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Abstract: 

This paper presents the experimental investigation on flexural behaviour of reinforced geopolymer concrete under day-light 

curing. Geopolymer concrete is an innovative method which is produced by the fully rep lacement of cement by fly ash  with the 

combination of alkaline solution. The specimens are casted for M-25 grade under the molarity of 12M. The specimens of size 

150x150x150mm cubes, 300mm height and 150mm diameter cylinders and 1200x150x200mm beams were cast and cured in the 

open atmosphere.. Fix the alkaline solution to fly ash ratio as 0.55 by trial and error method. The sodium silicate solution 

(Na2SiO3) with sodium hydroxide (NaOH) ratio by mass of 2.5 is used. For 12M concentration of NaOH solution, 480g of sodium 

hydroxide pellet is dissolved in water.  The atmospheric temperature was observed throughout the casting period and noted . The 

workab ility of fresh concrete, compressive strength, split tensile strength, flexural behaviour of beam are investigated. It acts as 

good resistance to chloride penetration, sulphate attack and more workable. The mid span deflection at different stages including 

service load and ultimate loads are higher for geopolymer concrete beams and it also posses more strength than conventional 

concrete 
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I. INTRODUCTION 

 

Geopolymer Concrete is a widely used high performance 

construction which has several desirable properties like high 

compressive strength, stiffness, and durability under usual 

environmental factors. At the same time concrete is brittle and 

weak in tension. Hence reinforcements are necessary. 

Normally rein forcement consists of continuous deformed steel 

bars or pre-stressing tendons. Today, Environmental pollut ion 

is the biggest menace to the human life on this world. In order 

to increase the awareness towards the ill-effects of the over 

exploitation of natural resources, eco-friendly technologies are 

to be developed for the effective use of these resources. 

Cement is a high green house gas emitting product. On the 

other hand, the abundant availability of fly ash worldwide 

creates opportunity to utilize this by-product of burning coal, 

instead of OPC to manufacture the concrete. Joseph Davidovits 

coined the term geopolymer for to reduce the emission of CO2 

in the atmosphere. In geopolymers, the polymerisation process 

involves a chemical react ion under highly alkaline conditions 

on Aluminium and silicon minerals, yield ing polymeric Si-O-

Al-O bonds. It was prepared by the combination of Sodium 

Silicate or Potassium Silicate with Sodium Hydroxide or 

potassium Hydroxide. Fly-ash based geopolymer concrete has 

excellent compressive strength and is suitable for structural 

applications. The formulat ions exhib ited fast setting, rapid 

strength gain, less elastic modulus and reduced post peak 

material ductility in compression. 

The principal objectives of the research are 

 

1. To study and optimize the mix design of geopolymer 

Concrete 

2. To evaluate the strength of GPC mixture by fly ash by 

flexural test 

II. GEOPOLYMER CONCRETE 

 

The source materials for geopolymers based on alumina-

silicate should be rich in silicon (Si) and Alumin ium (Al). 

Alternatively, the by-product materials like fly ash, 

metakaolin, GGBS, rice husk etc are used as a source material 

depends upon the factors such as availability, cost, specific 

demand and type of applications. The alkaline liquids are 

usually Sodium or Potassium based. The most commonly used 

alkaline liquid is the combination of sodium hydroxide 

(NaOH) or potassium hydroxide (KOH) and sodium silicate or 

potassium silicate. The combination of sodium hydroxide with 

sodium silicate is used on alkaline liquids since it is economic 

in cost when compared to potassium. The type of alkaline 

solution used is considered as an important factor because it 

influences the compressive strength.  

 

III. MATERIALS US ED  

 

The following materials which are generally used to produce 

GPC, Fly ash of Class C were co llected fro m Tuticorin  

Thermal Power Plant which had the specific gravity of 2.40. 

Sodium silicate and Sodium hydroxide of specific gravity 1.54 

and 1.15 are used. Sand confirming to zone-III of IS:383-1970 

having the specific gravity of 2.36 and fineness modulus 2.8 

and Crushed granite metal confirming to zone-III of IS:383-

1970 having the specific grav ity of 2.96 and fineness modulus 

3.9. Conplast SP430 was used to improve the quality and 

workab ility of concrete. Three numbers of standard cubes, 

cylinders and beams were casted for to determine the 

compressive, split tensile and flexural strength. The beams are 

provided with 4 numbers of 12mm bars as main reinforcement 

and 8mm stirrups with 150mm c/c. 
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Alkaline solution 

 

The alkaline liquid is prepared by mixing sodium silicate and 

sodium hydroxide with 98% purity as pellets  and sodium 

silicate solution is commercially available with different 

grades. The sodium silicate solution (Na2SiO3) with sodium 

hydroxide (NaOH) rat io by mass of 2.5 is used. The mix is 

allowed for a min imum time period of 24 hours and maximum 

of 36 hours to the reaction of polymerizat ion. For 12M 

concentration of NaOH solution, 480g of sodium hydroxide 

pellet is dissolved in water and makeup to one lit re. 

