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Introduction
The binding material and main constituent of
concrete is what today’s world called as Cement.
Cement is extensively used in
Building/Construction Industry because of its high
compressive strength, durability, resistant to
external effluents and extreme weather conditions.
The advancement in technology and material
sciences has provided a way to the researchers to
modify/ameliorate the properties of cement and this
advancement concatenates the advent of Secondary
Raw Materials (SRMs) which are basically Cement
Replacement Materials (CRMs) being widely used
around the globe.

RHA is found in abundance and relatively cheap
agro-industrial material in Pakistan. Its mere
dumping in different parts of the region imparts
negative/adverse impact on ecological cycle and
certainly not considered to be an environment
friendly option. Non-usage of RHA in construction
sector is the reason that this material has not
received proper attention of material analyst. The
utilization of RHA in Construction Industry will
help to unravel the properties of SRMs. This
research paper explores and signifies the role of
RHA as partial cement replaced material under
different curing environments.

Objectives
Aim of this research is to deliberate the effects of
RHA which it imparts on workability, durability

and compressive strength of concrete and cement
mortar. The optimum share of RHA is sorted out to

judge the desired properties of concrete mix
without compromising on concrete’s parameters i.e.
durability and compressive strength. Following are
summarized main objectives of this study:
 To reduce damaging role of RHA on

environment through its efficient use in
concrete mix;

 To assay the strength of RHA based concrete
samples in compression with control specimen
(w/o RHA) at time intervals of 7, 14, 28 days
respectively;

 To study relative behavior of samples in terms

of strength patterns under different curing
conditions (i.e. H2SO4 and HCL Solutions);

 To compare relative strength patterns of RHA
based specimens with control specimens at time
intervals of 7, 14, 28 days of respectively;

Literature Review
The popularity of RHA as a supplementary
material in concrete dates back to decades, while
the same was reflected in 1996 when V. M.
Malhotra tested this material and worked on
Pozzolanic properties and its adaptability in high
performance concrete. He was successful to find
out the resistance offered by RHA based Concrete
to Chloride penetration. He also figured out that
Flexural Strength, Modulus of Elasticity and
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Drying Shrinkage was comparable to control
concrete in magnitude.

This discovered the amount of replacement
required to be made on part of cement with RHA
by casting several specimens with varying
percentages of RHA in concrete. As a result,
percentage obtaining maximum strength of
concrete mix in compression was 15% RHA
replacement of cement. Moreover, setting time
was higher and the quantity of super plasticizers
and air entrained admixture also increased as RHA
particles have higher surface area for achieving the
same slump value in contrast to normal silica fume
concrete/controlled concrete (without cement
replacement with RHA). [1-4]
Albeit, the optimum W/C ratio is key to impart
more strength, but in case of RHA based concrete
mixes the percentage of replacement was dropped
to 10% from 15% with 0.4 W/C ratio to achieve
higher strength compared to controlled concrete
mixes with higher W/C ratios. Malhotra concluded
that RHA based concrete mixes can used as
ancillary material, hence equally good for both
normal and high strength concrete.

Alireza Naji Givi et al. (2010) described the
functionality of RHA by himself producing it in
controlled incineration using RH, which was
provided by local supplier. He performed sieve
analysis to collect particles having sizes less than
150 µm and 33µm and grinded these particles using
Los Angeles mill for 30 and 180 min respectively.
As a result two samples with average particle sizes
95 µm and 5 µm (ultra-fine) were collected and
tested separately in respect of strength, water
permeability and work ability of concrete factors.
Alireza Naji Givi choose two samples having sizes
95 µm and 5 µm (ultra-fine) as a replacement of
cement of varying percentages i.e. 5%, 10%, 15%,
20% by weight and tested all the samples,
ironically the samples with higher percentages 15%
and 20% of RHA for 95 µm and 5 µm (5 µm)
respectively gave wonderful results. Out of selected
percentages, samples with 10% replacement gave
more strength and showed reduction in velocity and
coefficient of water absorption. Furthermore, it was
sorted out that fresh concrete considerably
improved its workability through increased
percentage content of coarse (95 µm) RHA.

