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A B S T R A C T   

Owing to the favorable properties of self-compacting concrete and light-weight aggregate concrete, the devel
opment of self-compacting concrete is an engineering excellence, although its application in civil engineering is 
limited due to a lack of in-depth research. The current review aimed to provide a detailed study of lightweight 
self-compacting concrete containing several types of natural and sustainable lightweight aggregates. As a pri
mary constituent of lightweight self-compacting concrete, lightweight aggregates are mainly responsible for 
variation in strength and bulk density of concrete. The impact of different types of lightweight aggregate and 
other influential factors on workability, strength, and durability have been carefully discussed in this study 
which shows it is possible to develop lightweight self-compacting concrete even below the 1000 kg/m3 density. 
In addition, lightweight self-compacting concrete shows excellent frost resistance. The study is a novel initiative 
to accumulate findings of lightweight self-compacting concrete for its broad acceptance, and future scope of 
work.   

1. Introduction 

We live now in a climate emergency, where the accumulation of CO2 
in the atmosphere is rising. The seriousness of this issue led to a series of 
global actions including the climate change conference (COP26) which 
took place in Glasgow-UK in November 2021. A study Pierrehumbert 
(2019) reported that “As long as we continue emitting any carbon di
oxide, the world will continue to warm”. Therefore, using pozzolanic 
materials in concrete can have notable impacts on CO2 emission 
(Rudžionis et al., 2021). Ozawa and their co-workers developed SCC in 
1986 which provided a paramount technological advancement in con
crete construction (Maekawa, K., 1999; Ozawa et al., 1992). Developing 
SCC not only provided great quality of concrete, it significantly 
enhanced the productivity and working environment. The constituents 
of LWSCC are almost similar to LWAC but the composition and work
ability properties are different (Yu et al., 2013). To maintain the 
required fluidity, a higher volume of binders and admixtures are 
required; this enhancement in admixture and binder content might 

cause a rise in product cost giving rise to CO2 emissions, and risk of 
shrinkage (Ranjbar et al., 2016; Sabet et al., 2013). In most of the 
studies, sustainable pozzolanic materials like fly ash, silica fume, and 
limestone powder are used as a partial replacement for cement that 
might have a significant role in the reduction of CO2 emission. Using 
LWAC is not new in the concrete industry, and LWSCC is considered as 
an optimized product of SCC and LWAC (Yu et al., 2019). Several types 
of natural and artificial lightweight aggregates are used in LWSCC but 
mostly LWSCC is prepared with artificial aggregates, although the use of 
waste materials such as POC, EPS, COK, rubber, coconut shale, and 
plastic shows notable potential to be used as LWA. The use of recycled 
and waste materials in LWSCC might be a great step towards sustain
ability but it can change physical and mechanical characteristics ac
cording to their type and can affect the properties of LWSCC (Napolano 
et al., 2016). 

The crushing strength of LWA is much lower than the conventional 
natural aggregates (Adhikary et al., 2022; Altalabani et al., 2020b) and 
concrete containing a higher volume of LWA might achieve lower 
compressive strength (Kurt et al., 2016a; Yim Wan et al., 2018). Using 
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very lightweight aggregate in concrete can cause segregation problem 
due to floating of the LWA (Juradin et al., 2012; Kwasny et al., 2012). 
This uneven distribution of LWAs’, segregation, and poor 
self-compacting might hamper the structural performance and dura
bility properties of concrete (Kwasny et al., 2012). To develop SCC 
below the density of 1200 kg/m3, a high volume of LWA is required that 
can enhance the water absorption risks (Kurt et al., 2016b, 2016a). Such 
low-density concrete might be useful for thermal and sound insulation 
(Ting et al., 2019). The quality of ITZ of LWSCC prepared with different 
LWAs’ might differ due to the variations in surface structure and 
adhesion properties. LECA, expanded glass, perlite and scoria added 
LWSCC shows good adhesion with cementitious materials (Barnat-Hu
nek et al., 2018; Duplan et al., 2014; Yashar and Behzad, 2021; Yu et al., 
2013) while EPS, rubber, COK, and polymeric waste added LWSCC 
shows weaker ITZ (Angelin et al., 2020; Cheboub et al., 2020; da Silva 
et al., 2020; Ranjbar and Mousavi, 2015). So, the detailed study of 
different LWA added LWSCC might provide useful information to 
readers for their future research. 

This study reviews the potential of different types of LWAs’ in 
LWSCC production, providing detailed chemical and physical charac
teristics of different types of LWA. This is the first review study that 
presents the behavior of self-compacting concrete including several 
types of sustainable aggregates and different pre-treatments that can be 
applied to acquire strength and durability properties. The impact of 
different types, contents and, gradings of LWA on the workability and 
compressive strength of LWSCC have been described. Besides, other 

influential parameters such as water/binder, doses of fibers, nanofiber, 
and pozzolanic addition were considered to analyze the fresh and 
hardened properties of LWSCC. In every section, the reasons behind 
LWSCCs’ improvement or deterioration have been addressed. 

2. Sustainability, resources, and conservation perspective 

Due to the technical myths and level of awareness, normal-weight 
concrete still plays a dominant role in the construction industry over 
lightweight concrete (Mousa et al., 2018). Mousa et al. (2018) stated 
that an adequate level of awareness and application of Kotter’s model 
might be strategically helpful to guide stakeholders to make a sustain
able change in construction culture. Because of NWC’s dominance, 
about 9 billion tons of NA are consumed each year in the construction 
industry (Mehta and Monteiro, 2014). The depletion of NWA will lead to 
irreparable environmental damages and extensive destruction of eco
systems. Most of the lightweight aggregates are mainly prepared from 
waste materials, reuse and recycling of waste materials can lower the 
exploitation of non-renewable resources (Milutienė et al., 2012). The 
use of waste materials will also contribute to lowering the energy con
sumption through the industrial processes (Khankhaje et al., 2016). Oil 
palm shell, coconut shale, rubber waste, waste/recycled polystyrene, 
and recycled plastics are some successful examples of waste materials 
used in concrete production. Oil palm shale and coconut shale are 
agricultural solid waste materials (Mo et al., 2015b; Muthusamy and 
Kolandasamy, 2015), and dumping such materials in the environment 
can cause land pollution (Mo et al., 2015b; Peter et al., 2019).Mo et al. 
(2015a) reported that the use of oil palm shells in lightweight concrete 
combined with slag might cut CO2 emissions by 50%. Similarly, around 
1.5 billion waste tyres are generated every year, and most of them end 
up in landfills or open-air burning (Mashiri et al., 2015; Mohajerani 
et al., 2020). The burring of waste rubbers and landfilling might emit a 
substantial amount of toxic substance into the air and soil (Mohajerani 
et al., 2020). Medine et al. (2020) studied the LCA of rubber concrete 
and reported that rubberized concrete is cleaner, more environmentally 
friendly, produces fewer generated emissions, and requires less energy 
than conventional concrete. Similarly, the use of waste plastics and EPS 
as aggregate can be a potential alternative to lower environmental 
pollution. On the other hand, the production of expanded glass and fly 
ash aggregates might release some hazardous substances into the air 
(Adhikary et al., 2021a). Vossberg et al. (2014) reported that recycling 
waste glasses is more convenient and sustainable over landfilling which 
can avoid 0.39 (0.25–0.53) tonnes of CO2 emission per tonne of glass. 
While LCA analysis suggests that the production of foamed glass from 
waste glass is more sustainable that have lower environmental emissions 
and saves a substantial amount of energy (Cozzarini et al., 2020; Gong 
et al., 2018). The use of such aggregates in concrete might be a 

Nomenclature 

ASR Alkali-silica reaction 
CA/FA Coarse aggregate/fine aggregate 
COK Crushed olive kernel 
EGA Expanded glass aggregate 
EPS Expanded polystyrene 
FA Fly ash 
FAA Fly ash aggregates 
GGBS Ground granulated blast-furnace slag 
ITZ Interfacial transition zone 
LECA Lightweight expanded clay aggregate 
LWA Lightweight aggregates 
LWAC Lightweight aggregate concrete 
LWASCC Lightweight aggregate self-compacting concrete 

LWSCC Lightweight self-compacting concrete 
MS Micro silica 
NA Natural aggregate 
NWA Normal weight aggregates 
NWC Normal aggregates concrete 
OPS Oil palm shell 
PFA Pulverized fuel ash 
POC Palm oil clinker 
PP Polypropylene fiber 
PVA Polyvinyl acetate 
RHA Rice husk ash 
SBR Styrene-butadiene rubber 
SCC Self-compacting concrete 
SCM Supplementary cementitious materials 
SF Silica fume  

Figure 1. Share of different types of LWA in LWSCC published in last 
two decades. 
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sustainable approach. Similarly the use of cold-bonded artificial light
weight aggregates in concrete possessed lower CO2 emissions (Liu et al., 
2022). 

3. Properties of LWSCC 

3.1. Physical properties of LWA 

Literature studies indicate that several types of natural and artificial 
LWA have been used in the LWSCC. Recently published studies indicated 
that pumice, shale ceramsite, scoria, perlite, and coconut shale as 
commonly used natural LWAs’ in LWSCC. While expanded clay, 
expanded shale, expanded glass, expanded polystyrene, waste/recycled 
plastic, waste/recycled rubber, and fly ash aggregates are commonly 
used artificial lightweight aggregates in LWSCC. Figure 1 shows the 
share of LWA-based LWSCC studies published during the last two de
cades. Although several research studies have been conducted using 

natural and artificial lightweight aggregates to investigate the properties 
of LWSCC but still the correlations between the properties of LWA and 
performance characteristics of LWSCC are not entirely understood in 
various aspects. The physical properties of LWA and their characteristics 
highly depend on the type of lightweight aggregates. Strength, density, 
and water absorption are notable characteristics of LWA that varies with 
the type of LWA, and might have significant impact on the performance 
characteristics of concrete. Table 1 indicates that expanded clay, pum
ice, scoria, expanded shale, and expanded glass have higher water ab
sorption rates. While waste rubber, polystyrene, and plastic have 
negligible water absorption capacity. Water absorption of artificially 
prepared LWA mainly depends upon its cell size and inner pore struc
ture, subject to the type and quantity of foaming agents used to prepare 
the LWA (Rashad, 2018). The cell size of LWA can lead to number of 
variations in strength and bulk density of LWA, its greater size can lead 
to a decrease in density and strength performance of LWSCC. Pumice, 
scoria, and perlite are naturally porous structured aggregates that 

Table 1 
physical properties of LWA.  

