&,&J L 3{3

iz IJSREM
*gﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 07 Issue: 06 | June - 2023 SJIF Rating: 8.176 ISSN: 2582-3930

AN EXPERIMENTAL INVESTIGATION ON EFFECT OF CONCRETE INCORPORATING EGG
SHELL POWDER AS CEMENT ALONG WITH E-WASTE AS COARSE AGGREGATE
REPLACEMENT

ARAVEETI JAGADEESWAR REDDY?, SHAIK ABDUL KAREEM M.TECH ?

PG Student, Dept. of Civil (structural engineering and Construction Management), Golden Valley Integrated Campus,
Madanapalli, Chittoor, Andhra Pradesh, India.

2Assistant professor, Dept. of civil engineering, Golden Valley Integrated Campus, Madanapalli, Chittoor, Andhra Pradesh

ABSTRACT

The imagination of a world without concrete is
impossible. It is a soul of infrastructures. Concrete
iS necessary to gain strength in structures.
Conventional concrete, which is the mixture of
cement, fine aggregate, coarse aggregate and water,
needs curing to achieve strength. Concrete is a
counterfeit material in which the totals both fine
and coarse are reinforced together by the bond
when blended with water. The solid has turned out
to be so prominent and essential in view of its
natural, concrete acquired an upheaval uses of
cement. Concrete has boundless open doors for
creative applications, plan and development
methods. Its extraordinary adaptability and relative
economy in filling extensive variety of necessities
has made it is exceptionally focused building
material.

This project focuses on concrete, keeping
importance to this, an attempt has been made to
develop strength in concrete incorporating
recycling waste. As part of the project cement
partially replaced with egg shall powder and
e- waste as coarse aggregate Comparative studies
were carried out for compressive strength, tensile
strength and flexural test for conventional and
material concrete mixture introducing new
recycling materials

I. INTRODUCTION

In India, the manufacturing of Portland
cement was commenced around the year 1912. The
beginning was not very promising and growth of
cement industry was very slow. At the time of
independence in 1947, the installed capacity of
cement plants in India was approximately 4.5
million tons and actual production around 3.2
million tons per year. The large construction
activity undertaken during the various 5 years plans
mainly during the necessitated the growth of
cement industry. However, the five year plans
envisaged for Multi-purpose projects and also for
rapid industrial growth remained stinted due to the
complete control exercised by the Government over
the cement industry. As the infra-structure sector

© 2023, [JSREM | www.ijsrem.com

was developing during 1980s prompted the various
industrial organizations were interested for setup
new cement plants in the country. The full
liberalization on cement industry in 1988 further
provided rapid expansion for the growth.

Concrete is the most commonly used
construction material; its usage by the communities
across the globe is second only to water.
Customarily, concrete is produced by using the
Ordinary Portland Cement (OPC) as the binder.
The usage of OPC is on the increase to meet
infrastructure  developments. The world-wide
demand for OPC would increase further in the
future. It is well-known that cement production
depletes significant amount of natural resources
and releases large volumes of carbon-dioxide.
Cement production is also highly energy-intensive,
after steel and aluminium. On the other hand, coal
burning power generation plants produce huge
quantities of egg shell powder e-wasteand some of
the materials which are byproducts. In order to
address the issues mentioned above, it is essential
that other forms of binders must be developed to
make concrete.

OBJECTIVES

The most important objectives of this
study are 50% with 10% fixed proportion along
with as cement replacement of 0, 2, 4 6, 8%
respectively of M20 & M30 grade of concrete

1) To study the relative strength development with
age of concrete with control concrete.

2) To study the comparative strength development
with age of (Nano silica) concrete, with control
concrete along with coarse aggregate replacement
with E-WASTE.

4) Use of industrialized waste in a positive way.

