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From the Principal

It is a great pleasure to see the creative expressions of students who had
contributed to Sandarbh. Civil Engineering Department has grown
abundantly in the recent past. It continues to sustain its growth. People
reading this magazine will realize the tremendous changes that are
happening in the Department. The magazine is presenting a glimpse of the
growth of the Department on many fronts. The Department has been simply
unstoppable in its progress as it has been actively involved in various
activities that have brought to light the hidden talents of the students and
staff. The highly qualified and dedicated members of staff have always stood
shoulder with the management and have carried out their duties with a level
of commitment. This magazine has recorded achievements such as:
conferences attended by staff members and students, competitions won by
the hugely talented students, innovative projects carried out by students with
the guidance of staff, among others. They stand as a witness to the
monumental efforts taken by the management to make the college a centre
of excellence in education and research.

[ wish the management, staff and students of the college success in their
future endeavors.

Dr. Archana Keerti Chowdhary Principal



From the HOD

It has given enormous gratification to coordinate the editorial team of
—SANDARBH , our Civil Engineering Department magazine in all aspects,
covering academic activities, technical events of the students in contributing
articles to the magazine.

This magazine would not have been concluded without the constant support of
our principal who stood as a pillar of strength and support at all times. We would
genuinely place thanks to our editorial team whose dedication and diligent
towards completion of magazine was always part of the process. We would like
to congratulate and express our hearty thanks and gratitude to our head of the
department in believing the quality policy of educate enrich and excel in
imparting professional education. This magazine is reflecting of our department
quality in terms of all round excellence.

Last but not the least we want to express earnest gratitude to all the faculty
members who gave constant support and guidance to enlighten young minds of
the people through this magazine.

Dr. Amit Sharma
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Existing Laboratories ¢

Major Softwares

Engineering Mechanics Lab Available
Strength of Material Lab
Structures Lab

Transportation Lab CIVIL 3D
Geotechnical Engineering Lab PRIMAVERA
Engineering Geology Lab ANSYS
Fluid Mechanics & Machinery SAP 2000

Environmentall-zlaE'rD\gineering Lab GMS 6.5
Materials Testing Lab Abaqus 6.12

Survey Lab LS-DYNA
Instrumentation Lab MIDAS-Gen

Computer Lab
Software Lab
Heavy Structural Lab o

Major Equipments Available
Total Station
UTM & CTM
Pumps & Turbines
Benkingum Beam
Bituminous testing apparatus
Plate Load test apparatus
SCPT
DCPT
CBR
FFT ANALYSER
DATA LOGER
POLARISCOPE



MAJOR EQUIPMENT

Total Station

Pumps and Turbines

Weather Station

&

CBR Test
Apparatus

L
-~

Polariscope

Bituminous Testing
Apparatus

Data Logger




SPATIO-TEMPORAL MAPPING OF KANH RIVER IN INDORE
REGION, MP USING REMOTE SENSING & QGIS

Devaanshi Jagwani', Apurva Kishore Mahashabde®, Arvan Chouhan® , Hemant Singh Chouhan®,
Vikramaditya Gupta®

'Professor Civil Engineering Department. IPS academy. Institute of Engineering and Science. Indore (M. P.) |, India
*B. Tech. Student, Civil Engineering Department, IPS academy, Institute of Engineering and Science., Indore (M. P.) . India

Abstract— India’s water resounces have been declinmg since 1951,
with availahility per persn dropping from 5177 cubie metres o | S00
cubic meires. This puis Imdia on the brink of a waler orsis, falling
below the Warld Bank's 1500 cubic metres theeshold. By 2050, India
may e even gresler scarcily, intemsifving conservatbon and
rejuvenstion effors. The spatio-temporal mapping of the Kanh River,
spanning approximaiely 20 kilometers through Indore. is crocial for
waler resource management and conservation. The propct wses
aldvanced techmologies like remaote densing and QGIS sofiwire o
analyze the river's dynamics and devise strstegies for its ejuvensbon
amd susisinahle mansgement. The projc’s success can serve as a

bloeprind for waler management strslegies nationwide, mitigating the
impemnding water cnsis and ensuring equitihle scoess 0 waler

EsOures,

Keywornds —Water scarcity, Kanh River, Remote sensing, Sustuinable
PR PRI

1 INTRODUCTION

Water The Kanh River, onginating in the Malwa Platean and
flowing through the Indore region of Madhya Pradesh, bears
immense ecological. agricultoral, and communal importance.
It's a wital lifeline, sustaining diverse ecosystems, facilitating
agriculture, and meeting the essentinl water needs of local
commumities. However, its well-being faces daunting challenges
andd environmental degradition.

Cities expanding along its banks alter the natural course of the
river, changing its shape, disrupting the flow, and disturbing
adjecent habitats. In tandem. intensified farming and chemical
usage influence the river’s health, exacerbated by pollution and
environmental damage.

To comprehend the nver's tansformations over ime, this study
hamesses advanced technology—utiliring satellhite imoges and
computer programs. The analysis of images spanning varnous
scasons and years aims o unrovel the impacts of human
activibies on the nver's dynamacs.

Through detailed analysis using computer progmms, we aim (o
depict how human actions have aliered the surmunding land and.
consequently. the niver's evolution. This research surpasses mere
map creation; it seeks a comprehensive understanding of the
nver's changes, mding informed decision-making o safeguund

its imtegrity while balancing boman necessities  and
Water scarcity, a global concern, anses from factors hike
population growth, excessive agncultuml frrigation. and
environmental detenomtion. With lmited freshwater available,

1 waler resource mamagement becomes onucial 1o
sustuin ecological and economic health

Water quality, mcmm;ph}'uml chemical, thermal, and
biological aspects. n'qun':l continual monitoring  and
AssEssmient. genic  activities, notably  industnial,
evalmtion through modern techmigues integmting in-sito
measurements and laboratory analysis of water samples.

Remote sensing technigues, relisnt on spectral signatures,
effectively assess water quality pammeters. while GIS plays o

pivotal rode in monitonng and analyring water quality g]d:nﬂ}'
Satellite data provides extensive covernge, aiding in

understanding evolving nsks  esseonal for  pesounce
Mmanigement.
Geo-informatics technologies like mmote sensing and GLS offer
vital tools for comprehensive waler gquality assessment and
management. These datusets provide a broad view of earth
surfice processes. aiding in understanding stresses on aguatic
CCOSYSIEmS.

Our research aims 1o evaluate the water quality of the Kahn
River n the Indore region, employing remote sensing and GIS.
This endeavor seeks to illuminate its historical and present state,
facilitubing informed stralegies W conserve this ivaluable
natural resource amidst changing landscapes and growing
human influence.

2 MATERIALS & METHODS

Our methodology begins with the acquisition and analysis of
Landsat saiellite images o assess the cument state of the Kanh
River. Using QGIS. we delineate the area of interest and obtain
precise  dimensions of the nver and it sumoundings.
Subsequently, we calculaie the Water Quality Index (WQL)
incorpomating various parameters indicative of water health
Spearman correlation lests are then oyed o evaluaie the
relationships between different varinbles and the overall water
quality. This integrated approach utilizing QGIS and remote
sensing facilitates a comprehensive understanding of the Kanh
River's condition and gusdes the rejuvenation rﬂ‘c:ti\':l}'.b



QOGS s instrumental in water quality analysin due 10 s
multilaceted capabihines:

I. Spatial Analysia: kientifying spatial patierns and
wemds in water quality parametens acrms differem
o ations.

1 Remote Semsing Inegration: Incorporating satellie
imagery -nl.'-.-ml phustorgraphs lnl:nru

1 Daws Visualizaton: Creating maps, graphs, and
chars w effecuvely communicate water quality
[LETT

4. Maodeling Capabilities: Developing  predictive
manbels 1o hiwecast future water quality soenanos

% Geographic lnformation System (GIS) Toolks:
LUtilizing mivamced CHS functionalities for spatial
analysis and data manipulation

6 Open-Source Platform: Providing acoessibility
affordability for researchers and stakeholders.

an quality pammcier  cakoulsor
the process of analyring aml interpreting water

- spearman correlation cocificent
i - square of difference between the ranks
n - no. of ohscrvations

RESULTS

Based on the Spearman comelathon asalysis conducted
sming the provided data, the following conelusions can be
drawen:

Temperature and  Dissolved Oxygen (DO)  The
Spearman corre lation coctlicient (e ) is O D imbicating a
very weak positive comrelation. This suggesia that there
i+ mi signifbcant relatonship between iemperature and
DO levels in the Kanh River.

pH and Dissolved Oxygen (DO The Speasman
cormelation coeflicient (r) b <0059, indicating & modenie
negative correlation. This suggests that higher pH levels
we asocised with lower levels of oxygen,
which may indicale poorer water gquality conditions for
aquatic life.

Conductivity  amd  Dissobved Oxygen (DO} The
Spearman cormelation coefficient (m) is 0,99, imbicating a
moderate positive comelathon. This suggests that higher
conductivity levels are msociated with higher levels of
dissiilved onygen, which may indicale betier
quality condations.

