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Abstract : As a construction material, concrete is widely 

used around the globe. It has low cost, its constituents are 

easily available and has high   structural   strength   and   

stability.   The   concrete   industry   is     looking   for   

supplementary  material which can replace natural  coarse  

aggregate  (NCA)  by Demolished Recycled  concrete 

aggregates(DRCA), thus reducing the demand of virgin 

aggregate and also reduces the environment problem thus 

reducing the negative environmental impact of the 

extraction of aggregate from natural resources... Ground 

granulated blast furnace slag (GGBS) is the solid wastes 

generated by steel industry which acts as a pozzolanic 

material as well as a fine filler making the hardened 

concrete matrix dense and much stronger. In this paper M30 

grade of concrete is optimized replacing Natural aggregates 

with Demolished Recycled concrete aggregates (DRCA)in 

the proportion of 0%, 10%, 20%, 30% and 40% and 

replacing Cement by GGBS also in the same proportion. It is 

found that by 30% replacement of Natural aggregates with 

Demolished Recycled concrete aggregates (DRCA) along 

with 30% replacing the Cement with GGBS is found to have 

maximum strength in terms of compression and resistance to 

chloride penetration.  
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1. Introduction 

 

The demolition  of  old  structures  and  construction of  new  

ones  are  frequent  phenomena  due  to change  of  purpose,  

structural  deterioration,  rearrangement  of  a  city,  expansion  

of  traffic directions, and natural disasters [1]. Thus, 

urbanization is increasing as time passes so there is demand of 

new buildings and other infrastructure. To fulfil this demand 

of new construction, the demand of natural aggregate also has 

risen. This demand has led to increased quarrying and also 

subsequent depletion of natural aggregates.  

About 850 million tons of construction and demolition waste 

is generated in the European Union each year, which 

represents 31% of the total waste generation. In USA, the 

waste produced from building demolition alone is 

approximately 123 million tons per year . Thus globally, a  

large amount  of  concrete  waste  is  derived  from  the  

demolition  of old  concrete  structures.  Mostly, this concrete 

waste is disposed to landfills, thus causing substantial 

environmental problem and  health  hazard. the global demand 

for construction aggregates may exceed 30 billion tones by 

2020. Leading this demand, are the single user: China (25%), 

EU (12%) and the USA (10%). However, because of 

industrialization and significant infrastructure and 

construction development, there are expected to be significant 

increase in use of aggregates in India (which is already one of 

the major national markets at 3%) beyond 2011. Construction 

industries generate 14.5 MT of solid wastes yearly in our 

country which include wasted sand, gravel, bitumen, bricks, 

and masonry, concrete. However, some quantity of such waste 

is being recycled .and utilized in building materials and share 

of recycled materials varies from 25% in old buildings to as 

high as 75% in new buildings [2]. From dismantling of 

buildings and pavements results in the production of raw 

materials of demolished recycled aggregates. This material is 

further converted into smaller pieces and sent to the 

processing plant. The Demolished Recycled aggregatesmust 

be cleared off from steel, wood and impurities. Then it passes 

through three main phases crushing, sizing and blending [3].  

Demolished Recycled aggregates consists of hard, graduated 

fragments of inert mineral materials, including sand, gravel, 

crushed stone, slag, rock etc. There are barriers in promoting  

use of recycled aggregate concrete in India which are Lack of 

appropriately located recycling facilities, Lack of technology, 

Lack of awareness, Lack of govt. Support, Lack of proper 

standards. According to Indian government's Central Public 

Health and Environmental Engineering Organization 

(CPHEEO)[4] , Indian building  construction industry faces a 

shortage of 55 billion m3, apart from another 750 billion m3 

of aggregates is required for road construction sector. A first 

plant recycling construction waste plant (by IL&FS 

Environmental Infrastructure & Services ltd) has been set-up 

in Delhi of 500 ton capacity on a daily basis. 

In nineties serc, Ghaziabad  has undertaken a project on 

recycling and reuse of demolition  waste in concrete for low 

rise and low cost buildings with the aim of developing 

techniques/ methodologies for using recycled aggregate 

concrete in construction [5]. So far in India demolished and 

recycled construction wastes are employed in embankment 

constructions only. Like other countries, India does not have a 

standard code provisions or literature for recycling of 

demolished waste and recycled aggregate concrete.  

 Ground Granulated Blast furnace Slag (GGBS) [6,7] is a by 

product from the blast furnaces used to make iron. Iron 

ore,coke and limestone is fed at 1500 degrees centigrade, then 

iron ore is reduced to iron and the remaining materials forms a 

slag that floats on top of the iron. This slag is periodically 

tapped off as a molten liquid and if it is to be used for the 

manufacture of GGBS it has to be rapidly quenched in large 

volumes of water. Due to quenching, the cementitious 

properties are optimised and produces granules similar to 

coarse sand. This granulated “slag” is then left to be dried and 

grinded to a fine powder. This Ground Granulated Blast 
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furnace Slag has pozzolanic properties  and reacts with 

calcium hydroxide produced from hydration of cement to give 

calcium silicate hydrate gel which gives strength to the 

concrete. 

