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 This paper investigate about the relationship between the compressive strength and 
flexural strength of Polypropylene fiber reinforced blended concrete (PPFRBC) at 

different grades M20, M25, M30 and M35. The main variable investigated  in this 

study is percentage of Polypropylene fiber dosage of 0.2%, 0.4%, 0.6% and 0.8% by 
addition to weight of cement with optimum dosage of Silica fume (7.5%) and Rice husk 

ash(15%) as partial replacement of ordinary Portland cement. Compressive Strength 

and Flexural strength of PPFRBC at 28 days was found experimentally and the 
Relationship between the Compressive Strength and Flexural strength of PPFRBC were 

established. Based on the test the use of Polypropylene fiber of 0.6% with mineral 

admixture in concrete shows better performance than conventional concrete. 
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INTRODUCTION 

 

 Developing countries has the most fast growing industries, thus making the construction material such as 

cement in great demand. Therefore it is the time to look the use of local sustainable and inexpensive raw 

materials or industrial waste materials in replacing cement. Rice husk is produced in millions of tons per year as 

a waste material in agricultural and industrial processes. It contributes about 20% of its weight to Rice husk ash 

(RHA) after incineration (Anwar et al., 2001). The American Concrete Institute (ACI) defines Silica fume (SF) 

as “very fine non-crystalline silica produced in electric arc furnaces as a by-product of the production of 

elemental silicon or alloys containing silicon”. Many extensive experiments were carried out by many 

researchers around the world indicated that the usage of silica fume in concrete increases the concrete strength, 

modulus of elasticity, chemical and abrasion résistance, in addition to enhancing durability, corrosion protection 

and mechanical properties. But there is not a clear, unique conclusion regarding the optimum silica fume 

replacement percentages, although some of the researchers have reported different replacement levels. RHA is a 

highly pozzolanic material (Tashima et al., 2004). The non- crystalline silica and high specific surface area of 

the RHA are responsible for its high pozzolanic reactivity. RHA has been used in lime pozzolanic mixes and 

could be a suitable partly replacement for Portland cement (Smith et al.,1986; Zhang et al., 1996; Nicole et al., 

2000; Sakr 2006; Sata et al.,2007;). Polypropylene fibers are made in three different geometries including 

monofilament, fibrillated and tape fibers, the first two of which are used for increasing mechanical properties of 

concrete and cement (Taklo, 2008). Monofilament fibers are better to be used in concrete, because in 

comparison with fibrillated fibers, they can be homogenously dispersed within the concrete with no air captured 

between them, making it possible to use high amounts of them. In contrast, fibrillated fibers can only be used up 

to 1 Kg in each cubic meter concrete, as the air captured between the fibers prevents them from being 

homogenously dispersed, and reduces the strength of the concrete (Javadi,1999) The addition of short 

discontinuous fibers play an important role in the improvement of the mechanical properties of concrete. 

Banthia et al proved that polypropylene fibers can effectively control plastic shrinkage cracking in concrete and 

reduce the crack area and the number of cracks. Polypropylene fibers are successfully used in construction with 

its excellent flexural tensile strength, Compressive strength and permeability. It has some special character such 

as high strength, ductility, durability, abundant resources and low cost. 
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MATERIALS AND METHODS 

 

 Ordinary Portland cement of 53 grade confirming to IS: 12269-1987 was used in the present study and 

admixtures used in this experiment were Silica Fume (Grade 920 D) and Rice husk ash. SF used was confirming 

to ASTM-C (1240-2000) and RHA used was Hyper 2000.The SF and RHA was used as a partial replacement of 

cement. The specific gravity of cement, SF and RHA were 3.15, 2.2 and 2.11.The fineness of cement was 

determined as 2950cm
2
/g. The fineness of SF and RHA was 20000 m2/Kg and 2326 m

2
/Kg respectively. 

