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Abstract. The potential use of supplementary cementitiouseri@s in plain
cement concrete for improving concrete propert&s lbeen a growing conce

in recent years. In addition, the effective stréeging of the matrix b¥ibre
reinforcements to avoid brit failure is another requirement for plain concrete.
This provided the motivatic for exploring the benefits of rice husk ash (RHA)
as a cement replacement material the addition of steel fibres for reducing
brittleness in concretéhe iice husk ash used in this study was the residue of
burnt rawrice husk sintered in a muffle furni at 800°C. The fine particle size
of therice husk ash providean early pozzolanic reaction upon cement hydration
and thus resulted in high cementiefficiency. This paper reports a systematic
evaluation ofthe mechanical properties of rice husk ash substiteoncrets
mixtures containing RHA as a partial cement sulngtiatreplacement levels of
10% and 20% by weight of cem, with different dosages of steel fibres. Our
experimental results demctrated that 10% RHA substitution led to improved
compressive properties compared to plain concThe highest increase of split
tensile and flexural stren¢ was reported in the case of RHA substituted
concretewith steel fibre adde.

Keywords: rice husk ash; setting properties; superplasticizer; strength; ultrasonic
pulse velocity.

1 Introduction

It is understood thawvorldwide approximately 630 million tons rice husk as
are produced each yed@ecause otthe demand for rice this figurghows &
tremendous increasalong with the increase of thevorld population. Thi
milling of rice produces rice hu as a waste materiak is calculated that tr
generation of rice husi&n averageadds upto approximately 30% tife total
weight ofrice that is processeMost of the husk is burnt or dumpetht being
used advantageously civil engineering works. In recent years sigrafit work
has been undertakdn investigate rice husk ash asbeneficial additionto
concrete,either as a partial replacement for cement or asmdditive. The
present rapid increase e use of rice husk acan beattributed to its positiv
effects on the mechanical properties of cemenstioamposites. Though add
strengthand low permeability are the tymain reasons to adite husk ash t
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concrete, there are other properties that it cgrore, such as the modulus of
elasticity, strength at later ages and durabilityperties.

It is well-documented that the use of rice husk asta partial replacement for
cement in combination with superplasticizer prosi@esignificant increase in
the strength of the concrete. Durability propertées also improved, as a result
of an enhanced microstructure. Deléh al. [1] have shown that RHA burnt
under controlled conditions produces high levelsezfctive silica particles in
amorphous state (up to 95%). The increased regctf’/RHA is mainly caused
by the high content of non-crystalline silica amdgeneral reactivity is also
favoured by the increased fineness of RHA. |sdial. [2] have demonstrated
that residual RHA is produced with a lower qualigcause of its high carbon
content, which leads to an increase in water deraaddoroduces a darker color
of mortar and concrete. However, residual RHA haketter filling effect
compared to pozzolanic material. Rodrigues de $er8hhas suggested that
upto 20% of ground RHA can be advantageously biéwdéh cement without
adversely affecting the strength and durabilitypemies of the concrete. They
also revealed that the electrical resistance ofRMIA concrete exhibited a
higher value than the control mix after 91 days cofing. The strength
efficiency of the ground RHA concrete was also fbtm be higher than that of
the control concrete. Chao-Lung Hwargal. [4] and Raoul Jauberthiet al.
[5] have investigated the effect of rice husk ashtent as partial replacement
of cement on compressive strength and volume giafut different mixes. The
test results showed that upto 40% replacement d® lusk could be made
without affecting the compressive strength when gared to the control
concrete. Incorporation of RHA upto a 30% replacenevel reduces chloride
penetration, decreases permeability and improvesngth and corrosion
resistance properties. Muhammad Shoaib Isreadl. [6] and Moayadet al.
[7] demonstrated in their studies that the raténafration is slow in concrete
made with partial replacement of cement by RHA careg to the control mix.
Even though the deceleration in strength gain igsendominant during the
initial three days of curing and at later ages @melyday 45), the concrete did
show improvement in strength properties. Saraswathst. [8] have suggested
that a higher proportion of cement replacement B\ AR- up to 30% — resulted
in enhanced strength and corrosion resistancelsdt @aused a reduction of
chloride penetration and permeability. Alireza Najvi, et al. [9] demonstrated
that the addition of ultra fine RHA with averagertpde size of 5 microns
provided better mechanical and durability propsrié concrete. The partial
replacement of RHA at 10% exhibited higher compwesproperties and also
showed an appreciable reduction in water permé&gabilihardened concrete.

