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ABSTRACT

OPTIMIZATION OF HIGHWAY VERTICAL ALIGNMENT
BY DIRECT SEARCH TECHNIQUE

Ozkan, Eray
M.Sc., Department of Civil Engineering
Supervisor: Dr. Soner Osman Acar

May 2013, 137 Pages

During initial stages of geometric design of higlywarojects, generally a number of alternative
horizontal alignments are developed. For any setectiternative horizontal alignment, the basic
features of the geometric design are to be congplbieestablishing the vertical alignment of the
roadway. Since for a given horizontal alignmenté¢heould be infinite number of vertical alignments
conforming to the specifications, it is essenttalise an optimization process in order to achibee t

most economic design.

This study is focused on optimizing a vertical alitent already established by the designer. The
governing cost item in relation to vertical alignméeing the earthwork cost, it should be minimized
to reach the optimum solution. Since the probleselftis a multivariable, complex and non-
differentiable one, a heuristic search techniqumely the direct search technique is chosen far thi
purpose. In order to apply the optimization in dficent and fast manner, AutoCAD Civil 3D
software is selected and a program module in Vigedic programming language is written to
optimize the vertical alignment. The program modulegrated to AutoCAD Civil 3D software is
applied for some virtual projects and for a segmahé real highway project as well. The results
showed that the method provides an incredible mgmluén the earthwork costs of the projects by
adjusting the vertical alignments slightly withaltanging the basic design features of the project.

Keywords: Highway, Vertical Alignment, OptimizatipEarthwork
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DIREKT ARAMA TEKN iGi iLE
KARAYOLU DU SEY GUZERGAH OPTiMiZASYONU

Ozkan, Eray
Yiksek Lisansinsaat Mithendisfii Bolumii
Tez Yoneticisi: Dr. Soner Osman Acar

Mayis 2013, 137 Sayfa

Karayolu geometrik tasariminin ilksamalarinda genellikle bir kac¢ alternatif yatay gz
olusturulur. Secilen herhangi bir alternatif yatay gigh icin geometrik tasarimin ana hatlari, yolun
disey guzergahinin ofturulmasi ile tamamlanir. Secilen bir yatay glzargan tasarim kriterlerine
uygun sonsuz sayida ghy guzergah olabilegenden, en ekonomik tasarima grgak icin bir
optimizasyon metodu kullaniimasi gereklidir.

Bu calgma tasarimci tarafindan halihazirda sbloulan bir digey glzergahi optimize etmeye
odaklanmgtir. Disey guzergah ile ilgili ana maliyet kalemi topragteri maliyeti olup, optimum
¢6zUme ulgmak i¢cin bunun minimize edilmesi gerekmektedir. bhemin kendisi ¢ok déskenli,
karmgik ve turevlenebilir olmayan bir problem okluicin, problemin ¢c6ziimiinde sezgisel bir arama
teknigi olan direkt arama tekgi bu amag icin secilmgtir. Optimizasyonu efektif ve hizli bigekilde
uygulamak tzere AutoCAD Civil 3D yazilimi seciknie Visual Basic programlama dili kullanilarak
disey glzergahi optimize etmek icin bir program modbiézirlanmgtir. AutoCAD Civil 3D
yazilimina entegre edilen program moduli bazi sprgeler icin oldgu gibi gercek bir karayolu
projesinin bir kesimi igin de uygulangtir. Sonuclar, metodun projenin temel tasarim ddefini
degistirmeden dgey ekseni bir miktar ayarlayarak toprakeri maliyetlerinde 6nemli 6lcide azalma
sgzladigini gostermitir.

Anahtar Kelimeler: Karayolu, By Guzergah, Optimizasyon, Toprileri
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CHAPTER 1

INTRODUCTION

In our modern age, transportation is vital neady &ll the activities in our daily lives. There are
several different modes, namely highway, rail,aaid water transportation classified according & th
vehicle and the movement type. Today, still theanapart of the transportation worldwide is handled
by highways.

For sustainable highway systems, land use planantjroad network planning are critical concepts
and they should be handled together. Different lasds create different demands and there are
different network design strategies to be develdpedlifferent land uses in order to have sustdmab
transportation by minimizing congestion and incieggraffic safety. Therefore proper zoning plans
and road network should be prepared to distribéeland use patterns, such as residential areas,
shopping centers, trade areas, industrial fadlitied others.

At the planning stage, land use study and traffialysis will help the planners to conclude the

functional class and geometric class on which #engetric design of the project to be based on.rAfte

land use study, traffic demand forecasting shoelditne to identify the present and the future needs
and to select the geometric class of the highway.

During the planning stage, the needs versus funescarefully evaluated and for any candidate
project the cost items are roughly examined antlidied! in the feasibility study. The cost items &0 b
considered in the economic analysis of highway qutsj are generally divided into two broad
categories: (1) supplier costs, which are diregtyurred by highway administrators, and (2) user
costs incurred by highway users. The supplier casts further divided in three categories: (a)
construction, pavement, and other costs primardpehding upon the length of the alignment, (b)
right-of-way costs including those associated Waiid and environmental impacts as well as impacts
to stream and other water conduits, and (c) earthwosts. The user costs are divided into three
categories: (a) travel-time cost, (b) vehicle-ofiagacost, and (c) accident cost. The indirect £ost
associated with environmental damage are consideredder to protect environmentally sensitive
regions such as wetlands and floodplains (Jha ahdreld 2004).

If a highway project is approved for implementafigns expected that the corridor, the standattuks,
pavement type, and most of the geometric featuriseqproject have already been decided during the
feasibility study and known before the final dessage. Provided that the basic design featuréseof
project are not changed and the revisions duriedfitital design stage are minor, the changes in user
costs and benefits with such revisions will be vemall and can be considered negligible. It follows
that the economic evaluation of the project dufingl design stage can be assumed to be controlled
only by the construction cost which is subjectiiarmge with the minor revisions in the alignment.

During the final design stage, firstly the bestdtians for the expensive structures like bridged an
tunnels are searched and the locations of thogetgtes are fixed after extensive studies. Heree, t
start and end points of those structures becomgatqoints. For a highway segment between such
control points, the main cost factor is the eartthwaost. For finalizing the alignment design of lsuc
segments, the designer's purpose is to selectabe dlignment between those successive control
points which would minimize the earthwork cost.
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1.1. SCOPE OF THE STUDY

The earthwork cost minimization by changing thetigcat alignment is a time consuming trial and
error process. The designer first fixes the hotizbalignment and then by studying on the centerlin
ground profile will try to establish a vertical gfiment. If the time permits, the designer would
calculate the earthwork volumes and the cost amh treconstruct the vertical alignment and
recalculate the volumes and the earthwork costnaddiis process could be repeated a number of
times but the designer would never be sure whatterertical alignment with minimum cost would
have been achieved or not. The level of successletting a satisfactory low cost alignment would
be directly dependent on the experience and the afkthe designer. However it is sure that the
success cannot be ascertained without using anegffioptimization process.

There are several researches in the literature suizead in Chapter 2 that aim to optimize the veitic
alignment for a given horizontal alignment. Bug #marthwork volume calculations in all these staidie
are based on the difference between the centeagtimend profile and the grade line profile which is
referred as the vertical alignment. Since the datmns of volumes in this manner are very rough, t
optimization based on these volumes will also heghoand sometimes be seriously erroneous.

The purpose of this study is to create a useful #md applicable vertical alignment optimization
method based on precise earthwork volume calculsticAs discussed before, the alternative
horizontal alignment and the template (cross seagsembly) of the highway segment is assumed to
be fixed beforehand and there are no highway bsidgel tunnels between starting and end points of
the alignment. The optimization will start on a dasse where the vertical alignment is constructed
by the designer. The objective function of the miation process will only include earthwork costs,
namely excavation, embankment and earthwork tratefon costs. As discussed above, the
variations of other probable cost factors, namelgricosts and benefits which may slightly change in
relation to the vertical alignment are not consédewithin the scope of this study.

In order to clarify the parameters and basis otuations in this study; the geometric design of
highway, the highway alignment, and the earthwarkt ¢alculation subjects are summarized in the
following sections.

1.2. GEOMETRIC DESIGN OF HIGHWAY

Geometric design of highways includes specifying llorizontal and the vertical alignments and the
cross sections conforming to the design class lamdédlected standards.

1.2.1. HIGHWAY ALIGNMENT

Highway alignment is represented by the centedinhe highway route formed by straight lines and
curves. Although highway alignment is a three-digienal (3D) problem, in practice, it is reduced to
two-dimensional (2D) alignments, namely, horizomtadl vertical alignments.

For any selected design class and standards, gigndspeed is fixed and there are well defined
design controls and criteria set forth to desigaf® and comfortable operating highway.

The horizontal alignment is composed of straighttipps and curves connecting them. Figure 1
demonstrates a horizontal alignment between tetmisiats A and B composed of straight lines and
simple circular curves. The task is simply locatihg centerline of the proposed highway on the plan
view, considering the design standards. The hot@alignment should also be compatible with the
land use and the topography. The curves may belesiomgular, or combination of transition curves
and circular curves.
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Design criteria are applied for horizontal curvesl superelevation applications. In this stage, the
designer will establish alternative horizontal ahigents conforming to the standards and the
constraints of the land use and topography. Theieficy is directly proportional to the designer's
talent and experience.

After the horizontal alignment is fixed, the netdge is to establish the vertical alignment. Tlessl
and the standards of the project determine the maxi and minimum grades and the limitations for
vertical curves. The vertical curves should satthfy sight distance and comfort requirements fer th
design speed. For vertical alignment, first theugib profile along the horizontal alignment is ceeht
by reflecting the centerline elevations from theagraphic map and then the vertical alignment is
formed by drawing straight lines and placing paliabeertical curves between crossing grade lines.
These features of vertical alignment are showrigufé 3 and Figure 4.

1 ELEVATION |

PVI,

Figure 3: A typical vertical alignment

L: Vertical Curve Length T
PVC: Point of Vertical Curve -

PVI: Point of Vertical Intersection i
PVT: Point of Vertical Tangency -
G:: Roadway grade that approaches the P\[C -
G,: Roadway grade that leaves the PVT P

Figure 4. Geometry of parabolic vertical curve



1.2.2. CROSS SECTION

The template specifying the right of way width, thember of lanes, shoulder widths, ditches, cuit-fil
slopes and walkways are prepared by the designeiypikal cross section for a 4-lane divided
highway is illustrated in Figure 5.

WALKWAY‘ ‘ TRAVEL LANES ‘ ‘ TRAVEL LANES
SHOULDER MEDIAN SHOULDER

Figure 5: A typical cross section of a 4-lane divied highway

After generating the cross sections at definiterirals along the alignment, earthwork volumes aan b
calculated. In usual practice, first the cut afidafieas of the cross sections are calculated fzel by
using appropriate geometric models, the cut andvdlumes from station to station are calculated.
Then the designer prepares the volume sheet tala@ahe cumulative cut and fill volumes.

1.3. DESIGN SOFTWARE

Complexities of the highway design works and tinmeithtions force the engineers to make use of
computer software. The design software providesdigigner very high flexibility to modify the
design at any time very quickly.

The process of designing a transportation faciliith a design software package usually begins with
the preparation of the terrain file of the regiohene the highway is expected to pass. The terilain f
is a digital model of the topography of the regithe CAD program can display the digital terrain in
different styles as well as a topographic map wibhtour lines to enable the user to visualize the
terrain of the region. Once this file is ready fise, the user can immediately generate trial hotéo
and vertical alignments. The user also defines latmpcross sections by selecting the geometric
features of the cross section.

Whenever the horizontal and vertical alignments tnedcross section templates are fixed, the three-
dimensional model of the project can be formed sy goftware. The software can also develop the
cross-sections at all specified locations. Desuaftware has the capability to revise the desigrdigp
and this is the main feature of the software. Whenehe design is revised the outputs are
recalculated quickly, allowing the designer to more alternative alignments. An example of
highway design model displayed by CAD softwarehisven in Figure 6.



Figure 6: A sample isometric view of a highway degh model generated by CAD software

1.4. EARTHWORK COSTS

Earthworks on a highway design contain all theiegitfilling and hauling of soil materials in ordr
establish the road base platform on the groundserf

Cutting costs are incurred when the design roafliris lower than the ground profile. Filling csst
are the costs of forming the embankments whendhéd profile is above the ground level. Although
the unit price of excavation may vary with depth aoit and soil type, these costs are basically
functions of the volume of earth moved. Transpartatosts for hauling soil from borrow pits and/or
to dumping sites are also involved. (Chew et a89)9

Earthwork costs are highly dependent on the salatteristics at site. In Turkey, cut and fill unit
prices are calculated pef mf soil for different soil and excavation typescording to the unit price
list of General Directorate of Highways (Karayoll&enel Mudurligl, 2012), the unit price of cut is
exactly the unit price of excavation of the soildahe unit price of fill covers both the unit priof
quenching and compaction of the soil when the catenmls with suitable soil quality are used in
embankments. If additional materials are needeshibankment then the excavation cost of material
at borrow pit should be added to the fill cost. Tnee list of General Directorate of Highways for
earthworks for the year 2012 is given in Table 1.



Table 1: Price list of General Directorate of Highvays, Directorate of Construction and
Consultancy Tenders Section (Karayollari Genel Mudilu gi, 2012) for earthworks

EARTWORKS PRICE LIST

UNIT
ITEM NO DEFINITION UNIT PRICE (TL)
KGM/15.001/A Cut_ of all types of soil W|th.excavator and usage m? 219
(soil from cut or close locations)
KGM/15.001/B Cut_ of all types of s.on with excavator and usage m? 193
(soil from Borrow pit or to dump)
KGM/15.004/A Cut_ of all types of soil W|th.bulldozer and usage m? 171
(soil from cut or close locations)
KGM/15.001/B Cut_ of all types of s.on with bulldozer and usage m? 145
(soil from Borrow pit or to dump)
KGM/15.005 Cut of weak soil (botanik etc.) and usag 1.33
KGM/15.006/A Cut of loose rock Wlth_excavator and usage (soll me 304
from cut or close locations)
KGM/15.006/B Cut of loose ro_ck with excavator and usage (soil me 278
from Borrow pit or to dump)
KGM/15.009/A Cut of loose rock Wlth_ bulldozer and usage (soil me 291
from cut or close locations)
KGM/15.009/B Cut of loose ro_ck with bulldozer and usage (soil me 265
from Borrow pit or to dump)
KGM/15.010/A Cut of soft rock with excavator and usage (soll me 5.40
from cut or close locations)
KGM/15.010/B Cut of soft rocl§ with excavator and usage (soil m? 514
from Borrow pit or to dump)
KGM/15.013/A Cut of soft rock with b.uIIdozer and usage (soll m? 531
from cut or close locations)
KGM/15.013/B Cut of soft rocl§ with bulldozer and usage (soil m? 505
from Borrow pit or to dump)
KGM/15.014/A Cut of hard rock with excavator and usage (soll m? 6.04
from cut or close locations)
KGM/15.014/B Cut of hard r0(_:k with excavator and usage (soil m? 578
from Borrow pit or to dump)
KGM/15.017/A Cut of hard rock with l_aulldozer and usage (soil me 595
from cut or close locations)
KGM/15.017/B Cut of hard r0(_:k with bulldozer and usage (soil me 5 69
from Borrow pit or to dump)
KGM/15.018/A Cut_ of very hard rock with excavator and usage me 6.45
(soil from cut or close locations)
KGM/15.018/B Cut_ of very hard ro<_:k with excavator and usage me 6.19
(soil from Borrow pit or to dump)
KGM/15.023/A Cut_ of very hard rock with bulldozer and usage me 6.36
(soil from cut or close locations)
KGM/15.023/B Cut_ of very hard rogk with bulldozer and usage me 6.10
(soil from Borrow pit or to dump)
KGM/2205 Quenching and compaction of all typesaif nt 1.49
KGM/2206 Quenching and compaction all types of loose roq m® 0.80
KGM/2207 Compaction of all types of rock 3 0.25

Unit prices of hauling, and transportation of weate borrow materials are calculated by the refatio
given by General Directorate of Highways (Karayollaenel Mudurlgu, 2012).




