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Abstract 

 

As the use of cement for stabilization of soil is done during early age but the production of cement cause various environmental 

effect causing green house and to reduce this and to use the product which is waste or can improve the soil properties and of low 

cost as compare cement so that in this study glass powder is used to enhance the properties of soil. As the decomposition of glass 

is very difficult as it is non-biodegradable which can be reuse in the form of material for sub grade improvement or in building 

construction the glass powder is tested along with sodium hydro oxide additive to get the better result as the NAOH will give best 

result when mixed with clay soil but after some increased in quantity will reduce the strength and is not workable as it produce 

enough heat and make the material not workable because the material changes from cohesive to non-cohesive. Causing reduce in 

volume with higher bulk density.so that in study the clay is stabilized using glass powder and NAOH. The work is carried out for 

calculating OMC and MDD for different proportion of glass powder alone and NAOH alone and treating the same with optimum 

quantity of glass powder with varying percentage of NAOH and the same is treated for strength characteristics by performing UCS 

test for sample cured for 3days, 7days and 14days.   
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

As using cement for stabilization is common from early age however the production of cement cause environmental effect 

including greenhouse contribution, for heading off all of the factors of environmental effect and decomposition of waste substances, 

the use of waste material for stabilization is required for maintaining the ecological balance .the use waste substance from landfills 

which will the converted into usefully product. As the cement is commonly used for stabilization of soil from early ages but the 

production of cement requires more energy generate from non-renewable sources, so the reuse of waste material whose cost is less 

than cement at the same time as supplying. The transfer of waste created from various enterprises has turned into a colossal issue. 

These substances pose a chance to the environment due to the fact they are able to result in pollution within the nearby locality 

when you consider that they are majorly non-biodegradable. One method to this fiasco lies in reusing and recycling squanders 

(wastes) into advantageous items. By and large, the designing properties of silty and clayey materials were advanced by methods 

for the utilization of the waste texture (material) as a stabilizer. Accordingly, this investigates evaluates the utilization of broken 

(squander) glass powder for stabilizing the clay soil in such a way that the soil will show the increase in its properties and strength 

behavior by testing clay soil with different proportion of glass powder and decided the best among them. 

II. EXPERIMENTAL DETAILS 

 Materials 

 Black Cotton Soil 

the soil which is used in this work is brought from the Bidar district from the site which located near chidri From the depth of 1.5m 

to 2 m below the ground level .the soil is greyish black in color the physical properties of soil is tabulated in table 1. 
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Table – 1 

Shows the physical properties of clay soil. 

SL.N0 Properties B.C soil 

1 Specific gravity 2.53 

2 Liquid limit 56.4% 

3 Shrinkage limit 36.23% 

4 Plastic limit 22% 

5 Plasticity index 34.4% 

6 IS soil classification CH- high plasticity inorganic clay 

7 MDD (g\cc) 1.464 

8 OMC (%) 24% 

9 DFS 27.63% 

 Glass Powder 

The glass powder which is used is brought from Chennai seller, soda glass of 200 micron in size 
Table – 2 

Shows the chemical composition of glass powder 

Composition Percentage 

SiO2 70% 

Al2O3 2% 

Fe2O3 <0.1% 

CaO 6% 

TiO2 0.1% 

Na2O 20% 

 Sodium Hydro Oxide 

The sodium hydro-oxide used in study was brought from secundrabad seller which is supplied by TGV group. The molecular 

formal for sodium hydro-oxide is NaOH and molar mass is 40.01g/mol.It consist of compounds of sodium cation and hydro-oxide 

anion 
Table – 3 

Shows the physical properties of NaOH 

Description Properties 

Smell Odourless 

Density 2.13m/ml 

Melting point 318 degree Celsius 

Availability in forms Pellets,flakes,granules 

Molecular name NaOH 

 Preparation of Sample 

Black cotton soil with Glass powder and sodium hydro-oxide is tested for stabilising clay soil ,that it will be replaced with 2.5%, 

7.5%, 12.5 %, 17.5%, 22.5% by black cotton soil and the geotechnical parameters will be tested in the laboratory by conducting 

standard compaction test, unconfined compressive strength for 3days,7days,14days curing period. Sodium hydro-oxide will be 

then replaced with 5%, 10%, 15%, 20% by black soil and the geotechnical parameters will be tested in the laboratory by conducting 

standard compaction test, unconfined compressive strength for 3days,7days,14days curing period It will be then treated in the same 

way by mixing with 2.5% of glass powder. And after all, results were observed and the variation of properties of soil is observed. 

