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ABSTRACT

Rajasthan is known as majesstate as it produces more than 50 types of minerals and
rocks. The state is endowed with vast deposits of natural rocks known as stones in local
parlance and few amongst them are granite, marble, sandstone, limestone, slate and
guartzite. Perhaps, nowte in the world social, economic and cultural fabric of the
society is found to be so intimately ingrained with stone and stone products as it is in
Rajasthan state of India. The stone industries in India not only provided occupation
the people bualso ignited the poetic expression in the people of this state so they vividly
found expressiom various colours and carvings in various marble build monuments of
the state.Marble isa white basedlegant looking stone, geologically a thermally
metamorphaosd rocksbelonging mainly to Precambrian rock formations of Rajasthan,
spread ovein 16 belts in 15 districts of the State is much sought after stone. The world
famous Taj Mahal and Victoria Memorial are built of Marble produced tf@Mines

of Makrana(Rajasthan). Ten types of marble on the bastofur variation have been
identified which are Plain white, Panther whitdite veined Plain Black, Black Zebra,
Brown, Green, Pink Adanga, Pirdnd Grey The ever increasing popularity of the
marbles of Rjasthan, growingemand for finished and unfinished products, discovery
of new marblaleposits and growing private and public supports have led to a significant
growth in Marble Industry of this State. As a result, number of maylderies as well

as mable processing units have significantly gonenog@inly during last one decade.
However, whereas there is significgmowth in production of finished and unfinished
marble products, there @&so simultaneous rise in waste generation as well; thereby
causng concerriowards the deteriorating environmental quality. A wide spread need is
beingfelt to make this industry environmentally sustainable.

The aim of the project is to study the morphology of different marble stones present in
and around of Rajasthaegion such as (Makarana White, Bhainslana Black, Agaria
White, Udaipur Green and Aandhi White) using petrographic analysis. Then, to
characterize them physically, mechanically as well thermally in order to find out various
properties which influence theear of the tool. Finally, optimize the machining
parameters such as feed, speed and depth of cut in order to find out the best possible
combination to increase the efficiency of the machining as well as the tool life.



To find some possibilities and oppantties for development of thenarble stone
industly a complete Life Cycle AssessméhCA) was developed scientifically using
cradle to gate approach with neat venn diagrams and flow charts. The sustainable study
was carried out using donotodelling techigue to represent the knowledge
management strategies in safe and sustainable environment. By using, this donut
modelling technique an Index of sustainability or Environment Sustainability Index
(ESI) has been proposed. Furthecase studwas conducteéh several industries to
identify different cutters that are currently used in the Rajasthan region. Various facts
and statistics like number of working hours and life of the tools als® estimated

after the case studyhe collected inserts of the tedtom industries were characterized

to find the composition. An energy audit was also, conducted in all these industries to
find the energy consumption, and waste disposal methods that these industry currently
carry out with a detail flow charfThe powde extracted from machining process is
characterized rheologically with different coolants in order to find the behavior of
viscosity with respect to temperature and tidsdow cost 3axis strain gauge milling

tool dynamometer set up was designed and dated to record the forces generated
while performing milling operations on marble samples, a multiphase digital energy
meter is attached to Bridge port milling machine to find the energy consumption. The
machining parameters like cutting force, speedd, feenount of coolant supplied and
depth of cut are optimized to increase the energy efficiency.

Diamond twl wear iseffected by the mineral composition of the stones to be cut,
different segment wear states that can be found, depending on the typmenhtsegs

well as the machining parameters. This wear was calculated radially by measuring the
heights of all individual segments of the sawblade. A regression and correlation analysis
was established between marblepgaxies and specific wear ra®ignificance of the
relations were checked statistically and validity of the relations were also evaluated by
using some statistic tests. ThesRuared value which is also termed as theftiocient

of determinati on, I t 6s t hemeaeeghmiecouldbe f var

predicted by any independent parameter.

Rheological investigations of several mixtures were prepared using marble powder and
different coolants with different ratios were mixed and tested usinghBm flow
modelto plot mean valuesf yield stresses on different samples plotted as a function of

time showed highest value of yield stress for marble/water ratio of 0.5.



Specific energy consumption while performing milling operation on marble was
calculated. It is a key parameter to be@ewed in natural stone industry which directly
influence the scrutiny and fabrication scheduling. To know the effect of the parameters
experiments were performagsing Taguchi L16 orthogonal arrag find the most
significant parameters which help in mimizing the specific cutting enerddridgeport
Interact 1 MKkIl 3-axis CNC milling machine having a maximum RPM of 4000.
Diamond coated end mill cutters of Diameter 10 and 12 mm were used for the
experimentation. A three phase digital energy meter is wsedrtstantly record the
power consumption. Artificial neural network is finally used to predict the specific
energy (SE) and found that the results are in close agreement with the actual

experiments.

Most of the marble processing activities are perforiagdmall and medium scale
industries (SMEs) not only in India but worldwide. These industries have low
efficiency and productivity due to the lack of new technologies, high productivity cost
and coupled with lack of proper sustainable management systesrbthincreasing the

waste generated during the processing stage. There is a significant need within the sector
for increasing the production efficiency, combined with substantial reduction in waste
generated that can be achieved by endorsing techndlogicerations, following best
available processing practices, incorporating energy saving technologies and
modernizing the sectors management and organization structure will substantially
increase the efficiency as well as production. A systematic appfoaelsessing the
current energy and present environment status of a typical SME processing units of
Rajasthan area, and proposes measures for meeting cleaner production principles. An
evaluation methodology was developed considering the realistic pfzaratmn
scenarios. The total energy inputs for processing the products with their appropriate
environmental indices like COemissions were calculated. Alternatively the CO2
emissions were also calculated by Gabi educational software for different iesiasil

the best way of reducing the energy consumption is suggested by following alternate

source of energy.
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Chapter 1. Introduction

fiThe term marble is derived from the Latin word murmur which in turn is said to have
coined from Greek word Marmorous meaning shining sione | t I's known
pleasat colors, smooth and uniform textures and rigidity. In geological definition any
calcareous rock capable of taking polish are classified as marbles. Furthermore the
serpentine rocks, containing little calcium or magnesium carbonates, if looks aesthetic
ard capable of taking polish on them are also classified as makidesle is defined
commercially as any crystalline rock composed predominantly of calcite, dolomite, or
serpentine that is capable of taking polish. Calcareous materials consists of
approximately 57%, siliceous materials for around 38% and slate about 5% of total

world production.

Eachstoneis formed under different chemical, physical and thermal conditions which
results in formation of a wide variety of group of minerals and hence finelreliff
applications. These, rocks are hard, soft, permeable and impermeable. They are
available in various size and shapgtnesare used for various purposes starting from
construction of roads, bridges, buildings, tables in kitchen, as gem stonedernusau

as decorative items in your garden. Marble used in construction industry is termed as
dimensional stonéApart from marble uses in construction, medical and architectural
industry, there are some gerlerammercial uses of marble stor@@mmerciauses of
Marble include cemetery markers, commemorative tablets, creating artwork, curling,
laboratory bench tops, paper industry, testines, whi#nng material in toothpaste,

paint and paper. According to theanble features like texture, appearancegdhess,
streak, toughness, resistance etc., it is used for various antiquity uses. Ausggityf

marble include artifacts, monuments, and sculptures.

The defining feature of thmarblestone is that unlike other minerals which have value
mainly as a esult of physical properties, the ultimate success of it in marketing the
marble stone lies firstly in its appearance and secondly the possibility of producing
rectangular blocks of suitable dimensigi$. Hence, some authors term it as the
@rnamental stong . T h e s dal stooes maimyeemphasizes on the decorative
aspect for its use to allow for successful production of the final product in the required

dimensions. The major application of these dimension stones is in construction sector



which accounts to almost 80%,ttvithe funerary and monumental industry accounting

to 15% and other special applications accounts to abo(si3&wn in the Fig.1)

Memorial art
18%

External wall claddings,

Fig.1 Use of marble stones

Marble extraction procedsegins from quarry, where big blockse extracted from
rocky mountans. This extracted blockare supplied to the construction industries
through three stages. Aitst stage extracted blockse transported to cutting (factories
and workshops) to be sliced and turned into requdietensions to suit construction
and buitling applications. ABecond stage, these bloé¢ksm cutting factories are sent

to polishing processing units where required polishing is donefinat stage the
remaining small pieces of stones which cannatdssl for construction and building are
trarsported to crusherghere they are further crushed into aggregates of different sizes,
to be directly used as raw material in concrete mixtures. Biiede powder from
polishing and pr outliees sticongtrdcsion site.iThesremaigng b e
waste frombuildings carbere-sized and returned back to quarries to fill éixeavation

site in order to reclaim the land and improveldralscape of the site. After demolishing
the built houses fanany reasons, stones from it can besed by returninbackto the

cutting and polishing process before being used as redoysilith.



1.1 Sustainability defined

Sustainability is defiedby Brutlandasii Sust ai nabl e devel opment
meets the needs of the present without compromising theyaiifuture generations

t o meet t h e ihe prooessnthatrhelpms dosate,a high quality life, while
respecting the need to sustain natural resource and protacinement. In easy tersm

it can be explained as bewsgcietegresouccesrsstieat vi n g
ecological processes, on which life depends, are maintained, and the total life, now and

in the future, can be increased. Sustainability can also be defined by (TBL) triple bottom

line, it is an accountindramework that inorporates three dimensions of performance:

social, environmental and financidlhis differs from traditional reporting frameworks

as it includes ecological and social meastines can be difficult to assign appropriate

means of measurement. The TBL dimiens are also commonly called three Ps:

people, planet and profi§ [3].

As marble stone ismatural product, it is inheregtenvironment friendly. Marblstone
currently offers attractive, environmentally friendly attributes, including an enduring
life-cycle, durability, ease of care and maintenance, recyclability, quarrying and
manufacturing best practices. Construction of green building requires diaiight

and planning. Conventionalilding practices consume large quantities of energy and
water, while gaerating excessiventional air emissions and waste streams.
Implementing green building techniques reduces impacts on the environment and
human health during both construction and operation of a structure as well as production
of building materialsFor this it is necessary to understand the marble stone processing

andits sustainable production.
1.2 Marble stoneprocessing

A block is abig rock which is extracted from the quarrying itemainly open cast
mineswhich has a dimension of about 2.2 m x 2% 3.2 m.Once thseblocks are
extracted, they are transportem the processing unjtand the waste is sent to the
disposal units using trucks and loadetsice theblocks from the quarry reach the
processing unit, they undergo a series of stagesrémsform them into final products.

In today's market, high quality polishing and highly accurate dimensions are very

important.



The processing phase is extremely vital ficarble stone industry. The commercial
value and the processing cost of mbirblestones are not the same. Different stones
have different processing cyslerequire different machineand employ different
technologies Geneally, the processing of marbones is carrie in the following
stages viz. lock squaring, sawing them intaasls, polishing of slabs, cutting slabs into

strips, cutting strips into tiles and finishing.
1.3 Sustainability for marble stoneprocessing

Over the past decades, there has been a huge rise of concern for environmental
protection. Human activity has broudmarmful effects on the environment in several
ways, and it is a source of concern to deal with issues such as environmental
sustainability, preservation aharble resources for the future generations, energy
efficiency, change in the climate and many eaxoBSome countries have already
undertaken environantal safeguard policies, which drging to reduce the pollution
emissions by minimizing the usage of A@mewable @ésources. Building activities are

the major cause of demand for construction materTdis. need for raw materials for
buildings makes quarrying activity sttegically important foeconomy. Construction
materials either aggregates,oarblestones are used in the development of all buildup
environments, such as housing, building bridgéserocivil engineering works like

local hospitals, schools, roads, railways and other infrastructures.

Processingctivity for the building and construction industry generates a huge amount
of stone waste, since a significant percentage of total storaed usually left unused.
Quarries of aggregates by their nature do not produce large amount of waste, while other
pr o c e preducingmiablestones usually bring a huge amount of waste. The reason

is that thamarblestones are natural rock materialkich are quarriednd processefor
commercial purposes. Extractstbnesare formed into blocks, slabs, and tiles etc.
which are required to be cut to specific dimensions according to the customer

requirement like shape and size, to be economicallycéitte to be sold worldwide.

Processingvaste require careful management to ensure the long term stability of storage
and disposal facilities and to prevent and minimize air, water, soil contamifétion

The inappropriate or unsafe mgeaent of waste at processing units continues to
generate opposition from local communities, the general public, andow@mnment

organizations and has contributed to the negative public perception on marble



processingds. The t dandeniotheoregulatians hawe desutied c e s
in the significant changes in the waste management practices over the last 10 to 20 years,
processing wastes at modern units are better managed than that were in fbe past
Waste management plaase developed before a processing plant is constructed, and
the reclamation of waste dumps and tailing ponds are incorporated into the design of

the new processing plant.
1.4International scenario of marble stone Industry

The importannaturalstones prduced in the world in terms of market size are marble
and granites respectively. Production of marble compared to granite is high so the waste

generated is also high in terms of marble waste.

The major producer of the raw materials stone are China,, Idlg, Iran, Turkey,

Brazil, Egypt, Portugal, USA, Greece, France and South Africa. While the major
consumers of finished goods are China, USA, India, Italy, South Korea, Germany,
France, Japan ,Taiwan Brazil and UK. Taking into consideration of thalgiatural

stone sector, analysis was carried out to record the production at the international level.
Data processing has been takkeom different source§s][7] and tabulated below in

Fig.2 so as to include and compare data of production, exports and imports of the

dimension stone sector.
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Fig.1.4.1World production ofmarblestone in thousands cubic meters 2@035



Resources ofmarble stones are important in the world and almost every country
produces dimension stones. Major exporting countries of marble irotta: are China,

Italy, India, Spain, Turkey, Greece, Brazil and Portugal.

Table. 14.1 Exports of marble by different countries in cubic meters

2011 2012 2013 2014 2015
India 8147 7572 8719 9511 11634
China 34381 36794 42941 38570 36450
Egypt 17425 21346 20740 16878 15987
USA 3406 4415 2263 6816 7354
Italy 14551 5363 5570 6948 7746
Germany 841 995 1655 1434 1543
UAE 8526 4273 1635 3686 4356
Other 26007 29010 34649 32613 35654
Countries

Table. 1.4.2mports of marble by different Countries in calneters

2011 2012 2013 2014 2015

India 1766 1668 1784 2914 2078

China 16892 21427 25067 21745 24567

Egypt 9123 10164 14135 14611 15435

USA 286 2327 1246 1343 1434

Italy 83686 122605 143384 147388 153455
Germany 131 427 356 367 423

UAE 11072 12680 2067 3815 3987

Other 11054 16445 16390 7960 15456
Countries

Observing the trends, over the period (2@D15) there is a positive slope of increased
extraction oimarblestones, and the effort to reuse the produced waste is also in rise due
to the envionmental concerns by many industries and also their efforts put in increasing
the quarrying efficiency, and gradual improvement in therrgueg techniquesAs
regards to the western countries has predominantly leading centuriemiarbiestone

industy. However, as a result of entry of new countries like (China, India, Iran and
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other countries) entering the world market of stone sector, Italy has gradually lost its
place in the market in terms wiarblestone production. Over all, China has grown into
top ten countries in the production of dimension stones, reaching the top position now.

Table.1.4.3Dimensional stone producers worldwide, thousand cubic meters, in 2003,
2010 and 2016], [8]

2003 2010 2016
S.No| Country | Production| Country | Production] Country | Production
1 China 6481 China 12222 China 24345
2 India 3148 India 4907 India 12233
3 ltaly 2907 ltaly 3704 ltaly 4507
4 Spain 2130 Span 3148 Spain 4508
5 Iran 1796 Iran 2889 Iran 3122
6 Brazil 1185 Brazil 2500 Brazil 3123
7 Portugal 833 Portugal 2130 Portugal 3233
8 USA 833 USA 1019 USA 4123
9 Greece 537 Greece 685 Greece 1245
10 France 463 France 611 France 1287
Others 7463 Othes 7481 Others 10656
Worldwide| 27778 | Worldwide| 41296 | Worldwide| 72384

In conclusion we can say that the performance of world leaders in the production of the
marblestone like Italy, Spain, Greece and Portugal, has dropped, and the emerging

economics sth as China, Indidtaly and Spairtnas been exploding with the production.
1.5Indian Scenario ofmarble stone industry

Marbleindustry of India is one of thastoricornamental and construction material that

has history dating back from 3200 BC. Thdsaensional stones have left deep imprints

in the architectural heritage of comntA number of temples, forts, and places of ancient
Indian civilization have been carved out locally. These stone architecture has even
contributed to the present era withodern buildings like the Presidential house,
Parliamentary house and Supreme Court made from a high quality sandstone from
Rajasthan. The increasing fame of Indian stone has forced the demand for its extraction,

these stones are also been exported to roamytries like USA, Germany, France, etc.



Due to its high demand and extraction at the same time has led to tons of waste deposits.
The marble resources have been reported to be present in many states of India like
Rajasthan, Gujarat, Haryana, Andhra Pshdéviadhya Pradesh, Jammu & Kashmir,
Maharashtra, Sikkim, Uttar Pradesh, and West Bengal. Among above mentioned states,
marble deposits of economic importance are present in states of Rajasthan, Gujarat,
Haryana, and Andhra Pradesh and also in Madhya $haeper the reports of Indian

bureau of mines.

