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Abstract— Nowadays organic clay soil can be found in many 

reclaimed lands. These soil exhibit high settlement potential 

and low strength. So this soil needs to be improved by means 

of effective ground improvement techniques. Commonly 

used conventional and low cost technique is to modify the soil 

with lime at the site itself to make it suitable for construction 

and allow it to increase its strength by pozzolanic reactions 

between lime and clay minerals. Lime is found to be an 

effective stabilization material for clayey soil, but it is not as 

such in soil containing organic impurities. In this study an 

attempt is made to improve the performance of lime treated 

organic clay by adding a catalyst zeolite by conducting 

laboratory test. The unconfined compressive strength test 

(UCC) is conducted on remoulded samples for different 

curing period. The addition of synthetic zeolite in lime 

organic stabilized soil has much increased the soil strength on 

curing. The unconfined compressive strength of optimum 

percentage of lime treated soil with 8% zeolite shows 97% 

increase for 56 days of curing period. Increase in Maximum 

Dry Density (MDD) is also found during zeolite addition for 

the lime treated soil. Maximum increase in MDD is observed 

for the soil with 8% lime and 5% zeolite. 
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I. INTRODUCTION 

The critical problem of construction on organic clayey soil is 

low undrained shear strength and bearing capacity. Organic 

soil contains enormous amount of organic matter due to 

which humic acid is formed in the soil during decomposition 

of organic matter. So humic acid can be consider as a 

parameter to identify organic soil. It increases the acidity of 

the soil so alkaline conditions to facilitate pozzolanic reaction 

will be absent in this type of soil. This will leads to the 

inactivation of the pozzolanic reaction in the process of 

stabilization. The construction on sites with such type of soil 

experience bearing capacity failure due to its low shear 

strength. So this soil should be improved by suitable method 

before structural construction. Various techniques are 

available for the improvement of soil to increase its 

performance. 

One of the alternative low-cost techniques for clayey 

soil is to modify the soil with lime in the site itself to make it 

workable for construction and allow it to increase in strength 

due to the pozzolanic reactions between lime and clay 

minerals. When lime is added to the soil in the presence of 

water, a set of reactions occurs this results in the dissociation 

of lime (CaO) in the binders and the formation of 

cementitious, pozzolanic gels (CSH and CASH). They are 

referred to as cementitious or pozzolanic reactions. CSH 

contributes to short term strength and pozzolanic reaction, 

CSH for long term strength gain. Zeolites are a large group of 

minerals consisting of hydrated aluminosilicates of sodium, 

potassium, calcium, and barium. They can be readily 

dehydrated and rehydrated, and are used as cation exchangers 

and molecular sieves. They are aluminosilicate minerals that 

can carry water in their crystalline structure and have the 

molecular formula Na2Al2Si3O10·2H2O. They are 

commonly used as soil amendments, binders, cation 

exchangers, sorbents etc. Zeolite additives to lime 

stabilization may increase the strength of mixture. The 

addition is as pozzolans that act as catalyzer to accelerate as 

well as helping lime to increase the strength of soil. Humic 

acid which is an abundant component in organic soil retard 

strengthening reactions, organic matter holds 10 or more 

times its dry weight in water and may limit water available 

for hydration and organic matter forms complexes with 

aluminosilicates and with metal ions and that complexes 

interfere with hydration. This study aims at improving the 

strength lime treated soil using zeolite additives. Previous 

studies indicate that the strength and behavior of lime 

stabilized clayey soil is seen to be improved by the addition 

of zeolite. The reactivity of the natural zeolite as pozzolans is 

influenced by its grain sizes, in which the finer of the material 

shows higher long term pozzolanic activity. The effectiveness 

of zeolite in lime treated organic soil investigated by adding 

a varying percentage of admixtures with organic soil and 

cured at room temperature for various curing periods 

II. OBJECTIVES 

 To determine the effectiveness of zeolite as an additive 

in lime treated soil 

 To study the strength characteristics of lime zeolite soil 

mix after different curing period 

 Evaluating the behaviour of Maximum Dry Density and 

Optimum Moisture Content of the during the addition of 

zeolite. 