The relation for the unit price of hauling up to.A@m distance is given by:

Firauy = 1.25x0.00046xKxv/M — 0.00575xK 1)
Where,
Fiyqury - unit price of hauling (TL/m3)
K > unit price constant (yearly published by KGM, ¥@6year 2012,
VM . is the weighted average of square roots of nheauting distances determined from

mass haul diagram.

The relation for the unit price of transportatidna@ste and borrow up to 10.000m distance is:
Fuwastey = Figarrowy = 1.25x0.00034xKxv/M — 0.00425xK 2

Where,Fyqstey @aNdFgarrow) define prices of trasnportation of waste and barrespectively in
TL/m® K andvM are as defined Eq. 1.



CHAPTER 2

LITERATURE REVIEW

2.1. STUDIES ON HIGHWAY ALIGNMENT OPTIMIZATION

Vertical alignment design of a highway has a maffect on the safety, construction cost and
operation cost of a highway. The importance of dpimum design concept was realized and the
subject was studied since the 1960s with the iserégathe usage of computers.

Theoretically, highway alignment optimization pretsl involves an infinite number of alternatives to
be evaluated. In some previous applications thémigdtion problem was formulated as a cost
minimization problem in which cost functions werenrdifferentiable, noisy and implicit. Thus, it is
inevitable to use fast and efficient search alpaoni to solve such a problem (Kim et al., 2005).

At the earlier studies on optimization of horizdraad vertical alignments simultaneously, Chew et
al. (1989) has used numerical research while calicg the earth volumes from a basic cross section.
Whereas on later studies the earth volumes arelatdd from profile view, which do not account any
cross sectional areas. Some of these are; Kim ¢R2@02, 2004, 2007) with stepwise genetic
algorithms and with genetic algorithms, Jha ando&f#d (2004) with genetic algorithms. In the
study of Easa (1988) on optimization of verticaigaient of highway, a simple cross-section
template was used for calculating the earthworkuwas in the solution with linear programming.
Some other vertical alignment optimization studiesvhich the earth volumes are estimated from
profile view are; Goh et al. (1988) with dynamicogramming and state parameterization model,
Moreb (1995) with linear programming, Fwa et aD@2) with genetic algorithms and Goktepe et al
(2005) with dynamic programming.

The earthwork volumes calculated from profile viean lead the progress to very rough and
sometimes seriously wrong alignment analysis. Ttaiabmore efficient results, Goktepe et al. has
developed “Weighted Ground Line Method” on vertiedipnment optimization studies (Goktepe et
al. 2003, 2004, 2005, 2009) by locating the vektalaynment on the volume centers of the cross
sections. Still the most precise work can only bygpsied by calculating the earthwork volumes from
the design templates.

The optimization methods of those studies in liten& are successful within their scopes. However,
none of them would be adequately used efficientlyaireal life design process, because of the
complexity of creating the required model assemthig, volume calculation method from centerline

profile view and the disadvantages listed in thiapter.

2.2. OPTIMIZATION METHODS

Optimization is the process of maximizing or mireig a desired objective function while satisfying
the prevailing constraints (Belegundu and Chandtap£999). Optimization of highway alignment is
a non differentiable, complex and multivariable kgem.



The traditional

theoretical

modeling by the conventional optimization technigjegtremely difficult.

Kim at al. (2005) summarized the studies on highaiggnment optimization and the deficiencies of

the existing highway alignment optimization methadsgiven in Table 2 and Table 3.

Table 2: Studies on highway alignment optimizatiorffrom Kim et al., 2005)

optimization techniquesquire the problem to be formulated
mathematically. This requirement presents a seliitation in applying the techniques to solve the
vertical alignment problem. In a real-life highwajesign problem, not all constraints and
requirements can be easily quantified mathemayicdlarying ground conditions from one road
segment to another and special discrete controt®ostraints in specific points make mathematical

~

38)

Horizontal and
vertical alignment
simultaneously

programming

Target for Types of References
optimizing approach
Calculus of Wan (1995), Howard et al. (1968), Thomson and
variations Skyes (1988), and Shaw and Howard (1981.1982
Network OECD (1973). Turner and Miles (1971),
optimization Athanassoulis and Calogero (1973), Parker (1977),
quizontal and Trietsch (1987a,b)
alignment Dynamic Hogan (1973) and Nicholson et al. (1976)
programming
Genetic Jong (1998)
algorithms
Enumeration Easa (1988)
Dynamic Puy Huarte (1973), Murchland (1973), Goh et al.
programming | (1988), and Fwa (1989)
Vertical Linear _ ReVelle et al. (1997) and Chapra and Canale (19
alignment programming
Numerical Hayman (1970), Goh et al. (1988), Robinson (1973),
search Fwa (1989), and MINERVA (OECD, 1973)
Genetic Jong (1998)
algorithms
Dynamic Hogan (1973) and Nicholson et al. (1976)

Numerical Chew et al. (1989)

research

Two-stage Parker (1977) and Trietsch (1987a)
optimization

Genetic Jong (1998), Jha (2000) and Kim (2001)
algorithms
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Table 3: Deficiencies of the existing highway alignent optimization methods
(from Kim et al., 2005)

Methods Deficiencies

Calculus of variations eRequires differentiable objective functions
eNot suitable for discontinuous functions
eTendency to get trapped in local optima

Network optimization eQutputs are not smooth
eNot suitable for continuous search space

Dynamic programming | eOutputs are not smooth

eNot suitable for continuous search space
eNot applicable for implicit functions
eRequires indepencies among subproblems

Enumeration eNot suitable for continuous search space
elnefficient
Linear programming eNot suitable for non-linear cost functions

eOnly covering limited number of points for gradient
and curvature constraints

Numerical search eTendency to get trapped in local optima
eComplex modeling
eDifficulty in handling discontinuous cost items

The very large number of feasible vertical aligntmsslutions in a typical highway design problem
also renders most conventional optimization teamsgunsuitable for practical applications of road
alignment analysis (Fwa et al. 2002).

For a real life highway optimization problem, theegists infinite number of possible vertical

alignments. Even for a 1km length highway segmadtitimvthe vertical grade limit of 6%, assuming

one PVI at every 200m horizontal distance and levatlon grids, there exist 25+49+49+25=148
possible PVI locations. Thus, there exist 25x49:283x1,500,625 possible vertical alignments. The
possible PVI locations are demonstrated in Figure 7

6 % 6 %

PR

ELEVATION

6 % 6 %
1H/5V Exaggerate
0Om HORIZONTAL DISTANCE 1000 m

Figure 7: The possible PVI locations for a 1000m ghway piece for 6% grade limitation
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Because the formulation of the earthwork volumewakion is very complicated, it is not practical
and possible to reach the absolute optimal solstionreal life problems. In this respect, heuristic
algorithms are considered as the efficient solutmois since they lead to an approximate but often
satisfactory solution in tractable time. Genetig@tithms, Tabu Search and Random Search are some
of the well-known heuristic methods. On all of theuristic methods, samples for comparison are
created either by modifying only the first samptesome other samples individually.

In this study, the first sample or the base castcad alignment is the one that the design enginee
constructs. So that the geometric features like graglients, the locations and lengths of vertical
curves and approximate locations of tunnels orrgetetions are already determined manually. The
base case vertical alignment is defined by thetioesa of PVI's of the designer’s initial vertical
alignment. To create the sample space, the loatdriPVI's are altered within a framework where
the neighbor points around old PVI's are definedshifting them both in station and elevation. By
this means a stepwise bounded direct search methaiized to optimize the vertical alignment.

Direct search algorithm is very generic, simple ang time algorithm. It is iterative and startsnfra
previous solution, examines all the neighbor samsplece and chooses the best one among the new
solutions. The algorithm terminates either whenedétches the best among all the neighbors, or when i
reaches the specified number of steps. In thisystim algorithm stopped when the best sample is
detected.

Besides the advantages of the direct search diggrihere are some disadvantages like; the result i
strongly dependent on the initial sample, and ther@ high probability of getting trapped into lbca
minimum or maximum. In this study, the sample spacdirectly dependent on the initial base case
solution of the design engineer but it is not aadigntage since the purpose is to find the optimum
solution close to the designer’s initial solutidie sample space searched for the optimum soligion
going to be bounded to include the vertical aligntreolutions that meet the design criteria. On the
other hand the method will be applied in stepwissnner with varying station and elevation shift
distances, normally reducing the magnitude of thi& B1 every successive step in order to minimize
the probability of getting trapped into a local miam.

In order to work on a usable and practical methoghpl all the earthwork volumes should have been
calculated from the volume difference of highwayface and ground surface; directly or traditionally
by cross section work. For that reason; to caleuthe volumes and the costs correctly; a CAD
program, namely the AutoCAD Civil 3D, is selectexitiae working platform.

Today in highway design works, designers prefars® CAD programs by which the highway can be
modeled in two-dimensional plan view and two-dinienal profile view and also a three dimensional
view and these models can be displayed to thefasénteractive working. The AutoCAD Civil 3D
software, which is a universally well-known CAD pram with the integrated highway design
module, is chosen as the working platform for oftation process of this study.

Before and after each step, the mass haul diagmnevery solution is to be constructed and
earthwork transportation costs are calculated séglgrby considering economic hauling strategy. By
summing up the earthwork transportation cost aedctit and fill costs at the end of each step, the
effect of the variation of earthwork transportaticn also included as a cost parameter in the
optimization process.

12



CHAPTER 3

METHODOLOGY

To minimize the earthwork costs, the simple disszrch is applied in stepwise manner. “The Method
of Hooke and Jeeves” (Basic Optimization Method34) is adopted to the study by repeating the
selection and the exploration phases until thetimmidor the final step is achieved.

First, the initial exploration is carried out fdret neighbor points generated around the first Rafint
Vertical Intersection (PVI) by shifting it with spified horizontal and vertical distances. The fPl

is moved to the neighbor point which releases dleest cost among all. The same process is applied
for all PVI points in sequence. The process is atgub starting from the first PVI every time untd n
more cost reduction can be achieved for the sgekifertical and horizontal shifts. The procedure up
to this point is counted as the first step. Thereeork transportation cost is also calculated atehd

of the first step to include its effect. After thempletion of the first step with the initial verdl and
horizontal shift distances, the vertical and hamiab shift distances are reduced and the wholegzc

is repeated. Depending on the accuracy neededrtioegs can be repeated several times. The flow
chart for the method is given in Figure 8.

Set base PVI locations
Define the Vertical and
Horizontal Shift Distances

Select the
cheapest solution

Select PVI —m= Make exploration — = —mm=  Move PVI

Next PVI

Start Again from
the First PVI

Start Again from the First

PVI, change Shift Distances
Yes

Figure 8: Flowchart of stepwise direct search tectigue used
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3.1. OBJECTIVE FUNCTION

The objective function for the optimization procdssto get minimum total earthwork cost. The
earthwork costs are calculated by the relationsrgin Eq.’s 3 to 9.

min C(earthwork) = min [C(Cut) + C(fill) + C(transport)] (3)

where; Ci.arenwork) IS the earthwork cost,
Cicur) is the cut cost
Ciriny is the fill cost
Citranspore) 1S the earthwork transportation cost

C(cut) = V(cut)x F(cut) (4)

where; Vi, is the cut volume
Fieur) is the unit price of cut perim

Ciriy = Ve Friy + Viexe)X Flexe) )]

where; V() is the fill volume
F(pury is the unit price of fill per th
Viexc) IS the borrow pit excavation volume
Fiexc) is the unit price of borrow pit excavation pet m

C(T‘ransport) = C(Haul) + C(Waste) + C(Bor‘row) (6)

where; Cyqyp) i the hauling cost
C(waste) IS the waste material carriage cost
C(gorrow) IS the borrow material carriage cost

C(Haul) = V(Haul)x F(Haul) (7)

where; Viyqy IS the hauling material volume
Fiyaur is the unit price of hauling per’rtfrom formula 1)

C(Waste) = V(Waste)x F(Waste) (8)

where; Viwaste) iS the waste material volume
F(waste) iS the unit price of carriage per itirom formula 2)

C(Borrow) = V(Borrow)x F(Borrow) (9)

where; Vigorrow) iS the borrow material volume
F(gorrow) 1S the unit price of carriage per ifirom formula 2)

14



The unit prices of cut and fillF(.,) andF g);)) are selected according to the soil type and extt@v
type from unit price list. Also borrow pit excawvati cost is included to the fill cost in cases when
additional material is needed after the consumptibosable cut materials. The transportation cost
(Cieranspory)) is calculated by multiplying the transported karblumes determined from mass-haul
diagram by the unit prices calculated by the refatigiven as Eq.1 and Eq.2 using the overall agerag
haul distance, the average distance to waste atttha average distance to borrow pit.

3.2. VARIABLES

To minimize the objective function, the variablefiding the vertical alignments are the locatiofs o
PVI determined by their elevations and station Kn¥er simplicity, the locations are expressed by
the coordinates x and y as shown in Figure 9.

PVI, (X,¥4)

PVIZ (XZ’Y2)

! PV, (X3,Y;
—> STATION (x)

—> ELEVATION (y)

Figure 9: Variables defining vertical alignment; x, y;

3.3. VERTICAL AND HORIOZONTAL SHIFTS

The location of any PVI can be altered by changis@levation or station, or both. 8 neighbor p®int
are created for each PVI by adding and subtrat¢kiagselected vertical and horizontal shift distance
Ax and Ay to the coordinates of the PVI. The generated himg points around PVI's are
demonstrated in Figure 10.

. L] L) —

2% ‘2 ‘2 Ty
‘% n 2 T
| ax | ax |

— STATION (x)

— ELEVATION (y)

Figure 10: Neighbor points
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In order to select efficient and meaningful shifstdncesAx and Ay, for the steps of optimizing
process, the variation of earthwork cost by movhyPVI's by differentAx andAy values should be
studied. For this purpose, a virtual highway desiji km length with a vertical alignment with 3
PVI's is created. This virtual highway is also sadlin detail in CHAPTER 6 as “Virtual Road 1: Flat
Terrain” and will be also called as “Study roadrfahghout this chapter. The horizontal and vertical
alignments of the study road are shown in Figurarid Figure 12.

