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Abstract: The main objective of the present investigation is to assess the usefulness of ceramic tile waste as 

admixture for fine sand, and focused to improve the engineering properties of fine sand to make it capable to 

reduced cross section of embankment for road construction. This research paper includes laboratory 

experimental work, software work and cost analysis work. Different laboratory experiments were performed on 

fine sand with direct mixing of fine sand of different dry densities 1.50 gm/cc, 1.55 gm/cc and 1.58 gm/cc 

(M.D.D.) and different percentage 0%, 2%, 4%, 8% and 12% by dry weight of fine sand of ceramic tile waste 

material having particles size range between 2.36 mm to 4.75 mm. A geotechnical software was used for 

stability analysis of road embankments of various heights of 6.0 m, 7.5 m and 9.0 m. The rate analysis was done 

manually according to B.S.R. 2014, P.W.D., Rajasthan, India and cost reduction ratios were calculated. The 

reduction in cross-section of road embankment was tremendous and the cost of the construction was also 

reduced to a good extent. 

Keywords: Direct shear test, road embankment, factor of safety, ceramic tile waste material, slope stability 

analysis 

 

I. Introduction 

In western Rajasthan (India), fine sand available in abundance, being loose and cohesionless in natural 

form poses a problem for construction of embankment for highway and railway due to its low bearing capacity 

and low compressive strength. Rapidly constructed embankments with fine sand have a significant influence on 

the slope stability of these embankments so as not to cause any slope failures. Stabilization of fine sand from 

locally available material is very important to reduce the construction cost of road embankment. The aim of 

present work is the economical and beneficial utilization of such wastes for improving geotechnical properties 

of fine sand which is to be used as a base material for road embankment construction. 

Utilization of ceramic tile waste material for improvement of properties of fine sand is a cost effective 

and sustainable technique. A huge quantity of ceramic tile waste is produced due to warping and breaking of 

ceramic tiles in different manufacturing units every year in India, so it can be used as admixture for fine sand. 

The best method to handle ceramic tile waste is to utilize it for engineering applications. Fine sand mixed with 

ceramic tile waste material as admixture has great scope for the construction of road embankment.  

The main aim of this study is to find possibility of utilization of ceramic tile waste material in massive 

earth work for construction of road embankments. An attempt has been made for the slope stability analysis 

with the help of geotechnical software for road embankments of different heights for two lane road keeping 

allowance for shoulders built with the primary construction material fine sand which has been stabilized with 

the beneficial and economical utilization of ceramic tiles waste material for improving its properties resulting  

in the steepening of the side slope of the road embankment along with maintaining the required factor of safety 

and thus optimizing the slope for road embankment because of the reduction in its cross-sectional area. 

Geotechnical software is based on limit equilibrium method. Morgenstern-Price method is used in this analysis. 

The values of the dry densities and the angle of internal friction of fine sand mixed with various percentages by 

weight of fine sand of ceramic tile waste have been taken from the experiments conducted in the laboratory. 

Arora et al (2016) carried out an economical study on safety of earthen embankments by use of marble 

slurry. The embankment made from such stabilized soil at different M.S. ratio have been tested for slope 

stability analysis keeping other variable constant and it is found safe up to 25% marble slurry. Factor of safety is 

calculated by software with two different methods i.e. Bishop and Morgenstern Price. It was found that Bishop 

Method leads lower value in compare to Morgenstern Price. 

Many researchers like AK Mishra et al (2001), B.L. Swami (2002), Dhawan, P. K (1994), Kumar P. et 

al (2008), S. Chandra et al (2005), Akash Gupta et al (2016), Aditya Kumar Anupam et al (2013) also worked 

on utilization of different waste materials in construction of roads. 
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II. Materials And Their Properties 
2.1 Fine Sand 

Fine sand is spread in huge areas throughout the Western Rajasthan (India). The fine sand used in 

present investigation was brought from location near Jodhpur, Rajasthan. Table 1 and figure 1 show the particle 

size distribution curve and various geotechnical properties determined by the particle size distribution analysis. 

