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Lightweight aggregate concrete (LWAC) exhibits the advantages of thermal insulation, reduces energy
consumption building costs, improves building efficiency and easy construction. Furthermore, the utilization of

industrial wastes in concrete is advantageous in terms of environmental sustainability.

lightweight aggregate concrete industrial waste thermal insulation

| 1. Introduction

In the 21st century, energy-efficient buildings are one of the important issues, which include both techno-economic
and sustainable environmental factors . Energy-efficient buildings are designed to use energy as little as
possible. Many developing countries are leading towards the construction of green buildings using cost-effective,
durable concrete. The huge demand for concrete in the infrastructural development using normal-weight
aggregates (NWAs) has reduced the natural stone deposits, which causes irreplaceable damage to the
environment. As a result, the priority of searching for sustainable materials has been enhanced worldwide. LWAC is
one such alternative to normal weight aggregate concrete (NWC) with various physical, mechanical, social and
economic advantages [&. Figure 1 and Figure 2 show the current trend of research (year-wise and location-wise)

in the area of lightweight aggregate concrete (Source: https://www.scopus.com/; accessed on 12 September 2021).

The trend shows that day by day, the practical use of LWACs is increasing and thus requires the current status of

the research conducted to date.
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Figure 1. Year-wise research trend.
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Figure 2. Location-wise research trend.
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The use of lightweight aggregates (LWA) in concrete has the following advantages:

« Less dead load, structure stability as well as economic viability [2;

« Cost reduction BI:

« Relatively low thermal conductivity “4IBIEI;

« Has application in prestressed concrete, high rise buildings, etc. [IE!:

« Improves the workability if pre-wetted prior to use in concrete £,

However, lower absolute mechanical strength, higher water absorption, porosity, etc., are some of the negative

impacts. LWAC is an alternative solution to NWC, especially when lightweight energy-efficient solutions are

needed. Thus, to overcome the problem of natural stone deterioration and for making energy-efficient buildings,

different lightweight concretes are used. Chart 1 shows the classification of LWAC. It can be ascertained from the

flow chart that LWAC can be used for load-bearing and non-load-bearing purposes. Different LWAs commonly used

in making LWAC are vermiculite, OPS, perlite, LECA, pumice, scoria, tuff, cinder, lytag, etc. (Koksal et al. ). LWAs

are a type of coarse/fine aggregates used for the manufacturing of LWC products, and these products are used in

different structural work (Alengaram et al. &), LWAs have a cellular type structure and were used for producing

different types of masonry blocks, wall panels, cladding and LWC. When they are used as fine aggregates, they

function similar to active pozzolanic materials. It can be produced from the naturally available raw materials such

as expanded clay, shale, slate, etc., as well as from SCMs such as FA and slags, etc.

| Lightweight concretes (LWC) |
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Chart 1. Classification of lightweight concretes.
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| 2. Types of LWAS

In general, LWAs can be divided into two categories.

2.1. Natural Aggregate

Natural LWAs are the materials that are available as natural resources. These are naturally ready to use with
mechanical treatment, i.e., crushing and sieving. Mostly, natural LWAs are of volcanic origin, e.g., pumice and
scoria LI, Thus, they are only found in a few areas of the world. Pumice is formed when the molten lava from
the explosive eruption of a volcano cools 22l Quick cooling freezes the material existing at the molten state, which
does not have zero probability of a crystallization process. Scoria is darker in color than pumice but has all the
properties same as that of pumice. Volcanic tuffs are a kind of volcanic rock, which develops pores through rapid
cooling and hardening of lava. The pore may vary from 10% to 60%. These tuffs are classified as rhyolite, dacite,
andesite, etc. Similarly, volcanic slag is also derived from lava, which is less vitreous and more crystalline slag-like

materials. These all-natural LWAs are used to produce LWC with a density range from 1860 to 1988 kg/m?3 [3I114]
[15),