LWA Reference Particle size, 
mm 

Bulk Density, kg/m3 Water absorptions, 
% 

Compressive / crushing strength, 
MPa 

Specific 
gravity 

Expanded clay (Nepomuceno et al., 2018) 4/12 637 14.2 – – 
(Heiza et al., 2018) 2.36/16 667 18.2 – 1.08 
(Abdelaziz, 2010) 2.36/10 670 9.2 6.6 – 
(Altalabani et al., 2020b) 2–10 650±25 15±4% >8 – 
(Yashar and Behzad, 2021) Up to 12.5 658 13.2 – 1.126 
(N. Li et al., 2021) 4.75–15.0 – 13.3 2.8 – 

Pumice (Andis̈-S̈akć et al., 2009) 4–8 mm 480 20 – – 
(Karthika et al., 2018) 8–10 460 2.8 – 1.84 
(Awoyera et al., 2020) – 1305 2.59 – 2.33 
(Gonen and Yazicioglu, 
2018) 

0–4 843 18.10 – – 
4–16 791 7.90 – – 

Scoria (Yashar and Behzad, 2021) Up to 12.5 mm 710 14.5 – 1.311 
(Naderi et al., 2018) 4.75–19 – 19.2 – 2.68 

0.075–4.75 – 2 – 1.56 
(Zhang et al., 2019) 0.075–13.2 – – – – 

Waste rubber (Lv et al., 2020) – 365 kg/m3 – – – 
(N. Li et al., 2021) 1.2–4 – <1.0 – – 

Expanded 
shale  

(Wu et al., 2021) 5–16 740 packing density 4.5 6 – 
(Zhu et al., 2016) 2.36–10 670 9.2 6.6 – 
(Liu et al., 2019) 2.36–16 855 6.4 7.5 – 
(Zhao et al., 2019) 5.20 827 6.98 7.4 – 

Polystyrene (Ranjbar and Mousavi, 
2015) 

2.36–4.75 13.6 – – 0.025 

(N. Li et al., 2021) 1.5–4.5 10 <1.0 – – 
Perlite (Yim Wan et al., 2018) 1.18–4.75 – – – 0.055–0.3 
Shale 

ceramsite 
(Li et al., 2017) 5–16 994 – 11.8 – 

Coconut shale (Poongodi and Murthi, 
2020) 

4.75–20 983 18 – 1.71 

Expanded 
glass 

(Yu et al., 2013) 4–0.1 310–810 dry particle 
density 

2.81–7.8 – – 

Keramsite (Nguyen et al., 2018) 5–10 710 13.0 6.5 2.65 
Palm oil 

clinker 
(Feen et al., 2017) 4.75–9.5 793 4.67 – 1.76  

Table 2 
Chemical compositions of LWA used in LWSCC.  

Type of 
aggregates 

Reference SiO2 Al2O3 Fe2O3 CaO MgO SO3 SiO3 K2O Na2O FeO TiO2 Mno P2O5 LOI 

Expanded clay (Dolatabad et al., 2020) 66.05 16.57 7.10 2.46 1.99 – 0.03 2.69 0.69 – 0.78 0.09 0.21 – 
(Rampradheep and Sivaraja, 
2016) 

90.5 0.82 0.76 0.18 0.32 – – – – – 0.26 – – 0.2 

Pumice (Mehrinejad Khotbehsara 
et al., 2017) 

55.20 20.75 1.26 6.80 2.30 0.44 – 1.73 1.80 – – – – 1.95 

(Kurt et al., 2015) 69.78 11.16 2.11 2.47 0.60 0.60 – 2.87 4.33 – – – – 4.66 
Scoria (Dolatabad et al., 2020) 60.8 17 3.4 3.5 2.5 – – 2.31 3.9  0.49 0.04 0.47 5.62 

(Ghanbari et al., 2020) 58.8 32.16 3.98 3.28 1.5 – – – – – – – – 3.02 
Perlite (Dolatabad et al., 2020) 72.31 14.32 0.76 1.35 0.34 0.005 – 5.46 4.62  0.023 0.086 0.012 – 

(Aslani and Ma, 2018) 74 14 1 1.30 0.30 – – 4 3  0.10 – – –  
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generally increase the water absorption properties and decrease density 
and strength compared to conventional normal weight aggregates. The 
physical properties of different types of LWA are presented in Table 1. 

3.2. Chemical properties of LWA 

The chemical composition of LWA can play an influential role in the 
hardened properties of concrete. LWA containing silicon oxide can 
participate in the pozzolanic activity leading to alkali-silica reactions. 
Table 2 shows that expanded clay, perlite, scoria, and pumice mainly 
consist of 55.20 to 90.5% silicon oxide elements of its entire constitu
tion. Mo et al. (2021) conducted a comprehensive review on ASR and 
reported that LWA containing glassy phase and greater silica content 
like perlite and EGA can actively participate in pozzolanic reactions 
leading to ASR. In addition, expanded shale, expanded clay, and other 
artificial LWA containing pozzolanic materials promote the formation of 
hydration products. While recycled/waste rubber, recycled/waste 
plastic, polystyrene, coconut shale, and palm oil clinker might not have 
significant impacts on the pozzolanic reaction of cement-based com
posites (Ismail et al., 2020). 

3.3. Texture, size, and shape of LWA 

The performance characteristics of self-compacting concrete can be 
significantly influenced by the texture, shape, grading, maximum 
aggregate size, and morphology of aggregates. The packing of concrete 
and aggregate interlocking can be notably impacted by the shape and 

grading of aggregates. Most of the artificial lightweight aggregates such 
as expanded glass, expanded polystyrene, expanded clay, and fly ash 
aggregates are almost rounded in shape. While pumice, shale ceramsite, 
scoria, perlite, and coconut shale are flaky and angular in shape. 
Figure 2 shows the shape of different types of LWA. Kwan and Mora 
(2001) reported that the shape parameter of aggregate plays an 
important role in the packing density of concrete. The packing of 
aggregate is directly impacted by the convexity of aggregates. The 
author also reported that filling up the concave area of aggregate is more 
strenuous, particularly containing almost similar size aggregates. 
Interlocking and shape factor of aggregate is the determining factor of 
required paste proportion to cover all particles. Cui et al. (2012) con
ducted a comparative study on lightweight concrete containing different 
shapes of lightweight aggregates and reported that the shape factor of 
lightweight aggregates might have a notable impact on the mechanical 
performance of concrete. An aggregate with a higher Shape Index in
dicates that it has a more angular shape and so has a greater impact on 
the mechanical characteristics of concrete. Karamloo et al. (2016a) 
studied the impact of maximum lightweight aggregate size on the fresh 
and mechanical properties of lightweight self-compacting concrete. 
Study results suggest that as the maximum aggregate size increases, the 
mechanical performance of the composite increases. While concrete 
samples prepared with a lower maximum aggregate size show 
comparatively lower slump flow. Gesoǧlu et al. (2014) reported that 
incorporation of spherical-shaped LWA in SCC as a replacement of 
natural aggregates might improve the workability thus attributing to the 
ease in flow of the lightweight aggregate particles. Table 3 shows that 

Figure 2. The shape of different types of LWA: a. expanded clay (Nahhab and Ketab, 2020); b. rubber (Hossain et al., 2020); c. EPS (Medher et al., 2021); d. coconut 
shell (Poongodi and Murthi, 2020); e. fly ash aggregate (Güneyisi et al., 2016); f. perlite (Dolatabad et al., 2020); g. scoria (Dolatabad et al., 2020); h. pumice (Agwa 
et al., 2020); i. recycled plastics (Faraj et al., 2021); j. POC (Feen et al., 2017) k. olive kernel shells (Cheboub et al., 2020); l. expanded shale (Wu et al., 2009); m. 
expanded glass (Spiesz et al., 2013). 
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Table 3 
Fresh and mechanical properties of LWSCC.  

Type of LWA LWA Cement, kg/ 
m3 

Natural 
aggregates 

Fine fillers Additional 
Parameter 

W/B Filling ability Passing ability Density, kg/m3 Compressive 
strength, MPa 

References 

Size Kg/m3 Fine Coarse Slump, 
mm 

T500, sec. V funnel, 
sec 

L box 

Expanded clay 0–8 790.88–808.41 380–430 – – SF. FA, fillers – 0.37–0.33 660–670 – 23–33 – – 28.1–29.7 (Juradin et al., 
2012) 

0–8 843–803 460 – – FA – 0.46–0.43 795–805 – 13–12 0.94–0.97 1678–1703 59.4–64.4 (Iqbal et al., 
2017) 

– 250 450–330 ✓ – Limestone 
powder 

– 0.35–0.50 742–750 4.5–3.1 – – 1887–1812 40.45–23.94 (Karamloo et al., 
2016b) 

2–10 475–470 440–430 ✓ – Limestone 
powder 

Microfiber 0.4 – – – – ~1712 to 
~1728 

~61 to ~60.8 (Altalabani et al., 
2020b) 

2–10 475–470 440 ✓ – Limestone 
powder 

Microfiber and 
macro fiber 

0.4 – – – – ~1740 to 
~1733 

~57.6 to ~60.9 

0–15 593–467 560 ✓ – FA,SF – 0.42–0.44 660–670 2–3 8–12 – 1320–1242 44.7–40.3 (Corinaldesi and 
Moriconi, 2015) 

0–10 201–195 500 ✓ ✓ Limestone, SF – 0.32 W/C 630–750 6–11 14–23 – 1850–1805 ~28 to ~21 (Mazaheripour 
et al., 2011) 

0–8 830 465–485 – – FA Steel fiber 0.46–0.48 790–630 5–9 – – 1741–1746 67.8–59.74 (Iqbal et al., 
2015) 

Pumice 4–16 187–197 399–400 ✓ – Lime stone 
powder, FA 

– 0.37–0.35 860–710 3.5–2 26.5–21 – 1786–1547 33.5–23.9 (Andis̈-S̈akć 
et al., 2009) 

0–16 1085–1071 440 – – FA – 0.31 700–630 1.5–1.5 9–16 – – 30.4 to ~37 (Gonen, 2018) 
– 50.05–200.2 424.4 ✓ ✓ GGBS – – 785–775 3–5 7–7 1–1 2440 to 1650 ~42 to ~38 (Karthika et al., 

2018) 
0–16 635–569 550 – – – – 0.35–0.45 600–650 7–5 14–9 0.81–0.88 1037-1014 13.9 to 10.6 (Kurt et al., 

2016b) 0–16 731–759 440–330 – – Pumice powder – 0.35–0.45 590–610 8–8 20–19 0.77–0.81 1011–840 13.2–10.6 
0–16 705–0 375 ✓ ✓ FA, – 0.30 650–800 8–2 21–8 0.77–0.93 1187–2156 19.9–53.3 
0–16 753–0 375 ✓ ✓ Blast–Furnace 

Slag 
– 0.30 645–770 9–3 26–9 0.77–0.93 1266–2278 21.3–65 

0–16 645–753 440–330 – – Blast–Furnace 
Slag 

– 0.35–0.45 620–720 6–4 17–12 0.77–0.83 1031–845 13.6–11.6 (Kurt et al., 
2016a) 

COK 0.125–4 – 650 g ✓ – – – 0.42 – – 2.18–16.16 – 2274–1410 ~54 to ~8 (Cheboub et al., 
2020) 

