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Abstract

Crushed stone aggregates are the main constituecbérete The recent development of
Portland cement has increased the use of geological material for concrete production. The
crushed stone aggregates are produced by quarrying acthN#yertheless the activity casse
major socieeconomic and environmertimpads. Therefore appropriate measures should be
taken during quarry site selection and operatiofrhe main objective of this study is to select
suitable quarry sites and to assess the suitability of crushed stone aggregates for construction
in Jigjiga town. The suitable quarry sites were identified by adopting a &H® approach in

which 8 factoravere considered for quarry site selectitmthe process of suitable quarry site
selection,weighted overlay analyses was used in whHaitd use land cover, distance to
buildup area, overburden thickness, distance to water bodies, distance to road, relative relief
and slope anglef the areawere considered to produce the preliminary quarryteility

map. Finally the finalquarry site sitability map of the studyvas generated, using math
algebra product of lithology and preliminary quarry site suitability maprhe final
preliminary quarry site suitabiliynap showedhat 28.2% (598.4n¥) of the study area is
highly suitable for quarnsites where as 25.6 %( 543«hr), of the area is unsuitabldn
contrastthe suitability of 11.6 % (246.7Knand 34.6% (735.6Kf is moderate and low
respectivelyFollowing the suitable quarry site selection rock aggregates were collected from
highly suitable areas for quarry site and physioechanical properties such as water
absorption, specific gravity, aggregate shape test, crushing value (ACV) Los Angekasrabra
value (LAV), Impact value (AlV), sodium sulphate soundnesarnédspetrographicanalyses

were conducted to assess the suitability of the aggregates for constructiohggsegates

from quarriesl, 2, 3, 9 andl0 have shown good quality in term ofypital, mechanical

propertiesand also stable in term of alkagilica reactivity
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Chapter one

1. Introduction

1.1 Background

The demand of geological construction material is rising globally due to the growth and
development of infrastructures including highways, airports, dams, hospitals, angaibtic

and private buildings. Theamtenance and developmentloésenfrastructures requires large
amount of geological construction material which is produced by quarrying prQuessy is

a type of ope#pit mine from which rock or minerals a& extracted(El-Dine et al., 2009)the

end productnaterials from quarries includeushed stone which is very important in modern
civil engineering and construction works. Nevertheletdgs activity involves cushing;
blasting and excating raw geological material from the ground which causssr pollution,

land degradation, noiggollution, vibrations andandslices (Sreenivasand Ravanu2014)
Thereforethe environmental impact of the quarry operatithve economic viability and the
aggregate quantity and quality has to be considered during quarry site seléoti@ver,in
mostof African nations, environmental sustainability is not taken &tmount whilechoosing,
managing, and operating quarrié@arwish et al., 2011)This frequently results in land
collapse, land conversion, environmerttahtaminatioras well as possible effects on the local
popuation (Pal and Mandal, 2017)Therefore, propesite selection, quarry planning, and
management are crucial not only the operation of a profitable quarry but also for quality
control and log-term environmental managemdégkgesi and Nwosu, 2018)

The production of aggregates resources initially requires selecting suitable potentiabiear
(Regessa et al., 201%he selection of suitable quarry site is controlled by, rock type (the
quality of rocks), topographic condition (slope angle and relative relief) of the site, land use/
land cover of the site, distamof the quarry site from the market, distance to build up area,
distance from water bodies, overburden soil thickness of the siteegtd th groundwater
(Regessa et al., 2015; Gudissa et 2020).In recent yearsMulti-criteria decision making
method and Geographic Information System (GIS) are widely used as afaiodite
suitability selectionUyan, 2013) The selection of suitable quarry sites involves consideration

1



of mutiple factors which makes the task very challengitngnce the integration of
mathematical techniques such agalgtical hierarchy process (AHP) ar@lS are widely
appliedto select suitable sites, the techniques has been previously employed for Quarry site
selection (Guddisa et al, .202@roundwater recharge siselection(Rajasekhar et al., 2019)
andlandfill site (Ebistu andMinale, 2013; Dimopoulou et al., 2013; Akanwa et al.,2017).

Furthermore beside the environmental and s@tonomic aspect of the site also the quality of
aggregates that the quarry possesses has to be greatly evdlnasted stones are essential
input for construction industryand manufacturing of concrete productead materials,
railway ballast, and other atlary products(AdinkrahtAppiah et al., 2016)In concrete and
pavement works, they occupyearly 75% and 8®0% of the total volume ofthe mix
respectively(Jose Renato et al., 2019herefore crushed stonetige dominant constituents o
concrete and pavement and hence it influences the strength and durability of concrete and
pavement ta great extent. Thereforeharacterizing thewglity of crushed stone aggregate is
important to assure the safety and long lasting performance of gfireeering structureby
selecting quality material that meet the standard specifications related to strength and
durability. The aggregates used as road stones must possess high resistance to crushing and
heavy traffic wheel load; has to be tough enougtesist high impacts caused by the jumping

of the steel wheels and severe abrasion resistance, it also has to be soundemnesigh t
weathering(Bell, 2007) Hence, thenaterial quality has to be studied to assure the safety and

long lasting performance of the structures.

Following thesethis study ains to locatesuitable quarry siteand produce preliminary quarry
site suitability mapandto characterizéhe engineeringroperty ofcrushed stoe aggregates
for Jigjiga town. Jigjigas the bggest and highly developing towm Somali regional state, the
construction ofinfrastructuresneed plenty of construction material supply, hence locating
suitable quarry sites for ¢htown is importanto assess the construction material needed for

infrastructure developments.

1.2 Statement of the problem

The demand ofrushed stone aggregates construction purposea Jigjiga townis increasing

due to expansion and development of infrastmes such as highwayBpspitals and other



public and private buildingsdt is therefore, essential to locate suitable quarry sites to answer
the demand foconstruction material of the cityocating suital@ quarry sites for the town

eases the accessibility and production of raw construction material and reduces environmental
impact associated with quarry operasoDespite this, currentlyrashed stone aggregates are
produced without prior evaluation of thmuitability of the quarry site, which resultsin

environmental and socieconomic impact in the study area.

Crushed stone aggregates are used as aggregates for Portland cement concrete mix and
asphaltic concrete. Generally the mechanical and cheprigpérty of the aggregates affects

the strength and durability of the concrateerefore studying the quality of the aggregates
assures the safety and durability of the infrastructures. Crushed stone aggregates are highly
used for construction purpose Jigjiga town regardless of the quality considerations which
resuls failure of many infrastructures before the designed enginedifimgspan Hence
considering the increasing demandonfished stoneggregates for construction use in the

town, this studyaims tolocate optimal quarry sites and characterize the material quality from

selected suitable quarry sites for construction usagjiga town.

