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Abstract: Lightweight aggregate concrete
manufactured from solid waste or recycled
byproducts is a hot new issue in construction
and building materials. Making Portland
cement using this additive offers significant
advantages in terms of lowering the impact
on the environment and decreasing the
amount of natural resources used in the
production process. This article discusses the
use of agricultural and industrial wastes as
cementitious  materials  or artificial
lightweight aggregate concrete. Advanced
microstructure characterization methods and
mechanical properties were also examined.
Future research will evaluate if it is possible
to improve lightweight aggregate concrete
manufactured from recovered solid waste
and by-products in order to solve
environmental issues or boost environmental
advantages.
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1. Introduction

Normal conditions have resulted to
LWAC's extensive usage in construction [1]
because to its benefits such as light weight,
heat retention, fire resistance, minimal
shrinkage, and creep resistance The
fundamental benefit of LWAC is that it
reduces the weight of its components.
LWAC may be an advantage to high-rise
and long-span constructions. Many factors
go into the calculation of the LWAC
density, including the kind and grade of
aggregates and cements used, the amount of
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water in each component and other
additives, the compaction technique used,
and the curing conditions. Low, medium,
and high densities of LWAC are defined as
densities ranging from 400 to 800 kg/m3,
800-1350 kg/m3, and 1350-1850 kg/m3,
respectively, depending on their relative
levels of density. Nonstructural applications
may use the low density LWAC, while
structural applications can use the high
density LWAC. Structural and non-
structural applications may be met by the
medium density LWAC if necessary.

Expanded clay, slate, shale, and blast
furnace slag were claimed to be the primary
ingredients in the LWAC [4]. Because of its
low porosity and high resistance to water
absorption, an ideal lightweight aggregate
in the construction industry should have an
impervious rough surface, as well as other
environmentally friendly characteristics like
its sintered core and diameter ranging
between 4 and 14 millimeters. In the
process of manufacturing LWAC, they aid
to improve the cement matrix-aggregate
bonding. Weaker stiffness of lightweight
aggregates results in smaller microcracks
than stiffer coarse aggregate, which results
in a lower microcrack size in LAC than
NWC.Furthermore, the LWAC's
microscopic stress distribution is more
uniform than that of NWC, making it more
resistant to abrasive conditions [4,7].

As one of the first nations to
implement the LWAC, the United States is
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a notable example. Shale concrete has been
effectively used to construct bridges since
1913. (Lightweight-Aggregate-History).
When Japan started producing and using
LWAC in 1955 for constructing urban
roads, bridges, trains, and maritime
structures, it was extensively employed. [8]
LWAC was first studied in China in the
early 1950s, and the key research trend was
the utilization of ceramist concrete. Pilot
slabs for LWAC were built in Beijing in
1958. Later that year at Pingdingshan,
Henan, the first LWAC bridge was erected.
However, in the 1970s and 1980s, the
structural LWAC was extensively used in
structures, although its maximum strengths
were limited to 20-30 Mpa. LWAC
research has so focused on the production
of high-strength lightweight aggregate
concrete [9].

Manufacturing high-strength  LWAC
provides  undeniable  advantages in
contemporary structures. Thus, the quality
of Portland cement and artificial lightweight
aggregates have a significant impact in the
final attributes of LWAC. Quality Portland
cement and LWA both need a lot of energy
to manufacture, and this has an effect on the
environment that can not be ignored. Green
high-performance LWAC manufacture has
become a prominent trend in LWAC design
and production as a consequence of these
findings.

Environmentally  friendly high-
performance light-weight aggregate
concrete is made to reduce the amount of
greenhouse gases emitted. The use of
recycled aggregates and cementitious
binders in the manufacturing of LWAC has
been shown to be successful [10,11].
Because of this, the next generation of
green lightweight aggregate concrete
manufacture should concentrate on the
following two aspects. Substituting recycled
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industrial waste or recycling materials for
Portland cement as cementitious binders,
and then artificial light-weight aggregates
made from recycled resources in place of
natural light-weight aggregates.

GreenCementitiousBinders

As the cementitious binder in
contemporary buildings, Portland cement
offers exceptional mechanical qualities, as
well as a high level of economic value and
long-term durability. It is estimated that the
energy used in the manufacturing of
Portland cement accounts for around 3% of
the world's total energy consumption.
Approximately 0.9 tons of CO2 are released
for every ton of Portland cement produced,
which accounts for about 5% of all human
CO2 emissions, When it comes to
environmentally friendly concrete building,
using low-carbon cementitious materials
and other types of cementitious materials is
a must.