“

Figure 11: Study road horizontal alignment

>

P

o PVI, (X,Y,)

—
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Figure 12: Study road vertical alignment

First, the PVI locations are changed by moving themegative and positive x directions with the
horizontal shift distances sequentially increasgd i intervals and the earthwork costs are caledlat
for each new PVI position. The cost variations ddrthree PVI's are illustrated in Figures 13 ta 15
As can be observed from the figures, there ard lmgamum and maximum points making the graph
fluctuating. As a precaution, step sizeAof of the first step should be selected large endagivoid
getting trapped into those local points.
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Figure 13: Earthwork cost variation of the study rcad with the movement of PV{ in horizontal
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Figure 14: Earthwork cost variation of the study road with the movement of PV} in horizontal
direction
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Figure 15: Earthwork cost variation of the study road with the movement of PV} in horizontal

The same process is applied to all three PVI'sdrtizal direction with variabl@\y distances also.
Similarly, each PVI is relocated by moving both dovards and upwards with increasiny
distances by 0.1m intervals up to 1m, and 1m imaterup to 10m sequentially. The cost variations for
all three PVI's due to change in elevations arssthated in Figures 16 to 18. Unlike the search, the

direction

local minimum and maximum points are nearly notesbsd within 10m interval.
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Figure 16: Earthwork cost variation of the study road with the movement of PV} in vertical

direction
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Figure 17: Earthwork cost variation of the study road with the movement of PV} in vertical
direction
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Figure 18: Earthwork cost variation of the study road with the movement of PV} in vertical
direction
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Results of the investigation on the variation of and fill cost with the change of shift distances
showed that the change in the elevation (y) oRké&has a greater effect in comparison to the chang
in the station (x) of the PVI. For th&x values up to 50 m, costs varied between 420.00@&Ad
435,000 TL. On the other hand, with a change ofi8ralevation results in a cost value exceeding
500,000 TL. Based on these results, it is reasertabthooséy values smaller thasx values.

For the study road, generally the cost is increagieeh the PVI's are shifted to new locations with
greater than 20m ansly greater than 5m on both positive and negativectivns. On the other hand,
when PVI's are shifted witlhx smaller than 2m andy smaller than 0.1m, the change in the cost is
very small and can be considered as negligible.

3.4. SELECTION OF THE VERTICAL AND HORIZONTAL SHIFT COUPLES

Since Ax-Ay couples should be selected for the successiyes 5té the optimizing process, it is
required to investigate the variation of the cut §ifi costs by shifting the PVI's both in verticahd
horizontal directions simultaneously. For this msg, based on the results of the prior investigatio
above, 6Ax-Ay couples given in Table 4 are chosen to createhewefor every PVI as shown in
Figure 19.

Table 4: Trial meshes with various shift couples

MESH1 | MESH2 | MESH3 | MESH4 | MESH5 | MESH6
Ax (m)| 200 15.0 10.0 8.0 5.0 2.0
Ay (m)| 4.0 3.0 2.0 1.0 0.5 0.1

Figure 19: Mesh structure

In Figures 20 to 22, each of the 8 radial diredi@ymbolizes the increasing cost from center to
outside for every neighbor point of each PVI. Ahd tosts calculated for each mesh is represented by
an octagon with a different color created by cotingcthe costs observed at neighbor points.
Moreover, in order to make a comparison, the ihitiest is represented as an extra octagon.

20



55.000 T
,;,""g
445000 TL

// ///7/;5\

/

i




////

3

% 4




3\ —
/) 2 /
%
§s T %%%%W
\ Wﬁﬁﬁw
\
fﬂ

/

\

=0

.

1

/
)

Q
oSy %
an%e
o

ncoc oo
ttttt
CSC..L
w292s=
......
D= & >x=_.
52T -0
£Oo0L2€gQ0p@
ttttt
||||||
2hnr”a
[72] We
2 @] =

255 —= =
uuuuu

2BCESY
ECE
Q- o.=

285505

ttttt
ewmwtw
tttttt

Q. =
.|t..& Smm

< 7))
20.tg
nsveoome

rfh.IC
P .....lo

= Q =
S5 OO
.m.,C..an..vA.Op

L28L2=28
£>0>3%
S od g5
S b O =
geouls
mmmm
......
SE QS S
Sms =
n O 8
@]
uuuuuu
ssssss
DEG O Qg
rSrl...UbC
2LHOIEG
.....
TTTT



It is observed that the changes in the excavatmheanbankment costs for mesh 6 are very low being
less than 1% of the initial cost. Such a small geain the cost can be evaluated as insignificasta A
result, for second and third steps, meshes 4 a@rd Selected respectively.

Even though for different problems efficient meg&tes might come out to be different, meshes 3, 4
and 5 are going to be used for all the verticgratients in this study. Since the optimizing proesss
will be applied continuously until no more costuetlon is achieved, the accuracy attained by using
the shift distances of mesh 5, namely 5.0m in looitizl direction and 0.5m in vertical direction dan
considered as adequate. In case of hesitation, festh 2m ofAx and 0.1m ofAy or a completely
different mesh can always be used for an additietegd (step 4) of the optimizing process. From this
point on, meshes 3, 4 and 5 will be called as “Geuxesh”, “Fine Mesh” and “Finest Mesh”
respectively as identified in Table 5. And thesm&shes will be used sequentially in 3 steps of the
optimization process.

Table 5: Selected meshes with definite shift coue

COARSE MESH FINE MESH FINEST MESH
Ax (m) 10.0 8.0 5.0
Ay (m) 2.0 1.0 0.5

3.5. COMBINATORIAL CASE COMPARISON

The selected PVI moved to the predetermined 8 beighoints one by one in sequences and the costs
are recalculated for all 8 new locations. The dma gives the minimum cost among 9 solutions
(initial plus 8 runs) is selected as the new PVsipon for the next base vertical alignment. The
process is applied for every PVI and the new baswical alignment is established by the new
locations of all PVI's. For the study road, a pbksisecond base vertical alignment that can be
achieved after 27 (9+9+9) runs is shown in FigiBe 2

PVI, (x;Y2)

PVI,(X5Y5)

PVL'(x.y.)

—> ELEVATION (y)

—> STATION (x)

Figure 23: Sample PVI locations of study road aftefirst step

For an alignment with 3 PVI's and the selected matthough the total number of possible solutions
is 729 (9x9x9) within one step for all neighborsalf PVI's, the number of possible solutions is
reduced to 27 (9+9+9) by making the search secplgntis explained above. It was necessary to
evaluate the loss in accuracy by reducing the saséce in this manner. For this purpose, the costs
for all the 729 combinations of the neighbor poiats calculated with the coarse mesh around 3
PVI's of study road. The solutions are presenteBigure 24 so that the cost effect of the movement
of 3 PVI's can be examined.
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For the study road with the cost of 424,259.45 T the base case vertical alignment, the
combinatorial and sequential processes were reyadyitapplied for all three steps of the optimizing
process. The optimization was ended up after 8@a8 when all combinations are searched whereas
only 405 runs were utilized for the sequential skaFor both cases the run numbers in each step and
the minimum costs obtained for each step are tdmilan Table 6. The difference between the
minimum costs of the final solutions is less tha¥. 1This result indicates the success of the
optimizing process. It should be kept in mind ttiet success level would be different for different
problems. Also the final vertical alignments afteontinues 3 steps of optimizations for both
combinatorial and sequential cases are shown ur&ig5s.

Table 6: Comparison of the results of combinatoriabnd sequential cases

COMBINATORIAL CASE
MESH |  RUNS | REV.COST(TL) | % of INITIAL
SINGLE ONE STEP
COARSE MESH | 729 | 369,451.30 | 87.08
CONTINUOUS ONE STEP
COARSE MESH | ax729 | 362,351.16 | 85.41
CONTINUOUS THREE STEPS
COARSE MESH 4%729 362,351.16 85.41
FINE MESH 2 x 729 356,492.25 84.03
FINEST MESH 6 x 729 354,680.77 83.60
TOTAL 8748 RUNS 354,680.77 TL 83.60 %
SEQUENTIAL CASE
MESH |  RUNS | REV.COST(TL) | % of INITIAL
SINGLE ONE STEP
COARSE MESH | 27 | 370,945.87 | 87.43
CONTINUOUS ONE STEP
COARSE MESH | 7x2r | 368,949.24 | 86.96
CONTINUOUS THREE STEPS
COARSE MESH 7 x 27 368,949.24 86.96
FINE MESH 3x27 359,968.30 84.85
FINEST MESH 5 x 27 357,297.43 84.22
TOTAL 405 RUNS 357,297.43 TL 84.22 %
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Figure 25: The vertical alignments obtained after ontinuous three steps of optimization, as a
result of combinatorial and sequential processes.

3.6. THE EFFECT OF THE BASE CASE VERTICAL ALIGNMENT

In this study, the initial base case is assumebetselected by the engineer in accordance with the
design standards. The method adopted herein doesauessitate changing the curve lengths.
Additionally, the module automatically eliminatdsetsample profiles with grades exceeding the
specified maximum. Also the sample profiles withrtioal curve conflicts are discarded by the
system. Therefore the sample space for solutiohonly include vertical alignments conforming to
the adopted specifications.

On the other hand, the final solution will obviopsle dependent on the base case vertical alignment
constructed by the designer. Since the methoddadaigypted herein does not allow any change in the
number of PVI's, all of the solutions will contathe same number of PVI's. In other words, the
optimum vertical alignment reached will be the optm one for the sample space bounded by the
number of PVI's of the base case profile. Theretbheeoptimizing method used herein can be thought
to be a fine tuning of the initial sample profile.

To evaluate the method’s sensitivity on the base gaofile, an investigation was conducted with 10
design engineers. These engineers were asked igndessertical alignment with 3 PVI's for the
given topography and the horizontal alignment ef $tudy road by trying to minimize the earthwork
cost.

Two different tendencies were observed in theahidiesign. 5 of the designers preferred to stiek th
surface as much as they can by steeper gradesgaghtire other 5 drew smoother grade lines while
trying to balance the cut and fill volumes. Thessidgners and their initial alignments are represgent
by two groups; the initial vertical alignments @bsfitting to the surface profile are called Grolp
and the initial vertical alignments with smootheadgs are called Group 2.

In Group 1; two engineers have almost 1 year ofedggpce in highway design, and other three
members have experiences of 3,6 and 16 years. iAl$&roup 2; three engineers have 1 year of
experience and other two members have 8 and 3@ yéaxperience in highway design. The initial
alignments of Group 1 and 2 are shown in Figurara® Figure 27 respectively.
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Figure 26: Initial alignments constructed by desigers in Group 1
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Figure 27: Initial alignments constructed by desigers in Group 2

The sequential optimizing process is applied tottadlse 10 initial alignments. The final optimized
alignments of Group 1 and 2 are shown in Figurar&BFigure 29 respectively.
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Figure 28: Optimized alignments of the designers iGroup 1
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Figure 29: Optimized alignments of the designers iGroup 2

Since the initial PVI locations were selected ineleghently by the designers, it was not possible to
reach exactly the same final alignment for all #fternatives by using the same mesh sizes. On the
other hand, the costs of the optimized alignmergsvary close to each other in Group 1 and Group 2
separately. The overall sensitivity of convergeig@irectly related to the shift distances of fines
mesh. The progresses in cost reductions througbgtimization steps for each designer’s alignment
are shown in Figure 30 and Figure 31, for Groupsd 2 respectively.
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Figure 30: Cost reductions achieved by optimizingtte alignments of designers in Group 1
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Figure 31: Cost reductions achieved by optimizingtte alignments of designers in Group 2

For the initial alignments in Group 1, the averagst is 409,082.23 TL with a difference of 36,648.6
TL between the highest and the lowest. After tiate@ of optimization, the costs of the final sauns
lay between 357,297.43 TL and 358,857.79 TL.

On the other side, the costs of the initial alignteein Group 2 vary between 403,307.72 TL and
450,010.58 TL, with a difference of 46,702.86 Tliveeen the highest and the lowest. At the end of
three steps of optimization, the average cost@bittimized alignments becomes 364,711.22 TL with
the maximum and minimum values of 366,836.15 TL 388,153.05 TL respectively.

The optimization process provided cost reductioa/img between 9.04 to 19.08 % for all of the
initial designs. For different initial vertical glhhments constructed by the designers involved én th
study, it is observed that the cost and alignmeffierdnces become smaller and smaller after each
step of the optimization process. For the studydyothe designs from different designers
in Group 1 are converged significantly. Besideg, tiptimized designs of Group 2 are considerably
different from each other. Although only one horital alignment is used in this investigation, the
results showed that the method is highly dependeithe initial base case alignmemhis is expected
since the method suggested herein is a fine tutgngnique developed with an adopted heuristic
algorithm.
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The shift distances of finest mesh, which determiitie sensitivity of the optimization process, are
selected to get the minimum cost reduction valuadoynd 1%. Certainly, the convergence level may
be increased by adding more optimization steps adttitional smaller shifts.

3.7. LONG CORRIDOR PERFORMANCE

In spite of the fact that, AutoCAD Civil 3D has timit for the corridor length, the capacity of the
current personal computers may not be adequatenplete the optimization process at once for very
long highway segments. As the length of the highwagment increases, the modeling process of
each run necessitates higher and higher computaronyeand longer run time, which may result in
computer errors. To select an efficient highwaygterfor optimization, highway segments of 10, 50
and 100 km lengths were studied. The process dtatecessfully for each design, but for 50 and 100
km highway segments it ended up with an error dukadk of free computer memory. Although the
performance of the operations on highway modelsak® dependent on other factors, like the surface
model detail, cross section type and the highwaynaient characteristics, it is advised to divide th
long highways to 10 km length segments in orderatioto face with computer capacity problems.

Another critical point that can affect the highwapgth limit for optimization process is the recafd
temporary files. The software records one tempofieyafter every change in the highway model
while working. While undo option of AutoCAD Civil 3 is active, the software records those
temporary files to the temp folder in the hard digkthe computer. One system file created and
recorded to the disk after every run of the optatian by a change in a single PVI. Due to the folde
size limitations, the software stops with an emfier 825 runs. This indicates that for an aligntmen
with 10 PVI the possible number of optimizationssietr one mesh is simply reduced to 9 which count
for 10x9x9 = 810 runs. On the other hand, the jpdssiun number can be significantly increased by
turning the undo option to off. While the undo optiis inactive, the software only works with the
cache memory. By using a computer with 8GB of RAMy maximum number of runs observed as
8189 which allows a total number of 45 optimizate®is on an alignment with 20 PVI in one step.
Such a performance can be considered sufficierd fidd km length of highway design.
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CHAPTER 4

THE MODULE “EARTHWORKER”

The module “EARTHWORKER” was created in Visual Bagirogramming language within the
AutoCAD Civil 3D platform. The code of the modukegiven in APPENDIX A.

The module creates a sample space to apply thet diearch method explained in Chapter 3. The
module extracts the volume data for each sampletisal from AutoCAD Civil 3D platform to
calculate the earthwork cost. The stepwise direatch method was applied by running the module
three times with three meshes to optimize the sariilignment of a given highway project. The user
interface shown in Figure 32 is prepared to enééa dnd control the module.

