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Abstract 

Glass is widely used in our daily life, and with the 

continuously increased consumption, a large amount 

of waste glass is generated annually. The best way to 

deal with such waste particles is to recycle and reuse 

them as raw materials or modifiers.  This study aims 

to study the performance of asphalt concrete 

pavement in which a fraction of aggregate is replaced 

with waste crushed glass.  

In order to meet the objectives a total of 60 

samples were prepared by adding crushed glass to the 

mix with 5%, 10%, and 14% by weight of aggregate 

meeting the standard Department of Roads (DoR), 

Nepal gradation specifications. The fine aggregates 

were replaced and same proportion of the glass 

particles were added. With the increase in glass 

content the optimum binder content of the mix 

decreased. The stability values increased upto 10% 

glass content and decreased when the glass content 

was further increased to 14%. The maximum increase 

in stability value was found to be 12.9% at 10% glass 

content. Flow values decreased at higher glass 

contents. Slight decrease in bulk density of the mix 

was noted.  

As per the cost estimate maximum cost saving was 

possible at 14% glass content. Despite decrease in 

Marshall stability value at this glass content, the 

decreased value was within the specifications and 

hence the use of this glass content is economically 

viable. A maximum cost saving of NRs. 1020.45 per 

cu m was estimated at 14% glass content. 
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I. INTRODUCTION 

 

Nepal Constitution, 2015 secures the right of 

citizens for transportation facilities for everyone with 

priorities to environment friendly technology and 

economy [2].Topography, hydrography and climate 

are the primary constraints to the transportation 

system in Nepal. Due to challenging topography, 

geological terrain and massive cost involved in 

construction of other modes of transportation system 

road transport remains the most popular mode of 

transportation in our country. Road networks cover 

wide geographical area, provide door-to-door service 

and can be developed with comparatively low capital 

investment. They have high utility value in hauling 

commodities and passengers over short and long 

distances. In the context of Nepal, many construction 

projects are being undertaken in order to address the 

transportation demand of people. There are various 

types of flexible pavement constructed over the 

country depending upon the traffic volume, 

durability, design life, maintenance, cost of 

construction etc. Recently the government has been 

upgrading the major highways and the feeder roads to 

the asphalt concrete, so the construction of the asphalt 

concrete has been widely increased throughout the 

country. Since the asphalt concrete is more costly than 

other types of flexible pavement, various factors 

should be taken into the consideration during the 

construction work. 

Asphalt Concrete, also known as bituminous 

concrete, is a composite material composed of an 

aggregate framework bound together by bituminous 

binder with the use of filler materials [14]. It is largely 

used in paving road surfaces, runways, taxiways and 

parking lots. The AC shall provide the waterproof 

surface with good resistance against the deformation, 

rutting and will provide good smooth surface with 

good skid resistance. For the good AC it should have 

sufficient resistance to plastic deformation and 

cracking when subjected to the expected traffic 

loading, should have acceptable grading and strength 

of aggregate with sufficient air voids to avoid 

bleeding and should be workable for efficient laying 
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and compaction. The mineral aggregate comprises the 

huge bulk of the composite mixture about 90~ 95 % 

of the HMA mix by weight and hence provide the 

significant role in the engineering properties of the 

mixture. The properties of AC is mainly influenced by 

the quality and the strength of the aggregate and the 

bitumen as it comprises. 

Asphalt modification can be made at different 

stages of its usage, from binder production to asphalt 

pavement production, and can be made by using 

different modifiers [1]. Glass is considered a 

potentially promising modifier to asphalt. It is a non-

metallic and inorganic material. Glass can be recycled 

without changing its composition and properties. 