Similar studies were carried out by Chindaprasirt
P. et al. (2008), wherein he discussed and designed
the proportion of replacement of cement necessary
to improve the Strength, Porosity and Resistance to
Corrosion of composites comprising of OPC, RHA
and Fly ash. It was delineated through test results
that strength factor increased considerably with
%age replacement with RHA up-to 20%. In
contrast, the increased content of RHA (up-to 40%)

as replacement produced significantly reduced
strength; however, after 28 and 90 days the strength
was yet more than controlled concrete. Another
output of the experiment revealed the porosity of
concrete samples increased as the %age RHA
replacement increased, i.e. 40% replacement
depicted more porosity than 20% replacement.
Conversely, the resistance to corrosion was
observed to be enhanced with increased content of
Pozzolanic substances (elements to reduce the
effect of Ca(OH)2, since Ca(OH)2 is accountable
for corrosion of concrete generated during
hydration process of cement).

Apart from the general parameters analyzed by
researchers of early time, it is pertinent to mention
the role of Md. Saifuddin, during his Ph.D.
research worked on the self-consolidating
properties of high-performance concrete with the
inclusion of RHA. Saifuddin made various mixes
with different proportions of RHA, air content and
water/binder ratio. The casted batches achieved the
required filling ability while it was green. Testing
of these samples demystified hardened effects
including; strength in compression, water
absorbing capacity, velocity of ultrasonic pulse,
electrical resistivity and total porosity, thereby
indicated that at reduced W/B ratio and at higher
RHA content, properties like strength in
compression, electrical resistivity and velocity of
ultrasonic pulse enhanced while water absorbing
capacity and total porosity was substantially
reduced. Nevertheless, the study showed that
requirement of high range water reducing
admixtures (HRWRA) and air entraining admixture
(AEA) increased with reduction in W/B ratio and
enhancement in RHA contents. Hence, augment in
hardened properties was attributed to presence of
RHA which behaves as Micro-filling and
Pozzolanic substance. [6-9]

Another significance of the study was that the
graph of water absorbing capacity, velocity of
ultrasonic pulse, strength in compression and total
porosity plummeted but on the contrary electrical
resistivity augmented because of excess air content
in concrete samples. [10]
The results of the research depicted the excellent
hardened properties with 15% RHA replacement
and proved suitable percentage for required slump.
Apart from that, difficulties in handling and mixing
of matter were observed when the %age RHA
replacement exceeded 15%. In the light of above
results gained through experimentation, it was
suggested that all trail mixes having %age RHA
replacement equal to or lesser than 15% was
suitable to impart desired properties in high
performance self-compacting concrete. [11-13]
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Saifuddin carried out his Ph.D. study by producing
RHA through burning of rice husk at temperature
range of 500-800°C in controlled environment.
Nonetheless, leaching of rich husk with acid as pre-
treatment and then burning under controlled
conditions can improve the quality RHA.

The research study carried out by S.A Memon et al.
in Pakistan aimed at finding an alternate material to
Viscosity Modifying Admixtures (VMAs) which is
used to ensure segregation resistance while
deformability remained undisturbed in Self
Consolidating Concrete (SCC). VMAs are
expansive material to be introduced in SCC;
therefore, it was prudent to look for material of
similar properties. Memon produced RHA by
controlled burning of RH at 575°C and same was
used as substitution of VMAs in SCC to produce
low cost concrete.

In this research the dosages of super-plasticizer and
water to binder (W/B) ratio were kept plateau
whereas proportion of cement, water, aggregates
(Coarse and Fine) remained variable.

Following were the findings of test conducted on
Self Consolidating Concrete with variable
proportion of RHA:
1) The requirement of water and amount of RHA

had identical trend.
2) The criteria of slump for several concrete

mixes fulfilled the requirement of EFNARC
guide for making SCC.

3) Test results revealed that the compressive
strength for composites made from 10% RHA
replacement was more than 5% RHA
replacement with same amount of plasticizer.