EARTHWORKER x|
— COST FACTORS — CURREMT
CUT{TL/m3):  FILL {TL/m3): EARTH TRANSFORT CUT VOL. {m3): cuT)|
{TL/m3) {TL/m3) COST (): {m3)
CUT MATERIAL BORROW EXCAVATION CUT COST {TL): cuT]
USAGE RATIO%): PRICE (TL/m3): PuicosT: [
| o | o -
TOTAL EARTHWORK COST {TL):
— TUNING O | oTAL|
STATION ELEVATION MAXIMUM
SHIFT {m) : SHIFT (m) : GRADE (%) :
E E |
— PVIset — REVISED PVI st
STATION {m)  ELEVATION {m) STATIOM {m) ELEVATION {m)
pur 1 © | o PVI 1
pura:| © | o PV 2:
pur 3| © | o PVI 3
pur4:| 0 | 0 PVI 4
RUN
pvrs:| 0 | o PVI 5
purs:| © | 0 PVI 6
izl 0 | 0 PV 7:
purs:| © [ 0 PVI 8
— REVIZED
CUT YOL.(m3): CUT| CUT COST {TL): CUT| TOTAL EARTHWORK COST (TL):
FILL VoL, {m3): FILL| FILL COST {TLY: ST OTAL|
— TIME
Start: Finish; Total Runs; Session Starts
| | | | | 18-Dec-12 13:31:48/

Figure 32: The user interface

33



The module first calculates the total earthworktcof the initial vertical alignment. Then the
optimization algorithm is applied by altering thections of the selected PVI's with specified shift
distancesAx andAy, of selected mesh.

The required inputs to the module are as follows:

No aMwNRE

Cut and fill unit prices,

Usable cut material ratio for fill,

Borrow pit excavation unit price,

Earthwork transportation cost calculated from nizessl diagram,
Shift distances for elevation and station of PVAg,andAy,
Maximum allowable vertical grade,

Initial coordinates of PVI's, (xy,).

The outputs can be listed as follows:

ogrwbhPE

Cut and fill volumes of the initial and revised tieal alignment,
Cut and fill costs of the initial and revised vedti alignment,
Total earthwork cost of the initial and revisedtigad alignment,
Revised coordinates of PVI's{(x;),

Start and finish time,

Total number of runs.

There are two operations available in the moduldeurfGET” and “RUN” buttons. Clicking the
“GET” will provide the calculation of the earthwodost by using the input unit prices and the ihitia
earthwork volumes that are calculated and storetthéyAutoCAD Civil 3D. The “RUN”" operation on
the other hand activates the module to performofitamization by direct search method explained in
Section 3. The flow charts of the processes a&d/dty “GET” and “RUN” buttons are given in
Figure 33 and Figure 34.

GET FUNCTION (CURRENT CONDITION)

4 Obtain:
-unit prices and earth
transport cost identified
g by the user

Accessing application
and document objects of
AutoCAD Civil 3D

Define: A
-Volume Surface

Obtain:

-cut and fill volumes Y,

H

Calculation of:

-Cut Volume and Cost
-Fill Volume and Cost
-Total Earthwork Cost

Figure 33: Flowchart of “GET"
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RUN FUNCTION (OPTIMIZE)

-Timer Start
-Run Counter =0

Accessing application
and document objects of
AutoCAD Civil 3D

Define:
-Surfaces
-Alignment
-Profile

-PVI (specified by user)

-

Obtain:

-Unit Prices and Earth
Transport Cost
Identified by User

Obtain

Calculate and Set:
-Current Cost
-Shift Distances (Ax, Ay) _S;};f;t 1;1;2:(()1 t08)
Identified by User £

Y

Y

Select:
-PVI (identified by user)

Y

-

j/ N N, —/
Next Neighbor

Obtain:

-Cut and Fill Volumes
Calculate:

-Cost

All the neighbors are examined?

es i No

Select and Define:

-Cheapest Cost and Solution
of 9 case (8neighbor +initial)
Adjust PVI:

-To Cheapest Solution

¢

All the PVT's are examined?

No

( Yes i

Compare Costs:

\

YES -Current Cost > Cheapest ?
(cheaper) (Does the new solution (equal)
cheaper ?) J
-Timer Stop
[-Data Print ) | TOVOH ]

Next PVI

Figure 34: Flowchart of “RUN"
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CHAPTER 5

PROCEDURE

In order to apply the optimization process expldiimeChapter 3, the alternative horizontal aligninen
should be completed and the trial vertical aligntr&ould also be formed in AutoCAD Civil 3D
platform. The execution of “Earthworker” module @mahtes the excavation and embankment costs.
The earthwork transportation cost for any solutitmould be calculated separately. The steps of the
overall optimization process are explained in tifving sections.

5.1. STEP ONE: HIGHWAY DESIGN ON AUTOCAD CIVIL 3D

To run the module and optimize the vertical aligntreuccessfully, initial geometric design should be
available in the AutoCAD Civil 3D. There are siep$ to be completed for the preparation of a trial
geometric design:

Digital terrain map of the surface is created,
Horizontal alignment is established,

Ground profile and vertical alignments are estalelis
Assembly (cross section) is created,

Corridor and corridor surface are created,

Volume surface is created.

o krwnPE

In Appendix B; highway design steps on AutoCAD CBD are explained in detail. Much detailed
information can be found on AutoCAD Civil 3D UseiGuide (User's Guide, AutoCAD Civil 3D
2011, 2010).

5.2. STEP TWO: EARTHWORK TRANSPORTATION COST

To calculate the earthwork transportation costs inecessary to draw the mass haul diagram and
calculate the costs of waste, barrow and haulisgtb®n optimum mass haul strategy manually.

Mass Haul Diagram is the plot of cumulative cutsfiblume versus distance and it is a tool to select
the most economic scheme for the earthwork tratsfon. In cumulative volume calculation, cut
volumes are taken as positive and fill volumestaken as negative. To draw the mass haul diagram,
the cut and fill areas of the cross sections atlegstations and then the cut and/or fill volumes
between successive stations should be calculatgtlid study, the mass haul diagrams created by the
AutoCAD Civil 3D are used directly. The details foreating mass haul diagram in AutoCAD Civil
3D is explained in Appendix B.7.

5.2.1. SELECTION OF ECONOMIC BALANCE LINE

The economic hauling strategy and the correspondarthwork transportation cost are based on by

the economic balance line to be selected for thesnfeul diagram. The balance lines are the

horizontal lines drawn on the mass haul diagrarbalance line stars at a point on the mass curve and
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ends at another point on the mass curve. The aufilivolumes between two successive points of
the balance line on the mass curve are equal andate balanced. The detailed information about
mass haul diagrams can be found in many standafefenee books. The Introduction to
Transportation Engineering by Banks (Banks, 1998&ie such reference book.

The product of a volume of material times the agerdistance it is transported is referred to a$ hau
and is expressed in stations times cubic meters didtance across a loop, say the distance lakeled
in Figure 35, represents the distance that a pdatiaunit volume of material (represented by the
differential element dV) would be hauled. Integratiof xdV between particular limits gives the total
amount of haul between those limits. This meanstttal haul is represented on the diagram by the
areas under the curve between given limits (Bat@88).

Hauling within 100m distance is taken as free mmauin Turkish practice, for distances longer than
100m; the unit price for hauling was calculatedvirgq.1.

The unbalanced waste and borrow material volume®htained from the mass diagram as shown in
Figure 35. The unit prices are calculated by usigd.

Waste
Cumulative
eanthwork Volume
volurne
Borrow |
Volume Station |

Figure 35: Properties from mass diagrams, from Bank

Hauling strategy is determined by the locationhaf balance line. For the most economical hauling it
is necessary to select a balance line that woukhse the minimum earthwork transportation cost.
The problem of selecting the most economical badimes for a given mass haul diagram requires
minimizing the total earthwork transportation chstction.

For this purpose, the limit of economic haulingtalicce should be determined. The limit of
economical haul (LEH) was determined by finding thstance for which the cost of hauling a unit
volume of material from cut to fill is equal to teeam of the costs of barrow and waste. The conditio
for the economic hauling is then:

F(Haul) = F(Waste) + F(Borrow) (10)

The LEH is the average haul distance (M) that Batishe equality given by Eq.10. Inserting thetuni
price relations given by Eq.1 and Eq.2 into Eqth@, parametevM can be solved and by taking the
square of it the average haul distance M whichéslimit of the average economical haul (LEH) can
be determined.

By knowing the LEH, the economic balance line whitgines the most economic hauling scheme
can be drawn for any given mass haul diagram. EBhection of the most economic balance line is
done in a stepwise manner by studying the mass diagtam loop by loop. For a single loop, the

38



balance line that release an average haul distequeal to LEH is the most economic one provided
that such a balance line is possible. For two ldopaiccession, the economic balance line is tiee li
which has equal bases for crest and sag loops. ¥amgle of two loops in succession and its
economic balance line is demonstrated in Figure 36.

AB =BC

Figure 36: Balance line at even number of loops

The special treatment applied for two loop casesta®wn in Figure 36 can be generalized for
successive even number of loops by drawing a baléine that satisfy the equality of summation of
base of crest loops and summation of the basesgdbsps.

For odd number of multiple loops, balance linesenaeated optimally as shown in Figure 37.
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VL1+ VL3 = VL2 + YLEH

Figure 37: Balance line at odd number of loops

Once the economic balance line is selected, thenved are obtained from the mass haul diagram and
the costs are calculated by using Equations 6, Zn& 9 mentioned in Chapter 3.1. In this study, an
excel sheet was prepared for the calculations,th@d/olumes were calculated from the mass haul
diagram manually by using the tabulated data.
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5.3. STEP THREE: MODULE APPLICATION

The module “Earthworker” is used in this step. Be the module, installation of AutoCAD Civil 3D
and Visual Basic enabler application are necessafter setup, the necessary data explained in
Chapter 4 should be inserted into the module feinopation. The details of the setup procedure and
the usage of the module are explained in Appendix C

By performing the “RUN” function of the module tlerdimes with different meshes, the stepwise
direct search is applied to the vertical alignmeBefore and after each step of application with
different meshes, the earthwork transportation isosalculated and added to the total earthwork cos

In summary, first the highway geometry is desigmedAutoCAD Civil 3D, then the earthwork
transportation cost is calculated separately amdfitlst step of optimization with coarse mesh is
applied. After the first step, the mass haul diagigrevised and second step of optimization wiik f
mesh is applied. By the application of the thirepsdf optimization with finest mesh, the procedigre
completed and the final mass haul diagram is revise
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CHAPTER 6

CASE STUDIES

In this study, a number of optimization trials hdeen made on imaginary and real highway designs
during the development of the process. In this trapptimizations on three virtual projects and a
real highway project are presented

6.1. VIRTUAL ROADS

To demonstrate the progress, three virtual roadswf lengths are designed and optimized. The roads
are designed to illustrate the study on three wffeterrain types; flat, rolling and mountainotikree
scenarios were made according to the terrain tfpemaximum allowable gradient of the vertical
alignment of the highway, the earthwork unit prigesl the average distances to borrow pits and
dumping areas have selected accordingly. In althihee design roads, the cross section is takémeas
basic divided highway assembly of AutoCAD Civil 3Dhis cross section is 34m wide and has two
lanes of 3.6m, with 2.4m length shoulders and nredded 6.0m on both directions.

The process is done with a computer with i7 typadgoore 3.40GHz of processor with 8GB of ram
and 4GB graphic card. With this configuration, vk calculations for the virtual roads for one run
take approximately 3.5sec. Since the process wiitinue until there is no more improvement, the
total computation time varies depending on therrumbers to reach the lowest cost solution in each
step.

For each road, first the plan views are illustrate&igures 39, 41 and 43. The general properties a

listed in Tables 7, 11 and 15 respectively for ©dd 2 and 3. The optimization statistics are also
tabulated in Tables 8 and 9 for road 1, in TabRarid 13 for road 2 and in Tables 16 and 17 fad roa

3.

Additionally the initial and final vertical alignmés are demonstrated with blue and red colors in
Figures 40, 42 and 44 and finally the summary taldee presented in Tables 10, 14 and 18,
respectively for roads 1, 2 and 3.
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VIRTUAL ROAD 1. FLAT TERRAIN

START
Figure 38: Road 1; plan view
Table 7: Road 1; general properties
PROPERTIES
Total Surface Area (m2) ;1619290
Total Number of Surface Data : 19663
Length of the Road (m) : 1000
Right of Way Width (m) . 34
Total Number of PVI Examined . 3
Max Vertical Gradient (%) )
Soil Type : soft
Cut Price (TL/m3) 171
Fill Price (TL/m3) © 149
Cut Material Usage Ratio (%) : 80
Borrow Excavation Price (TL/m3) . 1.45
Average Distance to Borrow Pit (m) ;2000
Average Distance to Waste Area(m) : 2000

42



Table 8: Road 1; step by step cost changes

START END DIFFERENC
E
MESH C(transport| C(cut&fill | C(earthwork| C(transport| C(cut&fill | C(earthwork| C(earthwork)
) (TL) ) (TL) ) (TL) ) (TL) ) (TL) ) (TL) (TL)
COQRS 449,281.00 424’5259'4 873,540.45| 161,133.00 368f49'2 530,082.24| 343,458.21
FINE | 161,133.00 >°%249%| 530,082.24| 95819.50| 3% 7°%3| 4s5,787.80| 74,204.44
FINEST | 95,819.50 359’(5)368'3 455,787.80| 80,685.00 357‘3297'4 437,982.43 17,805.36
Table 9: Road 1; step by step PVI locations
AFTER COARSE AFTER FINEST
PVI INITIAL MESH AFTER FINE MESH MESH
No Station Elevation Station Elevation Station Elevation Station Elevation
(m) (m) (m) (m) (m) (m) (m) (m)
0 0+000.00 878.00 0+000.00 878.00 0+000.00 878.00 0+000.00 878.00
1 0+144.00 871.00 0+164.00 873.00 0+164/00 873.00 +159.00 872.00
2 0+280.00 877.50 0+300.00p 879.50 0+300}00 879.30 +290.00 879.50
3 0+490.00 873.50 0+430.00 875.50 0+414}00 876.30 +394.00 877.00
4 1+000.00 878.00 1+000.00 878.00 1+000.00 878.00 1+000.00 878.00
ELEVATION (m)
INITIAL
885 FINAL
880 —— -
875 \\ / T et T | |
870 ]
865
S STATION(m) 3 3
(=] n =]
¥ + ¥
o o -—
Figure 39: Road 1; initial and final alignments
Table 10: Road 1; optimization summary
TOTAL
INITIAL FINAL DIFFERENCE COMPUTER
C(earthwork) | C(earthwork) No. of .
(TL) (TL) C(earthwork) (TL) runs Time
873,540.45 437,982.43 435,558.02 405 27' 31"
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VIRTUAL ROAD 2: ROLLING TERRAIN

Figure 40: Road 2; plan view

Table 11: Road 2; general properties

PROPERTIES
Total Surface Area (m2) © 1619688
Total Number of Surface Data ;9571
Length of the Road (m) ;1000
Right of Way Width (m) © 34
Total Number of PVI Examined 5
Max Vertical Gradient (%) . 8
Soil Type : medium
Cut Price (TL/m3) : 5.40
Fill Price (TL/m3) :0.80
Cut Material Usage Ratio (%) ;90
Borrow Excavation Price (TL/m3) : 514
Average Distance to Borrow Pit (m) ;1000
Average Distance to Waste Area(m) ;1000
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Table 12: Road 2; step by step cost changes

