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Abstract:  

Long term performance of pavement structures depend on the stability of the underlying soils. So there is a need to 

transform ineffective earth materials into effective subgrade materials. Stabilizing the weak soil with suitable waste 

material as stabilizer could be an effective and economic method. The present study is focused on the suitability of using 

crushed demolition concrete waste as a stabilizer for weak subgrade soil like Kaolinitic soil in flexible pavements. 

Crushed demolition concrete waste mixed in different proportions to the soil and their influence on the compaction 

characteristics and CBR values were studied. Based on the results, it was observed that for the kaolinitic soil used in the 

study, 40% was the optimum content of waste material used for the stabilization. As a result, the OMC was decreased 

from 26% to 22% and maximum dry density increased from 1.24g/cc to 1.46g/cc. CBR value was also raised from 3.4% 

to 11.2%. This accounts to 3.2 times increase in the CBR value and thus 25cm decrease in the pavement thickness. 

Stabilization of weak subgrades using construction and demolition wastes would ultimately lower carbon footprints in 

contrast to using traditional quarried materials. Hence construction and demolition wastes could be shifted from “Waste 

Material” category to “Resource Material” category. 
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1 INTRODUCTION 

Long term performance of pavement structures depend 

on the stability of the underlying soils. Available 

subgrade earth materials do not always meet these 

requirements. So there is a need to transform these 

ineffective earth materials into effective subgrade 

materials. Stabilizing the weak soil with suitable waste 

material as stabilizer could be an effective and 

economic method. According to 11th year plan, 

construction industry in India is the second largest 

economic activity after agriculture. The quantity of 

waste materials generated per annum from construction 

and demolition activities vary from 0.25 to 5.14 million 

tons. Due to the rapid growth in the construction 

industry, it will be appropriate to link construction and 

demolition waste generation with the Indian economic 

growth. Therefore, suitable practices are needed to 

handle construction and demolition (C & D) waste in 

order to propose a sustainable approach. 

A study on the influence of clay tile waste as stabilizer 

in subgrade on flexible pavement construction was 

conducted by Bindhu in 2015. It was found that by the 

addition of 45% of clay tile waste, the CBR value of 

the soil sample was increased from 3.03% to 7.26%. 

Further addition of tile waste resulted in a decrease in 

the value of CBR. 

Kumar (2015) conducted a study on the use of 

construction and demolition waste. The study 

concluded that construction and demolition wastes like 

bricks, concrete, tiles etc. could be used for mechanical 

stabilization of very poor soils. 

Research has shown that if a subgrade has a CBR value 

less than 10, the sub base material will deflect under 

traffic loadings in the same manner as the subgrade and 

cause pavement deterioration (Amadi, 2014). It is 

therefore crucial for highway engineers to develop a 

subgrade with a CBR value of at least 10. Table 1 

shows the strength wise classification of subgrade soil.  
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Table 1 Strength-wise classification of subgrade soil 

Subgrade Classification CBR (soaked) (%) 

Extremely Weak <1 

Weak 1-2 

Medium 2-5 

Normal 5-10 

Strong 10-30 

Extremely Strong >30 

 

2 MATERIALS AND METHODS 

2.1 Soil 

The subgrade soil used in the study is kaolinitic soil, 

which was collected from Kizhakambalam of 

Ernakulam district, Kerala. The properties of the 

subgrade material were found out as per IS and the 

results obtained are tabulated in Table 2. The tabulated 

subgrade soil properties gave a Group Index value of 

10 which shows that it is a very poor soil. Also, it has a 

soaked CBR value of 3.5 and hence could be classified 

as Medium subgrade. Therefore, there is a need to 

stabilize this soil so that it qualifies as a strong 

subgrade. 

Table 2 Properties of Subgrade soil used in the 

study 

Property Kaolinitic soil 

Natural water content (%) 2 

Specific Gravity 2.4 

Liquid limit (%) 41 

Plastic limit (%) 26 

Shrinkage limit (%) 10 

Plasticity index (%) 15 

Particle size distribution (%) 

Clay size (<0.002mm) 

Silt size (0.002mm–0.075mm)  

Sand size (0.075mm-4.75mm) 

 

41 

36 

23 

Group Index Value 10 

Maximum dry density (g/cc) 1.24 

Optimum moisture content (%) 20 

 

*CBR (%) 

unsoaked 4.3 

soaked 3.5 

*at maximum dry density and OMC 

2.2 C&D Waste Used 

Construction and demolition concrete waste was 

collected from various construction and demolition 

sites in and around Kochi, Ernakulam district, Kerala. 

For the present study, construction and demolition 

concrete waste were selected. The collected waste 

materials were then crushed using a jaw crusher in the 

Fire and Safety Lab, Division of Safety and Fire 

Engineering, CUSAT. Size of the aggregate used 

varied upto 20mm. The properties of demolition 

concrete wastes used are tabulated in Table 3. It 

showed that the aggregates were of sufficiently good 

quality. 

Table 3 Properties of demolished concrete wastes 

used in the study 

Property Demolished 

concrete 

aggregate 

Mort & H 

specification 

Specific Gravity 2.6 2.5 -  3.0 

Aggregate Impact 

Value 

15 10 – 30 

Aggregate Crushing 

Value 

30 Max 45 
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Aggregate Abrasion 

Value 

30 Max 40 

Flakiness Index (%) 15 15 – 25 

Elongation Index 

(%) 

13 < 15 

Water Absorption 

(%) 

0.5 0.6 

3 Effect of Kaolinitic soil mixed with demolition 

concrete aggregate 

3.1 Compaction characteristics 

A series of Standard Proctor tests were performed in 

the laboratory with the addition of different proportions 

of crushed demolition concrete aggregates varying 

from 0% to 60% with an increment of 10%. Their 

compaction curves are shown in Figure 1. Based on the 

Standard Proctor test results, it was observed that, for 

soil sample mixed with different proportions of crushed 

demolition concrete waste aggregates, the density 

increased first and then decreased with the addition of 

crushed demolition waste aggregates. By the addition 

of 40% of crushed demolition concrete waste 

aggregates, the maximum dry density of the soil 

sample was increased from 1.24g/cc to 1.46 g/cc. 

