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Abstract. India is in desperate need of landfill space for the disposal of construc-
tion and demolition waste (C&DW). Construction waste or debris resulting from
the construction, maintenance, renovation, and demolition of residential build-
ings, large building structures, roadways, bridges, and dams. India produces
around 150 million tonnes of C&DW every year. However, the recycling capac-
ity is about 1.5% which is nearly 6,500 tonnes per day. So, it is important to
implement a strategy for reducing, reusing, and recycling C&DW in India. This
study presents the efficacy of C&DW for use as a reinforced material mixed with
soil in pavement applications. Various index and engineering properties of soil
and C&DW including compaction characteristics are ascertained and compared
with different proportions of C&DW and soil mixture. Standard proctor test and
California bearing ratio (CBR) test were performed on soil, C&DW and their
different mix proportions like 0%, 25%, 50%, and 75% of soil replaced by
C&DW. The compaction tests showed that the best results are achieved with 50%
replacement of soil by C&DW. The CBR values were observed to be increased
by 33% in unsoaked condition and 82% in soaked condition considering 50%
replacement of soil by C&DW. The paper emphasizes the potential application
of C&DW as a sustainable material in subgrade for pavement application.

Keywords: Construction & Demolition Waste; Sustainable material; CBR; Pave-
ment

1 Introduction

Construction and demolition waste (C&DW) is any kind of debris from the construction
process. C&DW resulting from the construction, maintenance, renovation, and demo-
lition of residential buildings, large building structures, roadways, bridges, and dams.
C&DW materials consist of non-biodegradable materials such as concrete, bricks,
wood, metals, asphalt, and recovered building components. India produces an estimated
150 million tonnes of C&DW each year, but its official recycling capability is only
6,500 tonnes per day, according to the Building Material and Technology Promotion
Council [1].

It is a challenge to handle the C&DW because it is a bulky, heavy, and inert
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material with a combination of numerous materials with diverse properties. It is also
challenging to pick a proper disposal strategy; for instance, due to its high density and
inertness, it cannot be incinerated [2]. Nowadays, an issue with the proper disposal of
construction and demolition waste due to the quick growth of the construction industry
in emerging nations like India [3-5]. C&DW generation and handling difficulties have
come to attention with the introduction of sustainable practices in the building sector to
accomplish the sustainable goals for our shared future. When treating C&DW, the re-
duce, reuse, and recycle mindset is quite helpful.

In recent years, C&DW has been widely employed in new road building, minimiz-
ing its potential environmental effect, and promoting sustainability on a global scale. It
has been stated that similar materials are utilized in a variety of compositions in every
stage of road construction, from the foundation to the surface layer. Therefore, to over-
come methods for designing and building with such aggregates for the purpose of ge-
otechnical constructions as well as transportation infrastructures, a rigorous experi-
mental study is unavoidably needed.

In some areas, finding adequate foundation soils that can sustain new facilities
might be difficult in some places. It is forced to come up with new ways to make use
of the available sites to overcome the land shortage issue and the development of green
environments. It is not just necessary to stabilize soft soils, but it is required to enhance
the subgrade soil strength allowing for the reduction of base and subbase thicknesses,
which might be cost-effective for road projects. Additionally, stabilizing soils using
C&DW might help to create a green environment. [6].

The processed C&DW is frequently utilized as an alternative material in pavement
engineering, recycled aggregates in concrete, to form bricks and blocks [7,8]. When
C&DW are used in place of traditional pavement materials, they are often used in the
base course or subbase course. As base and subbase materials for concrete pavement,
Taesoon Park investigated the characteristics and performance of dry and wet C&DW
[9]. According to Arulrajah, compacted C&DW aggregates had minimal effective fric-
tion angles that made them suitable as pavement materials [10]. The recycled C&DW
aggregates function well when appropriately compacted [11,12]. Comprehensive re-
search must be done on construction technologies and the application of subgrades
filled with C&DW.

The objective of this study was therefore to identify the optimum quantity of
C&DW which is replacing materials in pavement subgrade soil. The compaction and
CBR tests were carried out to analyze the response to the replacement of locally avail-
able soil with C&DW at various proportions (0%, 25%, 50% and 75%).

