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Abstract— Recycled brick aggregates are preferable 

alternatives to natural aggregates for minimizing exploitation of 

natural resources. In this investigation, experimental and 

analytical works are performed to investigate the behaviour of 

SCC columns constructed using partial replacement of natural 

aggregates by RBA and reinforced with steel fibres. The 

parameters considered for this study is proportion of RBA in SCC 

mixture and the amount of fibres used. The results of this study 

reveal that the use of RBA in the place of natural aggregates 

slightly reduces the strength properties, but this reduction 

compensated by adding mineral admixtures and steel fibres. The 

analytical results agreed with the experimental results for SCC 

columns behaviour. 

Keywords: Recycled Brick Aggregates, Self-Compacting 

Concrete, mineral admixtures, strength properties 

1. INTRODUCTION 

Self-compacting concrete technology was introduced in 

Japan and initially used to construct the slabs and beams [1]. 

SCC mix distributed over the surface by its own weight 

without any external vibration. So, this type of concrete 

utilized in applications which need of self-compaction [2]. 

Brickbats are the lightweight aggregates which are used to 

preparing concrete specimens in recent years. Demolishing 

buildings are the major sources of brickbat production [3]. 

The basic way of disposal of these brickbats is landfill this 

causes soil pollution [4]. Utilization of brickbats as a partial 

replacement of natural coarse aggregates in SCC is a new 

idea to avoid exploitation of natural resources. This 

experimental study was carried out to investigate the 

performance of brickbats in the place of natural aggregates 

in SCC and suggests the feasibility of using brickbats as 

coarse aggregates. Many of the studies were conducted to 

investigate the feasibility of the brickbats in SCC. Debeib 

and Kenai 2008 focused on the investigation in which the 

fine aggregate replacement were adopted and the results of 

this investigation exhibited that the mechanical properties of 

SCC significantly lower than the normal concrete [5]. 

Elastic modulus of the concrete specimens partially replaced 

by the brickbat aggregates reduced by 30- 40% of the 

normal concrete elastic modulus value [6]. Brick bats as a 

fine aggregate in concrete specimens reduces the water 

absorption and chloride ion penetration this is due to the 

result of pozzolanic activity of brick aggregates [7]. 

Replacement level of coarse aggregate by RBA at 50 % 

increased the chloride ion penetration and carbonation of the 
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concrete compared to the normal concrete. This paper aims 

to study the feasibility of RBA in SCC by replacing the 

natural aggregates by RBA at the replacement levels of 

30%, 40% and 50%. 

2. SCOPE OF THE INVESTIGATION 

Self-Compacting Concrete due to its superior fresh and 

hardened state properties has found wide application in the 

construction industry. Various combination of SCC by 

utilizing alternative materials in partial replacement or 

complete replacement to binder, FA and CA have been 

investigated in many of the works carried out by researcher 

around the globe [9]. Mix proportion optimization is 

considered as one of the important parameter in the 

successful production of SCC with desired flow ability, 

passing ability and segregation resistance. Most of the works 

have been carried out based on the guide lines EFNARC 

2002, 2005. Reasonable research has been carried out by 

making use of Construction and demolition waste in the 

modification of SCC mixes. However, the utilization of 

RBA which forms a considerable proportion of the 

construction and demolition waste in the production of SCC 

has not been given much attention. Also, the application of 

the same in structural elements requires more focus. 

3. MATERIALS AND METHODS 

From the knowledge attained from the literature study it 

was decided to utilize fly ash as a supplementary 

cementitious material as a partial replacement to cement. 

Also, RBA of size ranging from 10- 12 mm was used in this 

investigation. The research comprised of determining the 

properties of the materials used in the production of SCC. 

The properties of cement which is the primary binding 

material was determined by using the guidelines given in IS: 

456; 10262. The properties of FA and CA were determined 

by following the guidelines given in IS 2386-3 (1963). The 

fresh state properties of SCC were evaluated in accordance 

with the guidelines given in EFNARC and the test on 

hardened properties. Super plasticizer was used as a water 

reducing admixture to enhance the workability properties of 

SCC. 

4. EXPERIMENTAL PROPGRAM 

At the first stage the preliminary test data obtained from 

the determination of the material properties was adopted in 

the mix design for M30 grade concrete in accordance with  
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IS and the mix proportion for the control mix was obtained. 

