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Abstract— Metal foundries use large amounts of sand as part 

of the metal casting process. Foundries successfully recycle 

and reuse the sand many times in the casting process. When 

the sand can no longer be reused in the foundry, it is removed 

from the foundry and is termed as foundry waste sand. The 

generation of waste foundry sand as a byproduct of metal 

casting industries causes environmental problems because of 

its improper disposal. Thus, its usage in building material, 

construction, and other fields is essential for the reduction of 

environmental problems. Like many waste products, foundry 

sand has beneficial applications to other industries. 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 cement or as a partial 

replacement of fine aggregates or total replacement of fine 

aggregate and as a supplementary addition to achieve 

different properties of concrete. This research is carried out 

to produce a low-cost and eco-friendly concrete. This work 

demonstrates the use of waste foundry sand as a partial 

replacement by fine aggregate in concrete. An experimental 

investigation is carried out on a concrete containing waste 

foundry sand in the range of 0%,10%,20%,30% 40%, and 

50% by weight for M-25 grade concrete (PCC). Material was 

produced, tested, and compared with conventional concrete 

in terms of workability and strength. These tests were carried 

out on a standard cube of 150*150*150* mm for 7, 14, and 

28 days to determine the mechanical properties of concrete. 

Through experimental results the variation of compressive 

strength with the partial replacement of waste foundry sand 

can be found out. This work aims to know the behavior and 

mechanical properties of concrete after the addition of 

industrial waste in different proportions by tests like 

compressive strength. 
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I. INTRODUCTION 

A. Background of study 

Now-a-days the construction sector is exploring rapidly on a 

large scale and also involves new techniques for rapid and 

comfort works on the field. Concrete as a building material 

plays an important role in this sector. The consumption of 

natural resources as an ingredient of concrete, costs high as 

well as it is on verge of extent. These problems force us to 

recover the natural resources or to find an alternative option 

to overcome this problem. Presently, the production of waste 

foundry sand as a by-product of metal casting industries 

causes various environmental problems. Usage of this waste 

in building material would help in reduction of stress on 

environment. Metal industries use foundry sand which is 

uniform sized, high quality silica sand that is bound to form a 

mould for casting of ferrous and non-ferrous metal. Finer 

sand than normal sand is used in metal casting process. The 

burnt sand after the casting process of metal is reuse for many 

times but when it cannot be longer used it is removed from 

foundry as a waste for disposal known as “Waste foundry 

sand”. Use of waste foundry sand as a partial replacement or 

total replacement by fine aggregate in concrete leads in 

production of economic, light weight and high strength 

concrete. Concrete is a material which is composed of coarse 

aggregate, fine aggregate, cement, admixtures and water 

these each material in concrete contributes its strength. So, by 

partial or percentage replacing of material affects different 

properties of concrete. By using such waste material which 

harms the environment can be used for the development of 

low cost and eco-friendly building materials. In this study an 

experimental investigation is carried out by varying 

percentage of fine aggregate with used foundry sand to 

produce low cost and eco-friendly concrete. 

II. EXPERIMENTAL MATERIALS & ITS PROPERTIES 

A. Foundry sand 

Most of the metal industries prefer sand casting system. In 

this system mould made of uniform sized, clean, high silica 

sand is used. After casting process foundries recycle and 

reuse the sand several times but after sometime it is discarded 

from the foundries known as waste foundry sand. The 

application of waste foundry sand to various engineering 

sector can solve the problems of its disposal and harmful 

effect to environment. Foundry sand is clean, uniformly 

sized, high-quality silica sand that is bounded to form moulds 

for ferrous (iron and steel) and non-ferrous (copper, 

aluminum, brass) metals. Type of foundry sand depends on 

the casting process in foundries. Foundry sand is generally of 

two types: Green sand, Chemically bounded sand. Additive 

in sand depends on type of metal casting. Use of waste 

foundry sand as full or partial replacement by fine aggregate 

helps to achieve different properties or behaviour of concrete. 

