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 Stabilization of soil is the process by which the soil properties can be modified to meet the requirements. Clay soil has a very 

high swell index which leads to improper settlement of roads and footings. Improvement of strength and subgrade characteristics 

of soil by stabilization is one of the popular techniques nowadays. Construction demolition waste in soil stabilization is still 

under research as much work has not been done in this area. This paper presents a comparative study of utilization of C&D waste 

in soil stabilization. 

The results showed that with increase in the content of C&D waste, the reaction between water and C&D waste is enhanced, 

OMC and MDD are yielded to better results at 8% of C&D. In this process, UCS and CBR were increased whereas plastic limit 

doesn’t show any significant changes. And liquid limit was reduced at 5% and becomes more or less the same with increase in 

C&D content. It was concluded that using C&D was helpful in improving the soil properties up to 8% C&D and declines with 

increase in C&D waste. 

 
 

1. INTRODUCTION 

Soil is a base of structure, which actually supports the 

structure from beneath and distributes the load 

effectively. The quality of soil has large impact on type of 

structure and its design. In many situations, soils in 

natural state do not present adequate geotechnical 

properties to be used in many civil engineering works. 

Effective utilization of local weak soil by imparting 

additional strength using stabilization enables reduction 

in construction and improves performances for the 

projects related to civil engineering. 

Today, world faces a serious problem in disposing the 

large quantity of domestic waste like construction 

demolition waste, rice husk and groundnut shell etc. The 

disposal of agriculture waste without proper attention 

creates hazardous impact on environmental health. 

Construction demolition waste is the organic waste 

obtained from the burning of carpentry in seasoning 

industry. Construction demolition waste shows the 

presence of amorphous silica, which is an indication of 

pozolonic properties, responsible in holding the soil 

grains together for better shear strength. The use of 

construction demolition waste as stabilizing material for 
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clayey soil can be checked under various tests such as 

standard proctor test, California bearing ratio and 

Atterberg’s limit etc. 

Stabilization of weak expansive soil is important in order 

to improve their properties. So that, they become 

suitable for construction over them. In the process of soil 

stabilization and modification emphasis is given for 

maximum utilization of local material so that cost 

construction may be minimized to the minimum extent. 

Typical behavior of soil results into  failure of structure 

in form of settlements cracks etc. 

 

2. LITERATURE REVIEW 

Nuno Cristelo et al. (May 2017):  

Definition: Construction demolition waste can be used 

as a stabilization material for soil but it does not combine 

well with soil. Hence use of feasible material to combine 

with soil. 

Lucas Delongui et al. (April 2017): 

Definition: Construction demolition waste can be used 

as a stabilization material for soil. Hence use of C&D 

waste as pavement design material. 

Hayder Hasan et al. (NOV 2016):  

Definition: Expansive soils exhibit significant 

movements when the moisture content changes, and 

hence it causes substantial damage to road pavements 

constructed over these type of soils. Bagasse is a fibrous 

material remaining after crushing sugarcane to extract its 

juice. Use of Bagasse ash to stabilizes expansive soils. 

A.A. Amadi et al. (April 2016): 

Definition: Cement kiln dust is a sub product of cement 

industry. Use of cement kiln dust to improve stability of 

expansive soils. 

Maria Menegaki et al. (Oct 2017):  

Definition: Construction demolition waste is difficult to 

dump or recycle. Hence proper monitoring and 

management of C&D waste is compulsory. 

Zhao Youcai et al. (July 2017):  

 Definition: Pollution caused by dumping of non-treated 

construction demolition waste has been catastrophic. 

Hence pollution characteristics are determined for proper 

treatment. 

Ali Akhtar et al. (June 2017): 

 Definition: Concrete production and construction and 

demolition waste generation are some of the main 

contributors of constant carbon dioxide emission into the 

atmosphere. Hence recycle and reuse of C&D waste as 

pozzolanic material is necessary to reduce these 

pollutions. 

