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Abstract— Metal foundries use large amount of sand as a part 

of metal casting process. Foundries recycle and reuse the 

sand. The sand which can no longer be reused, it is removed 

from the foundry and it is termed as foundry sand. Annually 

around 6-10 million tons of foundry sand is produced. 

Foundry sand has many beneficial applications in other 

industries. It mainly consists of silica sand, coated with a thin 

film of burnt carbon, residual binders etc. It can be used in 

concrete to improve its strength and other durability factors. 

It is used as a partial replacement of cement or fine aggregates 

and total replacement of fine aggregate and as supplementary 

addition to achieve different properties of concrete. This 

paper presents the experimental investigation on the effect of 

foundry sand as fine aggregate replacement on the 

compressive strength, porosity, sulfate attack and XRD of 

cement mortar having mix proportions of 1:3. Fine aggregates 

were replaced with three percentages of foundry sand and the 

replacements were 5, 10, and 15% by the weight of fine 

aggregate. Tests were performed for all the replacement 

levels of foundry sand at different curing periods (7 days, 14 

days & 28 days). 
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I. INTRODUCTION 

Large amount of by-product materials are produced during 

casting process in the foundry industries. In foundry, the 

ferrous metal casts are cast iron and steel, non-ferrous metal 

are aluminum, copper, brass and bronze. Over 70% of the 

total by-product material consists of sand because the main 

component of molds is molding sand, which is easily 

available, in expensive resistant to heat damage and easily 

bonded with binders and other organic material. High quality 

specific size silica sand is used for their molding and casting 

process. This sand is successfully recycled and reused in 

foundry. When this sand can no longer be reused it is removed 

from the foundry. The removing sand is termed as WFS. WFS 

are the major issue in management is foundry waste. These 

WFS is black in color and contain large amount of fines. The 

typical physical and chemical property of WFS is dependent 

on the metal being poured, casting process, technology 

employed, type of furnaces and type of finishing process. 

A. Objectives 

1) To evaluate the utility of foundry sand as partial 

replacement of fine aggregate in concrete. 

2) To understand the effectiveness of foundry sand in 

strength enhancement. 

3) To compare the values obtain with the foundry sand as a 

fine aggregate replacement with a nominal concrete. 

II. REQUIREMENTS & PROPERTIES OF MATERIALS 

A. Binding Materials 

Cement or limes are used as the binding material. They 

behind the individual units of fine aggregate and coarse 

aggregate by virtue of its properties of setting or hardening in 

combination with water. The binding material helps to fill 

voids and imparts density to concrete. 

B. Fine Aggregate 

Fine aggregates generally consist of natural sand or crushed 

stone with most particles passing through a 3/8-inch sieve. 

Coarse aggregates are any particles greater than 0.19 inch, but 

generally range between 3/8 and 1.5 inches in diameter. 

1) Waste Foundry Sand 

Foundry sand consists primarily of silica sand, coated with 

thin film of burnt carbon, residual binder (Bentonite, Sea 

coal, Resins) and dust. 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. Green sands are typically black or gray. 

C. Coarse Aggregate 

It is the main filler and forms the bulk of concrete, broken 

stones, broken bricks and gravels are generally used as coarse 

aggregates. Granite, basalt are also excellent coarse 

aggregate. 

 Crushing strength sand water tightness of concrete 

and its resistance to wear and tear depend upon the 

aggregates. The aggregate should be clean dense, hard, strong 

durable and sound. 

D. Water 

Water facilitates the spreading of cement over the aggregate 

and regulates the consistency. Water used should be clean. 

Sea water should not be used as it retards setting. 

E. Properties of Materials 

1) Cement 

 Initial testing time should be less than 30 minutes. 

 Final setting time should not more than 10Hrs. 

 Compression strength after 7 days should not less than 

22N/mm2. 

 Tensile strength after 7 days should be 2.5 N/mm2. 

 By I.S 90 micron sieve, residue by weight should not 

exceed 10%. 

 Ratio of percentage alumina to that iron oxide should not 

be less than 0.65%. 

 Weight of magnesia should not exceed 5%. 

