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Abstract 
 

In this paper, we presented a research study on analysisng the flexural 

behaviour of Reinforced GPC beams cured under two types of curing 

methods, with replacement of varied percentage of Natural Coarse Aggregate 

NCA with Black Marble Waste Aggregate BMWA (0%, 50% and 100%) and 

different concentrations of NaOH. A total of 54 reinforced geopolymer 

concrete beams of size 150 x 150 x 750mm were tested in flexure. All the 

specimens were examined under two-point monotonic loading. The 

behaviour was studied with regard to load capacity viz., 1
st
 breaking load, 

final load, and load deformation behaviour, moment to curve behaviour, 

crack width, crack distance and failure pattern. 

 

Keywords: Replacement of Aggregate, Curing Methods, Molarity of 

NaOH, Black Marble Waste Aggregate,Fly-Ash. 
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1 Introduction 
 

Urgent requests for cement are constantly growing and in the following 

decades, cement, and concrete production is envisaged to rely upon an 

increase in the future as a result of ascent of the infrastructure requirements  

of many developing countries and the increasingly old and worn out concrete 

structures which require earnest repair and rehabilitation. Around 1.5 tons of 

fresh materials are required to produce every one tonne of cement and all the 

while, simultaneously move around discharge of „1‟ ton of CO2 into the 

atmosphere during its manufacture. Therefore, the production of cement is a 

great resource with strong production potential [1]. Given the increased 

responsiveness of reduction of emission of CO2 through industries all over 

the world, the “geopolymer” concrete has been considered a viable 

alternative to conventional OPC. Industrial by-product use has become a 

suitable option but not as much as that of OPC‟s [2]. The essential distinction 

between regular concrete and geopolymer concrete is that in GP Concrete 

alkali activated aluminosilicate is used as a binder and cement is completely 

removed. Davidovits researcher from Australia discovered an alkaline 

activation liquid, which is used as a reacting agent with Si and Al [Silicon 

and Aluminium] in materials of geologic origin, source or flush gestures and 

rice husk debris i.e by-product materials, and produce binders [3]. Another 

option for control emission of CO2 in the process of production and usage of 

cement is to use “geopolymer” concrete.  

Increased attention is also placed on reuse or recycling of environmental 

friendly materials to avoid depletion of the world‟s natural assets and to 

curtail the amount of waste disposed off in landfills which is increasingly 

global. In this way, as the industrial development process continuous the 

reuse of construction and demolition waste is turning out to be progressively 

significant. Meanwhile, huge quantity of waste aggregate is generated from 

slab industries, on par with the Ananthapur District Survey Report, 

Department of Mines and Geology, Govt of Andhra Pradesh, India. It is 

estimated that around 171.72 million tonnes of limestone slab quarry waste is 

rejected. These wastes, instead of being dumped on roadsides, can be utilized 

together with geopolymer concrete and totally wipe out the need for regular 

cement. 

 

2 Reinforced Geopolymer Concrete 
 

The binders, Flyash (FA), Ground Granulated Blast FurnaceSlag 

(GGBFS),   Metakaolin etc, increase the potential to use cement replacing 

materials in the concrete industry. In order to prepare GP concrete there is no 

prescribed standard method. Preparation of controlled GP Concrete can be 

adhered to with some desired properties, like the ratio of Si/Al, type of 

curing, curing method and water/binder proportions. This requires alkali 

activator with appropriate characteristics and the base material to determine 

these ratios. Production of GPC using FA or GGBFS is a better substitute to  
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regular OPC and gives early strength, durability, low cost and emits less 

carbon, compared to cement concrete mixtures [4]. Compressive strength of 

GPC increases with increasing percentage of GGBS and molarity [5]. 

Therefore, the existing techniques for investigation and designing of concrete 

elements must be evaluated and approved before being used in GPC 

elements. The literature available at GPC throws light on the production 

potential, physical, mechanical, and durability properties. However, little 

attention has been paid to increase the activity of RGPC and its structural 

applications. 

