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Abstract—Concrete is most important material and plays an
important role in every construction work. River sand is the
most commonly used fine aggregate in concrete but nowadays
the limitations such as its shortage of availability, cost, and its
impact on the surrounding or environment are a cause of
concern. To avoid these problems, the partial or full
replacement of sand with quarry sand, and cement by rice husk
ash, fly ash has been done in this experimental investigation. In
this article, investigation is done indicating effects of H2SO4 on
the four different mixes of different grades viz. M25, M30, and
M40. The difference in weight of cubes before and after
immersion in acid which indicates weight loss, and compression
test which gives strength of cubes were done after 28, 56, and 90
days respectively. The composition of 70% cement, 30% fly ash,
55% natural sand, 45% quarry sand, 50-50% of 10 and 20mm
coarse aggregate gives maximum strength results and is more
workable mix. 70% cement, 22.5% fly ash, 7.5% rice husk ash,
70% natural sand, 30% quarry sand, 50-50% of 10 and 20mm
coarse aggregate shows minimal weight loss.

Keywords— Admixture, Concrete, Fly Ash, Quarry Sand, Rice
Husk Ash, H2SOa.

I. INTRODUCTION

The widely used construction material in civil engineering is
the concrete, which is a site-made material consisting of fine
aggregate, coarse aggregate, water and cement used as a
binding material for both sorts of aggregates. Mineral
admixtures can be used to improve mechanical properties and
durability [1-4]. Concrete finds large application for its use in
buildings, bridges, dams, roads [4] and varies in its quality
and performance based on natural materials used except
cement [5].The demand for concrete has been increasing at a
rapid rate over the past few decades in order to meet the
needs of over-growing population. To meet these excessive
needs, binding material and fine aggregate is also required in
surplus amount leading to inflation of concrete.

Properties of aggregate affect durability and
performance of concrete. The large scale depletion of river
sand is also a major threat to environment [5, 6] promoting a
need of an alternative for natural sand. For 60% replacement
of natural sand, properties of concrete like workability,
strength increases but on further increasing proportion causes
reduction in compressive strength of concrete mixes.
Replacement of natural sand with manufactured sand
maintains ecological balance of nature [7]. The first mix,

100% Natural Sand (NS), 100% Cement (C), 50-50% 20 &
10mm Coarse Aggregate (CA), second mix, 100% Quarry
Sand (QS), 100% C, 50-50% 20 & 10mm CA, third mix,
55% NS, 45% QS, 70% C, 30% Fly Ash (FA), 50-50% 20 &
10mm CA, and fourth mix, 70% NS, 30% QS, 70% C, 22.5%
FA, 7.5% Rice Husk Ash (RHA), 50-50% 20 & 10mm CA
of each grade of M25, M30, and M40 grades have been
selected on which evaluation of durability of concrete is
carried out.

RHA, FA and QS are some of the solid wastes
resulting from industry. Effective use of these solid wastes
for preparing manufactured sand concrete leads in reduction
of cost as well as contributes in sustainable development.
Admixture was added which imparts superior workability to
the mix and provides more economical solution. FA, a
residue generated in combustion of coal is captured from
chimneys of power generation facilities which consists of
harmful particles causing health hazards and has
environmental impact [8]. RHA obtained by burning rice
husk serves to be a better alternative as it solves the risks of
carbon dioxide emission, depletion of resources and is useful
for agricultural waste management [9].Quarry dust is the
waste from the rocks formed after the extraction and
processing of rocks.

The article focuses effect of acid attack on concrete
of different mixes. The durable concrete resists chemical and
physical attacks which lead to deterioration of concrete.
Leaching, sulphate attack, acid attacks are few of the attacks
to enlist. Also, water which is an important ingredient of
water may consist of many chemical impurities like
chlorides, sulphates, various salts. This leads to deterioration
of concrete which depends on concentration of chemicals in
water [1-10]. The rate of deterioration depends mainly on
concentration of the chemicals in water, the time of exposure
and the chemical resistance of concrete [11]. Liquids with pH
value less than 6.5 affect concrete but if pH value is below
4.5 the attack is very severe [12]. Sulphuric acid is prone to
more danger since it involves acid and sulphate attacks both.
The investigation focuses on finding the detrimental effects
of sulphate attack on cubes by evaluating weight loss and
strength loss in cubes when they are subjected to a mixture of
sulphuric acid-water solution for a period of 28, 56, and 90
days respectively.