4) Density showed the similar trend of increment
with increase in RHA amount. It was attributed
to micro filling and Calcium Silicate Hydrate
effects that filled up the pores in concrete
mixes, thus enhancing density of mixes which
resulted in increased compressive strength.

5) Water content decreased with augment in RHA
contents.

Based upon test results it was incurred that
production of cheap Self Consolidating Concrete is
possible with the addition of RHA along with other
constituents of concrete and super-plasticizer.
Comparison of cost made for both RHA based and
controlled Self Consolidating Concrete unveiled
that nearly 42.47% reduction in cost occurred in
case of RHA based SCC with same properties. The
nutshell of the study lies in the fact that concrete
with partial replacement of cement with RHA is
most suitable product for construction projects and
in case of VMAs it is desirable to substitute it
completely with RHA.

Composition of RHA Based Concrete Mix
As explained earlier, the RHA based concrete mix
is composition of following materials:
 Natural Coarse Aggregate (Margalla Crush)
 Fine Aggregates (Lawrencepur Sand)
 Potable Water (Free from Impurities)
 Ordinary Portland Cement (OPC manufactured

by Maple Leaf)
 Rice Husk Ash (RHA)
 Curing Solutions

The detailed description of above materials is as
follows:

1. Natural Coarse Aggregate (Maragalla
Crush)
Coarse aggregates (like sand, gravel or crushed
stone) are inert material and essential part of
concrete. It constitutes nearly 60-70% of concrete
by volume. These aggregates are responsible to
carry compressive loads and provide strength
necessary for concrete to remain intact. The size of
these aggregates range from 80mm -10 mm.

Normally two types of coarse aggregates (Margalla
and Sargodha crush) are used in Pakistan because
of desirable properties of these materials. However,
Margalla crush is far better than Sargodha crush as
it offers more strength under extreme loading
conditions and the same (Margalla Crush) we used
for our study. The said crush is natural aggregate
excavated from its major source i.e. Margalla Hills
near Islamabad and approximately 300 km from
Lahore. The minimum allowable size of coarse
aggregate used in controlled concrete is 19 mm;
same size was used as per code instructions. The
Fineness Modulus and Bulk Density of aggregate
were 7.32 and 1700 Kg/m3 respectively. Specific
gravity of material was 2.69 while the water
absorption of the aggregate was 1.98%.

2. Fine Aggregate (Lawrencepur Sand)
Fine aggregates are used to fill the voids having
size ranging from 4.75mm – 90 microns. Variety of
fine aggregates are available in Pakistan and are
named based on their sources for instance Sakhi
Sawar sand, Lawrencepur sand, Ravi sand etc. but
among all of them Lawrencepur sand is most
desirable material frequent used in construction
projects as it has more fineness modulus.

Lawrencepur sand comes from Lawrencepur
Quarry and is widely used in Pakistan due to its
superior quality and strength factor. In our study
we used Lawrencepur sand as fine aggregates in
concrete mixes with fineness modulus and bulk
density as 2.4 and 1655.34 Kg/m3 respectively. The
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bulk specific gravity of aggregates was 2.62 and
water absorption was found out to be 2.63%.

3. Drinkable Water (Free From Impurities)
Drinking water is also known as Potable water,
which is safe for cooking and drinking purposes.
The quality of water required in construction
activities should have PH levels of range 6-8, and
same was utilized to carry out research studies. We
used ordinary tap water (equally good for drinking
purpose) free from impurities (suspended solids)
and odorless.

4. Ordinary Portland Cement (OPC
Manufactured By Maple Leaf)
Ordinary Portable Cement (OPC) is most common
cement used across the globe because it involves
low cost to produce it and meets the stringent
requirement in prestigious construction. We used
Maple Leaf cement (which is best seller in Pakistan
fulfilling strength requirements).

