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Abstract: Light weight concrete has become popular in recent years owing to the tremendous advantages 

over the conventional concrete but at the same time strong enough to be used for the structural purpose. 

Important characteristic of light weight concrete is its low thermal conductivity, due to its low density. 

The investigation done on properties of light weight cinder aggregate concrete with silica fume and fly 

ash as admixtures. The cinder aggregate is replaced with normal aggregate in volume percentages of 

0%, 25%, 40%, 60%, 75% and 100% respectively and cement was replaced with silica fume in weight 

percentages of 5%, 10% and 15% and fly ash in weight percentages of 10%, 20% and 30%. The control 

mix with M20 grade is casted.. From the test results found out 60% replacement of conventional 

aggregate with cinder aggregate by volume attained maximum compressive strength and optimum 

strength was obtained by 5% replacement of cement with silica fume and 20% fly ash by weight yields 

designed strength. It found that density of concrete varies with volume variation of cinder aggregate. 
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1. INTRODUCTION: Lightweight concrete can be defined as a type of concrete which includes an 

expanding agent in that it increases the volume of the mixture while giving additional qualities such as 

nailbility and lessened the dead weight. It is lighter than the conventional concrete. The main specialties of 

lightweight concrete are its low density and thermal conductivity. Its advantages are that there is a reduction 

of dead load, faster building rates in construction and lower haulage and handling costs. Lightweight 

concrete maintains its large voids and not forming laitance layers or cement films when placed on the wall. 

However, sufficient water cement ratio is vital to produce adequate cohesion between cement and water. 

Insufficient water can cause lack of cohesion between particles, thus loss in strength of concrete. Likewise 

too much water can cause cement to run off aggregate to form laitance layers, subsequently looses strength. 

Lightweight concrete can be prepared either by injecting air in its composition or it can be achieved by 

omitting the finer sizes of the aggregate or even replacing them by a hollow, cellular or porous aggregate. 

Particularly, lightweight concrete can be categorized into three groups No-fines concrete, Lightweight 

aggregate concrete, Aerated/Foamed concrete. 

2. EXPERIMENTAL INVISTIGATIONS 

Experimentation was programmed for conclusion of following 

Explain relevant research review about light weight Concrete.  

 The material and their properties, the test program to examine the various material properties.  

 Experimental program which includes the mix details and specimen preparation and testing of 

specimens. 

 The results of the study on mechanical properties of light weight Concrete. 
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3. MATERIALS 

3.1 CEMENT: Locally available Ultra Tech Ordinary Portland Cement (OPC) of 53 grade of Cement 

conforming to ISI standards has been procured, and following tests have been carried out according to IS 

8112:1989. 

Table 4: Tests Results on Cement 

S  NO Name of the test 
conducted 

Results 
 

1 Specific Gravity 3.14 

2 Initial Setting Time 45 min 

3 Final Setting Time 700 min 

4 Soundness Test 2 mm 

5 Fineness of Cement 3 % 

6 
Compressive Strength of 

Cement 28 days 
52 Mpa 

 

3.2 FINE AGGREGATE  

Fine aggregate is locally available natural river sand and is found to be conforming to grading zone-2 of IS 

383:1970 it is used as fine aggregate. the tests carried  as per the procedure given in IS 383:1970. 

3.3 conventional natural aggregate (granite) and light weight aggregate (cinder) 

Machine Crushed granite aggregate conforming to IS 383:1970 consisting 20 mm maximum size of 

aggregates has been obtained from the local quarry. The Cinder are hand broken to 20 mm size. Both granite 

and cinder have been tested for Physical and Mechanical Properties such as Specific gravity, Bulk Density, 

Sieve Analysis, Crushing and Impact tests. 

3.4 FLY ASH 

It is a waste product of thermal power plants. It is suitable to use in concrete because of its inherent 

properties. It is having pozzolonic and cementations properties. Fly ash is widely used to provide Mass 

concrete, Structural Concrete, High strength concrete. 