 
Figure 1: Particle Size Distribution Curve 

Table 1: Various Geotechnical Properties of Fine Sand 
S. No. Property Test Media (Fine Sand) 

1. Coefficient of Uniformity (Cu) 1.31 

2. Coefficient of Curvature (Cc) 1.08 

3. Mean Diameter (D50) mm 0.20 

4. Effective Size (D10) mm 0.16 

5. Fine Soil Fraction (75 µ) 0.10% 

 

2.2 Ceramic Tile Waste Material 

Ceramic tile is nonmetallic, inorganic solid prepared by the action of heat and subsequent cooling. 

Ceramic material may have crystalline or partly crystalline structure, or may be amorphous, because most 

common ceramics are crystalline materials. The earlier ceramics were pottery objects made from clay either by 

itself or mixed with other materials, hardened in fire. Later ceramics were glazed and fired to create a colored, 

smooth surface. The ceramic tile waste used in present work was of Kajaria Company. The ceramic tile waste 

was bought from a manufacturing unit from Bikaner, Rajasthan (India). Table 2 shows the physical and 

engineering properties of ceramic tile waste material. 

Table 2: Physical and Engineering Properties of Ceramic Tile Waste Material 
Physical and Engineering Properties of Ceramic Tile Waste Material 

Density 2.27 gm/cc 

Water Absorption (For 24 hours) 4% by dry weight 

 

III. Investigation Program 
The investigation program included the preliminary tests, slope stability analysis and cost analysis of 

road embankment constructed by fine sand and mix compositions of fine sand and ceramic tile waste. Following 

investigations were carried out:  

1. Standard Proctor Test for determining different dry densities for fine sand.  

2. Direct Shear Test to determine angle of internal friction of fine sand having different dry densities and mix 

compositions with different percentage by weight of ceramic tile waste material. 

3. Slope Stability analysis by software for different heights of embankment for mix compositions of different 

dry densities of fine sand and different percentage by weight of ceramic tile waste material. 

4. Cost analysis for determining cost reduction ratio for different heights of embankment for different mix 

compositions of fine sand and ceramic tile waste material. 

Table 3 shows the variable which are investigated in present research. 
 

Table 3: Variables Investigated in Present Research 
S. No. Effect of Variables Range Investigated 

1. Moisture content in sand Dry density 1.50 gm/cc, 1.55 gm/cc and 1.58 gm/cc 

2. 
Ceramic tile waste material on different 

properties of sand 
Size passing sieve size 4.75 mm passing and 2.36 mm retaining 

3. 
Mix ceramic tile waste material by dry 

weight of fine sand 
Proportion percentage 0%, 2%, 4%, 8% and 12% 

4. Different heights of embankments Height of embankment 6.0 m, 7.5 m and 9.0 m 
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IV. Investigation Results 
4.1 Standard Proctor Test 

The geotechnical properties of soil are dependent on the dry density and moisture content at which the 

soil is compacted. The aim of standard proctor test is to determine the relationship between the moisture content 

and dry density of soils. In order to obtain these parameters, standard proctor test was performed in accordance 

with IS 2720 (Part VII). The figure 2 obtained by experiment shows that required dry densities 1.50 gm/cc, 1.55 

gm/cc and 1.58 gm/cc (M.D.D.) for present investigation occur at 4%, 12% and 18% water content respectively. 
 

 
Figure 2: Dry Density v/s Moisture Content Curve 

 

4.2 Direct Shear Test 

The direct shear test is used to determine the shear strength properties of soils using the direct shear 

apparatus. Tests were carried out with a strain controlled shear apparatus at rate of 1.25 mm/min to determine 

angle of internal friction (ɸ) of different mix compositions of fine sand and ceramic tile waste material in 

accordance with ID 2720 (Part XIII). Direct shear tests were performed on mix composition of fine sand of 1.50 

gm/cc, 1.55gm/cc and 1.58 gm/cc dry density with ceramic tile waste material of 0%, 2%, 4%, 8% and 12% by 

dry weight of fine sand. The results of direct shear tests are given in table 4. 
 

