
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 12, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 230 

Feasibility Study on Lightweight Aggregates in Concrete - A Review 
N.Sellakkannu1 C.Tamilarasan2 

1PG student 
1,2K.S.Rangasamy College of Technology

Abstract— Now a day there are so many construction 

materials for concreting and various types of concretes are 

available in the development of construction materials and 

in field. Of these Lightweight concretes are widely preferred 

as this uses the waste materials as by products for the 

aggregates. Lightweight aggregate can be made out of 

materials that are considered waste and pollutants of 

environment and are largely available for recycling. 

Consequently, the usage of lightweight aggregate concretes 

solves few problems and few among them are, these uses the 

waste materials as aggregates, prevents natural resource 

from further depletion and these are mostly cost efficient. 

The below report discussed the properties and its importance 

of on various aspects of Lightweight concrete materials. 
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I. INTRODUCTION 

In the current scenario, the disposal problem of industrial 

by-products like Fly ash, Rice husk, Oil Palm shell etc., has 

become an unused waste materials and can be utilised in 

concrete castings.  Lightweight aggregates made out of these 

waste products generally have different properties based on 

their source material, binder properties, method of 

manufacturing etc. The shape and texture of aggregate 

affects the fresh property of the concrete. Rounded 

aggregates promote workability of concrete while the 

angular nature of natural gravel gives a better bonding 

property but requires more cement mortar for better 

workability. Well graded aggregate makes the cement paste 

consumption lesser, thereby reduces the cost of concrete. 

These can be achieved by reduced void ratio thereby reduces 

the amount of paste required to fill the voids. These large 

quantity of industrial wastes can be utilized for depletion of 

natural aggregates, these increase the various potential of 

manufacturing Lightweight aggregates and Lightweight 

concretes from different waste products and other by-

products. 

Various methods are adopted for producing 

different Lightweight aggregates and Lightweight concretes 

such as sintering, autoclaving and cold bonding etc. These 

Lightweight Concrete materials can be used in various 

applications like masonry blocks for high rise buildings, 

wall panels for multi-storey buildings, heavy buildings 

structures, lightweight structures etc in the utilization of the 

materials and for efficient purposes. Further research to 

evaluate the use of lightweight materials in concrete 

production is therefore required. The compressive strength 

and other properties of conventional lightweight concrete 

materials and determined. The results are then studied, 

analyzed & compared. 

II. LITERATURE REVIEW 

Gomathi P. and Sivakumar A. (2015) investigated the 

Mechanical performance of Concrete by incorporating Fly 

ash based light weight aggregates and made comparative 

assessments on the physical and mechanical  properties of 

cold bonded and sintered fly ash aggregates. They reported a 

detailed investigation on the various mechanical and 

durability properties of fly ash aggregate substituted 

concrete. They investigated using materials such as class-F 

fly ash, bentonite, cement, fine aggregates and super 

plasticizer. At first, they produced Fly ash bentonite 

aggregate using agglomeration process which was produced 

in the form of Pellets. The mechanical properties were 

studied using crushing strength and impact strength and the 

individual crushing strength of the aggregate was tested 

using Califonia bearing ratio test apparatus. The casting and 

curing procedure of Concrete using Light weight aggregate 

was done with the proper mix of water level as additional 

water is required to achieve the desired workability level. 

Further most, tests such as Compressive, Split Tensile, 

Flexural, Ultra sonic pulse Velocity, Alternate wetting and 

drying, Water permeability and Sulfate attack tests were 

conducted over the Hardened Concrete. Based on the test 

results they arrived on a conclusion that Compressive 

properties of concrete are being affected by the increase in 

volume of aggregates as well as by the type of aggregates 

and when compared with the cold bonded aggregates, the 

sintered fly ash aggregate showed high compressive 

strength. 

Morgan Chabanneset al., (2014) studied on the 

development of an insulated concrete which had the same 

properties of Hemp concrete but replaced it using rice husk 

(vegetable aggregate). The concrete specimens were made 

out of whole rice husks and lime-based binders were made 

by mixing and mechanical tamping. The experimental 

procedures included the Structural and morphological 

analysis, Water sensitivity of particles and the study 

macroscopic properties of the composite materials were 

done. The authors concluded with experimental results 

showing complete different features for rice husk and hemp 

hurd and the rice husk concretes showed good thermal 

properties and showed higher mechanical strength in longer 

terms. 

