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Abstract— Expansive soil possesses peculiar properties such 

as swelling and shrinkage.  In monsoon, these soils absorb 

water and swell, whereas in summer they shrink due to 

evaporation of water. Due to such behavior of soil it is 

inappropriate to rely on the strength characteristics of these 

soils.  In order to improve the soil characteristics, different 

stabilizing materials are used in varying percentages, so that 

they can match the specifications of the construction industry. 

Generally, various waste byproducts of certain industries are 

required to be used as stabilizers in order to achieve the goal 

of their disposal as well as its utilization to improve the 

properties of the soil. One such waste, called as the Foundry 

Waste was used to study the effect of such stabilization on the 

black cotton soil which is an expansive soil. This study is an 

attempt to analyze the effect of Foundry waste on Expansive 

soils, for improvement in compressive strength and swelling-

shrinkage characteristics and increase its suitability for 

effective use in construction. The swelling and shrinkage of a 

soil layer of expansive soil results into failure in the form of 

settlement and cracking. Use of foundry waste to stabilize soil 

is an attempt to establish how the waste material with no 

significant application, can be used in construction industry 

and replace their chemically manufactured counterparts. The 

proportion for addition of foundry dust was taken as 10%, 

20%, 30%, 40% and 50% for optimum utilization of waste 

material and to understand the behavior of Expansive Soil 

blended with it by performing various tests. 
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I. INTRODUCTION 

Stabilization is  the  improvement  of  the  properties  of  soil  

by using  some  admixture material so that it will prove to be 

useful for the construction purpose. Soil serves to be 

extremely important factor in case of structural strength as 

well as durability because the  sub-structure i.e.  the  

foundation  is  an  important  component  which  performs  

the function of the transfer of the load of the structure to the 

sub-soil below. Many soils are subjected to differential 

settlements due to change in the moisture content and are also 

subjected  to  volumetric  changes.  If  the  soil  below  is  

weak  and  unable  to  carry the structural load, the structure 

is subjected to the risk of collapse and its ultimate failure 

takes  place.  In  order  to  improve  the  soil  properties  and  

to  make  it  suitable  for construction purpose soil 

stabilization is an important measure. Generally, the waste 

by-products of certain industries are required to be used so as 

to solve the problem of their  disposal  as  well  as  to  improve  

the  soil  properties.  Soil  can  be  stabilized  by mechanical 

or by chemical means. Materials such as cement, slag, lime, 

geopolymers, geofibres, fly ash, lime surkhi, egg shell 

powder, rice husk, etc. are used as stabilizers. One such 

material is the Foundry dust which is obtained as a by-product 

of the ferrous and non-ferrous metal casting industry.  Its 

constituents include silica, alumina, iron oxide and many 

other metallic elements. This study is an attempt to stabilize 

expansive soil by use of foundry dust as an additive for 

improvement in strength and swelling, shrinkage property 

and check its suitability for effective use in construction of 

structures. 

II. OBJECTIVES 

The objective of this study is – To study the effects of 

Foundry waste on the properties of Expansive Soils by adding 

the waste in the soil in varying percentages and forming a 

blended mixture. 

Some of the basic objectives of the study are as given below: 

1) To investigate the use of waste material (Foundry    dust) 

for the improvement of the engineering properties of 

expansive soil. 

2) Improvement of the bearing capacity of the soil by 

addition of the waste and stabilizing it. 

3) To find alternatives for the proper disposal of highly 

accumulating wastes. 

4) Finding the compressive strength of the newly blended 

soil and comparing it with the original soil. 

5) Finding the effect of foundry waste on the behaviour of 

Expansive soil. 

III. LITERATURE REVIEW 

Over the past few years, environmental issues have prompted 

humans to use industrial wastes as alternatives to some 

construction materials. Researchers have paid considerable 

attention to use wastes in soil stabilization and improving 

physical and mechanical properties of soils. In 2010, a 

research work was undertaken on the usage of industrial 

waste products in village road construction. This may help 

both in the proper management and disposal of such wastes 

that occupy lot of land space and contribute to pollution as 

well as contribute to the economical construction of the 

structures. An improvement in the index and engineering 

properties of the soil by the addition of foundry waste will 

help to find an application of waste materials to improve the 

properties of soil and making it a useful stabilizing agent. e 

In 2011, it was suggested to use raw plastic bottles for 

stabilization of soil. Soil stabilization using plastic bottles is 

an alternative method for the improvement of the subgrade 

soil of pavement. It can significantly enhance the properties 

of the soil used in the construction of road infrastructure. 

