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Abstract

A large amount of construction muck is produced in urban construction. For a long time,
the disposal of construction muck has been relatively simple and environmentally
unfriendly. The same as the management of construction waste classification and
recycling, the construction muck can also be classified and recycled. Because
construction muck can be divided into excavation soil and mud, and their composition is
mainly clay, sand, stone and so on. So many of the materials can be classified and recycled
from construction muck, such as aggregate and useful clay. A systematic classification
method of construction muck helps to improve the recycling efficiency of construction
muck and reduce the damage to the environment. This study reviewed the current
literature on classification methods of construction muck. Through feature analysis and
contrastive analysis of different methods, a method summary can be obtained. The
results show that the analysis of geotechnical and physical characteristics based on the
rock and soil composition of construction muck is the basis of the current classification
method. The data obtained from the analysis and the recycling requirements can guide
the next recycling process. However, different methods have their own limitations. For
example, the established classification methods are targeted to given scenes, which are
lack of flexibility and without a comprehensive perspective. At last, this paper proposes
a relatively comprehensive classification method for construction muck. A systematic
and effective classification method of construction muck can make a great construction
to environmental protection and reduction of carbon dioxide emissions.
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1. Introduction

Improving resource efficiency and reducing the impact of urban areas on climate are critical to
sustainable global development. Continuous urbanization and urban growth may lead to a significant
increase in the demand for natural resources such as water, land, energy and mineral resources (Huang
et al., 2010). Urban areas emit about 80% of global CO2 emissions (Heinonen and Junnila, 2012) and
are responsible for about 80% of global energy consumption (Grubler et al., 2012). In fast-growing
cities, construction has been shown to be one of the major sources of CO2 emissions (Weber et al.,
2007). In order to reduce the impact of construction on climate, resource efficiency and reuse of
construction materials need to be increased (Blengini and Garbarino, 2010). While consuming a lot
of resources, construction activities also produce a lot of construction and demolition waste (CDW),
especially a lot of excavation waste soil (Llatas, 2011; Shang et al. 2013). The construction of
underground garages and foundation excavation of multi-storey buildings (Sinduscon, 2015), the
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construction of urban infrastructure, such as road construction and flood control works also generate
large quantities of excavation soil. And the laying of energy, gas and water networks generate a big
amount of excavation soil (Hashimoto et al., 2007; Huang and Xu, 2003). In addition, a large amount
of shield mud usually needs to be discharged during shield tunnel construction. Excavation soil and
rock(ESR) and shield mud are also collectively referred to as engineering muck (CM). According to
the European Waste Framework Directive (2008/98/EC), excavated soil and metro shield mud, which
are called engineering muck, are considered to be part of the CDW. However, at present, many
researches focus on the recycling and utilization of CDW , and there are a few comprehensive
utilization approaches for excavation soil in construction engineering muck. At present for the
processing of construction muck mainly is directly used for engineering backfill, low-lying landfill
or piled mountain scenery. These are relatively simple and effective way of recycling. The direct use
of CM produced sustainable given ability is limited, and easy to damage the original vegetation and
the ecological environment around(Liu, 2013).

Depending on local geological conditions and human activities, excavated engineering muck is
mainly rock, stone, gravel, sand, clay, organic material and materials from previous construction or
industrial activities and so on. Meanwhile it generates significant carbon dioxide emissions (Kenley
and Harfield, 2012). However, the reuse of unclassified engineering mucks is limited. There are a
large number of soil substances in the residues, such as clay, sand and gravel, which can be used as a
source of raw materials such as tiles and bricks, or as fine aggregates in concrete (Magnusson et al.,
2015). Through an effective and feasible classification method, the reused materials can be classified.
On the one hand, the classified materials can effectively reduce the management difficulties caused
by the large amount of engineering muck. On the other hand, re-utilize classified materials also help
reduce the waste of resources. To some extent, this is part of the drive to reduce carbon emissions.

An important aspect of managing construction muck is to try to find ways to manage large amounts
of waste land as a valuable resource rather than as waste. Treating construction muck as a kind of
new resource rather than waste is a significant aspect of managing construction muck. Hens, it is
meaningful to classify the engineering muck according to certain indexes and recycle them stage by
stage.

So far, the direct researches on the classification and treatment of construction muck is relatively few
and not comprehensive. In the existing construction muck classification methods, the classification
index mainly based on the source of construction muck and engineering properties, which is defective
and need more further study. In addition, as the composition of construction muck is greatly different
with the different sources, it makes the classification and treatment become more complicated and
difficult. In general, there is still a lack of a comprehensive classification system to guide the disposal
and recycling of construction muck, which need to be further studied and summarized.In this paper,
the classification method and recycling ways of construction muck are further explored by
summarizing relevant literature. Through the comparative analysis of different classification methods,
common points and differences between them are found out to make a comprehensive summary. At
last, the classification and treatment method of this paper is put forward to carry out comprehensive
classification method of construction muck, in order to reduce the consumption of resources and
contribute to the reduction of greenhouse gases.

2. Methodology

The research methods of this paper include literature review on classification and recycling of
engineering muck. The purpose of the review is to get the current research status of classification
methods and recycling treatment of engineering muck.Besides, the relevant classification methods
are analyzed and summarized to find out the common points and differences between them. Finally,
this paper will establish a relatively comprehensive classification method to guide the recycling. The
review is divided into three follow-up search levels. Each level uses a set of search words: The first
stage focuses on the management and reuse of urban excavation soil and subway shield mud; The
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second stage focuses on the classification and recovery of engineering muck; The third stage includes
the study of recycling approaches of comprehensive recovery and utilization of engineering muck.

At present, most of the existing CM related literature reviews introduce ESR from the perspectives
of generation, management, operation or general flow direction. While there are a few studies on the
classification and recycling treatment of engineering muck .Based on this, this paper reviews the
literature from the perspective of exploring the classification and recycling of engineering muck. First
of all, collecting articles with strong correlations by searching keywords. After attaining articles,
previous research direction is analyzed. Secondly, a comparative analysis of the literature on the
classification of construction muck mentioned in the literature is carried out in order to obtain the
differences and characteristics between different methods. Finally, after studying of different methods,
a comprehensive classification process will be proposed and a comprehensive evaluation of the article
will be carried out at the same time.

3. Exploration of Engineering Muck Classification and Recycling

Construction muck generally comes from road engineering, tunnel engineering, underground pipeline
and subway engineering, among which pipeline engineering is related to both of them, as shown in
Fig. 1.
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Fig. 1 Composition and source of construction engineering muck

In road engineering, underground pipeline engineering, the construction way of sediment yield is
generally to the original land for mining, the waste residue composition is relatively simple, especially
in the process of urban construction on the land or mountain of excavation, foundation and soil, and
large municipal engineering of digging soil and soil excavation. Therefore, engineering muck
produced by these engineering projects is called excavation soil. For tunnel and subway projects,
large amounts of mud (CM) are generated during the construction of tunnels and associated structural
components (diaphragms, subway stations, ventilation shafts) (Oggeri C, 2017).

