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ABSTRACT

This paper highlights the sustainability benefit usfing saw-gang granite waste with various propostito
substitute cement and fine aggregate in concrete an aim to prevent the environmental pollutiopezsally in the

regions of excessive granite production.

Three concrete mixes of 5%, 10%, and 15% partiaifacing cement by granite waste, and three mixd9%,
17.5% and 25% patrtially replacing fine aggregategbgnite waste were studied for sustainability meas using the

Sustainable Decision Support System (SDSS).

The study revealed that there is a directly praopoal relationship between the percentage of geamdste added
to the mixes and the sustainability measures agpaced to the control mix. In general, sand replaagnby 25% of
saw-gang granite waste showed the highest sustltiyaeasures when considering all SDSS factorbeWas, cement
replacement mixes showed more significant effecséustainability measures when considering climasnge, pollution,

energy consumption and cost factors.

KEYWORDS: Granite Waste, Environmental Pollution, Recyclapitif Construction Materials, Green Concrete, Low

Consumption of Raw Materials
INTRODUCTION AND GENERAL REVIEW

Sustainability is ascertained by making a balamrettie natural resources with the environmentatjatand
economic requirements of the human society. Swsttendevelopment related to the construction inglustvolves the
efficient allocation and use of natural resourcedyction in consumed embodied energy, minimizéupioh, reuse and
recycling materials, creating healthy and safe waylenvironment, facilitating employment creatiai@veloping human
resources and uplifting financial benefits [1,2].

Granite and marble sawing powder wastes is a widaspby-product of industrial process in many coestrich
with ornamental stone. Generally these wastes feodind damage the environment due to sawing arnshpaj processes

[3].

Green Concrete as the name suggests is eco friandlgaves the environment by using waste prodectsrated
by industries in various forms like rice husk asficro silica, etc to make resource-saving concsétectures. Green
concrete is very often also cheap to produce aseis waste products directly as a partial substiartcement, thus saving
energy consumption in production of per unit of eain It is realistic to assume that the technologg be developed,
which can reduce the G@mission related to concrete production. Marble granite sludge powder can be used as filler
and helps to reduce the total voids content in iad4].
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Garas G. L et al., 2014 observed that studies dngranite revealed that concrete mixes containiog 3ed
granite dust showed comparable compressive strengitig natural or recycled aggregates, good wolikgbiand
excellent reddish coloured surface finish. Themfat was recommended to re-use these wastes icratento move

towards sustainable development in the construdtidustry and produce green concrete [5].

Mamta R. and Jayeshkumar P., 2013 studied the ewoabbenefits of using the sludge generated fratunal
marble manufacturing processes as raw materiad artay — product instead of being a waste matéria. study revealed
that the use of stone waste in brick manufactucig solve the disposal problem; reduce the cospanduce a greener

eco-friendly brick for construction [6].

Bacarji et al., 2013 investigated the applicabitifymarble and granite residues as a sustainatdenative for
cement replacement in Brazil. In this study Comgires strength, elastic modulus and water absorptiests were

conducted to examine the mechanical performancemdrete containing marble and granite residues [7]

A similar study was conducted by Bahar D., 2010orider to study, the effects of using waste madoist as a
fine material on the mechanical properties of theccete. It was observed that the addition of wasdeble dust replacing
the fine material passing through a 0.25 mm sigvpaaticular proportions has displayed an enhaneifigct on the

concrete compressive strength [8].
OBJECTIVES

The main aim of this research was to study theaguaility measures of the green concrete prodigedsing

saw-gang granite waste as a partial replacemesaraf and cement in concrete mixes.

METHODOLOGY

Sustainable decision support system (SDSS) [9]usad in order to assess the sustainability ofredtare mixes
(green concrete mixes SGC5, SGC10, SGC15, SGF1B1B&, and SGF25) and compare them to the traditimmcrete

(control mix CM).