Glass industry has been part of human history for 

thousands of years. Glass is widely used in our daily 

life, and with the continuously increased 

consumption, a large amount of waste glass is 

generated annually. The best way to deal with these 

wastes is to recycle and reuse them as raw materials 

or modifiers.[6] 

 

II. PROBLEM STATEMENT 

 

The demand for bitumen is increasing tremendously 

and this trend is expected to continue in our country 

[5]. Likewise, the trend of the asphalt concrete 

pavements is increasing in the context of Nepal. It is 

relatively expensive than other paved roads. The 

durability of pavement is affected by several factors 

such as poor quality of aggregates, inferior binder, 

poor workmanship seepage, freezing and thawing 

action and others [9]. This results in large 

maintenance costs of highway systems. Likewise, a 

large amount of glass waste from industry has been an 

urgent subject at both national and global levels. Glass 

recycling can save energy and decrease 

environmental waste [10]. 

In the context of Nepal, nearly 15.3 tonnes of glass 

waste is deposited per day in three principle landfill 

sites of Nepal at Sisdole, Pokhara and 

KarauteDanda[15].The growing quantities of waste 

materials, lack of natural resources and shortage of 

landfill spaces represent the importance of finding 

innovative ways of reusing and recycling waste 

materials [13].One of the innovative way of recycling 

glass materials is by using it in road construction as a 

substitute of aggregates. In this study, a fraction of 

aggregate has been replaced with crushed glass. Some 

important properties of asphalt mix, including 

stability, flow, specific gravity and air voids have 

been investigated. The original sample has been 

prepared without adding glass for different 

percentages of bitumen. Other samples have been 

prepared by adding crushed glass to the mix with 5%, 

10%, and 14% by aggregate weight meeting the 

standard DoR gradation specifications. 

 

III. OBJECTIVES 

 

This study aimed to study the performance of 

asphalt concrete pavement in which a fraction of 

aggregate was replaced with crushed glass. The main 

objective of this study was to study the change in 

asphalt mixture properties after adding crushed glass. 

The tests were conducted using the standard Marshall 

Apparatus. Stability, flow, specific gravity and air 

voids of the prepared samples were also recorded. 

The specific objectives included: 

• To compare the Marshall characteristics of a 

normal AC mix with the mix where certain 

portion of fine aggregate is replaced by 

crushed glass. 

• To determine the optimum glass content for 

the mix. 

• To compare the optimum binder content of a 

normal AC mix with the mix where certain 

portion of fine aggregate is replaced by 

crushed glass.  

 

IV. SIGNIFICANCE OF STUDY 

 

Increasing energy cost and environmental 

concerns have encouraged the development of using 

pollution-free, recyclable engineering materials that 

consume less energy to manufacture [3]. Similarly, 

Solid waste management (SWM) is one of the major 

environmental issues in cities of many developing 

countries, including Nepal. Urban population 

growth and economic development lead to 

increasing generation of municipal solid waste 

(MSW) [12]. So, the main significance of this study 

was to study the use of the glass to modify the 

properties of asphalt concrete. Glass is widely used 

in our daily life, and with the continuously increased 

consumption, a large amount of waste glass is 

generated annually. The best way to deal with these 

wastes is to recycle and reuse them as raw materials 

or modifiers. 
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V. LITERATURE REVIEW 

 

Different researches have been done in the past in 

the field of use of crushed glass in the asphalt 

concrete mix. The glass when recycled leads to large 

cost savings and evolution of effective ways of solid 

waste disposal. It is a general notion than asphalt 

concrete mix containing 10-15% of glass particles 

perform satisfactorily and lead to large cost savings. 

Salem et. Al [10] studied the effect of waste glass 

on properties of asphalt concrete mixture. He 

determined that with the increase in glass 

percentage by weight of fine aggregate a more 

economical mix was prepared which was 

significantly more durable. The optimum glass 

content was determined to be 10% by weight of fine 

aggregates. He determined that optimum binder 

content for the mix with 10% glass decreased by 

0.4% compared to a normal AC mix. Similarly, an 

increase of approximately 10% in Marshall Stability 

values was determined. 