BOD amed Dissalved Oxygen (DO)F The Spearman
comelation coefficient () w 023, indic a weak

:

Nitrate and Disolved Oxygen (DO} The Speasman
correlation coelfickent (m) s 024, indicating 0 weak
itive coerelation, This suggests thal higher nitrate
vebs are ssseciated with higher levels of dissolved
omypen. which may also seem counterintuitive. Again,
thas could be due 1o vanous ecological facws at play.

mhum-T and develop  effective  managoment
straicgics lor improving waler quality in the river,



4. DISCUSSLONS

*  As we can see inthe above shown fgures, in previous
years, the waler guality of (he Kanh River his eshibited

concerning trends, as highlighted by vanous studies,

*  For instunce, dots from 2004-2005 indicated that o
staggering 50% of the nver water was deemed unsultnble lor

drinking, signifying a severe degnidation in water quality,
*  Subsequent mssessments in 2008-2019 showed some

improvement, with the percentage of water categomized as poor
quality decreasing o 30%.

*  However, despile these modest gains, the current study
reveals that the Kanh River contimues o face significan
challenges, with approximately &0% of the water now clussifled
s avermge guality. This persistent decline underscores the
urgency of implementing effective rejuvenation measures,

* By levernging advanced technigues such as QGIS
unalysis and remote sensing, this siudy provides valwible
imsights inlo the evolving dynamics of the nver ecosysbemn,
enabling stukeholders o formulne wrgeted inerventions simed
ot reversing the downwand mjectory of water quality in the
Kanh River.

. This delenomtion in water quality poses grave threats
o both homan bealth apd  the mlmumlLrll eCOEYR e,
jeopurdizing the livelihoods of local communities and the
survival of aguatic life.

«  Umgent rejuvenation efforts are impemtive to mitlgate
the adverse effects of pollution and restore the Konh River to o
healthy mnd sustainable state.

Implementing imterventions  informed by
d\lnﬂ:ﬂl technigues such as QGIS analysis and remisle sensing
cun provide crocial insights into the rot conses of pollutioon,
guiiling effective mjuvenstion stralegles,

*  Revitaliring the Kanh River is not only essentinl (or
sufeguarding the well-being of looul populations and ecosystems
but also holds bmoader regional and natkonal significance in ihe
comtext of water security and enviroamentsl sustainability.



LS CONCLUSIONS

In conclusion, urgent action is imperative o address the
pressing challenges facing the Kanh River and India's broader
water resources. The Kash Rivers decline in waler
underscmnes the criical need for imimediaie amd concened effons
i3 reverse i degradation. By hamewing advanced sechnnlogicos
sich as QOGS and remwte sensing. we can gain cracial inights
inin the dynamics of the Aver system, enahling us o
Tormulate tarpeted and effective rejuvenation siralegics.

Fanhcrmore, revitalining the Kanh River has the potential
serve g o beacon of hope and imspiration (or nstionwide waler
managemen! intatives. As one of Indias conic nvers, s
restoraiion not only holds imnnsc valee Jor the local
communities and consystoms b alio scis 8 precedemt for
susainshle waler rewmice management practices acroms the
country.

However, achieving this ambitious goal reguires
multifacetod that emphaires sustainability u:d
cillaboration, § wadmnable practices, such as
walenhod management aml polluion control measures, s
essential for the long-term health of the Kanh River
ancl erwuning the resilience of India’s water resources as a whaole.
Additionally, fosiering  colldbombion among  governmeni
agencies, local communities, N(s, and other slakeholders
paramount o mobilizing resources, sharing knowledge, and
fmmtering collective action wwands river rejuvenation.

In essence, revilalining the Kanh River s pol jast a local
endeavor but a shared responsibility that demands unwavering
commitment, innovation, and cooperation. By rsing w this
challenge, we can pave the way for & fuhere where clean and
abundant water resources sustainahly suppon the noods of both

jpresent and fumire gemcraticns.
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CONCRETE STRENGTH FEASIBILITY
ANALYSIS USING TREATED WASTEWATER
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Abstrac— The esealaning scarcity of fresh porable warer, make
vwarsens condinen by dimimishing growndwarer levels, wnderseores
the wrgemey for swsiminable svarer managemeni praciices.
Conerveve, the second most consumed material globally, further
inflames ths rsswe, wnlizing vasi guaniities of fresh warer for
varions pracesses sich as aggregare washing, concrere producnion,
and euning. Te address rhis challenge, vtz smdy proposes a
solufien by advocanmg for the unlizamon of mreared wastewarer
Srom effTuenr rearmeny planes [ETP] as a viable alrernanve.

This paper investigares the physieal and chemical mpacts of
treared wasiewwater on M2-grade concrere cubes, focusing on
their hardened propernes and durablig. Tesr enbes ivere
subjecred fo curing perieds of 3, 7, 14, and 28 days, follovwed by
wmeasnrement of compressive srrengrh for borh caregories: eubes
cast fram freared wastewarer and cubes cast from porable water.
Sty show using weated wastesvarer in conerete production
doesn't affeer irs smengeh, reducing freshivarer consumprion.
Additonally, the paper analyzes propernes such as warer
abserprion, resisrance ro elevared remperamres, acid amack, and
salt arfack on the concrere cubes. This research aims fo conmibure
fo sustarmable warer managemeny efforrs.

Keyiwvords: Treated wastewater, potable water, concrefe,

compressive sirength, water absorption.

1. INTRODUCTION

Concrete, an omnipresent building matenial worldwide, has
witnessed extensive utilization due to burgeoning population
growth and rapid development Howewer, this surge in
demand has brought forth substantial -environmental
concemns, notably air and water pollution, and the depletion
of vital resources. Among these 1ssues, the scarcity of potable
water resources stands as a prominent global challenge. This
challenge 15 wunderscored by projections indicating that
mdustrial water consumption will surge to 1500 billion m* by
2030, up from 200 billion m* m 2009, In this context, regions
like India, grappling with water scarcity issues, confront
critical circumstances, exacerbated by delayed monsoons and
overexploitation of groundwater rescurces.

Notably, the construction sector confributes significantly to
water consumption, utilizing approximately one trillion cubic

meters of freshwater annually. Moreover, the manufacturing

of concrete alome requires around 500 L of freshwater per
cubic meter, The industry's broader water requirements span
from aggregate cleansing fo  curing, culminating n
environmental impact. To mitigate this, exploring altemnative
water sources, specifically wastewater, gains impertance.
Given the escalating wastewater peneration due fto rapid
mdustrialization and population growth, the potential for
wastewater integration in concrete production emerges as a
promising avenue. Developing countries like India, with
madequate wastewater treatment mnfrastructure, grapple with
pollution issues due to improper discharge. Consequently,
leveraging wastewater for concrete production presents a dual
advantage—alleviating water scarcity and minmmizing
contamination risks.

However, there exists a research gap in comprehending the
long-term effects of wastewater-derived concrete on factors
such as sulphate resistance, acid attack, water absorption,
chlonide permeability, and carbonation. This review paper
addresses this gap, exploring the wiability of wastewater-
mclusive concrete and its potential to revolutionmize
sustamable comstmaction practices. Through an im-depth
analysis of emisting studies, this paper aims to contmbute
msights inte the durability and compatibility of different
wastewater sources with concrete production, ultimately
siiving for holistic water resource conservation across
diverse sectors. The oceans, comprising the largest single
body of water, encompass 70.8% of the Earth’s surface area
[1, 2] and store 97.6% of the Earth's water resources.
Unfortunately, this huge volume of water 1s saline and 1t 1s
not only just unreadily available for vanous uses, but it also
further affects the quality of the surface and groundwater near
coastal areas through saline water intrusions. This further
reduces the volume of available freshwater around such areas

and also mereases the costs of providing fresh water for day-



to-day routine activities to the people in the vicinity at the
cost of heavy investment in infrastructures and technical
expertise to avoid or minumize the saline water intrusion from
the oceans. Out of the 2.4% available freshwater, 68.7% is
stored in the ice caps and glaciers and 30.1% is stored as
groundwater. This implies that only about 1.2% of the
available freshwater is stored in the soil moisture, ground ice
and permafrost, lakes, atmosphere, swamps, rivers, and
biological water. Just like ocean water, the freshwater stored
in ice caps and glaciers is not also readily available for use
and sven if it were avmlable it 15 not well spatially
distributed as they are only concentrated in the North and
South Poles of the Earth The problem of freshwater
availability is further aggravated by the fact that only 50% of
the groundwater can be easily and economically extracted
(i.e, up to a depth of 800 m only). Deducting the ocean
water, water stored in the ice caps and glaciers, and
groundwater stored in aquifers deeper than 800 m from the
Earth's surface, makes the volume of fresh water available for
domestic use and other usages stand at a meager 0.39% of the
total global water resources.

This meager proportion of freshwater 15 also rapidly getting
depleted due to too much pressure on it due to rapid
mdustrialization,
prolonged drought, and changes in land use cover.

populaton  increase,  wbamization,
Concomitantly, rivers, lakes, ponds, glaciers, and freshwater
bodies are suffering from pollution due to the unregulated
discharge of contamination into them

Water scarcity 15 an ongoing water crisis and it 15 affecting
nearly 1 nullion people each year Several factors have
combined to put excessive pressure on the finite available
freshwater resources. These include mcreasing population,
rapid urbamzation, ndustmalization, etc. The construction
mdustry is the second largest consumer of freshwater just
after agriculture. Concreting alone consumes, annually, over
a trillion cubic meters of freshwater globally. Wastewater
Teuse 15 seen as the main long-termy sirategy for the
conservation of limited freshwater resources.

