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ABSTRACT 

Environmental Protection Agency’s (EPA’s) Solid Waste Management hierarchy promotes waste reduction first, reuse and recycle 

second and environmentally safe disposal of any remaining material as last. Scarcity of land filling space and due to its ever 

increasing cost, reuse or recycling of by-products or waste has become an attractive alternative to disposal. Utilization of such 

materials in concrete not only makes it economical, but also do help in reducing disposal problems. In this study it is planned to 

work on industrial by-products Waste Foundry Sand (WFS) from foundries and C&D waste. The main objective is utilizing WFS 

and Demolished Aggregate in making pervious concrete with four combinations as follows; 1) Natural Coarse Aggregate (NCA) 

and Natural Sand (NS), 2) Natural Coarse Aggregate (NCA) and Waste Foundry Sand (WFS), 3) Demolished Aggregate (DA) 

and Natural Sand (NS), 4) Demolished Aggregate (DA) and Waste Foundry Sand (WFS). In all the four combinations coarse 

aggregate is replaced by NS or WFS on varying percentages of 0-60 at an interval of 10.The specimens casted were tested after 28 

days curing for their compressive, split tensile, flexure strength and water percolation rate. 

 

Keywords— Compressive Strength, Split Tensile Strength, Flexural Strength, Permeability. 

 

1. INTRODUCTION 

Pervious concrete is gaining a lot of attention since various 

environmental benefits such as controlling storm water runoff, 

restoring groundwater supplies, and reducing water and soil 

pollution have become focal points in many jurisdictions 

across the United States of America. Pervious Concrete is a 

special concrete used to allow water to intentionally pass 

through the surface of a pavement and allow storm water to 

eventually absorb back into the surrounding soil or evaporate. 

This keeps runoff water from downstream urban flooding and 

erosion. It also breaks the cycle of water treatment plants 

needing to treat huge quantity of storm water where 

municipalities have combined sewer and storm water systems. 

Pervious concrete pavement comes under Best Management 

Practices (BMP's) to collect, clean and cool storm water. By 

creating a permeable surface, storm water is given access to 

filter through the pavement and underlying soil, provided that 

the underlying soil is suitable for drainage. This allows for 

potential filtration of pollutants [1]. 

1.1 Waste Foundry Sand (WFS) 

Waste Foundry Sand (WFS) is a discarded material coming 

from ferrous and nonferrous metal casting industry. It’s a 

mixture of high quality size-specific silica sand, few amount 

of impurity of ferrous and non-ferrous by-products from the 

metal casting process itself and a variety of binders [2].  

At present, although a great attention to environmental 

issues, the general trend is still to dispose WFS in landfills, 

sometimes utilized as landfill daily cover. The American 

Foundry Society estimates that 6.8 million tons of waste 

foundry sand (2007 data) was disposed in landfills, 

approximately the 2/3rd of the total production. Several evident 

drawbacks could be listed due to this trend: 
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i. Early closure of the material life cycle with 

consequently more consumption of virgin raw 

materials. 

ii.  Saturation of existing landfills, soil pollution and 

ground water pollution in unmanaged landfill sites.  

iii.  Release of leachable contaminants, absorbed by the 

foundry sand during the molding process and casting 

operations, like heavy metals (cadmium, lead, copper, 

nickel, and zinc) and phenols. 

iv. Economic impact, referring in particular to logistic 

costs in WFS transportation (sometimes landfill is not 

so close to the foundry). 

v. Environmental impact, linked to the climate change, 

due to CO2 emission [3] 

Foundries have many waste streams. Among them the amount 

of Waste Foundry Sand (WFS) generated is very high in 

Belagavi foundries. Nearly 500 tons of WFS is generated by 

the Belagavi foundries every day. As this WFS is dumped 

indiscriminately in low lying areas of Udyambag and Machhe 

industrial areas, it may pollute the ground water due to 

leaching of heavy metals. Due to ever increasing quantities of 

waste materials and industrial by-products, Solid Waste 

Management (SWM) is the prime concern in the world. 

Scarcity of land filling space and its ever increasing cost, 

recycling and reuse of industrial by-products has become an 

attractive proposition to disposal. The utilization of such 

material in construction industries not only makes it 

economical, but also helps in reducing disposal concerns. 

 

1.2 Demolished Aggregate (DA) 

Any construction activity requires several materials such as 

concrete, steel, brick, stone, glass, clay, mud, wood, and so on. 