Table (1) presents the components and weightseohliernative mixes under the sustainability studgntrol
mix, three mixes of partially replacing cement bgrgte waste (5%, 10%, and 15% for cement replaneimeg weight),
and three mixes of partially replacing fine aggteday granite waste (10%, 17.5% and 25% for sapthcement by
weight). All concrete mixes were prepared with tloestant W/C ratio (0.45%). Selection of alternegiwas based on a
previous technical evaluation in an earlier stagegre those mixes were technically studied by cotidg experimental

tests to evaluate their mechanical properties [10].

Table 1: Alternative Mixes’ Weights and Percentages

. . Fine Coarse Granite
Concrete Design Mixes Components | Cement Aggregate | Aggregate | Waste
: Weight (kg) 350 450 900 0
1| Control mix M Percentage | 20.599 26.47% 52.94%  0.0006
2 Saw-gang Granite 5% SGC 5 Weight (kg) 332.5 450 900 17.5
Cement Replacement Percentage 19.569 26.47% 52.94% 1.03P0
3 Saw-gang Granite 10% SGC 10 Weight (kg) 315 450 900 35
Cement Replacement Percentage 18.53¢ 26.47% 52.94% 2.06%
4 Saw-gang Granite 15% SGC 15 Weight (kg) 297.5 450 900 52.5
Cement Replacement Percentage 17.509 26.47% 52.94% 3.09%

Impact Factor (JCC): 3.0238 NAAS Rating.06
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Table 1: Contd.,

5 Saw-gang Granite 10% SGE 10 Weight (kg) 350 405 900 45
Sand Replacement Percentage 20.599 23.82% 52.94% 2.65%%
Saw-gang Granite Weight (kg) 350 371.25 900 78.75

6 éi'sl(fcgﬁgt SCFL7S  percentage | 20509  21.84%  52.94%  4.63%

7 Saw-gang Granite 25% SGE 25 Weight (kg) 350 337.5 900 112.5
Sand Replacement Percentage 20.599 19.85% 52.94% 6.620%

SUSTAINABILITY FACTORS & ASSUMPTIONS

Sustainable decision support system (SDSS) iseaclitle assessment method that can be used to wmpa
between different alternatives on a sustainabliisis. It is a software tool based on multi-crtediecision analysis

technique that used to rank alternatives depenaling developed sustainable scoring system [11,12].

Actually, life cycle of the alternative mixes care kwonsidered through manufacturing, constructiod an
demolition phases through the SDSS. However, is $tidy the produced concrete have similar sudttnaehaviour

during construction and demolition phases, theegfonly manufacturing phase was considered.

Two groups of total ten factors — and their indicat- present the flowchart of the SDSS factorse Tén
sustainable factors cover the environmental, ecacaimsocial and technological areas of sustaiitgbthrough the

alternative life. Each group includes five susthladactors [9].
First Group: Includes Five Sustainable Factors Related To Structural Element Design
* Climate Change includes global warming (embodied S@n indicator to measure it)

» Pollution includes air pollution and acidificatig@ALY index and acidification index are indicatdis measure

them respectively)
» Energy Consumption (initial embodied energy isratidator to measure it)

* Resources & Waste includes raw materials consumgtia solid waste (weight of raw materials consimnpt

and solid waste generated through manufacturingndreators to measure them respectively)
e Cost (market price is an indicator to measure it)

Life cycle inventory (LCI) data for alternativesbmponents (cement, aggregate, granite waste) vadiected
from different sources to be integrated in the SxsSrder to fulfil the required input data of tfiest group of SDSS
factors for manufacturing phase. Table (2) presémscollected LCI data of GOSQ, NO,, particulates, embodied

energy, raw material consumption and solid wastei$ed materials.

The collected data were based on the results fefrdift published reports and papers such as repbRsrtland
Cement Association (PCA), Athena Sustainable Mal®institute, and concrete centre [13,14,15], Eetet of National
Ready Mixed Concrete Association [16], BEES TecanManual and User Guide of National Institute tdrilards and
Technology [17], Published paper by Baird, et &][5and SPINE database [19]. Average values wensidered for the

different sources’ values of the same indicator.