According to local geological conditions and human activities, engineering muck is mainly composed
of soil, gravel and sand, and water. Gravel and sand are mainly composed of volcanic rocks,
metamorphic rocks and sedimentary rocks. Due to differences in geology and climate, soil properties
produced in different regions vary greatly (Simon Magnusson etc., 2015). As the main component of
construction engineering muck is soil quality, it has the characteristics of complex composition, huge
volume and difficult to deal with, so in order to recycle it, it needs to be classified first. The parameters
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that affect the possibility of engineering muck classification also need to be considered from a
geographical perspective. Because soil in different regions has different compositions and
geotechnical properties, including geotechnical properties, geological environment properties,
location, etc. (Chong and Hermreck, 2010; Wilburn and Goonan, 1998).

In addition to this, it is important to note that geotechnical properties are the basis for what functions
can be achieved. Particle size, density, water absorption, hydraulic conductivity, deformation
characteristics and load carrying capacity are some of the most important aspects that must be
considered. Besides, geological environment attributes such as PH, organic content, total
concentration and leachate concentration set the conditions for what materials can be accepted at the
project site (Arulrajah et al., 2013).Laboratory tests and field studies have shown that excavated soil
and rock, sand and gravel can be effectively used for civil engineering purposes, thus replacing natural
building materials (Arulrajah et al., 2012). In addition to providing aggregate and other rock materials,
the recycling and utilization of construction engineering muck has also been further explored. He
divided it into two directions, one is for excavation soil, the other is for shield mud research, which
will be explained in detail later.

As a result, the excavated material is subjected to chemical, mineralogical and geomechanical
analysis, followed by small-scale processing in the laboratory and then large-scale analysis on the
construction site. These analyses describe the material used for engineering purposes as a class of
subsequent applications.

3.1 Analyze the Composition and Characteristics of Construction Engineering Muck
3.1.1 Analyze the Composition of Construction Engineering Muck

Since the main components of construction engineering muck are rock and soil materials in nature,
the composition of residue is complex and diverse and greatly affected by regional differences. In his
research, Maximilian Haas investigated some projects in some European countries and summarized
the main components and geotechnical types of the slag produced in different projects (mainly
analyzing the types of the slag excavated in subway projects). See Table 1.In the table, we can see
the composition of rock types. There are different compositions of rock types produced in different
countries, which are greatly affected by the location of construction projects.

Table 1. Composition of excavations in some European subsurface construction projects

Construction
Country Encounted rock type .
project
Switzerland granite, fragmented sediments,sandstone, limestone, granodiorite, Gotthard Base
gneiss, granite, tunnel
Austri albite-gneiss, amphibolite, Semmering Base
tria . .
us dolomite, marble, mica-shale tunnel

sandstone, conglomerate,

Germany anhydrite/gypsum Katzenberg tunnel
sandstone, conglomerate, Grand Paris
France anhydrite/gypsum Express
United . .
Kingdom clayey material (London clay) Crossrail

Even within the same country, the soil in different parts of the country can vary greatly (shown in
Fig.2). China has the longest railway system in the world(O’Meara, 2018). Correspondingly, a huge
amount of construction muck is also produced during construction process. It is not easy to deal with
the construction muck, Because there are great differences in the geology of different construction
projects, the composition of muck will therefore become pretty complex. As a result, muck is discrete
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due to regional diversity. For this reason, it is necessary to study the composition and diversity of
muck in different regions in order to classify and recycle these construction muck.. Due to the limited
data, this paper selected data from four regions in China to illustrate the diversity of the construction
muck composition described. The geological differences among the four regions are large, resulting
in different compositions of subway-related excavation soil. By reason of the heavy rainfall in
southern and eastern China, the soil is mostly acidic after long-term repeated leaching(Liu et al.,
2013). As the same reason, clay is the main component of soil along coastal areas. The clay content
is 55% in the southern region and 38% in the eastern region(mass fraction, the same below). On the
contrary, the north is windy, dusty and rainy, as a consequence, the main components of the muck
are sand of different sizes. The sand content is 64% in the north region (Li et al., 2006). Southwest
China is dominated by hills and mountains, stones and rocks which are the main components of
excavation soil there, accounting for 47%(Huang et al., 2008). In addition, the four areas have a
certain proportion of miscellaneous fill composition. In order to see the difference more clearly, Fig
2 is made in this article.

100%
- 0 B
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80%
Sand
Clay
® Miscellaneous fill
40%
20% I

South East North Southwest

Fig. 2 Composition and source of construction engineering muck in Chinese 4 regions

In addition to regional factors, different excavation depths also lead to changes in residue composition.
In the city, the shallow muck is mainly mixed fill soil, while the deep soil is related to the region. For
example, the deep soils in the south and north are dominated by clay and sand. Although the
composition of muck is complex and variable, it is generally composed of different types of soil, sand
and gravel, and also contains a small amount of organic material. Sand and gravel as traditional
aggregates have little adverse impact on engineering performance, while organic matter can be
separated by sieving. It is a key to realize the resource reuse of excavated soil that effectively use the
pure soil contained in it. Soil minerals account for more than 90% of the total mass of soil solid phase,
affecting the basic physical and chemical properties of soil itself. To address this issue, the research
on muck soil mainly focuses on the minerals contained in the soil.
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3.1.2 Analyze the Characteristics of Construction Engineering Muck

According to their properties, soil minerals can be divided into non-clay minerals (such as quartz,
feldspar, mica, hornblende, pyroxene and other primary minerals) and clay minerals. Among them,
non-clay minerals generally belong to coarse parts of soil (such as sand and gravel), which have stable
properties and are not easy to react with the outside world. Clay minerals are the most active
components in soil. They generally have negative charge on the surface, small particle size and large
specific surface area. They can interact with ions, protons, electrons and molecules in the environment,
thus affecting the physical and chemical process and properties of the material itself. Consequently,
the characteristics of excavated soil are closely related to the properties of clay minerals in the soil,
especially the plastic properties and chemical activities of clay. More details are described below.

Based on the plastic properties of clay minerals:

Plasticity is an important parameter to characterize the physical properties of fine grained soil. It is
generally expressed by Plastic index (PI), which comprehensively reflects various characteristics of
fine grained soil to a certain extent. The higher the PI value, the higher the content of clay or
hydrophilic minerals. At this time, the larger the variation range of water content in the plastic state,
the worse the engineering property of soil particles (mainly manifested as high water absorption,
expansion and water loss and contraction). The plasticity of soil mainly depends on the adsorption of
clay minerals. The higher the adsorption, the higher the plasticity. The resulting expansion and
contraction show the same pattern. ESR exhibits different plasticity according to different clay
mineral species and mineral component content.

