
International Journal of Research in Engineering, Science and Management  

Volume 4, Issue 10, October 2021 

https://www.ijresm.com | ISSN (Online): 2581-5792 
 

 

*Corresponding author: careersguru777@gmail.com 

 

 

97 

 

Abstract: The countrywide highways are the spine; of the road 

infrastructure and the fundamental roads in India. They convey 

approximately maximum of India’s freight and passenger The 

primary roads in India requires modernization. Further 

renovation of modern-day roads is becoming crucial. The present 

research deals with the utilization of industrial waste such as fly 

ash in highway construction. The waste foundry sand (WFS) and 

fly ash were collected from local industry and its Physical and 

chemical properties were analyzed.  The stabilizing substance is 

utilized to the of 5%. Experimental investigations were conducted 

on Bearing Ratio, unconfined split tensile strength, and 

permeability properties. It was found that the change of the CBR 

value with regard to the percent of WFS employed in the mixture 

is non-linear in general. For both the stabilizing materials utilized 

in this study, cement and lime, there is an optimum percent of 

WFS that results in a greater mixture of CBR.WFS was found to 

be most effective at 70% of the time, resulting in higher strength 

(CBR value). 

 

Keywords: WFS, fly ash, highway, California bearing ratio, 

tensile strength. 

1. Introduction 

Any developing country goal for supplying required 

Infrastructure for public use collectively with meeting other 

important tendencies in agriculture and commercial sectors. 

The number of the infrastructure facilities to be supplied via the 

authorities for public use are connected in following ways: 

1. highways connecting critical cities, cities and villages 

that may consist of express toll road, country wide toll 

road, kingdom motorway and rural roads, 

2. bridges and flyovers, 

3. recreational and zoological parks, 

4. water storing and channeling facilities such as dams, 

reservoirs, Irrigational canals and so on., 

Village roads in widespread have low volume of traffic, 

consisting usually of rural Shipping automobiles. Because of 

moving of industries; closer to the villages there may be an 

increase in extent of visitors on village roads. It necessitates 

providing the fee powerful answer of connectivity to the 

villages. Rigid pavement comes out to be a higher opportunity 

to the countrywide highways are the spine; of the road 

infrastructure and the fundamental roads in India (Bhanja, et al., 

2002). Authorities of India (2008), said that for sustainable 

improvement, the modem society cannot do without the usage  

 

of excessive performance advent concrete in roads and 

highways. Construction of Highways using industrial waste 

products is in practice these days. 

Fly ash, a byproduct of the combustion of pulverized coal 

and lignite in thermal power plants, is currently being used as a 

resource fabric. The concerted efforts in task mode that began 

in India around a decade ago have built faith in fly ash usage 

technology and its widespread application (Bilodeau, et al., 

1994). Even in previous years, a lot of attempts have been made 

to expand fly ash usage technologies through various 

committees/corporations. Indian coals, despite their low 

Sulphur content, have a greater ash content (about 35-45 

percent). The disposal of a considerable volume of fly ash 

produced by power generation poses a serious environmental 

risk. That is averse to animal and vegetation. Engineers and 

scientists are feeling the need to make efficient use of the 

collected fly ash. One more issue which desires interest is s a 

smooth available now-a-day. In creation of rural roads in low 

lying or flood prone regions, fly ash should have to be taken 

into consideration as an ordinary preference in close to destiny 

(Berry, et al.,1980) 

 According to Vanita Aggarwal et al. (2010), the use of fly 

ash in concrete has been extensively searched in order to 

provide a foundation for investigations on the use of large 

amounts of fly ash in concrete pavements. It has been 

discovered that the durability of concretes using more than forty 

percent fly ash as a cement substitute suffers adversely as the 

water/binder ratio is continuously reduced. The 28-day 

compressive strength of concrete containing a 40% cement 

substitute is comparable to that of plain concrete. 

Kirk (1998) demonstrated that waste foundry sand from 

ferrous industries has engineering qualities that could be useful 

in the construction of highway overpasses. He additionally cited 

that microtox™ bioassay check may be used to ‘display screen’ 

the waste foundry sand to save you their usage from 

contaminating the surroundings. An illustration embankment 

was constructed through Indian branch of transportation and 

Purdue university for the study. Embankments had been 

constructed the usage of wfs and traditional soil cloth (as 

control embankments) for the have a look at. Geotechnical 

testing revealed that the energy and deformation performance 

of wfs as a structural fill is comparable to that of herbal sand-
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based fills (Goh et al., 2003). 

Suresh Chandra Pattanaik et al. (2010) tested the blend for 28 

days at target electricity with 30 percent Nalco fly ash replaced 

with cement. Rod Jones et colleagues (2011) illustrated how 

both durability and sustainability can be considered at the same 

time by using greater levels. According to Harald Justnes et al. 

