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Abstract: A contractor is dealing with the construction of two dams 515
miles apart. The objective of the firm isto minimize total excavation cost for
the two projects, the transportation cost of machinery, and losses due to
shut-down of machinery during transportation.
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DEFINITION OF PROBLEM




'DEFINITION OF THE PROBLE&

TIBAN'CONSTRUCTIDN Inc. ig a contractor of nid-size
dams in Tu&kéy. Curfently it ig dealing 'Qith the
congtruction ofltwo'dams which afe located in Burdur—Yaprakli
and Amasya—Safaydzu( characteristics are given in appendix D.
& E) 2 construcﬁion sitésuare 860 km (515 miles) apart,

Although 'the ;firm hés éﬁoﬁgh machinery to continue the
canatructions:independent éf,éaCh otber, especially, due to
increasing excavation cost during rainy seasoné; it is more
preferable té/maké eXCess exéavation in dry season and - hold
it in invenﬁorf;?ith a tréde off by péying inventory'holaing
coet. Of kcoﬂr&é’Vtgis 4requires the transportation of
heavyfduty maéhinéry “used  in 'éxcavation which includes
tranaportatibn,éoafyahdkworking day loéses, back and“forth
bétween the i ’sites.  Cdnétfucti§nS are controlled by DSI
(Btate Hydraulié Works) every thrée'months to check 1if work
is going on ‘écheduié. Fif@ is obliged to satisfy minimum
‘excévation volumes Qér coﬁtrolktime,uhit zet by Mastef Plan
-which 1is issﬁédv,by ’DSI qut aftef bidding.(Mastar Elan ig -

given in appendix G for two dams)
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DEFINITIONS

»»«Filler +type ¢ dame which will be constructed by
TISAN CONSTRUCTION Inc. have three basic ingredients (Rock,
Clay, Filler #3 ). Two dams have a common structure as shown
at the next page. Each filler type for each dam is
aggociated with corresponding facility as shown below.

(Filler typem may be =zeen ag different products produced by

manufacturing firm.})

Filler type facility #
Burdur - ROCK cueeenuwaca. eseseas 1
rr - Clay seswecsveana ses e nn 2
, ~- #3 emeeeu e .« 3
Amasya -~ ROCK crececnacesnn eesen 4
rr -~ Clay seeevenennnans eve B
, - #3 C e v e . .. B
«-xFazility ¢ 1&g the common name for the group of mines

which are excavated for a particular type of filler in a par-

ticular danm.
There are currently 6 facilities :
1. Burdur—Yaprakli dam ; Rock mines

<. ;s rr rr » Clay mines



Cross section of the dams which are undertaken by Tisan

Conetruction Inc.{(Not drawn to scale)
Bl Rock
O] e Filler #3
B Madec 8 Clay



3. Burdur-Yaprakli dam Filler #3 mines

~e

4. Amasya-Sarayozu dam Rock mines

e

5. oy 'y s r 3 Clay mines
5, , , s + Filler #3 mines
For exanple although +there are 2 clay mines for

Amasya-Sarayozu dam, all are considered to be at the same

location and are altogether called as facility 5.- Also there

‘are 3 filler 43 mines in Amasya,again they are considered to

be at the game location{although not) and altogether called
ag facility 6, etc.
With the introduction of the 'faéiiity' description, ue

are  making the assumption that, there are noysignificant

transportation cost difference between: different' mines of

game filler type. For example for Amasya-Sarayozu dam ’ we

are considering that unit transportation cost of cléy from

two different mines to the dam construction site are same.

...Campiementary facility : is defined as the facility

at the other4dam site which is used. for the excavation of

game filler'type.

