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Abstract— The paper presents the behavior of Recycled 

Aggregate Concrete (RAC) slabs under impact loading. The 

natural aggregate was replaced with recycled aggregate in 

proportion of 25, 50, 75 and 100 percent. The load carrying 

capacity, deflections were recorded for each slab specimen. 

The energy absorption for each specimen was also evaluated. 

For comparison purpose, Natural Aggregate Concrete (NAC) 

slabs were cast and tested. The results revealed that there is a 

decrement in load carrying capacity is about 2 – 14% for RAC 

slabs when compared with NAC slabs. In the experimental 

work all the slabs were simulated with two edges fixed and 

other two edges simply supported. 
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I. INTRODUCTION 

Conservation of natural resources and rapid urbanization has 

prompted growing demand for natural aggregate by 

construction industry. The alternative materials to cement in 

terms of fly ash and other pozzolonic materials were evolved, 

popular alternative material to coarse aggregate are being 

explored. Recycling of waste concrete is beneficial and 

necessary from the viewpoint of environmental preservation 

and effective utilization of resources. One of the ways to 

solve this problem is to use the Building Demolished Waste 

(BDW) concrete as aggregate in structural concrete. The 

aggregates thus obtained can be called as Recycled Concrete 

Aggregate. A number of different processes are possible for 

the crushing and sieving of demolished waste. A process 

scheme has to be adopted which removes foreign materials, 

mechanically or manually, before crushing and through 

cleaning of the crushed product. 

Now a days recycled waste concrete (RWC) is using 

in the construction industry as a structural concrete (1). The 

recycle coarse aggregate is widely used in building and road 

way constructions with advance of recent technology, the 

admixtures are also using in the RAC concrete. The use of fly 

ash was demonstrated that there is a increase in strength 

counted (2). There were some empirical relations established 

to evaluate strengths also. The role of and influence of recycle 

aggregate in conventional concrete with different proportions 

are also studied (1, 3). Recently review has focus the use of 

recycle aggregate to know the performance in flexural shear 

by using the beam elements (4). The result shown that there 

was 30% reduction in shear strength when compared with 

conventional concrete. The beam elements are also tested in 

shear with and without use of shear stirrups (5). Few more 

investigations are also carried on beam elements in shear by 

changing the span to depth ratio. The mode failures were 

observed in conventional and recycle aggregate concrete. The 

RCA beams shown the similar mode shapes of beams made 

with NAC (6). 

It has been well established that recycled coarse 

aggregate (RCA) concrete can be used for all structural 

elements in civil engineering. But a little research work has 

been taken place on slabs. In the light of above a research 

work has been carried on recycle aggregate concrete in 

impact loading. The recycle aggregate concrete slab 

specimens are prepared with 25, 50, 75 and 100% 

replacement of natural aggregate. The natural aggregate 

concrete slab specimens are cast for the purpose of 

comparison. The detail descriptions experimental 

investigation and analysis are presented below. 

II. EXPERIMENTAL INVESTIGATION 

The experimental program comprises casting and testing of 

fifteen Recycled Aggregate Concrete (RAC) slabs (size of 

slab: 1100 x 1100 x 50 mm (LxBxD)) and three Natural 

Aggregate Concrete (NAC) slabs. The Impact test has been 

performed on all the slab specimens with two opposite edges 

fixed and other two edges simply supported condition. The 

detailed procedure of casting and testing are discussed below. 

III. MATERIALS USED IN THE INVESTIGATION 

A. Cement 

Ordinary Portland cement of 43grade conforming to IS 8112: 

1989 is used. The specific gravity of the cement is 3.01. The 

initial and final setting times were found as 45 minutes and 

340 minutes respectively. 

B. Fine Aggregate 

Locally available river sand passing through 4.75mm I.S. 

Sieve is used. The specific gravity of the sand is found to be 

2.62 

C. 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 

for preparation of concrete. The specific gravity of the 

combined aggregate is 2.68. 

D. Recycled Coarse Aggregate (RCA) 

The waste concrete obtained from demolished building at 

Rayalaseema Thermal Power Project (RTPP), Andhra 

Pradesh(state), India (country). (Fig.1) The mass lumps of 

waste concrete transported to metal crusher and crushed to 

required size of 20mm.During this crushed stage 12.5mm 

metal also generated. With the aim of utilizes entire metal in 

proposed RAC concrete the two graded metals are 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. The 

specific gravity is 2.56. 
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1) Water 

Potable fresh water available from local sources was used for 

mixing and curing of RAC and NAC slabs. 

E. Super Plasticizer 

To improve the workability of RAC, (SIKAMENT NN SP) a 

high range water-reducing agent has been used. 

F. Reinforcement 

8mm steel bars of grade Fe415. 

