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Abstract 

This paper is mainly focused on the strength characteristics i.e California Bearing Ratio (CBR) and Unconfined Compressive 

Strength (UCS) of subgrade soil replaced with waste materials such as crumb rubber and stone dust. Hypothesis behind this is to 

maximize the use of waste material in road construction. Waste is produced in abundant with problem of disposal. Crumb rubber 

and stone dust is used in 1%, 2%, 3%, 5%, &%, 10%, and 15% replacing soil by dry weight. Changes in un-soaked as well as 

soaked CBR values are observed on locally available clayey sand. Improvement in CBR was observed for crumb rubber 1.22% in 

un-soaked and 134% in soaked condition at 3% of replacement with crumb rubber. CBR improvement in case of stone dust was 

increasing consistently with increasing percentage of stone dust. In case of UCS, at 2% soil replacement of crumb rubber strength 

increased from 443.69KPa to 617.17KPa. for Soil replaced with stone dust slight increase was observed up to 2% of replacement 

followed by steady decrease. 
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1. Introduction 

Waste Generation and disposal is one of the problems faced in socio-economic development of any country. Road 

construction is rapidly growing and much needed infrastructural component for India. Every day there is almost 

average of 20 km of road is laid all over the country. (NHAI report-2016). India is dependent on road network for 

inland fright transport. Hence huge number of trucks are moving load or making a return journey on the road. 

Synthetic rubber tyres are commonly used for motor vehicles in today’s age. Increase in Number of vehicles also 

increase number of discarded rubber tyres. Proper disposal of these Scrap tyres is a problem. Some of the small 
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industries make use of the waste rubber but it is not sufficient. In this work, scrap tyre rubber is used as stabiliser in 

subgrade layer of pavement. Approximately 12 million scrap tyres in 1995 and 15 million in 1996 have been used 

for civil engineering applications including leachate collection systems, landfill cover, artificial reefs, and clean fill 

for road embankment, road bed support and similar projects (Liu et al. 2000). Crumb rubber for its unique property 

is widely used in civil engineering application. Crumb rubber has low unit Wight, low bulk density, high drainage 

capacity, flexibility, strength, resiliency, high frictional resistance and high elastic deformability (Ahmed and Lovell 

1993; Bosscher et al 1997). Both stability of embankment and settlement of the road built on soils with low strength 

can be improved by using lightweight material (Ahmed and lovell 1993). However crumb rubber has not been tried 

extensively for using it in subgrade layer of the pavement in India. To find substitute to the costly practice of landfill 

studies to utilize crumb rubber in non-landfill an attempt has been made to investigate its possible use in subgrade 

layer. Similarly stone dust is by product of the quarries which is not disposed properly creates dusty winds. Both the 

materials are either by products or wastes of different industries which do not have proper disposal arrangement. 

Hypothesis of the work is to check whether these materials can be used to increase the Strength Characteristics of the 

soil.  

The shear resistance of sand with addition of shredded tyres was investigated and found to be improved (Foose et 

al. 1996 and Zornberg et al. 2004). Zornberg et al (2004) used tyre shreds in an embankment of cohesive soil to 

observe mechanical behavior. The embankment was subjected to heavy truck traffic. Settlement of the embankment 

was recorded over two years. Results show that the embankment performed satisfactory over two years of extensive 

traffic exposer. Tatlisoz et al. (1997) used waste tyre chips in fine grained and course grained soils. Mechanical 

properties of mixes were observed. Mix of soils with tyre chips behaves like soil but to mobilisation of ultimate 

shear strength requires more deformation and are compressible in nature. Tatlisoz et al. (1998) observed higher shear 

strength of soil mixes with tyre chips than soil in geo-synthetic reinforced back fill. Hasson et al (2005) based on 

their tests involving triaxial test and CBR test on shred tyre reinforced soil, concluded that the presence of shredded 

waste tyres in sand improves the stress-strain properties for all different sizes and contents of shreds waste tyre over 

that pure sand. CBR values increases with the increase of shreds tyre content up to 3% after which it decreases in 

both soaked and un-soaked specimens. Prasad, et al. (2008) conducted CBR and direct shear tests on sub base 

material with waste plastic and shredded rubber. Sub base material, viz gravel, was laid on the expansive soil 

subgrade. It was observed that load carrying capacity of the model improved significantly compared to unreinforced 

sub base. The index properties, permeability, compaction test and direct shear tests were conducted on cohesive soil 

using different percentage (10, 20, 30, 40 and 50%) of pure fine and course rubber tyre chips. It has been shown that 