 

3 Literature Survey 
 

R.R Bellum et.al investigated on mix design and mechanical properties 

of GPC with varying curing conditions, based on this studies the mechanical 

properties of GP Concrete synthesized with 30% of FA and 70% GGBS 

having 14M at 70
0
C gives better performance [6].   S.Kumaravel et.al studied 

the flexural activity of Reinforced low calcium FA based GPC beams and 

observed at the increase in fineness of fly ash, GPC beams shows better 

results in terms of load vs deformation characteristics at service load, and 

ultimate load when compared with conventional concrete [7]. S.Kumaravel 

et.al studied the fly ash and GGBS based GPC beams cured at 60
0
C for 24 

hr‟s, compared to RCC beams grade M40, RGPC beams shows highest yield 

load, ultimate and Maximum load than RCC [8]. B.S Chandra Kumar et.al 

completed an exploratory work on GC with various source materials, and 

observed that GC beams have high load carrying capacity, load vs deflection 

than compared with M40 grade OPC as increasing the concentration of 

NaOH, and increase the percentage of GGBS and there is no difference of 

cracking and failure mode in both GC and OPC [9, 10, 11]. C. K. 

Madheswaran et.al completed an experimental analysis on Reinforced GPC 

beams subjected to monotonic loading and found out that the ultimate load 

capacity for RGPC is 10 percent higher than RCC beams and similar failure 

pattern, cracking pattern and load deformation behaviour at centre span for 

both RGPC and RCC beams [12]. G.Lavanya et.al mentioned that the 

flexural capacity of beams was influenced by the tension reinforcement 

ratios, having a high load carrying and increase the energy absorption 

capacity [13]. RubyAbraham.et.al studied an experimental work on the 

behaviour of both GPC and OPC. If GPC results show better performance in 

terms of 1
st
 crack, ultimate crack load and more ductile in a manner than 

OPC [14]. Another researcher, M.Soman et.al reveals that replacement of 50 

percent of cement with HVFAConcrete showed enlargement in deflection, 

cracking, and flexural carrying capacity when compared with OPC [15]. 

Other researchers, J.R.Yost et.al   investigated the flexural behavior of RGPC 

beams by introducing and developed a new curing technique i.e 

Environmental Curing Chamber and opine that compressive strength ranges  
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were increasing from 52-57 Mpa. In both RCC and RGPC beams the results 

in load- deflections curves, cracking pattern were the same and when 

compared to RCC, RGPC beams showed more brittleness, higher deflection 

values at the peak loads [16, 17]. 

 
4  Experimental Work 
 

 

4.1 Materials 
 

Two types of aggregates were used in this paper to manufacture GP 

Concrete. Those are:  

 

i. Aggregate from natural origin i.e Natural Coarse Aggregate NCA.  

ii. Black Marble Waste Aggregate BMWA. 

 

Black Marble Waste Aggregate was collected from the slab processing 

industries in and around Tadipatri town, Anantapur Dist, AP. This slab waste 

was transported to a facility for crushing and grading materials to desired 

sizes. Further characterization of the aggregate tests were carried out as per 

IS 2386 [18] as shown below table 1. Natural aggregate was obtained from a 

local crushing unit of sizes 20 and 10 mm and tests were carried out as per IS 

2386 [18] as shown in table 1. 

 
Table: 1 Physical Properties of Coarse Aggregate      

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: NCA: Natural Coarse Aggregate BMWA: Black Marble Waste 

Aggregate 

Locally available stream sand, free from organic matters, harmful 

impurities, etc, has been used as Fine Aggregate FA, and tested as per IS 

383-1970 [19] and Conformation of Zone-II, and physical properties of FA 

were tested as per IS 2386. The same have been presented in table 2. 

Physical Properties  NCA BMWA 

Specific Gravity 2.68 2.77 

Bulk Desity 

Compacted  
16.62 Kn/m

3
 14.86 Kn/m

3
 

Bulk Desity loose  14.28 Kn/m
3
 12.48 Kn/m

3
 

Impact Value 14.40% 16.20% 

Flakiness Index  15.40% 18.22% 

Elongation Index  16.10% 25.63% 

Water Absorption  0.42% 0.50% 
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                       Table 2 Physical Properties of Fine Aggregate 

 

Specific gravity  2.61 

Fineness Modulus  2.8 

Bulking os Sand 24% 

Bulk density  16.62 Kn/m
3
 

 