The research studies summarized above provide luséfumation about the
mechanical properties of concrete altered by tluitiad of rice husk ash. It can
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be noted from the earlier studies that the readiMea present in rice husk ash
can be beneficial for improving the pozzolanic tady with cement hydration
products. However, very limited studies have besmied out to investigate the
addition of rich husk ash to cement concrete bexafisvorkability problems
and delayed reactivity. Also, the importance ofriig the rice husk ash at a
higher temperature for improving the pozzolanicctwity was not given due
concern in most studies. Furthermore, a systeneattuation of the setting
properties of the cementitious system using th&stnic pulse velocity (UPV)
test needs to be conducted for assessing the iiytegfr the concrete. The
limitations of these earlier studies have been esiglrd in the present study and
a systematic evaluation of the mechanical propeievarious rice husk ash
substituted concretes was conducted. The reinfgreiifiect of discrete steel
fibres in rice husk ash concretes was also invagtiyin order to assess flexural
performance. This provided a prospective scope tf@ present study to
investigate the strength gain properties and thdareing efficiency of steel
fibres in rice husk substituted concretes.

The present study explored the importance of ricgkltash substitution for the
improvement of the mechanical properties of centemicrete with steel fibre
added. We also looked at the increased performiawvets of the rice husk ash
achieved by the addition of high-range water redsitieat can suitably improve
the workability in order to obtain maximum strengtfoperties. A systematic
study was carried out to evaluate the effects ofere substitution by rice husk
ash and steel fibre addition on the flexural sttiergroperties of concrete for
different concrete mixtures. Ultrasonic pulse vélotests were conducted to
evaluate the qualitative properties of the varicoacrete mixes used in this
study.

2 Materials Used and Experimental Testing Methodology
2.1 Cement

A 53 grade ordinary Portland cement satisfyingréguirements of IS 12269—
1987 [10] was used in the present study. The dpagidvity of the cement was
found to be 3.16, with a Blaine’s fineness valug2s ni/kg.

2.2 Fine Aggregates

River sand obtained from a locally available soysassing through 4.75 mm
Indian standard sieve conforming to grading zonef IS 383—-1970 [11] was
used, with a fineness modulus of 2.57, specificvigyaof 2.71 and water
absorption of 0.67% at 24 hours.
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2.3  Coarse Aggregates

Machine-crushed, well-graded angular blue granitenes with 12.5 mm
maximum size conforming to 1S 383-1970 [11] wasduSene specific gravity
of the aggregates was found to be 2.75, with anéas modulus of 7.20 and
water absorption of 0.62%.

2.4  Rice Husk Ash

Rice husk obtained from a nearby rice milling plasts burnt at two different
temperatures (200°C and 800°C) to determine the&ity of burning in terms

of carbon content. The burning of the rice husk wasgied out in a muffle

furnace, shown in Figure 1. The ash particles abthiat the higher burning
temperature (800°C) showed complete burning (gstycalored particles) and
resulted in low carbon content (less than 5%). @osely, in the case of the
lower burning temperature (200°C) the ash partialese not completely burnt
(black colored particles), as can be seen in FiQurm the present study, the
rice husk ash obtained at the higher sintering teatpre was selected for
further studies, as it contained less carbon. Hysipal and chemical properties
of the rice husk ash obtained at the higher teniperare given in Table 1.

Figure 2 Rice husk ash used in the study.
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Table 1 Physical and chemical properties of RHA.

Physical Properties (values)

Fineness % passing (sieve size) 45 pm
Specific gravity 2.05
Pozzolanic index at 28 days (%) 94.5

Chemical composition (% by mass)
SiO, AlL,O; FeO; CaO MgO NaO K,O SG LOI
905 04 04 04 05 019 21 02 438

2.5 Chemical Admixture

The workability properties of fresh concrete migsirwere improved by the
addition of superplasticizer. In this study, a spledype of acrylic-based
superplasticizer known as high range water red@id&WR) was used. The
specific gravity of the HRWR was around 1.18 withadids content of 40% by
total weight.

2.6  Glued Steel Fibres

Steel fibres imported from Korea were used, whosgpgrties are given in
Table 2. A snapshot of the fibres is shown in Fég8r The steel fibres were
glued together with water-soluble glue. When adaéth water, the glue
dissolved and allowed for easy dispersion withdlitef balling. This ensures
uniform mixing in a concrete with a high degreehwimogeneity. The steel
fibres had hooked ends to improve the bond streagthpullout resistance of
the fibres in the concrete.