III. MATERIALS 

The following are the materials used for this study; 

1) Soil 

2) Lime 

3) Zeolite 

A. Soil 

The soil used in this investigation is obtained from a river 

near Neyyattikara Chemical analysis is conducted for to 

ensure that soil is organic. Organic content is indicated by the 

organic nitrogen or carbon content in the soil. It is formed 

from the residue of decomposition of plant and animal 

biomass etc which is collected over time by various 

depositions. Soil chemical test is conducted on the soil to 

determine the organic impurities and obtained from central 

Soil Testing Centre Parottukonam Thiruvananthapuram 

The analytical result suggests that the soil contains 

organic carbon content of 1.7% which is rated as high. This 

indicates the organic matter in the soil. The PH of the soil is 

found as 3.1 which are extremely acidic. This may be due to 

the presence of humic acid which is responsible for the 
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acidity of organic soil. Stabilization is less effective in the 

case of soil contain organic content. 

 
Fig. 2: sample soil 

Analytical properties of soil 

Tests Value Rating 

Available OC (%) 1.7 High 

Available P (%) 4.48 Low 

Available Ca (%) 191.3 Deficient 

PH 3.1 Extremely Acidic 

Table 1: Soil Analytical Test Result 

Properties Value 

Specific gravity 1.34 

Maximum dry density, g/cc 1.402 

Optimum moisture content 34 

Percentage of clay 86 

Percentage silt 14 

Liquid limit, % 54 

Plastic limit, % 26 

Plasticity index 30.19 

Unconfined compressive strength, kN/m2 9.002 

Table 2: Properties of soil 

B. Lime 

Lime is collected from commercial online site, Indiamart. 

Commonly for experimental studies lime is used in the form 

of quicklime and hydrated lime (calcium hydroxide-Ca 

(OH)2). Quicklime is manufactured by chemically 

transforming calcium carbonate (limestone-CaCO3) into 

calcium oxide. Hydrated lime is created when quicklime 

chemically reacts with water. For this laboratory 

investigation, all samples were treated with ordinary hydrated 

lime. It works well with clayey soils, especially those with 

moderate to high plasticity index. 

 
Fig. 3: Lime 

Properties Of Lime 

Physical Appearance Dry White Powder 

CaO >83.3% 

MgO <0.5% 

Fe2O3 <2% 

Al2O3 <1.5% 

SiO2 <2.5% 

Na2O3 0.4-0.5 

CO2 <5 

CaCO3 <10 

Specific gravity 2 

Table 3: Chemical Properties of Lime (Source: Indiamart) 
Inspection of the lime quality used in this 

investigation is essential as it determines the effectiveness of 

lime modification and stabilization. Standard means of 

specifying the content of lime should be used. Based on 

previous studies, 5% of hydrated lime is the minimum 

percentage of lime needed for soil stabilization. This value 

plays an important role to sustain the strength-producing 

lime-soil pozzolanic reactions. Once after conducting the test 

for lime and soil have been done, clay that has been treated 

will be stabilized with different values of zeolite content at 

the optimum concentration of lime. Regarding the type of 

zeolites that are used in this research, it is a stable synthetic 

zeolite processed by the hydrothermal method. 

C. Zeolite 

They are microporous aluminosilicate used as absorbent and 

catalyst   contributes to concrete strength mainly through the 

pozzolanic reaction with Ca(OH)2, like silica fume and fly 

ash. It is influenced by its grain sizes, in which the finer of 

the material shows higher short term pozzolanic activity. 

They are microporous aluminosilicate used as absorbent and 

catalyst Zeolite contributes to concrete strength mainly 

through the pozzolanic reaction with Ca(OH)2, like silica 

fume and fly ash.  