IJERTV6I S010160

www.ijert.org 206

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 6 Issue 01, January-2017

Il. EXPERIMENTS

The four mixes of different grades namely M25, M30, and
M40 have been selected for investigation of durability test
like acid attack. Mix proportions of these mixes in percentage
are shown in Table I. Various workability tests like Slump,
Compaction, and Flow tests were carried out on these mixes.

TABLE I. MIXED PROPORTIONS FOR M25, M30, M40 GRADES

Mixes Composition
First 100% NS, 100% C, 50-50% 20 & 10mm CA
Second 100% QS, 100% C, 50-50% 20 & 10mm CA
Third 55% NS, 45% QS, 70% C, 30% FA, 50-50% 20 & 10mm CA
Fourth 70% NS, 30% QS, 70% C, 22.5% FA, 7.5% RHA, 50-50%
20 & 10mm CA

The cubes of 4 different mixes of M25, M30, and M40 grades
were casted which were dried for one day after remolding.
Then the cubes were inserted in curing tank for a period of 28
days after which cubes were taken out and dried for 24 hours.
Cubes of each mix and of each grade were then weighed and
were also compressed in compression test machine (CTM)
for evaluating their strength. The remaining cubes were
weighed according to 28, 56, and 90 days and then cubes of
each mix and grades were immersed in 1% H2SO4 solution
mixed with water as shown in Fig. 1. Cubes were then
periodically taken out after 28, 56, and 90 days and then
washed, dried for 24 hours and then weighed, evaluated
compressive strength for each mix of each grade.

Fig. 1. Cubes immersed in H,SO, - Water solution

The difference in the weights of cubes before and after
indicates percentage weight loss. The strengths were also
evaluated by compressing the cubes in CTM.

I1l. RESULTS AND DISCUSSIONS

A. Slump Test

The effect of different mixes of different grades evaluated by
Slump test is shown in Fig. 2. Third mix of M25 shows high
slump loss while fourth mix of M40 has low slump loss.
Third mix of M25, M30, and M40 shows maximum slump

loss which means more workable concrete. Third mix of all

grades of concrete is more workable. Fourth mix of all grades

is least workable. First mix is more workable than second

mix for all grades of concrete. Second and fourth mix both

show relatively less workable concrete as compared to two
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mixes for all grades of concrete.
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Fig. 2 Slump Loss

B. Compaction Test
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Fig. 3 Compaction Factor

Third mix of M25 grade shows high compaction factor
while fourth mix of M40 has highest compaction factor as
compared to other mixes. Third mix of all grades show
maximum compaction factor, hence they are more workable.
Fourth mix of all grades of concrete is least workable. First
mix is more workable than second mix for all grades of
concrete. High compaction factor value shows more workable
concrete.

C. Flow Test

Fig. 4 shows the results for Flow test for all four mixes of
M25, M30, and M40 grades of concrete. For M25 grade, third
mix show high percentage flow loss while fourth mix of M40
grade has low percentage flow loss. M25 grade of all mixes
has highest percentage flow los as compared to others. Third
mix of all three grades of concrete shows maximum
percentage flow loss. Third mix of all grades of concrete is
more workable. Fourth mix of all grades of concrete is least
workable. First mix is more workable than second mix for all
grades of concrete.
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Fig. 4 Flow Loss

