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Abstract 
 
A key emphasis on environmental sustainability in the global housing and 

construction industry has given the scope for the production of sustainable 

construction approchaes and novel construction materials. In general, these 

materials have reduced environmental footprint across its lifecycle. Hence, 

we conducted a research study upon developing one such material. In this 

study, we considered two curing methods and analysed the flexural 

behaviour of produced RGPC beams. For testing pupouse we produced 54 

RGPC beams with a size of 150 x 150 with effective span of 750mm. In the 

produced RGPC beams, the Natural Coarse Aggregate (NCA) is replaced 

with Black Marble Waste Aggregate (BMWA) and the study was conducted 

on the beams that has varying percetanges of BMWA typically 0%, 50%, and 

100%. We also considered that, varying concentrations of NaOH. The results 

of this study are analysed and accordingly the behaviour of RGPC beams 

was investiaged. Experimental results include the load capacity viz., 1
st
 

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

behaviour, crack width, crack distance and failure pattern. Overall, this 

investigation proves that, water curing offers better performance than 

ambient room temperature.  

 

Keywords: Sustainable construction material, RGPC beams, aggregate 

replacement, water curing methods, black marble waste aggregate. 
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1 Introduction 
 

 In the recent days, the production of cement is maximized in a wider 

range since the demand of cement has reached a peak level and it is predicted 

that the necessity of cement in future is remarkably high, because various 

developing countries are in huge need of developing the substructure of their 

buildings. In order to modify or rebuild the damaged properties with essential 

alterations, the cement is highly essential. To produce a tonne of cement, 

approximately 1.5 tonnes of fresh materials are required and through this 

process of cement production, a huge amount of   2 has been emitted, which 

pollutes the air and damages the environment. Though it has strong capacity 

of production, it risks the every day life of the human and nature [1]. In order 

to minimize the amount of   2 emission, a new material has to be introduced 

and comparatively Geopolymer has a better performance and lesser emission 

of   2, thus it is an apt alternative of traditional OPC. Though the derivative 

components of industries are preferred, they are not effective as OPC [2]. 

The aluminosilicate, which has been activated with alkali is employed as a 

binder in Ceopolymer concrete, which is considered as the chief variation 

between the the GP concrete and regular concrete. An Australian researcher 

called David Ovit has come up with an alkaline solution, which has been 

applied as a reactant with the combination of Aluminium and Silicon 

[         ]; it is located in the geological materials and rice husk derbis, 

where it reacts as a binder [3]. Thus the usage of “geopolymer” concrete 

paves the way for finding a solution of   2 emission. 

 The complete awareness and attention has to be given importance since it 

is essential to protect the natural assets by eliminating the wastages, which 

affects the purity of the Global environment. The contaminating wastes can 

be used as an environmental friendly materials through the process of 

recycling. Similarly, the demolished wastes of the construction field has to be 

recycled or reused in a significant way to make it useful. According to the 

Ananthapur District Survey Report from the department of Mines and 

Geology, Govt of Andhra Pradesh, it is proved that the huge amount of waste 

has been accumulated from the slab industries. In consideration with the 

survey, approximately 171.72 million tonnes of limestone slab quarry waste 

has been emitted, which are turned as a pollutants of nature since they are 

simply dumped on the land. Instead of dumping these wastes in the roadside, 

they can be used with the combination of geopolymer concrete to enhance 

the purity of the environment. When these watstes are combindly used with 

GP to provide better results, the usage of regular cement can be completely 

eradicated.  

 

2 Reinforced Geopolymer Concrete 

  

Recently in the concrete industries, the novel binders like Ground 

Granulated Blast FurnaceSlag (GGBFS), Metakaolin and Flyash (FA) have  
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been remarkably used as the alternatives of regular cement. The 

reinforcement of the GP has reached its peak since it has no prearranged 

typical method. On the basis of the elements like curing method, 

water/binder proportions, ratio of Si/Al and type of curing, the concoction of 

GP has been taken place, which necessitates the alkali activator with apt 

features and base commodities for the measurement of ratio. When the GPC 

is produced with FA or GGBFS, it delivers better results and it is highly 

capable to be the better alternative of regular cement, becaust it provides 

comparatively high performance along with maximum power, extreme 

durability, less emission of   2 and low cost than the other typical concrete 

mixtures [4]. The comprehensive strength of the GPC is chiefly relied on the 

amount of GGBS; when the proportion of GGBS gets increased, the strength 

of GPC is also improved [5]. Thus the prevailing methods of designing and 

examining the elements of concrete has to be assessed and permitted under 

multiple tests before implementing them in the GPC. Various literature 

reviews of GPC are available, which have highlighted the physical & 

mechanical properties, manufacturing capability and its durability. The 

structural applications of Reinforced Geo polimer concrete (RGPC) and its 

performance have to be enhanced with high attention.  