Gujarat has large resources of marble in Banaskantha, Bharuch, Vadodara, Kachchh,
and panchmahal districts. The Ambaji area in Banaskantha district and chinchpura area
in Vadodara district are the main pumihg center$8], Marble of Vadodara occur in
different shades like gea, cream, pink and white.

In Haryana, marble deposits are locatethendistrict of Mahendragarh. Most important
localitiesare Antri-Beharipur, Zainpur, ChappiBibipur, Nangaldurgu, Islampur and
DhanotaDhancholi.Marble of this area occurs in variégacolours and banded forms.

It enjoys the reputatioas 'Patiala Marble' with black and white bands.

Marble deposits of Maharashtra are of calaind dolomitic type which are located in
the areasf KattaHiwara, Kadbikhera, Sakaritola, Pauni,Chorbgabkolapar, Mansar,
Kandri, ChargaonjJunewani villages in Nagpur district. In Kattiwara, the marble is
light-pink to grey in colourThe marble of Kadbikher&akaritola is pinkalcitic marble
while the marble deposits dansar and Kandri areas ardatuitic type.

In Uttarakhand, white marble of limestone occurs in Pithoragarh distrigharkhand,
huge deposits of marble aagailable in Semr&alatua and adjoining areasRdlamu.
Pink marble occurrences are reported fidesadih area, Singhbhurnrsttict.

The marbles of Khammam of Telangana district is of white and g@mourrences of
pink, purple, yellow and variegated marbles are repoirte@uddapah, Kurnool and
Anantapur districts.The dolomitic marble of Cuddapah, Kurnool aAdantapur
districts is other upcoming resouraentre for offwhite, coloured, greyisblack

marbles which take good polish and are be&ixgloited by private entrepreneurs.



Table. 1.51 Stones available in different districts of states

States Districts of state whermarble resources available
Gujarat Banaskantha, Bharuch, Vadodara, Kachchh and panchmat
Haryana Mahendragarh, Antbeharipur, Zainpur, chapprbibipur,

Nagaldurgu, Islampur, Dhanetdhancholi

MadhyaPradesh Jabalpur, Katni

Maharashtra KattaHiwara, Kadbikhera, Sakaritola, Pauni, Chorbaoli, Deolay

Mansar, Kandri, Chargaon, Junewali

Uttarakhand Pithorgargh
Uttar Pradesh In Mirzapur at Hingha and geria
Jharkhand Semrasalatua
AndhraPradesh Khammam, Cuddapah, Kurnool and Anantapur

1.6 Rajasthan marble stone industrywith respect to sustainable processing

Marble stone of Rajasthars the most preferred stone in Indiehe marble stone

industry of Rajasthan has extremdligh percentage of waste generation like solid

marble wastepowder and sluy which are the major sources fenvironmental
degradation where marble quarries gnd ocessi ngbés are | ocated
generation variesiidely from 30 %by weight (in mechanized mines usimye saw

cutting methods for extraction of marble btef and60% to 70% by weight through
un-mechanized miningOver the years, processing and exploration companies have

been greatly criticized for their destruction of the environment. Hence, there is a great

deal and necessity to study the sustainable psoog of marble stone industry in order

to protect the environment.

Due to the lack of proper waste management has led to the waste being dumped on open
lands is causing severe threat to the environment in Rajasthan and in nearby areas of the
state. Takingnote of the situation, and being promoted by a local NGO {Non
government Organization) and other environmental organizations, the Supreme Court
ordered a complete ban on marble mining in 2002, over the whole state of Rajasthan.

But this ban did not lasbhg, due to various reasons; some of them being: concerns of

9



the state government for development activity, fear eémployment, changes in the
policy and pernssion regimesMarble industry of Rajasthan is currently doying

over 1 million peopl¢9] Out of all the states Rajasthan has the distinction of having the
best among Indian resources of good quality marble. Out of 33 districts in Rajasthan 20
districts have marble in one or other forms. The important regions whaglem

deposits are present are given be|a®j

a) UdaipurRajsamaneChittorgarh region
b) Makaranakishangarh region
c) BanswaraDungarpur region

d) Andhi(Jaipur) Jhiri(Alwar) region andaisalmer region

10
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1.7 Significance of research

The primary goal of this project is to classify the marble stones present in and around
the area of Rajasthan, characterize them and do the machinability study in order to
optimize thei cutting parameters. A detéife cycle assessment of the marble industry
from cradle to grave has been done to identify different wastes generated in each stage
of the process. Energy audit as well as life cycle energy assessment is done for the
processing unit to analyze the cambemissions being emitted while processing. The
powder obtained while processing is collected and characterized rheologically with
different coolants to identify which coolant is best suited while machining the marble.
Finally, the Specific energy consutign as well as the forces generated while
performing milling operations were calculated, and a method to predict them using
Artificial Neural Network (ANN) was proposed.

Concerning stone waste-use, there are a number of studies which focused on finer
portions, at the microscale ledl1]. In addition this research took in consideration of
physicemechanical characterization of marble samples and their powder from the
processing plants. Furthermore, the tool bits that are currently used for cutting the
marbles were collected frodifferent processing units and where characterized to know
the chemical composition of them. It was noticed that the waste generated at the
processing site was-tesed at different enterprises (such as agriculture, paper industry,
cement industries etchhey were also encouraged to sell the waste at |pwegsin

order to get rid of it, with the only advantage of reducing the landfill costs. Tirgere

of stone waste in the construction industry is identified as the most profitable, since the
guarryingand processing activity is strictly related to the building industry. Hence,
processing companies have necessary skills and expertise to evaluate the economic

risks, thus they are more eager to undertake the production of new products.

Besides, another iportant goal of the project is to find out the carbon emissions from

a processing unit is considered to improve upon the emission released to the atmosphere
by moving from the conventional energy to the solar energy. Since, the percentage of
carbon emissias from the processing units is very high that causing lot of damage to

the environment.
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Carbon dioxide emissions

Carbon dioxide is the major GHG which absorbs part of the suns radiation that
continuously strike the ear tphefenace aftthemos p he
greenhouse gases (methane {CHNitrous oxide (NO), Fluorinated gases) in the
atmosphere is the natural phenomenon, vegetation, volcanism, and natural rock
weathering, and also anthropogenic activities can generate it by burningdelssdrid

biomass, and they come from all sorts of everyday activities like using electricity,

heating homes in winter, driving around town, burning coal/wood.

Water can take the form of an invisible gas called water vapor. Water vapor is naturally
presenin the nature, and has a strong effect on the weather and climate. As the planet
gets warmer, more water evaporates from t
atmosphere. Water vapor is a greenhouse gas so more water vapor in atmosphere leads
to even more warming. This is a classic example of a positive feedback loop, which
happens when warming causes changes and leads to even more warming. As a result,
atmospheric carbon concentration has multiplied amounting to 391 ppm exceeding the
industrial lewels by 40%. As expected, G@ominates the total forcing with methane

and the CFCs becoming relatively smaller contributorseddtal forcing over time.

Marble industry igshe major contributors for carbon dioxide

Marble industry inRajastharproducemore than 3500 metric tons ofarble powder

slurry per dajl2][13]. It generates both stone waste and stone slurry. Solid waste
results from the rejects of quarrying site, liquid substance consisting of particles
originated fromthe sawing and polishing process and water used to cool and lubricate
the sawing and polishing machines. Marble stone slurry generated accounts to 40% of
the final product from stone industry. This is obvious because the stone industry
presents an annualtput of 68 milliontonsof processed products. Hence, the industry
should commit towards ¢hsustainable patterns. In Bethanthe settled marble dust is
disposed and dumped in and around the quarrying site results in environment pollution,
threatening bth agriculture and public health. Therefore, utilization of this waste
marble dust in construction, agriculture, glass manufacture and paper industry would
help in usage of this waste and protecting the environment. This waste can be used to
produce new mducts, in road way constructions, in making pavements and as

admixtures so that the waste is utilized more effectively and reducing the environment
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pollution. It is estimated that the Rajasthan marble processing enterprise produces
around 1800rh (4500 tams) of marble waste annually, by using this waste as
replacement of cement can indirectly reduce, €@@issions into atmosphere by 4500
tons annuallyThe reasons statedbove is thé&ey basisfor initiating the projectMain

idea behind the projecis to develop somecustomizedtools which help in cutting
marblego amorethinner dimensionwhich reduces the waste generated. Angitdern

of this research is to look into some management strategies to collect the waste
generated while cuttingnd utilize itin other applications, so thataste would no longer

be dumpedTo have more comprehensive idea of utilizing the waste it is essential to

look into the sustainability and Life cycle analysis aspects of the industry.
1.8 Organization of thesis

The aim ofthe project is to study the morphology of different marble stones present in
and around of Rajasthan region such as (Makarana White, Bhainslana Black, Agaria
White, Udaipur Green and Aandhi White) using petrographic analysis. Then, to
characterize them pbically, mechanically as well thermally in order to find out various
properties which influence the wear of the tool. Finally, optimize the machining
parameters such as feed, speed and depth of cut in order to find out the best possible

combination to in@ase the efficiency of the machining as well as the tool life.

Firstly a broad analysis of thaternational scenario of stone sector was performed, to
guantify the quarrying production trenaisdto evaluatevarious wastes generated while
marble quarryingAim of this analysis is to find some opportunities to implement some
management strategies to reduce the wadste.analysis in chapter one evaluated that
waste accounts for a minor part of total stone extracted. But quarrying waste and
processing wasteombine amounts to majority of the total stone extracted.

A typical lifecycle assessment the Rajasthan marble stom&s investigate in the
same objectivéo find somescope to utilize theras byproducts for some other purpose
without being dumped tdé environment. Energy audit séveralprocessing plants
weredone asotherobjective was to minimize the energy consumpiioany industry.
The audits different parameters wareualconsumption of electricity, machines used
to processnarble stonesgnd their capacity to proceper dayWith the help of the data

obtained from the audit various factors were evaluated which are discussed in chapter
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3. Later, a complete life cycle energy assessment is done to find out the carbon

emissions into the atmpiBere is explained in chapter 4.

Most of the processing plants thare existing around Rajasthan are small scale
industries, theyypically use diffeent machines to cubarble blocks, anthbricate their

own tools to cutinto blocks of different shape and sizes according tomarket
requirement One of the objective was taollect these tools and analyaar their
chemical compositiomo check the probability of manufacture customize tools which
reduces the cost of the tool. The tools characteri@edd that they mostly use iron
powder in the metal matrix as well as silicon powder as abrasiies the cost of
availability of these materials are less (when compared to the circular and wire saw) for
the metal matrix with diamond particles suspended. iffi ihe hardness of the marble
increases then the iron particles are replaced by cobalt or nickel according to the
required compositionThe slurry which is a semi solid waste generated during the
cutting process is usually disposed either to the seditmmtgits or to the

sedimentation and filtration towers.

After some preliminary studies on processing industries five different marble samples
were selected and are physioechanically characterized. Petrography analysis of
these samples revealed the maheproperties, grain size, distribution of grains, etc.
whichare explained in the chapter 5.1simultaneously they are also graded according

to the hardness number. Marble powder obtained while cutting these five samples were
rheologically characterizk using different coolantsn 5.3 Coolants used while
machining carry away most of the heat generated while machining. The rheological
characterization heedto analyze how these coolants behave while machining, whether
their rheology remains same or olga with the temperaturéceare described in chapter

5.3

Machinability parameters effect the cutting performances of the circular diamond
sawblades, the interaction of many effective parameters like mechanical properties
(Uniaxial compressive strengthenh si | e strengt h, youngos
abrasiveness, water content), sawing characteristics (force, traverse speed, specific
removal rate, peripheral speed, depth of cut, specific energy, cutting mode), textural
properties (grain size, grain shapenenal type and content) saw design (diamond
properties, matrix properties, machine vibrations, operator skill), working conditions
(machine power, amount of water used, environment/climate ehaveye studied in
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the chapter 4. The specific energy consption and the forces generated while
performing milling operatins were analyzed in chapter 6Sme innovative cutting
technologiesvere studied in the chapterd6and a patent applied and their details can

be found in Annexurell. The forces generatedere calculated using two types of
dynamometers 1. Strain gauge type dynamometer which was fabricated in the lab whose
construction details can be found in Annexure I, and the second type of dynamometer
was a piezo electric based Kistferdynamometer anthe results were compared for

the possible errors.
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Chapter 2: Literature review

2.1Processingof marble stones

Marble processing is gaining popularity due to increase in its usage in construction
industry. Today almost all modern architeeiudesgn of houses and malls include the
final touch of beautiful shades of marble in exterior as well as intpootions
Rajasthan has large deposits of superior quality of mattutein different regions. The
possibility of getting the marbkorein block forms will reduce the waste and improve
the profitability. Once, the extraction of the blocks from the quarry are done they are
sent to the processing units to further process into tiles, slabs etc. Thearians
machines present to carry todifferent operations on the extracted marble blocks.
According, to the final product requirement the machines may also vary. The following

are some of the machines exclusively used for the processing of the marble stones.
2.1.1Cutting machines

Cutting d large blocks in the processing industries are carried ousiomg gang saws,

wire saws and circular saws.
2.1.1.1Gang saw

Gang saw is designed and constructed ideally to cut mstdnieblocks in slabs with

high efficiency.A gang saw has a number afljustable blades that allow for the
thickness of the slabs to be adjusfBde gang saw can cut the entire block of stone into
slabs at one tim&.he blades of the gang saw are made of alloy steel with the diamond
segments welded at the periphddgpendng on the thickness of the block to be cut the
size of the disc varied.arge disc machines are fitted with discs of larger diameter,

which can cut the blocks measurimg to1.7 meters.

Fig. 2.1.1.1 Gang saw machine
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Miguel et.al. [14] studied the sawability by multiblade gangsasorrelating the
interaction between diamond tools, machine ottarsstics and stone parameters. The
correlation between indentation depth and stone parameters, showed good results, for
uniaxial compression strength. In order to predict the production of slabs per hour, a
multiple linear regression model showed a datien approximately to 100% between
variables and passed several significance t@sts$inal result, the model indicated an
explanatory equation with the most important parameters of the cutting process: block
length, block width, vertical sawing speattauniaxial compressive strength.

E Rodrigusetal. [15] studied the surface finish of the marble and granite stones using
a multiblade gangsaw. The marble samples showed mineralogicésiies, but great
difference in cutting speed and cost of the industrial process. It discusses results in
relation to knop hardness amsler wear, deep abrasion and petrography. They
concluded from the experimentation that the texture of the stonbéhawst important

influence on the cost of production of polished slabs.

Abraham etal. [16] presented state ddirts in cutting procedures sed for stone
processing. In thistudy they found that the reduction in the thickness of blade has a
direct repercussion on profitability. A new tool is presented with cutting thickness half
of that of the best achieved in conventional tool, band saw watlded diamond
segments. The first prototypes are built, cutting tests are carried out and the features of
the cut are studiedh the second part, existing studies on measurement of cutting force
in conventional tools are reviewed and gretotypeband sa machine is monitored.
Cutting forces in this new process are studied, with measurentangeitial force and

feed force under various working conditions

N careddet.al [17] studiedmarble processing of three different factories for future use
of CaCQ1 microfine dustthe sludge deriving from processing is mainly composed of
Calcium carbonatand ithas a great potential as secondary raw material-prdguct

as long as the chemical properties of the sludge mepatheneters required by current
environmental lawsThey explained how tool wears out while processing and how

consumables end up asdde.

Mendozeet.al.[18] studied the environmental performance of mblidde gangsaw and
diamond multiwire sawtechnologiesandcomparedhem to thdife cycle assessment.

Results demonstratedat diamond multiwire saw technology contribute 30% of water
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savings, 40% of energy savings and 80% of material savings per square meter of
polished granite tiles (60 x 402 cm) production. These resource savings contribute

together to reduce the products environmental footprint by 35% to 80%.

