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Abstract— Soft clay formations are extensively located in 

many areas around the world. The significant high 

compressibility and low shear strength of these formations 

impose challenging engineering problems. Major problem 

that zinc manufacturing industries face today is the disposal 

of jarosite waste. When it is mixed with 2 % lime and 10 % 

cement, the resulting stable material is called Jarofix. 

Presently, utilization of these waste materials is much more 

crucial and concern in India due to large amount of 

production and having very limited application. This study 

depicts the experimental investigations into the effect of 

jarofix content on the compressibility parameter of clayey 

soil. Recently studies shown that the addition of jarofix 

resulted in enhanced properties of soil. A series of laboratory 

tests were carried out considering, additive contents of 2, 4, 

6%. One dimensional consolidation and laboratory 

cassagrandes test were carried out. The aim of this paper is to 

study the consolidation characteristics of jarofix stabilized 

soil from consolidation test and empirical correlation 

proposed by terzaghi. 
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I. INTRODUCTION 

Consolidation settlement is the vertical displacement of the 

surface corresponding to the volume change at any stage of 

the consolidation process. This behavior of soil is mainly 

responsible for the settlement of a clay layer. Consolidation 

settlement will result, for example, if a structure is built over 

a layer of saturated clay or if the water table is lowered 

permanently in a stratum overlying a clay layer. On the other 

hand, if an excavation is made in a saturated clay, heaving 

will result in the bottom of the excavation due to swelling of 

the clay. In cases in which significant lateral strain takes 

place, there will be an immediate settlement due to 

deformation of the soil under undrained conditions, in 

addition to consolidation settlement. Immediate settlement 

can be estimated using the results from elastic theory. This 

work is concerned with the prediction of both the magnitude 

and the rate of consolidation settlement. In order for a 

material to act as stabilizer, its impact on soil settlement 

characteristics must be investigated. Hence, this research 

investigates the influence of jarofix stabilizer on the 

settlement characteristics of soil. Structure may be penetrated 

considerably in the soil; roadway may be undulated due to 

this settlement problem. Moreover, differential settlement 

causes excessive damage to the structure. Therefore it is 

required to understand the process properly which will 

eventually help to mitigate the problems related to the 

settlement. For this purpose, a wide range of consolidation 

tests were performed in the laboratory to understand the 

settlement characteristics and to improve the condition by soil 

stabilization with different percentage of jarofix. Jarosite is a 

waste material produced during extraction of zinc ore 

concentrate by hydrometallurgy operation. Major problem 

that zinc manufacturing industries face today is the disposal 

of jarosite waste. When it is mixed with 2% lime and 10% 

cement, the resulting stable material is called Jarofix. So the 

unstable and hazardous jarosite is stabilized to jarofix, which 

is a nonhazardous waste from the factories. The compression 

index for the calculation of the field settlement caused by 

consolidation can be determined by graphic construction after 

one obtains the laboratory test results for void ratio and 

pressure. Terzaghi suggested the following empirical 

expression for the compression index for  

Undisturbed clays, Cc=0.009(LL-10) 

Remoulded clays, Cc=0.007(LL -7) 

Where LL=liquid limit  

II. LITERATURE REVIEW 

Extensive studies have been carried out on the effect of using 

various additives such as lime, cement, fly ash, jarofix, etc. 

on the geotechnical properties of soil. The compression index 

decreased with additive content and then it showed increasing 

tendency for higher percentage of additive. 

A. Literature Survey of Previous Works    

Mansour1 M., Samieh M., and Matter H., (2015) Conducted 

a study on the effect of cement/lime on the Engineering 

properties of Egyptian soft clay extracted from the north delta 

region. A series of laboratory tests were carried out 

considering, different additive contents of 8, 10, 12, and 14%. 

Saeid A., Chegenizadeh A., and Nikraz H., (2012) 

this paper presents a series of laboratory test for investigation 

and evaluation of lime effect on the compressibility and 

swelling properties of soil. Generally, the results of this study 

indicate that lime stabilization could improve consolidation 

and swelling behaviour of soil, which could reduce the 

coefficient of consolidation. 

Gbenga M., & Bashir D.,(2016) evaluated the 

performance bone ash as soil stabilizer.it  revealed that the 

ash has positive effect on soil strength but no report on it 

influence on soil settlement. In order for a material to act as 

stabilizer, its impact on soil settlement characteristics must be 

investigated. Hence, this research investigated the influence 

of bone ash stabilizer on the settlement characteristics of soil. 