 Weight of insoluble residue should not be greater than 

1.50%. 
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2) Fine Aggregate 

 It should be clean and coarse. 

 It should be free from any organic or vegetable matter; 

usually 3-4% clay is permitted. 

 It should be chemically inert 

 It should contain sharp, angular, coarse and durable 

grains. 

 It should not contain salts which attracts moisture from 

the atmosphere. 

 It should be well grade; it should contain particles of 

various sizes in suitable proportions. 

 It should be strong and durable. 

 It should be clean and free from coating of clay and silt. 

3) Coarse Aggregate 

 It should be contain sharp, angular, coarse and durable 

grains. 

 It should be clean and free from coatings of clay and slit. 

 It should be strong and durable. 

 It should be free from any organic or vegetables matter; 

usually 3-4% clay is permitted. 

 It should be clean and coarse. 

III. OBSERVATION & CALCULATION 

A. Cement 

1) Fitness Test on Cement 

Type of cement Sample 
W1 

(g) 

W2 

(g) 

 
W2

W1

× 100 

Coromandel 

Cement 

1 100 8.3 8.3% 

2 100 6.5 6.5% 

3 100 9 9% 

Table 1: Fitness Test on Cement 

The average fitness modulus of cement sample is 7.933% 

2) Consistency 

Trial 

Wt. Of 

cement taken 

(g) 

Quantity of 

water 
Penetration Index 

Reading (mm) 
% g 

1 500 27 136 11 

2 500 28 140 8 

3 500 31 147 6 

Table 2: As per IS: 4301 9Part-4) Consistency of Standard 

Cement 

Obtaining cement paste of normal consistency of cement is 

31% and index reading 5 to 7mm. 

3) Initial Setting Time 

 The time at which the cement paste loses it plasticity is 

called initial setting time. 

 Initial setting time duration is required to delay the 

process of hydration or hardening. 

 As per IS12269 for OPC grade the initial setting time 

should not be less than 30 min. 

Trial Index Reading (mm) Initial Time(mins) 

1 0 5 

2 0 10 

3 0 15 

4 0 20 

5 1 25 

6 1 30 

7 2 35 

8 3 40 

9 5 42 

Table 3: As per IS: 12269 (part-5) for Initial Setting time of 

Cement 

Initial setting time of the cement sample is 42 minutes. 

 Final Setting Time 

Final setting time of the cement sample is 430minutes. 

B. Fine Aggregate 

1) Specific Gravity 

Specific Gravity = 
W2−W1

(W4−W1)−(W3−W2)
 

 

= 
198

725−649
 

Specific gravity= 2.605 

2) Fineness Modulus 

Fitness Modulus of Fine Aggregate 

= 
Sum of Cumulative Percentage of F.A retained

100
 

Sieve no 

mm 

Wt. of Fine 

Aggregate 

retained in 

each Sieve 

in (g) 

Cumulative 

Wt. of the 

F.A retained 

in (g) 

Cumulative 

% of F.A 

retained 

10 30 30 3 

4.75 22 52 5.2 

2.36 35 87 8.7 

1.18 137 224 22.4 

600Microns 287 511 51.1 

300microns 349 860 86 

150Microns 140 1000 100 

Table 4: Fitness modulus Fine Aggregate 

= 
3+5.2+8.7+22.4+51.1+1.186+100

100
 

Fitness Modulus of Fine Aggregate = 2.74% 

 Bulking of Fine Aggregate 

Bulking maximum 24mm at 16% of water 

Bulking 0mm at 20% of water 

C. Coarse Aggregate 

1) Fineness Modulus of Coarse Aggregate 

Sieve 

no 

mm 

Wt. of Fine 

Aggregate 

retained in 

each Sieve in 

(g) 

Cumulative 

Wt. of the F.A 

retained in (g) 

Cumulative 

% of F.A 

retained 

75 0 0 0 

63 0 0 0 

37.5 74 74 1.48 

20 4243 4317 86.34 

9.5 583 4900 98 

4.75 100 5000 100 

2.36 0 5000 100 

1.16 0 5000 100 

600µ 0 5000 100 

300µ 0 5000 100 

150µ 0 5000 100 

Table 5: Cumulative %of C.A Retained 
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2) Fitness Modulus of Fine Aggregate 