FatihAltun and BekirAktas (2013) investigated on 

the Reinforced concrete beams behavior using Steel fibres 

as Light weight Concrete. The Four point loading 

experiment were done on the specimens which included 

prismatic concrete beams with steel fibres and reinforced 

concrete beams with different strengths and ratios. From the 

displacement, stress-strain properties and other experimental 

test results the authors have concluded that the addition of 

steel fibres increased the performance of the reinforced 

concrete beams and the weight of the reinforced concrete 

beams decreased when compared to the weight of the 

conventional concrete beams. The authors also stated that 

the steel fibre induced Lightweight concrete can be 

considered instead reinforced concrete beams as it showed 

decrease in the dead load. 

Mehmet Gesogluet al., (2013) studied on the 

effects of steam and water curing for the compressive 
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strength development and transportation properties such as 

water sorptivity, rapid chloride ion penetration and gas 

permeability tests over concretes with Lightweight fly ash 

aggregates were done.  For the production of Concrete, a 

fixed amount of Lightweight coarse aggregate and varying 

amount of Lightweight fine aggregate were used. LWFA 

were mixed with five different replacement levels 

comprising of 0%, 25%, 50%, 75% and 100%. Based on the 

test results the authors came to a conclusion that steam 

curing over LWCs had high early strength on day 1, 

however when compared with more number of days, the 

water cured LWCs had more amount of compressive 

strength development.  

Gunasekaran K. et al., (2013) studied on the 

Reinforced lightweight coconut shell concrete beams under 

flexural behavior with coconut shell as coarse aggregate. 

The test results were compared and analyzed with the 

normal conventional concrete beams. The experimental tests 

included the Ultimate load tests, Deflection behavior, 

Cracking behavior, Ductility behavior, Stress-strain 

behavior in both compression and tension and end rotations. 

The results showed good ductile behavior and the crack 

widths were within desired limits and even the Coconut 

shell influenced concretes achieved full strain capacity 

under flexural loadings. The authors even concluded that 

Coconut shell will become one of the best alternatives for 

the use as coarse aggregate. 

SerkanSubasi (2009) investigated on the effects of 

using fly ash on high strength lightweight concretes 

produced with expanded clay aggregates by conducting 

quite a few tests over the test samples. The experimental 

tests included Concrete Density, Porosity, Ultrasonic pulse 

velocity tests and Compressive & Split tensile strength tests. 

The determined test results and inspection of the concrete 

samples using optical microscope showed that there was a 

strong bonding between the cement paste and Expanded 

Clay Aggregates (ECA). The author also found that ECAs is 

a lighter aggregate with higher strength when compared 

with other Natural light weight aggregates and when it has 

been used as a FA, nominal amount of cement can be saved.  

Markus Benhardtet al., (2014) investigated on 

Carbon Steel fibre added Reinforced Lightweight expanded 

clay aggregate which were produced on a pilot scale rotary 

kiln. The test results were obtained by various tests such as 

Particle Density, Bulk Density and uniaxial compression 

over the aggregates. The results were also studied for the 

Mechanical properties and Micro structure and compared 

with the results of the materials without fibres. Besides the 

enhanced mechanical properties, the presence of fibres also 

led lower porosity, smaller pore sizes and changes in 

chemical and mineralogical composition. The authors also 

came to a conclusion that Steel-fibre reinforced LWA may 

be used when high strength is needed.  

 AlexandreBogas J. et al., (2013) studied on the 

Compressive strength evaluation of Structural Lightweight 

concretes comprising of Clay aggregates by Non-destructive 

ultrasonic pulse velocity test method. The study involved 

about testing of 84 different compositions compressive 

strength ranging from about 30 to 180 Mpa. The specimens 

showed different type, volume, initial wetting conditions of 

aggregates, different binder ratios and volume of mineral 

admixtures. The test results derived were highly influenced 

by the types of aggregates, water-cement ratio, volume of 

aggregates and type of binders. With the study results, the 

authors concluded that Non destructive Ultrasonic pulse 

velocity method on specimens showed high correlation 

coefficients.  