After all tests were performed CBR is carried out for only best proportion of glass powder and NAOH. 

The sample is prepared as per above proportions, the NaOH sample is prepared by mixing or diluting it with amount of water 

adding to soil. 

 Experimental Work 

Following tests were carried out specific gravity test, moisture content test, atterberge limits where carried out for only black soil, 

standard proctor test, unconfiened compressive test, California bearing ratio test. 

III. RESULT AND DISCUSSIONS 

 OMC and MDD Results for Treated for Different Blending Proportions of the Soil 

Table - 4  

Describing result for OMC and MDD for varying percentage of glass powder and sodium hydro-oxide 

0 Description OMC (%) MDD (g\cc) 

1 Clay soil 24 1.464 

2 Clay+2.5% Glass powder 16 1.850 

3 Clay+7.5% Glass powder 17 1.790 

4 Clay+12.5% Glass powder 19 1.650 
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5 Clay+17.5% Glass powder 21 1.500 

6 Clay+22.5% Glass powder 20 1.600 

7 Clay+5% NaoH 20 1.600 

8 Clay+10% NaoH 18 1.720 

9 Clay+15% NaoH 16 1.820 

10 Clay+20% NaoH 15 1.850 

11 Clay+2.5% GLASS POWDER+5%NaoH 17 1.593 

12 Clay+2.5% GLASS POWDER+10%NaoH 17 1.663 

13 Clay+2.5% GLASS POWDER+15%NaoH 16 1.850 

14 Clay+2.5% GLASS POWDER+20%NaoH 18 1.760 

 

 
Fig. 1: indicating the results for Comparison of OMC for different % of GLASS POWDER and NAOH 

 

 
Fig. 2: indicating the results for Comparison of MDD for different % of GLASS POWDER and NAOH 

Above figure shows the comparison of maximum dry density for three different ways of stabilizing soil with different 

proportions of GP and sodium hydro-oxide as glass powder alone, sodium hydro-oxide alone and then taking the 2.5% of glass 

pow5der content with varying percentage of sodium hydro-oxide. For glass powder alone MDD decreases up to 17.5% of GP and 

increase beyond this percentage, for sodium hydro-oxide alone the MDD increases with increasing content of sodium hydro-oxide. 

From this taking optimum of glass powder as up to 17.5% of GP, the MDD decrease so taking 2.5% of glass powder as optimum 
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and varying percentage of sodium hydro-oxide to get maximum dry density. Because it became un-economical to take higher value 

of glass powder for optimum value. 

By the above figures/graphs and values for different proportions for stabilizing clay soil by using powder glass, sodium hydro-

oxide alone respectively and optimum content of glass powder with different proportion of sodium hydro-oxide. 

1) 1.the optimum moisture content increases with increase in glass powder treated clay this cause because the glass powder which 

used is finer for this the OMC increase with increase in glass powder as finer the material more is pore space . 

2) 2.The water content of clay decreases with increase in sodium hydro-oxide content the higher the sodium hydro-oxide the 

lower the moisture contain this cause due to ion exchange process between clay and sodium hydro-oxide during which minerals 

of clay agglomerate and flocculate result in reduction in moisture contain. 

3) 3. The moisture contain of clay decrease with increase in sodium hydro-oxide content with glass powder of 2.5% as constant 

the reaction between glass powder and sodium hydro-oxide will lead to decreases in moisture content with increase in sodium 

hydro-oxide content with glass powder of 2.5% content upto 15% of sodium hydro-oxide after that further addition of sodium 

hydro-oxide leads to increase in moisture content. 