1.3 Obijective of the study
1.3.1 General objective

The main objective of this study is to makeamprehensive appraisal of rocks with regard to
its suitability as crushed stone, aggregatetarsglect optimal quarry sites for Jigjiga town

1.3.2 Specific objectives

The speific objectives of thistudy are:

U To producing quarry site suitability mapthe study area at scale of 1;@W0

U To determine physiecmechanical propertiesf crushed stone aggregate freglected
suitable quarry sites

U To determire the mineral corpositionof aggregateby conductinga petrographic thin

section analysis



U Todetermine the suitability of crushed stone aggregates for constructidolloseng
current standardpecifications

1.4 Significance of the study

The rapid development of infrastruatsrin Jigjiga town has increaste® demand of crushed
stone aggredas for construction uses. Crushetbne aggregates are produced through
qguarrying operationNeverthelessnappropriate quarrpperation causes environmental and
sociaeconomicimpact Thereforeselection of suitable quarry site reduces the environmental
and socieeconomic impact of poor quarrying operation as a resulsthy aims talelineate

the suitable quarry sitesvailable in the study area in orderavoidenvironmerdl andsocic
economidmpact ofpoorquarry operationOn other handhe qualty of aggregates contribute

to the safety and the long lasting performance of enginestingtures, thereforethis study
also characterizabte engineering property of crushed stone aggreg@atessess the suitability

of the available material for construction use in the town, which inassares theafety and

durability of engineering structures.



Chapter two

2. Literature review

2.1 Introduction

A guarry is a type of opepit mine from which rock or minerals are extrac{e&ttDine et al.,
2009) Coppin and Bradshaw (1982Jso statedhat quarrying is an open cast excavation from
which fairly massive and deep deposits of hard or soft rocks are extr@ctaaying involves
crushing, blasting, and excavating raw geological construction material from the .ground
Hence this activity canause pollution, noise, and environmental impact in the vicinity of the
guarry site Therefore appropriate measurefiould be taken to locate the suitable quarry site
that possesses less environmental impact with good quality constructaiarial
Consegently suitable quarry site selection is a process of finding a suitable place that
possesses lessocioeconomic andenvironmentalimpact with good quality construction
material However, inmost African nations, environmental sustainability is not talkeio
account while choosing, managing, and operating quarries (Darweshal., 2011).
Furthermore suitable site selection, quarry planning, am@hagemendreimportant not only

for the operation of a profitable quarry but also for quality control andy-tiemm
environmental manageme(Egesiand Nwosuy 2018) Therefore, all governing factors for
selecting a suitable quarry site must be taken into account in order to ensure the socio

economic and environmental sustainabhility

According toRegessa et al2015), andsuddisa et al. (2030theselection of suitable quarry

site is controlled by, rock type (the quality of rocks), topographic condition (slope angle and
relative relief) of the site, land use/ land cover of the site, distance of the quarrgmsitthé

market, distance to build up area, distance from water bodies, overburden soil thickness of the

site and depth to groundwater.

2.2 Suitable site section using aGIS-AHP based Approach

Suitable site selection involves decision making by considering many alternasires

mathematical technique¥arious multi-criteria decigon making MCDM) techniques have



been developed anpreviously applied for regional planninggricultural lanl ard water
managemenpurposeyTiwari et al., 1999) In recent years miti-criteria decision making
methods and Geographic InformatiSgstem (GIS) are widely used as a tool for suitable site
selection (Uyan, 2013)The combination of GIS and muttiiteria evaluation (MCE)
techniques has been employed more frequently as a spatial decision support system (SDSS)
for determining suitable locations (Uyan, 2018)CE methods are a frequently utilized
concept that provides individuals with a strategy to enable them choose the bestwaternat
among a variety otriteria (Eastman JR et al., 1995; Wu, 1998; Murpt803 Brink and
marx, 2013).

Analytical Hierarchyprocess (AHP) is one of muitriteria decision making toolsyhich is

used for determining gpopriate decisiotfSatty, 1980) The method has been previously used
for varioussite suitability selectionsuch as;land fill site ( Yoxas et al., 2011; Zelendvi e t
al., 2012;Ebistu and Minale, 2013; Dimopoulcet al., 2013; Khan and Smadder, 2015;
Chabuk et al., 2016; Chabuk et al., 20Mkaradaghi et al., 2019yroundvaterrecharge site
(Rajasekhar et al., 2019)mining methodg Ataei et al., 208; Manadal and Mondal, 2016)
The combination of AHP and GIS hd®en employed for suitable quarry sgelection
(Gudissa et al., 2020The major characteristic of the AHP method is the oéeairwise
comparisonswhich are usedoth to compare the alternatives with respect to the various
criteria and to estimate criteria weiglftssken, 2007) The weight of each factodetermined

with aid of pairwse comparison matrix is used in GIS environment to produce suitability map

using weighted overlay analysis.

2.3 Impact of quarry site

Quarrying is the process extracting useful industrial minerals from the earth cfakanwa

et al.,, 2017)t is an activity where stones are excavated for purpose of being used for
constructions of roads, dams and buildingfey are mostly gravel, sand and crushed
aggregates. These materials are indeed inevitable in every community buildings and
infrastructures in which without their existence and usage there will be no built emginee
structure (Akanwa et al., 2017). Howevgquarry operation causea wide variety of
environmental and socianpacs in the vicinity of the quarry siteAccording toSreernvasa

and Ravanu (2014)he major impacts of quarries to the environment are water pollution, land



degradation, noise pollution, vibrations and landslid@sarrying operations can adversely
alter preexisting ecosystems, astiange hydrogeological amydrological regimegOzcan et
al., 2012) Runoff from quarry sites flows very rapydtowards nearby watdyodies which
makes the lakes and streams susceptible fatiom from quarries(Pal and Mandal, 2017).
According to Guddisa et al. (202@he community residing near tlggiarry sites experiences
annoyance; nuisance, and sleep disturbatue to vibration, noise, fipck, and dust caused

by blasting during quarry operation.

