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A R T I C L E  I N F O                              

INTRODUCTION 
 

Reinforced Concrete (RC) structures have become more 
popular in last few decades due to the wide availability of 
construction materials, relatively low cost and ease of 
construction. With RCC structures dominance, concrete 
became most familiar and preferred material of construction. 
As its prominence increased, more research was carried out 
which lead to evolution of different types of concretes for 
different scenarios. These different types of concretes were 
obtained by either chemical additions or materia
which can be partial or full. Different types of concretes were 
developed for two major reasons, first was to improve 
properties and behaviour of concrete. Secondly, to see that 
minimum natural resources were utilised without 
compromising on properties of concrete. Some of these 
different types of concretes were developed by keeping 
sustainability as major goal, which consume minimum natural 
resources but give required properties for their usage. 
Recycled aggregate Concrete is one of them. In
concrete coarse aggregate is replaced with recycled aggregate 
and every other raw material remains same.  
 

As mentioned earlier, different types of concretes were 
developed for two major reasons, first was to improve 
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                             A B S T R A C T  
 

 

This article presents the Modulus of Elasticity’s (Initial Tangent (E
Secant Modulus (ESM)) for basalt recycles aggregate concrete. In the experimental work the 
recycle aggregate is used in place of natural aggregate in the proportion of 0,25,50,75 and 
100% with and without incorporation of basalt fibers. The fibers were added to the recycle 
aggregate concrete at 4% by volume of the cast specimen. The mixes without addition of 
fibers were taken as reference mixes. Total 30 cubes and 30 cylinders were cast and tested 
to obtain compressive strength and modulus of elasticity’s for various mixes. The obtained 
results are compared with IS456-2000 Code provision. Regression models are also deduced 
to suit the experimental data and also checked its validity. The results found that the 
strengths are increasing for 25 and 50% RAC and for 75 and 100%RAC are reducing. For 
basalt fiber incorporation mixes the strengths are increasing for corresponding mixes. The 
effective replacement for RAC mixes with and without basalt fiber is noticed at 50%.
 
 
 
 
 

Reinforced Concrete (RC) structures have become more 
popular in last few decades due to the wide availability of 
construction materials, relatively low cost and ease of 
construction. With RCC structures dominance, concrete 

d material of construction. 
As its prominence increased, more research was carried out 
which lead to evolution of different types of concretes for 
different scenarios. These different types of concretes were 
obtained by either chemical additions or material replacements 
which can be partial or full. Different types of concretes were 
developed for two major reasons, first was to improve 
properties and behaviour of concrete. Secondly, to see that 
minimum natural resources were utilised without 

properties of concrete. Some of these 
different types of concretes were developed by keeping 
sustainability as major goal, which consume minimum natural 
resources but give required properties for their usage. 
Recycled aggregate Concrete is one of them. In this type of 
concrete coarse aggregate is replaced with recycled aggregate 

 

As mentioned earlier, different types of concretes were 
developed for two major reasons, first was to improve  

properties and behaviour of concrete. Secondly, to see that 
minimum natural resources were utilised without 
compromising on properties of concrete. Recycled aggregate 
comes in latter group. Basalt fibres addition for recycled 
aggregate concrete is one of the ways to see that 
produced using recycled aggregate has good material 
properties in order to use it for practical purpose
 

These fibres were added to see improvement in elastic 
properties of the composite material under study. Modulus of 
Elasticity which is also known as 
measure of the stiffness of a solid material. It is a mechanical 
property of linear elastic solid materials. It defines the 
relationship between stress (force per unit area) and strain 
(proportional deformation) in a material. A solid material will 
deform when a load is applied to it. If it return
shape after the load is removed, this is called
Young's modulus enables the calculation of the change in the 
dimension of a bar made of an
tensile or compressive loads. For instance, it pr
much a material sample extends under tension or shortens 
under compression. The Young's modulus directly applies to 
cases of uni-axial stress, that is tensile or compressive stress in 
one direction and no stress in the other directions. The pres
experimental work was focused to evaluate the young’s 
modulus of recycle aggregate concrete with and without 
addition of basalt fibres. For this the cylinders were cast and 
tested in the laboratory by applying uni
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This article presents the Modulus of Elasticity’s (Initial Tangent (EIT), Tangent (ETM) and 
)) for basalt recycles aggregate concrete. In the experimental work the 

te in the proportion of 0,25,50,75 and 
100% with and without incorporation of basalt fibers. The fibers were added to the recycle 
aggregate concrete at 4% by volume of the cast specimen. The mixes without addition of 

otal 30 cubes and 30 cylinders were cast and tested 
to obtain compressive strength and modulus of elasticity’s for various mixes. The obtained 

