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Abstract — This study focused on assessing the suitability 

of using rice husk ash (RHA) to partially replace cement 

and cassava starch(CS) as a natural admixture in fresh 

and hardened concrete production. This was achieved by 

experimentally establishing the engineering properties of 

RHA and cassava starch (CS). CS and RHA were 

incorporated separately and jointly in different mixtures. 

The individual and combined effects of CS and RHA were 

monitored with respect to various properties of fresh and 

hardened concrete. 16 mixtures were designed in which CS 

ranged from 0, 1, 1.5 and 2% and RHA from 0, 10, 15, 

20% in a mixing ratio of 1:1.87:3.62, with the cement-to-

water ratio of 0.5. Specimens were cured for 7, 14, 28, 56 

and 90 days. The results indicated that CS and RHA 

prolonged the setting time of cement; the optimum of 1% 

CS and 10% RHA gave good strength development. 

 

Keywords — Cassava starch, Rice husk ash, Setting time, 

workability, Density, Compressive strength, Splitting 

tensile strength. 
 

I. INTRODUCTION 

Concrete is one of the most commonly used 

building materials. Different ingredients, such as coarse 

aggregate, cement, water, and fine aggregate, combine to 

form it. Each element’s individual properties have a 

considerable impact on concrete. Out of these elements, 

there are some additives or admixtures which are 

incorporated to either modify certain properties of the 

concrete or solve some environmental issues. A ternary 

mixture is simply a mixture of three components. Ternary 

cement is made by combining three-component cement 

made by combining ordinary Portland cement (OPC) with 

two supplementary cementing materials, for example, 

bamboo leaf ash and rice husk ash. The sustainability and 

affordability aspects of OPC concrete are better addressed 

with a ternary blend. The characteristics of OPC can be 

greatly influenced by combining it with other ingredients. 

In today’s world, to achieve a variety of goals, different 

admixtures are incorporated into concrete to enhance the 

properties of fresh and hardened concrete. Several factors 

influence the concrete properties, including chemical 

configuration, molecule weight, and functional mixing 

groups [1]. There is a continuous change in the 

specification for high strength and durable concrete as long 

as new materials have been investigated. The focus of the 

study is on various admixtures that enhance the qualities of 

both fresh and hardened concrete. Oil-based and non-

renewable compounds with pollution potential, such as 

formaldehyde, are the most common admixtures utilized in 

cementitious-based systems [2]. From the idea of eco-

friendly concrete, bio-based admixture which can achieve 

as good as oil-based polymers admixture at the same time 

and being more affordable, the reason why starch is 

adopted. [3] noted that starch is one of the most abundant 

polymers in the world. Starch and its derivatives are 

known to have good viscosity modifying characteristics. 

In Africa, around 5 million tons of rice husk are created 

annually. The husk of rice has been discovered to have a 

negative impact on the general appearance of the 

environment and has become a threat to the ecosystem. 

After the chemical analysis, the rice waste has been 

discovered to be an interesting pozzolana, replacing some 

of the cement as it met the requirements of [4] in terms of 

Physico-chemical characteristics, as with the case of the 

substitution of cement by glass powder in the PIONEER 

industry for the production of bricks, blocks and pavers, 

the decrease in cement demand, an increase in resource 

conservation and a decline in the high pollution linked to 

cement production. 

Researchers chose to explore other environmentally 

friendly materials that may be utilized in concrete 

manufacturing because of the difficulty of waste disposal. 

As a result, the goal of this study is to utilize RHA waste 

material as cement partial substitution and CS as a natural 

additive in concrete, which has emerged as one of the most 

serious environmental challenges in developing countries. 

 

https://ijettjournal.org/archive/ijett-v70i2p239
https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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II. MATERIALS AND METHODS 

A. Materials 

The materials utilized in this research were OPC 

42.5 produced in Blue Triangle Factory, rice husk obtained 

from Mwea and burnt with a controlled temperature up to 

650°C in a furnace to produce the required RHA, and CS 

which was obtained from the cassava root. The starch used 

in this study was extracted from cassava milk obtained 

from a sieving process, also used for processing cassava 

into Attieké, which is a staple food in  Ivory Coast. The 

cassava root was bought in Muranga, peeled and washed. 