Y. Issa [6] performed a similar test on 70/100 

penetration grade bitumen and laminated glass 

obtained from car windshields. In his study he 

monitored the change in stability and flow values of 

the mix after the introduction of the glass. It was 

found that the average stability increased (increase 

of 10%) with glass addition until the maximum level 

(approximately 10% of glass) then it started to 

decrease. Average stability of asphalt without glass 

is higher in comparison with the asphalt with 5%, 

and 20% glass, but lower than 10%. The average 

flow of asphalt without glass was found to be higher 

in comparison with the glass-asphalt.At another 

study, examining Marshall Samplescontaining 

different percentages of glass showed that the 

optimum percentage of glass that can be used in the 

binder course is 7.5% of the weight of the 

aggregates [4]. 

Dr. Hassan H. Jonyet. Al [7] performed a research 

by using glass powder as filler material in the 

asphalt concrete mix. An average increase of 13% 

was observed in stability whereas an average 

decrease of 39% was observed in Marshall flow 

values. 

Different researches have been conducted to 

determine the change in other asphalt characteristics 

due to introduction of glass. Shafabaksh and Sajed 

[11] conducted several tests on dynamic properties 

of asphalt concrete containing glass. The research 

showed there was significant improvement in 

fatigue life, stiffness modulus and creep compliance 

as compared to normal asphalt concrete mix. 

 

VI. METHODOLOGY 

 

A. Introduction 

The procedure involved selection of aggregates, 

glass and binder sample, performing initial tests on 

them and finally the Marshall mix design. At first, 

materials such as aggregates, dust, glass and VG-30 

bitumen were collected for study. Mechanical tests on 

bitumen like: Penetration test, softening point test, 

viscosity test etc. were done to check its suitability of 

use in the mix. Similarly, preliminary tests on 

aggregates were done and test values were confirmed 

as per asphalt concrete mix requirements. Marshall 

mix design was done and optimum binder content 

(OBC) of the mix without glass was determined. 

Sample with glass particles were prepared by 

replacing fine aggregate with 5%, 10% and 14% by 

weight of mix. Further increment in glass percentage 

was not possible due to gradation specification of 

DoR, Nepal. Marshall mix design was performed on 

samples containing different proportion of glass. 

Likewise, Marshall mix design parameters like: OBC, 

Marshall stability, flow, VFB, VMA, air voids and 

bulk density were computed for the mix containing 

glass particles. Eventually, cost estimate of asphalt 

mix at different proportions of glass per cum was 

prepared for cost comparisons and in order to check 

financial viability of entire operation. 

 

B. Selection of Materials 

1. Selection of Bitumen 

VG-30 bitumen was used during the course of the 

study. The bitumen was Durapave produced by Indian 

Oil. Table 1 indicates the properties of bitumen as 

determined by the bitumen tests. The test values have 

compliance to the standard specifications. So, the 

bitumen was found suitable for asphalt concrete mix. 

 

Table 1: Properties of Bitumen 

Name of Tests Test Values Limiting 

Values 

Penetration at 

25°C 

59.33 mm Min 45 

Specific gravity 1.032  

Softening Point 48.6 °C Min 47 
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Name of Tests Test Values Limiting 

Values 

Ductility at 25°C >100 cm >100 

Solubility in 

Trichloroethylene 

99.5% 99% 

Loss on heating 

for 5 hours at 163°C 

0.263% <0.5% 

Flash Point 280 °C 220 

Fire Point 318 °C  

Kinematic 

Viscosity at 135°C 

359 Cst Min 350 

Absolute 

Viscosity at 60°C 

2522 Poise 2400-3600 

 

2. Selection of Aggregates 
The source of the aggregate was Tikabhairab, 

Lalitpur, Nepal. Aggregates can be grouped as coarse 

aggregates and fine aggregates. Coarse aggregates are 

the aggregates retained on 4.75 mm sieve, entirely 

crushed, free from clay and other deleterious 

materials [16]. Likewise, fine aggregates pass through 

4.75 mm sieve. It must be free from clay, silt, organic 

materials, any deleterious materials and non-plastic. 