(2011), cement with underground fly ash could allow the use of 

alkali reactive aggregate and similar environments (i.e. 

Neighborhood deposits and much less shipping). Water-saving 

marketers might be used to manufacture concrete with 

significantly less Binder while maintaining the same strength 

and workability, making it more ecologically friendly. Making 

more concrete with less cement clinker content means less CO2 

emissions into the atmosphere and less use of limited natural 

resources, resulting in a more sustainable product. 

According to Semsi Yazici et al. (2012), the best 

compression and splitting tensile strengths of concrete made 

with fly ash additives may be obtained with a 5% fly ash 

substitute price. Compressive and splitting tensile strengths 

were found to be reduced as the substitute charge multiplied. 

According to the literature review, there is a lot of potential 

for using industrial wastes and by- products in highway 

construction. Waste foundry sand and fly ash shown to enhance 

theworkability of concrete, suggesting that they could be used 

as an alternative to materials. Nonetheless, there are no reports 

of research studies aimed at evaluating the feasibility of using 

two or more industrial wastes or by-products. There is a 

pressing need to investigate the feasibility of combining two or 

more industrial wastes and by- products in highway 

construction in order to dispose of (actually utilise) significant 

quantities of industrial wastes and by-products. 

2. Materials and Method 

The waste foundry sand (WFS) was collected from local 

industry. It was of black color when collected. It was sieved by 

a coarse sieve of size larger than 4.75. Physical and chemical 

properties were analyzed.  The shape of fly ash particles is about 

spherical. The shape of the fly ash particles aids in increased 

flow ability, which minimizes the amount of water required in 

the mixture. Fly ash is defined by its low specific gravity, 

homogenous gradation, and lack of flexibility. The specific 

gravity of fly ash particles is determined by their chemical 

composition, and it is reported that it ranges between 2.0 and 

2.6. 

Cement: Ordinary Portland Cement of Grade 53, as defined 

by IS 12269, was used (1987). The properties of this are given 

below: 

 
Table 1 

Properties of the cement 

Characteristics Value 

Gravity 2.12 

Consistency 26.4 

Fitness modulus 9% 

Final setting time 174min 

                                                   

 

 

Table 2 

Constituents of fly ash 

Constituents Percent 

Ferric Oxide 0.10% 

Magnesium Oxide 5.09% 

Silicon Dioxide 60.22% 

Sulphur Trioxide 4.00% 

Aluminum Oxide 5.63% 

Calcium Oxide 4.30% 

Loss on Ignition 7.98 

 

Lime: lime was procured from the local market. Its size was 

found to be 0.27mm. 

3. Experimental Analysis 

The experimental investigation considers a total of thirty 

samples. WFS and fly ash are the two main ingredients in the 

samples used in the experiment. Different proportions of the 

combination are determined by WFS is being replaced with 

various percentages of fly ash. One of the stabilizing factors is 

to the mix proportions examined, materials such as cement and 

lime are added. The stabilizing substance is utilized to the tune 

of 5% 
Table 3 

Mixture ratio measured for CBR tests 

Samples Industrial by -product Stabilizing solid 

 WFS Fly ash Lime Cement 

1 55 40 5 00 

2 40 50 00 10 

3 60 35 5 00 

4 65 25 10 00 

5 35 60 00 5 

6 45 45 00 10 

7 50 45 5 00 

8 55 40 00 5 

9 60 35 00 5 

10 55 40 5 00 

11 75 15 10 00 

12 65 25 00 10 

13 45 50 5 00 

14 85 10 00 5 

15 80 15 5 00 

16 70 25 5 00 

17 60 35 00 5 

18 55 40 5 00 

19 50 45 5 00 

20 40 55 00 5 

21 65 30 5 00 

22 75 20 5 00 

23 85 15 00 5 

24 35 50 15 00 

25 40 55 5 00 

26 45 50 5 00 

27 55 40 5 00 

28 50 40 00 10 

29 40 55 00 5 

30 50 45 5 00 

4. Results and Discussion 

A. California Bearing Ratio Test 

OMC compacts the mix proportions of wastes and by-

products measured. For 7 days, the compacted samples are 

cured. In a displacement-based compression testing machine, 

the cured samples are tested. The loading rate is 1.3mm/min. 
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Table 4 

