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ABSTRACT

The rice husk ash (RHA) is a pozzolanic materiat ttan be blended with the Portland cement in @ado
obtain a better performance of normal concrete.s Tjaper proclaims an experimental investigation on
utilization of RHA for the concrete as it is a bgguct of brick-kilns in Sri Lanka. The results bfe¢e different
replacement percentages of RHA in concrete (10%4 80d 30% by mass of cement) were compared with the
concrete that does not contain RHA. Those sample® wested for compressive strength, tensile gineng
surface water absorption and the durability aspéctomparative study on chemical composition ahgspcal
properties was carried out and the experimentallteesvere discussed. A significant improvement ba t
compressive strength at early stage is identified aptimum strength was achieved at the 20% RHA
replacement by mass of cement. The strength ofctmerete with different sizes of RHA particles was
compared to identify the effects of particle sif&RdlA. Around 50% of the RHA collected from the dkikiln

can be utilized for the concrete after proper grigd

Keywords-Rice husk ash, compressive strength, brick-&iinface water absorption

1. INTRODUCTION
In the present situation, concrete is one of thetmadely used construction material in the world.
The most common form of concrete is Ordinary Podl&€ement (OPC) concrete, which consists
with coarse aggregate, fine aggregate, cement atet.w
In most of the countries, different cementitioustenials such as Fly-Ash, Ground Granulated Blast-
furnace Slag (GGBS), Silica Fume and Rice Husk ®HA) to achieve high performance, good
quality and low cost concrete mixtures. In heree fiiusk is a byproduct of de-husking operation of
paddy rice that is produced in about 115 milliontaris in all over the world annually. The total
amount of rice produced in Sri Lanka in year 2092.i79 million metric ton8!. The total amount of
rice needed in Sri Lanka over the year 2010 and 2028 estimated at 3.46 and 3.83 million metric
tons respectivel{?. Approximately 20 kg of rice husk are obtained 180 kg of rice. Rice husks
contain organic substances and 20% of inorganiema&t®. Therefore considerable amount of rice
husk is wasted annually and it may increase wightithe.
Rice husk ash (RHA) can be used as a highly reactivzzolanic material to improve the
microstructure of the interfacial transition zoh€Z) between the cement paste and the aggregate in
high-performance concrete. The utilization of rfagsk ash as a pozzolanic material in cement and
concrete provides several advantages, such as vewbr@ompressive strength and durability
properties, reduced materials cost due to cememiggand environmental benefits related to the
disposal of waste materials and reduced carborid#icemission$’.
From 1980 to 1996, the world’s annual consumptibRartland cements increased around 2 million
tons to 1.3 billion tons. This was associated withjor environmental problems since the cement
manufacturing is the third largest €@roducer and for over 50% of all industrial Snissions (for
every 1.0 ton of cement produced, 1.0 to 1.25 @30, is released in the air) and 1.6 tons of natural
resources is consumed to produce 1.0 ton of ceffent

The reaction of the rice husk ash with the cememteipendent on several factors. Burning duration,
burning temperature and the particle size of theessare the most significant. The optimum
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temperatures are around 6@for 2-3 hrs burning and 40C for 4 hrs burning. There is an optimum
temperature for each burning time and burning glhdvi temperatures beyond a certain limit does not
necessarily help to produce quality &h

The grinding process would affect the water absomptapacity of concrete. Longer the grinding
time, it may lower the water absorption r&teWith the proper grinding process, the RHA can be
converted to the ultrafine particles. Thereforeulfafine RHA in to concrete to reduce permeayilit
water absorption of concrete and many beneficfakes on concrete performari@e

This paper proclaims an experimental investigatonpossibility of utilization of RHA from the
byproduct of brick-kilns in Sri Lanka. In the presénvestigation, rice husk has been blended with
Ordinary Portland Cement (OPC) at various percexstagnd experiments were carried out to
investigate the mechanical properties. The reswgte compared with conventional OPC concrete.

2. MATERIALS AND METHODS
2.1 Rice Husk Ash

RHA for the experiment was obtained from the b#dk-that used rise husk as a fuel. The burning
temperature was within the range of 6@to 850°C. The fully burnt ashes and the partially burnt
ashes are separated by 10 minutes sieving. Theaasing 300 mm sieve size are considered as fully
burnt ashes and it may be around 60% of the asiilested from the brick-kiln. The particle size of
the RHA is limited to 75 um and fineness of the RiHAs increased by the grinding process. The
particle size distribution of 75 um passing RHAasshown in Fig 1. The average particle size is 18
pnm and specific gravity is 2.16. Since the RHAi&f than cement it can be expected to have micro-
filler effect as well as the pozzolanic reactiBn
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Fig 1:Particle Size Distribution for RHA obtained fromi#d Passing

2.2 Fine and coarse aggregates

The fine aggregates that used for the experimerg magural river sand passing from 4.75 mm sieve.

The specific gravity of the sand was tested acogrtth BS 812: Part 2: 1995. The specific gravity of

fine aggregate was observed as 2.65.

The coarse aggregate that used for the experimerdg wrushed granite with maximum size of 20

mm. The specific gravity of the coarse aggregats tgated according to BS 812: Part 2: 1995. The
specific gravity was observed as 2.65 for coarggeaates.

Table 1 -Water Absorption in Aggregates

Type of aggregate Water absorption
Fine aggregate 1.30 %
Coarse aggregate 0.31%
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2.3 Compressive strength of concrete

The Compressive strength of the concrete was meadduwy preparing cubes of 150x150x150 mm
mould size. Concrete with 0.75 W/C ratios was usedhe experiments. Mechanical vibrator was
used to compact the concrete during casting. Thddeovere removed after 24 hours and placed in
the curing tank until the testing dates. The spensnwere tested after 3, 7, 14, 28, 56, and 91 days
with the loading rate of 0.3 N/nffs. The average value of compressive strength \wtained by
testing of three specimens.