Two soil samples were collected from two locations within 

Ibadan metropolis Nigeria. Bone ash was prepared from 

calcination of cattle bones at a temperature of 1100°C in 

electric furnace. After grinding, the ash was added to the 

collected soil samples in varying proportions by dry weight 

(3%, 5%, 7%, 10%, 15% and 20%) in order to determine the 

compressibility behaviour of the soil at different proportions 

of bone ash.   

Emmanuel M., Hussein M.,(2017) The 

consolidation of a fine-grained lateritic soil, treated with 

compound Portland cement up to 9% by weight of the dry soil 

and prepared at three different moulding water contents ,was 
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investigated by means of a one-dimensional consolidation 

test. For effective vertical stresses smaller than the Cement-

induced yield stress, the primary consolidation process for 

specimens treated with cement is 2–7 times faster than that 

for specimens not treated with cement, while for effective 

vertical stresses higher than the cement-induced yield stress, 

the primary consolidation process for specimens treated with 

cement is about 0.5–1.5 times faster than that for specimens 

not treated with cement. 

Khairul A., Chow S., (2000) this paper presents the 

results of study on the consolidation characteristics in terms 

of compressibility, rate of consolidation and the permeability 

characteristics of both unstabilised and lime stabilised soil 

samples using Oedometer test. Oedometer specimens of 

50mm diameter and 20 mm height were tested with respect to 

age at 0, 7, 14 and 28 days and effective stress at 0, 200, 400, 

800 and 1600 kPa. Three soil types were selected and studied 

in this project; they are Tapah Kaolin, Sungai Buloh clay and 

UTM clay. From the test results, it is discovered that lime 

stabilisation improved the consolidation characteristics and 

reduced the settlement of unstabilised clay with age 

especially after stabilisation phase is achieved, i.e., after the 

age of 14 days. 

Mohammad I., Asaduzzaman K.,  Hafizul H., (2014) 

a wide range of consolidation tests were performed in the 

laboratory to understand the settlement characteristics and to 

improve the condition by soil stabilization with different 

percentage of lime. Lime is a natural rock which can be used 

as an effective soil stabilizer to improve workability and load 

bearing capacity of soil. The study covers the improvement 

of consolidation characteristics to reduce the settlement of 

clay soil by using lime. In investigation 4% lime was found 

to be the optimum percentage for soil stabilization which 

improves the settlement behavior of the soil.  

Indraratna B., Balasubramaniam A., & Khan M., 

(1995) Lime or cement has been added as secondary 

constituents to further enhance self-hardening of the blended 

mix. For example, unconfined compression tests reveal that 

after two weeks of curing, an 18% fly ash and a 5% lime 

treated Bangkok Clay attains a compressive strength 2-3 

times greater than that of the natural clay. However, if lime is 

replaced by cement, the initial rate of strength development 

increases significantly. Excessive fly ash contents (greater 

than 25%) cause tensile splitting of unconfined specimens. 

The compressibility of fly ash cement treated soil is 

considerably less than that of the natural clay.  

III. MATERIALS USED 

Experimental test data regarding the physical and engineering 

properties of locally available soil and jarofix were presented 

A. Locally Available Soil 

For the study, paddy clay was collected from anaikal, Trissur 

district in Kerala. The soil samples were collected in 

polythene gunny bags and then air-dried. The collected soil 

was light ash in colour. 

Disturbed samples were collected at a depth 1.5m 

below the ground. 

The geotechnical properties of paddy clay are shown 

in Table 1. 

Sl. 

No 
Properties Value 

 

1 

 

Natural water content (%) 
 

42 

 

2 

 

Percentage of gravel (%) 
 

0.4 

 

3 

 

Percentage of sand (%) 
 

18 

 

4 

 

Percentage of silt (%) 
 

16.32 

 

5 

 

Percentage of clay (%) 
 

65.28 

6 
 

Liquid limit (%) 
 

52 

7 
 

Plastic limit (%) 
 

25 

8 
 

Plasticity index (%) 
 

27 

9 
 

Shrinkage limit (%) 
 

12 

10 
 

IS classification 
 

CH 

11 
 

Specific gravity (%) 
 

2.62 

12 
 

Dry density (kN/m3) 
 

17.8 

13 
 

OMC (%) 
 

20 

14 
 

Unconfined compressive strength (kN/m2 ) 
 

49.24 

15 
 

Free swell index (%) 
 

33 

Table 1: Properties of Soil 

B. Jarofix 

Zinc ore concentrate contains about 50 % zinc. This 

concentration is roasted at 900̊C and subjected to leaching 

where jarosite is formed as a waste material. When it is mixed 

with 2% lime and 10% cement by weight, the resulting stable 

material is called Jarofix. It is collected from Binanipuram 

Zinc Ltd at Ernakulam The annual production of Jarofix 

material is about 5 lacs metric tons from Hindustan Zinc Ltd. 