Fresh cassava was grated into a slurry then put in a sieve 

subjected to the pressure of the hand to expel water. The 

collected cassava-water extract from the sieving process 

was allowed to sediment for twenty-four hours, and the 

clear water was removed. After removing the water, the 

remaining substance stuck at the bottom was the starch. 

The starch was then sun-dried. The chemical composition 

and particle size distribution were determined.  

All materials were collected from various areas in 

Kenya. The river sand was procured from Meru and the 

coarse aggregate from the Warren concrete factory. 

Figures 1 and 2 show the CS and RHA used in this 

research. 

 

 
Fig. 1 Rice husk (left) and RHA (right) 

 
Fig. 2 Cassava Starch and Cassava Starch Activation 

B. Methods 

In order to assess the suitability of coarse and fine 

aggregates used in concrete, the particle size distribution 

was performed according to BS EN 933-1:2012[5]. The 

chemical properties of cement were carried out using an 

XRF test conforming to [6].  

The mix design was done in agreement with [7]. 

The control mix used only Ordinary Portland cement 

(OPC), while the other mixes used binary (RHA, OPC), 

ternary (RHA, CS, OPC), and ternary (RHA, CS, OPC) 

mixtures, as shown in Table 1, with RHA percentages 

ranging from 0% to 20% cement substitution and CS 

added by cement weight varying from 0% to 2%. The 

maximum proportion of CS was 2%, which is in 

conformity with section 5.2.6 of [8]. A total of 16 concrete 

mixtures with a constant of W/C 0.5 were created.  

In each mixture, 15 cubes of 100 mm  100 mm  100 mm 

were molded for compressive strength testing, 15 cylinders 

of size 100 mm  200 mm were molded for splitting 

tensile strength testing. The concrete was cast and cured 

for 7, 14, 28, 56 and 90 days in line with [9]. 

 In accordance with [10], the Vicat apparatus was 

utilized to find the mix's standard consistency initial and 

final setting times. The workability (slump) test was 

examined according to stipulated procedures in [11]. The 

density was determined using [12]. The compressive 

strength was calculated according to [13]. Concrete 

cylinders were used to measure split tensile strength in 

accordance with [14]. 
 

Table 1. Mix Proportions of Concrete (Kg/m3) 

Mix  

 

OPC 

 

CS  RHA C.A F.A Water 

Control 340 - - 1247 642 170 

1CS 340 3.4 - 1247 642 170 

1.5CS 340 5.1 - 1247 642 170 

2CS 340 6.8 - 1247 642 170 

10RHA 306 - 34 1247 642 170 

15RHA 289 - 51 1247 642 170 

20RHA 272 - 68 1247 642 170 

1CS10RHA 306 3.4 34 1247 642 170 

1CS15RHA 289 3.4 51 1247 642 170 

1CS20RHA 272 3.4 68 1247 642 170 

1.5CS10RHA 306 5.1 34 1247 642 170 

1.5CS15RHA 289 5.1 51 1247 642 170 

1.5CS20RHA 272 5.1 68 1247 642 170 

2CS10RHA 306 6.8 34 1247 642 170 

2CS15RHA 289 6.8 51 1247 642 170 

2CS20RHA 272 6.8 68 1247 642 170 

 

III. RESULTS AND DISCUSSION 

 

A. Material characterization 

coarse aggregate (CA), Fine aggregate (FA),  rice husk ash 

(RHA), cassava starch, and ordinary Portland cement 

(OPC)  were categorized with regard to properties listed in 

Table 2. Also, the FA and CA grading are revealed in 

figures 3 and 4.                       
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Table 2. Physical and Mechanical Properties of 

Materials 

Property FA CA Specification 

(ASTM C33 

limits) 

Specific gravity 

(SSD) 

2.42 2.69 2.4-2.9 

Unit weight  1480 1420 1200-1750 

kg/m3 

Water absorption 3.2% 3.39% <4% 

Voids in 

aggregate 

42% 44.3% 30-45% 

Silt content 4.92 - <5% 

Moisture content 1.2% 1% 0-4% 

Aggregate 

crushing value 

- 22.3% - 

Aggregate impact 

value 

- 16.5% - 

Fineness modulus 2.35 2.89 2.3-3.1 
 

 