Saw-gang granite waste is a waste material; thexefiowas assumed that it had no emissions, eredaghergy,

raw material or waste for manufacturing phase. @batl materials was based on actual market pridggypt.
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Table 2: Life Cycle Inventory (LCI) Data for Used Materials

Climizite Pollution Resource & Waste
Change Energy
Indicator CO, SO, NO, | Particulates ez FC{aw Mater_lal Solid Waste
onsumption
Unit Kg/ton | g/ton | g/ton g/ton MJ/ton Kg/ton Kg/ton
Cement 852 635 2064 2152 4641 1602 17
Aggregate 3 1 8 101 41 1000 0

Second Group:Includes Five Sustainable Factors Related To General Material Properties
* Recyclability includes recycled content is an iaddr to measure it.

* Local Economic Development includes locality andpiyyment (local material/equipment and contribution

employment & skills improvement are indicators teasure them respectively)

e Health/Safety includes health and safety (enviramaleguality and safety against labours accidergsralicators
to measure them)

 Human Satisfaction includes climate/culture andsewiibration (appropriateness for climate “habitghii and

level of noise & vibration insulation are indicagdop measure them)

» Practicability includes constructability and resmudepletion (degree of off-site manufacture améwability of

resources are indicators to measure them)

In order to fulfil the required input data of thecend group of SDSS factors for manufacturing phdata for
alternatives’ components (cement, aggregate, gravaste) were collected or assumed. Saw-gang gramste is a waste
material; therefore, it was assumed it has 100%cted contents. The recycled content of aggregateement was

considered as 0% because virgin aggregate wasansketthere were no recycled components in the useeiat.

All used materials are local materials, local lalspmon-renewable resources and same degree ¢f,saffesite
manufacturing, constructability, and appropriater&fsculture/climate. Therefore, local economicalepment, health and
safety, human satisfaction, and practicability dastfor all used materials were assumed to bel008&ta similarity in

their indicators.
RESULTS AND DISCUSSIONS

The SDSS software was used to evaluate and corfpasaistainability of the alternative mixes undedg (CM,
SGC5, SGC10, SGC15, SGF10, SGF17.5, and SGF25gdver, the study was performed on four divisiond(a, and

d) to develop a deep and reliable analysis fostistainability of alternatives.
Division (a): Overall Evaluation

Sustainability analysis was performed taking intmsideration the ten sustainable factors (i.e.S&ISS factors)

using the system default weights of factors
Division (b): First Group Evaluation

Sustainability analysis was performed taking imbasideration only the first group of SDSS factars. ( five factors

related to the element design) using equal weightactors.

Impact Factor (JCC): 3.0238 NAAS Rating.06
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Division (c): Second Group Evaluation

Sustainability analysis was performed taking intmsideration only the second group of SDSS factoes, five

factors related to general material propertie)gisiqual weights of factors.

Division (d): Individual Evaluation

Sustainability analysis was performed taking inbmsideration each factor separately. Only the §istfactors are
selected to be analysed for this step becausethiee four factors are similar for all alternativesdescribed before. In

each process, weight of considered factor 100%used.

Tables (3) and (4) present the results of sustdityabvaluation of alternatives considering theifalivisions (a),
(b), (c) and (d). The tables show the sustainghiéihks based on the SDSS measurement scale. Jlitsreere based on

materials’ quantities and percentages of concretesnas well as collected/assumed data for theesysactors and

