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Abstract— In this paper, a model for early age compressive strength of high performance concrete is developed 

based on the experimental results. Silica fume is replaced in various percentages for cement and compressive strength is 

determined experimentally. The proposed models in the present study determine the compressive strength of concrete at 

various ages, namely, 1 and 3days. Abram’s model and Feret model were used to formulate the desired equation. Root 

mean square is used to compare the two models and expresses the accurate model for the prediction of compressive 

strength. In addition to the compressive strength, efficiency factor is also determined. 

 

Keywords— High Performance Concrete, Silica fume, Early age compressive strength, Abram’s model, 

Feret model. 

 

Notations — 

OPC Ordinary Portland cement in kg/m3 

k Efficiency factor 

T Age of concrete in days 

A, B Constants 

P Fraction of Silica fume in percentage 

B Quantity of binder in percentage 

fck Compressive strength of concrete in Mpa 

wc Water cement ratio 

wb Water binder ratio 

w Water content 

p Percentage difference between predicted and experimental values 

 

I. INTRODUCTION 
 

High performance concrete (HPC) exhibits high compressive strength with the use of mineral admixtures such as 

flyash, silica fume, rice husk ash, metakaolin, etc. HPC is extensively used now-a-days for its performance and economy. It 

has high quality ingredients and is capable of developing higher strength than normal concrete. High performance 

concrete has several advantages over traditional Portland cement concrete.  Excessive water in the concrete can reduce the 

strength of the concrete and durability. To maintain the water cement ratio and increase the strength, plasticizers are used 

to increase the bonding between the particles of the Portland cement. Moreover, high performance concrete has a 

discontinuous pore structure that reduces liquid ingress and permeability, which leads to significantly enhanced durability, 

longer service life and lower cost for maintenance. Silica fume is a very reactive pozzolona which makes concrete durable. 

The optimum replacement level of silica fume in concrete is evaluated and it is reported that silica fume makes the binder 

particles coarser [1]. Maximum split tensile and compressive strength of concrete was obtained when silica fume is 

replaced by 10% [2].  
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Saturated water absorption of concrete and the value of Hydrogen ion concentration declines with the addition of 

silica fume in HPC [3]. Higher workability of concrete can be achieved with the addition of super plasticizer and the 

performance of silica fume depends on the replacement level, water cement ratio and chemical admixture [4]. As filler to 

concrete, silica fume increases the strength and hardness of concrete [5]. Flexural strength of concrete is enhanced more 

when compared to the split tensile strength of concrete when silica fume is incorporated in concrete [6]. Silica fume 

decreases the porosity in concrete and improves the performance of concrete to attain high compressive strength and 

dynamic modulus of elasticity [7]. Compressive strength, flexure strength and split tensile strength of concrete is developed 

due to partial replacement of silica fume in concrete [8]. Literatures revealed that models predicting the compressive 

strength of high performance concrete are minimum. This paper is based on assessment of accurate model for 

determination of compressive strength of High performance concrete at early ages. 

 

II. MATERIALS AND EXPERIMENTAL RESULTS 
 

Ordinary Portland cement(53 Grade) is used and the specific gravity of cement is found out to be 3.15.Well graded sand of 

grading zone II is used for the experimental work.12.5mm sized crushed granite is used for experimental work. Ordinary 

tap water is used. Polycarboxylic ether based superplasticizer is used. The experimental part of this paper involves various 

tests and the compressive strength values of 1 and 3 days are taken for the theoretical calculation [9]. The experimental 

values are listed in the Table 1. 

TABLE I 

COMPRESSIVE STRENGTH VALUES FROM EXPERIMENTAL WORK 

Mix 

Id 

Compressive strength in 

Mpa 

1 Day 3 Days 

SF5 20.1 34.7 

SF7.

5 
24.7 40.5 

SF10 21.7 36.6 

 

III. MODEL FOR PREDICTION OF COMPRESSIVE STRENGTH 
 

A numerical expression, developed to evaluate the model, accounts for many variables, namely, water to cement 

ratio, water content, cement content and coarse aggregate, and efficiency factor. High performance concrete was 

developed using various cementitious composites to form various binary blending combinations consisting of normal 

Portland cement and silica fume. In this paper, Ferets model and Abrams model is used for predicting early age 

compressive strength of high performance concrete containing silica fume. 

 

A. Existing Compressive Strength Models 
In 1946, Powers postulated that the compressive strength of cement paste is proportional to the gel to space ratio, 

denoted by X, which is the ratio of the gel volume to the volume of capillary porosity. The gel space ratio is defined as the 

volume of hydration products divided by the sum of the volume of hydration products and capillary porosity.  

          (1) 

Where             

 K      -   Paste to aggregate bond strength constant 

 fck      -  compressive strength of concrete 

 A, B  -  constants. 
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The effect of age on strength was considered empirically. De Larrard revised the model to better account for the type of 

aggregates using coefficients m1 and m2 

           (2) 

Where     

fck    -  compressive strength of concrete 

 A      -   constant. 

     1)  FERET’S MODEL:  Feret[10] was the first to propose a model for predicting concrete compressive strength by 

postulating that strength is a function of the ratio of cement to paste and air as shown in Equation 3 

                       (3) 

where    

Vc, Vw, VSF    - volume fractions of cement, water and silica fume respectively 

        fck      -  compressive strength of concrete 

      A,B     -   constants. 

Volume of binder is represented by the expression                                             (4) 

Volume of water is expressed as                                               (5) 

Volume of cement is given by                                    (6)  

Substituting the equations 4, 5, 6 in 3, the model for the prediction of compressive strength is proposed 

                                     (7) 

The value of constants in Feret model is determined by linear regression analysis and the values obtained are scheduled in 

the Table 2. 