Advantages of Foundry Sand 

 In Embankments 

 In Barrier layers construction 

 In Flowable fills 

 In Road way construction 

 As Soil reinforcement 

 In Hot mix asphalt 

 In Portland cement concrete 

Other Engineering Application 

 Portland cement manufacturing 

 Mortars 

 Agriculture /soil amendments 

 Verification of hazardous materials 

 Smelting 

 Rockwool manufacturing 

 Fiberglass manufacturing 

 Landfill cover or hydraulic barriers 
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Limitation 

 Foundry sand is black. In some concretes, this may cause 

the finished concrete to have a grayish/black tint, which 

may not be desirable. 

 A 15% fine aggregate replacement with foundry sand 

produces a minimal color change. Also, the foundry must 

be able to meet the quantity requirements of the precast 

manufacturer. 

 Foundry sand reduced workability of concrete. 

Physical Characteristics of Foundry Sand 

 Foundry sand is typically sub angular to round in shape. 

After being used in the foundry process, a significant 

number of sand agglomerations form. When these are 

broken down, the shape of individual sand grains is 

apparent. 

 
Fig. 1: Waste foundry sand 

Constitute Value (%) 

SiO2 83.93 

Al2O3 0.021 

Fe2O3 0.950 

CaO 0.03 

MgO 1.77 

SO3 0.057 

LOI 2.19 

Table 1: Chemical Properties of Foundry Sand 

B. Cement:  

43 Grade Ordinary Portland Cement is used for this study. 

Ordinary Portland Cement (OPC) is by far the most important 

type of cement. The OPC was classified into three grades, 

namely 33 grade, 43 grade, and 53 grade depending upon the 

strength of the cement at 28 days after curing process when 

tested as per IS 4031-1988. If the 28 days strength is not less 

than 33N/mm2, 43N/mm2, and 53 N/mm2 it is called 43-

grade and 53-grade cement respectively. Ordinary Portland 

cement of 43 grade (Zuari brand cement) was used in this 

experiment. 

Properties Test results Standards value 

Specific gravity 3.12 - 

Initial setting time(min) 32 >30 

Final setting time(min) 450 <600 

Fineness 8.0(92%) <10 

Physical properties of (OPC) cement. 

C. Fine Aggregate: 

The aggregate size is lesser than 4.75 mm is considered as a 

fine aggregate. The sand particles should be free from any 

clay or inorganic materials and found to be hard and durable. 

It was stored in an open space free from dust and water. In 

our region, fine aggregate can be found from the bed of 

Rajahmundry. 

Properties Test results 

Grading of sand Zone- II as per IS-383 

Specific gravity of sand 2.6 

Bulk density-loose state 

-compacted state 

1555.56kg/m3 

1717.11kg/m3 

Fineness modulus 2.483 

Physical properties of conventional sand. 

D. Coarse Aggregate: 

The aggregate size bigger than 4.75 mm, is considered as 

coarse aggregate. It can be found from original bedrocks. 

Coarse aggregates are available in different shapes like 

rounded, Irregular or partly rounded, Angular, Flaky. It 

should be free from any organic impurities and the dirt 

content was negligible. 

Properties Test results 

Specific gravity 2.82 

Bulk density loose state compacted state 
1525.92kg/m3 

1718.51kg/m3 

Water absorption 0.90% 

Fineness modulus 7.0 

Physical properties of coarse aggregates. 

E. Water: 

Water is an important ingredient of concrete as it actively 

participates in the chemical reaction with cement. It gives 

strength to cement and workability to the concrete. Drinking 

water is used for casting and curing concrete blocks. 

III. AIM & OBJECTIVES 

A. Aim 

 The present study is aimed at studying the strength 

characteristics of concrete by partially replacing the fine 

aggregate with foundry sand. 

 Use of waste foundry sand in concrete reduces the 

production of waste through metal industries i.e. It’s an 

eco-friendly building material. 

 The problems of disposal and maintenance cost of land 

filling is reduced. 

 Split tensile strength of concrete decrease on increase in 

percentage of waste foundry sand 

B. Objectives 

 The main objective of the study is to determine the 

strength parameter of concrete with replacement of fine 

aggregate by foundry sand. 