 
Fig. 1: Collection of waste concrete 

IV. CASTING OF TEST SPECIMENS 

Steel moulds of size 1100 x 1100 x 50 mm. Cross stiffeners 

were provided to the flat plate at the bottom to prevent any 

possible deflection while casting the specimens. Then the 8 

mm diameter HYSD rods at 105mm center to center are 

placed in both directions by maintaining a clear cover of 

10mm. It can be observed in fig. 2. Then the Concrete 

prepared with M25 (1:1.32:2.56 and water cement ratio 0.46) 

grade and was poured in to the mould to the entire volume, 

later compacted with plate vibrator. The cast specimens were 

later de-moulded and kept in curing pond for a period of 28 

days. After removing all the specimens from the curing pond, 

they were allowed to dry under shade for a while and then 

they are coated with white paint on both sides, to achieve 

clear visibility of cracks during testing.  

V. LOADING ARRANGEMENT AND TESTING 

The impact test has been carried out by using an in-house 

manufactured impact testing machine. The impact test 

machine has been planned and fabricated in accordance to the 

drop weight test, which was already reported by earlier 

researchers Balaguru (1992). The details of test setup used for 

conducting impact test on slabs are presented below. 

To perform the impact test, a drop weight load is 

applied through an iron ball of diameter 100mm and weight 

of 50 N (Including hook arrangements), falling on the centre 

of the slab specimen through a guiding barrel from a height 

of 450mm. This guiding barrel is connected to the loading 

frame to guide the ball so that it falls exactly at the specified 

location (center) for all blows. The iron ball is connected to 

by a flexible iron rope of 3mm diameter with fully 

arrangement as shown in figure 2. All the four edges of the 

slab are fixed using the clams with bolt and nut arrangement 

as shown in figure 3. The loading platform consists of four 

welded steel beams of ISMB 150 in square shape and it is 

supported on six columns of ISMB 150 placed at four corners. 

On top center of surface of slab a solid plate of 100 

x 100 x 20 mm placed so as to achieve the column- footing 

effect. Over this solid plate, solid circular rod of 50 mm 

diameter was kept to distribute the load from hydraulic jack 

to the slab specimen. The whole arrangement has been made 

to obtain the punching shear effect on the slab specimen.  To 

simulate simply supported edges condition 16mm diameter 

rods are placed on simply supported edges   and over that the 

slab is placed. The fixidity for other two edges was simulated 

with nut and bolt system. The set up of slab specimen can 

viewed in figure.3. The load was applied through hydraulic 

jack and measured with a calibrated proving ring of 100 kN 

capacity. The vertical deflections were measured at the centre 

of the slab specimens by using dial gauge with a least count 

of 0.01 mm.  The load was applied in increments of 200 N 

which corresponds to one unit of proving ring. Deflections 

have been recorded for each load increment. The load at the 

first crack and the corresponding deflection at the centre of 

the slab were recorded. The failure punching shear load and 

corresponding deflection at the centre were also observed and 

recorded. 

 
Fig 2: Loading arrangement 

VI. ANALYSIS OF TEST RESULTS 

The results of the experimental investigation are presented in 

Table.1. The presented results in the table represent the 

average of three slab specimens. 

S. 

No 
Type of Slab 

First Crack 

Load (kN) 

Ultimate Load 

(kN) 

Deflection at first 

crack load(mm) 

Deflection at 

failure(mm) 

Energy absorption 

(kN-m) 

1 NAC 16.70 56.10 1.51 28.7 1.17 

2 RAC-20 16.20 55.00 1.47 28.19 1.11 

3 RAC-40 15.90 53.80 1.39 27.20 1.05 

4 RAC-60 15.20 52.20 1.32 26.71 0.99 

5 RAC-80 14.60 50.4 1.15 26.05 0.94 

6 RAC-100 14.10 48.70 1.05 25.70 0.90 

Table 1: Failure Loads and corresponding deflections. 
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A. Failure Loads 

1) First Crack Stage 

The first crack loads for RAC and NAC slabs presented in the 

Table.1. From this is observed that the NAC slab specimens 

possesses higher first crack load than the RAC slab 

specimens. The NAC slab specimens show 16.7 kN to cause 

first crack. The specimens of RAC-20, RAC-40, RAC-60, 

RAC-80 and RAC-100 showed the values of 16.2, 15.9, 15.2 

and 14.6kN, 14.2kN respectively. This confirms that RAC 

slabs are inferior to NAC slabs at first crack stage. The RAC 

slabs shows considerable decrease in punching shear strength 

compared to NAC slabs, there is a decrease in the range of 

about 2.99 to 16.76% in punching shear capacity at first crack 

stage. Among RAC slabs RAC-25 specimen show 16.2kN 

which is higher than the remaining RAC slab specimens. 