Ocean stores 97.6% of the Earth's water resources and only
2.4% of fresh water is available of the total water present on

Earth. Out of the 2.4% available freshwater, 68.7% s stored
in the ice caps and glaciers and 30.1% 15 stored as
groundwater. This mmplies that only about 1.2% of the
available freshwater is stored in the soil moisture, lakes,
rivers, and biological water. The freshwater stored in ice caps
and glaciers 15 not also readily available for use and
groundwater up to 800m is economical to use, The volume of
fresh water available for domestic use and other usages
stands at a meager 0.39% of the total global water resources.
This paper reviews the current state of knowledge and
practices ralated to the use of recyclad wastewnter for
concrete production and allied activities.

2, LITERATURE REVIEW

Ghair et al. (2016) researched Domestic Wastewater Reuse
in Concrete Using Bench-Scale Testing and Full-Scale
Implementation. Based on the research study, the Authors
have concluded that by use of PTW and STW for concrete
and mortar production in bench and full scales. The water
quality analysis showed that STW is suitable for concrete and
mortar production according to permissible linits of mixing
water for concrete while PTW 1s not [2].

Jabri et al. (2011) worked on the Effect of using Wastewater
on the Properties of High Strength Concrete. Based on the
research study, the Authors have concluded that the chemical
composition of the wastewater is generally higher than tap
water, but within the standard limits specified in ASTM. The
high concentrations of some substances could raise concerns
about the potential for corrosion and sulphate attack in
remnforced concrete structures [3].

Ahmad et al. (2021) experimented on secondary-treated
wastewater as a concrete component and its wnpact on the
basic strength properties of the material based on the research
study, authors have concluded that the orgamic content
present in secondary-treated wastewater might be playing a
role as a dispersing agent, improving the dispersion of
particles, In addition, this increase could be due to the filling
effect of solid particles, which may have contributed to the
concrete strength increase [5].



Gupta et al. (2022) researched the Effect of Treated
Wastewater on the Propertizs of Concrete, based on the
reszarch study, the Authors concluded that the compressive
strength of a cement cube prepared with treated sewage water
15 6% more than the cement prepared by freshwater while the
tensile sirength of cement prepared by treated sewage water
15 1.63% more than the cement cube prepared by freshwater.

Hegazy et al. (2020) worked on the Effect of using
secondary treated wastewater in the production and curing of
concrete. Based on the research study, the Authors have
concluded that using Treated Waste Water m a concrate
mixture reached the maximmum compressive strength value
faster than the Potable Water concrete, especially m the first
28 days of mixing concrete. The major problem of
wastewater 15 that it includes a huge amount of pollution that
has a huge influence on the properties of water [7].

Mane et al. (2019) experimented on the Use of Sewage
Treated Water m Concrete. Based on the research study, the
Anthors have conchuded that Sewage water 15 used to prepare
concrete cubes under normal conditions, then those cubes
give sahsfactory results of compressive strengthat is
observed that the compressive strength of the cubes made
with treated sewage water is greater than those made with

normal tap water [5].

Nagaraja et al. (2021) researched on Quality Assessment of
concrete utlizing treated wastewater. Based on the ressarch
study, the Authors have concluded that the use of treated
wastewater in concrete does not affect the consistency of the
cement. The compressive strength of concrete made from
treated wastewater is about the same as the compressive
strength of concrete made from freshwater The tap water can
therefore be replaced by treated wastewater, especially mn

places where freshwater 15 scarce [6].
3. OBJECTIVES OF THE 5TUDY:

The objectives of the presemt research study ave as

follows;

a. To detenmine the physical and chemical properties
of raw materials

b. Preparation of concrete samples using potable water
and treated waste water

c. Determination of Stength  and  durabality
characteristics of prepared samples.

d. Companison of results bebtwesn concrete with
potable water and treated waste water.

4. METHODOLOGY

The methodology of the proposed research study is
shown i Fig. 1.

Figurel: Methodology

Accumulatisn of Raw Maierial
(Cempent, Sand, Aggregate, Treated waste wiiler)

=

Determination of Propertics of Raw Materials
{Physical and chemical |

l'npmlu:ﬂ'nmll
NEZW (Standard mis)
= i -

andﬂ”hmllrr
Curing (Days, TDays, L4Days, Dwys)
Sherls Sttt e ot i e

Determination of Stremgth And Durability characteristic of Comcrete

Validation of Research Outeomes

The method for the proposed research are as follows: -

F Accummlation of raw materials: -

= Sample water has been collected from ETP of
Sanchi Doodh Dairy RW3T+8X35, Manglaya Sadak,
Indore, Madhya Pradesh 433771

» Sand, cement, CA., FA., and potable water have
been taken from the IPS Academy campus.

#  Determination of properties of raw materials;

#  Physical properties.



*  Chenmucal properties of potable and sample water are

showm in table 1.

Table 1: Chemical Properties of Water

Froperties

FH
T.5.
TD.5.
Suspended
Solid
CoD
DO
EOD
il and
Greece
Chloride Ion
Alkalmity
Hardness

Potalle
water
79
122
164

18

&7

Untreated
water
g
1652
1417

235

245

70
13

620

632 ppm

Treated
water
1.5
1322

1241

il

20

25

03

435

368

#  Preparation of concrete:
The design has been done for the standard mix of
M-20 grade & then all the raw materials are mixed

mm a propet ratic as per the calenlation with the help
of a miller. Used a vibrating table to make sure there
was no air pocket present inside the casted cube.

The present study utihized standard mux M-20 grade

concrete mix proportions as listed in Table 2.

Table I: Mixed Proportion Ratio

Standard Mix M20 (1:1.5:3)

Particulars
Cement
Water
M-Sand
R-Sand
20mm C.A.

D1y Material Ratio

403
190
303

454
1382

Uit
Kgm?
Kgm?
Kgm?
Kg/m?

Kg/m?

WiC 047 | -

Each constiuent was weighed separately in buckets and
mixed in a miller for approximately ten minutes, following
the I510262 standard. Workability was analyzed by
measurng the slump of the fresh concrete to ensure it meets
design requirements and to investigate the impact of
wastewater replacement.
After 24 howurs, the specimens were demolded, cured m
water, and subsequently tested at room temperature, at the
required age. To determune the unconfined compressive
strength, 15 cubes measuning 150mm x 150mm x 150mm
were cast for each mux and water-to-binder ratio. Three
samples from each mix were tested after 3, 7, and 28 days of
curing.

# Pre-Testing Procedure
After cunng, the following tests were camed out on the
concrete spaclmens:
¥ day, T day, 14% day and 28% day cube compressive
strength test was conducted m accordance with I5:456:2000
using a loading rate of 2.5 kIN/s;
Holding a cube on the 3" day, 7 day, 14% day, and 28% day
of curing for water absorption test oven temperature must
hold at least 100%C of temperature for at least 24 howurs.
strength  and  durabality

characteristics of concrete

To assess the strength and durability of concrete, M-20 grade

concrete cubes were cast using potable water and sample

#  Determimation of

water. For strength determination cubes were tested i the
compressive testing machine (CTM) on the 3rd, 7th, 14th,
and 28th day completion of curing, as per the gmdelines
provided in IS 4536:2000. And for the determination of the
durability of concrete, water absorption, acid attack, salt

attack, and elevated temperanire test were conducted.

5. Experimental Setup:

# To characterize the physical and chemical properties of
the raw materials, representative samples underwent a
senies of tests. Additionally, relevant values from the IS

code were consulted to supplement the gathered



information. Moreover, the treated wastewater from the

Sanchi plant was analyzed for its specific properties.

= For assessing the desirable cutcomes, M-20 grade cubes
were preparad using both ETP water and potable water.
Subsequently, vanous tests were conductad to illustrate
any discrepancies between the two water categories.

# The compressive strength of the cubes was evalunated
using a compression testing machine. This technigue,
well-established in matenals science, allows for the
mvestigation of how matenials respond to compressive
forces. By subjecting samples to pressure using
specialized tools mounted on a universal testing
machme, properties such as sirength and deformation
were determined. The insights gathered from these tests
are erucial for mforming the design and engineering of
diverse structures and products.

# In the water absorption test, cubes were placed mn a dry
oven at 110 degrees Celsius for 24 hours to assess their
water absorption capacify.

#  Subsequently, acid attack with sulfime acid (H2504)
and =zalt aftack with sodivm chloride (NaCl) were
conducted on two sample water cubes and two potable
water cubes, maintaining a curing water pH of 2.6for
acid attack and 10% MNaCl was used for salt attack. This
analysis aimed to evaluate the durability of the concrete
cubes after 22 days.

# Additionally, an elevated temperature test was
performed after 28 days of curing the cubes to further
examine their properties under different environmental
conditions.

6. Outcomes and Results

We researched to find solutions for the scarcity of
drinkable water on our planet. One of cur findings was
the reusability of ETP water for large-scale construetion
projects such as making concrete. To test water
absorption, we took a sample from both categories of
water and dried them mn the oven at 110°C for 24 hours
before performing the test And the result shown in
below table 3 and figure 2.

