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Abstract: Generally the river sand is used as a fine aggeeigatoncrete and is obtained by mining the sand
from river bed. Increased sand mining not only&fehe aquifer of the river bed but also causeg@mmental
problems. In recent days the demand for river saunttreasing due to its lesser availability. Hetiee practice

of replacing river sand with hydro sluiced bottosh @ taking a tremendous growth. It is also irdérirom the
literature that replacement of normal sand withrbysluiced bottom ash produces no appreciable aserén
compressive strength due to the variation in the mize of concrete at micro level. This paper gmesthe
optimization of fully replacement of hydro sluicdmbttom ash by natural sand with nano silica in high
performance concrete. The ordinary Portland cerisepartially replaced with nano-silica by 0.25%5 06 ,
0.75% and natural sand is fully replaced with hysltoaced bottom ash. The studies reveal thatrtbeease in
percentage of partial replacement of nano silicaeiased the compressive, tensile and flexural gtineof
concrete. It was found that 0.55 water/cement gatoaluced higher compressive strengths, tensiéagtin and
better workability for partially replaced with nasdica by 0.75 % mix, proportion. Specifically cpressive
and tensile strength ranged from 21.06 -35.2 N/mnu 10.06 -15.5 N/min for the mixes considered. These
results compare favourably with those of converti@oncrete.
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I INTRODUCTION

Concrete is the second most consumed substancartndter water. Sand only production is growinyg8a2

% annually, and is expected to rise from 8.44 dillusages to 12.4 — 13.56 tonnes by 2050. The dkwfan
natural sand is quite high in the developing caastdue to the rapid infrastructural growth. Nodgpnahrticles

are not present in river sand up to required qtyanbigging sand, from river bed in excess quantity
hazardous to environment. The deep pits dug imitlee bed, affects the ground water level. In oraefulfill

the requirement of fine aggregate, some alternatiaerial must be found. The cheapest and thestasiy of
getting substitute for natural sand is obtainednftmottom ass , limestone quarries, lateritic samal @ushing
natural stone quarries is known as manufactured. 9dre bottom ash is a waste material that is geeerfrom
power plants (NLC). Concrete made using partialasgment of bottom ash 20% and manufacturing sénd o
25%, 50%, 75%, 100% for cement and fine aggregeseectively. The compressive strength of concrete
increases when percentage of manufacturing sanelaises up to 75% and decreases when 100% replacemen
The split tensile strength varies marginalljhe various strength properties studied consistomhpressive
strength, flexural strength and splitting tenstieeisgth. The strength development for various peeges (O-
50%) replacement of fine aggregates with bottom ash easily be equated to the strength developuoifent
normal concrete at various ag@he mechanical properties of special concrete 80# WBA replacement by
weight of natural sand is found to be an optimuragesin concrete in order to get a favourable sthengd
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good strength development pattern over the incrémmges’ In NLC, About 1.3 million tons of fly ash is being
generated every year as a waste product in ak thogver plants. The disposal of fly ash is posipgaolem to
the thermal power station. Normally fly ash is d@ispd as slurry in ash ponds. This kind of disposates the
land as a waste land and cannot be used any psradeeever utilizing the fly ash potential as a ymanic
material, fly ash is being extensively used by MieC in construction activities apart from being plipd to
cement industries, brick manufactures at free ef.ddoal bottom ash (CBA) and fly ash were utilikegartial
replacement for fine aggregates and cement respcin the range of 0, 5, 10, 15 & 20% (equal petages).
The results of compressive strength at 7, 28, 5808days curing are presented because of the poizola
reaction; other properties investigated includesptat properties, fresh concrete properties andgitlenrhe
results showed that for a grade 35 concrete witbnabination of CBA and fly ash can produce 28 dagngth
above 30 MPA. The impacts of other nano materials such as CNaisp TiQ, nano A}O; and nano TiO on
concrete are also promisingvhile nano materials acts as fillers and provideleation sites for cement
hydration, nano Si©also acts as a pozzolanic material, increasingutheunt of stiff CSH within the hydrated
cement paste, resulting an improved microstructlitee concrete produced with 10% micro- SEdd 2%
nano- SiQ show higher degree of quality in their compress$teength, less water absorption and more
electrical resistance in comparison with the otfidfse ordinary Portland cement is partially replaeéth
silica fume and natural sand is replaced with mactufed sand by four proportions. The results mteid that
there is an increase in the compressive and fléxarangth® Limestones are generally obtained from the
calcareous remains of marine or fresh water orgaambedded in calcareous mud. They change frosothe
chalks to hard crystalline rocks. The use of lirmestas a concrete aggregate has sometimes beattsasp
account of the unsuitability of the poorer gradeksy and also because of a widespread fallacylithestone
concrete is less resistant to the action of firentltoncrete made from other aggregates. Lateliae sis
commonly used for the construction purpose. Theresaveral laterite stone quarries in Konkan redgiming
excavationof laterite stone, around 25-30 per cent latetid@es scrap is generated. It is estimateat about
2.83 cum of the laterite stone scrap is generateidgl excavation ofbout 11.33 cum of the laterite stone. This
laterite stone scrap creates problenguarries and needs removal for further excavatioorder to add value
to this waste material, it is felt necessary to ufacture the blocks using different constituentt tiresuitable
for the construction. In this In this overview detine the Compressive strength, toughness indexwaater
absorption capacity of the laterite stone scrapksd The natural sand was replaced with coal bottombgsh
0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,180% by weight, as water absorption of bottom
ash was more so that quantity of water was incce&sechieve 100 mm slump. The results shows tiet t
compressive strength, split tensile strength aerluflal strength decreased as the percentage @fcespént
coal bottom ash increased as compared to controtladreté’. By practice it shows that conventional mix has
more strength than bottom ash sand mix so we wilhddding various % of nanosilica to the bottoim ax
and compare the values of compressive strengthgpsion resistance, tensile strength and econompyaatice
between the conventional and the M sand with 0.#a%o silica mix. Since we are replacing nanosiidth
cement the strength increases and the porosityeases as the nano materials fill the fine porewdsst the
aggregates and the cement. The practicality foustsge in the marine environment, Nuclear powentpla
Chemical Industry, etc are studied.