D. Acid Attack Tests
1) Weight Loss

Table Il shows weight losses in percentage for each
of the four mixes of M25, M30, and M40 grades of concrete.
Cubes of first and second mix of M25 and M30 grades of
concrete shows maximum weight loss in percentage when
they were immersed in H.SO4 for a period of 28, 56, and 90
days respectively. Whereas in case of M40 grades, weight
loss is approximately same for first and second mix of all
three grades under consideration but losses increase in second
mix after 56 days and is maximum after 90 days. Fourth mix
of M30 grade of concrete showed less weight loss as
compared to third mix after 28, and 56 days respectively but
sharply undergoes weight loss after 56 days and is maximum
at 90 days. Fourth mix of all three grades shows least weight
loss which indicates that the concrete of fourth mix is more
durable and is least affected by H.SO4 acid.

TABLE Il. WEIGHT LOSS IN % FOR DIFFERENT GRADES
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Fig. 4 Weight Loss for M40 grade of concrete in

2) Strength Loss
Table Il shows strength loss in percentage of each
mix of every grade of concrete considered for investigation of
acid attack on cubes. Both first and second mix of M25 grade

No.of | . Second - ] show approximately same strength loss after 28, 56, and 90
Grades | ~jays | FirstMix Mix Third Mix | Fourth Mix | qays respectively while fourth mix has least strength loss
28 103 155 059 082 which indicates that it is less affected by acid and has good
M25 56 206 217 207 1.80 strength. For M30 grade of concrete, first mix is largely
90 294 582 265 269 affected by acid undergoing maximum strength loss whereas
28 177 125 0.00 023 fourth mix undergoes less strength loss. In M30 grades of
M30 56 181 142 023 023 con((j:rete, cutt))es s?ow apgroglma:ctely samedstrehngth Ioss_ after
% 203 230 033 023 56 days. Cubes of second mix of M40 gra e show maximum
28 0.2 023 012 012 strength loss after 28, 56, and 90 days respectively while third
: : : : mix is least affected by acid for M40 grades of concrete as
M40 20 033 033 023 023 compared to other mixes of M40 grades
90 0.46 0.45 0.34 0.34 P g '
TABLE I1l. STRENGTH LOSS IN % FOR DIFFERENT GRADES
3 eseFustaic | Weight Loss for M25 grade for H2504 No
=#=Sccond Mix Grades o f. First Second Third Fourth
2.5|- | =*=Third Mix Mix Mix Mix Mix
=*=Fourth Mix days
4 28 15.17 15.97 12.93 10.90
2 3 M25 56 28.75 29.10 25.23 20.23
3 90 48.22 55.81 40.52 30.95
B15 1 28 15.82 21.80 17.31 11.71
* M30 56 | 2432 | 2671 | 2389 | 17.17
1 90 33.45 38.21 31.97 20.42
28 11.90 23.29 7.36 6.69
05 al L ~ L . M40 56 23.02 32.65 13.50 17.80
0 30 40 50 60 70 80 2
Number of Days 90 34.27 41.60 17.56 22.36
Fig. 2 Weight Loss for M25 grade of concrete
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Fig. 5 Strength Loss for M25 grade of concrete in
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Fig. 7 Strength Loss for M40 grade of concrete

IV. CONCLUSION

For cubes of M25 grade immersed in H.SO4, second
mix showed maximum weight loss after 28, and 56 days while
first mix showing maximum weight loss after 90 days. Third
mix of M25 undergone minimal weight loss after 28 days. The
weight loss increased after 56 days and further again
decreasing after 90 days.

The weight loss for 100% QS, 100 %C, 50-50% 20
& 10mm CA (second mix) maximum weight loss after 28, and
56 days later decreasing after 90 days for M30 grade. Fourth
mix almost indicates constant weight loss in % after 28, 56
and 90 days respectively. The weight loss in % for cubes of
M40 grade of first and second mix was almost same and was
maximum as compared to other two mixes. Fourth mix
showing minimal weight loss in % after 28, 56, and 90 days.

