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Abstract 

The increasing demand for sustainable construction materials has driven the exploration of alternative 

aggregates such as coconut shells in geopolymer concrete. This study investigates the characteristics 

and performance of Geopolymer Coconut Shell Concrete (GPCSC) and compares it with traditional 

Geopolymer Conventional Concrete (GPCC). Both mixes were evaluated for workability, density, and 

compressive strength at 3, 7, and 28 days. The slump values for GPCSC and GPCC were 10 mm and 

15 mm, respectively, indicating low workability due to the high viscosity of the geopolymer mix. The 

fresh and hardened densities of GPCSC were measured at 2010 kg/m³ and 1980 kg/m³, while GPCC 

exhibited densities of 2480 kg/m³ and 2440 kg/m³. The reduced density of GPCSC offers a significant 

advantage in terms of reduced self-weight, leading to lower reinforcement requirements and cost 

savings in structural applications. The compressive strength of GPCSC at 28 days reached 32.6 N/mm², 

while GPCC achieved 35.2 N/mm². Although GPCC demonstrated higher compressive strength, 

GPCSC reached 93% of its 28-day strength in just 7 days, demonstrating excellent early-age strength 

development under ambient curing conditions. This study highlights the potential of GPCSC as a viable, 

sustainable alternative to conventional concrete, offering both environmental and economic benefits, 

especially in regions where coconut shells are abundant. 
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INTRODUCTION 

The construction industry is increasingly focusing on sustainable alternatives to conventional 
materials due to the growing environmental 
concerns and depletion of natural resources. 
Coconut shells, a waste by-product from the 
coconut industry, offer a promising solution as a 
lightweight aggregate in geopolymer concrete. 
Geopolymer concrete, which uses alkaline 
activators such as sodium silicate and sodium 
hydroxide, has emerged as an eco-friendly 
alternative to traditional Portland cement concrete. 
By incorporating coconut shells into the mix, the 
resulting geopolymer concrete not only reduces 
waste but also lowers the overall environmental 
footprint of concrete production [1-11]. 

 
Objectives 

The objective of this study is to evaluate the 

performance of Geopolymer Coconut Shell 
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Concrete (GPCSC) in comparison with conventional geopolymer concrete (GPCC). The specific goals 

include determining the workability, fresh and hardened densities, and compressive strength of both 

types of concrete at various curing ages. This research aims to assess the feasibility of using coconut 

shells as an effective aggregate in geopolymer concrete, focusing on the potential benefits in terms of 

weight reduction, strength development, and sustainability [12-16]. 

 

Material 

This study utilized several materials: Ground Granulated Blast Furnace Slag (GGBS) as the binder, 

manufactured sand (M-sand) as the fine aggregate, and Coconut Shell (CS) and Crushed Granite (CG) 

as the coarse aggregates to create Ground-Powered Concrete with Shell Concrete (GPCSC) and 

Ground-Powered Concrete with Crushed Granite (GPCC). Sodium silicate and sodium hydroxide 

solutions were employed as alkaline activators for the binder. For reinforcement, both mild steel bars 

and high-yield deformed steel bars were used. Detailed descriptions of these materials and their 

properties are provided in the subsequent sections [17-20]. 

 

Ground Granulated Blast Furnace Slag (GGBS) 

The Ground Granulated Blast Furnace Slag (GGBS) used in this study is a by-product from the iron 

industry, commercially available and utilized as a binder in the concrete mix. 

 

Manufactured Sand (M-sand) 

Manufactured sand, sourced from granite and conforming to Grading Zone II as per IS 383: 2016, 

was used as the fine aggregate throughout the study. 

 

Coconut Shell (CS) 

Coconut shells were procured from a local market, then crushed into fragments using a crushing 

machine. The average thickness of the shell fragments ranged from 3-9 mm, with sizes up to 12.5 mm 

[21-25].  

 

Crushed Granite (CG) 

Crushed granite stones, sized less than 12.5 mm, were used in the concrete. The granite was air-dried 

and sifted to eliminate any impurities before incorporation into the mix. 

 

Water 

Potable water was employed throughout the study. The water was clean and devoid of contaminants 

such as grease, oil, silt, and organic matter, ensuring it did not interfere with the concreting and curing 

processes. 

 

Alkaline Activator 

The alkaline activator was created by mixing sodium silicate (composed of 13% Na₂O, 30% SiO₂, 

and 57% water by mass) with a sodium hydroxide (NaOH) solution of 10 Molarity. The sodium 

hydroxide solution was prepared in the laboratory 24 hours prior to casting. The ratio of sodium 

hydroxide to sodium silicate used was 1:2.5 by weight [26-29] 

 

Mixing, Casting, and Curing Procedures for Specimens 

Initially, coarse and fine aggregates were blended in a mixer for approximately 5 minutes. GGBS 

binder was then added, and the mixture was combined for an additional 5 minutes. Subsequently, 

alkaline activators were introduced and mixing continued for another 4 minutes. The freshly prepared 

concrete mix was poured into molds and compacted using a table vibrator. After casting, the specimens 

were covered with plastic sheets to prevent water evaporation, following ASTM C171-16 standards. 