Locally available River sand was used as fine aggregate with bulk density 1860 kg/m
3 

with fineness modulus of 

2.28 and specific gravity 2.57 which belongs to the grade zone-II. Crushed aggregates of size 20mm was used as 

coarse aggregates. The specific gravity and fineness modulus of the coarse aggregates were 2.74 and 7.20 

respectively. Both the aggregate complied with the requirements of IS: 383-1987.Super plasticizer-

CONPLAST-SP 430 was purchased from FOSROC chemicals (India) Pvt Ltd, used to improve the workability 

of concrete with specific gravity 1.220 – 1.225 in the form of sulphonated Naphthalene polymers complies with 

IS: 9103-1999 and ASTM 494 type F. The Table 1 and Table 2 shows the mix proportions and polypropylene 

fibre material required for normal concrete.  

 
Table 1: Mix proportion for control concrete. 

Materials required per m3 of concrete 

Concrete Grade Cement(Kg) Fine aggregate(Kg) Coarse aggregate(kg) Water( litre) 

M20 383 578 1281.6 191.58 

M25 445.53 537.64 1268.10 191.58 

M30 487.83 431.65 1367.38 185.4 

M35 515 463.5 1501.33 185 

 

Table 2: Percentage of Polypropylene Fiber required for blended concrete. 

Polypropylene Fibre (%) 

 

Fibres required per m3 of concrete (kg) 

M20 M25 M30 M35 

0.2 0.77 0.89 0.97 1.03 

0.4 1.53 1.78 1.95 2.06 

0.6 2.3 2.67 2.92 3.09 

0.8 3.06 3.56 3.89 4.12 

 

The mix design as per IS 10262-1982 was designed to achieve a concrete grade M20, M25, M30, and M35. 

The various mix combinations of blended concrete are shown in Table.3 

 
 Table 3: Cementitious material combinations for binary blended concrete. 

Mix 

Designation 

Cement content (Kg/m3) Mineral admixture content (Kg/m3) 

Silica fume (7.5%) Rice husk ash (15%) 

M20 M25 M30 M35 M20 M25 M30 M35 M20 M25 M30 M35 

CPPY 383 445.5 487.8 515 - - - - - - - - 

CSPPY 354.3 412.1 451.3 476.4 28.7 33.4 36.6 38.6 - - - - 

CRPPY 325.6 378.7 414.7 437.8 - - - - 57.5 66.8 73.2 77.3 

 

Experimental setup: 

 The experimental study in this research paper mainly focused on the compressive and flexural strength and 

to develop the relationship between Compressive strength and flexural strength of SF and RHA based 

polypropylene fiber reinforced concrete. The experimental program includes three set of different combination 

of blended concrete with four different grades of concrete (M20, M25, M30, and M35) with varying percentage 

of polypropylene fibers as shown in Table (2). Workability of concrete mixes was determined by Slump cone 

test and by Compaction factor test as per IS 1199-1959.Superplastizer dosage (1.2% wt of cement) was found by 

Marsh cone test for the required workability of Polypropylene fiber reinforced concrete with partial replacement 

of mineral admixtures.  

 Preliminary work was conducted with different percentage of SF and RHA to find the optimum level. The 

cube specimens of size 150mm x 150mm x 150 mm were used to determine the optimum percentage from 28 

and 90 days compressive strength of SF and RHA based concrete. Cube and Beam specimens of size 150mm x 

150mm x 150 mm and 150mm x 150mm x 750 mm were used to determine the compressive and flexural 

strength. All the specimens were moist cured under water until testing. Casting and testing were performed at 28 

days curing in accordance with the provisions of the Indian standard specifications IS: 516-1959 for cubes and 

for flexural strength of beam as per IS 5816 -1999. Compressive strength test and flexural strength test was 

carried out on compression testing machine (2000KN) and on Universal testing machine (100 Tons). The 

average strength of three specimens was taken for each strength value. A relation between Compressive strength 

and Flexural strength of PPFRBC and simple Regression equation has been proposed to study the behavior of 

fiber reinforced blended concrete. 
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RESULTS AND DISCUSSIONS 

 

 
 

Fig. 1: Compressive strength development of silica fume based concrete. 