Based on the chemical activity of clay minerals:

Long before the invention of cement, people had made bricks and ceramics by calcination of clay.
The clay contains a lot of water-bearing aluminosilicate minerals, which have low activity under
normal conditions and are not easy to react with external substances. However, after calcination at
low temperature (< 900 °C), the clay will continuously lose structure water and the crystal phase
structure will be destroyed. When the calcination temperature continues to increase, the clay will
directly melt and form a hard and compact skeleton structure. As construction muck also contains a
lot of clay minerals, researchers believe that it has the same potential for chemical activity.

3.1.3 Select Important Indicators Related to Classification
Table 2. List of main geotechnical criteria for reuse of excavation material in earthworks.
Earthworks Technical Criteria

Trench backfill Cohesion and friction angle (shear strength)
Swelling and loss of strength by wetting
Compaction degree (dry density and moisture

content)
Grain size distribution
Walls with reinforced soil Cohesion and friction angle (shear strength)
Swelling and loss of strength by wetting
Paving layers Swelling

Penetration resistance

Grain size distribution

Vegetation cover Organic matter content
replacement Clay content

Cation exchange capacity

Permeability coefficient

pH

Drainage Grain size distribution

Hydraulic conductivity

Loss of strength by wetting
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After we know the composition of residual soil includes gravel, sand, soil, etc. Therefore, certain
indexes should be selected to represent some basic geotechnical and soil mechanical properties of
corresponding soil quality. In his research, Karen Kataguiri summarized some related projects that
generated and utilized engineering muck. In order to reuse excavated soil, many physical and
mechanical properties required by different geotechnical requirements should be considered. As
shown in Table 2.

As can be seen from the table, the mechanical properties of clay are mainly analyzed by using
geotechnical characteristics (residual cohesion, frictional resistance, conductivity, consistency, conic
index) and physical characteristics (particle size distribution, particle shape, bulk density, water
content, abrasion, viscosity).

The cone index is used to measure the tensile strength of soils and different types of soils have
different compaction curves. Generally speaking, the maximum dry density of cohesive soil is low
and the optimal water content is high, the maximum dry density of sandy soil is high and the optimal
water content is low, and the maximum dry density of silty soil is medium (Terzaghi et al., 1996).The
results of direct shear strength test (ASTM, 201) provide the mechanical resistance parameters of
mohr-Coulomb strength envelope, namely cohesion and friction angle and obtain the shear strength,
which is essential for the design of geotechnical structures.The coefficient of expansion, shrinkage
and compression of fine soils are related to their plastic and liquid limits (ASTM, 2010).Silt is non-
viscous, whereas clay tends to expand and contract according to water content.Taking into account
the characteristics of the soil excavated by Rplus, and ensuring that these characteristics are
compatible with new soil applications, can be reused both on-site and off-site. Several key
geotechnical parameters (such as particle size, plasticity, conductivity, compressibility, shear strength)
and geotechnical environmental parameters , (such as pH, total pollutant concentration)With the help
of these guiding indicators, we can further obtain the specific mechanical properties of soil, so as to
prepare for the establishment of classification standards.

3.2 Proposed and Analyzed Classification Methods

Now that we know the composition of engineering muck is mainly composed of soil, gravel and sand.
Gravel and sand are mainly composed of volcanic rocks, metamorphic rocks and sedimentary rocks.
Due to the differences in geology and climate, the properties of soils produced in different regions
vary greatly. The minerals in soil solid phase constitute the largest proportion of soil body. In other
words, engineering muck can be classified based on their composition and related mechanical
properties. Through the study of relevant literature, it is found that there is not much researches on
the establishment of the specific classification method of construction muck. After screening the
relevant literature, three classification methods that have been in use are selected for specific analysis
in this study.

3.2.1 Ministry of Land, Infrastructure and Transport of Japan’s Construction Muck Classification
Method

The Japanese MLIT issued detailed instructions on the classification and recycling of construction
engineering waste in 2006. After careful study of relevant documents, the author obtained a
classification process as shown in Fig. 3. According to the guiding research released by Japan,
excavated soil is divided into 5 categories based on soil type, conic index, water cut ratio and other
characteristics of engineering muck. At the same time, each classification can be divided into gravel
soil, sand soil, volcanic clay soil, organic soil, high organic soil and clay soil according to the different
soil materials. After repeated laboratory determination, conic index selected 200,400,800 three
sections, and combined with a certain range of moisture content, the composition of the first
classification. Since the cone index represents the softness of the muck, in the first category, the
classification composition is mainly composed of large rocks, small stones and other large blocks, so
the cone index has no effect on them, and it can be directly classified by vision. It can be found that
the water content ratio of residual mud from category 1 to category 5 keeps rising.
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Fig. 3 Japanese construct technical benchmarks for using sludge at home

The classification starts from geotechnical properties, then analyzes the composition of residue, and
finally classifies according to the composition to guide the use of the next step. Nonetheless, most of
the content of this guidance is about backfill treatment and aggregate screening, and there is no more
detailed guidance. Moreover, it is not reasonable to classify the construction engineering mucks only
according to the soil cone index, because of the diversity of soil types, the same cone index of the
residue may have completely different components. In addition, different sand and gravel content in
soil will also change its cone index value. But if the above two conditions are identified as similar
soil or non-similar soil by soil cone index, the higher income that should be brought by the recycling
of these residues may be artificially reduced. The initiative of the construction party or the recycling
plant to deal with these residues may be ultimately reduced. The cone index is only an index used to
measure soil tightness. If the construction muck excavated by roadbed, river embankment or sea
reclamation can be consumed, the classification method above is feasible. Although the soil in a
region may be subject to local changes in structure or composition due to human activities and
environmental factors, the overall composition of the soil is generally the same. From the perspective
of resources, soil types (sandy soil, clay, etc.) or composition (granite, quartz sand, etc.) are classified
and processed to form relevant useful information. Recycling plants can use this information to
estimate the value of construction residue, and finally promote the comprehensive utilization of
residual mud residue.

3.2.2 Fan-Jinsong's Three-level Classification System based on Road Engineering

According to the material characteristics of engineering muck, Fan-Jinsong conducted a number of
performance tests on the miscellaneous fill produced in the excavation of typical roadbed in the region,
and established a three-level classification system.

The first step: through on-site investigation and actual observation, it can be classified according to
its location and source, such as pavement brick, kerb and mortar block, sand and stone, soil, etc. It
can be divided into: miscellaneous fill mainly by construction waste; Miscellaneous fill mainly with
household garbage; Miscellaneous fill mainly with industrial waste; A mixture of the first three. The
first-level classification system can roughly distinguish the composition of some kind of
miscellaneous fill, and then roughly evaluate its reuse value.
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The second step: on the basis of the primary system, according to the proportion of block (stone,
concrete block, mortar block, etc.) to soil, it is divided into two types: the miscellaneous fill dominated
by block (W lumps > 50%); Miscellaneous fill mainly soil (W lumps < 50%.The sorting and treatment
of lumps is the key step for the recycling of this kind of miscellaneous fill. Knowing the proportion
of lumps will help to determine the types of crushing equipment and analyze the cost of recycling.