 
Fig. 3 Particle size distribution of fine aggregate 

 

 
Fig. 4 Particle Size Distribution of Coarse Aggregate 

 

Figure 3 shows the FA grading. The envelope 

revealed that the FA grading is within the reasonable range 

as stated in [5]. The size distribution of FA is between 0.16 

and 5 mm. A correct grading of aggregate results in a well-

closed-packing of combining aggregate in concrete. The 

fineness modulus was identified as 2.35, which fall within 

the ASTMC C33 [15] span of 2.3-3.1. This has an impact 

on concrete's workability. Table 2 lists the other properties 

of FA, which can be used to ensure that it is suitable for 

utilization in normal-weight concrete. Figure 4 depicts the 

grading of CA, revealing that 94 per cent of CA was 

discovered between the aperture sizes of 5 mm and 25 mm. 

This indicates that most of the aggregates pass through the 

25 mm sieve. According to BS812-103.1 [16], the curve 

envelop comprised the lower limit and upper limit curves. 

Table 2 lists the coarse aggregate's other characteristics. 

 

 
Fig. 5 Particle size distribution for cement, RHA and CS 

Regarding the comparison between grading for cement, 

RHA and CS, Figure 5 was used to show the similarities 

between the three materials for the study. The dense 

particle size of cement was within 13 to 70% of the 

grading range for particle size ranging from 13 to 18.2 μm, 

respectively. For RHA, the particle size distributions were 

within 22 to 92% of the grading range for particle size 

ranging from 26 to 61 μm, respectively, which is coarser 

than the cement. Most of the particle size distribution of 

CS were within 20 to 90% of the grading range for particle 

size ranging from 9 to 12.3 μm, which is finer than the 

cement and RHA. The implication is that the smaller the 

particle is, the faster strength development occurs due to 

the filling effect [17].  

Table 3 shows that RHA has a chemical composition of 

SiO2 + Al2O3 + Fe2O of 96.95%, which is higher than the 

requirement in [4] of 70% for a pozzolana. 
 

Table 3. Chemical properties of RHA and OPC 

Chemical composition Content (%) 

RH

A 

OPC 

Silica (SiO2) 96.8

5 

12.99 

Aluminium oxide (Al2O3) - 3.69 

Calcium oxide (CaO) 1.47 75.22 

Potassium oxide (K2O) - 0.44 

Iron oxide (Fe2O3) 0.10 2.74 

Sulfur (SO2) - 3.09 

Titanium oxide (TiO2) 0.02 0.23 

Phosphorus oxide (K2O) 0.64 1.25 

Loss on ignition 5.99 3.4 

 

0

20

40

60

80

100

120

0.1 1 10

P
er

ce
n

ta
ge

 p
as

si
n

g 
(%

)

sive size (mm)
fine aggregate lower limit upper limit

-20

0

20

40

60

80

100

120

1.00 10.00 100.00

%
 C

u
m

u
la

ti
v

e 
P

a
ss

in
g

Sieve Size(mm)

0

10

20

30

40

50

60

70

80

90

100

0.001 0.01 0.1 1 10 100

S
o
il

 P
as

si
n

g
 (

%
)

Particle Size (mm)
Cement RHA CS



Bassirou Kone et al. / IJETT, 70(2), 343-350, 2022 

 
 

346 

In the objective of characterizing the microstructure of 

Supplementary Cementitious Materials(SCM) used as 

substitutes, scanning electron microscope (SEM) the test 

was conducted on the raw particles of rice husk ash (RHA) 

and cassava starch (CS). At the micro-scale level, the 

different materials were tested to find out shape and size. 

That information helps understand the interaction between 

particles and the behaviour of SCM during its 

development. Figures 6 and 7 display the SEM of RHA 

and CS used in this study. The shape longitudinal was seen 

on the SEM of RHA with some micro-pores at the surface, 

which justifies the porous nature of RHA. This is likely to 

decrease concrete workability by absorbing the water 

required for the mix. Concerning CS, the particles were 

found to have a round or spherical shape and present a 

better regularity than the RHA. This increases the 

availability of CS for adsorption onto the surfaces of 

cement grains. Because of the particle size, shape, and 

specific surface area, the gel formed from CS will easily 

envelop the surfaces of cement grains. Slump is reduced in 

CS because of the adsorption of more starch upon cement 

grains surfaces. This increases viscosity and is consistent 

with the study's findings [18]. 