 

3 Literature Survey 

 

R.R Bellum et.al has investigated the mixed pettern and the mechanical 

features of GPC with various curing conditions and through this study, it is 

validated that, the mechanical elements of GP with a combination of     

FA and     GGBS have produced preferable results [6]. S.Kumaravel et.al 

has examined the flexural activity of Reinforced low calcium FA based GPC 

beams and it is noticed that the performance of GPC beam is increased when 

the amount of Fly Ash is high, which is acquired on the basis of  load vs 

deformation characteristics at service  and ultimate loads. It has deliveres the 

maximum results than the other existing concretes [7]. S.Kumaravel et.al has 

analyzed the fly ash and GGBS based GPC beams, which is cured at 60
0
C for 

24 hours, which validates that the RGPC beams have given maximum yield 

load than the M40 RCC beam [8]. B.S Chandra Kumar et.al has explored a 

study on the GPC with different source resources and it is proved that the 

GPC beams have extreme load bearing capcity and high competence of load 

vs deflection than the M40 grade OPC since it maximizes the NaOH 

concentration and GGBS’ percentage. Though there is a variation in these 

qualities, the cacking and failure mode has no difference in both GPC and 

OPC [9, 10, and 11]. C. K. Madheswaran et.al has made an experiment on 

the Reinforced GPC beams in consideration with the Monotonic loading 

behaiour and discovered that the RGPC has produced the optimal load 

bearing capability, which is     higher than the RCC beams. It is also noted 

that, both the RCC and RGPC have equal performance in the charecteristics 

like load deformation, cracking and failure [12]. G.Lavanya et.al has 
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mentioned that the tension reinforcement has controlled the flexibility of 

beams with high load bearing capacity and maximum energy absorption 

capability [13]. Ruby Abraham et.al has presented a work on the basis of the 

behavior of OPC and GPC, in which the GPC has produced high 

performance with optimal crack load, less ductility and greater ability of 1
st
 

crack, which are comparatively higher than the OPC [14]. M.Soman et.al has 

done a research on the performance of HVFA. When the     of cement is 

by a HVFA concrete, it provides better performance and the flexural 

behavior, cracking period and deflection period are expanded [15]. J.R.Yost 

et.al   has developrd a novel curing methodology called Environmental 

Curing Chamber for the analysis of RGPC’s Flexural behavior and 

mentioned that the range of the comprehensive performance has increased 

from    to    Mpa. Though the load- deflections curves and cracking pattern 

are equal in both the RGPC and RCC, the RGPC has produced comparatively 

better performance with extreme brittleness and maximum deflection value at 

heavy loads [16, 17]. 

 

4 Experimental Work 
 

4.1 Materials 
 

In order to produce GPC, two forms of aggregates have been 

implemented in the present paper. They are, 

i. Natural Coarse Aggregate (NCA).  

ii. Black Marble Waste Aggregate (BMWA). 

 
Table 1 Physical Properties of Coarse Aggregate 

Aggregate material  Properties 

Natural Coarse 

Aggregate  

Specific Gravity: 2.68 

Bulk Desity of Compacted Material: 16.62 kN/m
3
 

Bulk Desity of Loose Material: 14.28 kN/m
3
 

Impact Value: 14.40% 

Flakiness Index: 15.40% 

Elongation Index: 16.10% 

Water Absorption: 0.42% 

Black Marble Waste 

Aggregate 

Specific Gravity: 2.77 

Bulk Desity of Compacted Material: 14.86 kN/m
3 

Bulk Desity of Loose Material: 12.48 kN/m
3
 

Impact Value: 16.20% 

Flakiness Index: 18.22% 

Elongation Index: 25.63% 

Water Absorption: 0.50% 

 

From the slab industries of Tadipatri town, Anantapur Dist in AP, the 

Black Marble Waste has been aggregated, which are then transmitted to the  
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facilitated place to get the estimated shapes of the materials through the 

processes of crushing and grading. According to the standared of IS 2386 as 

mentioned in table 1, various featurization tests have been executed. 

Similarly, the natural aggregations are taken from the local crushing unit 

with the sizes of 20 mm and 10 mm in consideration with the standered of IS 

2386 as shown in table 1. 

