


Recycled Aggregate in Concrete



.



Recycled Aggregate in Concrete

Dr. Jagdish H Godihal

Dr. Nakul Ramanna Sanjeevaiah

KRISHNA NAGAR, DELHI



Regd. Office:Regd. Office:Regd. Office:Regd. Office:Regd. Office:

F-10/24, East Krishna Nagar, Near Vijay Chowk, Delhi-110051

Ph. No: +91-11-79669196, +91-9899073222

E-mail: info@booksarcade.co.in, booksarcade.pub@gmail.com

Website: www.booksarcade.co.in

International Standard Book Number-13: 978-81-19199-34-1

Year of Publication 2023

Printed and bound by: Global Printing Services, Delhi

10 9 8 7 6 5 4 3 2 1

This book contains information obtained from highly regarded resources. Copyright for individual articles remains
with the authors as indicated. A wide variety of references are listed. Reasonable efforts have been made to publish
reliable data and information, but the author and the publisher cannot assume responsibility for the validity of all
materials or for the consequences of their use.

No part of this book may be reprinted, reproduced, transmitted, or utilized in any form by any electronic, mechanical,
or other means, now known or hereinafter invented, including photocopying, microfilming and recording, or any
information storage or retrieval system, without permission from the publishers.

For permission to photocopy or use material electronically from this work please access booksarcade.co.in

Recycled Aggregate in Concrete

© RESERVED

Dr. Jagdish H Godihal

Dr. Nakul Ramanna Sanjeevaiah



CONTENTS 

 

Chapter 1. Introduction to Recycled Aggregates......................................................................................... 1 

— Dr. Jagdish H Godihal 

Chapter 2. Classification of Aggregates ...................................................................................................... 4 

— Dr. Shrishail B Anadinni 

Chapter 3. Natural Aggregate ...................................................................................................................... 7 

— Mr. Gopalakrishnan N 

Chapter 4. Coal Ash .................................................................................................................................. 10 

— Ms. Divya Nair 

Chapter 5. Recycled Aggregate ................................................................................................................. 13 

— Mr. Ajay H A 

Chapter 6. Crushed Rock and Sand ........................................................................................................... 16 

— Dr. Nakul Ramanna Sanjeevaiah 

Chapter 7. Introduction to Recycled Plastic Materials .............................................................................. 19 

— Dr. Jagdish H Godihal 

Chapter 8. History of Plastic Materials ..................................................................................................... 22 

— Dr.Venkatesha Raju K 

Chapter 9. Solid Waste Management ........................................................................................................ 25 

— Mrs. Shwetha A 

Chapter 10. History of Solid Waste Management ..................................................................................... 28 

— Mr. Bhavan Kumar Mukrambhi 

Chapter 11. Granulated Polypropylene Waste .......................................................................................... 31 

— Dr. Venkatesha Raju K 

Chapter 12. Hardened Concrete ................................................................................................................ 34 

— Mr. Dayalan J 

  



 
1 Recycled Aggregate in Concrete 

CHAPTER 1 
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Concrete is frequently utilised and is thought of as the fundamental building material for all 

construction types [1]. As a result, carbon dioxide and other greenhouse gases are released 

into the atmosphere, contributing to the world's current pollution levels. The environmental 

effect of the concrete industry is reduced by using less cement and organic aggregates in the 

making of concrete [2]. The bulk of concrete is made up of aggregates, which can 

significantly affect the engineering qualities and overall cost of the concrete mixture. Natural 

resources are also being used extensively as a result of the strong demand for new 

development and buildings. According to estimates, India's building sector produces 150 

million tonnes of garbage annually. On the other hand, it is known that aggregate, in reality, 

plays a significant influence in determining workability [3]. 

Concrete's strength, dimensional stability, and durability. Recycled concrete aggregate have a 

lower specific gravity and a better water absorption capacity as compared to natural 

aggregates because of their attached mortar. The moisture materials ratio (w/c) of the 

concrete production and the compressive strength of the old concrete both affect the 

compressive strength. During the relatively easy process of recycling old concrete into 

aggregate, existing concrete is broken, removed, and crushed into a material with a specific 

size and quality. The quantity of the recycled materials used and how thoroughly the primary 

concrete is crushed have a significant impact on the qualities of RCA-made concrete. Indeed, 

obtaining virgin aggregates is seriously harming the environment, and the extraction and 

crushing procedures both consume a lot of energy. There is consequently considerable 

interest in replacing natural aggregates with recycled aggregates made from various 

construction and demolition debris [4]. 

Recycled Aggregate: 

Waste from building and demolition projects serves as the primary source for recycled 

aggregates. The majority of the waste materials generated by tearing down buildings are 

dumped in landfills or used to recover land. The locations, capacity, and width of the land 

that can receive waste products are, however, becoming constrained as the demand for land 

rises daily. Disposal becomes a significant issue when the expense of transportation is 

factored in. Reusing demolition debris therefore seems like a good idea, and the best and 

most extensive application would be to use it as aggregate to make concrete for new building. 

Concrete demolition debris and burnt clay brick masonry building are used as aggregate in 

recycled aggregate [5]. 
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Coal ash: Coal ash is a by-product of coal combustion that is made up of the flue gases and 

the particulate that are forced out of coal-fired boilers. Sand and Portland cement can both be 

substituted with coal ash in the manufacturing of concrete. In RC structures, it prevents 

rusting. Numerous environmental, financial, and product advantages can result from the reuse 

of coal ash, including: 

Environmental advantages such decreased greenhouse gas emissions, decreased demand for 

landfill disposal, and decreased use of other materials. Economic advantages include lower 

disposal costs for coal ash, higher coal ash sales revenue, and cost savings from employing 

coal ash in place of other, more expensive materials. Improvements in product strength, 

durability, and material workability [6]. 

History:  

Since ancient times, crushed concrete has been used, but only after being combined with 

cement, sand, and gravel to increase durability. The 1980s are when the practise was first 

noted. Since crushing hardened concrete turned out to be far more labour-intensive and 

expensive, US construction companies were first hesitant to employ the technology. 

However, landfills refused to take fractured concrete in the 1970s, during the height of the 

construction era, because it was unrecyclable and took up too much room. On the other hand, 

one landfill carried on taking dumps of concrete, smashing it with the use of bulldozers and 

rollers, and selling it as aggregate. Construction businesses confirmed after a number of 

successful projects that recycled concrete not only had the same durability and strength as 

new concrete, but also had a far less environmental impact. 

More people are evaluating building materials based on their environmental attributes. By 

using the readily accessible concrete as a way of adding for fresh concrete or other purposes, 

concrete recycling preserves natural resources and reduces the need for disposal. 38 states 

recycle concrete as an aggregate base, and 11 of those recycle it into fresh Portland cement 

concrete, according to a 2004 FHWA study. Recycled concrete aggregate (RCA) is used in 

new concrete in several jurisdictions, and those states indicate that RCA-concrete performs 

on par with concrete made with natural aggregates. The majority of agencies demand that the 

material be used directly in the project that is being rebuilt. Concrete recycling is a rather 

easy process. Existing concrete must be broken, removed, and crushed to create a material of 

a certain size and quality. For additional details on turning used concrete into recycled 

concrete aggregates, see ACI 555 (2001). The quality of the recyclable materials utilised has 

a big impact on the final concrete's quality. Care must be taken to avoid contamination by 

additional substances that may cause problems, such as asphalt, dirt and clay balls, glass, 

gypsum board, plaster sealants, paper, chlorides, wood, and roofing materials. Reinforcing 

steel and other embedded items, if any, must also be removed. 

Applications: Applications that are not processed at all typically include: A variety of 

general bulk fills, including base material for drainage systems, embankments, and noise 

barriers for banks. For pavement subbases, most of the unprocessed crushed concrete 

aggregate is sold as a fraction of 112 inches or 2 inches. Crushed concrete can be used as new 

concrete for pavements, shoulders, median barriers, sidewalks, curbs and gutters, bridge 

foundations, soil-cement pavement bases, lean-concrete or econo-crete bases, and bitumen 

concrete after contaminants have been removed through selective demolition, screening, 

and/or air separation. 
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Features of Recycled Aggregate:  RC2 the grade or quality of the initial concrete has little 

bearing on the crushing properties of hardened concrete, which are comparable to those of 

natural rock. The same standards required for conventional aggregates should be passed by 

recycled concrete aggregates manufactured from all but the lowest quality original concrete. 

In addition to the original materials, recycled concrete aggregates also include hydrated 

cement paste. In comparison to identical virgin aggregates, this paste lowers the specific 

gravity and enhances the porosity. Higher RCA porosity results in more absorption. 
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In addition to water and Portland cement, aggregate are inert granular materials like sand, 
gravel, or crushed rock that are a necessary component of concrete [1]. Aggregates must be 
free of absorbed chemicals, clay coatings, and other fine contaminants that might cause 
concrete to degrade in order to make a suitable concrete mix [2]. The two different kinds of 
aggregates, fine and coarse, make up 60 to 75 percent of the overall volume of concrete. The 
majority of the particles in fine aggregates typically pass through a 3/8-inch filter and are 
often made of natural sands or crushed stone [3]. Any particle larger than 0.19 inches is 
considered a coarse aggregate, which typically has a diameter between 3/8 but also 1.5 
inches. The bulk of the coarse aggregate used in concrete is made up of gravel, while the 
majority of the remaining material is crushed stone. Natural gravel and sand are often 
extracted by digging or dredging from a pit, river, lake, or ocean floor. By crushing quarry 
rocks, boulders, cobbles, or large-size gravel, crushed aggregate is created. Concrete mixture 
is a practical supply of aggregate that has been successfully used in new concrete, soil-
cement, and granular subbases [4]. 