2.2. Manufactured/Artificial Aggregate

These LWAs are classified as brick rubble, cinder, sintered cinder, blast-furnace slag, LECA, etc. These types of
aggregates are produced by thermal treatment of either naturally occurring materials such as clay, shale,
vermiculite, perlite and slate, etc., or industrial byproducts/waste materials such as FA, municipal solid waste
(MSW), waste of dredging, blast furnace slag, etc. Cinder LWAs are produced as coal burnt residues in the
industrial boilers. The residue is melted and sintered to form cinders. Sintered fly ash is developed at a
temperature of 1100-1300 °C 18 They have a hard, coarse red shell and fine pore structures, which are
commercially available in a size range of 7 to 30 mm. Similarly, foamed blast-furnace slag aggregates are
produced by sintering slag at a temperature of 1400-1600 °C. The size range lies between less than 3 mm and 20
mm, with a varying bulk density of 300 to 700 kg/m3. LECA is produced using clay or shale after heating at the
point of incipient vitrification (at a temperature of about 1200 °C) L7 After exposure, clay/shale expands or bloats
to seven times their original volume and forms a cellular structure that remains stable even after cooling. In the
market, different kind of LECA is available by different names such as hydite, rocklite, lytag, aglite, keramzit, etc. In
a similar manner, expanded perlite is developed after exposing perlite at a temperature of 900-1100 °C, which
leads to an increase in volume by 15-20 times 28], Vermiculite is a type of mica with high magnesium content,
which is formed at a temperature of 900 °C 19,

3. The Comparisons among Different LWAS/LWACSs on the
Basis of Various Parameters

Researchers reported different properties of LWC, which are shown in Table 1. Majorly, the investigated properties

were uniaxial compressive strength, split tensile strength, modulus of rupture or flexural strength, thermal
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conductivity, elastic modulus, water absorption, etc. For comparison purposes of compressive strength, splitting
tensile strength, density and thermal conductivity, graphs containing six major LWAs are depicted in Figure 3,
Figure 4, Figure 5 and Figure 6. The control concrete (CC) showed the maximum compressive strength among all
LWC, i.e., 38 MPa, as presented in Figure 3. As the content of LWA in concrete increased, the compressive
strength decreased. Here, 50% pumice used in concrete gave maximum compressive strength up to 36 MPa, while
vermiculite LWC showed minimum compressive strength. The tensile strength of conventional concrete was varied
in the range from 4 to 4.7 MPa, as depicted in Figure 4. Adding LWA in the mix proportion showed a gradual
decrement in tensile strength. Forty percent FA sintered aggregate replacement showed maximum tensile strength,
while 40% OPS replacement provided minimum strength. Figure 5 shows that perlite used as an aggregate
showed a maximum density around 2300 kg/m?2, while pumice concrete showed a minimum density of 1300 kg/m?3.
The thermal conductivity of LWC was lower than the NWCs. As shown in Figure 6, LECA concrete showed
minimum thermal conductivity when used as a whole in place of coarse aggregate while control concrete showed

maximum k value, i.e., 2.3 W/mK.

Compressive strength, MPa

Different lightweight concrete

Figure 3. Compressive strength of different LWACs.
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Figure 4. Tensile strength of different LWACs.
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Figure 5. Density of different LWACs.
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Figure 6. Thermal conductivity of different LWACs.

Table 1. Fresh, hardened and durability properties of LWAS, as per the literature.

Aggregate References Compressive S'T'er'\t;'irf Flexural Thermal Mo&(i)lfjlus Water
Type Strength Strength Strength Conductivity Elasticity Absorption
Mannan and
Ganapathy v v v v
[20]
OPS SObL[Z] et al. , y s, y
Mo et al. (22 v v v
Mo et al. [23] v v
LECA Maghsoudi
et al. [24] 7 7
Zohrabi et al.
[25] v v
Kumar and S S
Prakash [28]
Heiza et al.
[27] v v
Reddy et al. 4
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Aggregate References Compressive ST%I:;?S Flexural Thermal Moilf"us Water
Type Strength Strength Strength Conductivity Elasticity Absorption
28]
Al-Jabri et al.
[29] v v
Schackow et
al. 39 7
Koksa[ll] et al. , , y y
Dlvy[gi(]at al. , y ,
Vermicutite
Mo et al. 12 v v
Arur[13_2e]t al. , y ,
Karakoc and
Demirboga v v
[18]
Sengul et al.
[33] v v v v
Gandage et
al. (24l 7 7 7
. Pol l.
Perlite ° a[é_lft a v/
Wan et al.
[36] v 4
Gunduz and , y y y y
Ugur &1
Gunduz 28 v v v v
Parhizkar et
51, 12 v v v
Pumice Tasdemir et , y y
al. [
Kilincarslan
v v
et al. 40

Figure 5 shows that perlite used as an aggregate showed a maximum density around 2300 kg/m?, while pumice

concrete showed a minimum density of 1300 kg/m3. The thermal conductivity of LWC was lower than the NWCs.
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Aggregate Compressive Splitting £ vural  Thermal  ModUlUs  \yoier 1 place of
Type ST Strength Ll Strength Conductivity o Absorption
Strength Elasticity
Kockal and , , ,
Ozturan [41]
. Kockal and
Sintered fly Ozturan 4] v v v v
ash
Nadesan on
and Dinakar v v v ter.
[Q]
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