2000 Code provision. Regression models are also deduced 
data and also checked its validity. The results found that the 

strengths are increasing for 25 and 50% RAC and for 75 and 100%RAC are reducing. For 
basalt fiber incorporation mixes the strengths are increasing for corresponding mixes. The 

ment for RAC mixes with and without basalt fiber is noticed at 50%. 

iour of concrete. Secondly, to see that 
minimum natural resources were utilised without 
compromising on properties of concrete. Recycled aggregate 
comes in latter group. Basalt fibres addition for recycled 
aggregate concrete is one of the ways to see that concrete 
produced using recycled aggregate has good material 
properties in order to use it for practical purpose. 

These fibres were added to see improvement in elastic 
properties of the composite material under study. Modulus of 

is also known as Young's modulus is a 
stiffness of a solid material. It is a mechanical 

solid materials. It defines the 
relationship between stress (force per unit area) and strain 
(proportional deformation) in a material. A solid material will 
deform when a load is applied to it. If it returns to its original 
shape after the load is removed, this is called deformation. The 
Young's modulus enables the calculation of the change in the 
dimension of a bar made of an isotropic elastic material under 
tensile or compressive loads. For instance, it predicts how 
much a material sample extends under tension or shortens 
under compression. The Young's modulus directly applies to 

axial stress, that is tensile or compressive stress in 
one direction and no stress in the other directions. The present 
experimental work was focused to evaluate the young’s 
modulus of recycle aggregate concrete with and without 
addition of basalt fibres. For this the cylinders were cast and 
tested in the laboratory by applying uni-axial stress. Before 
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going to detailed experimental work a recent past literature is 
presented below to know the scenario. 
 

Amnon Katzstudied (2003) studied the properties of the 
recycled aggregate and of the new concrete made from it, with 
nearly 100% of aggregate replacement. Significant differences 
were observed between the properties of the recycled 
aggregates of various particle size groups, while the crushing 
age had almost no effect. M.L.V Prasad and P. Rathish Kumar 
(2007) studied the mechanical properties of GFRAC with M20 
&M40 grade concretes, for different proportions of Recycled 
Concrete Aggregate (RCA). It was observed that there was 10-
17% increase in split tensile strength and about 10-14% 
improvement in flexural strength with fiber addition in 
recycled aggregate concrete. There is an improvement in 
modulus of elasticity of concrete. M.Cauccio et al. (2008) have 
taken three Series of concretes with different compressive 
strength levels. Each series includes a reference concrete 
prepared with natural crushed stone and two RAC prepared 
with two coarse aggregates obtained by crushing a normal 
strength and high strength concrete,RAC present lightly lower 
strengths (1-15%), lower modulus of elasticity (13-18%) and 
prepared with natural coarse aggregates. Takafumi et al. 
(2009) performed statistical analysis on more than 3000 tests, a 
practical and universal equation for the evaluation of the 
elastic modulus E is proposed. E. Lopez-Gayrre et al.(2009) 
presented the results of experimental research using concrete 
produced by substituting part of natural coarse aggregate with 
recycled aggregate from concrete demolition. The elastic 
modulus is affected by the percentage of replacement. If the 
percentage of replacement does not exceed 50%, the elastic 
modulus will only change slightly. Akaninyene A et al. (2012) 
examined the effect of periwinkle shell ash (PSA) as 
supplementary cementations material on the compressive 
strength and static modulus of elasticity of concrete with a 
view to comparing its established relation with an existing 
model. The compressive strength and static modulus of 
elasticity were observed to increase with increased in curing 
age but decreased with increasing PSA content. N.Krishna 
Murthy et al.(2012) presented the effect of metakaolin on the 
modulus of elasticity of concrete has been presented. The 
results concluded that, the value of Young’s modules increase 
from 0% upto 10% of metakaloin and then decrease. Jayesh 
kumar R et al. (2013) studied the effect of concrete mixtures 
were produced to determine the influence of hypo sludge. The 
cement has been replaced by fly ash and hypo sludge 
accordingly in the range of 0% (without fly ash and hypo 
sludge), 10%, 20%, 30% & 40% by weight of cement for M-
25 and M-40 mix. Concrete mixtures were produced, tested 
and compared in terms of modulus of elasticity with the 
conventional concrete and they concluded that Modulus of 
elasticity decreases with % replacement of fly ash and hypo 
sludge. J. AlexandreBogas and Augusto Gomes (2014) aimed 
to characterize the elastic modulus of structural modified 
normal density concrete (MND) and lightweight aggregate 
concrete (LWAC) produced with different types of expanded 
clay lightweight aggregates (LWA). K.Anbuvelan and 
K.Subramanian (2014) provided the information on the 
relationship between experimentally obtained modulus of 
elasticity, modulus of rupture and compressive strength of 
concrete and steel fibre concrete at 28 days. K. Krizova and R. 
Hela (2015) studied the modulus of elasticity as function of 
compressive strength. The lowest mean value of elastic 
modulus was 26 000 N/mm2 while maximum one was 43 000 

