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 Abstract—   Unstable  soil  has  always  been  a  hurdle  in  swift 

agriculture  waste  (RHA)  will  certainly  lower  the  cost  of 

construction  projects,  which  can  only  be  eradicated  by  soil 

construction as well as reducing the environmental hazards they 

stabilization. Soil stabilization is used for a plethora of projects; 

causes. Fly ash is a fine particle obtained from the combustion 

however, it is more common in pavement construction, where 

of pulverized coal and RHA is obtained from the milling of rice. 

the purpose is to enhance the strength of soil and to minimize 

In  retrospect,  when  fly  ash  and  RHA  were  not  introduced  to 

the expenses by providing indigenous available materials. Thus 

construction projects, they were simply disposed off, which is 

the use of alternative materials like coal combustion product (fly 

not  environment  friendly  and  cause  many  diseases.  With  the 

ash) and agriculture waste (Rice husk ash) will certainly lower 

application  of  these kinds of waste  materials,  there  will be no 

the  cost  of  construction  and  therefore  reducing  the 

need of materials to buy like cement, lime (which is expensive) 

environmental  hazards.  Hydrometer  analysis,  Atterberg  limits, 

and  will  help  the  environment  clean.  Fly  ash  is  a  pozzolanic 

modified proctor test and California Bearing Ratio (CBR) tests 

material; pozzolan has siliceous and aluminous properties [14]. 

were  carried  out  on  the  natural  soil.  Next  three  different 

This  study  shows  the  optimum  amount  of  fly  ash  and  rice 

percentages of fly ash (5%, 10% and 15%) were mixed with soil 

husk ash for subgrade purposes through the effect of fly ash and 

for the CBR test. In this study, the Rice Husk Ash (RHA) was 

RHA  on  subgrade  California  bearing  ratio,  optimum  moisture 

also used for soil stabilization same as the percentages (5%, 10% 

content  (OMC)  and  maximum  dry  density  (MDD)  test  were 

and 15%) we selected in stabilization for fly ash. After finding 

carried out. Road design is carried out on natural soil, soil with 

CBR, the pavement was designed for natural soil and stabilized 

fly  ash  mix  (at  10%  fly  ash) and  soil  with  RHA  mix  (at  10% 

soil. The detail cost estimation was performed for 1km long and 

RHA).  After  designing,  the  detail  cost  estimation  is  done  for 

7.62m  wide  road  construction  with  specific  thicknesses  of 

natural soil, soil with fly ash and soil with RHA. 

designing road on natural soil and stabilized soil. In conclusion, 

the fly ash and RHA resulted in less thickness of road layers as 

A study was done in the improvement of the expansive soil 

compared to road design on natural soil. Furthermore, it was also 

by adding a different percentage of fly ash with soil. The MDD 

concluded that the road construction cost using the fly ash and 

and workability is observed at 25% fly ash with soil [3]. A class 

RHA is significantly less than the natural soil. 

F fly ash was used to improve the expansive soil of south Texas. 

The  soil  sample  is  prepared  with  20%  fly  ash  in  it  and  for 
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comparison,  the  6%  lime  and  10%  Portland  cement  was  also 

analysis, California Bearing Ratio.   

selected.  From  results,  these  three  materials  improve  the  soil 

  

properties like plasticity and unified compressive strength of soil 

[7].  A  Study  was  carried  out  on  the  effect  of  self-cementing 

I. 

INTRODUCTION  

(class  C)  fly  ash  on  soil  stabilization  for  a  wide  range  of 

Civil  engineering  infrastructure  projects  located  in  areas 

construction applications. Moisture control, compaction and rate 

with soft or clay soils need to be improved for the construction 

of ash hydration affect the procedure of soil stabilization [8]. Fly 

purposes.  Different  methods  are  used  to  improve  the  soil 

ash was used to stabilize the organic soil and then the strength 

properties, i.e. chemical, mechanical or by adding modifiers to 

tests were performed on it. Untreated soil specimen and fly ash 

soil such as fly ash, cement, lime, RHA etc. The chemical and 

with  organic  soil,  the  unconfined  compressive  strength  (UCS) 

mechanical process of stabilization is quite expensive; therefore, 

and  resilient  modulus  test  were  performed.  The  UCS  and 

economical  stabilizers  are  used  for  soil  stabilization.  For 

resilient modulus of the organic soil improves by adding fly ash, 

different engineering works, soil stabilization is being used, but 

but it depends on the soil and fly ash properties [12]. A study 

it  is  mostly  carried  out  in  the  pavement  construction.  The 

was carried out on the stabilization of soft grained soil with self-

purpose of stabilization is to enhance the strength of soil and to 

cementing  fly  ash.  At  different  percentage,  specimens  were 

minimize the expenses by providing locally available materials. 