Quarry operation can cause heafitoblem eépending on the chemical composition of the
qguarry mateal. Blasting for extraction of rocksiay cause noise pollution and the dust during
guarryingoperation contributes the chemical earts which cause air pollutiqg@awawi and
Ibrahim, 2021)These chemicals have great potential to harm human health and can destroy
habitats and a variety of species (Mabogunje, 288ted in Lameed and Ayodele,2010)
Accordingto Asante et al. (2014Yarney (1998)ynd Langer (2001)4 million people have

been reported to dievery yearfrom acute respiratory problems in developing countries, the
most part being aggravated by environmental pollution emanating from quarrying,

sandblasting and emission of dangerous chemicals

The exploitation of solid materials by quarrying involves latehring which cause huge loss

of vegetation cover duw the fact bhat its operations are usuatbarriedout on a largescale

and the quarry site is abandoned when the resource is depleted without site reclamation
(Akanwa et al., 2017)According toAdekoya (®03) and Aigbedion (2005) farms within a

close radius to quarridsave a reduced crop output, whichai$ributed to dust pollution on

crop leaves which disrupts the photosynthédisteover,Oyinloye and Olofinyo (2017)lso

stated thatthe natural photosynthesis can be disrupted when dust particles cover plant leaves

which in turn cause the death of many plants near the quarry site.

2.4 Factors controlling the selection of optimal quary site.

Quarrying involves crushing, blasting and excavating gewlogical materialfrom the
ground; hence this activity can cause pollution, noise and environmental impact in the vicinity
of the quarry site. Therefore an appropriate measure has t&drettalocate suitable quarry

sites that possess less environmental impact and goadity constructiormaterials In order



to select suitable quarry site all factors controlling the suitability of the quarry site must be
evaluated.

There are differenfactors that control the location of suitable gyasite. Some of these
factorsare rock type (the quality of rocks), topographic condition (skopgle and relative
relief) of the site, populatiogettiement condition of the site, land use/ land covktkeosite,
distance of the quarry site frothe marketdistanceto water body, distance to build apea

andoverburden soil tltkness of the sit@Gudissa et al., 2020; Regessa et al., 2015)

2.4.1 Lithology

The characteristics of parent rocks play a major role in determining the quality of the produced
aggregategEngidasew, 2014Rocks have differerghysical and mechanical propertige to

their texture, grain sizand degree of weathering. Hence the type of rocks available affects the
quality of the quarry product and suitability of the sitdereforelithology is the most
important factor influencinghe quality of rock; for examplesome flaky, soft, and friable

rocks cannot be used as aggred@atkaradaghi et al.2019.

2.4.2 Land use land cover

Quarry activity involves blasting, deforestation, excavation, crushing and transporting raw
material. These activities results great effects on gbeiceconomic and environment
Therefore & assure the safety of the environment, heritigs and humalife it is important

to considethe land use and land cover of #rea so as to control and avoid the impact of the
guarry operation to botthe environmenand human lifeThe suitable potential quarry sites
must be developed on the land use/land cotreat are characterized by least damage potential
to the land resources and landscape and that which have higher prospects for vegetation
recovery and the resource of rehabilitatioeasuregDarwish et al., 2010)Accordingly
environmental code of practices preserves and protects culterghge, archeological sites
(Chabuk et al., 2017)parks, and buitip areagAlkaradaghi et al., 2019)Thus, LULC may
prohibit the development of quarry sitesthese areasven when good quality and quantity

material is available.



2.4.3 Distance to builtup area

According to Guddisa et al. (20R the community residing near to quarry sites experiences
annoyance; nuisance, and sleep disturbatue to vibration, noise, fly rock, and dust caused
by blasting during quarry operatioQuarries near to builip area generates severe dusts that
can be felt about 100m from the sou(Barwish et al., 2011; Maharaj et al., 2005; Kadis et

al., 2018)However giarrying can be possible with appropriate environmental protection and
by adopting suitable mitigation measures (Guddisa etG20)2Therefore to avoid noise and

air pollution in the vimity of built up area adequate buffer zone has to be established.
According to quarry codef practice(Tasmania, 2017)n areas wherthe material is crushed,

only 750 m separations can be maintained.

2.4.4 Distance to water body

Runoff from quarry sites flows very rapidly towards neavigter bodes, thus lakes and
streams aresusceptible tgollution from quarriegPal and Mandal, 2017)herefore it is
important todevelop the quarry operation at distance where the ahtrunoff from the
guarry cannot contaminate the neawbgter bodiesThe accumulation of the dust and rock
aggregates from the quarry in channels can block the stream channels and disruptsathe natu
drainage system of the area. The runoff dissolves the waste particle from quarries which
increases the total dissely solid of the surface watérherefore adequate buffer zone has to

be established to avoid surface water pollution by quapeyation

2.4.5 Distance to roads

The distance of any rock construction material can affect both the economy of the project and
the environment(Langer and Tucker, 2003) According toPrentce (1990) the cost of
transportation of aggregatdeubles for every 10 miles road distamerementrom source to

the market.Roads at a far distance may result in additional project costs due to the
development of new roads and increased trarsfpamtcosiAlkaradaghi et al., 2019)

In addition to economic importance of the quarry site being accessible to nearby roads also the
safety of nearby roads fromuarrying operation such adabting which causes fly rocks
vibrationand dushas tobe evaluatedThe proximity of the road to the quarry site may result

in dangers of fly rock due to blasting and air polluti@habuk et al., 2037



2.4.6 Overburden thickness

The thickness and nature of overburden material on the bkdfdhe quarry can affect the
economy and workality of the quarry product (Rpessa et al 2015). According to Bell

(2007), usuallyremoval of overburden makes operations uneconoirtierefore during

quarry site selectigrthe over burden thickness of the saed cost ofremovingshould be
considered as stripping overburden negayivaifects economic exploitatio(Bale, 2011;
Magnusson et al., 2010Regessat al. (2015) suggested that overburden thickness of more
than 4m unsuitable for quarry operation due to cost of operation. Nevertheless, according to
importance of the overburden material further depthbestolerated as overburden is used for

fill material or other purpose.

2.4.7 Depth to groundwater

Solid particles from quarries and liquid wastes from lubricants and leaking fuels of heavy
machineries can dissolve in water and percolate through fractures which results groundwater
contamination in shallw aquifers.The removal of protective rock cover of aquifer and
vibration from blasting diing quarry operation can disruibte existing fractures thus altering
groundwater flow pattfiEkmekci, 1990) The blasting activity widens fracturehus easing

the percolation of contaminants to join shallgwoundwater. Therefore quarries should be

operated in areas were the groundwater is sufficiently deep.