Table 2 Properties of glued steel fibres (GSF) used irsthely.

Relative density Length Ird Diameter Tensile strength Failure

Material (KN/m?) (mm)  ratio (mm) (MPa) strain (%)

Glued steel

) 7.65 35 70 0.5 1700 3t05
fibres

Figure 3 Snapshot of glued steel fibres (GSF) used in taidys
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2.7  Concrete Mix Design

A total of nine different concrete mixture proports were taken for the
experiment. A plain concrete mix with target stitengf 40 MPa without rice

husk ash was designed, based on Indian standaed paavision 10262—-2009
[12]. The remaining concrete mixes consisted oé task ash substitution at
10% and 20% by weight of cement respectively, aedldibre replacement
levels of 0.5 and 1.0% volume fraction ¢(\fespectively. Details of the
compositions of the various concrete mixtures aesgnted in Table 3.

Table 3 Mixture proportions of concretes used in this study

. Fine Coarse
Mix W/_b F/_c Cement RHA aggregate  aggregate Water ﬁsbt:g

Id ratio ratio 3 o

(kg/m?) (%) Vi

\ 0.3 0.6 400 0 672 1113 120 0
V1 0.3 0.6 400 0 672 1113 120 0.5
V2 0.3 0.6 400 0 672 1113 120 1
M 0.3 0.6 360 40 672 1113 120 0
M1 0.3 0.6 360 40 672 1113 120 0.5
M2 0.3 0.6 360 40 672 1113 120 1

S 0.3 0.6 320 80 672 1113 120 0
S1 03 0.6 320 80 672 1113 120 0.5
S2 0.3 0.6 320 80 672 1113 120 1

Note: w/b — water to binder ratio; F/c — finectmarse aggregate ratio; ¥ volume fraction of fibres in

terms of concrete volume. Superplasticizer was @@de dosage of 1.50% by weight of binder

to all mixes.

2.8 Casting and Curing of Fresh Concrete Specimens

The concrete ingredients were mixed in a pan typecrete mixer with a
capacity of 40 kg, for a period of 5 minutes. Fite required amount of
superplasticizer was mixed thoroughly with the gklted mixing water and
then added to the dry ingredients in the mixeldpfeéd by the addition of the
steel fibres. The fresh concrete was then castadstandard cube mould of size
100 x 100 x 100 mm for compressive strength evimloaSimilarly, cylindrical
moulds of size 100 x 200 mm and 150 x 300 mm wasted for testing split
tensile and elastic modulus properties respectivder one day the specimens
were remoulded and kept in the required amountai&mfor curing and taken
for testing at different ages.
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2.8.1 Evaluation of Compressive and Split Tensile Strengt

The compressive and split tensile strength of tbecrete specimens were
determined using a digital compression testing nm&ckas shown in Figure 4,
with a capacity of 200 kN and loading rate of 2 $&¢/ as per IS 516-1959 [13].

2.8.2 Determination of Modulus of Elasticity

The elastic modulus of the concrete was determiftech the cylindrical
specimens with a 150 mm diameter and 300 mm hekjhdt, the specimens
were capped at the ends and a compressometertaeiseat, as shown in Figure
4. The specimen was then placed in the digital cesgive testing machine and
a maximum load of up to 40% of ultimate load wagliggl. During the loading
process the compressometer dial gauge readings nvoéee for every 10 kN
load increment and the results were plotted graftiijidoetween stress and
strain. In the graph, a straight line was drawodlgh the various points and the
slope of the line was measured to obtain the elastidulus of the concrete
specimen.

— LA

Figure 4 Test setup for Young’s Modulus of concrete.

2.8.3 Flexural Strength Test

A flexural testing machine with a capacity of 100 &perated at a rate of 1.5
mm/min was used to study the flexural tensile prige of the hardened
concrete using a third-point loading arrangemestsi@own in Figure 5. The
different concrete specimens of size 100 x 100 & ®bn were tested to study
the effect of the steel fibre reinforcements on rb&stance to cracking during
bending. The experimental results of the evaluatibfiexural stress were then
calculated using Eq. (1):

fo=PL/bcf 1)
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where

f, : flexural tensile stress (N/nfjn

P : load (kN)

L : length of concrete specimen (mm)
b : width of concrete specimen (mm)
d : depth of specimen (mm)

Figure 5 Test setup for flexural testing.