Il EXPERIMENTAL INVESTIGATION
2. Materials Used

2.1. Cement:Ordinary Portland cement (OPC) 43 grade confornnkp 8112 — 1989, and specific gravity of
cement is found to be 3.15. The properties of ceémiean in Table 1.

2.2. Fine aggregatestocal clean river sand fineness modulus of mediamdsequal to 2.36 conforming to
grading zone of Ill of IS: 383-1970. The specifiaygty of fine aggregate is 2.54. The sieve analydifine
aggregate given in Table 2.

2.3. Hydro Sluiced Bottom Ash:Hydro Sluiced Bottom ash is replaced is fully eey@ment of river sand .It is
collected from NLC India. The bulk density of baettoash 1360 kg/mand the specific gravity 2.47 and
fineness modulus of bottom ash is 2.36.the maxirain® of the aggregate is 4.75 mm. The testing tbbo
ash is done as per Indian standard specificaten383 — 1970. The properties of Bottom Ash giveiiable 3.

2.4.Course aggregatest.ocally available well graded aggregates of norsizd greater than 4.75 mm and less
than 16 mm having a fineness modulus of 2.72 wead as coarse aggregates. The aggregates aredssied
the procedure given in BIS: 2386
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2.5. Nano-silica: The nano silica is partially replaced for cemedteel Authority of India has provided
necessary facilities to produce annually about 3088 of nano silica at their Bhadravathi Complexindia,
However, the nano silica of International qualsymarketed by Elkem Metallury (P) Ltd. The propestof
nano silica given in Table 4.

Table 1: Properties of OPC Cement

Physical properties of cement
Initial setting time(minutes) 55 mins
Final setting time(minutes) 275 mins
Standard consistency 31.0%
Specific gravity 3.14
Fineness of cement 10%
Chemical properties of cement
SiO, 20-21
Al,0s 52-5.6
Fe0; 44-48
CaO 62 - 63
MgO 05-0.7
SO 24-28
Loss on ignition (LOI) 15-25

Table - 2: Sieve analysis of fine aggregate

IS sieve| Weight of retained  River sand % Requirement
designation on sieve (gm) Passing 1S:383 - 1970
10mm 0 100 100
4.75 mm 16 98.4 90 - 100
2.36mm 82 90.2 85 - 100
1.18mm 150 75.2 75- 100
600nm 133 61.9 60- 100
300um 298 32.1 13-40
150um 257 6.2 0-10

Table — 3: Chemicalproperties of Bottom Ash

Chemical ingredient % by mass

SiO, 79.65
Al,0O5 14.71

Fe0; 3.20

CaO 0.39

MgO 0.55

SO, 0.70

Loss on ignition (LOI) 0.67
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Table 4: Properties of Nano - Silica

