International Journal of Civil A International Academy of Science,

Engineering (IJCE) 4
ISSN(P): 2278-9987; ISSN(E): 2278-9995 u Engineering and TeChnDIOgy

Vol. 5, Issue 1, Dec — Jan 2016, 47-54 Connecting Researchers; Nurturing Innovations
© IASET IASET

INFLUENCE OF RICE HUSK ASH AND METAKAOLIN ON THE ST RENGTH
PROPERTIES OF TERNARY BLENDED CONCRETE WITH RECYCLE D COURSE
AGGREGATE

M. VIJAYA SEKHAR REDDY !, P. SUMALATHA?, K. ASHALATHA & M. MADHURI *
'Head and Assistant Professor, Department of Civijifieering, Srikalahasteeswara Institute of Teamgl
Srikalahasti, Andhra Pradesh, India
234 ecturers, Department of Civil Engineering, Srikalateeswara Institute of Technology Srikalahasti,
Andhra Pradesh, India

ABSTRACT

Ternary blended concrete is developed by partidbhrement of cement with metakaolin and rice hissk & the
last decade the use of supplementary cementingrialatdhas become an integral part of high strerstid high
performance concrete mix design. Rice husk ashbigroduct material obtained from the controll@inbustion of rice
husk which consists of non crystalline silicon diex with high specific surface area and high pcamigl reactivity.
Metakaolin helps to reduce the amount of calciurdrbyide, thus resulting in stronger and durablecoete. Another
advantage of using SCMs is increase in durabilitycancrete which consequently results increaseesource use
efficiency of ingredients of concrete which are lééipg at very fast rate. Long term performancetoficture has become
vital to the economies of all nations. In the presexperimental investigation an attempt is madeevtaluate the
workability and compressive strength of M20 corerfeir 7 and 28 days curing period. Cement was ceplavith rice
husk ash at 0%, 5%, 10%, 15% & 20% and metakadii®% was choosen for all trail mixes. Locally awadile
demolished recycled coarse aggregate having themmax size of 20 mm was used in place of coarseeagge. A
constant water binder ratio of 0.5 was adopted.r€balts summarizes that the concrete made wisettrail mixes shows

excellent fresh and hardened properties.
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INTRODUCTION

An investigation on the use of metakaoline andaiflume as supplementary cementing materials iaraihg
the near surface properties of concrete. Metakaaimd silica fume mixtures, each with 10% replacemeere Prepared
and tested for initial surface absorption, watesaaption and sorptivity. Metakaoline and silica ®irwere found to
enhance the overall near surface characteristiadhefconcrete. The inclusion of metakaoline antasifume greatly
reduced the initial surface absorption, water gitgam and sorptivity of concrete in varying magadiéss. Generally, the
curing method adopted had significant effects @nrtbar surface properties of concrete incorporatiatpkaoline or silica

fume [1].

Construction industry is one of the fastest growsagtors in India. Rapid construction activity agrdwing
demand of houses has lead to the short fall oftioadl building materials like bricks, cement, daand wood. Demand of
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good quality of building materials to replace thaditional materials and the need for cost effecind durable materials
for low cost housing has necessitated the researt¢bedevelop variety of new and innovative buitdimaterials. Rice
milling generates a byproduct known as husk arglhbisk is converted in to ash is known as rice tas$k This RHA in
turn contains around 85-90% silica. Silica is tlasib component of sand which is used with cemenplfastering and

concreting. Few researchers have been studiedsthefuice husk ash [2, 3].

Pozzolanic materials including silica fumes, fihaslag, rice husk ash and metakaolin have beethinsecent
years as cement replacement material for develolpigly strength concrete (HSC) with improved workahi strength
and durability with reduced permeability. Metakaolivhich is a relatively new material in the coreréndustry, is
effective in increasing strength, reducing sulplatack and improving air-void network. Pozzolargactions change the
microstructure of concrete and chemistry of hydragproducts by consuming the released calcium hydieo(CH) and
production of additional calcium silicate hydrate-$-H), resulting in an increased strength and cedyorosity and
therefore improved durability. Use of Metakaolindonstruction industry as partial replacement oheet started in the
1960’s and the interest in this material has casibly increased in recent years. Metakaolin hazganic properties
bringing positive effects on resulting propertieflsconcrete. Pozzolanic properties cause chemicadtien of active
components with calcium hydroxide (portlandite),iethis formed as a product of cement hydrationsThaction leads to
formation of binding phases of following types. &edary C-S-H gel, §AH1;, C:AHg, and GASHg thereby increasing
strength [4]