5) To conduct compression test on E-WASTE with
ordinary concrete on standard IS specimen size

6) To protect the environment by utilizing waste
properly

8) Increment in strength with very less cost of
materials
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EXPERIMENTAL PROGRAM
This investigation focuses on the following pattern

of work

e partial replacement of cement and E-
WASTE as coarse aggregate replacement.
e In the present experimental investigation,
the cement is partially replaced by 0, 2, 4

2% for enhancing mechanical properties of
cement, yet Al203 nano particles diminished
rate water ingestion of cement. XRD
investigation of the example demonstrated that
there is more quick development of hydrated
item.

I11. MATERIALS AND METHODOLOGY

6, 8% respectively of M20 & M30 grade Materials:
of concrete
e Curing was done at the ages of 7,28 and » Cement
56 days were tested i.e. compression, split » Fine aggregate (sand)
tensile strength and flexural strength along > Coarse aggregate
with durability test. » Water
> Egg shell powder
Il. LITERATURE REVIEW » E-WASTE

AlirzaNajiGivi et.al. examined the size impact
of nanosilica particles. They supplanted bond
with nanosilica of size 15nm and 80nm with O-

In the present study from the above mix design we
have choosen the following cases for casting

5, 1, 1.5 and 2% b.w.c. An expansion in the M 20 Grade
_conjpre_ssive qua“ty was seen with _1'5% bWC Mix | Egg Shell | e-waste T Cememt | Fime Coarse | Water
indicating most extreme compressive quality. Powdert (Ke/m') | agaregate | agaregate | Qitim’)
An examination between molecule measure of cement e/ | Gelm)
. cC 0% 0%% L] 360 584 12238 18042
demonstrated that for 80nm particles the most Tows (1223 %0 ) Totar [ 1042
extreme quality was more than for 15nm T0% | 14476| 360 588 | smod | 18042
particles, additionally an extensive change in e S N
flexural and split rigidity of Nano SiO2 mixed T B e TR Ry}
cement was watched. T | 4% | 0% | 0 360 54 122338 15042
1 10%% | 111.38 360 584 1101.42 18042
. . . 20% | 244.76 360 584 97504 18042
Sadrmotazi et.al., in another paper, have studied 0% | 36504 560 o Tees | 1908
the effect of PP fiber along with nano SiO2 % [495] 380 ) THE | I
particles. The nanosilica was replaced up to 7% e e B R
which improved the compressive strength of 2 To% [ 12238 360 T ToLez | Im0a2
cement mortar by 6.49%. PP fiber amounts 0% 24476 380 584 57508 | 1804
beyond 0.3% reduces the compressive strength il i I O i Wi
. . 40% | 489.52 360 584 734238 180.42
but beyond 0.3% dose of PP fiber increases the 0% | 6119 | 380 558 fTo0 | 18042
flexural strength, showing the effectiveness of
nano SiO2 particles. Also up to 0.5% PP fibers
in mortar water absorption decreases which M 30 grade

Indlcates pore reflnement Mix e-waste Cement Fine Coarze Water
(Kg/m®) | agaregate | aggregate | (litm’)

Ali Nazari etal. considered the consolidated Kem) | Ke)
. . . CC | 0% L] 394 732 1139 197
impact _of Nano SiO2 partlcles_qnd GGBFS_ on T e — o =
properties of cement. They utilized nanosilica T B A Ry = ST =
with 3% b.w.c. substitution and 45% b.w.c. 30% | 3307 07 3 973 T
GGBFS, which demonstrates enhanced split 0% | 4556 394 BEN) g3 4 15
elasticity. A change in the pore structure of 0% | 569.5 | 394 BER) 3695 15
SCC with silica particles was watched. Aside Mo | 0% | 0 394 32 1139 157
from this hello have examined the impact of L |10% 1238|394 732 1025.1 197
Zn02 nano particles on SCC concrete with 0% 14478 34 732 112 197
steady w/c proportion of 0.4. The outcomes 0% | 367.04) 394 B2 [l all
demonstrated that by expanding the substance 0% | R I I
.. . . £0% | 6119 394 732 369.5 197
of super plasticizer flexural quality declln_es. T T - = - -
Upto 4% b.w.c. of ZnO2 content an expansion . HerEs—— = T rea
in the flexural quality of SCC was recorded. In 0% [ 2aa76 | 591 -7 5113 T
another analysis a similar writer examined 300 [36704| 354 7z 7573 157
impact of AI203 nano particles on the 0% 4052 3% 752 g34 157
properties of cement. The outcomes 0% | 6119 | 354 BER) 5655 15