Liet Chi Dang et al. (March 2016): 

 Definition: Expansive soil behaves radically by adding 

different proportions of rainfall which increases swelling 

and UCS of soil. 

J.B.Oza et al. (Jan 2012):  

Definition: Rich proportion of montmorillonite is found 

in BC Soil from mineralogical analysis. High percentage 

of montomorillonite renders high degree of 

expansiveness. These property results cracks in soil 

without any warning 

3.METHODOLOGY: 

This chapter discusses the details of the laboratory 

testing program performed to clarify for finding out the 

index and engineering properties of soil. 

Detailed Action Plan:  

Step-1: Procurement of Clay soil from around 

Visakhapatnam area.  

Step-2: Test on procured soil to determine the properties 

in natural state and devising suitable actions that are to 

be performed. 

Step-3: Calculation and procurement of C&D waste 

required based on the above results. 

Step-4: Addition of C&D waste to the samples and 

necessary tests are performed to check for improvements 

of soil properties.  

Step-5: Making out the conclusions and suggestions 

based. 

In order to check the soil for its naturalstrength and 

checking its stability using C&D waste as an additive, 

the following steps were involved: 

1. Checking the soil’s natural strength. 

2. Preparing 1: 1 ratio of brick and concrete waste.  

3. Adding C&D waste as an additive for the tests on soil 

with 5, 8, 11& 14 percentages. 

4. Comparing the results of the tests.  
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5. Drawing the conclusions from the comparisons and 

selecting the content of C&D waste in which the 

maximum stability of the soil had occur. 

Procurement of Clay Soil:  

Locations in and around Visakhapatnam are 

investigated for clay soil and are marked in a chart. 

Optimum location for procuring is selected and dig the 

soil for about 1m of top surface. Collect the soil in 

polythene bags and immediately transferred to the 

laboratory.Initial water content of the clay soil is 

determined immediately after transferring to the 

laboratory and soil is stored in cool and dry place. 

 

Procurement of Construction Demolition 

Waste:Location in and around Visakhapatnam are 

investigated for recently demolished buildings (with clay 

brick as walls). Optimum location for procuring is 

selected with the permission of local authorities. Collect 

molds of demolition waste (clay brick wall) into 

polythene bags and transferred . 

The molds are about 80-100 mm in size and are crushed 

to about 2-3 mm in diameter. These molds are oven 

dried and crushed using pulverization apparatus to 

about 2mm diameter. 

The obtained C&D waste is sieved with 425 micron sieve 

and stored in air tight Polythene bag and used in 

stabilization of clay. 

 
Laboratory Tests Conducted on Clay Soil:  

1. Field moisture content. 

2. Specific gravity.  

3. Free Swell Index.  

4. Liquid Limit.  

5. Plastic Limit.  

6. Compaction Test.  

7. Unconfined Compression Test (UCS).  

8. California Bearing Ratio (CBR). 

 

4.EXPERIMENTAL TESTS AND RESULTS: 

 

Field Moisture Content: 

In almost all soil tests natural moisture content of the soil 

is to be determined. The knowledge of the natural 

moisture content is essential in all studies of soil 

mechanics. To sight a few, natural moisture content is 

used in determining the bearing capacity and settlement. 

The natural moisture content will give an idea of the state 

of soil in the field. 

As per the codal procedure the field moisture content 

was determined using the following formula and found 

to be as follows: 

Moisture content = 𝑤𝑒𝑖𝑔 𝑡𝑜𝑓𝑤𝑎𝑡𝑒𝑟/𝑤𝑒𝑖𝑔 𝑡𝑜𝑓𝑑𝑟𝑦𝑠𝑜𝑖𝑙 = 

𝑤2−𝑤3 𝑤3−𝑤1 

 

Number Empty 

Mould  

Mould 

+Wet 

Soil 

Mould + 

Dry Soil 

Water 

Content% 

Average 

Water 

Content% 

303 18.1 49.32 43.32 17.34 16.59 

304 27.52 65.96 65.96 15.84 16.59 

 

Specific Gravity : 

The specific gravity of a soil is used in calculating the 

phase relationships of soils, such as void ratio and degree 

of saturation. 