The raw material in the manufacture of Metakaols&aolin clay. Kaolin is a fine, white, clay mirméithat has
been traditionally used in the manufacture of plaioe Kaolins are classifications of clay mineralich like all clays,
are phyllosilicates, i.e. a layer silicate minefidle Meta prefix in the term is used to denote geain case of Metakaolin,
the change that is taking place is dehydroxylizatlarought on by the application of heat over andef period of time.
Dehydroxylation is a reaction of decomposition abknite crystals to a partially disordered struetuThe results of
isothermal firing show that the dehydroxylation imsgat 42°C. At about 100-206C clay minerals lose most of their
adsorbed water. The temperature at which kaoliedavater by dehydroxilization is in the range B00°C. This thermal
actvation of a mineral is also referred to as cafgj. Beyond the temperature of dehydroxylizatikewlinite retains two
dimensional orders in the crystal structure andptiegluct is termed Metakaolin. Metakaolin is neitthee by-product of an
industrial process nor is it entirely natural.dtderived from naturally occurring mineral and iamafactured specially for
cementing applications. Metakaolin is produced urchrefully controlled conditions to refine its ool remove inert
impurities, and tailor particle size such, a muidhtdegree of purity and pozzolanic reactivity tenobtained. Metakaolin
is white, amorphous, highly reactive aluminiumsite pozzolan forming stabile hydrates after mixwith lime stone in
water and providing mortar with hydraulic propesti¢deating up of clay with kaolinite £05.2Si0,.2H,0O as the basic
mineral component to the temperature of 500°C ~°60€auses loss of structural water with the restilleformation of
crystalline structure of kaolinite and formation afi unhydrated reactive form so called metakaelinithe chemical
equations describing this process isl2Si0,.2H,0 = Al,O3. 2Si02 + 2HO (g) [5]

Rice husk can be burnt into ash that fulfils the/gital characteristics and chemical compositiommifieral
admixtures. Pozzolanic activity of rice husk astif depends on (i) silica content, (ii) silica ctg#ization phase, and
(iii) size and surface area of ash particles. Iditaah, ash must contain only a small amount oboar RHA that has

amorphous silica content and large surface areabeaproduced by combustion of rice husk at corgcbiemperature.
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Suitable incinerator/furnace as well as grindinghuod is required for burning and grinding rice huslorder to obtain
good quality ash. Although the studies on pozzolawitivity of RHA, its use as a supplementary cetitiens material,
and its environmental and economical benefits amdlable in many literatures, very few of them deatih rice husk
combustion and grinding methods [6]. Rice husks<ells produced during the de husking of paddg.1@00 Kg of
paddy rice can produce about 200 Kg of husk, whitltombustion produces about 40 Kg of ash 7 Risk lsonstitute
about 1/5 th of the 300 million metric tons of rigoduced annually in the world. According to tepart by Mehta 8 the
current yearly production paddy rice is approxirha&0 million tones that gives about 100 millians of rice husk as a
waste product from the milling. Rice husk is alst used for feeding animals since it is less riotrél properties and its
irregular abrasive surface is not naturally degdaded can cause serious accumulation problemsrdiedt burning of
rice husk between 500 and 68D for short duration of about 2hrs yields ash vatw un-burnt carbon and anamorphous
silica. When rice husk is burnt in an uncontroltednner, the ash, which is essentially silica, isveoted to crystalline
forms and is less reactive. Both the crystallind amorphous rice husk ash is used to manufactiineea rice husk ash

mix or a Portland rice husk ash cement or thehicgk ash can be used as a Portland cement replaciencencrete [7,8].

MATERIALS USED IN THE PRESENT STUDY

Cement
Ordinary Portland cement Zuari-53 grade conformonts: 12269-1987 [9] was used in concrete.
The physical properties of the cement are listeTiable 1.

Table 1: Physical Properties of Zuari-53 Grade Cemsa

S No 1 2 3 4 5
Aggregates
Fine Aggregate

Natural sand from Swarnamukhi River in Srikalahagtith specific gravity of 2.60 was used as finggagpate

conforming to zone- Il of IS 383-1970[10] . Theividual aggregates were blended to get the desipathined grading.
Recycled Coarse Aggregate

Locally available demolished recycled coarse aggeedpaving the maximum size of 20 mm was used m ou
work. The aggregates were washed to remove dustlisgindnd were dried to surface dry condition. Hygregates were

tested as per Indian Standard Specifications 13:1380[10].

