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This paper examines the compressive strength of the binary blend of
rice husk ash concrete and curing period. The purpose of the study
was to source for local materials like agricultural waste that could
replace some percentages of cement in order to make it more
economical in concrete and to ascertain its usefulness in the
construction industry. A quantitative method was used for the
research design. The total concrete specimens of size 200mm x100mm
produced in the laboratory were one hundred and twenty (120). The
rice husk were completely burnt in an electric furnace to obtain the
ash and 0 %, 5 %, 10 % and 15 % of the ashes were used to replace
cement in grade 20 concrete. The curing duration were 7 days, 28
days, 30 days, 60 days, 90 days, 120 days, 150 days and 200 days
respectively. The result revealed that compressive strength of the rice
husk ash concrete increases as the curing period increases and there
was decrease in the compressive strength of the pozzolanic concrete
as the percentages of rice husk ash increases in the concrete. The
binary blend of rice husk ash at 5% replacement had the maximum
compressive strength of 40 N/mm? at 200 days of curing period, while
the control concrete compressive strength was 22.0 N/mm?2. The 5%
RHA had given more improved results in concrete when cured for a
longer period of 200 days.

1. Introduction

Cement production is increasing globally at 3% annually [1] which amounts to 2.1 billion tons per
year and is expected to grow to about 5.2 billion tons in 2019 [2]. In Nigeria the cement requirement
has been put at 23.2 million tons as at 2015 [3] and local production stands at 15.8 million tons,
while the shortfall of 7.4 million tons are imported [4]. These statistics have shown that cement
demand is in excess of supply. Therefore, there is need to source for local materials that are
cementitious in pulverized state, to complement the production of cement. The use of agricultural
pozzolans like rice husk ash may improve the situation. The reaction of the pozzolan with cement,
forms additional calcium silicate hydrates (C-S-H), which gives better strength and durability of
concrete [5]. Research concerning mineral admixtures use to argument the properties of concrete
has been going on for many years. Economics and environmental considerations also have a role in
the growth of mineral admixture usage. The lower cement requirement leads to a reduction in the
amount of carbon dioxide generated by the production of cement and hence its emission to
atmosphere [6]. The addition of wide range of blending material also introduces significant diversity
into the cementing system.
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Rice husk ash (RHA) is obtained from the milling industry of rice. The ash is obtained by burning
the husks of rice paddy. The controlled burning of rice husks takes place at temperatures ranging
from 500°C and 800°C, which produce a non-crystalline amorphous RHA [7]; [8]. It is whitish or
grey in color. The particles of RHA possess cellular structure with a very high surface area. RHA
has 90-95% amorphous silica [9]. Rice plant is one of the plants that extract silica from the soil and
assimilates it into its structure during its growth [10]. It produces relatively large proportions of ash
which contains around 90% silica at the instance of burning the rice husk [11].

It possesses wonderful pozzolanic activity because of its high surface area and high silica content.
After Mehta’s findings in 1973 [9], the use of RHA in construction materials was accelerated.
According to Givi et al. [12], RHA can be used in mortar and concrete with a good workability.
Ismaila and Waliuddin [13] made high-strength concrete with RHA. Moreover, Zhang and Mohan
[14] produced high performance concrete, using RHA as a supplementary cementing material. As a
part of composite cement, normal-strength self consolidating concrete can be obtained from RHA
[15]. It can also be used for producing self-consolidating high-performance concrete with improved
hardened properties and durability [16]. The use of RHA decreases the porosity, and thus improves
the compressive, tensile and flexural strengths of concrete. RHA also improves the freeze-thaw
durability and corrosion resistance of concrete [17]. RHA can also be used successfully in other
construction materials such as bricks and blocks without any degradation in the quality of products
[17];[18];[19]. The compressive strength of bricks is increased in the presence of RHA and therefore
recommended the use of RHA bricks in load-bearing walls [18]. He also showed that the absorption
capacity of RHA bricks lies within the permissible limit [18]. RHA was used to develop innovative
interlocking blocks for use in sustainable housing. They also obtained good compressive strength
for the blocks incorporating RHA [17]. Curing is the process of controlling the rate and extent of
moisture loss from concrete during cement hydration [20]. It may be either after it has been placed
in position (or during the manufacture of concrete products), thereby providing time for the
hydration of the cement to occur. Since the hydration of cement does take time, curing must be
undertaken for a reasonable period of time if the concrete is to achieve its potential compressive
strength and durability. Curing may also encompass the control of temperature since this affects the
rate at which cement hydrate [20]. Curing is designed primarily to keep the concrete moist by
preventing loss of moisture from it during the period in which it is gaining strength. Curing can be
achieved by keeping the concrete element completely saturated or as much saturated as possible
until the water-filled spaces are substantially reduced by hydration products [20]. Since it has been
established from literatures that rice husk ash is useful in concrete, effects of the prolong curing of
the rice husk ash concrete will be examined in relation to its compressive strength.