prepared, resilient modulus, CBR and UCS test were performed 

Usually cement and lime were being used for stabilization, but 

on the sample. At 18% of fly ash, the best improvement in the 

these materials expenses have surged with the passage of time. 

CBR  was  noticed  [1].  An  investigation  was  carried  out  on 

Thus  the  use  of  coal  combustion  product  (fly  ash)  and 

geotechnical properties  of expansive soil by using fly ash and 
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lime. From the results, fly ash and lime increases the MDD, free 

RHA  was  collected  from  local  area  Bannu  rice  mill  and 

swell  decreases  and  OMC  and  CBR  increases  [6].  Similarly, 

passed  through  sieve  number  200  before  use.  RHA  is  highly 

freeze-thaw  durability,  enhance  with  the  use  of  fly  ash  in  soil 

pozzolanic  material  depends  on  the  firing  temperature  and 

improvement [10]. 

retention  period.  60%  to  90%  silica  is  present  in  the  RHA, 

The laboratory tests like CBR and UCS were performed by 

which is highly reactive [9] 

using RHA as a soil stabilizer. By adding RHA content to soil, 

 A.  Conventional tests     

the  OMC  increases  and  MDD  decreases  and  CBR  and  UCS 

improved  [2].  A  study  carried  about  the  improvement  of 

The  laboratory  tests  carried  out  on  natural  soil,  including 

different  types  of  soil  by  using  RHA.  The  results  show  that 

wet  sieving,  atterberg  limits,  modified  proctor  test  and  CBR. 

liquid  limits  was  decreased  by  (11-18%)  at  9%  RHA  and 

The term OMC is used for preparing the samples for CBR test. 

plasticity index decreased by (32-80%). RHA shows a general 

 B.  CBR tests 

increase in the OMC and decrease in MDD at 9%. At (6-8%), 

addition of RHA content, the UCS was also increased [5]. An 

Three various percentages of fly ash (5%, 10% and 15%) are 

investigation of the effect of RHA on soil engineering properties 

mixed with soil for the CBR test. In CBR, three samples on 5% 

for stabilization was studied. By addition of RHA to clayey soil, 

fly ash with virgin soil are prepared on three different blows (10, 

the  soaked  CBR  improves  from  2.4%  to  4.4%  [11].  The 

30,  and  65)  and  these  samples  were  placed  into  water  for 

laboratory  tests  like  Atterberg  limits,  CBR  and  UCS  were 

96hours.  After  96hours,  the  samples  were  subjected  to  CBR 

carried out  by using fly  ash and  RHA  in black cotton soil. At 

machine.  The  same  method  was  used  for  remaining  10%  and 

12% fly ash and 9% RHA content, the maximum improvements 

15% fly ash mixes with natural soil. After fly ash, the RHA was 

were  noticed  in  CBR  and  UCS  [13].  A  wetting  and  drying 

used for soil improvement  same as  the percentages  (5%, 10% 

phenomena  of  expansive  soil  cause  a  lot  of  problems  in  swift 

and 15%) we opted in stabilization in fly ash. 

construction projects of civil engineering like highways. Fly ash 

 C.  Road design and Cost estimation 

in an industrial waste, results better in term of expenses and also 

After  soil  stabilization,  the  traffic  volume  survey  was 

utilization  of  fly  ash  in  such  projects  can  reduce  many 

environmental hazards they cause. In this study fly ash and lime-

conducted  on  the  GT  road  Nowshera  N5  to  find  out  the 

fly ash mix was used in expansive soil to study its effectiveness 

equivalent  single  axle  load  (ESAL)  for  road  designing.  The 

and potential [15]. A study was evaluated on the soil of Indiana 

pavement  was  designed  using  the  natural  soil  as  subgrade 

to  check  the  engineering  properties  of  soil  with  utilization  of 

against ESAL. In comparison, the pavement was also designed 

class C fly ash and loess (loess-fly ash mix). It was concluded 

for treated soil for  both fly ash and RHA. The pavement was 

that  the  optimum  fly  ash  content  used  in  a  loess  soil  in  wet 

designed for 1km long and 7.62m wide. 