By following the guidelines given in EFNARC with respect 

to the mix proportioning of SCC the control mix proportion 

was adjusted in such a way that the fresh state test like L-

box, slump flow and J-ring tests yielded the limiting values 

as given in EFNARC. The mixes were so adjusted until an 

ideal mix proportions satisfying the criteria for SCC was 

attained. After attaining the ideal mix proportions specimens 

required for the determination of strength properties of SCC 

were cast and cured and designated as M0, M1, M2, M3, 

M4, M5, M6. M0 represents the control mix.M1, M2, M3 

represents the specimens with partial replacement of CA 

with 30, 40, 50 percentage of RBA. M4, M5, M6 specimens 

were cast by maintaining at constant percentage of RBA 

(30%) and varying the percentage of SF of the order of 

0.5,0.75, 1. A addition of 1% SF was found to be beneficial 

in attaining the required strength of concrete specimen. The 

ideal mix proportion attained was adopted in the fabrication 

of SCC column of dimension 150 x 150 x 1500 mm. After 

28 days of curing the columns were subjected to axial 

loading under the loading frame of capacity 100 T. The 

deformation corresponding to the load applied, buckling 

behaviour and development of cracks were observed.  

4.1 Fresh and hardened state properties 

Fresh and hardened state properties of specimens was 

tested by following the guide lines given in IS standards. 

Flow ability, passing ability and viscosity values are 

determined by using slump flow, J-ring, L-box and V-funnel 

tests respectively and the results are tabulated in table I. The 

hardened state properties such as compressive, flexural and 

tensile strength values are determined to investigate the 

behaviour of each mix prepared for casting column 

specimens and the values are tabulated in Table II. 

 

Table I Fresh state Properties 

Specimen 

ID 

Fresh state test 

Slump flow J-

ring 

(mm) 

L-

Box 

(mm) 

V- 

Funnel 

(Sec) 
D 

(mm) 

T500 

(Sec) 

M0 738 2.05 7.2 1.05 8.29 

M1 729 2.15 7.6 0.97 8.95 

M2 726 2.96 7.8 0.93 9.25 

M3 722 3.07 8.4 0.87 9.49 

M4 719 3.65 8.9 0.85 10.25 

M5 715 3.87 9.3 0.83 10.87 

M6 703 4.05 9.9 0.81 11.09 

 

 
Figure 1 Slump flow value of SCC mix 

 

From the figure 1, it is evident that the flow ability of 

SCC mix is higher for control mix and lower with increase 

in RBA content in SCC mix. This is due to the weakening of 

binding behaviour between RBA and the binder.  

 

 
Figure 2 T500 of slump flow time of SCC mix 

 

Flow time values of SCC mix was calculated by using 

T500 values. The values indicated that the flow times of 

SCC mix with RBA content increases with increase in RBA 

amount in SCC. The values are represented using Figure 2 

 

 
Figure 3 L-Box Test 

 

The filling and the passing ability of SCC mixes are 

measured by performing L-box test .Figure 3 represents the 

values of L-Box tests. Filling and passing abilities reduces 

with increase in RBA content. 

 

 
Figure 4 V-Funnel Test 

 

Flow ability of the SCC was also determined by using V-

funnel test and the values are tabulated in table I and 

represented in figure 4. Flow ability tests also reduced with 

increase in RBA content in 

SCC mix. 
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Figure 5 J-Ring Values of SCC mix 

 

J-ring values are tabulated in Table I and the values are 

represented in figure 5. J-ring values are increased with 

increase in RBA content. 

4.2 Casting Column Specimens 

The experimental program was carried out in two phases. 

The first phase involved casting of SCC specimens for 

validating the performance of SCC produced with RBA and 

the second phase involved evaluation of the loading and 

cracking behavior of column. Columns were cast with 

various amounts of RBA content and fiber content and 

tested under pure axial loading. The column was cast with 

the cross-section size of 150 x 150 mm. Longitudinal 

reinforcement was provided in columns with the bar 

diameter of 12mm and the stirrups spacing fixed at 150 mm 

for getting better strength in columns. Specimens were 

designated as M0 (Normal Self Compacting concrete) was 

produced with normal concrete constituents. M1 column 

was cast with 30% of brick bats. Similarly M2 and M3 were 

 

 

Table II. Hardened State Properties 

Specimen ID Hardened state test 

Compressive strength (N/mm²) Flexural strength (N/mm²) Split tensile strength (N/mm²) 

7 D 14 D 28 D 7 D 14 D 28 D 7 D 14 D 28 D 

M0 18.34 24.72 37.45 2.51 3.29 3.53 1.95 2.65 2.99 

M1 17.75 21.12 34.32 2.34 2.56 3.24 1.88 2.43 2.85 

M2 14.71 18.89 28.14 2.25 2.55 3.05 1.77 2.16 2.77 

M3 11.32 15.56 25.61 2.26 2.85 2.86 1.68 2.06 2.66 

M4 17.86 22.30 35.68 2.56 2.87 3.25 1.98 2.48 2.99 

M5 18.45 23.24 36.14 2.75 2.89 3.35 1.99 2.54 3.01 

M6 18.87 25.37 37.45 2.94 2.96 3.50 2.06 2.68 3.12 

 

 

cast with 30% and 40% replacement of CA with brickbats. 

