
RESIDUAL PROPERTIES OF GEOPOLYMER 

CONCRETE 

 - Ashish Kumar 

 

1* M.Tech (Civil Engineering) 2017-2019. 

I.T.M. Lucknow, affiliated to Dr. APJ ABDUL KALAM TECHNICAL UNIVERSITY. 

 

Abstract : 

The increase in the green house effect causes ecological imbalance contributing to global warming 

which is at alarming rate. The cement industry is responsible for about 6% of all CO2 emissions, 

because the production of one ton of Portland cement emits approximately one ton of CO2 into 

the atmosphere. In order to over come the green house effect caused by the manufacturing of the 

ordinary Portland cement an immediate need arise to find a suitable substitute for ordinary 

Portland cement. 

 

The discovery of geopolymers is a breakthrough which provides a cleaner and environmentally-

friendlier alternative to Ordinary Portland Cement (OPC). Geopolymer is a new breed of fly ash 

which is an end product in thermal power plant. Geopolymer concrete is a revolutionary 

substitute to conventional ordinary Portland cement concrete with lot of advantages. 
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INTRODUCTION 

Fire represents one of the most severe exposure conditions. So the provisions for appropriate fire 

resistance for structural members are major safety requirements in any building design. In order to 

predict the fire resistance of a structure, the temperatures in the structures must be determined. 

The fire resistance of the structural members is dependent on the thermal and mechanical 

properties, at elevated temperatures, of the materials of which the members are composed. In 

recent years, the construction industry has shown significant interest in the use of various newer 

generations concrete. These concretes are likely to behave differently from the conventional 

concrete when exposed to high temperatures. The exposure of concrete to elevated temperature 

affects the physical and mechanical properties. Elements could distort and displace, and under 

certain conditions, the surface could spall due to the build up of steam pressure. Because thermally 

induced dimensional changes, loss of structural integrity, an release of moisture resulting from the 

migration of free water could adversely affect the structures operation and safety, a complete 
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understanding of the behavior of new generation concrete under long term elevated temperature 

exposure is essential for reliable design evaluations. 

 

The experimental work was conducted to obtain the residual strength of the Fly ash based 

Geopolymer concrete at elevated temperature. In the experimental work only one source of dry 

low-calcium Fly ash (class F) from local power station was used. The tests and analytical methods 

that were available for Ordinary Portland Cement were used to predict the results. 

LITERATURE REVIEW 

It has been reported very good heat resistant properties of material prepared using sodium silicate, 

potassium silicate and metakaolin; having thermal stability up to 1200-1400°C. Kovalchuk. 

Investigated heat resistant geopolymer materials manufactured using class F fly ash, which had good 

thermal resistance properties up to 800° C. 

Geopolymer prepared using either fly ash or metakaolin have frame work structures originating from 

condensation of tetrahedral aluminosilicate units varying Al/Si ratio such as (Al- O- Si- O-) M, (Al-O-

Si-O-Si-O-)M,(Si-O-Al-O-Si-O-Si-O-)M etc. M is an alkali ion, typically Na or K, which balances the 

charge of the tetrahedral Al [1]. Geopolymer prepared using class F fly ash are largely amorphous in 

nature. 

 

Two series of test samples were made, differing in their composition and method of moulding. In 

series I samples were prepared using sodium hydroxide, potassium silicate and sodium silicate 

solutions, providing 8-9% Na or K in mixtures and water binder ratios of 0.27-0.35. Water/binder 

ratio given in this paper was calculated as a ratio of total mass of water to mass of fly ash. The pastes 

were cast in plastic cylinders and sealed with the lid. Because of low flow ability of mixes hand 

compaction using cylinder plunger was utilized at a filling stage. In series 2 fly ash samples were 

prepared using 8-9% Na or K in mixtures and water/binder of 0.09-0.166. In series 2 mixes of very 

dry consistency were used, thus some of the samples were pressure compacted. It was shown that 

prolonged initial curing of samples at room temperature before the application of heat was 

beneficial for strength development of geopolymer samples prepared using fly ash. The method of 

curing mixtures of series 1 and 2 was the same, initially samples were cured for 24 hours at room 

temperature, after that the mixtures were ramped wither to 80°  or 100° C series cured respectively, 

at 80° -100° C, and cured at this temperature for 24 hours. 
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METHODOLOGY 

 

. Thermal expansion of geopolymer paste 

There was a length change of the geopolymer paste with respect to its original length, lo. When 

initially heated upto 1500C, the hardened geopolymer paste expanded. Between 1500C  and 2200 C, 

no further expansion occurred. The geopolymer paste then shrunk between 2200 C and 8000 C. 

