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Abstract 
 

Disposal of Industrial solid waste poses a major challenge throughout the 

world. These wastes are produced in enormous quantity and require a very 

large area for its disposal. Also, these wastes have a lot of negative impact on 

the environment as well as create plenty of health hazards. Dolochar 

generated from sponge iron industry is one such industrial solid waste. In 

production of 100 ton of sponge iron 25 ton of dolochar is produced. In an 

effort to make effective use of Dolochar, it was investigated as an alternative 

stabilizer for stabilization of expansive soil with intent to improve its bearing 

capacity. Problematic soils such as expansive soils show huge volume 

changes in moisture content variation. The strength characteristics such as 

compaction, California Bearing Ratio (CBR) and Unconfined Compression 

Strength (UCS) of treated and untreated soil were studied by varying the 

percentage of Dolochar from 10% to 40% with an upgrade of 10% by weight 

of dry soil for wavering period of curing of 1day,7days, 14days and 28 days. 

In this study it was found that Dolochar could be efficiently utilized as 

sustainable material for enhancing strength characteristics of the expansive 

soil. Utilisation of dolochar over soil stabilization will help in its cheap and 

eco-friendly disposal. 

Keywords: Soil Stabilization; Expansive soil; Dolochar; California Bearing 

Ratio; Unconfined compression Strength. 
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1 Introduction 
 

Expansive soils are problematic soils that undergo significant change in 

volume with changes over moisture content. They swell on wetting causing 

the soil to lose its strength and shrinks on drying causing surface cracks to 

form. Due to this behaviour, engineering properties of the soil is changed, 

making it unsuitable for construction. On swelling the soil exerts pressure on 

the foundation causing the foundation to uplift and simultaneously damaging 

the structure. This behaviour is mostly seen due to fluctuation in ground 

water table level.  

As a remedy, chemical stabilization is done in order to improve the 

strength characteristics of expansive soils. This process involves addition of 

an admixture to alter the problematic nature of soil. It majorly gambles upon 

chemo-reactions amid additive and minerals of soil for improving 

geotechnical properties. Time required to cure and set can be inhibited in 

stabilization involving chemicals. Chemical stabilization method generates 

exceptional soil behavior with high strength and durability as compared over 

mechanical and physic-stabilization as the structure of the soil changes due to 

chemical interaction. 

 

2 Literature Review 
 

In recent year an emerging trend to utilize waste material for stabilization 

of soil is being adopted globally. Stabilization of soil means improving 

engineering properties of the soils to achieve the specified requirements. The 

improved characteristics of compacted soil, resulting from the process of soil 

stabilization may be crucial to some engineering applications such as liner in 

canals, pavement subgrade, embankments and other structures.  

Some widely used admixtures such as lime [1], cement [2], bitumen, 

salts have been used traditionally throughout the history to stabilize soil. But 

using these stabilizers either depletes our natural resources or cause pollution 

in the process of their production.  Also, these additives cannot be used with 

all type of problematic soil. Hence other alternatives such as industrial 

wastes have been researched with the intention to effectively utilize waste as 

well as find an economical and eco-friendly admixture. Industrial wastes like 

flyash[2-4], Phosphogypsum[3], calcium carbide residue [4-6], lime 

sludge[7], Dolomite Hydrated Lime [8], Metakaolin [9] GGBS[10], Red 

mud, Dolomite, Marble dust, Foundary sand, Tile waste powder[11] and 

Wollastonite Powder[12] have been effective in controlling the swelling of 

expansive soil and imparting strength to the soil. 

In this research experiments were conducted to find effectiveness of 

dolochar as a sustainable admixture to stabilize the expansive soil. Dolochar 

is a waste obtained in the form of solid from industries amid iron (DRI)  
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process for sponge iron generation. For generating 100 tons of sponge 

iron,154 tons of iron ore and 120(B grade) coal is needed. The wastes  

obtained during at the end of the process is around 45 tons and out of which 

25 tons is char and broadly known as dolochar. In Odisha, out of 146 rotary 

kilns, the total dolochar generation is around 3.8 million tons per annum. 

Disposal of such huge quantity of waste is a real big challenge. Hence proper 

use of these wastes in eco-friendly manner as well as cost effective 

stabilization of soil could serve our purpose well.  

