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ABSTRACT 

The technology of road construction is subjected to changes to cope up with changing vehicular pattern, construction 

materials and sub-grade conditions. Majority of pavement failures could be attributed to presence of poor sub-grade 

conditions and expansive sub grade is one such problematic situation. Expansive soil is a type of clayey soil having 

montmorillonite mineral, which expands when, comes in contact with water and shrinks when the water evaporates with 

changes in their ambient environment. Because of this alternate swelling and shrinkage, lightly loaded civil engineering 

structures like residential buildings, pavements and canal linings are severely damaged. Lime stabilization has been found 

to be an effective technology for improvement of expansive soils. Application of industrial wastes has been considered in 

road construction with great interest in many industrialized and developing countries. The use of these materials in road 

making is based on technical, economic, and ecological criteria. The high percentage of siliceous material in rice husk ash 

(RHA) indicates that it has potential pozzolonic properties. Rice husk ash cannot be used alone for stabilization of soil 

because of the lack of cementitious properties. The principal waste coming from in the stone industry is stone itself 

specifically in the forms of overburden, screening residual, stone fragments. This stone dust is found to be an effective 

admixture for soil stabilization due to its high pozzolonic nature.  

Long-term performance of pavement structures is significantly impacted by the stability of the underlying soils. 

Differences in micro and macro structure among soils, due to differences in physical and chemical interactions between 

the soil and different stabilizer variations necessitate the consideration of site-specific treatment options must be validated 

through testing of soil-stabilizer mixtures through cyclic wetting and drying, freeze and thawing, since this cause’s gradual 

destruction of pozzolanic reaction of lime treated soil. To overcome this, mix of lime and additives like rice husk ash and 

lime stone dust are used as these gives additional strength required to the pozzolanic reaction.  

In this study, optimum value of lime and RHA determined on the basis of geotechnical properties and earlier studies on 

mixture of lime- RHA- black Cotton Soil & lime-stone dust-black cotton soil , was used for mixing purpose, then 

specimens were cured for 7 days as the research work basic purpose is  to use as subgrade for road pavement and this 

assumption worked well while cured for 7 days in a live project, then the effect of cyclic wetting & drying and freezing & 

thawing was investigated by conducting unconfined strength tests (UCS) on soil-lime-rice husk and soil-lime-stone dust 

mixes. Based on the durability results obtained, it can be concluded that the clayey soils stabilized by the combined action 

of lime - RHA and lime -Stone dust exhibits high performance while compared to black cotton soil stabilized with only 

lime and survive  almost 9-11 cycles of Wetting –Drying, Drying-Wetting, Freezing –Thawing and Thawing-Freezing 

cycles. Moreover, the results of tests show that the combination of lime and RHA with black cotton soil and lime and 

stone dust with black cotton soil can effectively improve the durability of clayey soils to a standard considerable limit. 
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1  INTRODUCTION: 

Indian black cotton soils are formed from the 

weathering of clayey sediments and basaltic rocks. 

Sherwood, P. (1993) stated that, while the 

compactions and consolidation methods take rather a 

long time for the soil to consolidate (months to years) 

especially with the cohesive soil, and the stabilizing 

reagents effect can be seen immediately. Stone dust 

and RHA relatively new material that are used in the 

chemical stabilization process. The good from these 

two materials is they are highly pozzolonic. Sridharan  

et.al (2005) identified that quarry dust manifest high  

 

 

shear strength and is beneficial for its use as a 

geotechnical material. Sabat (2012) conducted 

compaction, tri-axial and durability tests on lime 

stabilized expansive soil-quarry dust mixes. 

Satyanarayana, et.al (2013) has studied the strength 

characteristics of compacted crusher dust and crushed 

stone mixes through a series of CBR tests by varying 

the percentage of crusher dust.  Ramadas T.L,   et.al 

(2010) reported that the combination of fly ash and 

stone dust found to be suitable to reduce swelling and 

increase the strength of expansive soil. Taspolaet et.al 

(2006) studied the effect of marble powder used in the 

landfill liners on the freezing–thawing and wetting and 
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drying property of clay. They added different 

proportions of marble powder to the clay liner 

containing 10 % bentonite and 90 % kaolinite and 

performed tests on the freezing– thawing property of 

the mixture. Findings from significant number of 

research studies on the durability of cement and rice 

husk ash stabilized clayey soils (Rao. et al. (2001), 

Shihata, S.A. and Baghdadi, Z.A. (2001),  suggest 

that the wetting and drying cycles can result in either 

strength improvement or deterioration depending on 

the soil type, fine content, mineralogy, percentage of 

additive and test method.  