Oil Palm Shell 500μm – 
10 mm 

– 520–260 ✓ – FA – 0.33–0.31 665–730 5.04–1.82 15–13 – 1832–1668 38.88–18.72 (Ting et al., 
2020) 

Shale ceramsite 5–16 613–602 358–359 ✓ – FA, SF Steel fibers 0.34 700–600 2.6–9.8 20.2–36.3 – – ~54 to ~60 (Li et al., 2021a) 
5–16 670.3–565.2 325.6–435.4 ✓ – FA, SF mortar film 

thickness 
0.35 ~590 to 

~630 
12.4–1.3 – – ~1940 to 

~1870 
~48 to ~50 (Li et al., 2017) 

Scoria 1.5–12.5 420 405 ✓ – FA, limestone 
powder 

SBR coating 0.38 705–750 3.2–2.8 9.5–9 0.84–0.86 1929–1690 ~32 to ~37.5 (Yashar and 
Behzad, 2021) 

1.5–12.5 420 405 ✓ – FA, limestone 
powder 

PVA coating 0.38 705–775 3.2–2.8 9.5–8.5 0.84–0.87 1929–1992 ~32 to ~38.5 

0.3 to 20 926–910 400–350 – – SF, mineral 
powder 

– 0.45 690–790 3–2 5–4 0.81–0.97 1836–1809 ~17.5 to ~17.1 (Naderi et al., 
2018) 

0.3 to 20 929–911.2 450–393.75 – – SF, mineral 
powder 

– 0.45 710–800 3–2 5–4 0.81–0.95 1872–1781 ~17.4 to ~16.5 

0.3 to 20 932–901.8 500–437.5 – – SF, mineral 
powder 

– 0.45 700–800 3–2 4–4 0.93–0.96 1886 
–1796 

~22.5 to ~22.4 

2.36–12.5 393 405  ✓ – zeolite Glass fibers 0.4 747– 
683  

3–3.5 8.1–9.9 0.93–0.84 1886–1890 ~16.6 to ~16.2 (Ghanbari et al., 
2020) 

2.36–12.5 393 380.7 ✓ – Nano silica, 
zeolite 

Glass fibers 0.4 677–601 3.7–4.8 10.6– 
11.9 

0.81–0.72 1893–1897 ~21 to ~19.8 

Rubber <4.75 0–155 425 ✓ – FA Shale ceramsite 0.35 785–580 5.6–9.4 14.7–24.3 0.98–0.82 1921–1648 45.6–20.8 (Lv et al., 2020) 

(continued on next page) 
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Table 3 (continued ) 

Type of LWA LWA Cement, kg/ 
m3 

Natural 
aggregates 

Fine fillers Additional 
Parameter 

W/B Filling ability Passing ability Density, kg/m3 Compressive 
strength, MPa 

References 

Size Kg/m3 Fine Coarse Slump, 
mm 

T500, sec. V funnel, 
sec 

L box 

2.36–9.5 48.12 180 ✓ ✓ FA, slag, SF PP fibers 0.45 660–650 – – – 1916–1967 ~12.6 to ~14.8 (Aslani and 
Kelin, 2018) 2.36–9.5 48.12 180 ✓ ✓ FA, slag, SF Steel fibers 0.45 660–610 – – – 1916–2013 ~12.6 to ~17.6 

Plastic 
aggregates 

1.5–4 0–78.5 369 703 – FA Expanded 
clay 
ceramsite 

0.25 550 to 
~770 

~7.6 to 
~6.1 

– – ~1600 to 
~1400 

~25 to ~22.6 

(Yang 
et al., 
2015) 
4–8 0–56 440 ✓ ✓ FA – 0.35 750–670 3.8–3.5 19–22.5 0.89–0.85 – 78.1–61.6 (Faraj et al., 

2021) 4–8 0–55.4 385 ✓ ✓ FA SF 0.35 790–770 3.3–2.5 13.8–14.5 0.92–0.88 – 82.7–61.6 
Perlite  1.18–4.75 0–111 160 ✓ – FA, GBBS, SF Crushed stone, 

590–0 kg/m3 
0.45 680–590 1.96–195 – – 2,310–1969 40.17–21.24 (Yim Wan et al., 

2018) 
0–2 1.25–3.76 461 ✓ ✓ SF, Steel fibers, basalt 

fibers 
0.41 750–550 2–4.7 – – 2172–1552 74.63–52.77 (Barnat-Hunek 

et al., 2018) 
Fly ash 

aggregate  
4–14 446 323 ✓ – FA – 0.31 780 – 11.6 – – 34 (Erdem, 2014) 
0.25–4 0–1022.5 440 ✓ – FA – 0.40 24–25.5 – 10.34–6.84 – 2181.8–1792.5 

(fresh) 
~66 to ~22 (Güneyisi et al., 

2015b) 
2–16 825.6–823.4 450–420 ✓ – FA Nano silica, 0–30 

kg/m3 
0.25 ~700 to 

~705 
~3.7 to 
~4.3 

~24 to 
~23.5 

~0.81 to 
~93 

1959.4–1961.7 
(fresh) 

55 to 77.5 (Güneyisi et al., 
2016) 

778.4–776.4 412.5–385 ✓ – FA Nano silica, 0–30 
kg/m3 

0.37 ~710 to 
~700 

~1.1 to 
~1.4 

~7.6 ~86 to 
~97 

1889.7–1892.1 
(fresh) 

44.0–65.0 

796–795 337.5–315 ✓ – FA Nano silica, 0–30 
kg/m3 

0.50 ~700 to 
~711 

~0.2 to 
~0.5 

~ 3.2 to ~5 ~ 92 to 
~1 

1835.4–1838.4 
(fresh) 

30.5– 
49.0 

Coconut shale – 552 kg/m3 281 ✓ ✓ RHA, MS, FA Banana Fibers 
0.93–5.58 kg/m3 

0.48, 779–643  11.2–14.4 0.88–0.94 1802–1850 38.3–44.8 (Poongodi et al., 
2020) 

Up to 12.5 234–700 kg/m3 350 ✓ ✓ RHA – 0.32 680–780  ~12 to 
~16 

~0.81 to 
~0.94 

2060–1765 ~28 to 19.33 (Poongodi and 
Murthi, 2021) 

Up to 12.5 234–700 kg/m3 340 ✓ ✓ RHA, SF – 0.34 700 to 
~800 

– ~11 to 
~15 

~0.83 to 
~0.96 

2005–1735 ~32 to ~22 

Expanded glass 0.1 to 4 201.6–162.6 
kg/m3 

425.3 to 
423.5 

✓ – Microsand, 
Limestone 
powder 

– 0.59–0.54 – – – – 1280–1490 23.3–30.2 (Yu et al., 2013) 

Polystyrene 2.36–12.5 0–30% 400 ✓ ✓ SF – 0.44 645–680 – 6.2–13.6 0.92–0.83 2424–1712 45–17 (Madandoust 
et al., 2011) 2.36–12.5 0–30% 388 ✓ ✓ SF nano SiO2 0.44 620–660 – 8.2–15.7 0.89–0.81 2392–1701 52–18 

2.36–12.5 2.92–2.86 kg/ 
m3 

400 ✓ – SF Waste 
Plastic Fiber, 
0–17.5 kg/m3 

0.33 770–590 – 7–14 0.91–0.78 1694–1461 19.5–19.48 (Medher et al., 
2021) 

2.36–12.5 1.92–2.8 400 ✓ ✓ Fine ceramic, 
ceramic powder 

– 0.35 740–820 – 8–3 0.95–0.80 2000–1700 45–23 (Hilal et al., 
2021) 

Expanded shale 5–20 424–346 408 – – FA Ceramsite sand 30 ~730 to 
~640 

– – – 1542–1784 29.01–41.12 (Zhao et al., 
2019) 

2.36–10 401–334 330 ✓ – PFA – 0.40 ~850 to 
~810 

– – ~0.84 to 
~0.93 

– ~40.8 to ~42.5 (Zhu et al., 2016) 

2.36–10 401–334 330 – – PFA Manufactured 
sand 

0.40 ~745 to 
~700 

– – ~0.82 to 
~0.68 

– ~39.6 to ~41 

2.36–10 401–334 330 – – PFA Expanded shale 
sand 

0.40 ~725 to 
~695 

– – ~0.78 to 
~0.64 

– ~35.8 to ~38.9 

2.36–16 450 395 ✓ – FA, SF Steel fibers and 
Polypropylene 
fibers 

0.33 to 
0.30 

690 to 
645 

– 11.2–19.3 0.85 to 
0.98 

1817–1894 52.8 to 56.7 (Liu et al., 2019)  
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up to 20 mm size LWA was used in the LWSCC while most of the LWSCC 
were prepared with 12.5 to 16 mm maximum size LWAs’; although up to 
20 mm maximum size aggregates were used in the preparation of 
LWSCC, but its concentration was very less in the concrete matrix. Be
sides, effectively graded LWA can lower the void content and provide 
superlative flowability and strength. The surface texture of LWA is a 
salient factor having a remarkable impact on the adhesion of concrete 
where the surface texture of LWA mainly depends on its type. The rough 
surface texture of LWA might increase adhesion between binding ma
terials and aggregates, while the smooth surface texture of LWA leads to 
a decrease in adhesion. 

3.4. Bulk density 

The bulk density of LWA is a key factor in measuring the requisite 
volume of binding materials, and volume of voids in the concrete mix 
(Nadesan and Dinakar, 2017). It is also an important parameter used to 
develop SCC mix design by volume proportioning methods. The bulk 
density of different LWAs’ vary according to their type and source. 
Table 1 shows the bulk density of LWA can vary from 10-1305 kg/m3, 
depending upon the type of LWA involved. Literature studies indicate 
that the bulk density of LWA of the same type of aggregate can also vary 
according to the size, and porosity of the aggregate (Ozguven and 
Gunduz, 2012). ASTM C330 - 05 (2005) suggested that LWA with the 
loose density range of 880–1120 kg/m3 is preferable for structural ap
plications. According to ACI-213R-14 (2014) LWAC with the density 
range, 1350-1900 kg/m3 having compressive strength ≥17 is also 
permissible for structural use. However, lightweight density generally 
hinders the design of LWSCC where a high concentration of very light
weight aggregate such as expanded glass and expanded polystyrene is 
used. The bulk density of LWA and its concentration in concrete mixture 
decide the possible density of LWSCC. Although hardened properties of 
LWSCC with similar density prepared from different LWAs’ can differ 
attributed to the properties of LWA and mixing composition of the 
concrete mix. 

