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______________________________________________________________________________

Abstract- Self compacting concrete gets compacted due to its own weight without any external vibration. The trial mix which 
satisfies the fresh concrete properties as per EFNARC guidelines and the one which gives maximum compressive strength is used 

in the present work. The proposed experimental program is aimed to evaluate performance of SCC with varying percentage of 
Polypropylene fibres. An attempt has been made to study the fresh and hardened properties of Self Compacting concrete with 
silica fume as a mineral admixture. Self Compacting Concrete with 0.3% Polypropylene Fibre showed better results when 
compared to other variations. In this study new mathematical model was developed using non-linear regression equation for the 
prediction of concrete compressive strength at different ages, Splitting tensile strength and Flexural strength for SCC. According 
to the analysis, the models provide good estimation of strength and yielded good correlations with the data used in this study. The 
correlation coefficients were 0.9904, 0.992 and 0.939 for the prediction of compressive strength, Split Tensile Strength and 
Flexural Strength respectively.  
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I. INTRODUCTION 

 
 Construction of durable concrete structures requires skilled labor for placing and compacting concrete. The 

availability of skilled workers is decreasing all over the world. Therefore, there is a need to render the durability of 

the concrete structures to be independent of the quality of the construction worker. For the above, Self Compacting 

Concrete is an obvious answer. Making concrete structures without vibration have been done in the past. Mass 

concrete and shaft concrete can be successfully placed without vibration. But the above concrete are generally of 

lower strength and difficult to obtain consistent quality. Modern application of self-compacting concrete is focused 

on high performance, better and more reliable and uniform quality. The utilization of self-compacting concrete 

started growing rapidly. European Federation of natural trade associations representing producers and applicators of 

specialist building products (EFNARC) [1, 2]has drawn up specification and guidelines for Self compacting 

concrete to provide a framework for design and use of high quality SCC, during 2002. 

  In construction industry, strength is a primary criterion in selecting a concrete for a particular application. 

Concrete used for construction gains strength over a long period of time after pouring [3]. Neither waiting 28 days 

from such a test would serve the rapidity of construction, nor neglecting it, would serve the quality control process 

on concrete in large construction sites. Therefore, rapid and reliable prediction for the strength of concrete would be 

of great significance [4]. Prediction of concrete strength, therefore, has been an active area of research and a 

Considerable number of studies have been carried out. Many attempts have been made to obtain a suitable 

mathematical model which is capable of predicting strength of concrete at various ages with acceptable (high) 

accuracy [5]. 

II. LITERATURE REVIEW 

 

 Zoran Grdic et al (2008) [6] studied the properties of self compacting concrete with different types of 

additives and this work presents the properties of self compacting concrete, mixed with different types of additives: 

flyash, silica fume, hydraulic lime and a mixture of flyash and hydraulic lime. C. Selvamony et al [7] in his 

Investigations on Self – Compacted Self – Curing Concrete using Lime stone powder and Clinkers indicated the use 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY             

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                               ISSN: 2249-9954 
 

 Page 376 
 

of silica fume in Concrete significantly increased the dosage of superplasticiser (SP).  Silica fume can better 

reducing effect on total water absorption while quarry dust and lime powder will not have the same effect, at 28 

days. Kazumasa Ozawa [8] carried out an research on the Development of Self compacting concrete. Ozawa (1989) 
completed the first prototype of self-compacting concrete using materials already on the market. . By using different 

types of superplasticizers, he studied the workability of concrete and developed a concrete which was very 

workable. 

M.F.M. Jain et al [9] in his work on the mathematical regression model for the prediction of concrete 

strength, proposed a new mathematical model using non-linear regression equation for the prediction of concrete 

compressive strength at different ages. Farhad K. Aziz et al [10] studied the Development of a Statistical Model for 

the Ultimate Concrete Shrinkage At each test, the shrinkage and weight loss of the concrete prisms have been 

measured at different drying times for different mix proportions and different aggregate types. M. Abdullahi et al 

[11] carried out a study on the Statistical Modeling of Lightweight Concrete Mixtures using palm oil clinker (POC) 

as aggregate. The analysis of variance (ANOVA) shows that the developed models adequately fit the experimental 

data with a p-value for the regression less than 0.05. The terms considered in the models were significant with p-
values less than 0.05. The analysis of variance (ANOVA) shows that the developed models adequately fit the 

experimental data with a p-value for the regression less than 0.05. These statistics assures reasonable response 

prediction. Statistical approach has proved to be a useful tool for modeling of lightweight concrete mixture. 