2.4.8 Slope angle

The stability of the quarry site is to some extent governed by the slope angle of the area as
areaswith steep slopangleare proneto slope instability(Raghuvanshi, 2019which may
affectthe workability and safety of the quarry site. The slope morphometry of a given area can
be classified based on theilope angle as; escarpment/cliff (3}5steep slope (3%5°),
moderately steep slope (285°), gentle slope (1%525°) and very gentle slope (<)5slope

angles (Anbalagan, 1992)Quarrieslocated onsteep slopes areeomnonly affected by
environmental impacts such asil erosion, rock falls and mass movemgimarwish et al.,

2010).
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2.4.9 Relative relief

Relative relief is the difference between the maximum and minimum attitudes witbértain
cell (Oguchi, 1997)According to Alkaradaghi et al(2019, relative relié is important from
slope instability point of view, flooding potential, ease otamationand inaccessibility.
According to Guddisa et al. (202@reas with relative relief of less tham are unsuitable for
quarry operation due to isisceptility for flooding and possess difficulty irkeavation and
areas withrelative relief of more tha@00m s lesssuitable for quarry site selection due to

difficulty in accessibility and management.

2.5 Suitable quarry site selection in Ethiopia

Throughoutthe countrya few works on suitable quarry site selection have been.ddm=

work of Guddisa et a2020 and Ragessa et al. (2015) are among the recent researches on
suitable quarry site selection inet country. Guddisa et al. (2028aveworked on theoptimal

quarry sites irHarer andDire Dawa area, the study was conducted by adojitegrated GIS
andAnalytical hierarchy proces®\HP) in which seven controlling factsiof optimal quarry

site selection were consideredheke factors inade lithology, land use @ad land cover,
distance to builup areas, distance to water bodies, distance to roads, relative relief and slope
angle. GIS-AHP basedmethod was usetly considering selected facsoto produce the
preliminary quarry site stability map ofthe study areaWeighted overlay analysis in Arc GIS

was used to overlay the thematic maps of all factors to generate the suitabilityTiep.
suitability map of the studarea for all lithologies showed that 1361K(2.75%) of the areai

highly suitable, 1587 Km? (32.11%) of the ameis moderately suitable, 21661 (43.83%) of

the area hakw suitability while the remaining 1053n# (21.3%%) of land is unsuitable for
guarrying On the other hand Bessa et al(2015 haveused integrated GIS and geotechnical
characterization to seletiie potential quarry site and clzaterize ballast rock for Bbo-ljaji

railway project inWestShawa zone oDromiya regionIn this study six important parameters

that may control the gerarsuitability of thequarry site were identified. These parameters
include slope, distance of the site, overburden soil thickness, land use/ land cover, general
accessibility and rock type with its degree of weatheririge study covered 15km radius of

the railway line and the study aim was only to locate suitable quariyfeitdallast rock

supply to railway project.
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2.6 Chaacterization of Crushed stone Ajgregates

Crushed stone aggregatethe product bcrushingrocks,boulders or large cobblgtonesin
which substantially all faces have resulted from the crushing oper@tager and Knepper,
1998). The sources of aggregates are either from bedrock or gravel andisalagdgregates
from bedrocks are acquired by measf crushing the bedrockising different tools and
machines The quality of the aggregates controlled by property of thgarent material
(Hartley, 1974) Aggregates are used in productmincement and asphaltic concrete and it is
the main inputof Portland cement concrete and road paventaetefore the quality of the
aggregates has direct effect on the strength and durability of the combretein turn affects

the good performance ttie engineering structures.

Aggregate materials must be stable against breakdown in use and in stobigalésmjoint
flaws and micrecracking; strong enough to with stand loading applieadsg(both tensile adh
compressive); of low porosity and permeability in individual partieledchips; norplastic;
chenically inert in use, not coated with any substance nor polishadeégree where adhesion

of bitumen or cement idaersely affected; and not deephgattered(Dolar-Mantuani, 1983)

The mechanical anghysical propertiesof aggregates are commonly evaluated by using
different laboratory teste@Valtham. 2002; EAal, 2015), such as aggregate crushing tests,
aggregate impact tests, aggregate abrasion resistance test, aggregate water absorption,
soundness, flakiness Index, elongation Index, specific gravity, densitetiesiherefore to
evaluate the quality of the aggregates laboratesihas to be conducted by adopting different
test methods andspecification. American Society for Testing and Materials (ASTM),
American Association of State Highways and Transportation Officials (AASHTO), British
Standards (BS)ndian standard (ISpnd European Standards (UNIEN) specifications are
commonly usedstandard test methods and specificatitmsharacterize the aggregates for

suitability of construction use.
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Chapter Three

3. Materials and methodology
3.1 Methodology

The methods and approaches employed to conduct this studlye suitable quarry site
selectionusing integrated AHP and GIS based approeatk sample collection from selected
areas, sample preparation anbldieatory tests by adopting ASTM and B&ndard aggregate

test methods. Generally, the quarry site suitability map was generated by following approaches

Quarry site selection criteria
formulation

shown in figurel

Distance to Roads ]

Figure 1 Flow chart showing procedures flowed to produce quarry site suitabiléy
modified fromGudissa et al. (2020)
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3.1.1 Data collection

The existing data relevant to this topic (literature) was thoroughly reviewed. All factors
determining suitable quarry site is studied and materials needed to produce the thematic maps
were collected. Geological map of Hakgjiga (Scale of 1:250,00®y Workineh (2010and
subsheets of Hadaw and Gursum (scale 1:5@) @y Abraham (2005) and that Of
Jigjiga,Chinaksen and Lafaisa(scal&@,000)by Mulugeta and Yonas (200%yas gathered

and used to produce the geological map of the study area. Landsatg8 and Digital
Elevation Model with 30m resolution was extracted from USGS Earth explorer and later
processed to produce Land use land cover,nségpe angle and Relative Relief map
respectively. Jigjig area topgheetmap with scale of 1:50,000 was called fom Ethiopian
mapping Agencyand the roads and builgh area was digitalized from .itAll the existing
borehole data was tfeered mainly to obtain statgroundwater level and the gegical strata

to now the overburden thicknessoughout the studgrea

3.1.2 Data Preprocessing

The selection of suitable quarry sites involves processing and classification of considered
factors for optimal quarry site selection using Arc GIS. All the gathered data was processed,
reclassified and assigned weight &ach factors to produce quarry site suitability map using
Arc GIS weighted overlay in spatial analysis tool.

The data for lithology was obtained from Hadagjiga sheet (scale 1:250000) and sub sheets

of Hadaw and Gursurfscale 1:50000) by and that OfJigjiga,Chinaksen and Lafaigacale
1;50,000). The geological map of the study was prepared from these maps and later refined
and corrected by conducting field survéfe digitalized geological map in vector format was
converted to raster data and resiied according to the suitability of the existing rock for
construction material use.