4. MIX DESIGN 

The mix design has been conducted for M20 concrete making use of ISI method of mix design using normal 

constituents of concrete. In the course of investigation normal granite aggregate has been replaced by light 

weight aggregate namely (cinder) in percentages of 0%, 25%, 40%, 60%, 75% and 100%. In the present 

investigation the OPC cement has been replaced by admixture (silica fume) in three percentages i.e. 5, 10, 
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15 and admixture (fly ash) in three percentages i.e. 10, 20, 30.The study of various properties, totally 180 

specimens have been cast and tested. Here a constant water cement ratio of 0.50 is adopted.  

4.1 Procurement of materials and its testing 

Materials used in the concrete are fine aggregate, coarse aggregate(granite), light weight aggregate (cinder), 

cement, water, Silica fume, Fly ash have been procured from various places. Fine aggregate has been 

procured from kundu River, kurnool. Locally available Coarse aggregate (20mm) has been procured from 

Kurnool. Local drinking water is used for mixing and curing. Cinder (20mm) has been procured from 

yerraguntla. The Silica fume is obtained from Astraa chemicals Ltd Chennai. 

5. TEST RESULTS 

5.1. Compressive strength of concrete with replacement of cinder aggregate and silica fume 

The compressive strength results with 100% natural aggregate being replaced by 0 % cinder aggregate and 

with different percentages replacements of cement by silica fume are shown. The graphical variations of 

compressive strength versus percentage replacement of cement by silica fume are shown in fig 1. From the 

figure it may be observed that there is an increase in compressive strength for the replacement of cement 

by silica fume as 5% and for 10% and 15% the strength gets decreased. The compressive strength results 

with 25% natural aggregate being replaced by 75% cinder aggregate and with different percentage 

replacements of cement by silica fume. it may be observed that there is an increase in compressive strength 

for replacement of cement by silica fume up to 5% and for 10% and 15 % the strength gets decresed. 

 

Fig 1 Compressive strength with different percentages of cinder aggregate with different percentages of 

silica fume 
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The compressive strength results with 40% natural aggregate being replaced by 60% cinder aggregate and 

with different percentage replacements of cement by silica fume. it may be observed that there is an increase 

in compressive strength for replacement of cement by silica fume up to 5% and from 10% and 15% the 

strength gets decreased. The compressive strength results with 75% natural aggregate being replaced by 

25% cinder aggregate and with different percentage replacements of cement by silica fume. it may be 

observed that there is an increase in compressive strength for replacement of cement by silica fume up to 

5% and from 10% and 15% the strength gets decreased. The compressive strength results with 0% natural 

aggregate being replaced by 100% cinder aggregate and with different percentage replacements of cement 

by silica fume are shown in table. it may be observed that there is an increase in compressive strength for 

replacement of cement by silica fume up to 5% and from 10% and 15% the strength gets decreased. 

5.2 Compressive strength of concrete with replacement of cinder aggregate and  fly ash 

The compressive strength results with 100% natural aggregate being replaced by 0 % cinder aggregate and 

with different percentages replacements of cement by fly ash. The graphical variations of compressive 

strength versus percentage replacement of cement by fly ash are shown in fig 2. it may be observed that 

there is an increase in compressive strength for the replacement of cement by fly ash as 20% and from 10% 

and 30%  the strength gets decreased. The compressive strength results with 25% natural aggregate being 

replaced by 75% cinder aggregate and with different percentage replacements of cement by silica fume and 

fly ash. it may be observed that there is an increase in compressive strength for replacement of cement by 

fly ash as 20% and from 10 and 30%  the strength gets decreased.  