For example complementary facilities of Burdur—Clay

mines are. the clay mines in Amasya~Sarayozu. Therefore, ve

can summarize the facilities as below:



 '93011ity # ; Complamentary Facility #

I ceeeseertanenncencnnnnns 4
2 eeereecsemnencansnnanssD
3 ieisarenasesenennns . ]
P
B iisasemceennsesnnnnsiand

B teenceoseneninereenansassl

VA:.;.Cléss (i;ir) Machine : Firm’hasrdiffErent heavy‘duty
,machi;;;;-;;ggnézgg;;;;g-;;11; excavationk capacitiES;k ‘Thé’
’cpes ‘which ~are devoted to the body'filiingkof dém) related
'ekcgvation aéﬁivities are shown in Appendi#7F with specs.

| Algo these machines are subdivided,~within, theméel?és
‘v depénding on which facility they are working.: Amoﬁg tﬁogé,‘Qy

,units~ of TEREX €850 wheel loaders are espec1ally d931gned to

 work in rock mines. E_unlts of CAT 988B wheel loaders ‘are
- g;ouped for working in clay mines. Remainingyéiuﬁits of CAT

VQQQC kwgeél' lbade:s kand 2 units of’ CAT"24SBH ‘VQaCRhoé

‘&RCQQSthS‘are grouped for working in Eil&éﬁr#B mines. These’
' agroﬁpings ére based on 3 reasons:

rfl. Maéﬁines in the same grodp‘havef:apﬁroximately same
'   periodic maiﬁtenance plans.

 2.~ Machines in the same groﬁp have approximately(

élthough shown ag equal) =same ‘ekca?ation' rates per



working hour.

3. And machineg in the =ame group are more sulitable for
in that facility due to werking environment, and due to

machine specifications.
‘Therefore; 2 unite of TEREX C560 wheelloaders..any rock mine
5 4y of CAT 988B , «.«any clay .
4 ., of CAT 9g92C . «..any filler #3 '
2 ., of CAT 245BH Excavators . ,, ,r P

So we come up with the following table
facility #
1 2 3 4 5 6
TEREX (€550 X X
CAT 9888 ¥ X
ZAT 9892C X x
CAT 245BH X X

.
*

(% ghowe the facility that a specified machine can work}

If

i denotes a facility and i, denotes its complimentary

faoeility (defined above) Then alsee(i+%} machine ig a machine

which can work in facility i and i_. For example a class(1+4)

machine will indicate a TEREY C550,

a class(3+6) machine will



indicate either a CAT 992C or CAT 245BH.

Here we mee that we e¢an not define if a clagss (3+6)
machine is CAT 882C or CAT 245BH. But however we do not need
to digcriminate among them, since based on the
assumptionsg for which the groupings of machines are made
there will be no significant operating cost differences and
no sighificant excavation volume B differences; if the

" working machine is CAT 992C or CAT245BH.






OBJECTIVE

b

Objective of the firm ig to mwminimize total excavation
cost (which are due ,tb the coperating cost of heavy-duty
excavation machinery) for two dams,the transportation cost of
machinery between two sites and losses which occur due to not
working of machinery during transportation (which generally
takes 24 to 28 hrs for a machine)} over the planning horizon.

In other words:

Taotal Transportation Losses due to
min: [Excavation + + not working
Coet Cost of Machinery
L _ . L




MODEL =
i. LP Fotmul&tibn

ii. Decision Variables & Parameters

iii.‘Constraints'
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DECISION VARIABLES AND PARAMETERS:

't:each time unit is 3-month in length. In order to
coincide with the control times of DSI. Therefore’ planning
horizon ig 65 time units for Burdur and 6 time units for
Amésya.

e&: 'Hmﬁrly opervating  cost of classe (i+i°,)  ﬁachine
during the é& 3-month peridd} |

H. inumber of total machine hours which wiil be performed

it
in facility i duaring tﬁ 3-month period.{continuocus Qariable)

wikg' number of total machines present in’facility‘i
during tﬁ 3-month period (integer variable)

'T,* number of machines transported to facility i from
ites: compliméntary faéility ioat the beginning cf €f 3-month
period(integer variable)

| L&;number of machines transported from fécility i to
complimentary facility ic at the beginning of {% 3fmonth
period.(integer variable)

A&:  castVof bringing a classg (1+i,) machiﬁe td_ facility
from ifs 'complimentary facility i, at thévbeginning of ‘ﬁ

3-month perid.

