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SELECTION IN OPEN PIT MINING: ANALYTICAL HIERARCHY
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ABSTRACT : This study has been directed to the research of an optimal loading-hauling system in an open pit mine. There
are many factors that affect the equipment selection processes. These factors are both qualitative and quantitative according
to structure of the selection. Decision-makers need a decision support system that evaduate the factors in a complex structure
for optimal decision making. In this paper, Analytical Hierarchy Process (AHP) is used for equipment selection in open pit
mining. For this purpose, this study involves with the selection of an optimal loading-hauling system from mine to a power
station to be established in an open pit coal mine located Orhaneli, western part of Turkey. The optimum alternative has been
found as shovel-in-pit crusher-belt conveyor, consequently.

Keywords : Equipment selection, decision making, multiple attribute decision making, analytical hierarchy process

OZ : Bugahisma, ag k ocak madenciliginde optimum yiikleme-tasima sisteminin secimine yondiktir. Ekipman segimi birgok
etmene bagh olarak yap Imaktad r. Bu segimin yaps geregi, bu etmenler hem nicel hem de nitel ozellikler teidg
gorilmektedir. Karar vericinin; bu kararlan n sagh kh bir bicimde verebilmesi icin stz edilen bu ¢ok karmasi k yap da ve
sayt da olan etmenleri irdeleyecek bir karar destek sistemine gerek duyarlar. Bu ¢aismada, ag k ocak madenciligi ekipman
seciminde bu karar destek sistemini olusturmak icin Analitik Hiyerarsi Prosesi (AHP) kullan Imstr. Bu amagla Turkiye
Komiir Isletmeleri (TKID) Orhaneli Linyitleri Isletmesi dekapaj kaa s igin yilkleme-tass ma sisteminin segimi incelenmis ve
optimum ¢6zim elde edilmeye ¢alisilmstr. Calisan n sonucunda, ekskavator-ocak ici kina ve bant konveydr sistemi

optimum sonug olarak bulunmustur.

Anahtar Kelimeler : Ekipman segimi, karar verme, ¢ok kriterli karar verme, analitik hiyerarsi prosesi.

INTRODUCTION

Equipment selection is one of the most
important factor that affect open-pit design (pit slopes,
bench high, block sizes and geometries, ramp layout
as well as excavation sequences and open-pit layout)
and production planning. Further, equipment selection
aso effects economic considerations in open-pit
design, specificaly overburden, waste rock and ore
mining costs and cost escaation parameters as a
function of plan location and depth. Mining costs are a
function of site conditions, operating scale and
equipment. The purpose of equipment sdlection is to
select optimum equipment with minimum cost
(Lizotte, 1988). We have used Analytical Hierarchy
Process (AHP) approach for the equipment selection
in final decision.

Multiple attribute decision making (MADM)
deals with the problem of choosing an aternative from
a set of aternatives which are characterised in terms

of their attributes. Usually MADM consists of asingle
goal, but this may be of two different type. Thefirst is
where the goal is to select an aternative from a set of
scored ones based on the val ues and importance of the
attributes of each alternative. The second type of goa
is to classify alternatives, using a kind of role model
or similar cases. The use of past cases to deduce
answers or explanations is a recent field of research,
termed Case-Based Reasoning. Both type of goals
require information about the preferences among the
instances of an attribute and the preferences across the
existing attributes. The assessment of these
preferences is either provided directly by the decision
maker or based on past choices. The gened
formaisation is:

Let Ay, Ay, .....A, be sat of aternatives to be
assessed by criteria Cq, C,, .....C,,.
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Let R be the numerical rating of aternative
A for criteriaC;, i .

Then the general decision functionis:

D(A) :(Rilo Ri20 Ri30 ....... Rijo) forj =1, 2,
..... ,n and o represents the aggregation.

Further, the decision maker might express or
define  a ranking for the criteria as
importance/weights. There are many forms for
expressing these importance, but the most common
are. () utility preference functions, (b) the
analytical hierarchy process and (c) a fuzzy version
of the classical linear weighted average. In this
paper, it is proposed developing the decision
support system that is possible to evauate dl
parameters together and assess the weights of
criteria and objectives for equipment selection
problem. The Analytical Hierarchy Process is used
to devolope the decision support system. The
method measures relative “fuzziness’ by tructuring
the criteria and objectives of a system, hierarchical
in amultiple attribute framework (Riberio 1996).

THE ANALYTICAL
PROCESS

This method has been developed by Saaty
[1980]. The AHP structures the decision problem in
levels which correspond to on€ s understanding of
the dituation: goals, criteria, sub-criteria, and
alternatives. By breaking the problem into levels,
the decision-maker can focus on smaller sets of
decisions. The AHP is based on 4 main axioms:

1) Given any two alternatives (or sub-criteria),
the decison-maker is able to provide a
pairwise comparison of these aternatives
under any criterion on areciprocal ratio scale.

2)  When comparing any two alternatives, the
decision-maker never judges one to be
infinitely better than another under any
criterion.

3)  One can formulate the decision problem as a
hierarchy.

4)  All criteria and dternatives which impact a
decision-problem are represented in the
hierarchy.