III. FIBRE REINFORCED CONCRETE 

 

 When load is applied to the concrete matrix, a part of the load is transferred to the fibre along its surface. 

Because of the difference in stiffness between the fibre and the matrix, shear helps to transfer some applied load to 

the fibre. If fibre is stiffer than the concrete matrix, the deformation at the fibre is smaller. This type of situation 
arises with steel fibre and mineral fibre. If the fibre modulus is lesser than the matrix modulus, then the deformation 

around the fibre will be higher. This occurs with polymeric and some natural fibres.  

 In the tension zone concrete matrix crack occurs fibre starts acting. The fibre carries the load across the 

crack, transmitting the load from one sided of the matrix to other. If the fibre is stronger, greater loads can be 

transmitted. If the fibre can transmit sufficient load across the crack, more cracks will form along the length of the 

specimen. This type of loading is called multiple cracking stages. However, if the fibre is randomly distributed, the 

cracks do not have very long paths, thereby load bearing capacity of the whole matrix increases.Polypropylene or 
Polypropene (PP) is a thermoplastic polymer, made in the chemical industry and used in a wide variety of 

applications It is an addition polymer made from the monomer propylene, it is rugged and resistant to many 

chemical solvents, bases and acids. 

 

IV. POLYPROPYLENE FIBERS 

 

 Polypropylene (PP), also known as polypropene, is a thermoplastic polymer, made by the chemical industry 

and used in a wide variety of applications, including packaging, textiles (e.g. ropes, thermal underwear and carpets), 

stationery, plastic parts and reusable containers of various types, laboratory equipment, loudspeakers, automotive 

components, and polymer banknotes. An addition polymer made from the monomer propylene, it is rugged and 

unusually resistant to many chemical solvents, bases and acids. The molecular arrangement of polypropylene fibre is  

 

 The thinner and stronger elements spread across entire section, when used in low dosage arrests cracking. 

The Polypropylene fibre plays many roles in the concrete and prevents the shrinkage cracks developed during curing 

making the structure/plaster/component inherently stronger. Further when the load imposed on structure, concrete 

approach for failure, cracks will propagate sometimes rapidly. Addition of Polypropylene in concrete and plaster 

arrests cracking caused by volume change (expansion & contraction). A cement structure free from such micro 

cracks prevents water or moisture from entering and migrating throughout the concrete. This in turn helps prevent 

the corrosion of steel used for primary reinforcement in the structure. This in turn improves longevity of the 

structure.  

http://en.wikipedia.org/wiki/File:Polypropylen.svg
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 Polypropylene fibre reduces rebound "splattering" of concrete and shotcrete. The raw material wastage 

reduces & results in direct saving in terms of raw material. More importantly it saves a great deal of labour 

employed for the job, which could be completed earlier. Modulus of elasticity of Polypropylene is high with respect 
to the modulus of elasticity of the concrete or mortar binder. The Polypropylene fibre help increase flexural strength.  

 

V. SELF COMPACTING CONCRETE 

 

A. Origin and development 

 

Self compacting concrete (SCC) is considerably a new concrete technology that was developed within last 

two decades. The technology was first discovered in 1986 by Japanese researchers to increase the durability by 

increasing the workability of concrete and thus by increasing the construction quality [Ozawa et. al. 1989]. SCC can 

be defined as a concrete with very high flowability together with a good stability. These two parameters allow the 

concrete to fill every corner of the formwork to which it is placed under its own weight without the need of any 
external vibration. Another property that is always needed for SCC is passing ability that is needed for filling 

heavily congested sections of reinforced concrete structures [Ozawa et. al. 1989]. 

As mentioned earlier SCC is new concrete technology and therefore standards describing the requirements 

of SCC is scarce. The only available standard is published by EFNARC (European Federation of National Trade 

Associations) which is the European federation dedicated to special construction chemicals and concrete system 

[EFNARC 2002]. EFNARC lists the three workability requirements of SCC as its filling ability, passing ability and 

segregation resistance and just like the conventional concrete there is no single test method to measure the above 

mentioned workability parameters. Therefore a list of method is described to determine the workability properties of 

SCC. Among these slump flow, J-ring, V-funnel, L-box, U-box and fill box are the most widely accepted and used 

tests. 