SpecialTypeCementitiousBinders

Lightweight aggregate concrete may
employ a different kind of concrete to
substitute Portland cement if it is exposed to
corrosive conditions, such as seawater or an
attack from sulfate or chloride. Long-lasting
lightweight aggregate concrete has been
made possible by the use of calcium
aluminate  (CA)  cement, calcium
sulfoaluminate  (CSA) concrete, and
supersulfate cement in severe environments
(LWAC). Since Portland cement is
susceptible to chemical attack and biogenic
corrosion while CA is resistant to impact
and abrasion, CA has various benefits over
Portland cement. Instead of C2S and C3S,
monocalcium aluminate (CA) is the main
oxide component of CAC, as opposed to
Portland  cement's C2S and C3S
components.

Cement made from calcium
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aluminosilicate (CA) is four to five times
more costly than Portland cement, which
means it is only used under extreme
circumstances like high temperatures or acid
attacks. It has been claimed that CA cement
lightweight aggregate concrete is more
resistant to high temperatures than regular
Portland concrete. LWAC and OPC/natural
aggregate concrete made of CA and
expanded-clay aggregate passed the high-
temperature test. After 1000°C exposure,
LWAC made with CAlexpanded clay
aggregate  retains  better  mechanical
properties than LWAC made with
OPCl/natural aggregate.

Cement made from calcium
sufflaminate (CSA) has a better early and

late-stage strength than cement made from
calcium aluminum phosphate (CAP). Freeze
thaw and chemical attack resistance are both
great for CSA-based LWAC when exposed
to seawater, sulfate and chloride,
magnesium and ammonium salts [19]. To
make the CSA cement mixture, the essential
ingredients are C4A3S, belite, C2S, and
ALTE. (C4AF).These equations demonstrate
how the ye'elimite reacts with water to
create  yettringite  (C6AS3H32) and
aluminum  hydroxide  (AH3), which
contribute to the development of early-age
sturdiness:
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C4A3é+2CéH2+3
4H—CgAS3H3,+
2AHs

C4A3$+6CH+8CS
H,+74H—3CsAS
3H32

These processes produce in a dense
pore structure, which makes CSA
resistant to corrosion. LWAC's OPC and
CSA interactions were previously studied.
Equal quantities sand and binder were
used to make each sample, using water to
binder ratios that were 0.04 and 2.06.
SEM images of the interfacial transition
zones (ITZ) of normal sand and light-
weight sand were examined in Figure 1.
(LWS). For the first time, moisture curing

Matrix - .

(b)
has been used to increase the ITZ. Figure
la shows a more uniform paste matrix
because the LWS in this OPC-CSA
combination is 20% smaller in size
(Figure 1b). LWS interfacial boundaries
were found to be indistinguishable from
those of normal sand. That is to say,
because of the improved compressive
strength, the OPC-CSA mixture with
LWS in it has a stronger interfacial
connection between the paste and the
aggregate.

Figurel.In this study, we used
SEM photos to compare two
OPC-CSA mortar mixtures: one
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with no LWS, and one with 20%
LWS substitution. [19] Elsevier
has granted us permission to use
their copyrighted photographs
for this study.

As a result of its low hydration
temperature and improved corrosion
resistance in hostile environments,
supersulfate cement has gained a lot of
interest in recent years. It was found
that the supersulfate cement has
exceptional potential when mixed with
calcium sulfate and alkaline activators
to construct long-lasting concrete in
tough environments. Hydration and
strength effects of blast furnace slag
alkali activators.

2. GreenAggregates

Making lightweight aggregates from
agricultural and industrial waste is an
efficient approach to make the most of
available natural resources while also using
less energy. Wastes like these contain a
diversity of chemical compositions and take
up a lot of space in general. These
inconveniences may be alleviated and non-
renewable resources used if these resources
are used in a sensible and efficient manner.
Today, artificial aggregates, such as oil
palm shells, coconut shells, and drill
cuttings, are the most often utilized waste in
the preparation of light-weight aggregate
concretes.

AgriculturalWaste

Page | 129

UGC Care Group | Journal
Vol-10 Issue-02 2021

The vast majority of agricultural
leftovers are disposed of or landfilled as
solid trash. Because of its poor use
efficiency, this waste is a major
environmental issue. Recyclability of
various wastes, such as oil palm shells,
coconut shells and maize cob for LWAC
manufacturing has attracted a lot of
attention in the last several decades.