indicators.
Table 3: Sustainability Results of Alternatives (Diisions a, b and c)
Sustainability Rank (R")
: Division (a) Division (b) Division (c)
Concrete Mix Considering all | Considering First Group Considering Second
SDSS Factors of SDSS Factors Group of SDSS Factors
CM 54.93% 88.67% 50.00%
SGC5 55.47% 88.97% 50.52%
SGC10 56.02% 89.27% 51.04%
SGC15 56.56% 89.57% 51.56%
SGF10 56.24% 88.84% 51.33%
SGF17.5 57.22% 88.96% 52.34%
SGF25 58.20% 89.09% 53.36%
Table 4: Sustainability Results of Alternatives (Diision d)
Sustainability Rank (R")
Concrete Division (d): Considering Each Factor of SDSS Facts
Mix Climate . Resource & .
Change Pollution Energy Waste Cost Recyclability
CM 93.16% 91.90% 96.91% 80.83% 88.32% 0.00%
SGC5 93.50% 92.28% 97.06% 81.13% 88.80%%6 1.03%
SGC10 93.84% 92.66% 97.21% 81.42% 89.28% 2.06%
SGC15 94.17% 93.05% 97.36% 81.72% 89.76%6 3.09%
SGF10 93.17% 91.91% 96.92% 81.27% 88.35% 2.65%
SGF17.5 93.17% 91.92% 96.92% 81.60% 88.38% 4.63%
SGF25 93.17% 91.93% 96.92% 81.93% 88.40%% 6.62%

Division (a): Overall Evaluation
Sustainability Analysis Considering all SDSS Factar

The results revealed that SGF25 mix had the basaisability rank of all alternatives with an inase of 3.27%
than CM. In addition, SGC15 had the best sustdiitabalue of cement replacement mixes increashentCM by 1.63%
as presented on Figure (1). SGC5 gave the woritigability value of all alternatives as it incredsonly by 0.54% than

CM. In general, sand replacement mixes were matsiable than cement replacement mixes.
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Division (a): Overallevaluation

3.50% 327%
3.00%
2.50% 2.29%
2.00%
1.63%
1.50% 1.31%
1.09%

1.00%

0.54%
0.50% 1
0.00% T : :

SGC5 SGC10 SGF10 SGF17.5

Figure 1: Increase of Samples’ Sustainability TharControl Mix Considering all SDSS Factors

Division (b): First Group Evaluation
Sustainability Analysis Considering the First Groupof SDSS Factors

The results showed that SGC15 mix had the bestigasility rank of all alternatives. An increaseo®0% than
CM was recorded. In addition, SGF25 had the bestamability evaluation of sand replacement mixggt ancreased by
0.42% than CM as shown in figure (2). SGF10 hadwhest sustainability measures of all alternatishewing a slight
increase of 0.17% than CM. In this division of exslon, cement replacement mixes showed more 8ignif effect on
sustainability measures than sand replacement mibtés was because reducing cement content in fkesnof cement
replacement means reducing cost, negative emisfien€Q, SQ, NQ,, ...), consumed resources and consumed energy.
While, sand has no negative emissions (i.e,, &, NO,, ...) or consuming energy during the manufactuphgse or
expensive material; therefore, replacing sand tanitg waste in the mixes of sand replacement camuoease the

sustainability rank of the produce concrete mix.

Division (b): First Group evaluation

1.00% 7
0.90%

0.50%

0.80%
0.70%

0.60%

0.60%

0.40%
0.30% 0.29%
0.30%
0.20% ”'%
0.10%
0.00% -+ T T T
SGCS SGF25

SGCI10 SGC15 SGF10 SGF17.5

Figure 2: Increase of Samples’ Sustainability thait€Control Mix Considering First Group of SDSS Factors

Impact Factor (JCC): 3.0238 NAAS Rating.06
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Division (c): Second Group Evaluation
Sustainability Analysis Considering the Second Gropi of SDSS Factors

The results showed that SGF25 mix had the besaigasility rank of all alternatives with an increasf 3.36%
than CM. In addition, SGC15 had the best sustdlifyaleivaluation of cement replacement mixes incirgashan CM by
1.56% as presented in figure (3). SGC5 recordedvtirst sustainability measures of all alternatireseasing than CM
only by 0.52%. In this division of evaluation, sargplacement mixes were more sustainable than deraplacement

mixes due to the bigger percentages of recyclghilisand replacement mixes.

Division (c): Second Group evaluation

4.00%
N 336%
3.00%
250% 2.34%
2.00% -
1.536%
1.50% 1.33%
1.04%

1.00%

0.52%
N
0.00% - . | . .