The third step: It contains a series of specific soil material performance indexes, which are classified
according to the physical and mechanical properties of soil, namely, according to the natural moisture
content, particle size, liquid plastic limit, plastic index, optimal water content, CBR value and other
indexes, and combined with road performance to carry out engineering classification.To facilitate the
reader to see the whole process of the method clearly, Figure 3 is made based on his research.
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Fig. 4 Fan-Jinsong’s three-level classification system based on road engineering

The classification system does not choose to analyze the composition of construction waste, but to
treat it from the perspective of construction waste. The method is a whole in itself, and the purpose
and classification indexes of each level are different but coordinated. The application of classification
indexes at all levels can not only make quick qualitative naming for field soil samples, but also
provide more accurate detection content of material properties and road performance. It provides
intuitive and accurate classification criteria for field survey and later construction stages. The main
focus of the classification system is how to refine the classification of the engineering muck so that
relevant experiments can be carried out to get the relevant geotechnical and physical properties of the
residue. This offers technical indicators for engineers so that they can recycle the residue in a more
detailed way. The shortcoming of this method is that it is proposed based on road engineering, and
there is no corresponding classification content for some soil with large water content, such as shield
mud and saturated soil, so this classification system is limited.

3.2.3 Classification Method based on the Interaction of Subway Construction Technology and
Geological Factors

Oggeri et al. proposed a classification method that considers the interaction of technical and
geological factors to determine the characteristics of the resulting muck. In terms of excavation
technology, the excavation is mainly divided into Drill and Blast (D&B) and Mechanised excavation.
The Mechanised Excavation continues to be subdivided into different technical solutions. And for the
geological factors, rock, soft rock (hard soil) and soil are mainly considered. While soil is further
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divided into two types. Because of the need to consider the interaction between technical and
geological factors to determine the type of muck, Oggeri has developed a set of forms to facilitate the
sorting and recycling of muck.

There are three tables made by Oggeri (see the table below for details). Table 3 is the description of
muck type(MT) and corresponding characteristics. This table is divided into 17 muck types, each of
which has its own characteristics. The purpose of this table is to determine the type of muck and thus
to provide a basis for subsequent classification. Table 4 is used to show the results of interaction
between excavation technology and geological factors. The result is represented by the distribution
of MT. Table 3 and Table 4 need to be used together to determine the final type of muck. Table 5 is
the classification of the recovery flow direction according to the characteristics of 17 kinds of MT,
and provides relatively detailed treatment guidance for each kind of MT. For example, whether it can
be classified and processed on site, or whether chemical treatment is needed, etc.According to the
table information, the engineering personnel comprehensively consider the residue recycling
treatment. This method is simple in terms of program, but it has strict analysis in terms of
classification content. The contents of its three tables have strict logical relations. In terms of content,
it has given specific characteristics of MT and detailed guidance for muck recycling and treatment.

Table 3. Muck Type (MT) and its characteristics

MT Characteristics

MT1 | coarse tofragments angular shaped presence of finesdue to over-comminution,well
draining Sometimes issues.

MT2 | wide grain size distribution, tabular elements, variety

MT3 | generally wide grain distribution in coarse fraction, angular shape, sometimes 1ssues,

MT4 | heterogeneous shaped and wide grain sizes heterogeneous mineralogy and consistency,bulking
attitude.

MTS5 | natural grain size distribution rounded shaped elements, possibly cobbles and boulders

MTG6 | medium to fine grain size easy to handle bulking attitude,lump appearance.

MT7 | narrow grain size distribution,possible presence of blocks,chip-shaped fragments,occurrence of
fines also relevant

MTS8 | irregular shaped fragments wide grain size distributionheterogeneity

MTO | similar to MTS5, generally rounded shaped elements, good drainage

MT10 | narrow grain size distribution closed around silt and clay with presence of sand homogeneous
mineralogy,plastic behaviour,or muddy due to natural moisture.

MT11 | heterogeneous grain sizes, mineralogy and consistency (from wet to flowing
behaviour),lubricated,possible adhesive behaviour,low drainage capability under additive
effects.Presence of ,polymers, traces of grease

MT12 | similar to MT9 but increased flowing behaviour,higher water content,time-dependent drainage
capability Presence of polymers filler added traces of grease possibly bentonite.

MT13 | similar to MT10,often muddy to sticky.presence ofand polymers.traces of grease,very low
drainage capability.

MT14 | similar to MT1 presence of synthetic lubricants steel fibers fibreglass, injection grout.

MT15 | depending on actual cases MT2,MT4,MTS8 presence of ,synthetic lubricants steel
fibers fibreglass, injection grout.

MT16 | depending on actual cases MT5,MT9,presence of grouts,possibly fibreglass, and fibers

MT17 | depending on actual cases MT6,MT 10, presence of grouts,possibly fibreglass, resin
elements sometimes
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Table 4. Possible MT obtained by the interaction of excavation techniques and geographical factors

Ground type ' Soil
Rock Soft 1ock. or .
Excavation technique hard soil Coarse (granular) | Fine (cohesive)
Drill and Blast
(D&B) MT1 MT2 N.A. N.A.
Mechanized
excavation

Partialized (not

applicable in MT3 MT4 MT5 MTé6
water

bearing

formations)

Mechanized
excavation MT7 MTS MT9 MT10
Full face

Mechanized
excavation and N.A. MTI11 MT12 MTI13
soil

conditioning

Grouting or
reinforcing of the
ground in the MT14 MT15 MT16 MT17
above

listed methods
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Table 5. Possible muck destinations

Aggregates for Road works or Raw Environmental
MT constructions embankments material or land Backfilling
for reclamation
industry
MT1 Yes *a, b, d Yes *a, b, d Yes *b, d Possible Possible
MT2 N. S. Yes *a, b, d N. S. Yes Yes
MT3 Yes *b, d Yes *b, d ossible * Possible Possible
b, d
MT4 N. S. Yes *b, d N. S. Possible Yes
MTS5 Yes *b, d Yes *b Yes *b, d Possible Possible
MT6 N. S. N. S. N. S. Yes Yes
MT7 Yes *a, b, d Yes *a, b, d N. S. Possible Possible
MTS8 N. S. Yes *a, b, c, d, f N. S. Yes *a Yes *a
MT9 Possible *a, b, d Yes *a, b N. S. Yes *a Yes *a
MT10 N. S. Possible *a, b, ¢, N. S. Yes *a, f Yes *a, f
MTI11 N. S. Possible *a, b, ¢, d, N. S. Yes *a, f, ** Yes *a, f, **
e, f, **
MT12 | Possible *a, b, d, | Possible *a, b, c, f, N. S. Yes *a, f, ** Yes *a, f, **
kok kok
MT13 N. S. N. S. N. S. Possible *a, f, Possible *a, f,
skk ko
MT14 | Possible *a, b, d, Possible *a, b, g, N. S. Possible *a, g, Possible *a, g,
e’ g, kok kok kok kok

MTI15 N. S. N. S. N. S. N. S. Possible *a, f,

g’ kosk
MT16 N. S. Possible *a, b, f, g, N. S. Possible *a, f, g, | Possible *a, f,

ko skk g’ kok

MT17 N. S. N. S. N. S. N. S. Possible *a, f,

g’ kok

Key: N.S. Not Suitable; (*) Treatment or plant needed on site; (**) Compulsory environmental
compatibility verification prior to treatments.

a. Desiccation; b. Sieving; c. Dewatering (cyclonic, filtering); d. Crushing; e. pH chemical
stabilization; f. Binder addition (CaO or cement); g. Special treatments.