3.5. Specific gravity 

The specific gravity of aggregate is a crucial factor for determining 
void content, required binding material, and the design of SCC based on 
weight-to-volume proportioning methods. The fresh and hardened 
properties of LWSCC such as flowability and density can be impacted by 
the variations in specific gravity of aggregates (Ting et al., 2019). The 
specific gravity of natural conventional coarse aggregate is about 
2.4–2.9, while Table 1 shows the specific gravity of LWA varies between 
0.025-2.68. The variations in specific gravity can be associated with the 
sources of LWA and manufacturing methods. Ting et al. (2019) reported 
that LWA having <2.0 specific gravity is mainly used to prepare below 
1920 kg/m3 density LWSCC. 

3.6. Mechanical properties of LWA 

Mechanical properties of concrete are one of the major hardened 
properties that can be significantly impacted by the strength of LWA. 
Table 1 shows the crushing strength of different types of LWA varying 
up to 11.8 MPa depending on the type of LWA. However, most of the 
LWSCC studies did not reveal the crushing strength of lightweight ag
gregates, but evidently, the crushing strength of LWA is much lower than 
the NWA. The fluctuations in the strength of different LWAs can be 
attributed to the source of LWA and its production mechanism. The 
strength of artificially prepared LWA such as expanded glass and 
expanded clay can largely depend upon the sintering temperature, size, 
pore size, and total porosity of the aggregates (Ozguven and Gunduz, 
2012). Table 3 indicates almost a similar density LWSCC prepared with 
different types of LWAs’, however, shows a significant difference in 
strength due to variations in the strength of aggregates and mixing 

composition of the concrete mix. 

3.7. Water absorptions of LWA 

The water absorption capacity of LWA is a crucial factor that must be 
considered during concrete mix design, aggregate with higher water 
absorption capacity can impact the water/binder ratio (Liu et al., 2011). 
However, to overcome this problem pre-wetting of LWA can have sig
nificant positive impacts (Nguyen et al., 2018). Table 1 suggested that 
most lightweight aggregates have higher water absorption capacity than 
conventional aggregates and are subject to higher open porosity leading 
to an increase in water absorption capacity. As revealed from Table 1 
expanded clay, pumice, scoria, and coconut shale have comparatively 
higher water absorption capacity than the other LWAs’. Literature 
studies indicate that similar types of aggregates can also have variations 
in water absorption capacity that can be attributed to their degree of 
porosity and pore structure. However, some LWAs’ such as expanded 
polystyrene, plastic, rubber, and glass aggregate have negligible water 
absorption capacity. The use of LWA with a higher water absorption rate 
increases the water absorption of LWSCC; higher water absorption of 
concrete might have an impact on the durability of concrete by allowing 
harmful ions to enter the concrete. However, porous structured LWA can 
soak water during the mixing process and provide internal curing 
(Rampradheep and Sivaraja, 2016; Shafigh et al., 2012; Yang and Wang, 
2017). Notably, it was observed that internal curing provided by LWA 
can reduce plastic shrinkage, increase strength, and provide complete 
hydration of cement (Rampradheep and Sivaraja, 2016; Ting et al., 
2019; Yang and Wang, 2017). 

4. Fresh properties of LWSCC 

Development of LWSCC concrete mix design is comparatively more 
difficult than the conventional SCC, till now there are no standards in 
practice for LWSCC mix design. Most of the LWA are irregular-shaped 
and porous structured which leads to lower workability compared to 
NWA. Due to the higher water absorption of porous structured LWA, 
workability of LWSCC is generally compromised. The proper estimation 
of water content considering the water absorption properties or pre- 
wetting the LWA before mixing is a common technique in practice to 
overcome this problem (Domagała, 2015; Nguyen et al., 2018). Litera
ture studies also indicate that water absorption of LWA can vary ac
cording to its type and size; proper amount of water calculation is a 
prime factor to protect the LWSCC from segregation and bleeding 
(Juradin et al., 2012). Due to the lightweight density of LWA, LWSCC 
can face segregation and improper self-compaction leading to the 
floating LWA (Kwasny et al., 2012). It becomes essential to achieve 
proper mix design by mixing and trial method, in addition, an increase 
in binding paste concentration can help to achieve target workability. 
The fresh properties of LWSCC containing different LWA and their 
mixing composition are presented in Table 3. Literature studies sug
gested that the workability of LWSCC not only depends on the type of 
LWA but is also impacted by several parameters discussed below. 

4.1. Effects of type of aggregate 

Yashar and Behzad (2021) conducted a comparative study of LWSCC 
prepared with scoria and expanded clay and reported that expanded 
clay-based LWSCC performed better than scoria-based LWSCC in terms 
of filling ability and passing ability. Dolatabad et al. (2020) investigated 
the fresh properties of LWSCC containing perlite, scoria, and expanded 
clay. It has been observed that at similar mixing composition the 
workability of LWSCC differ depending on the type of LWA; Soria-based 
LWSCC shows the lowest V funnel time. N. Li et al. (2021) reported that 
expanded clay-based LWSCC show greater flowability and passing 
ability compared to rubber and EPS-based LWSCC. This inconsistency in 
fresh properties of various LWA-based LWSCC suggested that the 
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workability of LWSCC can be significantly impacted by the type of LWA 
used in the concrete mix. These variations in fresh properties can be 
attributed to the differences in the physical properties of aggregates such 
as shape, surface texture, density, and water absorption. 

4.2. Effects of concentration of aggregates 

Depending upon the type of LWA, the concentration of aggregate is 
another important factor in controlling the fresh properties of LWSCC. 
The fresh properties of LWSCC greatly depend upon the mixing 
composition, chemical, and pozzolanic admixtures. However, literature 
studies indicate that almost at identical mixing compositions, the con
centration of LWA also impact the fresh properties of LWSCC. Poongodi 
and his co-workers (Muthusamy and Kolandasamy, 2015; Poongodi and 
Murthi, 2021) studied the impact of coconut shale aggregates on the 
fresh properties of LWSCC and reported that the flowability of LWSCC 
increased by the increase in the content of coconut shale aggregate as a 
replacement to natural aggregate. Authors reported almost a 14% in
crease in a slump by incorporating coconut shale aggregate as a 100% 
replacement of natural coarse aggregates (Poongodi and Murthi, 2021). 
Kanadasan and Razak reported an increase in flowability, a decrease in 
T50 and V funnel time with the increase of POC aggregate in the LWSCC 
(Kanadasan and Abdul Razak, 2015). Authors observed an almost 8% 
increase in slump flow and a 34% and 40% decrease in T500 and V funnel 
times, incorporating POC as a 100% replacement of gravel. A similar 
increase in flowability by the increase in the concentration of polymeric 
waste (da Silva et al., 2020), Ponza aggregates (Almawla et al., 2019), 
cold bonded fly ash aggregates (Güneyisi et al., 2015b) was also 
observed. Some studies show the flowability of pumice aggregate-based 
LWSCC increased till a certain replacement volume of pumice and af
terward starts decreasing (Gonen and Yazicioglu, 2018; Karthika et al., 
2018; Mehrinejad Khotbehsara et al., 2017). While the use of some ag
gregates like rubber (Li et al., 2021; Lv et al., 2019a), perlite (Dolatabad 
et al., 2020; Yim Wan et al., 2018), scoria (Aslani and Ma, 2018; Dola
tabad et al., 2020; Yim Wan et al., 2018) shows a decrease in flowability 
with the increase in their concentrations (Aslani and Ma, 2018). Ac
cording to Lv et al. (2019a) using rubber particles as a 50% replacement 
to fine aggregate reduces slump flow from 785 mm to 580 mm and in
creases T500 time from 5.6 to 9.4 seconds. A decline in the workability of 
rubberized concrete might be attributed to the irregular shape and rough 
surface of rubber particles. Yim Wan et al. (2018) reported that the 
incorporation of perlite as a 100% replacement of natural fine aggre
gates lowers the slump flow by 21.3%. Similarly, authors also reported 
that incorporation of scoria as a 100% replacement of natural coarse 
aggregates lowers the slump flow by 16%. The decrease in workability 
can be attributed to the higher water absorption capacity of scoria and 
perlite. However, the authors suggested that pre-wetting of such ag
gregates might help to improve their workability. This comprehensive 
review suggests that the fluctuations in flowability of different 
LWA-based LWSCC can be attributed to the physical properties of ag
gregates and mixing compositions. 

4.3. Effects of size of aggregate and packing density 

The size and grading of LWA is the foremost factor for the mix design 
of LWSCC that can significantly impact the packing density and fresh 
properties of LWSCC.Mazaheripour et al. (2011) reported that the 
flowability of expanded clay-based LWSCC increased when a combina
tion of fine and coarse expanded clay was used as a replacement to 
natural fine aggregates. This increase in flowability could be due to the 
increase in viscosity, however, an increase in viscosity also leads to an 
increase in V funnel and T500 time. Omar et al. (2020) analyzed the C/F 
ratios on the workability of LWSCC of slate aggregate-based LWSCC. 
Study results reported that flowability of LWSCC decreased and T500 
time increased by the increase in C/F ratio. Some studies Lotfy et al., 
(2016) and Shi and Wu, (2005) reported that the use of fine LWA can 

eliminate voids between aggregates and show better packing density 
leading to greater segregation resistance and higher flowability by 
allowing excess paste in LWSCC. 

4.4. Effects of binding materials and fine content 

Li et al. (2017) reported the importance of packing and mortar film 
thickness on the workability of shale ceramsite-based LWSCC. Study 
results reported that a higher amount of cement and fine content in
creases the film thickness which efficiently improves the workability of 
LWSCC due to the reduction in friction between aggregates. The study 
observed almost an increase of 25% in slump flow of LWSCC by 
increasing mortar film thickness from 1.4 to 2.0 mm. However, above 
2.0 mortar film thickness, authors reported a decline in slump flow. 
While V funnel and T500 time was decreasing with the increase in mortar 
film thickness of the LWSCC. Kanadasan and Razak (2014) also reported 
that the increase in powder or fine aggregate content increases the paste 
volume of the POC-based LWSCC which significantly improved the 
workability of concrete. Almost 8% slump flow of LWSCC increased by 
increasing paste volume from 0.41 to 0.52 m3/m, while T500 and V 
funnel time of the composite decreased from 14 to 6 seconds and 5 to 2 
seconds, respectively. Floyd et al. (2015) reported that a higher con
centration of cement can contribute to improving the visual stability of 
LWSCC. 