A&z ozt of sending a claes (i+i°) machine from facility
i to ,1°at the beginning of Q& 3—month’period(This cost is a
‘tegult' of revenue losses  which incurs during the

transportatian of machinery due to not wobking dffmachine for



at least amount of hours during ‘hﬂhswwia*hn.
D%:Minimum amount of excavation that must be performed
L]

at facility i in order to meet Master Plan reguirements in
v .
the t- 3-month period.
%; tHourly ewxcavation rate (m3/hr) of a class (i+i_ )
machine
PW; number of available working hourse for a class (i+ic)
th .
machine during t- 3-month period.
Mﬁ % : total number of class (i+i.) machines that may
oy
' +h
be available at facility 1 & facility icduring the t- 3-month
period,
G.,s: Volumetric conversion factor showing excavation
A At
volume that must be performed in facility i+1 if 1 m3 of
excavation is done in facility i.
G"l: Volumetric conversion factor =showing. exXcavation
t\’h-h

volume that must ke performed in facility i+2 if 1 m3 of

excavation is done in facility i.



Excavation Prices for Facilities({(Average)

. A S e e e e A R e e e e e e e G R e e e e e e e e e e e e e

ROCK CLAY No.3
TL/m3 TL/m3 Tl/m3
Burdur : 1300 3456 400
Amaeya : 1450 330 380
% Cost (Avg.) : 60% 80% 75%
Avg. Increase
in cost due to
Rain
Burdur ' 5% C10% 10%

{in De¢.,Jan.,Feb.,March,Apr. and May)
Amagya : 7% 12% 12%
{in Dec.,Jan.,Feb.,March,Apr. and May)

Following table shows C;k:€X1OOO TL)

G e e e s e M W N e e G e e e A ke A W W W e e A e ke A W R e e e e e

TIME
1 2 3 4 5 6
1 : 75 75 82 82 75
F o2 30 30 33 33 30
é 3 40 40 45 45 40
i g 85 87 94 94 85 87
% 5 29 30 33 33 29 30



Tranportation Cost : 345tTL/km‘

note.1: Since tranportation of a TEREX C550 requires
tranportation of CAT D9, CAT DB,Qr CAT’D7 Bulldozer (in order
to be able to work in rock mineg)'fédst of‘ transporting a
TEREX CEBG contains also thé CQst of transporting a
Bulidozer.

note.2:81ince the firm had 2 accidents in the past during

winter while transporting, ; Wé; ;assumed to inflate

txanapuhtatiun cost by 10% in: Decemher, January and February.

Following table shows tranportation costs by class*

for t=1,2,4,5,6 Ay
. . &

- — - e W W e e e e e A o

clags(1+4) machines..........ESSOOO 00 TL
class(2+5) machines..........290000 00 TL

clase(3+6) machines....,....,295000;00 TL

class(1+4) machines..........645000.00 TL
clasg(2+5) machines.;...;...;32000@,00 TL

class(3+6) machines..........325000.00 TL

: . o :
Fullowing table for A;t'is found - depending o©on the
following fact: (x1000 TL) |
'Allowable worklng houre for any clags machine in a day

is 20 hrS-Rémalning 4 hrs 1s perlodic malntenance time



My o
TIME

W A e W e e S NS MW G T R SR G S S W TR S W MR B SR M W W M e e e g e e e M e e G SN S W N EA e e

700 615 615 700

700

105 55 55 108

105

187 112 112 187

187

-

KL

685

740
80

685 780
80 ;46, 40 100

740

780
100

150 95 9% 180 150

180

e e e e e G A e A e e S e o o o o, o " - e A o - - . .



CONSTRAINTS

Number-2 group af coﬁﬂtréints\satiéfy to meet mininum
excavation wvolumes '&‘to to make excess if feasible at evary
kfaCility over the planning horizon. These constraints help
us to find § of hours~requifed;
| Number-3 group of coﬁafréints let us not to exceed total
available machine wofkingfhoura Which is available thfu the
number of available machineé at every fécility during the QE
3-month period. Note ’tﬁét convefsiOn from contihuous
variables tao integer Variablea arer achieved by these

constraints.

Number-4 group af,conﬁtraipts whi¢h ére are called time
phased balance congtraints let us to decide number of
maahimes‘at each faciiit§ for ’éach 3-month ywdrking period
with +the pravious“‘ode.Nota tﬂatv Twyand ‘Lh are linearly
dependent =so only one‘of’them may,bé at‘the basis at the same
time or they nay togethef be at zéro lével.