Table 3: Water Absorption

Water Absorption
Days | Sample water | Potable water
3 | 1.84 | 1.84
1 | 0.936 | 0.936
14 | 1.10 | 1.10

Figure2: Water Absorption chart

Water absorption test

2
‘ “ T |
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3 7 14

Days

W.A. (%)

m Sample water = Potable water

The compressive tests, conducted using a Compression
Testing Machine (CTM]), yielded results mdicating that
the samples treated with wastewater showed comparable
performance to those treated with potable water. This
outcome suggests that the use of treated wastewater does
not significantly compromise the compressive strength of
the concrete compared to potable water treatment. Tlus
findmg holds significant implications for sustainable
water management practices, indicating that freated
wastewater can be a wviable altemative without
compromising the stuctural integrity of concrete
materials, And the result shown in below table 4 and

figure 3.
Table 4: Compressive strength test

Compressive strength M20 Grade (N/mm?)
Days | Sample water | Potable water
3 | 13 | g4
7 | 16.8 | 15.2
14 | 202 | VR




Fipure3: Compressive strength chart
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7. Conclusion

Based on the expenimental results and analysis, the following
conclusions can be drawn regarding the effect of wastewater
usage on the strength of concrete:

The chemical composition of wastewater generally surpasses
that of potable water but remains within the standard limits
specified in I5-10500. While certain substances are present at
higher concentrations, potential concerms regarding corrosion

and sulfate atrack in reinforced concrete structures are noted.

With prolonged curing periods, the compressive strength of
concrete increases, regardless of the percentage of
wastewater used. This suggests that extended curing
enhances the overall strength characteristics of concrete,
rrespective of the source of water. There was no significant
variance observed in the cube compressive strength of
concrete among different mixes after 3 day, 7 day, 14% day
and 28% days of curing This implies that the use of
wastewater does not adversely affect the compressive
sirength of concrete compared to traditional potable water
usage

Concrete mixtures incorporating wastewater replacement
displayed similar water absorption rates to the control
mixture. This indicates that the use of wastewater does not
significantly alter the water absorption properties of concrete,
The study suggests that the utilization of wastewater has a
negligible effect on the strength of concrete.

In summary, while the mmediate compressive sirength and
water absorption properties of concrete are not significantly
affected by the use of wastewater, continued menmitoring and
assessment are necessary to evaluate the long-term durability

and performance of concrete in real-world applications.

8. References

[1] Tobby Michael, A, Philip, T., Moses W, T. O, Joel, W.
M., & Shelagheru Taofeeq, A. (2022). Conerete Production
and Curing with Recycled Wastewater: A Review on the
Current State of Knowledge and Practice.

[2] Ghrair. A. M., & Al-Mashaqbeh, O. (2016). Domestic
wastewater rense n concrate using bench-scale testing and

full-scale implementation. Water, 8(9), 366.

[3] Al-Tabri, K. 5., Al-Saidy, A. H., Taha, B, & Al-Kemyani,
AT (2011). Effect of using wastewater on the properties of
high-strength concrete. Procedia Enginsering, 14, 370-374.

[4] Varshmey, H, Khan, R. A, & Khan, I K (2021).
Sustainable wse of different wastewater In  conerete
construction: A review. Jowrnal of Building Engineering, 41,
102411.

[5] Almad, O, A, & Ayvad, 5. M. (2021). Secondary treated
wastewater as a concrete component and its impact on the
basic strength properties of the matenal Archives of Civil
Engineering, 67(1).

(6] Nagaraja, 5. (2021). Quality Assessment of concrete
utilizing treated wastewater. Turkish Journal of Computer
and Mathematics Education (TURCOMAT), 12(10), 93-101.

[7] Farouk, M. M., & Hegazy, M. H. (2020). Effect of using
secondary treated wastewater in production and curing of
concrete,

[8] Mane, S, Faizal, 5., Prakash, G., Bhandarkar, 5., &
Kumar, V. (2019). Use of sewage-treated water in
concrete, International Journal of Research in Engineering,
Science and Management, 2(6), 210-213.



Case study on Ancient Architecture of India

Yashu Yadav
Manya Madhu
Omanshi Rathore

Intceduction ;-

From ancient South Indian temples o the finest
Mughal runs, Indian architecture is as old as
civilization nsell. The carliest traces of recognizable
balding activity in India can be traced back to the
settlements of the lndus Valley. India is home o a
myriad of temples. Barogue. and  modernistic
structurcs that tell the stones of their era. UNESCO
lists B30 Woaorld Hentage Sites. 26 of which are on
Indian soil.

The scope of ancieni architecture in India is vast
reflecung the subcontinent’s vaned geography and
cultural multplicity. It's an amalgamation of
structural design and symbolic elements where every
edifice is a canctum of acsthetic splendour and divine
presence. The engineering technigues employed were
revolutionary, involving advanced concepls of
mathematics and wown planning.

The carlicst Indian buildings were made of wood and
then brick. Few examples of such ancient structures,
especially those of wood, have sarvived the severity
of the [Indian climate. By about the 6
centary BC, stone architecture was being oreated on
the subcontinent. Indian architects soon became
highly skilled in the carving and construction of stone
buildings. By the Tih century AL, the use of stone had
become popalar jor important buildings of great size,
Numeroas stone temples from the medieval period
still stand in India,

The architecture of India thus is a confleence of an,
science and spinituality. Each struciure a microcosm
of the universe reflecting the ancient architects” quest
for hammony between the carthly and the divine.
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The architeciure further got improved even dunng
the British rule and even to this day,

MHere we are discussing about the three incredible
ancienl architecture struciure - RaniKi Vav , Sanchi
Stupa and Ellora Caves with their detailed study,




I BANIRIVAN

L1 INTROMUCTION

Rani ki Vav, also known as the Queen’s Sicpwell, s a
magnificent and intricately designed sigpwell located
in the wan of Patan in the saale of Gujaral, India
This remarkable architectoral marve] dates back 10
the Jith century AD and s a UNESCD World
Heritage Sile since 2004

Stepwells, or vave, are unigue o the Indian
subcontinent, serving nol onaly & sources of waler
sorage bul also as spaces for social gathenngs,
ritoals, and relaxation, particularly during hat and dry
segnons. Rani ki Vav is one of the mosi elabarale and
omately decorated stepwells, knowm for its stunning
craftsmanship and architecoural beaty

The construction of Rani ki Vav s sttributed o
Oucen Udayamati, the wife of King Bhimdev | of the
Solanki dynasty, i memory of her hushand. The
siepwell s designed i the form of am mvened
temple, extenhing several stones deep o the
ground. I features seven levels of stairs leading down
to the water, with intncately carved pancls, pillars,
and miches sdomang the walls at each kevel

The carvings at Rani ki Vav are eaowned for their
enguisite detail and artistic finesse. They depict
vanous mythological themes, inchehing scenes from
the Ramayana, Mahabharata. and other Hindu
scriptures, as well as deptions of deibes, oclestial
beings, and intricate floral matifs. The sculptures are
remarkably well-preserved and offer insights into the
religious, culioral, and amistic raditions of medieval
Inlia.

Kani ki Yav fell ino disuse and was buned under
layers of sill for centurics until its rediscovery in the
20th cemtury. Subsequent restoration elffons have

helped uaveil s splendor, making it & popular tourist
destination and a testamemt w  India's  rnich

architlectural hentage

Today, Rami ki Vav stands as & testament 1o the
ingenuity amnd craftsmanship of ancient Indian

antisans and conlinues 1o caplivate visilors with it

awe-inspiring beauty and histoncal significance

1.2 LOMCATION DETAILS

Rani ki Vav is located in the own of Paian, which
lies in the nonhern pant of the Indian state of Gujarat.
Here are mawe specific deiails sbout s location:

Town: Patan

State Gujarat

Country: India

Latilude: Approximately 23 8491° N
Longitude: Approximately T2L1279" E

The stepwell 1= situated on the banks of the Saraswati
River, which 15 now a dry nverbed. Patan ssell s
arcund 130 kilometers northwest ol the state’s largest



city, Ahmedabad, and s casily sccessible by rousd
e in Patan, Rani ki Vav is a prominent landmark

anal

can be mached wia

vanous mades  of

ransponation

1.} STRUCTURAL DETAILS

Rani ki Wav is an architechural masierpiece known

bow s it abe design and strectural ingenuity.

I Stepwell Design:

The stepwell is ingeniously designed 1o
facilitale acvess o water @l different levels
depending on the water iable. Each step or
level leads deeper inin the ground twands
the waler source.

The stepped comidors are not just functional
bul also serve an acsthetic purpose, with
intricate carvings and decorative clements
wdoming the walls.

2 Pillars amd Columns:

Rani ki Vav featores numerous pillars and

columns that provide structural suppon 1o
the siepwell. These pilles sre imtncately

carved with molifs such as Moral designs,
miythical crestunes, and deities,

The pillars are strstegically placed o
distribute the weight of the struciure evenly
andl 1o create visually appealing vistas within

the stepaell

1 Carvings and Sculplures:

The carvings at Rani ki Yav are among its
remarkable  featunes,  showcasing
exceptional craftsmanship and amistic skill.