START END DIFFEERENC
MESH . .
C(transporf C(cuté&fill) | C(earthwork| C(transport) C(cut&fill) | C(earthwork| C(earthwork)
) (TL) (TL) ) (TL) ) (TL) (TL) ) (TL) (TL)
COéRS 206,976.00 1,403,538.9 1,61(;,514.9 43,698.00 1,06#601.0 1,1087,299.0 508,215.84
EINE 43.698.00 1,06@,601.0 1,1087,299.0 43,698.00 1,06@,601.0 1,1087,299.0 0.00
FINEST | 43,698.00| 10040010 11082990 45 475 g | 1:00%229-9 11057070 5 592 01
Table 13: Road 2; step by step PVI locations
AFTER COARSE AFTER FINEST
PV INITIAL MESH AFTER FINE MESH MESH
No Station Elevation Station Elevation Station Elevation Station Elevation
(m) (m) (m) (m) (m) (m) (m) (m)
0 0+000.00| 715.00 | 0+000.00( 715.00 | 0+000.00| 715.00 | 0+000.00| 715.00
1 0+115.00 712.60 0+115.00 714.60 0+115[00 714.60 +119.00 714.60
2 0+390.00 718.10 0+390.00 720.10 0+390(00 720.10 +390.00 720.10
3 0+575.00 715.40 0+565.00 717.40 0+565[00 717.40 +560.00 717.40
4 0+790.00 717.00 0+780.00 717.00 0+780.00 717.00 +789.00 717.00
5 0+900.00 712.00 0+900.00 712.00 0+900}00 712.00 +890.00 712.00
6 1+000.00 715.00 1+000.00 715.00 1+000.00 715.00 1+000.00 715.00
ELEVATION (m)
INITIAL
&s FINAL ‘
720 e
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Figure 41: Road 2; initial and final alignments
Table 14: Road 2; optimization summary
TOTAL
INITIAL FINAL DIFFERENCE COMPUTER
C(earthwork) C(earthwork) C(earthwork) .
(TL) (TL) (TL) No. of runs Time
1,616,514.91 1,105,707.06 510,807.85 315 17'29

45



VIRTUAL ROAD 3: MOUNTAINOUS TERRAIN

Figure 42: Road 3; plan view

Table 15: Road 3; general properties

PROPERTIES
Total Surface Area (m2) : 1597363
Total Number of Surface Data © 9226
Length of the Road (m) ;1000
Right of Way Width (m) 34
Total Number of PVI Examined 4
Max Vertical Gradient (%) ;12
Soil Type . hard
Cut Price (TL/m3) © 6.45
Fill Price (TL/m3) : 0.25
Cut Material Usage Ratio (%) . 95
Borrow Excavation Price (TL/m3) © 6.19
Average Distance to Borrow Pit (m) : 500
Average Distance to Waste Area(m) ;1000
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Table 16: Road 3; step by step cost changes

START END DIFFERENCE
MESH - -
C(transport] C(cut&fill) | C(earthwork)| C(transport) C(cut&fill) | C(earthwork)| C(earthwork)
(TL) (TL) (TL) (TL) (TL) (TL) (TL)
COARSE | 188,280.50| 1,163,969.5]1 1,352,250.0] 98,077.00 | 851,632.17 949,709.17 402,540.84
FINE 98,077.00 | 851,632.17| 949,709.17 | 109,652.50| 844,716.65 954,369.15 -4,659.99
FINEST | 109,652.50| 844,716.65| 954,369.15| 107,157.00| 838,536.00 945,693.00 8,676.16
Table 17: Road 3; step by step PVI locations
AFTER COARSE AFTER FINEST
PVI INITIAL MESH AFTER FINE MESH MESH
No Station Elevation Station Elevation Station Elevation Station Elevation
(m) (m) (m) (m) (m) (m) (m) (m)
0 0+000.00f 932.73 | 0+000.00/ 932.73 | 0+000.00| 932.73 | 0+000.00| 932.73
1 0+353.75 966.23 0+343.75 968.23 0+351,75 969.23 +346.75 968.73
2 0+556.01 976.10 0+606.01 978.10 0+582,01 978.10 +592.01 978.10
3 0+821.42 966.32 0+821.42 966.32 0+821(42 966.32 +816.42 966.82
4 0+909.2 956.03 0+909.2 956.03 0+909.2 956.03 0290 956.53
5 1+000.00 945.53 1+000.00 945.53 1+000.00 945.53 1+000.00 945.53
ELEVATION (m)
INITIAL
SeE o FINAL
T S~
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Figure 43: Road 3; initial and final alignments
Table 18: Road 3; optimization summary
TOTAL
INITIAL FINAL DIFFERENCE COMPUTER
C(earthwork)| C(earthwork)| C(earthwork) )
(TL) (TL) (L) No. of runs Time
1,352,250.01 945,693.00 406,557.01 468 24' 3"
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For all three roads, considerable amounts of aedtiations are achieved by the application of the
optimization process. The cost reductions are tdbdlfor all three roads separately for cut arld fil

costs and earthwork transportation costs and dwsaethwork costs in Table 19.

Table 19: Cost changes for three roads

COST CHANGES
C(transport) (TL) | C(cut&fill) (TL) C(earthwork) (TL)
ROAD 1: 368,596.00 66,962.02 435,558.02
ROAD 2: 164,498.00 346,309.85 510,807.85
ROAD 3: 81,123.50 325,433.51 406,557.01

Additionally, the percent ratios of cost reductiguer initial earthwork costs are also tabulated in
Table 20. As expected, the cut and fill cost reducpercentages observed for highways on flat
terrain are less than the percentages observethéohighways on mountainous terrain. Another
interesting point to mention is that the earthwtdnsportation cost reductions on flat terrain are
greater than the reductions on mountainous terrain.

Table 20: Cost change ratios for three roads

COST CHANGES/INITIAL EARTHWORK COST

C(transport) (%) C(cut&fill) (%) C(earthwork) (%)
ROAD 1: 42.20 7.67 49.87
ROAD 2 10.18 21.42 31.60
ROAD 3: 6.00 24.07 30.07

6.2. A SEGMENT OF KASTAMONU-TASKOPRU ROAD

In this section, a real life highway design wasirofted by the method suggested in this study. The
design road is a relocation road between HantnuTaskbpru in the province of Kastamonu. The
road is called Kastamonu - J@pri road. The start and end points of the propret at km:
54+552.81 and km: 64+248.82 respectively, as caseba on Figure 44 also with the location of the
road. The reason for relocation is a planned hydobecity power plant which will submerge the old
road under water. The total length of the roadpigsreximately 10 kilometers. For the optimization
process, a piece of approximately 2.5 kilometers gfesen.
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Figure 44: Location of the Kastamonu - Takopri road

The start km of the road was changed to 0+000.G8easecessity to work the module, as explained
in Appendix B. The plan view of the road segmernttésonstrated in Figure 45.

PROJECT START

PROJECT END

KM: 02+467.75

Scale:
100m  500m

Figure 45: Plan of Kastamonu — Takopru road
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The data tables for the Kastamonu sKicgorii road are prepared in general properties,awasiges,
PVI locations and optimization summary separatelyables 21 through 24. Also initial and final
vertical alignments are demonstrated on the sawfdeview given in Figure 46. Much detailed

information about the study can be found in Appeiali

Table 21: General properties of Kastamonu Tgkoprii road

PROPERTIES
Total Surface Area (m2) 960200
Total Number of Surface Data 3473
Length of the Road (m) 2467.751
Right of Way Width (m) 26
Total Number of PVI Examined 4
Max Vertical Gradient (%) 8
Soil Type (mixed) :
-soil 40%
-loose rock 30%
-soft rock 25%
-hard rock 5%
Cut Price (TL/m3) 3.1395
Fill Price (TL/m3) 0.9110
Cut Material Usage Ratio (%) 87.5
Borrow Excavation Price (TL/m3) 2.9870
Average Distance to Borrow Pit (m) 1200
Average Distance to Waste Area(m) 600

Table 22: Kastamonu-Takdpri road; step by step cost changes

START

END DIFFERENCE
MESH - -
C(transport) C(cut&fill) | C(earthwork)| C(transport) C(cut&fill) | C(earthwork) C(earthwork)
(TL) (TL) (TL) (TL) (TL) (TL) (TL)
COARSE | 312,834.50| 1,097,576.49 1,410,410.99 215,188.00| 828,706.83 1,043,894.83 366,516.16
FINE 215,188.00| 828,706.83| 1,043,894.83 215,188.00| 828,706.83 1,043,894.83 0.00
FINEST | 215,188.00| 828,706.83| 1,043,894.83 214,475.00| 828,464.15 1,042,939.15 955.68
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Table 23: Kastamonu-Takdpru road; step by step PVI locations

AFTER COARSE

AFTER FINEST
PV INITIAL MESH AFTER FINE MESH MESH
No Station Elevation Station Elevation Station Elevation Station Elevation
(m) (m) (m) (m) (m) (m) (m) (m)
0 0+000.00 546.31 0+000.00 546.31 0+000.00 546.31 0+000.00| 546.31
1 0+127.55 549.00 0+127.55 551.00 0+127\55 551.00 +12D.55 551.00
2 0+447.55 545.00 0+427.55 543.00 0+427\55 543.00 +421.55 543.00
3 1+207.55 513.80 1+187.55 511.80 1+187/55 511.80 +181.55 511.80
4 2+102.55 520.70 2+132.55 520.70 2+132\55 520.10 +132.55 520.70
5 2+467.75 538.05 2+467.75 538.05 2+467.75 538.05 2+467.75| 538.05
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Table 24: Kastamonu-Takdpri road; optimization summary

TOTAL
INITIAL FINAL DIFFERENCE COMPUTER
C(earthwork) C(earthwork), C(earthwork) )
(TL) (L) (TL) No. of runs Time
1,410,410.99 1,042,939.1§ 367,471.84 288 23' 23"
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CHAPTER 7

SUMMARY AND CONCLUSIONS

Because of the continuous growth in transportatieads of our contemporary societies, the need for
expansion and improvement of existing highway nekwoare inevitable. Construction of new
facilities and improvement of existing ones nedassienormous investments and improper designs
may result in serious economic costs. For thisaeathere are several studies in literature thattai
optimize the highway alignments while minimizingetbosts. The optimizing process for a highway
alignment with its three dimensional geometry ahd tandom nature of the topography is a
multivariable, complex and non-differentiable prl As a result, no optimizing strategy has been
developed yet to find the best or minimum cost otufor a given highway problem. The methods
developed and suggested in literature are simgldied generally aim to reach very rough solutions.

In this thesis work, it is aimed to optimize anyrtical alignment alternative constructed by the
designer for an existing or an already fixed harmtabalignment of a highway on a given topography.
The direct search technique was selected as thieothdor optimizing. The base case condition is
taken as the initial vertical alignment construdbydhe designer. The optimizing process is apptied

a stepwise manner and the solution space at etegrjissbounded by moving the initial PVI's only to
some neighbor points around the initial ones. Fatintizing process a program module was prepared
using Visual Basic programming language and integrao AutoCAD Civil 3D software. The idea
behind using CAD software as the working platfoemd create a practical and efficient optimization
tool to be used in vertical alignments of real kigly projects.

The cut and fill volumes are obtained directly fréime CAD software and the unit prices of General
Directorate of Highways, Directorate of Construntiand Consultancy Tenders Section (Karayollar
Genel Mudurlign, 2012) are used in the calculation of the earthwosts. At the end of each step of
optimization the mass haul diagram was obtainednfr@AD program and the earthwork

transportation costs are calculated based on edorfauling consideration. Although the calculation
of the earthwork transportation cost from the nteesd diagram is a very complicated task, earthwork
costs will only be precise when cost of haulingl®o included. The total earthwork cost is found by
the summation of excavation, embankment and earthts@ansportation costs at the end of each step.

Although the earthwork transportation costs geheiddcrease with the decrease of the cut and fill
volumes, the reverse may also be encountered fiora to time depending on the cut and fill
locations through the highway. As an example, i ¢htual road 3 studied herein, although the cut
and fill costs were decreased, the earthwork tramafion cost calculated after the second step is
obtained higher than the previous one, resultihigher earthwork cost in total.

The optimization method was tested on several alirfprojects and a real highway project.
Considerable earthwork cost reductions were acHiéweall of them.

In virtual road project 1, the earthwork cost idueed from 873.540,45 TL to 437.982,43 TL by the
application of optimizing process. This reductiamrresponds to 49.87%. It is interesting that the
reduction in the earthwork transportation costlie biggest part of the overall reduction. The
earthwork transportation cost reduction is from.283,00 TL to 80.685,00 TL.
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In virtual road project 2, the percent reductiohiaced is 31.60%. The overall cost is reduced from
1.616.514,91 TL to 1.105.707,06 TL with a reductadr610,807.85 TL. The share of transportation
cost reduction is 164,498.00 TL.

In virtual road project 3, the earthwork cost idueed by 30.07%. The initial cost of 1.352.250,@1 T
is reduced to 945.693,00 TL. The transportation xuction is only 81,123.50 TL out of 406,557.01
TL total.

In Kastamonu-Tgkdpru road project, 26.05% reduction is achievetbial earthwork cost. The initial
and the final costs are 1.410.410,99 TL and 1.B®1% TL respectively. For this highway the
decrease in the earthwork transportation costlis @$359.50 TL out of 367,471.84 TL total.

The results are seemed quite satisfying; the earthwosts on the studied alignments were decreased
significantly by the application of the optimizatiprocess.

Considering the wide usage of the AutoCAD Civil 88ftware in highway designs, the optimization
method developed can be considered as a practidaéfficient method for the designers. By using
AutoCAD Civil 3D in earthwork volume calculationtie volumes are calculated precisely in this
study.

The method can be improved by including the earthvitansportation costs calculation from mass
haul diagram directly in the program module in fiertstudies.
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APPENDIX A

CODE OF THE MODULE “EARTHWORKER”

Private Sub UserForm_Activate()

‘grand timer
acilis = Now
Label47.Caption = acilis

MsgBox ("Please make sure that; there is only 1 alignment and 1
profile(wide space), assembly, corridor, corridorsurface and volumesurface
created on that alignment at the drawing.")