Aggregate is treated after harvesting, including crushing, screening, and washing to ensure 
optimum cleanliness and gradation. If further improvement is required, a benefaction 
procedure like jigging or heavy media separation may be performed. The aggregates are 
stored and handled after processing to reduce segregation, deterioration, and contamination. 
The qualities of newly mixed and cured concrete, mixing ratios, and economy are all 
significantly influenced by aggregates. As a result, choosing aggregates is a crucial task. 
Although there will be some variance in aggregate attributes, the following factors should be 
taken into account: grading; durability; particle form and surface texture; abrasive and skid 
resistance; unit weights and voids; absorption and surface moisture. Grading is the process of 
figuring out how big the aggregate's particles will be. Grading restrictions and the maximum 
size of the aggregate are included since they have an impact on the quantity of aggregate 
used, as well as the amount of cement and water needed, as well as the workability, 
permeability, and durability of the concrete. In general, a broad range of grading may be 
utilised without significantly affecting strength provided the water-cement ratio is adjusted 
appropriately. Certain aggregate particle sizes are excluded from the length continuum 
whenever gap-graded aggregate is specified. To achieve homogeneous textures with exposed 
aggregate concrete, gap-graded aggregate is employed. To prevent segregation, close 
management of mix proportions is required [5]. 

Shape and Size Matter 

More so than the qualities of cured concrete, the properties of newly mixed concrete are 

influenced by particle form and surface roughness. To generate workable concrete, rough-

textured, angular, sharp elongated particles need more water than smooth, spherical compact 

aggregate. To keep the water-cement ratio constant, the cement content also needs to be 
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raised. In general, flat and longitudinal particles should be avoided or kept to no more than 

15% of the aggregate weight. The volume which graded aggregate and the spaces between it 

will consume in concrete is measured by unit-weight. The quantity of cement paste needed 

for the mix depends on how much space there is between the particles. Aggregates with 

angles enhance the void content. Improved grading and larger sizes of well-graded aggregate 

reduce the void content. The internal structure of aggregates is composed of solid material 

and spaces that might or might not contain water, therefore absorption and surface moisture 

are examined while choosing aggregate. The water content of the cementitious material must 

be changed to account for the aggregate's moisture levels. When an aggregate is used in 

concrete that is frequently susceptible to abrasion, such as in heavy-duty floors or pavements, 

abrasion and skid resistance are crucial. Different aggregate minerals polish and wear at 

various rates. In severely abrasive environments, harder aggregate might be used to reduce 

wear [6]. 

Comparative Benefit:  

 For correct gradation and cleanliness, aggregate processing entails two steps: (1) basic 

processing—crushing, screening, and washing—and (2) beneficiation—improving quality by 

steps such heavy media separation, jigging, rising-current classifications, and crushing. In 

heavy media separation, aggregates are filtered through a thick liquid made of water and 

finely ground heavy minerals that has been proportioned to possess a relative density 

(specific gravity) that is higher than that of the undesirable aggregate particles but lower than 

those of the desirable aggregate particles. The lighter nanoparticles float towards the top 

while the heavier ones sink to the bottom. When acceptable and dangerous particles have 

distinct relative densities, this procedure may be applied. Jigging uses pulsing water current 

to separate particles with slight density variations. The lighter material is pushed into a 

coating on the surface of the heavier material using upward water pulsations via a jig (a box 

with a perforated bottom), and the top layer is then eliminated. Particles with significant 

variances in density are separated using rising-current classification. Light items like wood 

and lignite are carried away by a torrent of water that is travelling quickly upward. The 

removal of soft and friable granules from coarse aggregates is another purpose for crushing. 

Sometimes, this is the only method available to prepare a substance for usage. Unfortunately, 

with every technique, some acceptable material is lost, and it may be difficult or costly to 

completely remove all dangerous particles. 

Types of concrete aggregates 

• To be able to meet the unique demands and preferences of each of our customers, we 
provide a broad range of concrete aggregate materials. 

• Aggregates may be divided into many categories based on their size, origin, form of 
fragmentation, and content, such as aggregates used in agriculture, landscaping, and 
sports. To effectively use the full potential of the many kinds of concrete aggregates 
with their purposes during construction, it is crucial to have a thorough understanding 
of both. For instance, crushed stone aggregates are essential for creating sand traps on 
golf courses as well as for constructing roads and other structures. Gravel, on the 
other hand, provides superior erosion control as well as water filtration and drainage. 
Aggregates may be used on their own as fill for constructing embankments or 
preparing a site. When building or renovating beaches, sports fields, racetracks, and 
other recreational facilities, aggregates like sand may also be employed. 
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• Sand or sand and gravel may be found in natural mines, quarries, deposits, and 
subsurface sediments. Aggregate materials include, for instance: 

• Crushed rock - To create these items, rocks must first be extracted and crushed to the 
correct size and texture. Stones may come from igneous, sedimentary, or 
metamorphic origins. 

• Sand is a common substance in nature. Depending on the source, its composition 
might vary and is made up of fine stone material and mineral particles. It may be used 
in the production of concrete as well as the building of roadways. Sand comes in 
several varieties, such as sand 4 block, sand 4 dosable, sand 5, sand 4, and sand 5 
cleaned. 

• Gravel - The natural processes of moisture and erosion result in the formation of 
gravel deposits. Different kinds of gravel, such as 34 " and 1 12 ", seal, hydraulic 
basis, and subbase, may be used for making concrete, building roads, or for 
ornamental and aesthetic reasons. 

• Recycled concrete - To create recycled concrete, existing concrete must first be 
broken, ground, or chopped to the required size. Due to its compactness, it is often 
used as a foundation on which other building materials are put. This results in a hard 
surface that is simple to build atop. 
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The most crucial component of concrete is aggregate. They provide concrete body, reduce 

shrinkage, and have an economic impact [1]. In order to create compound materials, 

including such asphalt concrete but also Portland cement concrete, natural aggregates, 

including such sand, gravel, or crushed stone, must be combined with a binding agent, such 

as moisture, bitumen, Portland cement, limestone, etc. 

Sources of Natural Aggregate 

The majority of naturally occurring aggregate materials come from bed rocks. Igneous, 

sedimentary, and metamorphic rocks are the three different kinds of rocks [2]. These 

divisions are based on the method through which rocks develop. Recall that igneous rocks 

were created when molten magma or lava cools near the crest's surface (basalt and trap) or 

well below the crest (granite). They are thick, hard, and tough. Depending on the amount of 

silica present, they may be either acidic or basic [3]. They may be found in either bright or 

dark colors. Under the seabed, sedimentary rocks are created and then raised to the surface. 

Sedimentary rocks range in hardness from soft to porous to light to heavy. Sedimentary rock's 

appropriateness as concrete aggregates depends on a number of critical parameters, including 

the degree of consolidation, the kind of cementation, individual thickness of the layers, and 

contamination.  

In the beginning, metamorphic rocks are either sedimentary or igneous rocks that later 

underwent metamorphosis as a result of intense heat and pressure [4]. The creation of high-

quality concrete aggregates has made use of a variety of metamorphic rocks, most notably 

quartzite and gneiss. Natural aggregates' ability to create concrete is somewhat impacted by 

the parent rock's geological formation and the following weathering and modification 

processes. 

Aggregates for Concrete 

Aggregates must meet certain specifications and be devoid of chemicals, clay coatings, or 

other fine elements that might interfere with the cement paste's ability to hydrate and adhere. 

They should also be clean, hard, strong, and durable [5]. The properties of concrete are 

influenced by the aggregates' qualities. Aggregate particles that are fragile, friable, or 

laminated should not be used. Since they have low resistance against weathering, aggregates 

including natural shale or shale-like nanoparticles, soft and porous particulate, and certain 

forms of chert should indeed be avoided in particular [6]. 
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Characteristics of Aggregates 

Resistance to Freeze Thaw: (Important in weathered buildings) - The porosity absorption 

and pore structure of an aggregate affect how resistant it is to freezing and thawing. The 

magnesium sulphide test is required by specifications to verify weather resistance. 

Abrasion Resistance: Important for flooring, loading platforms, pavements, etc. The 

capacity to sustain stresses without causing the aggregate to wear out too quickly is known as 

abrasion resistance. 

Chemical Stability: (Important for all sorts of constructions' strength and durability) 

Aggregates and cement alkalies really should not react. Concrete may experience anomalous 

expansion and cracking as a result of this interaction. 

Particle Shape and Surface Texture: (Important for making new concrete workable) Due to 

their huge surface area, rough-textured or flat but also elongated aggregates need more water 

to generate workable concrete that rounded or cubical aggregates. 

Grading: (Important for making new concrete workable) Sieve analysis is used to determine 

the grading or particle density distribution of an aggregate. 

Specific Gravity (Density): The ratio of an aggregate's weight towards the weight of an 

equivalent volume of water at a specified temperature is known as the specific gravity of the 

material. The majority of typical weight aggregates have specific gravities between 2.4 and 

2.9. It does not reflect overall quality. It is used in a mix design for certain calculations. 

Particle Size and Gradation: More than any other property of aggregates, particle size and 

gradation affect how well hardened concrete, asphalt, and base materials function. The 

stiffness, strength, practicability, permeability, stability, resistance to skidding, and other 

qualities are directly impacted by the size and distribution of the particles. 

