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ABSTRACT 

Ferrous and non-ferrous metal casting industries produce several million tons of byproduct in the world. In 

India, approximately 2 million tons of waste foundry sand is produced yearly. WFS is a major byproduct of metal 

casting industry and successfully used as a land filling material for many years. In an effort to use the WFS in large 

volume, researches are being carried out for its possible large scale utilization in making concrete as partial 

replacement of fine aggregate. Foundry sand consists primarily of silica sand, coated with a thin film of burnt 

carbon, residual binder (bentonite, sea coal, resins) and dust. Foundry sand can be used in concrete to improve its 

strength and other durability factors. Foundry Sand can be used as a partial replacement of fine aggregates or total 

replacement of fine aggregate and as supplementary addition to achieve different properties of concrete. 

Several admixtures have been developed to improve the strength and workability properties of concrete. Of 

all admixtures used in concrete, Micro Silica occupies a special position for quite a few reasons. The improvement 

of durability, resistance to chloride, sulphate, freezing and thawing, alkali silica reaction, frost attack, increase in 

compressive strength, reduces the permeability and bleeding. 

This experimental investigation was performed to evaluate the strength properties of concrete mixtures, in 

which river sand was partially replaced with Waste Foundry Sand by weight. Compression test was carried out at the 

age of 7, 28 and 56 days of curing. Split tensile test was performed at the age of 28 and 56 days. Flexural strength 

was tested at 28 days of curing.10% Cement was replaced with Micro Silica and Fine aggregate was partially 

replaced with waste foundry sand by weight. Compressive strength at 7 and 28 days, Split tensile test at 28 days and 

Flexural strength was tested at 28 days of curing. 

Compared with plain cement concrete, binary concrete containing micro silica has exhibited greater 

improvements. The results indicate effective use of waste foundry sand as an alternate material, as partial 

replacement of fine aggregates in concrete. However, the partial replacement should not exceed 40% in plain 

concrete. 
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1. INTRODUCTION 

1.1 GENERAL  

The word concrete comes from the Latin word 

"concretus" meaning compact or condensed. 

Concrete was used for construction in many ancient 

structures. Concrete is a composite material 

composed of gravels or crushed stones (coarse 

aggregate), sand (fine aggregate) and hydrated 

cement (binder). 

Concrete, in the broadest sense, is any product or 

mass made by the use of a cementing medium. 

Generally, this medium is the product of reaction 

between hydraulic cement and water. For concrete to 

be good concrete it has to be satisfactory in its 

hardened state and also in its fresh state while being 

transported from the mixer and placed in the 

formwork. The requirements in the fresh state are that 

the consistence of the mix is such that the concrete 

can be compacted and also that the mix is cohesive 

enough to be transported and placed without 

segregation. 

1.2 WASTE FOUNDRY SAND (WFS) 

Solid waste management has become one of 

the global environmental issues, as there is 

continuous increase in industrial by-products and 

waste materials. Due to lack of land filling space and 

its ever increasing cost, utilization of waste material 

and by-products has become an attractive alternative 

to disposal. Waste foundry sand (WFS) is one of such 

industrial by-product.  

Ferrous and non-ferrous metal casting 

industries produce several million tons of byproduct 

in the world. In India, approximately 2 million tons 

of waste foundry sand is produced yearly. WFS is 

major byproduct of metal casting industry and 

successfully used as a land filling material for many 

years. But use of waste foundry sand for land filling 

is becoming a problem due to rapid increase in 

disposal cost. 

1.3   OBJECTIVES OF THE PROJECT 

• To investigate the effect of waste foundry sand 

as a partial replacement of fine aggregate on 

strength properties of M40 grade of concrete. 

• To find the optimum value for replacement of 

cement by micro silica concrete mix. 

• To study the influence of micro silica as a 

replacement of cement and waste foundry sand 

as a replacement of fine aggregate on strength 

properties of binary blended concrete.  

2. REVIEW OF LITERATURE 

This chapter deals with the review of 

literature related to strength properties of concrete 

made from Waste Foundry Sand as a replacement of 

fine aggregate and effect of micro silica on strength 

properties of concrete with binary blend.  

M.J. Shannag (2000) dealt with various 

combinations of a local natural pozzolan and silica 

fume to produce workable high to very high strength 

mortars and concretes with a compressive strength in 

the range of 69-110 MPa. The mixtures were tested 

for workability, density, compressive strength, 

splitting tensile strength, and modulus of elasticity. 