Physical properties of Nano - Silica

Specific Surface Area 200°hg to 300 M/ g
Particle Size <1
Specific gravity 0.13t00.14

Chemical Composition of Nano — Silica

Si O 94.3

Al, O3 0.58

Fe O3 0.30

CaO 0.24

Mg O 0.44

K, O 0.67

Na, O 0.36

I EXPERIMENTAL PROCEDURE

The mix ratio is prepared for M30 grade concretebioth conventional sand and also Bottom ash Shinel.
Cube size of (150 x 150 x 150) mm Specimen is peepbor compressive strength. The cylinder of he&fh
cm and 15 cm diameter is prepared for tensile gthehhe specimens are tested for 7 days, 14 day2&days
with each proportion of nano silica and bottom 8simd mix. Totally there are 45 cubes and 45 cylmdee
casted. The specimen size of (70x10x10) cm is dsedlexural strength test. For durability test raor
specimen is prepared in a mix ratio of 1:3, theecsize of (50 x50 x 50) mm is prepared for watesoaftion
test, acid penetration test and for RCPT a condiste of size 85 mm diameters and 50 mm thickn€ks.
specimen is tested 28 days totally for 30 cubsl&ndylinders. All the specimens are demoulded &4dehours,
and curing is done in water for 7 days, 14 days2tdays. The Scanning Electron Microscope (SEMised
to determine the particle size of Nano —silica.uréd..A Shows the SEM picture of NC Concrete, FigjBe
SEM picture of Bottom ash Sand Concrete and FigQre8EM picture of Bottom ash Sand with 0.75% of
Nano-silica.

AN - K200 A 00
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Figure 1.(b} SEM picture of bottom Ash Sand

Flgurel (c} Betom Ash Sand with 0735
Nane Stlica concrste
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IV RESULT AND DISCUSSION
4.1. Compressive strength of concrete

The test is carried out conforming to IS 516 -185®btain compressive strength of concrete at tayg, 14
days and 28 days. The cubes are tested using 408 tapacity HELICO compressive testing machineMET
.The results are presented in Fig.2.
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Fig.2. Compressive strength of concrete

The 7days compressive strength of bottom ash ctn&@ .2 % of compressive strength is reduced when
compared to the normal river sand and of bottomwagh 0.75% nano silica concrete. The compressive
strength of normal river sand and bottom ash wi#b% nano silica concrete is more or less samebatidm

ash with 0.5% nano silica concrete found to be 38&nd bottom ash with 0.25% nano silica concreted to

be 46.9% of compressive strength is reduced wherpamed to the normal river sand and of bottom aish w
0.75% nano silica concrete.

The 14 days compressive strength bottom ash cenfoend to be 27% , bottom ash with 0.25% narioasil
concrete found to be 30 % found and bottom ash Wii% nano silica concrete to be 21.91 % of cesgive
strength is reduced when compared to the bottonwébh0.75% nano silica concrete and normal ris@nd
concrete. The compressive strength normal rived send bottom ash with 0.75% nano silica concretaase
or less same.

The 28 days compressive strength of bottom ash @vit6% nano silica concrete are found to be 4.718@m
than the normal river sand concrete and fully regi@ent of bottom ash concrete, bottom ash with%@.8&no
silica concrete and bottom ash with 0.5% nanoasitioncrete found to be 37.76%, 33.31% and 38.48% of
compressive strength is reduced when comparectbdtiom ash with 0.75% nano silica concrete.

Results of this test are show in table .5.

Table 5: Compressive strength of concrete

S. Type of mix 7Days 14 Days 28 Days
No Strength Strength Strength
N /mm? N /mm? N/mm?
1 Conventional mix 33.13 35.25 40.12
2 Fully Bottom ash Sand Mix 13.51 26.16 26.22
3 Fully Bottom ash +0.25% Nano-silica 17.56 25.15 28.15
4 Fully Bottom ash +0.5% Nano silica 20.23 28.25 30.13
5 Fully Bottom ash +0.75% Nano silica 32.16 36.18 42.13
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4.2. Tensile strength of concrete

The test is carried out conforming to IS 516 -185®btain tensile strength of concrete at the sdag days
and 28 days. The cylinders are tested using 40@etocapacity HELICO compressive testing machine (ETM
.The results are presented in Fig.3.
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Fig.3.Tensile strength of concrete

The 7days tensile strength of bottom ash concreied to be 27 .5 % and bottom ash with 0.25% ndiva s
concrete found to be 26.64 % of tensile strengtiedsiced when compared to the bottom ash with 0.7&f6
silica concrete and tensile strength of normairisand and bottom ash with 0.75% nano silica red@@nd
bottom ash with 0.5% nano silica concrete is morless same.