  

2. Objectives 

 

The objective is to design and enhance the mechanical 

properties of M30 grade of concrete by partially replacing the 

natural aggregates and cement with demolished recycled 

concrete aggregates (DRCA) and GGBS in the primary mix. 

For this, natural aggregates are replaced with demolished 

recycled concrete aggregates, thus finding the optimum 

percentage of DRCA that will give the target strength and 

then, the same optimized mix replacing cement by GGBS in 

proportion of 10%, 20%, 30% and 40% and then comparing 

its properties with the control mix of M30. 

 

3. Materials  

The materials used is OPC cement of grade 53, River sand of 

size passing through 4.75 mm IS sieve and retained on 150 

microns IS sieve, natural coarse aggregate (NCA) & 

Demolished recycled concrete aggregate (DRCA)of size 

20mm and 12.5mm is used in the ratio 60:40 and potable 

water available in the campus. : To improve the workability 

superplasticizer was used at the rate of 0.7% by weight of 

cement .The collected demolished recycled aggregates are 

shown in Figure 1. 

 

3.1 Physical Properties Of Materials 

Aggregates: The  physical  properties  like  specific  gravity, 

bulk density, water absorption, Impact value,Crushing value 

and cost of natural aggregates and demolished recycled are 

shown in Table 1. 

 

Table 1 

 
and photo of Demolished recycled concrete aggregate 

(DRCA) 

Sr No. Properties Natural 

coarse 

aggregate 

(NCA) 

 Demolished 

recycled 

concrete 

aggregate 

(DRCA) 

1 Specific Gravity 2.81 2.80 

2 Bulk Density 1670 kN/m3 1392 kN/m3 

3 Water Absorption 0.97% 2.7% 

4 Impact Value 18% 24.5% 

5 Crushing Value 19.4% 28.1% 

6 Cost 850/ton 300-500/ton 

 

GGBS: The  physical  properties [9] of GGBS is compared 

with cent as shown in table2 

Sr 

No. 

Properties Cement GGBS 

1 Specific 

Gravity 

3.15 2.85 

2 Bulk Density 1250 

kg/m
3
 

1200 

kg/m
3
 

3 Colour Grey Off 

White 

4 Initial 

Setting Time 

30-35 min 55-60 

min 

Table 2 COMPARISON OF GGBS
3,4

 WITH CEMENT 

 

4. Methodology  

 

Concrete mix  design for M30 grade is done as per IS:10262-

2009[10] was prepared with a proportion of 1:2.38:3.23 with 

water cement ratio of 0.4.The target strength is 38.25N/m
3
.For 

1cu.m of concrete the cement content is 360kg/m
3
, fine 

aggregate is 859 kg/m
3
 and coarse aggregate is 1163 kg/m

3
. 

After this the natural coarse aggregate (NCA) were partially 

replaced by Demolished recycled concrete aggregate 

(DRCA)in different proportion i.e. 10%, 20%, 30% and 40% 

respectively.  Then the mix was placed layer by layer in the 

moulds of the cube specimens. The specimen was prepared 

both by hand compaction as well as by imparting vibration 

through vibrating table.After 24 hours the samples are cured 

in curind tank by method of immersion for 7 days and 28 

days. For assessing the 
5
compressive strength, standard cube 

specimen of 150mm x 150mm x 150mm were casted. Then 

they are tested  for compressive strength to find optimum 

percentage replacement  of natural aggregates by  demolished 

recycled aggregates which was found to be 30%. Then cubes 

by keeping 30% Demolished recycled concrete aggregate 

(DRCA) constant and replacing cement by GGBS by in 

different proportion i.e. 10%, 20%, 30% and 40% 

respectively. Then again finding compressive strength. For 

finding durability of concrete, Rapid chloride penetration test 

(rcpt) is performed as per ASTM C1202[11] for which 50mm 

thick, 100mm diameter concrete specimen were prepared for 

Rapid chloride penetration test. For replacement  of (0% 

DRCA+ 0% GGBS), (30%DRCA+ 0% GGBS), (30%DRCA+ 

10% GGBS), (30%DRCA+ 20% GGBS), (30%DRCA+ 30% 

GGBS), and (30%DRCA+ 40% GGBS),   Both the set of 

specimen were finished smooth and were kept for curing for 

28 days respectively.The total charge passed in coulombs 

through centrally placed concrete specimen in 6 hrs was 

measured, at an interval of 60min, indicating the degree 

of resistance of the specimen to chloride ion penetration 

which is determined and this is used to rate the quality of the 

concrete according to the criteria rating mentioned in the 

ASTM C1202 . 
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5. OBSERVATION AND DISCUSSION 

