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Abstract 

Research into new and innovative uses of waste materials is continually 

advancing. Many highway agencies, private organizations, and individuals 

are in the process of a wide variety of studies and research projects 

concerning the feasibility, environmental suitability and performance of using 

recycled products in highway construction. It is necessary to utilize the wastes 

effectively with technical development in each field.  

 

Reinforcement of fly Ash with synthetic fibers is potentially an effective 

Technique for increasing fly ash strength. In recent years, this technique has 

been suggested for a variety of technical applications ranging from retaining 

structures and earth embankments to sub-grade stabilization beneath footings 

and pavements. Several investigators have conducted research on different 

types of reinforcement and materials. However, the amount of information 

available on randomly oriented fiber reinforcement is still limited. Here an 

attempt is made to the suitability of different types of natural fibers reinforcing 

in fly ash with different percentages. By using this (i.e., fly ash) waste material 

effectively with reinforcing another waste material is a good idea for better 

cost-effectiveness and proper utilization.  

 

The Gravel is a good material in flexible pavement construction of sub-base 

layer, but because of the shortage of high gravel quality; and the presence of 

high fines, it increases construction costs in certain regions of the country. 
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Due to under these circumstances, we are utilizing coir, sisal and jute fiber 

materials are used as reinforcement material in the poor gravel and fly ash 

sub base courses laid with respect to expansive soil subgrade finally to reduce 

the expense of road construction, improve elasticity Nature. It was observed 

from the laboratory experimental data of modified compaction, Box shear, and 

California bearing ratio that the optimum level of coir, sisal and jute fiber is 

equal to 0.2% for Gravel, fly ash material. 

 

By using this (i.e., fly ash), waste material effectively with reinforcing another 

waste material is a good idea for better cost-effectiveness and proper 

utilization in sub-bases to reduce the designed thickness of pavement layers 

and cost also. 

 

Keywords: - Fly ash, Coir fibre, Working methodology, Road construction. 

 

INTRODUCTION 

Generally, in the construction of a highway 

network, a large number of standard 

pavement materials in sub-base layer like 

gravel, sand and morrum etc., are 

necessary. In current circumstances, the 

above materials are not sufficiently 

accessible because their quantities 

gradually decline and the price of 

collecting natural product of good quality 

is increasing conventionally, all types of 

roads in our country were constructed 

using gravel, and it is effectively used in 

highway development for sub-base and 

base courses. Gravel is a good material in 

flexible pavement construction because of 

the shortage of high gravel quality; it 

increases construction costs in certain 

regions of the country. In the flexible 

pavement sub-base layer, gravel material 

is a standard material, but due to high 

fine particles presence, the plasticity is 

increasing, so it is affected to 

construction expenses. At this point, it is 

satisfied by utilizing Geo-Textile 

materials (Coir, sisal, jute fibers) as 

strengthened materials to improve sub-

base conditions and to diminish costs of 

Pavement construction. 

 

ADVANTAGES OF USING FLASH 

FOR ROAD CONSTRUCTION 

Fly ash is a lightweight material, as 

compared to commonly used fill material 

(local fly Ashe), therefore, it causes 

lesser settlements. It is especially 
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attractive for embankment construction 

over weak subgrade such as alluvial clay or 

silt where excessive weight could cause 

failure. 

 

Fly ash embankments can be compacted 

over a wide range of moisture content, and 

therefore, results in less variation in 

density with changes in moisture content. 

Easy to handle and compact because the 

material is light, and there are no large 

lumps to be broken down. It can be 

compacted using either vibratory or static 

rollers. 

 High permeability ensures free and 

efficient drainage. After rainfall, water 

gets drained out freely, ensuring better 

stickability than fly ash. Work on fly 

ash fills/ embankments can be restarted 

within a few hours after rainfall, while 

in the case of fly ash, it requires a 

much longer period. 

 

 Considerable low accessibility results 

in negligible subsequent settlement 

within the fill. 

 

 It conserves good earth, which is 

precious top fly ash, thereby protecting 

the environment. 

 

 A higher value of California Bearing 

Ratio as compared to fly ash provides 

for a more efficient design of road 

pavement. 

 

 Pozzolanic hardening property 

imparts additional strength to the 

road pavements/embankments and 

decreases the post-construction 

horizontal pressure on retaining 

walls. 