The common practice to obtain self-compactibility is to limit the coarse aggregate content and to utilize an 

appropriate mortar. Therefore, mortar serves as the basis for the workability properties of SCC and these properties 
could be assessed by investigating self compacting mortars (SCM). In fact, assessing the properties of SCM is an 

integral part of SCC design [EFNARC 2002]. 

In order to achieve self compactibility in SCMs usually the sand content in mortar is limited to 40% of 

mortar volume. Moreover, lower water content rations together with superplasticizer (SP) are also used [Okanura 

and Ozawa 1995]. In order to achieve an optimum mix design of SCC or SCM it is also important to use viscosity 

modifying admixtures (VMA). VMAs increase the viscosity of the SCC and prevent segregation [Lachemi et. 

al.2002].  

One alternative to reduce the cost of SCC is the use of mineral admixtures, Which are finely divided 

materials added to concrete as separate ingredients either before or during mixing [Erdogan 1997]. If the mineral 

admixtures can replace some or all of the chemical admixtures without any loss in the properties of SCC, the cost 

will be reduced especially of the mineral admixtures in an industrial by-product or waste. Moreover, the mineral 
admixtures will also increase the durability and longterm strength. 

 

B. Comparision Of SCC And Conventional Concrete 

1. The ingredients used in SCC are the same as those used in conventional concrete. 

2. SCC generally possesses a high powder content, which keeps the concrete cohesive with high flowability. For 

achieving economy, a substantial part of this powder could contain reactive powder minerals like fly ash. 

3. SCC differs from conventional concrete in that former has more powder contents and less coarse aggregate. 

4. SCC also incorporates high range water reducing (HRWR) admixtures in large amounts and a viscosity 

modifying agent (VMA) in small doses. 

5. HRWR helps in achieving excellent flow at low water contents. VMA reduces bleeding and improves the 
stability of the concrete mixture. The workability of SCC is very high when compared to the conventional 

concrete. 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY             

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                               ISSN: 2249-9954 
 

 Page 378 
 

C. Importance of Self Compacting Concrete And Mineral Admixture 

Self compacting concrete is one which gets compacted due to its own weight without any external 

vibration. This concept is used for the construction of ferrocement slabs in order to overcome the problems and 
difficulties in the construction process. The use of SCC in the construction of ferro cement slabs facilitate the easy 

placing of concrete without the requirement of skilled labours, vibrators and improving the quality and speed of 

manufacturing ferrocement products. 

Admixtures are defined as a material other than cement, water and aggregate that is used as ingredient of 

concrete and is added before or during mixing. In the present world, concrete is been used for different purpose in 

different conditions. For some conditions, ordinary concrete may failed to exhibit the required quality or durability. 

To make the concrete suitable for specialized conditions, admixtures are added to the concrete, which modifies its 
properties so as to make it more suitable for the particular situation. 

VI. MATERIAL  PROPERTIES 

 

The cement used in this work was Portland Pozzolona cement conforming to the requirements of IS 1489: 

1991. The specific gravity of cement was 3.15. The initial and final setting times were found as 35 and 400 min, 

respectively. Fine aggregate used was river sand passing through IS sieve 4.75 mm obtained from a local source. 

The specific gravity of sand was found to be 2.63.The coarse aggregates which passed through 6mm sieve but 

retained on 4.75mm sieve were used for the self compacting micro concrete mix. The specific gravity of Coarse 
Aggregate was 2.73. As mineral admixture Micro Silica was used in the present work. Cement is partially replaced 

with silica fume by 25 % by weight of cement. Potable fresh water available from local sources was used for mixing 

and curing of slabs. 

To improve the workability in slurry and concrete Glenium B233 (0.85 % by weight of cementitious 

material had been used. It is a light brown liquid with the Relative density of 1.09 ± 0.01 at 25°C and pH > 6. To 

make the concrete as more workable with self compacting character, chemical admixtures –Viscosity Modifying 

Agent (VMA) Glenium stream 2 of 0.23 % by weight of cementitious material were added. Polypropylene fibres of 

cut length 6 mm and Specific gravity 0.91 were used. The ultimate tensile strength of fibre was 550 – 700 MPa. 
Glass Fibre Reinforced Polymer (GFRP) sheets were wrapped at the bottom of the slab by means of Polyester resin. 

An accelerator and catalyst (10 ml) for 1 kg of polyester resin is used for this purpose. The Ultimate tensile strength 

of GFRP sheets was found to be 360 N/mm2.  