The above axioms describe the two basic
tasks in the AHP: formulating and solving problem
as ahierarchy, and diciting judgements in the form
of pairwise comparisons. The dicitation of
priorities for a given set of alternatives under a
given criterion involves the completion of a nxn
meatrix, where n is the number of alternatives under
consideration. Since the comparisons are assumed
to be reciprocal, one needs to answer only n(n-1)/2

HIERARCHY

of the comparisons. Saaty proposed an e genvector
approach for the estimation of the weights from a
matrix of pairwise comparisons. The eigenvector
approach is a theoretically and pratically proven
method for estimating the weights. The eigenvector
also has an intuitive interpretation in that it is an
averaging of al possible ways of thinking about a
given st of alternatives. After estimating the
weights, the decision-maker is also provided with a
measure of the inconsistency of the given pairwise
comparisons. It is important to note that the AHP
does not require decision-makers to be consistent
but, rather, provides a measure of inconsistency as
well as a method to reduce this measure if it is
deemed to be too high. After generating a set of
weights for each alternative under any criterion, the
overal priority of the alternatives is computed by
means of a linear, additive function (Munda, 1995,
Albayrak et al. 1997).

The method measures relative “fuzziness’
by structuring the criteria and objectives of a
system, hierarchicaly in a multiple attribute
framework. In order to rate the aternatives Saaty
(1978a; 1978b) uses a hierarchical pair-wise
comparison between attributes and/or objectives
and then solves them with eigenvectors of the
reciprocal matrices. Instead of presenting the
approach in mathematica form, an example is
developed to facilitate understanding. The
importance of this approach is mainly used to
calculate the criteria weights, since it has a non-
fuzzy set nature. Consider the problem of selecting
asitefromthe set i A, B, Cy to be located of anew
in-pit crusher in an open-pit mine, with the goal, G,
of spending the minimum investment possible and
for criteria evaluation to be located near the pit and
plant, respectivdy C, and C, The analytical
hierarchy for this exampleis given in Figure 1.

The judgement scale used is the one
proposed by Saaty (Saaty 1978a, 1978b): 1. Equally
important, 3 weakly more important, 5 strongly
more important, 7 demonstrably more important
and 9-absolutely more important. In the hierarchy,
the matrix of the upper nodes corresponds to level
zero (the comparison of criteria) while the other
correspond level one. The construction of the
square reciprocal matrices is performed by asking
the decison maker to compare element i with
element j, the value &;, with respect to a particular
criteria or objective. The other values are assigned
as follows : (a) & = lg;; (b) a = 1. For the
example described, Saaty sreciprocal matrices are:
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by the decision maker. For example, criteria C, and C,
are “demonstrably more important” (grade 7 on first
matrix) than goal G (assumed as another criterion) and
aternatives B and C are both “drongly more
important” (grade 5 in second matrix) than A (cheaper
since the criteria under evaluation is minimum
investment). The other comparison are easily observed
in thereciproca matrices.

To solve the reciprocal matrices Saaty uses the

Select Site
Level zero-Criteria
Minimum Near Pit Near Ore
Investment Dressing Plant
LT T e
Alternatives
A B C A B C A B C
Figure 1. The Hierarchy Structure of The Example
Sekil 1. Ornek Problemin Hiyerarsik Yap s
Criteria Minimum Near Near Ore
Comparison Investment Pit Dressing Plant
G C1 C2 A B C A B C A B C
G & Ur um Ag s sy Aa 3 A 4 170
ctg ! 138% 1 18831 s d 1 s
C2§71 14§ c® 1 14 c @/31 1§ c @/7 1/5 1¢
The values in the reciprocal matrices are given  eigenvector  corresponding to  the  maximum

eigenvalue is a cardina ratio scale for the elements
compared. The eigenvectors are then normalised to
ensure consistency. After obtaining the normalised
eigenvectors for each matrix, the vectors of the upper
level become the members of the full matrix of
weights of alternatives for each criteria. This last
matrix of vectors is then multiplied by the matrix of
weights of the criteria comparison (the eigenvector of
the criteria comparison). The intermediate results are:

maximum eigenvalue and eigenvectors. The
1005y 080U €1400u &0900
TN - U ; € 1enl pii é G : € el
Cr|ter|aé7035l;I normalised é46ol;| Minimum Inv. é7000@ normalised é455@
£70354 £460g £7000¢ £455§
9045y &6000 7403y é4900
L e U : €5nnl é U : € 1anl
Near P|té3015l;I normalised é200l;I N. Ore Dre. Pl. é6618@ normalised é.430l;|
£30154 £200g £11834 £080g

The final result is obtained by considering the
normalised vectors for criteria comparisons, for each
aternative (level 1 of hierarchy) as belonging to the

Inv. N.P. N.O.

€09 .6 .49u

é a
a455 2 '430 X

g455 2 .08Y

same matrix and then multiplying it by the criterion
weights (level zero of hierarchy), which are given by

the criteria comparison normalised  vector.
6080  é510 QZ%

€,:0 _ é,nl =.

§.46@ = §.33@ C=16

346H gl6H

Inv (min. invest); N.P. (Near Fit; N.O. (Near Ore Dressing Plant).
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The best alternative is thus A.

The results show that since alternative A is
more important than B and C, for the criteria “ Near
Pit” (3, 3), much more important than C, for the
criteria “Near Ore Dressing Plant” (7), and since
criteria “Near Pit” and “Near Ore Dressing Plant” (7,
7) are much more important than criteria “Minimum
Investment”, Alternative A is the best choice. In
summary, this approach is quite consistent, structured
and intuitive.