 Unconfined Compressive Strength Test Results 

Table – 5 

Showing the results of unconfined compressive strength of clay with different proportion of glass powder and sodium hydro-oxide 

Sl.no Proportions UCS for different curing    periods (kg\cm2) 
  3 days 7 days 14 days 
 Clay soil 1.68 1.89 2.06 

2 Clay+2.5% Glass powder 1.961 2.281 2.451 

3 Clay+7.5% Glass powder 2.545 2.64 2.62 

4 Clay+12.5% Glass powder 2.639 2.681 2.734 

5 Clay+17.5% Glass powder 2.71 3.01 3.29 

6 Clay+5% NaoH 2.465 2.551 2.734 

7 Clay+10% NaoH 2.379 2.394 2.489 

8 Clay+15% NaoH 2.13 2.187 2.585 

9 Clay+20% NaoH 1.829 1.923 2.168 

10 Clay+2.5% GLASS POWDER+5%NaoH 2.8 2.92 3.6 

11 Clay+2.5% GLASS POWDER+10%NaoH 2.733 3.15 3.4 

12 Clay+2.5% GLASS POWDER+15%NaoH 2.639 2.856 2.94 

13 Clay+2.5% GLASS POWDER+20%NaoH 2.488 2.6 2.81 

 

 
Fig. 3: indicating the results for Comparison of UCS for varying % of GLASS POWDER 
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Fig. 4: indicating the results for Comparison of UCS for varying % of NAOH 

 
Fig. 5: indicating the results for Comparison of UCS for 2.5% GLASS POWDER with varying % of NAOH 
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Fig. 6: indicating the results for Comparison of UCS for optimum values of GLASS POWDER and NAOH 

Graph shows the results comparing for unconfined compressive strength for maximum values of compressive strength obtain 

for different proportion of glass powder ,sodium hydro-oxide alone and with glass powder and sodium hydro-oxide. From above 

results its shows that clay treated with 2.5% glass powder with 5% of NAOH will give maximum value for compressive strength. 

The above figures shows the unconfined compressive strength of treated clay with glass powder, sodium hydro-oxide alone 

respectively  with varying percentages and with glass powder optimum value with varying sodium hydro-oxide percentage. 

1) The unconfined compressive strength of clay treated with glass powder alone for 2.5% increase UCS value to 17% for day 3 

curing,21% for day 7 curing and 19% for day 14 curing compare to untreated clay ,UCS value for 7.5% of glass powder treated 

clay increases by 52% for day 3 curing,40% for day 7 curing and 31% for day 14 curing compare to untreated clay ,UCS value 

for UCS value for 12.5% of glass powder treated clay increases by 57% for day 3 curing,42% for day 7 curing and 33% for 

day 14 curing compare to untreated clay and UCS value for 17.5% of glass powder treated clay increases by 62% for day 3 

curing,60% for day 7 curing and 60% for day 14 curing compare to untreated clay as from the results it is seen that for adding 

of 17.5% of glass powder to soil increase it compressive strength by about over 50%. 

2) The unconfined compressive strength of clay treated with sodium hydro-oxide alone for 5%, increase UCS value to 47% for 

day 3 curing,35% for day 7 curing and 33% for day 14 curing compare to untreated clay ,UCS value for 10% of sodium hydro-

oxide treated clay increases by 42% for day 3 curing,27% for day 7 curing and 21% for day 14 curing compare to untreated 

clay ,UCS value for 15% of sodium hydro-oxide treated clay increases by 27% for day 3 curing,16% for day 7 curing and 26% 

for day 14 curing compare to untreated clay and UCS value for 20% of sodium hydro-oxide treated clay increases by 9% for 

day 3 curing,2% for day 7 curing and 6% for day 14 curing compare to untreated clay as from the results it is seen that 

increasing of NAOH content in soil decrease its strength. 

3) The unconfined compressive strength of clay treated by 5% sodium hydro-oxide with 2.5% of glass powder, increase UCS 

value to 67% for day 3 curing,55% for day 7 curing and 75% for day 14 curing compare to untreated clay ,UCS value for 10% 

sodium hydro-oxide with 2.5% of glass powder treated clay increases by 63% for day 3 curing,67% for day 7 curing and 66% 

for day 14 curing compare to untreated clay ,UCS value for 15% of sodium hydro-oxide with 2.5% of glass powder treated 

clay increases by 58% for day 3 curing,52% for day 7 curing and 43% for day 14 curing compare to untreated clay and UCS 

value for 20% of sodium hydro-oxide with 2.5% of glass powder treated clay increases by 49% for day 3 curing,38% for day 

7 curing and 37% for day 14 curing compare to untreated clay as from the results it is seen that the addition of sodium hydro-

oxide along with glass powder increase compressive strength with decrease in addition of sodium hydro-oxide .At 5% sodium 

hydro-oxide with 2.5% of glass powder gives maximum strength compare to untreated soil. 