Table 4: Variation of Angle of Internal Friction (ɸ) with Dry Density of Fine Sand and Percentage by Weight 

of Ceramic Tile Waste Material 

Dry Density 

(gm/cc) 

Angle of Internal Friction ɸ (Degree) 

Mix Composition 

0% Admixture 2% Admixture 4% Admixture 8% Admixture 12% Admixture 

1.50 29.28° 35.96° 37.18° 41.70° 43.73° 

1.55 32.09° 38.37° 42.70° 44.70° 46.55° 

1.58 34.72° 42.73° 45.65° 47.43° 48.28° 

 

4.3 Slope Stability Analysis 

The software used in this investigation is one of powerful tool for analysis, include the use of finite 

element computed pore-water pressure and stresses in a slope stability analysis. It is widely used in various civil 

engineering applications. Slope model was formed with the help of slope soil properties. This software is used to 

find out lowest value of factor of safety. Morgenstern-Price method was used to calculate factor of safety. 

According to IRC 75:1979, the acceptable factor of safety for the design of low embankments is 1.25. 

Investigation is done for two lane road embankment of height 6.0 m, 7.5 m, 9.0 m and width 8 m (taking 

allowance for shoulders) by steeping of side slope to the maximum extent till the factor of safety of the critical 

slip surface remains within the recommended limit of 1.25 as per IRC 75:1979. Figures 3 shows a typical 

critical slip surface and figure 4 shows the entry and exit of slip surfaces. 

 
Figure 3: Critical Slip Surface when Height of Embankment = 6.0 m, slope = 1.8:1, Dry Density of Fine Sand = 

1.58 gm/cc and Ceramic Tile Waste Material by Weight = 0% 
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Figure 4: Schematic Diagram of the Entry and Exit of Slip Surface 

 

Tables 5, 6 and 7 show the results of slope stability analysis for different height of embankment i.e. 6.0 

m, 7.5 m and 9.0 m for different mix compositions of fine sand of different dry densities 1.50 gm/cc, 1.55 gm/cc 

and 1.58 gm/cc and different percentage 0%, 2%, 4%, 8% and 12% by weight of ceramic tile waste material. 

The steepest slope of the embankment is found when fine sand of different dry densities mixed with 12% by 

weight ceramic tile waste material. 

 

Table 5 : Results of Slope Stability Analysis for Mix Compositions of Fine Sand of 1.50 gm/cc Dry Density and 

Different Percentages by Weight of Ceramic Tile Waste Material 

S. No. 
Height of 

Embankment 

(m) 

Ceramic Tile 
Waste Material 

(%) 

Angle of Internal 

Friction 

(ɸ) 

Slope 

(H:V) 

Factor of 

Safety 

1. 6.0 0 29.28° 2.24:1 1.259 

2. 6.0 2 35.96° 1.72:1 1.250 

3. 6.0 4 37.18° 1.65:1 1.254 

4. 6.0 8 41.70° 1.4:1 1.250 

5. 6.0 12 43.73° 1.31:1 1.256 

6. 7.5 0 29.28° 2.24:1 1.259 

7. 7.5 2 35.96° 1.72:1 1.250 

8. 7.5 4 37.18° 1.65:1 1.254 

9. 7.5 8 41.70° 1.4:1 1.250 

10. 7.5 12 43.73° 1.31:1 1.256 

11. 9.0 0 29.28° 2.24:1 1.259 

12. 9.0 2 35.96° 1.72:1 1.250 

13. 9.0 4 37.18° 1.65:1 1.254 

14. 9.0 8 41.70° 1.4:1 1.250 

15. 9.0 12 43.73° 1.31:1 1.256 

 

Table 6 : Results of Slope Stability Analysis for Mix Compositions of Fine Sand of 1.55 gm/cc Dry Density and 

Different Percentages by Weight of Ceramic Tile Waste Material 

S. No. 
Height of 

Embankment 

(m) 

Ceramic Tile 
Waste Material 

 (%) 

Angle of Internal 

Friction 

(ɸ) 

Slope 
(H:V) 