 

Fig 2 Compressive strength with different percentages of cinder aggregate with different percentages of 

fly ash 
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Table 2: Compressive strength of concrete 

S.No Mix Design 
Compressive strength 

in N/mm2(CA-SA) 
Mix Design 

Compressive strength 
in N/mm2(CA-FA) 

1 C A-0 SF5 32.2 C A-0 FA10 25.8 

2 C A-0 SF10 44.28 C A-0 FA20 29.4 

3 C A-0 SF15 30.2 C A-0 FA30 26.66 

4 C A-25 SF5 31.4 C A-25 FA10 23.2 

5 C A-25 SF10 30.3 C A-25 FA20 26.6 

6 C A-25 SF15 29.8 C A-25 FA30 27.77 

7 C A-40 SF5 27.3 C A-40 FA10 24.4 

8 C A-40 SF10 23.3 C A-40 FA20 29.3 

9 C A-40 SF15 25.3 C A-40 FA30 24.84 

10 C A-60 SF5 30.03 C A-60 FA10 23.8 

11 C A-60 SF10 27.25 C A-60 FA20 27.3 

12 C A-60 SF15 30.33 C A-60 FA30 25.33 

13 C A-75 SF5 34.5 C A-75 FA10 20.7 

14 C A-75 SF10 23.4 C A-75 FA20 24.4 

15 C A-75 SF15 25.4 C A-75 FA30 23.3 
16 C A-100 SF5 28.3 C A-100 FA10 19.4 
17 C A-100 SF10 26.6 C A-100 FA20 21.4 
18 C A-100 SF15 21.4 C A-100 FA30 20.4 

 

The compressive strength results with 60% natural aggregate being replaced by 40% cinder aggregate and 

with different percentage replacements of cement by fly ash. it may be observed that there is an increase in 

compressive strength for replacement of cement by fly ash as 20% and from 10% and 30% the strength gets 

decreased. The compressive strength results with 40% natural aggregate being replaced by 60% cinder 

aggregate and with different percentage replacements of cement by fly ash. it may be observed that there is 

an increase in compressive strength for replacement of cement by fly ash as 20% and from 10% and 30% 

the strength gets decreased. The compressive strength results with 75% natural aggregate being replaced 

by 25% cinder aggregate and with different percentage replacements of cement by fly ash. it may be 

observed that there is an increase in compressive strength for replacement of cement by fly ash as 20% and 

from 10% and 30% the strength gets decreased. The compressive strength results with 0% natural aggregate 

being replaced by 100% cinder aggregate and with different percentage replacements of cement by fly ash. 

it may be observed that there is an increase in compressive strength for replacement of cement by fly ash 

as 20% and from 10% and 30% the strength gets decreased.Hence, from the above discussions it can be 

concluded that 40% replacement of natural aggregate by 60% cinder aggregate and cement replacement 
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with 20% fly ash admixture is supposed to be optimum percentage with respect to compressive within the 

scope of present investigation.   

5.3 Split tensile strength of concrete with replacement of cinder aggregate and silica fume 

 The split tensile strength results with 25% natural aggregate being replaced by 75% cinder 

aggregate and with different percentage replacements of cement by silica fume. it may be observed that 

there is an increase in split tensile strength for replacement of cement by silica fume as 5% and from 10% 

and 15% the strength gets decreased. The split tensile strength results with 60% natural aggregate being 

replaced by 40% cinder aggregate and with different percentage replacements of cement by silica fume. it 

may be observed that there is an increase in split tensile strength for replacement of cement by silica fume 

as 5% and from 10% and 15% the strength gets decreased. The split tensile strength results with 40% natural 

aggregate being replaced by 60% cinder aggregate and with different percentage replacements of cement 

by silica fume. it may be observed that there is an increase in split tensile strength for replacement of cement 

by silica fume as 5% and from 10% and 15% the strength gets decreased. The split tensile strength results 

with 75% natural aggregate being replaced by 25% cinder aggregate and with different percentage 

replacements of cement by silica fume. it may be observed that there is an increase in split tensile strength 

for replacement of cement by silica fume as 5% and from 10% and 15% the strength gets decreased. The 

split tensile strength results with 0% natural aggregate being replaced by 100% cinder aggregate and with 

different percentage replacements of cement by silica fume. it may be observed that there is an increase in 

split tensile strength for replacement of cement by silica fume  as 5% and from 10% and 15% the strength 

gets decreased. 