It should come as no surprise that it is this test that is used on aggregate samples the most 

often. Like the most of these aggregate characterization tests, it is straightforward to carry out 

correctly and is manageable by specialists with little experience. The information may be 

utilised for more than simply a report of grain sizes if the proportions of the various fractions 

are calculated and presented graphically as a gradation curve. With categorization 

terminology like gap-graded, open-graded, or uniformly-graded that represent particle 

distribution, the values may qualitatively categories the aggregate. With the use of this 

knowledge, it is possible to modify the final mix designs' attributes by changing the ratios of 

the fractions. It is crucial to be aware of all the aforementioned features before choosing the 

aggregates for concrete. They will assist you in obtaining concrete of higher grade. By 

performing different tests on aggregates, the aforementioned qualities of aggregates may be 

assessed. The appropriateness, toughness, high hardness, hardness, shape, and water 

absorption of the aggregates should be evaluated. Following are the list of tests carried out on 

aggregates. 

• Bitumen adhesion testing on aggregate  

• Crushing test for aggregate  

• Abrasion test off aggregate  

• Impact test for aggregate  
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• Consistence test on aggregate  

• Shape test around aggregate  

• Specific gravitational test on aggregate 
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Heavy metals, volatile and semi-volatile organic chemicals, and particulates (a combination 

of liquid droplets and solid particles present in the air) may all be found in coal ash [1]. These 

chemical substances may irritate the skin (dermatitis). These chemicals may irritate the 

respiratory system as well as the eyes, nose, and throat when inhaled (breathed in). These 

substances have the potential to induce nausea, vomiting, and diarrhoea upon ingestion 

(eating or swallowing) [2]. After repeated long-term intake and inhalation, several coal ash 

constituents have been shown to be carcinogenic [3]. Coal ash pollution may have an impact 

on drinking water systems after a natural catastrophe. These kinds of impurities are 

monitored and controlled by public water systems. If they should test their wells for certain 

toxins, private well owners should get in touch with their local public health authority. 

Arsenic, chromium, lead, mercury, and other toxic elements are often found in coal ash, a 

general name for several types of trash produced by coal-burning power plants. The risk 

posed by coal ash is enormous [4]. Shortness of breath, nausea, vomiting, nose and throat 

irritation, and dizziness may all result from brief exposure. Chronic exposure may cause 

malignancies of many types as well as harm to the liver, kidneys, heart, and heart rhythm. 

About 110 million tonnes of the substance are produced annually by many coal-fired power 

plants in America. The majority of it is combined with water and kept in sluggish basins 

known called coal ash ponds, which unfortunately have a propensity to leak, flood, or spill, 

occasionally in catastrophic quantities. The primary source of coal ash is the combustion of 

coal in coal-fired power plants [5]. Coal-fired activities produce two primary by-products of 

coal ash combustion (the burning of it): 

An extremely fine, powdery by-product of coal-fired power plants is called fly ash (like 

factories). The stack effectively captures fly ash. Fly ash, which is mostly composed of heavy 

metals, should make up the majority of on-site coal ash ponds (for example, mercury, arsenic, 

copper, and chromium). When dried, fly ash may be dangerous for inhalation. Respiratory 

irritation brought on by dry fly ash might resemble flu-like symptoms. a fine, powdery silica 

substance produced by the burning of fine coal (pulverised coal). Fly ash mostly consists of 

silica and alumina, which are also found in soil. It improves durability and water resistance 

when included with cement because it interacts with both the calcium hydroxide that is 

produced during hydration of the cement (the process by which water and cement combine to 

create a new compound). Additionally, since fly ash is composed of tiny, elliptical particles, 

when it's added to concrete, it offers outstanding qualities that enhance the concrete's fluidity 

[6]. 
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Bottom ash is indeed a heavier, coarser substance collected at the coal furnace's base. Cresol 

and semi-volatile organic substances like polycyclic aromatic hydrocarbons may be found in 

bottom ash. Because bottom ash is normally disposed of soon after combustion and delivered 

to a landfill, bottom ash is uncommon to be present in coal ash ponds. A coarser kind of ash 

that accumulates at the bottom of coal furnaces because it is too big to be removed by smoke 

stacks. Clinker ash is a sand condition with an adjusted particle size and is created when ash 

is heated to a red-hot liquid in a high-temperature boiler, dumped to the bottom of the water 

tanks, then instantly cooled and crushed using a crusher. Clinker ash mostly consists of 

"silica" and "alumina," which are also present in fly ash. Clinker ash's surface provides great 

characteristics for water retention, drainage layer, and breathability because of its many 

microscopic pores. 

Boiler Slag: Molten bottom ash that turns into pellets when cooled with water. Flue Gas 

Desulfurization Substance is a by-product of removing sulphur dioxide and may take the 

form of a wet sludge or a powdered material that has been blended with various sulphates. 

With more than 100 million tonnes de coal ash produced in America alone in 2012, coal ash 

is one of the major wastes produced in the United States and many other nations. The 

quantity of coal ash is a problem, and its composition is also something to be concerned 

about. Lead, arsenic, mercury, cadmium, as well as uranium are all present in coal ash, 

making its discharge into the environment very dangerous. Coal ash spills have the potential 

to contaminate air, ground water, drinkable water, and rivers. There are regulations for the 

disposal of coal ash in place to manage the concerns involved. 

Coal Ash Generation Process:  

• (At a coal-fired thermal power plant, coal that has been ground into a powder is 
burned in a boiler to produce electricity. The coal ash particles that are melted during 
this combustion float inside the hot combustion gases; as the temperature outside the 
boiler lowers, the particles becomes vitreous and rounded and are gathered by 
electrical precipitators. This is often referred to as "fly ash." 

• A "quality management system" that analyses the properties of the coal ash, sifts 
according to consumption, and aligns the sizes of the particles to store within every 
silo oversees the quality of this fly ash online. 

• In the meanwhile, the coal ash particles in the boiler stick together, form a lump with 
numerous holes, and fall into a water tank (Portland cement hopper) at the boiler's 
base. This substance, known as "clinker ash," is created as these lumps drop and are 
deposited throughout the water tank (clinker hopper). Clinker ash is often kept in this 
sandy form after being dried off in a hydration tank. 

Effective Use of Coal Ash: 

Coal-fired thermal power plants utilise coal ash well among our thermal power plants. Coal 
ash is efficiently utilised as a building material and is delivered by road or water to cement 
manufacturers where it is used as a component in cement. The difference is significant. As 
solid trash, coal ash is treated in accordance with distinct and somewhat less strict federal 
laws than would be the case for material that is formally labelled "hazardous." Amazingly, 
the U.S. government didn't have any control over coal ash treatment until 2015, when the 
EPA under President Obama published the first-ever federal regulation governing its disposal 
in response to the disaster in Tennessee. Coal firms pushed for the solid-waste classification 
throughout the negotiations that resulted in the regulation because they recognised that states 
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and utilities would eventually be responsible for the majority of the enforcement. And they 
got it—in return for granting the federal government the first time access to coal ash inside its 
own (very limited) jurisdiction. 

Reusing coal ash can create many environmental, economic, and product benefits 

including: 

• Advantages for the environment, including as a decrease in greenhouse gas emissions, 
less waste to be disposed of in landfills, and less usage of other materials. 

• Financial gains including lower disposal costs for coal ash, higher coal ash sales 
income, and cost savings from utilising coal ash in lieu of other, more expensive 
materials 

• Product advantages such increased material strength, durability, and workability. 
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Concrete can be recycled by being broken, removed, and crushed from an existing place and 
then used to make new, reusable materials [1]. Recycled concrete has various uses and 
advantages, and it is frequently the best choice for removing concrete. The phrase "recycled 
concrete aggregate" refers to the product made from crushed building and demolition debris, 
which predominantly consists of concrete but may also include aggregates like sand, gravel, 
slag, and broken stones [2]. When concrete is the principal component, recycled aggregates 
are only referred to as recycled concrete aggregates (RCA). Producers may build concrete 
aggregate to a certain size and quality, which makes it highly cost-effective to acquire [3]. 
They do this by crushing and compression existing waste concrete and blending it with 
aggregate. It also entails recycling waste products, which otherwise would have required 
precious landfill space. 

Manufacturing of recycled Aggregate:  There are three main processes in the production of 
recycled aggregate concrete (RAC): 

• Evaluation of Source Concrete: Assessing the source concrete's quality is the initial 
stage in the manufacturing of RAC. For the purpose of selecting the appropriate 
source concrete, characteristics and records of the source concrete such as strength, 
durability, and composition are examined [4]. 

• Crushing of damaged concrete: This straightforward method is crushing concrete till 
it reaches the desired size and quality (usually of size 20 mm-50 mm). 

• Contaminants are removed, including dirt, asphalt concrete shoulders, reinforcing 
steel, and foundation components. Numerous techniques, such as air separation or 
screening, demolition, the use of electromagnets, etc., may be used to accomplish it. 
Depending on how the RCA is used, certain impurities may also be treated 
independently [5]. 

Advantages of Recycled Aggregate: Significant amounts of carbon dioxide are absorbed 
while being crushed into smaller particles, reducing the need to produce as many new 
aggregates and requiring less extraction of natural resources. This lowers the atmospheric 
concentration of CO2. 

Cost savings - A few studies have shown that using RAC may significantly save building 
costs. 

Preserves landfill space, lessens the need for more landfills, and so decreases expenses.The 
recycling business generates additional work possibilities [6]. 

 



 
14 Recycled Aggregate in Concrete 

Disadvantages of Recycled Aggregate 

• A decline in the quality of concrete. 