VII. FRESH CONCRETE PROPERTIES AND SELECTION OF OPTIMUM MIX 

 A concrete mix can only be classified as self compacting if it has the following characteristics. 

 

 Passing ability  

 Filling ability 

 Resistance of segregation. 

 

Based on the requirements various trial mixes are developed and the mix which satisfies the acceptance 

criteria as per EFNARC guidelines was selected as an optimum mix as shown in Table I and II. Various trial mixes 

were done by keeping the HP = 0.85% and VMA = 0.23% constant and by varying the ratio of sand and aggregate. 

Silica Fume was added in the mix as a mineral admixture to increase the strength and flow ability of the micro 

concrete. The silica fume is a fine material and it fills all voids in the concrete matrix. The mix M4 which satisfies 
the fresh concrete properties as shown in Table 1is used for the study. Figure 1 shows the workability tests 

conducted to study the fresh concrete properties of mix M4. 

 

A. Slump Flow Test 

 

The slump flow test is done to assess the horizontal flow of concrete in the absence of obstructions. It is a 

most commonly used test and gives good assessment of filling ability. It can be used at site. The test also indicates 

the resistance to segregation. 
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The base plate is placed on the level ground. The slump cone is then placed centrally on the base plate. The 

cone is filled with the scoop. The concrete level is stroked off with the trowel. The cone is raised vertically and the 

concrete is allowed to flow freely. The final diameter of the concrete in two perpendicular directions is measured 
and the average o the two diameters is calculated. This is the slump flow in mm. Figure 1(a) shows the slump flow 

test. 

 

B. T50 Slump Flow Test 

 

 The procedure for this test is same as for slump flow test. When the slump cone is lifted, stop watch is 

started and the time taken for the concrete to reach 500mm mark is found. This time is called T50 time. This is an 

indication of rate of spread of concrete. A lower time indicates greater flowability.  

 

C. V-Funnel Test 

 
The V-funnel test is used to determine the filling ability of the concrete with a maximum size of aggregate 

20mm size. The V-funnel is set up on the firm ground. The inside of the funnel is moistened. The apparatus is 

completely filled with concrete and leveled. The trap door is opened within 10 seconds and the time taken for the 

concrete to flow down in recorded. Figure 1(b) shows the V-funnel test for mix M4. 

D. J-Ring Test 

 

It denotes the passing ability of the concrete. The inside o the slump cone and base plate is moistened. The 

J-ring is placed centrally on the base plate and the slump cone is placed centrally inside the J-ring. The slump cone 

is filled with a scoop. The surplus concrete is removed with the trowel and the surface is leveled. The cone is raised 

vertically and the concrete is allowed to flow out through the J-ring. The difference in height between the concrete 

just inside J-ring bars and just outside J-ring bars are measured. The average difference in height at four locations is 

noted in mms. Figure 1(c) shows the V-funnel test for mix M4. 
 

E. L-Box Test 

 

 The test assesses the flow of concrete and also the extent to which the concrete is subjected to blocking by 

reinforcement. The vertical section of the apparatus is filled with concrete. It is left to standing for 1 minute. The 

sliding gate is lifted and the concrete is allowed to flow out into the horizontal section. When the concrete stops 

flowing, the height H1 and H2 are measured. H2/H1 is the blocking ratio. Figure 1(d) shows the L-Box test for mix 

M4. 

 
TABLE I  

TRIAL MIX FOR SCC 

Mix  Cement  Sand  
Coarse 

Agg  
W/C  

Slump 

flow 

(mm)  

V-

Funnel 

T (sec)   

M1  1 2 1 0.4 510 
No 

flow  

M2  1 1.5 1 0.4 532 
No 

flow  

M3  1 1.3 0.9 0.4 620 17 

M4  1 1.2 0.8 0.4 680 8 

M5  1 1 0.8 0.4 712 5 
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TABLE II 

 ACCEPTANCE CRITERIA AS PER EFNARC GUIDELINES AND OBSERVED VALUES 

Workability 

tests 
Units 

Acceptance 

Criteria 
Observed 

value 
Min Max 

Slump flow Test  mm 650 800 680 

T50 Slump Flow sec 2 5 3 

V-Funnel Test sec 6 12 8 

J-Ring Test mm 0 10 6 

L-Box Test no unit 0.8 1 0.87 

      

 

(a)Slump Flow Test 

 

(b) V-Funnel Test 
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(c) J-Ring Test 

 

(d) L-Box Test 

FIG 1: WORKABILITY TESTS 

 

F. HARDENED CONCRETE PROPERTIES 

 
 The cement, fine aggregate and coarse aggregates are mixed thoroughly in dry condition. Silica fumes are 

used as a mineral admixture replacing cement by 25%. For addition of water, initially 75% of the water was added 

to dry mix and mixed thoroughly. The SP, VMA were added to remaining 25% of the water, added to the mix along 

with polypropylene fibers and the mixing was carried out for about two to three minutes.  