LandsaB image (Path 166, Row 53 and 54) with 30m resolution was extracted from USGS
Earth explorer, mosaicked and used to prepare the Land use land cover of tharetudy
Supervised image classification was used in which more than 50 training samples were
collectedand maximum likelihood classification was employedoroduce the land use land

cover map.
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Distance to road data was gathered from topographic map (Dpb@@epared by Ethiopian
mapping Agency and Google earth images. Roads data obtained was clipped to the study area
extent projected to UTM zone 38ndraster conversion with 30 m resolution was done and
later reclassified for suitable quarry site setatti

Distance to builup areawas obtained from Topographic map and Google Earth images. The
buildup area was buffered and Euclidian distance emsputed with 30m resolutioasing

Arc GIS to reclassify the buildup area for quarry site selection

Distanceto water body was extracted frddEM data because the area has no permanent river
and laks so that large stream was used as water bodlesdistance tdarge stream order

was processed and reclassiffedquarry site suitability

Slope angle and rela® relief was extracted from 30mesolutionDEM data obtained from
USGS Earth explorer, the data was projected to UTM zone 38 and reclassified for optimal
guarry site selection

The data for overburden Thickness was obtained from borelatdeand by condcting field
survey. The gathered points was fed and processed in Arc GIS; it is interpdetgdDW in

spatial analyst toand reclassifiethterfor suitable quarry site selection.

3.1.3 Field reconnaissance survey

Before conducting detailed field work, ground reconnaissance survey was carried out mainly
to produce geological map of the study area which is important factor controlling suitable
guarry site selection. In this phase previously produced geological médgredJigjiga sheet

by Geological Survey of Ethiopia at scale of 1:250, 0000 and that of H@dasum;Jigjiga,
Chinaksen and Lifaisgsacle1:5(000) was used as base map and field work was conducted to
correlate the lithology on the map with the existihgology ofthe study area and lastly the
geologicalmap of the studgpreaat scale of 0,000 was produced. The overburden thickness

data points were gathered and later interpolated using Arc GISnDyatial analystool.

3.1.4 Assigning weight usin g AHP method

Suitable site selection involves decision making by considering many alternatives which is

difficult to decide without use of mathematical techniques. Analytical Hierarchy process is one
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of multi-criteria decsion making process, whielsesa mathematical technique to compute the
best alternatives for decision making.

The AHP method ha been developed [Baaty (1977andhas beemdopted in previous works
for a selection of groundwateecharge site (Rajasekhar et al., 2019), landfill site (Akanwa et
al . 2017; Di mopoul ou et al ., 2013; Ebi stu
2011; Chabuk et al., 2016; 2017; Alkaradaghi et2019; Khan and Samadder, 20Es)d
mining methods (Ataei et al., 2008; Mandal & Mondal 2016).

The major characteristic of the AHP methodhs use of paiwise comparisonsvhich are

usedboth to compare the alternatives with respect to the various criteria and to estimate

criteria weightgLgken, 2007)

To compute the relative important of the factors considered pairwise comparison matrix has to

be constructed. Each factor is given scaleatisng. Usually rating betweerl to 9 isused as
proposed by Sattf1977),the rating shows the importance of the éastconsidered over each
other (Tabl&)

Tablel Rating given to factors according to their relative importance (Satty, 1977).

Intensity of importance Definitions Explanations

1 Equally importance Two factors contribute equally t

the objective

3 Somewhat more important Experience and judgment slight|

favors one over the other

5 Much more important Experience and judgment strong

favors oneover the other

7 Very much important Experience and judgment ve

strongly favors one over the othel

9 Absolutely more important The evidence favors one over t
other is of the highest possib
validity

2,4,6,8 Intermediate When compromise is needed

The pairwise comparison matrix is constructeddbiP theorywhich states that if factor A is
extremely important than fact@ it is rated as 9 then B mus¢ extremely less important than
A and israted as 1/9

16

&



In this study eight factors were considerft suitable qarry site selection, these are
geological (lithology) land use land cover, distance to build up axes, burden thickness,
distance to water, distance to road, relative Relief dopksangle. They are categorized as

shown in table 2

Table 2 Factors considered in this study

Geological factor Environmental factors Economic factors
Lithology Land use land cover Overburden Thickness
Distance to build up area Distance to road

Distance to water body
Relativerelief
Slope angle

Pairwise comparison of seven factors excluding lithology was constructed to compute the
weight of each factor which later used for weighted overlay analysis in Arc GIS. Lithology
was separately reclassified and later Math algelwdygt in spatial analysis tool of Arc GIS

was used to extract areas with both suitable lithology for quarry site and suitable regarding the
economic and environmental consideration for quarry site selection. The relative importance

of the factors consided are justified in table 3

Table3 Relative importance of factors considered in this study

S/nFactors Significance Order of importance

1 |Land use and|Environmental code of practices preserves and protects c|Extremely strong
Land cover |heritages, archeological sites, parks and ‘ugltareas. ThysLULC|influence
may totally prohibit thedevelopment of quarry site even when g

quality and quantitypf a materials available.

2 |Distance to |Dustand noise€from crushers causeraand noise pollution to neay|Very strong
build up area |communities hence quarries have to be far enough fromugudteas|importance over the

rest

3 |Overburden |Removal of @erburden material is very costig developing quarrnStrongly Important
Thickness site As a result areas with less overburden material are preferr,

be selected for quarry sigelection
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4 |Distance to |Dust and flying rocks from quarry sites cause the streams and ¢Moderately more
water body |water to pollute so that the quasite has to be far enough from wgimportant

bodies

5 |Distance to |Distance toroad playsa vital role in quarry site selection aridis|Least important but
road mostly preferredthat the quarry to be closeto road to redudmore important than
transportation cost but itas not to be close enough to avoid Relative relief

damage and traffic jam

6 |Relative relief|lt is important than slope angle ascibntrok flooding and easy {(Moderately importan

excavation than Slopengle

7 |Slope angle [Highly steep slopes are associated with slope instability and tr|Relatively least effec

landslide although it inotthe sole cause of landslide

Paiwise comparison matrix A (7x%yas constructed depending on the relative ingnze of
theeach factor as shown in table 4

A= Gx p G ¢ g aij= Z_ forij=1,2.n Eqn3.1
D Vg WO

The complete pairwise comparison matrix of the sevemfaconsidered are shown in table
4

Table4 Pairwise comparison matrix of seven factors

Attributes LU DB OTH DW DR RR SA

LU 1 2 3 4 5 6 7

DB Ya 1 2 3 4 5 6

OTH 1/3 Yo 1 2 3 4 5

DwW Ya 1/3 Y2 1 2 3 4

DR 1/5 Ya 1/3 Ya 1 2 3

RR 1/6 1/5 Ya 1/3 1/2 1 2

SA 1/7 1/6 1/5 Ya 1/3 1/2 1

sum 2.59 4.45 7.28 11.08 15.83 21.50 28.00
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After construction of he pairwise comparison matrix, Aall the fractions are changed to
decimal then matrix As Normalized by dividing each column by the sum of the coluhen

Eigen vector or weight is calculated @yeraging the sum of the rows.

