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Abstract 

This project presents the main results of the works concerning with the flexural behavior of reinforced concrete beam made with 

coconut shell (CS) and quarry dust and these were analyzed and compared with the conventional concrete with quarry dust. In 

these beams, sand is fully replaced with quarry dust (Q) by calculating volume of sand and quarry dust. Utilizing CS in concrete 

production not only solves the problem of disposing this solid waste but also help conserve natural resources‟ total of 12 beams 

(6 beams with coconut shell concrete and 6 beams with conventional concrete) with varying reinforcement ratio(0.5 % to 3.89 

%) were fabrication and tested. Data presented include the deflection characteristics, cracking behavior, mid span deflection and 

strains both in compression concrete and tension in reinforcement. From the experimental investigation, it was generally 

observed that the flexural behavior of coconut shell concrete (CSC) is comparable to that of other type of lightweight concretes 

and this investigation gives encouraging results for coconut shell (CS) to be used as coarse aggregate in the production of 

structural lightweight concrete. It was observed that CSC beams, IS 456 can be used to obtain a conservative estimation of the 

ultimate moment capacity and also provide adequate load factor against failure for reinforcement ratios satisfied all the 

serviceability requirements as per [IS 456-2000]. The results of concrete compression strain and steel tension strain shows that 

CSC is able to achieve its full strain capacity under flexural loadings. However, the failure zone of CSC was larger than CC 

beams.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Concrete is the widely used number one structural material in the world today. The demand to make this material lighter has 

been the subject of study that has challenged scientists and engineers alike. The challenge in making a lightweight concrete is 

decreasing the density while maintaining strength and without adversely affecting cost. Introducing new aggregates into the mix 

design is a common way to lower a concrete‟s density. Normal concrete contains four components, cement, crushed stone, river 

sand and water. The crushed stone and sand are the components that are usually replaced with lightweight aggregates. 

Lightweight concrete is typically made by incorporating natural or synthetic lightweight aggregates or by entraining air into a 

concrete mixture. Some of the lightweight aggregates used for lightweight concrete productions are pumice, perlite, expanded 

clay or vermiculite, coal slag, sintered fly ash, rice husk, straw, sawdust, cork granules, wheat husk, oil palm shell, and coconut 

shell. The exponential growth rate of population, development of industry and technology, and the growth of social civilization 

would be considered as the underlying factors that have causes the increased waste production. Recently, the importance of 

countermeasures to deal with waste materials has been pointed out, because such materials continue to increases in each and 

every year. The use of alternative aggregate has become necessity for the construction industry because of the economic, 

environmental and technological benefits derived from their use. The high cost of conventional building materials is a major 

factor affecting housing delivery in India.It has good potential to use in areas where crushed stones are costly. Statistical data of 

coconut production shows that, india is producing nearly 27% of total world production and the annual production of coconut is 

reported to be more than 12 million tons. Conventional concrete produced using conventional aggregate density is around 2400 

kg/m
3
 to reduce the density of concrete less than 2000Kg/m

3
.The function of the fine aggregate is to assist in producing 

workability and uniformity in the mixture. The river deposits are the most common source of fine aggregate. Now-a-days the 

natural river sand has become scarce and very costly. Hence we are forced to think of alternative materials as quarry dust [1]. 
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 Quarry Dust (Q): A.

The Quarry dust may be used in the place of river sand fully or partly. A comparatively good strength is expected when sand is 

replaced partially or fully with or without concrete admixtures. It is proposed to study the possibility of replacing sand with 

locally available crusher waste without sacrificing the strength and workability of concrete. On the study of many literature 

reviews, coconut shell has been replaced with broken stone in coconut shell concrete (or) river sand was replaced by quarry dust. 

Therefore, this paper presents the replacement conventional coarse aggregate by coconut shell and fine aggregate by quarry dust 

in the production of concrete and study their flexural strength[2]. 

II. EXPERIMENTAL INVESTIGATIONS 

 Materials used: A.

The following materials were used in the investigation. 

1) Cement: Ordinary Portland cement 53 Grade confirming to Indian Standard code IS 12269: 1987 [3]. 

2) Fine Aggregate: Quarry dust. 

3) Coarse Aggregate: Crushed coarse aggregate of 12.5 mm size. 

4) Water: Potable water for mixing and curing of the specimens. 