 

 
Fig. 6 RHA at 200*magnification 

 

 

Fig. 7 CS at 50* Magnification 
 

 

 

Table 4. Display CS chemical composition 
 

Table 4. Chemical Composition of Cassava Starch 

Property Value 

Moisture content (%) 9.86 

Ash content (%) 1.1675 

Fat content (%) 0.555 

Protein content (%) 0 

Carbohydrates (%) 88.4175 

 

The material was found to be predominantly 

carbohydrate up to 88%. [19]-[20] reported values of 87% 

and 88% carbohydrates, respectively, which agrees with 

the chemical properties of cassava starch in Table 4. [21] 

also reported that cassava powder has a higher 

carbohydrate concentration of about 85%. This confirms 

the starchy constitution of the material utilized in this 

study.  

[22] CS is a carbohydrate polymer made up of two 

molecules: linear amylose and branched amylopectin. 

“Amylose functions as a thickening, water binder, 

emulsion stabilizer, and gelling agent, whereas 

amylopectin, which makes up a larger percentage of the 

starch” [23]. Amylose and amylopectin contribute to the 

delaying effect of starch granules by lowering the 

reactivity of C3A when added in concrete, reducing the 

development of undesirable hydration products like 

ettringite. 

  

B. Initial and final setting time 

The setting times of CS and RHA mortar are displayed in 

Figure 8. 

 

 
Fig. 8 Initial and Final Setting Times of CS and RHA 

Concrete 

In the literature, there is a general agreement on 

the retardation of the initial setting (IS) and final setting 

(FS) times of the mortar containing CS. The RHA 

displayed behaviour that was distinct from that of CS. 

Regarding the influence of RHA content on concrete 

setting time, there was no universal agreement in the 

literature. Some researchers [24], [25] stated that RHA has 
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a retarding effect while others reported its accelerating 

effect [26], [27] on the setting times [3], [5], [6]-[8]. 

When the concrete with binary blended of OPC 

RHA was evaluated, it was found that the RHA increased 

the delay in the setting time with an increasing amount of 

RHA in this study. As shown in Figure 8. 

 

For ternary binders containing OPC, RHA and 

CS, the IS and FS setting times are shown in Figure 8. 

There is a clear trend that the binary use of RHA and CS 

with OPC significantly prolonged the IS and FS times 

compared with the control value. The lower cement 

content might be one of the reasons for the retardation in 

setting time. It can also be observed that the set times for a 

ternary binder increased as the percentage replacement of 

OPC with RHA increased. [28] attributed the delay to a 

combination of lower cement content and the effective 

admixture dosage per weight of cement. Furthermore, 

starch polymer adsorption to Tri-calcium aluminate (C3A), 

which governs the set properties of cement paste may 

cause retardation [29], [30] [10]-[12]. Of all the mixtures, 

20%RHA and 2% CS showed the higher retardation in IS 

and FS times. 

 

C. Physical properties of concrete  

a) Workability (Slump) 

The workability of the slump test is shown in 

Figures 9 and 10, respectively, for CS concrete and RHA 

concrete. 

 

 
Fig. 9 Workability of CS Concrete 

 
Fig. 10 Workability of RHA Concrete 

From Figure 9, there was still a decrease in a slump with 

augmentation in CS percentage. The workability 

progressively decreased from 58mm for the control 

concrete to 38mm for 2% addition of CS. This might be 

linked to the thickening power of CS resulting from the 

viscosity modifying properties of starch. The spherical 

shape of CS, according to Figure 6, grants the starch gel to 

easily envelop the surface of cement grains and resulting in 

a growth of the mix viscosity [31],[2]. 

From Figure 10, RHA presence in the mix increases the 

number of fines in concrete which increase the mix water 

demand. The high demand of water in RHA concrete could 

be due to the porous structure of RHA, as seen previously 

in the SEM analysis of RHA.   