2 Methodology

Following is an explanation of the methodology used for the current study it includes
material procurement and different testing on soil, C&DW, and soil - C&DW mixtures.
2.1 Material

This study made use of locally available soil (Fig. 1) that was collected from an ongoing
excavation for the hostel building at the Nirma University (NU) Campus. The natural
moisture content of soil was observed to be 18.89%. The soil was investigated included
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specific gravity, particle size distribution, consistency limits, compaction characteris-
tics and California bearing ratio (CBR).

The C&DW acquired from Ahmedabad Enviro Projects Pvt. Ltd., Piplaj, Ahmeda-
bad, Gujarat, India utilized in this study. The C&DW was processed into crushing
plants by crushing, reducing size, and grouping into different sizes. The processed
C&DW with sizes of particles ranging from 4.75mm to 75 microns was used for this
study. Fig. 2 shows the C&DW used in the current study. The C&DW investigated
included particle size distribution, specific gravity, and compaction characteristics.
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Fig. 1 Soil Fig. 2 construction and demolition waste

2.2 Material characterization

Particle-size distribution of soil and C&DW and materials were classified as per Indian
standard 1S:2720 - 1V and 1S:1498, respectively [13,14]. According to the guidelines
laid by IS: 2720 — 111, the pycnometer technique was used to determine the specific
gravity of the materials [15]. Similarly, in accordance with 1S:2720 — V11, the Standard
proctor tests were carried out to access the compaction parameters on the samples with
various mix proportions of soil and C&DW [16]. The CBR tests were performed on
different proportions of C&DW — soil samples. The findings of the CBR and compac-
tion tests will be utilized to establish the optimum quantity of C&DW to replace the
soil without sacrificing strength and to obtain enhanced subgrade qualities.

Properties of soil

The particle-size distribution curve for soil is shown in Fig. 3 which was created using
the method laid in 1S:2720-1V [13]. The guidelines set forth by 1S: 2720 - V for the
liquid and plastic limit as well as IS: 2720 - VI is to determine the shrinkage limit of
soil [17,18]. The index properties, which include specific gravity, fine percentage, and
consistency limit are listed in Table 1. According to IS classification, the soil was iden-
tified as clay with low compressibility (CL) based on the data in Table 1.
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Fig. 3 Particle size distribution of soil and C&DW

Table 1 Properties of soil

Properties Obtained Value
Natural Water Content 18.89%

Specific Gravity 2.614
Percentage Finer 63.66 %

Liquid Limit (%) 33.00

Plastic Limit (%) 18.89

Plasticity Index (%) 14.11

Shrinkage Limit (%) 11.38
Classification as per IS CL

Properties of construction and demolition waste

The method outlined in 1S:2720 - 1V was used to obtain the particle-size distribution
curve for the C&DW [13], which is displayed in Fig. 3. Table 2 list the properties,
which includes the parameters like the coefficient of uniformity (C.), coefficient of
curvature (C.), and specific gravity. According to IS classification, the C&DW was
categorized as SP (Poorly graded sand) based on the grading characteristic data in Table
2.

Table 2 Properties of C&DW

Parameters Obtained Value
Specific Gravity 2.508

D10 0.150 mm

D30 0.280 mm

D60 0.534 mm

Cu 3.56
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Cc 0.979
Classification as per IS SP

3 Results and discussions

In order to establish the optimum quantity of C&DW to use as reinforcing material in
the subgrade soil, the study is carried out to examine, perform, and compare the exper-
imental results for different combinations of C&DW and soil. The physical tests such
as specific gravity, sieve analysis, hydrometer analysis, consistency limit, compaction
tests and CBR tests were carried out.

3.1  Compaction test

The compaction test was performed to determine the optimum quantity of C&DW that
may be advised for the best proportion among all the Mixes. The compaction test, the
Standard proctor test was carried out to determine optimum moisture content and max-
imum dry density in accordance with IS 2720 — VII [16].