However, the concrete remains the main construction material 

used in construction industries. For its suitability and 

adaptability with respect to the changing environment, the 

concrete must be such that it can conserve resources, protect 

the environment, economize and lead to proper utilization of 

energy. To achieve this, major emphasis must be laid on the 

use of wastes and by-products in concrete used for new 

constructions. The utilization of recycled aggregate is 

particularly very promising as 75 % of concrete is made of 

aggregates. In that case, the aggregates considered are slag, 

power plant wastes, recycled concrete, mining and quarrying 

wastes, waste glass, incinerator residue, red mud, burnt clay, 

sawdust, combustor ash and waste foundry sand. The 

enormous quantities of demolished concrete are available at 

various Construction and Demolition (C&D) sites, which are 

now posing a serious problem of disposal in urban areas. This 

can easily be recycled as Demolished Aggregate and used in 

concrete.  

Research & Development activities have been taken up all 

over the world for proving its feasibility, economic viability 

and cost effectiveness. Now-a-days, C&D waste constitutes a 

major portion of the total solid waste produced in the world. 

As construction wastes are classified wastes from the 

construction, re-modeling and repairing of individual 

residences, commercial buildings and other civil engineering 

structures while as demolition wastes are those from razed 

buildings. C&D wastes may also be produced significantly 

from environmental disasters, such as earthquakes, tsunamis, 

hurricanes, tornadoes and floodwater. Discarding waste 

without any pre-treatment provokes a considerable burden to 

the environment, which apart from soil and water 

contamination as well as air pollution, includes also aesthetic 

degradation, reduced property values and landscape 

destruction [4]. 

Preservation of the environment and conservation of the 

rapidly diminishing natural resources should be the essence of 

sustainable development. Continuous industrial development 

poses serious problems of demolished aggregate disposal, 

whereas on the one hand, there is critical shortage of natural 

aggregates for production of new concrete. One of the ways to 

solve this problem is to use this ‘waste’ as aggregates. Modern 

technology offers valuable solutions to address this problem. 

Recycling demolished aggregates is a very common practice in 

many developed countries. 

 

2. EXPERIMENTAL WORK 

In the present experimental work four combinations of 

specimens were casted namely 

1. Natural Coarse Aggregate (NCA) and Natural Sand 

(NS). 

2. Natural Coarse Aggregate (NCA) and Waste Foundry 

Sand (WFS). 

3. Demolished Aggregate (DA) and Natural Sand (NS). 



 

INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-8, AUG-2015                                                      E-ISSN: 2349-7610 

VOLUME-2, ISSUE-8, AUG-2015                                                COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                                                                                   21 

4. Demolished Aggregate (DA) and Waste Foundry 

Sand (WFS). 

 

2.1 Materials used 

 The materials used for this experimental work are Ordinary 

Portland Cement (43 grade) conforming to IS 8112:1982, [6] 

Natural Sand conforming to zone-II, Natural Coarse Aggregate 

having maximum size 20mm, Waste foundry Sand, 

Demolished Aggregate having maximum size 20mm, potable 

water and Conplast SP-430 superplastisizer. The physical 

properties of materials used are given in Table 1 to 4. 

 

Properties Value 

Specific gravity 3.1 

Fineness 225m2/kg 

Initial setting time 150 minutes 

Final setting time 270 minutes 

Temperature during testing 27.810C 

Table-1: Physical properties of cement. 

 

 

 

 

Type Natural Sand 

(NS) (Zone II) 

Waste Foundry 

Sand (WFS) 

Specific gravity 2.57 2.47 

Total water absorption in % 1.02 1.30 

Fineness modulus 2.28 1.91 

Table-2: Physical properties NS and WFS. 

 

Type Natural Coarse 

Aggregate (NCA) 

Demolished 

Aggregate (DA) 

Specific gravity 2.825 2.14 

Water absorption in % 3.645 6.40 

Surface Moisture 

content 

0.7049 3.46 

Bulk density kg/m3 1510 1340 

Table-3: Physical properties of NCA and DA. 

 

Water (Lit) Cement Coarse aggregate (Kg) 

98.5 266.16 1735.36 

Table-4: Mix proportions for per cubic meter of control concrete [5]. 

 

2.2 Methodology 

i. Cement, coarse aggregate and water were taken in 

mix proportion of 1:6.52:0.37 which corresponds to 

M25 grade concrete and this proportion is considered 

as a reference mix. 

ii.  Coarse aggregate is replaced by fine aggregate at a 

percentage interval of 10 from 0% to 60%. All the 

ingredients were dry mixed homogeneously. To this 

dry mix, required quantity of water was added 

(w/c=0.37) and the entire mix was again 

homogeneously mixed. 

iii.  Specimens were casted as per BIS methods to 

evaluate the strength properties of the concrete, where 

the coarse aggregate was replaced by fine aggregate 

in varying proportion of 0%, 10%, 20%, 30%, 40%, 

50% & 60%.  

iv. Four combinations of cubes, cylinders and beam 

specimens were casted with different ingredients, 

v. The dosage of super plasticizer was increased as the 

% of sand increased from 0-2% by weight of cement 

and a homogeneous mix was prepared. 