Hiereset.al. [19] studied the dimensional stone production process, block splitting into
slabs which are considered important in terms of time, costs and quality of final
products. The found thatparameters of the cutting process have a graaability

while cutting. Depending on those parameters, the steel blades settled in an oscillation
frame and an abrasive slurry characteristics also depend on the marble stone. Their study
showed a relation between the characteristics of selected stodeseel blades and

shot consumption within the sawing procetle higher the quartz contents of the
marble the higher its abrasion resistance, which results in higher consumption of steel

shot during sawing.
2.11.2 Wire saw

To minimize the risk of @acks, fissures, and other aesthetical damage tanéuble
stone, fabicators use a machirealled the wire sawhich helps in gently separating
the marble. Two 3 inch wide holes are drilled perpendicularly to each other. Once the
holes connect, a heaxdyuty wire embedded with artificial diamonds is fed through and
secured to a flywheel, forming a loop powerful engine applies massive torque to the
flywheels, which circulates the diamond embeddere at a very fast rate. Since,
diamond is much harder thahe marble, the friction is quickiyears it away, leaving

a smooth cut plané\ conventional stationary wire cuttingachine for the processing
industry weightsaround six tons and has a cutting mdtequently fitted of between
107 20 kW. Thecuttingtool is a steel wire, usually from foto five millimeters thick,

on to whichdiamond beadare attachedThese beads have tsame structure as the
diamond segmentsntered polycrystalline diamonds in a metal maffixere must be
separation betweendhdiamondbeads to allow for the removal of cut away material,
and 30i 40 beads are usually fitted per meter. Elmment separating the beads may
differ dependingon the type of wire, which may be springsimgjected polymer, but

normallyvulcanizedrubbker orplastic
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Fig. 2.1.1.2 wire sawmachinewith diamond beads

C.Sunget.al. [20] Studied the brazed diamond grid desfgn diamond saws, they
describedhe fabrication procesand saidthat the diamond grits in conventional tools
areheld in matrix eitheby electroplatedickel or sintered metal. As a result, these grits
are distributed randomly and they are buried mechanically. The segregation of diamond
grits often results in densely and sparsgigced regions. Thus, some grits aasted

due to redundancy; and others, shattered because of overload. Moreover, as the
mechanical retention force is weak, all grits are easily knocked off by the strong impact
force generated during cuttingThe controlled spacing of diamoradlows optmal
performance of each grit with minimal waste. The chemical bonding further prevents
premature loss of the griloreover, brazed diamond can protrude higher for aggressive
cutting. The new technology has been applied to make diamoadaws with halthe
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amount of diamond used as compared with conventional diamond wires. The brazed
diamond grid allowsa twofold increase of cutting speed over conventional diamond
saws without compromising the life. If this technology is appteadther types of
diamord saws, the result would be a dramatically improvement of productivity

accompanied by a sizalbieduction of cost.

C Y Hsuet.al. [21] investigated the wire saw machining of cerambgsultrasonic

vibration in this studyMaterial removal rate, wafer surface roughnss=el wire wear,

kerf width, and flatness during machiniogramic were selected as quality character

factors tooptimize the machining parameters (swinging angle, concentratioed

grain and direction of ultrasonic vibratioto) get the largethe-better (material removal

rate) andthe smalleithe-better (wafer surface roughness, steel wisar, kerf width

and flatness) machining characteristicsTaguchi methodThe results indicad that

wire swinging produces a higher material removal rate and good wsieiace
roughness. Ultrasonic vibration improved materéxhoval rate, without affecting the

flatness under differentnachining conditions. Experimental results show that the
optmal wire saw machining parameters based on gedgtional analysis can be
determined effectively and materiakmoval rate increases from 2.972 to 3.324
mm2/min, wafersurface roughness decreases fronv0.3t o 0. 3 4 wanr, stee
decreases from 0. 78 t o fram 07352 teec0B50 mneand wi d

flatness decreasesfrom 7.517to 22 e m ar e observed.

H K tonshoffet.al.[22] developed a wire sawing process for many applicaiiotise

field of natural stone andonstruction materials, especially for very thick materials or
components that are difficult to acceB8amond wire cutting wadéimited to small
carbonsteel shapes, such as pipelines for transporting gas or oil under the sea. In
particular, the task of cuttingure steel components offers new fields of applications,
e.g. treatment of nuclear power or-efforecomponents. The applicatiaf the wire
sawing process for these specific cutting operations requires the development of
diamond tools adapted to the cuttipi@cess. In this paper, the basic principles of wire
sawing are explained and the background of diamond wire cutting otstepbnents

is discussedThe interaction between tool and the workpiece is described in detalil.

Mohammadet.al. [23] predicted the performance of tligamond wire saws&s an
important in the cost estimation and the planninghef $tone quarries. An accurate
estimation of sawability helps to make the planning of the rock cutting projects more
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efficient. In this paper, the performance prediction of diamond wires saveutting
carbonate rocks werdudied on 14 different carbonatecks in stone quarries located

in Iran. Rock samples were collected from the quarries for laboratory tests. Uniaxial
compressive strength, Brazilian tensile strength, Schmidt hammer value, and Los
Angeles abrasion were determined in the laboratory. Peaface prediction was
evaluated using simple and multiple regression analyses. Finally, a new model was
proposed for predicting the production rate of diamond wire saw. It was concluded that
the production rate of carbonate rock using diamond wire sawetably be estimated

using the developed model.

G.Q. Huanget.al.[24] investigated on the breakagetbé diamond wire saw during
stoneprocessing. A lot of bilen wire samples were collected from factories and
observednacroscopically and microscopically. The results indicate that the breakages
were nainly fatiguefailure. And statistic of results show that all the breakage sites
centralize on two sections. Reasdas the two break sections are also discussed in
detail. Furthermore, sawing experiment wasducted to study the effect of the process
paameters and the results reveal that the breakatiee ofire saw is sensitive to the
processing parameters. Finally, some proposals for manufactuagpplichtion were

presented.

Y. Ozceliket.al.[25] investigated théhe effectof rock anisotropy, associatewth the
beddingplanesof the rock in strengthof the rock, on the efficiency of diamondwire
cuttingmachinesandalsoon thevibration of the cuttingmachine While investigating
the cutting efficiency, the unit wear on the diamondbead, cutting rate and specific
energyhavebeentakeninto considerationHoop rotation (1100 rpm)andtensioring
amperagd29A) were usedas constantcutting parameterdor different cutting angles
(from 0° to 9¢) dependingon the beddingplanesfor two differentrock types.During
the cutting operationsthe unit wearon beadswvere measuredndthe averagecutting
rate and vibration values thaibccurredwith the diamondwire cutting machinewere
recorded In addition the strengths of the rocks were determined for the core samples
prepared from the anisotropic two rock samplassideringlifferentanglevaluesfrom
parallelto andperpendtular tothe beddingplaneof therock. Then,there relationships
betweenthe anglesof the beddingplanes(ABP) and variousvariablessuchasthe
strength of the rock, unit wear, cutting rate, specific energy and vibration were

investigated Finally, the cutting efficiency of diamondwire cutting was found to be
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sensitiveto the rock anisotropyandit wasrevealedthat the cutting operationsshould

be performedparallelto the beddingplanesasmuchaspossiblein termsof economy.

Hanifi Copuret.al.[26] tested different marble samplesth a linear cutting testrig

using chisetype cutting tools with 0°, 15, 3@ and 4% sidevays anglesat different
depthsof cutandtool s p a c ,itodgtérminestonecuttability, cutting characteristics

of chan sawmachineandeffectof Unsymmetricahndsymmetricsidevaysanglesand
differentcuttingpatternson cutting performancétool forces specificenergy,optimum
cuttinggeometry) A deterministic model wasuggested for predicting performance of
chan saw machines using the results of linear stone cutting experiments, and the laws
of kinematics. The results of experimental studies argitininvestigations indicatke

that the cutting action of chain saw machines can be successfully simulated by linear

cutting experiments and the suggested model is proven.

S C jainet.al.[27] used a neural network models to predict the cutting performance of
the diamond \we saw machinérom shear strength parameter cohesasod machine
parameters peripheral speed and thraist] the results were compared with multiple
regressionmodels. It was concluded that applicability of ANN éutting performance
prediction of diamad wire sawmachine in dolomitic marble is more reliable than the
regression models. The determination coefficients foptedicted and observed values
for ANN and regressiomodels were for cutting rate 0.998 and 0.896 and for vegtar
0.999 and 0.96 fespectively. Also standard errorsastimates for ANN and regression
models were for cuttingate 0.00133 and 0.339 and for wear rate 1-0862and0.02,
respectively. The peripheral speed and thpasameters have positive impact on both
cutting rateandbeads wear rate. Cohesion has positive impact on bezatsrate and

negative impact on cutting rate.

B.C. Liu et.al.[28] experimented withrajectory and mechanism of diamondevsaw

and werdheoreticallyanalyzed. Sawing experiments of marble and granite are carried
out to verify the results of thiaeoretical analyses. Both the analyses and experiments
indicate that sawing trajectory of diamowire saw is approximately amvolute of

circle. The wire tension and the unit linear pressietermine the shape of the involute.
Furthermore, the main rodkacturing mechanism of diamondre sawing is Hertzian
Fracture because linear wire speed is so high and the unit linearrprisssdow that

the stone cannot be voluminously fractured. The materials removal is achieved by high
speedyrinding so that the sawing debris is very fine
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A ersoyet.al.[29] investigated the wear characteristics of circular diamond saws for
cutting of different hard abrasive rocks. The principle factors requires for considering
in predicting the wear rates are typedamond saw, the saw operatipgrameters and

the characteristics of the cut rock. A single rock property index is suiffiaient basis

for predicting wear performance. A variety of ten types of rocks were cut in the
laboratory with two types of circular diamosdw using a fully instmented cutting

rig at different feed rates, depths of cut and at constant peripheral speed. Quantitative
determination®f a wide range of textural, mechanical and intact properties of the rocks

were also made.

Y Ozceliket.al.[30] developed a regression models related with the wear of beads are
developed for horizontal and vertical cutting separat€he vertical and horizontal
wear rate models yields similar results. Therefore, it is appropidaise only onefo

these models.
2.1.1.3Abrasive water jet cutting

Water jet cutting is used to cut pieces, make holes for appliances and create beveled
edges. In water jet cuttingater is pressurized to 60,000 psi and allowed to shoot out in

a concentrated stream. Travellingah times speed of sound the stream mixesairid

with a powdered abrasive (e.g. aluminum oxide and garnet) before striking the marble.
The result is a precise hyper erosion that can be used for three dimensional-and two
dimensional applications. Due toet degree of precision a computer is used to control

the entire cutting process.
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Fig.2.1.1.3.1Abrasive waterjet cutting

M A Azmir et.al. [31] conducted some experiments to assess the influence of water jet
machining (AWJM) process parameters such as surface roughness, of glass fibre
reinforcedepoxy composites. Taguchi method and analysis of variance was used to
optimize the AWJM process parameters. After experimentation type of abrasive
materials hydraulic pressure, standoff distance and traverse speed were found to be

significant factors in controlling the surface roughness.

M. Ramuluet.al. [32] investigated graphite/epoxy coogite materialvhich machined
by water jet machining process. Topography and morphology of machined surfaces
were evaluated with surface profilometer and scanning electron microscipe.
surface characteristics and the micro mechanisms of material aéfoovboth the

processes were analyzed and compared

Several studies concentrated calculating the machinability study of granites using water
jet cutting [33][34] and to find a correlation between abrasion wear and different
Physicemechanical properties of the samples to identify the property that is effecting
the wear most. In the current study different marble samples were considered and tested

for their rock properties as well as machine operating parameters to find a correlation
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between mineral as well as physit@chanical properties which is effecting the wear.
Specific energy consumption and forces were calculated while performing milling

operatons on the samples.

M Junkaret.al. [35] presents an explicit finite element analysis (FEA) of a single
abrasive particle impact on stainless steel in abrasive water jet machining (AWJM). In
experimental verifications of different shapes of craters on workpiece were observed
and compred with FEA simulation resulted by the crater spheri@itye influences of

the impact angle and particle velocity were obserResults of the FEA simulation are

in good agreement with those obtained from the experimental verification. The
presented wd gives the basis fdurther FEA investigation of AWJ machining, where
influences such as particles rotation and other prquassneters will be observed.

F.L. Chenet.al. [36] investigatedemerging technology which can shape almost all
engineeringnaterials, but it also produces a characteristic streiddce finish which

limits its potential application$.n t hi s study, the character:
cut surfaces is investigated using a scanning eleatromscope. The effect of abrasive

particle distribution in the jet on striation foation is detailed. Anortinvasive

technique, Laser Doppler Anemometry, is used to analyse the abrasive particle
distributionin the jet. Furthermore, the mechanisms of striation formation are discussed

in detail and an effectivatriation minimization teanique applied to the cutting process

is outlined

A. M. Hoogstrateet.al.[37] has discussed theedelopments in equipment process as
abrasive water jet milling, and turning, exploit the advantages of abrasive waterjet
technology completely, thereby eliminating or minimizing the disadvantages. It is
mainly based on several discussions held at-39Gneetings in recent years and on

input provided by many CIREhembers. Abrasive waterjet machining.

L. M. Het.ah Y38] lthey studed the relation betweethme declination angle and
cutting wall qualityThe values of the limit traverse speeds predicted from the theoretical

equations were compared with values experimentally determined on selected samples.

C.Maet.al[39] studied the taper edges prodd by the abrasive waterjet cutting on the
kerf of workpiece being cuiThe kerf geometry has been measured using an optical
microscope. Using these measurements, a simple empirical correlation for the kerf

profile shape under different traverse speedde@sn developed that fits the kerf shape
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well. The mechanisms underlying the formation the kerf profile are discussed and the

optimum speed for achieving the straightest cutting edge is presented.

Gokhan AYDIN et.al [41worked on assessment of the surfgaality of the granite

but by abrasive water jet. Abrasive water jet (AWJ) cutting has been increasingly used
in various industries due to its considerable advantages over the conventional cutting
technologies. Although many studies have been carriedoofutlly understand the
cutting performances of the AWJ for a variety of materials, the studies focused on the
rock machinability by abrasive water jet in terms of cut surface quality are required. In
this study, cut surface quality of a granite cut byahrasive water jet is experimentally
analyzed. The cutting performances are assessed in terms of the cutting wear zone and
surface roughness. The experiment al studi
orthogonal array. Effect of the process paranseieipresented as mean responses in
detail. Additionally, analysis of variance (ANOVA) is used to evaluate data obtained
statistically. Major significant process factors affecting the cutting wear zone and
surface roughness are determined. As a resulheftudy, it is determined that the
highly effective parameters on the cutting wear zone are the traverse speed and the
abrasive size respectively. Similarly, the water pressure, the traverse speed and the
standoff distance are found as highly effectivecpess parameters on the surface
roughness of themarble.

2.1.1.4 Circular diamond saws

Circular sawingvith diamondimpregnated segments attached to a circular steelis
extensively used for cuttingarbleand other structuratones. With the growingse of
naturalmarbleas a constructiomaterial, there is increasing demand on reducing the
sawing costand increasing production efficiendyiamond impregnated segments on
the saw periphery consist @ndomly dispersed diamond abrasive grains emiaeitide
a metalmatrix. As sawing proceeds, the segments wear down andiasends emerge
from the matrix. In general, the metal matard the diamond wear rates should be
appropriately matched iorder to facilitate efficient cutting and high wear resistaof
thesegmentsThe productiviy achieved in sawing of marhikerelated to thenechanics

of the process, as well as the wear resistance afigimeond segments. Forces, power,
and energy have been extensivelyestigated for virtually all types of rohining

processesncluding sawing and grinding.
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Fig. 2.1.1.4.1 Circular diamond saw

Processing of marble to various dimensions stones also on the rise esptjiallying
circular diamond bladésaws.Wearing of diamond blades/beads are not only affecting
the productivity[40] and the cost of this process, but also the waste generated during
processing. Circular blade wear is one of the important aspect to be cedsidstone
processing due to the two tribological contacts of both surfaces, mainly one being the
contact of abrasivenarble, causing primarily the erosion of saw blade and second the
chips formed during machining will cause the wear due to the bondthg ohip to the

metal [41]. So, while stone sawing, the identification of wear mechanism is a very
complex task due to various contacts that are possible while sawing the stone. When
considering the use of diamond tools for sawing, both abrasee and erosive wear

play a vital role. In fact, the complex nature of wear makes these investigations more
time-consuming, and mostly it addresses only isolated aspects like specific wear

mechanisms or processes.

l. G. Gyurikaet.al[42] worked onfinding optimal opportunities at stone machining
processedone by diamond toolor this they usedifferent typeof stones used in wider

and wider range to produce covers, pavements, tiles, statues, solMeyfeund ;e

of the possible solutions to increase productivity is to optimize the stone machining
processesTheir am of the first phase is to create an overall knowledge of stone

machining, highlighting the stone cutting process with disc. After acquiheg
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knowledge the next step is to execute the researches opgntidnstone machining

processes.

Boyog et.al40] presents the wear characteristics of circular diamond saws in the
cutting of different hard abrasive rocks Circular diamond saw of wear is affected by a
range of factors. However, the principal factors that require consatenatpredicting

wear rates are the type of diamond saw, the saw operating parameters and the
characteristics of the cut rock. A single rock property index is not a sufficient basis for
predicting wear performance. A variety of ten types of rocks wera ¢l laboratory

with two types of circular diamond saw using a fully instrumented cutting rig at different
feed rates, depths of cut and at constant peripheral speed. Quantitative determinations
of a wide range of textural, mechanical and intact prasedf the rocks were also
made. Wear (weight loss and height loss) of saw were measured after a series of test in
each rock type. The wear of saws can take many forms, however, the most common
wear mechanism operating on saws during the rock cuttingasiah. Impact loading

and impact fatigue also accelerates the wear of saws. The analysis indicated that the
statistical model for the rock saws have potential for practical application. The
application of multiple regression analysis to diamond saw pedioce is novel and

the technique shows promise for the prediction of saw wear in specific rock types. The
ability of the technique to provide a mathematical characterization of the performance
of new cutting saws in the specific rocks may prove to valsawomanufacturers and

users.