2 Materials and Methods

The materials used consist of rice husk ash (RHA), Portland cement, crushed coarse aggregate of
20 mm size, fine aggregate and water. The tools used included steel mould of (100 mm x100 mm X
100 mm) size, shovel, head pans and concrete mixer. The ash was obtained by controlled burning
of the rice husk with the help of a muffle furnace until the ash was produced at 500°C for 5 hours.
The burnt ash was sieved through British Standard sieve of 75 microns after grinding. The portion
passing the sieve was adequate for the required degree of fineness that is 63 microns and below
while the ash retained on the sieve were reground and sieved again. The pulverization of the rice
husk ash (RHA) was carried out before it was added to grade 25 concrete at 5%, 10%, and 15% by
weight respectively of the cement. The RHA concrete specimen produced was one hundred and
twenty (120) moulds of dimensions 100 mm x 100 mm x 100 mm according to [21] methodology.
After the curing duration of 7 days, 14 days, and 28 days on the concrete specimens, compressive
tests were carried out. The compressive strengths tests were conducted using [22] methodology.
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Several tests which included sieve analysis test for the sand and the rice husk ash (RHA), slump
tests were also carried out on the materials.

3 Results and Discussion
RHA X-ray fluorescent

The X- ray fluorescent analysis carried out on the RHA reveals some chemical compounds found
in rice husk ash (RHA). The percentage of silicon dioxide (SiO2) found in the RHA was 87.22 %
which was more than the minimum of 70 % specified for pozzolans by [23].

3.1  Sieve Analysis Test

The fine aggregate was subject to sieve analysis in accordance with [24] methodology. The result
of the sieve analysis of the fine aggregate, are shown in Figure 1.
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Figure 1: Sieve analysis of fine aggregate

3.2  Specific Gravity Test

The samples of the RHA, cement, fine and coarse aggregate were subjected to specific gravity test
according to [25] methodology. The result of the specific gravity obtained show that the fine
aggregate and coarse aggregate has 2.65 and 2.70 respectively. The RHA was 1.02 which was lighter
than cement of value 3.15.

3.3 RHA and OPC concrete compressive Strengths

As the curing days increase, the compressive strength of concrete increases also for all the
percentages of cement replacement with RHA pozzolan in concrete as shown in Table 1 and Figure
2. Its result has shown that binary replacement of cement with RHA pozzolan can be possible up to
15 %, for curing duration up 200 days.
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Table 1: Compressive strength and curing age of RHA concrete

Compressive Strength  (N/mm?)
Age of
Curing 5% 10% 15% Control
(Days) | RHA RHA RHA (OPC)
7 8.5 7.2 1.2 9.4
28 13.8 12.5 1.7 14.1
30 15.5 21.0 2.0 16.0
60 18.5 21.5 3.0 16.5
90 29.0 25.2 55 18.5
120 31.0 25.5 9.0 18.5
150 35.0 25.5 14.8 19.5
200 40.0 27.2 24.2 22.0
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= 40 -+
€35 —+—5% RHA
2
~— 30 4
£ 10% RHA
g 25 - ’
<
& 20 - //
S 15% RHA
215 - ' é
a J
g 10 o/ Control (OPC) concrete
U 5 A
O T T T T 1
0 50 100 150 200 250

