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Abstract— Geopolymer concrete is a new future construction 

material which cement is totally replaced by pozzolanic 
materials like fly ash and activated by highly alkaline 

solutions to act as a binder in the concrete mix. The use of 

Portland cement in concrete construction is under critical 

review due to high amount of carbon dioxide gas released to 

the atmosphere during the production of cement. In recent 

years, attempts to increase the utilization of fly ash to partially 

replace the use of Portland cement in concrete are gathering 

momentum. Most of this by-product material is currently 

dumped in landfills, creating a threat to the environment. Fly 

ash was chosen as the basic material to be activated by the 

geo polymerization process to be the concrete binder, to 

totally replace the use of Portland cement. The binder is the 
only difference to the ordinary Portland cement concrete. The 

sodium silicate solution's chemical composition was 

Na2O=15.53%, SiO2=31.87%, and water by mass was 52.6 

% and sodium hydroxide solution 10M concentration 

maintain constant throughout the experiment. Water-to-

geopolymer binder ratio of 0.4, alkaline solution-to-fly ash 

ratio of 0.4 and sodium silicate-to-sodium hydroxide ratio of 

2 by mass were fixed on the basis of workability and cube 

compressive strength. Workability of geopolymer concrete 

was measured by flow table apparatus and cubes of 150 mm 

side were cast and tested for compressive strength after 
specified period of oven heating. The temperature of oven 

heating was maintained at 60 °C for 24 h duration and tested 

7 days after heatingTo activate the Silicon and Aluminium 

content in fly ash, a combination of sodium hydroxide 

solution and sodium silicate solution was used Manufacturing 

process comprising material preparation, mixing, placing, 

compaction and curing is reported in the thesis. Naphthalene-

based superplasticiser was found to be useful to improve the 

workability of fresh fly ash-based geopolymer concrete, as 

well as the addition of extra water. The main parameters 

affecting the compressive strength of hardened fly ash-based 
geopolymer concrete are the curing temperature and curing 

time, the molar H2O-to-Na2O ratio, and mixing time. 

Keywords: Geopolymer Concrete, Fly Ash, Alkaline 

Solutions, Oven Curing, Compressive Strength 

 INTRODUCTION 

A. General 

Across the world concrete use is second after water. Ordinary 

Portland cement is conventionally used to produce concrete 

as the primary binder material. The environmental issues 

associated with OPC manufacturing are well known. The 

quantity of CO2 released during OPC production due to 

calcination of calcines and combustion of fossil fuels is in the 

order of one ton and produced for every ton of OPC. 

Moreover, OPC's energy requirement is only next to steel and 
aluminum. 

 On the other side, the world's plentiful supply of fly 

ash creates incentives to use such burning coal by-products as 
a replacement for concrete production by OPC. In the 

presence of ambient temperature and water, when used as a 

partial replacement of OPC, fly ash reacts with calcium 

hydroxide during the OPC hydration process to form the 

calcium silicate hydrate (C-S - H) gel A significant 

development is the development and application of high-

volume fly ash concrete, which enabled OPC to be replaced 

by partially or totally by pozzolanic materials. 

 In 1978, Davidovits (1999) proposed that the 

binders could be developed by the polymeric reaction of 

alkaline liquids with silicon and aluminum as geological 

source materials or by-product materials such as fly ash and 
rice husk ash These binders he named as geopolymers. 

Palomo et al (1999) suggested that pozzolanas such as blast 

furnace slags could be activated using alkaline liquids to form 

a binder, thus replacing the use of OPC in concrete with 100 

%. In this scheme, silicon and calcium in the blast furnace 

slag are the principal constituents to be activated. 

 Several publications describing geopolymer pastes 

and geopolymer coating materials were available in 2001, 

when this research began (Davidovits 1991; Davidovits 1994; 

Davidovits et al. 1994; Balaguru, et al. 1997; van Jaarsveld et 

al. 1997; Balaguru 1998; van Jaarsveld et al. 1998; 
Davidovits 1999; Kurtz et al. 1999; Palomo et al. 1999; 

Barbosa et al. 2000). It was, however, very Scanty on the use 

of geopolymer concrete technology to make low-calcium 

(ASTM Class F) fly ash-based geopolymer concrete in the 

published literature. 