The correlation and regression models try to attempt and provide a closer approximation
to the saw blade wear with respect to mechanical and mineral properties. Previous
researchers have developed some predictive models tesadal range of varieties in
igneous granitegAydin et al., 2013put not marble. From the literature review it can

be seen that a lot of study was carried out for calculating SWR of diamond tools for
granites, but only few papers were found on marble stones may be the wear of diamond
tools were of less interested fromesearch point of view and another reason being
marble are less hard compare to granite. Even in that granites, they worked without
knowing entirely their genesis, crystal size distribution and mineral percentage
(Tonshoff etal., 2002)

Toshoff has significantly contributed to research for calculating forces occurring during

marble and granite processiig5]. The relation between brittleness, destruction
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specific energy (sdcs) using tungsten carbide \VpGlycrystalline diamond compact
(PDC) and impregnated diamond bits on circular diamond blades were obtained for each
series of drilling and cutting operatiofsslantas et al., 2009An experimental study

for the investigation of sawing performances of different marbles wagda@ut by

[47] considering specific energy as a criterion for sawing efficiency to determine the
optimum sawing conditions. They found that shallow cutting depths and low traverse
speeds are inefficient, it is alsmgsible to predict specific energy of sawing by
combining the dominant work piece properties. An investigation of frame sawing with
diamond blades was taken 48] under different cutting conditions wigingle point
cutting tool on marbles. They found that the cutting mechanism of the marbles was due
to plastic deformation and brittle fracture of the stones, these are further influenced by
cutting conditions like depth of cut, cutting coolant, tip shap¢he tool and the
properties of the stone. A study considering specific energy and specific wear rate were
used as the sawability criteria to investigate the influence of cutting mode on sawing
performanceg48] and found that dowwutting process results in high impact loads
leading to wear more quickly, while +qutting process found to be more efficient

process in terms of specific cutting energy.
2.1.2 Drill cutters

Diamond drill bits are used fomarbke stonethey come in different sizes and shapes
primarily of two basic tip g/les, solid tip bits and hallow core drill bifshere are also

two basic types of diamond drill bits relating to the application of diamond they are
sintered and bonded.

Solid dill bits have diamond on the tip and the sides of tip. These type of bit drills a
complete hole by grinding a full hole as the size of the tip. Core drill bits are hallow at
the tip are often called hole saws, since they goindaw a circle to create tiele.
Since solid tip bits will drill out the complete hole, they are only effective for smaller
holes in hard materialSolid tip bits are not designed for extremely hard materials such
as very hard stone or porcelain tile or for drilling large haBese drills only drill out

a portion of the resulting hole, so they will drill much faster than solid tip drill bits. Core
drills can also be used to drill large holes and can be used on mef&rrous hard
materials such as glass, stained glass, cergoicelain and fiberglass, porcelain tile,
limestone, slate, marble, granite and other stone mateéBiatsled diamond drill bits
havethe diamonds bonded to tedges of the drill bit tip. These diamond drill bits are
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generally slowspeed bits and areaifly inexpensive. During use, the diamonds
eventually wear off of the bit due to the hardness and abrasiveness of the material being
drilled. Sintered diamond bits have the diamonds embedded directly into the metal tip
of the bit. As the tip wears dowmew diamonds come to the surface. Sintered diamond
drill bits are often designed for deep drilling in stone, concrete or massimtgred
diamond drills are more expensive and because they are heavy duty, they drill more
slowly, but they last longer. épending upon the material being drilled and the drilling
techniques used, Sintered diamond bits can last 30 to 50 times longer than a bonded
diamond bit, sometimes even longEne life of any type of diamond drill depends upon

the hardness, abrasivenessl thickness of the material being drilled and the specific
drilling techniques used (drill speed, pressure and lubrication). The diamonds of a drill
bit don't actually wear out as much as they wear off due to heat and friction caused by

the extreme hartess and abrasiveness of the material drilled.

Fig.2.1.21 Different dimensionare drill bits

M. Stavropoulouet.al. [49] discussedabout the continuum mechaniesd discrete
modeling were applied to investigate numerically rotary drill cutting experimental
results on four marbles. Rockitting tests were performed by a new portable rotary
micro drilling tool currently employed in prace for the quashon-destructive
characterization of strength properties of rodkss found that the predictions of the
continuum model are in full accordance with measured forces during drilling. It is also
shown that the cohesion and internal faotiangle are the most important parameters
affecting the rock drilling resistance, as is depicted by the limit analysis theory of
plasticity. Moreover, the calibration of the discrete element model on the experimental
data permits the approximate estimatal the modd fracture toughness for each type

of marble.
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E. Detournayet.al. [50] postulated thathe cutting component of T and W is
proportional to the depth of cut per rev
exists between the frictional component of T and W, a linear relation is derived between
the specific energy E and the drillingestgth L two quantities with dimensions of stress,

t hat are respectively proportional to T
original assumptions appear to be justified when the model is tested against published
experimental results, as the datainp cluster along a line in the-E diagram.
Interpretation of experimental data suggests that the contact friction coefficient actually
reflects the internal frictional property of the rock. It is also proposed that the influence

of the bit designonthdr i | | i ng response is embodied
depends on the shape of the cutting edge and on the distribution of cutters on the bit
body.

G Exadaktylost.al. [51] studied the degradation of the monumental stones due to the
interaction between the material and environmental facdrpresent there is no
method which can measure with sensitivity, reliability and gonasidestructively the
cohesive properties of stones both at the exposed surface and at larger depths (few
centimeters), which can be used both in laboratory and in Fitay verified the
capability ofa phenomenological model to characterize the cohespyopkrties of

stones and the influence of wear on il performance based on appropriate
microdrilling measurements performed by using a new portable Drilling Force

Measurement System (DFMS).

Vijayender Singh et g§R1] worked on @velopment of gecific grinding energy model,
specific grinding energyis one of the mostimportantperformanceparameternof the
grindingprocess. Primargnergycomponent®f specificgrindingenergyarethemajor
contributorgo thetotal specific energy consumption in gdimg. For high strength and
hardness materials such as advanced ceramics, specific grinding energy requirement is
extremely high which will eventually cause higher material removal cost of such
materials. Detailed study of various components of specifndigig energy may help

to reduce this energy consumption by appropriate choice of the grinding process
parameters. This work studied in detail the four primary components of specific
grinding energy namely chip formation energy, primary and second rubbangy and

the specific ploughing energy for two different engineering materials a ductile mild steel

and a hard conductive ceramic. Single grit experiments have been conducted in new and
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more realistic manner to replicate the actual grinding processcani@vielop the
theoretical models of the specific energy components. Study of specific ploughing

energy also helped to explain thoroughly the concept of size effect in grinding

Sanjay Agarwal et dR2] worked on experimental investigation of surface/stiiase
damage formation and material removal mechanismsin SiCgriidinge di f ycul t y
cost involved in the abrasive machining of hard and brittle ceramics are among the major
impediments to the wide spread use of advanced ceramics in industriestysedeid
often desired to increase the machining rate while maintaining the desired surface
integrity. The success of this approach, however, relies in the understanding of
mechanism of material removal on the microstructural scale and the relationship
between the grinding characteristics and formation of surface/subsurface machining
induced damage. In this paper, grinding characteristics, surface integrity and material
removal mechanisms of SiC ground with diamond wheel on surface grinding machine
have leen investigated. The surface and subsurface damages have been studied with
scanning electron microscope (SEM). The effects of grinding conditions on
surface/subsurface damage have been discussed. This research links the surface
roughness, surface and sulface damages to grinding parameters and provides
valuable insights into the material removal mechanism and the dependence of grinding
induced damage on grinding conditions.

2.1.3 Mill cutters
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Fig. 2.3.1.1 Milling machine with milling cutter
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Diamond coated ehmill cutters are used to perform various operations on the marble
stone, for performing various profiling or edge profiling various profile routers are used

according to the specific requirement.

S. Malkinet.al[52] worked onadvanced ceramics evaluation andchanism of stock
removal and ground surface qualitihe aim of this work is to evaluate the mechanism

of stock removal and the ground surface quality of advanced ceramics machined by a
surface grinding process using diamond grinding wheels. The anafyie grinding
performance was done regarding the cutting surface beaaviorof the grinding

wheel for ceramic work piece. The ground surface was evaluated using Scanning
Electron Microscopy (SEM). As a result it can be said that the mechanismefahat
removal in the grinding of ceramic is largely one of brittle fracture. The increase of
thehmaxcan reduce the tangential force required by the process. Although, it results in
an increase in the surface damage, reducing the mechanipaltpgs ofthe ground

component.

B.Brook et.al[53] done experimentation amwck sawing operation, a single diamond

particle acting as a sliding indenter expends energy by generating compression in the
rock in the form of a 0st coefised crestpng:dhéisnt er 6
compression causes the rock fracture mechanism. It is not a cutting operation per second
indeed sharp diamond particles can be a liability. The sawing requirement is for a high
strength, high heat resistance indenter, with a patefdr displacement that is
compatible with that of the rock. Currently used tests for rock strength do not indicate
energy consumption, but the Shore and Brinell hardness tests are relevant. However, the
consumed energy is predictable from a new indexook strength, called Brook

hardness, which has been specifically developed for sliding diamond indenters. The
60stress epicenterdéd is | ocated with refer
vector which is stable for all circular sawing velocitiag,ibchanges with frame sawing

and drilling because they operate at abo
epicenter6 is at the | ocation of the <cru
Changes in the position of the stress epicenteincaease energy efficiency by as much

as 100% and reduce the generation of vertical force by as much as 70%. Drilling tests
using feed/revolution as the measure of penetration are used to simulate the variable
velocity of frame saws by reducing the revauos/minute. These tests reveal a

previously unrecorded sawing mechanism that can improve the use of frame saws
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because strong granite can now be frame sawn with diamond. This improved potential
should also apply to drill bits if they use feed per revolutis the means of penetration,
instead of a static bit load. By measuring diamond by volume rather than by weight, and
considering alternative options, accurate tool control can now be achieved, with every
aspect being predictable. Optimization of rockvisg operations has shown that
performance can be increased byiZD% with tools removing as much as 30 tons in

saw cuts per carat of diamond consumed. Because some rock mechanics terms used in
the paper may have different meanings in the rock sawingxpm glossary of terms

with further explanations is included at the end of the paper.

S.Liu et.al[54] studied dynamic characteristics of marble under impact loading and high
temperature. Dynamic mechanical experimentse carried out on marble under
different temperares and different impact loadings by using the high temperature split
Hopkinson pressure bar (SHPB) experimental system which is set up by integrating the
100 mm diameter SHPB with high temperature device. Combining the transformation
of mineral componds with the change of mineral particles under high temperatures,
the dynamic mechanical characteristicsaralyzedand the essence of rock fracture is
explored. The experimental results show that the $s&as curves under impact
loadings and differa temperatures hawbe same change law below 8GD. When
temperature excee89® C, the densification stage prolongs, the curve moves towards
right quickly, the slope decreases and the yielding stage extends evidently. The dynamic
mechanical characietics of marble take on obvious temperature effects. The peak
stress, peak strain and elastic modulus with the same impact velocity fluctuate in
different extents with the increase of temperature befof® C. When temperature is
above 400C, the peaktsess, peak strain and elastic modulus increase order line nearly
linearly with the increase of temperature. There is remarkable difference among
dynamic failure modes of marble under different temperatures. Espeaidign
temperature reaches160D, thefragments are powder and uniform particles.

An experimental study was carried out on some marble stones in which specific energy
of the sawing was presented and found that the specific energy, decreased with
increasing traverse speed, cutting depth ama flate of cooling fluid. The results also
indicate that the mineralogical properties could primarily responsible for the specific
energy rather than physiecnechanical propertief55]. The experimental study to
determine most significant rock properties influencing saw blagla performance

were calculated. The results revealed that the maximum grain size of quartz and alkali

35



feldspar minerals were the most dominating factors influencing the specific wear rate.
In order to be more pragmatic, we may adopt the mechanism efiahaemoval by

lateral fracture, which was proposed [B$] for ceramics. The number of parameters
involved to assess the tool wear makes the problem highly complex. The derived
analytical approaches are tiolly able to solve such complex phenomenon. So, mostly

to address this issue, the researchers makes use of some empirical relationships. By
literature review it can be seen that most of the rock wear mechanism models are

qualitative, involving descriptimand interpretation.
2.2 Sustainability of marble stoneprocessing

Marble stonandustry is considered one of the main economic resource in most of the
countries especially in Rajasthan state of India. This sector contributes widely to local
production, &ports and employment. Moreover it is considered one of the primary
resource in building and construction. Environment protection, economic prosperity and
respect for the need to promote social equity, constitute a prerequisite for any modern
industry aimng to operate in a sustainable mana&i. The natural stonendustry in
Rajasthanis a sector comprising large small and medium scale industries (SMESs),
despite the fact that they consists dynamic extraction often lacks the resources to apply
novel technologies and management schemes to achieve sustainable pedorman
Despite of financial growth of thRajasthanstone industry, there is a recognizable
difficulty to keep up pace with the technological innovations, and breakthrough in terms
of equipment, production chain or adoption of holistic environmental and Ezead
strategies. The stone extraction industry constitutes a sector significantly affected by the
principle of sustainable development, focusing on need to develop the mineral wealth,
to provide economic prosperity, environment protection and socialyedtuitther,
development of this sector will create opportunities, including employment, transfer of
skills and technology, development of local infrastructure and services and development
of national trade. However, parameters like-nenewable nature afatural resources,
increased energy consumption land take, potential impacts on soil and water, constitute
main challenges faced by thisarble stonendustry, indicating the requirement of
holistic approach and effective sustainable planning and operakienerm sustainable
devel opment began in use in the early 197
word for envirnmental and social scientists. The most popular definition came from the

report of the world commission on environment and developmet$i87 (also termed
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as Brundtland report), which means the development that meets the needs of the present
without comprimising the ability of future generations to meet their general needs. The
reuse of the traditional construction materials attestiein high value over the long

term. In fact the practice has always demonstrated the inherent value of traditional raw
materials and their products in confronting the issue of sustainability, in broder sence of
preserving resourcematerial for future gegrationg58]. Environmental concerns are

very important for sustainability because of the natural environment is where we live
and sustainability requires that we recognize our limits of the environment. The key
environment issue is to minimise our impact on global eco system and maintain the
erath in a healthy state. The economic dimension is a important issue to be addressed
the depetion of nonrenewable resources, global constraints on economic growth, and
correct procedures for assigning costs on economic growth, and correct procedures to
assign costs to environmental pollution and other negative impacts currently borne by
societyas a whole. While recognizing the importance of maintaining a balance between
all three elements of sustainable development. Throughout the history of buildings the
symbolic value of architectural marble and stone materials in the new construction has
gore hand in hand with the practice of recycling,demonstrating, at various levels, an
intrensic awareness of reuse as a tool for minimizing waste of material and energy.
Now-a-days sustainability is rarely considered from a long term perspective, and when

it is, and the approach tends to be from a broad theoretical standpoint. In the past,
however it was a common and necessary aspect of construction management, when the

waste of materials was a forbidden luxury.

Being a third producer of the marbie the wot d appr oxi mately 85¢
production is received from Rajasthan and almost all mining processing activities are
concentrated around Udaipur. Rajasthan has around 4000 marble mines and about 1100
marble gang saws (processing plafi)] . The industry involves Mines, Processing

plants, Cutters for the production of tiles for walls and floors, articles, waste
reproduction and other ancillary works. Due to these processes stone slurry generated
corresponds to about 40% as fipabduct. In recent times agreeing to the article of
timesofindiai t has all eged that AThere are 250 |
field and they are dumping about 70 tons of slurry daily as a result of which about
700x500 meters of thevally has been ruinedo this dumpe

to life, flora and fauna of the va]g9] The following some of the hazards listed
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1. When hazardous waste is dumped on the land, it reduces the prosperity, water
absorption and water percolation leadingéor land quality.

2. In monsoons the stone slurry is carried out to the rivers, road drains, wells, bore
wells and other water bodies which affect the quality of the water. So, ultimately
it is damaging the aquatic life.

3. When the stone slurry becomes drg fime particles are quickly dispersed and
it leads to air pollution.

4. Most of the Indian people depend on agriculture and botany, the dried slurry
from the rain water as well as the air deposits on the land and may affect the
growth of the vegetation andigmts.

5. Already grown trees and bushes have died out and new ones do not grow
(Rajasthan). Animals have also been deprived of their food and shelter

6. There are a number of accidents due to improper dumping of the mine waste on

roads and quarry sites.

l. S.Buyuksagiet.al.[40] focusedon the environmental economic, and social impact of
markle stoneindustry in the Middle East and North Africa region taking Palestine as a
case study. It presents the lifecycle mérble stonewith adequate indicators, and
proposes strategy for proper and efficient use of resources including natural stene, wat
and energy during production processes. 3Rs (Reclaim, Reuse and Recycle) principles
are used to minimize the waste at each stagmarble stondifecycle and hence
improve its material efficiencyMarble stonesector is modelled using doughnut
modelling technique taking into account most of the factors influencing this sector. The
value contribution of this sector is discussed showing the rational relation between

consumption and production.