2 METHODOLOGY OF 

EXPEREMENTATION: 

The following materials are used for experimental 

work.  

2.1 Expansive Soil 

The expansive soil used in the current study was 

collected from Amalapuram with  liquid limit  86.27% 

and free swell index of 140%. 

2.2 Lime 

Lime used for the current work is a commercial lime 

available in the local market. 

2.3 Rice Husk Ash 

 Rice husk ash used for study was brought from local 

hotel after completely burning, and stone dust was 

collected from Vasundhara stone crusher, Guntur. 

2.4 Test Conducted  

UCS test was conducted on different samples for 

different cycles of wetting and drying and freezing and 

thawing. 

3  PREPARATION OF UCS SPECIMENS 

3.1  Soil Mixing & Sample Preparation: 

Soil is thoroughly mixed with lime (8% weight of soil) 

and R.H.A (8% weight of soil) and stone dust (10% 

weight of soil) and mixed thoroughly at OMC and 

MDD  of  optimum mixes designated from earlier 

studies and is extracted from universal extractor from 

compaction mould in to sampler and was cured for 

7days under controlled conditions in desiccators. 

4 TESTING PROCEDURES  

4.1 Wetting & drying and drying &wetting. 

The samples were wetted using sand bath method. In 

this method, the samples are wetted by allowing them 

to absorb moisture from a wet sand bath for 5 hours; 

wetted specimens were dried at 60
0
C in 

thermostatically controlled oven for 42 hours. This 

constitute one cycle of wetting and drying. At the end 

of each cycle, the unconfined compressive strength and 

volume changes were noted down. This procedure is 

repeated till 12 cycles. Vice versa drying and wetting 

cycles are completed by oven drying first and then by 

wetting in sand bath. 

4.2 Freezing &thawing and thawing & freezing 

 UCS samples are kept in a freezer at -10
0
C for 2 days 

and room temperature for 2 days this completes one 

cycle of freezing and thawing. Similarly, 12 cycles of 

freezing and thawing were done. The unconfined 

compressive strength was determined after each cycle 

of freezing and thawing. If samples are first subjected 

to room temperature and then kept in refrigerator it is 

thawing and cycle. 

5 RESULTS AND DISCUSSIONS: 

 The physical, chemical composition and engineering 

properties of expansive soil, RHA, stone dust, and UCS 

variations with different cycles of durability are shown 

in the respective tables. 

Table 1: Physical and Engineering Properties of Soil. 

S.No Property Value 

1 Specific gravity 2.5 

2 

Particle size distribution 

a) Sand (%) 

b) Silt (%) 

c) Clay (%) 

 

24 

3.2 

72.8 

3 Liquid limit (%) 86 

4 Plastic limit (%) 36 

5 Plasticity index (%) 50 

6 IS classification of soil CH 

7 Maximum dry density (kN/m3) 14.4 

8 Optimum moisture content (%) 23 

9 Free swell index (%) 140 

Table 2: Physical and Engineering Properties of Stone 

Dust 

S.No Property Value 

1 Specific gravity 2.77 

2 Particle size distribution 

  Gravel size (%) 

  Sand size (%) 

  Silt size (%) 

 

3 

81 

16 

3 IS Soil classification SM 

4 Maximum dry density  ( kN/m
3
) 20.1 

5 Optimum moisture content (%) 9.4 
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Table-3 Physical and Engineering Properties of RHA 

S.No Property Value 

1 Specific gravity 1.95 

2 IS Soil classification SM 

3 Maximum dry density (kN/m
3
) 7.3 

4 Optimum moisture content (%) 70 

Table-4:Variation of UCS on drying (d)& wetting (w) ,  

wetting(w) & drying (d) ,freezing (f) & thawing (t) 

and thawing & freezing cycles on lime-rice husk 

ash mixes. 