— Rock

Drill and
Blast (D&B)

Excavation Geological Soft rock
: P technolo: e i
suitable in rock gy typ J hard soil Coarse

soft rock soil [ | (granular)

Mechanised

excavation 2 — Soil [
Shield machine I:M“CRE Fine
excavation ] (cohesive)

\4 A4 v A

Aggregates Environmental .
o Road works / Raw material :
for or land . Backfilling
; embankments . for industry
constructions reclamation

Fig. 5 Oggeri’s classification system based on the interaction of subway construction technology
and geological factors
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This method is the research of subway engineering. By analyzing different construction methods, a
series of muck are obtained by specific analysis of the types of muck produced. This method provides
an indication of the required treatment methods, as well as laboratory and field property tests required
to evaluate sludge recovery options. The interaction mentioned here refers to the influence of
construction techniques on excavation residue, such as particle distribution, shear strength, and so on.
The process of this classification is to determine the muck type by comprehensively analyzing the
interaction between excavation technology and geological factors. Then combined with the table
given to analyze the type of muck to carry out the next step of recycling and treatment guidance. The
specific process is shown in Fig. 5.

3.3 Comparative Analysis and Result Presentation

The above three classification methods are described and analyzed accordingly. In this part, they will
be compared and analyzed in order to see the characteristics and shortcomings of the methods more
clearly. The specific analysis is as follows:

Japanese method adopted a parallel classification method, which did not specify the treatment for a
certain situation. The method was proposed based on the total engineering muck. His classification
process was to determine the characteristics of the relevant residue, and then classify the composition
of the residue, and finally classify the muck according to the composition. Unfortunately, this method
does not give specific recycling guidance based on this classification, and the guidance given is
basically backfill or screening treatment. Although possible directions are given, the effect of
classification is not highlighted in the content of the guidance. In other words, the recycling process
directed by this classification method is limited and not environmentally friendly.

The classification system of Fan-Jinsong’s is different from that of Japanese, which is a progressive
step classification system. The law is based on the road project, so in the road project will also involve
some construction waste . The classification procedure of this method is divided into three steps. The
first step is to carry out a general classification through vision. The second step is to determine the
ratio of soil and garbage. The last step is to experiment the corresponding geotechnical and physical
properties of the muck with high soil content. Although the method does not give suggestions on the
recovery plan, it can quickly name the field soil samples qualitatively after the three-level
classification, thus helping relevant personnel to arrange the disposal of the residue.

Oggeri's classification system is quite different from the previous two. He establishes the
classification method based on the interaction between subway construction technology and
geographical factors. After careful research, the author built a three-step process similar to Japanese
method. He first determined the type of muck according to the excavation technology and the geology
of the project site, and then guided the recycling of muck. At each step, he has a guiding table for
relevant personnel to query and match. After a lot of experimental analysis, the table divides
engineering dregs into 17 kinds according to the type of slag and the nature of soil particles. In the
three tables of this method, there are not only the classification of the results of the interaction between
excavation technology and geographical factors, but also the guidance for the recovery and treatment
of muck types(MT). It is worth mentioning that although the plan does not talk about the final
recycling direction of the residue, it also has a general direction of guidance, and for each kind of MT,
it has its own corresponding treatment guidance plan. This is what makes the scheme unique. In
addition, the method also takes into account the environmental compatibility limitations of waste
reuse. A comparative analysis of natural and excavated materials is needed to investigate the
concentration of pollutants. This analysis has important reference value for the correct classification
and reuse of muck.

Each of the three methods has its own advantages and disadvantages. This is mainly limited with their
starting point. Japanese method does not consider a construction project as the premise. It is aimed at
the whole engineering muck. It is precisely because of this characteristic that the classification method
cannot carry out very detailed classification. Fan-Jinsong’s and Oggeri’s method are restricted to a
certain engineering situation, so they can design the classification method according to the specific
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situation. To visualize the advantages and disadvantages of the three approaches, these features are

presented in Table 6.

Table 6. Comparative analysis of the three methods

classification method

Name of method Characteristic Advantages Disadvantages
Ministry of  Land, | l.Parallel 1. Less consideration of 1. Rough
Infrastructure and | classification method property indicators, simple classification. The
Transport of Japan’s | 2-Two indicators and | operation, rapid classification boundaries between
construction muck | components 2. Consider many options categories are not clear

2. Not thinking deeply
enough

3. Without clear
recycling guidelines

Fan-Jinsong’s three-level
classification system
based on road engineering

1.A progressive step
classification method
2.Calculate the
proportion of soil

1.It can classify construction
waste and construction muck
2.1t can quickly identify and

name the muck on site

1. Only relevant
properties of residue
were finally obtained,
2.without further
guidance for recycling

Oggeri’s method based on
the interaction of subway
construction technology
and geological factors

1.Lookup table type
classification method
2.A table formed by
the comprehensive
analysis of multiple
factors

1. The results of interaction
between excavation technology
and geographical factors are
considered comprehensively

2. Have detailed guidance on
residue recovery and

1. Application
scenarios are limited
2. The use is complex
and there are many
cases to consider

pretreatment

4. Ways of Recycling and Utilization of Engineering Muck

At present, there are many researches on residue recycling in the world. For example, Miki et al.
studied the stabilization method of liquefied soil, and developed a set of technology for high-speed
continuous treatment of residual sludge by using pipeline mixer. Kuno developed a lig-Uefied
Stabilized Soil (LSS) method that allows solidified Soil to flow like cement mortar without
compaction and is virtually impermeable to groundwater infiltration and erosion.Katsumi et al. paid
more attention to the problem of heavy metals in residual sludge and proposed that the recycling and
reuse of residual sludge should pay attention to the problem of heavy metals. After literature review
of residue recycling, the author makes the following mainstream treatment methods:

4.1 Direct Landfill, Highway Protection Belt, Mountain Landscaping, Road Construction and
Embankment Construction, Land Reclamation

At present, direct backfilling is the most commonly used method for the treatment of construction
residue, because of its simple treatment method and low treatment cost. And it does not need to do
relevant experiments to determine the residue properties. But this approach is very environmentally
unfriendly. The filling and backfilling of construction waste will occupy a lot of land resources. And
there will be serious security risks. This method should be phased out.