demonstrated that bond could be traded up to
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VI EXPERIMENTAL INVESTIGATION Compressive strength M20 Grade of Concrete
The following are the strength tests which was Mix | EggShell | E-waste Compressive strength Nmm'
conducted in the project: Powder% | Replacement | 7Days | 14Dayz | 28Day | 56 Days
e Compressive strength test of cement _ _
Split tensile strenath test cC 1% 0% 1078 | 1565 | 2864 | 3214
¢ plittensiie strength tes 10% 1264 | 2021 | 3012 | 3321
e  Flexural strength test 0% 184 | 1212 | 3812 | 3981
30% 1689 | 2433 | 3613 | 4021
V RESULTS W% 1861 | 1687 | 3921 | 4218
Fresh properties concrete 0% 1712 | 2512 | 353 | 9.8
M 20 Grade M- | 4% 0% 1124 | 190z | 2950 | 3321
i ez Shell p— STamp 1 10% 1505 | 2132 | 3202 | 3598
Powder% of {mm) 20% 1508 | 2301 | 3502 | 40.02
cement 30% 1702 | 2521 | 3723 | 4528
cc 0% 0% 63 0% 1912 | 2750 | 4021 | 4364
10% 80 0% 1513 | 2621 | 3635 | 4120
;gz 1913{ M- | 8% 0% 1205 | 2102 | 3012 | 3436
0% 131 2 10% 1485 | 2236 | 3502 | 3498
0% 0 20% 1582 | 2345 | 3502 | 39.2
T 1% % 0 30% 1832 | 2612 | 3650 | 4028
1 10% 84 0% 012 | 2828 | 4021 | 4264
20% 102 0% 1913 | 2524 | 3533 | 4120
30% 119
0% 142
50% 124 Compressive Strength (@ 0% Egg Shell
Mix- 5% 0% 72 Powder
2 10% 36 0
20%, 100 120 FEE “axd _--""--._h_":“
hd 4 s 3:.!:____,--"""_-_
30% 109 | il ——— T em
40% 114 ; 0 34l — T
@ et B
50% 1ogf 5 T 14 w0
- T Toe em lEAs HM 1m0 e
M 30 Grade .
(.9 e P £ i1} o
Pereemtags Roplascment
Mix Feg Shell E WASTE Slump
Pn'n'derhrﬁ of () Fig.: Compre:ive Streaseh 5 LI 085 Epp Shell Prwder
cement
oC % % & Compressive Strength @ 4% Egg Shell
— Powderd
10% 75 » B8
0% 5 20 — -
" |2 ,
30% 4 }' 00 1= wm OB T
40% 124 'E Br— B o T
0l - 2 a2 B
50% 112 Bl om =nm me 22 — e
I\.‘ﬁ.x_— 4% ﬂ% _’2 ‘J; - FET ] P 1703 =12 w13 — P
1 10% 2] o
[ ik i =i by e
0% 103 Dereentape Lisplnsement
0% 112 Fig.— Compresiive Sareasth & M0 4% Epp Shell Powder
0% 128
0% 103 Compressive Sirength (@ 8%Egg Shell
Mlix- 8% 0% T4 - Powder
2 10% 86 Tal
E
20% 58 2 u
0% 108 'E - —T D
E' i s | . My
40% 113 S [
£0% 103 o CO T T e
Parzcaiare Bplaccmom:

