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ABSTRACT: In this study an attempt has been made to utilize the lime as additives with sub-grade material for the  

pavement. The analysis has been carried out by conducting tests to analyze the compaction and CBR (soaked and  

unsoaked) characteristics of sand mixed with fly ash and lime at varying percentages. Compaction characteristics of sand  

-fly ash composite (40: 60) and (60:40) along with varying percentages of lime (0%, 2%, 4%, 6%, 8%) are carried out to  

determine the OMC and MDD. Optimum moisture content increases and dry density decreases with increase in lime  

content .CBR tests (soaked and unsoaked) are conducted on sand-fly ash composite (40:60) and (60:40) with varying  

percentages of lime (0%, 2%, 4%,6%,8%) which was cured for 7 days.CBR is conducted to evaluate the strength of the  

sand-fly ash-lime composite. Addition of lime to sand-fly ash enhances the CBR value. Therefore an attempt has been  

made to analyze the required amount of lime to attain a CBR value between 8 and 10% of the composite (sand-fly ash). 
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1. INTRODUCTION  

Fly ash is a pozzolanic material, consisting of non-

crystalline silicate and aluminates particles and 

rounded magnetic iron oxide grains. Fly Ash was 

collected from HPCL (Nagaon Paper Mill), Jagiroad 

(Assam). The materials which when mixed with lime 

containing calcium and in the presence of water 

enhanced  like cementation property. Hydrated lime is 

dry powdered lime, produced by adding to quicklime 

sufficient moisture, unlike slaking, to satisfy its affinity 

for water under hydration conditions. In the present 

study, an attempt is made to study how fly ash may be 

effectively utilized in combination with locally 

available sand and lime to get an improved quality of 

composite material which may be used as sub grade 

material. 

Saeid, Amiralian (2012) conducted experiments to 

study the effect of lime and fly ash addition on the 

geotechnical behavior of sand. Following conclusion 

were drawn from the experimental results of seven 

specimens, which are separated based on the materials 

(i.e., Sand, lime %1 and %2, fly ash %5 and %10, and 

four lime-fly ash combination).The results indicated 

that, the compaction properties of all stabilized 

specimens are improved in contrast with pure sand. It 

seems that, utilization of fly ash  is more effective than 

sand treatment only with lime.Ramlakhan, Anil 

Kumar (2013) carried out a study on “Effect of lime 
and fly ash on Engineering Properties of Black Cotton 

soil”. It is observed that the optimum moisture content 

and CBR value increases and maximum dry density 

decreases with increase in percentage lime and fly ash 

content. Chavali and Dr. R. K. Sharma (2014) 

carried out a study on influence of sand and fly ash on 

clayey soil stabilization. The results show substantial 

improvement in compaction and California bearing 

ratio of composite containing clay, sand and fly ash 

(70: 30: 10). 

2. MATERIALS AND METHODS  

Bags of normally available sands of unique samples 

were collected. Batches of oven dried sand were 

prepared quartered out and required amounts of lime 

and fly ash and  then  mixed thoroughly with water. 

The mix combinations are 0%, 2%, 4% and 8 % lime 

with sand: fly ash composite of (60:40, 40:60).The 

samples are left to equilibrate for 24 hours prior to 

compaction. The Maximum Dry Density and Optimum 

Water Content for each mix were determined as per IS: 

2720 (part vii-1980).The California Bearing Ratio 

Tests was conducted on stabilized samples that were 

compacted into the mould at the OMC which was 

conducted as per IS: 2720(part 16)-1987. Some of the 
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samples were tested immediately while others were 

soaked for seven days before testing. All the tests were 

repeated on two samples (soaked and  unsoaked) and 

the results reflect the average determined from tests on 

identical sample. 

3. EXPERIMENTAL RESULTS  

 

3.1 Sample Identification  

Table 1: Sample identification for sand, fly ash and lime 

 

 

SL NO. 

 

Sample 

 ID 

 

Sand: Fly 

ash 

 

Sample 

 ID 

Sand: 

fly 

ash+ 

lime 

content 

(%) 

1. SL1 100:0 SL8 SL3+2 

2. SL2 80:20 SL9 SL3+4 

3. SL3 60:40 SL10 SL3+6 

4. SL4 40:60 SL11 SL3+8 

5. SL5 20:80 SL13 SL4+2 

6. SL6 0:100 SL14 SL4+4 

7. SL7 SL3=SL7 SL15 SL4+6 

8. SL12 SL4=SL12 SL16 SL4+8 

 

3.2 Gradation Properties and IS Classification:  

The gradation properties and IS classification of sand 

and fly ash used in the study have been established by 

using sieve analysis as per IS: 2720 (part 4)-1985 and 

IS: 1498-1970.The gradation and IS classification is 

shown in Table 2.Uniformity coefficient and 

coefficient of curvature of the samples are shown in 

Table3.The properties of fly ash, sand and lime is 

shown in Table 4. 

Table 2: Gradation and IS classification of the samples 

 

Sample 

ID 

Clay,% 

<0.002 

mm 

Silt,% 

0.002-

0.075 

mm 

Sand,% 

0.075-

4.75 

mm 

IS 

classificati

on 

SL1 0.05 13.65 86.30 SP 

SL2 7.86 14.34 77.80 SP 

SL3 16.63 22.20 68.00 SP 

SL4 19.20 23.60 57.20 SW 

SL5 13.61 57.29 29.10 SW 

SL6 17.00 71.50 11.50 SW 

 

 

 

 

 

 

Table 3: Uniformity coefficient and coefficient of curvature 

 

Sample ID Uniformity 

Coefficient, Cu 

Coefficient of 

curvature, Cc 

SL1 01.78 1.03 

SL2 02.80 2.06 

SL3 15.00 3.26 

SL4 14.73 2.70 

SL5 03.00 1.61 

SL6 03.50 1.78 

 

  Table 4: Properties of fly ash, sand and lime 

 

Properties Fly ash Sand Lime 

Liquid 

limit,% 
49.8 Can’t be 

determined 
- 

Plastic 

limit,% 

NP NP - 

Specific 

gravity, G 

1.947 2.631 2.300 

 

3.3 Compaction test results-Variation of OMC 

and MDD with different percentages of sand and 

fly ash:  

Light compaction is done to determine the water 

content-dry density relation. The salient compaction 

characteristics such as maximum dry density (MDD) 

and optimum moisture content (OMC) of different 

sand-fly ash-lime composite are listed in Fig 1. 