4.2 Used as Fine Aggregate in Concrete

The construction residue is mainly composed of quartz, soil, rock and so on. After a certain amount
of treatment, useful sand and stone can be sifted out and used as aggregate for concrete. However,
the amount of construction residue will affect the performance of concrete. When the content of
residue is higher, the fluidity, bleeding rate, hydration heat and strength of cement-based materials
will be reduced, the water requirement for optimal consistency will be increased, the setting time will
be prolonged, and the drying shrinkage will be increased. This is mainly due to the plastic properties
of clay. Therefore, some pretreatment should be carried out before adding the construction slag sieved
aggregate. To get the aggregate that meets the size requirement through screening, remove clay
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particles. Calcium stabilizer stabilization treatment and organic modification treatment are also
needed to meet the use requirements.

4.3 Used as Volcanic Ash Material in Cementitious Matrix

The calcined clay contains a lot of active A1203 and SiO2. Therefore, based on the chemical activity
of clay minerals, we can try to stimulate the mineral activity of ES by calcination, so as to use it as
volcanic ash material in the cementitious matrix, which will give GREAT added value to ES. The
results show that the particle size of calcined clay is one order of magnitude smaller than that of
cement, so it has micro-aggregate filling effect. In addition, the addition of calcined ES can reduce
the content of Ca(OH) 2 in the cement matrix, increase the content of hydration gel products, and
improve the microstructure of the matrix. This indicates that ES after heat treatment can react
pozzolanic with Ca(OH) 2 generated by hydration of cement to generate more hydration products,
thus improving the performance of cement matrix. It is confirmed that ES has mineral activity after
calcination. The activity level of ES after calcination determines whether it can be used as pozzolanic
material in cementing matrix. This is related to the type, content and calcination temperature of clay
minerals contained in ES itself.

4.4 Preparation of Controllable Low Strength Materials

Controlled Low Strength material (CLSM), a general term for a series of low strength materials with
different uses, Because of its characteristics of high fluidity and self-compaction, it can be used in
underground trench cushion, road base, engineering backfill and structure filling, etc., where vibration
is difficult and re-excavation is allowed.

4.5 Calcination to Prepare Sintered Bricks

Clay is one of the oldest building materials. The demand for clay bricks is huge. However, the state
has restricted the exploitation of clay as the resource dries up. ES contains a certain amount of clay
minerals. Based on the chemical activity of clay minerals, it can be considered to replace traditional
clay.

4.6 Prepare Ceramsite by Calcination

Ceramsite is widely used because of its high strength, low density and high water absorption. It is
also of great value to use ES in the preparation of ceramsite. ES contains all the components required
for calcination of ceramicite, but the contents of each component are different, so it is difficult to use
them as raw materials to fire ceramicite that meets the performance requirements. Auxiliary materials
are often needed to adjust the content of each component to the recommended range.

4.7 Prepare Improved Planting Soil

Mud and water separated by mud treatment equipment, mainly viscous materials, balance shield dregs
by adding a small amount of separated sand or silt.

In general, there have been studies on the methods of residue recycling, but it is difficult to form a
unified standard and specification for resource reuse because of the complex and diverse composition
of engineering muck itself and the great influence of regional factors. Furthermore, further treatment
is also costly, so backfilling and screening aggregate are currently the main treatment methods for
muck. However, we can consider the composition and related properties of the muck. The plasticity,
chemical composition and mineral composition of construction muck were tested and analyzed. For
excavated soil with high plasticity, it can be used to prepare sintered bricks or sintered ceramsite. For
ES with low plasticity, if the content of clay minerals in Gaoling formation is high, the activity can
be improved by calcination at low temperature, and it can be used as volcanic ash material in the
cementing matrix. If the content of sand is large, CLSM can be directly used to prepare CLSM, or
treated as part of fine aggregate to prepare concrete, and selectively applied to practical projects with
low requirements on concrete performance. This part can be shown in Figure 8 in terms of plasticity
and mineral composition.
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Fig. 6 Resource reutilization flow chart of CM

5. Discussion

As an important part of construction waste, engineering muck should be taken seriously .However,
as its large number and complex composition, it is very challenging to get effective treatment. Hens,
we can learn from the practice of classification and recovery of construction waste to implement
similar operations on engineering muck. The main components of engineering muck are excavation
soil, rock, sand and so on, which are complex and have strong regional characteristics. In addition, it
will also be affected by the depth of excavation, and the soil composition at different depths is not
the same. Therefore, the classification of engineering muck can not be as detailed as that of
construction waste. At this time, it is necessary to analyze the soil where the construction is based on
some indicators (geotechnical properties and physical properties) for a series of analysis. After
analysis, relevant experimental data are obtained to guide the next step of recycling treatment.

Construction
Muck

A 4 Y

— Comprehensive -
Composition & analysis Geo'techmcal &
related content Physical property

analysis analysis

OOOO

v ) v

Basic Middle Advanced
utilization utilization utilization

Fig. 7 The classification method proposed in this paper
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Combined with the above mentioned three classification methods of engineering muck, the author
tries to establish a set of feasible classification methods combined with their specific. For the residue
of a construction project, the composition, properties and physical properties of construction muck
should be analyzed. This will give you a range of data. In the composition, further classification is
carried out according to the proportion of components, which can be divided into 5 categories: rock,
clay, sand, mud and high mixture. Then combined with the relevant experimental data measured in
the laboratory, the final recycling method is comprehensively analyzed. In terms of recycling methods,
the author further classifies the treatment methods, including backfilling, land reclamation and other
basic utilization; The intermediate utilization is mainly to get aggregate by sifting muck; New
building materials such as calcined ceramsite, sintered bricks, and free bricks need to go through a
series of complex physic chemical or biochemical processes for advanced utilization.

This classification is not based on a specific site. Therefore, this classification method can not be used
to classify muck thoroughly. For some geologically complex areas, it is necessary to combine with
other classification methods to discuss. This is also the limitation of this method. It takes some time
and experiments to determine the rock and soil properties and physical characteristics of construction
muck. And for the construction side, it is hoped that this huge amount of muck can be quickly
removed for the next phase of construction. Therefore, muck has a great limitation in space and time.

Construction materials need to go through the process from the original to the construction site and
then to the construction waste. In this process, Treating construction waste as useless material is a
waste of these potential resources. Recycling these construction wastes after certain classification can
greatly improve the utilization rate of resources and reduce the generation of waste. The classification
process can be defined as a tool for combining the properties of relevant materials to obtain practical
indicators to determine appropriate residue reuse strategies. The ultimate goal of classification of
construction residue is to recycle and reuse it efficiently after classification and treatment, like the
recycling of construction waste. The construction muck is sorted so that useful material can be
returned to a recycling plant for further processing. After being treated by relevant enterprises, the
selected residue becomes a new sustainable building material and enters the construction project. This
allows the debris to be reused to form a recycling mechanism. The conversion of construction muck
from a one-dimensional flow to a circular cycle (illustrated in Fig. 8) can greatly improve the
efficiency of material utilization and reduce waste generation. It also makes an important contribution
to environmental protection and energy conservation and emission reduction.