 
The specific gravity of a soil is used in calculating the 

phase relationships of soils, such as void ratio and degree 

of saturation. 
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Free Swell Index : 

It is defined as the increase in the volume of the soil 

without any external constraint when submerged in 

water. 

his test gives you the swell potential of the soil when it 

comes in contact with water. 

 

As per the codal procedures the specific gravity was 

determined and found to be as following  

Initial Reading on day 1 = 10mm 

Final Reading after 24 hours = 16mm  

Free swell index = 𝑖𝑛𝑎𝑙−𝑖𝑛𝑡𝑖𝑎𝑙/initial* 100 = 60% 

 

 

Liquid Limit Test : 

In order to study the liquid limit of soil Casagrande test 

was conducted. Liquid limit is generally determined by 

the mechanical method using Casagrande’s apparatus or 

the standard liquid limit test apparatus. As per this 

method the liquid limit isdefined as the moisture content 

at which25 blows or drops in standard liquid limit 

apparatus will just close a groove of standardized 

dimensions cut in the sample by the grooving tool by a 

specified amount. 

 

 

Liquid limit is generally determined by the mechanical 

method using Casagrande’s apparatus or the standard 

liquid limit test apparatus. As per this method the liquid 

limit is defined as the moisture content at which 25 blows 

or drops in standard liquid limit apparatus will just close 

a groove of standardized dimensions cut in the sample 

by the grooving tool by a specified amount. 

 

As per the codal procedure liquid limit was determined 

using the following formula: 

Moisture content = 𝑤𝑒𝑖𝑔 𝑡𝑜𝑓𝑤𝑎𝑡𝑒𝑟/ 𝑤𝑒𝑖𝑔 𝑡𝑜𝑓𝑑𝑟𝑦𝑠𝑜𝑖𝑙 = 

𝑤2−𝑤3 /𝑤3−𝑤1 

At 23 blows,  

Empty Mould w1         = 11.409 

Mould + Wet Soil w2  = 38.59 

Mould + Dry Soil w3  = 27.85 

 

EmptyWeight(w1) 

 

27.27gm 

 

Emptyweight+1/3Soil(w2) 

 

48.82gm 

Emptyweight+1/3soil+2/3 

kerosene(w3) 

 

77.67gm 

Emptyweight+Full 

kerosene(w4) 

 

64.13gm 

 

Emptyweight+FullWater(w5) 

 

73.11gm 

 

SpecificGravity 

 

2.16 

C&D% FreeSwell % 

0 60 

5 55 

8 45 

11 30 

14 25 

C&D% LiquidLimit% 

0 39.51 

5 28.74 

8 29.12 

11 29.77 

14 30.18 
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Water Content%          = 39.51 

Therefore, liquid limit was found to be 39.51% 

 

Plastic Limit Test: 

In order to study the Atterberg’s limit it is important to 

conduct plastic limit test. Plastic limit (PL) is the water 

content at which the soil rolled into thread of smallest 

diameter possible starts crumbling and has a diameter of 

3 mm. 

As per the codal procedures plastic limit was determined 

using the following formula 

Moisture content = 𝑤𝑒𝑖𝑔 𝑡𝑜𝑓𝑤𝑎𝑡𝑒𝑟𝑤𝑒𝑖𝑔 𝑡𝑜𝑓𝑑𝑟𝑦𝑠𝑜𝑖𝑙 = 

𝑤2−𝑤3 𝑤3−𝑤1 

 

 

 
 

At Ø 3mm,  

Empty Mould w1       = 11 

Mould + Wet soil w2 = 37 

Mould + Dry Soil w3 = 32 

Water Content%         = 19.23 

Therefore, plastic limit was found to be 19.23 % 

 

Compaction :  

The Standard Proctor Test is conducted to study the 

density of soil and its corresponding optimum moisture 

content. Compaction of soil is a mechanical process by 

which the soil particles are constrained to be packed 

more closely together by reducing the air voids. Soil 

compaction causes decrease in air voids and 

consequently an increase in dry density. This may result 

in increase in shearing strength. 