 

3. RESULTS AND DISCUSSIONS 

3.1. Compressive strength [7]. 

Compressive strength of cubes (150mm x 150mm x 150mm) 

were calculated by using following equation,  

f = P/A, in MPa 

Where, f = Compressive strength of specimen. 

 P = Maximum load applied to the specimen.              

 A = Cross sectional area of the specimen.  

 

% of sand 

replaced 

Avg. compressive strength in MPa 

NCA & 

NS 

NCA & 

WFS 

DA & NS DA & 

WFS 

0 22.60 22.90 21.00 21.00 

10 25.33 23.11 22.07 22.00 

20 27.55 24.44 24.20 23.40 

30 29.62 26.37 28.00 25.70 

40 33.48 29.48 30.00 28.00 

50 19.70 16.00 18.50 15.70 

60 15.00 13.00 13.70 09.00 

Table-5: Variation in compressive strength of pervious concrete at 

different percentages of fine aggreagate for all the combinations.  
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Fig-1: Variation in compressive strength of pervious concrete at 

different percentages of fine aggreagate for all the combinations. 

 

In the above graph it can be observed that there is an increase 

in compressive strength at every 10% replacement of fine 

aggreagate till 40%, after 40% there is a continuous reduction 

in compressive strength for all the combinations. Among the 

four combinations the highest compressive strength observed 

is 33.48MPa at 40% NCA replacement by NS in pervious 

concrete, containing NCA and NS.  

 

3.2 Split tensile strength [7]. 

Split tensile strength of cylinders (150mm diameter and 

300mm length) were calculated by using following equation, 

 

f = 2P / (πDL) in MPa 

Where, f = Split tensile strength of specimen.  

            P = Maximum load applied to the specimen. 

            D = Diameter of the cylindrical specimen. 

            L = Length of the cylindrical specimen. 

 

% of sand 

replaced 

Avg. split tensile strength in MPa 

NCA & 

NS 

NCA & 

WFS 

DA & NS DA & 

WFS 

0 1.9 1.9 1.6 1.6 

10 2.6 2.3 2.2 1.9 

20 3.44 3.06 2.8 2.68 

30 3.9 3.5 3.35 3.25 

40 4.1 3.7 3.9 3.6 

50 2.02 1.79 2.16 1.69 

60 1.46 1.03 1.22 0.9 

Table-6: Variation in split tensile strength of pervious concrete at 

different percentages of sand for all the combinations.  

 

 

 
Fig-2:  Variation in split tensile strength of pervious concrete at 

different percentages of sand for all the combinations. 

 

In the above graph it can be observed that there is an increase 

in split tensile strength at every 10% replacement of fine 

aggreagate till 40%, after 40% there is a continuous reduction 

in split tensile strength for all the combinations. Among the 

four combinations the highest split tensile strength observed is 

4.1MPa at 40% NCA replacement by NS in pervious concrete, 

containing NCA and NS. 

  

3.3 Flexural strength [7].  

Flexural strength of beams were calculated by using the 

following equation, 

f = PL/bd2 in MPa 

Where, f = Flexural strength of specimen.  

              P = Failure load. 

            L = Effective span of the beam. 

            b = breadth of the beam. 

            d = depth of the beam.   

 

% of sand 

replaced 

Avg. flexural strength in MPa 

NCA & 

NS 

NCA & 

WFS 

DA & NS DA & 

WFS 

0 2.7 2.7 2.4 2.4 

10 3.4 2.9 2.8 2.7 

20 3.8 3.36 3.6 3.1 

30 4.1 3.8 3.8 3.43 

40 5.1 4.3 4.8 4.23 

50 4.3 3.0 3.6 3.13 

60 3.2 2.5 2.8 2.1 

Table-7: Variation in flexural strength of pervious concrete at 

different percentages of sand for all the combinations.  
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Fig-3:  Variation in flexural strength of pervious concrete at different 

percentages of sand for all the combinations. 

 

In the above graph it can be observed that there is an increase 

in flexural strength at every 10% replacement of fine 

aggreagate till 40%, after 40% there is a continuous reduction 

in flexural strength for all the combinations. Among the four 

combinations the highest flexural strength observed is 5.1MPa 

at 40% Natural Coarse Aggregate replacement by Natural 

Sand in pervious concrete, containing Natural Coarse 

Aggregate (NCA) and Natural Sand (NS). 

 

3.4 Permeability [8]. 

Permeability of specimens was calculated by using disc 

permeameter method. The results of all the combinations were 

tabulated below. 