The carvings depict a wide mnge of
subjects, including episodes from Hindu

sl

mythology. scemes  fom  everyday  lile.
celestial beings, and intricate floral pattems,
Each carving is meticulously executed, with

Nme details amd delicate leatures  that

shavwcase the masiery of the atisans,

1 Decorative Elements:

In addition w0 carvings, Rani ki Vav is
adomed with various decorative elements
sach as gpeometnc patterns, frieses, and
relied work.

These decorative elements serve 1o enhance
the visual appeal of the sepwell and create &
semse of grandeur amd elegance.

5 Waler Managemeni Syelom:

Rani ki Vav incorporastes o sophisticaied
waler management  system  designed 1o
collect and store  ralowater  during  the
ISR AR,

The siepwell features intricaste channels,
reservodns, and aqueducts that channel water
from the sarfsce into anderground siorage
fanks, ensuring a steady supply of waler
throughoan the year.

fi.  Symmeiry snd Proportion:

The layoad of Rani ki Vav is chamciensed
by & semse of symmetry and proponion, with
carchully balanced archilectural elemenis
ansd spatial srmangemens.

The proporions of the vanous stmctural

components, including pillars, columns, and



staircases, are mebculously calculated 1o
create 8 harmonious and visually pleasing
composition.

Entrance Pavilion:

# The entrance pavilion, or Nagara Torana,
serves as the gatleway to Ram ki Vav and is
adomed with eclabomie carvings and
sculplural pancls,

# The pavilion festures a lowenng archway

supporied by intnicately  carved  pillars,
creating a grand and mposing entrance 1o
the stepwell.

These detailed structural clemenis showcase the
complexity and beauty of Rani ki Vav, lighlghting
s significance a8 & masierpiece of  Indian

architecture and craflsmanshap,

L4 COMPONENT OF STRUCTURE

2. Foundatbon: The foundastion is the hase
upon which the entire structure of Rand ki
Vav resis, It provides stability and suppeort,
ensuning ihai the sicpwell remains inact
despite its considerable size and weight,

3. Walls: The walls of Rani ki Yav form ihe
outer peameter of the structure and enclose
the stepped cormdors and chambers wathin.
They are constructed using locally sourced
sandstone, which is known for iis durabslity
and weather resistance,

4. Pillars and Columns: Pillars and columns
wre essential structural elements that provide
vertical support o the ceilings and ol of
Hani ki YVav, These pillars are inincately
carved with modils and designs, adding 1o
the architectural beauty of the stepwell.

5. Biwirs and Steps: The stairs and sieps of
Rani ki Wav allow visitors o descend inio
the depths of the siepwell and access the
witer reservolr od the lower levels, These
stairs are consirucied in 8 siepped manner,
with each level gradually descending deeper
inie the grownd,

B, Cellings and Hoofs: Ceilings and rools
cover the vanous levels and chambers of
Rani ki Yav, protecting them from ihe
clemenis. The cellings may  feature
decorstive elements such as reliel work and
carvings, adding o the aesthetic appeal of
the interons,

7. Carvings and Sculplures: Carvings and
sculpiures  sdomm the walls, pillas, and
cellings of Rani ki Vav, depicling scenes
from Hindu mythology, celestial beings, and
intricaie  foral  pattens,  These  anlistic
elements serve both decorative and symbolic
purposes,  reflecting  the  cultural

religious signilicance of the stepwell,

L5 MATERIALS USED



The construction of Rami ki Vav utilized vanous
materials, each chosen for its durability, sesthetic
appeal, and suitahility for the architectural style
prevalent during the time of its construction. Here are
the primary materials used in making Rani ki Vav:

Samdstome: The predominant material wsed in the
construction of Rani ki Yav is sandstone. Locally
sourced sandstone, known for its strength and
weather mesistance, was extensively guarmed and
carved to create the walls, pillars, and decorative
elements of the stepwell. The sandstone used in Rani
ki Vav varies in color from light beige to pinkish
hues, adding to the visual richness of the structure.
Lime Mortar: Lime mortar was used as a binding
agent to join the individual stone blocks and carvings
together. Lime mortar, made from limestone and
water, hardens over time and provides structural
integrity o the masonry work while allowing
flexibility and resilience to the structure.

Wood: While not as prevalent as stone, wood was
also used in certain structural elements and features
of Rani ki Yav. Wooden beams and supports may
have been incorporated into the ceilings and roofs 1o
provide additional reinforcement and stability.

Metal: Metal clements such as iron may have been
used for fixtoures, fiings., and reinforcements in
certain parts of Rani ki Vav. However. due to the
corrosive nature of the environment, many orginal
metal components may have cormoded or been
replaced during restoration efforts.

Decorative Materials: Various decorative materials
were used to embellish Rand ki Vav, incloding semi-
precious stones, such as marble and granite, for inlay
work. These materials were used sparingly but added
intricate detailing and richness to the carvings and

sculptures.

These matenals, carefully selecied and skillifully
crafied by the artisans of the time, contribute to the
enduring beauty and structural integnty of Ram ki
Vav, making it a masterpicce of Indian archilecture
and craftsmanship

L& CONCLUSION

In conclusion, Ran ki Vav stands as a magmificent
testament to the archilectural ingenwity, aristic
finesse., and cultural heritage of ancient India
Located in the town of Patan, Gujarat, this UNESCO
World Heritage Site is a remarkable example of a
stepwell, showcasing elabomte crafismanship and
structural sophistication.

Constructed in the 1lth century AD by Queen
Udayamati in memory of her hushand, Rani ki Vav is
a stunning blend of functionality and aesthetics. lis
design, featuring seven levels of stairs leading down
to  the water, inincate carvings depicting
mythological themes, and advanced — waler
management system, reflects the engineening prowess
and artistic sensibilitics of 1ts uilders.

The materials wsed in the construction of Rami ki
Vav., including locally sowrced sandsione, lime
muortar, and decorative elements such as woond and
metal, contmbute 0 s durability. beauty, and
historical significance. Ower the ceniunes, Ram ki
Vav has endured as a symbol of India’s nich culiural
heritage, captivating visitors with its grandeur and
clegance.

Through exicnsive conservabion cfforts  and
recogniion a5 & cultural treasure, Ram o Vav
continues o inspire awe and admiration. serving as a
reminder of the remarkable achievements of ancient



2. Sanchi Stupa

L1 Inireduciion

Sanchi is a world heritage site situated shout 50
kilometres from Bhopal, Madhya Pradesh. There ane
three stupas in Sanchi: Stupa-1, Stupa-2 and Stupa-3.
Stupa-| is helieved o have relics of Buddha. Stupa-2
has relics of the less (amousarhats, and Stupa-1 has
the mlics of Sariputia and Mahamougalayana. Stupa-
I, also called ihe great stupa, is the oldest among the
three SanchiStupa was constructed in the 3nd Century
BC. h was said to be buill under the direct
supervision of King Ashoka’s wife, Queen Devi, and
his daughter.

The present hemispherical edifice i double in
dismeter of the original brick structure built by

Ashoka, comisting of the relics of Lond Buddha A
chatra that is an umbrella like sirectune made of stone
crowned the hemispherical brick struciure thal was
surrounded by & wooden railing.

1.1 Location deladls

I s located, about 13 kilometers from Raisen wown,
district headiquaner and 46 kilometres (29 mi) nonh-
cast of Bhopal, capial of Madhys Pradesh The
batlding is 120 fect (37 metres) wide and 54 feet (17
metres) high.

It is & larger hillop comples with additional stupas,
monasieries, lemples and pillars,

Buddhists worship it by walking around it in a
clockwise direction. This follows the path of the sun
and is in harmony with the universe. The smpa has
the names of more than 60 people, who donated

money Tor its construction, carved on it

L3 Strucihural Dytails

o I s enclosed by 8 massive stone railing
pierced by four  gateways, which e
adomed withelaborale carvings (known as
Sanchi sculpiure ).

o The stupa itsell consists of a hase bearing o
hemispherical dome (anda).  symbolizing
the doame of heaven enclosing the eamh,

o I surmounied by & squared roil onit
tharmika| representing the world mountain,
from  which nses &  mast  (yashai),
symbalizing the cosmic axis.

o The mast bears wmbrellas (chatras) tha
represent the vanious heavens (devaboka),

1A Components of Struciure

The imside of the SanchiSwpa is hased on the
mentioned beling components:

&  Amnida

The hemispherical mound built in the Greal Stupa at
Sanchi s known as Anda. The domed-shaped
hemisphere with the highlights of green colour
shorwcases the din mount which was used 1o cover
the remains of Lord Buddha, The solid core, which



can not be entered, alvo makes the part of the Anda
The first built Stupa under king Ashoka contained the
actual relics of Lord Buddha. The chamber of the
relic is stll there and buried deep inide the Anda,
known as Tabema. With the passing of tume, the
hemispherical mound has taken the shape of a
symbolic connection. It symbolises the home of Cods

in the universe's centre inside the mownd.

o Harmika

Inspired by the railing of square shapes, Harmiks has
highlights of red which surround the hemispherical
moumd, Anda, The Harmiks makes Anda a hollowed
space for bunal.