 California Bearing Ratio Test Results 

 

Table – 6 

Showing the results of CBR test for optimum values of glass powder and sodium hydro-oxide 

CBR FOR optimum @2.5mm @5mm 

clay 5.44% normal 5.26% medium 

2.5% of Glass powder 6.73% normal 5.35% 
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15% of NaoH 8.55% normal 6.39% 

15%NaoH+2.5% 

Glass powder 
12.17%  strong 8.11% 

 

 
Fig. 7: indicating the results of CBR @2.5MM for optimum value 

Graph shows the data for CBR test conduct for optimum value or the value which give best results for treating clay. Above results 

for 2.5mm penetration shows the value is maximum for clay treated with 15% of sodium hydro-oxide and less for glass powder 

alone but it increase to the addition of sodium hydro-oxide at 5%. 

 
Fig. 8: indicating the results of CBR @5MM for optimum value 

 

Graph shows the data for CBR test conduct for optimum value or the value which give best results for treating clay. Above 

results for 5mm penetration shows the value is maximum for clay treated with 15% of sodium hydro-oxide and less for glass 

powder alone but it increase to the addition of sodium hydro-oxide at 5% 

IV. CONCLUSION 

From the earlier literature and other articles there was a many study’s carried out for glass powder for increasing index properties 

or changing swelling behavior of clay soil. In this study the strength behavior of clay soil with glass powder alone and with using 

chemical additive, sodium hydro-oxide. In this work a main attention is given to the compressive strength and compaction 

characteristics of clay soil using glass powder alone and with chemical additive, sodium hydro-oxide. 

From the results and experimental work following conclusion will arrived. 
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1) When the soil is treated with glass powder the moisture content of soil is increase which result in decrease of dry density of 

soil with varying percentage up to 17.5% of glass powder by weight of soil and further addition of glass powder will reverse 

the action. 

2) The compressive strength of clay soil increases from 17% to 62% for 3 days curing of sample and 18% to 60% for 14 days of 

curing of sample treated with 2.5% of glass powder up to increment of glass powder to 17.5% respectively compare to 

untreated clay sample. 

3) When same soil is treated with sodium hydro-oxide the moisture content decrease with increase in dry density for 5% addition 

of NAOH content up to 20%NAOH by weight of soil and further addition of NAOH content will make the soil behavior 

changes from cohesive to non-cohesive. 

4) The compressive strength of clay soil decrease from 47% to 8% for 3 days curing of sample and 33% to 6% for 14 days of 

curing sample treated with 5% of sodium hydro-oxide up to increment of sodium hydro-oxide to 20% respectively compare 

to untreated clay sample  

5) Again the soil is treated with taking 2.5% of glass powder only with varying percentage of NAOH because using glass powder 

above 2.5% will be un-economical. By treating soil with this proportion will decrease OMC and increase dry density upto the 

sample treated with 2.5% of GP with 15% of NAOH and further increase in content revers the action. 

6) The compressive strength of clay soil decrease from 67% to 49% for 3 days curing and 75% to 37% for14 days of curing of 

sample treated with the mixture of 2.5% glass powder and NAOH to increment of sodium hydro-oxide up to 20% respectively 

compare to untreated clay sample so the sample treated with 2.5%GP with 5%NAOH will give the maximum strength. 

7) The CBR test is carried for optimum content like 2.5%GP, 15% NAOH and 2.5%GP with 5% NAOH which will increase the 

CBR percentage. But the maximum CBR percentage will come for soil treated with 15%NAOH content compare to untreated 

soil. 

It is concluded that the clay soil can be stabilize using glass powder and the addition of NAOH content upto 5% will also give 

the best result in development of strength compare to soil treated with glass powder alone.  

The above work is carried for comparative study of glass powder and NAOH for stabilizing the clay soil.                                                                                

V. FUTURE SCOPE 

Following are recommendation for future study  

1) For high accuracy of results, work is carried out for small proportions of glass powder. 

2) Stabilizing of clay soil with combination of glass powder and lime content also be carried out for best results. 

3) Treating clay soil with glass powder along with other chemicals instead of NAOH. 

4) UCS test should carry out for some higher days of curing for knowing strength behavior of soil. 

5) CBR should carry out for all trails. 
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