Results include better and longer lasting roads with increased 

loading capacity and reduced soil permeability. Research 

work made in 2012 presented the usage of waste fibre 

materials in soil stabilization. The promise that the soil 

stabilization technology can actually improve the mechanical 

qualities of local road soil so that stronger, more durable 

roads can be built has prompted national road ministries 

around the world to conduct extensive testing to verify that 
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this new technology is truly cost-effective. The result is that 

this new advancement in soil stabilization technology is 

increasingly being used in both constructing rehabilitating 

unsurfaced and paved roads worldwide. In 2013 it was 

presented to use low cost materials for soil stabilization. The 

usage of alkali activated fly ash as stabilizer was 

predominant. As per the research carried out in 2014, 

Industrial waste can be advantageously used in soil 

stabilization. Soil stabilization is disadvantageous in some 

terms. It leads to the increase in the cost of the raw materials. 

The stabilization materials needed may not be readily 

available in some developing countries of may be expensive 

to transport. The process of mixing and building can become 

more complicated depending upon the type of stabilizer that 

is chosen. This can increase the chance of problems occurring 

and thus affecting time and budget. It can cause potential 

environmental impact and can also affect the health and 

safety of the people. The first research work on the usage of 

foundry waste as a stabilizer was carried out in 2015. The 

years 2016 and 2017 have proved to be significant for the 

advancements in soil stabilization technique. Many waste 

materials have replaced non-renewable materials and thus it 

has led to reduction in the depletion of such resources. Also, 

the structures nowadays are economical, reliable and eco-

friendly. Thus, it is important to understand the significance 

of such methods and develop new alternatives for the future 

development of the construction industry. 

 Materials Used 

 Black Cotton Soil 

Black cotton soils are found in extensive region of Deccan 

Trap in India. They are of variable thickness, underlain by 

black sticky material known as "black soil". Black cotton soil 

is a highly clayey soil. The black colour in Black cotton soil 

is due to the presence of titanium oxide in small 

concentration. The Black cotton soil has a high percentage of 

clay, which is predominantly montmorillonite in structure 

and black or blackish grey in colour. Black soils are the soils 

which expand when the moisture content of the soils is 

increased. The clay mineral montmorillonite is mainly 

responsible for expansive characteristics of the soil. It is also 

called swelling soil or black cotton soil. 

 The structures on Black cotton soil bases develop 

undulations at the road surface due to loss of strength of the 

sub-grade through softening during monsoon. The physical 

properties of Black cotton soil vary from place to place 40 to 

60 of the Black cotton soil has a size less than 0.001 mm. At 

the liquid limit, the volume change is of the order of 200% to 

300% and results in swelling pressure as high as 8 kg/sq cm 

to 10 kg/sq cm. As such Black cotton soil has very low 

bearing capacity and high swelling and shrinkage 

characteristics, it forms a very poor foundation material for 

road construction.  

 Black cotton soil is generally reddish brown to black 

in colour. They occur 0.5m to 10m deep possessing high 

compressibility. Alternate swelling and shrinking of soil is 

responsible for differencial settlement of structure so black 

cotton soil must be treated by using suitable admixtures to 

stabilize it. In our research, Foundry waste sand is used to 

improve the properties of black cotton soil.  

 Foundry Waste 

Foundry waste is a byproduct from the production of both 

ferrous and nonferrous metal castings. It is high quality silica 

sand. In casting process, moulding sands are recycled and 

reused many times. Foundry waste may include foundry 

sands, slag, refractory and pattern shop waste. The term 

foundry sand is used in Indiana regulations that govern the 

use of foundry sand. For this purpose, foundry sand is 

generally accepted as moulding sand and core sand.  

 Due to ever increasing quantities of waste materials 

and industrial by-products, solid waste management is the 

prime concern in the world. Scarcity of land-filling space and 

because of its ever increasing cost, recycling and utilization 

of industrial by-products and waste materials has become an 

attractive proposition to disposal. Foundries successfully 

recycle and reuse the sand many times in a foundry. When 

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

from the foundry and is termed as waste foundry sand.  

 Foundry wastes may be disposed as non-hazardous 

solid waste in any permitted municipal solid waste landfill 

designed and operated in accordance with the Solid Waste 

Land Disposal Facilities rule (329 IAC 10) without obtaining 

a waste classification. 