2.9 Ultrasonic Pulse Velocity Test (UPV)

The quality of the concrete and the rate of sttefigprovement were measured
indirectly using the ultrasonic pulse velocity mmdh which involves
measurement of the travel time of an ultrasonics@ybassing through the
concrete. The pulse generator circuit consists rofekectronic circuit for
generating pulses and a transducer for transforrfiagelectronic pulses into
mechanical energy with a vibration frequency of B8z. The path length
divided by the travel time gives the average véjoof wave propagation. The
test results were verified as per IS 13311-1992 bit4].

3  Experimental Test Results and Discussion
3.1 Fresh Concrete Properties

The workability of the various fresh concrete mies containing rice husk ash
and steel fibres was measured using a slump cateltecan be noted from
Figure 6 that the slump value of the steel fibrearetes (0.5% ¥ without rice

husk ash showed a high degree of workability. Hewewith the addition of

rice husk ash and an increased dosage of steekfiltine slump values were
found to be reduced. The reduction in workabilibticeable with the addition
of rice husk ash compared to the addition of sfisbs was caused by the
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increased paste volume athe increased fineness of the binder particléss
results in anncrease of tt specific surface area of thparticles and therek
increaseghe water demand. It can be noteat the addition ohigh range
water reducersl(5% by weight of bindi) showed a reasonable improvemof
the workability properties. Thicouldbe noticed from the mixes containing r
husk ash and steel fitweat optimum conte (10% and 1.0% respective.
However, a highepercentag of rice husk ash added to the conclet to a
drastic reduction in wixability caused by #ss in consistency. The addition
hyperplasticiazig admixtures provided a targeted slump value al@@vem for
all the concrete mixtureghich is essential for obtaining a reasonable degf
compaction.

= slump (mm)

0% | 0 | 10| 10| 10| 20, 20| 20
RHA

Different proportions of steel fibres and RHA in
concrete mixes

Figure 6 Slump test for variot mixtures of fresh concrete.

3.2  Compressive Strength of Concret

The compressive stren¢ results of thevarious concrete mixtures with a
without rice husk ashre summarized in Table 4. In the case of plairciea
mixes, the addition of steefibores showed a marginal increase tfe
compressive propertiess can be seen in Figure 7. marginal increase i
compressive properties wcaused by the effect of tlime to coarse aggrege
ratio. It can be noted from Figure 8 t the effect of rice husk asiddition
(10%) was better realizewvith a maximum strength gain of up to 44.3%a
This increase was apprecialwhen compared to the plain concretdswevsr,
an increase ofhe level ofrice husk ash substitution to 20% shoveedradua
reduction in strength, asan be seein Figure 9. It can be also noted that
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Table 4 Compressive strenc of concrete for different mixture proportions.

Rice Compressive strengtl Split Flexural
husk ash  Steel P MP g tensile strength Young's
Mix % (by fibres (MPa) (MPa) Modulus
) strength
Id weight (%) (GPa)
3 7 28 (MPa) 28 .
of Vs d 7 days 28 day:
cement) days days days 28 days days
\% 0 0 32.1C 36.00 40.10 3.70 4.40 5.10 37.2¢
V1 0 0.5 29.8( 36.70 39.50 3.30 4.20 5.00 36.7(
V2 0 1 31.2C 37.40 39.30 3.50 4.10 5.30 35.31
M 10 0 30.9C 35.20 39.00 3.20 3.95 4.90 36.0¢
M1 10 0.5 31.6(C 38.10 41.50 3.60 4.32 5.45 36.6:
M2 10 1 34.3C 41.40 44.30 4.10 4.60 5.90 38.1(
S 20 0 27.9C 31.509 35.30 3.10 3.60 3.98 33.6¢
S1 20 05 28.3C 3240 36.10 3.40 3.82 3.98 34.0¢
S2 20 1 28.9C 33.40 35.90 3.50 3.60 3.99 34.9¢

Note: The test results indicate an averagsix concrete specimens

Compressive strength (MPa)

42
38
34
30
26
22
18
14
10

0% (steel fibres

\
I\

&0.5% (steel fibres) & 1% (steel fibres)

w
5y
<

7 days

Age of concrete at testing

Figure 7 Variation of compressive stren: of plain concrete without RHA.

