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Abstract— This study is aimed at replacing a portion of fine 

aggregate by using plastic fines in laying perpetual 

pavements. As the demand of soil to be used as fine aggregate 

is increased in recent times, this method of replacement 

serves as a boon. Since plastic is a non-biodegradable 

material it can be recycled in this way, which is a safe 

disposal of waste plastics. In flexible pavement construction 

plastic coated aggregate showed better binding property. 

They do not absorb much water, have better flexibility which 

results in less rutting and less need for repair. Road surfaces 

remain smooth and absorb sound better. Optimum binder 

content is determined using Marshall mix design for the 

asphalt concrete mixed with plastic fines.  
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I. INTRODUCTION 

Expressways and highways have made road transportation 

much faster and efficient in India. To build hundreds of 

kilometers of roadway undoubtedly involves the use of 

natural resources. Finding quality construction material 

within reasonable vicinity of the project road is increasingly 

becoming a hurdle in meeting the ambitious target of highway 

construction in India. Hence, came the concept of perpetual 

pavement in the Indian context as a means of sustainable 

solution. 

Perpetual Pavement is defined as an asphalt concrete 

pavement that is built to last for 50 years or longer without 

any maintenance other than occasional replacement of the 

thin but durable wearing course. This reduces user delays 

associated with construction delays, because routine 

maintenance can be done quickly in off-peak hours too. The 

removed surface layer can also be recycled, saving material 

resources. 

The main focus of the perpetual pavement concept 

is to eliminate bottom-up fatigue cracking while still 

providing a durable product. Pavement design can save on 

materials and energy used in maintenance over the pavement 

lifecycle and reduces the noise and emissions accompanied 

by maintenance activities. 

The use of plastic materials such as carry bags, cups, 

etc. is constantly increasing. Nearly 50 to 60% of the total 

plastics are consumed for packing. Once used plastic 

materials are thrown out. They do not undergo bio-

decomposition. Waste plastics - the majority of which is 

usually put into landfill, incinerated, or polluted into the 

environment. Landfilling and incinerating plastic are both 

problematic methods of managing plastic waste. Plastics in 

landfills can leak pollutants into the surrounding soil; 

incinerating creates gaseous pollutants, such as carbon 

dioxide. Reuse of bulky wastes is considered the best 

environmental alternative for solving the problem of disposal. 

Hence an attempt has been made for replacements of fine 

aggregate in concrete by plastic wastes reduce the quantity of 

river sand used and environmental benefits. Therefore, this 

way of recycling plastic is practically safe and feasible. 

II. OBJECTIVES 

The Objective of this study is 

 To study the effect of plastic in Hot Mix Asphalt. 

 To study the effect of different percentage of bitumen 

content in Hot Mix Asphalt. 

 To determine the optimum perpetual pavement structure 

using the design philosophy of IRC 37-2012. 

III. NEED FOR STUDY 

The need for Perpetual pavement is important because of 

 Increased Traffic 

 Lower life cycle and user delay cost 

 Over loading in combination 

 Insufficient degree of maintenance 

 Extreme climatic - caused frequent deterioration of 

flexible pavements particularly in urban areas. 

IV. INFERENCE FROM LITERATURE 

1) By varying the stiffness, thickness, and number of 

pavement layers, it is possible to obtain optimal asphalt 

pavement structures that will last 50 years or more and 

require only periodic surface replacement and that such 

a project should include mechanistic pavement design 

methodology, materials selection to improve rutting and 

fatigue resistance, prediction of performance. 

2) The effects of interlayer debonding may significantly 

reduce pavement performance over as Debonded layers 

within a HMA structure may cause fatigue cracking at 

the interface, which can have severe consequences on the 

pavement’s fatigue life. 

3) When Rich Bottom Layer (RBL) is removed in certain 

perpetual pavements, predicted AC and base/subgrade 

rutting increases significantly and bottom-up cracking 

increases. However, this is not the case in all simulations. 

Some perpetual pavements without an RBL did not fail 

by rutting or bottom-up cracking. A combination of 

appropriate mix design and sufficient layer thickness 

may be the reason for this. 

4) Perpetual pavements are found both with and without 

RBLs. The LCCA of perpetual pavements shows that 

perpetual pavements that do not contain a RBL are the 

most economic design. 

5) The perpetual pavement design structural performance is 

a function of the traffic loads, speed, climate, subgrade 

and pavement parameters, materials, construction, 

pavement compaction and maintenance quality. 

6) Asphalt pavements with high enough strength will not 

exhibit structural failures even under heavy traffic. 
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7) When comparing different pavement structures in terms 

of present total cost (which includes construction cost, 

maintenance cost, and user cost), total service life in 

years, time to overlays, and thickness of overlays,these 

pavement structures will be evaluated to find their 

fatigue and rutting performance in terms of tensile strain 

at the bottom of asphalt layer and compressive strain on 

the surface of subgrade 

8) Perpetual pavement designs are long life pavements with 

at least 50 year design life. Although the initial 

construction cost of perpetual pavements is higher than 

that of conventional pavement designs, the benefit of 

constructing the perpetual designs would be noticeable 

on the long term. 