 SukhvarshJerathet al., (2007) studied on the effects 

of Fly Ash content and aggregate gradation over the 

Durability properties of Concrete pavements. The study 

showed that the increase of fly ash content from 30% to 

45% increased the durability of concrete mixtures. For the 

study the authors designed around 8 types of mixtures. The 

study included tests such as Compressive Strength, Flexural 

Strength, Specific gravity, Absorption Voids over Hardened 

Concrete. Resistances to Rapid Chloride Ion permeability, 

Freezing & Thawing were also studied. During the process, 

the permeable pore space decreased in the specific gravity, 

absorption and voids in hardened concrete tests. The study 

results also suggested that there were not many differences 

in the Compressive and Flexural strengths of mixtures 

containing gap and dense graded aggregates. The authors 

also arrived at a conclusion that the durability of concrete 

mixtures can be increased by using higher percentages of fly 

ash content for the replacement of Portland cement.  

 EmreSancaket al., (2008) studied on the Effects of 

high temperature on compressive strength and about the 

weight loss in Light-Weight concrete when silica fumes and 

Superplasticizer were added.  For the experimental study 12 

different concrete mixtures were produced. The weight loss 

begin after being exposed to high temperatures of 400o C to 

1000o C and the change in strength also occurred when 

exposed to high temperatures. Based on the test results the 

authors arrived at a conclusion that, the use of Silica Fumes 

increased the water requirement and decreased the unit 

weight slightly, the Normal Weight Concrete (NWC) 

showed higher strength loss than Light Weight Concrete 

(LWC) and finally both couldn’t with stand the higher 

temperature of 1000o C. 

 Mehmet Gesogluet al., (2014) studied on the 

permeation characteristics of self-compacting concrete 

(SCC) made out of partial substitution of natural aggregates 

with rounded lightweight aggregates. The transport 

properties were determined by Water Sorptivity, Water 

Permeability, Rapid Chloride ion permeability and Gas 

permeability tests and the mechanical properties were 

determined in terms of Compressive Strength, Splitting 

tensile strength and structural efficiency. The test results 

showed a considerable decrease in compressive strength on 

the replacement of Light Weight Aggregates and also due to 

high permeable and porous structures, the content of cold-

bonded Lightweight aggregate resulted in a systematic 

increase of Chloride-ion permeability. The results also 

showed negative effect of LWAs on the chloride ion 

permeability tests. The authors also suggested that SCCs 

with LWFA had better performance on the Durability 

properties. 

 Jian C. Lim and TogayOzbakkaloglu (2014) 

studied on the Stress-Strain model for Normal and 

Lightweight concretes under uniaxial and triaxial 

compression. They suggested that the accurate prediction of 

Stress-strain relationship of concrete is of vital importance 

to accurately predict the overall structural behavior of 

Reinforced Concrete members. The experimental results 
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were assembled with Unconfined and actively confined 

specimens. The authors also arrived at a unified Stress-

Strain model for the predictions of compressive behavior of 

concrete specimens and a Compressive strength up to 120 

Mpa were applied. After the application of the load, the 

model showed improved predictions of peak stresses and 

strains and changes in shapes of stress-strain curves were 

also observed. 

 Ma H.L. et al., (2013) experimentally studied on 

the mechanical properties of the Steel Fibre reinforced 

autoclaved Propylene Oxide sludge Shell-aggregate (POSS-

A) concrete. The experiments were done under the condition 

of a fixed water cement ratio to investigate the effects of 

Steel fibre content. The mix proportions used in the study 

contains the volume fractions of steel fibre of 0% to 2%.The 

compressive test, Split tensile tests and Flexural tests were 

done over the specimens. The authors concluded that the 

compressive strength of concrete increased with the addition 

of steel fibres and the Flexural strength of POSS-A concrete 

improved by 108% when steel fibre fraction varied from 0% 

to 2%. The authors also concluded that Compressive and 

Flexural performance of Steel fibre reinforced POSS-A has 

potential application prospect in Fibre Reinforced concrete. 

 Mahmoud Hassanpouret al., (2012) did a general 

review on Lightweight aggregate concrete with Fibre 

reinforcement. This study showed the use of fibres on 

Lightweight Aggregate Concrete (LWAC) as this had the 

same compressive strength when compared to Normal 

weight Concrete (NWC). The test properties included the 

tests such as Workability, Compressive Strength, Stress-

Strain behavior, Tensile Strength, Modulus of Elasticity, 

Compressive and Flexural toughness tests. The fibres were 

included in Single or in hybrid forms. The authors came to a 

conclusion that use of mineral admixtures, air-entraining 

admixtures and small steel fibres increased the density of 

LWAC and the combination of Steel fibres with non-

metallic fibres results in better toughness properties. 