increased addition of steel fibres in rice husk adbstituted concretes exhibi
a small increase or decrease in compressive streagie. The improvement
the rate of strength gain in rice husk ash sulistiticoncretes was notat
higher. Also, the optimum rice husk ash substitutedcrete mixtures (10%
showed a relatively higir rate of strength gain compared to the 20% risk
ash concrete mixes. The effect of steel fibre @mditon the compressiy
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properties is known to be a marginal improvememriahee compressive failu
of concrete involves fracture in which case tinsile failure of the fibres is n
realized. It can be deduced from the experimersililts that a homogenec
presence of fibres in the matrix does not activebntribute to stres
redistribution in compressive failure mode and ¢bgrneither the max nor
the aggregate failure is delayed. The results sigiat the addition of ric
husk ash at a level of 10% and steel fibres ofoup% Vv provides remarkabl
improvement of compressive streng

20% (steel fibres  =0.5% (steel fibres) =1% (steel fibres)

s 46 -

S 42

- 38 =

) 34 =

S 30 - s

s 26 - L — = = =

n [ S | E 3 [ . |

) 22 - w == = 3 s =

? 14 4 - - — —

E 10 | — 7%; = 3 = = -
3 ' -
S 3 day: 7 days 28 days

Age of concrete at testing

Figure 8 Variation of compressive stren: of plain concrete with 10% RHA.

& 0% (steel fibres = 0.5% (steel fibres) = 1% (steel fibres)
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%‘ 3 day: 7 days 28 days

(@]

Age of concrete at testing

Figure 9 Variation of compressive streni of concrete with 20% RHA.
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3.3 Indirect Tensile Strength Properties

The split tensile values ¢he various concrete mixtures are presented in T
4. It can be noted thaihe maximum value (4.10 MPa) of split tensile strel
was observed in the case of 10%e husk ash substituted concreiigh 1% (\;)
of steel fibres. The results demorrate that ehigher substitution of rice hus
ash showed gradual reduction in split tensile value; how, increase of tr
steel fibredosage suitably improved the strength propertid®e hcrease
addition of steel fiboreshowed reasonable improverr of the split tensile
strength because of theidging action ofthe fibres realized under tensiddn
the other handncreased rice husk ash substitution did not showappreciabl
increase in strengthbecause ¢ probable reduction of thenicrostructura
densification The test results demonsti that the effect of steel fibradditior
is better realized whebridging stress developed during indirect ten:

3.4  Flexural Strength Properties

The flexural strengtiproperties evaluated fthe various concrete mixes are
given in Tabé 4. It can be observed from the experime trends shown i
Figure 10 that in the case of plain conc the improvemenin flexural strengtt
was noticeableat later age, primarily as a result of steel fibegldition. In the
case of 10% rice husk ¢ substituted concretes containing a steel fitweage
of 1% (M), thehighest flexural strengtrecorded was 5.90 MPa (after 28 da
as shown in Figure 11This resulted in an increasof flexural strengthof
15.68% compared to plaiconcrete; however, there was no further incri
with 20% rice husk ash substitut, even with the addition of steel filseas
shown in Figure 12. The test results show cledrdy steel fibre addition giv

0% (steel fibres =0.5% (steel fibres) =1% (steel fibres)

< 6.00 1
S 5004 e
= 4.00 -I = =;— ; 3 E 1
> 3.00 1 | [ |
% 2.00 .I [ . I
o : [ e E o
% 1.00 4 [ . E o
g BN |
§ 000+ == e
=]
B 7 days 28 days
L.

Age of concrete at testing

Figure 10 Variation offlexural strength of concrete without RHA.
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better enhancement of flexural properties compared to ruek as
substitution. In addition, the test results cleal®monstrate that the presence
steel fibres provided the tensile carrying capaoétyuired of britle matrices.
Also, the effective crack bridging and crack openiontrolled bythe steel
fibres,as shown in Figure 1 occurred even after failure of tikencrete bea,
which exhibited a significant enhancemeof postpeak characteristics.
general, steel fibraddition had a synergistic effetogethemwith the pozzolani
reaction of rice husk assubstituted cement (10%gnd showed improve
flexural strength compared the plain concrete mixes.

0% (steel fibores =0.5% (steel fibres) =1% (steel fibres)

6.00 -
5.00 -
4.00 -
3.00 -
2.00 -
1.00 -

0.00 +=

i IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-h‘

JJ

Flexural strength (MPa)

7 days 28 days
Age of concrete at testing

Figure 11 Variation offlexural strength of concrete with 10% RHA.
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‘a0 | EES FEE
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Figure 12 Variation offlexural strength of concrete with 20% RHA.
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Figure 13 Effectivefibre bridging showing pullout resistance

