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Abstract. Green buildings are becoming rising trends in the construction industries. Now-a-days 
the construction projects focus on the use of recycled and efficient materials in order to reduce the 
emission of carbon-di-oxide. Our objective is to make a product using fly ash and naturally 
available material like coconut fiber and rice husk ash which can be used as admixtures with 
cement. These substitute materials are quickly available in many areas at low cost. They are eco-
friendly and also can reduce environmental pollution. They are renewable and less weight. Fibers 
have been used in the construction field for a long time. The usage of fibers in addition with 
construction materials like cement can promote eco-friendly and sustainable solutions. Our 
definitive target is to explore the effectiveness of fiber, rice husk ash and fly ash in concrete for 
structures. This project primarily centers the investigation of impacts of replacement of the 
concrete with various rates of fly ash and naturally available materials like rice husk ash and 
coconut fiber. 

Keywords: Green Buildings, Coconut Fiber, Rice Husk Ash, Eco-Friendly and 
Sustainable Solution 
Introduction 
Research significance 
As natural fibers are replacing a certain level of concrete, the outflow of ozone harming substances 
(CO2) can be diminished. To develop the normal fiber built up materials to composite dependent 
on items to substitute their customary designing materials [1]. Fly-ash is an eco-accommodating 
and green valuable material, which is utilized for different applications in the development field 
in light of its initial strength acquiring properties. The coconut fiber has the best strength among 
all the normal fiber. It can attain particular mechanical and actual properties at minimal price. The 
materials like coconut fiber, rice husk ash are promptly accessible in many places [2]. So it very 
well may be acquired for minimal price. By development of structures with these materials, it will 
upgrade the eco-accommodating climate in future. 
Methodology 
The materials have been finalized and collected. Initially tests for materials that are being used 
are done in order to check its properties. The mix design has been made as per IS 10262: 2009 
with suitable water-cement ratio. Mixing has been done as per standard procedure from IS code. 
As soon as the mix is prepared, a slump test is done to check the workability of concrete. 
Concrete is poured into the molds of size 150 × 150 × 150 mm. The cubes were tested for 
compression strength after 7 days of curing.  
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Fig 1: schematic representation of methodology 
 
Materials 
Cement 
"Ultra-Tech" Ordinary Portland concrete of 43 grade was utilized. Concrete is predominantly 
utilized as a limiting material in concrete. It is the fundamental material for the wide range of 
development [3]. Cement in concrete provides strength, can harden early, possess good plasticity, 
have well moisture-resistant and acts as a good building material. The cement was confirmed to 
be IS 269-1976. 
Properties of cement 
Various mixes of concrete utilized in development are portrayed by their actual properties. Some 
boundaries control the nature of concrete[4]. The actual properties of good concrete depend on: 

• Fineness of concrete 
• Adequacy 
• Consistency 

Collection of materials 
 

Testing of materials 
 

Mixing at specified ratio 
 

       Moulding 
 

     Mix design 
 

Demoulding after 24hrs 
 

Curing for 7 days 
 

  Testing of cubes 
 

  Result analysis 
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• Strength 
• Setting time 
• Hotness of hydration 

These actual properties are talked about in subtleties in the accompanying section. The detailed 
test procedures and results are discussed below. 
Advantages 

• Has great resistance to cracking and shrinkage. 
• The initial setting is faster. 

Disadvantages 
• It can't be utilized for enormous scope cementing on account of its hotness of hydration 

property. 
• The durability is lower. 
• Has higher permeability and lower durability. 
• Costlier. 

Fine aggregate 
Fine aggregates are originally known as sand. Sand is a granular surface made from finely divided 
stone and mineral particles. The squashed stones less than 4.75mm in size are known as fine 
totals[5]. The base sand size is 0.5mm to 0.25mm. It is of two types. One is naturally available 
river sand and the other is Manufactured sand (M sand).Sand has assorted structures anyway is 
depicted by its grain length. Sand grains are more modest than rock and coarser than residue [6]. 
Locally available river sand affirming to IS 393-1970 has been used. 
 

 
Fig 2: River sand 

Coarse aggregate 
Coarse aggregates are bigger in size than fine aggregate materials in construction. Brick chips 
(broken blocks), stone chips (broken stones), rock, stones, clinkers, soot and so forth are utilized 
as coarse total in concrete [7]. Dolomite totals, squashed rock or stone, regular crumbling of rock 
are the significant wellsprings of coarse aggregate. Coarse total goes about as inactive filler 
material for concrete [8]. Coarse totals are essentially utilized in concrete, rail route track 
stabilizer, and so on. 
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Fig 3: 20mm coarse aggregate 

Water 
As per IS 456 : 2000, water used for mixing the concrete will be spotless and liberated from 
damaging the measures of sugar, oils, acids, soluble bases, salts, natural materials or different 
substances that might be pernicious to the steel. Portable water with pH value at least 6 is most 
suitable for blending the concrete. 
Fly ash 
Fly ash is a fine powder which is gray in color composed of round, shiny particles that are created 
as a result in thermal power stations. Fly ash has pozzolanic properties, implying that it responds 
with lime to react as shape cementitious mixtures [9]. It is usually known as an advantageous 
cementitious material. Fly ash is very helpful for various uses, including: Dams, Mines concrete, 
Landfills.  

