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Abstract

The growing need for green building material has spurred the use of industrial by-product as a partial replacement
in cement-based construction. This research investigates the mechanical properties and durability characteristics

of paver blocks manufactured by partial replacement of cement with fly ash and partial replacement of fine
aggregate with quarry dust. Fly ash, a coal combustion by-product, and quarry dust, a waste material produced
from the stone crushing process, were chosen because they have pozzolanic and filling characteristics,

respectively. In the current experimental work, cement was replaced with fly ash to the extent of 30 percentages

(30%,), whereas fine aggregates were replaced with quarry dust by 0%, 10%, 20%, 30%, 40%, and 50%. Normal
paver block specimens were cast and subjected to compressive strength test and water absorption after 7, 14, and
28 days of curing. It shows that there are replacement levels optimum at which strength and durability of the paver
blocks are equal to or even superior than those of regular mix designs. The incorporation of fly ash and quarry
dust not only improves performance at certain levels of substitution but also aids the encouragement of green and
economically sound construction by reducing industrial waste. This study justifies the sustainability of
environmentally friendly alternatives in pavement material production.

Keyword: Paver Blocks, Cement OPC 53, Fly Ash, Quarry Dust, X-ray Diffiraction (XRD), Scanning Electron
Microscopy (SEM), X-ray fluorescence (XRF).
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INTRODUCTION

With the age of wrbanizstion and
plavs a zigmificant part in shaping green
cities. But there i3 an entirve spectnum of
anviromrnental problams that accompany
thiz growth hand in hand, swch a5 nahiral
resource degradation and industrial waste
concentration Hence, sustainable building
siratezies are at the forefromt of the world,
with  their objective to  reduce
anviromrpental | mmpact alonz wiath
maximizing resgurce performance.

Among different waste materizls, flv ash,
the waste product of buming coal in thermal
power plants, and quarnry dust, which is a
by-product while crushing stones, are now
extramaly  promizing  altematives  as
bilding materialz. They ars usually wasted
as landfill waster or remam idle, but if
utilized 2z 2 part of bullding materizl, they
hava excallent potemtiz]l Their recvcling
not only mitizates the environmentsl
damgers of dumping waste but also saves
nataral rezpurcas that were once spent on
Constraction

Cme of the wzez is I the manofacture of
pavar blocks, which are used estensively in
pavament, drives, and landscapes. Flv ash
and quarry dust az partial substitutes for
cemant and fine apsregate can help make
pavar  block: more sustamable.  The
substifute: can glso enhance some physical
and mechanical properties.

The =i of fthis rmesesrch iz to
exparimentally examine the effect of partial
cemeant replacernent with fhv ash and fine
aEEregates bv  guanmy  dust in the

mamfactura of paver blocks. The study iz
meznt to establish the performance of the
alterative paver block: with respect to
compresaive stremgth, durshility, and other
related propertiss, and thus asses: the
applicability of utilizing such zliemative
materizls in green construction technoloy.

LITERATUEE EEVIEW

S. Yamini Roja, N._Arun Balsji
& N. Ashwin Kumar APRIL{2017)

Experimental Investizatton of Behavipar OFf
Paver Blocks With Partial Peplacement of Sand
Uz Chuamry Dzt 40%: of fine aggresate
replaced with quarry duost prowides highest
strempth than nommal concrete and reduces
slightly I strength from 5004

Poonam Sharma & Manoj Sharma
JUNE(201T) Cxamined the Use of Cuarry
Dustin Cament Cancrate Paver Blocks for Bural
Hoads Cxperimental Stwudy on Use af Cuarry
Hoack Dwst as Partial Beplacement of Sand in
Camcrete’ Compressies stramgth of cubes with
2B daye curing of controlled specimen 00 &
faund to be 2325 Nimml.