 

Unconfined Compression Test : 

The shear strength of the soil is determined by 

conducting unconfined compression test. Unconfined 

compression tests are carried out on cohesive soil 

specimen. The test may be considered as a special case of 

the tri axial compression test when the lateral confining 

pressure σ3 is equal to 0. Therefore, the cylindrical test 

specimen may be directly placed in a compression testing 

machine and the compressive load applied. 

 

 
 

 

 

 

C&D% PlasticLimit% 

0 19.23 

5 19.53 

8 18.93 

11 17.81 

14 17.54 

VaritionsofPlasticLi
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UCS is a special form of a triaxial test in which the 

confining pressure is 0 and this is conducted only on 

clayey soils. In order to calculate the resistance offered by 

the soil to compression, a soil specimen is prepared and 

placed in the testing machine where the load is applied 

normal to the cross section of the specimen until it gets 

xxx vi sheared. The compressive force at the failure is 

calculated and is given as the UCS of the soil. 

 

As per the codal procedures the unconfined compressive 

strength was determined and found to be as following  

From the graph it was found that 

The unconfined compressive strength (kg/cm2 ): 0.726@ a 

strain of 0.046. 

C&D% UCS(kg/cm2) 

0 0.726 

5 0.964 

8 1.343 

11 1.168 

14 0.901 

 

 

California Bearing Ratio (CBR): 

The CBR test denotes a measure of resistance to 

penetration of a soil or flexible pavement material, of 

standard plunger under controlled test conditions. 

 

 

The CBR test is used for evaluating the suitability of 

subgrade and the material used in the sub base and base 

courses. In this test, a standard specimen is prepared and 

resistance offered by the specimen is calculated at 2.5mm 

and 5mm penetrations made by the plunger on the soil 

specimen. 
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As per the codal procedures the California bearing ratio 

with an OMC of 15.8% was determined and found to be 

as following  

CBR @ 2.5mm penetration = 3.724 

CBR @ 5mm penetration = 2.897 Therefore, CBR2.5 > 

CBR5 

 

CONCLUSIONS : 

Based on the liquid limit, plastic limit & Ip, consistency 

index was calculated and the soil was found to be clayey 

soil of intermediate compressibility. 

 From free swell index, initially the soil had high 

potential for swelling. But with addition of C&D waste 

the swelling nature was reduced. 

 The liquid limit of the virgin soil was found to be 39.5%, 

when it was treated with C&D waste, the liquid limit was 

reduced to about 30% at 8% of C& D after that the change 

of liquid limit is marginal.  

 Plastic limit was found to be remain more or less the 

same with increase in the content of C&D waste. Which 

indicates increase in C&D content does not affect 

plasticity of clay soil. 

 It was found that the field moisture content was around 

16.5% and OMC at 8% C&D content was found to be 

13.4% which lesser than that of field moisture content. 

Which indicates in case of usage of C&D as stabilization 

material for sub grade of a road less quantity of water is 

required. And MDD is also maximum at 1.75 g/cm3 at 8% 

C&D which gives minimum thickness of subgrade. 

 The CBR value of virgin soil was found to be 3.72. The 

CBR value with 8% C&D was found to be 8.48. From this 

we can conclude that the resistance to penetration from 

the soil to the loads was substantially increasing. So, the 

soil treated with C&D can be suggested for pavements 

and runways as the CBR values are very high. 

 From the UCS test, for natural soil the value of max 

axial stress was found to be 0.726 kg/cm2 . Whereas there 

was an increase in the UCS value up to 8% of C&D 

content with a maximum of 1.343 kg/cm2 in axial 

resistance. With liii the further increase in C&D content 

there was slight reduction in the UCS values. 

 When it comes to choose the optimum content of C&D 

for better results considering all the factors, we would 

suggest that 8% of C&D content will do well for 

improving the engineering and mechanical properties of 

clayey soil. 
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