Shrinkage occurred due to the mass loss when subjected to elevated temperature. The TGA was able 

to measure the mass loss as a function of temperature. Rapid dehydration occurred at the peak of 

the 1200 C to 1300 C heating range. Generally , the total percentage of mass remaining after being 

heated to 8000 C averaged at 88.8%. All specimens experienced a rapid decline in percentage  within 

the first 2000 C and stabilized after until approximately 7000 C. After 7000 C, there was little change 

in the percentage of mass remaining. 

   

The expansion of concrete at elevated temperature is strongly affected by the aggregates because 

aggregates generally occupy 75-80 % of the volume of the concrete. The expansion of aggregates 

predominates over the contraction of the geopolymer paste subjected to temperature beyond 2200 

C, which produces a net result of expansion in concrete. Meanwhile, a differential thermal expansion 

exists between the aggregates and the paste. The results prove the hypothesis that the thermal 

incompatibility relating to the paste and aggregates is the primary reason for the performance loss 

at elevated temperatures between the geopolymer paste and concrete specimens.  

8.16 % 

 

GEOPOLYMER MATERIALS 

3.1.1 FLY ASH: 

Fly ash is a finely divided residue resulting from the combustion of ground or powdered coal in 

electricity generating plant. Fly ash consists of earthly minerals, which include silicon, aluminum, 

iron, calcium, magnesium and traces of titanium and organic matter, such as carbon. The fly ash is 

solidified while it is being suspended in he exhaust gases, and is collected from the exhaust gases by 

electrostatic precipitators. Therefore, fly ash particles are generally spherical in shape because the 

solidification process occurs while the solid is in gas suspension. Furthermore, the collision between 

particles results in some larger particles or particles made up of several smaller ones bonded 
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together. The particle size of fly ashes ranges from <1 to 200 µm, and the particles are typically 

spherical in shape (Hemmings and Berry, 1988) 

 

The types of coal determine the types of fly ash produced. Generally, anthracite and 

bituminous coals produce fly ashes which are classified as Class F fly ash.  Class F – being mainly silica 

and alumina (80-85 weight %) and < 10 weight % CaO.Class C fly ash is produced by burning lignite or 

sub-bituminous coal. Class C fly ash has lower silica and alumina content, but higher CaO content 

(20-40 weight %). 

 

3.1.2 ALKALINE LIQUID 

In this experimental investigation a combination of sodium hydroxide and sodium silicate 

solution was chosen as the alkaline liquid. It is reported that mineral shows a higher extent of 

dissolution in sodium based solution than potassium based solution [1]. The sodium 

hydroxide was in the form of flakes (commercial grade), with 97% purity. The sodium 

hydroxide solution was prepared by dissolving flakes in distilled water (normal). The mass of 

NaOH solids used in the solution was of 16 molar. In this experiment 16 molar solution is 

used, NaOH solution with a concentration of 16M consisted of 16X40=640 grams of NaOH 

solids dissolved in one litre of water, where 40 is the molecular weight of NaOH. In this 

study 16M sodium hydroxide solution was used. 

 A commercially available sodium silicate solution was used. The specific gravity and 

chemical composition of such a sodium silicate solution was 1.53 and Na2o=27.62%, 

SiO2=32.08%, H2o=40.3% by mass respectively 

 

The present experimental work deals with the study of the performance of fly ash based 

geopolymer concrete at different elevated temperatures namely 250
0 

C
 
, 400

0
 C, 600

0
 C, 800

0
 

C, At different sustained durations of 2 hours and 4 hours. 

The details of the materials used in the present work, the mix design, method of mixing, 

casting of specimen, curing and heating to different temperatures along with the tests carried 

out on the heated specimens are explained in this chapter. 
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4.2 MATERIALS   

4.2.1 FLY ASH  

Fly ash used in this experimental work is brought from Raichur thermal power station 

(RTPS) Karnataka. It is a class F fly ash (the fly ash which contains less than 10 % of the 

calcium) which is called low calcium fly ash.  The physical characteristics of fly ash was 

conducted and the results are tabulated in Table 4.1 

      

Table  4.1 – Physical Characteristics of Fly Ash (RTPS) 

Sl No Details Results 

1. Specific Gravity 2.05 

2. Fineness (Blaine’s air permeability (m2/kg) 439 

 

Chemical test on fly ash  

The chemical test was conducted o the fly ash and the results were tabulated in the Table 4.2  

 Table 4.2 Chemical Composition of Fly Ash 

SL NO TEST CONDUCTED RESULTS 

1 

Silicon dioxide plus aluminum 

oxide plus iron oxide, percent by 

mass 

94.40 

2 Silicon dioxide percent by mass 60.88 

3 
Magnesium oxide percent by 

mass 
0.98 

4 
Total sulphur as sulphur trioxide. 

percent by mass, (maximum) 
0.20 

5 Loss on ignition, percent by mass 1.13 
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4.2.2 Aggregates  

 

The type of fine aggregate used in this study is locally available sand. The type of coarse aggregates 

used for this study is crushed granite (Angular) which is locally available. Maximum size of aggregate 

used is 12.5 mm. Physical characteristics of the sand used are presented in Table 4.3, 4.4, 4.5. 

