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Abstract 

 

Foundry sand is an industrial by-product from the ferrous 

and non ferrous metal casting foundry industry. India 

being the second largest country producing various grades 

of metal castings, discards huge volumes of foundry sand 

every year, which requires an alternative for land filling to 

dispose. In an effort to utilize foundry sand in very high 

volume, the present study is carried out for its possible 

large-scale utilization in geotechnical applications as sub-

base material for roads. Six samples of green foundry sand 

representing the various foundry industries in the 

Coimbatore cluster were collected and its geotechnical 

properties were determined. CBR tests conducted on these 

samples shows that many samples can be used directly for 

sub-base as per IRC standards. However, in order to make 

use of the all remaining samples, the foundry sand is 

stabilized with flyash for improving its CBR strength. This 

study shows the possibility of utilizing all the foundry sand 

samples as sub-base material for pavements satisfying IRC 

requirements with the addition of flyash. 
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INTRODUCTION 

 

 Through out the world, sieved high quality silica 

sand is used as a molding material in the ferrous and 

nonferrous metal casting industries for centuries. Due to cost 

of the material, foundries recycle and reuse the sand several 

times for different castings. When the sand can no longer be 

reused, it is discarded and removed from the foundry, which is 

generally termed as foundry sand.  

In United States and Europe alone, approximately 21 

million tons of foundry sand is discarded annually [1]. 

Presently, only 32% of discarded foundry sand is reused in 

civil engineering construction [2], due to either scanty 

information available on its beneficial use or application of 

bulk quantity of material is limited in its construction work. 

India, globally, second largest producer of casting way behind 

China [3,4], needs to dispose of the foundry sand effectively 

apart from land filling. Hence, the present study aims to 

utilize the foundry sand in large-scale road construction as 

sub-base material.  

In India, roads are mostly designed as flexible 

pavement based on the IRC: 37-2001 guidelines. Though 

various methods are available for the flexible pavement 

design, the Indian Roads Congress (IRC) recommends the 

California Bearing Ratio method [5]. As per IRC 37-2001 

standards, the CBR value of any sub-base materials should not 

be less than 20%. Therefore, the objective of this study is to 

investigate the suitability of the foundry sand, directly as sub-

base material, based on the IRC 37-2001 recommended CBR 

value. Further, if any foundry sand material falls short of this 

mark, in order to make it suitable, it is stabilized with flyash 

by varying proportion, till achieving the required CBR value 

of 20%. 

 

   

MATERIALS AND METHODS 

 

Foundry Sand 

 Generally the green sand and the chemically bonded 

sand are the two types of foundry sand mostly used in the 

molding process. Green sand, which makes up the largest 

percentage of these two, basically made up of silica sand (80-

85%), bentonite clay (8-10%), coal (3.5-6%) and other minor 

ingredients such as flour, rice hulls and cereals. For the 

purpose of study, six green foundry sand samples representing 

various foundry industries were obtained in and around the 

Coimbatore region. Foundry sand (FS) sample were collected 

from Seetha Lakshmi Foundry, Sidco (FS-1); Sastha Foundry, 

Sidco (FS-2); PSG Foundry, Neelambur (FS-3); S & D 

Foundry, Sidco (FS-4); VK Foundry, Vilankurichi (FS-5); and 

Indo Shell, Sidco (FS-6). The geotechnical properties of the 

all the foundry sand samples are presented in Table-1, 

including index dry densities. 

 

 

Table-1.  Geotechnical properties of foundry sands
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Properties FS-1 FS-2 FS-3 FS-4 FS-5 FS-6 

Specific gravity 2.51 2.65 2.61 2.63 2.70 2.50 

Gravel (%) 0 5.15 0 12.78 0.57 0.36 

Sand (%) 99.73 94.48 98.58 85.85 95.51 97.24 

Fines (%) 0.27 0.37 1.42 1.37 3.92 2.40 

D10 (mm) 0.14 0.30 0.16 0.18 0.15 0.08 

D30 (mm) 0.18 0.48 0.23 0.40 0.24 0.13 

D60 (mm) 0.26 1.00 0.35 1.20 0.33 0.19 

Coefficient of uniformity (Cu) 1.86 3.33 2.19 6.67 2.20 2.38 

Coefficient of curvature (Cc) 0.89 0.77 0.95 0.74 1.64 1.11 

IS classification SP SP SP SP SP SP 

Maximum dry density (g/cc) 1.56 1.50 1.58 1.74 1.54 1.54 

Minimum dry density (g/cc) 1.16 1.35 1.40 1.34 1.51 1.45 

 