 
Fig 4: Fly ash 

Advantages of fly ash 
• It can add more strength to the structure.  
• The substantial combination creates an extremely low heat of hydration which prevents 

warm breaking.  
• Fly Ash concrete is impervious to corrosive and sulfate assaults.  
• The shrinkage of fly debris concrete is extremely less. 

Rice husk ash 
Silica exists richly in rice husks. RHA was produced by calcining rice husk at temperature of 500 
°C and fused in substantial combinations to supplant diverse proportions of silica seethe (SF) by 
weight. Flow ability and air content of the new blend and the compressive and flexural strength at 
various restoring ages were estimated [10]. Porousness prior and then afterward stacking were 
evaluated by water assimilation and chloride particle entrance. In this experiment rice husk ash is 
used in different percentages as 15%, 10%, 7%, 3%. 
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Fig 5: Rice Husk Ash (RHA) 

Properties 
The fuse of rice husk ash in concrete makes it into an eco-friendly valuable cementitious 
material.  
Benefits 

• The hotness of hydration is decreased. This itself helps in drying shrinkage and work with 
sturdiness of the substantial blend. 

• The decrease in the penetrability of substantial design. This will help in infiltration of 
chloride particles, along these lines staying away from the deterioration of the substantial 
design. 

• There is a higher expansion in the chloride and sulfate assault opposition. 
• The rice husk remains in substantial response with the calcium hydroxide to bring more 

hydration items. 
Coconut fiber 
Coconut fiber is exceptionally modest and locally accessible in many nations. The utilization of 
coconut fiber brings about minimal expense and all the more harmless to the ecosystem concrete 
[11]. The advantages of normal strands may likewise be considered according to a natural point 
of view.  

Fibers are collected from a farm, cleaned, dried in sun and removed dust to analyze the 
properties. Coconut has a high water absorbing property. Because of this property, the coconut 
fibers were pre-soaked in water for one day [12]. After this fibers are grained into fine powders. 
In this experiment coconut fiber is used in different percentages as 10%, 5%, 3%, 2%. 
 

                                     
    Fig 6: raw coconut fiber                                     Fig 7: powdered coconut fiber 
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Properties & advantages 
• The benefit of utilizing such filaments gives common minimal expense development and 

the disposal of the requirement for garbage removal in landfills.  
• Use of these filaments in substantial quantities prompts a successful strong waste 

administration Technique. 
• As coconut fibers have good water absorbing capacity, it also can act as an insulating 

material for buildings. 
Material testing 

Table 1: basic tests of cement 

S. 
S.N
O 

PROPERTY VALUE OBTAINED STANDARD VALUE 

1. Fineness                6.5 do not exceed 10 

2. Consistency 30mm 35mm 

3.      Specific Gravity 3.15 3.15 

4. Initial Setting Time 30mins 30mins 

5. Final Setting Time 800 mins 600 mins 

 
Tests for fine aggregate 
Specific gravity test 
Weight of the empty pycnometer (W1) = 681g  
Weight of the pycnometer + sand (W2) = 1393g  
Weight of the pycnometer + aggregate in water (W3) = 1968g  
Weight of the pycnometer + water (W4) = 1534g  
Calculations 

Specific gravity (G) =           W2 – W1 
                                                                                             (W4 – W1) – (W3 – W2 ) 
 
                                                                                      =                   (1393 – 681) 
 
                                                                                             (1534 – 681) – (1968 – 1393) 
 
                                                            Specific gravity = 2.56 
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Fig 8: pycnometer for finding specific gravity of fine aggregate 

 
Tests for coarse aggregate 
Specific gravity test 
Relative thickness, or specific gravity, is the proportion of the thickness (mass of unit degree) of a 
substance to the thickness of a given material. Explicit gravity for drinks is almost continually 
estimated as for water at its densest (at 4 °C or 39.3 °F); for gasses, the reference is air at room 
temperature (20 °C or 68.5 °F).  
 

