement of waste concrete fine
significant improvement in the strength, durability of aggregate and marble waste fine aggregate in the
cement matrix and acts as fill materials for the pores in concrete. The use of both waste aggregates increases the
concrete. Polymer modified concrete have a reduce need amount of water content for the concrete without HRWR
of water curing due to their polymer flim formation and admixtures. The presence of the replaced waste aggregate
increased rate of cement hydration without excess water. also decreases the flexural strength of concrete. Adnan
It has better resistance to water penetration and dissolved Colak [2] observed in his study that Portland cement with
salts and shows increased bond strength, freezing-and latex addition shows decrease in compressive strength
thawing resistance, impact resistance, flexural strength compared to ordinary cement paste with and without
and reduced permeability. Generally controlled concretes superplasticizer. The effect of latex in Portland cement
have a low tensile strength, ductility, high porosity and subjected to salt solution provides high magnitude of
low resistance to chemical attacks and it can be improved resistance compared to conventional concrete with the
by  adding  HRWR  admixtures with  concrete,  having increase in the latex percentage. Shaker et. al. [3]
wide application for repair work of reinforced concrete observed  that Latex  Modified Concrete showed
structures.  The  use  of polymer-modified mortars as improved behaviour  in  microstructure compared to that
repair and retrofitting material contribute to the addition of the conventional concrete. The polymer film which get
resistance to cement mortar and inhibit corrosion of dispersed throughout the cement matrix forming a dense
reinforcing bar in concrete. Eui-Hwan Hwang, et. al., [1] concrete    and    provide   high    durability  performance

butadiene rubber latex decreases the compressive
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Table 1: Physical properties of Polypropylene fibres 
Length Mm Diameter Mm Tensile strength MPa Aspect ratio Density Kg/ m3

47 0.60 450 80 910

Table 2: Mix Proportions of concrete used in the study
Mix id
--------------------------------------------------------------------------------------------------------------------------------------------------

Ingredients M1 M2 M3 M4 MS1 MS2 MS3 MS4
w/b ratio 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
F/c ratio 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

(Kg/m3) cement 400 400 400 400 400 400 400 400
Fly ash 100 200 100 200 100 200 100 200
Fine aggregate 844 800 844 800 844 800 844 800
Coarse aggregate 1056 1000 1056 1000 1056 1000 1056 1000
Water 120 120 120 120 120 120 120 120
Polypropylene Fibres 0 0 0.1 0.1 0.2 0.2 0.3 0.3
HRWR admixtures % 1 1 2.0 2.0 3.0 3.0 4.0 4.0

compared to convention concrete. It also shows better
resistance to water absorption, chlorides and sulphate
attacks. The polymer concrete was observed to have a
pore size smaller than conventional concrete, were it was
found that major pores in concrete are filled with the
polymer latex.. Mahmoud Nili, et. al., [4] investigated that
early high strength concrete  is  achieved  with  addition
of silica fume and there is a significant increase in
compressive strength for higher dosage of polypropylene
fibre in concrete. Electrical resistivity of concrete is also
increased by silica fume but slightly decrease with fibre
addition. Gengying Li, et. al., [5]  investigated  in his
study  that  addition   of  HRWR  admixtures decreases
the compressive strength of concrete whereas optimum
dosage of latex 3-10% weight increase the flexural Fig 1: Snapshot of the PP fibres used in the study
strength of concrete. The higher dosage of latex by 10%
weight  decreases  the compressive strength of concrete the requirements of IS: 12269–1987 was used in the
by 16% and also increases the porosity of the concrete. experimental study. The specific gravity of cement was

Research Significance: The study mainly focuses on the through 4.75mm IS  sieve,  conforming to grading zone-II
compressive  strength  properties of concretes subjected of IS: 383-1978 was used with fineness modulus of 2.51
to various curing regime and the influence of HRWR and specific gravity of 2.63. Machine crushed well graded
admixtures in fibre concretes. The achievement of high granite stone with 12.5 mm maximum size, conforming to
strength concrete with the addition of HRWR admixtures IS: 383-1978 was used. The specific gravity of the coarse
and polypropylene fibre were investigated. Investigations aggregate was found to be 2.71 and fineness modulus of
were made to study the interaction of polypropylene and 2.78. A class F low calcium fly ash was used as cement
HRWR admixtures for various curing regime with replacement material at 25% and 50% of the total binder
replacement of fly ash upto 50% on the compressive content. Crimped polypropylene fibres imported from
strength properties of concrete. Korea  was  used  in  the   present  experimental  study.