 Therefore, this research was dedicated to the 

development, production, and engineering properties of fresh 

and hardened low-calcium (ASTM Class F) fly ash-based 

geopolymer concrete. 

B. Low-Calcium Fly Ash-Based Geopolymerconcrete 

In this, low-calcium (ASTM Class F) fly ash-based 

geopolymer is used in place of Portland or other hydraulic 

cement pastes as the binding material for concrete production. 

The fly ash based geopolymer pastes tie together the loose 

coarse aggregates, fine aggregates and other unreacted 

materials to form the concrete geopolymer, with or without 

admixtures. Manufacturing Using the usual concrete 
technological methods of geopolymer concrete. 

 As in the case of OPC concrete, the aggregates in 

geopolymer concrete occupy around 75-80 per cent by mass. 

In low-calcium fly ash, silicon and aluminum react with an 

alkaline liquid which is a combination of sodium silicate and 

sodium hydroxide solutions to form the geopolymer paste 

which binds aggregates and other unreacted materials. 

C. Aims of the Research 

As described above, most of the published work on 

geopolymers used various types of source materials to test 

paste behavior. This study dealt with the manufacture and 
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properties of M35 Grade geopolymer concrete based on low-

calcium fly-ash. 

The aims of this study were: 

 To build a method of mix proportioning to manufacture 

low-calcium fly ash-based M35 Grade geopolymer 

concrete. 

 To define and research the impact of parameters 

affecting low-calcium fly ash-based geopolymer 

concrete properties. 

 To test the short-term engineering properties of low-

calcium fly ash-based geopolymer concrete fresh and 

hardened. 

D. Scope of Work 

The research used low-calcium fly ash as the basis material 

for making concrete from geopolymers. The fly ash was only 

to be obtained from one source. The technology and 

equipment currently used in the production of OPC concrete 

have been used as far as possible to make the geopolymer 

concrete. The concrete properties studied include the 

compressive and indirect tensile strengths and workability of 
fresh concrete. 

 EXPERIMENTAL WORK 

A. Materials 

Low calcium processed fly ash of thermal power plant was 

used as source material. The laboratory grade sodium 

hydroxide in flake form (97.6 % purity) and sodium silicate 
(48% solids) solutions are used as alkaline activators. Locally 

available river sand is used as fine aggregate and locally 

available 20- and 10-mm sizes crushed basalt stones are used 

as coarse aggregates 

B. Parameters Considered for Mix Proportioning of 
Geopolymer Concrete 

1) Fly ash 

The fly ash chemical composition is decided by the forms and 

relative concentrations of non-combustible matter in the coal. 

The chemical composition consists mainly of oxides of 

silicon (SiO2), aluminum (Al2O3), iron (Fe2O3) and calcium 

(CaO), though magnesium, potassium, sodium, titanium and 
Sulphur also occur in smaller amounts. The major influence 

on fly ash's chemical composition originates from the form of 

coal. The combustion of the sub-bituminous coal contains 

more calcium and less iron than the carbon fly ash. The 

physical and chemical properties depend on the methods of 

combustion, the coal sources and the particle type. The 

chemical compositions of different fly ashes show a wide 

variety, suggesting that there are large variations in the coal 

used at power plants around the world (Malhotra and 

Ramezanianpour1994). 

 Fly ash resulting from the burning of sub-

bituminous coals is referred to as ASTM Class C fly ash or 
high-calcium fly ash, because it usually contains over 20 

percent of CaO. In contrast, bituminous fly ash and anthracite 

coals are referred to as ASTM Class F fly ash or low-calcium 

fly ash. It consists mainly of alumina-silicate glass and has 

less than 10 per cent CaO content. Depending on the chemical 

and mineral constituents, the color of fly ash can be tan to 

dark gray (Malhotra and Ramezanianpour 1994; ACAA 

2003). The standard NTPC fly ash is light to mid-gray in 

color, similar to the cement powder color. Most NTPC fly ash 

falls into the ASTM Class F low-calcium fly ash category and 

contains between 80-85 % silica and alumina. Other 
characteristics of fly ash that are commonly considered, apart 

from the chemical composition, are loss on ignition (LOI), 

fineness and uniformity LOI is an unburnt carbon 

measurement which remains in the ashes. The fineness of fly 

ash mostly depends on coal crushers' operating conditions 

and the coal's own grinding cycle. In general, finer gradation 

results in a more stable ash and contains less carbon. 

