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ABSTRACT - This works implies that the 

characteristics of asphalt concrete mix having 

different proportion of fine aggregate. The 

percentage of waste foundry sand rangesfrom 20 

%, 25 % , 30% , 40% to analyze experimentally the 

Marshall Mix-Design for the making of this asphalt 

concrete. The test conducted is Density,Stability, 

Deformation, Voids in Total Mix, Total Air voids, 

Voids in Mineral Aggregate. The result shows that 

the case having waste foundry sand having 25 % 

are showing better performance as compared to 

other cases.This mix can be applied in heavy traffic 

flows.  

Keywords - Asphalt, Natural Sand,Density, 

Stability, Deformation 

 

I. INTRODUCTION 
In developed countries, various types of 

WFS are already being used in a variety of 

applications, including as a sub-base material for 

highway construction. The casting industry in 

Turkey, on the other hand, is landfilling large 

amounts of foundry sand. Turkey produces roughly 

300,000 tonnes of WFS per year (Koyuncu&Guney 

2002). The majority of the WFS is considered non-

hazardous waste and is currently deposited in a 

special WFS landfill located far from settlement 

areas. There is no landfilling legislation in place, 

nor are there high tipping fees to enable the 

foundry industry to use their residues. However, 

rather than dumping WFS in landfills, it is prudent 

to consider its potential use as a recycling material. 

Furthermore, previous research in geotechnical 

field applications has demonstrated that the 

properties of WFS provide good shear strengths, 

high compressibility, and low permeability when 

compared to conventional materials (Ruiz et al. 

1997, Koyuncu&Guney 2002). Bakis, Recep 

(2006), HakanKoyuncustudy was conducted to 

investigate the reuse of waste foundry sand in 

asphalt concrete production by replacing a portion 

of the aggregate with WFS. The results showed that 

replacing 10% of the aggregates with waste 

foundry sand was the best option for asphalt 

concrete mixtures. In addition, the chemical and 

physical properties of waste foundry sand were 

examined in the laboratory to determine the 

potential environmental impact. The findings 

indicated that the investigated waste foundry sand 

had no significant impact on the environment near 

the deposition site.  

 

II. MATERIALS USED 
The foundry sand used in this research 

work are collected from Raipur, Chhattisgarh. Each 

materials have such physical properties which is to 

be studied to produce concrete blocks for 

engineering applications such as VG40 Grade 

Bitumen, PPC Grade 43, fine natural,foundry Sand 

and Coarse Aggregate. 

 

III. CASE TRIALS FOR THE 

CONSIDERED STUDY 
In this study, total no. of 12 specimens 

were utilized out of which 3 specimens of each trial 

case is been evaluated for each test. The design is 

been carried by Marshall Mix-design in which four 

basic requirement is evaluated for Stability, 

Density, Voids in Mineral Aggregate, Voids Filled 

with Asphalt to obtain optimized Asphalt content 

from the mix-design. The cases to be utilized in 

this research work for the optimized Asphalt 

Content by using cement as filler material is 

described below in terms of percentage. 
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 Table 1 Case Trails for the Study (All Values are in percentage) 

Test Specimen 

Case Id 

Coarse 

Aggregate 

Fine 

Aggregate 

Filler 

(Cement) 

WFS (Waste 

Foundry Sand) 

Bitumen 

Asphalt 

Sample 1 33 37 5 20 3 

Sample 2 33 32 5 25 4 

Sample 3 33 27 5 30 5 

Sample 4 33 17 5 40 6 

 

IV. MIX-PROPORTION FOR THE MAKING OF ASPHALT-PAVEMENT 
The mix-proportion for all the cases is such that the material which were discussed above is mixed 

based on trial-and-error proportion are as follows-  

 

Table 2 Quantity of Ingredients Required for Mix-Proportion of Trial Cases (in gram) 

Test Specimen 

Case Id 

Coarse 

Aggregate 

Natural 

Sand 
Filler (Cement) 

WFS (Waste 

Foundry Sand) 

Bitumen 

Asphalt 

Sample 1 695 779 105 420 63 

Sample 2 695 673 105 526 84 

Sample 3 695 568 105 631 105 

Sample 4 695 358 105 842 126 

 