Weight of the empty pycnometer (W1)    = 420g  
Weight of the pycnometer + CA (W2)     = 918g  
Weight of the pycnometer + CA + water (W3)  = 1782g  
Weight of the pycnometer + water (W4)         = 1466g  

 
Calculation 

Specific gravity (G)   =           W2 – W1 
                                                                                             (W4 – W1) – (W3 – W2) 
 
                                                                                         =               (918 – 420) 
 
                                                                                            (1466 – 420) – (1782 – 918) 
 
                                                              Specific gravity = 2.7  
 
Mix design 
STIPULATIONS FOR MIX DESIGN CONCRETE 
Grade of concrete                :    M25 
Type of the cement         :    OPC 53 grade confirming to code IS 8112 
Nominal size of aggregate     :    20 mm 
Water-cement ratio                   :   0.50     
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Workability                              :   75 mm (true slump) 
 
TEST DATA FOR MATERIALS  
Specific gravity test of the cement           = 3.15 
Initial setting time of the cement             = 30 minutes 
Final setting time of the cement              = 800 minutes     
Specific gravity of coarse aggregate       = 2.7 
Specific gravity of Fine aggregate           = 2.60 
 
MIX CALCULATIONS 
Step 1 : Determination Of  The Target Strength 
target = fck + 1.65 x S 
target= 31.6 N/mm2  
Where, S = standard deviation in N/mm2 = 4 (as per IS 10262- 2009) 
Step 2 : Selection of water / cement ratio:- 
From code IS 456-2000, 
                     Maximum water-cement ratio = 0.55 
                                                               w/c = 0.5 
Step 3 : Water Content  
From IS-10262,  
Water content = 190 liters 
Step 4 : Calculation of Cement Content 
   From water-cement ratio, w/c = 0.5  
                                         186/c  = 0.5  
                                               C  = 372 kg. 
Step 5: Estimation of The Aggregate proportion 
  As per IS10262, 
          Coarse Aggregate ratio    = 0.62 
               Fine Aggregate ratio   = 1-0.62 = 0.38       
 
MIX DESIGN  
1. Volume of concrete                 = 1m3 

2. Total volume of the cement     = cement / (S.G ×1000) 
                                                     = 372/(3.14 ×1000)         
                                                     = 0.118 cu.m 
3. Volume of water                           = Water /(S.G×1000) 
                                                     = 168/(1×1000)   = 0.186 cu.m. 
4. Total volume of aggregates     = 1 – (B+C) 
                                                     = 1 - (0.118+0.186) 
                                                    = 0.696 cu.m. 
5. Coarse Aggregate (CA)          = TA × CA ratio × S.G × 1000 
                                                                      = 0.696 ×0.62 ×2.7 ×1000 
                                                                      = 1165 kg. 
6. Fine Aggregate (FA)              = TA × FA ratio × S.G × 1000 
                                                   = 0.696×0.38×2.7×1000 
                                                   = 687.64 kg. 
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5)    MIX PROPORTION 
Cement     = 372 kg/m3 

Fine Aggregate   = 687.64 kg/ m3 

Coarse Aggregate  = 1165 kg/m3 

Water    = 186kg/ m3 

Water Cement Ratio      = 0.5 
 

Table 2: quantity of materials needed for each mix 

 
  
MATERIALS 

MIX 1 
 

PLAIN 
CONCRETE 

MIX 2 
FLY ASH –

25% 
CF – 10% 

RHA –15% 

MIX 3 
FLY ASH – 

30% 
CF – 5% 

RHA – 10% 

MIX 4 
FLY ASH–

10% 
CF – 3% 

RHA – 7% 

MIX 5 
FLY ASH–

10% 
CF – 2% 

RHA – 3% 
Cement 3.75kg 3.84kg 4.42kg 3.102kg 3.29kg 

Water 1.88 3.72 3.72 1.88 1.88 

Fine Aggregate 6.96kg 13.92kg 13.92kg 6.96kg 6.96kg 

Coarse 
Aggregate 

11.79kg 23.58kg 23.58kg 11.79kg 11.79kg 

RHA - 1.14kg 0.724kg 0.27kg 0.114kg 

CF - 0.72kg 0.367kg 0.114kg 0.075kg 

Fly Ash - 1.93kg 2.322kg 0.38kg 0.38kg 

 
Casting and testing 
Mixing procedure 
Firstly the materials are weighed with a weighing balance. Then cement, fine aggregate are mixed 
up. The fibers and fly ash are mixed together with cement along with coarse aggregate. All the dry 
ingredients are mixed together. After mixing thoroughly water is added with the correct water 
cement ratio to form a concrete mix. 
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Fig 9: mixing of materials 

Slump cone test 
As soon as the concrete mix is ready it is tested for slump. It is done to decide the workability of 
the concrete mix prepared. The slump test is the most basic workability test for concrete mix which 
involves minimal expense and provides immediate outcome. The concrete mix is poured in a slump 
cone as 3 layers and it is damped using a damping rod of 25 blows for each layer. After that the 
value for slump is noted and the cone is removed. 
 