APPLICATIONS OF AHP MODEL IN MINING

In spite of many advantages of the approach,
only few applications of AHP model to mining
industry problems have been reported in the literature.
Some of these applications are briefly reviewed here:

Bandopadhyay (1987) indicated partia ranking
of primary stripping equipment in surface mine
planning and fuzzy agorithm. It deals with the
process of ranking aternatives after determining their
rating. Determining the optimal decision alternatives,
when the results are crisp, is straightforward (just
select the dternative with the highest support). It also
considers that the supports for each aternative are
themselves fuzzy sets. Therefore, in order to select the
'best' dternative more sophisticated methods of
comparison are needed.

Gershon et al (1993) studied mining method
selection: a decision support system integrating multi-
attribute utility theory and expert systems.

Herzog, D. and Bandopadhyay, S (1996)
indicated ranking of optimum beneficiation methods
via the analytica hierarchy process. This process
measures relative 'fuzziness by structuring the criteria
and objectives of a system, hierarchicaly, in a
multiple attribute framework.

Bascetin, A., and Kesimal, A.(1999a) handled
the study of a fuzzy set theory for the selection of an
optimum coal transportation system from pit to the
power plant. This project has comprised variety of
criteriarelated to the coal transportation systems.

Bascetin, A., and Kessmal, A., (1999b) handled
Application of Fuzzy Logic in Mining. It deals with
the AHP and Fuzzy Logic Applications in Multiple
Attribute Decision Environment.

Kesimal, A. and Bascetin, A., (2002) handled
application of fuzzy multiple attribute decision
making in mining operations. In this project, the AHP
model was used together with fuzzy set theory for
equipment selection.

CASE STUDY

In this case study it has been carried out some
researches on loading-hauling systems for coal
production to be established in an open pit coal mine

located Orhaneli, western part of Turkey. The cod
mine is situated about 65 km north of Bursa located
west of Turkey. The mine has been in continuous
operation since 1979. Currently the mine supplies
Orhaneli power plant unit (1x210 MW) and some for
domestic use only. The lowest calorific value lignite
(2704 kcal/kg) will be mined for electricity
generation. In this case, the overall measurements of
the mine should be designed again in terms of
transporting system, equipment fleet, etc. Technical
parameters of working site, which affect the systems,
have been searched thoroughly and summarized below
in detail.

The present extent of the open pit is 1200 m
long by 400 m wide and a total of 75 m of overburden
being removed in three 15 m high benches and an
average thickness of 7 m coa being mined at one
bench only. The last 25 meters of overburden from
surface is mined using dragline. The face inclination
on individual benches is 75 degrees while overall pit
dopes are 45 degrees. The average temperatures are
varying between 30°C and minus 6°C. The average
temperatures yearly is 14°C.

The mine will be worked over 18 years at the
rate of one shift (12 h/d) per day, seven days a week
for 300 days per year, the scheduled operating time
being 3600 h/year. The average coa production is
planned to be 1,300,000 t/year, (100,000 t/year upper
3,500 kcal/kg for domestic use, 1,200,000 t/year 2700
kcal/kg for power plant) which implies an average

annual overburden removal of 15,000,000 m3-i.e. the
economic mine life is based on the first tenth year
11.43 m’/ton and between tenth and eighteenth year
11 m¥ton stripping ratio.

The equipments in the inventory reported are
summarized as follow. Three drilling units are
employed for overburden, four being 9 inch DM50.
Coal bench has an easy diggibility. Sometimes
blasting is applied for getting big size coal. Two rope
shovels (Marion 191 MII) fitted with 15.3 m3 buckets,
four PH 1900 AL shovels with 7.64 m® buckets, one
dragline (1260-W Bucyrus-Erie) with 25 m® bucket in

waste and one as front shovel with 7.64 m3 buckets in
coal are used for loading. A fleet of totally forty-four
off-highway trucks undertakes haulage. Twenty-seven
(Caterpillar 777-77 ton), thirteen (Komatsu 785-2, 77
ton), four (Komatsu 785-2, 50 ton) are equipped as
carrying waste and sx (Komatsu HD 465-3) as coal
trucks with 50 tonnes capacity. Average haul distances
are 2,500 m with coal, 2,000 m with waste.

Supporting equipment in the mine includes five
Komatsu D355A bulldozer of 410 hp; three
Caterpillar 81 bulldozer; one Caterpillar Cat 824
wheeled dozer; four Caterpillar front-end loader; one
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Volvo front-end loader with 5.5-6 m3 buckets; two
Champion of 120 hp: one Caterpillar grader of 275 hp.

Table 1. Equipments In The Mine
Tablo 1.isletmedeki Mevcut Ekipmanlar

The equipments in the inventory reported are given,
berafly, in Table 1.