It is influenced by its grain sizes, in which the finer 

of the material shows higher short term pozzolanic activity. 

The zeolite used as an additive in this study was provided by 

the rota mining corporation in the Hyderabad. In this study, 

the ground zeolite was the same form as that used in industrial 

applications. The physical and chemical properties of the 

additive used in this study are shown in table. 

Properties of Natural Zeolite 

Specific gravity 2.3 

SiO2 (%) 68 

CEC (meq/g) 2- 2.4 

CaO (%) 30 

MgO (%) 1.1 

Al2O3 (%) 11 

Fe2O3 (%) 1.5 

Na2O (%) 0.3 

K2O (%) 3 

Cr2O3 (% ) 0.01 

Loss On Ignition (%) 12 

Table 4: Properties of Natural Zeolite (Source: Indiamart) 

https://www.degruyter.com/table/j/secm.2013.20.issue-4/secm-2012-0104/secm-2012-0104.xml?id=tbl3
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IV. METHODOLOGY 

In this study compaction and Unconfined compression test 

(UCC) is the major test used to study the stabilization.  The 

soil is mixed with different percentage of lime and liquid limit 

test is conducted to select the optimum percentage of water 

from the liquid limit. The optimum lime percentage is 

determined using the UCC test and compaction strength is 

also evaluated using the Ordinary Proctor Compaction test. 

To examine the influence of zeolite on lime treated soil, blend 

mixes are prepared by adding different percentage of zeolite 

2%, 5% and 8%. The Unconfined Compressive Strength Test 

(UCC) that has been done on the sample after curing at 0,7, 

28 and 56 days. Proctor Compaction Test is also conducted 

on the lime treated zeolite mixes to study their comp active 

effect. 

V. RESULT AND DISCUSSION 

 
Fig. 4: Variation of Liquid Limit with Various Proportions 

of Lime and Zeolite 

Liquid limit test is conducted for all soil samples with varying 

proportion of lime. Figure 4.1shows the variation of liquid 

limit with various proportion of lime. The graph indicates that 

the liquid limit value increases with lime addition. 

 
Fig. 5: Variation of unconfined compressive strength to lime 

content 

Figure. 5 depict the Unconfined Compressive 

Strength (UCC) behavior of soil on treating with different 

percentage of lime. Lime is added to an increasing percentage 

from 5%, 6%, 8%, and 10%. UCC strength increases during 

the addition of lime. Beyond the optimum percentage of lime, 

the strength will start decreasing, optimum percentage of lime 

is determined as 8%.  

 
Fig. 6: Variation of Unconfined Compressive Strength of 

lime treated soil with zeolite addition. 

Figure 6 shows the variation of unconfined 

compressive strength of soil with 8% lime and various 

percentage of zeolite. From the graph it is clear that the during 

zeolite addition 71.74% increase in Unconfined Compressive 

strength is observed from 0 to 8% of zeolite. 

 
Fig. 7: UCC test result for lime treated soil with zeolite for 

different curing period 

The Unconfined Compressive Strength (UCC) of 

Lime treated soil and zeolite blends at different days of curing 

period 0,7, 28 and 56 days  was summarized in the Figure 7. 

The mix shows greater compressive strength value after 

addition of zeolite. Initially when the additive is not 

sufficient, small increase in UCC value is noticed. When the 

percent of additive increases Unconfined Compressive 

strength increases. Maximum unconfined compressive 

strength is obtained for soil with 8% lime and 8% zeolite 

54.85kN/m2 for 56 days of curing 

 
Fig. 8: Variation of unconfined compressive strength to 

zeolite content 
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The unconfined compressive strength test is also 

conducted for soil at a varying percentage of zeolite from 0%, 

2%, 4%, 6%, and 8%. From the test result, it is proved that 

the strength of soil decreases with the addition of zeolite. A 

decrease of 40% is observed in Unconfined Compressive 

Strength during the addition of zeolite .Figure 8shows the 

variation of unconfined strength of untreated soil with zeolite 

addition. 