N/mm2. The difference of elastic moduli can be well seen for 
instance with concrete compressive strength moving on the 
limit of 64.0 N/mm2. He Gao et al. (2015) found the influence 
of the modified recycled aggregates to the mechanical 
properties of the concrete. The results indicated that the 
recycled aggregates can reduce the compressive strength, split 
tensile strength and elasticity modulus. G.CibiJeyanth et al. 
(2016) used the industrial waste and to reduce the cement 
usage in the concrete by using the Ground Granulated Blast 
Furnace Slag (GGBS), Metakaolin and copper slag. P.S. 
Kulkarni et al. (2016) determined elastic properties of 
reinforced cement concrete material. V.S.Sethuraman and 
K.Suguna (2016) conducted the experimental study to evaluate 
modulus of elasticity of M60 grade concrete using standard 
cylinder specimens, tested with compress meter under axial 
compression. Dilbas.H et al. (2017) conducted experimental 
study on the axial compressive behaviour of FRP-confined 
RAC in which 18 FRP-confined RAC cylinders were tested. 
The test results show that specimens with a replacement ratio 
of 20% behave similarly to that of normal concrete, but 
specimens with a replacement ratio of 100% exhibit a lower 
strength and a different stress-strain response. Rizgar S et al. 
(2017) aimed in developing an empirical equation to evaluate 
the modulus of elasticity for High Strength Concrete (HSC). 
More tests are required to finalize the developed equation, 
which cover all the parameters influencing modulus of 
elasticity in the produced HSC. From the above it came to 
know that, no work has been taken on Young’s modulus of 
basalt fibre reinforced concrete. Hence experimental program 
is planned to evaluate modulus of elasticity’s of concrete and 
the detained program is furnishing below. 
 

Test Programme 
 

The experimental program consists of 30 cubes and 30 
cylinders. Cubes are taken for compressive strength evaluation 
and cylinders are used to know stress strain responses. Total 
10 mixes are considered for experimental works and for each 
mix three specimens were cast and tested. The average of three 
specimens result was taken as strength of mix. Cylinders were 
tested in universal testing machine and dial gauge was used to 
find strains. The stress stain diagram was plotted for the mixes 
and young’s modulus was found from the graphs. Here in three 
different types of young’s modulus are evaluated, first one is 
initial tangent modulus (at initial state of stress), second one is 
tangent modulus (at 50% of ultimate load) and third is secant 
modulus (at 85% of ultimate load). For all the mixes the 
concrete was designed for M20 grade concrete as per ACI 211 
code. Among the many codes, form the past literature it is 
observed that the ACI code is best, hence here ACI code 
provisions are used for mix design. The mix proportions are 
presented in Table 1.In the Table1, the nomenclature can 
understand as the first three letters indicated as type of 
concrete(NAC is Natural aggregate concrete and RAC 
indicates Recycle aggregate concrete), next two/three 
numerical values are indicated as % of replacement of natural 
aggregate by the recycle aggregate.     
 