The relationship between moisture content and dry density to know OMC and MDD
for different proportions of C&DW and soil is shown in Fig. 5. It was found that the
addition of C&DW to soil increases the value of OMC, while the value of OMC de-
creases when soil is replaced by more than 25% C&DW. The results show that the
value of OMC for uncontaminated soil is 11.75%, while a sample with 75% soil and
25% C&DW has a value of 12.78%, a sample with 50% soil and 50% C&DW has a
value of 11.70%, which is almost equal to the value of uncontaminated soil, and a sam-
ple with 25% soil and 75% C&DW has a value of 9.63%. The results show that increas-
ing the percentage of C&DW increases the value of MDD, while it decreases for the
sample with 25% soil and 75% construction debris. The maximum value of MDD is
18.91 kN/m? and was found for the sample with 50% soil and 50% C&DW.
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Fig. 4 Relationship between moisture content and dry density for the different
proportions of soil and C&DW

3.2  California Bearing Ratio test

The California bearing ratio tests were performed on the uncontaminated soil and mix-
ture with a higher value of MDD. The CBR tests were carried out to determine CBR
value in both unsoaked and 4-day-soaked conditions according to IS 2720 — XVI1 [19].

The comparison of unsoaked and soaked CBR values for different proportions of
C&DW and soil is shown in Fig.6. It is found that an increase in the amount of C&DW
for replacing the soil increased the value of CBR. The results show that the value of
unsoaked and soaked CBR for virgin soil is 14.54% and 9.39%, respectively. The sam-
ple with 75% soil and 25% C&DW has a value of unsoaked and soaked CBR is 16.31%
and 12.36%, respectively while the sample with 50% soil and 50% C&DW has a value
of unsoaked and soaked CBR is 19.44% and 17.16%, respectively.

The CBR value gradually increased as the sand size C&DW increased. The possible
reason for this was the higher particle strength of C&DW, which led to an increase in
the overall strength of the materials used in the pavement. Mixing the soil with C&DW
resulted in higher interlocking, which increased the load transfer capability of the pave-
ment material.
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Fig. 5 Unsoaked and soaked CBR value for the different proportions

The compaction test was carried out with soil and soil mixed with C&DW. It was
found that as the percentage of C&DW increases, the value of MDD increases, and the
maximum value of MDD is 18.91% for the sample with 50% soil and 50% C&DW.
Moreover, the MDD value of the sample with 25% soil and 75% C&DW is much lower
than the other mixes. This is the reason for conducting the CBR test with the virgin soil
and the mixture of 75% soil and 25% C&DW & 50% soil and 50% C&DW. The results
show that the MDD and CBR value for the mixture of 50 % soil and 50 % C&DW is
more meaningful for use in the pavement than that of soil and other mixtures. As shown
in Fig. 3, the particle size of C&DW is greater than the particle size of soil, which means
that as the particle size increases in the mixture of 50% soil and 50% C&DW, the CBR
value is much higher than that of virgin soil.
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4 Conclusions

An attempt is made to recommend the optimum quantity of C&DW that can be replaced
in the soil to be used as subgrade material. The important conclusions are summarized
below.

e The study included the replacement of soil with C&DW by evaluating the
properties of different soil - C&DW mixes. This led to the identification of
an optimum mix proportion, which will utilize the maximum amount of
waste with the maximum potential improvement in the road subgrade.

e Itisobserved that when C&DW replaces 50% of the soil, the maximum dry
density increases by 1.61% and the optimum moisture content is almost
identical to that of virgin soil.

e The CBR value was observed to be improved after mixing C&DW into the
soil. In a sample where C&DW was used to replace 50% of the soil, the
CBR value was increased by 33.70% in unsoaked conditions while the CBR
value increased by 82.75% in soaked conditions when compared to the vir-
gin soil sample.

e The C&DW employed in this study has the potential to be used in road
subgrade. It is concluded that using an optimised replacement of soil with
C&DW would produce better outcomes than using other replacements. It
must be taken into account that different parts of the world may have dif-
ferent composition of C&DW.
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