The results of this study suggest that certain natural 

pozzolan+silica fume combinations can improve the 

compressive and splitting tensile strengths, 

workability, and elastic modulus of concretes, more 

than natural pozzolan and silica fume alone. 

Furthermore, the use of silica fume at 15% of the 

weight of cement was able to produce relatively the 

highest strength increase in the presence of about 

15% pozzolan than without pozzolan. This study 

recommends the use of natural pozzolan in 

combination with silica fume in the production of 

high strength concrete, and for providing technical 

and economic advantages in specific local uses in the 

concrete industry. 

S. Bhanja and B. Sengupta (2004) carried 

out an experiment over water–binder ratios ranging 

from 0.26 to 0.42 and silica fume–binder ratios from 

0.0 to 0.3. For all the mixes, compressive, flexural 

and split tensile strengths were determined at 28 

days. The compressive, as well as the tensile, 

strengths increased with silica fume incorporation, 

and the results indicate that the optimum replacement 

percentage is not a constant one but depends on the 

water–cementitious material (w/cm) ratio of the mix. 

Compared with split tensile strengths, flexural 
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strengths have exhibited greater improvements. 

Based on the test results, relationships between the 

28-day flexural and split tensile strengths with the 

compressive strength of silica fume concrete have 

been developed using statistical methods. 

Rafat Siddique, Geert de Schutter and Albert 

Noumowec (2008) presented the results of an 

experimental investigation carried out to evaluate the 

mechanical properties of concrete mixtures in which 

fine aggregate (regular sand) was partially replaced 

with waste foundry sand. Fine aggregate was 

replaced with three percentages (10%, 20%, and 

30%) of WFS by weight. Tests were performed for 

the properties of fresh concrete. Compressive 

strength, splitting- tensile strength, flexural strength, 

and modulus of elasticity were determined at 28, 56, 

91, and 365 days. Test results indicated a marginal 

increase in the strength properties of plain concrete 

by the inclusion of WFS as partial replacement of 

fine aggregate (sand) and that can be effectively used 

in making good quality concrete and construction 

materials. 

Yogesh Aggarwal, Paratibha Aggarwal, 

Rafat Siddique, El-Hadj Kadri and Rachid Bennacer 

(2010) presented the design of concrete mixes made 

with waste foundry sand as partial replacement of 

fine aggregates up to 40%. Various mechanical 

properties are evaluated (compressive strength, and 

split tensile strength). Durability of the concrete 

regarding resistance to chloride penetration, and 

carbonation is also evaluated. Test results indicate 

that industrial by-products can produce concrete with 

sufficient strength and durability to replace normal 

concrete. Compressive strength, and split-tensile 

strength, was determined at 28, 90 and 365 days. 

Comparative strength development of foundry sand 

mixes in relation to the control mix i.e. mix without 

foundry sand was observed. Thereby, indicating 

effective use of foundry sand as an alternate material, 

as partial replacement of fine aggregates in concrete.  

Gurpreet Singh and Rafat Siddique  (2011) 

carried out an experimental investigation to evaluate 

the strength and durability properties of concrete 

mixtures, in which natural sand was partial replaced 

with (WFS). Natural sand was replaced with five 

percentage (0%, 5%, 10%, 15%, and 20%) of WFS 

by weight. Compression test and splitting tensile 

strength test were carried out to evaluate the strength 

properties of concrete at the age of 7, 28 and 91 days. 

Test results indicate a marginal increase in strength 

properties of plain concrete by inclusion of WFS as a 

partial replacement of fine aggregate. 

Gurpreet Singh and Rafat Siddique (2011) 

investigated the abrasion resistance and strength 

properties of concrete containing waste foundry sand 

(WFS). Sand (fine aggregate) was replaced with 0%, 

5%, 10%, 15% and 20% of WFS by mass. The water-

to-cement ratio and the workability of mixtures were 

maintained constant at 0.40 and 85 ± 5 mm, 

respectively. Properties examined were compressive 

strength, splitting tensile strength, modulus of 

elasticity and abrasion resistance expressed as depth 

of wear. Test results indicated that replacement of 

sand with WFS enhanced the 28-day compressive 

strength by 8.3–17% and splitting tensile strength by 

3.6–10.4% depending upon the WFS content, and 

showed continuous improvement in mechanical 

properties up to the ages of 365 days.  