Fig= Cemgrazive Srrsmadh 5 LIT0 463 Fpp Shell Pewder
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Compressive strength M30 Grade of Concrete Split Tensile Strength M20 Grade of Concrete
Mix | Egg Shell Powder% of E- waste Compressive strength Nimm® Mix | Egg Shell E- waszte Split Tenzile Strength N/mm®
cement Replacement | 7 Dayz | 14 Dayz | 28Dayz | 56 Dayz Y
e % % 5 T e | 57er | 5603 Powder% | Replacement | 7Dayz | 14 Days | 28Dayz | 56 Days
10% 407 | 2365 | 400z | 4012 of cement
0% 507 | 2512 | 4235 | 3881 C i 0 3 T T 13
30% Ts12 | 2864 | 4312 | %041
0% 20.12 3012 | 4801 | 4218 10% 2.02 128 124 42
0% 1985 | 2986 | 4302 | 39.84 0% 110 136 377 ¥
M 1% 0% 1282 | 2178 | 3398 | 4001 _ _ _
1 10% 13.24 2475 | 4128 | 4220 W% 20 164 i 43
0% T706 | 2645 | 4324 | G408 10% 175 173 395 45
30% 1985 | 2796 | 4674 | %88
0% T334 | 3128 | 3002 | 3218 5% 108 161 382 403
50% 20.13 3001 | 4802 | 4934 M- 4% 0% 13 202 18 i3
Wi 5% % 1507 | 2208 | 3981 | 4101 1 T 33 73 73 T
2 0% T624 | 2305 | 4212 | 4.2
0% 1796 | 2709 | 4308 | 4518 0% 23 32 6 42
30% 2085 | 2856 | 4574 | 2618 0% 13 3 e I3
W% T4 | 428 | 4502 | 3019 — i _ —_
0% 1015 001 | 4702 | 4824 40% 312 358 431 483
50% 3.62 331 402 463
Compressive Strength (@ 0% Egg Shell Mix- 8% 0% 13 2.0 152 13
Powd -
omeer 2 0% 16 | 301 | 321 | 3%
0 —_— 0% 188 3l id i6
e . @n TiE
Boo L mil e T 304 5 551 168 188
§ w0 —— 512 f— 110
E o | met o — D 40% 38 401 | 481 | 501
‘E o Bus  0r  JuEe 5 Dy
B oo | W5 3 = —_— — D 0% 360 35 426 46
- ool M — ! - - — D
[ -
3 wWe K P i, s _ .
Prccatags: Roplaocmeal Split Tensile Strength @ 0% Egg Shell
Powder
Pig- Comgpressive Sircagih @ M30 0% Fgg Shell Puwder
5 IF] T L=
Compressive Strength @ 4% Egg Shell 4 e Tl
Powder ’5-3 Y
- 2.82 e 2.8
O : ? 2378 . — Days
=0 — PRIl Y- g:j e | 4 Dt
= - e — i
Ejg o —l)——-'-— sm %-__5 s
r B0 gy T = —thas w — 3 Digs
E : | 2 3 es O sam ::C 05
R e —— — e L o
= ﬁ damr TS * . T b1 o J0% bl £ % S0
o Perceniape Replacemsent
[ w0 F Eip S o Ei:
Dereontapy Bepluzerment
Split Tensile Strength @ 4% Egg Shell
, Powder
Compressive Strength @ 3% Egg Shell
Powder .
jE =R o 5 5 a= 455
A4 = 4.2 S
= sy i :f_‘-..-"--.._____ E..: 389 ﬁﬁﬁ
p 0 il | _-____--'-.-_ s I.E -._.__.H' 13 - ;
; - i [T 101 - S 257 'n T ﬁ ‘ e ! Dty s
s 00 iz . 55 Tt g /..r-—""_ — 1 Dty