 
Fig. 11 Workability of RHA and CS Concrete 

From Figure 11, the slump of RHA & CS 

concrete decreased in all mixes compared to the control. 

The lowest slump registered falls within the range of the 

mix design (10-30mm). The decrease in workability of 

RHA & CS concrete must be due to the porous nature of 

RHA, and as a consequence, more water is required for 

adequate workability. Also, the particle size was fine, 

hence the increasing quantity of fines in the matrix [32]. It 

can also be linked to the viscosity modifying effect of CS 

in the concrete. 
 

D. Mechanical properties of concrete 

a) Density of RHA and CS concrete 

The density of concrete containing CS and the one 

containing RHA are shown in Figures and respectively. 

 
Fig. 12 Density of CS concrete 
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Fig. 13 Density of RHA Concrete 

The figure 12 also shows the density of concrete made 

with CS. It can be observed that the density increases 

gradually and reaches a maximum at 1.5 % CS and then 

drops. The reduction can be due to the reducing 

workability of the concrete, which influences and give 

better compaction. Figure 13 shows the density of OPC 

concrete and RHA concrete at 28  curing days reduced 

with an increased percentage of RHA. The decrease in 

density can be attributed to RHA's lower specific gravity, 

resulting in a direct decrease in matrix density with an 

increase in RHA concentration. The density was found to 

be in the interval of 2000-2600kg/m3 for normal concrete 

as required in [12]. Furthermore, all the RHA concrete and 

CS concrete falls within this interval. 

From Figure 14, it can be observed that the density 

decrease progressively in all mixes from 1CS&10RHA to 

2CS&20RHA from 2474 kg/m3 to 2359 kg/m3. This might 

be due to RHA lower specific gravity, thereby straightly 

decreasing the density of the matrix with the increasing 

percentage of RHA workability of RHA and CS concrete 

which could have led to poor compaction, creating some 

void in the concrete. The density was in the interval of 

2000-2600kg/m3. 

 

 
Fig. 14 Density of RHA and CS Concrete 

 
 
 

b) Compressive strength of RHA and CS concrete 

 

 
Fig. 15 Compressive Strength of RHA Concrete 

 
Fig. 16 Compressive Strength of CS Concrete 

From the experimental study of the compressive strength 

RHA concrete, Figure 15 shows that the increase in the 

amount of substitution up to 20% reduces the early 

strength of RHA. Concrete strength at 7 and 14 days was 

determined to be lower than OPC strength. Such 

observation is in close agreement with the finding reported 

by [33],[34]. The significantly lower calcium oxide content 

of rice husk ash (1.47%) compared to cement (75.22 % )  

might account for the reduction in compressive strength of 

RHA concrete. However, from 28, 56 and 90 days, it can 

be observed some increase in the strength for all 

replacement comparatively to the early age. The 

substitution percentage of 10% registers the highest 

compressive strength, comparable to the control one. The 

later strength gaining might be the resultant of the later 

pozzolanic reaction of RHA in the concrete [35].  

Figure 16 shows the compressive strength of CS 

concrete. This compressive strength increased over the 

control at all curing days. This can be linked to the 

moderating behaviour of starch to reducing bleeding and 

segregation in concrete because of viscous starch nature. 

Also, internal curing is improved due to the viscosity 

modifying properties of starch. According to [18], CS have 

a higher degree of polymerization, which gives the 

material increased binding force [11]. This could explain 

why adding CS enhances compressive strength. These 

results  compare positively with the findings of [36], [37], 

[31], [9], [1]-[2]. 
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Fig. 17 Compressive strength of CS and RHA concrete 

 

The compressive strength of concrete blended 

with RHA and CS at curing ages of 7, 14, 28, 56, and 90 

days is displayed in Figure 17. It was seen that there was a 

drop in concrete strength at 7 days of curing for all 

percentage replacement of RHA and CS compared to the 

control mix at 17.01MPa. Nonetheless, the 1CS10RHA 

and 1CS15RHA mixes showed greater strengths after 14 

days of curing, reaching 23.3 and 23.13 MPa, respectively. 

The compressive strength of the other mixes, on the other 

hand, was found to be slightly lower. 