3. MATERIAL AND METHODOLOGY 

3.1 Ordinary Portland Cement 

Cement used in the experimental work is Ordinary 

Portland Cement (OPC) of 53grade (ZUARI brand) 

conforming to IS: 12269-1987. 

3.2 Aggregate 

The size, shape and gradation of the 

aggregate play an important role in achieving a 

proper concrete. The flaky and elongated particles 

will lead to blocking problems in confined zones. The 

sizes of aggregates will depend upon the size of rebar 

spacing. 

The coarse aggregate chosen for Concrete was 

typically angular  in shape, well graded, and smaller 

than maximum size suited for conventional concrete; 

typical conventional concrete should have a 

maximum aggregate size of 20mm. Gradation is an 

important factor in choosing a coarse aggregate. Gap-

graded coarse aggregate promotes segregation to a 

greater degree than the well graded coarse aggregate. 

3.3 Micro Silica 

Amorphous Micro Silica of Grade 920-D 

was obtained from Elkem Materials. Oxide 



RAHUL N, et al, International Journal of Research Sciences and Advanced 
Engineering [IJRSAE]TM.  
Volume 2, Issue 20, PP: 146 - 153, OCT - DEC’ 2017. 
 

 

 
 
 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (20), ISSN: 2319-6106, OCT - DEC’ 2017.                       PP: 146 -  153 

composition of micro silica used in the present 

program 

 

Fig-3.1: SEM micrograph showing: Micro silica 

Table-1: Chemical Composition of Micro Silica 

S.NO. Constituent Percentage 

1 SiO2 91.7 

2 Al2O3 1 

3 Fe2O3 0.9 

4 CaO 1.68 

5 MgO 1.8 

6 SO3 0.87 

7 K2O 0.68 

8 Na2O 0.10 

 

3.4 Waste Foundry Sand 

Waste foundry sand was obtained locally from Mak’s 

Casting Uppal Hyderabad. WFS was used as a partial 

replacement of fine aggregate (natural river sand). 

Metal poured in the foundry is gray iron. The sand 

was tested for various properties like specific gravity, 

bulk density etc., and in accordance with IS 2386-

1963.  

Table-2: Chemical Composition of Waste Foundry 

Sand 

S.NO. Constituent Percentage 

1 SiO2 83.8 

2 Al2O3 0.81 

3 TiO2 0.22 

4 CaO 1.42 

5 MgO 0.87 

6 Fe2O3 5.39 

7 Na2O 0.87 

8 K2O 1.14 

9 SO3 0.21 

10 Mn3O4 0.047 

3.6 CASTING, CURING AND TESTING 

The study is conducted to analyse the 

properties of concrete when the base materials i.e., 

when cement is replaced with gypsum and fine 

aggregate is replaced by stone dust, respectively The 

replacement percentage of waste foundry sand was 

taken at 0%, 10%, 20%, 30%, 40%, 50% and 60%. 

As the aggregate of size less than 20mm and 

greater than 12.5mm is used, cube moulds of size 

150mmx150mmx150mm are used for compressive 

strength test and ultrasonic pulse velocity test. 

Cylindrical moulds of size 150mm diameter and 

300mm height are used for casting specimens for 

compressive strength test of cylinders, split tensile test 

and modulus of elasticity test. Moulds are removed 

after 24 hours of casting and cured in water up to the 

date of testing. The cubes and cylinders are analysed 

after their curing periods. The each test result is the 

average test results of three specimens. The results of 

the replacements proportions of concrete are compared 

with that of the controlled concrete. 

4. RESULTS AND DISCUSSION 

4.1 WORKABILITY 

As the waste foundry sand percentage 

increased in the concrete the workability was 

reduced. This may be due to the void filling action of 

the waste foundry sand as it is finer than the fine 

aggregate, which gives a high cohesion to the mix. 