 Quantity and fineness of fly ash plays an important 

role in the activation process of geopolymer. The Strength of 

Geopolymer concrete increases with increase in quantity and 

fineness of fly ash. 

 
Fig.2.1 
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2) Alkaline Activators 

The sodium silicate solution's chemical composition was 

Na2O=15.53%, SiO2=31.87%, and water by mass was 52.6 
% and sodium hydroxide solution 10M concentration 

maintain constant throughout the experiment. Water-to-

geopolymer binder ratio of 0.4, alkaline solution-to-fly ash 

ratio of 0.4 and sodium silicate-to-sodium hydroxide ratio 

of 2 by mass were fixed on the basis of workability and cube 

compressive strength. Workability of geopolymer concrete 

was measured by flow table apparatus and cubes of 150 mm 

side were cast and tested for compressive strength after 

specified period of oven heating. The temperature of oven 

heating was maintained at 60 °C for 24 h duration and tested 

7 days after heating. 

3) Water 
The role of water in the geopolymer mix is to make workable 

concrete in plastic state and do not contribute towards the 

strength in hardened state. Similarly, the demand of water 

increases with increase in fineness of source material for same 

degree of workability. So, the minimum quantity of water 

required to achieve desired workability is selected on the basis 

of degree of workability, fineness of fly ash and grading of 

fine aggregate 

4) Aggregates 

For the preparation of geopolymer concrete, fine and coarse 

aggregates are mixed in such a way that it gives least voids in 
the concrete mass. Aggregate are inert material used as a filler 

in concrete which occupies 70-85 % volume.  This was done 

by grading of fine aggregate and selecting suitable fine-to-

total aggregate ratio. Workability of geopolymer concrete is 

also affected by grading of fine aggregate similar to cement 

concrete. So, on the basis of grading of fine aggregate, fine-
to-total aggregate ratio is selected in the proposed mix 

proportioning method which is given in Fig. 2.2 

5) Degree of Heating 

For the development of geopolymer concrete, temperature 

and duration of heating plays an important role in the 

activation process. In the present investigation, cubes were 

demoulded after 24 h of casting and then place in an oven for 

heating at 60 °C for a period of 24 h. After specified degree 

of heating, oven is switched off and cubes are allowed to cool 

down to room temperature in an oven itself. Then 

compression test is carried out on geopolymer concrete cubes 

after a test period of 7 days. Test period is the period 
considered in between testing cubes for compressive strength 

and placing it in normal room temperature after heating. 

Table 1 shows the effect of duration of heating and test period 

on compressive strength of geopolymer concrete. It is 

observed that the compressive strength of geopolymer 

concrete increases with increase in duration and test period. 

From the design point of view, 24 h of oven curing at 60 °C 

and tested after a period of 7 days was fixed as per past 

research. 

6) Water-to-Geopolymer Binder Ratio 

The ratio of total water (i.e., water present in solution and extra 
water if required) to material involve in polymerization 

process (i.e., fly ash and sodium silicate and sodium 

hydroxide solutions) plays an important role in the activation. 

 
Fig. 2.2: 

S.No. Temperature (°C) Duration of heating (h) 

Compressive strength in Mpa 

Tested after heating @ 

1 day 2 days 3 days 7 days 28 days 

1 2 3 4 5 6 7 8 

4 

60 

8 – – 11.56 17.76 38.78 

5 12 6.56 10.21 16.56 24.78 44.58 

6 24 14.29 20.47 28.11 38.00 46.30 

Table 1: Effect of heating temperature, duration and test period on compressive strength of geopolymer concrete. 
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C. Solution to Fly Ash Ratio 

As solution (i.e., sodium silicate + sodium hydroxide) to fly 

ash ratio increases, strength is also increasing. But the rate of 

gain of strength is not much significant beyond solution to fly 

ash ratio of 0.40. Similarly, the mix was more and more 

viscous with higher ratios and unit cost is also increases. So, 

in the present mix design method. 