5) Coconut shell: crushed coconut shell of size 12.5 mm sieved is taken. 

 Comparison between CS Aggregate and Conventional Granite Aggregate: B.

As Coconut shells are organic, the properties of CS is differ from the conventional granite aggregates and these were illustrated 

in Table 2.1. Due to the porous nature of the CS aggregate, low bulk density and high water absorption are expected. The low 

bulk density is advantageous, as the resulting hardened concrete will be much lighter compared to conventional granite concrete. 

This reduces the overall dead load in a structure, which comes with a significant amount of saving in the total construction cost. 

In addition, the lightweight nature of the resulting concrete also plays a crucial role in countries where the occurrence of 

earthquake is inevitable as the catastrophic inertia forces that influence the structures can also be ultimately reduced as these 

forces are proportional to the weight of the structure. In general, most lightweight aggregates have higher water absorption 

values compared to that of conventional aggregate. Although CS has high water absorption, even higher water absorptions were 

recorded for pumice aggregates which have a value of  about 37%. However, the high water absorption of CS aggregates can be 

beneficial to the resulting hardened concrete. It has been reported that lightweight concretes with porous aggregates (high water 

absorption) are less sensitive to poor curing as compared to normal weight concrete especially in the early ages due to the 

internal water supply stored by the porous lightweight aggregate. It was also observed that the Aggregate Impact Value (AIV) 

and Aggregate Crushing Value (ACV) of CS aggregate are also much lower compared to granite aggregates. More specifically, 

the AIV and ACV were approximately 34% and 59% lower respectively compared to the granite aggregates, which show that CS 

is a good shock absorbing material [4]. 
Table-1:  

Test on Materials 

Physical and 

Mechanical properties 

Coconut 

Shells 

Crushed 

Granite 

River 

Sand 

Quarry 

Dust 

Maximum size(mm) 12.5 12.5 - - 

Water absorption(24h)% 24.00 - - - 

Specific gravity 1.05-1.20 2.82 2.57 2.64 

Crushing value(%) 2.58 6.30 - - 

Bulk density(kg/m³) 650 1650 - - 

Fineness modulus 6.26 6.94 2.56 2.54 

Shell thickness(mm) 2-8 - - - 

III. MIX PROPORTIONING 

Generally, there are number of methods like Indian standard, ACI method are available for designing normal strength concrete 

mixes. These established methods are not applicable for lightweight concrete mixes and there is no specific methods are 

available for mix design. The quality of coarse aggregate greatly influences the quality and strength of the concrete. The strength 

of the aggregate, the adhesion of cement paste to the aggregate and the absorption are very important in the mix design. 

Lightweight concrete mix design is usually established by trial mixes. However, the mix design developed for the LWC using oil 

palm shell as coarse aggregate was taken as reference. For lightweight concrete, the amount of cement content specified is in the 

range of 285 - 510 kg/m
3
 and literature says they gone even up to 675 kg/m

3
.The proportions of the materials, including water, in 
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concrete mixes used for determining the suitability of the materials properties found earlier. Mix proportions and fresh concrete 

properties of the materials used were selected from the previous studies and are tabulated in Table 3.1 and Table 3.2 respectively. 

Table-2: 

Selected Trial Mixes 

Type of Concrete Mix Ratio Cement content Compressive strength in MPa 

Coconut Shell Concrete with quarry dust 1: 1.58: 0.65: 0.42 510 kg/m
3

 28.36 

Normal Concrete with quarry dust 1: 2.40: 3.66: 0.55 320 kg/m
3

 30.15 

Table-3: 

Fresh Concrete Properties 

Description Fine aggregate Fresh concrete density Slump Compaction factor 
Demoulded 

Density 

Conventional concrete River sand 2477 kg/m
3
 8mm 0.90 2510 kg/m

3
 

Coconut shell concrete River sand 2100 kg/m
3
 5mm 0.88 1970 kg/m

3
 

Conventional concrete Quarry dust 2586 kg/m
3
 0mm 0.91 2465 kg/m

3
 

Coconut shell concrete Quarry dust 2247 kg/m
3
 0mm 0.91 2091 kg/m

3
 

 