condition  avoid  delay  in  the  construction  of  road  [16].  An 

Similarly, detail cost estimation was done for 1km long and 

experimental  study  was  conducted  on  the  stabilization  of 

7.62m  wide  road  construction  with  specific  thicknesses  of 

expansive soil by using the fly ash and cement to enhance the 

designing road on natural soil and treated soil. 

geotechnical  properties  of  soil.  For  this  study,  various 

percentages of fly ash (0, 5, 10, 15 and 20%) with 5% cement 

III.  RESULTS AND DISCUSSION 

were taken to evaluate its effectiveness on soil stabilization.  It 

 A.   Hydrometer analysis/ Wet sieving 

was also concluded that, cement-fly ash mix was recommended 

to use in the subgrades where clayey, soft grained and expansive 

The soil is passed through sieve no 200 by water, to separate 

soil were found [17]. 

the  sand  particles  from  the  soil.  The  sand  particles  which 

retained on sieve 200, passed through sieve analysis and on the 



soil hydrometer analysis test were performed. In the grain size 

The objectives of the study are: 

distribution curve the blue line indicates the sieve analysis (sand 

  Using RHA and fly ash for stabilization purposes 

particles) and the red line is a hydrometer analysis (silt and clay) 

  To design the pavement thickness before and after using 

shown in fig 1. 

the soil stabilizers 

  To assess the use of fly ash and RHA cost effectiveness as 

soil stabilizers. 

II. 

METHODOLOGY 

The soil sample for this study was collected from local area at 

Pabbi  near  the  GT  road,  Nowshera  Khyber  Pakhtunkhwa, 

Pakistan. The laboratory test (hydrometer analysis and atterberg 

limits) shows that the collected soil is clay soil (A6) with low 

plasticity (CL). 

The  fly  ash  was  collected  from  Tradeworth  international 

fly ash, upper Gizri, Karachi. The fly ash used for this study is 

class  C  fly  ash,  which  has  SiO2+Al2O3+F2O3  greater  than 

50%.  Fly  ash  is  a  pozzolanic  material  having  siliceous  and 

aluminous properties [4]. 
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GRAIN SIZE DISTRIBUTION CURVE

Table 2: Modified proctor test on Fly ash 

100.0

Modified proctor test on soil alone + % of fly ashes 

90.0

 Description  

 OMC % 

 MDD g/cc 

80.0

Soil alone 

8.3 

1.96 

70.0

60.0

Soil + 5% fly ash 

8.5 

2.02 

50.0

Soil + 10% fly ash 

8.7 

2.06 

40.0

% Finer

30.0

Soil + 15% fly ash 

9.0 

2.02 

20.0
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As  the  fly  ash  percentage  increasing,  the  OMC  is  also 

0.0

increasing as shown in fig 3. 
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Fig 1: A grain size distribution curve of soil 
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 B.  Atterberg limits 

9

To find out the plasticity index of the soil, Atterberg limits 

8

test was performed. In fig 2, the blue dot indicates that the soil 

7

is low plastic clay (CL). 

%
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TABLE 1:  Atterberg Limits  

OMC %

Atterberg limits 

4

OMC

 Plastic 

 Plasticity 

3

 Liquid limit % 

 limit % 

 index % 

2

34.1 

14 

20.1 

1
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Fig 3: Fly ash content and OMC graph 
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Fig 4 shows that the MDD is high on 10% fly ash in the soil 
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C

and after 10% fly ash the MDD starts decreasing. 
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Fig 2: graph of liquid limit and plasticity index 





Fig 4: Fly ash and MDD graph 



 C.  Modified proctor test 



This  test  is  done  to  fine  out  the  OMC  and  MDD  of  soil. 



These OMC is used for sample preparation for CBR. 
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shows that the maximum CBR are achieved at 10% fly ash in 



soil. 