• A 3% to 9% increase in the ability to absorb water 

• Concrete's compressive strength has decreased by 10% to 30%. 

• Causes concrete to be less workable. 

•  A lack of norms and requirements. 

• RAC is less durable, but some studies have shown that combining it with unique 
materials, such fly ash, may increase durability. 

Applications of Recycled Aggregate: The following structures may employ recycled 
aggregate: Large pieces of crushed aggregate may be used to make revetments, which are 
particularly helpful in preventing soil erosion. Can be used to build gutters, pavements, etc. 

Concrete that has been made from recycled materials may be used as coarse aggregate. The 
production of RAC also produces a variety of by-products that can be utilised for a variety of 
purposes, such as a filler for asphalt, a ground improvement material, and concrete additions. 

Benefits of Recycled Concrete: There are numerous advantages to recycling concrete for the 
environment and your wallet. Construction-related waste disposal expenses are increasing, 
and moving the waste from one location to another ads to the expense. Recycling results in 
significant cost savings since transport and disposal are no longer necessary.Concrete 
disposal is getting more challenging for many contractors and individuals as a result of 
growing expenses and landfill regulations that are becoming more stringent. Concrete 
recycling allows you to dispose of your resources in a reusable manner without worrying 
about landfill rules. The environment benefits greatly from concrete recycling. Concrete trash 
makes up a considerable amount of landfill space, and many of them are unable to handle its 
volume and size. Recycling allows for the reuse of these materials and prevents their disposal 
in landfills. Recycling helps the environment by conserving energy that would otherwise be 
utilized to mine, process, or transport new aggregates. 

Concrete Made With Recycled Aggregates:  

Environment protection is one of our society's biggest challenges today. The reduction of 
energy and natural resource consumption as well as the utilization of waste materials are a 
few key factors in this regard. These subjects are currently receiving a lot of attention in the 
context of sustainable development. Construction projects may soon substitute recycled 
aggregates made from development and demolition debris for primary (natural) aggregates. 
Natural resource conservation and waste disposal space requirements are both decreased. One 
of the main issues facing our society now is environmental conservation. A few important 
elements in this regard include the utilisation of waste materials, the decrease of energy and 
natural resource usage, and both. In the framework of sustainable development, these topics 
are currently getting a lot of attention. Soon, recycled aggregates derived from construction 
and demolition waste may be used in place of primary (natural) aggregates in construction 
projects. Space needs for trash disposal and resource conservation both go down. 

The size, volume, and connectivity of the cementitious matrix's pores play a significant role 
in how quickly it degrades. These variables control how much surface area is vulnerable to 
harmful chemical reactions. One of the most popular methods for assessing concrete's ability 
to absorb water and, consequently, its porosity and potential durability. Because recycled 
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aggregate (RA) absorbs much more water than natural aggregate (NA), which in turn makes 
concrete less durable, the porosity of recycled aggregate concrete (RAC) has significant 
importance. 
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Crushed Stone 

In the production of building materials, crushed stone is utilised as aggregate. Limestone, 
dolomite, granite, and traprock are the most typical forms of rock used to make crushed 
stone. Other building materials that are utilised in smaller quantities include quartzite, slate, 
sandstone, marble, and volcanic cinder [1]. 

Description: In the production of building materials, crushed stone is utilised as aggregate. 
Limestone, dolomite, granite, and traprock are the most typical forms of rock used to make 
crushed stone. As construction aggregates, tiny quantities of marble, slate, sand, quartz, and 
volcanic cinder are also employed [2]. 

Relation to Mining 

Except for Delaware, every state in the country produces crushed stone. The overall geology 
and rocks of a state determine the sort of crushed stone that can be mined there. For instance, 
marble and granite come from Vermont, whereas crushed limestone and dolomite are 
common in Indiana, Illinois, and Ohio [3]. Over half of the nation's crushed stone is produced 
in Texas, Illinois, Pennsylvania, Florida, Missouri, Georgia, Ohio, Virginia, North Carolina, 
and Kentucky. For alternate construction materials to virgin aggregate sources, the majority 
of states recycle asphalt, concrete, and construction and demolition waste [4]. Crushed stone 
is imported into the United States in minor quantities from the Bahamas, Canada, and 
Mexico. Crushed stone is a bulky item with a poor market value. In order to reduce the 
expense of transportation, it is therefore more cost-effective to employ the product in a 
building environment adjacent to a population centre that is also close to the mining source. 

Uses: Additionally, it is employed in agriculture as well as the production of cement, lime, 
and other chemicals. Crushed stone has many uses, a lot of which are not fully or accurately 
recorded.The main component of macadam road construction is angular crushed stone, which 
gains strength from the interlocking of the angular faces of the individual stones [5]. 

As ballast for train tracks as riprap: A stone filter: In concrete, tarmac, and asphalt 
concrete as a composite material (in conjunction with a binder).As a groundcover, pavement 
for walkways and driveways, and filler for permeable pavers in landscaping. Its advantages 
as a mineral groundcover include weed control, erosion prevention, and aesthetics. In 
gardening and cactus gardens, it is frequently employed. There is considerable pressure to 
switch from using natural sand in concrete to using crushed rock or recycled material. 
Crushed rock, on the other hand, frequently has sharp edges, which have an impact on both 
the strength of hardened concrete and the rheology of fresh concrete. So, using experimental 
data, nonlinear models of a few mortar properties were created in this work. There is 
considerable pressure to switch from using natural sand in concrete to using crushed rock or 
recycled material. Crushed rock, on the other hand, frequently has sharp edges, which have 
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an impact on both the strength of concrete structure and the rheology of concrete mixture. 
Therefore, it is difficult to add significant volumes of crushed rock. We need to understand 
how the content of the recipe impacts the parameters of those parameters in order to identify 
recipes that satisfy the requirements of freshly-poured and hardened concrete [6]. 

Sand: Sand is a grainy substance made up of tiny mineral particles. The content of sand 
varies, but the grain size is what distinguishes it. Sand is coarser than silt and has smaller 
grains than gravel. A soil type or textural class that contains more than 85% of its mass in 
sand-sized particles is referred to as sand. The composition of sand varies based on the local 
rock source and conditions, although silica (silicon dioxide, or SiO2), typically in the form of 
quartz, is the most prevalent component in inland continental settings and non-tropical 
coastal settings. The second most prevalent type of sand is calcium carbonate, such as 
aragonite, which was mostly produced over the past 500 million years by various forms of 
life, such as coral and shellfish. For instance, it is the main type of sand to be found in regions 
like the Caribbean where reefs have controlled the ecology for millions of years. Sand can 
also occasionally contain calcium sulphate, which is present in gypsum and selenite, and is 
common in American locations like Salt Plains National Wildlife Refuge and White Sands 
National Park. Over the course of human history, sand is a finite resource, and concrete-
quality sand is in particularly high demand. [3] Desert sand, despite being abundant, is 
unsuitable for concrete. Construction uses 50 billion tonnes of beach sand and fossil sand 
annually. 

Shades of Sand: In sand, there are several different colours. It is they: 

• White Sand: This type of sand is composed of eroded limestone and may include 
coral and shell pieces in addition to other biological or organically generated 
fragmentary debris. Gypsum, Glauconite, Magnetite, and Chlorite are also discovered. 

• Black Sand: Coral deposits, volcanic minerals, and lava fragments make up black 
sand. 

• Pink Sand:This colour is caused by foraminifera, a microscopic creature with a 
reddish-pink shell. This mixture also includes calcium, coral, and shells. 

• Red-orange colour: An iron oxide layer produces this hue. 

• White-grey Color: This sand is nicely graded and has fine, spherical grains. 

• It is light-brown in colour and has rounded grains. 

Different Types of Sand 

Sand cannot be divided into different categories. Since there is no official classification for 
sand. Since sand has a wide range of characteristics, it is conceivable to attempt to categorise 
it into several groups. 

• Coral Sand: Coral sand has a variety of connotations. 

• Glass Sand: The primary component of this type of sand is silicon dioxide, which is 
also known as glass sand. 

• Immature Sand: This type of sand is made up of the same minerals as its parent rocks. 

• Gypsum Sand: The main component of this kind of sand is calcium sulphate 
dihydrate. (CaSO4·2H2O)  
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• Ooid Sand: Ooids are spheroidal covered sedimentary grains that are shaped like 
spherical pellets. And calcium carbonate is what creates this specific type of sand. 

• Silica Sand: Quartz is nearly pure in silica sand. 

Sorting Sand into Size Categories (ASTM) 

• Fine Sand: All sand fragments must pass through sieve No.16. This is frequently 
employed in plastering projects. 

• Moderately Coarse Sand: All sand fragments must squeeze through sieve number 
eight. This kind of sand is typically utilised in masonry and mortar projects. 

• Coarse Sand: All of the particles must squeeze through sieve No. 4. Sand of this kind 
is ideal for use in concrete construction. 
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Recycling plastic involves repurposing used plastic materials to create new goods. This can 

lessen the need for landfill space, conserve resources, and safeguard the environment from 

PVC pollution as well as greenhouse gas emissions when done properly [1]. Even though 

recycling of it was recycled more than once. In addition, 12% of rates are rising, they still lag 

behind those of other recyclables like paper, glass, and aluminium. 6.3 billion tonnes of 

plastic waste were produced globally between the start of plastic in the 20thcentury and 2015; 

only 9% of this waste was recycled, and less than 1% it was burned, with the remaining 79% 

being dumped in landfills or the environment, including the sea [2]. Since almost all plastic is 

non-biodegradable and accumulates in the environment, where it can be harmful, recycling is 

essential. For instance, each year, about 8 million tonnes of plastic enter the world's oceans, 

harming the ecosystem and creating sizable ocean garbage patches. Currently, almost all 

recycling is done mechanically, or by remelting and repurposing old plastic into new 

products. This can result in chemical polymer degradation and necessitate costly and time-

consuming waste sorting by colour and polyethylene type prior to reprocessing [3]. 