Table 2 presents the properties of aggregates used in 

the mix and they were within specifications and hence 

suitable for the mix.  

 

Table 2: Properties of Aggregates 

3. Selection of Glass Particles 

The specific gravity of the glass used in the mix 

was determined to be 2.49. The size of the glass 

particles was selected such that the combined 

gradation satisfied DoR specifications. 

 
Figure 1: Glass particles used in the mix 

 

Table 3 presents the sieve analysis results of the glass 

particles used in the mix.  

Table 3: Sieve Analysis Results of Glass 

Sieve Size 

(mm) 

Cumulative % 

Passing 

1.18 100.00% 

0.6 99.83% 

0.3 27.08% 

0.15 0.52% 

0.075 0.17% 

 

4. Combined Gradation of Aggregates 

Various proportions of aggregates were used: 

Aggregate 1: 20mm down – 40% 

Aggregate 2: 10mm down – 14% 

Aggregate 3: Dust – 46%, 41%, 36%, 32% 

Aggregate 4: Glass – 0%, 5%, 10%, 14% 

Figure 2 to Figure 5 presents the gradation envelope 

of mix containing different proportions of glass. At 

higher percentage of glass the gradation curve slightly 

distorted and beyond 14% of glass the gradation was 

not as per specifications. So, no further additions of 

glass was done in the mix. 

Aggregate Test Test 

Values 

Specification 

Specific gravity 

of coarse 

aggregates 

2.61 2.5 to 3 

Specific gravity 

of fine aggregates 

2.51 2.5 to 3 

Los Angeles 

Abrasion Value 

21.08% Max 30% 

Aggregate Impact 

Value 

12.02% Max 24% 

Flakiness Index 22.67% Max 25% 

Elongation Index 23.85% Max 25% 
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Figure 2: Gradation Envelope for Normal Asphalt 

Concrete Mix 

 

 
Figure 3: Gradation Envelope for Mix Containing 

5% Glass 

 

 

Figure 4: Gradation Envelope for Mix 

Containing10% Glass 

 

Figure 5: Gradation Envelope for Mix Containing 

14% Glass 

5. Mix Design 

The normal asphalt mix along with the mix with 

different proportion of glass were designed by 

Marshall Method. A total of 4 sets of mix design 

containing 60 samples were prepared during the thesis 

work. Each set of mix design had 15 samples. 

5.1 Sample Preparation 

A standard Marshall mould of 101.6 mm diameter 

and 63.5 mm thickness was used in order to prepare 

the specimens. Appropriate correctionfactors were 

used in case of thickness variation of the specimens. 

The aggregate used in the mix were pre-heated at 

about 140°C. Bitumen was added at increments of 

0.5%. In case of the mix containing glass particles, 

different proportions of glass particles were added and 

the equal proportion of fine aggregates were removed. 

The mix was then heated to 160°C and placed in 

pre-heated mould. The samples were compacted using 

an automatic compactor by applying 75 blows on 

either side. The sample was then cooled for sometime 

and extracted using a sample extruder. The extracted 

sample was then cooled for 24 hours. The thickness 

and weight measurements of the cooled sample was 

done. The specimen was weighed in air, water and 

saturated surface dry condition. Figure 6 and Figure 7 

show the samples prepared for the study. 
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Figure 6: Weighed Sample for Asphalt Mix 

Preparation 

 

Figure 7: Samples Prepared forMarshall Stability 

Test 

 

5.2 Test of Specimens 

After taking the weight measurements, the 

specimens were placed in the water bath at 60°C for 

30-40 minutes. Finally, the specimen was placed in 

Marshall Stability testing machine. The load was 

applied at the constant deformation of 50 mm/min. 

The maximum load and flow were recorded. The 

broken specimens were removed and the procedure 

was repeated again. Three samples were prepared for 

each proportion of bitumen for a set of mix design. 

