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Abstract - In the present study, an attempt is made to find the usage and utilization of by-products or recycledmaterials in bituminous 

paving mixes. The experiment started with the conduction of basic tests for various materials like Coarse aggregate, Fine 

aggregate, Bitumen, and by-product or recycled materials like copper slag, foundry sand, and brickbats. These materials 

were tested for their suitability in carrying out the work or as a prediction to know an alternative to these materials. The 

basic tests are also carried out for Bitumen like ductility, softening point, penetration, flash and fire, specific gravity & 

viscosity. Marshall stability test is done for both conventional mix and alternativemixes. 

Keywords - Bitumen, Brickbats, By-product materials, Copper slag, Foundry sand, Marshall stability test. 

 

1. Introduction 

Roads are the largest network means of transport 

communication in our country and across the world. India 

ranks second due to its multidimensional expansion 

throughout. Due to many road vehicles, it becomes 

necessary to look after the stability of the roads where they 

have to be designed for future increases in traffic loads. 

The pavements are designed for a design period of about 

10 - 15 years, depending on the huge increase in traffic. 

Due to industrialization, many industries have found it 

difficult to recycle their by-product and waste products 

produced in large quantities. 

 

Some materials like copper slag, foundry sand, etc., 

are facing the disposal problem. The present study focuses 

on using by-products or recycled materials in the different 

layers of pavements. About 2 million tonnes of by-

products are remaining. Hence, an attempt is made to 

utilize these recycled materials and make the environment 

greener. As per the recent studies on copper slag, foundry 

slag, and brickbats, a huge quantity of recycled materials 

was utilized in different ways in different layers of 

pavement. 

  

 Mei-zhu Chen etal. (2011) conducteda comparative 

study on the performance of two mixtures using recycled 

brick powder and limestone filler. The results show that 

the mixtures prepared with recycled brick powder have 

better mechanical properties than those with limestone 

filler. Shiva Prasad etal. (2012) study has proved that 

modifying asphalt binder with polymer additives offers 

several benefits.Yazoghli-Marzouk etal.(2014) study has 

proved that the foundry sand, treated witha 5.5% hydraulic 

binder, displays acceptable mechanical performances and 

doesn't show environmental impacts. They concluded that 

the foundry sand could be used as road materials.Chetan,  

 

and Dr.Sowmya (2015),  investigated that copper slag is 

used as a fine aggregate by varying the percentage with 

stone dust and fly ash as filler material. After obtaining 

from roasting copper, they concluded that the Copper slag 

is free from sulphur and can be used as filler or fine 

aggregate material in the pavements.DipuSutradharetal. 

(2015) compared the effects of fillers like waste concrete 

and brick dust with the conventional bituminous mixes. 

They concluded that it is possible to use waste concrete 

and brick dust as filler in bituminous 

mixes.DipankarSarkaretal. (2016) carried out a study on 

over-burnt brick aggregate (OBBA) and stone aggregate 

(S.A.) mixed in different ratios (by weight) such as 20: 80, 

40: 60, 60: 40, and 80: 20, respectively. They concluded 

that the bituminous concrete mix prepared with 20% brick 

aggregate and 80% stone aggregate shows considerable 

improvement in various mechanical properties compared 

to other mixes.DipankarSarkaretal. (2016) investigated 

plastic-coated OBBA as an alternative material for 

bituminous road construction.They concluded that the 

plastic-coated OBBA is suitable for constructing 

bituminous concrete roads.Dr. HasanHamodi Joni and 

Hussein Hamel Zghair's (2016) studies have proved that 

using foundry sand as a filler and fine aggregate in hot 

asphalt mixture aims to minimize the environmental effect. 

Also, it can be used in the production of asphalt mixture. 

 

 Jayashree etal. (2016) investigated the use of copper 

slag to replace bitumen mix partially. They have concluded 

that Copper slag is considered one of the waste materials 

which will have a promising future in the construction 

industry as a partial substitute for natural aggregates in the 

bituminous mix. IvicaAndrojicandGordanaKaluder (2017) 

have concluded that various recycled materials are used as 

replacements for stone filler in asphalt mixes. Prof. 
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Chaudhari etal. (2017) have concluded that the foundry 

sand replacement has improved the bituminous mix's 

properties. Sankarlaletal. (2017) have concluded that 

Copper slag is used as a fine aggregate with stone dust and 

fly ash as a filler material and with waste plastic, provides 

good interlocking and eventually improves volumetric and 

mechanical properties of bituminous mixes.Premlathaetal. 