Factor of 
Safety 

1. 6.0 0 32.09° 2:01 1.256 

2. 6.0 2 38.37° 1.58:1 1.253 

3. 6.0 4 42.70° 1.40:1 1.250 

4. 6.0 8 44.70° 1.27:1 1.259 

5. 6.0 12 46.55° 1.19:1 1.258 

6. 7.5 0 32.09° 2:01 1.256 

7. 7.5 2 38.37° 1.58:1 1.253 

8. 7.5 4 42.70° 1.40:1 1.250 

9. 7.5 8 44.70° 1.27:1 1.259 

10. 7.5 12 46.55° 1.19:1 1.258 

11. 9.0 0 32.09° 2:01 1.256 

12. 9.0 2 38.37° 1.58:1 1.253 

13. 9.0 4 42.70° 1.40:1 1.250 

14. 9.0 8 44.70° 1.27:1 1.259 

15. 9.0 12 46.55° 1.19:1 1.258 
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Table 7 : Results of Slope Stability Analysis for Mix Compositions of Fine Sand of 1.58 gm/cc Dry Density and 

Different Percentages by Weight of Ceramic Tile Waste Material 

S. No. 
Height of 

Embankment (m) 

Ceramic Tile 

Waste Material 

 (%) 

Angle of Internal 

Friction (ɸ) 

Slope 
(H:V) 

Factor of 
Safety 

1. 6.0 0 34.72° 1.8:1 1.250 

2. 6.0 2 42.73° 1.36:1 1.259 

3. 6.0 4 45.65° 1.22:1 1.250 

4. 6.0 8 47.43° 1.15:1 1.254 

5. 6.0 12 48.28° 1.12:1 1.259 

6. 7.5 0 34.72° 1.8:1 1.250 

7. 7.5 2 42.73° 1.36:1 1.259 

8. 7.5 4 45.65° 1.22:1 1.250 

9. 7.5 8 47.43° 1.15:1 1.254 

10. 7.5 12 48.28° 1.12:1 1.259 

11. 9.0 0 34.72° 1.8:1 1.250 

12. 9.0 2 42.73° 1.36:1 1.259 

13. 9.0 4 45.65° 1.22:1 1.250 

14. 9.0 8 47.43° 1.15:1 1.254 

15. 9.0 12 48.28° 1.12:1 1.259 

 

4.4 Rate Analysis 

Construction of Embankment with Material obtained from Roadway Cutting Item: 

Contraction of Embankment with approved materials deposited at the site obtained from roadway 

cutting and excavation from drain and foundation or other structures graded and compacted to meet requirement 

= Rs. 34 per cum (as per unified B.S.R., P.W.D., Rajasthan, June 2014) 

Add About (lump sum 7.5% Extra for ceramic tile waste material for its crushing, mixing and 

transportation) 

Cost of Earthwork stabilized by ceramic tile wastage Material = 34 + 0.075x34 = 36.55 Rs per cum 

Table 8, 9 and 10 represent the saving of quantity of earthwork, cost of earthwork and cost reduction 

ratio of fine sand of dry densities 1.50 gm/cc, 1.55 gm/cc and 1.58 gm/cc mixed with 0%, 2%, 4%, 8% and 12% 

by weight of ceramic tile waste material for different heights of embankment 6.0 m, 7.5 m and 9.0 m for 1 km 

long two lane road. 
 

Table 8 : Saving of Quantity of Earthwork and Cost Reduction Ratio for Road Embankment of Different 

Heights and 1 km Long Two Lane Road for Fine Sand of Dry Density 1.50 gm/cc using Different Percentage by 

Weight of Ceramic Tile Waste Material 
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Table 9 : Saving of Quantity of Earthwork and Cost Reduction Ratio for Road Embankment of Different 

Heights and 1 km Long Two Lane Road for Fine Sand of Dry Density 1.55 gm/cc using Different Percentage by 

Weight of Ceramic Tile Waste Material 

 

Table 10 : Saving of Quantity of Earthwork and Cost Reduction Ratio for Road Embankment of Different 

Heights and 1 km Long Two Lane Road for Fine Sand of Dry Density 1.58 gm/cc using Different Percentage by 

Weight of Ceramic Tile Waste Material 

 
 

