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ABSTRACT 

An experimental investigation was carried out to study the shear strength of concrete short columns with recycled aggregate. The 

use of recycled aggregates in concrete structures has emerged as an alternative to minimise the exploitation of natural resources by 

enhancing the strong performance with limited ductility over concrete columns. In this presents study the results and comparative 

discussion is carried on an experimental programme concerning short column with both natural aggregate and recycled aggregate. 

In order, to observe the better ductile and strong performance on concrete short column. This paper investigate the shear strength r 

of concrete column with recycled aggregate under lateral and cyclic loading designed based on code of IS 456: 1978 . The 

parameters inspected in this study are shear strength, load- deflection, and crack.  

Keywords: Recycled aggregate, Lateral and cyclic loading, Load-Deflection, crack. 

1. INTRODUCTION 

When structures made of concrete are demolished or 

renovated, concrete recycling is an increasingly common 

method of utilizing the rubble. Concrete was once routinely 

trucked to landfills for disposal, but recycling has a number of 

benefits that have made it a more attractive option in this age 

of greater environmental awareness, more environmental laws, 

and the desire to keep construction costs down. 

Concrete aggregate collected from sites  demolition 

is put through a crushing machine.  The remaining aggregate 

chunks are sorted by size. Larger chunks may go through the 

crusher again. After crushing has taken place, other 

particulates are filtered out through a variety of methods 

including hand-picking and water flotation. The development 

of the concrete industry in the past decades has been largely 

attributed to environmental impoverishment. Non-renewable 

natural resources are overly exploited because of the 

increasing demand for concrete structures. At the same time, 

large amounts of construction waste are produced with the 

rapid urbanisation. These wastes negatively affect the 

environment and strongly contribute to landfill saturation. 

Thus, lessening the negative effect of concrete industry on the 

ecological environment requires the use of only a small 

amount of natural resources in concrete production. To 

minimise the exploitation of natural resources, construction 

waste, particularly the concrete waste, must be reused. 

Recycled aggregate is a kind of green construction material 

that positively contributes to the sustainable development of 

concrete industry. A number of experimental studies on the 

material properties of Recycled aggregate have been 

performed. Most studies focus on mix designs, strength 

parameters and  properties, also including the durability of 

Recycled aggregate. The Recycled aggregate  material were 

summarized by Limbachiya et al[1], Sagoe et al [2], 

Kantawong and Laksana[3],Mirjana Malešev[4]Hui Maa et 

al[5]. The test results are inconsestient, some conclusions can 
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be drawn about the effects of recycled coarse aggregate. 

Recycled Coarse Aggregate has higher water absorption and 

lower density compared with Normal Coarse Aggregate. It 

contributes the reduction of mechanical properties of Recycled 

Coarse Aggregate. The mechanical properties of Recycled 

Aggregate Concrete may be quality to those of ordinary 

concrete, Recycled Aggregate Concrete is still suitable for the 

structural engineering. In this work, the seismic behaviour of 

Recycled aggregate short columns, are tested. Based on the 

test results, design method is adopted to calculate the nominal 

shear strength of Recycled aggregate short columns. 

 

2. EXPERIMENTAL PROCEDURE 

2.1. Materials and mixture proportions 

In this test ribbed rebar with diameters of 8 and 12 mm were 

used for the transverse stirrups and longitudinal 

reinforcements, respectively. A compressive strength of cubes 

for 28-days of convention and recycled aggregate where 

tested. The Recycled Aggregate from demolished concrete 

structures was also used in the test as placed in the table 1.  

The Recycled Coarse Aggregate was impressed in water 

before concrete mixing because of its water absorption 

capacity. The 28-day cube compressive strength for Recycled 

Aggregate Concrete mixture was 28.5N/mm2. The mix 

proportion parameters of  water–cement (W/C) ratio, water 

content, cement content, sand content and Recycled Coarse 

Aggregate  replacement (0%, and 100%). The slump value of 

Recycled Aggregate Concrete was around 70 mm in the test. 

Table 1:  Material Properties 

Characteristics  
Natural 

Aggregate  

Recycled 

Aggregate 

Specific Gravity 2.62 2.33 

 

 

Fig 1: Recycled Aggregate 

2.2. Design and Size of specimen 

The short columns are size of 150mm x 150mm x 1000mm 

with a pedestrian of 150mm x 150mm x600mm cross sections.  

The thicknesses of the cover to the column and pedestrain 40 

mm and 50mm, respectively. The construction process in 

structural engineering, The construction steps for the 

fabrication of Short columns Were binding of rebars, mould of 

and casting of the Recycled Aggregate Concrete for the 

columns. 