R e Ty BTy 52 %M W
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n = o
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Split Tensile Strength (@ 0% Egg Shell
Split Tensile Strength @ $%FEgg Shell Powder
Powder -
a 40 — @ ____!_‘1“
g ﬁ 1 : 4511 430
G A T e
I; - e 3012 1986 M Ty
. oo mE - e
i 0 11-_ O 1 = - —T Tl
Eﬂ ! [ 108 0% it TS £
E 3 ST Perecntage Replaccment
53 ; — 14 D Fig- Sglic Temsile Stremprh @ M30 0% Egz Shell Pawder
E} £ 28Days
" =3t L Split Tensile Strength (@ 4% Egg Shell
) Powder
] . . . .
i3 W M 3% WM IR jﬁ T
Prroentage Replacement £ jﬁ T _______"_‘_“l.______.-";-.____
E B g p— - —— —n
. . B Y Bl
Split Tensile Strength M30 Grade of Concrete e —— :;E;‘;;;__’_“___’_““f — D
Mix | Egg Shell Powderof | E-waste Split Tencil Stregth Nmnt ol — T
cement Replacement | 7TDayz | 14 Days | 28Dayz | 56 Dayz o n.,.i n.p::...g R
cc 1% 0% 11 j18 57 42 Fig.: Split Tenside Strempth @ M30 £% Egz Shell Powder
10% 160 | 118 | 386 | 445
m% 259 3:;7 4{” 465 Split Tensile Stl'\ellgﬂl @ 8% Egg Shell
Powder
0% 35 0 1% | 45 | 48 A =
Tr - & 1 Prers e ———
W% | 35 | 4 | 488 | a0 E:z R — :
43 - . 4701 — N
5% TR ol T “ .
E @ _ . L6 3 2901 — i
Mix- % 0% 1] LI I A Y, Fa 1;:,._ e _:Inn:.
. H
] 10% 17 13 400 | 48 I e ———
0% 190 | 18 | 4n )il Fersemage Baplment
T TRRTEET T Fig.: Splic Temsile Strempth 8 M50 5% Egz Shell Pawder
40% 335 | 43 | 4: | 5w =T
% | 3% | 38 | Al Flexural StrengthM20 Grade of Concrete
M]IJ:- s% U% 21 318 3? 42 Mix | Egg Shell E- waszte Flexural Strength N/mm®
. T ) 0 5 0 Powder% | Replacement | TDayz | 14 Dayz | 28Dayz | 56 Day=
- Lk - = = of cement
3% 3R | 10 | 46) | 5% cC 0% 0% 72 2.43 298 | 232
Wh | 36 | 4B | 4% | 5 - e Wt e
0% 39 4R | ) e 30% 183 365 386 | 456
W% | 3@ | 40 | 4| 4l 0% gl it Ml
0% 301 343 398 | 445
Mix 1% %% 71 743 798 | 332
1 10% 2.38 79 318 12
0% 2.43 3.23 368 | 468
0% 202 3.68 392 | 499
0% 3.23 3.08 335 | 5.5
0% 3.01 332 301 | 488
Mix 8% 0% 72 2.43 298 | 232
2 10% ] 2 59 12
0% 2.8 34z 0z | 50z
0% 301 354 13 54T
0% 3.8 358 i52 | 568
50% 301 332 152 | 552
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Flexural Strength @ 0% Egg Shell Powder Flexural $trength @ 0% Egg Shell Powder
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Fig.: Flexural Strenpeh@ M30 0% Ezs Shell Powder