Equipment Number Explanation
Drilling Units 3 9" DM50
Rope Shovels 2 Marion 191 MII -15.3 m3 buckets,
Front Shovels 4 PH 1900 AL-7.64 m® buckets
Dragline 1 1260-W Bucyrus-Erie-25 m® bucket
Tn ucks 50 Caterpillar 777-77 ton-(27)
Komatsu 785-2, 77 ton-(13)
Komatsu 785-2, 50 ton-(4)
Komatsu HD 465-3-(6, coal trucks)
Bulldozer 9 Komatsu D355A-410 hp-(5)
Caterpillar 81-(3)
Cat 824 whedled dozer-(1)
Loader 7 Caterpillar front-end loader-(4)
Volvo front-end loader with 5.5-6 m3 buckets-(1)
Champion-120 hp-(2)
Grader 1 Caterpillar-(275 hp)

The proper transportation system has been seen
that it would be selected among the shovel-truck (Aj),
shove -truck-in-pit crusher-bet conveyor (A,), shovel-
in-pit crusher-belt conveyor (As) and loader-truck (Az)
systems. The other methods that is used in open pit
mining have been eliminated because of may not be
applied for the Orhaneli Coa Mine according to
previous investigations with the experts decisions. The

characteristic of the mine-site and the equipment
technical features are given in Table 2. The some
parameters are taken from inventory reported and the
others like usefull life, loading time cycle time, etc.
were calculated for this sudy. The structure of the
problem according to Saaty Hierarchy is given in
Figure 2.

Table 2. Technical Parameters Calculated For Each System

Tablo 2. Her Bir Sisem¢in Hesaplanan Teknik Parametreler

Reserve 23,000,000 ton

Coal Production 1,200,000 ton/year (for power plant), 100.000 ton/year (for domestic uses)
Active workday 1 shift/day, 300 days/year, 12 h/day, 3600 h/year

Coa Lignite, intermediate: clay

Coal density 1.5 ton/m®

Average Coal thickness 7m

Cod size Max. 50 cm (run-of-mine), 10 cm (belt conveyor)

Cod Analyse Moisture: % 26.6, Ash: % 26, Low Calorific Vaue: 2097 kcal/kg, Sulfide: % 2
Swell Factor (coal) 1,2 (conveying)

Blasting Exist

Haulage distance 2.5km. (A1), 2 km belt conveying - 0.5 km truck haulage (A;), 2.5 km (Az), 2.5 km (A,)
Average grade resistance %3 (assumed)

Average rolling resistance %2 (assumed)

Max. inverse grade +%4

Dump level Front Shovel: 7.5m. Truck (Loading Height: 3.78m.).

Bucket capacity Hydraulic Excavator : 7,64 m°,

Bucket fill factor

%90

Operating weight

Front Shovel: 83800 kg, Truck : 40188 kg

Useful life Front Shovel : 25000 h. Loader : 20000 h. Truck : 15000 h. Conveyor : 24000 h
Loading time Hydraulic Excavator : 26 sec

Cycletime 17.85 minfor 2.5 km (A;), 7.2 min for 0.5 km (truck-conveyor)

Belt Conveyor 2 m/sec, 900 mm width, 2.5 km length (out of pit) 0.5 km (in-pit)

In-pit Crusher 350 ton/h

Capital cost Truck : $400.000 Crusher: $700.000, Conveyor: 2.670.000 (2.5 km)

Operating cost

A= $12/ton, A,= $6.80/ton, As= $6.12/ton, A,=$11.72/ton
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| Selection of Loading-Hauling System for an Open Pit Mine

Level 2: | Cost | | Ovperatioanl-Technical Reauirements
Strategic Issues

Capital Operating Operating Equipment
Cost Cost

Level 3 Conditions Technica Parameters

Criteria

Production Working Stability
Materia Useful Life

Size
Moisture Flexibility
Haulage
Distance
Environment

Avail ability

Utilization
The Ground
Condition Mobility

Haul Road .
Condition Continuous

Grade Support
Average
Rolling Net to Tare Ratio
Resistance
Weather

Conditions

Level 4:
Sub-criteria

Equally Weakly Strongly Demonstrably ~ Absolutely More

Important Morel mw Imp. w

Level 6 | sysema | | syseme | | sgemc | | sysemD |
Alternatives

Figure 2. AHP Model For Loading-Hauling System Selection
Sekil 2.Y Gikleme-Tagt ma Sistem Segimi icin AHP Modédli
properties (geological, geotechnical parameters, etc.)
Criteria of each operation is summarized in  and equipment technical parameters. To obtain these
Table 3, and next, an optimum transportation system  criteria, some measurements and observations were
selection procedure is given below. These criteria  applied in mine site.
have been determined according to mine site

Table 3. Criteria of Each Operation
Tablo 3.1slem Kriterleri

Criterion Operation Criterion Operation

C1 Production C12 Useful Life
C2 Material Size C13 Flexibility

C3 Material Moisture Cl4 Availability
Cc4 Haulage Distance C15 Utilizetion

C5 The Ground Condition (for loading) C16 Mobility

C6 Haul Road Condition Cc17 Continuous
C7 Environment (dugt, noisy, etc) C18 Support

C8 Grade (haul road) C19 Net to Tare Ratio
C9 Average Rolling Resistance (for equipments) C20 Capital Cost
C10 Weather Conditions c21 Operating Cost
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| c11 | Working Stability

Let A = iAl, A2, A3, A4y be the set of
aternative systems and C = i Cy, C,, G5, .., Cpy be
the set of criteria. The judgement scale used is given
as. 1. Equally important; 1.5 weakly more important;
2. Strongly more important; 2.5 demongtrably more
important, 3. Absolutely more important (Fig. 2). For
the example described, Saaty s reciprocal matrices
are in below. These matrices are constructed by expert
team. Using this approach, an evaluation team of five
members who are frequently involved in equipment
selection of the open pit coa mine in this case study.
Of these five evauators two are mine planning
engineers from the Production Department. Each one
of them has more than six years of experiencein open
pit mine planning. Two evaluators are product
managers from the same department. The last
evaluator is general manager of this mine. Thus, the
evaluators have sufficient experience in equipment
selection and, hence, are qualified to assign pairwise
comparison judgements for the proposed AHP model.
The opinions expressed by them in ther judgements

Criteria comparison.