 

2.3. Measurement and data devices 

One linear variable differential transducer (LVDT) was 

installed along the centerline of the loading cross section of 

column to monitor the in-plane lateral displacement of the 

load point of columns. Based on the lateral slip, the lateral 

displacement of the load point of column could be modified. 

The shear deformation of the Recycled Aggregate Concrete on 

the column surface was measured using dial gauges located at 

the mid-height of the columns. The strain were measured by 

means of demec gauge over a gauge length of 200 mm.  

2.4. Test Devices and Methods 

The cyclic loading tests were performed using test machine in 

the Structural Laboratory of Civil Engineering at SRM 

University, Chennai. The columns were subjected under half 

cyclic, full cyclic and lateral loads. The force diagram of the 

columns is presented in Fig. 3. The cyclic lateral loads were 

applied on the lateral load points of columns using a 50T 

capacity Hydraulic jack. The load is applied at the distance of 

300mm from the height of the column top surface. The 

relative position of the columns and the test set-up must be 

Checked thoroughly to reduce the twisting of the columns as 

much as possible during the loading process. The pedestrian 

beam of the Column was fixed to prevent the foundation 

beams of the columns from sliding under the lateral cyclic 

loads. 
 

2.5. Loading Procedure 

 There were two types of the loads are given to the column are 

lateral and cyclic loads were applied. The lateral  load was 

applied over column specimen of around 5 kN were applied 

and the cyclic loading were applied three cycle were 

completed and the fourth cycle it attain the ultimate strength 
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after each increment the evolution of column specimen 

behaviour is inspected over concerning several parameters 

like, deflection,  strain, crack formation was recorded and 

analyzed. In order to measure the deflection based on the load 

applied one linear variable differential transformers (LVDT) 

were used to record the deflection were one is fixed at loading 

place of the column specimen. Mechanical strain over column 

specimen is calculated using demec gauge and demec points. 

Where, horizontal strains were measured by means of demec 

gauge over a gauge length of 200 mm.  The installation 

position of the measurement devices on the columns is shown 

in fig 2 .Thus, corresponding strains were calculated for every 

load increment of 5 kN and corresponding strain are calculated 

for average of strain. After the column reaching its ultimate 

load, all cracks arises over the load increment were 

summarized and their patterns are compared with control 

column. 

 

Fig 2: Loading Procedure 

3. TEST RESULTS AND DISCUSSION 

In this section, the most significant results are presented and 

compared with different column specimen using theoretical 

approaches. During the test, the columns were observed 

visually until the first crack appeared and corresponding loads 

was recorded. The first cracking load was also verified from 

the load deflection and load strain relationships. Table 2 

provides a summary of the key experimental results for all 

column specimens. The average initial cracking load of 

column series of conventional and recycled aggregate column 

were under the loading condition tabulated. The cracking load 

is directly related to concrete tensile strength which, in turn, is 

a function of compressive strength, increasing the concrete 

compressive strength is expected to yield higher cracking 

loads. 
 

Table 2: Loading result 

 

Due to the lateral load given to the conventional column the 

initial crack and the final crack are mentioned above given 

table 2 and the load vs displacement graph shown in fig 3.  

 

Fig 3:Lateral load for conventional 

 

 

Column Series 

 

Cycle 

Initial 

Cracking 

Load  (kN) 

Ultimate 

Load (kN) 
Initial Final 

Lateral Load 

Conventional 

 40 60 

Cyclic Load 1 

Conventional 

2 4 30 70 

Cyclic Load 2 

Conventional 

2 4 30 80 

Lateral Load 

Recycled 

Aggregate 

 40 90 

Cyclic Load 1 

Recycled 

Aggregate 

4 5 45 105 

Cyclic Load 2 

Recycled 

aggregate 

3 4 35 105 
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Due to the Cyclic load given to the conventional column-1 the 

initial crack and the final crack are mentioned above given 

table 2 and the load vs displacement graph shown in fig 4.  

 

Fig 4:Cyclic load for conventional-1 

 

Due to the Cyclic load given to the conventional column-2 the 

initial crack and the final crack are mentioned above given 

table 2 and the load vs displacement graph shown in fig 5. 

 

Fig 5: Cyclic load for conventional-2 

Due to Lateral load given to the Recycled aggregate column 

the initial crack and the final crack are mentioned above given 

table 2 and the load vs displacement graph shown in fig 6. 