2.4 Split tensile test

Split tensile test for the concrete was carried andording to the BS 1881:Part117:1983. Concrete
cylinders of 150 mm diameter and 300 mm height veasted by using concrete with W/C ratio of
0.75. Mechanical vibrator was used to compact tbeciete during casting. The moulds were
removed after 24 hours and placed in curing tami# the testing dates. The specimens were tested
after 91 days with the loading rate of 0.03 NffanThe average value of tensile strength was cdain
by testing of three specimens.

2.5 Surface water absorption test

The surface water absorption test was carried d@htavconcrete cube of 150x150x150 mm size. The
WI/C ratio of 0.75 was used for concrete mixturee Tast was conducted after 28 days and the
variation of the results were discussed as pergendaviation with reference to the control sample.
All cubes were subjected to oven dry under Y0before testing. The surface water absorption of
concrete was tested at 10, 30 and 60 min aftev#ter head was released to the concrete surface.

3.0 RESULTS AND DISCUSSION
3.1 Compressive strength of concrete
The compressive strength of concrete cubes contattifferent amount of RHA (75um passing) was

tested according to BS 1881: Part 116:1983. Thaat@amn of compressive strength of concrete with
days is shown in Fig. 2.
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Fig 2: Variation of Compressive Strength of Concrete
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Table 2: Compressive Strength of Concrete with Differencedtgage of RHA

Average Compressive Strength
(N/mn)

14 28 56 91

days days days days

Replacement

0%(Control) 21.00 2210 2269 23.63

10% of RHA 23.40 2541 26.07 26.75

20% of RHA 23.60 26.04 27.33 27.87

30% of RHA 19.33 2195 23.01 2438

The maximum strength is achieved with 20% replacgmé RHA for the cement in concrete. The
maximum increment is around 17.9% than the corseohple. Therefore 20% of RHA can be
identified as the optimum percentage to replaceément in concrete.

The effect of the particle size also tested dutinig experiment. The sieve sizes of 75 um and 160
passing RHA mixed concrete specimens were compaitd control sample. The variation of

compressive strength of concrete containing diffeteo sizes of particle sizes of RHA is shown in
Fig. 3.
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Fig 3: Variation of Compressive Strength of Concrete

The compressive strength development of concrete 480 pm passing was lower than RHA passing
75 um. However, the strength development ratenm®stl equal in both caseEherefore, it can be
concluded that when the fineness of the RHA in@gdke strength development of the RHA mixed
concrete also increase®imilar results have been obtaining in previouslissias welll” ©

3.2 Splitting tensile strength

The tensile strength of the concrete was testedrdity to the BS 1881: Part 117983 by using the
concrete cylinder. The experimented results afelbsvs.

Table 3:Results of Splitting Tensile Strength

Sample Replacement Splitting Tensile

No. (%) Strength (N/mrf)
1 0 1.86
2 10 2.60
3 20 3.01
4 30 2.56
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Splitting Tensile
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Fig 4: Variation of Splitting Tensile Strength

Fig 4 shows that significant increment in the tEnstrength in concrete containing RHA. The
maximum tensile strength is resulted with 20% regtaent. Therefore tendency of cracking of
concrete containing RHA can be considered as lawpawed to the normal concrete.

3.3 Surface water absorption test

The result of surface water absorption test is shawTable 4. Around 15% reduction in water
absorption was observed with the 20% replacemerflyofsh. Around 11% reduction in water
absorption with 20% replacement of RHA and arouf®b lreduction with combination of same

amount of RHA and Fly Ash were observed. -

Table 4:Surface water absorption test results —

Percentage water absorptiol
compared to control sample

Time Control

B 95 -
(min) Sample Fly-Ash  pHA Fly-Ash §
10 and ,, 20 <
RHA10 -~
10 100 88.24 91.18 86.76 i
30 100 91.11 88.89 86.67 *g -
60 100 88.57 85.71 82.86 E

Average 100 89.31 88.59 85.43

80 -

75 -
Control RHA Fly Ash Fly Ash 10%
Sample 20% 20% & RHA 10%

Fig 5: Surface water absorption test results

The concrete containing RHA has shown a consideradduction in surface water absorption in
concrete. Further addition of fly ash has givertdratesult than the 20% RHA replacements. It may
be due to higher fineness of fly ash than the RHtigles. However, according to the degree of
replacement of RHA, the rate of water absorptiom lva different. Therefore, number of experiments
consisting with different percentage of RHA is riegd to find out the optimum level of RHA to
minimize the surface water absorption of concrete.
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0 CONCLUSIONS

It is possible to use the RHA that is produced astev material from the land molded burnt clay
brick production process in Sri Lanka to improve gnoperties of concrete.

20% replacement of RHA by mass of cement showstal#i increment of compressive strength
of concrete.

There is considerable increment in splitting tensilrength with 20% replacement of cement by
RHA.

There is a significant reduction of workability firesh concrete with the increase amount of RHA
content in concrete. The Fly Ash can be used wighRHA to increase the workability of concrete.
The performance of the concrete would depend oditle@ess of the RHA. The finesses of RHA
would increase the compressive strength of therete.c

The addition of RHA for the concrete decreasesmair absorption of concrete. There was around

11% reduction in surface water absorption with2b8&6 of RHA replacement compared to control
specimen.
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