(2018) concluded that using municipal waste and foundry 

sand avoids the depletion of regular materials and results 

in economically feasible pavements.Suvarna et al. (2018) 

evaluated the fatigue life of bituminous concrete mixtures 

using stone, ceramic, and brick dust as filler materials. 

They concluded that the B.C. mix with ceramic dust had 

shown higher value than the B.C. mix with stone and brick 

dust as filler materials.HassanZiarietal. (2019) 

experimentedwith the influence of replacing limestone 

aggregates with copper slag on the performance of warm 

mix asphalt. They concluded that the 20% copper slag in 

warm mix asphalt enhances resilient modulus, Marshall 

stability, rutting, and cracking resistance the most and has 

a substantial positive effect on moisture susceptibility. 

 

2. Objectives 
 The main objectives of bituminous mix design are to 

check the suitability of Binders (VG-30) in various 

bituminous mixes and to compare the B.C. mixes prepared 

from Industrial by-product materials and Conventional 

materials in terms of stability, flow value, etc. 

 

3. Methodology of work 

Industrial by-product materials like broken brickbats, 

copper slag, foundry sand, and conventional materials like 

coarse aggregate and M-sand are selected for this project. 

Before starting the experiment, the materials are tested for 

their basic properties, and their values are compared with 

that of BIS codes. The sizes of coarse aggregate used are 

20 mm and 12.5mm and are kept as a basic material in the 

mix. The fine aggregate used is M sand and copper slag, as 

they give good ease of mixing. 

The filler materials used are copper slag, foundry sand, and 

brick bats, which are excellent industrial by-product 

materials. The basic tests for conventional materials are 

Specific gravity, fineness modulus, water absorption, silt 

content, crushing strength, impact strength, etc. 

The tests on Bitumen are done for VG-30 like ductility, 

softening point, penetration, flash and fire, specific gravity, 

etc., which satisfied the requirement of IS:73-2006. 

Samples are prepared for Marshall Mix design, and 

Optimum bitumen content for VG30 is determined by 

using 5%, 5.5%, and 6% binder content. After determining 

OBC for various mix samples at a different percentage 

binder content, the most suitable mix is selected as an 

alternative material for flexible pavement. 

 

4. Experimental Program 
4.1. General 

The experiment started with the conduction of basic 

tests for various materials like Coarse aggregate, Fine 

aggregate, Industrial by-product materials, and Bitumen. 

These materials were tested for their suitability in carrying 

out the work or as a prediction to know an alternative to 

these materials. 

The basic tests for materials like Coarse aggregate, Fine 

aggregate, and Industrial by-product materials like copper 

slag and foundry sand were conducted. Table 1 & Table 2 

shows the values of the test results. 

 
4.2. Bituminous Mix Design 

The Marshall Test specimens were prepared with 

conventional and industrial waste by-product materials. 

The following are the various types of bituminous mixes: 

(i)  Mix-1: The conventional mix consists of coarse 

aggregate (20mm and 12.5mm down size), M- sand as fine 

aggregate, and M-sand dust as filler material. 

(ii)  Mix-2: The bituminous mix consists of M-sand as fine 

aggregate and Foundry sand as filler material. 

(iii) Mix-3: The bituminous mix consists of M-sand as fine 

aggregate and Brickbats as filler material. 

(iv) Mix-4: The bituminous mix consists of Copper slag as 

fine aggregate and Foundry sand as filler material. 

After the materials are decided for the mix and the 

percentage of Bitumen is added to the mix, theweight of 

materials to be taken is decided through Rothfutch's 

method. 

 
4.2.1 Rothfutch's Method: 

Itis a graphical method where the proportioning of 

materials can be adopted for design mixes of two, three, or 

more materials without making several trials. The results 

of the grain size distribution are tabulated, giving the 

different sieves and the cumulative percentages passing 

each sieve, ranging from zero to 100%. 

Figure 1 represents proportioning of materials by 

Rothfutch's method. 

The desired gradation is to be decided either based on 

recommended grain size distribution tables or by using a 

theoretical equation 

                                  P= 100(d/D)n  

 

Where P = percent finer than diameter d (mm) in the 

material. 

d = diameter of the smaller particle, mm 

D = diameter of the largest particle, mm 

n = gradation index, which has values ranging from 0.5 to 

0.3 depending upon the shape factor of the coarser fraction 

of the materials. 

 

On a plain graph paper, the cumulative percentage 

passing through various sieves ranging from 0 to 100 % 

are plotted on Y- the axis and different particle sizes 

ranging from 0 to 26 mm are plotted on X-axis. The 

locally available materials A, B, and C are to be mixed, 

and the grain size curves of these materials are plotted on 

the graph. 

