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Abstract -  The present project deals with use of pond 

ash and RBI Grade 81 for enhancement in CBR values of 

clayey and silty soil. The tests like Maximum Dry 

Density (MDD), Optimum Moisture Content (OMC), 

California bearing ratio (CBR) and Dynamic cone 

penetration (DCP) tests were conducted on the soil in 

the laboratory for different percentages of RBI Grade 

81 i.e. 2%, 3% & 4% along with 3%, 6% & 9% pond ash. 

From the test results it has been observed that the 

engineering properties of clayey and silty soil can be 

enhanced considerably, if pond ash added with RBI 

Grade 81. The optimum combination suggested for 

clayey and silty soil is 3% RBI Grade 81 and 3% pond 

ash and also very cost effective. It was found that with 

the addition of Pond ash along with RBI Grade 81, the 

C.B.R. increased up to a certain limit but after that the 

C.B.R. decreased even on more addition of pond ash.  

 

Key Words: Clayey Soil, Silty Soil, RBI Grade 81, Pond Ash, 

CBR, DCPT. 

1. INTRODUCTION 
 
In the countries like India the biggest problem in 

constructing pavement is to constructing pavement is to 

make local available soil into use, as all the available soil 

cannot be use for constructing the pavement because of its 

low engineering properties and strength. Therefore to 

improve its engineering properties, nowadays these soils 

is been treated with the stabilizers like lime, Class C Fly 

Ash, Portland cement, Pond Ash ,RBI Grade 81 etc to 

improve its engineering property. RBI 81 is a chemical 

stablizer which is developed for the soil stabilization in a 

least cost manner and pond ash is thermal power plant 

waste which has been made into use along with RBI Grade 

81 to cut down the cost of construction of pavement and 

give pavement a better durability and strength. In this 

paper both RBI Grade 81 and Pond Ash has been used in 

different percentage to stabilize silty and clayey soil. The 

soils were treated in two manners (i) by RBI Grade 81 (ii) 

by RBI Grade 81 along with pond ash and tests like OMC, 

MDD, CBR &DCPT were carried out. 

2. MATERIAL DETAILS 
 

Soils: Clayey Soil collected from Mohali Chandigarh & Silty 

soil was collected from CCET SEC.26 Chandigarh. Tests 

were carried out to find out the properties of soils and 

results are given below in table1&2. 

a) Clayey Soil 

 

Table-1 clayey soil (properties) 

S.No. Laboratory Tests Result 

1 Liquid Limit 36.15% 

2 Plastic Limit 22.2% 

3 Plasticity Index 13.95% 

4 Optimum 

moisture content 

10.73% 

5 Maximum dry 

density 

2.04 gm/cc 

6 I.S. Classification Clay of 

intermediate 

compressibility 

(CI) 
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b) Silty soil 

Table-2 properties of silty soil 

S.No Laboratory Tests Result 

 1 Liquid Limit 28.25 

2 Optimum 

moisture content 

9.29% 

3 Maximum dry 

density 

2.03 gm/cc 

4 I.S. Classification Silt of low 

plasticity(ML) 
 

RBI Grade 81: 

RBI Grade 81 was collected from Alchemist touchnology 

Ltd. The chemical properties of RBI grade 81 are shown in 

table 3 

Table-3 RBI Grade properties 

Properties %  By Mass 

Calcium Oxide (CaO) 52-56 

Silicon Dioxide (SiO2) 15-19 

Sulphur TriOxide (SO3) 9-11 

Aluminium Oxide (Al2O3) 5-7 

Iron Oxide (Fe2O3) 0-2 

Magnesium Oxide (MgO) 0-1 

Fibers(polypropylene) 0-1 

Additives 0-4 

 

Pond ash   

In case of thermal power plant after burning of coal close 

to 20 to 30% of ash is settled at bottom. This ash is 

disposed of in the form of slurry. After evaporation of 

moisture the residual ash is called as pond ash. 