20% of course grained chips and 30 % of pure fine rubber chips can be used above water table for high strength and 

low settlement for soil (Cetina et al., 2006). R.M. Subramanian et al. (2009) tested crumb tyre mixed with soil in 

various proportions. Strength characteristics resulted in marginal improvement. CBR observed for tyre pieces was 

higher than shredded tyre. The main objective of the present study is to find out the strength characteristics (MDD, 

OMC, CBR, USS) of  soil subgrade to be used in pavement construction using different percentage (1% to 15%)of 

waste materials (Stone dust and Crump Rubber). It was found that soil subgrade mixed with stone dust shows higher 

strength as compared to soil subgrade using crumb rubber for the pavement construction. 

2. Experimental Program 

2.1. Material Selection 

Soil selected in this study is found in mountains around Silchar and commonly used for embankment for 

roadways and railways in Silchar (Assam). For improvement of strength characteristics locally available waste 

materials i.e crumb rubber and stone dust is used. Engineering properties of the soil is found out according to IS 

2720 part 2, 3, 5 and 7. Tests such as specific gravity, liquid limit, plastic limit, plasticity index were performed. 

Soil classification as per Indian standard classification (ISC) (IS 1498-1970) and other index properties are listed in 

table 1. Soil selected is clayey sand (SC) of low compressibility with fair shear strength.  

Crumb rubber obtained from grinded truck tyre. Crumb rubber used was passed through 4.25 mm sieve with no 

further treatment. As per ASTM D 6270, the particles less than about 12 mm in size, termed granulated or ground 

rubber, particles from 12 mm to 50 mm in size are grouped as tire chips and articles greater than 50 mm (50 to 305 
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mm) are grouped with tire shreds obtained by shredding on waste rubber tires. Stone Dust used was obtained from 

nearby stone quarry. IRC recommends stone dust is crushed rock passed through 600 micron sieve hence dust 

acquired from quarry was passed through 600 micron sieve. Crumb rubber and stone dust then used to replace by 

1%, 2%, 3%, 5%, 7%, 10% and 15% of dry weight of soil. This variation of percentage soil replacement by weight 

was considered to maximise the utilisation of waste material. 

Table 1. Properties of Soil  

Property Value 

Specific Gravity 2.15 

Plastic Limit (%) 24.16 

Liquid Limit (%) 39.92 

Plasticity Index 15.76 

Maximum Dry Density (gm./cc) 1.83 

Optimum Moisture Content (%) 17.69 

Soil classification  as per ISC SC (Clayey Sand) 

2.2. Tests on Soil Subgrade  

2.2.1. Compaction test 

Standard Procter test was conducted of only soil and mixture of soil plus different percentages of crumb rubber 

and stone dust by replacement of dry weight. IS 2720 Part-7 lays down the method for the determination of the 

relation between the water content and the dry density of soils using light compaction. In this test a 2.6 kg rammer 

falling through a height of 310 mm is used.  Figure 1 shows the effect of maximum dry density (MDD) with 

different percentages of crumb rubber and stone dust. 

2.2.2. California Bearing Ratio (CBR) 

CBR tests were conducted on only the soil as well as mix of different percentage replacement with crumb rubber 

and stone dust. Both soaked and un-soaked CBR tests were accomplished as per IS 2720 part 16.  The values of 

CBR for different Percentage of soil replacement and respective percentage increase are shown in Table 3. Figure 2 

and Figure 3 are graphical representation of CBR values observed in Un-soaked and Soaked conditions for proposed 

mixes. It was noted that CBR values at 5 mm penetration were consistently higher than CBR values at 2 mm 

penetration for all mixed soil. Values given in parenthesis in Table 3 are percentage change. Pavement design based 

on CBR value still has significance in low volume roads and state highway building process.  