End Sub

Private Sub CommandButtonl Click()

"kick off meeting

Dim oDocument As AeccDocument

Dim oAcadApp As AcadApplication

Set oAcadApp = ThisDrawing.Application

Const sCivilAppName = "AeccXUiLand.AeccApplication.9.0"
Dim oCivilApp As AeccApplication

Set oCivilApp = oAcadApp.GetInterfaceObject(sCivilAppName)
Set oDocument = oCivilApp.ActiveDocument

"application of changes

Dim oApp As AcadApplication

Set oApp = ThisDrawing.Application

Dim sAppName As String

sAppName = "AeccXUiRoadway.AeccRoadwayApplication.9.0"
Dim oRoadwayApplication As AeccRoadwayApplication

Set oRoadwayApplication = oApp.GetInterfaceObject(sAppName)
Dim oRoadwayDocument As AeccRoadwayDocument

Set oRoadwayDocument = oRoadwayApplication.ActiveDocument
Dim oCorridors As AeccCorridors

Set oCorridors = oRoadwayDocument.Corridors

Dim oCorridor As AeccCorridor

For Each oCorridor In oCorridors

'Debug.Print "Corridor: " & oCorridor.Name
oCorridor.Rebuild
Next

oCivilApp.ZoomExtents
oCivilApp.ActiveDocument.SendCommand ("regenall ")

'Define surfaces
Dim i As Integer
For i = @ To oDocument.Surfaces.Count - 1
Set osurface = oDocument.Surfaces.Item(i)
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Select Case (osurface.Type)

Case aecckTinSurface:

Dim oTinSurface As AeccTinSurface

Set oTinSurface = osurface

Set oTinSurface = oDocument.Surfaces.Item(i)
osurface.Rebuild

'Debug.Print oTinSurface.Name & ": TIN
Case aecckGridVolumeSurface:

Dim oGridVolume As AeccGridVolumeSurface

Set oGridVolume = osurface

'Debug.Print oGridVolume.Name & ": Grid Volume"

Case aecckTinVolumeSurface:

Dim oTinVolumeSurface As AeccTinVolumeSurface

Set oTinVolumeSurface = osurface

osurface.Rebuild

'Debug.Print oTinVolumeSurface.Name & ": TIN Volume"
End Select

Next i

Dim dCutVol As Double
Dim dFillVol As Double

dCutVol = oTinVolumeSurface.Statistics.CutVolume
dFillVol = oTinVolumeSurface.Statistics.FillVolume

Label43.Caption
Label44.Caption

Round(dCutVol, 3)
Round(dFillVvol, 3)

Dim cutup As Double
cutup = TextBox16.Text

Dim fillup As Double
fillup = TextBox17.Text

Dim ewtrc As Double
ewtrc = TextBox18.Text

Dim cmur As Double
cmur = (TextBox23.Text / 100)

Dim beup As Double
beup = TextBox24.Text

Dim becost As Double

If (dFillVol - dCutVol * cmur) > © Then
becost = (dFillVol - dCutVol * cmur) * beup
Else

becost = 0

End If

Dim cost As Double
Dim ccost As Double
Dim fcost As Double

ccost
fcost

Abs(dCutVol * cutup)
Abs(dFillVol * fillup) + becost
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cost = Abs(dCutVol) * cutup + Abs(dFillvol) * fillup + ewtrc + becost
Label84.Caption = Round(ccost, 3)
Label83.Caption = Round(fcost, 3)
Label45.Caption = Round(cost, 2)

End Sub
Private Sub CommandButton2 Click()

"timer start
baslangic = Now
Label29.Caption = baslangic

'counter start
Dim runnumber As Integer
runnumber = 0

'kick off meeting

Dim oDocument As AeccDocument

Dim oAcadApp As AcadApplication

Set oAcadApp = ThisDrawing.Application

Const sCivilAppName = "AeccXUiLand.AeccApplication.9.0"
Dim oCivilApp As AeccApplication

Set oCivilApp = oAcadApp.GetInterfaceObject(sCivilAppName)
Set oDocument = oCivilApp.ActiveDocument

'Define surfaces

Dim i As Integer

For i = © To oDocument.Surfaces.Count - 1

Set osurface = oDocument.Surfaces.Item(i)
Select Case (osurface.Type)

Case aecckTinSurface:

Dim oTinSurface As AeccTinSurface

Set oTinSurface = osurface

Set oTinSurface = oDocument.Surfaces.Item(i)
osurface.Rebuild

‘Debug.Print oTinSurface.Name & ": TIN"

Case aecckGridVolumeSurface:

Dim oGridVolume As AeccGridVolumeSurface

Set oGridVolume = osurface

‘Debug.Print oGridVolume.Name & ": Grid Volume"
Case aecckTinVolumeSurface:

Dim oTinVolumeSurface As AeccTinVolumeSurface
Set oTinVolumeSurface = osurface
osurface.Rebuild

‘Debug.Print oTinVolumeSurface.Name & ": TIN Volume"
End Select

Next i

‘Define alignment

Dim oAlignments As AeccAlignments

Set oAlignment = oDocument.AlignmentsSiteless.Item(9)
'Debug.Print "Name of the alignment: "; oAlignment.Name

'Define profile
Dim oProfiles As AeccProfiles
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Set oProfiles = oAlignment.Profiles
Dim oProfile As AeccProfile
Set oProfile = oProfiles.Item(1)

'Define PVI
'getting user's PVI data

Dim PVI(1 To 8) As AeccProfilePVI
Dim stat(1l To 8), elev(l To 8) As Integer

stat(1l) = TextBox3.Text

elev(1l) TextBox4.Text

If stat(l) + elev(l) = @ Then
GoTo sendl

End If

Set PVI(1) Nothing

Set PVI(1) = oProfile.PVIs.ItemAt(stat(1), elev(1))
'Debug.Print "PVI closest to station S1 is at station: ";
'Debug.Print PVI(1).Station

‘Debug.Print "Elevation";

'Debug.Print PVI(1).Elevation

GoTo devaml
sendl:
devaml:

stat(2) TextBox5.Text

elev(2) = TextBox6.Text

If stat(2) + elev(2) = @ Then
GoTo send2
End If

Set PVI(2) = Nothing

Set PVI(2) = oProfile.PVIs.ItemAt(stat(2), elev(2))
‘Debug.Print "PVI closest to station S2 is at station: ";
'Debug.Print PVI(2).Station

'Debug.Print "Elevation";

'Debug.Print PVI(2).Elevation

GoTo devam2

send2:
devam2:



stat(3) TextBox7.Text

elev(3) = TextBox8.Text

If stat(3) + elev(3) = @ Then
GoTo send3
End If

Set PVI(3) Nothing

Set PVI(3) = oProfile.PVIs.ItemAt(stat(3), elev(3))
'Debug.Print "PVI closest to station S3 is at station: ";
'Debug.Print PVI(3).Station

‘Debug.Print "Elevation";

'Debug.Print PVI(3).Elevation

GoTo devam3
send3:
devam3:

stat(4) = TextBox9.Text

elev(4) = TextBox10.Text

If stat(4) + elev(4) = @ Then
GoTo send4

End If

Set PVI(4) = Nothing

Set PVI(4) = oProfile.PVIs.ItemAt(stat(4), elev(4))
‘Debug.Print "PVI closest to station S4 is at station: “;
'Debug.Print PVI(4).Station

'Debug.Print "Elevation";

'Debug.Print PVI(4).Elevation

GoTo devam4
send4:
devam4:

stat(5) TextBox11.Text

elev(5) = TextBox12.Text

If stat(5) + elev(5) = @ Then
GoTo send5
End If

Set PVI(5) = Nothing

Set PVI(5) = oProfile.PVIs.ItemAt(stat(5), elev(5))
'Debug.Print "PVI closest to station S5 is at station: ";
'Debug.Print PVI(5).Station

‘Debug.Print "Elevation";

'Debug.Print PVI(5).Elevation
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GoTo devam5

send5:

devam5:

stat(6) = TextBox13.Text
elev(6) = TextBox1l4.Text

If stat(6) + elev(6) = @ Then
GoTo send6

End If

Set PVI(6) = Nothing

Set PVI(6) = oProfile.PVIs.ItemAt(stat(6), elev(6))
‘Debug.Print "PVI closest to station S6 is at station: “;
'Debug.Print PVI(6).Station

'Debug.Print "Elevation";

'Debug.Print PVI(6).Elevation

GoTo devamé

send6:

devam6:

stat(7) = TextBox19.Text
elev(7) = TextBox20.Text

If stat(7) + elev(7) = @ Then
GoTo send?7

End If

Set PVI(7) = Nothing

Set PVI(7) = oProfile.PVIs.ItemAt(stat(7), elev(7))
'Debug.Print "PVI closest to station S7 is at station: ";
'Debug.Print PVI(7).Station

‘Debug.Print "Elevation";

'Debug.Print PVI(7).Elevation

GoTo devam?7
send7:
devam7:

stat(8) TextBox21.Text

elev(8) TextBox22.Text

If stat(8) + elev(8) = @ Then
GoTo send8
End If
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Set PVI(8) Nothing

Set PVI(8) = oProfile.PVIs.ItemAt(stat(8), elev(8))
‘Debug.Print "PVI closest to station S8 is at station: “;
'Debug.Print PVI(8).Station

'Debug.Print "Elevation";

'Debug.Print PVI(8).Elevation

GoTo devam8
send8:
devam8:

'getting user's stepsizes
Dim x As Double
Dim y As Double

X = TextBox1l.Text
y = TextBox2.Text
bigbang:

‘getting current price
Dim dcut As Double
Dim dFill As Double

dcut = oTinVolumeSurface.Statistics.CutVolume
dFill = oTinVolumeSurface.Statistics.FillVolume

Dim cutup As Double
cutup = TextBox16.Text

Dim fillup As Double
fillup = TextBox17.Text

Dim ewtrc As Double
ewtrc = TextBox18.Text

Dim cmur As Double
cmur = (TextBox23.Text / 100)

Dim beup As Double
beup = TextBox24.Text

Dim becost@@ As Double

If (dFill - dcut * cmur) > @ Then
becoste® = (dFill - dcut * cmur) * beup
Else

becoste0 = ©

End If

Dim startcost As Double
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startcost = Abs(dcut) * cutup + Abs(dFill) * fillup + ewtrc + becostee

"define loop for PVI change
Dim n As Integer
For n = 1 To 8

Select Case n

Case
Case
Case
Case
Case
Case
Case
Case

ONOUVITDA WN PR

End Select

'zero station+elevation trap
If stat(n) + elev(n) = @ Then
GoTo trap

End If

"horizontal curve interaction handler
On Error GoTo Hata

"preparation for loop

Dim e As Integer

‘Dim dNetVol(® To 8) As Double
Dim dCutVol(@ To 8) As Double
Dim dFillVol(® To 8) As Double

'getting current volumes

"dNetVol(@) = oTinVolumeSurface.Statistics.NetVolume
dCutVol(®) = oTinVolumeSurface.Statistics.CutVolume
dFillVol(®) = oTinVolumeSurface.Statistics.FillVolume

"define loop
For e =1 To 8

Select Case e

Case 1
yatay = X
dusey = 0
Case 2
yatay = ©
dusey = -y
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Case 3

yatay = -Xx
dusey = @
Case 4
yatay = -x
dusey = @
Case 5
yatay = ©
dusey =y
Case 6
yatay = ©
dusey =y
Case 7
yatay = X
dusey = 0
Case 8
yatay = X
dusey = 0
End Select
‘adjustment

PVI(n).Station = PVI(n).Station + yatay
PVI(n).Elevation = PVI(n).Elevation + dusey
‘Debug.Print "station";

'Debug.Print PVI(n).Station

'Debug.Print "Elevation";

'Debug.Print PVI(n).Elevation

‘application of changes

Dim
Set
Dim

oApp As AcadApplication
OoApp = ThisDrawing.Application
sAppName As String

sAppName = "AeccXUiRoadway.AeccRoadwayApplication.9.0"

Dim
Set
Dim
Set
Dim
Set
Dim
For

oRoadwayApplication As AeccRoadwayApplication
oRoadwayApplication = oApp.GetInterfaceObject(sAppName)
oRoadwayDocument As AeccRoadwayDocument
oRoadwayDocument = oRoadwayApplication.ActiveDocument
oCorridors As AeccCorridors

oCorridors = oRoadwayDocument.Corridors

oCorridor As AeccCorridor

Each oCorridor In oCorridors

'Debug.Print "Corridor: " & oCorridor.Name
oCorridor.Rebuild

Next

oCivilApp.ZoomExtents
oCivilApp.ActiveDocument.SendCommand ("regenall ")

‘check grade
'Debug.Print PVI(n).Gradeln
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'Debug.Print PVI(n).GradeOut
Dim egim As Integer

egim = TextBox15.Text

If Abs(PVI(n).GradeIn) > (egim / 100) Or Abs(PVI(n).GradeOut) > (egim /
100) Then GoTo Devam

'rebuild surface
oTinVolumeSurface.Rebuild

‘get the volumes

"dNetVol(e) = oTinVolumeSurface.Statistics.NetVolume
dCutVol(e) = oTinVolumeSurface.Statistics.CutVolume
dFillVol(e) = oTinVolumeSurface.Statistics.FillVolume

Dim becost(® To 8) As Double

If (dFillVol(e) - dCutVol(e) * cmur) > @ Then
becost(e) = (dFillVol(e) - dCutVol(e) * cmur) * beup
Else

becost(e) = ©

End If

'Debug.Print dCutVol(e) & ": cut"
'Debug.Print dFillVol(e) & ": fill"
'Debug.Print dNetVol(e) & ": net"

'grade check handler release
Devam:

"horizontal curve interaction handler release
Hata:

Next e

‘adjustment from 8 to ©

PVI(n).Station = PVI(n).Station - x
PVI(n).Elevation = PVI(n).Elevation - y
'Debug.Print "Elevation";

'Debug.Print PVI(n).Elevation
‘Debug.Print "station";

'Debug.Print PVI(n).Station

‘application of changes

Set oApp = ThisDrawing.Application

Set oRoadwayApplication = oApp.GetInterfaceObject(sAppName)
Set oRoadwayDocument = oRoadwayApplication.ActiveDocument
Set oCorridors = oRoadwayDocument.Corridors

For Each oCorridor In oCorridors

‘Debug.Print "Corridor: " & oCorridor.Name
oCorridor.Rebuild
Next

oCivilApp.ZoomExtents
oCivilApp.ActiveDocument.SendCommand ("regenall ")
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'rebuild surface
oTinVolumeSurface.Rebuild

‘egg test
Dim azpara, adaypara As Double
Dim azparaNO As Byte

Dim becost@ As Double

If (dFillVol(®) - dCutVol(@) * cmur) > @ Then
becost® = (dFillVol(@) - dCutVol(®@) * cmur) * beup
Else

becoste = @

End If

azpara = Abs(dCutVol(@)) * cutup + Abs(dFillvol(@)) * fillup + ewtrc +
becosto
azparaNO = ©

Dim f As Byte
For f =1 To 8

adaypara = Abs(dCutVol(f)) * cutup + Abs(dFillVol(f)) * fillup + ewtrc
+ becost(f)
If (adaypara - ewtrc) <> @ Then
If azpara > adaypara Then
azpara = adaypara
azparaNO = f
End If
End If

Next f

'adjust PVI for the srongest egg; define location
Select Case azparaNO

Case ©
yatay = ©
dusey

1}
(W)

Case 1
yatay = X
dusey

1]
(]

Case 2
yatay = X
dusey

1]
1
<

Case 3
yatay = ©
dusey

1]
1
<

Case 4
yatay = -Xx
dusey

1]
1
<

Case 5
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yatay = -x
dusey = 0
Case 6
yatay = -x
dusey =y
Case 7
yatay = ©
dusey =y
Case 8
yatay = X
dusey =y
End Select
‘adjustment

PVI(n).Station = PVI(n).Station + yatay
PVI(n).Elevation = PVI(n).Elevation + dusey
'Debug.Print "Elevation";

'Debug.Print PVI(n).Elevation

‘Debug.Print "station";