3.5 Young’s Modulus of Concrete

The elastic modulusalues ofthe various concrete specimens are provide
Table 4. The lastic modulus othe concrete was found to be dependent or
improvement of thenatrix propertieslt is evident fronFigure 14 that the RH,
concretes with steelibre addition exhibited higher &tic modulus valis
compared to thelain concrets without RHA. It can be noted that the mi
contribution inthe improvemenof the elastic modulus of RHA concretemme
from steel fibre additionsince the higher RHA substitution levahowed

m0% RHA ®10% RHA ®20% RHA

<

5

> 23.00 - —

2 21.00- = E

3 R — B —

S 1000 wmd | — —

s 007 == o —— | — S

” | - — — W |

£ 17004 = L — | — |

g | — | — |

S | W e e e

o 1500" T .—u W

>_ -1
0 0.5 1

Different percentage of steel fibre

Figure 14 Variation of Young's modulus of concrete for diéet mixture
proportions.
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reduction in elastic modulus value. Furthermoream be concluded from the
test results that the improvement of the compasastic modulus is a function
of matrix strengthening that is primarily caused thg addition of discrete
reinforcements and refined matrix properties assalt of the pore filling effect

of RHA. This shows that the optimum addition of RH20%) with 1% steel

fibres has a maximum elastic modulus value of aild@$110 GPa.

3.6  Rate of Hardening — using UPV Test

The pulse velocity technique is an important assess tool for predicting the
quality of concrete for different mixture propornig The ultrasonic pulse
velocity values for the various rice husk ash basmkcretes containing steel
fibres are given for different curing ages in Tabland depicted in Figure 15.
The results show that good hardening propertieg weticeable in all mixtures.
However, the concrete mix with optimum rice husk asibstitution (10%)

performed better than all other concretes. Thesidtnic pulse velocity values
showed an increasing trend for different concreiges) with pulse velocity

values in the range of 4000 to 4220 m/sec. Howeter,highest UPV value
(4220 m/sec) was recorded for the 10% rice husksa$istitution containing

1% V; of steel fibres. All concrete mixes were foundetdibit a UPV value

conforming to good quality (values above 3500 m)/secper IS 13311-1992
part 1 [14], which denotes a stable improvementtted microstructural

properties and rate of hardening at different ages.

Table 5 Ultrasonic pulse velocity test values for varioustore proportions
(m/sec).

Mix Id 1 day 7 day 28 day

\% 3520 3870 4120
V1 3690 3820 4100
V2 3700 3910 4090
M 3790 4030 4210
M1 3730 4100 4220
M2 3680 3930 4130

S 3740 3810 4000
S1 3790 3950 4010

S2 3750 3940 4020
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Figure 15 Ultrasonic pulse velocity test values different mixture
proportions of concrete.

4 Conclusions

The experimental investigaticconducted in this study has shown eesttt
enhancement for rice husk . substituted concretes at the optimsubstitutior
level (10%), whilethe increase was insignificant a higher substitutiotevel
(20%) because afecreased reactivii The mte of strength gain in rice husk ¢
substituted concretes was appreciable for variaus\g agesbecause othe
more effective pzzolanic reacon, the pore filling effect and the finenesgué
rice husk ash particlesCareful dosage of the different ingredientsg.
controlling the water-toibder ratio (0.3) anthe fine-toeoarse aggregate ra
(0.6), hada significant effecon the microstructural alterations thfe concrete
which resulted inmprovement:of the matrix properties.

Compressive properties were improved w10% rice husk asksubstitutiol,

while the addition ofsteel fibres was not found tdhave an appreciab
influence, the fibre not being part cthe stress transfer mechanissplit tensile
strengthwas higher in the case of rice htashconcretes reinforced with ste
fibres. However, stedibres at higher addition leveere found to be favorak
for increasing the indirect tensile strength depetbduring loadin. The éastic
modulus of the concretgasfound to be dependent dime rice husk substitutic
as well as on the steibre addition because ofhich an improved matri
strengthening and resistance towards deformatiderdoadingwere observe.

Furthermore the quality ofthe various concrete mixes, established usieg
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ultrasonic pulse velocity method, conformed to stendard requirements for a
good quality concrete.

It can be summarized that strength of plain RHAsStited concrete can be
enhanced by a low water to cement ratio, optimunARiddition, selection of
the right fine to coarse aggregate ratio, additbhyperplasticizer, and higher
steel fibre content. Concrete mixes with 10% riagkhash substitution can be
beneficial for producing high-strength concretejlechigher replacement levels
are not recommended because of loss in consis@incygncrete and requires
the addition of high range water reducers. Stée§ addition to high strength
concrete is an essential requirement to improvedbhghness properties and to
eliminate explosive brittle failure.
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