 

Table 4.3 - Physical Characteristics of Aggregates  

Physical properties Fine aggregate 

(sand) 

Coarse aggregate 

(12.5 mm down) 

Specific gravity 2.60 2.61 

Fineness modulus 2.78 - 

Loose bulk density (kg/m3) 1536 1290 

Dry rodded bulk density (kg/m3) 1640 1500 

 

Table 4.4 - Sieve Analysis Results of Fine Aggregate 

 

Sieve Size Weight 

Retained 

(gm) 

Cumulative % 

Retained 

Cumulative % 

Passing 

Zone - Specifications  as per 

IS:383-1970 for % Passing 

I II III IV 

4.75 mm 33 3.3 96.7 90-100 90-100 90-100 95-100 

2.36 mm 36 6.9 93.1 60-95 75-100 85-100 95-100 

1.18 mm 186 25.5 74.5 30-70 55-90 75-100 90-100 

600µ 313 56.8 43.2 15-34 35-59 60-79 80-100 

300µ 202 87 13 5-20 8-30 12-40 15-50 

150µ 122 99.2 0.8 0-10 0-10 0-10 0-10 

Pan 8 - - --- --- --- --- 
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The fine aggregate tested conforms to Zone-II as per IS:383.  

 

Table 4.5 – Sieve Analysis results of Coarse Aggregate.   

Sl. No. Sieve size (mm) Wt. retained (gm) 
% Wt. 

retained 

Cum. %Wt. 

retained 
% Passing 

1. 16 0 0 
 

0 

100 

2. 12.5 200 4 4 96 

3. 10 1280 25.6 29.6 70.4 

4. 4.75 3200 64 93.6 6.4 

 

5. 

Pan 320 6.4 
 

- 

- 

 

Coarse aggregate tested confirms to the size of 12.5 mm of nominal size of aggregate as per IS 383 – 

1970. 

 

4.3 PROPORTIONING OF GEO POLYMER CONCRETE MIXES 

The different concrete mixes were obtained by absolute volume method assuming the wet 

density of the geopolymer concrete as 2400 Kg/m
3 

based on the preliminary tests in our 

laboratory. 

The water content was fixed at 140 Kg/m
3
. the fly ash content was varied in range of 315 

Kg/m
3
 (15% of total particulate matter) to 566 Kg/m

3
 (27% of total particulate matter) 

considering workability criteria and desired compressive strength of geopolymer concrete. 

The alkaline solution used was the combination of sodium hydroxide and sodium silicate 

solution where the concentration of the sodium hydroxide solution was kept constant at 16 

molarities, ratio of sodium silicate solution to sodium hydroxide solution was kept constant at 

2.5 respectively. The details of the mix proportions are shown in the Table 4.6 
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Table 4.6: Details of Geopolymer Concrete Mixtures 

MIX 

No. 

AGGREGATE Fly ash (F) 

Kg/m³ 

NaOH 

Kg/m³ 

Na2SiO3 

Kg/m³ 

Water/Fly 

ash (W/F) 
coarse fine 

1 1016 767 315 86.56 216.41 0.44 

2 980 739 377 86.56 216.41 0.37 

3 944 712 441 86.56 216.41 0.32 

4 872.6 658 566 86.56 216.41 0.25 

 

4.4 PREPARATION OF THE SPECIMEN 

 All the ingredients were mixed in the laboratory using pan mixer. The capacity of the 

pan mixer is 60 liters. Initially all the dry ingredients such as the fly ash, fine aggregates, 

coarse aggregates were mixed for 3 minutes, after which, the alkaline solutions were added 

which were prepared one day prior and then all the ingredients were mixed thoroughly for 4 

minutes. 

4.4.1 Casting of the specimen 

 The mixed concrete is cast in 100X100X100 mm cube, 150X300mm cylinders and 

400X75X75mm beams. All specimens were prepared in accordance with IS 516:1959. The 

casting of cubes is done in 3 layers. Each layer is given 25 blows with tamping rod and after 

completing all the layers, the cube mould was vibrated for 30 seconds on vibrating table. 

Similarly, cylinders are cast in 3 layers. Each layer is given 30 blows and after completing the 

layers, it is vibrated for 30 seconds. In a similar way beams are also cast and vibrated. 

 After casting, the specimens were wrapped with a thick plastic cover, to cover the 

surface, in order to avoid the evaporation of water during high temperature curing. 

     4.4.2 Curing  

 The curing of the specimens is carried out by subjecting the specimen to a 

temperature of 65° C for 20 hours along with the mould. After subjecting the specimen to  

temperature curing, the specimens were allowed to cool down to ambient temperature and 
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then de moulded and wrapped in thick polythene bags and kept for air curing for further 7 

days. 

 

Specimens kept in Oven for Heat Curing 
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