 

 Can replace a part of cement and 

sand in concrete pavements, thus 

making them more economical than 

roads constructed using conventional 

materials. 

 

 Fly ash admixed concrete can be 

prepared with zero slumps making it 

amenable for use as roller compacted 

concrete. 

 

Considering all these advantages, it is 

extremely essential to promote the use of 

fly ash for the construction of roads and 

embankments. In view of the above, an 

attempt is made in this study to utilize 

flash in the flexible pavement sub base 

system as a substitute material in place 

of the fly ash sub base.  

 

A variety of geosynthetic materials had 

already been commonly used as 

reinforcement materials to provide 
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greater stability for granular sub-base and 

base layers. Geo-textile materials are very 

cheap and price-effective. Material 

availability is more and utility purpose is 

efficiently in various engineering 

applications. 

 

Ramakrishna 1996 has investigated on coir 

fibers are produced from natural fibers are 

used to prevent erosion but not to 

strengthen the soil. Strong fibers such as 

coil having a very high amount of lignin 

can be used as a strengthening material if 

they are treated appropriately. A literature 

review suggests that coir having excellent 

potential fiber material as a soil 

reinforcement substance Rao G.V. and 

Balan K. (1997). Geosynthetics material 

are flexible, and its permanent reinforced 

material in base or sub-bases is widely 

used as sub-grade reinforcement inflexible 

or rigid pavement built over soft sub-grade 

to help support unpaved base or sub-base 

loads during its construction is studied by 

Geo-synthetic Materials Association (2000).  

 

Ramanatha Ayyar et al. (2002) illustrated 

that the natural fibers (coir) are very rigid 

in nature and highly sustained materials, 

their cost is very less and availability is 

very more in India and the other Asian 

countries where coconut trees are grown. 

Axel Nernheim (2005) discussed how 

geosynthetic enhanced structures interact 

with the soil and geosynthetic materials. 

But some of these products are non-

biodegradable and often result in waste 

disposal and pollution. Siva Kumar Babu 

G.L et al. (2008) suggested Coir is 

random reinforcing material with black 

cotton soil which can result to improve 

engineering solutions fly ash utilization 

is more in geotechnical construction 

structures like road sub-bases, filling and 

replacement etc. to solve many problems 

in the field used as a construction 

material. The use of fly ash is widely 

acknowledged as filling materials for 

reconstruction or road construction for 

the sub-base system.  

 

(Reddy et al. 1999) or base courses (Tike 

et al., 1999). (Kumar & Sharma 2004), 

Praveen Kumar and Pratap Singh (2007) 

have studied in case of geosynthetic 

strengthened fly ash, all geosynthetic 

utilized in their research are appropriate 

for road sub-bases laid on poorly graded 

exceptional sand. Reinforcing the soil 

with short fiber appears to have 

incredible potential for utility inroads 

when alternate materials are also used.  

 

Roy (2010) suggested improved use of 

jute-geo-textile in the compacted 

granular sub-base course in CBR is 



 
 
 

39 Page 35-45 © MANTECH PUBLICATIONS 2021. All Rights Reserved 
 

Journal of Ceramics and Concrete Technology 

Volume 6 Issue 2 

ISSN: 2457-0826 (Online) 

compared to the Sub-base with no jute 

geotextile.  

 

Venkateshwara Rao et al. (2014) observed 

the use of reinforced coir fiber in gravel 

sub-bases together execution concerning 

CBR would continue up to 0.2 % beyond 

that it doesn't influence and the expansion 

of coir incorporation in soil brought about 

an obvious increment in the shear qualities 

and CBR esteems. Sand-fiber composite 

joined with 25 % of affixed using the 

heaviness of sand. It might coordinate high 

caliber as sub-base texture having CBR 

more than 20 %. (Joyanta Maity et al., 

2017). 

 

In the perspective of this, the possible 

application of the geotextile materials 

such as coconut coir, sisal and jute for 

granular sub-base layer in the flexible 

pavement with gravel and fly ash can be 

studied to assess its utility as better 

resource materials.  

 

METHODOLOGY 

Objectives 

 To reduce the thickness of sub-base 

layer by using natural fiber. 

 To avoid scarcity of sub-base 

material. 

 To reduce the construction cost of 

roads. 