A.gazi et.al60] worked on eergy efficiency and environmental assessment of a typical
marble quarry and processing plant Marble is one of the most aesthetically pleasing,
durabk and long lasting decorative and building materials and plays an important role
in the economy of several European countries. The majority of quarrying and marble
processing activities worldwide are performed by SytaMedium Enterprises
(SMEs), whose jperations are characterized by low productivity coupled with low
penetration of new technologies, high production costs and an overall lack of sustainable
resource management coupled with significant amounts of waste material produced

mainly during the quaying stage. There is a marked need within the sector for increases
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in production efficiency coupled with substantial reductions in material waste that can
be achieved by adopting best available production and processing practices, promoting
technologicalinnovation, incorporating energy saving technologies and modernizing
the sectords organizational structure an
provides a systematic approach for assessing the current energy and environmental
status of a typical Eopean marble quarrying and processing SME and proposes
measures for meeting cleaner production objectives. An evaluation methodology was
developed, through consideration of several realistic plant operating scenarios. The total
energy inputs for specific rpducts and processes together with appropriate
environmental indices (equivalent CO2 yield) were calculated and compared to
corresponding data from similar companies across the European Union. Possible
measures that may improve overall plant energy efficy and environmental impact

are also proposed.

Pappu et.al. [45)orked on slid wastes generation in India and their recycling potential

in building materials they say presently in India, about 960 million tonnes of solid waste
is being generated annlyalas byproducts during industrial, mining, municipal,
agricultural and other processes. Of this 350 million tonnes are organic wastes from
agricultural sources; 290 million tonnes are inorganic waste of industrial and mining
sectors and 4.5 million tonseare hazardous in nature. Advances in solid waste
management resulted in alternative construction materials as a substitute to traditional
materials like bricks, blocks, tiles, aggregates, ceramics, cement, lime, soil, timber and
paint. To safeguard theneronment, efforts are being made for recycling different
wastes and utilize them in value added applications. In this paper, present status on
generation and utilization of both ntwazardous and hazardous solid wastes in India,
their recycling potential and environmental implication are reported and discussed in

details.

Surender et.alreported orguarrying development and environment: A case study of
Bijolia mining area in Rajasthan, Indianmmg is essentially a destructive development
activity whae ecology suffers at the altar of economy. Unfortunatelynost regions

of earth, the underground geological resources (minerals) are superimposed by above
ground biological resources (forests). This is particularly more prominent in India.
Hence miningoperations necessarily involves deforestation, habitat destruction and

biodiversity erosion. The extraction and processing of ores and minerals also lead to
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widespread environmental pollution. However, mankind also cannot afford to give up
the undergroungeological resources which are basic raw materials for development.
An unspoiled nature can provide ecological security to people but cannot bring
economic prosperity. Scientific mining operations accompanied by ecological
restoration and regeneration ofined wastelands and judicious use of geological
resources, with search for efreendly substitutes and alternatives must provide the
answer. A case study of Bijoliaiming area in Rajasthan, India, gave some sensational
revelation of the impact of miningh human ecosystem.

Use of marble waste and marble slurry needs to be explored as a replacement for
conventional raw materia[1]. Some of iits wutilities can
embankments, for manufacture of bricks, manufacture of Portland cement, manufacture
of ceramic tiles, manufacture of thermoset resin composites, manufacture of lime,
manufacture of activated calcium carbonate, hollow blocks and wall tiles, manufacture
of ground calcium carbonate, as a neutralizing agent and filler for paints and rubber, as
aconcrete aggregates, as an asphalt filler, in waste water treatment, in the treatment of

sewage sludge to quel!l obnoxi ous fumes,

Marble waste produced from the extraction, renovation and demolition of buildicigs an
other constructions structure is considered priority waste and is generated several
million tonnes globally. Recycling and utilization of this waste would be a significant
contribution to the environment lead to sustainable development towards addption o
zero waste principle. One of the promising technology to convert this waste into value
added products is geopolymerization and it involves a chemical reaction between solid
aluminasilicate oxides and alkaline activator solution at ambient temperatsiigltty

elevated temperatur¢82]

Marble waste can be used to produce innovative 4scantosite acrylic sheets
incorporated with marble waste granules (MWG) were produced by free radical
polymerization of methyl methacrylate (MMA). The study of physiechanical
properties showed an improvement of adhesion between PMMA/SiO2amamnposites

and (MWG)[63]. The introduction of SiO2 induced an extraordinary improvement o

the abrasion resistance of PMMA matrix. The moduli of elasticities, maximum strain,
impact absorbed energy and scratch resistance are explained on the basis of (MWG)
porosity and adhesion. The manufactured ramoposites sheets are cost effective in

comparison with natural marble and possess the ability to have wide range of wonderful
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colours due to the inclusion of marble stones in a polymer matrix. In addition the sheets
display other specific properties such as light weight, colour stability, elesuiation,

low flammability, low water absorption and excellent mechanical prop¢édés

Removal of copper (Il) from some environmental samples bptige flotation using

powdered marble wastes (PMW), which are widespread and inexpensive and may
represent an environmental problem, as the effective inorganic sorbent and oleic (HOL)

as the surfactant. The mai n agaatraadmoepeer 0 s (
concentrationds, stir times, iPonic streng
influencing the floatation of PMW and or Cu (II) were examined. Nearly 100% of PMW

and Cu (Il) were removed from aqueous solutions of pH7 afteingtifor 10 min at

room temperature (~2%). The procedure was successfully applied to recover Cu (II)

spiked to some natural water samygs.

An experimental study which investigates the effect of the use of marble powder (MP),
as partial cement substitution, on the fresh and hardened properties -oéifitboeced
selfcompacting concrete (FRSCC) of roniform sizg(length) and aspect ratio of fibre

used for each length of steel fibre (25, 30 and 50 mm), three percentages (0.5, 0.8 and
1%) were used to improve the performances of FRSCC. All mixtures of concrete
specimens prepared with 30% of MP were evalug@@d The use ofteel fibre and MP

has a significant effect on the mechanical performances. The increase in ultrasonic pulse
velocity, compressive strength, splitting tensile strength and flexural strength reaches 2,
8, 16 and 29% respectively. The addition of fibre enkdrthe ductility significantly.

The results indicates that high volume of MP can be used to produce HRGCC

Alzboon et.al. [67] have studied the possibility of recycling stone cutting slurry in
concrete production as a replacement of portable mixing water. The results showed an
improvement of all concrete and motor charact@sstconcrete compressive strength

had increased by 21 %, flexural strength by 18 %, mortar compressive strength by 11
%, and flexural strength by 11.7%. Slump values of concrete were reduced by 58 %
such results emphasized the feasibility of reusing sklugge in concrete and mortar

production.

Hameecet.al.[68] made use of Crushed Rock Dust (CRD) in concrete mix will reduce
not only the demand for natural sand but also the envirotaihproblem. In brief the

successful utilization of CRD will turn this waste material into a valuable resource.

41



Unfortunately limited research has been done to explore effective utilization of CRD in

concrete mix. Zain et al. (1999) recommenttet the &D in the aggregate.

Todaysworld is facing a major environment problem like global warming, ozone
depletion, waste accumalation, air and water pollution etc. Over the last few decades
many researches on environment protection referes that the concegtobalrclimate
change is growing rapidly. So, there is an urgent need to take steps to mitigate these
undesirable problems arising from our modern lifestyle to save our world and
environment. Buildings play an improtant role in consumption of energy eil the

world. This sector has an high influence over the total natural resource consumption and
also on the emmissions released. A building uses a lot of energy from the construction
phase, to reuse as well as for the final demolition stage. This enerdyeddirect or
indirect. Direct energy used in construction, operation, renuation and demolition in a
building. While indirect energy is consumed by production of material used in its
construction as well as in technical installations. The social econ@ni
environmental indicators of sustainable developmet of construction and building is
drawing attention which is a globally emerging sector and a highly active industry in all

developed and developing countf&3[70].

Asif et.al [71] did a life cycle assessment (LCA) study on the household products used
in construction house in scotland and analyzed fnain materials of construction
(wood, aluminium, glass, concrete, and ceramic tiles) and their assosiated
environmental impacts. In the study it was found that concrete used an energy equal to
65% of the total embodied energy of the home, then folloledmber 13% and

ceramic tiles 14% of embodied energy respectively.

Marble stone waste produced from the extraction, renovation and demolition of
buildings and other constructions structure is considered priority waste and is generated
several million tos globally. Recycling and utilization of this waste would be a
significant contribution to the environment lead to sustainable development towards
adoption of zero waste principle. One of the promising technology to convert this waste
into value added pradtts is gegpolymerization and it involves a chemical reaction
between solid aluminailicate oxides and alkaline activator solution at ambient
temperature or slightly elevated temperat($@$. Marble waste can be used to produce
innovative nanecomposite acrylic shegtincorporated with marble waste granules
(MWG) were produced by free radical polymerization of methyl methacrylate (MMA).
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The study of physiconechanical properties showed an improvement of adhesion
between PMMA/SiO2 narocomposites and (MWG]64] The introduction of SiO2
induced an extraordinary improvement of the abrasion resistance of PMMA matrix. The
moduli of elasticities, maximum strain, impact altsat energy and scratch resistance

are explained on the basis of (MWG) porosity and adhesion. The manufactured nano
composites sheets are cost effective in comparison with natural marble and possess the
ability to have wide range of wonderful colors duéhte inclusion of marble stones in

a polymer matrix. In addition the sheets display other specific properties such as light
weight, color stability, electric insulation, low flammability, low water absorption and

excellent mechanical properties

Arola et.al[32] havestudied the possibility of recycling stone cutting slurry in concrete
production as a reatement of portable mixing water. The resuitsvgan improvement

of all concrete and motor characteristics: concrete compressive strength had increased
by 21 %, flexural strength by 18 %, mortar compressive strength by 11 %, and flexural
strength by 11.7%Slump values of concrete were reduced by 58 % such results

emphasized the feasibility of reusing slurry sludge in concrete and mortar production.
2.2.1 Life cycle assessment

Life cycle assessment is a set of procedures for compiling and examiningutseand
outputs of materials and energy and its associated environmental impacts directly
attributed to the functioning of a product or a system throughout its life cycle.

Life cycle assessment (LCA) methods have been used for environmental evaluation of
product development of many industries for a long time, although the application of it
in building and construction sector is stared from the past 10 years [94]. Life cycle
assessment is a tool for systematically analyzing the environmental performance of
product or process over its entire life cycle, including raw material extraction,
manufacturing, use, reuse, and end of life, disposal and recycling. Hence, considered as
cradle to gate approach. The international organization for standardization (A&0) ha
formulated and adopted an environmental management standard in 1900 as part of its
1400 series, in which 14040 series was focusing on establishing methodologies for LCA

similar approaches have been adopted by many international organizations.

The envirmmental impact of three flooring materiff] linoleum, vinyl flooring and

solid wood flooring during their life cycle were assessed and compared through life
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cycle assessment (LCA). The purpose of this study is to assess and compare the
environment impact from cradle to grave for floor coverings. From the study they found
solidwood floorings were more environmently friendly to use compare to the other two
materialsThe authors finally stressed that there is a need to assess maintainence and

landfill (end-of-life) impacts to build more comprehensive understanding of the study.
2.2.1 Energy audit

Energy audits are very crucial and exploded as there is an increasiagdi to lower
expensive energy costs, pollution and move towards sustainable future. Their
importance have magnified since energy spending is a major expense in any industry it
almost contributes to 200 % of total manufacturing co§t3] Some benefits of energy

audits are given below:

1. The audit will not only inform you of opportunities but provide you with
financial analysis. This will enable prioritizatidbased on financial benefit and
return on investment.

2. Provide you with solid, easy to understand technical information regarding the
proposed energy conservation measures.

3. Provide you with emissions analysis to help you understand the benefits of your
dedsions from an environmental standpoint.

4. Understand where energy is used and which areas are worth focusing on the

most

Some brief audits of different industries are discussed below to identify the parameters

and remidies.

Fabiano et dJ74] studial the potential for increased green house gas (GHG) mitigation
benefits through an increased use of wood products in building. His study determined
the GHG outcomes of the extraction, manufacture, transport, use in construction,
maintainence and disposal wood products and other building materials for two
popular house designs in Sydney, Australia. The study showed the significant GHG
emission savings were achieved by optimizing the use of wood products for the house

designs.

Christopher et dI75] did analysis oflifferent stages of brick productigrocess and

the materials used in each stage. They did analysis including raw material acquisition,
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industrial production, packaging and transportation. Energy use and emissions are
guantified and the potential environmental effects are assessed. Thmdtcated that

the emissions to the environment are attributed to the energy use, directly at the site with
the combustion of petoke and diesel and indirectly with the use of large amounts of
electricity. The emissions of G@nake up the biggest perdage of all releases to the

atmoshpere.

Wu et al[76] developed a method to assess the environmenfadt® of building
materials based on their environmantal profiles. The evaluation of the seriousness across
environmental impact catagories is a key step has been discussed in detail. Production
of some building materials was analysed by Tu[@y] with regard to their
environmantal impact through a specifically developed method. As a result all examined
building materials were found succkdswith 51% in resource efficiency, 52% in
energy efficiency, 68% in water efficiency, 62% in waste production, 72% in effects on
human health. The examination also showed that more energy is consumed in the
production of raw materials such as glass, awum, fibre wood, plywood, and PVC,
where as much less energy is consumed for materials such as marble gas concrete and
water proofing materials. Finally the environmental impact of including phase change
materials (PCM) in a typical mediterranean buitdimas studied by Alvaro et |8]

the study was developed for the reabnitered cubicles, and second for additional
hypothetical scenarioghen PU is added to the reference cubitle addition of PCM

does not produce a significant variation of global impact results because the impact
savings achieved during the operatigpl@ase are balanced out with the manufacturing
impact of PCMFrom this study they recommended thas better to use salt hydrates

than paraffins in order to reduce the manufacturing/disposal impaetuse of PCM
throughout the year has to be maxietdz The benefits of the PCM will increase in
locations where the weather conditions are similar all the year long, since the PCM wiill

perform more cycles.

V. Liguori et.al.[79] studied the energy and environmental audits of marble slabs and
tiles produced in the Custonaci basin, along with a simple comparison with that
produced in Carrara. The results indicate that the use of explosives is not so meaningful
for a@r emissions but it causes a large amount of solid waste. A comparison with the

Carrara marble production suggests a solution, by substituting the explosive with
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straddle bearing in order to achieve more control in the moving operationarble

blocks

2.3 Characterization of marble stones

The property of a stone to withstand chemical, physical and environmental degradation

is also governed by intrinsic properties such as mineralogical and microstructural

paramete80]. The method of investigating mineralogical properties is by petrography

analysis. These methods give important information like (mineral, shape, size, texture

and phase). One such method iseduce the waste is identify the process parameters

at each stage that may be quarrying, processing or polishing and optimize these process

parameters in order to increase the efficiency of the cutting, processing and polishing

process. The following paresphs discusses the influences of morphology, mineral

grain size and microstructure on stone machinability.

2.3.1 Effect of morphology of marble stones

Marble stoneis usually made of minerals which combine together to make up its

individual properties. Haness, is defined as the resistance offered to the indentation

which directly depends on the average hardness of minerals that make the surface of the

stone. It is evident that it is the strength, fracture toughness, modulus of elasticity of

stone limitgresistance to mechanical wear and fragmentation. We know that most of the

stones present in the area of Rajasthan is made of the following composition.

Tabe. 2.31.1Composition of Rajasthan stond]

S.No| Type of Chemical composition
t
stone Calcium | Silica Aluminum Potassiun] Sodium | Magnesiu| Loss of
oxide(CaO)| (SiOy) | Trioxide(Al203)| Oxide + m Ignition
+ Sodium Oxide (LOI)
Ferrous Oxide (MgO)
(Fe203)

1 | Marble 3540 3-25 1012 0.061.0 | 0.051.12 2-3 3843
2 | Granite 1-3 7376 19-22 5-7 4-7 0040.09 | 0.0
0.05
3 | Sandstong 3842 1518 1-2 0.350.5 | 0.400.62 14-16 32-34
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If a stone is resistant to withering and aggressive to chemical environments, it is due to
the presence of carbonate and silicate in it. €sestance of silicate minerals follow the
principle of Goldsmith, which shows that quartz and feldspar are very resistant to
weathering, while more presence of mafic minerals such as amphiboles and olivine are
less resistant. These minerals may changéttisiv gel when they come in contact with

acids. Suphide minerals present in the stone are more reactive and can be easily
transformed to suphates and hydroxides. If iron suphide pyrrhotite is present in the stone
it is likely to cause damage. The minefgaleduced by the chemical reaction of suphide
pyrrhotite cause the volume increase and may damage the surface when it is used as an
aggregate in concrete. Resistance to fire strongly depends on the minerals present in the
stone. The minerals which has anrepic thermal expansion example being the
calcium, as well as different minerals with large variations in thermal expansions are
less resistant to thermal wear. Stones used as aggregates in other materials should have
the thermal expansion equal to tishthe matrix thermal properties. The combination

of minerals may also have an influence. This can be exemplified by sandstone, in which
the sand grains can be referred to as component grains and the minerals in between as
the ementitious material. In theithering of sandstoneshe cementing minerals
represent a greater limitation on the durability of the stone. It is well known that calcite
cemented sandstone is less durable than a comparable-cpragnted sandstone.
Sandstone cemented with cryptodajne silica in the form of opal is also less durable.