Mix with increase in waste foundry sand content 

tends to become harsh, sticky and stiff. At 50% 

replacement of fine aggregate with waste foundry 

sand the concrete mix became harsh 

Table-3: Workability of Plain Concrete with Various 

Percentages of Waste Foundry Sand 

S.No. Mix ID 
Slump 

(mm) 

1 WF0 70 
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2 WF10 64 

3 WF20 59 

4 WF30 52 

5 WF40 44 

6 WF50 32 

7 WF60 21 

 

 

Fig-4.1: Workability of Plain Concrete with Various 

Percentages of Waste Foundry Sand 

4.2 COMPRESSIVE STRENGTH TEST 

About 63% of the 28 days strength was achieved in 7 

days. Compressive strength of 32.88 MPa for control 

mix was achieved at 7 days of curing. There was 

marginal increase in the compressive strength of 

concrete mixes with increase in the percentage of 

waste foundry sand. The compressive strength of 

concrete mixes increased up to 40% replacement of 

fine aggregate with waste foundry sand. With further 

increase in the percentage of waste foundry sand the 

compressive strength started to decrease. Maximum 

compressive strength of 34.36 MPa was achieved 

with 40% replacement of fine aggregate with waste 

foundry sand at 7 days. 

About 5% increase in the compressive 

strength was observed at 56 days when compared to 

28 days strength. Strength of 54.81 MPa with 100% 

river sand and maximum strength of 56.44 MPa with 

40% waste foundry sand was achieved at 56 days. 

It is observed that the compressive strength 

increased with increasing age of curing. The 

maximum compressive strength was achieved with 

40% replacement of fine aggregate with waste 

foundry sand at all ages. 

 

 

Table-4: Compressive Strength of Various Concrete 

Mixes with Replacement of Fine Aggregate over 

Waste Foundry Sand at Different Ages 

Concrete  

Mix Design 

Compressive Strength (N/mm2) 

7 Days 28 Days 56 Days 

WF0 32.88 52.14 54.81 

WF10 33.18 52.44 55.85 

WF20 33.77 53.55 55.85 

WF30 33.92 53.92 56.21 

WF40 34.36 54.51 56.44 

WF50 34.21 51.84 53.33 

WF60 32.6 46.95 49.77 

 

 

Fig-4.2: Compressive Strength of Various Concrete Mixes with 

Replacement of Fine Aggregate over Waste Foundry Sand at 

Different Ages 

4.3 SPLIT TENSILE STRENGTH: 

Split tensile strength of 4.6 MPa for control 

mix was achieved at 28 days. Split tensile strength of 

concrete mixes increased up to 50% replacement of 

fine aggregate with waste foundry sand. Maximum 

strength of 5.16 MPa was achieved at 50% 

replacement which is 12% more than the control mix. 

With further increase in the percentage of waste 

foundry sand the split tensile strength of concrete mix 

started to decrease.  

About 6% increase in the split tensile 

strength was observed at 56 days when compared to 

28 days strength. Strength of 4.87 MPa with 100% 

river sand and maximum strength of 5.51 MPa with 
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40% and 50% waste foundry sand was achieved at 56 

days. 

 

Table 5: Split Tensile Strength of Concrete 

Concrete  

Mix 

Design 

Split Tensile Strength 

N/mm2 

28 days 56 days 

WF0 4.60 4.87 

WF10 4.66 5.23 

WF20 4.95 5.30 

WF30 5.02 5.44 

WF40 5.09 5.51 

WF50 5.16 5.51 

WF60 4.66 5.37 

 

 

Fig-4.3: Split Tensile strength of cube specimens for different 

concrete mixes 

4.4 FLEXURAL STRENGTH TEST 

Beam specimens were tested for flexural 

strength. The tests were carried out confirming to IS 

516-1959 the specimens were tested under two point 

loading. The average value of 2 specimens for each 

category at the age of 28 days is tabulated the 

graphical representation of variation of flexural 

strength of plain concrete at the age of 28 days 

Table: 6- Flexural Strength of Concrete Mixes with 

Replacement of Waste Foundry Sand 

S.No. Mix ID 
Flexural Strength 

(MPa) 28 days  

1 WF0 6.9 

2 WF10 6.6 

3 WF20 6.4 

4 WF30 6.0 

5 WF40 5.9 

6 WF50 5.8 

7 WF60 5.6 

 

 

Fig-4.4: Flexural Strength of Various Concrete Mixes 

with Replacement of Fine Aggregate over Waste 

Foundry Sand 

4.5 TEST RESULTS OF BINARY BLENDED 

CONCRETE 

Table-7: Compressive Strength of Various Concrete 

Mixes with Different Percentage of Micro Silica at 

Different Ages 

S.No. 
Mix 

ID 

Compressive 

Strength (MPa) 

7 days 28 days 

1 MS5 37.10 55.10 

2 MS10 38.43 58.22 

3 MS15 37.32 57.47 

 

 

Fig-4.5: Compressive Strength of Various Concrete 

Mixes with Different Percentage of Micro Silica at 

Different Ages 



RAHUL N, et al, International Journal of Research Sciences and Advanced 
Engineering [IJRSAE]TM.  
Volume 2, Issue 20, PP: 146 - 153, OCT - DEC’ 2017. 
 

