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Abstract- Global warming and climate change are increasingly threatening issues nowadays and cement industries alone 

emits 0.8-2 tonne of carbon dioxideper tons annually and the cement production alone estimated to be 1.35 billiontons 

annually by equating to approximately 5 percent of global total greenhouse emissions. This requires for the alternative 

construction materials to lessen the carbon emission, and to carry a sustainable development. One such is thegeopolymer 

concrete, it is the useful invention in the world of concrete and this paper presents the overview of recent advances of 

geopolymer concrete, a concreteformed organic/inorganic materials using alkaline solution. Which means thecement is 

totally replaced by pozzolanic material that is rich in silica and alumina that may be natural or artificial, and the alkaline 

liquid is activated to act as binder in concrete by means of polymerchains. In addition to that C&D waste (Construction 

and demolition waste) is usedas a partial replacement of coarse aggregate. The studies states that geopolymerconcrete posses 

the advantages of rapid strength gain, elimination of water curing,good mechanical and durability properties, eco-friendly 

and sustainable. In the present study C&D waste is used as partial replacement of natural coarse aggregate in geopolymer 

concrete at 0%, 5%, 10%, 15%, and 20% by weight. The flyash is used as the source material for geopolymer and 16M 

sodium hydroxide and sodium silicate alkali activators are used to synthesize the flyash geopolymerconcrete. This study is to 

compare the rapid strength gain of the geopolymer concrete without replacement of coarse aggregate and the geopolymer 

concrete with the partial replacement of coarse aggregate. 
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I. INTRODUCTION 

 
1. General: 

The mixture of cement, sand as fine aggregate and crushed 

stones or gravel used as coarse aggregate, forms a 

structure called concrete. Within this process is the key 

to remarkable trait of concrete: it's plastic and malleable 
when newly mixed, strong and durable when hardened.  

 

Concrete’s strength, durability and relatively low cost is to 

make the backbone of building and infrastructure 

worldwide houses, schools and hospitals as well as 

airports, bridges, highways and rail systems. The cement 

becomes the most-produced material on Earth will only be 

more in demand, The concrete industry is one of two 

largest producers of carbon dioxide (CO2), creating up to 
5% of worldwide man-made emissions of the gas, of 

which 50% is from the chemical process and 40% from 

burning fuel.  

 

The CO2 emission from the concrete production is 

proportional to the cement content used in the concrete 

mix; 900 kg of CO2 are emitted for the fabrication of 

every tons of cement, accounting for 88% of the emissions 
associated with the average mix of concrete. Cement 

manufacture contributes greenhouse gases directly through 

the production of carbon dioxide when calcium carbonate 

is thermally decomposed, by producing lime and carbon 

dioxide, and also through the use of energy, particularly 

from combustion of the fossil fuels.  

 
One area of the concrete life cycle worth noting the fact that 

concrete has a very low embodied energy relative to the 

quantity that is being used. This is primarily result of the 

fact that the materials used in concrete construction, such 

as aggregates, pozzolans, and water, are relatively plentiful 

and can often drawn from the local sources. 

 

This means that the transportation only accounts for 7% to 

10% of the energy embodied in the concrete, while 

the cement production accounts for 70%. With an 

increased focus on the environmental concerns such as 

global warming, sustainable development and recycling; 
alternatives to conventional concrete are being 
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researched. One such development is geopolymer 

concrete. 
 

2. Geopolymer concrete: 

The “geopolymer” is the term that was first introduced in 

the year 1978 by davidovits to represent a broad range of 

materials characterized by networks of inorganic molecules. 

He proposed that a geopolymer concrete could replace 

cement as binder in concrete. The geopolymer concrete 

does not utilize any Portland cement as binder, it is to be 

produced by the reactions of alkaline liquid with a source 

which is rich in silica and alumina such as fly ash, silica 

fume, slag, clay, rice husk etc., As source materials the 

choice of choosing which one is depends on factors such 
as availability, cost, type of application and specific 

demand for the users.  

 

The chemical reactions take place using these by products 

is called polymerization process; davidovits coined the 

term “Geopolymer” is to represent these binders.The 

geopolymer concrete is studied thoroughly to show the 

alternate to Portland cement concrete, research is carrying 

from the chemical domain to engineering applications and 

commercial productions of geopolymer concrete. In 2002 

davidovits concluded that geopolymer binder generates 

0018 tons of CO2 from the combustion compared to one 

tons of CO2 from Portland cement. 
 

II. EXPERIMENTAL INVESTIGATIONS 
 

1. Materials: 

The following materials used in this experimental 

study are Fly ash (class F) collected from RMC plant 

having specific gravity 2.478 

 Fine aggregate: Sand confirming Zone- III of IS 383 

code 

 Coarse aggregate: Crushed aggregate collected from 

site having specific gravity 2.789 

 Recycled C&D waste collected 

 Water: portable water for mixing 

 Alkaline liquids (specific gravity) 

 Sodium hydroxide (NaOH) = 1.16 

 Sodium silicate (Na2Sio3) =1.57 

 Tests were conducted on the specimen as per IS code 

book. Details of the test conducted on specimen is 

given in Table 1. 