 To know the fresh concrete properties of foundry sand 

concrete 

 To find the efficiency of the foundry sand for civil 

construction. 

 To analyze the different areas of civil engineering in 

which foundry sand can be used efficiently. 
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IV. LITERATURE REVIEW 

A. Guney et al. (2010),  

Investigated the potential reuse of waste foundry sand in high 

concrete production the natural fine sand is replaced with 

waste foundry sand (0%,5%,10%,15%) the findings from a 

series of the test program have shown a reduction in 

compressive and tensile strengths, and the elasticity modulus 

which is directly related to waste foundry inclusion of 

concrete. Nevertheless, the concrete with 10% waste foundry 

sand exhibits almost similar results to that of the control one. 

The slump and the workability of fresh concrete decrease 

with the increase of the waste foundry sand ratio. 

B. Siddique et al. (2011), 

Presents the design of concrete mixes with used foundry sand 

(UFS) as partial replacement of fine aggregate. Various 

mechanical properties are evaluated (compressive strength 

and splitting tensile strength) test results indicate that 

industrial by-products can produce concrete with sufficient 

strength and split tensile strength was determined at 28,90and 

365 days along with carbonation and rapid chloride 

penetration resistance at 90 and 365 days. The replacement of 

fine aggregate with foundry sand was found to be optimum at 

30% and should not exceed 50%. The rate of gain was closer 

to that of the control mix at 90days and at 365 the rate of gain 

for all the mixes with foundry sand was higher than the CM 

mix, the compressive strength of cubes and cylinders, and 

split tensile strengths were observed to increase with age.  

C. Wahab et al. (2013), 

Investigated the effect of foundry sand as a fine aggregate 

replacement on the compressive strength, split tensile 

strength, and flexure strength having a mix proportion of M30 

was investigated. Fine aggregates were replaced with eleven 

percentages of foundry sand. The percentages of 

replacements were 0,10,20,30,40,50,60,70,80,90, and 100% 

by weight of fine aggregate. Tests were performed for 

compressive strength, split tensile strength, and flexural 

strength tests for all replacement levels of foundry sand at 

different curing periods (7-days, 28-days, and 56-days). 

Maximum compressive strength and flexure strength were 

achieved with 50% replacement of fine aggregate with waste 

foundry sand at 28 days compared to normal concrete. 

V. EXPERIMENTAL METHODOLOGY 

Concrete contains waste foundry sand as a partial 

replacement of fine aggregate is tested. Concrete is composed 

of cement, coarse aggregate, fine aggregate, waste foundry 

sand and water. The waste foundry sand is replaced in the 

range of 0%, 20%, 40% and 60% by weight of fine aggregate. 

The mixture was prepared and three standard cubes of 

150*150*150 mm were casted. After curing for 24hrs the 

samples were demolded and subjected to compressive 

strength test and tensile split test for 7, 14 and 28 days. 

A. Compressive Strength Test 

Compressive strength tests were performed on compression 

testing machine of 2,000 KN capacity. Three cubes of 

150*150*150 mm from each batch were subjected to this test. 

The comparative study was made on properties of concrete 

after percentage replacement of fine aggregate by waste 

foundry sand in the range of 0%, 20%, 40% and 60%. 

B. Purpose Of This Test 

Assume a slab at our site is designed to cast M25 grade of 

concrete, but we could not define its strength in the semi solid 

state. 

 For that matter, a certain quantity of concrete shall 

be cast as a cube while concrete pouring time to find the 

compressive strength of that concret batch. The cube will be 

preserved and curated well for almost 28 days to be tested by 

the compression testing machine 

 Estimate the adequate ingredients to prepare the concrete 

with a proper water-cement ration. 

 Ensure that the cube mould should be free from dust and 

rust. 

 Now, pour the concrete into the mould by proper 

compaction with the help of a tamping rod. 

 Finish the top surface as smooth by the trowel. 

 The mould should be covered with a gunny bag and 

placed undisturbed for 24 hours at a temperature of 27-

degree Celsius. 