Sample OF Pond Ash was received from the thermal power 

plant at Ropar. The chemical composition of Pond Ash 

shown in table 4 

 

 

Table-4 Chemical Compositions of Pond ash 

Constituent Pond Ash% 

Silica (SiO2) 67.40 

Alumina (Al2O3) 19.44 

Iron oxide (Fe2O3) 8.5 

Calcium Oxide(CaO) 2.7 

Magnesium oxide(MgO) 0.45 

Sulphur (SO3) 0.30 

Loss of Ignition 3.46 

 

 

Figure1.  Pond Ash Sample 

  

3. EXPERIMENTAL INVESTIGATION 
The experiment was made to study the outcome of RBI 

Grade 81 and Pond Ash on the Geotechnical properties of 

Clayey and Silty Soil. The experiment was divided into two 

parts (i)Silty and Clayey Soil were treated with RBI Grade 

81(ii) Silty and Clayey Soil were treated with both RBI 

Grade 81 &Pond Ash and test like MDD,OMC,CBR & DCPT 

were carried out on both the specimens. The Variation of 

CBR with RBI 81 and Pond Ash of Silty & Clayey soil are 

shown in table. 
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Table 5: Variation of CBR with RBI Grade 81 and Pond Ash 
of clayey soil 

Sample Number CBR DCPT 

0% RBI 23.64 23.06 

2% RBI 37.83 37.84 

3%RBI 49.92 42.26 

4%RBI 50.97 45.91 

2%RBI & 3% Pond 

Ash 

40.20 40.27 

2%RBI & 6% Pond 

Ash 

47.29 40.92 

2%RBI & 9% Pond 

Ash 

38.89 39.99 

3%RBI & 3% Pond 

Ash 

53.60 51.52 

3%RBI & 6% Pond 

Ash 

48.35 44.66 

3%RBI & 9% Pond 

Ash 

45.98 37.84 

4%RBI & 3% Pond 

Ash 

54.65 45.28 

4%RBI & 6% Pond 

Ash 

52.08 45.18 

4%RBI & 9% Pond 

Ash 

47.03 44.16 

 

 

 

 

 

 

 

 

 

Table 6: Variation of CBR with RBI Grade 81 and Pond Ash 

of Silty soil 

Sample Number. CBR DCPT 

0% RBI 36.26 30.97 

2% RBI 56.93 49.77 

3%RBI 60.26 56.23 

4%RBI 67.97 57.01 

2%RBI & 3% Pond 

Ash 

61.83 52.23 

2%RBI & 6% Pond 

Ash 

55.70 45.18 

2%RBI & 9% Pond 

Ash 

50.27 44.56 

3%RBI & 3% Pond 

Ash 

70.42 60.39 

3%RBI & 6% Pond 

Ash 

52.20 45.06 

3%RBI & 9% Pond 

Ash 

50.10 44.46 

4%RBI & 3% Pond 

Ash 

78.48 63.82 

4%RBI & 6% Pond 

Ash 

73.22 57.94 

4%RBI & 9% Pond 

Ash 

52.02 48.30 

 
4. RESULTS & DISCUSSION 

 
 Effect of RBI Grade 81 on MDD and OMC of 

Clayey Soil 

In table7 & figure 2&3, it can be seen that OMC value of 

soil treated along RBI Grade 81 increases in compare to 

virgin soil and value of MDD decreases with increase in 

RBI Grade 81 in soil. 

 

 Effect of RBI Grade 81  and Pond Ash on MDD 

and OMC of Clayey Soil 

Table 7& figure 4 shows effect of RBI Grade 81 and Pond 

Ash on MDD &OMC of soil, as its been observed that MDD 
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decreases with increase in percentage of pond ash& RBI 

Grade 81 and OMC increases with increase in percentage 

of pond ash & RBI Grade 81 as it unite the soil particles 

jointly which led to increase in OMC mix. . In figure it can 

be seen that the sample at 2% RBI & 3% pond ash has the 

maximum MDD value in comparison of untreated soil. 