'Debug.Print PVI(n).Station

‘application of changes
Set oApp = ThisDrawing.Application

Set oRoadwayApplication = oApp.GetInterfaceObject(sAppName)
Set oRoadwayDocument = oRoadwayApplication.ActiveDocument

Set oCorridors = oRoadwayDocument.Corridors
For Each oCorridor In oCorridors

‘Debug.Print "Corridor: " & oCorridor.Name
oCorridor.Rebuild
Next

oCivilApp.ZoomExtents
oCivilApp.ActiveDocument.SendCommand ("regenall ")

'rebuild surface
oTinVolumeSurface.Rebuild

'count the run
runnumber = runnumber + 9

'zero station+elevation trap release
trap:

Next n

‘zero run trap

If azpara = @ Then
GoTo zero:

End If

"the tireless optimizer itself
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If startcost > azpara Then
GoTo bigbang
End If

'zero trap
zero:

'printout

Label9.Caption = Round(azpara, 2)

Label39.Caption = Round(oTinVolumeSurface.Statistics.FillvVolume, 3)
Label4e.Caption = Round(oTinVolumeSurface.Statistics.CutVolume, 3)

Dim becostson As Double

If (oTinVolumeSurface.Statistics.FillVolume -
oTinVolumeSurface.Statistics.CutVolume * cmur) > @ Then
becostson = (oTinVolumeSurface.Statistics.FillVolume -
oTinVolumeSurface.Statistics.CutVolume * cmur) * beup
Else

becostson = ©

End If

Label80.Caption = Round(oTinVolumeSurface.Statistics.FillVolume * fillup +
becostson, 3)
Label79.Caption

Round(oTinVolumeSurface.Statistics.CutVolume * cutup, 3)
‘finalize

If stat(l) + elev(l) = @ Then
GoTo sendetl

End If
Label6l.Caption = Round(PVI(1l).Station, 3)
Label62.Caption = Round(PVI(1l).Elevation, 3)

GoTo devametl
sendetl:
devametl:

If stat(2) + elev(2) = @ Then
GoTo sendet2
End If

Label63.Caption
Label64.Caption

Round(PVI(2).Station, 3)
Round(PVI(2).Elevation, 3)

GoTo devamet2
sendet2:
devamet2:

If stat(3) + elev(3) = @ Then
GoTo sendet3
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End If

Label65.Caption
Label66.Caption

Round(PVI(3).Station, 3)
Round(PVI(3).Elevation, 3)

GoTo devamet3
sendet3:
devamet3:

If stat(4) + elev(4) = @ Then
GoTo sendet4
End If

Label67.Caption
Label68.Caption

Round(PVI(4).Station, 3)
Round(PVI(4).Elevation, 3)

GoTo devamet4
sendet4:
devamet4:

If stat(5) + elev(5) = @ Then
GoTo sendet5

End If
Label69.Caption = Round(PVI(5).Station, 3)
Label70.Caption = Round(PVI(5).Elevation, 3)

GoTo devamet5
sendet5:
devamet5:

If stat(6) + elev(6) = @ Then
GoTo sendet6
End If

Label71.Caption
Label72.Caption

Round(PVI(6).Station, 3)
Round(PVI(6).Elevation, 3)

GoTo devamet6
sendet6:
devameté6:

If stat(7) + elev(7) = @ Then
GoTo sendet?
End If

Labell00.Caption
Labell@l.Caption

Round(PVI(7).Station, 3)
Round(PVI(7).Elevation, 3)
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GoTo devamet?
sendet7:
devamet7:

If stat(8) + elev(8) = @ Then
GoTo sendet8
End If

Labell02.Caption
Labell@3.Caption

Round(PVI(8).Station, 3)
Round(PVI(8).Elevation, 3)

GoTo devamet8
sendet8:
devamet8:

'show the runs
Label74.Caption = runnumber

"timer stop

bitis = Now
Label3@.Caption = bitis
MsgBox ("FINISH")

End Sub
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APPENDIX B

HIGHWAY DESIGN ON AUTOCAD CIVIL 3D

Iltems necessary in geometric design of the highseayion should be defined in the drawing file step
by step. There are numerous ways to create theses iusing the software, but only a typical
procedure for each step is explained here. Muchilddtinformation can be found on AutoCAD Civil
3D User’s Guide (User’'s Guide, AutoCAD Civil 3D 2012010).

The AutoCAD Civil 3D interface with an empty drawims demonstrated in Figure 47.

AutoCAD 2012 Drawingl.dwg
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Figure 47: AutoCAD Civil 3D interface
B.1.GROUND SURFACE

A surface is the digital representation of the gcbjarea. To start the highway design, the pr@esd
should first be identified on the drawing. There amarious types of surface and surface import
methods available in the software. In highway des@g TIN (triangulated irregular network) surface
was created from contour or random point data, whepresents the project area. To prepare the
surface, first an empty surface is created.

To create an empty surface; Click Home pakCreate Ground Data parel Surfaces drop-dowp-
Create Surface. The command is demonstrated irrd-if1
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Figure 48: Creating an empty surface

In the Create Surface dialog box, in the Type Ti$hj Surface is selected. The default settingslman

used for simplicity; or the user can change the eyagescription and other parameters for detailed
studies, see Figure 49.

i create surface i =
Twpe: Surface layer:
{TIN surface =] [eTere gi
Properties I Value: I
E Information
Mame Surface <[Mext Counter{CP}] =
Description Description
Style Contours 2m and 10m (Background)
Render Material ByLayer

@ Selecting ok will create a new surface which will appear in the list of surfaces in Prospectar.

O I Cancel Help

Figure 49: Create Surface dialog box

After creating an empty surface, the next step issert the map data to the surface. Usually,aront

or random elevation points were available as map. dde contours or points were first copied to the
drawing, and then inserted.

To insert the data; Prospector tab: Surfaeessurface-name> Definition > right-click > <data-
type>> Add. The command is demonstrated in Figure 50.
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Figure 50: Adding contours to the design surface

The next dialog box can be accepted directly wifadlt settings, see Figure 51. The detailed change
of these settings can be applied in further studiemlly the items are selected from the drawingd a
inserted to the surface. At random point dataddia type can be selected as drawing objects a&nd th
same procedure can be applied.
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i Weeding fackors
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-Supplementing factors
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[ Adding points ta flat edges

ak I Cancel Help |

A

Figure 51: Add contour data dialog box

B.2.ALIGNMENT

The next step in AutoCAD Civil 3D design is to deethe alignment. The alignment here refers to the
horizontal alignment of highway, and vertical aliggnt will be created later in profiles section.
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Alignments can be stand-alone objects or the panlejetct of profiles, sections, and corridors. liyo
edit an alignment, the changes are automaticaflgated in any related objects (User’'s Guide,
AutoCAD Civil 3D 2011, 2010).

As with the creation of the surface, there areowariways to create the alignment. Here, creating an
Alignment with the Alignment Creation Tools is eajpled.

To create an alignment; Click Home ta Create Design pane» Alignment drop-down>
Alignment Creation Tools. The command is demonstiat Figure 52.
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Figure 52: Alignment creation

Like the previous steps, the general settings eathlanged from the dialog box opened, or can e lef
as default settings, as will be done here. All $bttings can be changed, except the starting statio
data. Although the starting station can be changdiighway projects in real life, the study alignme
should be started at 0+000.00 km, to run the optitton module “Earthworker” successfully. See the
dialog box in Figure 53.
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Figure 53: Create alignment dialog box

By accepting the settings, the Alignment Layout [fdoolbar (see Figure 54) pops up to create the
alignment. By using this toolbar, the alignment barcreated in various ways.

i

| DEDE| S e

Ax KLER |y o Bre=8x |4

!Sé_lett a command From Ehe layout baols i5|':-ira| Type: Clathoid

Figure 54: Alignment Layout Tools toolbar

The basic technique is first to draw the straighed as per the standard application, then curve

application. First, draw tangent-tangent commandsédected and the intersection points are
established on the surface.

Alignment Layout Tools - Alignment - {4)

o 14 2%
o | A BE| G

A BAIB | /v v wr v Ov | 45

Isele

i i '_ "piral Types Clathioid
ﬁ Draw Tangent-Tangent withiout Curve

Figure 55: Draw Tangent-Tangent command
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Figure 56: Drawing Tangent-Tangent lines without cave

Then, the curves are fitted between the lines Hingg the alignment creation. To establish a curve
between two lines, there are various ways alsedistelow the curve fit button in Alignment Layout
Tools toolbar. Free Curve Fillet (Between two éesit radius) is used and demonstrated in Figure 57

and Figure 58.
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ok | 4 B |

;}‘:‘x'
S

More Fixed Curves L4
Fized Curve - Best Fit

Floating Curve { From entity, radius, through point 3
IMare Floating Curves L3
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Figure 57: Free Curve Fillet (Between two entities;adius) command
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Figure 58: Curve fit operation
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If a correction needs to be done on the alignméat ¢he creation is finished, it can be appliesbal
by Alignment Layout Tools toolbar or manually. Tiedated commands will appear on the menu bar,
when the alignment is selected.

B.3.PROFILES

Once the horizontal alignment is fixed, the vettElggnment can then be created. To do this, flret
surface profile of the horizontal alignment is ¢esgh and then the vertical alignment is createthen
profile view. After finishing the profiles sectiotihere will be created one surface profile and one
layout profile -referring vertical alignment of ligay- on the drawing. In the software, there are
again various ways of working on profiles; the coommwvay is demonstrated here.

To create a surface profile along the alignmenickCHome tab> Create Design panet+ Profile
drop-down> Create Surface Profile. The command was demoadtiatFigure 59.
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Figure 59: Create Surface Profile command

After executing the above command, another diatbgdppears, see Figure 60. In this dialog box, the
user should identify the related alignment andstinéace, and the start and end stations of thel@rof
set. Here, there should be only one alignment amedsoirface in the drawing, to successful operation
of the module, so these items should appear iditleg box as defaults.
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Figure 60: Create Profile from Surface dialog box

By clicking the Add button in the dialog box, thofile is created and listed in profile list, seigufe
61. Then the Draw in profile view command is seddcand the profile set style option set appears in
create profile view-general dialog box as demonstién Figure 62.
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Figure 61: Create Profile from Surface dialog boxprofile created
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Figure 62: Create Profile View dialog box

In Create Profile View dialog box, all the optioosuld be left as their default settings, but two
changes make the rest of the process simpler. ifdteohe is to change the name of the profile. The
reason behind this idea is that; there are twoilpso€reated in the design process, surface arigrdes
(surface and vertical alignment of highway respety), and the designer may find it difficult to
identify the required profile set, if their namas arofile 1 and profile 2. The name of the profkt
can be changed at this point, from the dialog bg»editing the profile view name, as demonstrated i

Figure 63.
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Figure 63: Changing the profile name
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The other point is the profile view height settin@efore creating the profile, the elevation range
should be expanded to cover all the elevation obsiiig optimization stage. Since the software is
running based on visual data entrance, the solutinge is limited in the view range of the profile.
other words, the solution space is limited by thedlers of the profile view. Depending on the swuefac
conditions, generally widening of the minimum andximum default values by approximately 50
meters is observed as necessary. While changingrttiiée view height, split profile view may turned

on automatically, this option should be turned &%kpanding the profile height is demonstrated in
Figure 64.
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Minimurn: Maimurn:
£ Automatic |6sg S30 715 i
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Figure 64: Expanding the profile height

The other profile view settings can be left asrtdefault options. After all settings are finishecgate

profile view command enables the user to set thation of the profile view on the drawing. It could
be placed anywhere, but a clear location closegmémuthe surface data is preferred, to not to eapa
the drawing limits and not use unnecessary CPWp#eal profile view is demonstrated in Figure 65.
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Figure 65: Surface profile view on drawing

Once the surface profile along the alignment ialdisthed, the layout profile (vertical alignmengnc
then be created. Among all the profile creation syaysing the profile creation tools is explainedehe
by which the typical design procedure can be foldwTo use the profile creation tools; Click Home
tab > Create Design paned Profile drop-down> Profile Creation Tools. The command is

demonstrated in Figure 66.
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Figure 66: Profile Creation Tools command

Then the software asks the user to choose thdexadiw, on which the layout profile will be credte
When the profile view is selected, the create prafraw new dialog box opens. In the dialog box, it
is recommended to give a name for the profile déferent from the surface profile set, for the
reasons mentioned above. There is also anothemoptider the design criteria tab, which allows user
to check the vertical alignment with design criaetbut the method is out of scope of this studye Th
other settings can be left on their default optiditee dialog box is demonstrated in Figure 67.
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Figure 67: Create Profile dialog box and the nameption

Immediately after accepting the settings, Profitydut Tools opens up. The toolbar is demonstrated
in Figure 68. Like in the other steps of desigrer¢hare many different ways to create the layout
profile (vertical alignment of highway) by usingettommands on Profile Layout Tools toolbar. In

this point, creating the tangents and then applyhegy vertical parabolic curves is the technique
explained, which best represents the standard guoee

=

fE

o o

£ Seoe 4BYE | S %oy OB

{Select a command from the layout taols iP\-‘I based

Figure 68: Profile Layout Tools toolbar

To create the tangents of layout profile (vertiginment of highway), the command draw tangents
can be used. The command is identified in Figurel@8st after clicking the button, the user canteca

the Point of Vertical Intersections (PVI) on theofile view, by clicking the PVI locations on the
profile set view.

W BN Sraxr L|BEE |2y % OPE| QS

| R@R V' Draw Tangents
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= Draw Tangents With Curves
“ﬁ Curyve Settings. ..

Figure 69: Draw Tangents command
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Figure 70: Drawing Tangents Profile Layout

After the PVI locations are specified, the parabeiertical curves are added with the draw vertical
curves command on the Profile Layout Tools toolddre method preferred is to draw Free Vertical
Curve (Parameter), by which the curves are crehtedelecting the intersection and defining the
curve length. The command is demonstrated in Figire After the command button is clicked,
AutoCAD Civil 3D asks the user to identify the fientity (entrance tangent line), second entityt(ex
tangent line) and curve length one by one. It maysbeful if the command line is followed by the
user in this operation. The application examplustrated in Figure 72.
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Figure 71: Free Vertical Curve command
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Figure 72: Vertical curve application

The user can make changes to the layout profilei¢a¢ alignment of the highway) also after the
creation is finished. By selecting the layout dmfthe profile tab is displayed on the main ribbOm
profile tab, when the geometry editor is selectedfile Layout Tools toolbar will become available
again to make the design changes. To adjust thfdeprthe profile Grid View command is a very
practical tool, which opens up profile entitieslegbin which the profile statistics are shown aiah ¢
be changed directly. The steps of the operatierdemonstrated in Figure 73, Figure 74 and Figure
75.
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Figure 75: Profile Entities table
B.4.ASSEMBLY (CROSS SECTION)

Assembly refers to the cross section of the highmaylel, which is applied trough the 3D highway
alignment at incremental locations to create thlghway model. At AutoCAD Civil 3D, there is an
assembly and subassembly object library, by wthiehuser can select the cross section structures. Fo
this study, a basic divided highway assembly iglusecreation of the highway corridor. The simplest
way to create an assembly is by adding an asseaotiject to the drawing from the tool palette. To
display the Tool Palettes window: Click Home tabPalettes pane¥ Tool palettes. The command is
demonstrated in Figure 76.
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Figure 76: Access to Tool Palettes

In the tool palettes, click the desired assembhd then the software asks for a location in the
drawing, by simply clicking an empty location, tagsembly will be added to the drawing and can be
used for Corridor, that is, highway model. The tpalette is demonstrated in Figure 77.
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Figure 77: Tool Palettes

The assembly properties can be changed after gemddy is added to the drawing. To change the
assembly properties; by clicking on the assembly ribbon changes to the assembly tab, and then the
assembly properties command is selected. The conhisaglemonstrated in Figure 78. By selecting
the properties, the software asks the user toifgethe assembly, which can be done by clicking on
the center of the assembly object. The changes ¢henbe made on the construction tab of the
assembly properties dialog box that opens up. Tdleglbox is demonstrated in Figure 79.
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Figure 78: Access to Assembly Properties command
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Figure 79: Assembly Properties Dialog Box

B.5.CORRIDOR (HIGHWAY MODEL)

A corridor model builds on and uses various AutoCAIil 3D objects and data, including
assemblies, alignments, surfaces, and profilesorAdor object is created from a baseline (alignthen
by placing 2D sections (assemblies) at incremdottions, and by creating matching slopes that
reach a surface model at each incremental locétisar's Guide, AutoCAD Civil 3D 2011, 2010).