 Mehmet Gesogluet al., (2004) studied 

experimentally on the Shrinkage Cracks of Lightweight 

Concrete (LWC) made with Cold-bonded Fly ash aggregates 

with ring-type specimens. The authors conducted 

experimental tests for Compression, Static elastic modulus, 

Split-tensile strength, free shrinkage, weight loss and 

maximum crack width. The authors also arrived that the use 

of silica fumes improved the mechanical properties but 

negatively affected the shrinkage performance. With the test 

results the authors arrived at a conclusion that the negative 

effect was less when the Water-Cement ratio was 

pronounced at 0.55 and the shrinkage cracking was observed 

at about 7 to 11 days but with the addition of Silica fumes, 

the cracking took place earlier but when compared with the 

Normal weight concrete the shrinkage cracking performance 

of LWC was poorer. 

 PatcharapolPosiet al., (2013) studied on the 

properties of Pressed lightweight concretes containing 

calcineddiatomite(DE) aggregate and found out that 

Diatomite in its natural form possesses low reactivity and is 

a weak material too. The authors crushed diatomite and 

classified it as fine, medium and coarse aggregates. The tests 

for Density, Compression, Porosity and water absorption 

were conducted over the materials. With the results, the 

authors arrived at conclusion that optimum calcined 

temperature for reactive diatomite should not be less than 

500º C and the use of calcined DE aggregate increased 

compressive strength, relative density and thermal 

conductivity compared to those with uncalcined DE. The 

authors also suggested that the calcined temperatures should 

be 600º C for the fine and medium aggregate to obtain the 

pozzolanic property. 

 Omar A. Abdulkareemet al., (2014) experimentally 

studied on the effects of elevated temperatures on the 

thermal behavior and mechanical performance of fly ash 

geopolymer paste, mortar and lightweight concrete. The 

studied physical properties showed that Lightweight 

Aggregate Geopolymer concrete (LWAGC) possess lower 

density and water absorption ratio. In the study, the 

Geopolymer mortar and LWAGC were prepared and dried 

in oven-dry condition. The authors came to a conclusion that 

mortar and LWAGC before and after exposure to elevated 

temperatures showed a substantial variation in performance 

and properties of geopolymer. Whereas the unexposed 

LWAGC possessed a relatively low compression strength 

due the incorporation of low strength and high density 

LWAs.  

 Johnson Alengaram U. et al., (2013) reviewed on 

the Utilization of Oil Palm Kernel shell (OPKS) as 

Lightweight aggregates in Concrete. Basically OPKS is a 

waste material obtained during the extraction of palm oil by 

crushing of the palm nut in the palm oil mill. Various other 

investigations studied by the authors showed that the use of 

crushed OPKS can be used to produce medium and high 

strength concrete. The physical and mechanical properties 

were studied to find the feasibility of the material and the 

concretes were batched and further tests over the concrete 

specimens were done. The authors concluded that OPKS is 

irregular in shape and has low specific density and possess 

very low workability from low slump values. And also 

OPKS foamed concrete possess high compressive strength 

compared to other concrete materials. 

 Her Yung Wang et al., (2013) studied on the 

properties of controlled low-strength rubber lightweight 

aggregate concretes (CLSRLC). The authors studied with 

replacement of 0%, 10%, 20%, 30% and 40% with waste 

tire rubber over concrete. The compressive strength tests 

were done and the results indicated the decrease in strength 

on CLSRC and CLSRLC when the ratio of rubber 

replacement increased. Whereas, CLSRLC showed positive 

results in case of workability, low cost and environment 

friendly properties when compared with CLSRC. The 

authors concluded that the initial setting time increased with 

the increase in replacement of rubber particles and the 

rubber replacement of 20% showed good results in concrete 

construction and in safety properties too. 

 Delsey C.L. Teoet al., (2006) studied on Flexural 

Behaviour of Reinforced Lightweight Concrete beams made 

with Oil Palm Shell (OPS) and suggested that beams with 

low reinforcement ratios satisfied the serviceability 

requirements. The study suggested the utilization of OPS in 

concrete production solved to conserve natural resources. 

The compression tests were done with two point load over 

the beam specimen and the deflection were recorded using 

LVDTs and the top surface of the beams were also 

instrumented with a strain gauge to measure the concrete 

compressive strains and the end rotations were measured 
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using a theodolite. The investigation results suggested that 

flexural behavior of OPS concrete showed encouraging 

results when compared to other conventional concrete 

materials. 