     5  Fly Ash and GGBS 
 

The GPC is produced by activating Al-Si based raw materials with an 

alkaline solution. The FA and GGBS are rich in Si and Al. These source 

materials have been used in the present geopolymer binder. Fly Ash, tested 

as per IS 3812, having a specific gravity of 2.24 and fineness of 360 m
2
/kg 

[20] has been obtained from RTPP Rayalaseema Thermal Power Plant, 

Muddhanur, Kadapa District, AP. The GGBS, tested as per IS 12089  having 

a specific gravity of 2.94 and fineness of 400 m
2
/kg has been obtained from 

BN Chemicals, Kadapa District. The AAS (Alkaline Activator Solution) used 

in this study, is a combination of sodiumsilicate and sodiumhydroxide. The 

function of the AAS is to break up the reactive portion of Si and Al materials 

present in the FA and the GGBS. For polymerization reaction, 

sodiumhydroxide in the form of around 3 mm size flakes has been used. A 

solution of AAS, with the necessary concentration of NaOH (8M/10M etc) 

was prepared by dissolving the calculated amount of NaOH flakes in water. 

Later to enhance the geopolymeration, the solution was added with Sodium 

Silicate, in the ratio of 2.5 (Sodiumhydroxide - SodiumSilicate). The 

prepared solutions were kept in room temperature for one day earlier to 

casting. 

 

6 Mix Proportioning 
 

Preparation of GPC based on fixed mix design is not possible as no such 

design exists. Hardjito et.al has presented certain guidelines for preparation 

fly ash based GP Concrete. In the present study, percentage of fly ash and the 

GGBS have been kept fixed, and various percentages of NCA have been 

replaced with BMWA, various concentrations of NaOH (8M, 10M&12M), 

ratio of alkaline liquid to binder fixed as 0.35. The details of Materials and 

Mix proportions have been presented in Table 3. 

 

 

 

 



 
 

 

 

 

 
845 S. Pradeep Kumar et al  

               Table: 3 Materials and mix proportions. 

 

MATERIALS  (Kg/cum) 

NCA with 0, 50 and 100 % replacement with BMWA 

1293.52 

646.75 

0 

 Black Marble Waste Aggregate  

0 

646.75 

1293.52 

Fine aggregate 554.4 

Fly ash and GGBS (50:50)  
204.45 & 

204.45 

Sodium silicate solution 102.2 

Sodium hydroxide solution 40.9 

Sodium hydroxide pellets 

8M 13.088 

10M 16.36 

12M 19.63 

Extra water 60 

            

 

7 Specimen – Details 
 

The specimen beams are of 150 mm width and 150 mm depth in size in 

cross section. The beams of 750 mm in length are simply supported over an 

effective length of 700 mm. The clear cover of the beam is 20 mm. The 

dimensions of the specimen beams are conducive to test in the laboratory. High 

yield strength deformed (HYSD) steel bars of diameter 10 mm have been used as 

longitudinal reinforcement provided on both the top and the bottom sides of the 

beam. A two legged vertical stirrups of 6 mm φ dia at a spacing of 100 mm 

between the centres have been used for secondary reinforcement. Figure 1 shows 

the geometry of the specimen beam. 

 

 
                                 Figure: 1 Geometry of the Beam  
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Before pouring the concrete into samples, the inner side walls of moulds 

were layered with greasing oil to avoid sticky nature of hardened concrete. 

The concrete was placed in the moulds in 3 equal layers duly shaking every  

layer until the layers were fully compact with the help of trowels. Along with 

the beams, 3no‟s of 150 x150 x 150 mm cube and 150 x 300 mm cylinders 

from each mix casting were used to determine the strength of compression 

and the strength split tensile of concrete to be envisaged after a period of 28 

days of curing. Among the GP Concrete beams, some beams were cured at 

ambient temperature and some were immersed in water for a period of 28 

days of curing. 

 

8  Experimental Setup 
 

The test specimen was setup on a Universal Testing Machine of 1000 

KN capacity. An effective span of length 700 mm was taken and a load was 

applied at 2 points of 233.33 mm distance from the centre of the beam 

towards the supports. The experimental setup of specimen is shown in Figure 

2. Dial gauges of 0.001 mm least count were used to measure the deflections 

under the loads and at the mid-span. The readings on Dial gauges were noted 

with every increment of load and care was taken to observe the 1
st
 crack and 

final crack that responded corresponding to the load deflection. All the 

beams were exposed to this procedure. 