Failures here could result in material with erratic properties, making it unattractive to 

industry. In a different strategy known as feedstock recycling, used plastic is turned back into 

the chemicals that made it, which can then be processed into new plastic. Although there is a 

chance for more recycling, this has better energy and capital costs. As part of energy 

recovery, used plastic waste can also be burned instead of fossil fuels. Although it is a 

contentious practise, it is nonetheless widely used. When landfill diversion regulations are in 

place, it is the primary method of disposing of plastic waste in some nations [4]. In terms of 

reducing plastic waste, recycling it is quite low on the waste hierarchy. Although it has been 

promoted since the early 1970s, it did not significantly reduce plastic waste until the late 

1980s because of significant economic and technical obstacles. While industry research 

indicated that most plastic could not be economically recycled, the plastics industry has come 

under fire for pushing for the expansion of recycling programmers while also increasing the 

quantity of virgin plastic, or plastic that has never been recycled, that is produced. 

Although plastics were known before the 20th century, it was not until WWII that mass 

production became a reality [5]. These previously untried synthetic alternatives became 

alluring as metal supplies were diverted for military purposes and as there was a rise in the 

demand for high-performance materials. Parachutes were replaced with nylon instead of silk, 

and Perspex was used in aeroplanes as a lightweight replacement for glass. With the aid of 

the post-war economic boom, these processes were quickly commercialised after the war, and 

the plastic age began around 1950. Environmental agencies were established in many 

jurisdictions as a result of global environmental movements in the 1960s and 1970s, 
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including the U.S. (EPA, 1970), the EU (DG ENV, 1973), Australia (EPA, 1971), and Japan 

(JEA 1971). In this climate of environmental consciousness, plastic waste was under 

investigate on [6]. 

Plastic industry lobbying 

The plastics industry reacted by lobbying to protect its commercial interests as the threat of 

additional legislation from the environmental movement grew. The Resource Recovery Act, 

which was passed in the United States in 1970, encouraged recycling and energy recovery. 

More than some one thousand attempts to enact legislation banning or taxing packaging, 

including plastics, had been made by the year 1976. In response, the plastics industry pushed 

for the recycling of plastic. This involved lobbying for the implementation of curb-side 

recycling collections and a $50 million per year campaign through groups like Keep America 

Beautiful to spread the message that PVC could and would be recycled. Leaders in the 

petrochemical sector understood, however, that plastic could not be economically recycled 

with the technology available at the time. 

Until the beginning of the 1980s, when costs of incineration rose, landfills were used to 

dispose of plastic waste almost exclusively on a global scale. These early incinerators 

frequently lacked advanced combustors or output systems despite the existence of better 

technology, which resulted in the release of dioxins and compounds that are dioxin-like. 

These facilities have gradually been replaced or upgraded to more environmentally friendly 

ones using waste-to-energy recovery. The first serious attempts at recycling plastic didn't start 

until the late 1980s. The Council for Solid Waste Solutions was established in 1988 by the 

U.S. Society of the Plastics Industry as a trade organisation to promote the notion of plastic 

recycling to the general public. 

Global recycling trade 

Growing globalisation during the 1990s made it possible for developed countries to export 

their plastic waste to low- and middle-income countries where it could be more easily sorted 

and recycled. This was a part of the expanding global waste trade, which saw a sharp rise in 

the annual barter in plastic waste starting in 1993. However, the practise has been criticised 

as environmental dumping because environmental laws and their enforcement are typically 

weaker in the less developed economies and the exported plastic waste can be bungled, 

allowing it to enter the environment as plastic pollution. Many governments count items as 

recycled if they have been exported for that purpose. As part of Operation National Sword, 

China started limiting imports of waste plastics in 2017. Extreme waste stream backlogs in 

Europe and North America led to the export of waste plastic to other nations, primarily in 

South East Asia like Vietnam and Malaysia but also to Turkey and India with laxer 

environmental regulations.  

The governments of countries like Indonesia, Malaysia, and Thailand reacted quickly to stop 

the importation of illegal plastic waste by tightening border controls. Repatriation of illegally 

imported containers is happening as import controls are tightened, though this process is still 

time-consuming and difficult. As a result, ports in Southeast Asia became overrun with 

plastic waste containers. It is estimated that 8.3 billion tonnes of plastic were produced 

globally up until 2015 in total. About 6.3 billion tonnes of this were disposed of as waste, of 

which 79% accumulated in landfills or the environment, 12% were burned, and 9% were 
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recycled. Although only 1% of all plastic was ever recycled more than once. Concentrating 

on average level can obscure the fact that different types of plastic have different recycling 

rates. There are several types that are frequently used, and each has unique chemical and 

physical characteristics. This results in variations in their ease of sorting and reprocessing, 

which has an impact on the price and market size for recovered materials. The most 

commonly recycled materials are PET and HDPE, while polystyrene but also polyurethane 

are frequently hardly ever recycled. 
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The original meaning of the word "plastic" was "pliable and easily shaped." It was only 
recently given a name for the class of materials known as polymers. Polymers are made of 
lengthy chains of molecules, and the word "polymer" means "of many parts [1]." Nature is 
awash in polymers. The component of plant cell walls known as cellulose is a widely used 
natural polymer. Humans have developed the ability to create synthetic polymers over the 
past 150 years, occasionally using natural materials like cellulose but more frequently using 
the abundant carbon atoms offered by fossil fuels and other fossil fuels [2]. Long chains of 
atoms, frequently much longer than all those found in nature, are arranged in repeating units 
to form synthetic polymers. Polymers are made strong, light, and flexible by the length of 
these chains and the patterns in which they're arranged. To put it another way, that's what 
makes them so flimsy. Because of these qualities, synthetic polymers are incredibly useful, 
and ever since we discovered how to make and work with them, polymers have evolved into 
a crucial component of our daily lives. Plastics have dominated our world and altered how we 
live, particularly over the last 50 years [3]. 

The First Synthetic Plastic 

John Wesley Hyatt created the first synthetic polymer in 1869 as a result of a New York 
company's $10,000 reward for anyone who could develop an alternative to ivory. The 
demand for natural ivory, which is obtained by killing wild elephants, had increased due to 
pool's rising popularity. Hyatt discovered a plastic that could be moulded into a variety of 
shapes and made to resemble natural materials like tortoiseshell, horn, bedsheets, and ivory 
by treating cellulose, which is derived from cotton fibre, with camphor [4]. This discovery 
was ground-breaking. Human manufacturing was freed from the restrictions of nature for the 
first time. The resources of wood, wire, stone, bone, tusk, and horn were limited by nature. 
But now, people can produce new materials. The invention of new materials also assisted in 
releasing individuals from the social and financial restrictions brought on by the dearth of 
natural resources. Cheap celluloid increased access to and spread of material wealth. And the 
revolution in plastics was just getting started [5].  

The Development of New Plastics 

Bakelite, the first completely synthetic acrylic that contained no molecules from the natural 
world, was created in 1907 by Leo Baekeland. In order to meet the demands of the rapidly 
thrilling United States, Baekeland had been looking for a synthetic substitute for the natural 
electrical insulator shellac. In addition to being a good insulator, bakelite is also resilient to 
heat and, unlike celluloid, is perfectly suited for mechanical mass production. Bakelite, which 
was advertised as having "a thousand uses," could be formed or moulded into almost 
anything, opening up countless possibilities [6]. Due to the success of Hyatt and Baekeland, 
major chemical companies began to invest in the study and creation of new polymers, and 
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novel plastics soon joined Bakelite and celluloid. While Hyatt and Baekeland were looking 
for materials with particular properties, the new research programmers were more concerned 
with finding new plastics for their own sake than with eventual applications. 

Plastics Come of Age 

The United States' plastics industry had to grow significantly as a result of World War II 
because industrial might was just as crucial to victory as military prowess. The creation of 
synthetic substitutes was prioritised because of the need to protect finite natural resources. 
These alternatives were made of plastic. Wallace Carothers created nylon in 1935 as a 
composite silk, and it was used in the war on parachutes, ropes, body armour, helmet liners, 
and other things. Glass was replaced by Plexiglas for use in aircraft windows. According to a 
Time magazine article, "plastics have been turned to creative innovations and indeed the 
adaptability of plastics proven all over again" as a result of the war. In the United States, 
plastic production rose by 300% during World War II. 

After the war, the increase in plastic production persisted. Americans had been ready to spend 
again following the World War I and Great Depression II, and a large portion of their 
purchases were made of plastic. According to author Susan Freinkel, "Plastics challenged 
traditional materials in good or service after product, market after market, and won, replacing 
steel in cars, paper and glass in packaging, and wood in furniture." The potential of plastics 
gave some observers an almost utopian vision of a future with plenty of material wealth made 
possible by a cheap, sanitary material that could be moulded to humans' every whim. 