9) The perpetual pavement design theory limits the 

distresses to top-down cracking in the top bituminous lift 

which is designed as a high-quality, thin HMA layer. The 

lower HMA layers are designed to resist fatigue 

cracking, rutting, and permanent deformation. 

10) The perpetual pavement design structural performance is 

a function of the traffic loads, speed, climate, subgrade 

and pavement parameters, materials, construction, 

pavement compaction and maintenance quality. 

11) The pace of unit rate for aggregates is anticipated to be 

accelerated in the days to come keeping the progressive 

ban on mining in view. Thus, who knows, if in future, 

perpetual pavement will not come out as the unanimous 

winner both in initial cost and life cycle cost. 

V. MATERIAL USED 

A. Binder material 

Different types of bitumen have been used by various 

researchers to the mixture properties. In this study Bitumen 

grade of 60/70 is carried out as 5.5%, 6%, and 6.5% of total 

weight of sample for HMA mixtures. Tests were conducted 

for the specified grade of Bitumen and the results are as 

follows, 

 
Table1: Physical Characteristics of Bitumen 

B. Aggregate size varying from 20mm-4.75mm 

 
Table 2: Physical Characteristics of C.A 

C. Filler: Plastic fines, Sand 

 
Table 3: Physical Characteristics of F.A 

 
Table 4: Physical Characteristics of Plastic fines 

VI. DESIGN REQUIREMENTS FOR HMA 

The HMA design mix should meet the requirements given in 

Table 5 Basic Requirements for HMA Mix 

Mix design parameters Requirement 

Air void content, percent 4.0 

Bitumen content, percent 5 min. 

Voids in Mineral Aggregate 

(VMA), percent 
17 min. 

VCA mix, percent 
Less than VCA (dry 

rodded) 

Asphalt drain down 0.3 max. 

VII. AGGREGATE GRADATION 

A. Coarse and Fine Aggregate 

The higher proportion of the coarse aggregate in the mixture 

forms a skeleton type structure providing a better stone-on-

stone contact between the coarse aggregate particles resulting 

in good shear strength and high resistance to rutting as 

compare to BC. The adopted aggregate must possess – 

 A highly cubic shape and rough texture to resist rutting 

and movements, 

 A hardness which can resist fracturing under heavy 

traffic loads, 

 A high resistance to polishing, and abrasion 

Required and adopted aggregate gradation as per 

MoRTH specifications are mentioned in Table 6 respectively 

and the Figure 1 shows graph for aggregate gradations. 

Sieve 

Size 

Lower 

Limit 

(L.L) 

Upper 

Limit 

(U.L) 

Adopted 

Gradations 

19 100 100 100 100 

13.2 90 100 94 98 

9.5 50 75 60 70 

4.75 20 28 22 24 

2.36 16 24 18 20 

1.18 13 21 16 18 

0.6 12 18 15 16 

0.3 10 20 14 15 

Table 6: Adopted Gradation of Aggregate as per MoRTH 
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Fig. 1: Gradation of aggregates 

VIII. SPECIMEN PREPARATION 

Approximately 1200gm of aggregates and filler is heated to a 

temperature of 175̊C -190̊ C. Bitumen is heated to a 

temperature of 121̊C -125̊C with the first trial percentage of 

bitumen (4.5% by weight of the mineral aggregates). The 

heated aggregates and bitumen are thoroughly mixed at a 

temperature of 121̊C-125̊C. The mix is placed in a preheated 

mould and compacted by a rammer with 75 blows on either 

side at temperature of to +0.5 %. The weight of mixed 

aggregates taken for the preparation of the specimen may be 

suitably altered to obtain a compacted thickness of 63.5+/-3 

mm. The bitumen content is varied to 5% and 5.5% by weight 

of mineral aggregates in the next trials and the above 

procedure is repeated. The mix design determines the 

optimum bitumen content.  The prepared specimen is loaded 

in the Marshall test setup as shown in the figure 1. 

IX. MARSHALL MIX DESIGN 

The mix design determines the optimum bitumen content. 

The Marshall stability and flow test provides the performance 

prediction measure for the Marshall mix design method. The 

stability portion of the test measures the maximum load 

supported by the test specimen at a loading rate of 50.8 

mm/minute. Load is applied to the specimen till failure, and 

the maximum load is designated as stability. During the 

loading, an attached dial gauge measures the specimen's 

plastic flow (deformation) due to the loading. The flow value 

is recorded in 0.25 mm (0.01 inch) increments at the same 

time when the maximum load is recorded. 