SGCs SGCL0 SGCLS SGF10 SGF17.5 SGF15

Figure 3: Increase of Samples’ Sustainability tharControl Mix Considering Second Group of SDSS Factar

Division (d): Individual Evaluation
Sustainability Analysis Considering each Factor Segrately

When considering Climate Change, Pollution, EneCgynsumption or Cost factor separately, the reshitsved
that SGC15 mix had the best sustainability rankltdrnatives with increases of 1.01%, 1.15%, 0.4&A6 1.44% than
CM respectively as presented in Figure (4). Onatier hand, all sand replacement mixes had similatainability ranks
with no significant increase than CM (less than80¢) as presented in Figure (4). Consequently, cemsracement

mixes were better than sand replacement mixehésetfactors.

The results showed that SGF25 mix had the bestaigasility rank of alternatives when considering
Resources/Waste factor or Recyclability factor withreases of 1.1% and 6.62% than CM respectivelyaddition,
SGC15 had the best sustainability rank of cemeplacement mixes with increases of 0.89% and 3.08&h {CM
respectively as presented in figure (4). Therefeamd replacement mixes were more sustainablecdraent replacement
mixes for these factors.
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Division (d): Individual evaluation
7.00%

6.00%
5.00% 4.63%
= 5GCS

4.00% " SGC10
3.00% 309% ® 5GC15

2 06%  SGF10
2.00% 144% B 5GF175

115% 1.10%
R s 103% ¥ SGF25
0.01% 0.03% oom I II I 0.08% I

0.00% III III -ll II | [ | | [

Climate change  Pollution Energy Resource & Cost Recyclability
Waste

Figure 4: Increase of Samples’ Sustainability tharControl Mix Considering Each Factor of SDSS Factors
CONCLUSIONS

This paper presented a comparative study betwdtaratdit concrete mixes using various percentageyaifite
waste in order to evaluate the sustainability afhedesign mix. Seven design mixes were selectdter sting their
mechanical properties in a previous stage — toystielir sustainability: One control mix with no gite waste contents,
Three mixes of cement replacement by granite W&BC5, SGC10, SGC15), and three mixes of sandaemiant by
granite waste (SGF10, SGF17.5, SGF25)

A sustainable decision support system (SDSS) sodtweas used to compare between the alternatives usi
sustainability measurements. Results showed thatdésign mixes with granite waste contents hadebetverall
sustainability rank than the traditional mix (cattmix) by 0.54% to 3.27% on the SDSS measureneaies

Based on the results of SDSS, there was a dirgetlgortional relationship between the percentaggrahite
waste in the concrete mix and the sustainabilibkraf the mix. However, this relation was not sfg@int in case of sand
replacement (SGF10, SGF17.5 and SGF25) when caimgldene factor separately such as climate chapghytion,

energy, and cost.

It can be noticed that the higher increase of sedlity evaluation than control mix can be reésfrto the
recyclability factor especially for sand replaceterixes with increases ranging from 2.65% to 6.62%addition, when
considering the first group of SDSS “division bhetincreasing values in sustainability than contndt were ranging
from 0.17% to 0.90%. These values were less tharrtreasing values when considering the secondpgod SDSS

“division ¢” which were ranging from 0.52% to 3.36%

In division (b) when considering the first group ®DSS factors including climate change, pollutienergy,
resource & waste and cost; it can be noticed thatincrease in sustainability in cement replacemnmeines (SGCS5,
SGC10, SGC15) was better than the increase ofisabthty in sand replacement mixes (SGF10, SGF136GF25).
While, in division (c) when considering the secogibup of SDSS factors; it can be noticed that therease in
sustainability rank in cement replacement mixesGSGSGC10, SGC15) was less than the increase tdisakility in
sand replacement mixes (SGF10, SGF17.5, SGF25)adtiee bigger percentages of recyclability in saeplacement
mixes. It was the same reason of why sand replateméees were better than cement replacement mirxesserall

sustainable evaluation in division (a) when congidgall SDSS factors.

Impact Factor (JCC): 3.0238 NAAS Rating.06
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