OPS, a byproduct of the cultivation
of oil palms, may be used as a lightweight
aggregate for concrete. Approximately
80% of all OPS trash is generated in Asia,
with nations like Malaysia, Thailand, and
the Philippines accounting for the vast
bulk of this debris. While researching
OPS as a LWA for concrete production,
Abdullah in Malaysia conducted an
experiment. Concrete with a thickness of
4.75-9.5 mm and a compressive strength
of up to 35 MPa has been studied by
researchers, and it has been proven to be
stronger than structural lightweight
concrete with a density of 20-25 percent
lower than normal-weight cement.

Figure2.Worldpalmoilproduction1996—
2000,withcopyrightpermissionfromElse
vier.
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Figure3.Oilpalmshell(OPS)grain

s(darker)inlightweightconcrete,w

ithcopyrightpermissionfromElse
vier.

A lightweight fine aggregate (0-
4.75mm) was used by Shafigh to prepare
OPS lightweight concrete instead of
normal weight sand (by volume). The key
characteristics of green lightweight
concretes, such as flexural strength,
modulus of elasticity, water absorption
and drying shrinkage strain, as well as
workability and different densities, were
tested and discussed.To manufacture
ecologically friendly lightweight
structural concrete, they discovered that
palm oil industry waste lightweight
aggregate may be used.

OPS concrete weighed 20.8 percent
less than typical, when dry density is
taken into account. Because OPBC sand
is lighter than conventional sand, using it
in place of it will result in even lighter
concrete samples. A total of 21.7 percent
less dense than conventional concrete was
achieved when the proportion of OPBC
sand in the mix was 12.5% to 25%,
37.5% to 37.5% and 50%, as indicated in
Table 1.0nly 10-12 percent of the
compressive strength of M37.5 OPS
concrete was lowered by OPBC sand
when compared to conventional concrete,
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and this is a result of the lower density of
the M37.5 concrete compared to ordinary
concrete. Fig. 4 shows the change in
compressive strength over time for all
combinations up to 56 d. SEM images of
OPBC and sand are provided in Figure 5
to demonstrate the surface texture. The
existence of a few holes indicates that the
surface porosity of OPBC is higher than
that of normal sand. Its low density means
that the OPBC sand can better absorb
water, which lowers compressive strength
while also improving the effective water-
to-cement ratio.

IndustrialWaste

Despite the fact that agricultural
waste may be used as an aggregate in
LWAC, there is still potential for
development in its properties. Drill
cutting and steel cutting have been
extensively used as aggregates in many
industrial wastes.

It is common for drilling fluids to
contaminate and enrich drill cuttings,
which are a thin mixture of rock particles
created during oil and gas exploration or
production drilling. As a result of the high
levels of leaching in the produced
products, the original drill cutting samples
cannot be used in lightweight aggregate
manufacturing [61]. As a result of
washing the drill cutting, Ayati et al.
reduced the temperature of calcination
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and improved the characteristics of
LWAC aggregates by reducing chloride
ion leaching.

Drilling cuttings are also used as
aggregates, although waste plastic is
another option. As a substitute for natural
aggregate, Colangelo suggested using
polyolefin waste aggregate (PWA)
refined from recovered plastic
components. The inclusion of PWA to the
manufacture of LWAC gives a possibility
to decrease the environmental effect of
plastic materials, consequently supporting
the creation of environmentally friendly
structures. The contact between the waste
plastic aggregates and the cement binder
is seen in SEM pictures in Figure 8. It has
an excellent adherence to the cement
matrix and a good compatibility with it.

Figure8.SEMimages(100%)showingthe

morphologiesofMQ,M10,M20,andM30[6
2],withcopyrightpermissionfromElsevie

r.

Another underutilized resource is
steel cutting. El-Sayed conducted study
on the re-use of industrial lathe trash. In
lieu of steel fibers, these lathe wastes were
employed since they were inexpensive
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and easy to get. Using high-carbon fly ash
and furnace bottom ash as LWA after
sintering was done by Lo et al. and Zhang
et al For LWAC to obtain the same
workability and comparable compressive
strength as NWC, it must be made using
an appropriate production technique and
the correct proportions.

Challenges

The LWAC was said to have a
considerable advantage over the NWC
provided the raw materials were chosen
correctly. LWAC's strength and durability
have been greatly affected by the LWA
selection criteria, the mixture design
policy, and curing circumstances. Despite
the fact that recent research have
demonstrated that LWAC may meet the
strength criteria and be employed in

structural  applications, the primary

difficulty of LWAC constructions is still
the conflict between the bulk density and
mechanical characteristics.