The prevailing stream sand without organic elements and dangerous 

impurities is considered and taken as Fine Aggregate (FA), which has been 

examined under the standard of IS 383-1970 [19] and the Physical element of 

the this FA has been examined under the standard of IS 2386 in zone II.  

 
Table 2 Physical Properties of Fine Aggregate. 

 
Parameter and its value along with units 

Specific Gravity Finess Modulus Bulking of Sand Bulk Density 

2.61 2.8 24% 16.62 Kn/m
3
 

 

5 Fly Ash and GGBS 
 

The Alkaline with the combination of AL-Si based raw materials have 

formed the GPC. Since the FA and GGBS are highly equipped with Al and 

Si, they are significantly utilized in the present GP binder. From RTPP 

Rayalaseema Thermal Power Plant, Muddhanur, Kadapa District in AP, the 

Fly Ash is taken with the quantity of           and gravity of     ; this 

Fly Ash has been tested under thestandard of IS 3812 [20]. Similarly, the 

GGBS has been examined under the standard of IS 12089 [21], which 

includes the gravity of      and quantity of 4        ; this GGBS has 

been attained from the BN Chemicals of Kadapa District. In this present 

work, the AAS (Alkaline Activator Solution) has been employed, which is a 

combination of sodiumhydroxide and sodiumsilicate. This AAS has 

separated the reactive parts of Si and Al in both the FA and GGBS, which is 

considered as the chief function of ASS. The sodiumhydroxide flakes with 3 

mm size is used for the polymerization reaction and the ASS with required 

volume of      has been prepared by liquefying the NaOH flakes in the 

water. Then Sodium Silicate is added into this solution with the measured 

ratio of 2:5, through which, the geopolymerization gets enhanced. Finally, 

the composed solution is simply kept in room temperature for one day and 

used in the next day. 

 

6 Mix Proportioning 
 

There is no fixed design for the GPC as stated in the introduction. 

Hardjito et.al, has provided some guiding principles fot the concoction of Fly 

Ash based GPC [22]. The present work has the fixed amount of GGBS and 

fly ash, different quantities of NCA is alternated with BMWA. 
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It has different concentrations of      including 8M, 10M&12M and 

the fixed rate of      for the alkaline liquid. All the specifications of Mix 

proportions and Materials are depicted in Table 3. 

 
Table 3 Materials and mix proportions 

 
 Materials Types 

NCA with 

replaceme

nt with 

BMWA 

BMW

A 

FA Fly Ash 

and 

GGBS of 

50:50 

ratio 

Sodiu

m 

Silicat

e 

Soluti

on 

Sodium 

Hydroxi

de 

Solution 

NaOH 

Pellets 

Extr

a 

Wat

er 

Qua

ntity 

(kg/

Cu

m) 

0% 

replaceme

nt: 

1293.52;  

50% 

replaceme

nt: 

646.75; 

100% 

replaceme

nt: 0; 

0; 

646.7

5; 

1293.

52 

554.

4 

204.45 

and 

204.45 

102.2 40.9 8M: 

13.08

8; 

 

10M: 

16.36;  

 

12M: 

19.63 

60 

            

 7 Specimen – Details 
 

The beams with        width and        depth in the cross unit 

have been taken as a specimen, which has a length of 750 mm. The beam has 

a cover with       and the specimens are examined in the laboratory. In 

both the top and bottom sides of beam, the High yield strength deformed 

(HYSD) steel bars with the diameter of 10 mm is employd as longitudinal 

support. For the secondary reinforcement, a two legged vertical stirrups with 

       dia has been used, which is placed in the centre with the space 

of      . The setting of the specimen beem has been shown in Figure 1. 

 

 
Figure 1 Geometry of the Beam 

 

The concrete sticks towards the inner side walls of the mould when it 

gets hardened. In order to avoid this, the side walls of the moulds are layered 

with greasy oil before pouring the concrete in to the sample. The concrete 
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was placed in the mould in three layers and it should be shaken properly until 

the layers are fully compact with the help of trowels. Therefore, along with 

the beams, from each mix casting 3 no’s of 150x150x150 mm cubes and 

150x300 mm cylinders are used to determine the strength of compression and 

the strength split tensile of concrete have been anticipated after a period of 28 

days of curing. Among all GP concrete beams, some are allowed to be cured 

at ambient temperature and some are cured by immersing it in the water for a 

period of 28 days. 