 

 
 

Fig. 2: Compressive strength development of RHA based concrete. 

 

Development of Compressive strength in silica fume and RHA based concrete: 

 The influence of SF and RHA shows the maximum increase in compressive strength at 28 and 90 days. 

From Fig 1[a,b] and Fig 2[a,b] for the SF and RHA based concrete the compressive strength increases at 7.5% 

and 15% replacement at 28 days and 90 days, however at 10% and 20% replacement of SF and RHA the 

strength decreases. Therefore the optimum replacement of cement by SF and RHA was considered as 7.5% and 

15%. From the test result it can be seen that the compressive strength of 7.5% replacement of cement with SF 

concrete was higher than control concrete at different grades (M20,M25,M30 and M35), by 34.50% ,21.53%, 

22.63% and 26.91% at 28 days, for 90 days increase in percentage was 33.31%, 21.53%, 22.63% and 26.92%.. 

On computing the percentage gains in compressive strengths of RHA concrete with respect to control concrete 

at different grades (M20, M25, M30, and M35), the values of average gains at 15% of RHA replacement levels 

obtained are maximum at 28 days and 90 days curing. RHA concrete (15%) showed highest increase in 

percentage as compared to control concrete. the percentage increase observed was 18.99%, 7.36%, 6.67% and 

8.75% at 28 days curing, for 90 days it was observed as 18.98%, 18.12%, 13.30% and 18.34%. Highest 

improvement in percentage of compressive strength of concrete by incorporation of SF and RHA can be 

attributed to the microstructure of transition zone and also have an effect on pore structure due to addition of 

mineral admixtures in the cement matrix.  
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Fig. 3(a): Compressive strength vs. percentage of Fig 3(b). Flexural strength vs. percentage of Polypropylene  

fiber of M20 grade of concrete Polypropylene fiber of M20 grade of concrete 

 

 
 

 Fig. 4(a): Compressive strength vs. percentage of Fig 4(b). Flexural strength vs. percentage of Polypropylene  

fiber of M25 grade of concrete Polypropylene fiber of M25 grade of concrete  

 . 

Compressive Strength of polypropylene fibre reinforced concrete: 
 A graph for Polypropylene blended concrete at different grades was plotted to study the effect of 

compressive strength at 28 days. The result for different grades of concrete in fig 3(a), 4(a), 5(a) and 6(a).are 

plotted. The compressive strength of polypropylene fiber reinforced concrete with admixtures SF and RHA were 

measured at the age of 28 days. From the figure it is noted that there is an increase in compressive strength with 

increase in percentage of Fiber. However maximum strength at various percentages of fiber to 7.5% replacement 

of SF admixtures is more predominant. This trend is more obvious at 0.6% percentage of addition of 

polypropylene fibers into concrete. However maximum Compressive strength is at 0.6% of PPYFRC with 

admixture. This may be due to large pozzolanic reaction and improved interfacial bond between paste and 

aggregate. For M20 grade of SF based concrete at optimum % of SF (7.5%) the compressive strength was 34.06 

MPa and when fiber 0.6% to the weight of cement was incorporated with SF based concrete there is a marginal 

increase in strength about 34.23 MPa. For the same grade of concrete at optimum % of RHA (15%) the 

compressive strength was found to be 31.9 MPa and with RHA and 0.6%of fibre based concrete, experimentally 

found result was 33.56 MPa. For all grade of concrete 7.5% optimum SF the compressive strength was found to 

be 40.55, 46.77 and 51.89 MPa. It is observed that Polypropylene fiber incorporation with SF concrete 

marginally increases the compressive strength by 41.02 MPa, 41.64Mpa and 52.34 MPa whereas for RHA 

concrete the maximum strength found is 31.99 MPa, 37.03 MPa and 42,06 MPa for all grades of concrete and 

with incorporation of fiber it was found as 39.32 MPa, 45.9 MPa and 49.21 MPa. Fiber addition improves the 

compressive strength and it is keenly observed that when fiber was added to the concrete the compressive 

strength increased marginally and this may be due to the interfacial bond between paste and aggregate  
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 Fig. 5(a): Compressive strength vs. percentage of Fig 5(b). Flexural strength vs. percentage of Polypropylene  

fiber of M30 grade of concrete Polypropylene fiber of M30 grade of concrete  

 

 
  

 Fig. 6(a): Compressive strength vs. percentage of Fig 6(b). Flexural strength vs. percentage of Polypropylene  

fiber of M35 grade of concrete Polypropylene fiber of M35 grade of concrete. 