Sorted construction
muck

Greeen building
material

Construction
muck

. Waste :
: Construction .
Materials ———> i T S;; iS:e : 5 ’l"fraecaiﬁxtli:x:t
Materials ;3 Mixed

construction waste

Fig. 8 Flow chart of waste disposal tracking and management
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6. Conclusion

Soil is one of the oldest building materials (Jannat et al., 2020), and over the past two decades, an
increasing number of publications have shown its re-emergence as a sustainable, low environmental
impact material around the world (Morel and Charef,2019). While muck classification is a useful tool
to distinguish waste from raw materials, the choice of reuse strategy arises from a compromise
between the technical characteristics of natural materials, the complexity of the required treatment,
practical utilization, and the specific requirements for raw materials. In this paper, the research status
of classification methods of construction muck is reviewed. In the process of review, it is found that
the direct research on the classification method of construction muck is not comprehensive enough.
After reading relevant literature, it is known that the most basic composition of muck is soil and rock,
so it can be studied from two aspects: excavation soil and rock classification. There is a big difference
between construction muck and construction waste, the most significant point is that construction
muck is mainly composed of soil, rock, sand and other geotechnical materials. So it would be difficult
to do a similar direct classification of construction muck as construction waste. As a consequence,
the characteristic of the composition of geotechnical materials becomes very important for the
construction residue.

Analyze the possibility of classification from the essence of muck is the starting point and key content
of this study. After knowing what is construction muck, it is necessary to study its composition and
related properties. This study firstly analyzes what kind of material can be reused. For example,
subway muck, which is made up of crushed rock and sand, can be sieved to produce aggregate. The
waste, which is mainly clay, requires further analysis. Because different physical characteristics
(moisture content, etc.) has a very important impact on whether this kind of construction muck can
be classified and utilized. In order to distinguish different types of soil-dominated construction muck,
some important indicators need to be selected to qualitatively determine the type of residue. The
selection of indexes mainly considers the geotechnical characteristics (friction resistance, cone index,
etc.) and physical characteristics (particle size distribution, bulk density, water content, viscosity,
etc.). After obtaining this basic information, the muck can be further classified. In the related literature
of construction muck classification methods, this paper mainly studies and analyzes three methods
that have been applied. It can be seen from the results that they are the essence of the muck "soil" as
the starting point of research, through the analysis of the composition of muck and related mechanical
properties to establish the classification method.

However, due to different countries, different geological conditions, classified standards also have
obvious differences. Moreover, most of the research on muck classified method is aimed at a certain
area, and no comprehensive screening method has been established. The Japanese method does not
give a specific classification scenario, which seems to be applicable to all scenarios. Hens, its
classification is incomplete, and it does not carry out detailed classification according to specific
needs. The other two methods are for the road process and the subway project respectively.
Furthermore, their pertinence is strong and their classification is more detailed, which is also helpful
for the subsequent recycling treatment of the classified construction muck.

References
[1] Vieira, Castorina Silva, and Paulo M. Pereira. "Use of recycled construction and demolition materials in
geotechnical applications: A review." Resources, Conservation and Recycling 103 (2015): 192-204.

[2] Magnusson, Simon, et al. "Sustainable management of excavated soil and rock in urban areas—a literature
review." Journal of Cleaner Production 93 (2015): 18-25.

[3] Katsumi, Takeshi. "Soil excavation and reclamation in civil engineering: Environmental aspects." Soil
science and plant nutrition 61.sup1 (2015): 22-29.

[4] Cave, Suzie. "Recycling in Germany." (2017).

[5] Murakami, O., et al. "Recycling and treatment of construction sludge." WIT Transactions on Ecology and
the Environment 155 (2012): 1129-1138.

216



International Core Journal of Engineering Volume 9 Issue 10, 2023
ISSN: 2414-1895 DOI: 10.6919/ICJE.202310_9(10).0025

[6] Hu, Mian, et al. "A review on turning sewage sludge to value-added energy and materials via
thermochemical conversion towards carbon neutrality." Journal of Cleaner Production (2022): 134657.

[7] Nixon, P. J. "Recycled concrete as an aggregate for concrete-a review." Matériaux et Construction 11
(1978): 371-378.

[8] Fadiya, Olusanjo O., Panos Georgakis, and Ezekiel Chinyio. "Quantitative analysis of the sources of
construction waste." Journal of Construction Engineering 2014 (2014): 9.

[9] Rahimzadeh, Ali, et al. "Management of excavated material in infrastructure construction-a critical review
of literature." Proceedings of the International Conference on Architecture and Civil Engineering, Sydney,
Australia. 2018.

[10]Wang, Liang, and Chenggang Xi. "Discussion on classification system of construction waste in
China." IOP Conference Series: Earth and Environmental Science. Vol. 555. No. 1. IOP Publishing, 2020.

[11]Yamamura, K. "Current status of waste management in Japan." Waste Management & Research 1.1
(1983): 1-15.

[12]Wen, Xuefeng, et al. "Comparison research on waste classification between China and the EU, Japan, and
the USA." Journal of Material Cycles and Waste Management 16 (2014): 321-334.

[13]Wu, Jason Y., and Ming-Zhe Lee. "Beneficial Reuse of Construction Surplus Clay in CLSM."International
Journal of Pavement Research & Technology 4.5 (2011).

[14]LAHTINEN, Pentti, et al. "Absoils-sustainable methods and processes to convert abandoned low-quality
soils into construction materials." (2012).

[15]Umar, Usman Aminu, et al. "A review on adoption of novel techniques in construction waste management
and policy." Journal of Material Cycles and Waste Management 19 (2017): 1361-1373.

[16]Hoang, Ngoc Han, et al. "A review of construction and demolition waste management in Southeast
Asia." Journal of Material Cycles and Waste Management 22 (2020): 315-325.

[17]Wang, Kai, et al. "A case study of the rapid and long runout landslide at Hong’ao waste disposal site in
Shenzhen, China." KSCE Journal of Civil Engineering 24 (2020): 727-739.

[18]Husain, Asif, and Majid Matouq Assas. "Utilization of demolished concrete waste for new construction."”
World Academy of Science, Engineering and Technology 73.2013 (2013): 605-610.

[19]Tam, Vivian WY, and Chi Ming Tam. "A review on the viable technology for construction waste
recycling." Resources, conservation and recycling 47.3 (2006): 209-221.

[20]Solis-Guzman, Jaime, et al. "A Spanish model for quantification and management of construction
waste." Waste management 29.9 (2009): 2542-2548.

[21]Gangolells, Marta, et al. "Analysis of the implementation of effective waste management practices in
construction projects and sites." Resources, conservation and recycling 93 (2014): 99-111.