IV. REINFORCED CONCRETE BEAM  

A total of 12 beams were fabricated and tested. Six beams were cast using coconut shell as an aggregate (denoted with „CSC‟) 

and the remaining six were cast using control concrete with conventional aggregate (denoted with „CC‟). Accompanying the 

beam, 3 numbers of cubes and cylinders were tested on the same day as the beam testing. The width (B) and effective depth (d) 

of the beams were maintained at 150 mm and 200 mm respectively for all beams. The beam sizes and length were chosen to 

ensure that the beams would fail in flexure. The beam dimensions were also sufficiently large to simulate a real structural 

element. The beam details (span / effective depth) ratio (l/d = 15) as per IS 456:2000 [5]. Sufficient shear links were provided 

along the beam expect at the pure bending region 

V. BEAM FABRICATION, INSTRUMENTATION AND TESTING 

The formwork was prepared based on size of beam. A small part at the mid-span of the tension bars (approximately 20 mm in 

length) was ground smooth to facilitate the fixing of TML strain gauges. Now the ground surfaces were again rubbed with salt 

paper (fine) to make the surface even smooth. Now the surfaces were again cleaned with acetone to remove the corrosion, dust, 

grease. For steel reinforcement TML-10mm with the resistance of 120 Ω strain gauges were used. The strain gauges were 

attached to the steel rod using glue. Suitable precautions were taken to prevent the strain gauge from the damages while 

concreting.  The preventive measures are, melted wax was applied over the gauges and it was wrapped using aluminum foil by 

using standard epoxy adhesive (Araldite). Araldite contain hardener and resin which was prepared in 1:1 ratio and they were 

applied over the aluminum foil and wrapped. For further safety, insulated tapes were used to around the bars. The strain gauges 

were connected using lead wire. The wires inside position. Finally after attaching the strain gauge with steel reinforcement it is 

checked for 120 ±1 Ω. For the selected mix proportions materials were weighted & kept ready for concreting. Before pouring the 

concrete the reinforcement and cover block were placed in position in the mould. The prepared concrete was transported in to 

mould and it was compacted using needle vibrator of 25 mm size and top surface has been leveled properly. Cast beams were 

demoulded after a period of about 24 hours. Curing was done periodically for a period of 28 days .Gunny bags were used to 

retain the moisture content for that period. On 28
th
 day from the date of casting, the beam was white washed using white 

supercem.  Surface treatment was gives to the area where strain gauges to be placed at the surface of the beam. Location of 

exterior strain gauge, effective span, neutral axis and centre lines were measured and marked using tape exactly. The treated area 

was rubbed with salt paper (fine) to make the surface smooth .Cleaning agent Acetone was used to remove dust and grease. The 

strain gauges were placed at exact position. To prevent the strain gauge from damage while handling, the concrete were 

protected using sleeve. At proper spacing the wires were anchored with the bars and the concrete were protected using sleeve. At 

proper spacing the wires were anchored with the bars and it was protected using wax coat and aluminum foil was placed above 

the coated strain gauge. The simple support marking, central marking was done. The simple support and central marking were 

marked on the loading frame. The beam was placed in loading frame as per marking .The orientation of beam was checked using 

plumb bob from the centre at the  top of the frame to beam centre. The lead wire from the strain gauges were connected to the ten 

channel strain bridge and then to the data logger using half bridge technique. Linear Voltage Displacement Transducers (LVDT) 

was connected at the mid span of the beam to measure deflection and one dial gauge was placed at (1/4)
th

  of the each side of 

span. A schematic diagram of test arrangement is shown in Fig 5.1. The load was applied at the rate of increment of 0.1 tones for 

some beams and 0.5 tonne for some beams till it reaches the ultimate load. The value of strain and deflection were recorded by 
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manually and also using computer. Singly and doubly reinforcement details of beams are shown in Fig 5.2 and Fig 5.3 

respectively. 

 
Fig. 1: Experimental Set-Up for Beam Specimens 

 

                         S1                                                          S2                                                          S3 

Fig. 2: Singly Reinforced Beams 

        

                        D1                                                             D2                                                         D3 

Fig. 3: Doubly Reinforced Beams 

VI. RESULTS AND DISCUSSION 

 General Observations: A.