¢ Chhaira

Chhatra 13 a central plllar providing support o the
three umbrellis present at the greal Stupa of Sanchi,
This pallar was procured from the mple umbrellas 1o
prodect the Anda from the other elements. Since the
symbolism of the hemispherical mound changed with
ume, the central pillar was also brought (o represent
the pintle of the universe. The umbrellas like three
disks represent the three-major jewels of Buddhism,
These pewels sre Sangha, Dhamma, and Buddha,

Apart from  the three major components of
SanchiSwpa, below are the wo other components
that make up the site:

o Medhi

The tersace that sumounds the nple bar ralings s
called Medhi in the great StupaSanchi India. The
Andas peeds suppon w keep off itselfl from the
ground, which s provided by thia  emece.
Addditionally, the temace is alio used as a space for
ritusl ciscumvents.

# Toranas

Toranas are the wall of the Swpa with wademarks on
them, These trademarks are three honzontal bars of
stones which surround the entire site of the Stupa.
The wall has highlights of light blue colour, with
toranas highlighted with yellow,

The ashokan pillar with schism edict is in the
o naiscivtal shankanliph  of the pupta
period, SanchiSiupa s the oldest  structure

comstructed of sione in India.

L5 Materials Used In Construction

The beicks made structure looked like a
hemisphencal dome. The Shungas later enlarged the
Ashokan comstruction  during  Ist  century
BC, Vedikas are the polished stone slab raslings that
enclode the main structure. Humiks s another
sandstone made muling.Lion capital pillar of Sanchi
15 another creation of King Ashoka in Ind century
BCE. A finely polished sandsione formis the pillar,
erecied just aside the main Torana of Great Stupa

However, unlike the more rounder brick strocoure, the

stone one has a fanened wop surmounted with a
three-tier chatra symbaolic of the Wheel of Dharma. A
flight of double simircese was introduced o let one



walk amund the sacred dome and get o the elevated
rounded drom that came o be the seal of ihe
structure. Bocks were used in the construction of the
Siupa, which expanded over time. 1l was eventually
covered with siones due o the constraction of ioranas
and vedikas (low walls). The design of Stupa’sioran
and Tencing remunds of Bamboo crafi

Léa  Archiieciore: eveluiion of the load-bearing
pillar capital

The Samath capital is a pillar capital discovered in
ithe archaeological exCavalins al the
ancient Buddhast site  of Samath The pallar
displays lonic volutes  and palmeties. It has  been
variously daved from the 3nd century BCE dunng
the Mawryan Empire peniod, to the st century BCE,
during the Sungs Empire peniod. One of the faces
shows a galopping horse carrying a nder, while the
other lace shows an clephant and its mahau

The pilkar capital in Bharhut, dated to the 2nd contary
BCE dunng ithe Sunga Empie period, also
incofprates many of these characieristics, with a
central anta  capital with  many roscties, besds-and-
recls, as well as a
central palmetie design. Imponanily, recumben
animals (lons, symbols of Buddhism) were added, in
ihe siyle of the Pillars of Ashoka

Evalution of the Indian load-bearing pillar capital,
down o 1l century Sanchi

Mauryan capital ( Pataliputra

dih-3rd . BCE

Sarmath

Sarnath, ¢ 3nd-1st c. BCE

Bharhut capital
Ind c. BCE

Sanchi T8

Ist ¢. BCE

capitalj

capital,

Cupatal



1.5 Materials Used in Construction

The construction of the Ellora Caves predominantly
employed basalt rock, sourced from the suroundng
Charanandri Hills. Using basic stone-cutting tools
such as clusels and hamumers, ancient arfisans
meticulously carved the rock to create the infricate
cave structures, chambers, and omate facades.
Basalt's durability and hardness made it an ideal
matenial for rock-ent architecture. ensuring the
longevity of the caves over the centuries.

While the prinary construction material was basalt,
softer stones like Inmestone or samdstone may have
been utilized for decorative elements and intricate
carvings. Additionally, some caves may have been
adomed with pamnted frescoes or mmrals, created
using natural pigments denved from minerals or
plants. Through the skallful mampulation of these
matenials, the Ellora Caves emerged as a masterpiece
of architectural and artistic achievement, showcasing
the ingermity and craftsmanship of ancient Indian
artisans.

3.6 Conclusion

The Ellora Caves, nestled in the Charanandn Hills of
Maharashtra, India, epitonmze the pinnacle of
architectural and artistic achievement of ancisnt
crvilizations.

Carved meticulously mto solid basalt rock owver
centuries, these caves represent a harmenious fiusion
of Hmdn, Buddlust, and Jamn religions tradimons,
each adomed with intmcate sculptures, omate
facades, and majestic halls. From the awe-inspirng

Eailash Temple, hewn from a single rock, to the
serene viharas and the elegant Jamn shrines, the Ellora
Caves showease the diverse cultural tapestry of India.

Dezimnated as a UNESCO World Heritage Site, these
caves confinue to captivate visitors with thewr
timeless beauty, serving as a testament to nunan
ingenuity, devotion, and the enduring legacy of
India’s rich cultural heritage.
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Abstract: In the wake of increasing environmenial concerns
and the wgency o mitigate climate change, there ix a
growing imperative o lransition lowards susiainable
mtaterialy aoross variows (ndustries. This abstract presents a
comprehensive  review  of  sustaimable  marterials,
encompassing  their sowrces, properties, manufocturing
processes, and applications. This paper confains a review af
the inmovation an fraditional building materials that are
sustainable in nature, incheding Eco-Bricks, Green-Cement,
Environment friendly Concrete and Tiles.

I. INTRODUCTION

In recent years, the global construction industry has witnessed
a paradigm shifi towards more sustainable and
environmentally frendly building materials. Among these
imnovative  solutions arc  Eco-Bricks, Green Cement,
Environmentally Friendly Concrete, and Tiles. These
advancements mopresent o significant  departure  from
iraditonal construction matenals, offering a promising
pathway towards reducing carbon foolprinis, conserving
nofurnl resources, and mitignting environmental impact
throughout the building hifecycle. This is a theoretical paper
that elaborates on the following:

Eco-Bricks:

These bncks are made of recycled or waste products present
a suitable alternative 1o the traditional clay bricks that harm
the environment This includes Sugarcane Bagasse Ash
brcks, Fly Ash bncks, Zeolite Rock-Sawdust bricks and
Recycled plastic bricks.

Environment Friendly Tiles:

Tiles are essential elements in mienior and extenor design, but
their production often involves encrgy-inlensive processes
and the consumption of fAmite resources. Environmentally
Friendly Tiles offer a sustmnable aliemative these melude,
Bamboo tiles, Cork tiles, Recycled Porcelain tiles, Terrazzo
Tiles etc.

Green Cement:

Tmditional cement production 1s notonous for its hagh carbon
emissions and extensive use of non-renewable resources such
as limestone and clay. In contrast, Additionally, Green
Cement offers comparable or even supenor performance to
conventional cement. making it a viable choice for eco-
conscious construction projects.

Environmentally Friendly Concrete:

Concrete 15 one of the most widely used construction
materials globally, but its production is associated with
significant environmental dmwhacks, mcluding hugh energy
consumption and CO2 crissions. Environmentally Friendly
Concreie can be tailored o specific project requirements,
offcrmg vemsatiity and sustumability 1 construction
applications.

1. ECO - BRICKS

Eco-Bricks, also known as recycled bricks or plastic brcks,
are a rovolubonary altemative to conventwnal clay or
concrete bricks. They are crafied from recycled plastic waste
and from waste like saw dust or sugarcane bagasse ash By
diverting plastic waste from landfills and occans, Eco-Brcks
coniribute to waste reduction and promote a circular
economy. Moreover, these bnicks possess excellent insulation
properties and can be wsed for vanous construction
applications, from walls and pavements to modular
siructures.

2.1 Suparcane Bagnsse Ash (SBA) ns brick material

The bricks were developed using the quarry dust (QD) as a
roplacement to natural river sand ond ime (L) as a binder. The
SBA-QD-L bncks are hghter m weight, energy efficient and
satisfy the compressive strength requiremenis of IS
1077:1992. The bncks also serve the purpose of solid waste
management and nnovative  sustainable  construction
malerinl. The bricks can be wsed in local construction
especially for non-load-beaning walls.
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The Nexural sirength of the commercially available Ny ash
bncks was maximum (8] .85 kp/cm2 ) whereas the SBA-QD-
L bricks also met the minimum requirement of Class [l bricks
(70 kg'em2 ) for Nexuml strength according o 15 4860: 1996,
The combined compressive strength of SHA-QD-L brncks
was (.84 MPa, which is approximately equal o the combined
compressive strength of commercially available fy ash brick
(7.55 MPa) and double the combined compressive strength of
commercially available bumt clay bricks. Physical
characterization of SBA shows lower specific gravity than the
OPC and quarry dust present in the building bricks, making
the bricks lighter in weight SBA bricks have lower density
compared o conventional bumt clay and fy ash bricks.
Particle size analysis indicates that 75% of SBA is distributed
in the range of line aggregate which shows the potential of
SHA as replacement of fine aggregate matenial. The QD
below & mm wos used as replacement for fine aggreguies.
Chamcterization of QD shows the presence of crystalline
silica (59.10%), which

impans compressive strength in the SBA-QD-L building
brick, These bricks have a significant potential and scope for
utilizmng the agncultural solid waste for manufacturing of
building materials that are energy-efficient, lightweight and
sustainable,

LIFLY ASH BRIUKS

At present, India has production capabilities of over 10,000
Crore bricks through around 45,000 local kilns, in the
unorganized sector. So the use of industrial waste products
sich as fly ash, for making bricks is ecologically and
economically advantageous since apart from saving precious
top agriculiural soil, it meets the social objeciive of disposing
indusirial waste i.e. My ash which otherwise is o pollutant and
m muEnCE,
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Figure 3. Water Absorption tesr on Bricks

Fly ash bricks demonstrite considerable potential as a
sustamable construction matenal with favomble compressive
sirengih properties, By leveraging the insights rom this
study, stakeholders can confidently integrate fly ash bricks
into  building designs, contributing (o environmentally
responsible and resilient construction practices.