 

IV. DES IGN AND MIXING OF CONCRETE 

 

Based on the design of geopolymer concrete (Vijaya Rangan 

2008)
[3]

, for M-25 grade of concrete, fine aggregate and coarse 

aggregate are taken as 76% to the density of concrete where 

the density of geopolymer concrete is 2400Kg/m
3
. Out of 

which, 70% was coarse aggregate and 30% was fine aggregate. 

Also fix the alkaline solution to fly ash ratio as 0.55 by trial 

and error method. The sodium silicate solution (Na2SiO3) with 

sodium hydroxide (NaOH) ratio by mass of 2.5 is used. For 

12M concentration of NaOH solution, 480g of sodium 

hydroxide pellet is dissolved in water. The constituents for 

casting of Geopolymer Concrete of M25 grade concrete are 

prescribed in the following table 1 

 

Table.1: Constituents for casting of M-25 grade 

geopolymer concrete  

 

Constituents Scientific Notations Quantity (Kg/m
3
) 

Fly ash - 371.6 

Sodium silicate  Na2SiO3 122.63 

Sodium hydroxide  NaOH 81.75 

Super plasticizer SP 1.5%  o f fly ash 

Fine aggregate - 547.20 

Coarse aggregate - 1276.8 

 

V. CURING 

 

Polymerisation process is generally accelerated at a 

temperature above 60°c. Where, all the casted specimens were 

casted under day-light temperature for a time period of 28 

days. Under day light curing fly ash based geopolymer 

concrete achieves lower strength in early days when compared 

to curing under steam curing. The dismantled specimens are 

kept in open temperature and daily temperature was noted over 

the entire curing period. 

 

 
Figure.1. Geopolymer Concrete  

 
Figure.2.Day light curing of concrete  

 

Fabrication and casting of specimens  

As per the mix design, the required quantity of fly ash, fine 

aggregate and coarse aggregate were weighed. Alkaline 

solution was prepared as one day before to the casting. The 

weighed materials are gently mixed with the alkaline solution 

till to obtain the uniform mix. Finally, the super plasticizer  

Conplast SP340 was added into the concrete to improve the 

strength, quality and workability of the concrete. The inner 

surface of the moulds was coated with oil. The reinforcement 

cage was placed after providing 25mm concrete blocks in the 

beam mould. Then the concrete was poured as three layers and 

each layer was compacted by 25 strokes using the compaction  

rod. The moulds were dismantled after two days and the 

specimens were kept in an open atmospheric temperature for 

curing. i.e.,Day light curing. The compression strength and 

split tensile strength of Cubes and cylinders were computed 

under Compression Testing Machine at an age of 7, 14, 28
th

 

days. Beams are tested for flexural strength by using 5T 

capacity loading frame . The specimens were p laced with the 

clear span of 1200mm where the centre of the beam was 

marked and two point loads are applied over it. Three pairs of 

LVDTs also placed beneath the surface for to determine the 

strain. The flexural specimens were white washed in order to 

facilitate the marking of cracks.  

 

Discussions are carried out in the fo llowing aspects 

a. load deflection behaviour 

b. cracking load 

c. initial crack load and ultimate load  

 

VI. RES ULTS  AND DIS CUSSIONS  

 

The compressive strength and split tensile strength of the 

geopolymer concrete are shown in the table 2. 

 

Table.2. Compressive and s plit tensile strength of 

geopolymer concrete  

Age of concrete Compressive 

strength (N/mm
2)

 

Split tensile 

strength 

(N/mm
2
) 

7 10.67 1.58 

14 18.84 2.34 

28 30.93 2.96 
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Figure.3: Compressive and s plit tensile strength of GPC 

 

 
Figure. 4. Test setup made for flexural test 

 

The beam specimens were tested in the loading frame under 

two point loading until failure. As the load increases, due to 

the yielding of tensile rein forcements, the beams were starts to 

deflect and cracks were developed along the span and followed  

by crushing of concrete. The loads at various stages such as 

initial crack load, deflection and ultimate load are summarized  

in table 2. The service loads were calculated at loads 

corresponding to a deflection of span/250 or maximum crack 

width of 0.3mm, whichever is less. Table 3, 4 and 5 shows 

various deflections of geopolymer beams at centre and under 

the point of loadings. Figure 5, 6 and 7 shows the load versus 

deflections at various points of beams. 