Further addition of waste resulted in a decrease in 

value of the maximum dry density. The OMC tend to 

decrease as the percentage of concrete waste increased. 

However the optimum Moisture Content goes on 

decreasing first and then increases. 

 

Fig 1 Compaction curves of Kaolinitic soil mixed 

with demolition concrete waste 

 

Variation of Maximum dry density of Kaolinitic clay 

mixed with different proportions of crushed demolition 

concrete aggregate is shown in Figure 2. It can be 

understood that an increase of dry density means a 

decrease of voids ratio and a more compact soil. This 

variation in maximum dry density could be because of 

the variation in void ratio when demolition concrete 

aggregate waste was added.  

 

Fig 2 Variation of Maximum dry density of 

Kaolinitic soil with demolition concrete aggregate 

content 

5.2 Effect of demolition aggregate on CBR of soil 

A series of unsoaked and soaked CBR tests were 

performed in the laboratory with different proportions 

of crushed demolition concrete aggregates varying 

from 0% to 60% with an increment of 10% at their 

respective maximum dry density and OMC. 

Based on the CBR test results, it was observed that the 

CBR value first increased gradually and then decreased 

with the addition of crushed demolition concrete waste 

aggregates added. For kaolinitic soil, the maximum 

unsoaked CBR value was obtained as 12% and 

maximum soaked CBR value as 11.2% with the 

addition of 40% of demolished concrete waste. An 

increase of 2.8 times in the unsoaked CBR value and 

3.2 times increase in the soaked CBR values are 

obtained. The low CBR of the kaolinitic soil is 

attributed to its inherent low strength which is due to 
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the dominance of clay fraction. However the CBR 

value increases due to the increase in load-bearing 

capacity of soils when demolition concrete waste was 

added to the soil. 

The variation of CBR values of Kaolinitic soil with 

varying percentages of crushed demolition concrete 

aggregate (both soaked and unsoaked) is shown in 

Figure 3. It is clear from the figure that the unsoaked 

CBR values are just slightly higher than the soaked 

CBR values. This might be due to the low water 

absorption capacity of these wastes. 

Demolished concrete aggregate is much stronger than 

the soil used. Hence in the field as the percentage of 

demolished concrete increases, the strength also will 

increase. Since the laboratory test is performed on a 

relatively small sample, the aggregate used is 

cohesionless. So, beyond a certain percentage of 

aggregate, strength of the sample decreases. The lab 

test is not representative of the field conditions. 

 

Fig 3 Variation of CBR values of Kaolinitic soil with 

demolition concrete aggregate content 

 

4 PAVEMENT DESIGN 

According to the guidelines of IRC 37-2001 

(Guidelines for the design of flexible pavements), 

based on the soaked CBR values of both the 

unstabilized and stabilized mixes, a flexible pavement 

has been designed. It was found that the optimum CBR 

value for kaolinitic soil was found at 40% addition of 

the crushed demolition concrete aggregate.  

For the design, some reasonable assumptions were 

made such as number of commercial vehicles per day 

(CVPD) 300, traffic growth rate factor 7.5%, vehicle 

damage factor (VDF) 2.5, lane distribution factor  0.75, 

and the design life as 10 years.  Based on this, a 

cumulative standard axle value of 3 msa was arrived at.  

For this traffic the total thickness of pavement required 

for the different mixes was arrived at using IRC Design 

Chart. 

Table 4 Pavement thickness for the different mixes 

of kaolinitic soil 

Mix composition Soaked 

CBR 

Value 

(%) 

Total 

thickness 

required 

(mm) 

Kaolinitic soil 3.5 550 

Kaolinitic soil amended 

with 40% crushed 

demolition concrete 

aggregate 

11.2 300 

 

The pavement thicknesses for the different mixes of 

kaolinitic soil given in Table 4 makes it clear that if the 

subgrade is kaolinitic soil amended with 40% crushed 

demolition aggregate the pavement thickness is 

reduced by 25cm which accounts to be 45% of the 

original thickness. 

5 Conclusion 

The feasibility of using kaolinitic soil stabilized with 

demolition concrete aggregate, as a subgrade material 

has been investigated.  The stabilizing agents used 

were crushed demolition concrete aggregates. The 

conclusions drawn from the results obtained from 

various laboratory tests are given below. 

When kaolinitic soil was mixed with crushed 

demolition concrete aggregates, 

 The OMC was decreased from 26% to 22% and 

maximum dry density increased from 1.24g/cc to 

1.46g/cc with 40% addition of aggregates. 

 CBR value increased from 3.4% to 11.2% and 

with further addition, decreased with 40% 
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addition of aggregates. This is 3.2 times increase 

in the CBR value 

 There is 25cm decrease in the pavement 

thickness which accounts to be 45% of the 

original thickness.  

Stabilization of weak subgrades using demolition 

concrete waste will ultimately lower carbon footprints 

in contrast to using traditional quarried materials. 

Hence demolished concrete wastes could be shifted 

from “Waste Material” category to “Resource 

Material” category. 
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