The results of the test were expressed in following 

terms: 

• Marshall stability – kN 

• Flow value – in mm 

• Percentage of air voids – %  

• Voids in Mineral Aggregate (VMA) – % 

• Voids Filled with Bitumen (VFB) – % 

• Unit weight of specimen (G) – gm/cm3 

VII. RESULTS AND ANALYSIS 

1. Summary of Results 

Table 4 presents the summary of results. Variation 

in glass proportions in the mix brought changes in 

different Marshall characteristics. The changes in the 

characteristics are dependent upon the type and 

gradation of aggregate, type of binder, type of glass 

used and size of glass used. 

Table 4: Summary of Results 

Test 

Parameter 

Percentage of glass 

0% 5% 10% 14% 

OBC % 5.22 5.07 4.73 4.5 

Stability, 

KN 

15.5 16.1 17.5 15.5 

Air voids 

% 

3 3.5 3.7 4 

Flow 

value, mm 

2.7 2.4 2.3 2.15 

Bulk 

density, 

gm/cc 

2.4 2.39 2.39 2.39 

VFB% 80 77.5 76 72.5 

 

1.1 Glass Percentage vs OBC 

Upon increasing the glass percentage the optimum 

binder content of the mix decreased. At maximum 

stability there is 0.49% decrease in the binder content 

which refers to the fact that less amount of binder is 

required to make a more durable mix. This makes the 

mix economical. 

1.2 Glass Percentage vs Stability 

Overall, Marshall stability value of the mix is 

improved by addition of glass particles. Slight 

increment was observed at 5% glass whereas 

significant increment was observed at 10% glass 

content. The stability value decreased when the glass 

content was further increased. A maximum 

incrementby 13% in stability was recorded at 10% 

glass. Hence, 10% can be termed as optimum glass 

content from the stability point of view. 

1.3 Glass Percentage vs Flow and Voids 

The flow values and air voids exhibited a complex 

relationship. The flow value decreased with the 

increase in glass content This caused an increase in air 

voids. Due to decrease in flow value all the voids in 

the aggregate framework could not be filled. Hence, 

VFB decreased upon increment of glass content in the 

mix. However, the values were within range and 

specificiations. 
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1.4 Glass Percentage vs Bulk density 

Glass is the lighter material as compared to the 

aggregate displaced. This caused slight reduction in 

bulk density of the mix. 

2. Cost Estimate 

The addition of glass particles resulted a lighter, 

durable and more economical mix. As per the results 

of the study, large amount of cost cutting can be 

achieved from the materials employed in the mix. 

Table 5 to Table 8 presents the material cost estimate 

of the normal asphalt concrete mix and the mix with 

glass particles. The rate used in the cost estimate is the 

district rate of Nuwakot, Nepal. Only material costs 

have been considered in the cost analysis. 

Table 5: Cost Estimate of Normal AC Mix 

Materials Quantity 

(ton) 

Rate (NPR) Total 

Cost (NPR) 

Aggregate 2.27 716.48  1,629.79  

Bitumen 0.13 81,000.00  10,147.68  

Glass   2,000.00  -    

Total     11,777.47  

 

Table 6: Cost Estimate of AC Mix with 5% Glass 

Materials Quantity 

(ton) 

Rate (NPR) Total 

Cost (NPR) 

Aggregate 2.16  716.48  1,544.29  

Bitumen 0.12 81,000.00  9,815.01  

Glass 0.11  

2,000.00  

 226.88  

Total   11,586.19  

 

Table 7: Cost Estimate of AC Mix with 10% Glass 

Materials Quantity 

(ton) 

Rate 

(NPR) 

Total Cost 

(NPR) 

Aggregate 
2.05 716.48    1,468.25  

Bitumen 

0.11 81,000 

   

9,156.81  

Glass 

0.23 2,000 

      

455.39  

Total 
  11,080.45 

 

 

 

 

 

 

Table 8: Cost Estimate of AC Mix with 14% Glass 

Materials Quantit

y (ton) 

Rate 

(NPR) 

Total Cost 

(NPR) 