P.N. Manoudist.al.[81] demonstratethatthe modification of a commercial siloxane
protective composition by the addition of silica nanoparticles substantially enhances its
protective efficiency and renders the treated stone surface lsygephobic and self
cleaning. The extent of surface hgghobization depends on nanoparticle concentration
and reaches a maximum value of ~ 160° at 1% w/v of nanopatrticles for the case of white
Greek marbles (Naxos, Pentelic and Thassos) treated with the modified composition.
The investigation of the surface rpbology by scanning electron microscopy (SEM)
reveals the presence of micrsized protrusions (@ 00 e m i n di ameter)
nanoparticle aggregates consolidated by the siloxane polymer. The diameter and surface
density of the protrusions depend omoyarticle concentratiod.he Nancdimensions

of the silica particles are essential for the superhydrophobization of the treated marble

surfaces. In the case of micrsized silica particles that were mixed with siloxane and
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were applied accordingly on silar white Greek marbles, the superhydrophobic effect

was not achieved and the observed water contact angles were substantially lower.

P. Maravelakiet.al. [82] evaluated theenvironment on weathering of monuments of
Istria stone in Venice, systematicmaralogical, petrographical and elemental analyses

of depth profiles were performed on samples of surficial crusts (dendritic black,
compact black, grey and white). Decay products of deposition and interactions between
gases and stone, including wibtbwn dust, marine salts, anthropic aerosol, gypsum

and nitrates, are incorporated into the mineral matrix down to a depth of 10 mm.

Asmuset.al. [83] studiedheat conduction analysis is prescribed to characterize the
removal of encrustations from stone by means of pulsed laser radiation. d&eby |
experiments were performed on marble and limestone samples, and the results are
compared with the analysis as well as with air abrasive and#iaghcleaning, optical
microscopy, and scanning electron microscépgctron microprobe-xay fluoresceoe
analyses were used to evaluate the results. For the most friable stones, the laser flux
could be increased 42% above the incrustation removal threshold before stone damage

was detectable.

Vasco Fassinat.al.[84] studied traditionamechanisms of the causes of marble and
stole decayThis is a very important research task because it can help to clarify the
influenceof past treatments on the velocity of stone decay. To assess the morphology
of deterioration, samples of marble included in resin were analyzed insacissn by
means of optical microscopy and scanning electron microscopy interfaced with an
erergy dispesive X-ray system. Bcused attention on: the identification of old
treatments carried out on the surface as a maintenance operation; weathering of old
treatments carried out in restoration works at the beginning of this century and most
recently in the 1680's carried out to stop the decay; thin yellow patina extensively
present on different lithotypes, Istriamarble stongand an extensive grey appearance

of the surface of the marble.
2.3.2 Effect of grain size of marble stones

Texture and characterissiof a marble stone are corollaries of the properties of the
grains that compose the marble, and of the interactions of grains. Marble is a
metamorphic rock, metamorphic conditions mineralogical composition and grain

characteristics are the substantiakdiees for the development of the mass of marbles.
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Grain size is the classifying and defining parameter for marble. In general particles are
of nonspherical shape thus the grain diameter depends on the technique of its

determination.

It has been said théiher grain sized stones have a greater strej@f) demonstrated

that the compressive strehgpf granites increased with increasing specific surface.
coarsegrained stondias both low strength and low fracture toughness. Not only the
grain size but also the grain distribution also effect, the large size range gives higher
strength to the storend wear resistant to the fragmentation and better strength when
compared to egugranular stone. Marble and other limestones which are subjected to
cyclic thermal loading may start the crack initiation at the grain boundary and extends
through out leadig to failure. If the grains are wide spread this phenomenon of crack
formation and propagation can be redudediineral that is present in small amounts

and has different deformation properties, such as Young's modulus, from the
surrounding mineral matrjpmay cause stress concentrations along its boundaries. This
effect is valid both if the mineral is softer, such as lime, or stronger, agicuartz

There is a difference between grain contact and a phase contact the former being the
mineral contact beteen the same phases or different such as qgaatz and quartz
feldspar. These two phases have differe
properties. A phase contact will therefore have a greater influence on mechanical

properties of stone than a graontact.

Y. Ozcelik et.al. [86] experimented omliamond wire ctiing of different marbles to
evaluate the wear on diamond beads and average cutting rate weréngdet@nmutting
operations. They prepared théecton mable sampledor determination of textural
characteristics and texture coefficientghe relationships between textural
characteristics and wear rate were consideredasmfbund thatby decreasing grain
sizeincreases the wear rate. Furthermore, relahigprs among the texture coefficients
and, wear on diamonbeads and cutting rate weaéso investigated and significant
relationships between these values were found. $higly implies that textural
characteristics have to be considered in selectionesigrdof diamond beadsnmarble

industry.

Osman Gencett.al.[86] performed pysical and mechanical tests cementblocks
theyproduced. The cement type turns out to be an important fsschancal strength

decreases with increasing marble content while fréfeaw durability and abrasive
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wear resistance increase. Waste marble is well usable instead of the usual aggregate in

the concrete paving block production.

Yimin Lin et.al.[88-89] studied surfac&lano crystallizationby surface mechanical
attrition treatmentand deformation surface layer withadocrystalline grains was
produced on AISI 321 austenitic stainless steel by means of surface mechanical attrition
treatment (SMAT). Lowtemperature nitriding of SMAT and «8MAT AISI 321
stainless steel was carried out in pulEsd glow discharge. The effect of SMAT
pretreatment on the microstructure and properties of the stainless steel were investigated
using Xray diffraction, scanning electron microscopy, transmission trelec
microscopy, Vickers hardnesester and UMRMT tribometerThe results shoadthat

the plasma nitriding of AlSI 321 steel can be enhanced considerably by means of SMAT
process before nitriding, and a much thicker nitrogen diffusion layer with higher
hardness was obtained for the SMAT samples when compared witlAiR samples.

In addition, the wear resistance and load capacity of the nitrided layers on the SMAT
samples was much higher than that of th&SMAT samples due to the thicker S phase

case ad the gradient nitrogen diffusion layer.

J.E. Lindqvistet.al.[89] studied the properties of stone materials thieg divided them

into intrinsic properties such as chemical and mineralogical composition, grain size and
porosity, and into functional properties related to a technical application. The latter
describd how the stone respondo conditions in the environment such as mechanical
load, feezéthaw cycles and exposure to moisture, and are controlled by the intrinsic
properties. This implies that intrinsic properties can be used in order to assess the
functional properties of the stone if it is possible to identify and quantify the related

critical parameters.

A. Tosunet.al.[90] studied the liquignarblesare hydrophilic liquid drops encapsulated
with a hydrophobic powder. They behave as mreservoirs of liquids able to move
rapidly without any leakage and are promising candidates to be applied in genetic
analysis where 2D microfluidics and fah-a-chip methods are used. The manipulation

of liquid marbles using gravitational, electrostatic and magnetic fields were recently
investigated. In this workthey determined the evaporation rates of PTFE marbles
formed by encapsulating PTFE micro powdaraowater droplet in a closed chamber
where relative humidity and temperature was kept constant. Evaporation rates of PTFE

marbles were compared with the rates of pure water droplets in terms of evaporation
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resistancegs parameter and it was found that FEETfarbles have longer |Higme than
water droplets so that values were found to increase regularly from 0.365 to 0.627
with the increase of RH of the evaporating medium. The barrier effect of PTFE micro
particles at the wateair interface was more effeve when water was evaporating
slowly. PTFE water marbles have lifieme of 26 60 min to retain their spherical shape
under normal atmospheric conditions which is suitable for many promising applications

in microfluidics, genetic analysis, electromagoetctuators and valves.
2.3.3 Effect of microstructure of marble stones

Porosity is an important characteristic of stones microstructure, the size, shape and
distribution of the individual pores over the grain can have a conclusive effect on the
behavior & stone mechanical stability, and durability when used as building material.
So, the moisture properties of the stone is directly related to the porosity. Moisture
exchange may also occur between different porous materials. In the case of capillary
water siction, due to the higher suction force in finer pores, transport is much easier
from coarse porous material to fine porous material than the other way around. For a
damaged stone surface with a coarsened pore structure, capillary transport will be
efficient as far as the damaged area, and water transport to the surface will mainly occur
through vapour transport. This may cause efflorescence and frost damage as discussed
below. This effect may be enhanced by the increased rate of water ingress through the

coarsened surface.

Non-destructive tests (porosity and ultrasonic wave propagation) and destructive tests
(uniaxial compressive strength and slake durability test) were performed over available
samples. Furthermore, the tests were carried out under diffeseditions (i.e. air
cooled and watecooled) in order to study the effect of the fire off method. The results
show that uniaxial compressive strength and elastic parameters (i.e. elastic modulus and
Poisson's ratio), decrease as the temperature insrdasethe tested range of
temperatures. A reduction of the uniaxial compressive strength up to 35% and 50% is
observed in aicooled and watetooled samples respectively when the samples are
heated to 600 °C. Regarding the Young's modulus, a fall overarePa8% in aw
cooled and watecooled samples respectively is observed. Poisson's ratio also declines
up to 44% and 68% with the temperature incaioled and watecooled samples

respectively. Slake durability index also exhibits a reduction with teatyrer. Other
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physical properties, closely related with the mechanical properties of the stone, are

porosity, attenuation and propagation velocity of ultrasonic waves in the mgaétial

Erhan Guneyiset.al.[92] studied thebinary and ternary usaf marble powder (MP)

and ground granulated blast furnace slag (GGBFS) have been investigated in the
production of seHicompacting mortars (SCMs). The marble powder was obtained as an
industrial byproduct during sawing, shaping, and polishing of marbl¢otal of 19

SCM mixtures were proportioned having a constant waiteder ratio of 0.40 and the

total binder content of 550 kg/m3. The control mixture contained only portland cement
(PC) as the binder while the remaining mixtures incorporated binargaraty blends

of PC, MP, and GGBFS. After mixing, the fresh properties of the SCM were tested for
mini-slump flow diameter, mirV funnel flow time, initial and final setting times, and
viscosity. Test results indicated that the inclusion of MP increasedvtfunnel flow

time, setting times, and viscosity of SCMs whereas decreased the hardened properties.
Using GGBFS, on the other hand, decreased thenwel flow time and viscosity while
increased the setting times of SCMs.

A Ersoy et.al. [93] studied the performance of the s@wwide range of textural,
mechanical, physical and intact properties of the rocks were quantitatively determined.
Operating parameters of the diamond saws were continuously monitored during the
cutting trials. Generally, down cutting method was applied in theriemests. The
effects of the operating and rock parameters on the performance of the diamond saws
were examined and relations between the cutting variables are described. Correlations
between textural, physical and mechanical properties of the rocks withisgutting

energy of the saw are also highlighted.

D. F. Howarthet.al.[94] studied the&limensionless quantitative measureanfatexture,
describing grain :shape, orientation, degree of grain interlocking and relative
proportionsof grains and matrix (packing density) has been developed. Data required
for the model are obtained by image analysis of thin sections and concerns percentage
areas of grains and matrix, length, breadth, perimeter, orientation and area of each grain
in theviewing window. The results of rock strength, diamond and percussion drillability
tests in eleven sandstones, marbles and igneous rocks are reported, and correlated with
the developed texture coefficient. The texture coefficient returns highly stalystical
significant correlations with rock strength and drillability data. Sandstones have low
texture coefficients and high drillability whereas igneous rocks have high texture
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coefficients and low drillability. With particular reference to percussive driigliti is
suggested that extensional crack propagation in the sandstones in an energy efficient
process since fracture paths propagate through the weak phyllosilicate matrix.
Extensional crack propagation in the igneous rocks is an energy intensivesziaces

a significant proportion of the available drilling energy is consumed in the formation of

intra-granular fracture paths.
2.2 Grading of marble stones

A variety of marbles are produced andrketed under various trade names on the basis
of colour, shadend patternThese are i) Plailvhite Marble, ii) Panther Marble, iii)
White- Veined Marble, iv) Plain Black Marble, v) Blackebra Marble, vi) Green
Marble, vii) Pink AdangaVarble, viii) Pink Marble, ix) Grey Marble and Brown
Marble.

The marbles havalso been classified by thajenesis and chemical composition as

under:

a) Calcite Marble: It is a crystalline variety of limestone containing not more than
5% magnesium carbonate. Colour and desigge, it may vary from grey to
white to any colour, and ew figurative light brown to pink.

b) Dolomitic Marble: It is a crystalline variety of limestone containing not less than
5% or more than 20% magnesium carbonate as dolomite molecules.

c) Dolomite Marble: It is a crystalline variety of dolomite containing iness of
20% magnesium carbonate as dolomite molecules. It has variegated colours and
textures. As the whiteness increases, the luster and translucency increases to an
extent that it starts resembling with onyx. The main advantage of this marble is
availablity of exotic colours and patterns and its low maintenance cost. Marbles
of Banswaran Rajasthan and Chhota UdepruGujarat belong to this category.

d) Siliceous Limestone: It is a limestone containing high silica with smooth
appearance due to figgrainal texture. It is difficult to cut and polish this type
of marble but once polished, it gives a pleasant look. It is available in several
colours and designs. The pink marble of Babarmal andIbatlan variety from
Alwar belongs to this category.

e) Limestore: Several varieties of limestone are being exploited and used as

marble. The Oolitic limestone of UK, Black Marble of Bhainslana, Katra &
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Sirohi and Goldetyellow Marble of Jaisalmer belong to this category. This type
requires frequent maintenance in tfrm of polishing as they are non
metamorphosed and hence are softer in nature.

f) Serpentine or Green Marble: This marble is characterised mainly by the presence
of a large amount of serpentine mineral. It has various shades of green varying
from parrotgreen to darkgreen and is known for having varying degrees of
veinlet intensities of other minerals, chiefly carbonate of calcium and
magnesium. Most of the green marbles from Gogunda, Rikhabdeo, Kesariyaji
and Dungarpur belong to this category. This masbtaastly used for panelling.

The darker variety of this marble, which is so dgrken that it looks like black,
has been termed as Verde Antique.

g) Onyx: It is a dense crystalline form of lime carbonate deposited usually from
cold water solutions. It isransparent to translucent and shows a characteristic
variegated colour layering due to mode of deposition. Such type of marble is
found in Kupwara district in Jammu and Kashmir. It is used for making
decorative articles.

h) Travertine Marbles: It is a variety lbimestone regarded as a product of chemical
precipitation from hot springs. The depositional history has left exotic patterns,

when this is cut into thin slabs and polished, it become translucent.

Splendid varieties of marble are spread all over Rajasthainly in the districts of
Nagaur, Udaipur, Rajasmand, Banswara, Dungarpur, Jaipur, Sirohi, Bhilwara, Ajmer,
Bundi, Alwar, Chittorgarh, Churu and Pali Prominent clusters for processing and

guarrying of marble in Rajasthan are

Marble has classified intoOlgroups by Bureau of Indian Standards (Indian standard
Institute i.e ISI). Rajasthan is most fortune state where all 10 groups specified below are

occurring10].

Plain white marble
Panther marble
White Veined marble
Plain black narble
Black zebra marble

Green marble

N o g s~ wDdPRP

Pink Adanga marble
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Makarana 1. Makarana white was used in Tajmahal.

2. Makarana is now a developed marble centre with hundre
marble quarries, modern slab & tile processing and stone crafts
3. Important vaeties are super white, Albeta, Adanga, Kum
Dongri, Pink etc.

4. Major centre for marble handicrafts.

Kishangarh | 1. Situated 100 km from Jaipur. It is the major market outlet for st
quarried in Makarana and Rajsamand.
2. About 300 modern gangsaws.

3. About 2000 traders.
4. Edge cutting Machines apprx. 500
5. Spread over area of 15 sq.kms

Rajsamand | 1. Deposits of a variety of white & greyish white marble like Morv
Agaria, Dholikhan, Arna, Jhanjhar, Dharmeta etc.

2. Quarries using diamond wiresswchainsaws and handlix
equipment

3. About 250 modern gangsaws & 20 tiling plants.

4. Cluster spread over a stretch of 40 sq.kms from Nathdwara to
and amet.

Udaipur 1. Deposits over 100 million tons.

2. Rajasthan greenexport bonanza quarried fro Rikhabdee
Kesariaji, 660 Kms from Udaipur city, and 6300 mines in operatio
around Udaipur.

3. Green marble, Pink Marble, Onyx Marble, Black marble, W
marble

4. Indian pink comes from Babarm&6 Kms from Udaipur City
Babarmal PinK a fine grainhard marble with black and white ban
5. Fast developing modern quarries using diamond wiresaws

6. About 150 modern quarries using diamond wiresaws.

7. 150 modern gangsaws & 20 marble tiling plants

Banswara 1. A variety of white to offwhite soft doloric marble (fine to mediun
grained).

Jaipur 1. With deposits over 50 million tons, Jaipur has variety of whit
greyish white marble with important varieties being Pista, Oynx,
Italian, Black, The quarries are currently poperational due tg
environmental restrictions.

2. Several modern gangsaw & tiling plants is a throbbing trade ¢
for exports and marble handicrafts.

Abu Road 1. Abu Road in the sirohi District is a major cluster for processin
marble and is surrounded by extensive martplarries aroun(
selwara. It is also a processing centre for marble from Gujurat.

Churu 1. Bidasar in churu district is famous for its forest brown and f¢
green marble varieties.

