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Abstract— The paper present, an attempt has been made to 

assess the suitability of Used Foundry Sand and ceramic 

waste in concrete making. In the laboratory Used Foundry 

Sand has been tried as fine aggregate in place of sand and 

ceramic waste has been used as partial substitute to 

conventional coarse aggregate by 15%, 20%, and 30% in 

concrete making. Cubes and cylinders were cast and tested 

for compressive strength and split tensile strength after a 

curing period of 28 days. The results indicated effectiveness 

of Used Foundry Sand as fine aggregate and partial 

replacement of conventional coarse aggregate by ceramic 

waste up to 15%, 20% without affecting the design strength. 
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I. INTRODUCTION 

Foundry sand is high quality silica sand with uniform 

physical characteristics. It is a by- product of ferrous and 

nonferrous metal casting industries, where sand has been used 

for centuries as a molding material because of its thermal 

conductivity. It is a byproduct from the production of both 

ferrous and nonferrous metal castings. The physical and 

chemical characteristics of foundry sand will depend in great 

part on the type of casting process and the industry sector 

from which it originates. In modern foundry practice, sand is 

typically recycled and reused through many production 

cycles. Industry estimates that approximately 100 million 

tons of sand are used in production annually of that 6 - 10 

million tons are discarded annually and are available to be 

recycled into other products and in industry. The automotive 

industries and its parts are the major generators of foundry 

sand. Foundries purchase high quality size-specific silica 

sands for use in their molding and casting operations. 

The raw sand is normally of a higher quality than the 

typical bank run or natural sands used in fill construction 

sites. The sands form the outer shape of the mold cavity. 

These sands normally rely upon a small amount of bentonite 

clay to act as the binder material. Chemical binders are also 

used to create sand “cores”. Depending upon the geometry of 

the casting, sands cores are inserted into the mold cavity to 

form internal passages for the molten metal. Once the metal 

has solidified, the casting is separated from the molding and 

core sands in the shakeout process. In the casting process, 

molding sands are recycled and reused multiple times. 

Eventually, however, the recycled sand degrades to the point 

that it can no longer be reused in the casting process. At that 

point, the old sand is displaced from the cycle as byproduct, 

new sand is introduced, and the cycle begins again. A 

schematic of the flow of sands through a typical foundry is 

shown in Fig.1.3. Although there are other casting methods 

used, including die casting and permanent mold casting, sand 

casting is by far most prevalent mold casting technique. Sand 

is used in two different ways in metal castings as a molding 

material, which focuses the external shape of the cast part and 

as cores that form internal void spaces in products such as 

engine blocks. Since sand grains do not naturally adhere to 

each other so binders must be introduced to cause the sand to 

stick together and holds its shape during the introduction of 

molten metal into mold and cooling of casting. 

A. Types of Foundry Sands 

Two general types of binder systems are used in metal casting 

depending upon which the foundry sands are classified as: 

clay bonded systems (Green sand) and chemically- bonded 

systems. Both types of sands are suitable for beneficial use 

but they have different physical and environmental 

characteristics 

 Green sand molds are used to produce about 90% of 

casting volume in the U.S. 

 Green sand is composed of naturally occurring materials 

which are blended together; high quality silica sand (85-

95%), bentonite clay (4-10%) as a binder, a 

carbonaceous additive (2-10%) to improve the casting 

surface finish and water (2-5%). Green sand is the most 

commonly used recycled foundry sand for beneficial 

reuse. It is black in color, due to carbon content, has a 

clay content that results in percentage of material that 

passes a 200 sieve and adheres together due to clay and 

water. 

 Chemically bonded sands are used both in core making 

where high strengths are necessary to withstand the heat 

of molten metal, and in mold making. Most chemical 

binder systems consist of an organic binder that is 

activated by a catalyst although some systems use 

inorganic binders. Chemically bonded sands are 

generally light in color and in texture than clay bonded 

sands. 

 Foundries produce Recycled Foundry Sand (RFS) 

generally in their overall production volume although 

there is different sand to metal ratios employed in 

different casting processes and products. Most foundries 

have two sand systems one feeding the external molding 

lines and the other feeding the internal core lines. After 

the metal is poured and the part is cooling, green sand is 

literally shaken off the castings, recovered and 

reconditioned for continual reuse. Used cores are also 

captured during this cooling and shake out process; these 

break down and are crushed and reintroduced into green 

sand systems to replace a portion of sand lost in the 

process. Broken cores are cores, which do not break 

down, are discarded. Depending on the projected end 

use, it may be important to segregate sand streams at the 
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foundry as each stream can have different characteristics. 