 Hence, from the above discussions it can be concluded that 40% replacement of natural aggregate 

by 60% cinder aggregate and cement replacement with 5% silica fume admixture is supposed to be optimum 

percentage with respect to split tensile within the scope of present investigation.   

 

Fig 3 Split Tensile strength with different percentages of cinder aggregate with different percentages of 

fly ash 
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5.4 Split tensile strength of concrete with replacement of cinder aggregate and fly ash 

 The split tensile strength results with 100% natural aggregate and with different percentages replacements 

of cement by fly ash. it may be observed that there is an increase in split tensile strength for the replacement 

of cement by fly ash as 20% and from 10% and 30% the strength gets decreased. The split tensile strength 

results with 25% natural aggregate being replaced by 75% cinder aggregate and with different percentage 

replacements of cement by silica fume and fly ash. it may be observed that there is an increase in split 

tensile strength for replacement of cement by fly ash as 20% and from 10% and 30% the strength gets 

decreased. The split tensile strength results with 60% natural aggregate being replaced by 40% cinder 

aggregate and with different percentage replacements of cement by fly ash.  it may be observed that there 

is an increase in split tensile strength for replacement of cement by fly ash as 20% and from 10% and 30% 

the strength gets decreased. The split tensile strength results with 40% natural aggregate being replaced by 

60% cinder aggregate and with different percentage replacements of cement by fly ash. it may be observed 

that there is an increase in split tensile strength for replacement of cement by fly ash as 20% and from 10% 

and 30% the strength gets decreased. The split tensile strength results with 75% natural aggregate being 

replaced by 25% cinder aggregate and with different percentage replacements of cement by fly ash. it may 

be observed that there is an increase in split tensile strength for replacement of cement by fly ash 20% and 

from 10% and 30% the strength gets decreased. The split tensile strength results with 0% natural aggregate 

being replaced by 100% cinder aggregate and with different percentage replacements of cement by fly ash. 

1t may be observed that there is an increase in split tensile strength for replacement of cement by fly ash as 

20% and from 10% and 30% the strength gets decreased. Hence, from the above discussions it can be 

concluded that 40% replacement of natural aggregate by 60% cinder aggregate and cement replacement 

with 20% fly ash admixture is supposed to be optimum percentage with respect to split tensile within the 

scope of present investigation.   

 

Fig 4 Split Tensile strength with different percentages of cinder aggregate with different percentages of 

fly ash  
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6. CONCLUSIONS 

 From the study it is concluded that 5 % silica fume is giving the best results when compare to 10% 

and 15% silica fume and also from fly ash 20% is giving best results when compare to 10% and 

30%. 

 From the study it may concluded that the usage of  light weight cinder aggregate to some extent 

(60%) and granite aggregate (40%) using admixture as silica fume and fly ash has proved to be 

quite satisfactory strength when compare to various strengths studied. 

 It can be conclude that due to porous nature Cinder aggregate's quality is low in comparison with 

normal aggregate   

 The results indicate that the compressive strength is decreases with the increase in percentage of 

cinder.  

 The results indicate that the split tensile strength is decreases with increase in percentage of cinder.  

 Compressive strength of 5% silica fume concrete is more than the 10% and 15%  silica fume 

concrete at 28 days Similarly tensile strength of 5% silica fume is greater than the 10%  and 15% 

silica fume concrete at 28 days. 

 Compressive strength of 10% fly ash concrete is more than the 20% and 30% fly ash concrete at 

28 days Similarly tensile strength of 10% fly ash concrete is greater than the 20% and 30% fly ash 

concrete at 28 days. 
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