The molds were removed after 24 hours, and the specimens were kept covered with a polythene wrap 

(conceal curing) until the time of testing [30]. 
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Results 

 

Workability (Slump Test) 

According to IS 1199: 1959, the workability of both GPCSC (Figure 1) and GPCC (Figure 2) was 

evaluated using the slump test. The slump measurements recorded were 10 mm for GPCSC and 15 mm 

for GPCC. These low slump values are attributed to the high viscosity of the geopolymer mixture, which 

prevents segregation and bleeding during the mixing, placing, and compacting processes, unlike 

traditional concrete. The viscosity and cohesiveness of the mix were maintained primarily through the 

use of sodium silicate and sodium hydroxide solutions. Key factors influencing the properties of 

geopolymer concrete include the chemistry of the alkaline activators, the binder, and the liquid-to-solid 

ratio, similar to observations made in oil palm shell concrete by Alamgir Kabir et al. (2017). 

 

 
Figure 1. GPCSC during the slump test and casting of cubes using a table vibrator. 

 

 
Figure 2. GPCC during the slump test and casting of cubes using a table vibrator. 

 

Fresh and Hardened Density 

The fresh and hardened densities of GPCSC were measured at 2010 kg/m³ and 1980 kg/m³, 

respectively, while GPCC had densities of 2480 kg/m³ and 2440 kg/m³. The reduced density of GPCSC 
compared to GPCC is due to the lower weight of coconut shells compared to crushed granite. The 28-

day hardened density of GPCSC, which is below 2000 kg/m³, falls within the range for structural grade 

lightweight concrete (LWC), as reported by Gunasekaran et al. (2010, 2011a, 2011b, 2012, 2013a, 
2013b, 2013c, 2014, 2015). GPCSC’s hardened density was approximately 24% less than that of GPCC, 

offering a benefit of reduced self-weight. This reduction lowers the overall load moment, which can 
decrease the area of reinforcement required, leading to cost savings. 

 

Compressive Strength of Geopolymer Concrete 

Table 1 presents the compressive strength of GPCSC and GPCC at 3 days, 7 days, and 28 days. 
GPCC exhibited approximately 7% higher compressive strength compared to GPCSC. According to 

Davidovits (2011), GGBS-based geopolymer mortar, when cured under ambient conditions without 
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heat, develops substantial strength by 28 days. In this study, GPCSC reached 93% of its 28-day 

compressive strength in just 7 days, and 80% in 3 days, under ambient curing. Similarly, GPCC 
achieved 81% of its 28-day strength in 7 days and 69% in 3 days under the same curing conditions. 

 

Table 1. Characteristics of Concrete Mixtures 

Mix Slump 

(mm) 

Fresh 

Density 

(kg/m3) 

3 – Day 7 - Day 28 - Day 

Density 

(kg/m3) 

Compressive 

Strength 

(N/mm2) 

Density 

(kg/m3) 

Compressive 

Strength 

(N/mm2) 

Density 

(kg/m3) 

Compressive 

Strength 

(N/mm2) 

Geopolymer 

Coconut Shell 

Concrete 

(GPCSC) 

10 2010 1995 26.20 1985 30.25 1980 32.60 

Geopolymer 

Conventional 

Concrete 

(GPCC) 

15 2480 2465 24.20 2450 28.45 2440 35.20 

 

This indicates that the key factors influencing concrete strength are the GGBS binder and alkaline 
activator, regardless of the type of aggregate used. Since outdoor curing is the only feasible method for 
in-situ construction, the typical heat curing process was omitted due to the glassy nature of the GGBS 
binder. This approach aligns with findings from the compressive strength tests on geopolymer oil palm 
shell concrete (LWGPOPS) by Azizul Islam et al. (2015), which were conducted under ambient curing 
conditions at 3, 7, and 28 days. 

 
Gunasekaran et al. (2011) reported a compressive strength of 26.7 MPa with a cement binder, which 

might be attributed to the specific properties and size of the coconut shell used. In contrast, steam-cured 
coconut shell concrete exhibited lower compressive strength compared to water-cured samples, likely 
due to the organic nature of coconut shell that may inhibit hardening under steam. Similar observations 
were noted by Shafigh et al. (2013) for palm shell concrete cured with hot water versus normal water. 
 

Jayaprithika et al. (2016b) achieved a maximum compressive strength of 29.2 MPa with concealed 
curing. In this study, a higher compressive strength of 32.6 MPa was achieved with an increased 
proportion of coconut shell (1:2.53:1.05) compared to previous studies by Gunasekaran et al. (2013a, 
2013b) with ratios of (1:1.47:0.65), Jayaprithika et al. (2016a, 2016b) with (1:1.77:0.49), and Alamgir 
Kabir et al. (2017) with (1:2.5:0.6). This enhanced strength is primarily attributed to the optimized 
binder and alkaline activator used in the mix. 

 
CONCLUSIONS 

The results indicate that Geopolymer Coconut Shell Concrete (GPCSC) offers promising 
characteristics as an alternative to conventional concrete. Despite slightly lower compressive strength 
compared to GPCC, GPCSC demonstrated significant advantages in terms of reduced density, which 
can lead to cost savings in structural reinforcement. The rapid strength development of GPCSC, 
especially under ambient curing conditions, positions it as a sustainable and viable material for future 
construction applications. This research contributes to the growing body of knowledge on the use of 
agricultural waste materials in sustainable concrete production, offering a feasible solution for both 
environmental and economic challenges in the construction industry. 
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