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Abstract - The uses of by product such as copper slag has long been established in a number of applications in the civil 

engineering industry. However, the use of copper slag fines in the area of soil stabilization has not been fully investigated and 

developed despite having similar chemical composition and mineralogy to that of Portland cement. This paper investigates the 

improvement in the properties of copper slag stabilized clayey soil with fly ash. In order to improve the properties of copper 

slag stabilized soil certain industrial wastes such as fly ash, cement, lime etc are added. Fly ash has been used for several 

decades as stabilizing agent in deep stabilization of soft soil and it is used to improve the strength parameters. The results 

shown that, the strength properties of copper slag stabilized clayey soil improved with increase in percentage of fly ash. 
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                      I. INTRODUCTION 
The stabilization of soils with cement and lime is well 

studied. Cement stabilization nowadays is less used 

because of the increasing cost of cement and 

environmental concerns related to its production. India 

being the second largest producer of cement has a heavy 

impact on the CO2 emissions. One can imagine from the 

fact that approximately one tone of CO2 is produced 

during the production of cement. On the other hand lime 

also provides with CO2 to the world climate during its 

production. Moreover lime is not suitable for soils which 
contain sulphates as the presence of sulfates can increase 

the swelling [1]. The focus is on the use of the industrial 

materials like Fly ash and Copper Slag.  

 

Fly ash is a by product from burning pulverized coal in 

electric power generating plants. Pure copper is found in 

nature, but is usually mixed with other chemicals in the 

form of copper ores. The process of extracting copper 

from copper ore varies according to the type of ore and 

the desired purity of the final product. Once the waste 

materials have been physically removed from the ore, 

the remaining copper concentrate must undergo several 
chemical reactions to remove the iron and sulphur. This 

process is called smelting.  

 

The recovery of sulphuric acid from the copper smelting 

process not only provides a profitable by-product, but it 

also significantly reduces the air pollution caused by the 

furnace exhaust. Copper slag is a waste product which 

comes out from the smelting process. Upon mixing with 

problematic soil, Copper slag can be used as an efficient 

stabilizing cause for the upgrading of soils for use in 

highway embankments, sub-grades and sub-bases. Also, 

by mixing it with fly ash, it becomes suitable for 

embankment fill material. Slag, when mixed with fly ash 

and lime, develops pozzolanic reactions . Fly ash has 
been widely accepted as embankment and structural fill 

material [2, 3, 4, 5].  

 

It is a good binder to produce high performance cement 

and concrete. As industrial waste materials have low or 

no production cost, using these materials in the field of 

Geotechnical Engineering saves construction cost. The 

reusing of these industrial waste materials is not only the 

promising solutions to reduce the disposal problem, but 

also reduces the demand of cement thereby reducing the 

CO2 emissions. 
 

Copper slag has a large amount of  Fe2O3, SiO2, CaO, 

and other chemicals, which makes it amenable to 

chemical stabilization[6]. Flyash is mixed with 20% of 

copper slag and kaolinite clay in different proportions, 

and their effect in liquid limit, plastic limit and 

compaction characteristics and unconfined compressive 

strength has been investigated. 

 

II. MATERIALS USED 
1. Clay 

Clay soils are highly susceptible to environmental 

changes. Therefore they are selected for most of the 

studies. The basic properties of the samples obtained 

through experimental investigations are presented in 

subsequent section. 
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For the purpose of the study commercially available 

Kaolinite clay was collected from English Indian clay 

limited, Trivandrum. The properties of Kaolinite are 

given in Table I. The grain size distribution of clay was 

found out using hydrometer analysis (IS: 2720 (Part 4)- 

1983) is shown in Fig. 1. 

 

 
Fig. 1 Clayey soil sample 

 

Table 1 Properties of clayey soil. 

 

Soil Properties Values Obtained 

Specific Gravity 2.6 

Liquid limit (%) 33 

Plastic limit (%) 21 

Shrinkage Limit (%) 11 

Plasticity index (%) 12 

IS Classification CL 

OMC (%) 24.6 

MDD(g/cc) 1.65 

Percentage of clay 60 

Percentage of silt 36 

Percentage of sand 4 

 

 
 

Fig. 2 Particle size distribution of clayey soil. 