In this investigation, Laboratory tests like Standard proctor test, 

Unconfined compression strength (UCS) test and California bearing ratio 

(CBR) were performed to find strength characteristics of the untreated and 

soil treated with Dolochar. Thus, this study provides a method of eco-

friendly disposal of waste, which matches the need of a safe and economical 

sustainable construction material. 

 

3 Material and Methodology 
 

Expansive Soil used in this experiment was obtained from Belgaum, 

Karnataka. It was excavated at height of 1.5 m from ground surface. It was in 

wet condition so it was sun dried and then used. Dolochar is a waste obtained 

in the form of solid from industries amid iron (DRI) process for sponge iron 

generation and was obtained from Ganesh sponge private limited, 

Bhubaneswar, Odisha. Dolochar was in the form small aggregates and were 

hand grinded and sieved through 425-micron sieve. Various test based on IS-

2720 [13-20] were carried out and it was then treated using wavering 

Dolochar percentages from 10% to 40% with an upgrade of 10% by soil dry 

weight. Geotechnical properties such as Atterberg‟s limit, Specific Gravity, 

Differential Free Swell, Standard proctor experiment, Unconfined 

compressive strength (UCS) and California Bearing Ratio (CBR) were 

determined and presented in Table 1. 

 
Table 1: Virgin soil properties 
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4 Results and Discussion 
 

4.1 Standard Proctor’s Compaction Test 
 

The Standard Proctor Test is an experiment done to find the amount of 

water (OMC) required by the soil mass to achieve its Maximum Dr Density 

(MDD). In the process of compaction, the air is expelled out of the soil mass 

and particles adjust themselves leaving a compacted mass of soil having high 

dry density. 3 kg of soil passing 4.75mm sieve is taken and mixed with water 

and then rammed in three layers in the mould of 1000 ml volume by giving 

25 blows to every layer with the help of a rammer of 2.6 kg weight and 

dropped from a height of 310 mm. The graph is drawn between MDD and 

OMC. It is determined by IS 2720 (PART 7) – 1980. Standard proctor test 

was conducted on soil samples with varying percentage of dolochar from 

10% to 40% with a percentage increment of 10% by weight. The relation 

between dry density of maximum value and water content of optimum 

quantity with soil treated with varying dolochar percentages were given in 

the figure 1 and same was mentioned in table 2. 

 
Table 2 :Standard proctor test results for soil treated with dolochar 

% Dolochar 
MDD 

(g/cc) 
OMC % 

0 1.57 21.7 

10 1.565 23.4 

20 1.481 25.67 

30 1.454 26.2 

40 1.452 27.5 

 

4.1.1 Effect on OMC Due the Addition of Varying % of Dolochar 
 

The OMC% of the soil treated with dolochar increased with addition of 

varying % of dolochar. This could be due to the fact that dolochar has a large 

water retention capacity as the particles have a porous microstructure and 

thus provide high surface area to withhold water in order to achieve 

maximum density. Hence increase percentages of dolochar from 10% to 40% 

there is increase in the water content and the decrease in the maximum dry 

density of soil treated with varying % of dolochar is seen mainly due the 

increase in water contentas shown in Figure 1. 
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Figure 1: MDD and OMC of treated soil with varying dolochar proportion 

(10% to 40%) 

 

4.2 Unconfined Compression Strength 
 

The strength of the soil is obtained with the help of unconfined 

compression strength test which is done on Expansive soil. In this test the 

lateral confining pressure σ3 is equal to 0. With the help of dry density of 

maximum value and water content of optimum quantity of soil volume 

required for sample makeup was calculated and then the required amount of 

soil was taken by passing 425-micron sieve. Then it was mixed with water at 

its OMC and made into a homogenous mixture. After the mold was screwed 

and greased the soil was placed in it and compressed to get the sample. 

Standard size samples of 36mm X 72mm were prepared and placed under 

compression testing machine and compressed at 1.25mm/min rate.  Under 

the supplied stress sample underwent failure. UCS was carried out over 

samples with varying percentage of dolochar from 10% to 40% as per IS-

2720 (PART-X)-1991. The samples of size 76mm height and 38mm diameter 

were prepared and cured for 1day,7days,14days, 28days and 60 days. The 

typical Stress - Strain characteristics of soil treated with 30 % dolochar was 

shown in Figure 2 where the similar pattern observed for other percentages. 
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Figure 2: Stress - Strain characteristics of soil treated with 30 % dolochar under 

various curing period 

 