C. Method of Testing 

 The cube should be removed from the water 30 min 

before the test, and should be in dry condition. 

 The specimen should be weighted before the test. 

 The specimen should be placed between the place with 

proper alignment. 

 Now, apply the load (kilonewton) gradually to the 

specimen. 

 The specimen will break at maximum load (1 division = 

5KN), which is noted down as the crushing value of the 

cube. 

 The average (Minimum Three sample) crushing value 

should be note down as the compression value of the 

selected concrete batch. 

 
Fig. 2: Compression strength test for cub 

 

 



Application of Waste Foundry Sand for Evolution of Low-Cost Concrete 

 (IJSRD/Vol. 10/Issue 4/2022/003) 

 

 All rights reserved by www.ijsrd.com 10 

Type of 

concrete 

Average 

ultimate 

compressive 

strength at 7 

days 

(N/mm2) 

Average 

ultimate 

compressive 

strength at 14 

days 

(N/mm2) 

Average 

ultimate 

compressive 

strength at 28 

days 

(N/mm2) 

B0 27.70 30.81 37.93 

B2 25.78 32.15 39.26 

B4 25.90 32.30 39.70 

B6 33.19 35.70 40.74 

Compressive Strength of Cubes for M25 Grade at 7, 14, 28 

Days 

D. Split Tensile Test 

The tensile strength of concrete is approximately 10% of its 

compressive strength. Tensile splitting strength tests of 

concrete block specimens were determined as per IS: 5816-

1999. After curing of 28 days the specimens were tested for 

tensile strength using a calibrated compression testing 

machine of 2000 KN capacity. 

 Since concrete is brittle, it is weak in tension and can 

cause cracks. So it is essential to conduct the tensile strength 

test of concrete. A method of determining the tensile strength 

of concrete using a cylinder which splits across the vertical 

diameter. It is an indirect method of testing tensile strength of 

concrete. At least three samples should be tested and an 

average value is calculated. 

1) The main objectives of this test are as follows 

 For determining the tensile strength of concrete. 

 To provide the information on the use of sand and 

aggregate. 

 To determine the uniform stress distribution. 

 For studying the behaviour of concrete. 

2) Test procedure of Splitting tensile strength test 

 The first step is to prepare the concrete mix for making 

the cylindrical specimen. 

 Grease the inside surface of the mould and Pour the mix 

into the mould as layers. 

 Compact each layer using a tamping rod. Tap each layer 

30 times.  

 Uniformly stroke the concrete mix and remove the 

excess concrete. 

 Then immerse the casted specimen in water for 24 hours 

at 27-degree celsius. 

 After that remove the specimen from the mould and 

immerse it in freshwater. 

 The splitting tensile strength of concrete should be 

conducted at 7, 28 days of curing. 

 Before starting the test, take the specimen from the 

immersed water and wipe the water.  

 Then note the dimension and weight of the specimen.  

 Place plywood strip above and below the specimen  

 After that place the specimen on the testing machine.  

 Then gradually apply load at a rate of 0.7 to 1.4 MPa/min 

(1.2 to 2.4 MPa/min based on IS 5816 1999). 

 Record the load at which the specimen breaks. 

 
Fig. 3: Split tensile test for cube 

Type of 

concrete 

Average ultimate split tensile strength at 

28 days (N/mm2) 

B0 4.3 

B2 3.61 

B4 3.53 

B6 3.15 

Split Tensile Strength of Cube for M25 Grade at 28 Day 

E. Slump Cone Test According To Is: 7320–1974: 

The slump test is the most commonly used method of 

measuring the consistency of concrete which can be 

employed in a laboratory (or) at the site of work. It is not a 

suitable method of very wet(or) very dry concrete; it does not 

measure all the factors contributing to workability, nor is it 

always representative of the place ability of concrete from 

batch to batch. It is used to indicate the degree of wetness. 

The workability of concrete is mainly affected by consistency 

i.e., wetter mixes will be more workable when compared to 

drier mixes, but concrete of the same consistency may vary 

in between in workability. 