Percentage of NS 

replaced 

Percolation rate 

cm/seconds 

0 02.40 

10 02.10 

20 01.66 

30 00.00 

40 00.00 

50 00.00 

60 00.00 

Table-8: Percolation rate of NCA and NS. 

 

 

Fig-4: Percolation rate of NCA and NS. 

Percentage of WFS 

replaced 

Percolation rate 

cm/seconds 

0 02.40 

10 01.66 

20  01.29 

30 00.00 

40 00.00 

50 00.00 

60 00.00 

Table-9:  Percolation rate of NCA and WFS. 

 

Fig-5: Percolation rate of NCA and WFS. 

Percentage of NS 

replaced 

Percolation rate 

cm/seconds 

0 02.72 

10 01.92 

20 01.57 

30 00.00 

40 00.00 

50 00.00 

60 00.00 

Table-10:  Percolation rate of DA and NS. 

 

 

Fig-6: Percolation rate of DA and NS. 

 

Percentage of WFS 

replaced 

Percolation rate 

cm/seconds 

0 02.72 

10 01.66 

20 01.40 

30 00.00 

40 00.00 
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50 00.00 

60 00.00 

Table-11:  Percolation rate of DA and WFS. 

Fig-7:  Percolation rate of DA and WFS. 

Comparing the results obtained from percolation test, among 

the four combinations of cubes casted, the highest percolation 

rate observed is 2.72cm/sec at 0% of replacement of fine 

aggreagate in pervious concrete containing Demolished 

Aggregate (DA). The lowest percolation rate observed among 

the four combinations of cubes casted is at 20% of WFS 

replacement containing Natural Coarse Aggregates (NCA) and 

Waste Foundry Sand (WFS) is 1.285cm/sec.  

4 CONCLUSIONS 

1. Belagavi city is one among the foundry clusters of India. 

Everyday 500 tonnes of Waste Foundry Sand is 

generated by Belagavi foundries, which is being dumped 

indiscriminately in low lying areas of Udyambag and 

Machhe industrial areas of Belagavi, which leads to 

environmental pollution, especially groundwater 

pollution due to heavy metals.  

2. Comparing the results obtained from compressive 

strength test, among all the four combinations of cubes 

casted, the highest compressive strength observed is 

33.48MPa at 40% Natural Coarse Aggregate replacement 

by Natural Sand in pervious concrete, containing Natural 

Coarse Aggregate (NCA) and Natural Sand (NS). The 

lowest compressive strength observed among all the four 

combinations of cubes casted is at 60% of WFS 

replacement containing Demolished Aggregate (DA) and 

Waste Foundry Sand (WFS) is 9MPa. 

3. Comparing the results obtained from split tensile 

strength test, among all the four combinations of 

cylinders casted, the highest split tensile strength 

observed is 4.1MPa at 40% of sand replacement in 

Pervious Concrete, containing Natural Coarse Aggregate 

(NCA) and Natural Sand (NS). The lowest split tensile 

strength observed among all the four combinations of 

cylinders casted is at 60% of WFS replacement 

containing Demolished Aggregate (DA) and Waste 

Foundry Sand (WFS) is 0.9MPa.  

4. Comparing the results obtained from flexural strength 

test, among all the four combinations of beams casted, 

the highest flexural strength observed is 5.1 MPa at 40% 

of sand replacement in pervious concrete, containing 

Natural Coarse Aggregate (NCA) and Natural Sand 

(NS). The lowest flexural strength observed among all 

the four combinations of beams casted is at 60% of WFS 

replacement containing Demolished Aggregate (DA) and 

Waste Foundry Sand (WFS) is 2.1MPa.  

5. Comparing the results obtained from percolation test, 

among all the four combinations of cubes casted, the 

highest percolation rate observed is 2.72cm/sec at 0% of 

sand replacement in pervious concrete containing 

Demolished Aggregate (DA). The lowest percolation rate 

observed among all the four combinations of cubes 

casted is at 20% of WFS replacement containing Natural 

Coarse Aggregates (NCA) and Waste Foundry Sand 

(WFS) is 1.285cm/sec.  

6. Since Karnataka government has banned sand mining 

and stone crushing activities, this shortage of sand and 

aggregate can be minimised by utilizing waste materials 

such as, Demolished Aggregate (DA) and Waste 

Foundry Sand (WFS) in concrete. Hence environmental 

pollution as well as over exploitation of sand and 

aggregate can be avoided. 

7. Due to over exploitation of ground water the water table 

is going deeper in urban areas decreasing its quality and 

increasing the pumping cost. Pervious concrete helps in 

natural recharging of ground water by increasing rain 

water infiltration into the soil strata.  
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