Number-5 group of 'conStfaintS' iei us not to exceed

available number of class {i+1i machines for each class

¢ )
which k | faci i ! i] : g

| < are working. ‘at facility i &.1°dur1ng the t- 3-month
period.

Number-6 and Number-7 group of constraints let us to

perform scaled VOIumes of excavation at each facility at each



period. Forexample realizing 50000 m3 of rock excavation at
Burdur at any t and not doing any excavation for clay and
filler $3 would be dirraticnal and would end up with a
non-scaled excavation. Rock excavation {(being the most time
conguming and most costly ) has bean chosen as basis and
number-6 & 7 group of constrainﬁg are built upon volumetric
caonversion factors from rock to clay and from rock to filler
#3. Al=o it is a=ssumed that perfdrming 0.5% less or 2% extra

can essily be compenzated in the following period. That is

why coefficients 0.995 and 1.02 appear in these constraints.



SOLUTION & COMMENTS
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Solutions' are shown at the following pages for the
amount of excavation volumes performed vs. reguired and for
the time-phased machine flow between the facilities. Here we

would like to make some comments on the overall problen

model .
ceeeIHe took each period as 3-month in length because of 2
reasons. | ’

l.iffcoincides with the cotrol time unit of DSI

Q;Model has currently 99 decision wvariables and 174
constraints. If +the length would be halved'(ie 145 month)
number éf decision variables would be doubled and4c0nstraints
wﬁuld "more than double, ending with a very scarse matrix.
But if no soluﬁion would have been found, we would~'shorten
each period in order to achieve feasibility.
.....Ilaéince ‘model is a mixed-inteéer‘LP,it is not possible
to make gengitivity analysis. But we played with the number
bf available'machinery (decreasing & increasiﬁg the number of
sny c1353(1+io} machinery) But the model was so tight that
even ,decraeSing the number of class(3+6) and’class(2+5)
machinery by one unit ended up with infeasible soluﬁion.
HoWevef‘tBis,ﬁight have beén relaxed by decreasing the length
of unit time but as mentioned above this wouid increase the
problem k&ize. Incraesing the number ’of class(2+5) and

claae(3+6) machinery resulted with decreased total cost if we



put that machine in Amasya~Sarayozu dam ét4t:O. Reason is as
follave. Tha firm has just completed another contract. in
Antalya-Manavgat {(which is wvery close to Burdur -Yaprakli
gite,aprox.120 km) Upon the cohgletion of that project,
machinery available there has been carried to BQrdur.
»Thefefare much of the machinery now is in Burdur.{as c¢an be
gseen in Appendix.H) Also ifwinspect machine flow diagraﬁs, we
gee that flow is from Burdur to Amasya. 8o locatiné ‘ahother.
machine in Amasya reduces cost.  But this cost decbease is
very emall when compared with ’the purchase priéa' of that
class of machinery,0.10% to 0.15% But this analysiskgave us
an idea that, upon completion of akproject, machinery‘in that
aite must be tried to be disfributed evenly ampng tﬁe other
projects.

+e...IIT.Reliability of the model is valid if and only if the
firm does not undertake another contract(s) before the
completion of these projects, which seems uﬁprobable.« If
company takés another contract(’general model of LP {which is’
gliven in‘chapter VI}) must be solQed‘in order to come up with
new p}ans. However class (1+4), (2+5$ and (3+6) machines"are
highly démanded after the 12th or 15th month from +the
beginning of a project. Upto thét, other acﬁivitieg ére
‘performed Iin the.site. -

~+....IV. An adaptive control model for excavation rate



control is of great necessity in each sub-plan. Since
probability of breakdown in heavy duty machinery is very high
due to working conditions and since the excavation rate for
goame filler types (eapeciélly for clay) is highly dependent
on season, amodel which can handle these problems must be

utilized iﬂfaach gub-plan (ie. 1in each 3-month "period) in

order to meet original planned excavation rates plus excess

demand if any.

