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ABSTRACT: Natural well-graded granular materials are conventionally used as a fill material for various geotechnical 

applications. However, due to high demand for granular material, illegal dredging of sands from the river beds is on the rise. 

On the other hand, a study carried out by Centre for Science and Technology, New Delhi, has reported that huge amounts 

to the tune of 530 million tonnes of Construction and Demolition Waste (C&D) waste are generated during the year 2013 

in India. This C&D waste includes waste from demolished structures due to renovations of existing structures and repair of 

roads, flyovers, bridges, etc. In addition, enormous debris is generated following disasters such as that during the 

Uttarakhand floods in 2013. Typically, C&D waste is dumped in municipal landfills. This study presents the efficacy of 

crushed concrete and concrete rubble for use as an alternate backfill material in Mechanically Stabilized Earth (MSE) walls. 

Crushed concrete (CC) is collected locally from the demolished structures of Ordinance Factory Campus, Yeddumailaram, 

Telangana, and processed before testing. Various index and engineering properties of CC such as particle-size distribution, 

specific gravity, water absorption, permeability, compaction characteristics, and crushability are ascertained, and compared 

with Tx-DOT and MORTH specifications for fill materials. Corrosion resistivity of CC is determined by pH test and the 

chemical composition of CC is obtained from X-ray fluorescence (XRF) studies. CC is classified as well-graded gravel 

(GW) as per IS: 2720 (Part 4)-1985. The study indicates that C&D waste, traditionally considered as waste material, can be 

reused viably as backfill for MSE walls. 

Keywords: Construction and demolished waste, fill material, mechanically stabilized earth (MSE).

1 Introduction 

Infrastructure development in India is on a steep rise. In 

Union budget for 2016-17, Government of India had 

allocated a huge amount of Rs. 2.21 lakh crore for 

infrastructure sector, and about 97,000 crores towards 

roads sector alone. High speed railways, new road 

projects, widening of existing road networks, and 

affordable housing are major sectors where the Ministry 

of Roads Transport and Highways (MORTH) is 

currently focusing on. With such growth envisioned in 

the coming years, large amount of raw materials such as 

virgin aggregates and sands are required for the 

construction activity. To meet these requirements, 

illegal dredging of sands from the river beds has 

increased resulting in catastrophic hazards, like slope 

failure and lowering of ground water table, etc. On the 

other hand, studies have indicated that Construction and 

Demolition Waste (C&D) waste generated from 

renovation and repair of existing structures can 

alternatively be used as a fill material.  Hence there is an 

urgency for recycling these construction wastes 

globally, which can be considered a possible solution to 

the above stated problems (Landris 2007; Aatheesan et 

al. 2010; Disfani et al. 2011; Hoyos et al. 2011).  

Construction and Demolition (C&D) waste is a non-

hazardous industrial solid waste that includes recycled 

aggregate concrete (RAC/RCA), recycled asphalt 

pavement (RAP), crushed brick (CB), plastic, steel, etc. 

It is widely accepted that recycling and subsequent reuse 

of C&D materials will reduce the demand for scarce 

virgin natural resources and simultaneously reduce the 

quantity of this waste material destined for landfills 

(Arulrajah et al. 2011; Disfani et al. 2011; Hoyos et al. 

2011).   

During Commonwealth Games held in 2010 at New 

Delhi, India, the companies have collected and 

transported approximately 0.2 million tons of C&D 

waste from the streets of New Delhi.  

Currently as per the Union Ministry of Forests and 

Environment (MoEF), there is no systematic database 

on generation and utilization of Construction and 

Demolition Waste. A study carried out by Centre for 

Science and Technology, New Delhi, had reported that 

530 million tons of C&D waste was generated in India, 

during the year 2013. This C&D waste includes waste 

from demolished structures, renovations in the real 

estate sector and construction and repair of roads, 

flyovers, bridges, etc. In addition, the debris that follows 
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disasters such as that during the Uttarakhand floods in 

2013, Chennai floods in 2015, etc., are enormous.  