Table 2: Properties of Recycled Coarse Aggregates

S. No. Characteristics Value
1 Type Uncrushed (natural
2 Specific gravity 2.71
3 Total water absorption 1.2%
4 Fineness modulus 7.16
5 Grading zone I
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Water

Potable water was used for mixing and curing ofccete cubes.

SUPPLEMENTARY CEMENTING MATERIALS

Metakaoline

The Metakaoline was obtained from M/s. 20 Microrimited, Baroda, India. The chemical composition of

Metakaoline is shown in Table 5.

Table 3: Chemical Composition of Metakaoline

Chemical . i
Composition SiG; | AlO; | F&O; | TIO; CaO | MgO S@ | NaO | KO | LOI
Mass 52to| 42to | <1to o o 0 o < < 0
Percentage | 54% | 44% | 1.4% | <30% | 0.1%] <0.1% <0.1%4 4504 | g 49| <10%

Rice Husk Ash

The rice husk was burnt under guided or enclosadepto limit the amount of ash that will be blowih @he ash
was ground to the required level of fineness ardesl through 150m sieve in order to remove any impurity and larger

size particles. Tables 4 and 5 shows the physiwhichemical properties of rice husk ash

Table 4: Chemical Characteristics of RHA

Sl. No. | Chemical Characteristics | RHA
Silicon oxide (SiQ) 86.85
Aluminum oxide (A}Os) 2.425
Ferric oxide (FgD5) 0.41
Calcium oxide (CaO) 0.4
Magnesium oxide (MgO) 08 0.99
Sodium oxide (NgO) 0.61
Potassium oxide (JO) 2.93
Sulphuric anhydride (S 0.23
Loss on ignition (LOI) 8.05

Table 5: Physical Characteristics of RHA

Sl. No | Physical Characteristics| RHA |
Fineness (m2/kg) 25,000
90u passing 100 %

1 45, passing 70 %
Specific Gravity 2.10

Super plasticizer

VARAPLAST SP123 is a chloride free, superplastigysid mixture based on selected synthetic polyniers.
supplied as a brown solution which is instantlypdisible in water and also it can provide very higkel of water
reduction and hence major increase in strength bmrobtained coupled with good retention of workabito aid

placement.
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RESULTS AND DISCUSSIONS
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In the present work, proportions for concrete misidn of M20 were carried out according to 1S: 12609

[11] recommendations. The mix proportions are preskin Table 6. The tests were carried out ad$e516-1959 [12].

The 150mm size cubes of various concrete mixtuer® wast to test compressive strength. The culeesnsens after de-

moulding were stored in curing tanks and on rema@fatubes from water the compressive strength werelucted at

7days, 28days. The test results were comparedcaittrolled concrete. The workability results areganted in Table.7.

Table 6: Mix Proportion of M20 Concrete

Composition | 344 1103 727 1916
in Kg/m
Ratio 1 287 1.898 05

Table 7: Workability Results of Concrete

100% OPC 25
5%MK+ 5 % RHA 29
5%MK+ 10 % RHA 28
5%MK+ 15 % RHA 27
5%MK+ 20 % RHA 26
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Figure 1: Variation of Slump of Concrete with Different Replacement Levels

Table 7: Variation of Compressive Strength for Different Trail Mixes

100% OPC 14.22 22.33
5%MK+ 5 % RHA 19.73 30.75
5%MK+ 10 % RHA | 18.93 29.57
5%MK+ 15 % RHA | 16.22 27.22
5%MK+ 20 % RHA | 15.41 23.13
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Figure 2: Variation of Compressive Strength of Conmete

CONCLUSIONS

In the present investigation as the w/c ratio &ifficient to provide the good workability, supdagticizers are

necessary for the development of standard concrete.

The experimental results show that the maximum cesgive strengths for seven and 28 days curinggberi

achieved are 19.73 and 30.75 N/mmspectively with 5% replacement of cement by haek ash and 5% metakaolin.

Use of Recycled Coarse Aggregates in concretgooare to be economical as it is non useful wastefeae of

cost and will eradicate the disposal problem of dleshed aggregates.
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