Radhikesh P. Nanda , Amiva K. Das &
Moharana N.CAMARCH{2010)

Inwestigation af use of Stone crusher dust as
fine aggregate in Concrete for paving black
Replavement of fime aggregate with crusher
dust is up to 509 by weight has no effect on
reduction af any physical and mechanical
proparties  such a3 compressive  strength,
flevural  strength,  split  tensile  strength
st Thers is sawing of 56% of maney in

replacement af sand with crusher dust.
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Dieepal Kumar Singh & Shri Ram
Chaurasia MAY{2016) Tested Z8-day salid
state campressive quality of all mixes, sacept
BA-50 which has all proportion of fly shag &
faund greater than the targeted mean strength
af mixes, After addition of fly Fery, ratio of
water to cermentitiouws material redooses far all
mimes far the same level of workability. The
provided mixture  desciptions  and  their
canclusians estahblish that the fiy fiery remains
in high extent can be utilized conveniently as
part of a oost-saving  material  further,
hiological means  in paver  hinders
manufacturing for wse in raad construction and
ather related fields of applhicatian.

Nitin  Sharmal, Sanjay  Tiwar
JUNE(2020) Checked the Compressies
strength af fly ash paver blocks, resules indicate
compressive strength fly ash paver blocks &
anhanced with the replacemsent of fly ash with
cemernt in paser blocks mixand on rectification
aparding to 15 15658 recommendation
provides maximum saluee of 20%. Cement mix
provides  compressree strength of  51.52
Himma2 for 7 days curing, 5483 Nfymm2 far 21
days curing, 51.20 Nfmm2 for 2B days curing
when 206 fly ash s added inweight of cement,

it achisves a masimum campressne e, 47,24
Himma.

Reagan J. Case, Kai Duan,
Thuraichamy G Suntharavadivel
OCTOBER(2012) An imvestization of the
systematic expermental stody of the nfluence
of fly ash 25 a partial cement replacement bas
been undertaken

The test results indicate that the guality of fiy
2sh comtaining concrete moreazes aft 2 faster rate
with age compared fo their free fly ash
courterparts, and there is an optimal fiy ash
replacement ratio at which the maamum
compressive strength of fly ash confaiming
concrebs can be obtained. Specifically, the final

strempth of 28-day and older specimens I3
greater than that of fiy ash free concrete, and
thiz can be attributed to an understanding of the
combmed effect of the fly ash-agzregate and
cement-aggrepate mterfaces and the variable
strenpth of cement and fly ash

METHODOLOGY

Literature Survey

Colleetion of materials

k.4
Mix design

*

Casting and curing

x .
Testing the specimens

L J
Hesult and discussion

L
Conclusion

Salaction of cement grade will
depends upon the oversll requirernents of
the comcrete such ax stremgth, durability
etc., in thizs experimental study OPC
(Ordinzary Paortland Cement) 53 grade is
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wed confonming to IS 12269 (1987). For
53grade cement the strength is not lezs than
33 mmI. Some phyuical properties of
OPC are given balow:

Table 1: Test on Cement

5. No Froperties Valoey
1 | Spedific gravity 215 Coarse aggrepate are the materizls
2 | Standard comsistency [ 32% retamed on 4.75 mm sisva and the hraken
3 | Fmemessofcement | 25% stome iz gemerally used. According o IS
4 Initial setting time 35min 3831970 mexirmm 20 mm coarse
5 | Final setting time 510 min ageregate i=  suitahle for concrete. The

natara of work decides the maximam size
B. FINE AGGREEGATE of coarze azsremata,

Tahbla 3: Test on Coarse Agsragats

5 No Fropertiex Value:
1 Specific gravity 273
2 Water ahzorption 2.40

D. QUAEREY DUST

Fine azgrezate are the materials
pazzing twough IS sieve that is lesz than
475 num zieve. Usually nanural sand iz used
az 3 fine aggregate due to scarcity crushed

stome is used in thiz project.
Tabla 2: Test on Fine azgrezate
5. No Froperties Valoex
1 Specific gravity .85 Cruarry dust are the materizl used

T | Fmenes: Modul= 78 2% partial replacement of e Semessis

3 Water abzorption 0.58% The Quarry dust is 2 waste material which
retain on earth as wasts, by partially
replacing it with fine ageregate at
percentaze of (%, 10%, 20%, 30%, 40%,
5084

C. COARSE AGGEEGATE

DOI: 10.9790/1684-2203015361 www.iosrjournals.org 56 | Page



Experimental Study Of Paver Block Using Partial Replacement Of Fly Ash And Quarry Dust.