WORKING METHODOLOGY 

 

Figure 1 
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RESULTS 

 

Figure 2 

 

 

Figure 3: Thickness Reduction of Gravel with Different Fibers Combination 

 

Figure 4: Thickness Reduction of Fly Ash with Different Fibers Combination 
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Laboratory Experimentations Results  

 

 

(a) Effect of OMC for Fly Ash and Gravel Material with Different % of Sisal and 

Jute 

 

 

(b) Effect Of MDD for Fly Ash and Gravel Material with Different % of Sisal and 

Jute Fibers 
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(c) Effect of CBR For Fly Ash and Gravel Material with Different % of Sisal and 

Jute Fibers 

 

In the above figures, we observed the fly 

ash with sisal, jute fiber, the soaked 

strength category of CBR values improved 

range of 6.13 to 7.6% of coir, 6.13 to 7.3% 

of sisal, 6.13 to 10.06% of Jute similarly 

6.1 to 8.5% of sisal fiber, 6.1to 7.92% of 

Sisal and 6.1 to 11.06% of jute fiber up to 

0.2 % after that the sisal and jute fiber it 

cannot resist CBR parameters. 

Compaction, Shear parameters and CBR 

Experimental results show the optimum 

percentage for Gravel and fly ash with 

different materials is 0.2%. It is observed 

from the test results that Gravel and fly ash 

with coir, sisal and jute fiber have shown 

effective behaviour when compared to 

unreinforced fly ash material. 

 

CONCLUSIONS 

1. The Gravel and fly ash reinforced 

with the various Coir percentages, 

sisal and jute fiber performs a 0.2 % 

optimum level of sisal and jute 

reinforcement. 

 

2. The addition of sisal and jute material 

of more than 0.2% does not influence 

Strength Parameters such as 

Compaction, Shear parameters and 

CBR.  

 

3. The accumulation of Coir, sisal and 

jute with fly ash results in a significant 

increase in the CBR values.  

 

4. Particularly, jute geo-material conduct 

shows better execution in sub-bases. 

 

5. Finally, thickness reduction of flexible 

pavement thickness material of fly ash 

is better than Gravel material used in 

sub-bases. 

5

6

7

8

9

10

11

12

0 0.05 0.1 0.15 0.2 0.25 0.3

C
B

R
(%

) 

Fiber (%) 

Variation of CBR for  Fly ash and Gravel Material with Different % of Sisal and Jute Fibre 

Gravel with Sisal Fiber Fly ash with Sisal Fiber Gravel with Jute Fiber

Fly ash with Jute Fiber Gravel with Coir Fiber Fly Ash with Coir Fiber



 
 
 

43 Page 35-45 © MANTECH PUBLICATIONS 2021. All Rights Reserved 
 

International Journal of Marketing, Sales and Brand Management 

Volume 3 Issue 1 

REFERENCES 

I. Ramakrishna, S. (1996). 

“Investigation on Applications of 

Coir Reinforcement in 

Geotechnical Engineering”, Thesis 

Submitted for Award of Master of 

Science Degree, Indian Institute of 

Technology Madras, Chennai. 

 

II. Rao G.V. and Balan K. (1997). 

“Reinforcing Sand with coir 

Fiber”, Geosynthetic Asia 97, 

Oxford and IBH Publishing 

Company Pvt. Ltd., Bangalore, 

India. 

 

III. Reddy R.M., Kumar N.D., Prasad 

K.N. and Rao K.M., (1999). 

“Beneficial use of fly ash in sub 

base courses.” Proceedings of the 

national seminar Fly ash 

characterization and its 

Geotechnical applications, Fly ash 

Mission, TIFAC, Bangalore. 203-

208.  

 

IV. Tike G.K., Kumar S., Seehra S.S. 

and Sikdar P.K. (1999). 

“Utilization of fly ash in 

construction of base courses.” 

Proceedings of the National 

Seminar on Fly Ash 

Characterization and its 

Geotechnical Applications, Fly ash 

Mission, TIFAC, Bangalore, 222-

227. 

 

V. Geosynthetic Materials 

Association, (2000). “Geo-

synthetic reinforcement of the 

aggregate base/subbase courses of 

pavement structures.” GMA White 

Paper II, 0627001 GMA, Ryan R. 

Berg & Associates, Inc. 

 

VI. Ramanatha Ayyar T.S., 

Ramachandran Nair C.G. and 

Balakrishnan Nair N. (2002). 