MATERIALS AND METHODS ability  with  concrete  and  has  a  low elastic modulus.

Materials: An ordinary  53  grade Portland cement having water on the surface and exhibits higher percentage of
28 days  compressive strength   of   46.7 MPa, satisfying randomly  distributed fibres  in concrete  without  having

found to be 3.14. Locally available river sand passing

The PP fibres  used  in  the  study has good bonding

The polypropylene fibre absorb very small amount of
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balling effect. The property and snap shot of the
polypropylene fibres is shown in Table 1 and Figure. 1
respectively. A high range water reducing
superplasticizers was used in the study to improve the
workability of concrete.

Conceptual Mix Design and Preparation of Concrete
Mixtures: The mix design for concrete mixtures used for
the experimental study was designed based on the target
strength of M40 grade concrete. The mix proportions were
arrived based on fine aggregate to coarse aggregate ratio
of 0.8, with different volume fraction of polypropylene
fibres and water to binder ratio of 0.3 was kept constant
for all mix proportions. In the study, a total of 8 different
concrete mixture proportions were prepared which Fig 2:Multiple splitting failure of PP fibre concretes
consisted of two reference mixes, two HRWR polymer during compression 
concretes and four HRWR polymer fibres concrete mixes.
The mix proportions were presented in Table 2. RESULTS AND DISCUSSIONS

Casting and Curing of Concrete Specimens: A pan type Test results are presented graphically and in tabular
concrete mixer of capacity 40 Kg was used to mix the forms and have been discussed under various categories.
ingredients-cement, aggregates and fly ash without water
for a period of 3 minutes. Then water with superplasticizer Properties of Fresh Concrete: Fresh concrete properties
(1%) was added to the concrete mixture and mixing was of ordinary cement concrete with fly ash exhibited good
continued for another 2 minutes. Polypropylene fibres and workability by the addition of HRWR superplasticizer in
HRWR admixtures were added later and thoroughly mixed concrete and decreases for higher replacement of fly ash
for another 2 minutes and casted  in  steel  cube  moulds in the mix proportions. The concrete with polypropylene
of  standard  size  100  X 100 X 100 mm and were fibres and fly ash shows decreased workability but it is
compacted on a table vibrator. The surface finishing was overcome by adding HRWR admixtures. Addition of
done carefully to obtain a uniform smooth surface. All the HRWR admixtures in concrete showed high degree of
mix proportions were adopted three type of curing regime workability in concrete for higher replacement of fly ash
as cured under wet, dry and hot water condition. All the dosage by 50% and polypropylene fibre of volume
polymer modified fibre concrete are subjected to a special fraction 0.3%. similarly high range water reducer and SBR
type of dry curing by keeping the specimen in water for 6 increases workability of for all polymer modified fibre mix
days in water after remoulding and kept air cured for proportions.
another 22 days under room temperature. In the hot water
curing the specimens were kept in hot water 50°c for a Compressive Strength of Concrete: The compression test
period of 2 hrs and its kept in water curing till 28 days. results of cube specimens for various mix proportion of
The compression tests were performed for all mix concrete are summarized in Table 3 and shown in Figures
proportions at 1day, 3 day, 7 day and 28 day for all curing 3, 4 and 5. The polymer fibre concrete exhibit higher
regime. compressive strength (56.4 MPa) at 28 days compared to

Compressive Strength: The  compressive  strength without fibres. The addition of flyash at 25% replacement
testing of concrete specimens of size 100 *100 *100 mm showed considerable pozzolanic improvements with a
was performed in the digital compression testing machine significant increase on the strength properties. It is
of 2000kN loading capacity. The cube specimen were kept observed that addition of  HRWR polymer concretes
dry in open air for one hour from water curing to keep the along with flyash and without fibres showed higher
specimen surface dry before testing. All mixes proportions strength (51.7MPa) compared to ordinary cement concrete
were tested at 1 day, 3day, 7day and 28day. The detail of (45.9MPa). The highest compressive strength was
the setup and failure of fibre concrete specimens are observed for polymer specimens  cured  for 6 days in
shown in Figure 2. water and then cured in air room temperature for 22 days.

ordinary concrete (45.9MPa) and polymer concrete (51.7)
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Table 3: Compressive strength results of various concretes containing different mixture proportions
Mix id 

Days ---------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------- M1 M2 M3 M4 MS1 MS2 MS3 MS4
Compressive
strength (Mpa) 1 day 22.1 15.6 25.8 22.3 24.6 23.3 31.1 28.7