 
Fig. 1: Foundry waste in black cotton soil 

IV. METHODOLOGY AND RESULTS 

In the present study, foundry waste is used to study the effect 

on the properties of clayey soil. The tests conducted to study 

the effect of foundry waste on soil properties were 

Atterberg’s Limit, Permeability test, Unconfined 

Compression test, Triaxial compression test, Specific Gravity 

test, Compaction test. These all tests were performed with 

10%, 20%, 30%, 40% and 50% of foundry waste. 

 Sample Collection 

The soil sample was collected from the farm of Borgaon 

Dharmale near Rahat gaon, Morshi bypass Amravati. The 

sample was thoroughly oven dried, weighed and stored in 

sacks at room temperature. The Foundry waste is collected 

from Jadhao Steel Alloys, MIDC area Amravati 

 Natural Moisture Content  

The moisture content test covers the determination of 

moisture content of soils. By knowing this, it can be decided 

whether the soil needs to be dried or moisture to be added to 

it to bring it to optimum moisture content (O.M.C) or any 
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other moisture content. Natural Moisture Content of the soil 

was found to be 25.10 %. 

 Pycnometer Test 

The specific gravity of most of the soils lies between 2.63 to 

2.85. Soil containing appreciable organic matter or soil with 

porous particles may have specific gravity values below 2.0. 

On the other hand, soils containing heavy substances such as 

iron may have specific gravity values above 3.0. The Specific 

Gravity of the soil was found to be 2.36. 

 Grain Size Analysis  

The result of the grain size analysis is used in soil 

classification, design of filters for earth dams and 

determination of the suitability of soil in construction of dam, 

roads etc. 

 
Fig. 2:  Particle Size Distribution Curve 

 Cc lies between 1 & 3 and Cu greater than 6 i.e. 8.54 

hence it is well graded sand. 

 Atterberg’s Limit 

Following are the results of Atterberg’s limit test:  

1) Liquid Limit LL   = 61.36% 

2) Plastic Limit PL    = 40.14% 

3) Shrinkage Limit    = 33.46% 

4) Plasticity Index PI   = LL – PL = 61.36 - 40.14 =       

21.22% 

 Free Swell Index 

The free swell index of the soil was found to be 80% which 

is greater than 50%.   Hence it is very high expansive soil. 

Standard Proctor Test 

 From the data obtained, plot the curves of wet 

density, dry density and penetration resistance against the 

moisture content on the graph. 

 
Fig. 3: Proctor Compaction Test 

     

The Optimum Moisture Content and Maximum Dry Density 

was found to be  

O.M.C. =22 %  ,  M.D.D. =1.53 gm/cc 

 Permeability Test    

Permeability of soil sample by using falling head method is 

2x10-7 cm/sec 

 Unconfined Compressive Test 

The maximum stress is term as unconfined compressive 

strength  "𝑞𝑢". The undrained shear strength "𝐶𝑢" may      be 

taken as "0.5𝑞𝑢" in case of saturated clays. 

 
Fig. 4: Unconfined Compression Test 

Unconfined compressive strength, 𝑞𝑢=2.67kg/𝑐𝑚2 

Shear strength, 𝐶𝑢= 1.33kg/𝑐𝑚2 

 Triaxial Compression Test 

 
Fig. 5: Triaxial Compression Test 

Test 

no. 

Cell 

pressure 

kg/cm2 

Deviator 

stress at 

failure 

kg/cm2 

Major 

stress 

kg/cm2 

Shear 

parameters 

from graph 

1 0.5 3.283 3.783 C(kg/cm2) 

=1.3 

Φ(degree)= 

9.44 

2 1.0 3.451 4.451 

3 1.5 2.907 4.407 

V. RESULTS FOR SOIL BLENDED BY FOUNDRY WASTE AT 

VARIOUS PERCENTAGE 

 Specific Gravity Test by Using Pycnometer 

After performing the pycnometer test, the Specific Gravity of 

the foundry was found to be 3.00. 

 Atterberg’s. Limits 

 Liquid Limit 

Sr.No. % Foundry Waste Liquid Limit (%) 

1 10 64.69 

2 20 62.25 

3 30 56 

4 40 52.6 

5 50 47.29 
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Fig. 6: Liquid Limit 

 Plastic Limit 

Sr. No. % Foundry Waste Plastic Limit (%) 

1 10 32.39 

2 20 31.6 

3 30 39.25 

4 40 26.77 

5 50 21.57 

 
Fig. 7: Shrinkage Limit 

Sr. No. % Foundry Waste Shrinkage Limit (%) 

1 10 7.95 

2 20 31.97 

3 30 15 

4 40 27.68 

5 50 9.62 

 
Fig. 8: Shrinkage Limit 

 Free Swell Index 

Sr. No. % Foundry Waste FSI (%) 

1 10 85.24 

2 20 63.04 

3 30 56.00 

4 40 44.44 

5 50 28.60 

 
Fig. 9: Free Swell Index 

 Unconfined Compression Test 

Sr. 