From the above specimens, 30 % of replacement of 

brickbats provides better compressive strength, so the steel 

fiber content was varied from 0.5 to 1.0% and named as M4 

for 0.5% steel fiber content. Similarly, M5 and M6 having 

0.75 %, 1% of SF content were cast. Finally, these 

specimens were tested to determine the optimum values of 

CA replacement and SF content. 

4.3 Test on Columns 
Cast and cured column specimens were subjected to pure 

axial loading test in 1000kN capacity. Universal Testing 

Machine was used to test the columns with the loading rate 

of 10 kN., and the displacement rate is about 0.004 mm. 

Four linear voltage displacement transducers were placed at 

the corners of the columns which is used to measure axial 

deformations of columns due to the applied load. The 

reinforcement provided in the columns increased its strength 

and ductility properties. 

5. 5.0 RESULTS AND DISCUSSION 

5.1 Failure Mode and Crack pattern study 

Test specimens showed similar behaviour and no cracks 

are available at the initial stages of loading. There is no 

deflection at the initial stages of loading. As the load was 

increased, small cracks appeared and propagated slowly. 

When 85% of ultimate load was reached, the crack intensely 

increases and slight voice of failure appeared at the column. 

As reaching to the ultimate load the column failed with the 

loud sound. The failure mode of the M0, M1, M2, M3, M4, 

M5 and M6 were determined using the load vs. deflection 

value. 

5.2 Load Carrying Capacity 

The load carrying capacity of the concrete columns 

fabricated using RBA decreased with increase in RBA 

content. This is due to the reduction of bonding strength 

between the Recycled brick aggregates and the binder. 

Normally increasing steel fibre content in column 

production increased load carrying capacity of column by 

25%. M6 column specimens exhibited better load carrying 

capacity which is better than the M3 specimens. This is due 

to the high proportion values of steel fibres. 

5.3 Load axial deformation behaviour 

Comparison between analytical and experimental load 

axial behaviours of SCC columns reinforced with steel fibre 

was carried out in this investigation. Analytical results of 

axial load curve were perfectly matched with the 

experimental results until it reaches a maximum value of 

deformation. This correlation is due to the linearity of the 

stress-strain behaviour of columns until it reaches the 

maximum load. The load axial analytical results of the 
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descending part curve also exhibited good agreement with 

the experimental results. The experimental results of axial 

load show every rise and drop of the response, but in the 

analytical results, small changes have not been captured 

properly. 

 

Table IIIColumn test results 

Specimen 

ID  

Axial 

Load  

Axial 

Deformation 

Cross 

section 

area 

Axial 

strain 

x10
-3

 

(mm) 

M0 565.61 7.97 150x 150 0.5 

M1 550.29 8.27 150x 150 0.5 

M2 535.58 8.52 150x 150 0.5 

M3 513.75 8.53 150x 150 0.5 

M4 553.26 8.35 150x 150 0.5 

M5 559.23 8.25 150x 150 0.5 

M6 560.52 8.13 150x 150 0.5 

 

The test results of column tests are tabulated in Table III. 

Axial strain values are calculated by using deformation 

values and the cross sectional areas of the column 

specimens. 

 

 
Figure 6 Axial deformation curves of M0,  

M1, M2, and M3 

 

 
Figure 7 Axial deformation curves of  

M0, M4, M5, and M6 

 

5.4 ANSYS RESULTS 

Finite Element Modelling of column specimens was 

performed by using ANSYS software. These analytical 

results were satisfactorily agreed with the experimental 

results. Loads are applied at the column specimens and 

deformation values are noted. The results are shown in 

figure 8 to 14 

 

 
Figure 8 Deflection of M0 Column 

 

 
Figure 9 Deflection of M1 Column 

 

 
Figure 10 Deflection of M2 Column 

 

 
Figure 11 Deflection of M3 Column 
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Figure 12 Deflection of M4 Column 

 

 
Figure 13 Deflection of M5 Column 

 

 
Figure 14 Deflection of M6 Column 

6. CONCLUSIONS 

Based on the test results the following conclusions are 

made and it takes this research to the next level. Column 

specimens using RBA paves a way to use recycled 

aggregates which reduces the exploitation of natural 

resources. The load carrying capacity of the column 

specimens reduced with increase in RBA content in SCC 

mix. Steel fibre reinforcement in columns plays an 

important role in improving load carrying capacity it 

enhanced the load carrying capacity by 20 %. Increasing the 

volumetric ratio of steel fibre content in column specimens 

further increase the strength properties of column 

specimens. Compressive strength values of column 

specimens decreased with increase in slenderness ratio. 
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