 

TABLE III 

CONSTANT VALUES IN FERET MODEL 

Mix 

Id 

CONSTANT A 

VALUES 

CONSTANT B 

VALUES 

DAY 1 DAY 3 DAY 1 DAY 3 

SF5 1.665 2.302 0.183 0.326 

SF7.

5 
1.665 2.302 0.183 0.326 

SF10 1.665 2.302 0.183 0.326 

 

        2)  ABRAM’’S MODEL:Duff Abrams’ law states the strength of a concrete mix is inversely proportional to the mass 

ratio of water to cement.                                                                                                                                                       

(8) 
Constants A and B in the equation can be calculated by linear regression 

                                        (9)            

                      (10) 

Substituting the equations 9 and 10 in 8, modified Abrams law is arrived 

                       (11)                                                                        

  Equation 11 predicts the compressive strength of high performance concrete of silica fume incorporated concrete.  
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The value of constants in Abrams model is determined by linear regression analysis and the values obtained are reported in 

the Table 3. The constants A and B involved in the model can be determined with and without silica fume. 

 

TABLE IIIII 

CONSTANT VALUES IN ABRAM MODEL  

Mix 

Id 

CONSTANT A 

VALUES 

CONSTANT B 

VALUES 

DAY 1 DAY 3 DAY 1 DAY 3 

SF5 36.93 24.27 1.119 1.361 

SF7.

5 
36.93 24.27 1.119 1.361 

SF10 36.93 24.27 1.119 1.361 

     

IV. COMPARISON OF PREDICTED AND THEORETICAL VALUES 
 

From the results determined and presented in the Table 4 and 5, the maximum strength is obtained at 7.5% of silica fume 

replacement. The proposed models can be used to estimate the compressive strength of concrete at 1 and 3 days after 

curing. The predicted models provide reasonable values when compared with the experimental data. The difference in 

percentage of predicted and theoretical values ranges between -1.32 to 15.24. 

 

TABLE IVV 

PREDICTED VALUES FROM FERETS MODEL 

 

Mix 

id 
T P K fck,pre fck,exp p 

SF5 1 5 0.907 21.26 20.1 5.46 

SF7.5 1 7.5 1.114 23.87 24.7 -3.46 

SF10 1 10 0.979 24.44 21.7 11.21 

SF5 3 5 0.931 34.14 34.7 -1.62 

SF7.5 3 7.5 1.086 41.34 40.5 2.04 

SF10 3 10 0.982 43.17 36.6 15.24 

          

The models predicted involve various replacement levels of silica fume. The difference in error percentage is higher as the 

quantity of silica fume added is more. The K factor and the constant values are suitable for low water binder ratio when 

silicafume is incorporated in high performance concrete. 

 

TABLE V 

PREDICTED VALUES FROM ABRAMS MODEL 

Mix 

id 
T P K fck,pre fck,exp p 

SF5 1 5 0.304 22.69 20.1 11.44 

SF7.5 1 7.5 0.373 22.75 24.7 -8.59 

SF10 1 10 0.328 22.652 21.7 4.20 

SF5 3 5 1.061 35.92 34.7 3.378 

SF7.5 3 7.5 1.239 36.22 40.5 
-

11.82 

SF10 3 10 1.119 36.14 36.6 -1.28 
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The modified Ferets and Abrams model can be used to predict the compressive strength of concrete when it is replaced by 

various percentages of silica fume. 

 

   1)  ROOT MEAN SQUARE: The accuracy of the two models can be predicted by root mean square. The error 

determined from the equation finds out the model that is more compatible when silica fume is incorporated in concrete. 

The equation utilized to compare the models is expressed in Equation 12 

                                          (12) 

 

Where   

   =   Experimental compressive strength in Mpa 

  =   Predicted compressive strength in Mpa 

            M         =   Number of mixes 

 From the available experimental datas, the error values of the Abram and Feret model is determined and compared with 

each other to get the accurate one. The error values are presented in Table 6. 

 

TABLE VV 

ROOT MEAN SQUARE ERROR VALUES 

 

AGE 

Error values 

Abrams 

model 

Ferets 

model 

1 Day 0.917 1.772 

3 

Days 
2.03 3.96 

 

Comparing the results reported in the given table, model with the smallest error value is considered as better. RMS values 

for 1 day and 3 days compressive strength of silica fume concrete shows Abrams model is accurate than Ferrets model as 

Abram model has given the lower possibility of error values. Abrams model is superior to Feret model to determine the 

early age compressive strength of silica fume concrete. It is evident from the results, that modified Abrams model 

modified in this paper can be used to find out the compressive strength of silica fume concrete at early ages and at 

replacement levels upto 10%. The value range of efficiency factor in Ferets model varies between 0.9 to 1.2 and the value 

range of efficiency factor varies between 0.3 and 1.2 for Abrams model.  

 

V. CONCLUSIONS 
  

The modified Abram and Feret models are able to predict values which agree with the experimental results with minimum 

variations. The constants A and B involved in the model are obtained from the experimental compressive strength values 

and water binder ratio. The efficiency factor for silica fume in both Feret and Abrams model is greater when 7.5% of 

cement is replaced by silica fume. The predicted model is based on validation of existing model by involving efficiency 

factor. From the results, it is concluded that the efficiency factor does not remain same; it varies according to the change 

in cement pozzolan content. Room mean square error values predicts the accurate model to determine the early age 

compressive strength of high performance concrete when silica fume is incorporated in it.  
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