 
Fig. 1Marshall Bitumen-Aggregate Mix 

 

V. RESULT 
5.1 Density 

The density of mixture of bitumen with 

waste foundry sand is previously done by 

HakanKoyuncu (2006) in which the percentage of 

foundry sand were from range five to twenty 

percentage. The result values according to the test 

are given in table and graph below in which the 

densities are calculated as per equation- 

Gmb =  
Wair

WSSD − Wwater
     

……………………………………………..(1) 
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Table 3 Density values of Asphalt Bitumen Mix 

Test Specimen Case Id WFS (%) 
Bitumen 

Content (%) 

Average Density 

(gm/cm
3
) 

Sample 1 20 3 2.31 

Sample 2 25 4 2.42 

Sample 3 30 5 2.49 

Sample 4 40 6 2.21 

 

5.2 Stability Test 
The result values according to the test are given in table and graph below in which the stability is calculated as 

per equation- 

Gmm =  
W f  + Wb + Wca + W fa + W fs
W f
G f

+ 
W b
G b

+ 
W ca
G ca

 + 
W fa
G fa

+ 
W fs
G fs

                                                  ….…………………………(2) 

 

Table 4 Marshall Stability values of Foundry Sand–Asphalt Bitumen Mixtures 

Test Specimen Case Id WFS (%) Bitumen Content (%) Load (KN) 

Sample 1 20 3 11.36 

Sample 2 25 4 11.45 

Sample 3 30 5 11.53 

Sample 4 40 6 10.79 

 

5.3 VTM (Voids in total mixture)  

The results based on void of total mixture are given below which is calculated as per equation (3)  

Voids in Total Mix (VTM) =   1 −
Gmb

Gmm
 X 100    ………………………………… (3) 

where Gmb = bulk specific gravity of mixture and Gmm = maximum specific gravity of mixture 
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Graph 1Total Voids in Foundry Sand–Asphalt Bitumen Mixtures 

 

5.4 VMA (Voids in Mineral Aggregate) 

The results based on mineral aggregate are given in table and graph below which is calculated as per equation 

(4) - 

Voids in Mineral Aggregate (VMA) =  (1 −  
Gmb  X  1−Pb  

Gsb
) X 100………………………..(4) 

Where Pb = asphalt binder content of mixture 

 

 
Graph 2 Voids in Mineral Aggregate of Foundry Sand–Asphalt Bitumen Mixtures 

 

5.5 VFA (Voids Filled with Asphalt) 

The results based on filled asphalt are given in table and graph below which is calculated as per 

equation (5)  

Voids Filled with Asphalt (VFA) = (1 −
VTM

VMA
) X 100        …………………………..(5) 
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Table 5 Voids in Asphalt of Foundry Sand–Asphalt Bitumen Mixtures 

Test Specimen Case Id WFS (%) Bitumen Content (%) VFA (%) 

Sample 1 20 3 57 

Sample 2 25 4 68 

Sample 3 30 5 85 

Sample 4 40 6 92 

 

5.6 Optimum Asphalt Content  

From the above result, we must evaluate 

the optimum asphalt content. The procedure is such 

that addition of the asphalt content carries 

maximum density, maximum stability, and the 

produces exactly 4% air voids (VTM) divided by 3. 

The mathematical approach is given below- 

Optimum Asphalt Content (OAC) = (Max 

Density + Max Stability + 4% air voids) /3 = (4 + 

5 + 4.5) /3 = 4.5 % bitumen content.  

It has been seen that the 4.5 % bitumen content is 

suitable enough for the application in heavy traffic 

load and in asphalt pavement. 

 

VI. CONCLUSIONS 
The flow value indicates that the 

maximum deformation obtained for the mixture 

having fine natural sand is 3.7 mm and 3.2 mm for 

the mixture with waste foundry sand. This exhibit 

that the less deformation is obtained in foundry-

asphalt mix.The stability value indicates that the 

maximum Marshall stability obtained for the 

mixture having 11.53 KN for the mixture with 

waste foundry sand. The stability first increases 

with increase in bitumen content reach the extreme 

point then reduces. This curve is common for both 

with or without foundry sand.The Optimum 

bitumen content obtained for asphalt mix is about 

4.5 %. 
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