 

Table. 3. Various deflections of GPC-1  

Load 

(kN) 

Deflection (Mm) 

Left Centre  Right 

22 0.9 0.9 1.2 

25 1.4 1.4 1.7 

30 1.9 2 2.3 

35 2.4 3.2 3.5 

40 2.6 3.4 3.7 

45 2.7 3.5 3.8 

50 3.1 3.8 4.2 

55 3.1 3.8 4.2 

60 3.3 4 4.4 

65 3.3 4 4.5 

70 3.4 4 4.5 

74.9 3.5 4.1 4.6 

 

 
Figure. 5. Load Vs deflection curve for GPC-1  

 

Table. 4: various deflections of GPC-2  

Load 

(kN) 

Deflection (Mm) 

Left Centre  Right 

20 0.9 0.9 1.2 

25 1.5 1.4 1.9 

30 1.8 1.9 2.3 

35 1.9 2 2.3 

40 2 2.8 3 

45 2.1 2.8 3.1 

50 2.1 2.8 3.1 

55 2.1 2.8 3.4 

60 2.1 2.8 3.1 

65 2.1 2.8 3.2 

70 2.2 3 3.3 

77.6 2.3 3.1 3.4 

 

 
Figure.6. Load Vs deflection curve for GPC-2 

 

Table. 5: various deflections of GPC-3  

Load 

(kN) 

Deflection (Mm) 

Left Centre  Right 

28.4 1.9 2.1 2.2 

30 1.9 2.1 2.2 

35 2 2.2 2.3 

40 2.1 2.2 2.4 

45 2.2 2.3 2.4 

50 2.2 2.3 2.4 

55 2.4 2.5 2.7 

60 2.7 2.8 2.9 

65 2.8 2.9 3.1 

70 3.3 3.2 3.5 

75 3.4 3.3 3.6 

81 3.6 3.6 4 
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Figure.7. Load Vs deflection curve for GPC-3 

 

Figure 8 shows the load versus mid span deflection of the 

flexural specimen. The first crack load is 22kN for the beam 

series of GPC-1 with 1.51% of percentage tensile 

reinforcement. The loads are gradually increased up to the 

ultimate load of 77.6kN. For GPC-2 beam, the initial crack 

load was developed at 20kN and then loads are increased to the 

ultimate of 74.9kN and for GPC-3 beam, initial crack was 

developed at 28.4kN and it was further increased to the 

ultimate value of 81kN. 

 

Table. 6. Various stages of loading 

Beam 

Designation 

Initial 

crack 

load, PCR 

(kN) 

Ult imate 

load, PUL 

(kN) 

Mid span 

deflection (mm) 

 

L 

 

C 

 

R 

GPC-1 22 77.6 2.3 3.1 3.4 

GPC-2 20 74.9 3.5 4.1 4.6 

GPC-3 28.4 81 3.6 3.6 4 

 

 
Figure.8. Load Vs deflection curve  

 

From table 6, the load carry ing capacity of geopolymer beams 

are shown in fig 9, 

 

 
Figure.9.Load carrying capacity of geopolymer beams 

 

VII. MODES OF FAILURE  

 

While loading the beams under loading frame, cracks are 

developed on the beam surface were in the pure tensile zone. 

When the load is keep on increased the existing cracks are 

propagated and new cracks developed along the span. The 

flexural cracks gave way to inclined cracks due to the effect of 

shear force. The spacing of cracks varied along the span. A 

few cracks appeared in the flexural zones of the concrete at 

initial loads. Then the cracks get widened as the loads 

increased. The crack width at mid span zone is considerably 

increased at failure loads. As well as, the deflection also 

increased significantly. The failure pattern of the beam 

specimens was found to be similar. 

 

VIII. CONCLUS IONS  

 

1. The load carry ing capacity of geopolymer concrete 

beams are 1.2 times more due to high compression strength 

under day light curing. 

2. Flexural strength of GPC under daylight curing is 

1.25 times more than the conventional concrete. 

3. The crack patterns observed in the beams were found 

to be similar. All the beams failed in flexural mode by yielding 

of reinforcement and crushing of concrete in the compression 

zone. 

4. When the atmospheric temperature is above 60°C, 

daylight curing shall be adopted. This technique is much 

economical while comparing with oven curing or steam curing. 
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