Tahla 4: Test an Jruarry Dhast E. FLY A:sH
5 Mo Properties Vahees
1 Specific gravity 254

F/ Finenaz= hlodulus 4. 13%

Fly ash iz 2 fine powdery materizl thatis a
byproduct of mminz pobverized cozl in
thermal power plants. Fly ash primarily
conzists of silica, slwming and iron, and
possesses pozzolamic proparties, mesning it
can react with calcium hypdroxide in the
prasance of water to form compomds with
cernentitions properties, that cement was
partizlly replaced with v ash at 30%.

_ Table 5: Test on Fly Ach
Sample | Formula Element Omide | MAlass

1D if:hiit] content 04 S Mo Properties Values
5102 Silicon 0000 | 23.371 1 Spacihic zravity 740
ALMOA Ahmoiminm | 16400 | 5480 3 Finenes: moculs e
Fel(hd Irom 14.000 | 9792
Cal Calcium 10,100 | 7218

A=0 hlzmesiom | 5430 3274
TiO?2 Titzafumm 2570 1.540
K20 Potazziom 0443 03549
FIOS Phosphorns | 0293 0.150
503 Sulfur 0254 0094
Quarry | MnO hlangameze | 0203 0.159
dust

VI05 | Venadium | 0.128 | 0002
Cul Copper 0020 | 0023
Sro Soomtum | 0.026 | 0.002
Zr02 | Zocommm | 0020 | 0005

N0 Tickel 0.014 | 0011
Cri03 | Chromizm | 0.011 | 0.008
Zn0 Tine 0.010 | 0.008
Bas Barum | 0.008 | 0.007
Omygen — | 45.207
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Sample | Formula | Element Omide | Alass srensth are deterrnined asz per I3 102482-
1D name content a 2009, hhix design was desizned 1o
5102 Silicon 58400 | 27297 40l compressive strength at 23 days
AI?03 | Algwinim | 31.000 [ 16.404 using water cement ratio 0.35.
Fel3 TIron 4440 | 53.11% )
Tio1 T 1610 | 0.563 A MIX DESIGN OF CONCRETE
B30 | Powssiom | 13530 | 1270 GRADE
CaD Calcium 1490 | 1.065 ] .
M0 | Megnesum | 0532 | 0321 Table 6: Mix propartion
P105 | Phasphoru: D‘-'E':l 0232 Cement Fine Coarse | Fly | Water
203 Sulfir 0251 | 0101 te te | Ash
Fly V105 | Vaadmm | 0.086 ) 0.037 1 339 T70 043 038
Ash
MnQ | Mangemess | 0.053 | 0.041 Tahle 7: Feplacement of Fine azaregate
Zr? Fircgnnma | 0.053 | 0024 with Quarry dust
Cr203 | Chromiom | 0030 | 0020
S o 0016 | oold Mix | Water | Cement | Fly | Sand | Quarry | Coarze
Wi Thckel | 0013 | 0011 et ;;; 7= (‘11{“.:; E_ll_
Zn0 Zmc 0.012 | C.00% D[ 076 | 2 08|42 © [ T
BaO | EBamm | 0011 | 0.010 0| 006 | 23 |088| 43 | 047 | 738
Cod Coppsr 0010 | Q008 I0 | 0.76 il 086 | 382 | 083 738
FhiD Lead 0005 | 0005 0 | 074 2 0E5 [ 534 1.43 T.38
Ce2 Carim 0.005 | 0.005 40 | 074 2 085 | 286 119 T3E
Lal03 | Lanthemwm | 0002 | 0001 50 | 0.74 2 085 | 238 138 T.5E
Oy - 42041
e E. PREPARATION OF MOULD SIZE
F. WATER
# Block size — 223mm x 112.5mm =
. ) . ) . Bilmma
Water 1z an important meredient of .
ComcTele, as it actively participates in
chernical reaction with cement. The
quantity and guality of water is required to
be looked very carefully. In the present 3 G
smy tap water s usad. 5-“"{; h
C. CURING OF CONCRETE
EXPERIMENTAL INVESTIGATION
In this resszrch work, the concrete
srength and replaced comorete strensth
grade M40 grade of comcrete was fmand.
The properties of conoete materials and
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Curing of concrete is a method by
which the comcrete iz protected zzainst loss
of roisturs raguired for hydration and kept
at recummended temperstore. It wall
increase the stensth and decresse the
permeaahility of hardensd concrete. It helps
to improve the chrability of concrete by
reducing the cracks. Cubez are cured for
and tested 2t 7, 14 and 28 dayz. The results
from the compreszive strensth are used to
determine the stremeth of concreta,

TEST RESULTS
A TEST ON FEESH CONCEETE

The concrete shomp test measures
the conzistency of fresh concrete bafore it
zety. Workability of fresh concrete is knowm
by slump come test as per 1199-1230 iz
followed.