Table 1 Mix proportions of concrete (Kg/m3) 
 

Sl.No Nomenclature 
Mix Proportion for various mixes 

0% Basalt Fibre(BF) 4%  Basalt fibre (BF) 
1 NAC-0 1:2.64:2.96 1:2.64:2.96 
2 RAC-25 1:2.69:2.91 1:2.69:2.91 
3 RAC-50 1:2.76:2.84 1:2.76:2.84 
4 RAC-75 1:2.80:2.80 1:2.80:2.80 
5 RAC-100 1:2.81:2.79 1:2.81:2.79 
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Material Used 
 

The following material were used for the present experimental 
work  
 

Cement: Ordinary Portland cement conforming to IS 
8112:1989 was used.  The specific gravity of the cement was 
noticed as 3.12. 
 

Fine Aggregate: Locally available river sand passing through 
4.75 mm I.S .Sieve is used. The specific gravity of the sand is 
found to be 2.75 and it was conformed to zone II. 
 

Natural Coarse Aggregate: Crushed granite aggregate 
available from local sources has been used. To obtain a 
reasonably good grading, 60% of the aggregate passing 
through 20 mm I.S. sieve and retained on 12.5mm I.S. Sieve 
and 40% of the aggregate passing through 12.5mm I.S. Sieve 
and retained on 10 mm I.S. Sieve is used in preparation of 
NAC and RA. The specific gravity of the combined aggregate 
is 2.70.  
 

Recycled concrete aggregate: The raw material of Recycled 
concrete aggregate was obtained from demolished cement 
concrete pavement. The generated waste material was is not 
able to use as it is, as coarse aggregate in the concrete. So there 
is a need to develop as graded aggregate to use in concrete. To 
convert the waste as coarse aggregate the waste material was 
transported to crusher unit and made as 20 and 12.5 mm 
aggregate. This can be viewed in figure 4.1 and finished 
product (after crushed) depicted in figure. Two different sizes 
were obtained from the waste material, so as to use the 
material effectively. To obtain a reasonably good grading, 50% 
of the aggregate passing through 20 mm I.S. sieve and retained 
on 12.5mm I.S. Sieve and 50% of the aggregate passing 
through 12.5mm I.S. Sieve and retained on 10 mm I.S. Sieve is 
used. The specific gravity of combined aggregate was 
observed as2.56.  
 

Water: Potable fresh water available from local sources was 
used for mixing and curing. 
 

Basalt Fibers: The used basalt fiber can be viewed in below 
figure1. The properties are presented in the below Table 2, 
which were obtained from the supplier.  
 

 
 

Fig 1 Basalt Fiber 
 

Table 2 Physical properties of Basalt Fibers 
 

Sl. No Property Units Value 
1 Equivalent length Mm 50 
2 Filament diameter Micro meter 9-15 
3 Specific gravity  No units 2.8 
4 Tensile strength MPa 3000-4840 
5 Young’s modulus GPa 79.3-93 
6 Ultimate 