The codal provisions of construction agencies like 

CPWD indicate the use of only natural granular 

materials as fill material. However, in recent times, 

crushed concrete (CC) is gaining popularity in pavement 

construction (Mohammadinia et al., 2015). Unlike in 

India, other agencies like Texas Department of 

Transportation (TxDOT), Texas, USA, had successfully 

used CC as backfill material in mechanically stabilized 

earth (MSE) walls (Rathje et al., 2006). Santos et al. 

(2013) studied the behavior of a geogrid reinforced wall 

built with recycled construction and demolition waste 

backfill on a collapsible foundation. Poon and Chan 

2006; Tam and Tam 2007; Hoyos et al. 2011; Puppala 

et al. 2011; and Arulrajah et al. 2012a have conducted 

studies on the use of C&D materials for pavement 

applications. 

In the present study, an experimental investigation is 

carried out to study the efficacy of crushed concrete as 

an alternative material for backfill in Mechanically 

Stabilized Earth Wall (MSEW). Various index and 

engineering properties of CC such as particle-size 

distribution, specific gravity, water absorption, 

permeability, compaction characteristics, and 

crushability are ascertained. Corrosion resistivity of CC 

is determined by pH test and the chemical composition 

of CC is obtained from X-ray fluorescence (XRF) 

studies.  

2 Methodology 

2.1 Material Characterization 

The C&D waste used in this experimental research was 

collected locally from the demolished residential 

structures of Ordinance Factory Estate, Yeddumailaram, 

Medak, Telengana. It was dumped in the form of blocks 

on the road side, and the average length, width and 

height of block were equal to 29.5 cm, 25 cm, and 11 cm 

respectively. Prior to conducting studies on this C & D 

waste, they were first processed in a stone crushing 

plant, where they were reduced into smaller sizes and 

segregated into different sizes. The stone crusher is a 

mechanical / gravity feeding type with single jaw and 

was fitted with vibratory screens of 40 mm, 20 mm, 12 

mm and 6 mm sizes. The crushed concrete was 

transported to the vibratory screens with the help of 

conveyer belts. A small amount of sample from each 

sizes were collected and sealed in a plastic bag to 

determine the natural moisture content. The guidelines 

proposed by ASTM practice for sampling were followed 

during sampling and adequate precautions were taken to 

ensure that each sample contains representation of each 

particle sizes. Geotechnical characterization was done 

for the collected CC samples. The investigation includes 

particle-size distribution, modified Proctor density, 

hydraulic conductivity, pH, specific gravity, water 

absorption, and crushability tests. XRF studies were 

done to ascertain the chemical composition of CC. 

Particle-size distribution was performed in accordance 

with IS:2720 (Part 4) and CC was classified accordingly. 

Specific gravity of fine grained particles as well as 

coarse grained particles were ascertained based on the 

pycnometer method and wire basket method, in 

accordance to the guidelines laid by IS: 2720 (Part 3) 

and IS: 2386 (Part 3), respectively. pH values of the CC 

were ascertained using pH meter following the 

guidelines presented in IS:2720 (Part 26). Similarly, 

modified Proctor compaction tests were performed on 

the samples in accordance with IS:2720 (Part 8) to 

determine the maximum dry density (MDD) and the 

optimum moisture content (OMC). Samples for 

hydraulic conductivity tests were prepared at optimum 

moisture content (OMC) and with modified Proctor 

compaction effort to achieve at least 98% of maximum 

dry density (MDD). Constant head permeability test in 

accordance to IS:2720 (Part 36) were conducted to the 

CC samples. Sieve analysis of the samples were done 

before and after the compaction to get the crushability 

values. Furthermore, the chemical composition of the 

CC was ascertained by conducting X-ray Fluorescence 

(XRF) studies. 

3 Results and Discussions 

3.1 Index Properties of Crushed concrete 

Fig 1 shows the grain-size distribution of crushed 

concrete used in this study and the gradation was 

compared with that reported in the literature. Table 1 

gives the grain- size distribution parameters, viz., the 

effective diameter of particles (D10), the average particle 

size (D50), the coefficient of uniformity (Cu), and the 

coefficient of curvature (Cc). CC was classified as well-

graded gravel (GW). Liquid limit and plastic limit tests 

were performed on fine fractions (particles < 0.425 

mm), and it was observed that CC is non-plastic in 

nature. 