2.2.3. Unconfined Compressive Test (UCS) 

Unconfined Compressive Test (IS: 2720 (Part 10) – 1991), It is the load per unit area at which an unconfined 

cylindrical specimen of soil will fail in the .axial compression test. It is not always possible to conduct the bearing 

capacity test in the field. Unconfined compressive test is low cost method to evaluate field strength of the soil. In 

laboratory. Test results help engineers to choose best material from the available resource for embankment. It is easy 

to perform the unconfined compression test on undisturbed and remoulded soil sample. Specimen size selected was 

cylinder of 76 mm length and 38 mm diameter. Compacted samples were tested at Optimum Moisture Content 

derived from Dry density, water content relationships. 

3. Results and Discussion 

3.1. Compaction Test Result 

Maximum dry density and optimum moisture content for unreinforced soil are 1.83 gm./cc and 17.69% 

respectively(Figure 1). Procter test is conducted with soil replacement by weight, as explained in previous section, 
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by 1%, 2%, 3%, 5%, 7%, 10% and 15% of waste material. Detail of level of compaction achieved is tabulated in 

Table 2. Figure 1 and Figure 2 represent Dry Density and optimum moisture relations for unreinforced soil, soil 

reinforced with crumb rubber and stone dust. It can be observed in Figure 1 that MDD goes on decreasing with 

increase in percentage of crumb rubber. The MDD was found to be 1.82 gm./cc and 1.61 gm./cc at 1% and 15 % of 

crumb rubber. Percentage decline of MDD for crumb rubber is found to be not that much variation from 1% to 2% 

of soil replacement but it starts decreases drastically from 3% of soil replacement. In case of stone dust 

improvement in MDD values were observed from 1.83gm/cc at 0% replacement to 1.91 gm/cc at 15% replacement 

(Figure 2). Steady increase in MDD was observed in case of stone dust. MDD for crumb rubber is decreasing as 

crumb rubber is lightweight materials than soil on the contrary MDD for stone dust is found to be Increasing as 

stone dust is heavy than that of soil. Comparative representation of changes in maximum dry density is shown 

graphically in Figure 3. 

Table 2. Dry Density and Optimum Moisture Content with Varying Percentage of Soil Replacement 

Soil Replacement (%) Crumb Rubber Stone Dust 

MDD (gm/cc) OMC (%) MDD (gm/cc) OMC (%) 

0 1.83 17.69 1.83 17.69 

1 1.82 18.29 1.84 18.16 

2 1.78 17.54 1.85 18.15 

3 1.79 17.39 1.86 18.20 

5 1.78 18.10 1.86 18.10 

7 1.72 17.49 1.87 18.11 

10 1.66 18.41 1.89 18.24 

15 1.61 18.36 1.92 18.17 

 

Optimum moisture content (OMC) does not vary than that of initial value of 17.76% of un-reinforced soil. For 

crumb rubber and stone dust materials values of OMC deviate maximum of 3% from 17.76%. Insignificant variation 

in OMC is because fine grained material is replaced by fine grained material, as OMC is a function of surface area. 

 

Figure 1: Relationship between Dry Density and Moisture Content for Soil Reinforced with Crumb Rubber 
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Figure 2: Relationship between Dry Density and Moisture Content for Soil Reinforced with Stone Dust (SD) 

 

Figure 3. Maximum Dry Density vs. Percentage Soil Replacement 
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Table 3. CBR values for soil mixes different percentage of stone dust and crumb rubber 

Soil Replacement (%) Crumb rubber Stone dust 

CBR (Un-soaked) CBR (Soaked) CBR (Un-soaked) CBR (Soaked) 

0% 7.45 5.61 7.45 5.61 

1% 14.65 11.88 8.34 6.47 

(97%) (112%) (12%) (15%) 

2% 15.42 12.24 9.86 7.78 

(107%) (118%) (32%) (39%) 