4.5. Effects of supplementary pozzolanic materials 

Supplementary cementitious material plays an important role in 
controlling the fresh and hardened properties of concrete. The effec
tiveness of supplementary cementitious materials might depend on the 
type and concentration of SCM. Naderi et al. (2018) studied the impact 
of SF as a partial replacement to cement in scoria-based LWSCC and 
reported improved flowability, blocking ratio, slump, and V funnel time. 
The effectiveness of SF was increased by the increased concentration of 
SF in the concrete mixture. By incorporating 12.5% SF as a replacement 
to cement, the authors reported an almost 14.5% increase in slump flow. 
Several researchers also reported similar improvement in workability by 
the addition of SF to LWSCC prepared with different type of LWAs’ such 
as coconut shale (Poongodi and Murthi, 2021) and, plastic aggregates 
(Faraj et al., 2021). This improved workability effect of LWSCC can be 
attributed to the lubrication effect provided by silica fume that might 
have released entrapped water between small particles thus resulting in 
an enhancement in flowability (Mehta and Ashish, 2019). Ting et al. 
(2020) studied the impact of fly ash as a partial replacement to cement 
on the workability of oil palm shell-based LWSCC. Study results indicate 
that incorporation of FA significantly improved the filling and passing 
ability of LWSCC. It was observed that replacing 50% of cement by FA 
increased the slump flow spread from 660 mm to 730 mm and T500 was 
reduced from 5.04 seconds to 1.82 seconds. Similarly, Güneyisi et al. 
(2012) also confirmed the role of FA in workability enhancement. The 
improvement in workability of LWSCC by the addition of fly ash can be 
attributed to the dilution effect that diminishes the flocculation of the 
cement particles. Besides, spherical-shaped FA particles provide 
ball-bearing effects by facilitating the movement of neighbouring par
ticles (Hemalatha and Ramaswamy, 2017). Agwa et al. (2020) reported 
a comparative study of LWSCC prepared with rice straw ash and cotton 
stalk ash as a replacement for cement. Study results indicate that relative 
to the control sample, the workability of LWSCC containing cotton stalk 
ash and rice straw ash was reduced. The authors observed a nearly 20% 
and 13% decrease in slump flow, a 133% and 66.6% increase in T500 
time, and a 97.2% and 61.6% increase in V funnel flow time by replacing 
20% of cement with rice straw ash and cotton stalk ash, respectively. 
This reduction in workability can be attributed to the high specific 
surface area of cotton stalk ash and rice straw ash. This comprehensive 
study indicates that the workability of LWSCC can be significantly 
controlled by the use of proper type and doses of supplementary 
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cementitious materials. 

4.6. Effects of water cement ratio and superplasticizer 

The fresh properties of LWSCC largely depend on the water/binder 
ratio and doses of superplasticizer. Güneyisi et al. (2016) prepared a 
series of fly ash aggregate-based LWSCC samples with different 
water/binder ratios. Study results reported that the increase in water/
binder ratio significantly improved the passing and filling ability. A 
similar improvement in the workability of LWSCC was observed by 
several authors (Kurt et al., 2015; Lotfy et al., 2015; Sonebi et al., 2007). 
Lotfy et al. (2015) and confirmed that the demand for superplasticizers 
might increase with higher binder content to maintain the workability of 
LWSCC. Besides, the use of ultrafine particles in concrete can increase 
the demand for water, in that case, higher water or an increase in 
superplasticizer dose is required to achieve the desired workability The 
increase in superplasticizer content with water/binder ratio was 
observed to be effective to achieve higher workability. Similarly, 
improved workability of LWSCC by enhancing superplasticizer doses 
was reported by Floyd et al. (2015). 

4.7. Effects of pre-treatment of aggregates 

Yashar and Behzad (2021) coated scoria and expanded clay with SBR 
and PVR latex and used it in the LWSCC production. It was reported that 
the slump of LWSCC improved by 2%–10% due to a reduction in water 
absorption of aggregates provided with hydrophobic latex coatings. The 
improving slump of LWSCC was more significant with higher latex 
coating layers. Besides polymer membrane layers decreases the fric
tional forces leading to a decrease in flow time and blocking resistance of 
LWSCC. Similarly, Güneyisi et al. (2016) studied a comparative study of 
LWSCC prepared with untreated FAA and treated FAA by water glass. It 
was suggested that LWSCC showed better workability prepared with 
treated FAA than the untreated FAA aggregates. Due to the hydrophobic 
water glass coating, the water absorption of FAA, and cohesion forces 
were reduced leading to an improvement in slump flow and a decrease 
in flow time and blocking resistance of LWSCC. So, from this literature, it 
can be concluded that hydrophobic coating on LWA can slightly lower 
the water demand and improve the workability of concrete. 

4.8. Effects of type and forms of fibers 

In recent years, several experimental studies have been conducted to 
understand the impacts of different doses and types of fibers of the 
LWSCC. Altalabani et al. (2020a) studied the impact of micro and macro 
polypropylene (macro-PP) fibers on the expanded clay-based LWSCC. It 
was observed that incorporation of both micro and macro PP fibers 
significantly reduced the slump of LWSCC. By incorporating micro and 
macro fibers into the LWSCC, the authors reported a nearly 19% and 
5.1% decrease in slump flow, respectively. The reduction rate in work
ability was more significant for micro PP fiber additions than the 
macro-PP fibers. Aslani and Kelin (2018) and Liu et al. (2019) used PP 
fibers in scoria and expanded shale-based LWSCC and reported a 
decrease in workability with the increase in PP fibers concentrations. Li 
et al. (2021b) used steel fibers in LWSCC and observed that the addition 
of both long and micro steel fibers inhibits the passing and filling ability 
but enhances the segregation resistance. The slump flow of concrete 
incorporating 1% long and micro steel fibers was reduced to 7.1% and 
14%, and T500 time increased by 220% and 400%, respectively. Several 
research outputs show a similar reduction in the slump and flow time of 
LWSCC prepared with steel fibers (Grabois et al., 2016; Nahhab and 
Ketab, 2020; Zhao et al., 2019), banana fibers (Poongodi and Murthi, 
2020), glass fibers (Ghanbari et al., 2020), waste plastic fibers (Medher 
et al., 2021). Probably the addition of fibers in the LWSCC creates a 
three-dimensional web and provides internal resistance leading to 
inhibiting the flowability. 

4.9. Effects of nanomaterials 

Dolatabad et al. (2020) studied the impacts of nano-SiO2, nano-TiO2, 
and nano-Al2O3 on the fresh properties of LWSCC. The slump flow was 
reduced to 700 mm from 750 mm by incorporating 4% nano-SiO2, 
nano-TiO2, and 2% nano-Al2O3. A similar decline in flowability of 
LWSCC incorporating nano-silica was reported by several authors 
(Ghanbari et al., 2020; Madandoust et al., 2011). The reduction in 
fluidity can be attributed to water absorption of nano-SiO2 during the 
mixing process and increased packing density and internal frictions. 
Afzali Naniz and Mazloom (2018) suggested that the incorporation of 
colloidal nano-silica lowers the slump flow and increases the flow time, 
but it can provide better bleeding and segregation resistance. 

5. Compressive strength of LWSCC 

The compression strength of concrete is one of the desirable prop
erties that have a significant impact on the structural performance of the 
composite. The compressive strength can be relatable with desired 
density, decrease in density contributes in decreasing the strength of the 
concrete. The compressive strength of LWSCC containing different LWA 
and their mixing composition are presented in Table 3. There are several 
other aspects that might impact the compressive strength of LWSCC as 
discussed below. 

5.1. Effects of type of aggregate and its concentration 

The strength of LWA is much lower than the conventional aggregates 
and utilization of LWA in LWSCC can have a significant impact on the 
compressive strength. There are several types of LWA used in LWSCC 
production, where the density and strength of LWSCC can differ due to 
inconsistency in their physical properties (Aslani and Ma, 2018; Yashar 
and Behzad, 2021; Yim Wan et al., 2018). Yashar and Behzad (2021) 
indicate that due to the variation in characteristics of LWAs’ at similar 
mixing compositions, concrete prepared with low strength LWA might 
achieve low compressive strength. The authors conducted a comparative 
study of LECA and scoria-based LWSCC prepared at similar mixing 
composition where LECA-based LWSCC achieved comparatively lower 
compressive strength. A similar inconsistency in compressive strength 
was observed by Dolatabad et al. (2020) with almost similar mixing 
composition. These studies reveal that the use of highly porous LWAs 
such as LECA, pumice, expanded glass, and polystyrene might notably 
decrease the compressive strength of concrete. A higher decline in 
compressive strength was observed with a higher concentration of LWA 
in the concrete mix. Some lightweight aggregates such as rubber and 
expanded polystyrene have weaker adhesion with cementitious mate
rials. The inclusion of this type of LWA at higher concentrations can 
cause a decline in strength (Aslani and Kelin, 2018; Madandoust et al., 
2011). However, generally used LWAs’ satisfy the CEB/RILEM re
quirements to be used as aggregate in structural concrete. But, the in
clusion of rubber, pumice and COK at higher concentrations might fail to 
achieve the required strength and further research is required for their 
use in structural concrete (Aslani and Kelin, 2018; Cheboub et al., 2020; 
Kurt et al., 2016b). 

5.2. Effects of size of aggregate and packing density 

The size of aggregates might show some notable impact on the 
strength of concrete; during the mix design, the particle size factor 
should be considered to achieve optimum strength. Lotfy et al. (2015) 
reported that the use of a low volume of larger size LWA achieves greater 
compressive strength. However, according to Nahhab and Ketab (2020) 
the LWSCC prepared with smaller size LWA (LECA) achieves compara
tively greater compressive strength than the LWSCC prepared with 
larger size LWA. Usually, smaller size LWA has greater strength than the 
larger size LWA, leading to enhancement in strength. Besides, mostly 
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larger size artificially prepared LWA contains large pores leading to 
weakening strength. A similar enhancement in the strength of concrete 
using smaller size LWA was observed in several studies (Miled et al., 
2007). So, it can be concluded that in terms of strength characteristics of 
LWSCC, the use of smaller size LWA might provide beneficial impacts. 

5.3. Effects of binding materials and fine content 

The use of an optimum level of fine content and binding materials in 
LWSCC might provide maximum strength gain. The greater amount of 
fine particle material might enhance the mortar film thickness of con
crete. Li et al. (2017) conducted experimental studies to investigate the 
importance of packing and mortar film thickness on the strength of 
LWSCC. It was observed that on 28 days of hydration, a concrete sample 
with 1.8 mortar film thickness gains maximum strength. By increasing 
mortar film thickness from 1.4 to 1.8 mm, the authors observed a 21.2% 
increase in compressive strength. However, the authors also reported 
that the compressive strength of the concrete samples started to decrease 
as film thickness increased above 1.8 mm. Similarly, Kanadasan and 
Razak (2014) reported that an increase in powder or fine aggregate 
content enhances the overall paste volume that positively impacted the 
workability, but it negatively affected the strength gain of LWSCC. The 
compressive strength of LWSCC decreases by the enhancement in paste 
volume. While Floyd et al. (2015) suggested that the use of a greater 
amount of cement is required to maintain adequate viscosity for greater 
workability and higher early strength. However excess amount of 
cement content might lead to crack and shrinkage and impact the 
durability characteristics of concrete. From the literature, it can be 
concluded that the use of a higher amount of fine particles can improve 
the workability but it can negatively impact the strength gain of LWSCC. 
Hence selection of an optimum level of fine particles might provide the 
required workability and strength. 