 

After drawing the gradation line from Rothfutch's 

method, the materials' final weight percentage was fixed. 

Therefore the percentages of the weight of materials 

obtained from the graph are as follows: 
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Desired percentage of Coarse aggregate by weight of 

materials= is 47 % 

 

Desired percentage of Fine aggregate by weight of 

materials= 29 % 

 

Desired percentage of filler by weight of materials                      

= 24 % 

 

Table 3 shows the total weight of the mix and percentage 

of Bitumen 

 

Table 4 shows the various types of mixes with different 

percentages by weight 

 

Figure 2, 3&4 shows the conventional M- sand with 

Foundry sand & Copper Slag with Foundry sand mix 

specimen for 5, 5.5 & 6% of bindercontent. 

 

5. Analysis of Test Results and Discussions 
 Testing is done on prepared Marshall Samples of 

various bituminous mixes, and the calculation work is 

carried out to determine the desired parameters. The 

Marshall properties of each specimen, such as air voids 

(Vv), bulk density, stability, flow value, voids in mineral 

aggregate (VMA), and voids filled with Bitumen (VFB), 

are tabulated in Tables 5 through 8.The graphical 

representations are also shown in Figures 5(a) to 5(e). 

 

Table5. shows Marshall properties forconventional mixes. 

 

Table 6. shows Marshall properties for M- sand & Foundry 

sand. 

 

Table 7. shows Marshall properties for M- sand & 

Brickbats. 

 

Table 8. shows Marshall properties for Copper slag & 

Foundry sand. 

 

Figure 5. (a),(b),(c),(d) & (e) Shows the Experimental 

Results of Air voids, Bulk Density, Stability, Flow Value 

& Voids Filled with Bitumen (VFB) of 4 different types of 

mixes. 

 

Air voids: Figure 5.(a) shows the experimental results 

of Air-voids. The conventional mix has 2.89% to 5% air 

voids with bitumen content of 5% to 6%. M-sand with 

Foundry sand has air voids of 5.83% to 3.37%, with a 

bitumen content of 5% to 6%. M-sand with Brickbats has 

air voids of 5.34% to 4.60%, with the bitumen content of 

5% to 6%.Copper slag with Foundry sand has air voids of 

4.31% to 3.58%, with a bitumen content of 5% to 6%.  

Density: Figure 5.(b) shows the experimental results of 

densities. The conventional mix has a 2.32g/cc density to 

2.27g/cc with bitumen content of 5% to 6%. M-sand with 

Foundry sand has a 2.32g/cc density to 2.29g/cc with 

bitumen content of 5% to 6%. M-sand with Brickbats has a 

density of 2.30g/cc to 2.28g/cc with bitumen content of 5% 

to 6%. Copper slag with Foundry sand has a density of 

2.44g/cc to 2.42g/cc with a bitumen content of 5% to 6%.  

Stability: Figure 5.(c) shows the experimental results of 

stability values. The conventional mix has a stability value 

of 1461.89kgs to 1820.57kgs with bitumen content of 5% 

to 6%. M-sand with Foundry sand has a stability value of 

1116.84kgs to 1375.63kgs with bitumen content of 5% to 

6%. M-sand with Brickbats has a stability value of 

1502.75kgs to 1675.28kgs with bitumen content of 5% to 

6%. Copper slag with Foundry sand has a stability value of 

956.23kgs to 1107.76kgs with bitumen content of 5% to 

6%.  

 

Flow value: Figure 5.(d) shows the experimental 

results of flow values. The conventional mix has a flow 

value of 2.43mm to 2.63mm with bitumen content of 5% 

to 6%. M-sand with Foundry sand has a flow value of 

2.13mm to 2.37mm with bitumen content of 5% to 6%. M-

sand with Brickbats has a flow value of 2.40mm to 

2.70mm with bitumen content of 5% to 6%. Copper slag 

with Foundry sand has a flow value of 2.14mm to 3.04mm 

with bitumen content of 5% to 6%.  

 

Voids filled with Bitumen (VFB): Figure 5.(e) shows 

the experimental results of VFB values. The conventional 

mix has a VFB value of 72.64% to 76.67%, with bitumen 

content of 5% to 6%. M-sand with Foundry sand has a 

VFB value of 65.27% to 74.82%, with a bitumen content 

of 5% to 6%. M-sand with Brickbats has a VFB value of 

67.61% to 74.27%, with bitumen content of 5% to 6%. 