 Ming Kun Yew et al., (2014) studied on the effects 

of heat treatment on Oil Palm Shell (OPS) coarse aggregates 

for high strength light weight concrete (HSLWC). The 

experiment studied that OPS aggregates were subjected to 

heat treatment at different temperatures and the reduction in 

density were found to be in HSLWC. The results suggested 

that workability factor of OPSC is dependent on the 

temperature and duration of heat treatment of OPS 

aggregates and the compressive strength increased with an 

increase in heat treatment temperature. The Ultrasonic Pulse 

Velocity (UPV) test were also done for assessing the 

presence of voids in the material. The authors concluded 

that the selection of suitable temperature and duration of 

heat treatment on OPS aggregates had positive effects on 

modulus of elasticity. 

 Yi Xuet al., (2012) studied on the Mechanical 

properties of expanded Polystyrene Lightweight aggregate 

concretes and bricks. Basically the authors studied on the 

mix proportion parameters of expanded polystyrene light 

weight aggregate concrete using Taguchi’s approach. Most 

of the concrete mixes showed good workability whereas few 

mixtures alone showed the tendency of segregation and 

collapse due to their higher EPS aggregate content, resulting 

in a lower degree of compaction. The compressive strength 

study showed that when the content of cement increased in 

the concrete mix, the compressive strength falls first and 

then rises. The authors also concluded that concrete failed at 

lower strain levels as the strength decreased.  

 KwangSooYoumet al., (2014) studied on the 

Punching shear capacity of lightweight aggregate concrete 

(LWAC) slabs having low reinforcement ratios. The study 

consisted of casting normal concrete slabs and different 

types of LWAC slabs. The experimental study were 

conducted by the authors for the punching shear resistivity 

over the test slabs. The vertical displacements were 

measured using LVDTs. The Nonlinear FEA were also done 

by the authors to analyze the failure mechanisms. The 

authors derived conclusion that the angle of punching shear 

failure surface of LWAC slabs with clay spherical shape 

coarse aggregate was less inclined than with crushed shape 

coarse aggregate. Thus the authors concluded that the shape 

and the source of the coarse aggregate may affect the angle 

of punching shear failure over the slabs having low 

reinforcement ratios. 

 Falade F. et al., (2010) studied on the behaviour of 

Lightweight Concrete containing Periwinkle shells at 

elevated temperature. The experimental procedure included 

sharp sand obtained from river bed mixed with periwinkle 

particles and the concrete mixes were produced. The authors 

casted the cubes and crushing tests were done for 

compression strengths. The test results illustrated the 

different values for heated and unheated specimens. The 

authors derived a conclusion that for same concrete mixes, 

the strength was higher for samples with lower water-

cement ratio when compared with higher water-cement ratio 

and also found that with increase in temperature there was a 

gradual loss in strength of the specimens and recommended 

that Lightweight concrete with periwinkle shells as coarse 

aggregate should not be used in heat resistant structures. 

 Mohamed Abdullah et al., (2012) studied on the 

Fly Ash based Geopolymer Lightweight Concrete using 

foaming agent. The experimental procedure included the 

reactive mixed to a homogeneous mixtures and the concrete 

specimens were cured at two different curing temperatures 

for 24 hours. After the process of curing, the sample 

specimens were tested for strengths and properties such as 

water absorption, chemical composition, microstructures, X-

ray Diffraction (XRD) and Fourier Transform Infrared 

Spectroscopy (FTIR) were analyzed. The researchers 

concluded that the Compressive strength of foamed 

geopolymer concrete with heat curing showed higher 

strengths. 

III. CONCLUSION 

With this report it is understood that usage of Lightweight 

aggregate materials and Lightweight concrete involved in 

present day concrete structures decreased the self-weight 

and dead load of the structures with high strength compared 

with the conventional concretes and the utilization of 

lightweight aggregates are also done as a replacement for 

fine & coarse aggregates. The study also suggested that the 

utilization of light weight aggregates were cost effective and 

waste aggregates were utilized as a replacement materials. 

The reports suggested that there should be a greater 

importance on the development of new technology to 

manufacture Lightweight aggregate concretes with low cost 

efficiency and also waste utilization in construction must be 

extensively taken up covering various aspects at different 

level to minimize the environmental pollution and growing 

cost of construction. 
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