C, C G C4 C G C; Cs Co Cyp
c é ms 15 12 U3 12 U2 115 115 1
G5 1 1 15 125 115 U2 1 15 115
c, &5 1 1 w2 o w1 2 115 115 15
C, &2 15 2 1 2 2 15 15 15 25
Cs 23 25 3 12 1 3 2 3 2 3
Cs 82 15 1 w1 1”1 15 1
C & 2 2 15 12 2 1 15 1 15
Cgéls 1 15 115 13 1 15 1 15 1
Coés 15 15 w5 w2 15 1 15 1 15
Cp & & 15 115 125 13 1 15 1 15 1
Cpy 25 3 3 2 1 25 2 25 2 25
Cp & 2 15 125 12 15 1 15 1 1
Cié25 25 3 1 1ns 2 2 25 2 2
Cués 25 25 1 1ns 2 2 25 2 2
Cis 3 3 3 15 1 25 25 3 25 25
Cie e3 3 3 2 1 25 25 3 25 25
Cy & 2 2 1 125 1 1 1 1 1
Ci & 15 15 12 125 1 1 1 1 1
Cuo &3 25 3 2 1 2 2 3 2 25
Co 225 25 25 1 2 2 25 2 2
Ca g 3 3 25 15 25 25 3 25 25
C, Criterion C, Criterion
Al Ay Az A4 A1 Ay Az Ay
A; & 115 25 20 A, & 2525 12q
A, g5 1 3 2y A, @251 1 W
As @/251/3 1 1/20 A; &/251 1 U3
As Q12 12 2 1§ Ay 2 3 3 14
Cs Criterion Cs Criterion
A1 Ay Az Ay A1 Ay Az Ay

are considered to be representative of the company in
evaluating the equipment sdection criteria and the
selection requirements. Before apply this, the
following linquistic results are produced and therefore
presented by the experts to questions posed (what
if .2 or if..?, etc.) Each system has shown its own
advantages. In this case, it did not appear that an easy
solution to the problem could be obtained. From the
solution point of view, application of the AHP would
be a proper choice, and therefore used in this paper.

The overburden thickness is thin, so A; is better

to choose.

Diggibility is not being difficult so the front-

shovel can be selected unhesitatingly.

The front-shovel as regards to the ground

condition has more advantage (it is very wet and

marshy especially in winter)

All combinations (systems) are suitable in regard

to the height of dump but the front-shovel can

make much more safe loading, etc.
Cll C12 C13 C14 C15 C16 C17 Cls C19 CZO C21
1725 1 1725 1725 13 13 172 172 13 1725 13 u
13 172 1/25 1/25 13 13 172 1/1.5 1/25 1/25 13 ﬂ
13 1/1.5 13 1/25 13 13 172 1/1.5 13 1/25 V3 u
172 25 1 1 1/1.5 172 1 2 172 172 1/25 ﬂ
1 2 15 15 1 1 25 25 1 1 1/2.5 ﬂ
125 115 12 12 125 125 1 1 12 12 125 g
12 1 12 12 125 125 1 1 12 12 125 ﬂ
125 115 125 125 U3 13 1 1 13 125 13 G
12 1 12 12 125 125 1 1 12 12 125 ﬂ
125 1 12 12 125 125 1 1 125 12 125 u
1 3 1 1 115 115 25 25 1 1 115 ﬂ
U3 1 12 12 125 125 1 1 12 12 125 U
1 2 1 1 /1.5 /1.5 25 25 1 1 /1.5 ﬂ
1 2 1 1 /1.5 /1.5 2 2 1/1.5 1 /1.5 ﬂ
15 25 15 15 1 1 3 3 1 15 1 a
15 25 15 15 1 1 25 3 1 1 1/1.5 ﬂ
1725 1 1725 172 13 1725 1 1 172 172 1725 u
1/25 1 1/25 172 13 13 1 1 12 12 1/25 ﬂ
1 2 1 15 1 1 2 2 1 1 1/1.5 U
1 2 1 1 1/1.5 1 2 2 1 1 1/1.5 ﬂ
15 25 15 15 1 15 25 25 15 15 1 H
C; Criterion C, Criterion
A1 Ay Az Ay Al Ay Az Ay
A, a 2 2 U200 A g4 U2 125 1u
A, /2 1 1 1/25u Az 2 1 12 2
Az az 1 1 1/259 Az @5 2 1 250
€, u u
As 2 2525 13 A4 d 12 12518
C; Criterion Cg Criterion
A1 Ay Az Ay Al Ay A; A4
A]_ Al
Ag AZ
A3 A3
Ay Ay
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U2 1/25 150
1115 23
5 15 1 250
/15 1/2 1/25 1