 
Fig 10: slump cone test 

Curing 
After checking the slump cone, if it is a true slump the mix can be taken for casting cubes. The 
standard molds sizes 150×150×150mm which are completely fitted and oiled are utilized. As like 
slump cones the cube also has to be casted by placing 3 layers of concrete mix with 25 blows using 
a damping rod. The cubes are de-molded after 24 hours and placed in water curing for 28 days. By 
universal testing machine the cured cubes were tested after 28days.        
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Fig 11: Demoulding of cubes 

Compression test 
Compressive strength is known as load pressure of  the concrete to axial loading. After curing 7 
days, 14 days and 28 days the compressive test is done. Cubes were placed in the Universal Testing 
Machine (U.T.M), and load was applied. The readings were noted up to when the final crack of 
the cube were stopped and then compressive strength was calculated.  
 

 
Fig 12: compression testing using UTM 
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Results and discussion          
Slump test result 

Table 3: slump cone test result 

S.NO MIX DESIGNATION SLUMP IN 
mm 

1. Plain concrete 75mm 

2. Cement (50%) + fly ash (25%) + coconut fiber (10%) + 
rice husk ash (15%) 

35mm 

3. Cement (55%) + fly ash (30%) + coconut fiber (5%) + 
rice husk ash (10%) 

40mm 

4. Cement (80%) + fly ash (10%) + coconut fiber (5%) + 
rice husk ash (7%) 

55mm 

5. Cement (85%) + fly ash (10%) + coconut fiber (2%) + 
rice husk ash (3%) 

80mm 

 
Table 3 shows the slump test  result. It is observed that the slump value decreases with increasing 
the percentage of fly ash, rice husk ash and coconut fiber. This shows that the concrete becomes 
less workable as the fly ash, rice husk ash and coconut fibers are increased. 
Cube compression test  
Compressive Strength = Maximum load/Cross Sectional Area = P/A 
 

Table 4: compression test results 

 
S.NO 

 
MIX DESIGNATION 

COMPRESSIVE STRENGTH 
AFTER 7 DAYS (N/mm2) 

1. Plain concrete (OPC) 16.28 N/mm2 

2. Cement (50%) + fly ash (25%) + coconut fiber 
(10%) + rice husk ash (15%) 

Failure while de-moulding 

3. Cement (55%) + fly ash (30%) + coconut fiber 
(5%) + rice husk ash (10%) 

Failure while de-moulding 

4. Cement (80%) + fly ash (10%) + coconut fiber 
(5%) + rice husk ash (7%) 

10.7 N/mm2 

5. Cement (85%) + fly ash (10%) + coconut fiber 
(2%) + rice husk ash (3%) 

16.45 N/mm2 

 
From the above table 4, it is observed that at 7 days, the concrete with 10% fly ash, 3% rice husk 
ash% and 2% coconut fiber gives the maximum result as 16.45 N/mm2 compared to OPC 16.28 
N/mm2. The variation mixed with fly ash, rice husk ash and coconut fiber gives different results 
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as the maximum strength reached with replacement of 15% cement and continued to decrease on 
further replacement of cement.  
 

 
Fig 13: graph representing the compression strength (N/mm2) after 7 days of curing 

 
The result is graphically presented in figure 13 to analyze the relationship between compressive 
strength of concrete with various percentages of cement replacement of FA, RHA and CF. The 
maximum compressive strength of concrete for 7 days was at 15% replacement is 16.45 N/mm2 
while the lowest value of compression strength was at 20% reduction of cement with 10.7N/mm2. 
The failure occurred with 50% and 55% reduction of cement resulting in failure while de-moulding 
the cubes.  
 

        
Fig 14: Failure while de-moulding 
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The figure 14 shows the failure while de-moulding. This failure occurs with 50% and 55% 
reduction of cement with fly ash and fibers. This happened because the percentage of cement is 
reduced to a higher range. To reduce this failure the cement content has been increased as the 
cement acts as binding material in concrete which holds the other material together.  
Conclusion 
The need to create environmentally friendly materials which can serve as a partial replacement 
for cement in concrete mixtures has gained a lot of attention due to cement’s contribution to the 
CO2 emissions. Fly ash, coconut fiber and rice husk ash were added in percentage reduction of 
cement with 50%, 45%, 20% and 15% as shown in table 6.2. From the results obtained, the 
following conclusion is drawn: 

• The use of coconut fiber and rice husk ash in concrete is an innovative technology which 
is economical, low-cost, eco-friendly and a sustainable product.  

• The compressive strength reduces with increase in percentage of fly ash, coconut fiber and 
rice husk ash. The optimum compressive strength of 16.45N/mm2 at 7 days was obtained 
at 15% replacement of cement. 

• The slump value also decreases with increasing the percentage of fly ash, coconut fiber and 
rice husk ash. This indicates that the concrete became less workable with higher 
replacement of cement.  
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