 

Flexural Strength of Polypropylene Fibre Reinforced Concrete: 

 Figure 3(b), 4(b), 5(b) and 6(b) shows the variation of flexural tensile strength at different grades (M20, 

M25, M30 and M35) and at varying percentages of fibre in binary blended .Polypropylene fibre reinforced 

concrete. For M20, M25, M30, M35 SF based grade of concrete the average gain in flexural strength at 7.5% 

replacement level was 9.02%, 11.94%, 20.22 % and 7.74% and with 15% replacement of RHA based concrete it 

was computed as 3.61 %, 7.76%, 19.67% and 3.22 % to that of OPC. There was significant increase in flexural 

strength when fibre was incorporated with SF and it was observed as 74%,, 80%,, 118.28%, and 77.20% .It was 

computed in RHA based PPYFRC there was reduction in percentage increase for all grades to 68.59%,, 70.44%, 

106.93%, and 72.25%, when compared to SF based PPYFRC. This may be due to large surface area of SF than 

RHA resulting the pore reduction in concrete thus increasing the strength of concrete. The result of present 

investigation indicates that there was tremendous increase in flexural strength in SF binary blended PPYFRC.  

 

Relationship between compressive strength and flexural strength of PPYFRC:  

 The relationship between compressive strength and flexural strength was developed, and the results 

obtained from the investigation had been plotted and shown in figure 7. S.Bhanja et al., had observed statically 

for HPCs concrete, the relationship between the 28-day flexural and compressive strengths as ft = 0.275 (fc)
0.81

 

MPa, where ft and fc denote the flexural and compressive strengths of concrete. Based on the present 

investigation, the relationship between compressive strength and flexural strength of polypropylene fibre 

reinforced concrete, has been obtained as ft = 0.022fck
1.492

 MPa with the value of correlation coefficient (R
2
) of 

0.973.  
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Fig 7: Relationship between compressive Strength and         Fig 8. Relationship between actual flexural Strength 

flexural Strength of Polypropylene Fiber Reinforced    and predicated flexural strength of Polypropylene  

 Concrete                                                                                       Fiber Reinforced Concrete 

 

 The relationship between the experimental and predicted flexural strength results for all grades of 

Polypropylene Fibre Reinforced Concrete is shown in Fig.8. From the figure it is observed that the regression 

line passes through origin with an angle of 45
0
 which indicates that the predicted value expressed in Y axis is 

equal to the actual value of flexural strength in X axis.  

 

Conclusions: 
 A comparative study of the compressive strength, flexural strength of concrete with partial replacement of 

cement with SF and RHA along with various volume fractions of fibres has been studied. The salient 

conclusions are summarized below 

 Silica fume Binary blended Concrete gives best result comparing to RHA based Binary blended Concrete. 

 On increasing the days of curing the compressive strength of binary blended concrete increases 

 For different strength characteristics of fibres under the study, the optimum volume fraction ranges to 0.6% 

 Compressive strength increases with increasing fiber content. Strength for all types of Binary blended fiber 

reinforced Concrete increases with control concrete. 

 Addition of PPY fiber along with SF results in an increase of compressive strength than that of PPY fiber 

with or without RHA. 

 Major improvement in flexural stiffness was observed due to addition of SF and PPY fibres. the 

relationship between compressive strength and flexural strength of polypropylene fibre reinforced concrete,was 

ft = 0.022fck
1.492

 MPa with the value of correlation coefficient (R
2
) of 0.973 
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