= 
Sum of Cumulative Percentage of F.A retained

100
 

=
785.2

100
 

Fitness Modulus of Coarse Aggregate = 7.852 

 Specific Gravity of Coarse Aggregate 

Specific gravity= 3.38 

D. Waste Foundry Sand 

Sieve no 

mm 

Wt. of Fine 

Aggregate 

retained in 

each Sieve 

in (g) 

Cumulative 

Wt. of the e-

Waste 

retained in 

(g) 

Cumulative 

% of e-

Waste 

retained 

4.75 17 17 1.7 

2.36 29 46 4.6 

1.16 108 154 15.4 

600Microns 201 355 35.5 

300microns 350 705 70.5 

150Microns 295 1000 100 

Table 6: Cumulative% of Waste Foundry Sand Retained 

=
1.7 + 4.6 + 15.4 + 35.5 + 70.5 + 100

100
 

Fineness modulus of marble waste is 2.27 

Specific Gravity is 2.597 

E. Test Results 

Description 
Fine 

Aggregate 

Coarse 

Aggregate 

Waste 

Foundry 

Sand 

Specific 

Gravity 
2.605 3.38 2.597 

Fineness 

Modulus 
2.74 7.852 2.27 

Bulking 16% 16.257% 14% 

Table 7: Comparison of Fine, Course & e-Waste 

IV. CASTING OF CUBES 

A. Materials Required for One Cube 

Description 
Normal 

Concrete 

Replacement by e-

Waste 

5% 10% 15% 

Cement (Kg) 1.458 1.458 1.458 1.458 

Sand (Kg) 2.187 2.077 1.968 1.858 

Jelly ( Kg) 4.374 4.374 4.374 4.374 

Foundry 

Sand 
- 0.11 0.219 0.329 

W/C Ratio 0.699 0.699 0.699 0.699 

Table 8: Materials Composition of Concrete 

The curing time of concrete is 7, 14 and 28 days 

B. Test for Compressive Strength 

 Testing is done after 7 days 14 days and 28 days, the days 

taken into account is from the time of water added to the 

ingredients. 

 Test a minimum of 3 specimens at a time. 

 Test the specimen immediately after talking it from the 

water and while they are in wet condition, wipe of the 

surface water. If the specimen received and dry, then 

keep them in water for 24hours before testing. 

 Note down the dimension nearest to 02.mm and also note 

down height 1. 

C. Conducting Experiment 

 Place the specimen in such manner that load shall be 

applied to opposite side of cubes. 

 Align carefully, at the Centre of the thrust of the 

spherically seated plate. 

 Apply the loads slowly and at the rate of 140Kg/cm2 per 

min till the cube breaks. 

 Note down the maximum load and appearance of the 

concrete failure. 

D. Compressive Test Results of the Specimens 

Description 
Compressive strength N/mm2 

7 Days 14 Days 28 Days 

Normal Concrete 17.78 18.81 22.59 

5% of waste 17.70 18.29 22.99 

10%of Waste 18.07 18.81 23.33 

105% of Waste 17.99 21.26 23.99 

Table 9: Compressive Strength 

 
Fig. 1: Compressive Strength of 7days Cured Specimens 

 
Fig. 2: Compressive Strength of 14 days Cured Specimens 
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Fig. 3: Compressive strength of 28 days Cured Specimens 

V. CONCLUSION 

From the results it’s concluded that, 

 In this study the maximum compressive strength is 

obtained at 10% and 15% replacement of fine aggregate 

by waste foundry sand. 

 At 15% replacement of sand gives a maximum strength 

23.99N/mm2 at the age of 28 days. 

 Thus the waste foundry sand is the good replacement of 

fine aggregate. 

 It gives the environment friendly concrete. It helps in 

preparing green concrete. 

 The problems of disposal and maintenance cost of land 

filling is reduced. Waste foundry can be effectively used 

as fine aggregate in concrete. 
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