Cycle 

UCS (kN/m
3
) 

d-w w-d f-t t-f 

1 113.6 119.0 91.5 90.65 

2 131.2 128.3 113.6 110.9 

3 144.4 140.8 119.8 114.07 

4 165.6 172.6 140.8 125.62 

5 188.5 251.0 211.7 139.42 

6 314.4 279.2 234.6 251.46 

7 425.7 308.2 251.4 319.67 

8 621.2 441.1 368.1 441.31 

9 749.1 165.6 125.6 521.21 

10 529.5 162.8 119.8 279.4 

11 188.01 132.33 100.9 140.8 

12 101.44 58.36 60.32 90.65 

Table-5 Variation of UCS on drying (d)& wetting (w) ,  

wetting(w) & drying (d) ,freezing (f) & thawing (t) 

and thawing & freezing cycles on lime-stone dust 

mixes 

Cycle 

UCS  

d-w w-d f-t t-f 

1 119.03 113.62 100.9 91.56 

2 128.33 131.23 119.57 119.88 

3 140.8 144.45 124.51 124.85 

4 165.65 165.65 139.42 125.62 

5 172.66 188.56 168.41 140.8 

6 251.02 314.48 251.46 175.32 

7 279.23 425.72 317.94 185.09 

8 308.26 529.57 324.85 279.4 

9 441.13 621.21 430.1 307.64 

10 162.84 749.07 515.64 76.83 

11 132.33 172.66 87.33 60.32 

12 58.36 101.44 61.98 25.29 

 

From Table 4 and Table 5 it was observed that 

strength continues to increase until 9 cycles of wetting 

and drying for lime stone dust mix above which a 

decrement in strength occur. And for lime rice husk ash 

mix strength continues to increase until 10 cycles of 

wetting and drying above which a decrement in 

strength occur. The durability of soil upon repeated 

wetting and drying primarily depends on the pore 

structure and tensile strength of the material. Other 

parameters, such as inter-particle friction and cohesion 

may also influence. 

From Table 4  and Table 5 strength for soil-lime stone 

dust mix continues to increase until 8 cycles of drying 

and wetting above which a decrement in strength occur 

and for lime rice husk ash mix strength continues to 

increase until 9 cycles of drying and wetting above 

which a decrement in strength occur. This may be due 

to the development of a significant percentage of 

maximum strength during the curing stage due to the 

availability of sufficient quantity of lime and natural 

pozzolona (stone dust and rice husk ash) available for 

the completion of the pozzolanic reaction. After which 

the strength reduction is due to loss of particles of soil 

and due to these gaps permeability greatly increases 

and deterioration of strength takes place. 

  For lime stone dust mix strength continues to increase 

until 8 cycles of freezing and thawing and for lime rice 

husk ash mix strength continues to increase until 9 

cycles of thawing and freezing. The observation of 

relatively better performance for samples stabilized 

with combination lime stone dust and lime rice husk 

ash  than stone dust and rice husk ash alone suggests 

that although both supply Ca
+2

 ions, the ingredient 

necessary for stabilization, the physicochemical 

processes involved are the mean cause and, the thaw-

freeze durability is dictated by this behavior. 

A relative similar phenomenon was also observed in 

free-thaw cycles effect study on lime rice husk ash mix 

and lime stone dust mix. 

It was also observed that for soil lime stone dust mix a 

polynomial relationship exist between dry-wet & 

freeze-thaw, wet-dry & thaw-freeze having r
2 

of 0.996 

and 0.996 with equations being  

y=7E-12x6-9E-09x5+4E-06x4-0.001x3 +0.135x2 -7.897x + 

225.9 &  

y=-1E-12x6+3E-09x5-3E-06x4+0.001x3-0.283x2 + 30.84x -

1193  

It was also observed that for soil lime rice husk ash  

mix a polynomial relationship exist between  wet-dry 

& freeze-thaw, dry-wet & freeze-thaw having r
2 

of 0.9 

and 0.91 with equations being 

y=-3E-13x6+6E-10x5-6E-07x4-0.084x2 + 11.95x -554.2 &  

y=-6E-11x6+8E-08x5-4E-05x4+0.010x3-1.476x2+99.54x -

2475 
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6 CONCLUSIONS 

The long-term effect of stone dust and Rice husk ash 

on lime stabilized black cotton soil was investigated.  

The treatment of the soil with the combination lime-

stone dust, Lime-Rice husk ash results in an overall 

improvement of the durability of the clayey soils while 

compared to soil treated with only lime.  

Stone dust and Rice husk ash is beneficial in 

combination with lime in improving durability 

behavior of the clayey soils.  

Residual compressive strength increases significantly 

compared to initial compressive strength.  

The results of tests show that the combination lime-

stone dust and lime-rice husk ash can effectively 

improve the durability of clayey soils from poor to 

excellent when compared to lime stabilized soils. 

Moreover, more soils should be investigated and 

criteria for soil-lime-stone dust and soil-rice husk ash 

durability  
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