Tahla 3: Workability of concrete mixtura

Alix Idenfify Slump value (mm)
(a)
0% QD 84
10%45 QD 70
2054 QD as
30% QD 56
0% QD 44
0% QD 31

*TWhere, QD — Quarry dust

B. TEST ON HARDENED
CONCEETE

Hardened concrete helps to investigate the
fimdamental physical behaviour of concrete

such as elastic properties amd strength
CharacteTiziics.

1. Compressive strength: Compression
sirenzth is the capacity of 2 materizl or
simuchoe to withstand loads tending to
reduce size. Teat is done according to code
specification IS 516:22509. To detenrmine the
compressive strensth, paver blocks mould
of size 205mm x 112 5mm x S0mum were
casted. | paver blocks were prepared and
tested at 7, 14 and IE dayz of curing in
water under lzhoratory temperanme. The
comprezaive strength iz caloulated nsme the
formuala,

Compressive sirength (N'mm’)=P/A
Wheate,

D — Ultimate Load (1)

A —Loaded area (mm™)

Table 0: Compressive strength test rezalts
(/)
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Mhix | Comprezsive | Compresive | Compressive
pro | stremgthin 7| stremgth in sirength in
port days 14 days 18 days
ion | (N'mm®) (N’ ('mans®)
(I 264 317 302
10%% 281 6.5 42.6
0% 30.2 358 449
30% 315 40.7 44.3
40% 0.8 351 4315
0% 6.7 5 40.1

From the test result, it can be sesn that
optinmun percemtags attained 2t 3090 of
replacement namg quarry dust. Finally, the
compressive  swength  incresses with
incregse in it duration The mendmmm
perceniaze of incraase in swength i found
to be 463 MNmm® at 30% replacemsnt of
fine azzregate by Quamry dust while
comparing to 39.2 M/mem® for a nonmal mix.

3
1]
1k AL 11X qIr

Flie projgsorison

Compressive sirength
M mmy |

W Tday w4 days 28 daws

1. Water abzorption text:

It iz observed fromn the fest resoltz that
Water sbeorption reduces  with  the
sbstinrton of sand with goary dust up to
30% becauzs of improved packing and
fewer woids. With higher quarmmy  dust
content (£0-30%%), water absorption again
zlightly imcreaszes becanss of excesz fines
leading to incressed surfacs ares and space
for micro-vodds.

Water Absorption (%8) = (W — W)/
Wex 100

TWhare,

Wy — Wat weizght

Wh, — Dy weight

Tahle 10: Water absorpiion test resulis

Mix proportion 4 of water
Abzprption

0% 6.2

1025 39

0% 5.8

30 53

4054 34

5004 5.9

From the test resulis, it can be ssen that
Watar abzorpiion decreases as quamy dust
replaces zand up to 30%. due to better
packing snd reduced woids. At higher
guarry dost levels  (40-50%), water
abzorpiion slightly increases again due to
epceas fines leading to more muoface ared
and potential for micro-vodds.

1 21 1% Bl

Flix projprt o

CONCLUSION

The pxperimental  smdy clearly
demonstrates that fly ash and quarry dust
can be effsctively wutlized 2= partsl
replacements in the mannfachuring of paver
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blocks. The mclusion of fly ash maproved
the workability amd  environments]
sustamability, while quarnry dust enhanced
the mechanics] strength dwe to itz fine
particle natars and good binding propertias,
The optimwn replacement level: were
observed to be 3074, bevond which the
compreszive strength began to decline
slightly. The developad paver block: not
onlv meet the required sirensth criteria as
per relevant standards but 2lso promots the
sstamzble use  of indesoial  oand
consfruction waste materizls. Thms, this
sady supports  the  feasthility of
incorparating fly ash and guoemy duost in
paver bhlock production offering both
ecanomic and ecological advantages for the
construction industry.
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