3. MechanicalPropertiesofGreenLWAC

The cementitious  binder and
aggregates in concrete composite may be
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thought of as a two-phase substance.
Concrete may be split into two kinds
based on the qualities of the aggregate and
mortar. The first kind of concrete, which
includes NWAC and some LWAC,
consists of a relatively weak cementitious
binder matrix containing fairly strong
particles. A concrete's short-term strength
is primarily determined by two
components: the water-cement ratio and
the cementitious binder. Concrete strength
may be affected by weak aggregates since
they are trapped in a rather strong
cementitious binder matrix in this second
kind of concrete. Mortar and concrete
strength are linked, as shown in Figure 9,
and the aggregate has a significant
influence on the overall compressive
strength of the concrete. This graphic
shows the transition from type one to type
two with the limit value. When the
compressive strength of the concrete
surpasses a certain threshold, the LWAC
exhibits a different stress distribution
owing to the inversion of the properties of
the two principal components. If you want
to compensate for an aggregate's lower
tensile strength, you may increase the
mortar's strength. [70]

limit strength

Compressive strength of the LWAC
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mortar[70],withcopyrightpermissionfr
omElsevier.

4. Shrinkage

InternalCuring

Internal curing, also known as self-
maintenance curing, is a form of curing
that relies on the release of water to keep
the concrete wet under adiabatic
circumstances. One of its primary
functions is to prevent self-desiccation
and minimize shrinkage, and it is known
as "self-maintenance curing." Internal
curing has gained popularity in recent
years as a means of increasing concrete's
internal humidity and reducing the
material’s tendency to shrink on its own.

The progressive release of internal
water is the primary method by which
lightweight aggregates reduce their
shrinkage. Curing agent and cementitious
material are separated by a capillary
pressure differential, which creates a
humidity gradient during hydration,
releasing the LWA's moisture to
compensate for a loss of humidity.

ceiling strength

Compressive strength of the mortar

Figure9.Relationshipbetweenthestren

gthofthemortarandoflightweightaggreg
ateconcrete(LWAC)madewiththesame
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Due to cementitious material autogenous
shrinkage, = LWAC's  strength s
significantly linked to an early-age
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fracture. Adding SCMs to the cement
matrix is an useful way to reduce early-
age cracking. She looked on the impact
of SF on the shrinking of the LWAC in
Meddah. It was shown that shrinking
causes tensile stress, and the right SCMs
may help keep the volume stable.

ConcludingRemarksandFutureTrends

Researchers have laid the groundwork
in recent years for future work aimed at
enhancing the mechanical properties of
LWAC manufactured from recycled
materials. An investigation was conducted
on LWAC's physical characteristics and the
mixing ratio design technique, freshness,
and hardening characteristics.

A surprising number of industrial and
agricultural ~ by-product  solid  waste
resources may be used to make green
lightweight  aggregate  concrete by
substituting them for  traditional
cementitious and aggregate components.
Industrial waste products such as silica
fume, fly ash, and lime powder have been
studied as Portland cement
substitutes.Cementitious elements  from
industrial waste may be utilized to make
green lightweight aggregate concrete,
according to the findings of this study.

As well as the aforementioned wastes,
many other agricultural and industrial
products, such as coconut shells, corn cobs,
and tobacco waste, can be used as
lightweight aggregates in the production of
green lightweight concrete. These products
include oil palm shells, oil palm-boiler
clinker, and drill cuttings, waste plastic, and
recycled clay bricks. The results of
mechanical characteristics testing suggest
that lightweight concrete built from
agricultural and industrial leftovers might
meet field application conditions. However,
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several studies have shown that the porosity
and saturation level of lightweight
aggregate concrete are strongly related to
the material's longevity.

Even while previous research has
shown that green lightweight aggregate
concrete consisting of solid waste materials
has tremendous promise, there are still key
concerns that need to be addressed:

(1) The chemical reactions involving
recycled aggregates and cementitious
binders should be thoroughly
investigated. The chemistry of the
binding between aggregate and
cementitious binder is still a mystery.
Chemical interactions  between
recycled lightweight aggregates and
cementitious binders need to be
better understood by analyzing
aggregates, cementitious binder and
interfacial area.

(2) Prewetting the lightweight aggregate
before to use in the construction of a
lightweight aggregate concrete mix is
an excellent strategy for lowering
water absorption and enhancing
workability. Cementitious pastes and
lightweight aggregates need to have
better wet wettability.
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