 
TABLE 7: Effect of RBI Grade 81 and Pond Ash on MDD 

and OMC of Clayey Soil 
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Fig-3 Effect of RBI Grade 81 on OMC of Clayey Soil         
 

 

Standard Proctor Test 

Sample 

 

   MDD ( 
g/cc ) 

OMC ( % ) 

0% RBI 2.04 10.73 

2% RBI 2.01 10.81 

3%RBI 1.99 10.92 

4%RBI 1.89 11 

2%RBI & 3% Pond Ash 2.08 10.11 

2%RBI & 6% Pond Ash 2.05 10.87 

2%RBI & 9% Pond Ash 2.04 11.10 

3%RBI & 3% Pond Ash 2.02 10.23 

3%RBI & 6% Pond Ash 1.99 10.92 

3%RBI & 9% Pond Ash 1.91 11.18 

4%RBI & 3% Pond Ash 2.00 11.05 

4%RBI & 6% Pond Ash 1.97 11.07 

4%RBI & 9% Pond Ash 1.94  11.27 
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Fig 4 : Effect of RBI Grade 81 and Pond Ash on MDD and 

OMC of Clayey Soil 

 Effect of RBI Grade 81 and Pond Ash on CBR 

Value of Clayey Soil 

The soil with different percentages of Pond Ash and RBI 

Grade 81 were tested for CBR, the results are shown in 

table. The CBR value of un-soaked virgin soil was 23.64% 

and thereafter mixing 2%, 3% and 4% RBI grade 81,it was 

found that while the percentage of RBI Grade 81 increases 

in virgin clayey soil, the CBR value also increases and get 

dramatically change in percentage variation of CBR as 

compared to that virgin soil. 

But after treating RBI Grade 81 2%,3% &4% along with 

pond ash 3%,6%& 9%,its been observed that initial 

addition of pond ash leads to increase in CBR value. 

Thereafter it started decreasing with further addition of 

pond ash. After monitoring all the results the optimum 

combination which is having the highest Cbr value and all 

been found very cost effective was 3% RBI Grade 81 and 

3% pond ash. 

 

Fig 5 : Effect of RBI Grade 81 and Pond Ash on CBR Value 

of Clayey Soil 

 Effect of RBI Grade 81 and Pond Ash on DCPT 

Value of Clayey Soil 

The DCPT value of un-soaked virgin clayey soil was 

23.06% and thereafter mixing 2%, 3% and 4% RBI grade 

81 it was found that with 2% RBI Grade 81, the DCPT 

value was approximately same as CBR value based on 

laboratory test and with 3% RBI Grade 81 and 4% RBI 

Grade 81 DCPT value decreases in respect of CBR value 

based on laboratory test of 2%, 3% & 4% RBI Grade 81 as 

shown in table. But after treating RBI Grade 81 2%,3% 

&4% along with pond ash 3%,6%& 9%,its been observed 

that value of DCPT is quiet less than the value of CBR 

based on laboratory test and to improve the value of DCPT 

more RBI Grade 81 & pond ash is to be added. As it is been 

observed that the DCPT value is 51.52% at 3% RBI Grade 

81with 3% pond ash and the DCPT value is 45.28% at 4% 

RBI Grade 81 with 3% pond ash therefore 3% RBI 81 and 

3% pond ash is the optimum combination. 

 

 

Fig 6 Effect of RBI Grade 81 and Pond Ash on DCPT Value 

of Clayey Soil 

 Effect of RBI Grade 81 on MDD and OMC of 

Silty Soil 

In the table & figure it can be seen that OMC value of soil 

treated with RBI Grade 81 increases in compare to virgin 

soil and value of MDD of treated soil with RBI Grade 81 

increases in respect to virgin soil with increase in RBI 81 
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in soil. As the proportion of RBI 81 increases, the value of 

MDD decreases. The OMC increases and MDD value of soil 

decreases with increase in RBI Grade 81 in soil. 

 Effect of RBI Grade 81  and Pond Ash on MDD 

and OMC of Silty Soil 

Table 8 & figure 7 & 8shows the effect of RBI Grade 81 and 

Pond Ash on MDD &OMC of soil, as its been observed that 

MDD decreases with increase in percentage of pond ash& 

RBI Grade 81 and OMC increases with increase in 

percentage of pond ash & RBI Grade 81 as it unite the soil 

particles jointly which led to increase in OMC mix. In 

figure it can be seen that the sample at 4% RBI & 3% pond 

ash has the maximum MDD value in comparison of 

untreated soil. 