3. Environment Friendly Tiles:

aa
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These tiles are manufactured using energy-eMicient methods
and eco-friendly glares, reducing environmental impact
while maninining aesthetic appeal and functional properties.
Environmenially Friendly Tiles are available in a wide mnge
of designs, sizes, and finishes, making them suitable for
diverse architectural styles and applications. Tiles are
ensential elements in inlerior and exterior design, but their
production ofien involves energy-intensive processes and the
consumption of finile resources. Environmentally Friendly
Tiles offer n sustainable aliemative by uhilizing recyeled
matenials, such as glass, cermmics, and industnal by-products.

A1 Recveled Porcelain tiles:

Recycled porcelain tiles offer a susiainable solution for
interior and exterior design projects by repurposing post-
consumer and post-industrinl waste materials. These tiles are
manufactured using recycled poreelain, often sourced from
discarded sanitary ware, ceramics, and other porcelain

products. The mecycling process involves crushing ond
reprocessing the porcelam wasie into fine particles, which are



then mixed with binders and pigmenis o form new lile
products, Recycled porcelain tiles bonst o range of
environmental benelits, including reduced demand for raw
materials, energy conservation, and wasle diversion from
landfills. By repurposing porcelan wasie, these tiles
contribule o circular economy principles, minimizing
environmental impact while promaeting resource efficiency.

Recyeled poreelain tiles are made from posi-consumer and
post-indusirial waste malerials, prinanly sourced [rom
discarded sanitary ware, ceramics, and porcelan products.

Then, the cleaned porcelain waste is crushed inte small
particles using crushers and pulvenisers. The crushed
porcelain is then finely ground into a powder using ball mills
or other grinding equipment. This process helps to achieve a
consistent particle size distribution and ensures uniformity in
the final tile product.

Mixing and Formulation: The ground porcelain powder is
mixed with binders, additives, and pigments o creale a
homogencous mixture,

Pressing or Extrusion: The prepared mixture is fed into a
hydraulic press or extruder machine to shape the tiles.

ﬂryin!:mwvurdurnmﬂ:d tiles are dried in kilns or
drying chambers to remove excess moisture and stabilize the
tile body.

Firing: The dried tiles are fired in kilns at high temperatures,
typically between 1200°C 1o 1400°C, 1o virify the porcelain
material

Firing transforms the mw matenals into dense, durable tiles
with a non-porous surface and excellent mechanical
propertics.

3.1 Recyeling of Waste Cilass ay Aggregate for Clay Used
in Ceramic Tile Froduoction

Ceramic tiles ane widely usad in homes as wall and foor tiles,
WC, Jugs, plates, cte. The main constituent of clay is silica
(SH02) and alumina (AI203) used in the production cernmic
wares with the addition of other materials 1o attain the desire
product standard. Other matenals, such as, glass wastes
which were sometimes being disposed in landfills have been
used as substitules of conventional ruw malerials in ceramic
production (i.e. cloy, sand and feldspar) for economic
purposes. This is aimed st converiing waste 1o wealth leading
Io zero waste.

The most fumiliar type of glass used for centuries = Soda lime
glass made up of about 75% Silica (S102) plus about 5%
Sodiom Oxide (No203,12% Coalcium Oxide (CoO) and
several mmor additives, More than 95% of all manufactured
glass is made from sodium pxide, calcium oxide, and silicon
dioxide, commonly referred to as a soda-lime-silica glass .
Soda lime glasses are vitreous sihcates which are formed

during the maturation of clay bodies (during finng) and these
serve as fluxes, reducing clay body maturation temperature.
The plass wasles can be used to substitute the conventional

Mux materials, such as, feldspar and feldspathoid rocks used
in the compositon of cemmic masses.

It was seen in previous studies that Addition of 10% of wasie
glass can reduce the clay linng tempersture by $5°C, | Glass
powder can be used for improving the propemies of wall riles
by the ceramic industry. The addition of 12 and 10% glass
powder, in general, showed better results compared 1o 5%.
The variation in the particle siee of the glass powder does not
change significantly the ceramic properties. The addition of
broken glass to clay for the production of cermmic tiles had
economic value because the finng temperture of the biscuits
was reduced by about 3.9%, an indication that the addition of
broken glass to clay at controlled proportion will drastically
reduce ihe firing temperture and consequently the time of
firing.

4.Green Cement:

Gireen Cement represents 8 more sustminable approach to
cement manulbeturing. 1t utilizes altemnalive materials like fy
ash, slag, and calcined clays, reducing the carbon intensity of
production and minmiang enveronmental impact, such as
Rice hisk ash cement. Calcinated clay cement ele.

4.1 Rice Husk Ash (RHA) as Cement Replacement:

Rice husk is an agncultuml residue which accounts for 2%
of the 649.7 million tons of nce produced annually
worldwide, The produced partially bumt husk from the
milling plants when used as a fuel also contnibules to
pollution and efforts are being made v overcome Lhis
environmental  issue by utih@ng this malernl os o
supplementary  cementing  matenal.  The  chemical
composition of rice husk is found to vary from one sample to
another due to the differcnces in the type of paddy, crop year,
climate and geographical conditons. Buming the husk under
controlled temperature below B0 °C can produce ash with

silica mamly in amorphous form,

It was shown in earlier research that at early ages the sirength
was comparnble, while at the age of 28 days, finer RHA
concrete exhibited hgher strength than the concrete with
coarser RHA. This is due 1o the fact that the higher fineness
of RHA allowed il to incrense the resction with CafOH)2 to
produce more calenum sihicate hvdrate (C-5-H) resulting in
higher compressive strength, in addition to that, the fine RHA
particles coniributed to the strength development by acling as
a micro filler and enhancing the cement paste pore structure.
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Figure 4: Chemical properties of RIfA

The RHA 15 efficient as o posolonic matenal; it is nch n
amorphous silica (88.32%). The loss on ignition was
relatively high (5.81%). The compressive strength of the
blended concrete with 10% RHA has been increased
significantly.

4.1 Calcinated Clay Cement:

Calcined Clay Cement (CCC) has emerged as a promising
sustainable altemative to conventional Portland cement due
to its potential to reduce carbon emissions and enhance the
durahility of concreic. This © ive study aims o
investigate the properties. performance, and environmental
impact ol CCC, providing valuable insights for its widespread
adoption in construction applications.

The rmesearch methodology encompasses laboratory
expenments, feld studies, and literaiure reviews o
comprehensively analyze various aspects of CCC. Key
parameiers such  as  compressive  strength, durability,
workability, and environmental unpact are evaluated ond
compared with those of Portland cement-based concrete.

The production process of CCC, which involves calcination
of kaolinite-rich clays al temperatures ranging from 600°C to
R00°C, followed by grnding to produce a fine powder. The
use of caleined clay as a supplementary cementitious material
in concreie mixtures offers scveral advantages, including
reduced climker content, lower encrgy consumption, and
decreased CO2 emissions during production. Furnthermore,
the study investigates the mechanical properties of CCC,
meludmg compressive strength, tensile strength, and flexurn]
strength, through laboratory testing and statistical analysis.
Compamtive studies between CCC and Portland cement
concrete reveal the potential for COC 1o achicve compamble
or even superior mechanical performance under ceriain
conditions.

The dumbility of CCC 15 examined through accelerated aging
tests, frecze-thaw resistance tests. and chlonde penctration
tests. The results indicate that CCC exhibits enhanced
durability characteristics, including improved resistance 1o
sulphate attack, alkali-silica reaction (ASR ), and carbonation.
compared to conventional concrete,

CCC penerally exhiubits good workability charactenstics,
allowing for case of mixing, placing, and fimshing during
concrete construction. Proper adjustment of water-to-binder
mtioc and use of suitable admixtures can oplimize the
workability of CCC mixes to meel specific project
requirements.

CCC exhibits comparable compressive strength o Portland
cement-based concrete. The calomation process enhances the

pozzolanie reactivity of clay minerals, resulting in the
formation of additional binding compounds that contribute o
the strength of CCC.