4.5  Comparative Study 

Figures 5, 6 and 7 have been plotted between the height and the cross-sectional area of the 

embankment for different percentages by weight of ceramic tile waste material mixed with the fine sand of 

different dry densities. The graphs show that the cross-sectional area reduces when the percentage by weight of 

ceramic tile waste material mixed with the fine sand increases irrespective of the height of embankment and dry 

density of fine sand.  
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The graphs between the height and the cross-sectional area of the embankment are more or less linear 

for different percentages by weight of ceramic tile waste mixed with the fine sand. The graphs clearly indicate 

that when percentage by weight of ceramic tile waste material mixed with the fine sand increases from 0% to 

12%, the cross sectional area reduces to the maximum extent implying that slope is the steepest when 

percentage by weight of ceramic tile waste material is 12% irrespective of the height of the embankment. It is 

also concluded that the slope is maximum when fine sand having maximum dry density i.e. 1.58gm/cc mixed 

with 12% by weight of ceramic tile waste material. 

 
Figure 5: Variation in Cross-Sectional Area of Road Embankment with its Height for Mix Compositions of 

Fine Sand of 1.50 gm/cc Dry Density and Different Percentages by Weight of Ceramic Tile Waste Material 

 

 
Figure 6: Variation in Cross-Sectional Area of Road Embankment with its Height for Mix Compositions of 

Fine Sand of 1.55 gm/cc Dry Density and Different Percentages by Weight of Ceramic Tile Waste Material 

 
Figure 7: Variation in Cross-Sectional Area of Road Embankment with its Height for Mix Compositions of 

Fine Sand of 1.58 gm/cc Dry Density and Different Percentages by Weight of Ceramic Tile Waste Material 
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V. Conclusions 

The following conclusions are drawn from present investigation: 

1. The slope stability analysis conducted by the software provides results in a very short time and thus can be 

used easily for the design of slope of road embankments.  

2. When the percentage of ceramic tile waste material by weight mixed with fine sand is increased from 0% to 

12%, irrespective of the height of the road embankment, its slope is steepened from 2.24:1 to 1.31:1, 2:1 to 

1.19:1 and 1.8:1 to 1.12:1for density 1.50 gm/cc, 1.55 gm/cc and 1.58 gm/cc respectively. 

3. For 1.50 gm/cc dry density of fine sand, cross-sectional area reduces from 128.64 sqm. to 95.16 sqm, 

186.00 sqm to 133.69 sqm and 253.44 sqm to 178.11 sqm
 
for road embankment of height 6.0 m, 7.5 m and 

9.0 m respectively by using percentage by weight of ceramic tile waste material from 0% to 12%. 

4. For 1.55 gm/cc dry density of fine sand, cross-sectional area reduces from 120.00 sqm. to 90.84 sqm, 

172.50 sqm to 126.94 sqm and 234.00 sqm to 168.39 sqm for road embankment of height 6.0 m, 7.5 m and 

9.0 m respectively by using percentage by weight of ceramic tile waste material from 0% to 12%. 

5. For 1.58 gm/cc dry density of fine sand, cross-sectional area reduces from 112.80 sqm. to 88.32 sqm, 

161.35 sqm to 123.00 sqm and 217.80 sqm to 162.72 sqm for road embankment of height 6.0 m, 7.5 m and 

9.0 m respectively by using percentage by weight of ceramic tile waste material from 0% to 12%. 

6. The maximum cost reduction ratio for the road embankment of height 6.0 m are 0.80, 0.81 and 0.84 when 

the dry density of the fine sand is 1.50 gm/cc, 1.55 gm/cc and 1.58 gm/cc respectively mixed with 12% by 

weight of ceramic tile waste material. Thus the approximate saving in the cost of construction of road 

embankment of height 6.0 m varies between 16% to 20%. 

7. The maximum cost reduction ratio for the road embankment of height 7.5 m are 0.77, 0.79 and 0.82 when 

the dry density of the fine sand is 1.50 gm/cc, 1.55 gm/cc and 1.58 gm/cc respectively mixed with 12% by 

weight of ceramic tile waste material. Thus the approximate saving in the cost of construction of road 

embankment of height 7.5 m varies between 18% to 23%. 