Flexural Strength (@ 4% Egg Shell Powderd

‘: o am Flexural Strength (@ 4% Egg Shell Powder
" 4:-:.____.-'_
f,] 3= _— 42 5
E. - . 168 wn . [ s 52
— - — i 5. e —
T 298 - . ELTY 2 _— .g n 4.3_-____.-—"‘_-
g ; = — —_—r £ . €4 53  om
‘ '--__—_—-— agp 325 A0 7D —: 409 = —6 D
e - e 8 51 S0 i T
: 4 L — 3 = I
i Hi e 0% 0% iy 3 FT Y 130 13 353 368 EL:] — T
Fereenizge Replacemest
]
Fip.: Flexural Scremprhis M20 4% Ezz Shell Powder ] e F B s Si%
Tereentzge Rephicerncsi
Fig.: Flemural Serenpehi@ X530 434 Ezz Shall Fowder
Flexural Strength (@ 8%Egg Shell
Pu“q?; s e Flexural Strength@ 3% Egg Shell Powder
& A1) 3 = rag
E N (13
-E & 4 \ !Ij 3 = - ; g‘x SO add i“-..-..-d--—--‘
z oz —i £ o - S8 533
= — Dty F TEG —D
L L4 I B e e 5B 4 g
i By g o — D
a 5 Dy B N 157 15k 308 412 308 — i
L < 1L £ 1 0% S04
Perocataze Biplacemem .
[r. 0% i Y £ 20%
Fig.: Flerural Screngthi@ M20 4% Ezz Shell Powder Fercentags Rrpliccmes:
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Flexural StrengthM30 Grade of Concrete
Mix | Egg Shell Powder% of E- waste Flexural StrengthN/mm® VI CONCLUSIONS
cement Replacement | 7Day: | 14 Dayz | 28Dayz | 56 Day: i L i . . i
cc % % 500 | 35 | 3B | 48 The aim of this investigation was the utilization of
0% 38 | £ | &% | 5% e waste collected from industries in concrete as
% 3% | &% | 4% | 39 coarse aggregate and the strength characteristics of
0% 346 | 486 | 4% | 648 tile waste as replacement of coarse aggregate in
0% 33 | 498 | 301 | 68 concrete by adding 4% and 8% Egg Shell Powder
s G R Ml M of weight of the cement. The agent Egg Shell
Mz o R Il I Ml Powder is added to improve the bonding between
! Wh | B | e | e | e cement and e-waste in concrete to get increase in
0% 336 462 48 385 .
— _ concrete strength. The following are the
% 35 493 in 6.69 | - btained
40% 368 iz 538 6.53 conclusions o R
< TR Ry e Replacement of coarse aggregate with e- waste has
T T T T R TR much effect on the yvorkablllty of concrete. .
2 T R O T T 1. Compressive strength of concrete mixes
% 768 | &2 | &B | 58 up to 40% replacement of e- waste is
% W | 43 || 62 greater than conventional concrete mix.
0% i | 335 | 38 | 68 2. For 7, 14, 28 and 56 days of curing,
5% R compressive strength of 40% replacement
of e- waste is greater than conventional
concrete.

3. Adding 4% Egg Shell Powder of weight of
the cement by various percentage e-
wastes as replacement of coarse aggregate
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increases the compressive strength of it up
to 40% compared to the normal concrete.

4. Split Tensile strength of concrete mixes up
to 40% replacement of e- waste is greater
than conventional concrete mix.

5. For 7, 14, 28 and 56 days of curing, Split
Tensile strength of 40% replacement of e-
waste is greater than conventional
concrete.

6. Adding 4% Egg Shell Powder of weight of
the cement by various percentage e-
wastes as replacement of coarse aggregate
increases the Split Tensile strength of it up
to 40% compared to the normal concrete.

7. Flexural strength of concrete mixes up to
40% replacement of e- waste is greater
than conventional concrete mix.

8. For 7, 14, 28 and 56 days of curing,
Flexural strength of 40% replacement of
e- waste is greater than conventional
concrete.

9. Adding 4% Egg Shell Powder of weight of
the cement by various percentage e-
wastes as replacement of coarse aggregate
increases the Flexural strength of it up to
40% compared to the normal concrete.

10. Optimum results upto E- waste 40%
replacement of coarse aggregate along
with 4% Egg Shell Powder
recommendable.

FUTURE SCOPE

Further testing and experiment can be done on E-
WASTE concrete, as it is highly recommended to
indicate strength characteristics of this type of
material for application in normal or low rise
structural concrete. Some recommendations made
for further studies:

1) Experiment can be done by varying
water/cement ratio, to know the varying strength
parameters while addition of sodium silicate, in
order to get better grip on workability.

2) More investigations and research can be done on
the strength characteristics of E-WASTE powder as
cementitous material which is also a pozzolanic
material.

3) Non-destructive testing like Rapid Chloride
Penetration Test (RCPT) can be done to support its
suitability for structural concrete.

4) Use of waste can sustain environment and eco-
system the whole; therefore, there is an active
research on E-WASTE.
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