 

 
 
 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (20), ISSN: 2319-6106, OCT - DEC’ 2017.                       PP: 146 -  153 

10% of cement was replaced with micro silica and 

various tests were done to investigate the effect of 

replacement of fine aggregate with waste foundry 

sand in different proportions on workability, 

compressive strength, split tensile strength and 

flexural strength on binary blended concrete. The 

replacement percentage of waste foundry sand was 

taken at 0%, 20%, 40% and 60%. 

Table-8: Compressive Strength of Concrete Mixes 

with Micro Silica and Various Percentage of Waste 

Foundry Sand at Different Ages 

S.No. Mix ID 

Compressive 

Strength (MPa) 

7 days 28 days 

1 MS10WF0 36.36 58.96 

2 MS10WF20 37.77 61.48 

3 MS10WF40 38.43 62.66 

4 MS10WF60 33.10 52.14 

 

 

Fig-4.6: Compressive Strength of Concrete Mixes 

with Micro Silica and Various Percentage of Waste 

Foundry Sand at Different Ages 

About 62% of the 28 days strength was 

achieved in 7 days. There was marginal increase in 

the compressive strength of concrete mixes with 

increase in the percentage of waste foundry sand. The 

compressive strength of concrete mixes increased up 

to 40% replacement of fine aggregate with waste 

foundry sand. With further increase in the percentage 

of waste foundry sand the compressive strength 

started to decrease. Maximum compressive strength 

of 38.43 MPa was achieved with 40% replacement of 

fine aggregate with waste foundry sand at 7 days. 

Split Tensile Strength 

Split tensile strength of 5.16 MPa was 

achieved at 28 days. Split tensile strength of concrete 

mixes increased up to 40% replacement of fine 

aggregate with waste foundry sand. Maximum 

strength of 5.58 MPa was achieved at 40% 

replacement. With further increase in the percentage 

of waste foundry sand the split tensile strength of 

concrete mix started to decrease. 

Table-9: Split Tensile Strength of Various Concrete 

Mixes with Micro Silica and Different Percentages of 

Waste Foundry Sand 

S.No. Mix ID 

Split Tensile 

Strength (MPa) 

28 days 

1 MS10WF0 5.16 

2 MS10WF20 5.30 

3 MS10WF40 5.58 

4 MS10WF60 5.02 

 

 

Fig-4.7: Split Tensile Strength of Various Concrete 

Mixes with Micro Silica and Different Percentages of 

Waste Foundry Sand 

Flexural Strength Test 

Table-10: Flexural Strength of Various Concrete 

Mixes with Micro Silica and Different Percentage of 

Waste Foundry Sand 

S.No. Mix ID 

Flexural Strength 

(MPa) 

28 days 

1 MS10F0 7.5 

2 MS10F20 6.9 
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3 MS10F40 6.4 

4 MS10F60 6.0 

 

 

CONCLUSION 

• When percentage of waste foundry sand was 

increased beyond 40% the mix started losing its 

workability. 

• Replacement of fine aggregate with waste 

foundry sand showed increase in the 

compressive strength of plain concrete of grade 

M40 up to 40% and then there was a 

considerable decrease in the strength. Maximum 

strength was achieved at 40%. 

• For Plain Concrete mix at 60% replacement of 

fine aggregate strength of 46.95 MPa was 

achieved at 28 days which is less than the target 

strength.  

• Flexural strength of concrete decreased with the 

inclusion and increase in the percentage of waste 

foundry sand for plain concrete. 

• 10% replacement of cement with micro silica 

was found to be optimum for M40 grade of 

concrete. 

• Binary Blended Concrete mix containing 60% 

waste foundry sand was still workable. 

• For Binary Blended Concrete mix at 60% 

replacement of fine aggregate, strength of 52.14 

MPa was achieved at 28 days which is more than 

the target strength. 

• Binary Blended Concrete incorporating micro 

silica showed better performance when 

compared to plain concrete. 

• 13.08% increment in the compressive strength 

was found at 28 days using micro silica. 

• 8% increase in the flexural strength was 

observed in Binary Blended Concrete mixes 

when compared to Plain Concrete mixes. 
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