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In the present investigation, a feasibility study is made to utilize the rice husk ash as an mineral admixture
in HPC and to investigate the mechanical properties of concrete. The properties of cement, fine aggre-

gate, coarse aggregate and water for M60 grade concrete is arrived as per ACI 211.1-91. HPC mixes incorporating

different percentages of RHA by weight of cement along with some suitable super plasticizer. OPC was replaced with

RHA by weight at 0%, 2.5%, 5%,7.5%, and 10%. w/c ratio between 0.35. Slump flow test was carried out on fresh

concrete were prepared to have a slump between 175- 225mm while Mechanical strength properties was carried out

on hardened 150 mm concrete cubes after 3, 7, 14 and 28 days curing in water. The results of the study indicate that

the Mechanical properties of HPC mixes improved by incorporating RHA up to a desirable content of 7.5% by weight

of cement.

I. Introduction

Concrete is probably the most extensively used con-
struction material in the world. However, when the high
range water reducer or super plasticizer was invented
and began to be used to decrease the water/cement
(w/c) or water/binder (w/b) ratios rather than being ex-
clusively used as fluid modifiers for normal-strength con-
cretes, it was found that in addition to improvement in
strength, concretes with very low w/c or w/b ratios also
demonstrated other improved characteristics, such as
higher fluidity, higher elastic modulus, higher flexural
strength, lower permeability, improved abrasion resist-
ance, and better durability. This fact led to the devel-
opment of HPC. HPC is the latest development in con-
crete. It has become more popular these days and is
being used in many prestigious projects such as Nuclear
power projects, flyovers, multistoried buildings etc.

Since 1990s, HPC has become very popular in construction
works. At present, the use of HPC has spread throughout
the world. In 1993, the American Concrete Institute (ACI)
published a broad definition for HPC and is defined as the
concrete which meets special performance and uniform-
ity requirements that cannot always be achieved by using
only the conventional materials and mixing, placing and
curing practices. The performance requirements may in-
volve enhancements of placement and compaction without
segregation, long-term mechanical properties, early age
strength, toughness, volume stability, or service life in se-
vere environments.

India is a major rice producing country, and the husk
generated during milling is mostly used as a fuel in the
boilers for processing paddy, producing energy through
direct combustion and / or by gasification. About 20
million tons of RHA is produced annually. This RHA is
a great environment threat causing damage to the land
and the surrounding area in which it is dumped. Lots
of ways are being thought of for disposing it by mak-
ing commercial use of this RHA. In the present investi-
gation, Portland cement was replaced by rice husk ash
at various percentages to study compressive and flexural
strength.

Il. Experimental Programme
A. Materials Used

Ordinary Portland cement of

Cement 53 grade
Fine aggregate conforming to
zone Il of IS: 383-19704

Aggregate Coarse aggregate of maxi-
mum size 20 mm,  aggre-
gage passing 10mm sieve and
retaining on 4.75mm sieve

Rice Husk Ash (Particle .

} 25 microns

Size)

Superplasticiser SP430

Mix proportion for M60  |1:1.1:1.5 with w/c ratio 0.35

B. Batching, Casting and Curing of Specimens

Batching of materials was done by weight. The concrete
mix design of HPC was done by using the guidelines of
ACIl 211-1 Standard Practice for Selecting Proportioning
normal weight concrete of a maximum specified compres-
sive strength of 60MPa. The percentage replacements of
Ordinary Portland cement (OPC) by Rice Husk Ash (RHA)
were 0%, 2.5%, 5%, 7.5% and 10. The 0% replacement
was to serve as Conventional for other samples. Five mixes
were prepared using different percentages of 0, 2.5, 5, 7.5
and 10 RHA. A tilting type rotary drum mixer was
used to mix the ingredients. All the ingredients and water
were placed in the mixer, RHA and water are added dur-
ing rotation of drum. Super plasticizer SP430 is used for
the M60 grade of concrete. concrete specimens Cubic of
size 150 x 150 x 150 mm, Cylinder of size 100 x 200 mm
and Prism of size 100 x 100x 500 mm are used compres-
sive strength, split tensile strength and flexural strength
of concrete respectively. cast iron moulds of standard siz-
es were used for casting cube, cylinders and prisms. The
specimens were demoulded after 24 hours from the com-
mencement of casting and submerged under water till the
time of testing i.e. 3, 7,14 and 28 days.
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C. Testing of Specimens

The concrete specimens of various mixes (A1, A2, A3, A4,
and AS5) After curing for specified periods, all the speci-
men samples were taken outside the curing tank and were
tested under a compression testing machine of 2000KN
capacity for compressive strength. The compression loads
were noted and the average compressive strength of
three specimens is determined.

D. Split Tensile Strength

Testing for split tensile strength of concrete is done as per
IS 5816-1959. The test is conducted on compression test-
ing machine of capacity 2000 kN as shown in Fig. The cyl-
inder is placed horizontally between the loading surfaces
of compression testing machine and the load is applied till
failure of the cylinder. Packing material such as plywood
is used to avoid any sudden loading. During the test the
platens of the testing machine should not be allowed to
rotate in a plane perpendicular to the axis of cylinder.