Table 1 Basic geotechnical properties of CC 

Geotechnical Parameters 

Typical 

Values 

obtained 

Particle-size analysis  

D10  (mm) 0.62 

D30  (mm) 3.8 

D50  (mm) 8.0 

D60  (mm) 10.0 

Cu 16.1 

Cc 2.3 

IS Classification GW 



Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

3 

Specific gravity testing  

Specific Gravity – Fine Fraction 2.60 

Specific Gravity – Coarse Fraction 2.67 

Water absorption – Fine Fraction (%) 0.91 

Water absorption – Coarse Fraction (%) 3.67 

Compaction characteristics (Modified Proctor 

testing) 
 

MDD (kN/m3)  19.35 

OMC (%) 10.8 

pH testing  

pH 9.52 

Permeability testing  

Hydraulic Conductivity (cm/s) 2.1 *10-5 

Water absorption and specific gravity tests were 

performed on both coarse (retained on 4.75 mm sieve) 

and fine (passing 4.75 mm sieve) fractions of C&D 

materials. It can be inferred from Table 1 that the 

specific gravity of coarse aggregates are slightly higher 

than those of the fine aggregates. Similarly, the water 

absorptions of coarse aggregates are higher than those 

of the fine aggregates.  

3.2 X-ray Fluorescence test 

X-ray Fluorescence test was used to determine the 

chemical composition and their quantity in percentage. 

The elements predominantly present in C&D wastes 

were found to be zinc, silica, calcium, iron and 

magnesium. These elements were found to exist in the 

permissible limits and did not possess any detrimental 

properties. 

3.3 Modified Proctor compaction test 

Fig. 2 shows the compaction curve of CC using 

modified Proctor compaction testing. A comparison of 

compaction curve from the present study with the results 

from studies available in the literature is also shown. 

The compaction curve obtained on CC is similar to that 

observed for natural aggregates. The maximum dry 

density and the optimum moisture content of the CC 

were equal to 19.35 kN/m3 and 10.8%, respectively. The 

variation in dry density with water content was not 

significant. For granular soils, the dry side of OMC is 

typically flat for well-graded materials, and it usually 

shows another peak at low moisture content (Lee et al. 

1983). Lambe and Whitman (1979) concluded that point 

of low density which is in between the two peaks is due 

to capillary forces resisting rearrangement of particles. 

To assess the crushability of CC, grain-size analysis post 

compaction analysis was performed and compared with 

the gradation of original material prior to compaction 

(Fig 3). CC did show a significant change in the 

gradation indicating minimal crushing of particles 

during compaction. This can be due to process 

production that particles were already subjected to 

breakage during demolition, transportation, storage, 

crushing and sieving. This might have led to particles 

offering enough resistance to breakage when 

compaction energy imparted during compaction testing.  

 

Fig. 1 Grain size distribution curve of CC used in present 

study along with comparison of distribution from 

other studies 

 

Fig. 2 Modified Compaction curve of present study along 

with results from studies available in the literatures 

 

Fig 3 Gradation of samples before and after compaction 



Geotechnical characterization of Construction and Demolished (C&D) waste 

 

4 

4 Conclusions 

A detailed laboratory investigation was taken up to 

calculate the index as well as engineering properties of 

crushed concrete with the aim of calculating the efficacy 

of CC as a potential backfill material for MSEW. The 

modified compaction test results indicate that maximum 

dry density is as par with the virgin coarse, and it is of 

the order of 19.35 kN/m3. The pH of CC is more than 7, 

which indicates that CC is alkaline in nature. The 

hydraulic conductivity of CC is found out of the order 

of 2.1*10-5, which indicates that CC can be classified as 

marginally poor draining material. However, further 

study is required to evaluate and compare the shear 

strength properties of CC with that of available 

literature. 
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