 

 

 
       Figure: 2 Experimental setup of Beam specimen 
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9  Load and Deflection Behavior 
 

The load and deflection values have been recorded and used to draw 

load-deflection curves. The Figures 3 to 8 show the load deflection curves of 

varying molarity with two different curing conditions and 0, 50 and 100 

percentage variation of Natural Coarse Aggregate. The deformation of all the  

beams has been observed to increase linearly and is found to be proportional 

to the load until the first crack. After the 1
st
 crack deformation has been 

observed to increase non-linearly until the ultimate load was achieved. The 

end of the load Vs deflection curve where the 1
st
 crack was observed is 

identified as initial zone. It has been found that load Vs deflection properties 

for all the beams is essentially the same. 

 

 
 
Figure: 3  Load Vs Deflection for 8M specimens which are at ambient room 

temperature BMWA has lesser deflection when compared to NCA; NCA+BMWA 

combination shows it is better than BMWA and NCA proves that it is best. 

 

 

Figure 3 shows  Load Vs Deflection for 8M specimens which are at 

ambient room temperature BMWA has lesser deflection when compared to 

NCA; NCA+BMWA combination shows it is better than BMWA and NCA 

proves that it is best. Figure 4 Shows Load Vs Deflection for 10M specimens 

which are at ambient room temperature BMWA has lesser deflection when 

compared to NCA; NCA+BMWA combination shows it is better than 

BMWA and NCA proves that it is best. Figure: 5 Shows Load Vs Deflection 

for 12M specimens which are at ambient room temperature BMWA has 

lesser deflection when compared to NCA; NCA + BMWA combination 

shows it is better than BMWA and NCA proves that it is best. Figure: 5  
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shows  Load Vs Deflection for 12M specimens which are at ambient room 

temperature BMWA has lesser deflection when compared to NCA; NCA + 

BMWA combination shows it is better than BMWA and NCA proves that it 

is best. Figure 6 Shows Load Vs Deflection for 8M specimens which are 

water cured-NCA has lesser deflection when compared to BMWA; 

NCA+BMWA Combination shows it is better than NCA and BMWA proves 

that it is the best. Figure 7 Shows Load Vs Deflection for 10M specimens 

which are water cured-NCA has lesser deflection when compared to BMWA; 

NCA + BMWA combination shows it is better than NCA and BMWA proves 

that it is the best. Figure 8 Shows Load Vs Deflection for 12M specimens 

which are water cured- NCA has lesser deflection when compared to 

BMWA; NCA +BMWA combination shows it is better than NCA and 

BMWA proves that it is the best. 

 
 

 
 

Figure: 4  Load Vs Deflection for 10M specimens which are at ambient room 

temperature BMWA has lesser deflection when compared to NCA; NCA+BMWA 

combination shows it is better than BMWA and NCA proves that it is best. 
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Figure: 5  Load Vs Deflection for 12M specimens which are at ambient room 

temperature BMWA has lesser deflection when compared to NCA; NCA + BMWA 

combination shows it is better than BMWA and NCA proves that it is best. 

 

 

 
 

Figure: 6 Load Vs Deflection for 8M specimens which are water cured-NCA has 

lesser deflection when compared to BMWA; NCA+BMWA Combination shows it is 

better than NCA and BMWA proves that it is the best. 
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Figure: 7 Shows Load Vs Deflection for 10M specimens which are water cured-

NCA has lesser deflection when compared to BMWA; NCA + BMWA combination 

shows it is better than NCA and BMWA proves that it is the best. 