Copper slag with Foundry sand has a VFB value of 

73.29% to 79.73%, with a bitumen content of 5% to 6%.  
 

Table 1. Properties of Conventional and Industrial by-product 

Materials 

Sl

. 

N

o. 

Speci

fic 

Grav

ity 

Water 

Absorp

tion 

(%) 

Finen

ess 

Modu

lus 

Silt 

Cont

ent 

(%) 

Crush

ing 

test 

(%) 

Imp

act 

Test 

(%) 

1. 

Coarse aggregate (< 12.5mm) 

2.61 - 2.62 - 27.5 28.8

2 

2. 

Coarse aggregate (< 20 mm) 

2.58 - 2.07 - 22.64 27.6

4 

3. 
Foundry sand 

2.52 5 4.33 4.8 - - 

4. 
M- Sand 

2.61 1 4.82 16.8 - - 

5. 
Brickbats 

2.63 2.5 3.24 - - - 
 

Table 2. Bitumen Test Summary Results 

Sl 

No 

Name of  

Tests 

Values Values 

as per 

code  

I.S. Codes 

1 Specific 

gravity 

1.03   Min 

0.99 

1202- 1978 

2 Penetration 

(mm) 

75 Min 45 1203- 1978 
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3 Flash Point 

(℃) 

284  Min 

220 

1209- 1978 

4 Softening 

Point (℃) 

54 Min 47 1205- 1978 

5 Viscosity  

(Poise) 

2483     Min 

2400 

1206 (P-II)-

 1978 

6 Ductility 

(cm) 

87 Min 40 1208- 1978 

Table 3. Total weight of the mix and percentage of Bitumen 

Total weight of mix, gms 1200 1200 1200 

Weight of Bitumen to the total 

weight of mix, % 

5% 5.5% 6% 

Weight of bitumen, gms 60 66 72 

Weight of aggregate (without 

Bitumen), gms 

1140 1134 1128 

Table 4.Types of mixes with different percentages by weight 

Mix type Percentage of 

bitumen (%) 

C.A., gms F.A., gms Filler, gms 

 

Conventional 5 0.47 * 1140 = 536 0.29 * 1140 = 331 0.24 * 1140 = 274 

5.5 0.47 * 1134 = 533 0.29 * 1134 = 329 0.24 * 1134 = 272 

6 0.47 * 1128 = 530 0.29 * 1128 = 327 024 *  1128 = 271 

M- sand + Foundry 

sand 

5 0.47 * 1140 = 536 0.29 * 1140 = 331 0.24 * 1140 = 274 

5.5 0.47 * 1134 = 533 0.29 * 1134 = 329 0.24 * 1134 = 272 

6 0.47 * 1128 = 530 0.29 * 1128 = 327 024 *  1128 = 271 

M- sand + Brick bats 5 0.47 * 1140 = 536 0.29 * 1140 = 331 0.24 * 1140 = 274 

5.5 0.47 * 1134 = 533 0.29 * 1134 = 329 0.24 * 1134 = 272 

6 0.47 * 1128 = 530 0.29 * 1128 = 327 024 *  1128 = 271 

Copper slag + 

Foundry sand 

5 0.47 * 1140 = 536 0.29 * 1140 = 331 0.24 * 1140 = 274 

5.5 0.47 * 1134 = 533 0.29 * 1134 = 329 0.24 * 1134 = 272 

6 0.47 * 1128 = 530 0.29 * 1128 = 327 024 *  1128 = 271 

 

Table 5. Marshall properties for conventional mixes 

Parameter

s 

5% 5.5% 6% MoRTH 

Requirement

s 

Air voids 

(Vv) % 

2.89 3.75 5 3- 6 

Bulk 

Density 

(Kg/cm3) 

2.32 2.31 2.27 >2.2 

Stability 

(kgs) 

1461.8

9 

2396.0

9 

1820.5

7 

> 900 

Flow (mm) 2.43 2.53 2.63 2- 4 

VMA (%) 15.01 16.08 18.28 12-15 

VFB(%) 72.64 75.28 76.67 65-75 

 

Table 6.Marshall properties for M- sand & Foundry sand 

Parame

ters 

5% 5.5% 6% MoRTH 

Requirements 

Air 

voids(V

v) % 

5.83 4.20 3.37 3- 6 

Bulk 

Density 

(Kg/cm3

) 

2.32 2.30 2.29 >2.2 

Stability 

(kgs) 

1116.8

4 

1439.19 1375.63 > 900 

Flow 

(mm) 

2.13 2.17 2.37 2- 4 

VMA 

(%) 