Growing Concerns about Plastics 

The untarnished optimism regarding plastics was short-lived. After World War II, Americans' 
attitudes toward plastics changed because they were no longer universally viewed as positive. 
In the 1960s, when Americans first started to notice environmental issues, plastic debris in 
the seas was first noticed. The risks of chemical pesticides were made clear in Rachel 
Carson's 1962 book Silent Spring. Concerns about pollution were raised in 1969 when a 
significant oil spill occurred off the coast of California and the contaminated Cuyahoga River 
in Ohio caught fire. As people's awareness of environmental issues grew, observers started to 
express concern about the perseverance of plastic waste.  Over time, the word "plastic" also 
came to mean anything that was low-quality, flimsy, or fake. An older friend encouraged 
Dustin Hoffman's character in The Graduate, among the best films of 1968, to pursue a career 
in plastics. Hoffman's misplaced enthusiasm for a sector of the economy that, rather than 
being full of opportunities, was seen by audiences as a poster child for cheap complying and 
superficiality made them cringe along with Hoffman. 

Plastic Problems: Waste and Health 

As waste anxiety rose in the 1970s and 1980s, plastic's reputation continued to deteriorate. 
Despite the fact that so many disposable utensils are throwaway, plastic continues to exist in 
the environment indefinitely, making it a special target. Recycling was suggested as a remedy 
by the plastics sector. A significant campaign to encourage municipalities to gather and 
process recycled items as part of their waste-management systems was spearheaded by the 
plastics industry in the 1980s. Recycling is far from perfect, and the majority of plastics still 
end up in the environment or in landfills. Activists seeking to outlaw single-use, disposable 
plastics have turned their attention to grocery-store plastic bags, and many American cities 
have already passed luggage bans. The perception that plastics may be harmful to human 
health has worsened as a result of this growing concern. These worries centre on the additives 
that are incorporated into plastics during the mass production process to increase their 
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flexibility, toughness, and transparency, such as the frequently discussed bisphenol A (BPA) 
and a group of chemicals known as phthalates. There is evidence that these chemicals leak 
out of micro plastics and into our food, water, and bodies, which has some scientists and 
members of the public worried. These chemicals have the potential to disturb the endocrine 
(or hormonal) system in very high doses. Researchers are particularly concerned about how 
these chemicals affect children and the long-term effects of continued accumulation. 

Bibliography  

[1] M. R. Belisário-Ferrari, R. Wei, T. Schneider, A. Honak, and W. Zimmermann, “Fast 
Turbidimetric Assay for Analyzing the Enzymatic Hydrolysis of Polyethylene 
Terephthalate Model Substrates,” Biotechnol. J., 2019, doi: 10.1002/biot.201800272. 

[2] H. Paterson, “Plastic habits – an overview for the collection ‘Plastics and Sustainable 
Earth,’” Sustain. Earth, 2019, doi: 10.1186/s42055-019-0017-6. 

[3] M. K. Marichelvam, M. Jawaid, and M. Asim, “Corn and rice starch-based bio-plastics 
as alternative packaging materials,” Fibers, 2019, doi: 10.3390/fib7040032. 

[4] A. R. Pangestu, R. T. Shara, and Z. Mufrodi, “Biodegradable Plastic from Cassava and 
Organic Acid as a Synthetic Plastic Replacement,” Chem. J. Tek. Kim., 2019, doi: 
10.26555/chemica.v6i1.13721. 

[5] C. B. Crawford and B. Quinn, Microplastic Pollutants. 2016. doi: 10.1016/c2015-0-
04315-5. 

[6] M. Mozaffar, R. Bostanabad, W. Chen, K. Ehmann, J. Cao, and M. A. Bessa, “Deep 
learning predicts path-dependent plasticity,” Proc. Natl. Acad. Sci. U. S. A., 2019, doi: 
10.1073/pnas.1911815116. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
25 Recycled Aggregate in Concrete 

CHAPTER 9 

SOLID WASTE MANAGEMENT 

 

Mrs. Shwetha A 

Assistant Professor, Department of Civil Engineering, 

Presidency University, Bangalore, Karnataka, India 

Email Id-shwetha.a@presidencyuniversity.in 

 

Solid-waste management is the collection, handling, and disposal of solid waste that is 
thrown away after serving its purpose or becoming unusable [1]. Unsanitary conditions 
brought on by improper municipal solid waste disposal can result in environmental pollution 
and outbreaks of vector-borne diseases, which are illnesses spread by rodents and insects. 
The management of solid waste involves intricate technical challenges [2]. They also present 
a wide range of management and solution challenges in the areas of administration, economy, 
and society [3]. The procedure for collecting, treating, and disposing of solid wastes is 
referred to as "solid waste management." The wastewater treatment process, which includes 
collection, transportation, therapies, analysis, and disposal, collects waste from a variety of 
sources. It is a significant issue on a global scale because it pollutes both the air and the 
water. It demonstrates how it directly affects wellbeing, economic development, and 
environmental degradation. It may cause environmental deterioration and outbreaks of 
diseases transmitted by vectors (diseases spread by rodents and insects [4]. 

Municipal and industrial waste both fall under the category of solid waste, which is a non-
liquid, non-soluble stuff that occasionally contains complex and dangerous substances. 
Domestic waste, sanitary waste, industrial effluent, institutional waste, waste from markets 
and catering, bio-medical waste, and e-waste are all included in this category [5]. Most 
developing cities leave several tonnes of trash on the streets each day that needs to be picked 
up. Pests that carry diseases, clog sewers, and disrupt other infrastructure functions use it as a 
breeding ground. Due to "rapid urbanisation, population growth, and economic 
development," India currently produces 277.1 million tonnes of solid waste annually. This 
amount is expected to increase to 387.8 million tonnes in 2030 and 543.3 million tonnes by 
2050. 

The procedures and actions necessary to manage waste from its creation to its ultimate 
disposal are referred to as waste management or waste disposal. This covers waste collection, 
transportation, treatment, and disposal as well as the oversight and control of the waste 
disposal procedure and any laws, technologies, or economic mechanisms that are related to 
waste.  Waste can be solid, solvent, or gaseous, and each type is managed and disposed of in 
a different way. Waste management encompasses all waste types, including radioactive, 
organic, residence, municipal, industrial, biological, and biological wastes. Waste 
occasionally poses a risk to human health. The entire waste management process is linked to 
health problems. Health problems can also develop inadvertently or deliberately. Specifically, 
through the management of solid waste, indirectly, through the use of water [2]. 

Although effective waste management is crucial for creating sustainable and liveable cities, 
many developing nations and cities still struggle with it. According to a report, the cost of 
efficient waste management typically accounts for 20% to 50% of municipal budgets. 
Running this crucial municipal service effectively, sustainably, and with social support 
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requires integrated systems. Municipal solid waste (MSW), which makes up the majority of 
waste produced by domestic, industrial, and commercial activity, is the subject of a 
significant portion of waste management practises. Municipal solid waste generation is 
predicted by the Climate Change Intergovernmental Panel (IPCC) to reach 3.4 Gt by 2050. 
However, policies and legislation can lower waste production in various regions and cities 
around the world. 

The authors of the first systematic review of the scientific evidence on waste management, its 
effects on human health, and its impact on human life came to the conclusion that close to 
one billion tonnes of municipal solid terrestrial waste are not collected annually and another 
quarter are improperly managed after collection, frequently being burned in open and 
uncontrolled fires. Additionally, they discovered that each of the broad priority areas lacks a 
"high-quality research base," in part because of the dearth of "substantial research funding," 
which inspired scientists frequently need.  Computer monitors, motherboards, cell phones and 
chargers, headphones, television sets, air conditioners, and refrigerators are just a few 
examples of electronic waste (e-waste). 

Waste segregation 

Wet waste and dry waste are separated in this manner. The idea is to compost wet waste and 
easily recycle dry waste. Lower levels of water pollution result from the significant decrease 
in the amount of waste that is landfilled as a result of waste separation. Importantly, waste 
should be separated based on type and given the best possible care and disposal. Additionally, 
this makes it simpler to process the waste using various methods like composting, recycling, 
and incineration. As a community, we must practise waste management and segregation. 
Making sure people are aware is one way to practise waste management. The community 
should be informed about the waste segregation process. Due to the fact that segregated waste 
does not need as much mechanical sorting as mixed waste, it is frequently more affordable to 
dispose of. Waste segregation is crucial for a number of reasons, including legal 
requirements, cost savings, and the preservation of the environment and human health. The 
staff at institutions should have as little difficulty as possible correctly sorting their waste. 
This can involve labelling, ensuring there's enough accessible bins, and making it abundantly 
clear why segregation is so crucial. Given how much harm the excess by-products of the 
nuclear process can do to human health, labelling is especially crucial when dealing with 
nuclear waste. 

Incineration 

Solid organic wastes are confined to combustion during the incineration process, which turns 
them into residue and gaseous waste products. Both municipal solid waste and solid waste 
from waste water treatment can be disposed of using this method. By using this method, solid 
waste volumes are reduced by 80 to 95 percent. The term "thermal treatment" is sometimes 
used to refer to incinerators and other high temperature waste possible treatments. Waste 
materials are converted into heat, gas, vapours, and ash in incinerators. Both small-scale 
incinerators and large-scale industrial incinerators burn waste. Waste that is solid, liquid, or 
gaseous is disposed of using it. 