X. TEST ON SPECIMEN 

The tests carried out whether it meets basic 

recommendations. Table 7 indicates that the HMA Mix meets 

the Basic recommendations with optimum dosage of plastic 

as 7% by weight of fine aggregate 

Properties Requirements* HMA 

Bitumen content, % 5. min 5.5 

Opt dosage of plastic, 

% 
Min 6%, 7% 

Air void content, % 4 >4 

Void in mineral 

aggregate, % 
17min >17 

Compactive effort, No 

of  blows 
75 75 

Drain down, % <0.3% 0.12 

Voids in Coarse 

aggregate, % 

Less than VCA (Dry 

rodded) 
29.5 

VCA by dry rodded 

method, % 
Min 45% 44.6 

VCA Ratio <1 0. 

Tensile Strength, Ratio 85% min 86.5 

Table 7: HMA meets the Basic Recommendations 

XI. RESULTS 

1) In this study it is observed that when bitumen percent is 

increased stability and flow value is also increased at 

certain point after increment of bitumen percent it again 

decreases. 

2) This study observed that when the percent of bitumen is 

increasing then the value to V.F.B. is increasing for all 

gradation. V.F.B 

3) The HMA mixes designed with available aggregates 

showed good stone on stone contact. The 17% Voids in 

Mineral aggregate and 4% air voids in the mix were 

fulfilled as HMA Mix design criteria. The Drain Down 

values was in the range of 0.12-0.22% by weight of mix. 

4) The Tensile Strength Ratio is more so, it indicating 

improving the adhesion property of binder to hold the 

aggregate in mix and it exhibit superior water resistance 

property of mix and it is used in heavy rain fall area. 

5) Based on the above performance, plastic fines can be 

used as a fine aggregate without affecting the design 

criteria of HMA Mixtures. 

6) The Optimum dosage of Binder content is found to be 

5.5% by total weight of mix for 60/70 grade of Bitumen. 

7) The Optimum dosage of plastic fines is found to be 7% 

by weight of the fine aggregate. 

XII. CONCLUSION 

As the unit rate for aggregates is getting accelerated, an 

alternative for aggregate is important. So, the replacement of 

Fine aggregate using plastic fines is practically proven to 

meet the requirement and the strength of pavement can also 

be increased by using it. It is recommended that the design 

mix may be taken as 5.5% penetration grade 60/70 bitumen 

with 7% plastic fines fulfilled the design criteria as per IRC 

SP 79:2008. 

REFERENCES 

[1] Ministry of Roads Transport and Highways (MoRTH) 

2013, Specifications for Road and Bridges works, Fifth 

Revision, Indian Road Congress, New Delhi. 

[2] Banerji A.K. and Das A. (2014) “Influence of Variation 

in the Aggregate Gradation Range on Mix Design 

Properties of Bituminous Concrete mixes used as 

Wearing Course “, International Journal of Engineering 

Research & Technology (IJERT), Vol. 3, September- 

2014. 

[3] Sarika P., Sandra A.K. (2015) “Comparing properties of 

bituminous concrete mixes prepared using Morth and 

super pave gradations” International Journal of 

Engineering Research & Technology (IJERT), Vol. 04, 

Feb-2015. 



Experimental Study of Perpetual Pavement Made with Partial Replacement of Fine Aggregates by Plastic Fines 

 (IJSRD/Vol. 6/Issue 02/2018/123) 

 

 All rights reserved by www.ijsrd.com 436 

[4] Ahlrich, R.C. (1996), “Influence of aggregate gradation 

and Particle shape/Texture on Permanent Deformation of 

Hot Mix Asphalt Pavements”, Army Engineer 

Waterways Experiment Station Vicksburg MS 

Geotechnical Lab. 

[5] Roberts, F. L., Kandhal, P. S., Brown, E. R., Lee, D., and 

Kennedy, T., (1996), “Hot Mix Asphalt Materials, 

Mixtures Design, and Construction” NAPA Education 

Foundation, Lanham, Maryland. First Edition, pp. 241-

250. 

[6] C.E.G. Justo et al. (2009), “Highway Materials & 

Pavement Testing” Nem Chand & Bros Roorkee, India. 

[7] Joseph J.V (2015).” To Determine Impact of Shape of 

Course Aggregate on DBM Mix” International Journal 

of Engineering Research, Volume No.4, Issue No.4, pp: 

203-205 

[8] IS 2386: Part I: 1963 (Reaffirmed 2002), Methods of 

Test for Aggregates for Concrete: Particle Size and 

Shape. 

[9] Anjum M.I. (2013) “Aggregates Sustainability through 

Preparation of Bituminous Mixes at Combined 

Gradation:” International Journal of Research in 

Engineering and Technology, Volume: 02 Issue: 12, 

Dec-2013. 

[10] Energy, Emissions, Material Conservation, and Prices 

Associated with Construction, Rehabilitation, and 

Material Alternatives for Flexible Pavement, Robinette 

and Epps, TRB 2010. 

[11] Huber, Andrewski and Gallivan, Design and 

Construction of Highways for Very Heavy Trucks, 

Proceedings, International Conference on Perpetual 

Pavements, 2009. 

[12] Fee, Perpetual Pavements: From Concept to 

Implementation, Rocky Mountain Asphalt Conference, 

2003, www.rmaces.org 