 
Fig1: Dry Density v/s water content with varying percentages 

of sand and fly ash 
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3.4 Variation of CBR value with increase in lime 

content for SL3: The variation in the unsoaked and 

soaked CBR value for SL3 is shown in Fig 2. 

 

 
 

Fig2: Plot for CBR vs. lime content for SL3 

 

3.5 Variation of CBR value with increase in lime 

content for SL4: The variation in the unsoaked and 

soaked CBR value for SL3 is shown in Fig 3. 
 

 
 

Fig3: Plot for CBR vs. lime content for SL4 

 

4. OBSERVATIONS AND ANALYSIS 

From the detailed analysis of both untreated and lime 

treated sand-fly ash samples, we can realize that lime 

as a stabilizer can find its application successfully in 

the road construction field. Addition of few percentage 

of lime in sand-fly ash mix can improve the 

engineering properties of the sand-fly ash significantly 

which implies that we can apply sand-fly ash-lime as a 

sub grade material in the road construction field. Based 

on the experimental study of the sand, fly ash and lime, 

the following conclusions can be drawn:- 

1) Gradation of the material is done through 

sieve analysis which indicates that more 

amount of fly ash is required compared to 

sand in order to improve the grading of the 

material 

2) OMC of all the samples increases with 

increase in fly ash content. The increase of 

water content was attributed by the more 

fines content of fly ash than sand. 

3)  MDD decreases gradually with     an 

increase in fly ash content. It is also due to 

lower    specific gravity and finer nature of 

fly ash and higher specific gravity and 

coarser nature of sand and due to the 

absence of binding material decreased the 

MDD with increase in fly ash content. 

4) OMC increases with increase in lime 

content in SL3. It is mainly due to the 

presence of large amount of clay size 

particles in lime mixed with sand-fly ash 

which resulted with increase in optimum 

moisture content (OMC). 

5) MDD increases gradually with increase in 

lime content up to addition of 6% lime in 

the mix in SL3. The presence of very fine 

clay size particles of lime which fills the 

void space of sand-fly ash matrix 

contributed to increase in the density of the 

material. But with further increase in lime 

content dry density decreases due to 

flocculation and agglomeration of the fine 

grained particles. 

6) Optimum moisture content increases with 

increase in lime content in SL4.In presence 

of moisture, fly ash reacts with lime at 

ordinary temperature and forms a 

compound possessing cementious 

properties. After reaction between lime and 

fly ash, calcium silicate hydrates are 

produced. During the hydration process fly 

0

1

2

3

4

5

6

7

8

9

10

0%

Lime

2%

Lime

4%

Lime

6%

Lime

8%

Lime

Unsoaked

CBR values

for SL3

Soaked

CBR values

for SL3

C
B

R
(%

) 

Variation of CBR,% with increase in 

lime,% for SL3 

0

2

4

6

8

10

12

0%

Lime

2%

Lime

4%

Lime

6%

Lime

8%

Lime

Unsoaked

CBR value

for SL4

Soaked

CBR value

for SL4

C
B

R
(%

) 

Variation of CBR,%  with increase in 

lime,% for SL4 



A LABORATORY STUDY ON SUBGRADECHARACTERISTICS OF SAND-FLY ASH-LIME COMPOSITE  

 

4 

ash and lime absorbs more water which 

leads to increase in OMC. 

7) Maximum dry density increases gradually 

with increase in lime content up to addition 

of 2 % lime in SL4 and then with further 

addition of lime maximum dry density 

decreases .The decreasing trend in 

maximum dry density is due to the 

presence of more fly ash content than sand 

which requires less amount clay size 

particle to fill the void spaces. 

8) CBR value in soaked condition is more in 

SL7 than in unsoaked CBR. The increase in 

soaked CBR is not only due to the increase 

in lime content in the matrix but also due to 

hydraulic and pozzolonic reaction. The 

reduction in unsoaked CBR value is due to 

less hydraulic reactivity. 

9) CBR value in SL4 increases with increase 

in lime content upto 2% which improves 

the CBR values making it suitable for road 

construction. It is also observed that with 

increase in lime content from 4% there is a 

slight decrease in CBR value but with 

further increase in lime content CBR value 

of the composite material decreases 

gradually. 

10) With increase in fly ash content CBR value 

also increased in both unsoaked and soaked 

condition. 

11) Unsoaked CBR value is more due to cation 

exchange during which sodium ions of sand 

are replaced by calcium ions of fly ash thus 

reducing settlement and increasing the 

CBR value. 

           This study shows that CBR value of 

subgrade sand-fly ash-lime sample 

increases with the addition of lime content. 

This study provides the optimum lime 

content and capacity to increase the CBR 

value of the fly ash and sand composite 

which is very important for any road 

construction. Finally, it can be concluded 

that lime acts as good stabilizer and can be 

used to a large scale in the road 

construction. This will not be only cost 

effective, but also helpful in proper 

utilization of the paper mill waste. This 

study also provides better management of 

waste generated from paper mill. 
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