Since the facilities typically do not need as much space as landfills, incineration is common 
in nations like Japan where land is more limited. Facilities which it burn waste in a furnace or 
boiler to produce heat, steam, or electricity are referred to as "waste-to-energy" (WtE) or 
"energy-from-waste" (EfW) facilities. There have been worries about pollutants in the 
gaseous emissions from incinerator stacks because combustion in a combustion zone is not 
always ideal. A lot of attention has been given to some very persistent organic materials that 
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could be produced and could have detrimental effects on the environment, such as 
carcinogens, furans, and PAHs, as well as some heavy metals like mercury and lead that 
could be released during combustion. A place where waste is dumped is referred to as a 
landfill site, tip, jettison, rubbish dump, land fill, or dumping ground. Although the 
systematic burying of the waste with daily, intermediate, and final covers didn't start until the 
1940s, landfills are still the oldest and most popular method of waste disposal. In the past, 
trash was simply piled up or dumped into pits; this is referred to as a madden in archaeology. 
Some dumpsites are utilised for waste management activities like transient storage, 
consolidation, and transfer as well as for various stages of waste material processing like 
sorting, treatment, and recycling. Landfills may experience intense shaking or ground 
liquefaction during an earthquake if they are not stabilized [6]. 
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Wastes were thrown onto rutted roads and roadways in ancient cities, where they were 
allowed to build up. The first recorded law outlawing this practise did not take effect until 
320 BCE in Athens. At that time, Greece and the eastern Mediterranean cities with a Greek 
majority started to develop a system for disposing of waste. Property owners were tasked 
with keeping the streets in front of their properties clean in ancient Rome [1]. Only events 
like parades sponsored by the government have organised rubbish pickup [2]. Very primitive 
disposal methods were open pits outside the city boundaries. As populations increased, 
efforts were made to transport trash away from the cities. Following the fall of Rome, city 
sanitation and waste management experienced a downturn that remained into the middle 
Ages. Near the end of the 14th century, scavengers were tasked with moving waste to 
landfills outside the city walls. However, this was not the situation in smaller cities where the 
bulk of the populace still threw rubbish into the streets.Every English city was not required to 
have a designated scavenger until 1714. At the end of the 18th century, Boston, New York 
City, and Philadelphia in America began municipal waste collection. The methods for 
removing garbage were still fairly archaic. For example, rubbish from Philadelphia was 
simply thrown into the Delaware River outside the city [1]. 

Developments in waste management 

An innovative technical method that had enormous potential began to emerge in the second 
half of the 19th century. The first waterproof garbage cans and heavier trucks for rubbish 
collection and transport both debuted in the United States [3]. Through 1874, the first rubbish 
incinerator was constructed in England, which represented a significant development in the 
handling and management of solid waste [3]. At the start of the 20th century, 15% of the 
largest American cities were burning solid trash. However, the bulk of the largest cities still 
used antiquated disposal techniques, such as dumping garbage on land or in water. During the 
first half of the 20th century, technological developments persisted, leading to the creation of 
garbage grinders, compression trucks, and pneumatic collection systems. But by the middle 
of the 20th century, it was evident that improper gasification of solid waste and open 
dumping were to blame for environmental issues and dangers to the general public's health. 
Sanitary landfills were developed to replace open dumping and reduce the dependency on 
garbage incineration. In many countries, hazardous and non-hazardous garbage were split 
into two categories and given separate procedures for disposal. Design and operation of 
landfills helped to lessen risks to the environment and public health. New garbage 
incinerators were constructed with sophisticated air pollution control systems and were 
designed to recover surplus heat from the waste in order to fulfil stringent air quality 
regulations. Modern solid-waste management facilities in most industrialized nations 
increasingly priorities reuse and trash reduction at the point of generation above incineration 
and land disposal [4]. 
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Characteristics of Solid-waste 

The sources of solid waste include residential, commercial, systemic, and industrial 
operations. Specific waste categories that represent an immediate danger to persons who are 
exposed or to the environment are covered in the page on managing hazardous waste. Any 
non-hazardous garbage from a community that has to be collected and transported to a 
processing or disposal place is referred to as refuse or municipal solid waste (MSW). Refuse 
includes both garbage and waste. The bulk of rubbish, which also includes dry items like 
glass, paper, linen, and wood, is composed of decomposing food waste. Garbage, on the other 
hand, is quickly putrescible or decomposable. Trash includes large items like sofas, tree 
trunks, and outdated refrigeration systems. Special care must be taken with and with 
collecting trash. Construction and demolition (C&D) trash (or debris), which constitutes a 
large amount of total solid waste volumes (about 20% in the United States), is not considered 
to be a component of the MSW stream. C&D trash, however, is routinely disposed of in 
hygienic municipal landfills since it is non-hazardous and inert. Another form of solid trash 
that may be growing at the highest pace in many industrialised countries is electronic 
garbage, commonly known as e-waste. Older phones, TVs, laptops, and other electronics fall 
under this category. Concern over this kind of trash is growing. Lead, mercury, and cadmium 
are a few of the potentially hazardous substances that may be discovered in electrical 
products. To regulate their recycling and disposal, government regulations may be necessary 
[5]. 

The characteristics of solid waste vary greatly between communities and countries. For 
instance, American garbage is typically lighter than garbage from Europe or Japan. In the US, 
less than 10% of MSW is made up of food waste and the majority of it is made up of paper 
and paperboard products. The remaining materials are a combination of yard waste, wood, 
glass, steel, plastic, leather, cloth, and other random items. The weight of this type of MSW 
in a loose or uncompacted state is approximately 120 kg per m³ (200 pounds per cubic yard). 
Geographical location, economic climate, season of the calendar year, and numerous other 
factors all affect these numbers. Before any psychotherapy or disposal facility is designed and 
constructed, the waste characteristics from each public must be carefully studied. 

The rates of solid waste creation might vary substantially. For instance, 2 kg (4.5 pounds) of 
municipal garbage is generated per person each day in the United States. Japan generates 
around half of this amount, and Canada's daily average is 2.7 kg (almost 6 pounds). In certain 
underdeveloped countries, the average rate may be less than 0.5 kg (1 pound) per participant 
per day. Residential, commercial, institutional, as well as industrial trash are all included in 
these data. The real rates of garbage creation must be carefully assessed when a community 
prepares a solid-waste management scheme. The majority of cities mandate that household 
garbage be kept in robust, readily cleaned containers with tight-fitting lids to prevent rat or 
insect infestation and disagreeable odours. Most towns utilise galvanised metal or plastic 
containers with a volume of around 115 litres, however other communities use bigger 
containers that can be physically lifted and deposited into collection vehicles (30 gal). Plastic 
bags are often utilised as disposable containers or liners for curbside collection. In places 
where a lot of rubbish is created, such in shopping malls, hotels, or apartment complexes, 
dumpsters may be utilised as temporary storage once again until waste is collected. Some 
business and office buildings use on-site compactors to reduce garbage volume [6]. 

Proper solid-waste collection is essential for maintaining the environment's quality, safety, 
and public health. It is a labour-intensive activity since labour costs account for nearly three-
quarters of the entire cost of solid-waste management. While it is typically the responsibility 
of public personnel, there are instances when it is more economical for private companies to 
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operate on the municipality's behalf or for private collectors to simply be paid by individual 
property owners. One or two backhoes and a driver are required for each collecting truck. 
These are generally compacting trucks that are enclosed and have a maximum capacity of 30 
cubic metres (40 cubic yards). Loading may occur from the front, rear, or side. Less than half 
of the waste's loose volume remains in the vehicle after compaction. 
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Thermoplastic polymer polypropylene (PP), also referred to as polypropene, is used in a wide 
range of applications. It is created from the monomer propylene through chain-growth 
polymerization. Polypropylene is a non-polar, partially crystalline member of the polyolefin 
family [1]. Although it is a little harder and also more heat-resistant than polyethylene, its 
properties are similar. It is a white, strong mechanical material with a high level of chemical 
resistance. The bio-based alternative to polypropylene is called bio-PP (PP). The second-most 
common commodity plastic produced is polypropylene (after polyethylene) [2]. The value of 
the global polypropylene market in 2019 was $126.03 billion. By 2019, earnings are 
anticipated to surpass US$145 billion. Sales of this material are anticipated to increase by 
5.8% annually until 2021 [3]. 

A recyclable thermoplastic polymer known as polypropylene is incredibly durable, adaptable, 
and resistant to a variety of bases, alcohols, and chemical solvents. Polypropylene is without 
a doubt the most widely used plastic packaging material due to its high melting point. Since 
they are simple to produce and have high tensile strength and good durability performance, 
only plastic fibres were used extensively when making Polypropylene (PP) plastic. In 
applications of reinforced concrete, PP was used as fresh or recycled fibres. The addition was 
typically in small dosages; up to 3% by volume produced excellent results; increasing this 
percentage may lessen the effect of the fibres on the various properties [4]. 

Concrete properties and the impact of plastic fibres, the majority of the studies they looked at 
came to the conclusion that while adding plastic fibres in small amounts did not change the 
density of concrete, it did improve slump behaviour, compressive strength, splitting structural 
stress, and flexural strength. The purpose of this study is to look into the impact of PP waste 
pellets on the tactile properties of concrete because other PP forms, like plastic pellets or 
shredded plastic. Plastic from previously used products can be recycled, burned, or dumped. 
Recycling is thought to be somewhat expensive. The calorific value of a plastic polymer 
makes incineration a popular method, but it is still regarded as toxic because it emits a lot of 
toxic chemical compounds and carbon dioxide. Since plastic is not biodegradable and 
therefore can take years to degrade, landfilling should be strongly avoided to prevent long-
term pollution issues [5]. 