TABLE 8: Effect of RBI Grade 81 and Pond Ash on MDD 

and OMC of Silty Soil 

Standard Proctor Test 

Sample 

  

MDD ( g/cc ) OMC ( % ) 

0% RBI 2.03 9.29 

2% RBI 2.05 9.42 

3%RBI 1.98 9.73 

4%RBI 1.88 10.66 

2%RBI & 3% Pond Ash 1.99 9.32 

2%RBI & 6% Pond Ash 1.96 9.81 

2%RBI & 9% Pond Ash 1.89 10.53 

3%RBI & 3% Pond Ash 1.90 9.03 

3%RBI & 6% Pond Ash 1.85 9.59 

3%RBI & 9% Pond Ash 1.78 10.48 

4%RBI & 3% Pond Ash 2.06 9.82 

4%RBI & 6% Pond Ash 1.95 10.13 

4%RBI & 9% Pond Ash 1.85 10.57 
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Fig 9: Effect of RBI Grade 81 and Pond Ash on MDD and 

OMC of Silty Soil 

 Effect of RBI Grade 81 and Pond Ash on CBR 

Value of Silty Soil 

The soil with different percentages of Pond Ash and RBI 

Grade 81 were tested for CBR and results are given in 

table. The CBR value of un-soaked virgin soil was 36.26 % 

and thereafter mixing 2%, 3% and 4% RBI grade 81,it was 

found that as the percentage RBI Grade 81 increases in 

virgin clayey soil, the CBR value also increases and get 

dramatically change in percentage variation of CBR as 

compared to that virgin soil. 

But after treating RBI Grade 81 2%,3% &4% along with 

pond ash 3%,6%& 9%,its been observed that initial 

addition with pond ash leads to increase in CBR value. 

Thereafter it started decreasing with further addition of 

pond ash. After monitoring all the results the optimum 

combination which is having the highest CBR value and all 

been found very cost effective was 3% RBI Grade 81 and 

3% pond ash. 

 

 

  Fig 10: Effect of RBI Grade 81 and Pond Ash on CBR 

Value of Soil 

 Effect of RBI Grade 81 and Pond Ash on DCPT 

Value of Silty Soil 

The DCPT value of un-soaked virgin silty soil was 30.97% 

and thereafter mixing 2%, 3% and 4% RBI grade 81, the 

DCPT value decreases in respect of CBR value based on 

laboratory test of 2%, 3% & 4% RBI Grade 81. But after 

treating RBI Grade 81 2%,3% &4% along with pond ash 

3%,6%& 9%,its been observed that value of DCPT is quiet 

less than the value of CBR based on laboratory test and to 

improve the value of DCPT more RBI Grade 81 & pond ash 

is to be added. 

As its seen that the DCPT value was 60.39% at 3% RBI 

Grade 81 with 3% pond ash and the DCPT value is 63.82% 

at 4% RBI with 3% pond ash therefore 3% RBI Grade 81 

and 3% pond ash is the optimum combination.  
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Fig 11: Effect of RBI Grade 81 and Pond Ash on DCPT 

Value of Soil 

4.4.1 Cost and Benefits 

Material costs for stabilizers were obtained by contacting 

suppliers and Alchemist touchnology Ltd. Costs were only 

obtained for RBI Grade 81 because this is the only 

stabilizers that produced significant strength 

improvement for the soils tested. Pond ash has only 

transportation cost. The estimated costs of material are 

shown in Table  

 

Table 9 : Estimated Material cost 

STABLIZER COST (RS.) 

RBI Grade 81 30 Rupees per kg 

Pond Ash 1 Rupees per kg 

 

 

 

 

Table 10: Estimated Cost of 1 cubic meter area for 

different  percentages of RBI Grade 81 & pond ash (clayey 

soil) 

Sample no. Cost (Rs.) 