5.4. Effects of supplementary pozzolanic materials 

Nowadays various types of natural and industry eject pozzolanic 
materials are used in SCC for the improvement of fresh and hardened 
properties. The degree of pozzolanic reactions and the impact of those 
pozzolanic materials might differ according to their type and charac
teristics. Although SF, FA is the most frequently used pozzolan due to 
their easy availability. Naderi et al. (2018) used SF in scoria-based 
LWSCC and reported that the use of silica fume improved the 
compressive strength of concrete. The addition of 5% SF as a replace
ment to cement provided optimum compressive strength on 28 and 56 
days of hydration. The incorporation of 5% SF resulted in a nearly 6% 
increase in compressive strength. The improvement in compressive 
strength was more significant with higher content of cement in the 
concrete mixture. Similarly, by the inclusion of SF, Faraj et al. (2021) 
reported the enhancement in compressive strength of plastic aggregate 
added LWSCC. The use of a small amount of SF accelerates the hydration 
thus improving the strength development, while a greater amount of SF 
delays the hydration due to the formation of hydrated calcium silicates 
and calcium hydroxide (Mehta and Ashish, 2019). However, SF added 
concrete generally gains greater strength at a longer hydration time, but 
the use of more than 20% SF is not recommended in the concrete. Ting 
et al. (2020) studied the impact of FA on the properties of LWSCC and 
reported that the addition of FA positively impacted the workability, but 
declines the compressive strength of concrete. It was also observed that 
with the rise in FA content the declining rate in compressive strength 
was more significant. Authors reported an almost 51.8% decline in 
compressive strength by incorporating 50% FA as a replacement for 
cement. Basically, the addition of FA in concrete delays the hydration, 
and concrete achieves lower strength on 28 days. However, Agwa et al. 
(2020) suggested that 10% doses of rice straw ash and cotton stalk ash 
might effectively enhance the strength of LWSCC. Authors reported an 
almost 13.6% and 31.8% increase in compressive strength by 

incorporating 10% rice straw ash and cotton stalk ash into LWSCC. 
However, when the pozzolanic addition is more than 10%, the effec
tiveness of the addition drops, and the compressive strength of the 
concrete decreases. From the literature studies, it can be concluded that 
the addition of pozzolans like SF and FA might have greater impacts on 
fresh properties of LWSCC but in terms of compressive strength, it shows 
similar impacts like in conventional concrete. 

5.5. Effects of water-cement ratio and superplasticizer 

Like normal weight concrete, the water-cement ratio has a significant 
impact on the properties of LWSCC. The use of untreated porous ag
gregates in LWSCC might enhance the requirement of water or doses of 
superplasticizer to maintain workability. But like conventional SCC and 
normal-weight concrete, the use of a greater amount of water decline the 
strength gain of LWSCC. Güneyisi et al. (2016) reported that a higher 
water/binder ratio significantly declines the compressive strength of 
LWSCC, however small doses of nano-silica at higher w/b were found to 
be effective to improve the strength of LWSCC. A similar decrease in 
strength of LWSCC with higher water content was observed by Lotfy 
et al. (2015). Generally, LWAC is more porous than conventional con
crete resulting in its lower strength gain. Along with it, higher water/
binder ratio creates a greater amount of pores due to the evaporation of 
free water, and concrete gains comparatively lower strength due to a 
higher porosity. 

5.6. Effects of addition of natural aggregate 

In terms of strength of concrete use of conventional normal weight 
aggregates combined with LWA might gain higher strength. Although 
the use of conventional aggregate will enhance the final density and 
thermal conductivity. Ranjbar and Mousavi (2015) used combinations 
of EPS and natural aggregates to produce LWSCC and reported that a low 
volume of EPS with high content of NA shows greater strength gains. 
(Kaffetzakis and Papanicolaou, 2016) conducted an experimental study 
on pumice-based LWSCC and observed that river sand added LWSCC 
gains greater strength over pumice sand added LWSCC. Conventional 
NA has greater strength than LWA and incorporation of NA combinedly 
with LWA helps to gain higher strength, these phenomena substantiate 
the fundamental knowledge of concrete science. 

5.7. Effects of pre-treatment of aggregates 

In recent years, pre-treatment of LWA is becoming popular to 
improve the fresh and hardened properties of concrete. Vahabi et al. 
(2021) used SBR and PVA latex coated scoria and LECA for the pro
duction of LWSCC. It was observed that latex coating on LWA signifi
cantly improved the fresh and mechanical properties of LWSCC. 
Providing another layer on LWA improved almost 21% and 13.5% 
compressive strength for scoria and LECA-based LWSCC. Assaad and El 
Mir (2020) reveal that the use of SBR latex improved the bond strength 
by promoting the formation of monolithic interlayer bonding and hin
dering the microcrack propagation. Güneyisi et al. (2016, 2015a) sug
gested that the use of water glass as a pre-treatment agent of LWA (cold 
bonded fly ash aggregate) might effectively improve the strength of 
LWSCC. The effectiveness of the pre-treatment is more significant when 
nano-silica and lower water/binder were used. The author reported an 
enhancement of almost 32% to 44% in compressive strength of LWSCC 
by using water glass as a pre-treatment agent. Probably, use of water 
glass makes LWA denser and harder leading to the enhancement of 
compressive strength. Water glass is also a lightweight material, and it 
does not have much impact on enhancing the density of aggregates. So, 
it can be concluded that the use of these pre-treatment methods can be 
very beneficial to enhance the strength of LWA, especially for porous 
structured LWAs such as EGA, and LECA. 
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5.8. Effects of type and forms of fibers 

The use of fibers in concrete mainly improves the flexural strength of 
concrete. Recently several authors used different types of fibers in 
LWSCC to enhance its mechanical properties. Aslani and Kelin (2018) 
conducted a comparative study to investigate the effect of PP and steel 
fibers on the compressive strength of LWSCC. Similar to normal weight 
concrete, compressive strength was observed increasing up to certain 
doses of fibers, and afterward, it started declining. The authors observed 
that the addition of 0.1% PP and 0.75% steel fibers show optimum 
compressive strength gain. The authors observed that incorporating 
0.1% PP and 0.75% steel fibers improved the compressive strength of 
LWSCC by nearly 38% and 63%, respectively. Similar results were 
observed by Liu et al. (2019); authors also reported that a combination 
of steel fibers and PP fiber in LWSCC might provide better strength gain. 
Li et al. (2021b) suggested that the use of micro steel fibers in LWSCC 
might be beneficial compared to long steel fibers. Several authors used 
sustainable fibers such as banana fibers, glass fibers, and waste plastic 
fibers in LWSCC. Similar to PP and steel fibers, up to certain doses, 
improvement in compressive strength was noticed. The use of fibers in 

concrete at low concentrations restricts the crack formations which 
helped to improve the compressive strength. While higher concentra
tions of fibers in concrete might entrap some air voids in concrete. 
Moreover, a high volume of fibers might push the LWA leading to dis
rupting the homogeneous distribution of fibers and aggregates. Perhaps 
due to these phenomena, the use of high volume of fibers in LWSCC 
resulted declining in compressive strength. 

5.9. Effects of nanomaterials 

The use of small doses of nanomaterials in concrete was observed to 
have a significant impact on compressive strength (Sharma et al., 2020). 
However, there were very limited studies evaluating the impacts of 
different types of nanomaterials on the properties of LWSCC. But it is 
expected to have almost similar behavior as occurred in conventional 
concrete. Madandoust et al. (2011) conducted experimental studies on 
EPS-based LWSCC using nano-silica and silica fume. It was observed that 
when a small amount of cement was replaced with nano-silica, concrete 
samples achieve slightly higher strength. Afzali Naniz and Mazloom 
(2018) reveal that the use of 3% colloidal nano-silica might improve the 

Table 4 
Durability properties of LWSCC.  

References LWA type LWA 
quantity, kg/ 
m3 

W/B Water 
absorption, 
% 

Capillary water 
absorption 

Drying 
shrinkage 

Electrical 
resistivity 

Chloride profile Freeze thaw 
resistance 

(Spiesz et al., 
2013) 

EGA 162.6–201.6 0.26–0.35 – 0.0068–0.0138 
(g/mm2) 

– 32.2 to 
34.1 Ωm 

9.08–15.38 
(1012m2/s) 
Chloride diffusion 

21.4–23.9 g/m2 

surface scaling 

(Ranjbar and 
Mousavi, 
2015) 

EPS 22.5–30% 0.44 ~4.7 to ~6.8 – – ~10 to 
~12.5 
kΩ–cm 

Till 15% EPS shows 
less than threshold 
value of chloride 
profile at 2.5 cm 
covering depth 

– 

(Feen et al., 
2017) 

POC 440 0.38 ~4.3 – – – – – 

(Ting et al., 
2020) 

OPS 455 0.31–0.33 6.10–7.33 – – – – – 

(Barnat-Hunek 
et al., 2018) 

Perlite 6.25–18.76 0.41 10.64–15.57 – – – – 0.03–7.88% 
mass loss after 
50 cycles 

(Kurt et al., 
2015) 

Pumice 140–705 0.30–0.45 8.58–24.51 – – – – – 

(Gonen and 
Yazicioglu, 
2018) 

Pumice 0–30% – – 1.45–2.69 cm/ 
s0.5 

– – – – 

(Ghanbari et al., 
2020) 

scoria 393 0.40 ~2.75 to ~5 – – ~45 to 
~160 
kΩ–cm 

– – 

(Yashar and 
Behzad, 2021) 

Scoria 420 0.38 4.5–5.56 – ~425 to 
~500 ×
10–6 

– – – 

LECA 3.96–5.51 295 to 395 
× 10–6 

(Afzali Naniz 
and Mazloom, 
2018) 

LECA 270 0.35 – – – 55–211 
Ωm 

– – 

0.45 43–202 
Ωm 

(Corinaldesi and 
Moriconi, 
2015) 

LECA 370–593 0.42–0.44 – – ~–.060 to 
~–0.310 
mm/m 

– – – 

(Nahhab and 
Ketab, 2020) 

LECA 93–186 0.25 – – 280 to 445 
× 10–6 

– – – 

(Shi and Wu, 
2005) 

Expanded 
shale 

546 0.34 – – ~0.64 to 
~0.82 % 

– 3.46–7.39 Exhibits 
excellent frost 
resistance 

(Lv et al., 2019b) Rubber 31–155 0.39 – – 335 to 384 
× 10–6 

– – – 

(Güneyisi et al., 
2015c) 

Cold 
bonded fly 
ash 

657–688 0.35 5.6 to 6 – – – 1923 to 3580 
Coulombs charge 
passed showing low to 
moderate chloride 
iron permeability 

–  
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compressive strength of LWSCC by 21%. Similarly, Askari Dolatabad 
et al. (2020) reported the improvement in compressive strength of 
LWSCC by using nano-SiO2, nano-TiO2, and nano-Al2O3. Generally, the 
use of the above-mentioned nanomaterials in concrete accelerates the 
hydration of concrete and growth of hydration products leading to 
improvement in microstructure and compressive strength. However, 
exceeding the threshold quantity of these nanomaterials declines the 
strength that can be attributed to the agglomerations of nanomaterials 
(Afzali Naniz and Mazloom, 2018). 