 The self compacting concrete mix was then placed in the moulds without vibration. Finally the surfaces are 

being leveled to get a uniform surface finishes All these specimens were cured up to 28 days. They were kept in a 

cool dry place until they were tested. After removing the specimens from the curing pond, they were allowed to dry 

under shade for a while and then tested. 

Cubes of 150 X 150 X 150 mm were cast and cured for the determination of Average cube compressive 

strength at 7th day, 14th day and 28th day. Table III shows the Experimental average cube compressive strength with 

the parameters X1, X2 and X3 for the Prediction of Y1 using SPSS. Cylindrical specimens 150 mm diameter and 

300 mm height were also cast, cured and tested for determination of split tensile strengths. The Experimental 
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splitting tensile strength is shown in Table IV along with the Parameter X1 and X2 used for the prediction of Y2.  

Prism of size 500 X 100 X 100 mm were cast and tested for determination of Flexural strength. A total of 45 Cubes, 

15 cylinders and 15 prisms were casted and tested in the present study. Table V shows the flexural strength of SCC. 
 

TABLE III 

AVERAGE CUBE COMPRESSIVE STRENGTH 

 

Series 

X1 X2 X3 Y1 

% of 

fibre, F 

% of 

Silica 

Fume, SF 

Days 

Experimental 

Cube 

Compressive 

Strength 

A7 0 0 7 12.87 

B7 0 25 7 14.49 

C7 0.1 25 7 15.65 

D7 0.2 25 7 16.87 

E7 0.3 25 7 17.65 

A14 0 0 14 17.43 

B14 0 25 14 19.56 

C14 0.1 25 14 21.44 

D14 0.2 25 14 23.58 

E14 0.3 25 14 24.56 

A28 0 0 28 27.2 

B28 0 25 28 29.3 

C28 0.1 25 28 30.98 

D28 0.2 25 28 31.33 

E28 0.3 25 28 32.4 

 
TABLE IV 

 SPLITTING TENSILE STRENGTH 

 

Series 

X1 X2 Y2 

%  of 

Fibre, F 

% of 

Slica 

Fume, 

SF 

Experimental 

Horizontal 

stress, Yexp  

A28 0 0 1.534 

B28 0 25 1.627 

C28 0.1 25 1.864 

D28 0.2 25 2.242 

E28 0.3 25 2.453 
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TABLE V 

 FLEXURAL STRENGTH 

 

Series 

X1 X2 Y3 

% of 

fibre, 

F 

% of 

Silica 

Fume, 

SF 

Experimental 

Flexural Strength 

(N/mm
2
), Yexp  

A28 0 0 0.995 

B28 0 25 1 

C28 0.1 25 1.322 

D28 0.2 25 1.454 

E28 0.3 25 1.534 

 

 

G. MATHEMATICAL MODELLING 

A. SPSS Software 

SPSS (Statistical Package for the Social Sciences) is a comprehensive and flexible statistical analysis and data 

management solution. SPSS can take data from almost any type of file and use them to generate tabulated reports, 

charts, and plots of distributions and trends, descriptive statistics, and conduct complex statistical analyses. With 

SPSS predictive analytics software, you can predict with confidence what will happen next so that you can make 

smarter decisions, solve problems and improve outcomes. PSS allows you to perform both simple and multiple 

regression. The output produced by the Regression command includes four different values: 

 A score which measures the strength of the relationship between the DV and the IV. This is designated with 

a capital R (the same as the bivariate correlation "r").  

 A probability value (p) associated with R which indicates the significance of that assoc.  

 R square, which is the proportion of variance in one variable accounted for by the other variable.  

 The constant and the coefficient (called B-values) for the regression equation. 