 
Fig. 9: UCC of organic clay with different percentage of 

lime during different curing period 

Figure 4.2 shows the variation in Unconfined 

Compressive strength of organic clay, on stabilization with 

5%, 8%, and 10% of lime, for 0,7,28 and 56 days of curing 

period. The UCC strength of soil mixes increases with curing 

period. . From the results, it can be noticed that for soil 

mixture, lime content and the time are the effective factors on 

the strength development. 

SAMPLE 

OPTIMUM 

MOISTURE 

CONTENT, (%) 

MAXIMUM 

DRYDENSITY 

,(g/cc) 

Untreated 

Soil 
34 1.402 

Soil + 5% 

Lime 
35 1.438 

Soil + 8% 

Lime 
37 1.479 

Soil +8% 

Lime + 2% 

Zeolite 

31 1.532 

Soil + 8% 

Lime + 5% 

Zeolite 

33 1.553 

Soil + 

8%Lime + 

8% Zeolite 

35 1.493 

Table 5: Optimum Moisture Content and Dry Density 

Variation of Sample at Various Percentage of Soil, Lime 

and Zeolite 

Table. 5 shows a result of compaction tests 

performed on soil, lime-treated soil, and lime-treated soil 

with the addition of zeolite at different concentrations. The 

optimum lime percentage is determined as 8%, so an addition 

of zeolite is done at an optimum percentage of lime and tests 

results are studied for varying zeolite percentage. Maximum 

Dry Density is obtained for an 8% lime mix is   1.479 g/cc 

with an optimum moisture content of 37 percent. 

 
Fig. 10: Compaction curve for soil with lime, and zeolite 

mix at different percentage 

Figure 10 shows the compaction curve for soil, lime, 

and zeolite mix at different mixing proportions. Previous 

analysis indicates that the stiffness of organic clay stabilized 

with lime will improve with the addition of synthetic zeolite. 

From the figure, it is clear that the compactive strength of 

mixes added with zeolite is given greater dry density than 

lime-soil mixes. 

 
Fig. 11: Strength percentage increase in lime treated soil 

with various percentage of zeolite for different curing 

period. 

From figure. 11 it is clear that the percentage 

strength increases with zeolite additive than lime stabilized 

organic clay without zeolite additive. Thus we can conclude 

that small addition of zeolite is ineffective in improving lime 

stabilization. There should be sufficient minerals needed to 

react and to bond the lime and zeolite minerals. However, 

when the percentage of zeolite increases, the strength tends to 

be higher and it is effective in enhancing the lime stabilization 

of organic clay as the percentage of the stabilizer increases. 

Cementations are required to bridge between the 

particles and this leads to higher strength on the mixture part. 

From the experiment it is also clear that with the addition of 

zeolite unconfined compressive strength increases. For 56 

days of curing period about 97% increase in Unconfined 

Compressive strength is observed. 

VI. CONCLUSION 

From the result of the test with lime treated organic clay with 

zeolite the following conclusions are obtained 
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1) Organic carbon content of the soil was determined 1.7 

and acidity 3.1 which confirm that soil is organic 

2) Optimum percentage of lime for soil was determined as 

8% using unconfined compression test. 

3) In untreated soil zeolite acts as a soil strength retardant. 

4) Maximum unconfined compressive strength of lime 

treated soil increases with increase in zeolite percentage. 

5) Unconfined Compressive Strength is found to be 

increasing with increase in curing time, a 97% increase 

in unconfined compressive strength was observed for 56 

days of curing period for design mix of 8% lime with 8% 

zeolite. 

6) Lime treated soil with zeolite exhibit highest maximum 

dry density of 1.553 g/cc at optimum moisture content of 

37% for 8% lime and 5% zeolite blend. 
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