8. Pink marble

9. Grey marble

10. Brown marble
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Natural stones can be classifiectarding to their mineral content and the process of

formation. Mos of these minerals can be identified by their color, hardness, and crystal
structure. However a wide range of crystals are difficult to identify. Good stones are
characterized by durabpit hardness, strength, amenability to dressing, appearance,

weight, grain size, compactness, porosity and absorption.

In order to be suitable as building stones, a rock should have specific qualities such as
capacity to stand the ravages of time and waratiequisite strength to bear strain and
superincumbent weight, attractive color and general appearance. Its structure must also
be such as to allow quarrying into good sized blocks or planes. India possesses extensive
deposits of different kinds of bdihg and monumental stones. It is one of the few major
countries known for the production and export of natural building stones of various
colors. The most important building stones in India are the granites/and allied rocks,

sandstone, limestone, slatadanarble

In eath science, rocks aassified according to their origin, irrespective of the micro
and macroscopic appearance, physical properties, chemical and mineralogical
classification of rocks. A mineral is considered structurally homogeneohsaiked
composition made by inorganic process.

Rocks are mainly divided into three categories they are:
a) Igneous Rocks

These rocks are formed from by the cooling and crystallization of the silicate of magma
on the earth surface or ide the earth surfac Igneous rocks have crystalline in
appearance, although narystalline igneous rocks do occur. Some examples of

igneous rocks are: basalt, granite, syenite, diorite etc.
b) Sedimentary Rocks

These are the rocks which are formed from theeprsting rocksby the process of
denudation along with the organic origin. The term includes both solidified and
unsolidified material, the process of conversion of unsolidified to coherent sedimentary
rocks is called diagenesis. Sedimentagks are categorized as aatc (sandstone,
conglomerates, etc.,), organic (limestone, chert, coal etc.,), chemical (travertine,

evaporates etc.).

c) Metamorphic Rocks
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The rocks from the transformation of peristing rocks by heat, pressure, and some
fluids within the earth crust. M@morphic processes is carried out in the solid state and
include recrystallization, changes in the chemical composition as well as mineral of the
parent rock. Some examples of the meaigshic rocks are amphibolite, g@atite,
phillite etc.

2.5Machinability study of marble stones

During stone machining numerous parameters needed to be taken into consideration to
achieve appropriate efficiency, tool life and productiviliamond is almost the single

tool material to machine harder stones. Diamond diskéeiment the cutting of stone
blocks into cubes, rectangular. The statue shaped surfaces are also produced by disks
and milling tools. Erosy40] are introducing the system of the parameters affecting
stone machininghat is more detailed, thame in this researciburing the machining

of the stones as a result tfe work piecdool interation the following phases

periodicallyimplement:

V  Penetration of diamond increases the pressure influencing the stone
V Diamond increases the pressure until the initiation of fracture

V Diamond grain removes the chip because of the fracture

The affecting peameters of stone cutting can be divided into different groups and with
the knowledge of these parameters productivity and tool life can be increased.

Parameters affecting

stone machining process

Properties of
machines

Fig. 2.51 Parameters effecting machinability
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Mechanical and physical features of the stone pigoatly influence the machining
processMinerals in the stone affethe machining and also the diamond stone in
different waysOther parameters affect forces between the diamond amstkeiece,
stress distribution in the stone and temperature bettieetool and the work piece
One of the most important properties of stones is streigjtbngth is a resistance
against an external mechanical eff&ttength can be defined with the highest stress or
energy thathe stone material can bear without damagtrength of stonas defined

by compressive strength most of the times. In @dseutting processes the impact
strength is also really importam¢cause during the machining process the stone material
is influencedby cycle impact stress because a ttontinuous contaatith the tool
Hardness is also a really important physical stone progdergy.case of stone cutting
processes Mohs hardness sequéngenerally used to determine the degree of hardness
of mineralsThe essence of this system isttimnerals withgreater number can scratch
the minerals with smaller numbierall cases. Shore Scleroscope hardness test is also a
commonsolution of hardness testing. The essence of this solution is tthiaimond
inserted hammer is being dropped ontdst stonen a curved path and the hardness is
calculated from the rate afecoil. Another essential parameter is abrasivity that
decisivelyaffects the machining process. Appropriate tool materialtecithological
parameters must be chosen accordinghto wearproperties of stones. A relatively
abrasive material needs to bet with a completely different technology than a less

abrasivematerial, like marble.
2.5.1 Effect of petrographic properties on machinability

One of the biggest problems at the mamg of stone withdiamond tool is that the
stonegyenerally have not got homogenemamtexture. It is true for almost every type
of stonesin building industry that they consist of several mineral typed their
distribution and density in given areaithese minerals not permanent. According to
the previous sentences, ioase of stone machining the properties of minerals that build
up thestone materials and the average weight percent of miradratenes need to be
taken into consideration. €inhomogeneousontexture also means that the researchers
cannot createo detailed algorithm that is able to completely model the st@c@ining
process. Reason of this statement is that the minefa®nes take place randomly
inside the stonéMaximal and average size range of grains of mineralsthid up the

stone is a common measure at machining t€sexe is a close connection between this
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property and the relativeequency of the given mineral type in the stone. Quantity
number of the mimals is defined by Streckeisen diagravieasurement solution for
classifying igneous rocks is a diagrémased on the relative quantity of mineral phases
in stones.Measure of binding force between each minerabm®therimportant
petrography property thatfluences stone machinintj.is easy to accept that in a case
of materials with harder bindingis harder to detach each grain from the surface and

because athis we need to use stronger technological parameters and toaider

J. Xiet.al. [95] investigated prameterization of micrbardness distribution in granite
related to abrasive machining performartmelk value and deviation value of granite
micro-hardness were proposed as mibesdness parameters in order to parameterize
micro-hardness distribution in granite and evaluate abrasive machining performance.
First, drilling, grinding and sawing experiments were conducted for 10 kinds of granite
in laboratory to investigate effect of miehardness parameters on abrasive maainin
efficiency. Then, the regression formula of mitrardness parameters and abrasive
machining efficiency was considered as an evaluation mode to predict abrasive
machinability of granite. Finally, sawing and polishing experiment were carried out in
manufatory to validate the evaluation modexperimental results show that abrasive
machining efficiency increases with decreasing bulk value and deviation of granite
micro-hardness. In addition, there exists good correlation between granite- micro
hardness pamaeters and abrasive machining efficiency and their regression formula
may be used to evaluate the abrasive machining performance in industrial production
including sawing efficiency and tool life, but actual polishing quality only relies on

mineral opticalproperty.

Mohammad Ataekgt.al. [23] did a performancerediction of diamond wire saws is
important in the cost estimation and the planning of the stone quarries. An accurate
estimation of sawability helps to make the planmghe rock cutting projects more
efficient. In this paper, the performance prediction of diamond wire saws in cutting
carbonate rocks was studied on 14 different carbonate rocks in stone quarries located in
Iran. Rock samples were collected from the daarfor laboratory tests. Uniaxial
compressive strength, Brazilian tensile strength, Schmidt hammer value, and Los
Angeles abrasion were determined in the laboratory. Performance prediction was
evaluated using simple and multiple regression analysesly;iaahew model was

proposed for predicting the production rate of diamond wire saw. It was concluded that
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the production rate of carbonate rock using diamond wire saw can reliably be estimated

using the developed model.

N. Gu n e ®t.alf85]Imadke experimental studies with an intent in establigthiag

most significant rock properties influeng sawblade wear performance in the
processing of O6trued granites. To achi eve
nine different rock samples was made on thin sections using polarized petrographic
microscope for the determination of mineral magtanposition, grain size distribution

and other textural features. The samples were also tested for their pimggibanical
properties. Sawing experiments of the studied rocks were performed oscalelkide

cutting machine, and specific wear rate BWas adopted as the criteria for sawblade
wear performancelhe results showed thataximum grain size of quartz and alkali
feldspars were found to be the dominant factors influencing S¥&sicemechanical

rock properties did not correlate with SWR. new prediction model of specific

sawblade wear rate is proposed.
2.5.2 Effect of technological propertieson machinability

Technological parameters used in cutting process greatly influence the efficiency of
stonemachining and the wear procesfsthe tool.During milling and cutting the same
three technologicglarameters determine the efficiency of machinieged (F) defines

the orbital velocity of the tool. Dimensi@f feed is mm/min. On the same rotational
speed when feed rate higher the edges ofathond tool (single diamond grains or
covered inserts) detach more material in a given time r&aational speed is also an
important parameter. Rotatiorgpeed defines how many revolutions are needed to be
made bythe tool. In case of higher rotatiorsgdeed the quantity of chgetached by the
cutting edge decreases and as a result of thmera advantageous wear rate can be
reachedThird general affecting parameter is the depth of cut. Theirife of the tool

can be greatly increased with choosihg appropriatedepth of cut. During stone
machining when the deptbf cut is higher the impact forces are higher during the
machiningand because of it the opportunity of breaking of the diamgwaihs
increasesNaturally other parameters also influertbe efficiency ofstone machining

but the literature that studies the cutting amachining of stones highlight these three

parameters.
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2.5.3 Effect of tool properties on machinability

In case of all materials the appropriate tool choice is realyprtant from the point of
view of efficiency of the cutting proces.his fact is also true by stone cutting and
milling. Diamond tools are used on a large scale to machinestares. During milling
processes it is very important to chotse appropriate se (for example diameter) tool
but also importanthe appropriate choice of insert cover. It is also essewtiapply
appropriate insert angles from the point of view of fibrees.In case of stone table
cutting typical properties of the disk dsamete, material and type of segments, and

concentration andize of diamond grains in the segments.

|.S. Buyuksagi®t.al.[96] experimented usingrcular sawing with diamond segmented
sawblades is a machining process that represents a major cost item in the processing of
marbles and other natural stones. Therefore, determining the optimum sawing
conditions for a particular stone is of major impoc&m stone processing industry. In

this work, utilizing a fully instrumented bloakutter, an experimental study was carried

out to investigate the sawing performances of seven different types of marbles during
circular sawing with a diamond segmented lslaatle.Considering specific energy as a
criterion of sawing efficiency, optimum sawing conditions valid for the tested marbles
have been determined. Finally, statistically reliable equations were established to

predict specific energy of sawing from simpd@oratory rock property test procedures.

H.K. Tonshoffet.al.[22] used wire saw for cuttingure steel components offers new
fields of applications, e.g. @mément of nuclear power or eshorecomponents. The
application of the wire sawing process for these specific cutting operations requires the
development of diamond tools adapted to the cutting process. In this paper, the basic
principles of wire sawingra explained and the background of diamond wire cutting of
steel components is discussed. The interaction between the tool and the workpiece is
described in detail. Results are presented of a project on further developments of the

diamond wire sawing tecique, emphasizing the applications for metal components.

C.Y Wanget.al.[97] made investigations on frame sawigh diamond blades. The
kinematic behawr of the frame sawing process is discussed. Under different cutting
conditions, cutting and indentingutting tests are carried out by single point cutting
tools and single diamond segments. The results indicate that the depth of cut per

diamond grit inceases as the blades move forward. Only a few grits per segment can
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remove the material in the cutting process. When the direction of the stroke changes,
the cutting forces do not decrease to zero because of the residual plastic deformation
beneath the draond grits. The plastic deformation and fracture chipping of material are

the dominant removal processes, which can be explained by the fracture theory of brittle

material indentation.

J. Xie et.al. [98] made studies obulk value and deviation value of granite micro
hardness were proposed as mibesdness parameters in order to parameterize micro
hardness distribution in granite and evaluate abrasive machining performance. First,
drilling, grinding and sawing experiments were conducted for 10 kinds of granite in
laboratory to investigate effect of miehardness parameters on abrasive machining
efficiency. Then, the regression formula of mitrardness parameters and abrasive
machinng efficiency was considered as an evaluation mode to predict abrasive
machinability of granite. Finally, sawing and polishing experiment were carried out in
manufactory to validate the evaluation mode. Experimental results show that abrasive
machining dficiency increases with decreasing bulk value and deviation of granite
micro-hardness. In addition, there exists good correlation between granite- micro
hardness parameters and abrasive machining efficiency and their regression formula
may be used to evalieathe abrasive machining performance in industrial production
including sawing efficiency and tool life, but actual polishing quality only relies on

mineral optical property.
2.5.4Effect of machining methodon machinability

During cutting and milling proess equally two machinimgethods is distinguished.
There are significant differences betwéles two strategies in the area of nascent forces.
The two machining methods are compared by the cutting process ofttmes.
Diamond grain fully penetrates tioe material at the momeaot the collision during the
down-cutting process. This machiningiethod results maximum thickness at the
beginning of cuttingorocess and because of it the forces that affecting the gnans
high. According to the previous sente, during the machinirag hard stone types, like
granite, as a result of the impdotds the grains fracture and/or drop out from the
matrix. Thiseffect ruins the diamond tool in a short tinhe.case of upmilling the
diamond grain in the moment diie collision with the work piece starts detaching
minimal chipthickness. This chip thickness grows during the material cuitimig the
diamond grain is crumbling and wearing. Advantafjap-milling strategy is the more
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favorablewear process anthe dawback of upmilling is that a particularly high

stiffnessmachine is needed for the appropriate application

R.M. Mirandaet.al. [99] made experimental studies tietermine the influence of
material properties on the cutting mechanisms involved in abrasive waterjet (AWJ) of
calcareous stones. SEM analysis was peréar to investigate the material removal
mechanisms. Two Portuguese calcareous stones were tested with different genesis and
thus structural and mechanical characteristicsvas found that rock hardness and
porosity have a significant effect on the cujtimechanisms investigated. In harder
homogeneous rocks, like marbles, cutting occurs due to intergranular cracking and
cleavage of calcitic grains. In limestones, the material removal process mostly involves
intergranular cracking and material sliding ajahe argilous matrix and between this

and calcitic grains. Plastic deformation of the matrix can also be observed.

An experiment performed by S. Buyuksagist.al.[96] shows that cutting depths and
workpiece travel speeds are highly inefficient. Although efficiency (specific energy)
improves with cutting depth and workpiece travel speed, the improvement does not
continue indefinitely and levelsf certain values. Statistically reliable correlations
found suggest that it is possible to predict specific energy of sawing by combining the
effects of dominant workpiece properties. Therefore, if supported by further test data, it
is likely that sawality evaluation of large number of samples can be realized rapidly
without conducting direct sawing tests which involve lengthy and complicated testing

procedure.
2.5.5Effect of machining parameters on tool wear

The material removal rate is mainly inflied by the mechanical as well as the thermal
loads acting on the diamond grains to withstand. The load on the diamond grains will
mostly effected by the machining parameters. They depend on the following machining

conditions.

1. The greater depth of cut, tlsaller is the active grain face in contact area.
Because of the greater contact length, the temperature at the tip is elevated.

2. The higher the feed velocity, the larger is the active grain face in contact area,
and hence smaller is the temperature geioeran the diamond grain
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3. The higher is the grinding velocity, the higher is the thermal loading on the grain
tip. Hence, the active grain size area reduces, the mechanical shock impulse at

the beginning of the machining process decreases.

Besides the paess parameters, a major influence can be found by the mode of
machining process. If the machining is carried out in down cutting mode, a single grain
reaches maximum chip thickeness at the beginning of the process. While in the up
cutting mode the chip ttkness is maximum at the the beginning of the contact. In this
case elastic deformation occurs at the beginning of the process and when the critical
chip thickness is reached, chips are formed. This leads to different wear characteristics

in up and down ut modeg44].

Tool Properties

Abrasives
matrix
steel core

Material
property

Process
emperature

Machine
components
Drives

Structure

process forces

coolant supply

control system

Fig. 2.5.5.1Cutting and machine parameters

Based orthe vast literature review done on sustainability study, characterization and
machinability study on marble stones the following research gaps were identified and

are listed below.
2.6 Research gaps

1. Gradirg of marble stonggsresent in the regions of Kishangargh, Makarana, Udaipur
and Rajasmand has not been carried out.

2. Sustainablestudy onextraction of marble from cradle to gaapproach for this
region has not beemported it helps in finding the parareet which are effecting
the efficiency of cutting/quarrying resulting in waste generation.

3. Mechanical and Thermal characterization of the stones specific to these regions has

not been reported.
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Detailed morphological studiesf these stonespecific to thee areas have not been
reported in literature

Machinability parameters optimization specific to the cutting machine were carried
out by few.

Energy audit of thenarble stonendustry can be taken as a challenge in order to

increase the efficiency of theathines and reduce the waste generated.

The overall aim of the project is to formulate a broad planning and framework for stone

and marble industry of RajasthaBased on the literature review and research gaps

identified the following objectives were idfied which fills the gap in the knowledge

management.

2.7 Objectives

1.

To study the lifecycle Assessment and Life cycle Energy Assessment of the
processing industries

To grade the marble stones present in different regitekdrana, Agaria,
BhainslanalJdaipur green and Aandlof Rajasthan based on their properties.

To study the Thermal / Mechanical Properties (Strength, Hardness, Modulus etc.)
of the marble stones.

To study the morphologgmicrostructure, its atomic alignments, grain boundaries
etc.)of the stones.

To design and fabricate the strain gaugex® milling dynamometer

6. To study the Machinability Parameters (MRR, surface roughness etc.) for the stones

of Rajasthan and relate them to their overall characteristics.
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Chapter 3. Materi als and methodology

3.1 Sustainability study

Sustainability is defined as achieving the three pillars of sustainability must be
sustainable. These pillars are social, economic and environmental. To achieve
sustainability in the marble and stone industeréhis a need to acertain the industry in
terms of these three pillars.