D. Preparation of Geopolymer Concrete Mixes 

Preparation of geopolymer concrete is similar to that of 

cement concrete. Two types of coarse aggregates, sand and 

fly ash were mixed in dry state. Then add prepared mixture 

solution of sodium hydroxide and sodium silicate along with 

extra water based on water-to-geopolymer binder ratio and 

mix thoroughly for 3–4 min so as to give homogeneous mix. 

 It was found that the fresh fly ash based geopolymer 
concrete was viscous, cohesive and dark in color. After 

making the homogeneous mix, workability of fresh 

geopolymer concrete was measured by flow table apparatus 

as per     IS 5512-1983 and IS 1727-1967. Concrete cubes of 

side 150 mm are casted in three layers. Each layer is well 

compacted by tamping rod of diameter 16 mm. All cubes 

were place on table vibrator and vibrated for 2 min for proper 

compaction of concrete. After compaction of concrete, the top 

surface was leveled by using trowel. After 24 h of casting, all 

cubes were demoulded and then placed in an oven for thermal 

curing (heating). To avoid the sudden variation in 
temperature, the concrete cubes were allowed to cool down 

up to room temperature in an oven. Three cubes were cast 

and tested for compressive strength for each curing period. 

 METHOD PROPOSED FOR MIX PROPORTIONING 

Based on the experimental investigation carried out in the 

present study the following mix proportioning method is 

proposed. 

A. Data Required for Mix Design 

1) Characteristic compressive strength of Geopolymer 

Concrete (fck) 

2) Fineness of fly ash in terms of specific surface in m2/kg 

3) Workability in terms of flow 

4) Oven curing (heating) 60 °C for 24 h and tested after 7 
days 

5) Fineness modulus of fine aggregate 

6) Water absorption and water content in fine and coarse 

aggregate 

Following design steps are used to select the suitable mix 

proportion of fly ash based geopolymer concrete. 

B. Design Steps 

1) Target Mean Strength (Fck) for Mix Design 

Fm=Fck+1.65xS 

Here S is standard deviation for each grade of 

geopolymer concrete shall be calculated, separately on 

the basis of minimum 30 test samples. According to IS 

456-2000. 

2) Selection of Quantity of Fly ash (F) 

Quantity of fly ash selected based on target mean strength 

and fineness of fly ash at solution-to-fly ash ratio of 0.40 

from Fig.2.1 

3) Calculation of the Quantity of Alkaline Activators 

Based on the quantity of fly ash (F) determined in the 

previous step, the amount of total solution is obtained 
using solution-to-fly ash ratio of 0.40 by mass. After that, 

quantity of sodium silicate and sodium hydroxide is 

decided using sodium silicate-to-sodium hydroxide ratio 

of 2 by mass. 

4) Calculation of Total Solid Content in Alkaline Solution 

Calculate solid content in sodium silicate and sodium 

hydroxide solution on the basis of percentage solid 

present in each solution. 

5) Selection of Quantity of Water 

Workability of geopolymer concrete is depending on 

total quantity of water including water present in both 

alkaline solutions and the degree of workability. Select 
the total quantity of water required to achieve desired 

workability based on fineness of fly ash as per Table 2. 

6) Correction in Water Content In concrete, volume 

occupied by fine and coarse aggregate is about 70–85 % of 

the total volume. Similarly, finer particles have large 

surface area as compared to coarser one and hence required 

more water to produce workable mix. IS 10262 suggested 

some correction in water content for the mix 

proportioning of cement concrete on the basis of grading 

of fine aggregate. In geopolymer concrete, the role of water 

is to make workable concrete. So, it is recommended to 
apply same correction to geo- polymer concrete in the 

proposed mix design on the basis of grading zones of fine 

aggregate. Table 3 shows the correction in water content 

per cubic meter of concrete on the basis of grading zones 

of fine aggregate. 