At 28, 56 and 90 days, the maximum strength was 

recorded at 1CS&10RHA replacement compared to the 

control, while the other dosage showed a slight increase 

but still inferior to the control. The increase in force could 

be attributed to RHA being a pozzolanic material that takes 

time to react, adding to that the viscosity power of CS, 

which helps avoid segregation and bleeding in concrete 

and maintain the matrix well-packed together. Thus, the 

optimum is at 1CS&10RHA replacement. Any further 

increase beyond 1CS&10RHA substitution would cause 

strength reduction. 
 

c) Splitting tensile strength of RHA and CS concrete  

 

 
Fig. 18 Tensile Strength of RHA Concrete 

 

 
Fig. 19 Tensile Strength of CS Concrete 

 

 Figures 18 and 19 show the splitting tensile 

strength of RHA concrete and CS concrete, respectively. 

The findings illustrate a pattern equivalent to the 

compressive strength results.  From figure 18, it can be 

observed that at 7 and 14 days, the splitting tensile strength 

of RHA concrete decreased with a percentage increase. 

This can be due to decreased bonding behaviour of RHA 

in constituent materials in concrete compared to cement. 

The splitting tensile of RHA concrete increased compared 

to the control at 28, 56, and 90 days, with maximum 

strength at 10% RHA. This could be due to the pozzolanic 

influence of RHA, it being a long-term process. From 

figure 19, the splitting tensile strength of CS concrete 

registers better performance at all ages with 1%CS 

compared to the control. Any other increment of CS 

reduces the splitting tensile strength. The increment in 

tensile strength can be due to the faculty of starch to 

control bleeding, thereby decreasing the formation of 

micro-crack at the paste-aggregate interphase as suggested 

by the [38]. 
 

 
Fig. 20 Tensile Strength of RHA and CS Concrete 

  

The effect of CS and RHA concrete on splitting tensile 

strength at 7, 14, 28, 56 and 90 days are shown in figure 

20. It was found that the splitting tensile strength follows 

the same trend as the compressive strength. Based on the 

results, it has been observed that the percentage increase of 

the splitting tensile strength is 2.3% and 1.1%, 

respectively, for 1CS10RHA and 1CS15RHA at the age of 

14 days compared to the control. This improvement during 

the early age witnessed the strength development during 

0

10

20

30

40
C

o
m

p
re

ss
iv

e 
st

re
n
g
th

 (
M

P
a)

CS and RHA substitution(%)

7days 14days 28days 56days 90days

0

1

2

3

4

0RHA 10RHA 15RHA 20RHA

T
en

si
le

 s
tr

en
g
th

(M
P

a)

RHA substitution (%)

7days 14days 28days 56days 90days

0

1

2

3

4

0 1CS 1.5CS 2CST
en

si
le

 s
tr

n
g
th

(M
P

a)

CS substitution (%)

7days 14days 28days 56days 90days

0

1

2

3

4

S
p

li
tt

in
g
 t

en
si

le
 s

tr
en

g
th

(M
p

a)

CS and RHA substitution (%)

7days 14days 28days 56days 90days



Bassirou Kone et al. / IJETT, 70(2), 343-350, 2022 

 
 

350 

early age because starch is known to have a high degree of 

polymerization [18]. 

 At 28, 56 and 90 days of curing, it can be 

depicted that the mix 1CS10RHA registers the highest 

splitting tensile strength. While the increased percentage of 

CS and RHA show a decrease in the tensile strength. This 

may be due to the pozzolanic influence of RHA is a long 

term process, thereby taking time to get the necessary 

strength. The CS effect on the ternary mix might have 

contributed to filling micropores in the matrix due to the 

viscosity modifying effect avoiding bleeding and 

segregation, thereby increasing the mix's binding forces 

[18]. 

IV. CONCLUSION 

The following conclusion was made based on the finding 

of this research: 

 Concrete workability decrease with an increase in 

RHA and CS percentage. Furthermore, the setting time is 

prolonged when the substitution of RHA and CS increases. 

The concrete made with the blend of RHA and CS 

improved the compressive and splitting tensile strength in 

the short and long term compared to the RHA and the 

control concrete with an optimum of 1CS10RHA. 
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