Curing Duration (Days)

Figure 2: Compressive strength and curing period at 0%-15% RHA concrete
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Compressive strength of 0 %, 5 %, 10 % and 15 % pozzolans RHA blended concrete at several
curing periods using 0.6 water/cement ratios are shown in Figure 1. The 5 % RHA blended concrete
had compressive strength of 40 N/mm? at 200 days curing period while the OPC concrete gave a
compressive strength of 22.0 N/mm? at 200 days of curing. The 5 % RHA blended concrete strength
increase started from 90 days of curing with a compressive strength of 29.0 N/mm?2 while 10 %
RHA blended concrete started its strength increase at 30 days with a compressive strength of 21.0
N/mm?. The increase of compressive strength may be due to silica content in the RHA, bonding
with the cement to produce more calcium silicate hydrate paste (C-S-H) which is the strength
component of the concrete. This was collaborated by [26].

The 15 % RHA blended concrete started its strength increase from 200 days with compressive
strength of 24.2 N/mm?. However, the binary blend of rice husk ash at 5 % replacement had the
maximum compressive strength of 40.0 N/mm? at 200 days while the control concrete compressive
strength was 22.0N/mm?, This represents about 81.8 % increase of the RHA concrete over the OPC
concrete. This shows that prolonging the curing duration for RHA concrete, the better compressive
strength result obtained and this was collaborated by [27].

4, Conclusions

This study has shown that rice husk ash is pozzolanic because it satisfies the minimum requirement
of 70 % composition requirements according to [23]. More so, the rice husk ash (RHA) concrete’s
compressive strength consistently increased as the curing period increases. The 5 % RHA concrete
gave an optimum value of 40 N/mm? which was 81.8% higher in compressive strength to the OPC
concrete, when cured for 200 days duration. The 15 % by weight of RHA concrete can be used for
structural applications when cured up to 200 days. This work has provided a database of the reaction
of RHA pozzolan on the compressive strength of concrete subjected to prolong duration of curing.

5. Conflict of Interest

There are no conflicts of interest associated with this article.

References

[1] Olutoge, F.A, Bhashya V., Bharatkumar B.H and Sundar K.S,(2010) ‘Comparative Studies on Fly ash and
GGBS High Performance Concrete. Proceedings of National Conference on Recent Trends and Advancement
in Civil Engineering (TRACE)

[2] www.worldcement.com

[3] www.proshareng.com

[4] www.panafricancapitalplc.com

[5] Igarashi S., Watanabe, A. and Kawamura, M (2005) ‘Evaluation of Capillary Pores size characteristics in High
Strength Concrete at early ages’ cement and concrete research. Vol 35, No. 3, pp.513-519

[6] Toutanji H, Delatte N, Aggoun S, Duval R, Danson A.(2004) " Effect of Supplementary Cementatious
Materials on Compressive Strength and Durability of Short Term Cured Concrete". Cement and Concrete
Research, Vol. 34, pp. 311 — 319

[7] Mehta, K. P. and Monteiro, P. J. M. (1993)," Concrete Structure, Properties, and Materials", 2nd Edition,
Prentice Hall, New Jersey.

[8] Molhotra, V.M. (1993)," Fly Ash, Slag, Silica Fume, and Rice Husk Ash in Concrete: A Review, Concrete
International, VVol.15, No.4, pp. 2-28

[9] Mehta, P.K. (1992)," Rice Husk Ash - A Unique Supplementary Cementing Material”, Proceedings of
International Symposium on Advances in Concrete Technology,Athens, Greece, pp.407-430.