 

2. Copper Slag 

Copper slag is a blackish granular material similar to 
coarse sand. The specific gravity of copper slag was 

found to be 3.22. Normally, the specific gravity of 

copper slag ranges between 2.8 and 3.8. The values for 

normal sands range between 2.6 and 2.7. The high 

specific gravity of copper slag material compared with 

that of sand is due to the presence of a high content of 

iron oxide. There was no loss on ignition (Havanagi et 

al., 2017). Copper slag was collected from Thoothukudi. 

The properties of copper slag are presented in Table II. 

 

Table 2  Physical properties of copper slag. 

 

Properties Value 

Specific Gravity 3.8 

Plasticity Index Non Plastic 

Granular shape Angular, sharp edges 

Gravel (%) 1.5 

Sand (%) 98.4 

Silt + Clay 0.1 

Color Black 

Angle of internal 

friction(degree) 

45 

 

3. Fly ash 

Fly ash was used as admixture with 20% of copper slag 

and soil. Fly ash has been widely accepted as an 
embankment and structural fill material. 

 

Table 3 Physical properties of Fly ash. 

 

Properties Value 

Specific Gravity 2.18 

Liquid limit (%) 28.3 

Plastic limit (%) Non plastic 

Shrinkage Limit (%) 11 

 

III. METHOD OF STUDY 
1. Tests Conducted 

Following test were conducted on soil mixes. 

 Unconfined compression test (IS: 2720 (Part 10)-

1991). 

2. Methodology 

This test was conducted on various sample with fly-ash 

concentration (0% to 10%) prepared at OMC, which is 

subjected to unconfined compression test. The test so 
conducted with reference to IS: 2720 part-10(1991) & 

4330-5(1970). 

 

The selected soil was dried and pulverized. The required 

quantity of copper slag or fly ash was added and 

thoroughly mixed. After uniform dry mixing, the 

required quantity of water (calculated based on OMC 

determined from the compaction test on soil) was then 

added and the material was again mixed uniformly in the 

wet condition. The wet mix was then compacted 

statically to its MDD. 

 
The prepared specimens for each fly ash content were 

then divided into three groups. The first group of three 

specimens was cured for 0 days before testing. The other 

two groups were cured for 7 and 14 days before testing. 

The specimens were cured in desiccators under 

controlled temperature and humidity. Testing of 

Specimen After the curing period, the specimens were 

tested to determine their UCS 
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IV. RESULTS AND DISCUSSIONS 
1. Unconfined Compressive Strength 

Durability of the fly ash treated copper slag stabilized 

clayey soil was ascertained by performing UCS tests at 

different days of curing. It was been seen that the 

unconfined compressive strength of copper slag 
stabilized soil increases in dosage of fly ash, as well as, 

with the increase in curing period. The variation of 

strength is clearly depicted in fig.3.  

 

The trend of increased compressive strength with curing 

period can be attributed to the time dependent strength 

gain action of pozzolanas. At higher dosage of flyash i.e. 

at 8%, completion of pozzolanic reaction and formation 

of cementations compounds do not take place due to lack 

of moisture. This leads to untreated flyash in the soil-

slag matrix leaving soft packets and thus a reduction in 

strength is seen. 
 

 
 

Fig.3 Unconfined Compressive Strength of Copper Slag-

Fly ash-Soil Mix at different days of curing. 

 

V. CONCLUSION 
A study was conducted to analyses the effect of fly ash 
on copper slag stabilized clay. The conclusions derived 

from the study are: 

 Copper slag is a blackish granular material similar to 

coarse sand with a specific gravity of 3.8. The high 

specific gravity may be due to high iron content (41%). 

 Additives like fly ash improved strength of copper slag 

stabilized clayey soil 7 fold times when cured for 14 

days and made the stabilized mix more durable.  
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