Aggregat

e 
1.96 716.48     1,406.38  

Bitumen 

0.11 

  

81,000.00  

   

8,711.55  

Glass 

0.32 

    

2,000.00  

      

639.09  

Total 

  

 

10,757.02  

 

The increment in glass content caused decrease in 

optimum binder content and bulk density which 

causes decrement in the cost of materials. At optimum 

glass content, the asphalt mix with glass was found to 

be NRs. 697.02 per cum cheaper than the mix without 

glass particles. On increasing the glass content further 

to 14% there was reduction in Marshall stability but 

the decreased value was found to be within the 

specifications so the proportion could still be 

economically viable. At 14% glass content the asphalt 

mix with glass was found to be NRs. 1,020.45 per cum 

cheaper than the mix without glass particles. 

The economic feasibility of using waste glass as an 

aggregate in asphaltic concrete is dependent primarily 

upon the development of resource recovery systems 

which can seperate glass along with other recyclable 

components and generate enough revenues from their 

sale plus disposal and processing fees to produce an 

acceptable return on equity [8].Thapa et. Al [15] 

determined that about 15 ton/day glass is deposited in 

the form of waste at three principle landfill sites of 

Nepal at Sisdole, Karaute and Pokhara. However, 

according report of Kathmandu Post dated June 25, 

2019 800 ton/day of waste is deposited at Sisdole 

itself. Thapaet. Al [15] also determined 3.31% of total 

waste at Sisdole contains glass as the waste which 

gives 26.48 ton/day of glass. The glass production and 

manufacturing cost can be cut down if we reuse and 

recycle this waste glass by establishment of a glass 

sorting and glass crushing plant at Sisdole. A cost 

estimate of a crushing and sorting plant is presented 

in Table 9. The return period of the plant would be 

1.81 years which is a feasible time frame for a plant. 

The obtained mix is therefore durable and more 

economic than conventional asphalt mix. 
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Table 9: Cost Estimate of Crushing and Sorting Plant 

Description Quantity Remarks 

Asphalt Concrete 

Plant, ton/hr 
60   

Asphalt Concrete 

Plant, cum/hr 
25   

Working hr per 

day of plant, hr 
10   

Asphalt concrete 

capacity per day, 

cum 

250   

Asphalt concrete 

demand per day 

(assumed), cum 

40   

Glass required 

(10%), ton 
9.12   

Initial investment 

in crushing plant 

and sorting plant, 

NRs. 

       

5,000,000.00  
  

Land Acquistion 

Cost, NRs. 

       

2,500,000.00  
  

Manpower cost, 

NRs. 

          

500,000.00  

10% of 

plant 

Operation and 

maintenance cost, 

NRs. 

          

500,000.00  

10% of 

plant 

Total cost, NRs. 
       

8,500,000.00  
  

Transportation 

cost per day, NRs. 

            

15,000.00  

As per DoR 

norms 

Normal Asphalt 

concreting per 

day, NRs. 

          

471,098.86  
  

Asphalt 

concreting with 

glass, NRs. 

          

443,217.99  
  

Saving per day, 

NRs. 

            

27,880.87  
  

Net profit, NRs. 
            

12,880.87  
  

Pay back period, 

year(s) 
1.81   

VIII. LIMITATIONS OF STUDY 

 

The results obtained during the study depends upon 

the gradation of aggregate and glass used. It is also 

dependent upon the type of glass and type of binder 

used. Likewise, several researchers has raised the 

questions over accuracy of Marshall Stability test and 

more advanced method has been postulated. 

However, it is still used in Nepal and different 

countries as a principle method for mix design. 

The comprehensive study of asphalt mix with 

glass particles require sample sections of the road to 

be constructed and their performance to be monitored. 

But due to limited time frame and budget of the thesis 

work only Marshall characteristic have been analysed. 

In case of real field, different parameters like tensile 

strength, rutting resistence, creep etc. should be also 

taken into account before selection of glass as a 

substitute material for aggregate. 
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