62


http://www.worldcement.com/
http://www.proshareng.com/
http://www.panafricancapitalplc.com/

R. I. Umasabor Journal of Energy Technology and Environment
Vol. 2 2020 pp. 58-63

[10] Smith, R.G. and Kamwanja, G.A. (1986), “The Use of Rice Husk for Making a Cementitous Materials”
Proceedings of Joint Symposium on the Use of Vegetable Plants and their Fibres as Building Materials,
Baghdad

[11] Swamy, R.N. (1986), “Cement Replacement Materials, Surrey University Press/Blackie and Sons, London

[12]Givi, A. N., Rashid, S. A., Aziz, F. N. A. and Salleh, M. A. M. (2010), " Contribution of Rice Husk Ash to
the Properties of Mortar and Concrete: A Review", Journal of American Science, Vol.6, No.3, pp.157-165.

[13] Ismaila, M.S. and Waliuddin, A. M. (1996), "Effect of Rice Husk Ash on High Strength  Concrete". Journal
of Construction and Building Materials, Vol. 10, No.7, pp. 521-526.

[14] Zhang, M.H. and Mohan, M.V. (1996), " High-Performance Concrete Incorporating Rice Husk Ash as a
Supplementary Cementing Material”, ACI Materials Journal, Vol.93, No.6, pp.629-636.

[15] Nehdi, M., Duquette, J. and Damatty, A. (2003), "Performance of Rice Husk Ash Produced using a New
Technology as a Mineral Admixture in Concrete”, Cement and Concrete Research, Vol.33, No.8, pp.1203—
1210.

[16] Safiuddin, M.D. (2008), "Development of Self -Consolidating High Performance Concrete Incorporating Rice
Husk Ash" Published Ph.D Thesis in Civil Engineering Department, University of Waterloo, Ontario, Canada.

[17] Nasly, M.A. and Yassin, A.A.M. (2009), "Sustainable Housing Using an Innovative Interlocking Block
Building System , Persidangan Kebangsaan Kejuruteraan Awam Kelima (AWAM'09), 27-29 October 2009,
Kuala Lumpur, Malaysia

[18] Rahman, M.A. (1987)," Properties of Clay-Sand-Rice Husk Ash Mixed Brick™, International Journal of
Cement Composites and Light weight Concrete, Vol.9, pp.105-108.

[19] Rahman, M.A. (1988)," Effect of Rice Husk Ash on the Properties of Bricks Made from Fired Lateritic Soil-
Clay Mix", Journal of Materials and Structures, Vol.21, pp.222-227.

[20]www.concrete.net.au

[21] British Standard Institution BS 1881: Part 108 (1983) 'Methods of making test cubes from freshconcrete.
London, United Kingdom. https://doi.org/10.3403/00048788u

[22]1 BS EN 12390-3:2019 "Testing hardened concrete: Compressive strength of test specimens™ British Standard
Institution London

[23]ASTM (C618 (2005), “Specification for Fly Ash and Raw or Calcium Natural Pozzolana for use as a Mineral
Admixture in Portland Cement Concrete”. American Standard for Testing Materials

[24] ASTM C136, (2014) “Standard Test Method for Sieve Analysis of Fine and CoarseAggregates”. ASTM
International, West Conshohocken. https://doi.org/10.1520/c0136

[25]ASTM C127 (2015) "Standard Test Method for Specific Gravity and Absorption of Coarse Aggregate".
America Standard of Testing Materials International, West Conshohocken

[26] Ayantoyinbo, Y.T. (2011), “Effect of the Partial Replacement of Cement by some Pozzolanic Agricultural
Waste Ash on the Compressive Strength of Concrete.” Unpublished M.Eng Project in Civil Engineering
Department, University of Benin

[27] Ettu, O.L. (2013), “Strength Characteristics of Blended Cement Composites” Unpublished Ph.D Thesis in
Federal University of Technology, Owerri.

63


http://www.concrete.net.au/
https://doi.org/10.3403/00048788u
https://doi.org/10.1520/c0136