5. Rice Husk Ash (RHA)
Pakistan is widely known for its rice production
and nearly seventy five percent of our industry is
supported by food sector. Rice crop covers nearly
1% of earth surface and yearly production of rice
around the globe is nearly 600 million tonnes, part
of which approximately 5.5 million tonnes (in year
2005-06) was recorded to be produce by Pakistan.
Since, harvesting of rice is done at large scale
amongst other food crops; it resultantly generates a
huge amount of Rice Husk (RH) as by-product
which is observed to pollute environment. RH is
intrinsically the outer layer/skin of rice grains
which is obtained through chaffing in milling
process. Averagely, twenty percent of rice paddy is
considered to be RH according to which 120
million tonnes of RH are produced globally and
nearly 1.1 million tonnes of RH (during the year
2005-06) was produced by Pakistan.

Pictorial description of production of RH is
elaborated in figure 1 and figure 2:

Figure 1: Details of Plant

Figure 2: Rice Husk (RH) Chaffed form Rice Crop

Rice Husk (RH) formed during milling process is
then burned in furnace at temperature range of 500-
800°C to produce Rice Husk Ash (RHA) which
contains about twenty percent of Hydrated Silica in
nebulous form and considered as highly pozzolanic
material due to large surface area. RHA varies from
whitish to grey in color as shown in figure 3.

Figure 3: Pictorial View of Rice Husk Ash

Despite the large-scale production of RHA in
Pakistan, the acknowledgement of this material as
construction additive is raised to a negligible extent,
while its disposal is a big problem and required to
be cater through its proper utilization in different
industrial sectors. Nevertheless, descending graph
of economy and industrial sector in Pakistan is
badly affected by energy crises. These energy
crises in some industries are offset by utilization of
RH as fuel (produced by combustion process) in
some of industries such as Mills (Paper & Rice) etc.
for operating boilers and plants.

The RHA will be beneficial to use in construction
projects because of its pozzolanic behavior and
filling ability. The use of RHA will allow us to
produce low cost concrete with greater strength and
as a supplement it will also confer required work
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ability and segregation resistance to concrete,
which is considered as difficult aspect of
construction works to achieve. Considering
valuable properties of RHA, it will certainly
bestow environment friendly disposal through
proper utilization in construction industry.

The quality of RHA depends on its burning
conditions/parameters. These parameters are not
limited to range of temperature but also involve
their burning time. Blazing conditions can be dealt

in controlled way and uncontrolled way. The
blazing of RH is usually done at temperature range
of 550 to 800celsius, and the final product is
nebulous reactive ash. At high temperatures of
nearly 900celsius the ash regroups its structure to
produce more stable silica of crystalline formation.
If temperature is further raised from 1400celsius,
RHA completely liquefies and at this stage RHA
loses its productivity as it become little reactive
and highly hazardous.

Table 1: Enlists Typical Chemical Composition of RHA (Sample Collected from Paper Mill)

Among other discoveries on part of RHA, one
important fraction of knowledge lies in particle size
distribution of RHA in concrete mixes. RHA fills
up the spaces present between cement particles;
however, it does not compete with silica fume
because of RHA large particle sizes. The inclusion
of RHA in concrete shall ameliorate the Interfacial
Transition Zones of concrete and due to its micro
filling ability and pozzolanic behavior, it improves
pore structure as well. Hence, RHA is perfect
pozzolan, viscosity modifier and micro-filling
agent when added partially in cement concrete.
Another important aspect of the study demystified
increase water demand of RHA, however, excellent
improvement was observed in strength for 10%
RHA replacement as high as up-to 20% of cement
replacement without compromising on strength of
concrete. Furthermore, increasing fineness of RHA
particles seemed to enhance strength of blended
concrete in comparison to coarse RHA and
controlled OPC mixtures.

Permeability is a physical property of material to
allow fluid to penetrate through it. This property of
material is allowed to a lower extent in
construction materials. For that reason, low
permeability is a key to durability and managed by
curing, W/C ratio, entrapped air voids, hydration,
micro cracks due to loading and exposure to
thermal variations in concrete. Durability has bit

different definition in RHA perspective and it is
interpreted in terms of moisture movement,
porosity, surface strength, elastic modulus and ultra
sound pulse velocity of concrete.

The refinement of Pore Structure of concrete is
dependent on micro-filling and pozzolanic nature
of RHA as depicted through Fig. 4.