8. The maximum cost reduction ratio for the road embankment of height 9.0 m are 0.76, 0.77 and 0.80 when 

the dry density of the fine sand is 1.50 gm/cc, 1.50 gm/cc and 1.58 gm/cc respectively mixed with 12% by 

weight of ceramic tile waste material. Thus the approximate saving in the cost of construction of road 

embankment of height 9.0 m varies between 20% to 24%. 

9. The reduction in cross-section of road embankment was excellent and the cost of the construction is also 

reduced to a great extent. 

 

References 
[1]. Aditya Kuamr Anupam, Praveen Kumar, G D Ransinchung R N, “Use of Various Agricultural and Industrial Waste Materials in 

Road Construction”, Procedia-Social and Behavioral Sciences 104, pp. 264-273, 2013. 

[2]. AK Mishra, R Mathur and P Goel, “Marble Slurry Dust in Roads - An Apt Solution for Industrial Waste”, Highway Res Bull, 65 

(12), pp. 83-92, 2001. 

[3]. Akash Gupta, Dr. N.K. Ameta, “Stabilization of Fine Sand through Ceramic tile Waste as Admixture for Construction of 
Embankments for Roads”, IJIRSET, Vol. 5, Issue 8, August 2016. 

[4]. Akash Gupta, Dr. N.K. Ameta, “Fine Sand Stabilization Using Ceramic tile Waste as Admixture for Design of Flexible Pavement in 

Construction of Roads”, American Journal of Engineering Research, Volume -5, Issue 8, pp. 186-191, 2016. 
[5]. Bishop, A.W., “The Use of the Slip Circle in the Stability Analysis of Slopes”, Geotechnique, Vol. 5, pp. 7–17, 1955. 

[6]. BL Swami, “Feasibility Study of Marble Dust in Highway Sector”, Highway Research Bulletin, 1(1), pp. 67-72, 2002. 

[7]. Dhawan, P. K., Swami, R. K., Mehta, H. S., Bhatnagar, O. P., Murty, A. V. R. S., “Bulk utilization of coal ashes from road works”, 
Indian highways, Vol. 22 (11), pp. 21-30, 1994. 

[8]. E Spencer, “A Method of Analysis of the Stability of Embankments Assuming Parallel Inter-Slice Forces”, Geotechnique, 17(1), 

pp. 11-26, 1967. 
[9]. Geo slope international 2012, Geostudio (student version 8.0.10.6504) computer software. 

[10]. IRC: 75-1979 guidelines for the design of high embankment. 

[11]. K Terzaghi, RB Peck and G Mesri, “Soil Mechanics in Engineering Practice”, John Wiley and Sons, 1996. 
[12]. Kumar, P. and Singh, S. P., “Fiber-reinforced fly ash sub bases in rural roads”, Journal of Transportation Engineering, ASCE, 

134(4), pp. 171-180, 2008. 

[13]. Lee W., Thomas S., Sunil S., and Glenn M., “Slope Stability and Stabilization Methods”, 2nd Edition, New York, John Wiley & 
Sons, ISBN 0-471-384933, 2002. 

[14]. Mackie PJ, “Cost-benefit analysis in transport: a UK perspective”, Discussion Paper, Mexico, pp. 26–27, 2010. 

[15]. RP Arora, NK Ameta, BS Singhvi, Trilok Gupta, “Economical Study on Safety of Earthen Embankments by Use of Marble Slurry”, 
European Journal of Advances in Engineering and Technology, 3(3): pp-49-54, 2016. 

[16]. S Chandra, S Kumar and RK Anand, “Soil Stabilization with Rice Husk Ash and Lime Sludge Indian Highways”, 33(5), pp. 87- 97, 
2005. 

[17]. Zhang Guo-bing, YU Gai-ning, “Study on improvement of high liquid limit soil”, Journal of Highway and Transportation Research 

and Development, No. 11, Vol. 22, pp. 71-74, 2005. 
[18]. SK Soni and AVSR Murty, “Utilization of Industrial Wastes in Low -Volume Roads”, Transportation Research Record, Seventh 

International Conference on Low-Volume Roads, 1999. 