elongation 
% 3.1 

Casting and Testing  
 

The standard cubes (150x150x150 mm) and cylinders (150mm 
diameter and 300mm height) were taken for the experimental 
work. All the materials which are required for fabrication is 
weighed as per mix design and kept a side separately. The 
cement, sand, coarse aggregate, fibres and recycle aggregate 
were mixed thoroughly till to reach uniformity to the concrete 
mix.  For all test specimens, moulds were kept on table 
vibrator and the concrete was poured into the moulds and the 
compaction was adopted by mechanical vibrator. The moulds 
were removed after twenty four hours and the specimens were 
de-moulded and were exposed to water bath for 28 days in 
curing pond. After curing the specimens in water for a period 
of 28 days, the specimens were taken out and allow drying 
under shade. Three cubes and cylinders were cast for each mix. 
Compression test on cubes is conducted with 1000 kN capacity 
of compressive testing machine (figure 1). Cylinders are tested 
in Universal Testing Machine (UTM) for evaluating the stress 
strain response (figure 2).  From the stress strain curves the 
modulus of elasticity is determined by subjecting the 
cylindrical specimen to axial compression and measuring the 
deformation by means of a dial gauge. The load on the 
cylinder is applied at a constant rate up to the failure of the 
specimen. Dial gauge reading divided by gauge length will 
give the strain and load applied divided by area of cross 
section will give the stress. A series of readings are taken and 
the stress-strain relationship is developed. From the stress 
strain responses, the initial tangent modulus (tangent at lower 
stage stress), tangent modulus at 50% of ultimate load (UL) 
and secant modulus at 85% of ultimate load (UL) was 
calculated and the results are presented in the next section.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
  
 
 

 
 

Fig 2 Test set up for Cube 
 

 
 

Fig 2 Testing of Cylinder  
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TEST RESULTS AND DISCUSSION 
 

Cube compressive strength 
  

The cube compressive strength results are presented in Table 
3. Form this it is noticed that, the compressive strengths 
increases with the increase in the percentage of recycled up to 
50%. For 25, 50 recycled concrete aggregate there is an 
increase in compressive strength about 4.59%, 11.2% and for 
75,100% recycled aggregate there is a decrease in compressive 
strength about 0.9, 4.2% respectively over reference concrete. 
From the same table it also observed that, for fiber added 
mixes, the compressive strength increases at every % of 
recycled concrete aggregate. In general mechanical properties 
of concrete (flexure, shear, split tensile strength etc) are related 
to cube compressive strength. More impotence is given to cube 
compressive strength. At present the cube compressive 
strength is depends on % of RAC and basalt fibers.  Hence 
here in the authors would like to develop regression models to 
estimate the compressive strength as function of cube 
compressive strength. From this intension the models is 
developed and the same was furnished below.  The 
performance of regression models are presented in Table 3. 
From this table it is noticed that, the experimental values are 
varying about ±10%. From the results it is noticed that the 
proposed models are made good agreement with the 
experimental results.  
 

 fck=33.277+0.0135296(R) +0.57306(BF) ……eq(1) 
 

Where 
fck= 28 days cube compressive strength in MPa 
 R= Recycled aggregate concrete in % 
 BF= Basalt Fiber in % 

 

Table 3 Compressive Strength (MPa) 
 

Sl.No 
 
 

Mix 

Average Cube Compressive Stress (MPa) 
0% Fibre 4% Fibre 

Based on 
Experiment 

(EXP) 

Based on 
Regression 

Model 
(RM) 

EXP/ 
RM 

Based on 
Experiment 

(EXP) 

Based on 
Regression 

Model 
(RM) 

EXP/ 
RM 

1 NAC 33.30 33.28 1.00 36.77 35.57 1.03 
2 RAC-25 34.83 33.62 1.04 37.33 35.91 1.04 
3 RAC-50 37.03 33.95 1.09 38.33 36.25 1.06 
4 RAC-75 33.60 34.29 0.98 36.00 36.58 0.98 
5 RAC-100 31.90 34.63 0.92 32.50 36.92 0.88 

 

Modulus of Elasticity (ME) 
 

The stress stain curves for various mixes can be viewed in 
figure 3 and 4 for 0% and 4% basalt fibers respectively.  Here 
in the main attention is to evaluate the three modulus of Initial 
tangent (at lower stresses), Tangent (at 0%UL) and Secant 
modulus (at 85%UL) for various mixes.  The initial tangent 
modulus is determined by using tangent drawn at initial state 
of stresses (figure 4) to the stress-strain curve and the slope of 
the tangent will gives the Modulus of elasticity. The tangent 
Modulus is determined by drawing a tangent through the 
selected point on the stress-strain curve.  In the present 
experimental work tangent modulus is calculated by using 
tangent drawn at 50% of ultimate load (figure 4) and slope of 
the tangent gives the tangent modulus. The secant tangent is 
drawn (figure 4) by joining the origin to the point on the curve 
85% of ultimate load the slope of is tangent is known as secant 
modulus. The initial tangent modulus, tangent modulus and 
secant tangent modulus values are shown in the Table 4 and 
figure 6. From those table and figure it is observed that, initial 