B. Regression Analysis 

 In statistics, regression analysis includes many techniques for modeling and analyzing several variables, 

when the focus is on the relationship between a dependent variable and one or more independent variables. More 

specifically, regression analysis helps one understand how the typical value of the dependent variable changes when 

any one of the independent variables is varied, while the other independent variables are held fixed. Most 

commonly, regression analysis estimates the conditional expectation of the dependent variable given the 

independent variables — that is, the average value of the dependent variable when the independent variables are 
held fixed. Less commonly, the focus is on a quantile, or other location parameter of the conditional distribution of 

the dependent variable given the independent variables. In all cases, the estimation target is a function of the 

independent variables called the regression function. In regression analysis, it is also of interest to characterize the 

variation of the dependent variable around the regression function, which can be described by a probability 

distribution. 

 Regression analysis is widely used for prediction and forecasting, where its use has substantial overlap with 

the field of machine learning. Regression analysis is also used to understand which among the independent variables 

are related to the dependent variable, and to explore the forms of these relationships. In restricted circumstances, 

regression analysis can be used to infer causal relationships between the independent and dependent variables. 
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 The performance of regression analysis methods in practice depends on the form of the data generating 

process, and how it relates to the regression approach being used. Since the true form of the data-generating process 

is generally not known, regression analysis often depends to some extent on making assumptions about this process. 
These assumptions are sometimes testable if a large amount of data is available. Regression models for prediction 

are often useful even when the assumptions are moderately violated, although they may not perform optimally. 

However, in many applications, especially with small effects or questions of causality based on observational data, 

regression methods give misleading results. 

C. Modeling The Prediction Of Compressive Strength Of Concrete 

 

 Multiple regression analysis of Y- was performed with the independent variables X1-, X2-, X3-, X4- and 

X5 –and the following regression model is fitted for performance: 

Y = bo + b1X1 + b2 X2 + b3 X3 + ………. 

Where b1, b2, b3, b4 and b5 are partial regression coefficients; bo-constant and the results are presented in the 

following table. 

 

 The Multiple regression model indicated that out of the explanatory variables under study, 3 

Variables namely, X1, X2, and X3 have all significantly contributing to Y. The analysis of variance of multiple 

regression modal for Y indicates the overall significance of the model fitted. The coefficient of determination R2 

value showed that these variables put together explained the variations of Y1 to the extent of 99.04 %. Table VI 

shows the regression model for Y1. The analysis of variance for multiple regression modal is shown in table VII. 

Figure 2 shows the comparison between the Experimental and Predicted Cube compressive Strength for all ages. 

TABLE VI 

REGRESSION MODEL FOR Y1 

 

Variables 

Prediction Model for Cube 

Compressive Strength 

Regression 

Coefficient 
R

2
 

Regression 

Fitted 

F 12.497 

0.9904 

Y1 = 7.855+ 
12.497F+ 

0.084SF+ 
0.693Days 

SF 0.084 

Days 0.693 

Intercept 7.855 

 

TABLE VII 

ANALYSIS OF VARIANCE FOR REGRESSION  

Source DF SS MS F 

Regression 3 609.927 203.309 

379.488 

Residual 11 5.893 0.536 

 

D. Modeling The Prediction Of Splitting Tensile Strength And Flexural Strength 

 
 Two Variables namely, X1 and X2 have significantly contributed to Y2 and Y3 in the multiple regression 

Analysis. The coefficient of determination R2 value showed that these variables put together explained the variations 

of Y2 and Y3 to the extent of 99.21 % and 93.87 % respectively. Table VIII and X shows the regression model for 

Y2 and Y3 respectively. The analysis of variance for multiple regression modal is shown in table IX and XI. Figure 
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3 shows the comparison between Experimental and Predicted Splitting Tensile strength whereas Figure 4 shows the 

comparison between Experimental and Predicted Flexural Strength.  