All beams showed typical structural behaviour in flexure. No horizontal cracks were observed at the level of the reinforcement, which indicated 

that there were no occurrences of bond failure. Vertical flexural cracks were observed in the constant-moment region and final failure occurred 

due to crushing of the compression concrete with significant amount of ultimate deflection. Since in case of singly reinforced beams were 

designed as under-reinforced, yielding of the tensile reinforcement occurred before crushing of the concrete cover in the pure bending zone. In 

case of doubly reinforced beams were designed as over-reinforced section to study the behavior of coconut shell concrete. When maximum 

load was reached, the concrete cover on the compression zone started to spall. Eventually, crushing of the concrete cover occurred during 

failure. At failure, the crushing depth of the concrete varied from 45 to 110 mm. 
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 Parameters Studied: B.

Ultimate load at which failure in beam occurs are tabulated in Table 6.1 and graph is shown Fig 6.1. Central deflection of beams 

is studied and are tabulated in table 6.3 and graph is shown in Fig 6.4. Strain measurement both in compression zone and in 

tension zone are tabulated in Table 6.2 and graph is shown in Fig 6.2 and Fig 6.3. 
Table-4:  

Ultimate load 

Beams Tension reinforcement 
Conventional concrete with quarry dust 

(kN) 
Coconut shell concrete with quarry dust (kN) 

S1 2 nos of 10 mm dia 26.487 26.7813 

S2 2 nos of 12 mm dia 43.752 40.4172 

S3 3 nos of 12 mm dia 50.031 49.4424 

D1 3 nos of 16 mm dia 95.153 92.9007 

D2 3 nos of 20 mm dia 121.153 117.72 

D3 
3 nos of 20 mm dia + 

2 nos of 12 mm dia 
142.931 138.4191 

 

 
Fig. 4: Ultimate load  

Table-5:  

Strain measurement 

 

Beams 
Tension reinforcement 

Conventional concrete with quarry dust (µ) Coconut shell concrete with quarry dust (µ) 

Tension zone Compression zone Tension zone Compression zone 

S1 2 nos of 10 mm dia 4965 -856 5623 -1964 

S2 2 nos of 12 mm dia 6034 -1164 6045 -3214 

S3 3 nos of 12 mm dia 5987 -1233 5920 -3654 

D1 3 nos of 16 mm dia 2035 -1523 1984 -5245 

D2 3 nos of 20 mm dia 2289 -1816 2145 -5486 

D3 
3 nos of 20 mm dia + 

2 nos of 12 mm dia 
2345 -1920 2212 -5450 

 

 
Fig. 5: Strain in Tension Zone 
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Fig. 6: Strain in Compression Zone 

Table-6:  

Central Deflection in Mm 

Beams Tension reinforcement Conventional concrete with quarry dust (mm) Coconut shell concrete with quarry dust (mm) 

S1 2 nos of 10 mm dia 38.65 59.23 

S2 2 nos of 12 mm dia 47.25 68.25 

S3 3 nos of 12 mm dia 40.25 75.24 

D1 3 nos of 16 mm dia 34.5 63.06 

D2 3 nos of 20 mm dia 38.45 69.89 

D3 
3 nos of 20 mm dia + 

2 nos of 12 mm dia 
36.12 53.86 

 

  
Fig. 7: Central Deflection in mm 

VII. CONCLUSION 

From the experimental investigation, it was generally observed that the flexural behavior of coconut shell concrete (CSC) with 

quarry dust is comparable to that of other types of lightweight concretes and this investigation gives encouraging results for 

coconut shell (CS) to be used as coarse aggregate in the production of structural lightweight concrete. The following 

observations and conclusions can be made on the basis of the current experimental results. All beams showed typical structural 

behaviour in flexure. No horizontal cracks were observed at the level of the reinforcement, which indicated that there were no 

occurrences of bond failure. In case of singly reinforced beams were under reinforced, yielding of the tensile reinforcement 

occurred before crushing of the compression concrete in the pure bending zone. In case of doubly reinforced beams were over 

reinforced, crushing of concrete occurred before yielding of tensile reinforcement. For beams with reinforcement ratios of 3.14% 

or less, the ultimate moment obtained from the experiment was approximately 9% to 45% higher compared to the predicted 

values. However, for high reinforcement ratios, i.e. at 3.89%, the experimental ultimate moment was about only 5% higher. 

From the performed tests, it was observed that for CSC beams, IS 456 can be used to obtain a conservative estimate of the 

ultimate moment capacity and also provide adequate load factor against failure for reinforcement ratios up to 3.14%. CS concrete 
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and quarry dust offers as a potential building material and simultaneously solving the environmental problem of reduction in 

solid waste. 
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