Table5 Normalized pairwise comparison metrics and calculated weight of each factor

Attribute | LU DB OTH DW DR RR SA Eigen weight
S vector(w
)

LU 0.38565| 0.44943| 0.41208| 0.36101| 0.31585 0.35044| 35.0445
4 8 8 1 6| 0.27907 0.25 5 2

DB 0.19282| 0.22471| 0.27472| 0.27075| 0.25268| 0.23255| 0.21428| 0.23750| 23.7508
7 9 5 8 5 8 6 8 3

OTH 0.12726 0.13736| 0.18050( 0.18951| 0.18604| 0.17857| 0.15880( 15.8803
6| 0.11236 3 5 4 7 1 4 5

DW 0.09641| 0.07415| 0.06868| 0.09025| 0.12634| 0.13953| 0.14285| 0.10546| 10.5462
3 7 1 3 2 5 7 3 7

DR 0.07713 0.04512| 0.06317| 0.09302| 0.10714| 0.06958| 6.95862
1| 0.05618| 0.04533 6 1 3 3 6 6

RR 0.06556| 0.04494| 0.03434| 0.02978| 0.03158| 0.04651| 0.07142| 0.04630| 4.63078
1 4 1 3 6 2 9 8 3

SA 0.05514| 0.03820| 0.02747| 0.02256| 0.02084| 0.02325| 0.03571| 0.03188| 3.18861
8 2 3 3 6 6 4 6 5

After calculation of weightgach factothe consistency of the matrix has to be checkéue
Consistency ratio given by equation &3jreater than.Q@ then thematrix is not consisterand

it has to be randomly generated ag&naty, 2008)

According toSaaty (1977)matrix of n such that Awa= ma for sweh matrix is said to be

perfectly consistent &  n¥a.XGenerally the matrix is said to consistent suchahatm@ rx

Aw = & max W éééeeééeecéeecééecéceeeédeBgp.2
A= pairwise comparison matrix A

a-max=Maximum Eigen Value

W= Eigen vectors of matrix A or Weight of the factors

CR =CIlI | Rl ééeéeééeceéecééeceéecécéccedéeredgnddnd)

CR=Consistencyratio
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RI is randomly generatedumber(consistencyndices)

Cl=(emaxin/(ni 16 6 6 6 6666 6666666666666666 .Eqn(39

Cl= Consistency Index

n= Number of factors computed

Table6 Consistency indic€R) (Satty, 1977)

Matrix
2 3 4 5 6 7 8 9 10
size(n)
RI 0 0.58 0.9 1.12 1,24 1.32 1.41 1.45 1.49
As shown i n equat i dvatrix3A.is2nultipked ly avéighta comespondiag ma X
to each row

For examplethe product of matrix A and weight W for the first row of matrix A is calculated

below

1*0.350445+2*0.237508+3*0.158804*0.106463+5*0.069586+6*0.046 308 *0.031.886=2.
572705. Completedoroduct of AW is shown in table 7

Table7 Product of matrix A and Eigen vector of each factor

Attributes | LU DB OTH DW DR RR SA Aw

LU 0.350445 | 0.475016 | 0.476412 | 0.421852 | 0.34793 | 0.277848 | 0.223202 | 2.572705
DB 0.175223 | 0.237508 | 0.317608 | 0.316389 | 0.278344 | 0.23154 | 0.191316 | 1.747928
OTH 0.115647 | 0.118754 | 0.158804 | 0.210926 | 0.208758 | 0.185232 | 0.15943 | 1.157551
DW 0.087611 | 0.078378 | 0.079402 | 0.105463 | 0.139172 | 0.138924 | 0.127544 | 0.756494
DR 0.070089 | 0.059377 | 0.052405 | 0.052732 | 0.069586 | 0.092616 | 0.095658 | 0.492463
RR 0.059576 | 0.047502 | 0.039701 | 0.034803 | 0.034793 | 0.046308 | 0.063772 | 0.326454
SA 0.050114 | 0.040376 | 0.031761 | 0.026366 | 0.022963 | 0.023154 | 0.031886 | 0.22662

By rearranginge q u a t | marR=Aw/%/ o
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Table8 Ratioof AW and Eigen vector@N)

Aw W Aw/W

2.572705 0.350445 7.341252
1.747928 0.237508 7.359447
1.157551 0.158804 7.289179
0.756494 0.105463 7.173074
0.492463 0.069586 7.077039
0.326454 0.046308 7.049625
0.22662 0.031886 7.107192

The maxi mum Ei=peemgewbAM=7.20 ma x

8
Cl=——

T8t o O

RI for Seven factors is 1.32 as shown in tdble

CR 8
8

TS C L

Table9 weight of each factor with acceptable consistematip

Attributes | LU | DB | OTH | DW | DR | RR | SA | Eigenvector weighty Weights (%)

LU 1 2 3 4 5 6 7 35
0.350445

DB % |1 2 3 4 5 6 24
0.237508

OTH 1/31% |1 2 3 4 5 16
0.158804

DW Ya |13 | % 1 2 3 4 10
0.105463

DR 15| Y |13 |% 1 2 3 7
0.069586

RR 1/6 | 1/5 | Ya 173 | % |1 2 5
0.046308

SA 17 11/6 |15 | 13 1% |1 3
0.031886

Total 1 100

Consistency Ratio (CR) 0.02&onsistency is acceptab
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3.1.5 Reclassification of thematic layers and weighted overlay analysis

Thefactors considered for dable quarry site selection weckassified reclassifiedand rated
according to their suitability for quarry site selection. The reclassification was done using Arc
GIS reclassify tool in spatial analysis todby, adopting prelefined rating for each thematic
layer.The classification of all factors for suitable quarry site is adopted from existing literature
and modified for current study as described below and this rating is used to reclassify the
thematic lagr of each factor using Arc GIShe reclassified thematic map is presented in

chapter five.

Lithology is the most important factors for quarry site selection as it controls the availability,
guantity and quality of the geological construction materiahdldgy is classified according

to the strength and suitability of the rocks for aggregatecadesive, fine grained basalt was
considered as the most suitable for crushed aggregate and while massive fine grained
limegone was rated next to baséltanger and Knepper, 1995; Leroy et al., 201Banded
gneiss, Amphibolite and friable sandstone were classified as the least suitable rocks for
crushed aggregates and Gran@eanodiorite and gabbro waslected as moderately suitable
rocks. Non cohesive lavium and eluvium deposit is unsuitable for crushed stone aggregates

and are excluded.