 

Fig 6: Lateral load for recycled concrete 

Due to the Cyclic load given to the Recycled aggregate 

column-1 the initial crack and the final crack are mentioned 

above given table 2 and the load vs displacement graph shown 

in fig 7. 

 

Fig 7: Cyclic load for recycled concrete column-1 

Due to the Cyclic load given to the Recycled aggregate 

column-2 the initial crack and the final crack are mentioned 

above given table 2 and the load vs displacement graph shown 

in fig 8. 

 

3.1 Mode of Failure 

The early stage of loading, the columns were elastic and 

showed no cracks on the surfaces. The strain of columns was 

very small before the cracking. As the lateral cyclic loads 

increased, some lateral bending cracks increased gradually at 

the bottom of the columns. The strain of constitute elements of 

short columns increased gradually with the lateral loads 

increased. The continuous increase in the lateral loads, 

diagonal cracks developed and increased gradually with the 

transverse and vertical cracks extended slowly in the short 

columns. When the lateral cycle loads reached the yield loads 

of the columns, the diagonal cracks developed rapidly at the 

pedestrian of short columns. At this stage, the recycled 
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concrete of the short columns was not been crushed quickly 

after the severe cracking, which showed that the recycled 

concrete of short columns still had the ability to resist the 

shear force. In addition, the strain of constitute elements of 

short columns increased rapidly with the increasing of lateral 

loads. The bearing capacities of the columns increased to 

some extend the increasing displacement loads.  

This figure 9: shows that the failure mode of the conventional 

column of lateral load with the initial crack marking and the 

ultimate load of the column. 

 

Fig 9: Due to Lateral Load 

 

This figure 10: shows that the failure mode of the 

conventional column of cyclic loading with the initial crack 

marking and the ultimate load of the column. 

 

 

Fig 10: Due to cyclic Load-1 

This figure 11: shows that the failure mode of the 

conventional column of cyclic loading with the initial crack 

marking and the ultimate load of the column-1. 

 

Fig 11: Due to cyclic Load-2 

This figure 12: shows that the failure mode of the Recycled 

aggregate column of Lateral loading with the initial crack 

marking and the ultimate load of the column-2. 

 

Fig 12: Due to Lateral Load 

This figure 13: shows that the failure mode of the Recycled 

column of cyclic loading with the initial crack marking and 

the ultimate load of the column-1.   

 

Fig 13: Due to cyclic Load-1 

This figure 14: shows that the failure mode of the Recycled 

column of cyclic loading with the initial crack marking and 

the ultimate load of the column-2.  
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Fig 14: Due to cyclic Load-2 

 

3.2 Nominal Shear Strength of Short Columns 

According to the test processes and results, the nominal 

bending strength of short columns can be calculated according 

to the formulas which had been put forward in the literature. 

The failure modes of short columns are brittle shear failures. 

The Recycled Aggregate Column of the mid-area of short 

columns had not been crushed quickly after the Recycled 

Aggregate Column cracking. Fortunately, the mid-area of the 

short columns was gradually divided into several small 

oblique blocks under lateral cyclic loading. Before these 

oblique blocks being crushed completely, the Recycled 

Aggregate Concrete of the short columns still had the ability 

to resist the shear force. Therefore, based on the test and 

results of short columns, a computational formula for the 

nominal shear strength of short columns is proposed in this 

paper. The nominal shear capacity V of short column is equal 

to the sum of the contributions of three shear mechanisms, 

namely, the recycled aggregate concrete Vc, the steel section 

Vs and the axial load Vp. Based on the research results, the 

shear strength of the short column provided by the Recycled 

Aggregate Concrete can be evaluated by a IS Method. 

Therefore, the nominal shear strength of short columns under 

brittle shear failure can be calculated by a IS design formula 

given by V= Vc+ Vs+ Vp. 

Vc=0.3 , Vs=  , Vp=  

 

The test results and calculational values based on the proposed 

method are compared in where P is the tested peak lateral 

loads, and V is the shear strength of short columns predicted 

adopting the proposed formula in this paper. The predictions 

agree well with the test results of the short columns. 

 

4. CONCLUSIONS 

Tests results on six short column are presented in this paper. 

The recycled aggregate were used. From experimental study it 

is observed that the results satisfy expectation. The column 

specimen with recycled aggregate as good shear strength and 

it reaches the initial crack and the ultimate load later compare 

to the conventional. Since, Recycled aggregate offer high 

strength performance which in turn observed that it has good 

behaviour over all parameter took in account like, load-

deflection behaviour, strain distribution, failure mode. From, 

the mode of failure its observed that Recycled aggregate will 

respond more over the high strength of concrete. 
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