Additionally, some sand is typically unrecoverable 

during shake off and finishing processes. These sans may 

be contaminated with metals or very large chunks of 

burnt cores and will need to undergo some type of 

segregation, crushing and screening before recycling. 

II. RELATED WORK 

A. Material Properties: 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: Unprocessed Foundry Sand 

Green sands are typically black, or gray, not green 

chemically bonded sand is typically medium tan or off-white 

color Figs.1 &2 shows the unprocessed foundry sand and 

green sand respectively. 

 
Fig. 2: Green Sands from a Gray Iron Industry 

The grain size distribution of spent foundry sand is 

very uniform, with approximately 85 to 95 percent of the 

material between 0.6 mm and 0.15 mm (No. 30 and No. 100) 

sieve sizes. Five to 12 percent of foundry sand can be 

expected to be smaller than 0.075 mm (No. 200 sieve). The 

particle shape is typically sub angular to round. Waste 

foundry sand gradations have been found to be too fine to 

satisfy some specifications for fine aggregate. 

Spent foundry sand has low absorption and is non-

plastic. Reported values of absorption were found to vary 

widely, which can also be attributed to the presence of binders 

and additives. The content of organic impurities (particularly 

from sea coal binder systems) can vary widely and can be 

quite high. This may preclude its use in applications where 

organic impurities could be important (e.g., Portland cement 

concrete aggregate). The specific gravity of foundry sand has 

been found to vary from 2.39 to 2.55. This variability has 

been attributed to the variability in fines and additive contents 

in different samples. In general, foundry sands are dry, with 

moisture contents less than 2 percent. A large fraction of clay 

lumps and friable particles have been reported, which are 

attributed to the lumps associated with the molded sand, 

which are easily disintegrated in the test procedure. The 

variation in permeability, listed in Table-1.1, is a direct result 

of the fraction of fines in the samples collected. 

III. OBJECTIVES AND SCOPE OF THE PROJECT 

The main objective of testing was to know the behavior of 

concrete with replacement of ordinary sand with foundry 

sand at room temperature. The main parameters studied were 

compressive strength, split tensile strength, modulus of 

elasticity. The materials used for casting concrete samples 

along with tested results are described. 

IV. RESULTS 

A. Compressive Strength 

In this research the values of compressive strength for 

different replacement levels of foundry sand contents (0%, 

10%, 20% and 30%) at the end of different curing periods 

(7,14,28&56 days) are given in Table [1]. These values are 

plotted in figures below, which show the variation of 

compressive strength with fine aggregate replacements at 

different curing ages respectively. 

It is evident from Figures below that compressive 

strength of concrete mixtures with 10%, 20% and 30 % of 

foundry sand as sand replacement was higher than the control 

mixture (M-1) at all ages and that the strength of all mixtures 

continued to increase with the age. Graph [1] to [4] shows 

that compressive strength increases with the increase in 

foundry sand. The compressive strength increases by 4.2%, 

5.2%, & 9.8% when compared to ordinary mix without 

foundry sand at 28-days. Graph [5] show the compressive 

strength ratio (at7, 14, 28 & 56 days) with respect to 

percentage replacement of sand by foundry sand. 

Compressive strength at 56 days’ increases by 1.0 %, 5.18 %, 

& 14.3% compared to ordinary mix. Compressive strength at 

56 days was 15%, 12%, 15%, & 20% higher than the 28 days’ 

compressive strength. Compressive strength increases with 

age at different replacement levels. 