No. 

% Foundry 

Waste 

Compressive 

Strength(kg/sq.cm) 

1 10 1.301 

2 20 1.21 

3 30 1.159 

4 40 1.04 

5 50 0.98 

 
Fig. 10: Unconfined Compression Test 

 Triaxial Compression Test 

Sr. No. 
Cell pressure 

kg/cm2 

Deviator stress at failure 

kg/cm2 

Major stress 

kg/cm2 

  10% 20% 30% 40% 50% 10% 20% 30% 40% 50% 

1 0.5 2.671 1.272 1.34 1.198 0.974 3.171 1.772 1.84 1.698 1.474 

2 1 1.818 1.431 2.3 0.575 1.054 2.818 2.431 3.3 1.575 2.054 

3 1.5 2.45 1.959 1.28 0.647 1.197 3.95 3.459 2.78 2.147 2.697 

 

Shear 

parameters 

C(kg/cm2) 0.15 0.1 0.2 0.15 0.3 

Φ(degree) 24.62 22.12 26.56 5.71 8.74 

 

VI. CONCLUSIONS 

1) Based upon the experimental investigations carried out 

in the laboratory, the following conclusions are drawn. 

2) Specific gravity of black cotton soil was found to be 2.36 

whereas the foundry dust, foundry sand and course 

material have the specific gravity as 3.0,2.66 and 2.96 

respectively. The specific gravity of foundry dust was 

found to be greater than that of soil. 

3) From grain size analysis the soil was found to be well 

graded sand with Cc and Cu values as 1.3 and 8.54 

respectively. 

4) The soil containing 10% to 20 % foundry dust exhibited 

an increase of 12.38 % and 8.15 % respectively whereas 



Effect of Foundry Waste on Expansive Soil (Black Cotton Soil) 

 (IJSRD/Vol. 7/Issue 02/2019/494) 

 

 All rights reserved by www.ijsrd.com 1804 

the soil blended with 30%, 40% and 50% of foundry dust 

exhibited a decrease of about 2.71% ,8.61 % and 17.84% 

respectively in the liquid limit as compare to the liquid 

limit of the soil. 

5) The plastic limit of the soil blended with 10%, 20%, 

30%, 40% and 50 % of foundry dust shows a decrease of 

about 19.30%, 21.27%, 2.21%, 33.31% and 46.29% 

respectively as compared to the plastic limit of the soil. 

6) The shrinkage limit of the soil blended with 10%, 20%, 

30%, 40% and 50% of Foundry dust shows a decrease of 

about 76.24%, 4.45%, 55.17%, 17.27% and 71.24% 

respectively as compared to be shrinkage limit of soil. 

7) On addition of foundry waste with expansive soil (ES) 

the property of swelling (free swelling index) reduces 

with increase in the foundry waste proportion. 

8) In Unconfined Compressive Strength of the soil blended 

with 10%, 20%, 30%, 40% and 50% foundry dust was 

found to be 1.301, 0.5, 1.159, 1.05 and 0.98kg/cm2 and 

was very less as compared to that of natural soil. 

VII. SCOPE FOR FURTHER STUDY 

[1] The study may further be extended by using other 

variants or additives in the soil in addition to the Foundry 

dust. 

[2] Fly Ash may also be used as an additive along with 

foundry dust so as to investigate the behavior of the 

newly blended mixture. 

[3] More precise and modified tests may be performed on 

the samples and then the behavior of the blended sample 

may be checked and compared with the original soil. 

[4] The percentages values may also be modified so as to get 

more precise value of the percentage of the stabilizer to 

be added to the soil. 

[5] The foundry additive may be checked by mixing it with 

other types of soil from different regions. 

[6] The duration of the tests may be changed as well as the 

temperature and pressure conditions could also be 

varied. 

[7] Some geopolymers may also be used along with foundry 

dust as a stabilizer. 

[8] Combination of soil may also be used and reinforced by 

the foundry waste to check the variance in its properties. 

[9] All the three foundry wastes may be mixed together and 

then used as a stabilizing agent. 

[10] A combination of foundry waste and plastic fibers may 

also be used for stabilizing the expansive soils. Many 

other additives may be used along with foundry dust and 

then the investigations may be made to find out the 

desired parameters.  
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