Rajasthan, India. The unutilized accumulated material is 

about 15 lacs metric tons.   

The geotechnical properties of jarofix are shown in 

Table 2. 

Sl. 

No 
Properties Value 

1 Percentage of silt (%) 94 

2 Percentage of clay (%) 6 

3 Liquid limit (%) 66 

4 Plastic limit (%) 48 

5 Plasticity index (%) 18 

6 Shrinkage limit (%) 27 

7 Specific gravity (%) 2.16 

8 Dry density (kN/m3) 13.9 

9 OMC (%) 41.48 

10 Unconfined compressive strength (kN/m2 ) 84.95 

Table 2: Properties of jarofix 
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Using the plasticity chart, soil is classified as high 

plasticity clay (CH). Percentage of gravel was obtained 0.4%, 

percentage of sand is18 %, percentage of silt is 16.32%, and 

percentage of clay is 65.32%. 

IV. RESULTS & DISCUSSIONS 

Discussions have been made in this section based on the 

laboratory consolidation test and Atterberg limit conducted 

and the Effects of jarofix on compression index (Cc) of soil. 

A. Compression Index (Cc) & Swelling Index (Cs) 

In this study one dimensional consolidation test were 

performed to determine the consolidation characteristics of 

untreated soil and treated mixes. The corresponding 

consolidation curves are shown below. The variation of 

Compression index (Cc), swelling Index (Cs) are shown 

below.  

 
Fig. 1: e-Log p Curve of Treated and Untreated Soil 

Jarofix 

(%) 
Compression index(cc) Swell index(cs) 

0 0.355 0.1088 

2 0.292 0.0744 

4 0.229 0.0570 

6 0.148 0.0286 

Table 3: Variation of cc from Graphical Correlation 

B. Cc Obtained from Atterberg Limits 

Liquid limits reveal the basic information about the strength 

and settlement properties of soil. With increasing percentage 

of Jarofix, the liquid limit is found to decrease. The reduction 

in Atterberg limits can be attributed to the ion exchange 

reaction where single valence ions get replaced by divalence 

ions of calcium which results in the decreased water 

absorption property of soil particles. The results of 

compression index using liquid limit test are shown in table4. 

Jarofi

x 

(%) 

Liqui

d 

limit 

(%) 

Compressio

n index(cc) 

cc=.007(L.L

-7) 

0 52 0.315 

2 49 0.294 

4 42 0.245 

6 31 0.168 

Table 4: Variation of CC from Empirical Correlation 

 
Fig. 2: Variation in Liquid Limit 

C. Coefficient of Consolidation (Cv) 

Based on the analysis of variation of dial gauge readings at 

various time intervals for a particular stress level with respect 

to square root of time, the coefficient of consolidation (Cv), 

for all stabilized clay samples have been determined over a 

range of consolidation pressures. Cv decreases with increase 

in pressure and it increases with increase in additive content 

Effective 

stress 

( kg/cm2 ) 

0% 

(cm2/s) 

2% 

(cm2/s) 

4% 

cm2/s) 

6% 

cm2/s) 

.05 
2.76E-

04 

2.92E-

04 

3.14E-

04 

5.65E-

04 

.25 
2.65E-

04 

2.84E-

04 

3.05E-

04 

5.10E-

04 

.5 
2.54E-

04 

2.72E-

04 

2.97E-

04 

4.67E-

04 

1 
2.45E-

04 

2.61E-

04 

2.93E-

04 

4.49E-

04 

2 
2.44E-

04 

2.54E-

04 

2.88E-

04 

4.38E-

04 

4 
2.41E-

04 

2.50E-

04 

2.77E-

04 

4.20E-

04 

Table 4: Variation of  Coefficient of Consolidation 

 
Fig. 3: Variation in Coefficient of Consolidation 

V. CONCLUSIONS 

In reality, clay soil may undergo a large amount of settlement 

gradually with time. As a result structure may experience 

considerable settlement after some period of time. Therefore 

it is required in every geotechnical project to keep the total 

settlement within the allowable limits described previously; 

addition of jarofix may be a promising method to reduce the 

total settlement substantially. The soil was stabilized with 
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0%, 2%, 4% and 6% jarofix content. From the one 

dimensional consolidation tests the compression index varies 

0.355 to 0.148 with 0% to 6% jarofix addition which is 

comparable with the range of compression index 0.315 to 

0.168 obtained from empirical correlation. With the increase 

in percentage of jarofix the compressibility of soil decreases. 
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