tangent, tangent modulus and secant modulus of elasticity 
values increases up to 50% RAC in the concrete mix. Above 
50% RAC the modulus of elasticity is decreases as it was 
noticed in the compressive strength of concrete. For RAC -50 
there is percentage increase   in  initial tangent(EIT) modulus, 
tangent modulus (ETM) and secant modulus(ESM) by  21.78, 
12.58, and 7.92% respectively over NAC (without addition of 
fibres). For RAC100 the % of decrease   for initial tangent 
modulus (EIT), tangent modulus (ETM), secant modulus (ESM) is 
19.47, 7.5 and 2.97% respectively over NAC for 0% basalt 
fibre. For RAC -50 there is percentage increase   in  initial 
tangent modulus (EIT) , tangent modulus (ETM)and  secant 
modulus (ESM) is about 3.47, 9.00 and 6.38% respectively  
over NAC  for 4% basalt fibre. For RAC100 there is % 
decrease  for initial tangent modulus (EIT) , tangent 
modulus(ETM) , secant modulus (ESM)  is  around 28.11,1.34 
and 4.47% respectively  over  basalt fibre reinforced NAC.In 
general secant modulus is less than the initial tangent and 
tangent modulus. But in this experimental work the tangent 
modulus is less than the other two  modulus because the stress 
strain curves are convex at intermediated state, this may be due 
to the failure in the inter face of recycle aggregate and natural 
aggregate and also the cement paste adhering capacity for 
recycle aggregate concrete is less when compared with natural 
aggregates.       
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 3 Stress – Strain response of 0% of Fibre 

 
 

Fig 4 Stress – Strain response of 4% of Fibre 
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Regression Models for Modulus of Elasticity’s   
                                      

The IS 456-2000 code has provided an equation 
[Ec=5000(fck)

0.5]  to estimate the initial tangent modulus for  
conventional concrete. Herein the authors would like to test the 
validity of the IS equation for RAC concrete. In this concern 
the IS equation was tested with experimental date and found 
that it is varying about 27% (Table 5). Hence, it is necessary to 
reduce the % variation for RAC mixes, in this concern a new 
regression model was developed and the performance of was 
presented in Table 5. From this it is noticed that, the proposed 
model was suited and the variation among the experimental 
and regression model (RM) is within 20%. To evaluate tangent 
and secant modulus, the IS code not mention any suitable 
equations, hence here it is proposed to develop regression 
models for tangent and secant modulus by using the existing 
equation of modulus of elasticity (Ec) in the IS456 code.  The 
proposed regression model (RM) equations are  
 

EIT= -12.869+5.473(5000√fck)..........eq(2) 

ETM= -3.856+2.314(5000√fck)...........eq(3) 
ESM = 2.605+0.1632(5000√fck)……..eq(4) 
 

Where    
EIT  = initial tangent modulus  in MPa 
 ETM = tangent modulus of elasticity in MPa 
 ESM= secant modulus in MPa 
fck=  Cube compressive stress(MPa) of concrete at 28 days 
(can use of  eq(1) ) 
 

The performance of Regression Models (RM) for tangent and 
secant modulus of elasticity’s can be observed in Table 6. 
Form this it noticed that the ratio between experimental results 
and the proposed models are varying about ± 8%. This shows 
as the proposed models are well associated with experimental 
data. 
 

Table 5 Comparison of Initial Modulus of Elasticity  
 

Sl.No 
Mix 

Modulus of Elasticity (104 MPa) 
0% Fiber 4%  Fiber 

 
Exp 
EIT 

EIT EC 
Exp 

EIT:EIT 
Exp 

EIT:EC 
Exp 
EIT 

EIT EC 
Exp 

EIT:EIT 
Exp 

EIT:EC 

1 NAC 3.03 2.92 2.88 1.04 1.05 3.45 3.45 2.98 1.16 1.05 

2 RAC-25 3.33 3 2.9 1.11 1.15 3.53 3.53 3 1.18 1.14 

3 RAC-50 3.69 3.08 2.91 1.2 1.27 3.57 3.61 3.01 1.19 1.26 

4 RAC-75 3.02 3.16 2.93 0.96 1.03 3.12 3.68 3.02 1.03 1.03 
5 RAC-100 2.44 3.23 2.94 0.76 0.83 2.48 3.76 3.04 0.82 0.82 

          
 
 
 
 
 
 
 
 
 
 

CONCLUSIONS 
 

The following conclusions are drawn for the present 
experimental work. 