7) Calculation of Additional Quantity of Water 

In geopolymer concrete, alkaline solutions are used 

which contains certain quantity of water on the basis of 

their concentration. But to meet workability 

requirements, additional water may be added in the mix 

externally which is calculated as: 

Additional quantity of water; if required   =Total quantity of 
water] 

  — (Water present in alkaline solutions] 

Degree of 

workability 

Flow in 

percentage 

Quantity of water required 

in kg/m3 

Fineness of fly ash in m2/kg 

<300 
300–

400 

400–

500 
>500 

Low 0–25 80 85 100 110 

Medium 25–50 90 95 110 120 

High 50–100 100 110 120 135 

Very high 100–150 120 130 140 160 

Table 2: Water content per cubic meter of concrete. 

Grading zone of fine aggregate 

as per IS 383 [20] 

Correction in water 

content (%) 

Zone-I −1.5 

Zone-II – 

Zone-III +1.5 

Zone-IV +3 

Table 3: Correction in water content per cubic meter of 

concrete 
8) Selection of Wet Density of Geopolymer Concrete 
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9) Select wet density of geopolymer concrete based on 

fineness of fly ash as per Fig. 2.3. 

10) Selection of Fine-to-Total Aggregate Content 
Fine-to-total aggregate content is taken from Fig. 2.2 on 

the basis of grading (fineness modulus) of fine aggregate. 

11) Calculation of Fine and Coarse Aggregate Content 

Fine and Coarse Aggregate Contents is obtained using 

following relations: 

Total quantity of aggregate = (Wet Density of Geopolymer 

concrete) 

— (Quantity of Geopolymer Binder + Additional water; if 

any] 

Sand content = (Fine-to-total aggregate content in %] 

× (Total quantity of aggregate] 

Coarse aggregate content = (Total quantity of aggregate] — 
(Sand content] 

12) Actual Quantity of Materials Required on the Basis of 

Field Condition The above mix proportion has been 

arrived on the assumption that aggregates are saturated 

and surface dry. For any deviation from this condition 

i.e., when aggregates are moist or air dry or bone dry, 

correction has to be applied on quantity of mixing water 

as well to the aggregates. 

 
Fig. 2.3: 

 MIX DESIGN FOR M35 GRADE OF GEOPOLYMER 

CONCRETE. 

Following data to be considered: -  

1) Characteristic compressive strength of Geopolymer 

Concrete (fck) = 35MPa. 

2) Type of curing: Oven curing at 60°C for 24 h and tested 

after 7 days 

3) Workability in terms of flow: 25–50% (Degree of 

workability—Medium) 

4) Fly ash: Fineness in terms of specific surface: 450m2/kg 
5) Alkaline activators (Na2SiO3andNaOH) 

6) Concentration of Sodium hydroxide in terms of molarity: 

10M 

7) Concentration of Sodium silicate solution: 48%solid 

content 

8) Solution-to-fly ash ratio by mass: 0.4 

9) Sodium silicate-to-sodium hydroxide ratio by mass: 2 

10) Fine aggregate 

F.M. = 2.58 

               Water absorption: 2.1% 

               Water content: Nil 

11) Coarse aggregate 

                Type: Crushed/angular 

                               Maximum size: 20mm 
                               Water absorption: 0.85% 

                                Moisture content: Nil. 

 DESIGN STEPS 

1) Target mean strength 

Fm=Fck+1.65xS 

Here S is the standard deviation taken directly from table 2 IS 

10262:2019 

Fm=35+1.65x5 
=43.25MPa 

2) Selection of quantity of fly ash the quantity of fly ash 

required is 420 kg/m3for the target mean strength of 

43.25MPa at solution-to-fly ash ratio of .4 and for 450m2/kg 

fineness of fly ash 

3) Calculation of the quantity of alkaline activators 

Calculate the quantity of alkaline activators considering: 

Mass of (Na2SiO3 +NaoH)/Fly Ash =.40 

(Na2SiO3+NaOH)/420=.40 

Na2SiO3+NaOH=420X.40=168 kg/m3 

          Sodium silicate-to-sodium hydroxide ratio by mass:2 
Hydroxide solution (NaOH) = 56 kg/m3 