F. The Concrete Slump Test Procedure: 

The mold for the concrete Slump test is a 300 mm high cone-

shaped trunk. The base is 200 mm (8 in) in diameter and has 

a smaller opening at the top of 100 mm (4 in). 

 The base is placed on a smooth surface, and the 

container is filled with concrete in three layers, whose 

workability must be tested. 

 Each layer is tempered 25 times with a standard 16 

mm (5/8 in) diameter steel rod, rounded at the end. 

 When the mold is completely filled with concrete, 

the upper surface is reached (flush with the upper opening of 

the mold) through the sieving and rolling motion of the 

quenching rod. 

 The mold must be held firmly against its base during 

the entire operation so that it cannot move due to concrete 

leakage, and this can be done through handles or footrests 

welded to the mold. 

 Immediately after completing the filling and 

leveling the concrete, the cone is slowly and carefully lifted 

vertically. An unsupported concrete will now Slump. 

 The decrease in the height of the center of the 

Slumped concrete is called a Slump. 
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 The Slump is measured by placing the cone just 

beside the Slumped concrete, and the quenching rod is placed 

over the cone so that it also exceeds the area of the Slumped 

 The decrease in the height of the concrete in relation 

to that of the mold is observed in (usually measured up to the 

nearest 5 mm (1/4 inch) 

G. Precautions in the Slump Test 

Concrete Slump Test To reduce the influence of Slumping 

variation in surface friction, the interior of the mold and its 

base must be moistened at the beginning of each test and, 

before lifting the mold, the area immediately around the base 

The cone must be cleaned of concrete that may have Slumped 

accidentally. 

H. Types of Concrete Slump 

Slumped concrete takes various forms and, according to the 

profile of Slump concrete, the Slump is termed as; 

 True Slump 

 Shear Slump 

 Collapse Slump 

 
Fig. 4: Slump cone test 

I. Hardened Concrete Test: (According To Is: 516 - 1959) 

Mechanical properties of concrete are mainly related to the 

calculation of its strength. The calculation of mechanical 

properties includes the testing of concrete for its performance 

in Compressive strength, Split tensile strength and modulus 

of rupture. The procedures and calculations of these three 

tests are confirmed by the standard specification IS 516 – 

1959. 

J. Testing of Hardened Concrete 

Testing of hardened concrete plays an important role in 

controlling and confirming the quality of cement concrete 

works. Systematic testing of raw materials, fresh concrete and 

hardened concrete are inseparable part of any quality control 

programme for concrete, which helps to achieve higher 

efficiency of the material used and greater assurance of the 

performance of the concrete with regard to both strength and 

durability. The test methods should be simple, direct and 

convenient to apply. 

 One of the purposes of testing hardened concrete is 

to confirm that the concrete used at site has developed the 

required strength. As the hardening of the concrete takes time, 

one will not come to know, the actual strength of concrete for 

some time. This is an inherent disadvantage in conventional 

test. But, if strength of concrete is to be known at an early 

period, accelerated strength test can be carried out to predict 

28 days strength. But mostly when correct materials are used 

and careful steps are taken at every stage of the work, 

concretes normally give the required strength. 

 The tests also have a deterring effect on those 

responsible for construction work when testing of hardened 

concrete is done. The results of the testing on hardened 

concrete, even if they are known late, helps to reveal the 

quality of concrete and enable adjustments to be made in the 

production of further concretes. Tests are made by casting 

cubes or cylinder from the representative concrete or cores 

cut from the actual concrete. Knowledge of the strength of 

concrete in structure cannot be directly obtained from tests on 

separately made specimens. 

 
Fig. 5: Hardened concrete test 

K. Flexural Strength  

Most of the beam failures are occurred due to their failure in 

flexural strength. It is important that prediction of flexural 

strength by calculating modulus of rupture for reducing 

failure problems in beams. The calculation of modulus of 

Rupture in terms of Flexural strength is the main aim in 

casting beam specimens. In this modulus of rupture is 

calculated by testing specimens in the universal testing 

machine. In this line of facture is the main important property 

in formulating the modulus of rupture.  