The 14 days tensile strength of bottom ash condoeted to be 24 .11 % and bottom ash with 0.25%onan
silica concrete found to be 21.86 % of tensilergjtie is reduced when compared to the bottom agh@Wn5%
nano silica concrete and tensile strength of mbraer sand and bottom ash with 0.75% nano sdmacrete
and bottom ash with 0.5% nano silica concrete igemo less same.

The 28 days tensile strength of bottom ash witb% hano silica concrete are found to be 6.31% niare the
normal river sand concrete and fully replacemenbaitom ash concrete, bottom ash with 0.25% nalicasi
concrete and bottom ash with 0.5% nano silica agacfound to be 13.26%, 12.08 % and 4.8% of tensile
strength is reduced when compared to the bottonwésh0.75% nano silica concrete. Results of thist are
show in table .6.

Table 6: Tensile strength of concrete

S. Type of mix 7Days 14 Days 28 Days

No Strength Strength Strength
N /mm? N /mm? N/mm?

1 Conventional mix 2.52 2.82 3.1

2 Fully Bottom ash Sand Mix 1.89 2.36 2.87

3 Fully Bottom ash +0.25% Nano-silica 1.92 2.43 12.9

4 Fully Bottom ash +0.5% Nano silica 2.59 3.06 3.15

5 Fully Bottom ash +0.75% Nano silica 2.61 3.11 13.3

4.3. Flexural strength of concrete

The test is carried out conforming to IS 516 -18%@btain flexural strength of concrete at the &jldy days

and 28 days are tested using loading frame 750’k .results are presented in Fig.4.
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The 7days flexural strength of bottom ash condi@ied to be 16.48 % and bottom ash with 0.25% rsilica
concrete found to be 14.40 % of flexural strengtreduced when compared to the bottom ash witf0 7&no
silica concrete and flexural strength of normakrigand and bottom ash with 0.75% nano silica eeand
bottom ash with 0.5% nano silica concrete is morless same.

The 14 days flexural strength of bottom ash coecfetind to be 14 .85 % and bottom ash with 0.25%®0na
silica concrete found to be 14.97 % of flexuraksgth is reduced when compared to the bottom agth wi
0.75% nano silica concrete and flexural strermgthormal river sand and bottom ash with 0.75% nsihca

concrete and bottom ash with 0.5% nano silica aiads more or less same.

The 28 days flexural strength of bottom ash witf6@ nano silica concrete are found to be 7.9 % riae
the normal river sand concrete and fully replacdmébottom ash concrete, bottom ash with 0.25%orsdlica
concrete and bottom ash with 0.5% nano silica @rdound to be 17.29%, 26.98 % and 8.69 % of figxu
strength is reduced when compared to the bottonwésh0.75% nano silica concrete. Results of thist &re

show in table .7.

Table 7: Flexural strength of concrete

S. | Type of mix 7Days 14 Days 28 Days

No Strength Strength Strength
N /mm? N /mm? N/mm?

1 Conventional mix 7.21 8.19 10.27

2 FU”y Bottom ash Sand Mix 6.13 711 9.23

3 Fully Bottom ash +0.25% Nano-silica 6.28 7.10 58.1

4 Fully Bottom ash +0.5% Nano silica 7.12 8.21 90.1

5 Fully Bottom ash +0.75% Nano silica 7.34 8.35 161.

4.4. Water absorption test

This test is done as per procedure given in ASTEBYE-97 by oven-drying method. The results are prtese
in Fig.5. For this test 50mm x 50mm x 50mm cubesaast. After 24 hours of remolding, the specinemes
kept immersed in water. At the end of 28 days,gbecimens are taken from the curing tank and &ddo
remove the surface moisture then taken the indeght (W1) is taken. The final weight (W2) is tak® the
specimens are dried in an oven at a temperaturk00#10 C for 48 hrs, and allowed to cool at room

temperature.