California bearing ratio test of samples 

Samples Industrial by -product Stabilizing material CBR 

 WFS Fly ash Lime Cement  

1 55 40 5 00 58 

2 40 50 00 10 75 

3 60 35 5 00 75 

4 65 25 10 00 81 

5 35 60 00 5 43 

6 45 45 00 10 30 

7 50 45 5 00 43 

8 55 40 00 5 54 

9 60 35 00 5 75 

10 55 40 5 00 54 

11 75 15 10 00 51 

12 65 25 00 10 81 

13 45 50 5 00 30 

14 85 10 00 5 42 

15 80 15 5 00 48 

16 70 25 5 00 82 

17 60 35 00 5 75 

18 55 40 5 00 54 

19 50 45 5 00 43 

20 40 55 00 5 54 

21 65 30 5 00 81 

22 75 20 5 00 82 

23 85 15 00 5 48 

24 35 50 15 00 43 

25 40 55 5 00 54 

26 45 50 5 00 43 

27 55 40 5 00 54 

28 50 40 00 10 33 

29 40 55 00 5 54 

30 50 45 5 00 52 

 

The optimal percentage of WFS use is found to be 70%, 

which results in a higher CBR value. The CBR value of the 

mixture is found to be reduced by more than 20% when fly ash 

is used. As a result of this finding, the optimum mixture among 

the mixture proportions considered for the experimental study 

is 20 percent fly ash and 70 percent WFS. The following factors 

are responsible for the increase in CBR value at the optimum 

percent usage of WFS, fly ash: It's possible that the mixture is 

similar to cement concrete. WFS may be considered to have 

played the role of coarse aggregate in any mixture proportions 

considered in the current experimental study due to its higher 

percentage of WFS. Because, the fly ash by having pozzolanic 

property will produce hydration products that might increase 

the strength of the mixture considered 

B. Split Tensile Test 

Table 5 

Splitting Tensile Strength of Mixtures Considered 

Samples Tensile strength 

1 0.556 

2 0.442 

3 0.423 

4 0.435 

5 0.324 

6 0.556 

7 0.441 

8 0.332 

9 0.443 

10 0.447 

 

                  

The findings of split tensile tests show that increasing the 

percentage of fly ash in the mixture increased the split tensile 

strength of the material in general for all the mixture 

proportions evaluated in the current experimental concoctions 

This is due to the formation of hydration compounds as a result 

there is a presence of fly ash. For the most part, the strength 

variation can be called linear. 

C. Permeability Test 

Table 6 

Permeability of mixtures considered 

Sample Specimen name Permeability 

1 WFS 4.12 

2 WFS+FA+L 1.55 

3 WFS+C 2.12 

4 WFS+L 2.34 

5 WFS+FA+C 1.32 

6 WFS+FA+L 1.55 

7 FA+L 1.2 

8 FA+C 1.32 

9 FA+C+L 1.64 

10 WFS+FA+C 1.32 

 

It is well known that the particles of WFS are coarser than 

the particles of other mixed ingredients such as fly ash, cement, 

or lime for a certain mixture proportion consisting of any two 

of the industrial by-products or wastes investigated in the 

current experimental study. The spacing of the WFS particles 

in the matrix of binders such as fly ash, cement, or lime 

determines the mixture's permeability. The production of the 

porous structure of the mixture is thus dependent on the 

addition of finer particles such as fly ash, red mud, lime, or 

cement at a rate of 84 percent. As a result, the permeability 

properties of the mixes used in the permeability tests are 

examined in terms of the proportions of WFS, fly ash, and red 

mud used. If varying percentages of stabilizing elements such 

as cement and lime are employed, the effect of varied 

percentages of these stabilizing elements on permeability 

values can be determined. when cement is employed as a 

stabilizing agent, the permeability decreases.  

     

 
Fig. 1.  Permeability of mixtures considered 

 

The permeability was lowered by roughly 2% when cement 

was used as a stabilizing agent. This could be due to a variety 

of factors ascribed to the production of more effective hydration 

products related to those generated by the hydration of lime It's 

worth mentioning that, in the areas where permeability is 
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essential for reasons such as water avoidance. It may be 

preferable to employ logging, or improving ground water 

percolation. 

5. Conclusion 

Experimental investigations were conducted on Bearing 

Ratio, unconfined split tensile strength, and permeability 

properties. 

1. The change of the CBR value with regard to the 

percent of WFS employed in the mixture is non-linear 

in general. 

2. For both the stabilizing materials utilized in this study, 

cement and lime, there is an optimum percent of WFS 

that results in a greater mixture of CBR. 

3. WFS was found to be most effective at 70% of the 

time, resulting in higher strength (CBR value). 

4. The CBR value of the mixture is found to be reduced 

by more than 20% when fly ash is used. 

When opposed to lime, adding cement as a stabilizing 

component reduces the permeability of the mixture 

significantly. 

The permeability parameters of the mixture diminish as the 

percentage of flies in the mixture increases. The decrease in 

permeability can be thought of as a linear fluctuation as the 

percentage of WFS in the combination decreases. The decrease 

in permeability can be thought of as a linear fluctuation as the 

percentage of fly ash used rises. Fly ash and red mud are 

reported to have similar effects. 
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