Figure 4: Micro-Filling and Pozzolanic
Nature of RHA Based Concrete



6

During hydration process of cement, the four
components namely; Tri-calcium silicate (C3S) Di-
Calcium Silicate (C2S), Tri-Calcium Aluminate
(C3A) and Tetra-Calcium Alumino-ferrite (C4AF)
form products of hydration producing hydrated
cement (exothermic reaction). In the wake of
reaction process Ca (OH)2 is produced. This Ca
(OH)2 is sole product of combine reaction of
silicates i.e. C3S and C2S. With the inclusion of
RHA the level of Ca (OH)2 is decreased as silica
present in RHA form Calcium Silicate Hydrate by
reacting Ca (OH)2. Calcium Silicate Hydrate, the
main strengthening substance in concrete helps to
fill the pores of concrete making it denser while
improving adhesion between aggregate and binder
paste at same time.

The hydration reaction of cement is as under:
C3S or C2S + H2O C-S-H + Ca (OH)2

Figure 5 shows the pozzolanic effect of RHA.

Figure 5: Formation of C-S-H Consequent
to Pozzolanic Effect of RHA

Compressive strength is usually considered as most
important property and main indicator of concrete’s
durability. The concrete’s strength is prone to
change with modification in essentially driving
factors such as, type and quality of materials,
mixture proportion, curing conditions, construction
methods and test methods. However, keen
minuscule observation reflects the important role of
porosity and degree of hydration in gaining
strength. The greater the porosity, the lower will be
strength of concrete. Besides, in the early phase,
ground RHA replaces the amount of cement by 10-
20%, resulting in increased volume of capillary
pores and accrual of CH on the interface. Hence
with addition of increased binder/space ratio
(herein, C-S-H to Space ratio), the strength
decreases.

RHA is readily available in market formed by
burning of RH obtained through milling process.

We used RHA with particle size lower than sieve
#200. Smaller particles sized RHA will be used as
both binding agent and as filler to a small extent.

6. Curing Solution
Generally, water is used to cure concrete after its
setting time, but the geographical conditions never
remain the same at all places on earth rather these
conditions change with respect to their
surroundings. The topographical features at high
altitude will have different effects on materials
while going down towards the sea level the whole
scenario change altogether. For the sake of
similarity of the field conditions with the testing
procedures it was proposed to cure the concrete in
Sulphuric Acid (H2SO4) with concentration of 1ml
per liter of water and Hydrochloric Acid (HCL)
with concentration of 1ml per liter of water and
then to make comparison on basis on strength with
the samples cured in water (H2O). A brief
description of both Sulphuric Acid (H2SO4) and
Hydrochloric Acid (HCL) solutions is described
hereunder:

6.1 Sulphuric Acid (H2SO4)
Sulphuric acid which is also known as Vitriol is
composed of Hydrogen, Oxygen and Sulphur with
chemical formula H2SO4. Known for its highly
corrosive nature, sulphuric acid is extremely
pungent-etheral with colorless to slight yellow and
odorless characteristics. In addition to that, it is
easily soluble water and the hygroscopic nature
allows it to readily absorb water vapors from air.
Concentrated sulphuric acid is highly caustic,
which means it can cause serious injuries upon
direct contact in form of skin burn via hydrolysis.
It can damage Cornea once expose to it and can
lead to permanent blindness if splashed into eyes.
In order to keep people conversant with hazardous
nature of acid, it is dyed in dark brown color
during production stage.

The chemically adjustable stature of this acid
makes it diprotic. Sulphuric acid is largely
produced using methods including contact process,
wet sulphuric acid process, lead chamber process
etc. The applicability of sulphuric acid in chemical
industry is of paramount importance. The
significance of this substance is heighted in overall
strength of nation’s chemical industries.

6.2 Hydrochloric Acid (HCL)
Hydrochloric acid historically known as Spirits of
salt is a clear colorless solution. It has its own
distinctive pungent smell. Hydrochloric acid is
classified as strong acid with vast usage in
Industrial sector. Initially produced from Vitriol
(Sulphuric acid) and common salt, it was widely
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used by chemist in research studies following its
first appearance as Renaissance.