Table 3: Modified proctor test on RHA 



Modified proctor test on soil alone + % of Rice husk ash 



(RHA) 

Table 4: CBR test on fly ash 

 Description  

 OMC % 

 MDD g/cc 

 Soaked 

 Description  

 CBR % 

Soil alone 

8.3 

1.96 

Soil alone 

4.3 

Soil + 5% RHA 

8.6 

1.98 

Soil + 5% fly ash 

7.9 

Soil + 10% RHA 

9.2 

2.01 

Soil + 10% fly ash 

11 

Soil + 15% RHA 

9.7 

1.99 

Soil + 15% fly ash 

9.2 





Same as the fly ash, when RHA content increasing the OMC 

also increasing shown in fig 5. The peak MDD is obtained at 

Relationship between Fly ash content and 

10% RHA content with soil shown in fig 6. 
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Fig 7: CBR of soil alone and fly ash with soil 

0



0
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Table  5  shows  that  the  percentages  of  RHA  (5%,  10%  & 

RHA content %

15%)  mix  with  the  soil  and  the  CBR  is  obtained  for  these 



percentages. The peaked soaked CBR for RHA was obtained at 

Fig 5: RHA content and OMC 

10% RHA content in soil shown in fig 8. 







Table 5: CBR test on RHA 

  Soaked 

 Description  

RHA and MDD Relationship

 CBR % 

Soil alone 

4.3 

2.02

Soil + 5% RHA 

6.1 

2.01

Soil + 10% RHA 

9.5 

2

Soil + 15% RHA 

8.9 

1.99



MDD 1.98

MDD

Relationship between RHA content and 

1.97

CBR

1.96

12

10

1.95

0

10

20

8

RHA content %



6

Fig 6: RHA content and MDD 



CBR %

4

CBR %

 D.   California bearing ratio (soaked) 

2

A 4.3% CBR was achieved for natural soil. Further, various 

0

percentages of fly ash (5%, 10% & 15%) were added to soil and 

0

10

20

samples were prepared, the results are shown in table 4. Fig 7 

RHA content %



Fig 8: CBR of soil alone and RHA with soil 
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 E.  Road design   

Relationship between road layers and 

Table 6 and fig 9 shows the thickness of the various layers 

thickness of Fly ash with soil

of road, which is designed for natural soil as a subgrade. The 

road was designed by nomograph method. 

8



7

Table 6: Road design on natural soil as subgrade 

6

 Thickness 

 Layers 

 inches  

5

relationship

HMA 

7.5 

ckness 4

between road

Thi 3
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2

thickness

Sub base  
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1
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Fig 10: Road designs on 10% fly ash in soil as a subgrade 
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Table 8: Road design on 10% RHA in soil 

 Thickness 

7

 Layers 

 inches  

6

HMA 

7 

5

Relationship

ckness

Base coarse 

6 

4

between road

Thi 3

Sub base  

5 

layers and

2

thickness



1

RHA  also  resulted  in  less  thickness  as  compared  to 

0

thickness of road design on natural soil. 

1

2

3



HMA      base coarse      sub base

Relationship between road layers and 



thickness of Fly ash with soil

Fig 9:  Road design on natural soil as subgrade 



Table 7: Road design on 10% Fly ash in soil 

8

 Thickness 

 Layers 

 inches  

6

HMA 

7 

ckness 4

relationship

Base coarse 

6 

between

Thi

Sub base  

5 

2

road layers



and thickness

0

Fig 10 shows the thickness of road layers designed on fly 

1

2

3

ash with natural soil. As from results, the CBR improved with 

fly  ash  so  the  thickness  of  the  road  layer  in  this  case  is  less 

HMA      base coarse     sub base



compared to design of road on natural soil. 

Fig 11: Road design on 10% RHA in soil as a subgrade 

 F.  Cost estimation  

Table 9: Cost estimation 

 Cost in 

 Description 

 millions 

Natural soil 

41.82 

Soil + 10% Fly ash 

39.10 

Soil + 10% RHA 

39.16 



Fig  12  shows  the  detail  cost  estimation  of  1km  long  and 

7.62m wide road construction on natural soil, fly ash with the 

soil  and  RHA  with  soil.  The  graph  shows  fly  ash  and  RHA 
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