 Flexural test on concrete based on the ASTM 

standards are explained. Differences if present in 

specification or any other aspects of flexural test on concrete 

between ASTM standard, Indian standard, and British 

standard are specified. 

 Flexural test evaluates the tensile strength of 

concrete indirectly. It tests the ability of unreinforced 

concrete beam or slab to withstand failure in bending. The 

results of flexural test on concrete expressed as a modulus of 

rupture which denotes as (MR) in MPa or psi. The flexural 

test on concrete can be conducted using either three-point 

load test (ASTM C78) or center point load test (ASTM C293) 

 It should be noticed that, the modulus of rupture 

value obtained by center point load test arrangement is 

smaller than three-point load test configuration by around 15 

percent. Moreover, it is observed that low modulus of rupture 

is achieved when larger size concrete specimen is considered. 

Furthermore, modulus of rupture is about 10 to 15 percent of 
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compressive strength of concrete. It is influenced by mixture 

proportions, size and coarse aggregate volume used for 

specimen construction. Finally, the following equation can be 

used to compute modulus of rupture, but it must be 

determined through laboratory test if it is significant for the 

design: 

Following are the applications of flexural test: 

 Specifying compliance with standards 

 It is an essential requirement for concrete mix design 

 It is employed in testing concrete for slab and pavement 

construction 

Sample Preparation of Concrete 

 Determine proportions of materials including cement, 

sand, aggregate and water. 

 Mix the materials using either by hand or using suitable 

mixing machine in batches with size of 10 percent greater 

than molding test specimen. 

 Measure the slump of each concrete batch after blending. 

 Place molds on horizontal surface and lubricate inside 

surface with proper lubricant material and excessive 

lubrication should be prevented. 

 Pour fresh concrete into the molds in three layers. 

 Compact each layer with 16mm rode and apply 25 

strokes for each layer or fill the mold completely and 

compact concrete using vibration table. 

 Remove excess concrete from the top of the mold and 

smoothen it without imposing pressure on it. 

 Cover top of specimens in the molds and store them in a 

temperature room for 24 hours. 

 Remove the molds and moist cure specimens at 23+/-2 o 

C till the time of testing. 

 The age of the test is 14 days and 28 days and three 

specimens for each test should be prepared (according to 

Indian Code, the specimen is stored in water at 24-30oC 

for 48hours and then tested) 

 
Fig. 6: Flexural strength 

VI. RESULT AND DISCUSSION 

Tests like compressive strength, workability are conducted 

for concrete made of different replacement of sand with 

foundry sand 7, 14 and 28 days of curing. The specimens are 

tested for 7, 14, 28days for 0%, 10%, 20% 30%, 40% 50% 

replacement of foundry sand. The results are tabulated and 

discussions have been made. 

A. Slump Cone Test 

The variation of slump with increase in percentage of foundry 

sand 0%, 10%, 20% 30%, 40%, 50% are tabulated below. 

Workability In Terms Of Slump Cone Test 

Description Slump (mm) 

Plain concrete 52 

FS 10% 55 

FS 20% 58 

FS 30% 63 

FS 40% 67 

FS 50% 70 

VII. CONCLUSION 

Based on above study the following observations are made 

regarding the properties and behavior of concrete on partial 

replacement of fine aggregate by waste foundry sand: 

1) Compressive strength increases on increase in 

percentage of waste foundry sand as compare to 

traditional concrete 

2) In this study, maximum compressive strength is obtained 

at 60% replacement of fine aggregate by waste foundry 

sand. 

3) Split tensile strength decrease on increase in percentage 

of waste foundry sand. 

4) Use of waste foundry sand in concrete reduces the 

production of waste through metal industries i.e., it’s an 

eco-friendly building material. 

5) The problems of disposal and maintenance cost of land 

filling is reduced. 

6) Application of this study leads to develop in construction 

sector and innovative building material. 

7) The result of percentage cost change reduces up to 3.5 

for 60% replacement of waste foundry sand. This shows 

that the concrete produced is economical.  
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