 
TABLE VIII 

 REGRESSION MODEL FOR Y2  

 

Variables 
Regression 

Coefficient 
R

2
 Regression Fitted 

F 2.856 

0.9921 
Y2 = 

1.534+2.856F+ 
0.003SF 

SF 0.003 

Intercept 1.534 

 
TABLE IX 

ANALYSIS OF VARIANCE FOR REGRESSION  

Source DF SS MS F 

Regression 2 0.618 0.309 
125.801 

Residual 2 0.005 0.002 

  
TABLE X  

 REGRESSION MODEL FOR Y3 

 

 

 

 
 

 
TABLE XI 

ANALYSIS OF VARIANCE  

FOR REGRESSION  

Source DF SS MS F 

Regression 2 0.239 0.119 15.313 

Residual 2 0.016 0.008 
 

 

 

H. RESULTS AND DISCUSSION 

 

 SCC satisfying the Fresh concrete properties is selected as an optimum mix (M4) as a result of several 

trials. The mineral admixture silica fume replacing cement by 25% is added to improve the mechanical properties of 

SCC. Polypropylene fibers are added to the mix in the percentage of 0.1%, 0.2% and 0.3%. Mathematical modeling 
is done to predict the Cube compressive strength, Split Tensile Strength and Flexural Strength. From the 

Experimental and predicted values, the following results were arrived. 

1. Slump flow test, V-Funnel Test, J Ring test and L – Box test is done to find the optimum mix for SCC as per 

EFNARC guidelines.  Mix M4 with the mix ratio 1:1.2:0.8 is used in the present study to evaluate the Hardened 

concrete Properties. 

2. Addition of Mineral Admixture, Silica fume increases the 28th day Average cube compressive strength by 8% 

and the addition of 0.1%, 0.2% and 0.3% Polypropylene fibers with Series B mix increases the Average cube 

compressive strength by 6%, 7% and 5% respectively. Fig 1 shows the Experimental Cube compressive strength 
of Series A, B, C, D and E. 

3. Increase in percentage of Fibers from 0.1%, 0.2% and 0.3% increases the Splitting tensile strength by 15%, 38% 

and 51% when fibers are mixed with Series B mix.  

4. Whereas the flexural strength of concrete increases by 32%, 45% and 53% when 0.1%, 0.2% and 0.3% of fiber is 

added to series B mix. 

Variables 
Regression 

Coefficient 
R

2
 Regression Fitted 

F 1.734 

0.9387 
Y3 = 

0.995+1.734F+0.003SF 
SF 0.003 

Intercept 0.995 
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5. Mathematical models for the prediction of concrete strengths were proposed and developed (using non-linear 

regressions) from the knowledge of the mix constituents, i.e., the variables used are the mix proportions 

elements. The prediction models developed in this study are: 
 Predicted Cube Compressive Strength, Y1 = bo+b1F+b2 SF+b3Days 

 Predicted Splitting Tensile strength, Y2 = bo+b1F+b2SF 

 Predicted Flexural Strength, Y3 = bo+b1F+b2SF 

6. The difference in values of strength characteristics such as Compression, Flexure and tensile which were 

obtained from the experiment and the predicted value from SPSS software is minimum. Figure 2, 3 and 4 shows 

the comparison between the experimental and predicted values. The graphs show that there is a good consistency 

between the predicted and the experimental results. 

 

 
 

FIG 1: EXPERIMENTAL CUBE COMPRESSIVE STRENGTH 

 

 
 

FIG 2: COMPARISON BETWEEN EXPERIMENTAL AND PREDICTED CUBE COMPRESSIVE STRENGTH 
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FIG 3: COMPARISON BETWEEN EXPERIMENTAL AND PREDICTED SPLITTING TENSILE STRENGTH 

 

 
 

FIG 4: COMPARISON BETWEEN EXPERIMENTAL AND PREDICTED FLEXURAL STRENGTH 

 

I. CONCLUSION 

 

1. The mix M4 (1:1.2:0.8) satisfies the fresh concrete properties as per EFNARC Guidelines with the Average 
cube compressive strength of 27.2 N/mm2. 

2. As the percentage of Polypropylene fiber increases, the strength characteristic of concrete also increases. 

3. As the percentage of Polypropylene fiber increases, the strength characteristic of concrete also increases. 

Addition of 0.3% Polypropylene Fiber and 25% Silica fume increases the Cube compressive strength by 19%, 

splitting tensile strength by 61% and Flexural Strength by 54%. 

4. Percentage of Fibre (X1) and Percentage of Silica Fume (X2) are the main parameters which are influencing the 

strength characteristics. 

5. The correlation coefficients were 0.9904, 0.992 and 0.939 for the prediction of compressive strength, Split 

Tensile Strength and Flexural Strength respectively.  

6. The R2 value indicates that the model is significant. 

7. The predicted results were found to be in good agreement with the experimental results. 

8. Hence 0.3% of Polypropylene fiber can be used effectively to improve the strength characteristics of concrete. 
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