 

1. The compressive strength and modulus of elasticity’s 
are increasing up to 50% RAC and for above 50% of 
RAC in mix the compressive strength decreases.  

2. As the % of basalt fibres increases for the RAC mixes 
the compressive strength and modulus of elasticity’s 
are increasing. 

3. A secant module of elasticity is more than the tangent 
modulus of elasticity for all mixes of RAC. 

4. A regression models were developed for initial tangent, 
tangent and secant tangent modulus of elasticity and 
performance of regression models are varying 
about±8%.  

5. For RAC -50 there is percentage increase   in cube 
compressive strength, initial tangent(EIT) modulus, 
tangent modulus (ETM) and secant modulus(ESM) by 
11.20, 21.78, 12.58, and 7.92% respectively over NAC 
and for 0% basalt fiber. 

6. For RAC -100 there is  percentage decrease   in cube 
compressive strength, initial tangent modulus (EIT), 
tangent modulus (ETM), secant modulus (ESM) 
4.2,19.47,7.5 and 2.97% respectively  over NAC for 0% 
basalt fiber. 

Table 6 Performance of Regression Model (RM) 
 

 
Tangent and Secant Modulus of Elasticity’s (104MPa) 

Mix 0% Fiber 4% Fiber 

 
Exp 
ETM 

RM  
ETM 

(Exp: 
RM)ET

M 

Exp 
ESM 

RM  
ESM 

(Exp: 
RM)
ESM 

Exp 
ETM 

RM  
ETM 

(Exp: 
RM)ET

M 

EXP 
ESM 

RM 
ESM 

(Exp: 
RM)
ESM 

NAC 2.78 2.82 0.99 3.03 3.08 0.99 2.98 3.04 0.98 3.13 3.09 1.01 

RAC-25 2.98 2.85 1.04 3.12 3.08 1.01 3.12 3.08 1.01 3.19 3.09 1.03 
RAC-50 3.13 2.89 1.08 3.27 3.08 1.06 3.24 3.11 1.04 3.33 3.1 1.08 
RAC-75 3.03 2.92 1.04 3.03 3.08 0.98 3.08 3.14 0.98 3.02 3.1 0.97 
RAC-
100 2.84 2.95 0.96 2.94 3.09 0.95 2.94 3.17 0.93 2.99 3.1 0.96 

 

 
 

Fig 5 Tangents at various locations          
                        

Table 4 Modulus of Elasticity (104MPa) 
 

Sl.No. Mix 
0% FIBER 4% FIBER 

EIT ETM ESM EIT ETM ESM 
1 NAC 3.03 2.78 3.03 3.45 2.98 3.13 
2 RAC-25 3.33 2.98 3.12 3.53 3.12 3.19 
3 RAC-50 3.69 3.13 3.27 3.57 3.24 3.33 
4 RAC-75 3.02 3.03 2.99 3.12 3.08 3.02 
5 RAC-100 2.44 2.57 2.94 2.48 2.84 2.99 

 

 
Fig 6 Modulus of Elasticity vs %RAC 
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7. For RAC -50 there is percentage increase   in cube 
compressive strength, initial tangent modulus (EIT), 
tangent modulus (ETM) and  secant modulus (ESM) 
4.24,3.47,9 and 6.38% respectively  over NAC  for 4% 
basalt fiber.  

8. For RAC -100 there is  percentage decrease   in cube 
compressive strength, initial tangent modulus (EIT), 
tangent modulus(ETM), secant modulus (ESM)  
11.62,28.11,1.34 and 4.47% respectively  over NAC for 
4% basalt fiber  
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