It is observed that cubes of M25 and M30 grades of
fourth mix showed least weight loss after 28, 56, and 90 days
whereas second mix showing maximum strength loss for
M25, M30 and also for M40 grades. The results obtained for
M40 grade for strength loss in cubes indicate the minimal
weight loss for third mix. When 100% natural sand is partially
replaced by 50% quarry sand, shows minimal weight and
strength loss for each of M25, M30, and M40 grades of
concrete.

Concrete prepared by partially replacing cement by
30% fly ash yields more workable concrete mix and gives less
strength loss and weight loss.

If cement is replaced by 22.5% fly ash and 7.5% rice
husk ash, concrete obtained is not workable comparatively
because rice husk ash absorbs more amount of water. But, rice
husk ash is more suitable for acid attack. Quarry sand also
absorbs more water which affecting workability of concrete.

V. REFERENCES

[1] E. Arunakanthi, H. Sudarsana Rao, and I. V. Ramana Reddy, “Effects
of hydrochloric acid in mixing and curing water on strength of high-
performance metakaolin concrete,” International Journal of Applied
Engineering and Technology, vol. 2(2), pp. 68-76, April-June 2012.

[2] A. Chandana Jyothi, and S. Shameem Banu, “Performance of concrete
with partial replacement of cement by flyash and natural sand by
artificial sand”, International Journal of Engineering Research and
General Science, vol. 3, pp.98-104, January-February 2015.

[3] G.C. Cordeiro, R.D. Toledo Filho, L.M. Tavares, and E.M.R. Fairbairn,
“Experimental characterization of binary and ternary blended-cement
concretes containing ultrafine residual rice husk and sugarcane bagasse
ashes,” Construction and Building Materials, vol. 29, pp 641-646,
December 2011.

[4] Chetna M Vyas, and Darshana R Bhatt, “Performance of concrete with
recycled coarse aggregate,” Global Research Analysis, vol. 2, pp 47-49,
January 2013.

[5] G. Sabarish, M.K.M.V. Ratnam, A.C.S.V.Prasad, and U. Ranga Raju,
“A study on strength and durability characteristics of concrete with
partial replacement of fine aggregate by laterite sand,” International
Journal for Innovative Research in Science & Technology, vol. 2, pp
134-141, August 2015.

[6] Hardik Kalpeshbhai Patel, and Jayesh Kumar Pitroda, “A study of
utilization aspect of quarry dust in indian context,” Journal of
International Academic Research for Multidisciplinary, vol. 1, pp 399-
404, October 2013.

[7] P Daisy Angelin, and P Ravi Kishore, “Durability studies on concrete
with manufacturing sand as a partial replacement of fine aggregate in
HCI solution,” International Journal of Engineering Research and
Development, vol. 11, pp 44-50, December 2015.

[8] M. Uma, and S. Shameem Banu, “Strength and durability studies on
concrete with flyash and artificial sand,” International Journal of
Engineering Research and General Science, vol. 3, pp 138-146,
January-February 2015.

[9] Josephin Alex, J. Dhanalakshmi, and B. Ambedkar, “Experimental
investigation on rice husk ash as cement replacement on concrete
production,” Construction and Building Materials, vol. 127, pp 353-
362, September 2016.

[10] Egbe-Ngu Ntui Ogork, Okorie Austine Uche, and Augustine Uche
Elinwa, “Performance of groundnut husk ash (GHA)- rice husk ash
(RHA) modified concrete in acidic environment,” International Journal
of Engineering Research and Applications, vol. 4, pp 71-77, November
2014.

[11] Asma K.C., Meera C.M., and Preetha Prabhakaran, “Effect of mineral
admixtures on durability properties of high performance concrete,”
International Journal of Engineering Research and Applications, pp 33-
37, January 2014.

[12] K. Meeravali, KVGD Balaji, and T. Santosh Kumar, “Partial
replacement of cement in concrete with sugar cane bagasse ash-
behaviour in HCI solution,” International Journal of Advance Reearch
in Science and Engineering, vol. 3, pp 368-373, July 2014.

IJERTV6I S010160

www.ijert.org 209

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