)@m) > (D3

P

C; Criterion

Al Az A3 A4

U2 125 1i
1115 24
5 15 1 250
12 125 1§

(MD)%)(D) > (D3

Cy, Criterion
A A, Az Ay

A, & U5 L2510, @ 115 U214
1 2) U 1 é U
A, a5 1 3155 p, a5 1 12 15,
&5 1/3 1 250 & 2 1 24
A3 A 1 A3 A 0
A, & VLS Y2515 A, & 115 1214
C, Criterion C,p Criterion
AL Ay Az Ay AL Ay Az A4
A, & U2 U310 A, & V15 125150
u u
A, @ 1 15 24 A, a5 1 115 15y
A, 8115 1 3 A, @5 15 1 280
A, & U2 13 1§ A, &/151/15 1/25 1
Cy3 Criterion C.4Criterion
AL Ay Az Ay AL Ay Az Ay
AL & 1 3 1 u A & U2 12514
A @ 1 251155 A g 1 115 2
A; @/31/25 1 134 Az &5 15 1 250
A 8 15 3 13§ Az @ 12 12514
C7 Criterion C,g Criterion
AL A Az Ay AL Ay Az Ay
A & V2 U8 13 A, & 15 2 13
A, & 1 U 2 A &/15 1 15 1/15]
A, 8 15 1 30 Ay &/2 115 1 120
A, & U2 Us 15 As @ 15 2 1§
C,; Criterion
Al Az A3 A4
A, & 12 125 14

A2 1 s 2]
A; &5 15 1 250
As & 12 12518

The maximum eigenval ue and eigenvector was
used to solve the reciprocal matrices. The eigenvector
corresponding to the maximum eigenvalue is a
cardina ratio scale for the elements compared. The
eigenvectors are then normalised to ensure
consistency. After obtaining the normalised

A, & 115 2 150 A, & 115 125 2u
A, a5 1 25154 A, &5 1 115 15§
2 u 2 u
A; &/2 1/251 1/20 A; @5 15 1 250
A, 151152 14 A, /2 115 125 1§
C,5 Criterion C,6 Criterion
A1 A2 A3 A4 A1 A2 A3 A4
Ay & 125 U3 1u pA, & 2 3 1150
& a & a
A, @5 1 115 255 A, g/21  251/25
A; & 15 1 30 A &/3125 1 134
Ay @ 12513 135 As @5 25 3 1 g
Cyo Criterion Cy Criterion
AL Ay Az Ay A A, Az Ay
A, & 125 U3 19y A, & 2 25 1/15
& a & a
A, ?,5 1 115 25] A, gl/z 1 2 128
A; @& 15 1 34 A &/25 1/2 1 1/34
A, @& w125 13 13 A; &5 253 1 4

eigenvectors for each matrix, the vectors of the upper
level became the members of the full matrix of
weights of alternatives for each criteria. This last
matrix of vectors is then multiplied by the matrix of
weights of the criteria comparison (the eigenvector of
the criteria comparison). The intermediate results are;
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C, Criterion
€0,5629() .
& a hormalised
go,nszu
80,2110

&,3504,

C, Criterion
€0,2750() .
& a hormalised
20,49190
80,7790
&0,27504

C; Critetrion
€0,2826( .
& a hormalised
£0,5406(;

80,7403
£0,2826()

Cyo Criterion
€0,3115( .
& a hormalised
20,4799(J
80,75870
03115

C,3 Criterion
€0,56841) .
& a nhormalised
&0,4915,
€0,19760
0,6296(

Cy6 Criterion

€0,6949; hormalised
£0,3407Y
e u
8018474
u
&0,6058}

Co Criterion

€0,3050
&,4004
1140
@.2003
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0,0960 & 60,0230 o
vy oo
0.2168 U &0
' u 80,0520
0,2885 4 €0,2000 YU
0,1198 ¢ €0,0300 G
01506 ;  Normalised $o.0400 !
0,1113 U 80,0300 U
01410 $0.0300
0,1147 ﬂ €0,0270 3
0,2844 () €0,0700 4
0 Lo
, U €0,0600 U
0,248 §0.0500 §
0,3346 ﬂ go,osoo 3
0,3246 a €0,0700 u
0,1381 E go,osso 3
0,1275 i 80,0300 3
0,2877 u @0,0700 a
0,2670 t: go,oeoo 3
0,359 § 80,0800 §
C, Criterion C; Criterion
40,5628 . 0,314 €0,5406( . €0,293()
& 2377 normalised G308 28260 normalised G153
€0,23774 01300 €0,2826( 801530
&,7552 0,421 &0,7403 &,4008
C; Criterion Cs Criterion
€0,3306 . €1770 €0,33690 . €0,200
87365, normalised G050 & 4580 normalised & 2430
8052280 60,2800 €0,75000) 60,4000
&0,2739 D1478 &0,3369( &,2008
C; Criterion C, Criterion
€0,2826( . €01530 €0,2628( . €0,143(
85406 normalised &304 S06500 normalised & 360!
€0,74030 80,4000 €0,653901 €0,355(1
£0,2826() 0153} 026280 01434
Cy; Criterion Cy, Criterion
€0,65510 . €0,3500 €0,37330) . €0,2000
& 6153 normalised G 3300 4753 normalised & 255!
i 80,2228 801200 €0,75210 60,4030
&,37760 &,2008 02627 141y
Cy4 Criterion C;5 Criterion
€0,2826( . €0]1530 €0,23770 . €01320
& a hormalised & ¢ & a hormalised & g
£0,5406(; 0,300, 05628, 03144
€0,74030 60,4000 €0,75520 80,4200
&0,28260 01537 02377} D132y
Cy7 Criterion Cyg Criterion
@,2582; normalised @143y 6077y nhormalised @315
0,5164Y 0,300 0,4174Y ,2164
e u e u e u e u
80,7460 80,4300 80,29520 01530
&0,2582f1 D143y 060774 315
Cy Criterion C,, Criterion
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€0,23774 . €0]1320 6054774 . €0,3000 €0,28261) . 01530