16.79 16.37 16.70 12-15 

VFB(%) 65.27 74.34 74.82 65-75 

 

 

Table 7. Marshall properties for M- sand & Brickbats 

Parameter

s 

5% 5.5% 6% MoRTH 

Requirement

s 

Air voids  

(Vv) % 

5.34 3.73 4.60 3- 6 

Bulk 

Density 

(Kg/cm3) 

2.30 2.32 2.28 >2.2 

Stability 

(kgs) 

1502.7

5 

1952.2

3 

1675.2

8 

> 900 

Flow (mm) 2.40 2.50 2.70 2- 4 

VMA (%) 16.49 16.11 17.88 12-15 

VFB(%) 67.61 74.84 74.27 65-75 

Table 8. Marshall properties for Copper slag & Foundry sand 

Parameters 5% 5.5% 6% MoRTH 

Requirements 

Air voids  

(Vv) % 

4.31 4.74 3.58 3- 6 

Bulk 

Density 

(Kg/cm3) 

2.44 2.41 2.42 >2.2 

Stability 

(kgs) 

956.23 1125.92 1107.76 > 900 

Flow (mm) 2.14 2.37 3.04 2- 4 

VMA (%) 16.14 17.60 17.67 12-15 

VFB(%) 73.29 73.06 79.73 65-75 

 

 



Dharshan K& Manjunath K C/ IJCE, 9(7), 11-17, 2022 

 

15 

 
Fig. 1 Proportioning of materials by Rothfutch's method 

 

a)with 5 % of Bitumen by weight 

 

b) with 5.5 % of Bitumen by weight 

 

c) with 6% of Bitumen by weight 

Fig.  2 Conventional mix specimen 

z 

a)with 5 % of Bitumen by weight 

 

b) with 5.5 % of Bitumen by weight 

 

c) with 6% of Bitumen by weight 

Fig.3  M- sand & Foundry sand mix specimen 

 
Fig.  4 Copper Slag & Foundry sand mix specimen 

(with  5 %, 5.5 % &6% of bitumen by weight) 
 

 

 

Fig.  5 (a)Binder Content vs. Air Voids 
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Fig.  5  (b)Binder Content vs. Density Fig.  5 (c)Binder Content vs. Marshall Stability 
 
 

  

Fig.  5  (d)Binder Content vs. Flow Value Fig.  5 (e)Binder Content vs. Voids Filled with Bitumen (VFB) 

 

6. Conclusion 
From the experimental investigations conducted, the 

following are the conclusions drawn. 

The Optimum binder content (OBC) for various mixes 

such as Conventional,M-sand with Foundry-sand,M-sand 

with brickbats, and Copper slag with Foundry-sand is 

5.5% in between the prescribed limits as per MORTH 

specifications. 

 

Air voids: The MoRTH specifies air voids content in 

between 3 to 6%.From Figure 7.(a), it can be concluded 

that conventional, and other bituminous mixes give results 

of air void content within the range of MoRTH 

specifications. 

 

Density: The MoRTH specifies density as greater than 

2.2g/cc.From Figure 7.(b), it can be concluded that 

conventional and other bituminous mixes give results of 

densities within the range of MoRTH specifications. 

 

Stability: As per MoRTH specifications, the stability 

value should be greater than 900 kgs.From Figure 7.(c), it 

can be concluded that conventional and other bituminous 

mixes give results of stability values within the range of 

MoRTH specifications. 
 

Flow value: As per MoRTH specifications, the flow 

value (deformation) should be between 2 to 4 mm.From 

Figure 7.(d), it can be concluded that conventional and 

other bituminous mixes give results of flow values within 

the range of MoRTH specifications. 
 

Voids filled with Bitumen (VFB): The MoRTH 

specifies VFB value should be between 65% to 75%.From 

Figure 7.(e), it can be concluded that conventional and 

other bituminous mixes give results of VFB values within 

the range of MoRTH specifications. 
 

The results of this study suggest that utilization of 

industrial waste by-products can benefit the environment 

and, at the same time, reduce the amount of granite 

application in highway construction. With its excellent 

results in terms of the airvoids, bulkdensity, 

stability,flowvalue & voids filled with Bitumen, it is 

recommended that industrial waste by-products be used as 

an aggregate replacement for sustainable development in 

highway construction. 
 

Based on the above results, it can be concluded that 

industrial waste by-products can be adopted as an 

alternative to conventional paving material.Further studies 

on industrial by-products such as creep test, durability, fire 

resistance, and permeability will be carried out to 

recommend these materials as the alternative for paving 

material. 
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