 

8 Experimental Setup 
 

A universal testing machine of capacity 1000KN has been considered to 

check the quality of the test specimen. Take an effective span of length 700 

mm and apply load at two points from the centre of the beam at a distance of 

233.33 mm towards the support. Generally, dial gauges with 0.001 mm least 

count is used to measure the deflection produced while adding the load and at 

the mid span. Note the reading of dial gauge immediately after adding each 

load. Observe the first and final crack carefully which varies depends on the 

deflection caused during the addition of load. By repeating this procedure, all 

the beams have been tested. 

 

 
 

Figure 2 Experimental Setup of Beam Specimen 

 

9 Load and Deflection Behavior 
 

To plot the load-deflection curve, the value of load and the deflection 

produced by adding the load should be recorded. The load deflection curve 

(Refer: Figure 3 & 4) is plotted for 0, 50 and 100 percentage variation of 

NCA and the change in molarity with two different curing process. Initially, 
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it is observed that there is a linear rise in the malformation of concrete beam 

and is directly proportion to the load until the first crack occurs. After the 

first crack, the beam rises non-linearly indicating the malformation of beam 

until the massive load has been applied. Therefore, in the end of load Vs 

deflection curve, where the first crack have been observed is noted as initial 

zone. Moreover, the load Vs deflection characteristics of all beams are same. 

 

 
 
Figure 3 (a). 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; (b). 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; (c). 

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. 
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Figure 4 (a). 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; (b). 

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; (c). 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. 

 

10 Initial and Final Crack Load 
 

The GPC beam specimens such as initial crack, final crack and moment 

carrying capacity are exposed to two curing processes. They are water curing 

and ambient room temperature curing process. At ambient room temperature 

curing, the GPC beams which contains only NCA bring about better result 

than those cured under water curing. On the other hand, the GPC beams 

which have only BMWA gives better result under water curing than those 

under ambient room temperature curing. The properties of the GPC beam 

have been improved by increasing the molarity both in water curing and 

ambient room temperature curing. Therefore, compared to other beams under 

water curing, the GPC beam which contains only NCA under ambient room 

temperature curing records its first crack load of 11.84% and 12.73% 

(highest) at 8M and 12M. On the other hand when comparing to other beams 
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under water ambient room temperature curing, the GPC beam which contains 

only BMWA under water curing registers its first crack load of 22.67% and 

23.92% (highest) at 8M and 12M respectively. Compared to GPC beam with 

only NCA under water curing, the GPC beam with only NCA under ambient 

room temperature records the massive crack load of 13.73% and 16.15% 

higher at 8M and 12M respectively. Whereas, compared to GPC beam with 

only BMWA under ambient room temperature, the GPC beam with only 

BMWA under water curing records the massive crack load of 25.21% and 

26.20% higher at 8M and 12M respectively.  

 

 
 

Figure 4 Initial, Final Crack, and Moment Carrying Capacity of Water Cured 

Specimens. 

 

 
 

Figure 5 Initial, Final Crack, and Moment Carrying Capacity of Ambient Room 

Temperature Cured Specimens. 
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11 Cracking and Ultimate Moment Capacities 
 

Various stages of load carrying capacities like first crack, ultimate stage 

and the suitable characteristic compressive strength have been shown in fig: 

4 and 5. In general, the GPC beams only with NPC at ambient room 

temperature curing comprises better cracking moments than the water cured 

specimens. On the other hand, the GPC beams only with BMWA at water 

curing comprises better cracking moments than the ambient room 

temperature cured specimens. The ultimate moment capacity of all beams 

have been similar is shown in the below table. 

 
Table 4 Comparison of Water Cured and Ambient Room Temperature Cured 

Specimens 

 

Mix ID Molarity 

Water cured 

specimens 

Ambient room 

temperature 

cured specimens 

Moment Carrying Capacity (Ult) 

NCA 

8M 0.067 0.059 

10M 0.0686 0.057 

12M 0.066 0.055 

NCA+BMWA 

8M 0.0632 0.058 

10M 0.0631 0.055 

12M 0.0605 0.0544 

BMWA 

8M 0.064 0.0611 

10M 0.0623 0.06 

12M 0.058 0.055 

 

12 Results and Conclusions 
 

1. The load deflection property of GPC beams with varying molarity and 

curing process are same. 

2. It has been clear that GPC beams only with NCA under ambient room 

temperature curing performed better than those under water curing. Likewise, 

the GPC beams only with BMWA under water curing performed better than 

those under ambient room temperature curing. 

3. The properties of GPC beams under both ambient and water curing have 

been enhanced by increasing the molarity. 

4. The GPC beams have similar load and deflection curves when there is a 

variation in both molarity and curing condition 

5. Similar crack pattern and failure modes have been noticed for all beams. 
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