[22]Bilal, Muhammad, et al. "Big data architecture for construction waste analytics (CWA): A conceptual
framework." Journal of Building Engineering 6 (2016): 144-156.

[23]Zheng, Lina, et al. "Characterizing the generation and flows of construction and demolition waste in
China." Construction and Building Materials 136 (2017): 405-413.

[24]Coelho, André, and Jorge de Brito. "Distribution of materials in construction and demolition waste in
Portugal." Waste Management & Research 29.8 (2011): 843-853.

[25]Inyang, Hilary 1. "Framework for recycling of wastes in construction." Journal of Environmental
Engineering 129.10 (2003): 887-898.

[26]Bonaparte, Rudolph, Robert C. Bachus, and Beth A. Gross. "Geotechnical stability of waste fills: Lessons
learned and continuing challenges." Journal of Geotechnical and Geoenvironmental Engineering 146.11
(2020): 05020010.

[27]Lindqvist, Jan, and Urban Akesson. "Image analysis applied to engineering geology, a literature
review." Bulletin of Engineering Geology and the Environment 60 (2001): 117-122.

[28]Shen, L. Y., et al. "Mapping approach for examining waste management on construction sites." Journal of
construction engineering and management 130.4 (2004): 472-481.

[29]Oggeri, Claudio, Taddeo Maria Fenoglio, and Raffaele Vinai. "Muck classification: raw material or waste
in tunnelling operation." Revista Minelor 20.4 (2014): 16-25.

217



International Core Journal of Engineering Volume 9 Issue 10, 2023
ISSN: 2414-1895 DOI: 10.6919/ICJE.202310_9(10).0025

[30]Oggeri, Claudio, Taddeo Maria Fenoglio, and Raffaele Vinai. "Tunnel spoil classification and
applicability of lime addition in weak formations for muck reuse." Tunnelling and Underground Space
Technology 44 (2014): 97-107.

[31]Jahanfar, Ali, et al. "Municipal solid waste slope stability modeling: a probabilistic approach." Journal of
Geotechnical and Geoenvironmental Engineering 143.8 (2017): 04017035.

[32]Filipiak, Karolina A., et al. "Optimization of municipal solid waste collection system: case study." Practice
Periodical of Hazardous, Toxic, and Radioactive Waste Management 13.3 (2009): 210-216.

[33]Park, Jungha, and Richard Tucker. "Overcoming barriers to the reuse of construction waste material in
Australia: a review of the literature." International Journal of Construction Management 17.3 (2017): 228-
237.

[34]Newman, Richard G. "Single source qualification." Journal of Purchasing and Materials Management 24.2
(1988): 10-17.

[35]Wu, Zezhou, et al. "Quantifying construction and demolition waste: An analytical review." Waste
management 34.9 (2014): 1683-1692.

[36]Horman, Michael J., and Russell Kenley. "Quantifying levels of wasted time in construction with meta-
analysis." Journal of Construction Engineering and Management 131.1 (2005): 52-61.

[37]Lawson, Nigel, et al. "Recycling construction and demolition wastes—a UK perspective." Environmental
Management and Health 12.2 (2001): 146-157.

[38] Gavilan, Rafael M., and Leonhard E. Bernold. "Source evaluation of solid waste in building construction."
Journal of construction engineering and management 120.3 (1994): 536-552.

[39]Hanson, James L., Nazl1 Yesiller, and Nicolas K. Oettle. "Spatial and temporal temperature distributions
in municipal solid waste landfills." Journal of Environmental Engineering 136.8 (2010): 804-814.

[40] Wu, Huanyu, et al. "Status quo and future directions of construction and demolition waste research: A
critical review." Journal of Cleaner Production 240 (2019): 118163.

[41]Rodriguez, Gracia, Francisco Javier Alegre, and German Martinez. "The contribution of environmental
management systems to the management of construction and demolition waste: The case of the
Autonomous Community of Madrid (Spain)." Resources, conservation and recycling 50.3 (2007): 334-
349.

[42]0ggeri, Claudio, T. M. Fenoglio, and Raffaele Vinai. "Tunnelling muck classification: definition and
application." (2017).

[43]Tam, Vivian WY, Mahfooz Soomro, and Ana Catarina Jorge Evangelista. "A review of recycled aggregate
in concrete applications (2000-2017)." Construction and Building materials 172 (2018): 272-292.

[44] Aparin, B. F., and E. Yu Sukhacheva. "Classification of urban soils in Russian soil classification system
and international classification of soils." Byulleten Pochvennogo instituta im. VV Dokuchaeva 79 (2015).

[45]Miki, H., J. Iwabuchi, and S. Chida. "New soil treatment methods in Japan." Treatment and Recycling of
Materials for Transport Infrastructure (TREMTI), Communication C 189 (2005).

[46]Katsumi, Takeshi. "Soil excavation and reclamation in civil engineering: Environmental aspects." Soil
science and plant nutrition 61.sup1 (2015): 22-29.

[47]Priyadharshini, P., K. Ramamurthy, and R. G. Robinson. "Excavated soil waste as fine aggregate in fly
ash based geopolymer mortar." Applied Clay Science 146 (2017): 81-91.

[48]Zhao, Chuanhai, and Dajun Zhao. "Application of construction waste in the reinforcement of soft soil
foundation in coastal cities." Environmental Technology & Innovation 21 (2021): 101195.

[49]Galvez-Martos, José-Luis, et al. "Construction and demolition waste best management practice in
Europe." Resources, conservation and recycling 136 (2018): 166-178.

[50]Priyadharshini, P., K. Ramamurthy, and R. G. Robinson. "Excavated soil waste as fine aggregate in fly
ash based geopolymer mortar." Applied Clay Science 146 (2017): 81-91.

[51]Herrador, Rosario, et al. "Use of recycled construction and demolition waste aggregate for road course
surfacing." Journal of transportation engineering 138.2 (2012): 182-190.

[52]Rao, Akash, Kumar N. Jha, and Sudhir Misra. "Use of aggregates from recycled construction and
demolition waste in concrete." Resources, conservation and Recycling 50.1 (2007): 71-81.

218



International Core Journal of Engineering Volume 9 Issue 10, 2023
ISSN: 2414-1895 DOI: 10.6919/ICJE.202310_9(10).0025

[53]Husain, Asif, and Majid Matouq Assas. "Utilization of demolished concrete waste for new
construction." World Academy of Science, Engineering and Technology 73.2013 (2013): 605-610.

[54]Lai, Ying-Ying, et al. "Management and recycling of construction waste in Taiwan." Procedia
Environmental Sciences 35 (2016): 723-730.

[55]Kumbhar, Snehal, Anilkumar Gupta, and Dadaso Desai. "Recycling and reuse of construction and
demolition waste for sustainable development." OIDA International Journal of Sustainable Development
6.7 (2013): 83-92.

219