& 628 normalised G314 So3046] normalised %2000 54060 normalised %3000

80,75520 80,4200 €0,20720 81130 €0,74030 80,4000

&0,23778 D132 07428} 0,400 ¢0,28260 01534

The final result is obtained by considering the same matrix and then multiplying it by the criterion

normalised vectors for criteria comparisons, for each
aternative (level 1 of hierarchy) as belonging to the

Criteria Comparisons For Each Alternative (Matrice A)

weights (level zero of hierarchy), which are given by
the criteria comparison normalised  vector.

é0,305 0,314 0,293 0,150 0,177 0,200 0,153 0,153 0,143 0,167 0,350 0,200 0,300 0,153 0,132 0,380 0,143 0,315 0,132 0,300 0,153 (]

e

90,400 0,130 0,153 0,270 0,395 0,243 0,300 0,300 0,360 0,257 0,330 0,255 0,260 0,300 0,314 0,186 0,300 0,216 0,314 0,200 O,SOOl;I

u

é),114 0,130 0,153 0,430 0,280 0,400 0,400 0,400 0,355 0,400 0,120 0,403 0,104 0,400 0,420 0,101 0,430 0,153 0,420 0,113 O,400l:|

e u
€0,200 0,421 0,400 0,150 0,147 0,200 0,153 0,153 0,143 0,167 0,200 0,141 0,333 0,153 0,132 0,331 0,143 0,315 0,132 0,400 0,153 (j

Criterion Weights (Matrice B)

e

80,0500
go ,0800
80,0700
£0,0330
€0,0300
£0,0700
€0,0600
§0,0800

A;=0.1990
A;=0.2915
A;=0.3326
A, =0.2306

0,1990
0,2915
0,3326
0,2306

AXxB=

The best dternative is thus A; (shove-in-pit crusher-
bdt conveyor).

The analytic hierarchy processthat isstudied in
this paper is quite consistent, structured and intuitive.
The main problem lies in the fact that since al
comparisons are done by importance comparisons.
Another drawback is that the exhaugtive pair-wise
comparison, required to ensure consistency, is time
consuming if there are many criteria. However, the
andytical hierarchy process redly represents an
alternative to other approaches like fuzzy sets and etc.,
for obtaining alternative ratings in multiple attribute
problems dealing with uncertainty. In addition to this,
when the applications of similar mines are examined,
the best aternative (A;) obtained from this study is
proper to the mine, fairly.

0,0230
0,0240
0,0230
0,0520
0,1000
0,0300
0,0400
0,0300
0,0300
0,0270
0,0700
0,0300
€0,0600

N N N e N N Y N N Y N NN Ny

CONCLUSIONS

As explained in Section 1. equipment selection
is one of the most important factor that affect open-pit
design and production planning. We first identified
strategic factors and the defining criteria. and then
formulated an AHP- based modd, to select the
optimal equipment. The proposed AHP model is
generally applicable to any equipment selection
problem in mining operations. The decisions reached
by using the model agreed with those obtained by
using the pre-existing equipment selection process.
However, using the AHP model, the criteria for
equipment selection are clearly identified and the
problem is structured systematically. This enables
decision-makersto examine the strength and weakness
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of loading-hauling systems by comparing them with
respect to appropriate criteria. Moreover. the use of
the proposed AHP model can significantly reduce the
time and effort in decision making. From the results of
the case study. it can be concluded that application of
the AHP in equipment selection of a loading-hauling
system to improve the team decision making process
is desirable. The AHP model developed in this paper
can be used as a basis for implementing equipment
selections of |oading-hauling systems. The suggested
rating system of assessing the loading-hauling systems
helps decision-makers in avoiding time consuming
pair-wise comparision judgements. If new critica
success factors. and. hence. new criteria emerge to
satify changing business needs. then they can be
included in the AHP model to select a equipment.
Similarly. any new member can be included in the
evaluation team to consider his or her input. Also. the
equipment selection could be made in a more routine
fashion.

OZET

Ekipman secimi, agk ocek dizayn ve Uretim
planflamaamn ¢ok oOnemli bir ssamasdr. Aynca,
dekapaj ve Uretim maliyetleri gibi  ekonomik
distnceleri de etkilemektedir. Buradaki maliyetler,
alan kogullanmn, isletme dlgeginin ve ekipmanlarin
bir fonksiyonudur. Dolayis ile karar asamasnda
yapilacak ufak bir hata blyiuk ekonomik kay plara
neden olacakti r. EKipman segiminin amaa, minimum
maliyetle en uygun ekipman  segmektir. Bu
cahismann amaa ise Tirkiye Komir Islemeleri,
Orhaneli Linyit Isletmesinde ocaktan termik santrale
en uygun komir yikleme —tasima sisteminin
belirlenmesidir.