“Comprehensive reference book on 

Coir Geotextiles”, Published by 

Centre for Development of Coir 

Technology (C-DOCT), 

Trivandrum, India. 

 

VII. Axel Nernheim, (2005). “Design 

and test methods for geo-synthetic 

reinforced structures.” Electronic 

Journal of GTE, EJGE, USA. 

 

VIII. Sivakumar Babu G.L., Vasudevan 

A.K. and Sayida, M.K. (2008). 

“Use of Coir Fibers for Improving 

the Engineering Properties of 

Expansive Soils”, Journal of 

Natural Fibers, 5, No.1, 1–15. 

 



 
 
 

44 Page 35-45 © MANTECH PUBLICATIONS 2021. All Rights Reserved 
 

International Journal of Marketing, Sales and Brand Management 

Volume 3 Issue 1 

IX. Singh, V. and Prasad, H.S. (2004) 

“Use of sand layer as sub-base 

materials in road construction on 

alluvial soil”, Proc. IGC on Ground 

Engineering: Emerging 

Techniques, Warangal, Vol. 1, pp. 

494-496.  

 

X. Praveen Kumar and Pratap Singh 

(2007): Reinforced fly ash sub-

bases in rural roads, paper No.531. 

 

XI. Roy (2010) Application of Jute 

Geo-Textile in the Moorum-Sand 

Mixed Layer as Granular Sub-base 

of Flexible Pavement, Traffic and 

Transportation Studies © 2010 

ASCE, pg 1269-1275. 

 

XII. T Venkateswara Rao, D S V 

Prasad, M Anjan Kumar, G V R. 

Prasada Raju Performance of 

Reinforced Coir Fiber in Gravel 

Sub-base Laid On Expansive Soil 

Sub-grade, Proceedings of Indian 

Geotechnical Conference IGC-

2014 December 18-20, 2014, 

Kakinada, India. 

 

XIII. Joyanta Maity, Saurav Pal, 

Debankar Sengupta “Application 

of Natural Fiber with Sand and 

Moorum for Subbase Construction 

of Roads” International Journal of 

Engineering and Advanced 

Research Technology (IJEART) 

ISSN: 2454-9290, Volume-3, 

Issue-5, May 2017.  

 

XIV. D. Naresh Kumar, B. Ganesh, T. 

Karuna karudu & M. Jagannadha 

Rao “A record on benthic 

foraminiferal abundance and 

distribution in Gosthani estuary 

Bheemunipatnam, Andhra 

Pradesh.” Indian Journal (UGC 

Care Journal). 

 

XV. D. Naresh Kumar, T. Madhu and 

S. Ramanaiah. Assessment of 

waterquality in Banaganapalli, 

Kurnool district of Andhara 

Prasesh, India. Indian Ground 

Water, Vol. XIV, January, 2020 

(UGC Care Journal) 

 

XVI. D. Naresh Kumar, T. Madhu, G. 

Rajeev, and E. Chaitanya Reddy. 

Assessing the Feasibility of 

Integrating Sludge into Clay Brick 

for Brick Manufacturing” 

NICMAR-Journal of Construction 

Management. VOL. 35, No. 3, July 

- September 2020 issue. (UGC 

Care Journal) 



 
 
 

45 Page 35-45 © MANTECH PUBLICATIONS 2021. All Rights Reserved 
 

International Journal of Marketing, Sales and Brand Management 

Volume 3 Issue 1 

XVII. D. Naresh Kumar, V. Rajesh and 

T. Madhu Integrated flood risk 

mapping and land use/land cover at 

local scale by using GIS in 

Dhulapally region. IJEP, 38(12): 

1056-1063, 2018. (UGC Care 

Journal). 

 

XVIII. D. Naresh Kumar, and T. Madhu, 

The Repercussion of Leachate 

from Industries on Water Quality 

in Jeedimetla Village and Its 

Surroundings, Medchal-Malkajgiri 

District, Telangana. I-manager’s 

Journal on Chemical Sciences, Vol. 

1, No.1, December-2019.  

 

XIX. Kumar, D. N., Rajasekhar, M., 

Telki, M., and Rao, T. V. (2020). 

Statistical and Spatial Pattern of 

Soil Features. i-manager's Journal 

on Pattern Recognition, 7(1), 8-17. 