3 days dry curing 25.3 22.4 35.1 28.2 35.7 32.6 36.7 34.6
3 days wet curing 31.1 24.8 32.1 26.8 33.2 27.4 34.6 30.1
7 days dry curing 28.9 26.6 40.6 36.5 41.1 36.9 42.3 37.2
7 days wet curing 35.6 30.5 35.8 32.3 36.7 33.6 37 34.2
28 days dry curing 38.5 36.4 49.6 48.5 50.3 46.8 53.2 51.2
28 days wet curing 45.1 42.6 47.3 43.6 44.6 39.6 48.4 44.8
(6days wet and 22 
days dry curing) 40.1 38.9 51.7 51.4 53.7 49.1 56.4 54.1
28 days wet curing 
( 2 hr hot water 50°c) 45.9 43.5 48.1 45.6 45.9 41.7 49.1 45.9

Note: Test results represent the average of 5 specimens for each sample

Fig 3: Compressive strength of concrete at different Fig 5: Compressive strength of plain and high volume
percentage of fibre and HRWR admixtures flyash concrete for different curing methods

Fig 4: Compressive strength of concrete for different fibre addition and matrix densification resulted in
percentage of PP fibres and fly ash appreciable improvements on strength properties.

The ordinary cement concrete showed high strength only
under normal water curing compared to other curing
regimes adopted in the experimental study. The significant
improvement in strength of HRWR polymer concrete is
achieved by long day air dry curing which accelerates
polymerisation in the concrete. Also it can be noted that
the fibre addition had significant control on the failure
modes of concrete. Higher fibre availability and random
dispersion of fibres are known to improve the fracture
properties of concrete without any unconditional failure.
The effects of matrix densification were attributed due to
the addition of fly ash at higher replacement levels due to
which the effective volume of powder increased the
efficiency of packing. Moreover the interaction effects of
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CONCLUSIONS 5. Gengying, Li., Xiaohua Zhao, Chuiqiang Rong and

Based on the experimental investigation the steel fibre-reinforced cement concretes.
following conclusions are drawn within the limitations of Construction and Building Materials, 24: 1201-1206.
the test results. 6. Joao Adriano Rossignolo, 2009. Interfacial

High degree of workability is observed for Polymer HRWR admixtures.  Construction  and  Building
and polymer fibre concrete with the addition of Materials, 23: 817-821.
HRWR admixtures even at 0.3 water cement ratio. 7. Peng Zhang and Qing-fu Li, 2013. Effect of
Polymer fibre concrete exhibit high compressive polypropylene fibre on durability of concrete
strength of 56.4 MPa compared to ordinary cement composite containing fly ash and silica fume.
concrete of 45.9MPa. Composites, Part B 45: 1587-1594.
Polypropylene fibre of 0.3% by volume fraction 8. Zhengxian Yang, Xianming Shi andrew T.
shows  high  strength   compared   to   0.1% of Creighton and  Marijean  M.   Peterson,  2009.
volume fraction in addition with HRWR admixtures. Effect  of styrene-butadiene rubber latex on the
The polymers act as good binder between the chloride permeability and microstructure of
concrete and fibres. Portland cement mortar,   Construction     and
A maximum strength of 51.7MPa for polymer Building   Materials, 23: 2283-2290.
concrete and 56.4 MPa for PP fibre concretes was 9. Harish, G.R.. and S.A.K.  Zai,  2010.  Behavior  of
achieved when the concrete specimens are cured SBR-Latex  Modified  Polypropylene  Fibre
for 6 days in water curing and for 22 days in air Reinforced Railway Sleepers under Static Loading.
drying. 35th Conference on our world in concrete and
The plain concrete without polymer addition and structures, pp: 25-27.
fibre addition showed lesser strength gain 10. Ke-Ru Wu, Dong Zhang and Jun-Mei Song, 2002.
properties on the other curing regimes compared to Properties of Polymer-modified Cement mortar
its normal water curing. using Pre-Enveloping Method. Cement and
Higher strength properties of concrete is achieved Concrete Research, 32: 425-429.
due to effective addition of polymers and 11. Chunxiang  Qian   and   Piet   Stroeven,   2000.
reinforcing effects of discrete PP Fibres with special Fracture properties  of  concrete  reinforced  with
attention to wet and air dry curing. steel-  polypropylene hybrid fibres. Cement and

Concrete Composites, 22: 343-351.
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