2P

Split tensile stren =
b gth alL.D

E. Flexural Strength

Flexural strength test is done as per IS: 516-19595. Prisms
are tested for flexure in Universal testing machine of ca-
pacity T00kN. 11. The bearing surfaces of the supporting
and loading rollers are wiped clean before loading. The
prisms are placed in the machine in such a manner that
the load is applied to the uppermost surface along the
two lines spaced 13.3 cm apart. The axis of the specimen
is aligned with the axis of the loading device. The speci-
men is loaded till it fails and the maximum load (P) applied
to the specimen during test is noted. After fracture the dis-
tance (a) between the crack and nearest support is meas-
ured. The flexural strength of the specimen is expressed as
the modulus of rupture

_ PXL

" pxd?
when a is greater than 13.3 ¢cm or

_3PXa

" pXd?

when a is in between11.0 cm and 13.3 cm

1ll. RESULTS AND DISCUSSIONS

(i) Compressive Strength Tests

The test was carried out compressive strength of
Mé0grade of concrete. The compressive strength of High
strength concrete with OPC and RHA concrete specimens
of various mixes (A1, A2, A3, A4, and A5) at 3 Days, 7
Days, 14 Days and 28 Days at the age of 28 days is pre-
sented in Table 1.

In figure 1 shows that compressive strength firstly increases
and after a limit the compressive strength decreases.

(i) Splitting tensile Test

The test is carried out by placing a cylindrical specimen
horizontally between the loading surfaces of a compression
testing machine and the load is applied until failure of the
cylinder, along the vertical diameter.

The splitting tensile test can be calculated using the equa-
tion
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The results of the compressive strength test specimens of
various mixes (A1, A2, A3, A4, and A5) at 28 Days on con-
crete cylinder specimens are shown in Table 2.

In figure 2 the graph is plotted between flexural strength
and % RHA. Graph shows that Flexural strength firstly in-
creases and after a limit the flexural strength decreases.

(i) Flexural Strength Test
The test was carried out on beam specimen, the test re-
sults of the mixes were presented in the Table 3 .

In figure 3 the graph is plotted between flexural strength
and % RHA. Graph shows that Flexural strength firstly in-
creases and after a limit the flexural strength decreases.
This is because proper binding is not taking place between
cement replaced by RHA & aggregate.

Table 1: Compressive Strength of Concrete Cubes with
various percentages of RHA

RHA Compressive Strength in N/mm?
Trial mix

% 3 Days |7 Days |14 Days |28 Days
Al 0 39 53 55 65
A2 1 38 47 51 60
A3 2 40 48 52 62.5
Al 3 45 54 58 66
A5 4 40 52 54 62

Table 2: Split tensile strength of concrete cubes with
various percentages of RHA

Trial mix RHA Split Tengile Strength
Replacement in N/mm
% 3 Days

Al 0 5.42

A2 1 5.60

A3 2 5.68

A4 3 5.90

A5 4 5.71

Table 3: Flexural strength of concrete cubes with vari-
ous percentages of RHA

RHA Flexural Strength in N/
Trial mix Replacement mm?
% 3 Days
Al 0 5.42
A2 1 5.60
A3 2 5.68
A4 3 5.90
A5 4 5.71
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IV. Observations

70 1. Cement replacement up to 7.5% with RHA leads to
ﬁ_ 60 increase in compressive strength, splitting tensile
§ \_'“ strength and flexural strength, for M60grade.
- i 2. Beyond 7.5% there is a decrease in compressive
¢ Z 0 ®3 Days strength, tensile strength and flexural strength for 28
% = 30 u7 Days days curing period.
2 X 14 Davs 3. There is a decrease in workability as the replacement
E 10 l"SD"" level increases, and hence water Consumption will be
v =0 Ly more for higher replacements.
Al A2 A3 ADAS 4. The magimufm replacement level of RHA is 10% for
. Mé0grade of concrete.
% HRM Addition 5. Use %f RHA gives significant result on properties of

concrete as compared to conventional concrete.
- - 6. Use of RHA solves the problem of disposal of these
Figure 1: Compressive strength test at 3, materials.
. 7. Addition of RHA in concrete improves the properties
7,21 and 28 days of concrete. The Optimum content of RHA is found.

V. CONCLUSION
With the experimental studies conducted on HPC the fol-
lowing conclusions can be drawn:

The optimum replacement of Ordinary Portland Cement by
the supplementary cementitious material such as rise husk
ash is found as7.5% (A4 mix).

FRRL
; 38 From the trial mixes, it is found that the water-binder ra-
gl tio 0.35 gave better results. It also satisfies the workability
T=ih conditions such as slump and compaction factor values. It
£Sis has a slump of 180mm and the compaction factor of 0.90.
s 5
i '-« The mix proportion for the High Performance Concrete us-
w M . . . ) ing Rise Husk Ash of M, is obtained.
& 1]
% HEM Addition The compressive strength of High Performance Concrete
using Rise Husk Ash is greater than the normal concrete.
Figure 2: Split tensile strength test at 28 The workability, strength and permeation properties are
davs fundamentally important properties of structural concrete.

. From fig. 1,2 & 3. The Compressive, Split tensile and
Flexural strengths of M60 at 28 days are good. It is ob-
served that there is a gradual increased in strength as up
e to 7.5 % replacement of RHA.

|
) \ From fig. . 1,2 & 3. it is observed that at later ages for
b high performance concrete the flexural strengths are in-

creasing with RHA, whereas for conventional concrete the
values are decreasing. with RHA.

£
-

He HIEM Additkan

Figure 3: Flexural strenglh test al 28 days
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