=sx.sV. Agm explained in chapter.VII , A of adaptive model is

of great importance. It may be changed within the period if
there are really bLig gape between the figures of planned &

actualized excavation volumes occur. Enclosed computer disk

‘cantaina the computer program which performs the methods

explained in Chapter.VII for éach facility, 'but‘ uses a
conetant w for each facility. Since the =eason factor ig the
most important in keepiﬁg up wifh a plan, by keeping‘¢ high
in‘rainy seasons gsystem may be hade more  responsive to
planﬁing errore, resulting in greater change;kin egcavation
rateg.. And it may be kept some#hat lbwer dufing dfy éeason
sinéa ‘excavation rates are"mudh more 'ﬁredictableA and

realizable in these periods..
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MACHIME UTILIZATION
BURDUR-YAPRAKLI DAM
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MACHIME UTILIZATION
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EXCAVATION YOLUME (M3
(Thousands)
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BURDUR-YAPRAKLI FACILITY.2 LP SOLUTIONS
vs. MASTER PLAN EXCAYATION VOLUMES
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EXCAVATION VYOLUME (M3)
{Thousands)
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EXCAVATION VYOLUME (M3)
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EXCAVATION VYOLUME (M33
{Thousands )
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EXCAVATION VOLUME (M3)
(Millions)
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FORMATION OF A GENERAL MODEL



In a more general problem , firm may be undertaking mare

than 2 constructions at the same time,say m. Then there will
he mw facilities for rock, clay and filler no.3 Model defined
at the next page enables to make excavation volume schedules
for thie ca=e. In addition to the previous one , this model
counts for the possibility of bringing awachine to a facility
from the remaining other (m~-1) facilities.

Variables differing from the previous model are
explained below:

.1—
W(jt

tnumber of machines transported to facility 1 fron

facility 3j during the +™ 3 _nonth period and /\:,,V is the

agmocliated tranportation cost.

Wut inunber of machines transported to facility 1 from

]

th ’
facility J at the beginning of t- 3-month period and X“t is
*3

the associated cost.
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FORMATION OF AN ADAPTIVE MODEL FOR
EXCAVATION VOLUME CONTROL
1. Model

ii.,Com?gter:?bcgrém'Sample Qutputs

iii, Stochastic 3na1ysis of Model & Comments



Now we have solved the mixed integer LP and come up Qith
the excavation scﬁedule Qverktha planning horizon. This'plan
gives for each facility an exéavation rate X*for each period
in the interval;V Aséume that the plan 1is congidered a
‘preliminéry’ Qﬁe, which af time zero establishes targets for
excavation rateﬁ.  However as timek passes we may wish to
adjuet ekcavaﬁiﬁn' rates from this originally established
levels, becauSe‘QCtual demand and actual excavation volume
differ from kpianhéd at time zero. Adaptive model which is
developed here *Qbrks in shb—plans. In other words an
adaptive moﬁel ;iay aevéloped for the control of excaQation
rate in any fﬂ\,3;month pegiod. Each 3-month period 1is
gubdivided ihto 30 time units each being 3-day in length.

Lets ‘say',kthat total excavationvolume planned fof
BurdutuYaptaRli ciay facilities in 2nd 3-month paridd is
’lO0.00G m3.~‘ Then planned ekcavation volume for every 3-day
pericd in 2nd B-monfh period will be (100.000/30) m3.

Define: ‘ | |

%:excavation rate originally planned for a 3-day period

X
under a preliminéry plan made at time 2ero;kWill change
due to chaﬁgiﬁgienQironmental conditions as time pasSéSy

Xt:actual excavation rate~realized during t

It:Actual inventory level at the end of t

T :number of periods in the sub-plan (ie.30)



L:order lead time

OGrder lead time ig the number of periods between a
decigion to change the excavation rate & the time the change
becomes effective. | For our model this will be egqgual to one
time unit (ie.3 days). But the adaptive model will be
developed for more general form therefore we leave it as T

After now on due to increasing mathematical symbols, we
will  continue with hand writing.{Sorry for the

inconvenience.)
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STOCHASTIC  ANALYSIS.
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Encl

I}

gaed cutput gamplee of the program are carried 8

time units only for Burdur-Yaprakli Rock Facilities.

In order to‘activéacomputer program, type EAS upon DOS

prompt.

AEAS (RETURN}

note:Attached disk <contains Turbo.Pascal vs.3

conpiler,
program (Adaptive Control Model)

source code and program

binary c¢ode. Binary code is enclosed in order not to bother

the usger with compilation and Turbo.Pascal access.