HCL is a strong acid widely employed for refining
of metal. Nevertheless, the scope is extended for
the following implications:
 Improvement of Steel surface by removal of

unwanted impurities
 Formation of Organic Compounds
 Formation of Inorganic Compounds & others.

Concentrated HCL forms acid mist which can
cause corrosive effects on human tissues and
inherit possibilities to damage respiratory organs.

The research was carried out in steps as described
in Fig. 6:

Figure 6: Flow Chart for Conducting
Research Studies

Methodology
Concrete samples with fractional RHA replacement
of cement were casted. Different %ages of RHA in
samples were tested under different curing
conditions to dig out optimum level of RHA for
obtaining maximum strength in compression. Mix
ratio was set as 1:1.23:2.47 considering 28 MPa as
targeted strength after the results obtained from
testing of material. Water to cement ratio was
determined as W/C=0.55 using ASTM C-191
(Consistency Test).

In order to expunge chances of mistakes or
misleading results of testing, approximately 108
samples were casted and tested for three different
curing conditions as mentioned under article 4.6.
The distribution of samples for all three curing
solutions with varying %age replacement of
cement with RHA and period of testing (i.e. seven

days, fourteen days and twenty-eight days strength)
is demonstrated in Table-2 and Fig. 7-8.
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Figure 7: Tanks with HCL, H2SO4 and H2O
Solutions Respectively for Curing of samples

Figure 8: Compression Testing of
Specimens

Results and Discussions
Before the preparation of samples and their
subsequent testing, three concrete batches were
prepared to work out their respective slump values

at different percentages of RHA i.e.0%, 5%, 10%
& 15% using ASTM C-143 standards. Normally,
the slump value varies between 80-150 mm
inclusively for Normal Concrete. The Table-3,
mentions the slump value for three batches of
concrete with %age variation of RHA.

Table 3:Slump Values (in mm) For Concrete
Batches

Concrete with %age
replacement of cement
with RHA

Batch No.

1 2 3

0% RHA 76 77 75
5% RHA 77 80 82
10% RHA 75 76 74
15 % RHA 71 73 75

The quantities of coarse aggregates and fine
aggregates were made constant, while the variable
parameter of the study was proportion of cement
substituted with RHA. It was indicated by the
findings that concrete is feasible to use by
replacing cement partially with RHA and
discovered that 10% substitution is suitable for
strength and workability. The RHA particles
passing through sieve # 200 were used, whereas the
durability of concrete was observed in terms of
sulphates and chlorides solutions prepared by
adding 1 ml of HCL per liter of water and 1 ml of
H2SO4 per liter of water respectively.

Table 5 describes the strength in compression of
controlled concrete (0% RHA) and samples made
with %age RHA replacement:

Table 4: Test Results of Compressive Strength (MPa) of Concrete Cylinders

Sr.
No.

RHA
(%)

CURING CONDITIONS

Water (H2O) Hydrochloric Acid (HCL)
Solution

Sulphuric Acid (H2SO4)
Solution

7-Days 14-
Days

28-
Days 7-Days 14-

Days
28-
Days 7-Days 14-Days 28-Days

1) 0% 29.3 32.2 37.6 24.6 27.4 34.2 21.5 25.1 30.9
2) 5% 24.0 28.6 34.1 20.4 23.8 32.4 19.3 22.4 28.9
3) 10% 29.3 31.2 36.8 24.1 26.9 34.1 20.9 24.8 30.6
4) 15% 25.8 26.8 35.8 21.1 25.2 32.8 20.1 24.2 29.2

The graphical representation of compressive
strengths of concrete cylinders tested over time
span of 7, 14 and 28 days respectively under

different curing conditions for selected %age of
RHA are shown in Fig.9, 10 and 11.
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Figure 9: Strength in Compression of Concrete Samples Cured in Potable Water with
Varying %ages of RHA

Figure 10: Strength in Compression of Concrete Samples Cured in Hydrochloric Acid with
Varying %ages of RHA