5.10. Effects of magnetic water 

Water is a polar material whose molecules tend to cluster together 
via hydrogen bonding (Ebrahimi Jouzdani and Reisi, 2020). A magnetic 
field breaks hydrogen bonds, which lowers the aggregation of water 
molecules in a cluster (Su and Wu, 2003) and easily penetrates the 
cement particles leading to improved fresh and mechanical perfor
mances (Boguszynska et al., 2005; Su et al., 2000). Salehi and Mazloom 
(2019) reported that use of magnetic water in LWSCC production shows 
significant positive impacts on strength development. Authors reported 
an almost 17.6% enhancement in compressive strength by using mag
netic water over tap water in the preparation of LWSCC. The enhance
ment can be attributed to magnetized water that easily penetrates the 
pores of cement paste and aids in the complete hydration of cement. In 
addition, the use of magnetized water provides dense and powerful ITZ 
leading to enhancement in compressive strength of LWSCC. A similar 
enhancement in the compressive strength of normal SCC using magnetic 
water was observed by several authors (Ebrahimi Jouzdani and Reisi, 
2020; Ghorbani et al., 2020). 

6. Durability properties of LWSCC 

6.1. Water absorption 

In terms of durability characteristics of concrete, water absorption 
properties might have notable impacts. Infiltration of water with 
harmful ions might severely damage the durability chrematistics of 
concrete. Basically, LWAC has a comparatively higher water absorption 
capacity than conventional concrete due to the presence of a higher 
volume of pores compared to conventional natural aggregates which 
may lead to higher water absorption properties. Table 1 shows that 
depending on the type of LWA and its physical characteristics, the water 
absorption capacity might differ. Therefore, LWAC prepared with almost 
similar density to different LWAs’ might show different water absorp
tion capacity, however, the inclusion of a high amount of mineral 
admixture can have considerable impact on the water absorption ca
pacity. Table 4 suggested that LWSCC prepared with highly porous 
structured LWA such as perlite, cold bonded fly ash, and pumice may 
exhibit higher water absorption capacity. On the other hand, the use of 
EPS, rubber can weaken adhesion with cement-based materials leading 
to weaker ITZ and an increase in water absorption capacity (Angelin 
et al., 2020; Hilal et al., 2021; Medher et al., 2021; Ranjbar and 
Mousavi, 2015). Ghanbari et al. (2020) suggested that the use of small 
doses of nano-silica in LWSCC might significantly improve the water 
absorption capacity, incorporating 2% nano-silica showed almost 38% 
decrease in the water absorption capacity of LWSCC. Güneyisi et al. 
(2015a) reported that the combination of silica fume and fly ash can 
contribute in effectively lowering the water absorption capacity of 
LWSCC. The authors observed an almost 15% decrease in water ab
sorption when a combination of fly ash and silica fume was used in the 
LWSCC. The incorporation of these pozzolans accelerates the formation 
of hydration products and fills the voids leading to improvement in 
water absorption properties. It was also observed that with the 
enhancement in hydration time, the effectiveness of these pozzolans 
becomes more effective due to improvement in microstructure and ITZ 
(Güneyisi et al., 2015c). Yashar and Behzad (2021) suggested that the 
use of SBR and PVR polymer coating on LWA might lower the water 
absorption of LWA and LWSCC. A similar observation was noticed by 
Adhikary (2022). The use of these polymers lower the formation of 
capillary pores and improves the ITZ leading to improvement in water 
absorption of LWSCC. So, from this literature study, it can be concluded 
that the use of LWA in LWSCC might enhance the risk of water ab
sorption but with the inclusion of mineral admixtures and polymer 
coatings, these problems can be eliminated. Besides, the use of nano
materials and hydrophobic coating, and curing conditions have positive 
impacts on the water absorption of concrete. Limited studies have been 

Figure 3. Relationship between density and compressive strength of LWSCC 
containing different types of LWA. (EGA (Yu et al., 2013); plastic aggregates 
(Yang et al., 2015); OPS (Ting et al., 2020); POK (Cheboub et al., 2020); cold 
bonded fly ash aggregates (Güneyisi et al., 2015b); EPS-(Ranjbar and Mousavi, 
2015); Rubber-(Aslani and Kelin, 2018); LECA-(Corinaldesi and Mor
iconi, 2015)). 

Figure 4. Relationship between LWA replacement concentration and decrease 
in compressive strength of LWSCC. (coconut shell (Muthusamy and Kolandas
amy, 2015); pumice (Arun Kumar et al., 2020); recycled plastics (Faraj et al., 
2021); ponza (Almawla et al., 2019); polymeric waste (da Silva et al., 2020); 
COK (Cheboub et al., 2020); scoria (Dolatabad et al., 2020); cold bonded fly ash 
(Güneyisi et al., 2015b); EPS (Madandoust et al., 2011); rubber (Lv et al., 
2019a); LECA (Dolatabad et al., 2020)). 
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conducted evaluating the water absorption properties of LWSCC. Future 
studies might concentrate on investigating the impact of different pa
rameters such as polymer coatings, nano materials, hydrophobic coat
ings, and curing conditions on the water absorption of LWSCC. 

6.2. Interfacial transitional zone 

Adhikary et al. (2021) reported the effects of the surface texture of 
LWA, moisture content, and density on the quality of ITZ that might 
have a profound impact on the durability and strength characteristics of 
concrete. The surface texture and adhesion properties of LWA might 
differ according to the type of LWA. It was observed that some LWA such 
as LECA, expanded glass, perlite, and scoria have good adhesion with 
cementitious material leading to better ITZ (Barnat-Hunek et al., 2018; 
Duplan et al., 2014; Yashar and Behzad, 2021; Yu et al., 2013). While 
EPS, rubber, COK, and polymeric waste have lower adhesion with 
cementitious materials leading to separation gaps in the transition zone 
(Angelin et al., 2020; Cheboub et al., 2020; da Silva et al., 2020; Ranjbar 
and Mousavi, 2015). The ITZ of LWSCC prepared with different types of 
LWA is presented in Figure 6. From the separation gaps, air and water 
can be penetrated with harmful ions, leading to a compromise in the 
durability characteristics of concrete. However, Liu et al. (2019) re
ported that the use of silica fume might slightly improve the ITZ and 
make denser concrete structures due to the formation of higher C-S-H 
gels. Yashar and Behzad (2021) reported that the use of PVR and SBR 

latex coating on LWA can create a dense structure in the ITZ. Adhikary 
(2022) used SBR and paraffin to coat the lightweight aggregates and 
reported similar improved denser ITZ. This can be attributed to the 
formation of monolithic interlayer bonding. So from this literature 
study, it is evident that the ITZ of LWSCC mainly depends upon the type 
of LWA, some LWA may have lower adhesion but the use of silica fume 
and polymer coatings can help to mitigate the weaker adhesion and ITZ. 

6.3. Drying shrinkage 

Literature studies indicate that the drying shrinkage of LWSCC 
largely depends on the water/binder ratio, type of aggregate and 
aggregate content (Güneyisi et al., 2015a; Nahhab and Ketab, 2020; 
Yashar and Behzad, 2021). A higher rate of drying shrinkage in concrete 
might result in cracks leading to compromise in durability. It was 
observed that the drying shrinkage of LWSCC increased from 90 to 120 
days depending upon the type of LWA used in the concrete and there
after it stabilized (Lv et al., 2019b; Nahhab and Ketab, 2020). Güneyisi 
et al. (2015a) suggested that LWA with higher water absorption capacity 
might enhance the risk of drying shrinkage. As indicated in Table 1, the 
water absorption capacity of LWA is largely dependent upon the type of 
LWA and its size. So, it is expected to have an inconsistence in the drying 
shrinkage of LWSCC prepared by the type of LWA with different grad
ings. Yashar and Behzad (2021) conducted a comparative analysis of 
drying shrinkage of LWSCC prepared with two different types of LWA 

Figure 5. Internal curing of LWA (Adhikary et al., 2021; Namsone et al., 2017).  
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and reported that LWA with higher water absorption capacity exhibits a 
higher drying shrinkage rate. Authors reported almost 31% lower drying 
shrinkage of LECA-based LWSCC compared to scoria based LWSCC. 
Nahhab and Ketab (2020) observed a higher rate of drying shrinkage of 
LWSCC containing a high volume of LWA compared to LWSCC con
taining a low volume of LWA. This enhancement in drying shrinkage of 
LWSCC can be explained with lower stiffness and modulus of elasticity 
of LWA compared to conventional aggregates. Due to this fact, cement 
paste faces lower restrictions leading to a higher rate of drying 
shrinkage. Authors also reported that the use of the smaller grain of 
LECA exhibits a higher drying shrinkage value, it could be due to the 
higher water absorption capacity of small grain LECA compared to 
larger grain. Authors reported an almost 27% lower drying shrinkage 
value of 20 mm LECA added LWSCC compared to LWSCC prepared with 
10 mm LECA. However, it was evident that the use of fibers, nano-silica, 
and a lower water/binder ratio improved the drying shrinkage of 
LWSCC (Corinaldesi and Moriconi, 2015; Güneyisi et al., 2015a; Nah
hab and Ketab, 2020). At greater water/binder ratio, free water evap
orates and enhances the risk of shrinkage while the addition of 

nano-silica and lower water binder ratio make concrete denser leading 
to improvement in drying shrinkage. Generally, fibers have a greater 
elastic modulus that help to mitigate the higher risk of drying shrinkage 
of concrete. Shi and Wu (2005) reported that the use of glass powder in 
LWSCC shows finer drying shrinkage compared to coal fly ash added to 
LWSCC. This can be explained by the tendency of fly ash to absorb some 
water, while the addition of glass powder can make concrete denser 
leading to lower drying shrinkage value. ACI committee suggested that 
the use of a partial amount of natural aggregate in LWAC might signif
icantly improve the drying shrinkage of concrete. The addition of nat
ural aggregate can make concrete stronger and lower the water 
absorption capacity leading to improvement in drying shrinkage. So, 
from this extensive literature study, it is clear that LWSCC might face 
higher drying shrinkage risk due to the higher water absorption capacity 
of LWA. But the use of a partial amount of natural aggregates, glass 
powder, ultrafine pozzolans, and fibers can mitigate this risk of higher 
drying shrinkage of LWSCC. 