0% RBI 0 

2% RBI 1206 

3%RBI 1791 

4%RBI 2268 

2%RBI & 3% Pond Ash 1310.4 

2%RBI & 6% Pond Ash 1353 

2%RBI & 9% Pond Ash 1407.6 

3%RBI & 3% Pond Ash 1878.6 

3%RBI & 6% Pond Ash 1910.4 

3%RBI & 9% Pond Ash 1890.9 

4%RBI & 3% Pond Ash 2460 

4%RBI & 6% Pond Ash 2482 

4%RBI & 9% Pond Ash 2502.6 

 

Table 11: Estimated Cost of 1 cubic meter area for 

different percentages of RBI Grade 81 & pond ash (Silty 

soil) 

Sample no. Cost (Rs.) 

0% RBI 0 

2% RBI 1230 

3%RBI 1782 

4%RBI 2256 

2%RBI & 3% Pond Ash 1253.7 

2%RBI & 6% Pond Ash 1293.6 

2%RBI & 9% Pond Ash 1304.1 

3%RBI & 3% Pond Ash 1767 

3%RBI & 6% Pond Ash 1776 

3%RBI & 9% Pond Ash 1762 

4%RBI & 3% Pond Ash 2533.8 

4%RBI & 6% Pond Ash 2457 

4%RBI & 9% Pond Ash 2386.5 
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Fig.12 : Estimated Cost of 1 cubic meter area for different 

percentages of RBI Grade 81 & pond ash (clayey soil) 

 

Fig.13 : Estimated Cost of 1 cubic meter area for different 

percentages of RBI Grade 81 & pond ash (Silty soil) 

 

5. CONCLUSIONS 
 
Following Conclusions can be drawn based on laboratory 

tests. 

1. There is increase in OMC and decreased in MDD with 

addition of RBI 81 but CBR value get increased with 

the addition of RBI Grade 81. Therefore the strength 

will not decrease with decrease in MDD. 

2. The CBR value of the untreated clayey soil was about 

23.64%, which has been increased to 60.02%, 

111.16% & 115.60% by adding 2% , 3%  & 4% RBI 

Grade 81. Similarly The CBR value of the untreated 

silty soil was about 36.26%, which has been increased 

to 57%, 66.18% & 87.45% by adding 2% ,3%  & 4% 

RBI Grade 81. This shows RBI Grade 81 is extremely 

good stabilizer 

3.  In case of RBI  81-Pond ash stabilization, the C.B.R. 

value first increases up to a definite limit and after 

that the value decreases with more addition of pond 

ash. 

4. As the CBR values increases with increase in RBI 

Grade 81,so it can be recommended  for improving 

the performance of silty and clayey soils. 

5. The optimum value of RBI Grade 81 is 4% which 

resulted the CBR value 67.97% and the optimum 

value of RBI Grade 81 mixed with pond ash is 3% RBI 

& 3% pond ash which resulted the CBR value 

70.42%.By comparing the values it be observed that 

the 3% RBI & 3% pond ash is giving better result/CBR 

value than 4% RBI Grade 81. 

6. Optimum stabilizer percentage for clayey & silty soil 

is 3% RBI &3% Pond ash.  The increase in CBR value 

of treated silty soil increased by 126.73% in case of 

3% RBI and 3% pond ash in respect to virgin soil. The 

increase in CBR value of treated clayey soil increased 

by 94.20% in case of 3% RBI and 3% pond ash in 

respect to untreated soil. From the test results, it can 

be finalized that pond ash can act as an effective 

supplement to RBI Grade 81. 

7. The addition of pond ash showed substantial decrease 

in MDD and increase in OMC Value both for Clayey & 

silty soil. 

8. RBI Grade 81 can be used as a soil stabilizer to reduce 

the thickness of sub grade for road construction. 
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9. The use of Pond ash along with RBI Grade 81 

considerably improves the geotechnical properties of 

soil.  

10. As the strength of soil increases with an addition of 

RBI Grade 81, the quality, durability and life period of 

road will be extra as compare to traditional 

constructed road. 
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