 
Fig 3: fixing clams with bolt and nut arrangement 

2) Ultimate Failure Stage 

The ultimate failure loads for all specimens are presented in 

Table.1. From this it is observed that, the RAC slab 

specimens possesses lower ultimate failure load than the 

NAC slab specimens. The RAC-100 slab specimens show 

48.70kN to cause ultimate failure. The specimen with RAC-

20, RAC-40, RAC-60, RAC-80 and RAC-100 shows values 

of 55.00, 53.80, 52.20, 50.40 and 48.70kN respectively. This 

confirms that RAC slabs are inferior to NAC slabs at ultimate 

failure stage also. The RAC slabs have shows considerable 

decrease in punching shear strength compared to NAC slabs, 

there is a decrease of about 1.96 to 13.19% in punching shear 

capacity at ultimate stage. Among RAC slabs, RAC-20 

specimen show 55 kN which is higher than the remaining 

RAC slab specimens. 

From the above observations it is clear that RAC 

slabs are inferior to NAC slabs at first crack stage and 

ultimate stage. As recycle aggregate quantity increases, the 

resistance to first and ultimate load carrying capacity 

decreases, due to the interference by old cement mortar 

coating of the aggregate particles in the formation of 

continuous system of gel in a matrix. The loss in strengths is 

observed for recycled aggregate concrete, the reason for such 

reduction in the strength could be attributed in general to the 

inferior properties of recycled aggregate. Further, the strength 

of concrete depends partially on bond areas between cement 

mortar and aggregate. Recycled aggregate concrete has to 

sustain bond areas between natural aggregate – old mortar, 

natural aggregate – new mortar, and old mortar – new mortar. 

Thus the number of weaker bond areas will be greater in 

concrete containing larger proportions of recycled aggregate 

and, hence, this may also lead to lower strength.  

B. Load- Deflection Curves 

The central deflection curves of various slab specimens are 

depicted in Fig.4. From these it is observed that, for a given 

load there is an increase in central deflection in RAC slab 

specimens when compared with the NAC slab specimens. 

This is due to lower stiffness of RAC specimens. RAC-20, 

RAC-40, RAC-60, RAC-80 and RAC-100 slabs recorded a 

deflection in punching shear load is about 1.51,1.47,1.39, 

1.32,1.15and1.05mm at first crack stage and about 28.7, 

28.19, 27.20, 26.71, 26.05 and 25.70mm at ultimate failure 

load respectively. Whereas the NAC slab specimens recorded 

1.51 and 28.70mm at first crack and ultimate failure stages 

respectively. The ultimate deflections of RCAC slabs are an 

order lower than those of NCAC slabs. 

 
Fig 4: Load Vs Deflection of various slab specimens 

C. Energy Absorption 

The energy absorption is defined as the area under the load-

deflection curve. The values were determined from test 

results, and are presented in Table.1. RAC-20 to RAC-100 

shows 5.13 to 23.08% decrease in the energy absorption, 

when compared with NAC. Therefore, it can be concluded 

that as the replacement percentage of RCA increases energy 

absorption decreases 

D. Crack Pattern 

It is observed that the crack pattern is almost similar in all 

RAC and NAC slabs. It is observed that the first crack 

originated at the centre and propagates radially toward the 

corners. At higher loads it is observed that already formed 

cracks getting widened with formation of new cracks. At the 

same time the influencing of circular area beneath the slab 

specimen can be observed very clearly. The crack patterns of 

the various slabs are depicted in Fig.5. 

 
NAC  RAC-20  RAC-40 

 
RAC – 60  RAC – 80  RAC – 100 

Fig. 5: Crack pattern for different slab specimens 
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VII. CONCLUSIONS 

The proposed major objective were studied in this 

investigation the efficiency of RAC slabs over NAC slabs has 

been demonstrated. After analyzing the results from this 

investigation, the following conclusions are drawn. 

1) The punching shear carrying capacity of the RAC slabs 

is lower than the NAC slab specimens. 

2) The decrease in punching shear strength of RAC slabs 

over NAC slabs is  in the range of 2.99 to 16.76% at first 

crack stage 

3) The decrease in ultimate punching shear strength of 

RAC slabs over NAC slab is in the range of 1.96 to 

13.96%. 

4) The ultimate punching shear strength of  RAC-20, 

RAC-40, RAC-60, RAC-80 and RAC-100 shows lesser 

values of  55.00, 53.80, 52.20,50.40 and 48.70kN  

respectively  

5) The stiffness of RAC slabs is in the order of lower 

magnitude than that of NAC slabs. 

6) The RAC-100 slabs recorded the ultimate punching 

shear deflection of about 25.70mm, but where as NAC 

slabs recorded 28.7mm with a load of 48.70KN to 

56.10KN respectively.  
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