 

 

 
 

Figure: 8 Shows Load Vs Deflection for 12M specimens which are water cured- NCA 

has lesser deflection when compared to BMWA; NCA +BMWA combination shows it is 

better than NCA and BMWA proves that it is the best. 
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     10  Initial and Final Crack Load 
 

The initial crack, final crack, and moment carrying capacity specimens of 

GPC beams that were kept under water curing and ambient room temperature 

curing respectively, have been tabularized in table 4 and table 5. The GP  

concrete beams which contain only NCA performed better under ambient 

room temperature curing than those under water curing. It is also observed 

that the GP concrete beams which contain only BMWA performed better 

under water curing than those under ambient room temperature curing. The 

increase of molarity enhanced the properties of GP Concrete beams, both in 

water curing and ambient room temperature curing. It has been observed that 

the GP concrete beam under ambient room temperature curing containing 

NCA, recorded the first crack load of 11.84% and 12.73% (highest) at 8M 

and 12M respectively when compared to the beams under water curing. On 

the other hand the GP Concrete beams under water curing containing only 

BMWA, registered the first crack load of 22.67% and 23.92% (highest) at 

8M and 12M respectively when compared to the beams of ambient room 

temperature curing. In GP Concrete beams with only NCA under ambient 

room temperature curing, the ultimate crack load has been noted as 13.73% 

and 16.15% higher at 8M and 12M respectively when compared to those of 

water curing results. Whereas, in the GP Concrete beams with only BMWA 

under water curing, the ultimate crack load has been noted as 25.21% and 

26.20% higher at 8M and 12M respectively when compared to those of 

ambient room temperature curing results. 

 
Table: 4 Initial, final crack, and moment carrying capacity of water cured    

 specimens. 
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Table: 5 Initial, final crack, and moment carrying capacity of ambient room temperature 

cured specimens. 

 
 
11  Cracking and ultimate moment capacities 
 

The load capacities at various stages viz., first crack and the ultimate 

stage, corresponding characteristic compressive strength have been tabulated 

in table 4 and 5. If GP Concrete beams at ambient room temperature 

comprise only NCA greater cracking moments have been observed, when 

compared to water cured specimens. If GP concrete beams under water cured 

contain only BMWA better cracking moments have been observed in 

comparison to those at ambient room temperature. The ultimate moment 

capacities of GP Concrete beams have been observed to be similar for all 

beams.  When these were compared to those under water cured at ambient 

room temperature showed better carrying capacities. 

 

12 Conclusions  
 

1. The load deflection characteristics of GP Concrete beams with varying 

molarity and curing condition are similar. 

2. It was observed that the GP Concrete beams containing only NCA 

performed better in under ambient room temperature curing compared to 

those under water curing. It was also observed that the GP Concrete 

beams containing only BMWA performed better in under water curing 

than those under ambient room temperature curing.  

3. An increase in molarity enhanced the properties of GP Concrete beams 

under both ambient and water curing.  
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4. Load and deflection curves of GPC beams are similar, with variation in 

both molarity and curing conditions.   

5. Crack pattern and failure modes are observed for all beams have been 

found to be similar. 

 

 

References 
 
[1]Louise K. Turner, “Carbondioxide equivalent CO2 emission‟s A 

Comparision between geopolymer and OPC cement concrete”, 

Constructed and Building Materials, Vol. 43, no. 6, pp 125-130, 2013. 

[2]P.Duxson, J.L.Provis, “The role of inorganic polymer technology in the 

development og green concrete”, Cement and Concrete Research, Vol. 

37, no. 12, pp. 1590-1597, 2007.   

[3]Davidovits.J, “Geopolymer chemistry and properties”, proceedings of the 

1st International Conference on geopolymer”, Vol. 1, no. 1-3, pp. 25-48, 

1988. 

[4]Nakshatra .B.Singh, “Flyash-Based Geopolymer Binder:A future 

construction Material”, Minerals, Vol. 8, no. 7, 2018.   

 [5]C.K.Madheswaran, “Effect of molarity in geopolymer concrete”, 

International Journal of Civil and Structural Engineering, Vol. 4, no. 2, 

2013. 

[6]R.R.Bellum, “Mix Design and Mechanical properties of Fly ash and 

GGBFS synthesized Alkali Activated concrete”, Infrastructures, pp. 2-

11, 2019.  

[7]S.Kumaravel, “Flexural behaviour of reinforced low calcium fly ash based 

Geopolymer concrete beam”, Global Journal of Researches in 

Engineering Civil and Structural Engineering, Vol. 13, no. 8,  2013. 