Land use land cover ap of the study area comprises settlement, dense fogest,laural

land, sparse shrubs and bare land. Settlements wereedelmduitable forquarry sites
selectionto protect the population formraand noise pollution, dense forest was selected as
the least suitabldor quarrysites to preserve the vegetation and bare land is the most suitable
for quarry site section. Agricultural lands wer@nsidered to be moderately suitable as profit
from quarrying can compensate tilodgricultural productThe classification of land use land
cover for quarry site suitability is presented in table 10

Quarries near to builip area generates severe dusts that can be felt about 100m from the
source(Maharaj et al., 2005; Darwish et al., 2011; Tasmania, 2017; Subhasis et al., 2018).
According to quarry code of prace (Tasmania, 2017n areas where the material is crushed,

only 750 m separations can be maintairiedhe arrent study areano blastingactivity was
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encountered and areasith a proximity less than 750m was selected as unsuitable for quarry

operation then every 250m nelassification was establishétable 10)

Removal of ovdsurden thickness is very costls a result areas with less overburden
thickness were selected #dse mostsuitable for quarry siteselection The overburden
thickness of study area was classified into 5 classes the classification was modified from that
of Regessa et al. (201%9nd (Gudissa et al., 2021ip which the areas with overburden
thickness less than 1.5m was considered the most suitable for quamsgledigon.An area

with overburden thickness of 8m and above was selected as unsuitable for quarry site.

Run off from quarry sites flows to join nearby water bodies as a resuldkes and streams
are susceptible tpollution from quarrieqPal andMandal, 2017)thus adequate buffer zone
has to be established aralwater bodiegPremasiri eal., 2016) In this study separation less
than 150m from water bodies was considered unsuitable for quarry operation and separation of

750m and more was selected as the mogabie for quarry site selection

Proximity of the quarry to roads is impant for economic and transportation of the quarry
product, never t hGmldistanse to exishiray roeka camveasilybe affecied by

dust, flying rock and vibration from quargyct i vi t y 6 6. ( GR9 &alleveng et al
this, areagvithin 500m distance to road were considered unsuitable for quarry site selection.

On another hand areas moré@&m from existing roads weselected as the least suitable sites

due cost of transportation. Furthermore areas between 25006m is not closeot far and

was selected the most suitable site for quarry site.

According toGudissa et al. (2020qreas with relative relief of less than 5m may be accessible
for quarry operation however it usually susceptible for flooding and possess difficulty in
excavation bBnce areas with relative relief <6m was considered unsuitable for quarry site
selection. Furthermore areas with 200m and nagreeclassed as the least suitable for quarry
site selectiondue to difficulty in accessibility anthanagement (Guddisa et,&®0). Areas

with 5-50m relative relief was considered as the most suitable sitesuorymg due its
accessibility (Bble10)

Slope angle affects the stability of the quarry section. Generally the stability of the slope

decreases as the slope height eases(Raghuvanshi, 2019)As a result areas with steep
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slopes were considered as the least suitable for quarry site selection. Slope angle not only
control slope stability but also the affects the accessibility; operation flooding and drainage of
the areashence areas with slogmgle of <8 was considered unsuitable for quarrying due to
poor drainage, waterloggirand difficulty in excavation (@ble10). Areas with slope angle of

5-15° are neither very gentle nor very steep and are considered as the most suitable for quarry

siteselection.

Table 10 Classified factors forsuitable quarry site selectionodlified from (Khan and
Smadder, 2015; Regessa et2015; Gudissa et al., 2020, 2021)

Factors Description Suitability | Rating | Factors Description Suitability | Rating
Land use land cover Lithology

Settlement | Housing, Unsuitable | 1 Alluvium and | Easily Unsuitable | 1

heritage sites Elluvium disintegrate and

and air field products contains

areas heterogeneous

clay layers
Dense Thickly Low 2 Sandstone, Friable, Banded | low 4
Forest vegetated lang Gneiss and and flaky when
Amphibolite | crushed
Agricultural | Cultivated Moderately| 3 Granite, Course grained, | Moderately| 3
lands areas Granodiorite | noncrushable.
and Gabbro

Sparse Sparsely High 4 Limestone Massive and High 4
shrubs vegetated Easily crushed

with small

trees
Bare lands | No vegetation| Very 5 Basalt Fine grained| Very high | 5

cover highly strong  igneous

rock
Distance to builtup area (m) Over burden Thickness( m)

<750m Very close Unsuitable | 1 >8m Very thick Unsuitable | 1
750-1000m | Close Low 2 4-8m Fairly thick low
100G Intermediate | Moderately| 3 2.54 Moderately Moderately| 3
1250m thick
1250 Far High 4 2515 Thin High 4

24




1500m
>1500m Fairly far Very high | 5 0-1.5m Very thin Very high | 5
away
Distance to water body ( m) Distance to Roads (m)
<150m Very close Unsuitable | 1 <500m Very close Unsuitable | 1
150-350m | Close Low 2 500-2500m Close Very high | 5
350-550m Intermediate | Moderately| 3 25005000m | Moderately Highly 4
550-750m | Fairly far High 4 50007500m | Fairly far away | Moderately| 3
away
>750m Fair away Very high | 5 >7500m Far away Low 2
Relative Relief (m) Slope Angle ()
<5m Very low Unsuitable | 1 <5 Extremely Unsuitable | 1
gentle
5-50m Low Very high | 5 5-15 Very gentle Very high | 5
50-100m Moderately Highly 4 1525 Gentle Highly 4
100-200m High Moderately| 3 2535 Moderately steef] Moderately| 3
>200m Very high Low 2 >35 Steep Low 2

The thematic maps of all factors were reclassified into five classes using Arc GIS reclassify in
spatial analysis tool using thdassifications discussed inallle 10for suitable quarry site
selection. The entire thematic layers werejected to UTM zone 38 with resolution 30m then
the preliminary quarry site suitability map by considering the economic and environmental
factors (7 factors excluding lithology) was generated using weighted overlay in spatial
analysis tool in Arc GIS, hwever to extract areas with suitable lithology for aggregates and
suitable for quarry site in term of economic and environmergpéctMath Algebra tool in

Arc GIS was used by overlaying the preliminary quarry site suitability mapeoassified
lithology using Math algebra producifhe area with both good in lithology and other
economic and environmental factors veagracted andhe final quarrysite suitability map of

the studyareawas produced.