CCC offers enhanced dumability properties, including
resistance (o sulphate attack, alkali-silica reaction (ASR), and
carbonation. The presence of calemed clay m  the
cementitious matrix improves the microstructure of concrete,
reducing the permeability and enhancing the resistnnce to
nggressive chemical environments

S.Environment Friendly Concrete:

Environmeninlly Friendly Concrete addresses these
chollenges by mcorporatmg  rooyeled oggregates,
supplementary  cementiious matenials, and  advanced
admixtures. This results in concrete with reduced carbon
footprint, improved dumbility, and enhanced performance
characteristics. Hecveled aggrepate conerete, Agricultural
wasle concrele elc.

5.1 Recyeled nggregnte concrete:

Recycled aggregate concrete (RAC) s a sustainable
construction matenal that mcorporates recycled agerepmtes
obtmmed from demolished concrete structures, mdustnal by-
products, or post-consumer waste. RAC offers several
environmental and economic benefits compared o
conventional concrete made with normal aggregates.

The manufacturing process of recycled aggregale concrete
(RAC) involves several steps, from the collection and
processing of recycled aggregntes to the production of
concrete mixtures. Here is an overview of the typical

manufoctunng process:

a} Aggregate Collechon amd Processmg: Recycled
aggregates used in RAC are obtmined from crushed
concrete mibble  genemated  from  demolibon
activities, construction sites, or industrial by-
products. The collected concrete waste is sorted,
cleaned, and processed to remove contaminants such
a5 wood, metal, and other impuritics. This may
involve crushing, screeming, and sieving o produce
recycled coarse aggregates (RCA) and recycled fine
sggregntes (RFA) of desined sizes and grodations.

b} Mix Design and Proportioning: The mix design of
recycled aggregate concrete 15 formulated based on
the desired performance requirements  and



specifications of the projecl. Recycled aggregaics
are proportioned with cement, water, and
supplementary cementitious matenals {5CMs) such
as fly ash or slag o achieve the desired concrete
properties, including strength, workability, and

¢) Concrete Mixing: Recycled agpregales. comenl
SCMs, water, and any other additives or admixtures
are baiched and mixed together in a concrele mixer.
The mixing process ensures thorough blending of all
mgredients to achieve a umiform and consistent
concrete mixture.

d) Testing and Quality Control: Quality control
measures  are  implemented  throughout  the
manufacturing process 1o ensure the performance
and dumbility of recycled aggregate concrete
Recycled aggregates are tested for propertics suchas
crushing value, and moisture conient to assess their
suitability for concrete pmduction.  Concreie
mixiures are tesied for workability, slump,
compressive  strength, and  other  mechanical
properiies o venfy complmnce with  project
Concrete Placement and Cuning: The freshly mixed
recycled aggregote concrete 15 transported to the
construction siie and placed o formwork or
moulds sccording to the project requirements.
Proper curing methods, such as most cuning or
curing compounds, are applied to the concrete to
mamtain adequate moisture levels and promote
hydmtion of cementitious materials. Curing helps

ensure optimal strength developmeni and dumbality
of the concreie.

Compressive Strength: RAC can achieve compressive
strength  valucs comparable t© conventional concreie,
provided proper mix design and quality control measures are
cmployed. The compressive strength of RAC may vary
depending on factors such as the quality and charsctenistics
of recycled agpregales, the waler-to-cement ratio, and curing
conditions.

Tensile Strength: RAC typically exhibits tensile strength
propertics similar to conventional concrete, although it may
vary depending on factors such as aggregate quality and mix
design

RAC penemally exhibits good workability charactenstics,
although it may require adjustments to the mix design
paramciers 0 aclhicve desired consistency and  flow
properties. The use of high-quality recycled aggregales.
pmpm'ymg,ludcpﬁm.haﬁmurﬂtwﬂﬂw:lﬁﬂ
can enhance the workabitity of RAC mixtures.

RAC itymically cxhibits pood bond sirength propertics,
remforcement clements. Proper surface preparstion  and
application of bonding asents may be necessary in some cases
to optunize bond strength i RAC stroctures.

5.2 Agricultural waste concrete:

Agncualtral waste concrete s a sustainable building materal
that moorporstes agnculral nesdoes or by-products as
partial replacements  for  tmditional apgregmtes or
environmental impacl. conserve natural resources. and
residues or by-products, including nce husk ash, sugarcane
bagasse ash, cocomut shell ash, palm oil fiscl ash, and other
obtained from processing plants or agriculiural operations
matenals.

A. Oil palm shell

The colour of cil palm shell (OPS) ranges from dark prey to
of the shells differs in a range from angular o polygonal
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OPS is approximately 60%% lighter than conventional coarse
aggregates. The density of OPS is wathin the range of most
typical lishtweight aggregaies. In most cases. it bas been
shown that the compressive strength of OPS hightweight
concrete, with and without cementitious materials, 5 within
concrele (20- 35 MPa) with a density of about 20-25%
lower than normal weight concmie.

B. Com cob

Com cob is an agriculiural solid waste from maize and com.
The United States (the largest maize producer) and Africa
produce 43% and T mespectively of the world's mame
[48]. Previous studies [48-50] show that the ash of com cob



has S102 of more than 65% and a combmation of AI203
and S102 of more than 70%. This means thal com cob ash
can be nsed as a cementitous material m blended cement
concreie. Although the use of the ash of this wasie in
concrete lechnology started more than a decade ago, the use
of com cob grmms as aggregate is only recently developing.
With the increase in the world's population, sustainable
development should be of particalar importance and the
concrete mdustry should contnbute o this purpose. One
approach can be through the use of by-products and
agricultural wastes in concrete. Studies show the possibility
of wse and accepipble performance of certaim agriculiuml
solid wastes, c.g. oil palm shell. coconut shell. rice husks,
and tobacco waste, os aggregaic in makimg concrete. Smee
aggregnte makes up abouw 60-8(Fw of the volume of the
concrete, the substitution of solid wasie as full or partial
replacement  for conventional aggregate  contributes
significantly in cost effectiveness, energy saving and
muitigation of the environmental impact of the construction
mdustry. Considering the current cntena for a sustainable
mfrastructure, green building rating systems and related
environmental benefits, making concrele using agricultural
wastes as aggregate can help m makmg the concrete
mdusiry  environmentally-friendly.  Therclore, the
development of existing knowledge and identification of
other useful solid wastes to be used in making concrete wall
also provide a valuable contribution in the environmental
sustainability of the industry.



International conference on “Numerical Methods and Experimental Techniques for
Sustainable and Disaster Resilient Infrastructure” aims to bring together leading
academic scientists, researchers and research scholars to exchange and share their
experiences and research results on all aspects of Sustainable and Disaster Resilient
Infrastructure. It also provides a premier interdisciplinary platform for researchers,
practitioners and educators to present and discuss the most recent innovations,
trends, and concerns as well as practical challenges encountered and solutions
adopted in the fields of Sustainable and Disaster Resilient Infrastructure.

During the conference, extensive deliberations on various areas are expected by
way of technical presentations, invited lectures and keynote lectures through both
online and in-person modes.
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«wwanmmual quiz event.

Sameeksha tests the normal intelligentsia and knowledge in general
civil engineering. The quir is conducted for teams comprising of two

members each. There is no limit to the mumber of teams from one
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Civilipsa organises its anmual quiz event “SAMEEKSHA" since 2009.
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NEEV

o Mational Level Student’s Paper Presentation.

“NEEV " aims to stimulate the spirit of inventiveness & managerial skill

among studemts and to encowrage inmovative thoughts, creativity,

explaration, technological & presentation skills and also to expand the
decision-making skills among the students so that the creative talent of
individuals could be hammessed for the benefit of the nation.

Civilipsa is organizes its ammmal ewvent “NEEV", National Level
Student’s Paper Presentation since 2009,

IPS ACADEMY

Institute of Engineering and Science
[A'I.C{ Auiozomons Insittuie, Afflisted to RGPV Bhopal)
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Two Day National Workshop

Skill Development & Training Program
on

“Geotechnical Investigation & Highway Material Testing”
(7th - 8th October 2024)
Organized By
p..CAQF

s"

L:t

'nl“

IPS Academy

Institute of Engineering & Science
(AUGC Autonomous Institute, Affiliated to RGPV)
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As per the requirement of syllabus and complete exposure regarding
Civil Engineering Civilipsa organizes techmical visit & tour at different
places like:

¥ Sardar Sarovar Dam

# Railway 5Staff Collage Vadodara & Railway Museum

* NHDC Limited Omkareshwar

* BMC Plant

¥+ Kabitkhedi sewage treatment plant

¥ Jalud water treatment plant

¥ Nearby Construction Sites and many more.

IPS ACADEMY

Institute of Engineering and Science
(A UGL Antomomons [nztmite, Affilisted to EFFV Bhepal)

Civil Engineering Department
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EXPERT LECTURES

Civilipsa frequently organizes expert lectures of eminent persons from
Civil Engineering and live talk with Experts on various sealing topics
related to the Civil Engineering.

Some of them are:

D Arvind K. Nema OT Della

Dr.Ashish Juneja

Dr.Moma Shah

Prof Nikhil Disat

venaeeadld MANY more.

IPS ACADEMY

Institute of Engineering and Science
(A UGC Auntozomons Institute, Afflisted to EGEFV Bhapal)

Civil Engineering Department
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Doubt Solving
Sessions

French Play in
Induction

% koo 2 nonth Internship
by Students at HITI

Engineer’s Conclave
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