All the samples are tested as non-plastic. Soil 

classification of the samples is reported as per IS:1498 [6]. It 

is classified as poorly graded sand (SP), with soil particles 

of one size is predominant or some intermediate size is 

missing, which limits the use of foundry sand in civil 

engineering work. The difference in values between 

maximum and minimum index densities of foundry sand 

shows the scope for land filling operations. 

 

Flyash 

 

 An industrial waste Neyveli flyash produced in 

Neyveli thermal power station in Tamilnadu was used as an 

additive to improve the CBR strength of the foundry sand. 

Among the various additives used for stabilization, flyash is 

available in large quantity and also it needs to be effectively 

disposed, to protect the environment. India produces about 

90 million tons of coal ash per year from thermal power 

station, of which only 13% is used as land filling and other 

construction works. The physical properties of flyash are 

given in Table-2. 

 

Table-2. Properties of flyash 

Property Value 

Specific gravity 1.98 

Maximum dry density (g/cc) 1.10 

Optimum moisture content (%) 19.0 

Permeability (cm/sec) 5X10-5 

Cohesion Nil 

Experimental Methods 

 

 Light compaction tests were carried out to 

determine the optimum moisture content (OMC) and the 

maximum dry density (MDD) of all the samples as per IS: 

2720 - Part VII [7]. CBR tests were conducted according to 

IS: 2720 – Part 16 [8], on the compacted specimens in the 

CBR mould, to obtain the CBR value. The specimens were 

prepared at their OMC and MDD, and soaked under water 

for four days before testing. The compaction characteristics 

of the foundry sand specimens and its CBR values are 

shown in Table-3. Comparison of maximum dry density 

results shows that compaction densities are higher than 

index densities for poorly graded sand (SP) [9]. 

 

 

Table-3. Results of light compaction tests and CBR tests of foundry sands

Properties FS-1 FS-2 FS-3 FS-4 FS-5 FS-6 

Maximum dry density (g/cc) 1.80 1.78 1.60 2.16 1.72 1.65 

Optimum moisture content (%) 12.0 14.5 21.0 12.0 18.0 14.0 

CBR at 2.5mm penetration (%) 28.5 20.4 18.6 11.9 15.6 4.3 

CBR at 5.0mm penetration (%) 45.7 31.3 28.1 24.1 20.6 6.7 

Soaked CBR value (%) 45.7 31.3 28.1 24.1 20.6 6.7 

 

RESULTS AND DISCUSSION 

 

 From the results obtained in Table 3, it is found 

that all foundry sand samples, except FS-6, CBR value is 

not less than 20%, hence suitable for road sub-base material 

satisfying the IRC standards. In order to make use of 

remaining foundry sand sample (FS-6), it is stabilized with 

flyash, at an amount of 3%, 5% and 10% (by weight). The 

results of flyash stabilized foundry sand (FS-6) is shown in 

Table-4. 

 

Table-4. Results of light compaction tests and CBR tests of flyash stabilized foundry sand (FS-6) 

 

Property 
Flyash (%) 

3 5 10 
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Maximum dry density (g/cc) 1.57 1.58 1.59 

Optimum moisture content (%) 15.6 20.0 21.7 

CBR at 2.5mm penetration (%) 11.7 20.2 5.7 

CBR at 5.0mm penetration (%) 14.1 26.9 7.6 

Soaked CBR value (%) 14.1 26.9 7.6 

 

 The result from Table-4 shows that the addition of 

flyash acts as a filler, by increasing the CBR value and 

thereby it is possible to achieve the required CBR value of 

20%, with 5% flyash addition. 

 

CONCLUSION 

 

 Based on the present study, it is ensured that all the 

waste foundry sand can be effectively utilized as a 

successful sub-base material; thereby it is possible for large-

scale application in road construction without any 

compromise and provides possible alternative for land 

filling. 
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