The driving forces behind this phenomenal growth are density, high strength, fabrication 
capabilities, user-friendly designs, long life, light weight, and most importantly low cost. 
Packaging, physician delivery systems, other healthcare applications, ground conservation, 
food preservation and distribution, communication materials, security systems, and other uses 
are just a few of the many applications for plastics. Plastics play a significant role in an ever-
growing portion of the solid waste streams thanks to their wide range of uses. Ethane, 
propane, butane, and the naphtha fraction of petroleum are all thermally cracked to produce 
the gaseous compound known as propylene [6]. It is a member of the "lower olefins," a group 
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of hydrocarbons that includes compounds with just one pair of carbon atoms connected by a 
double bond. Ethylene is one of these compounds. The propylene molecule has the chemical 
formula CH2=CHCH3. However, the double bond can be broken by polymerization catalysts, 
allowing thousands of propylene molecules to link together to form a polymer that resembles 
a chain. 

The molecule essentially consists of such a backbone of carbon atoms with attached 
hydrogen atoms and a pendant methyl group on every other carbon atom (CH3). In relation to 
the carbon chain, the methyl groups can adopt a variety of tactities, or spatial arrangements, 
but in reality, only the isotactic form in which the methyl groups are arranged across the same 
side of the chain is marketed in significant quantities. Using Ziegler-Natta catalysts, isotactic 
polypropylene is achieved at low temperatures and pressures. Although the polymer is 
stronger, firmer, and harder than polyethylene and softens at higher temperatures, it still 
shares some of polyethylene's characteristics. (Its approximate melting point is 170 °C [340 
°F]). If the right stabilisers and antioxidants are not added, it is slightly more susceptible to 
oxidation than polyethylene. Food, shampoo, or other household liquid containers are made 
from polypropylene using a blow moulding process. Injection moulding is also used to create 
a wide range of products, such as outdoor furniture, toys, dishwasher-safe food containers, 
and housings for appliances. Polypropylene has the recycling code #5 for plastic. 

Repeatedly flexing a thin piece of moulded polypropylene creates a molecular structure that 
can withstand a great deal more flexing without breaking. Due to this fatigue resistance, 
polypropylene boxes and other bins with "self-hinged" covers have been created. Melt-spun 
fibres make up a large portion of polypropylene production. A significant component of 
indoor/outdoor carpeting and upholstery made of polypropylene. Rope and cordage, 
disposable nonwoven textiles for diapers and medical applications, nonwoven fabrics for 
ground stabilization and encouragement in construction and road paving, and many other 
industrial end uses are also available. These uses benefit from the polymer's durability, 
resiliency, water resistance, and chemical inertness. 

Italian chemist Giulio Natta and his assistant Paolo Chini made the discovery of isotactic 
polypropylene in 1954 while working for the Montecatini Company (now MontedisonSpA). 
For the synthesis of polyethylene, they used catalysts of the kind just recently developed by 
German chemist Karl Ziegler. Natta and Ziegler shared the 1963 Chemistry Nobel Prize, in 
part as a result of this accomplishment. In 1957, Hoechst AG in West Germany (currently 
Germany), Hercules Incorporated in the United States, and Montecatini in Italy started 
producing polypropylene commercially. Because Montedison and the Japanese Mitsui 
Petrochemical Industries, Ltd. developed more effective type apparatus, production and 
consumption have significantly increased since the early 1980s. 

For polypropylene, the tactility term refers to the orientation of the methyl group within the 
polymer chain. The majority of commercial polypropylene is isotactic. Therefore, unless 
otherwise specified, isotactic polypropylene is used throughout this article. By using the 
isotactic index, the tacticity is typically expressed as a percentage. By calculating the 
percentage of the polymer that is insoluble in boiling heptane, the index is calculated. The 
isotactic index of commercially available polypropylenes typically ranges from 85 to 95%. 
The physical characteristics of polymers are impacted by tactility. Isotactic propylene's 
consistent placement of the methyl group on the same side forces the macromolecule into a 
helical shape, which is also present in starch. A polymer with a semi-crystalline structure has 
an isotactic structure. 
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The molecular arrangement of the polymer chains determines the different crystalline forms 
that polypropylene can take. The mesomorphic (smectic) forms of the crystalline 
modifications are divided into the -, -, and -modifications. In iPP, the -modifications 
predominate. These crystals are made of folded chain-shaped lamellae. The so-called "pass" 
structure in which the lame are arranged is a distinctive anomaly. The melting point and 
density of -crystalline regions are given as 185 to 220 °C and 0.936 to 0.946 g/cm3, 
respectively. In contrast, the -modification is a little less ordered, which causes it to form 
more quickly and have a higher melting point of 170 to 200 °C. Between the amorphous and 
crystalline phases is the mesomorphic phase. 
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Concrete that has been hardened must be strong enough to withstand the structural and 
customer experience applied loads and durable enough to withstand the environmental risk 
for which it is intended [1]. It is the most enduring and strong type of building material. 
Analyzing hardened concrete but instead mortar can reveal details about the proportions of 
the initial mix. Analysis can also point to potential causes of decline or be used to gauge the 
likelihood of future issues. If the outcomes of the analysis are to be meaningful, sampling 
techniques, sample types, sample sizes, sample numbers, and sample preparation are all 
crucial [2]. In order to correct for soluble constituents in the aggregates, samples of the 
aggregates used to make the concrete or mortar should, whenever possible, be correlation the 
concrete or mortar [3]. The unit weight of the component materials and the volume of the 
void space affect the density of hardened cement paste. Generally specific gravity of CBA is 
significantly lower than natural sand. The unit weight of cement decreases when CBA is used 
in place of sand because the heavy material is swapped out for the lighter CBA. Concrete that 
uses CBA as a sand replacement loses density primarily due to its low specific gravity. 

Properties of hardened concrete 

Concrete that has been "hardened" is a type of concrete that seems to be strong and capable of 
supporting both service and structural loads. One of the most powerful and long-lasting 
construction materials is hardened concrete. Concrete that is completely hardened and 
capable of supporting loads is known as hardened concrete [4].  

Strength of Harden Concrete 

Any building's construction depends heavily on the concrete's strength. The concrete's 
strength aids in determining whether it can be used for construction or not. The maximum 
load that concrete can support is considered the concrete's strength. One of the most 
significant and valuable characteristics of concrete is strength. The strength of the concrete 
provides a general indication of the quality of the concrete and the materials used in its 
production.  

Compressive strength, elastic modulus, and flexural strength are the three types of strength 
tests performed on the concrete [5]. Concrete performs well in compression but poorly in 
tension. Concrete's compressive strength is primarily used. An under-reinforced concrete 
beam or slab's ability to resist failure in bending is known as its flexural strength. 

Impermeability of Harden Concrete 

One of the characteristics of hardened concrete that prevents water from passing through its 
pores is impermeability. Concrete's durability is directly impacted by permeability, so it is 
imperative that concrete be less permeable. A high water-to-cement ratio can lead to the 
development of pores or porosities in the concrete, which makes it porous. 
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Durability of Harden Concrete 

Another crucial element that affects the quality of a Hardened concrete is durability. The 
ability of the cement to withstand all deterioration forces is how durability of concrete is 
defined. The length of time that concrete lasts without being negatively impacted by 
combative environmental conditions is also referred to as durability. Frost action, chemical 
reaction, and alkali-aggregate reaction are a few of the factors that can affect how long 
hardened concrete lasts. In cold climates, concrete deteriorates due to frost action. Because of 
the extremely pleasant cold weather, water inside the pores of concrete freezes, which causes 
frost action. Concrete can be destroyed by a variety of acids and salts because it is susceptible 
to attack from these substances.[5] 

Dimensional Changes of Harden Concrete 

One more quality of hardened concrete is dimensional stability. What constitutes the 
concrete's dimensional stability is how it responds to various forces. Concrete is also not a 
totally elastic or totally plastic substance. The loaded hardened concrete deforms as a result 
of the load. The term "Creep" refers to the permanent dimensional change that results from 
loading hardened concrete for an extended period of time. The stress and age of concrete at 
the time of loading are the two main factors affecting its value. 

Shrinkage of Harden Concrete 

Hardened concrete experiences three different types of shrinkage, all of which are significant 
for maintaining its dimensional stability. 

• Plastic Thinning 

• Shrinking When Drying 

• Thermal contraction 

Plastic Thinning shrinkage  

The type of shrinkage that freshly positioned concrete on a construction site experiences up 
until it hardens completely is known as plastic shrinkage. This type of shrinking is also 
referred to as "initial shrinkage," and excessive initial shrinkage in concrete can reduce the 
material's strength. The temperature during concrete casting and the rate of water evaporation 
both have a significant impact on the rate of plastic shrinkage. If the concrete contains more 
cement, the plastic shrinkage will be greater [6]. 

Drying Shrinkage 

A type of shrinkage known as drying shrinkage happens after the concrete has fully hardened 
and set. Following cement setting, there are some quantity changes caused by the gel 
structure's contraction. The loss of water content due to evaporation from freshly hardened 
concrete that is exposed to the air is the primary cause of drying shrinkage. 

Thermal Shrinkage 

The contraction of concrete movement results in thermal shrinkage. Concrete cracking that 
results from the thermal contraction of the concrete can be brought on by seasonal 
temperature variations. Thermal shrinkage is a the kind of shrinkage that happens as a result 
of the concrete's temperature dropping from the time it is placed until it has fully hardened. 
Shrinkage of a substrate brought on by the soothing of thermal stress and structural changes 
that take place when the substrate is heated up along a particular thermal profile in flat panel 
display substrates. L is the degree of change, and L/L with subscript 0 is typically used to 
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describe thermal phenomena. When moisture begins to evaporate from the exposed surface, 
drying shrinkage happens because the moisture discrepancy along the slab's depth causes 
strain, which creates tensile stresses. On the concrete's surface, cracks are seen as a result of 
this drying shrinkage. 
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