Residual sludg from dimensional stonglants, which originatedboth from the
gangsaws with the abrasive circular and frame saws, is classified as waste and causes
many problems forite marblestone industry. The problems include fine size powder
distribution, heavy metals and some petroleum hydrocarbon content, all of which is
recovery and reuse h€ waste is often disposed on landfites and open areas which
cause a severe gpllution as well as water pollution. The current cost assosiated with

the sludge landfilling can exceed53% of operating costs for dimensional stone
working industries, and its management is subject to periodic legislative regulation
reform. The main mblem is related to the sludge management which can be explained

as follows.

If careful attention is paid to the sludge management treatmeiitsadracterization,
economic and environmental benefits are possible. To, achieve these benefits, it is
necesary to consider systematic treatment of sludge to obtain secondary raw materials
or new products which need to be certified not only on the basis of physical
characteristics but also by means of appropriate chemical analysis to guarantee that
products arenot contaminated. To boost their reusability they must be sent to a local
treatment plant, which is often cheaper than disposing them as waste. There are a
number of factors that contribute to the viability of sludge treatment and reuse, the
guantity of poduced waste, which must be sufficiently large to justify the construction

of treatment plant, the quality of waste, the reliability of the waste source in terms of
both consistent quality and quantity, transportation cost and the market demand for
produds olained from sludge treatmemtl these solutions are derived from the

literature review done in the chapter 2.2 (sustainability of marble stone processing)
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3.11 Life cycle assessment

As dicussed in the chapter 2.2.1 life cycle assessment ofersddole and its assosiated
literature, four steps of LCAtandard includes: goal and scope definition; inventory

analysis, lifecycle impactralysis as shown in Fig. 3.1.1.1

Goal and Scope
Definition

Inventory )
Analysis Interpretation

Life Cycle
Impact
Analvysis

Fig.3.1.1.1 LCA frame work based on 1SO14040

In order to find out some chancesdapossibilities for development of this industry, it

is important to look in detail the life cycle analysis of marble extraction starting from
rock to constrution as shown itfrig. 4.1.1in chapter 4.1This flowchart of lifecycle of
marble stonestartingfrom quarrying stage where big blocks of rocks are sliced using
(mechanized or nemechanized) techniques. These sliced stones are then shaped to suit
various applications in building and construction industries like claddings, flooring, tiles
etc. The sentific flow chart is designed for an easy way of understanding the whole

extraction process.

Marble extraction process begins from quarry, where rocks are extractedoftkyn
mountains. This extracted rocks are supplied to the construction industoegttlithree
stages. At first stage extracted rocks are transported to cutting (factories and workshops)
to be sliced and turned into required dimensions to suit construction and building
applications. At Second stage, these rocks from cutting factoriessaréo polishing
processing units where required polishing is done. At final stage the remaining small
pieces of stones which cannot be used for construction and building are transported to
crushers where they are further crushed into aggregates oédiffezes, to be directly

used as raw material in concrete mixtures. Dried stone powder from polishing and

processing units can be utilized at construction site. The remaining waste from buildings
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can resized and returned back to quarries to fill theaenation site in order to reclaim

the land and improve the landscape of the site.

After demolishing the built houses for many reasons, stones from it carubeddy
returning back to the cutting and polishing process before being usetw@kiragain.

The lifecycle of marble extraction has been completely designed in the form in order to
facilitate a better understanding of the whole process. The stone can be considered as a
sustainable material throughout the processes, since it goes through thsackaad

forth.

3.1.2Energy audit

After the marble is quarried it is sent to the local industries for further processing to be
done on the natur al stone. To do the ener
are the different processes that theuradtstone undergo before it emerges as the final

product ready for the construction. So, by focusing on different steps a natural stone
encounters we can easily able to calculate the energy consumption at each stage of the
process. The followindlow chat in Fig. 3.1.2.1are the different activities of the
processing that a marble block undergoes before finally emerges as slab/tile which is

used in construction.
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Fig. 3.1.2.1Marble processing layout
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Most of the enggy consumed in a typical production process flows through the large
horsepower engines. The energy audit data helps to identify the machines that are
overloaded or idle and also helps in maintenance. The utility bills can be reduced as
well as the Industes building durability can be increased with the energy audit study.
Energy consumption of each machine is calculated using the following equations.

Electric power supply to a 3 phase AC motor:
PkW = dm 1.73 U | PF / 1000
Where
PkW = power (kW)
d m = reflciency
U = voltage (V)
| = current (A, amps)
PF = powerfactor
Energy consumed= dgm 1.73 U | PF
T= runtime
3.1.3 Life cycle energy assesmeunsing Gabi

Life cycle energy assesmentGEA) methods have been used for environmental
evaluation of poduct development of many industries for a long time, although the
application of it in bulding and costruction sector is stared from the past 10 years. Life
cycle assesment is a tool for systamatically analyzing the environmental performance
of product @ process over its entire life cycle, including raw material extraction,
manufacturing, use, reuse, and end of life, disposal and recycling. Hence, considered as
gate to gate approach. The internatioal organization for standardization (ISO) have
formulatedand adopted an environmental management standard in 1900 as part of its
1400 series, in which 14040 series was focusing on establishing methodologies for
LCEA sgmilar approches have been adopted by many international organizations. The
four steps of thisstandard includes: goal and scope definition; inventory analysis,

lifecycle impact analysis.
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Following the standards a gate to gate approach for a marble processing plant is
designed, the goal of the process is to identify the energy consumed to prashice a
slab and tile from intial quarrying process. For this a systamatic inventanyipla
designed as shown in Fig. 3.1L.3 For each process the energy requirements are
calculated and tabulated in various tables, furtheiftneycle impact analysis wasne

using an educational package GaBi..

The entire data base for evaluaion of lifecycle energy assessment of a processing plant

using GaBi software packaggegiven step wise below.
Step:1 Enter new project and activate the project.

Step:2 Go to the planand create a new plan with the same name as that of the project

name.

Step:3 Create a lime stone floor of 5 mm (since the grain size of the lime varies from 2

T 5 mm) taken maximum grain size as reference

Step:4 Creating a multi wire cutter
Select new pcess construction materials stones and elements
Multi wire cutteri input flowsi give

1. Electricity ( A.C power) 716 kWh

2. Lime stone minerals density (2.69 g/mf) i 15.14 niis the volume of the
block
(2.69 x 16 x 15.14) = 40.73 x kg

3. Water(feed water) 1200 kg

Now define Oufflows of the process
1. Create new objedét stone slali valuable substance
Mineralsi lime stone’ Number of pieces = 4.3 x iRg

2. Create new objedt cutting waste (rock woll) (waste for recovery)
Step: 5 Create aew process for Block cutter

Construction materidl stones and elements
Step:6 Create a new process for Lime polishing machioenstruction industry
coatingsi reactive resins.
Input flowsT electricity’ 2.2 MjT Tilesi 8.61E003
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Step:7 Creaté truck 1 Diesel mix at refinery, -®lectric grid mix

% LCA of Marble Processing Plant [Plans] -- DB Plan o '@
Object Edit View Help
TR ABEX| ™ |PPL @I
LCA of Marble Processing Plant Selection: LCA of Marble Pro[.] ¥
Process plan:Reference quantities
The names of the basic processes are shown,
DE: Diesel mix at refinery [#*
ts DE: Electriity gridmix =«
(production mix)
v
?E: Li)rnestone flour F GLO: Truck ts <u-so> p-’”” Multi Wire Cutter <u-s0> ,,:
Som) s pr—— —_—
v
Block cutter <uso> DE: Electricity gridmix =<
. ;
(production mix)
Line Polishing Machine X 1" DE: Becticty gidmix 5
<U-s0> ¢

(production mix)

Fig. 3.1.3.1Plan for the process

3.2 Characterization and grading of marble stones

Today there is a vast array of scientific techniques available to the material scientist that
enables the characteriin. Characterization enables quantification of physical
properties important for success of a part used given environment. So, far the
researchfocused on the relationship between the structure of material and its
properties/applicationdvhen a madrial is fabricated in the lab, howvis possible to
assess whether the model is correct. Depending on the nature of the material being
investigated, a suit of techniques may be utilized to assess its structure and properties.
Whereas some techniques qualitative such as providing an image of a surface, others
yield quantitative information such as the relative concentration of atoms that comprise
the material. Recent technological advances have allowed material scientists to
accomplish something thatas once thought to be impossible to obtain actual two/three
dimensional images of atomic positions in a solid, in real time. It should be noted that

the sensitivity of quantitative techniques also continues to be improved, with techniques
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now being able t@asy measure parts per trillion (ppt) concentrations of impurities in

the bulk sample.
3.21 Characterization of marble stones

Natural stone has been an important building material in construction for thousands
of years. A si gni ifageam built ofprarblé stonels. Thwaughéud 6 s F
cultural history marble has had great significance as a decorative material and in
particular as a material for statues. Marble production and its use have been reported
since the Neolithic age. Industrial quang of marble began in the Mediterranean
countries during the Bronze Age. In previous years efforts were made to develop a
method for identifying the provenance of the marble. While the provenance of marble
used in modern buildings is mostly well docuneehtthis is rarely the case for the
historical objects. This, is particularly true for white marbles that often look similar,
especially from a macroscopic point. Sing®inly pure marbles were extracted from
the quarries, characteristic colored zonesjgurities within single blocks led to a
negative selection of these blocks. This is why marble provenance can only rarely be
designated by macroscopic criteria alone. On the other hand, knowing the provenance
of the material is utmost important. Resuftem provenance studies prove the
extraction of material from specific quarryhe synthesis and characterization of
material is the first and foremost important step during the experimental research in
condensed matter physics and material science. Tdlgygof samples greatly depend
on the synthesis method used. In addition, the proper selection of synthesis parameters
helps to carry out desired properties in the sample.to be characterized along with the
desired potentials. Structure, surface, morphglggain growth, transport of electrons
within material and magnetic properties depend on material synthesis.

3.21.1Thin section analysis of marblestones

In marble provenance analysis, petrography is an important method to be evaluated in
which the proprtions of major minerals (calcite, dolomite) and different accessory
minerals (mostly mica, quartz based ore minerals), and its associated grain size and
grain shapes as well as fabric characteristics like abundance of prefgaied
elongation or schissity can identify a specific quarry or quarry subarea. Marble
petrographyi.e. the mineral composition and texture properties can be conveniently

derived from standard (30egm) petrographic
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Fig.32.1.1.1 SEM picture of the marble sample highlighting some fabric features that

are important in provenancirfiaken 500x)

Fig 3.21.1.1 shows a typical micrograph of marble trsactionwhich is relatively
isotropic sample. Since, thin section analysis infers tothpesparameters of inherently
three dimensional mineral grains from ta@imnensional sections, the measures derived

are an approximations. In consequence, only a large number of measurements yields
representative results. In thin sections usuallysl@0 d i aicarlhoeate grainsan

be measured with the microscope. This approach leads to qualitative results, there is no
clear standard on gauging the grain size. Going into more detail, also the geometric
characteristics of carbonate grains are ofamajterest. Besides grain size and shape,
twinning type and the nature of grain boundaries have been successfully used as

provenance factors.

For petrographic study different marble blocks were collected from the quarrying site
and were cut to requiradimensiong50mm x 50mm x 50mm gt the processg unit

(M1-M5 as slbwn in Fig. 3.2.11.1). Petrographic analysis mainly comprises of
establishing a relation between mineral compositions with the grain size distribution.
For the study thin sections/slidegere developed via each sample of marble and
inspected under polarised microscope the equipment used has an arrangement of 5SMP
camera (Carl zeiss) to take the pictures. Petrographic interpretations, compositions of
mineral and their grain size variationfstiee marblesamples are specified ainapter 5

of Tables 5.1.2.1, 5.1.2.2nd fhotomicrographs othe amples are shown in Fig.
5.1.2.3
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Fig.3.2.11.2 Marble samples tested for micrographs

3.2.1.2Physicemechanical characterization

The physicemechanial properties that were tested are presented icttapter 4 for
the selected marble3he process of laboratory tests performed on the samples are

summarized below.
3.2.1.3Water absorption

To determine the water absorption the list of the apparatusithatecessary to carry
out the experimentations are: vessel, oven, weighing balance, and desiccator. The size
of the sample is 50x50x50 mm. primarily the samples to be tested are dried in oven at
60 C for 48 hours till constant mass is reached. To aeftisig, difference between the
two successive weights at an interval of 24 hours shall not be greater than 0.1% of the
mass of the specimen. Themwol the specimeat room temperature for 30 minutes and
weigh the sampl e. Let dspécenenveeniplgtalytin distdledd A 6 .
water in a water vessel at®2 for 48 hoursRemove specimen fromater vessehfter
48 hours, then wipe with a damp cloth and weighe sample. Let the weigbf it be
60BO.
Calculation:

Water absorption % = @)/ (Ax100)
Where:

A = Weight of the dried sample
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B = Weight of the specimen in air after immersion in water
3.2.1.4Modulus of rupture

To determine the rupture energy of the sample the apparatus that are required to perform
the experimentation arewveighing instrument, oven, linear measuring device and
universal testing machine (UTM). The size of the specimen required for testing is 200

x 100x 60 mm it should be smooth, rectangle, honed or polished.

Dry conditioning: Dry the specimen in ovéor minimum 48 hours at (60+2)C till
constant mass is reached. To obthis condition weight the specimen at 46, 47 & 48

hours. Weight should be constant.
Calculations:
Modulus of Rupture R = (3WL)2Bid?),
Where,
R = Modulus of rupture (Mpa)
W = Bre&ing Load (N)
L = length of span (mm)
Bi = Width of specimen (mm)
d = Thickness of specimen (mm)
3.2.1.5Compressive strength

To determine the compressive strength of the specimen the apparatus required for
conducting the experimentation are: compressestirtg machine, oven, weighing
instrument, and Vernier caliper. The size of the specimen requiredkiS®® 50 mm
(cube).Specimen is kept in oven for 48 hours at (60 £ 2) o C till constant mass is
reached. To obtain this condition the specimens arghedi after 46, 47& 48 hours.
Weights were kept constant during the experimentation then the specimens were

removed from oven and allowed to cool to room temperature before testing.
Test Procedure

After cleaning and removing any dirt present in the sanggecimen idoaded by
applyingforce perpendicular to riftSpecimen is kept at the centretloé lower platen
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with the help of circle and line marked tre lower platen. Switch on power supply
then stabilizer switch and the peace rate controller swiicise pressure release valve.
Leave the equipment to get warm up, 1000 counts. Aftewvarming up prespace
controllerswitchto make it zero. Loweheplatenuntil the specimen will start touching
the upper platen. At certain value the specimen Wials and machinestops
auomatically. Note down the reading, this reading givesféiere load, let it be

denoted by O0F6. Calcul ate ¢€lhet siar flacedémr e
Calculation:
Compressive strength C = F/A,
Where,
C = compressie strength in MPa
F = failure load of specimen in Newton
Aa= area of the breaking surface in fim
3.2.1.6Flexural strength

Flexural strength of the marble samples can be determined according to ASTM C880
test standard. In this testing method marble sasgte first cut in large panels or slabs.
The load is applied at the quarter point of these specimens. This load is increased
continuously until these samples get fractured. The maximum load at which the fracture
occurred is recorded and also the flexwstiess that occurred at this load is also
recorded. Five samples are to be tested both in dry and wet conditions as well as both
parallel and perpendicular to the rift plane. During the testing note that the length of the
samples must be 10 times the Kmess. The samples should also have fine abrasive
finish in the tension face. The samples can have different thickness and surface finish
levels as required. To completely understand the microstructure of marble samples

testing in three orientation is nasary.

No of samples = 20 Nos (10 each in wrtl dry conditions as well as &@ch in

parallel and perpendicular to the rift plaaeptal of 40 samples

Size of the sample = 350100x 30 mm
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3.2.1.7X-ray diffraction

For the structural characterizati of 3D polycrystalline bulk, 2D thin films, usually

XRD technique is used to identify the phase purity, types of phases and crystallographic
structureof the sampl@.analytical X pert pro is the XRD used for testing of samples, it

is a versatile equipent designed for various applications like powders, thin films,
epitaxial layers, machined materials and ceramics Hte. use of the fix optical
modules, sample platform and rotating tube feature enable the user to change the system
from a high resolutioror stress texture point focus application to normal Bragg

Brentano line focus configuration or a reflectrometry system.

Fig. 3.2.1.7.1XRD machine

X-ray diffraction is a powerful nedistructive testing method for determining a range

of physical and leemical characteristics of materials. It is widely used in all fields of
science and technology. The applications include phase analysis, i.e the type and
guantities of phases present in the sample, the crystallographic unit cell and crystal
structure, crgtallographic texture, crystalline size:rXy diffraction results form the
interaction between -xays and electrons of atoms. Depending on the atomic
arrangement, interferences between the scattered rays are constructive when the path
difference betweerhe scattered rays are constructive when the path difference between
the two diffracted rays differs by an integral number of wavelengths. This selective

condition is described by braggs equation

¢ _ cQi 0t —
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