Mass of sodium silicate solution (Na2SiO3) =112kg/m3 

4) Calculation of total solid content in alkaline solution 

Solid content in sodium silicate solution = (48/112X100 

                                                                  =42.85 kg/m3 

Solid content in sodium hydroxide solution = (31.4/100) X56 

                                                                      =17.584kg/m3 

Total solid content in alkaline solution=60.43 kg/m3 

5) Selection of water content according for medium 

workability from table 2 is   110 kg/m3 

6) Correction in water Content If Needed fine aggregate 

selects zone II here no need for water correction. 
Water content in alkaline solutions=168-60.43=107.57kg/m3 

7) Calculation of additional quantity of water = 

 (Total quantity of water)- (water present in alkaline 

solutions) 

=110-107.57=2.43 kg/m3 

8) Selection of wet density of Geopolymer concrete for 

fineness 450 m2/kg from fig 2.3 is 2540kg/m3 

 

9) Selection of fine to total aggregate content is 31% for 

fineness modulus of sand of 2.58 from fig2.2  

10) Calculation of Fine and Coarse Aggregate Content  
Total aggregate content = (wet density of GPC)- (Quantity of 

fly ash)- (Quantity   of both solutions) 

                                          =2540-420-168 

                                          =1952 kg/m3 

Fine aggregate content 

                                  = (fine to total aggregate content in ℅) 

X total quantity of aggregate 

                                  = (31/100) ×1952 

                                  =605 kg/m3 

 

    Coarse aggregate content  

                                       = (total quantity of all in aggregate) 
- (Fine aggregate content) 

                                       =1952-605=1347 kg/m3 
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Material Required for M35 Grade of Geopolymer Concrete 

 

Fly Ash=420kg/m3 
NaOH =56kg/m3 

Na2SiO3=112kg/m3 

F A =605 kg/m3 

C A=1347 kg/m3 

Water content=110 kg/m3 

 
Fly Ash: FA:CA 

1:1.44:3.2 

Proportion required  

Ingredients 

of geopolymer concrete 
Fly ash NaOH Na2 SiO3 Sand Coarse aggregate Total water (W/GPB) Extra water 

Quantity (kg/m3) 420 56 112 605 1347 110 0 

Proportion 1  1.44 3.2   

Table 4: Materials required for M35 grade geopolymer concrete 

 RESULTS AND DISCUSSIONS 

1) Workability of fresh geopolymer concrete was measured 

by flow table apparatus as per IS 5512 1983 and IS 1727-

1967. Freshly mixed Geopolymer concrete is viscous in 
nature and water comes out during polymerization 

process. 

2) Method like slump cone test is not suitable to measure 

workability as concrete subside for long time compaction 

factor test cannot flow free so flow table is recommended 

for workability measurement of mix design of fly ash 

based geopolymer concrete 

3) Data consider is mixed design and result obtained are ok 

Observation 

Data 

considered in 

mix design 

Results 

obtained 

Workability (flow) 25–50 % 28.37 % 

Degree of workability Medium Medium 

Temperature/duration 60 °C/24 h 60 °C/24 h 

Mass density 2,540 kg/m3 
2,618 

kg/m3 

Compressive strength @ 

7 days after heating 

43.25MPa 
(target 

strength) 

42.13Mpa 

Table 5: Results of M35 grade geopolymer concrete 

 CONCLUSIONS 

The alkaline activator solution/fly ash ratio NaOH of 8M 

molarity gives gives higher strength because NaOH 

concentration is less, polymerization process starts 

immediately and this increase adhesive action of Geopolymer 
with aggregate up to .5 beyond strength decrease. 

In this project following points are Observed: - 

1) This paper proposed the guidelines for the design of fly 

ash based Geo-Polymer concrete of ordinary and 

standard grading of fine aggregate by maintaining water 

to Geopolymer binder ratio of .40 

2) Sodium silicate to sodium hydroxide ratio 2 and 10M 

NaOH oven curing at 60°c for 24 hours. 

3) the slump value of the fresh fly ash based geopolymer 

increase with of extra water added the mixture. 

4) Geo-polymer Concrete with molarity 8M gives higher 

strength. 
5) The strength of geopolymer concrete increase with 

increase in alkaline activator fly ash ratio up to .5 after 

beyond strength is decreases. 

6) Geopolymer concrete can be developed for structural 

applications from low calcium fly ash. 
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