The 28 days water absorption of bottom ash wi#th% nano silica concrete are found to be 38 %% 41
34.08% ,and 13.80% of water absorption is redudeeimcompared to the normal river sand ,fully rephaent

of bottom ash , bottom ash with 0.25% nano silicacecete and bottom ash with 0.5% nano silica arcr
Bottom ash with 0.75% nano silica concrete is liegiermeability of concrete compare to other miiorat

Nano silica is the good durability of concrete. iessof this test are show in table .8.
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% of Water absorption

% of water absorption = [(W2 — W1)/W1] x 100

Where,
W1 = weight of oven dried sample in air.
W2 = weight of surface dry sample in air after iemsion in water.

28 Days % Of water absorption
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Fig.5. % of water absorption test

Table 8: % Water absorption test

S.No | Type of mix % Water absorption test
1 Conventional mix 6.65

2 Fully Bottom ash Sand Mix 6.99

3 Fully Bottom ash +0.25% Nano-silica 6.25

4 Fully Bottom ash +0.5% Nano silica 4.78

5 Fully Bottom ash +0.75% Nano silica 412

4.5. Acid penetration test

This test is done as per procedure given in ASTEBUE-97 by oven-drying method. The results are ptese
in Fig.6. For this test 50mm x 50mm x 50mm cubesaast. After 24 hours of remolding, the specimaes
taken the initial weight (W1) after kept immersed HCL (pickling solution). At the end of 28 dayset
specimens are taken the finial weight (W2) is takime 28 days acid penetration of bottom ash with%
nano silica concrete is high resistance in pernigabnd high durability of concrete compare to titeer mix
ratio. Results of this test are show in table .9.

4.6. Rapid chloride penetration test

This test is conducted as per ASTM C1202-09. Thalte are presented in Fig.7. Concrete disc of 8zmm
diameters and 50 mm thickness average value of gamples. The specimens are carried at diffetages,
allowed to cure for 28 days and then they are stdgeto RCPT test by impressing a voltage of 60w T
permeability of fully replacement of bottom ash rsxery high when compared to the bottom ash @i#%%
nano silica concrete and conventional mix. Bottsh with 0.75% nano silica concrete is to found38%
,49.29% ,36.32% and 46.95 % found to be to less timamal river sand, fully replacement of bottonh,as
bottom ash with 0.25% nano silica concrete and tobotash with 0.5% nano silica concrete.There is a
significant improvement in the durability of contedecause of high pozzolanic nature of the nditasand

its void filling ability. The RCPT values show ialtle 10.

The columbs value 4000 the Chloride lohigh. In between 2000 — 4000 the Chloride loroderate,1000 —
2000 the Chloride lonlow , In between 100 — 1000 the Chloride lon very low antlO0 negligible.
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The constituents are weighted and the materialxedrby hand mixing. The mixes are compacted utibie
vibration. The water binder ratio (W/B) adopted)i875 concrete and mortar. The specimens are ddewbul
after 24h, cured in water for 7, 14 and 28 daysthed tested for its compressive, tensile and dlitsatest as
per indian standards. There is a significant improent in the strength of concrete because of higlagianic

nature of the nano silica and its void filling dtyil

938-947.

Acid penetration test

W28 DAYS

Fig.6. Acid penetration test

Table 9: Acid penetration test

S.No Type of mix % Acid penetration test
1 Conventional mix 10.34
2 Fully Bottom ash Sand Mix 14.34
3 Fully Bottom ash +0.25% Nano- 10
silica
4 Fully Bottom ash +0.5% Nano siliga 4.78
5 Fully Bottom ash +0.75% Nano 4.12
silica

Bottomash RCPT Value

with 0.75%
nanosilica
12%

Conventional
concrete
19%

Bottom ash
with 50% nano
silica
20%

Bottom ash

with0.25 %

nano silica
24%

Fig.7.Rapid chloride penetration test

Table 10: Rapid chloride penetration test

S.No Type of mix % Chloride lon passing
1 Conventional mix 652.5

2 Fully Bottom ash Sand Mix 831.86

3 Fully Bottom ash +0.25% Nano-silica 795.28

4 Fully Bottom ash +0.5% Nano silica 662.5

5 Fully Bottom ash +0.75% Nano silica 421.86
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V. CONCLUSION

Addition of nano-Silica leads to a significancergese in the characteristic strength and duralafigoncrete.

Replacement of cement with 0.75% of nanosilica gjinere strength than the bottom ash mix and also th
durability has been increased compared to the imogish sand Mix. The self weight of the Nano mikghkter
than the bottom ash sand and the conventional Thig.workability decreases with the addition of N&ilica
compared to the conventional mix and the bottomsasid mix.The penetration level of chlorides aridsaare
less in Nano concrete compared to that of conveatiand fully replacement of bottom ash sand.
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