 

Table 1. Specimens. 

Type of test 

conducted 

Size of 

specimen 

No. of specimen 

cast foe different 
grades 

Compressive 

strength 

150 x 150 x 

150 mm 

15 

Split tensile 

strength 

150mm x 

300mm 

15 

 

2. Mix design of geopolymer concrete: 

Based on the experimental carried out in the study the 
mix propositioning is proposed, In the design of 

geopolymer mix were taken as M30 grade of mix ratio 

1:1.675:3.111 per cube in this fine aggregate and coarse 

aggregate is taken as 75% of entire mixture by mass. The 

normal OPC concrete in which it will range from 75% to 

80% of the entire mixture by mass. The details of mix 

design and its propositions of GPC are given in Table 2. 

 

3. Mixing, curing, Compaction and curing of GPC: 

Preparation of Geopolymer concrete is similar to that of 

cement concrete. The two types of coarse aggregates 

were used then sand and flyash were mixed in dry state. 
Then add prepared alkaline mixture solution of sodium 

hydroxide and sodium silicate along with extra water by 

based of water to geopolymer binder ratio and mix 

thoroughly for approximately 3-4 minutes.  

 

The geopolymer concrete of fresh flyash were usually 

cohesive and conventional slump cone test is taken to 

find the workability. After 24 h of casting, the moulds 

were removed and the demould cube should be placed in 

oven for thermal curing (heating). To avoid the sudden 

variation in temperature, the concrete cubes and 
cylinders prisms were allowed to cool down up to room 

temperature in the oven. 

 

III. RESULTS AND DISCUSSIONS 

 
1. Workability: 

The mixes found to be highly cohesive and viscous when 

its fresh concrete with having medium to high slump. 

The workability of the geopolymer concrete decreases 

when the grade of concrete increases, this is because of 

ratio of water to geopolymer solids. Hence we can say if 

the grade of increases the mix becomes stiff by 

decreasing the workability. 

 

 
(a) 

 
(b)  

Fig 1. (a) (b) Preparation of concrete using alkaline 
solutions. 
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Fig 2. Mixing of GPC. 

 

 
Fig 3. Placing GPC in cube. 

Fig 4. Cube. 

 

 
(a) 

 

 
(b) 

Fig 5. (a) (b)  Compression strength test. 

 

Fig 6. Compression strength. 

 

 
 

Fig  7. Split tensile strength. 

 

Table 2. Mix design and proportions of GPC for grade 

M30. 

Ingredients of 

geopolymer concrete 

Quantity/m3 

 (kg/ m3) 

proportion 

Fly ash 405 1 

Sand (FA) 678.594 1.675 
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Coarse 
aggregate 

1260.246 3.111 

NaOH 70.88  

0.35 Na2Sio3 70.88 

Total water 
(W/GPB) 

118.2 0.291 

Extra Water 39.41 0.097 

 

2. Compressive Strength: 

The compressive strength is important because the 
structural design, load bearing capacity of structures of the 

concrete is related to this, and also elastic modulus and 

tensile strength are quantitatively related to this property. 

During the testing, the platens of the loading machine 

restrain the lateral expansion of the concrete in parts of the 

specimen near its ends. Under normal conditions with 

friction, an element with in the specimen is subjected to 

shearing stress as well as compression.  

 

With the distance from the platens increases, the lateral 

joint expansions increases and the magnitude of shearing 

stress decreases. The increase in confining effect of the 
shear stress materializes the axial load for failure. Then 

platens of the machine extend over the height of the cube 

but leave the part of cylinders unaffected due to increase 

in aspect ratio. Therefore, compressive strengths of cubes 

are expected to be higher than those cylinders made from 

same concrete. To calculate the compressive strength the 

compression testing machine was used. The tests is taken 

for different percentage of replacement of C&D waste the 

specimen were tested by compression testing machine at 

the age of concrete 7,14 and 28 days. And concluded with 

the results in the given graph. 
 

3. Split Tensile Strength: 

The concrete is not usually resisting the direct tension due 

to its brittle nature. However, the determination of tensile 

strength of concrete is taken to determine the load at which 

the member may crack. That is form due to tension failure 

and the split tensile strength of geopolymer concrete is 

only a fraction of compressive strength, as in case of OPC 

and also the maximum load sustained by the specimen is 

divided by appropriate geometrical factors to obtain the 

split tensile strength. The 7,14 and 28 days of specimens 

were testes and concluded the results in the given graph. 
 

IV. CONCLUSION 

 
In this study C&D waste is used as partial replacement 

of natural coarse aggregate in geopolymer concrete at 

0%,5%,10%,15% 20% by weight. The flyash is used as 

the source material for geopolymer and 16M sodium 

hydroxide and sodium silicate alkali activators are used 

to synthesize the flyash geopolymerconcrete. This study 

is to compare the rapid strength gain of the geopolymer 

concrete without replacement of coarse aggregate and 

the geopolymer concrete with the partial replacement of 

coarse aggregate. Heat curing is done at 600C.  After 7 

days 0f heating  concrete  hows the  promising results of 
strength and workability up to 10% of replacement the 

strength drops at 15% and 20% of the concrete. 
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