Figure 11: Strength in Compression of Concrete Samples Cured in Sulphuric Acid with
Varying %ages of RHA
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The figures 9, 10, & 11 vividly explain the
behavior of strength change phenomena with %age
variation of RHA in different curing conditions.
The compressive strength at 5% and 15% RHA
seemed to plummet in parallel formation compared
with 10% RHA. It is also worth noticeable from
above figures that at 10% RHA, the 28-days
concrete compressive strength gained its apogee
showing approximately as much strength as that of
0% RHA i.e. controlled concrete. The slight
decrease in strength enlightens the pozzolanic
nature of RHA, as RHA’s surplus amorphous silica
reacts with Calcium Hydroxide producing C-S-H
gel during cement hydration, eventually increase
density and strength. Once the substitution exceeds
ten percent, strength begins to decrease owing to
silica present in mixture in rich amounts and less
calcium hydroxide to completely consume silica
and this is due to decrease in cement amount in
concrete mix.

Moreover, the incorporation of RHA in concrete
mixes revealed the early gain in strength due to
pozzolanic effect, however at the same time
increases the water demand. RHA concrete with
10% replacement of cement is an excellent and
valuable addition in construction industry without
compromising the strength criteria. Study showed
the discernible positive impact of increased RHA
fineness on concrete strength of blended concrete
as compared to coarser RHA and controlled OPC
mixtures.

The concrete samples cured in Sulphuric acid and
hydrochloric acid shows reduced 28-days
compressive strength compared to those cured in
water. While the cylinders cured in HCL solutions
show more strength nearly 4 units more than the
cylinders cured in H2SO4 Solutions.

Figure 12: Examination of 28-Days Strength in Compression

A comparison of strength in compression of
concrete cylinders at twenty-eight days under
different curing conditions for controlled concrete
and 10% RHA replacement of cement is reflected
through above figure 12.

It is evident from figure 12; the controlled concrete
is equal in strength magnitude to that of 10% RHA
replacement. The usage or incorporation of local
agro-industrial RHA in construction project on
larger scale is therefore beneficial for us and
certainly for the environment, while at the same
time it helps to economize the production cost. The
optimum level / dosage of RHA, is thus concluded
to be 10% RHA replacement of cement.

Conclusions
In the foregoing discussion and based on results
obtained, the following conclusions can be made:

1. The strength and durability aspects RHA
concrete is at par in terms of its resilience
against sulphates and chlorides.

2. The feasibility of producing low cost concrete
using RHA is possible.

3. The maximum strength is achieved at 10%
RHA replacement of cement.

4. Concrete strength in compression at 10% RHA
replacement is nearly same to controlled
concrete.

5. Compressive strength at 10% RHA is more
than 5% and 15% RHA replacement under
different curing conditions.

6. At 10% RHA replacement, chlorides solutions
are more reactive against the concrete strength
than sulphates.

7. For 15% RHA replacement, concrete is
observed to have more resistance to chlorides
than at 5% RHA replacement.
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8. Inclusion of RHA is helpful to produce C-S-H
gel, which is the main strengthening
component in concrete.

9. RHA enhances the packing density of concrete
in result makes it more durable and impervious
material.

10. Water requirement for controlled concrete is
more or less similar to concrete with 10%
RHA.

Recommendations
Following recommendations are proposed keeping
in view the detailed investigation and research set
out to proportion the material i.e. RHA based
concrete;
1. RHA based concrete is most economical &

environment friendly material and imparts
good results for mega edifice. Hence, it is
recommended for design of green buildings
and other structures where cost and
environmental effects are to be considered.

2. The optimum level of %age RHA replacement
is determined as 10%, exceeding this limit will
affect workability which is vital prospect of
RHA based concrete and will make the mix
stiffer. To neutralize / reduce stiffness, high-
quality super-plasticizer need to be added in
concrete mix.

3. The typical resistance RHA offers to chlorides
and sulphates commensurate to controlled
concrete, therefore RHA based concrete is
equally good in areas prone to chlorides and
sulphates attack.
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