Figure 6. ITZ of LWSCC is prepared with different types of aggregates: a. natural aggregates (Cheboub et al., 2020); b. shale ceramsite (Li et al., 2021b); c. EGA (Yu 
et al., 2013); d. scoria (Yashar and Behzad, 2021); e. LECA (Yashar and Behzad, 2021); f. plastic (Yang et al., 2015); g. rubber (Angelin et al., 2020); h. COK 
(Cheboub et al., 2020); i. EPS (Ranjbar and Mousavi, 2015). 
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6.4. Electrical resistivity 

The electrical resistivity of concrete evaluates the risk of corrosion of 
rebar, a higher risk of corrosion might compromise the durability of 
concrete. In another words, the electrical resistivity of concrete de
scribes the potentiality to hold out the movement of charged ions. The 
electrical resistivity of concrete shares an inversely proportional rela
tionship with corrosion risk, higher electrical resistivity represents a 
lower risk of corrosion occurrence. Ranjbar and Mousavi (2015) studied 
the impacts of EPS content on the electrical resistivity of LWSCC and 
reported that a higher volume of EPS exhibits a lower corrosion risk. The 
increase in EPS content in the concrete results in a decline in electrical 
resistivity. The resistivity of the control sample was reported at 19 
kΩ-cm, which decreased to 10 kΩ-cm for the concrete sample containing 
30% EPS. While the use of scoria, LECA, and EGA added to LWSCC 
shows a higher risk of corrosion (Mehrinejad Khotbehsara et al., 2017; 
Spiesz et al., 2013). However, it was observed that the use of nano-silica 
and zeolite powder lowers the water binder ratio and exhibits higher 
electrical resistivity, which represents an improvement in corrosion 
occurrence risks (Afzali Naniz and Mazloom, 2018; Ghanbari et al., 
2020; Spiesz et al., 2013). This improvement might be due to the 
pozzolanic activity of these pozzolans that improve the microstructure. 
Tumidajski et al. (1996) reported that higher porosity in concrete might 
lower the electrical resistivity. So, it can be understood that the use of a 
high volume of porous structured LWA might result in lower electrical 
resistivity. Azarsa and Gupta (2017) suggested the type of aggregate, 
size of aggregate and curing conditions have notable impacts on the 
electrical resistivity of concrete. There were very limited studies eval
uating the electrical resistivity of LWSCC, further detailed research is 
required to investigate the electrical resistivity of different LWA added 
LWSCC. 

6.5. Freeze-thaw resistance 

Freeze-thaw resistance of concrete is notably impacted by the 
porosity of concrete; higher porosity of concrete mitigate the micro- 
crack damages provided by recrystallization of ice. Spiesz et al. (2013) 
reported that LWSCC having higher porosity and pore connectivity 
provides greater frost resistance. The authors suggested that the use of 
EGA in LWSCC can provide excellent frost resistance. Shi and Wu (2005) 
reported that expanded shale added LWSCC also shows excellent frost 
resistance. The relative dynamic modulus of elasticity of LWSCC remains 
almost 60% even after 320 freezing cycles. Barnat-Hunek et al. (2018) 
suggested that perlite added to LWSCC might show satisfactory frost 
resistance at a lower concentration of perlite in LWSCC. The frost 
resistance of LWSCC can differ from LWAC due to the use of a higher 
volume of mineral admixtures in LWSCC. There are very limited studies 
presenting the evaluation of frost resistance of LWSCC, and further 
detailed studies are required to reach on worthy conclusion. However, 
on the basis of the literature study, it can be understood that LWSCC can 
provide better frost resistance than conventional SCC due to the high 
volume of porosity. 

7. Discussion 

The comprehensive literature study suggests that the workability 
performance of LWSCC mainly depends on the void content, packing 
density, type, and properties of LWA. Porous structured LWA can absorb 
water during the mixing process leading to a decrease in workability, in 
that case, pre-wetting and pre-treating with hydrophobic coatings can 
help to improve the workability of LWSCC. Like conventional SCC, the 
similar impact of superplasticizer doses, water/binder ratio, fibers, and 
supplementary cementitious materials such as fly ash, and silica fume 
were observed useful for LWSCC. Table 3 shows the incorporation of fly 
ash, silica fume, limestone powder, and blast-furnace slag, these are the 
most used supplementary cementitious materials for LWSCC production. 

Due to very light density, lightweight aggregates have a tendency to 
float on the top of the concrete mix promoting segregation. However, 
proper aggregate gradation, packing density, and binding material 
concentration can help to provide self-compatibility even at nearly 850- 
1400 kg/m3 density. It can be observed from Table 3 that LWSCC at a 
lower density might increase the demand of binding material to satisfy 
the requirements of self-compacting concrete. Although, the develop
ment of a new LWSCC mix design obtained from the mixing and trial 
method with increased binding paste concentration might help to ach
ieve target workability. There is no available guideline on LWSCC and 
perhaps the new mix design of LWSCC can help to develop a simple 
guideline for the preparation of LWSCC. 

From the extensive literature studies, it is confirmed that the con
crete mix design, type of LWA, and its characteristics are the prime 
influential factors affecting the strength development of LWSCC. Other 
factors like water/binder ratio, inclusion of pozzolan, fibers, and 
nanomaterials show almost similar behaviors as in conventional con
crete. Generally, due to the weakened strength of LWA, LWSCC achieves 
lower compressive strength than the conventional LWSCC. Figure 3 and 
Figure 4 represent the relationship between the density and compres
sive strength suggesting LWA replacement concentration and its effect 
on the compressive strength of LWSCC containing different types of 
LWAs’. Porous structured LWA also provides internal curing that might 
also have positive impact on the hydration of cement (Adhikary et al., 
2021). Interestingly, LWA aggregate absorbs water during the concrete 
mixing process and supplies the water through a curing process that help 
to complete the hydration processing. Figure 5 shows the internal 
curing of LWA, there are limited studies mentioning the impact of curing 
conditions on the strength of LWSCC, further studies might concentrate 
on it. It was observed that most of the LWSCC having a density of more 
than 1200 kg/m3 satisfy the ACI-213R-03 2003 and ACI-213R-2014 
requirements to be used as structural concrete. Several authors devel
oped LWSCC even below 1100 kg/m3 density using very lightweight 
aggregates; due to the higher volume of pores, LWSCC fails to gain 
sufficient strength to be used as structural concrete. However, these kind 
of LWSCC can be very beneficial for thermal insulation purposes due to 
their greater thermal resistance properties. The comprehensive litera
ture review demonstrates that the physical and chemical properties of 
LWA have notable impacts on the durability of LWAC. LWAC prepared 
with porous LWA such as perlite, pumice, expanded clay, cold-bonded 
fly ash, and expanded glass aggregate concrete exhibit a higher risk of 
water absorption capacity increasing the rate of drying shrinkage. The 
use of expanded clay, EGA, and scoria in higher volumes also increases 
the risk of corrosion in concrete. However, concrete incorporating EPS 
shows improved corrosion resistance. It was also observed that the 
incorporation of pozzolanic fillers at an optimum level might signifi
cantly lower the rate of water absorption, corrosion, and drying 
shrinkage of LWAC. Literature studies indicate that the combination of 
natural and LWA is beneficial in terms of strength, water absorption, 
corrosion resistance, and drying shrinkage. Despite the other durability 
characteristics, LWAC shows excellent frost resistance over conventional 
concrete. 

8. Conclusion 

This literature review provides a detailed study of the physical, 
mechanical, and mineral composition of different lightweight aggre
gates. It also provides detailed information about the impact of different 
types of lightweight aggregate on the fresh, mechanical, and durability 
properties of lightweight self-compacting concrete. From the compre
hensive literature study following conclusions can be drawn.  

• The physical and mechanical characteristics of lightweight aggregate 
are varied according to their type and size. The bulk density of 
different lightweight aggregate lies in the range of 10 to 1300 kg/m3 

having up to 20% water absorption capacity. The cell size of LWA can 
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lead to variation in strength and bulk density of lightweight aggre
gate concrete, greater cell size of LWA lead to a decrease in density 
and strength performance of LWA.  

• The use of lightweight aggregates in lightweight self-compacting 
concrete can increase the risk of water absorption but with the in
clusion of mineral admixtures and polymer coatings, this problem 
can be eliminated.  

• The surface texture and adhesion properties of lightweight aggregate 
might differ according to the type of LWA; some LWAs’ may have 
lower adhesion, however, the use of silica fume and polymer coat
ings can help to mitigate the weaker adhesion and ITZ.  

• The workability of lightweight self-compacting concrete is largely 
dependent upon the void content and packing density, type, and 
properties of lightweight aggregate. Porous structured lightweight 
aggregate absorb some water during the mixing process and lower 
the workability, use of pre-wetting and pre-treatment with polymers 
and water glass can positively contribute on workability. Like normal 
self-compacting concrete, almost similar impact of incorporation of 
pozzolanic addition, fiber, superplasticizer, and water/binder ratio 
was noticed in lightweight self-compacting concrete. 

• The strength of lightweight self-compacting concrete generally de
pends on the concrete mix design, type of lightweight aggregate, and 
its characteristics. Other factors like water/binder ratio, inclusion of 
pozzolan, fiber, and nanomaterials have almost similar behaviors 
that can be observed in conventional concrete. However, the inclu
sion of nano-materials such as nano-SiO2, nano-TiO2; fibers, and 
magnetic water can contribute to enhance the strength properties.  

• Lightweight self-compacting concrete having a density of more than 
1200 kg/m3 satisfying the ACI-213R-03 2003 and ACI-213R-2014 
requirements to be used as structural concrete. Density below 1100 
kg/m3 fails to gain sufficient strength to use as structural concrete, 
however, these kinds of lightweight self-compacting concrete can be 
very beneficial for thermal insulation purposes due to their greater 
thermal resistance properties.  

• Lightweight self-compacting concrete without pozzolanic addition 
might face a higher risk of corrosion while the addition of ultrafine 
mineral admixtures with a lower water binder ratio can successfully 
mitigate these problems. However, despite the lower strength, higher 
water absorption, and corrosion risk lightweight self-compacting 
concrete shows excellent frost resistance.  

• Due to the high volume of porous structured lightweight aggregate, 
lower electrical resistivity is generally observed in lightweight self- 
compacting concrete; the type of aggregate, size of aggregate, and 
curing conditions significantly affect the electrical resistivity of 
concrete. 

Future prospective  

• In laboratory work, several mix designs of LWSCC have been 
developed, however, validation of this work requires their applica
tion on real construction sites. In this perspective, the mixing and 
trial method through manipulating mixing compositions might help 
to reach target workability and hardened properties. The de
mographic analysis of the LWSCC mix design and its performance is 
essential to develop the guidelines for the widespread application of 
the LWSCC mix design.  

• Most of the research articles concentrated on the fresh and hardened 
properties of LWSCC, further detailed studies are required on the 
durability assessment of different LWAs’ added LWSCC.  

• LWSCC below 1200 kg/m3 has been developed a number of times 
using different types of LWAs’, but only a few studies presented the 
thermal conductivity of those composites. However, development of 
thermal insulating LWSCC is only restricted to research 
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