3% 16.56 13.10 11.57 9.42 

(122%) (134%) (55%) (68%) 

5% 16.05 9.20 13.64 11.15 

(115%) (64%) (83%) (99%) 

7% 15.44 5.20 15.07 11.82 

(107%) (-7%) (102%) (111%) 

10% 12.54 4.82 17.59 15.64 

(68%) (-14%) (136%) (179%) 

15% 8.84 3.56 19.74 17.82 

(19%) (-36%) (165%) (218%) 

 

 

Figure 4. Un-soaked and Soaked CBR values 
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and crumb rubber becomes ductile with each increasing percentage of replacement as strain values of failure goes on 

increasing. When soil is replaced with stone dust and FA ductility of the sample reduces. 

TABLE 4:  Unconfined Compressive Strength with Varying Percentage of Soil Replacement 

Soil Replacment (%) Crumb Rubber (KPa) Stone Dust (KPa) 

0 443.69 443.69 

1 434.25 469.02 

2 617.17 454.30 

3 478.84 415.34 

5 388.57 359.37 

7 332.24 319.10 

10 281.43 315.17 

15 182.90 274.70 

 

 

Figure 5. Relationship between Strain and Stress with Varying Rubber Content 

 

Figure 6. Relationship between Strain and Stress with Varying Stone Dust Content 
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3.4. Optimum Quantity of Soil Replacement 

Optimum soil replacement for present soil study was determined according to CBR value. CBR values observed 

for all load penetration curves that CBR value at 5mm were consistently higher than that of 2 mm penetration as 

noted earlier. Optimum value as far as economy of construction is concerned, for crumb rubber will be at 3 % 

replacement and for stone dust at 15 % replacement, but where utilisation of waste considered it will be at 5 % for 

crumb rubber and at 15 % for stone dust. CBR value is one of the major index in case of pavement thickness 

determination. More the CBR value lesser the thickness of pavement required, which in turn saves the cost of 

construction of roadway. Wastes that are taken as part of this study are produced in abundance as explained earlier. 

Maximum utilisation of such waste products will solve disposal problem from environmental point of view. 

4. Conclusion 

Based on test results following conclusion were obtained. 

 MDD for crumb rubber is steadily falling with added replacement of soil. MDD falls from 1.83gm./cc to 

1.61 gm./cc for 0% replacement to 15 % replacement as material with higher unit weight is replaced by 

material with low unit weight.. 

 For soil tested in this study, addition of crumb rubber improvers CBR value two folds ie from 7.45% for 

soils to 16.56% for Soil + 3% crumb rubber replacement in un-soaked condition. Similar results were 

obtained in soaked condition CBR value increased two folds from 5.61% to 13.10% for soil and soil + 3% 

crumb rubber replacement respectively. Hence crumb rubber can be used for subgrade improvement up to 3 

% of replacement by weight. Excess addition of crumb rubber beyond 7% replacement resulted in decrease 

in the CBR value in soaked condition. Percentage of soil replacement by use of crumb rubber must be 

carefully determined. 

 MDD for stone dust is increasing persistently with further replacement of soil. MDD increases from 

1.83gm./cc to 1.92 gm./cc for 0% to 15% of replacement as material with low unit weight is replaced by 

material with high unit weight. 

 Subgrade improvement achieved by stone dust is gradually increasing; hence percentage soil to be replaced 

will depend upon the economics of construction. CBR increased was three times that of the CBR value of 

0% replacements with stone dust in un-soaked as well as soaked condition. Breakeven point to maximise 

economy in construction should be found before deciding optimum percentage of replacement. 

 Optimum value for crumb rubber and stone dust was observed at 2% of replacement and 1% of replacement 

in case of UCS value. 

 Reduced thickness of the road structure with Improved CBR value can be achieved which in turn will reduce 

the strain on the natural resource required for pavement construction directly indirectly. This will prove to be 

economical in long run for the development of a country. Utilization of the waste material in sustainable way 

is possible which will help partly to solve disposal problems for such waste materials. 
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