Foundry sand 

content % 

Compressive strength in KN/mm2 

7 

DAYS 

14 

DAYS 

28 

DAYS 

56 

DAYS 

0 18.81 25.08 28.50 32.8 

10 19.60 26.14 29.70 33.13 

20 19.80 26.40 30.00 34.50 

30 20.65 27.54 31.30 37.5 

Table 1: Shows Compressive Strength Details of Foundry 

Sand at Different Percentages: 
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Graph 1: Compressive Strength of Cubes for 07 Days 

Curing 

 
Graph 2: Compressive Strength of Cubes for 14 Days 

Curing 

 
Graph 3: Compressive Strength of Cubes for 28 Days 

Curing 

 
Graph 4: Compressive Strength of Cubes for 56 Days curing 

 
Graph 5: Comparison of Compressive Strength of Cubes for 

Different Days of Curing 

B. Split Tensile Strength 

It was found that split tensile strength of concrete 

incorporating foundry sand (using 10 %, 20 % and 30 % 

replacement levels with fine aggregate and a w/c of 0.5) 

depended on the percentage of foundry sand used The 

variation of split tensile strength was shown in Table Graph 

[8] shows the variation of split tensile strength with 

replacements of foundry sand with various levels of fine 

aggregate at 28-days. Graph [9] shows that split tensile 

strength increases with the increase in replacement of 

percentage of sand with foundry sand at 28 & 56 days. For 

concrete split tensile strength was increase by 12%, 14%, and 

20% with respect to different replacement levels of sand with 

foundry sand at 28 days. At 56 days the split tensile strength 

varies as 6%, 10% & 20% than control mix without foundry 

sand to the various replacement levels. Graph [10] show the 

split tensile strength ratio (7, 14, 28 & 56 days) with respect 

to age at various replacement levels of fine aggregates by 

foundry sand. 

Foundry 

sand 

content 

Identification 

Split tensile strength in 

N/mm2 

7 

days 

14 

days 

28 

days 

56 

days 

0% M1 1.60 2.17 2.50 3.00 

10% M2 1.73 2.44 2.80 3.20 

20% M3 1.82 2.48 2.65 3.30 

30% M4 1.92 2.61 3.00 3.60 

Table 2: Shows Split Tensile Strength Details of Foundry 

Sand at Different Percentages 

 
Graph 6: Split Tensile Strength of Cubes for 07 Days Curing 
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Graph 7: Split Tensile Strength of Cubes for 14 Days Curing 

 
Graph 8: Split Tensile Strength of Cubes for 28 Days Curing 

 
Graph 9: Split Tensile Strength of Cubes for 56 Days Curing 

 
Graph 10: Split Tensile Strength of Cubes for Different 

Days of Curing 

V. CONCLUSION 

The following conclusions are drawn from this study: 

Compressive strength of concrete increased with the 

increase in sand replacement with different replacement 

levels of foundry sand. However, at each replacement level 

of fine aggregate with foundry sand, an increase in strength 

was observed with the increase in age. The compressive 

strength increased by 4.2%, 5.2%, & 9.8% when compared to 

ordinary mix without foundry sand at 14-days. Compressive 

strength at 28 days increased by 1.0 %, 5.18 %, & 14.3% 

compared to ordinary mix. Compressive strength at 56 days 

increased by 1.2 %, 5.7 %, & 15.8%    compared to ordinary 

mix. Split Tensile Strength also showed an increase with 

increase in replacement levels of Foundry Sand with fine 

aggregate. Split Tensile Strength also increased with increase 

in age. At 14-days, control mix M-1 (with 0% replacement 

level of foundry sand) achieved modulus of elasticity of 25.10 

GPa, whereas mixtures M-2 (10% foundry sand), M-3 (20% 

foundry sand), and M-4 (30% foundry sand) achieved 

modulus of elasticity of 26.74,29.11, and 31.11 GPa, 

respectively. At 28-days it also showed an increase in values 

of modulus of elasticity by achieving the values of 27.19, 

29.11, 31.12 and 33.20 GPa for mixtures M-1, M-2, M-3, & 

M-4 respectively. So the results showed that modulus of 

elasticity increase with age as well as replacement of foundry 

sand. At 56-days it also showed an increase in values of 

modulus of elasticity by achieving the values of 27.5, 29.84, 

31.72 and 33.80 GPa for mixtures M-1, M-2, M-3, & M-4 

respectively. So the results showed that modulus of elasticity 

increase with age as well as replacement of foundry sand. 

Finally, we can say by this strength compression we 

got foundry sand gives maximum compressive and tensile 

strength than ordinary concrete mix. 

The mix which contain 30% ordinary sand replaced 

with foundry sand giving 20% more strength.  

 