Ekipman segimi birgok etmene bagh olarak
yaplmaktadr. Bu secimin yaps  geregi, bu
etmenlerin hem nicel hem de nitel 6zellikler tasidig
gorulmektedir. Karar vericinin; bu kararlanm sagh kh
bir bicimde verebilmes icin sbzii edilen bu c¢ok
karmagsi k yap da ve sayi da olan etmenleri irdel eyecek
bir karar destek sistemine gerek duyarlar. Bu
calismada, agik ocak madenciligi ekipman seciminde
bu karar destek sistemini olusturmak icin Analitik
Hiyerarsi Proses (AHP) kullaniimstir. S6z konusu
proses geregi Oncelikle problemin hiyerarsik yapis
ortaya konmustur. Yap lan arazi 6lgim ve gozlemleri
ile laboratuvar deneyleri sonucunda elde veriler bu
hiyerarsik yapmn elemanlanm olusturmustur. Bu
asamada isletme verilerinden de yararlansmistir. Bu
asamann tamamlanmas ndan sonra literatlrde yer
alan ve isletmenin kendine 6zgu yapis da dikkate
ahinarak ekipman seciminde etkili olan kriterler bir
uzman ekip tarafindan belirlenmigtir. Bu iki 6nemli
asamadan sonra ise karar verici uzman grubun

beirledigi olcek Uzerinde kriter ve ¢6zUm
aternatiflerinin - agirhklan  belirlenerek  prosese
uygulanmistir. Calisann sonucunda, ekskavattr-ocak
ici kina ve bant konveytr sistemi optimum sonug
olarak bulunmustur. AHP modeli, sz konusu
problemi hiyerarsik bir yapida ¢ozdugl igin ¢ozim
aternatiflerinin kriterlerle daha kolay
degerlendirilmesini  saglamaktadir. Aynca, karar
verme slrecindeki zaman ve efor onemli Olclde
azaltlims ve kriterlerin tim0 degerlendirelebildigi ve
tum alternatiflere gére 6nem dereceleri belirlenebil digi
icin optimum ¢6zim elde edilmesi saglanmistir.

REFERENCES

Albayrak. C. Toraman. A.. and Albayrak. E.. “A
Decison Support System in Section of a
Establishment” An Application For Concrete Plant
Establisment Site’. First National Production
Searches Symposium, Istanbul Technical University.
Turkey. 1997.

Bascetin. A. and Kesmal. A.. The Study of a Fuzzy
Set Theory for the Selection of an Optimum Coal
Transportation System from Pit to the Power Plant.
International Journal of Surface Mining Reclamation
and Environment. 13 (1999a) 97-101.

Bagcetin. A.. and Kesimal A.. Application of Fuzzy
Logicin Mining”. Istanbul University Engineering
Faculty. Journal of Geosciences. Vol.12. No.l.
1999b.

Bandopadhyay. S. Partia Ranking of Primary
Stripping Equipment in Surface Mine Planning. Int.
Journal of Surface Mining. 1 (1987) 55-59.

Gershon. M. A.. Bandopadhyay. S. and
Panchanadam. V.. Mining Method Selection: A
Decision Support System Integrating Multi-attribute
Utility Theory and Expert Systems. Proc. of the 24"
International Symposium on the Application of
Computers in Mine Planning (APCOM). J. Elbrond
(ed.). Canadian Institute of Mining & Metallurgy. 3
(1993) 11-18.

Herzog. D. and S. Bandopadhyay. Ranking of
Optimum Benefication Methods via the Analytical
Hierarcy Process. Proc. of the 26" International
Symposium on the Application of Computersin Mine
Planning (APCOM). R.\V. Ramani (ed.).
SME/AIME. 1996. 323-329.

Kesimal. A.. and Bascetin A.. Application of Fuzzy
Multiple Attribute Decision Making in Mining
Operations’. Mineral Resources Engineering. Vol.
11. No: 1 (2002) 59-72.

Lizotte. Y.. "Economic and Technicad Relations
Between Open Pit Design and Equipment Selection”.
Mine Planning and Equipment Selection. Singha
(Ed.). Balkema. Rotterdam. 1988.



12 ATACBASGCETIN

Munda. G. “Multicriteria Evaluation in a Fuzzy
Environment-Theory and Applications in Ecological
Economics’. ISBN 3-7908-0892-X Physica-Verlag
Heidelberg. 1995.

Riberio. R. A.. Fuzzy Multiple Attribute Decision
Making : A Review and New Preference Elicitation
Techniques. Fuzzy Sets and Systems 78 (1996) 155-
181.

Saaty T.L.. “Exploring The Interface Between
Hierarchies. Multiple Objectives and Fuzzy Sets’.
Fuzzy Sets and Systems. p.57-68. 1978a.

Saaty T.L.. “Moddling Ungructured Decision
Problems-The Theory of Analytical Hierarchies'.
Math. Comput. Simulation 20 p. 147-158. 1978b.
Saaty. T. L.. “The Analytic Hierarchy Process’.
McGraw Hill. New Y ork. 1980.

Yayt naGelis — Received : 28.11.02
Y ayt na Kabul- Accepted : 16.06.03