[8]S.Kumaravel, “Flexural behaviour of Geopolymer concrete beam with 

GGBS”, IUP Journal of Structural Engineering, Vol. 7, no. 1, pp. 45-54, 

2014. 

[9]B.Sarath Chandra Kumar, “Studies on Flexural Behaviour of Geopolymer 

Concrete Beams with GGBS”, International Journal of Recent 

Technology and Engineering (IJRTE), Vol. 7, no. 6C2, pp. 199-205, 

2019.  

[10]B.Sarath Chandra Kumar.et.al “Flexural Behaviour of Reinforced 

Geopolymer Concrete Beams with GGBS and Metakaoline”, 

International Journal of Civil Engineering and  Technology (IJCIET), 

Vol. 7, no.  6, pp. 260-277, 2016. 

 [11]G.Lavanya, “Structural behaviour of high calcium fly ash based 

geopolymer concrete beam”, International Journal of Advanced 

Engineering and Research Development, Vol. 3, no. 3, pp. 109-115, 

2016.      

 

 



 
 

 

 

 

 
Flexural Behaviour of Fly-Ash and GGBS based Geopolymer Concrete Beam Using 

Black Marble Waste Aggregate 854 

 

[12]Ruby Abraham, “Strength and behaviour of Geopolymer concrete 

Beams”, Proceedings of International Conference on Energy and 

Environment, Vol. 2, no. 1, pp. 159-166, 2013.  

[13]M.Soman.et.al “Strength and Behaviour of High Volume Flyash 

Concrete”, International Journal of Innovative Research in Science, 

Engineering and Technology, Vol. 3, no. 5, pp. 12416- 12424, 2014.   

[14]J.R.Yost, “Structural behaviour of alkali activated fly ash concrete. part 1 

mixture design, material properties and sample fabrication”, Materials 

and Structures, Vol. 46, no. 3, pp .435-447, 2012. 

[15]J.R.Yost, “Structural behaviour of alkali activated fly ash concrete. part 2 

structural testing and experimental findings”, Materials and Structures, 

Vol. 46, no. 3, 2012.  

[16]IS 2386-1963, part-3 Methods of test for aggregate for concrete, 

Available online: https://www.iitk.ac.in/ce/test/IS-

codes/is.2386.1.1963.pdf 

 [17]IS 383-1970, Specifications for Coarse and fine aggregate from Natural 

Sources for concrete, Available Online: https://www.iitk.ac.in/ce/test/IS-

codes/is.383.1970.pdf  

[18]IS 3182-1981, Specifications for fly ash for use as pozzolana and 

admixtures, Available Online: 

https://law.resource.org/pub/in/bis/S03/is.3812.1.2013.pdf 

[19]IS 12089-1987,Specifications for granulated slag for the manfacture of 

Portland slag cement, Available Online: 

https://law.resource.org/pub/in/bis/S03/is.12089.1987.pdf 

[20]Hardijito.D, “Development and properties of Low-Calcium flyash based 

Geopolymer Concrete”, Research report GC-1 Faculty of Engineering, 

2005.  
 

Biographies 
 

 
 

S.Pradeep Kumar received his B.Tech and M.Tech graduate degree in Civil 

Engineering and currently he is a Ph.D scholar in the Department of Civil 

Engineering, K.L. Deemed to be University, Vijayawada. His area of 

interests Geopolymer Concrete etc., 

 

 

 

https://www.iitk.ac.in/ce/test/IS-codes/is.2386.1.1963.pdf
https://www.iitk.ac.in/ce/test/IS-codes/is.2386.1.1963.pdf


 
 

 

 

 

 
855 S. Pradeep Kumar et al  

 

 
B.Kameswara Rao received his B.Tech, M.Tech and Ph.D degree in Civil 

Engineering. Professor Department of Civil Engineering, K.L. Deemed to be 

University, Vijayawada. His area of interest are Concrete Materials etc., 

 

 

 
 

J.Guru Jawahar received his B.Tech from S.V.University, Tirupati. M.Tech 

and Ph.D degree in Civil Engineering from JNTUA Anantapur, Andhra 

Pradesh, India in the year 2013. His area of interests includes Geopolymer 

Concrete and Self Compacting Concrete etc., 

 

 

 