5.1 Table 3 gives Compressive strength result of M30 

grade 7- and 28-days curing period strength: (Concrete 

having Partial Replacement of Demolished recycled 

concrete aggregate (DRCA))  

 
Graph of M30 compressive strength for 7- and 28-days curing 

period strength with Concrete having Partial Replacement of 

NCA with DRCA  

 

5.2  Concrete having 30% Demolished recycled concrete 

aggregate (DRCA)and cement replaced by GGBS 

 
Graph of M30 compressive strength for 7- and 28-days curing 

period with 30% DRCA and cement replaced by GGBS 

 

5.3 Results From Rcpt Test After 28 Days Curing 

 
 

RCPT Test Conducted In Laboratory 

 
Graph of M30 RCPT test for 28-days curing period with 

different Proportion of DRCA and GGBS 

 

6. Conclusion 

a) For 30% replacement of natural aggregates  

(NCA)by  demolished recycled aggregates DRCA, the target 

strength is achieved. 

b) Althougth the strength of control concrete containing 

only natural coarse aggregate (NCA)has strength more by 

5.15% as compared to 30% replacement by Demolished 

recycled concrete aggregate (DRCA). 

c)  For 7 days, the decrease in strength by use of 30% 

replacement of natural aggregates by Demolished recycled 

concrete aggregate (DRCA)the strength decreased by 5.5%. 

d) For 28 days the decrease in strength by use of 30% 

replacement of natural coarse aggregate (NCA)by Demolished 

recycled concrete aggregate (DRCA)the strength decreased by 

5.2%. 

e) By combining 30%DRCA +30%GGBFS with 

respect to 30%DRCA+0%GGBFS, the strength is increased 

for 7 days by  23.16% . 

 By combining 30%DRCA +30%GGBFS with respect to 

30%DRCA+0%GGBFS, the strength is increased for 28 days 

by  12.85% . 

f) After comparison, we conclude that the conventional 

qualities of Demolished recycled concrete aggregate 

(DRCA)are lower than natural coarse aggregate (NCA)but are 

satisfactory as per IS 2386. 

g) Demolished recycled concrete aggregate (DRCA)are 

found to possess relatively lower bulk density, higher crushing 

and impact values and higher water absorption as compared to 

natural aggregate. 

h) After comparison, we conclude that the conventional 

qualities of GGBS is almost similar that of cement and are 

satisfactory. 

i) From the graph, having demolished recycled 

aggregate and GGBS with proportion (0% DRCA+ 0% 

GGBS), (30%DRCA+ 0% GGBS), (30%DRCA+ 10% 

GGBS), (30%DRCA+ 20% GGBS), (30%DRCA+ 30% 

GGBS), and (30%DRCA+ 40% GGBS),   chlorine penetration 

decreases thus showing that, as the percentage of GGBS 

increases the resistance of the chloride penetration decreases 

which improves the chloride penetration resistance of the 

concrete and durability of concrete. 

j) The compressive strength of Demolished recycled 

concrete aggregate (DRCA) is relatively lower than natural 

coarse aggregate (NCA). However, these variations are 

dependent on the original concrete from which the aggregates 

have been obtained. 
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Compressive 

Strength 

(N/mm
2
) 

Partial Replacement of NCA with DRCA 

0% 10% 20% 30% 40% 

7 days 29.47 29.2 28.94 27.85 24.01 

28 days 40.60 40.2 39.60 38.5 30.2 

Table 3 

 

 

 

 

Replaced 

Proportion 

0%DRCA+0%GGBFS 30%DRCA+0%GGBFS 30%DRCA 

+10%GGBFS 

30%DRCA 

+20%GGBFS 

30%DRCA 

+30%GGBFS 

30%DRCA 

+40%GGBFS 

Charge 

value (Q) 

in mA 

 

997.2 

 

936 

 

819 

 

772.2 

 

 

750 

 

725.4 

 

Rating 

 

Low 

 

Low 

 

Low 

 

Low 

 

Low 

 

Low 

 

 

 

 

 

 

 

 

 

 

Compressive 

Strength 

(N/mm
2
) 

Demolished recycled concrete aggregate (DRCA)and cement replaced by GGBS 

30%DRCA+0%GGBFS 

 

30%DRCA 

+10%GGBFS 

 

30%DRCA 

+20%GGBFS 

 

30%DRCA 

+30%GGBFS 

 

30%DRCA 

+40%GGBFS 

 

7days 27.85 32.4 33.38 34.3 31.8 

28days 38.50 39.8 42.2 43.45 38.50 
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