3.1.5 Detailed fieldwork and sample collection

After selection of optimal quarry site by considering the governing factors, egpaése rock
block samples wereolleded from rock outcrops of highly suitalp@tentialquarrysites for

further inspection of their petrography, engineering and chemical @mplRock samples
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not less than 40kg were collected from each sitén this gage intense field work was
conducted, the geological, geomorphological and hydrogeologimhloverburden thickness
condition of the arewas identified. The geological mapdioverburden thickness of the study
area was modified. The location of the areas from which the samples were collected area
described in tablél

Tablel1l1 Sample site description

Quarry | Location Lithology Overburden Distance to thg
no X Y thickness(meter) town

1 270406| 1028439 Fine to medium grained Limeston| Less than 1m 13km

2 270520| 1021976 Fine grained grayish limestone Less than 1m 17km

3 279577| 1022904 Fine grained grayish limestone Less tharlm 18km

4 Fine grained whitish gray highl] Less than 1m 6km

264167| 1032241 weathered limestone

5 Medium to coarse graine| Less than 1m 10km
268122 1020185| mestone

6 249071| 1032183 Fine grained Basalt Less than 1m 8km

7 248631| 1034721 Fine grainedBasalt Less than 1m 9.5km

8 249377| 1033675 Fine grained Basalt Less than 1m 9.8km

9 Fine grained Basalt Less than 1m 10.3

248347| 1033278

10 247592| 1033120 Fine grained Basalt Less than 1m 11km

3.1.6 Engineering geological characterization of aggregate

Rock blodks taken from the field was reduced to aggregates size by crushing to various sizes
following the ASTM and BS standards to condilnet variousaggregateeststo assess the
quality of the aggregates for construction.udpon completion of theample preparation, a

set of physial and mechanical tests wasrformed orthe rock samples following ASTM and

BS standardsln this study basalt and limestone rocks were collected from 10 sites quarry sites
and physio-mechanical property tests such sggecific gravity, particle shafftakiness and
elongation), bulk densitywater absorption; agggate crushing value (ACV), Los Angeles
abrasion value (AV), aggregate impact value, soundness tests point load index was
conducted. For mineralogical claateristics, a thin section wasrepared andhe texture

mineralogical composition of the rocks was analyzed. Followingldberatay tests, the

26



overall laboratory data wasaluated and the assessment of the suitability of the rocks towards

using & congruction materials wasarried outwith regard to the various standards.

3.1.6.1 Point load strength index

Point load strength index of rocks was conducted followdi8M D 5731 (1995) According

to this test method the rocks samples eitteee or rock block andregular lumps is placed
between two conicallgtens and concentratémhd is applied until failure occurdn this study

dueto difficulty in core and rock block preparation irregular lump rocks was used to conduct
the point load strength index of rocks. The objective of conductingetbiigras toconvert the

point load strengtiof the rocks tauniaxial compressive strength dte difficulty in sample
preparation and availability of unconfined compressivengthtest machinén the study area.

The test samples was prepared in such way that Diweebas 30mm to 85mm; L >0.5D and

the ratio of D/W is between 1/3 and 1 but should not greater than 1, where D is distance
between the two contact points and L is the distance between the contact point and the nearest

free point while W is width of the tesample see figur2.

"

L > 0.5D BN N
= \? //Exqivoent Core

0.3WKD>W

Figure2Dimension required of irregular lumps for point load test ATM 5{@205)

‘W'I - 10""_2
Z

\N:

According to ATM 5731(1995) The point load strength index conducted over rock samples
other than with core diameter of 50msnUncorrected point load strength index (Is) and has
to be corrected to point load strength index of 50mm diameter Is(50) using correction factors

F as shown in equation 3.6
Is=P/IDEé é 6 6 66 ééééééébéébéééééééééééééé. gBS5
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Is = uncorrected point load strength
P= failure load in N (newton)

De’= 4A/ “ De=/TOT“

,,,,,,,,,,,,,,,,,,,

l's (50mm) = F*|l séééeéeééeééeceééecéeééééagBdée

N

Is (50) = corrected point load strength index

F= correction factor

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

In this study uncorrected point load strength index was obtained and converted to corrected
point load strength index, finally using the corrected point load strength index unconfined
compressive strength of rocks waeaslculated using equation3.8 forwarded Bsoch and
Franklin (1972)

UCS= 24*1s (50)ééeeéeeéeecéeéececceceeceemrie

Figure3 Pont load test
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3.1.6.2 Aggregates shape test

The aggregates shapest flakiness and elongation wesnducted followingBS 812105.1
(1989)and BS 812105.2 (1990Y¥espectively. The flakiness was tested on material passing
sieve 63m and retaining on sieve 6.3 and elongation was test on material passing sieve 50mm
and retaining on sieve 6.3. samples was sieval a test sample was selected from material
retaining onsieve 50mm, 37.5mm, 28mm, 20mm, 14mm, 10mm and 6.3mm then the mass of
each fraction and total mass was calculdtdd), the individual fracti
total massvasdiscarded and the remaining mass was recoflid) then material is passed

over corresponding gauge size ath@ total material passing the gaugeeisaded as the flaky

particles (MB).

FIAKINESS INOEX == Z P TL.TLueuiiiiiiiiiiiiiiiee e e e e e e e e e et e e e e e e e e e e e e e e e e s Eqgn (3.8)

Where,

M2 is the sim of the masses of size fractions that have a mass greater than 5% of the

total mass; an¥13 is the mass of all the flaky patrticles.

The elongationindex test was conducted on material retaining on 37.5mm, 28mm, 20mm,
14mm, 10mm and 6.3mm, then the aggtegavergpassed over corresponding gauge size and

the material not passing the gauge was recorded as the total elongated (h4Bjicles
Elongation INAEX=—Z P TL.TL.....ccoiiiiiiieeeeere e e Egn 3.9

Where,M2 is the sum of the masses of size fractions that have a mass greater than 5% of the
total mass; and M3 is the mass of all the elongadeticies

29



Figure4 Aggregate Shape test

3.1.6.3 Bulk density

The aggregate bulk density was carried out accordindh\§dM C 29/C 29M (2003)
Following this test method the aggregates bulk density was calculated by filling aggregates
passing 12.5 mm sieve in a conwinof a known volume and masken the mass of
aggregates in the containgas measured and bulk density was calculated using equation 3.10.
The bulk density test was conducted by rodding procediurthis method the container is

filled onethird with aggegates anthe aggregatevere strokewith 25 strokes of the tamping

rod evety distributed over the surface again thentainer is filled twethird by striking 25
strokes as above and finally the container is filled to overflow and the same procedure as
mentionedabove was done and the aggregate was leveled by finger to discard excess

aggregates over the container.

//////////////////////////////

0 —6ééééééééééeéeéeeéeéeecececeéeéééé . Egns.lo

M= Bulk density

G= mass of the aggregate plus the container (Kg)
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