4.2.1 Effect on UCS of Soil Due to Varying % of Dolochar 
 

The unconfined compression strength was obtained from the test results 

were tabulated in table 3 and also its effect of curing period was represented 

in the figure 3.The increase in the UCS can be seen due to increase in the % 

of dolochar treated with soil. This could be due to the presence of SiO2 in 

large amount as well as CaO and MgO in the dolochar which react with 

alumina and silicates present in the soil. These compounds react with soil in 

the presence of water to impart strength to the soil. The more quantity of 

dolochar provides more interaction between the soil and additive and thus 

adding to strength of the treated soil. At the end of 60 day curing it is seen 

that the strength gain is getting slow with addition of more amount of 

dolochar. This indicates that with time there might be excess of dolochar and 

less amount of soil present to react with dolochar. The increase in the 

strength from 30% to 40% dolochar for varying curing period ranges from 

2%-7% only.  
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Table 3:Unconfined Compression Strength test results for soil treated with 

dolochar at various curing periods 

 

 
 

4.2.2 Effect on UCS Of Soil Due to Curing Period 
 

 A gradual gain in the strength was noted with more curing days. The 

strength gain initially could be because of the filling of the voids present in 

the soil making it denser and compacted. And further strength gain could be 

due to interaction of additives with soil chemically resulting in change in soil 

structure giving strength to the soil. With the more time is given to the soil to 

interact with additive under same temperature and moisture content. This 

causes the increase in the UCS of soil. The reaction start to slow down after 

60 days as the amount of silicates and aluminates start to exhaust slowly and 

hence increment in the strength gain is very small compared to strength gain 

by treated soil before 60 days as shown in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                      Figure 3:Effect of curing period on UCS values of soil treated with varying % of 

dolochar 
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4.3 California Bearing Ratio 
 

The CBR test was done according to IS2720 (Part-XVI)-1978. Soil was 

taken around 5kg, passing 4.75mm sieve size and was compacted at its OMC 

in five layers in a standard size mold, with 25 blows in each layer by 2.6 kg 

hammer. The sample were prepared and kept for period of curing of 

1day,7days and 14days for unsoaked CBR testing. Figure 4 shows the load 

penetration curve for the varying percentage of dolochar under the 14 days 

curing period, the same pattern of increment observed in the other curing 

days. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4:Load penetration curve for soil treated with varying % of dolochar at 

14 days curing period 

 
4.3.1 Effect on CBR of Soil Due to Varying % of Dolochar 

 

A gradual increment is the value of CBR treated soil using varying % 

dolochar as compared to virgin soil. This is due to increases in the fines with 

increase in % dolochar which fill the voids in between the soil particles, 

creating a dense compacted soil structure. Dense soil offers better resistance 

to penetration and hence CBR increases. The virgin soil had a very low CBR 

and with addition dolochar the CBR improved to 8.90 making the soil good 

subgrade in pavement construction. The CBR value is represented in table 4 

and the effect of varying percentage of admixture was shown in figure 5 
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Table 4: CBR values of soil treated with Dolochar at different curing period 

 

 

 
 
 
 
 
 
 
 
4.3.2 Effect on CBR of Soil Due to Curing  

The CBR value is improved with curing days. Whereas the initial 

strength increases due filling of void further strength is gained due to 

reaction between the lime, calcium and magnesium oxides present in 

dolochar with a silicates and aluminates present in soil in presence of water 

and form cementious material which impart strength. Strength is developed 

with increase in curing days as there is more time for reaction between the 

soil and stabilizer to take place. The increase in strength after curing of 14 

days for soil treated with 10% dolochar is 7.87 and 40 % dolochar is 8.90 

which is almost 1.6 times higher than the CBR of virgin soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

       Figure 5:Effect of CBR value of soil treated with varying % of dolochar at 

various curing period 
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5 Conclusions 
 

 As obtained from standard proctor test, OMC increases and MDD 

decreases with increase in % of dolochar in soil. 

 From the strength characteristics it was determined that the UCC 

increases with increase in % of Dolochar. The maximum UCS was 

obtained at 40% Dolochar which was almost 2 times higher than 

untreated soil after 60 days of curing. 

 CBR value also raised with the rise in dolochar % and was about 1.6 

times above virgin soil. 

 Thus, the industrial waste Dolochar can be effectively used for the 

purpose of stabilization. This would help in proper disposal of waste and 

reduce the pollution making this process eco friendly. 
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