Profile shows the vertical layout

Corridor shows the design in relation to the surface and the surface

Assembly is a template for corridor cross-sections

Figure 80: Elements of a corridor design, figure fom User’'s Guide (User’'s Guide, AutoCAD
Civil 3D 2011, 2010)
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In this study, creating a simple corridor is suéfit. To create a simple corridor; Click Home teb
Create Design panep- Corridor drop-down> Create Simple Corridor. The command is
demonstrated in Figure 81.
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Figure 81: Create Simple Corridor command

In the Create Simple Corridor dialog box that opepsas per Figur82, the name of the corridor and
the display style can be changed, but it is noessary in this study, the default settings can be
accepted. After accepting the settings, the sofiveaks the user to identify the alignment, pradibel
assembly, one after another. The items can betedlémm drawing, also the command line can be
followed at this point, where stated; by pressingeE from keyboard; the list of the objects will
appear and the items can easily be selected. 8ivecef each item is created, there would be ongy on
item on each list, except the profile. Care shdaddtaken when identifying the layout profile. As
mentioned in previous sections, the different namasen for the layout profile will help the user to
refer to the desired profile easily. The lists éeenonstrated in Figure 83, Figure 84 and Figure 85
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Figure 82: Create Simple Corridor dialog box
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Figure 85: Assembly list

After the identification of the corridor elemenfBarget Mapping dialog box opens up, where the
existing surface is selected for the constructibthe corridor. There are also other options fa th
corridor model for further analysis. The Target iy dialog box and the surface set option are
demonstrated in Figure 86.
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Figure 86: Setting the surface for corridor

As per the selection of the surface and acceptirg settings, AutoCAD Civil 3D generates the
corridor. If there arise any conflict at the ineg8on points design and existing surface, thensof
reports the conflicts, after generating the comiddost of the time, the user may face conflicts at
starting and end kilometers of the corridor. Th®@rer may occur because of the graphical insertfon o
PVI data at vertical alignment. To solve this, BM kilometers should be controlled and correctgd b
Geometry Editor, as explained in Section B.3 of gtudy.

At this point, a corridor surface should have beerated. To start the creation of the corridoraaef
the user should right click on the corridor iterorfr Toolspace menu (at the left hand side of the
screen as default) under the Corridors group, atetsproperties first (see Figure 87).
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Figure 87: Access to corridor properties
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Then in the Corridor Properties dialog box, frore surface tab, the corridor surface is created by
Create a Corridor Surface and Add Data commanddgm®nstrated in Figure 88 .

¥ Corridor Properties - Corridor - (1) ll

Infarmation IParameté'rs ICodes'IFe_aturB Lines  Surfaces IBoundl_arjes Iﬁlopne Patterns

add data 2
N\ Data bvpe: ‘Specify code: ‘2
o] B | [ ks ERE ;I X
Marrie | Surface 5. | Render M... | Add as Er... | Owerhang. .. | Description |

E'"I?EV Corridar - (13- (13 Contou... ﬁ% ByLaver GE Mone

5 = |

Tammam | Iptal I Bpply i Yardim !

2l

Figure 88: Creating corridor surface

By clicking Apply and OK buttons, the corridor saeé is created and added to the items listed in
Toolspace menu under the Surface group. From tleéspace menu, it is necessary to set the software
to rebuild the corridor and corridor surface auttioadly, to revise highway surface automatically
when any changes on alignment or profile occurss ®hpossible from the Toolspace menu, by right
clicking on corridor and corridor surface and chingsRebuild - Automatic option. The method for
corridor and the corridor surface is demonstrateigure 89 and Figure 90.
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Figure 89: Rebuild - Automatic command on Corridoritem
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Figure 90: Rebuild - Automatic command on Corridor Surface item

B.6.VOLUME SURFACE

A volume surface provides an exact difference betw¢he base and comparison surfaces at
AutoCAD Civil 3D. In this study, following the stspmentioned in previous chapters, a TIN
(triangulated irregular network) volume surfacerisated for calculation of cut and fill volumes.

A TIN volume surface is a composite of points ibase surface and comparison surface. A TIN
volume surface provides an exact difference betweetase and comparison surfaces. Therefore, the
Z-value of any point in the volume surface is psety the difference between the Z of the comparison
surface at that point and the base surface afpthiat. This is true whether the comparison and base

surfaces are both grid surface, both TIN surfacesne of each (User's Guide, AutoCAD Civil 3D
2011, 2010).

To create a TIN volume surface; Click Home tabCreate Ground Data pan®t Surfaces drop-

down > Create Surface, and in the Type list, select TINluvhe Surface. The command is
demonstrated in Figure 91 and Figure 92.
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Figure 91: Create Surface Command

96



% Create Surface

ot Surface layer:
[N surface -TOPO =

[TIh surface |
vV A [

Surface <[Next Counter(CF)]>
Description

Contours 2m and 10m (Background)
ByLayer

Render Material
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é]d

Figure 92: Selection of TIN Volume Surface

In the Create Surface dialog box, the base and adsgn surfaces are selected as existing surface
and the corridor surface respectively. The seladsalemonstrated in Figure 93 .

% Create Surface i x{

Surface layer:

Trpe:
{70 volume surface =] [erere =
Properties [ value: |
El Information
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actor

Fil Fact

@ Sellacting OK wil create a naw surfacs which will appear in the lit of surfaces in Prospector.,

ok | caned e |

|

Figure 93: Selection of Base and Comparison Surfase

By accepting the settings by clicking OK, the votusurface is created and listed in Toolspace menu
under the Surfaces group. At this point, it is alseful to set the volume surface to automaticitébu

to revise after any design change. This is done ff@olspace menu, like explained for corridor and
corridor surface in previous section. The commanaieimonstrated in Figure 94.
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Figure 94: Rebuild- Automatic setting of Volume Suface
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After completing the highway design by the procedaxplained in this section, the drawing file
became ready to operate the module “"EARTHWORKER”.

B.7.MASS HAUL DIAGRAM

Before starting the creation of the Mass Haul Daagyrit is strictly recommended to create a copy of
the drawing file to work on, to keep one copy dof ttesign drawing without cross section and mass
haul diagram data. Since the software simultangoapblies the changes on design items, it is
efficient to run the module on the drawing file,ielh does not contain cross sections and mass haul
diagram. The PVI location changes can be appliet laanually by Geometry Editor as explained in
Section B.3., after each run to the drawing thata&ios cross sections and mass haul diagram.

To create the cross sections and mass haul diagiiarapftware needs sample lines from the corridor.
Sample lines are linear AutoCAD Civil 3D objectsittiare used to imaginary cut sections across the
corridor. To create a perpendicular sample lina specified lateral width, through the corridorickl

Home tab> Profile & Section Views panet Sample Lines (see Figure 95).

AutoCAD Civil 3D 2012 Drawingl - diagram.dwg

Output.  Manage Help:  Online  Add-Ing
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|20 Wireframe]
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surfaces, Carridar sections are created when you sample a corridor,

; CreateSampleLines

Press F1 for more help

Figure 95: Sample Lines command

After the command is executed, the cursor changgsick mode and the user will be prompted to
select an alignment. The alignment can be seletted the drawing or from alignment list which

appears by pressing Enter on the keyboard (seed-8fl).

¥ Select Alignment |
Lt [ Deserption [ &

<Description>

ok l Cancel Help

Figure 96: Alignment selection from alignment list
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After the selection of the alignment, Create Sanyihe Group dialog box opens. There is no need to
change any default setting, so the settings arepéed by clickihg OK. The dialog box is
demonstrated in Figure 97.

™ Create Sample Line Group 1] B
Rlame: Sample line style:
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Type I Draka Source: | Sample | Style | Section layer Update Mode I
Existing Ground  C-ROAD-SCTH

Drynarnic

ridor - (1) - (1}

Ok I Cancel | Help

Figure 97: Create Sample Line Group dialog box

By accepting the settings, the view changes anddftevare asks the user to specify the stationgalon
the alignment as per Figure 98. At this point, Skenyine Creation Method should have changed to
By Range of Stations, from the Sample Line Toolgatette, to create series of sample lines through
alignment. The command is demonstrated in Figure 99

[ = AUTGCAD Civil 3D 2012 Drawingl = dragram-awg B 702 2 keyiord or phrase
3 Wiew  Cutput. Manage Help  ©nlne  Add-Ins  Express Tools =
% pligrment - =88 Intersections + | i Profile view - /.v f" -2 | %5 C) BN = % 3
Line - f Profile - &* fssembly -+ —5" Sample Lines % - @ ~ | I‘\;tch m & ﬂ|L = | Unsaved Layer 5t
[ coridor = T P etwork + | % section views - | < 122 IPFUDBftiBS & & B8 - | & ol o

|
Create Design + | Profile & Section Views | Draw | Modify

f—
Sample Line Toals.
-11Top] i

[5ample Line Station valuel=  OF ' | [1] 5L Collection 'I {ﬁjl"’” I | B <

{Current method: By stations. [afi

i

i ‘IFII“:I“"‘\. Y/

Station 04129, 38m
=t H “y Alignment - (4} 50 04+129.56m  950.288m |

Figure 98: Station specification screen
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Figure 99: Selecting Sample Line Creation Method

Create Sample Lines dialog box opens at this pdiaft and right swath widths and sampling
increments can be changed for more accurate ctitmga For a demonstration of the dialog box and

changing the parameters; see Figure 100.
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Figure 100: Create Sample Lines dialog box

By accepting the settings, and by pressing an &acebar or Enter, the sample lines are created.

The sample lines can be observed also from theyiamat this point (see Figure 101).
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Figure 101: Sample lines from plan

The cross section set is created from the sampds lat this point. In AutoCAD Civil 3D, the cross
section set is called as Section Views. To creatdi@ Views; Click Home taP- Profile & Section

Views paneP>> Section Views drop-dowm Create Multiple Views. The command is demonstrated
Figure 102 .
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Figure 102: Create Multiple Views Command

The Create Multiple Views command leads to the teréddultiple Section Views dialog box. The
default settings are accepted here also by clickingate Section Views command. The Create
Multiple Section Views dialog box is demonstrated-igure 103 .
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Figure 103: Create Multiple Section Views dialog bo

The software then asks for the place, any emptgeptan be selected by clicking the location. The
cross section views are then created at the sdltmtation. The Section Views are selected totball
section tab for further operations (see Figure 104)
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Figure 104: Cross sections and Section tab

At this point, it is necessary to define the matsti From the section tab, Compute Materials
command is selected, and alignment and sampl@iimegps are identified and then the ground surface
and the corridor surface are specified. The proeedkidemonstrated in Figure 105 through Figure
107.
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Figure 105: Compute Materials command
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Figure 107: Identification of Surface and Corridorin Compute Materials dialog box

Mass haul diagram is created from the sectionwdilich becomes available after the selection of the
sections. The command is demonstrated in Figure 108
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Figure 108: Create Mass Haul Diagram command

In the study, free hauling distance is taken agrl@8 explained in Section 5.2.1. To define the free
hauling distance in the mass haul diagram credted, haul distance is specified as 100m in the
Balancing Options tab of Create Mass Haul Diagréatod box as demonstrated Figure 109.
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Figure 109: Selection of free haul distance

By clicking on Create Diagram button, the mass tthagram is ready to be created following the

location identification by the user. The final vi@ithe mass haul diagram with default style sg#in
is demonstrated in Figure 110.

Figure 110: Mass haul diagram created
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The style settings can be changed from the madsthlauwhich appears after the selection of the

mass haul diagram, under the mass haul view piepardbmmand. The user can customize the view
settings as they like, so details of such changesiat mentioned here. The command and the one of
the most useful views of the mass haul diagramthier study are demonstrated in Figure 111 and

Figure 112 respectively.
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Figure 111: Mass Haul View Properties
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Figure 112: Mass haul diagram in a useful view

Although a drawing sheet of AutoCAD Civil 3D carveaa number of solutions, there should be only
one design item for the module to work on. In otlerds; only one project with its definite
horizontal alignment and the tentative initial V@t alignment can be optimized at once.
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APPENDIX C

INSTALLATION AND USAGE OF THE MODULE “EARTHWORKER”

First, the AutoCAD Civil 3D software should be iaktd to the computer and for the versions later
than 2009; AutoCAD Civil 3D VBA Enabler should albe downloaded free from the official web
page of AutoCAD, and installed to access visuaicbagplications.

After a trial to access the VBA commands from mantp, a massage box is appeared with a free

download link for VBA enabler from the software.
the computer, making VBA applications enable.
module; Click Manage tak»Applications panel>

B VBA enabler is downloaded and set up to
Thiem module should be loaded. To load the
Applications drop-dowm Load project. The

command is demonstrated in Figure 113. Or typindABAD to command line is another way.
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e YBALDAD

Figure 113: Loading project

After opening of the project, the project editooshd be opened from the applications drop down

menu or by typing VBAIDE to command line and

thecnoashould be operate by clicking run. The

commands are demonstrated in Figure 114 and Fidise
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Figure 114: Visual Basic Editor
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Figure 115: Macro run

Within the Visual Basic Editor, it is necessaryojgen the relevant libraries from tools tab. Aftee t
successful applications of above steps, the user & the module shows up in the screen.

Then the input data should be inserted into theuldrhe input data is listed in Table 25 and the
input cells are demonstrated in Figure 116.
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Table 25: Input data

ITEM DEFINITION

Cut Unit Price (TL/m3) = F(cut)

Fill Unit Price (TL/m3) = F(fill)

Earthwork Cost (TL) = C(earthwork)

Cut Material Usage Ratio (%)

Unit Price of Pit Excavation (TL/m3) = F(exc)
Station Shift Distance (m) Ax

Elevation Shift Distance (m) Ay

Maximum Allowable Grade of Vertical Alignment (%)
Station Km of the PVI from Current PVI sef)(x
Elevation of the PVI from Current PVI sef)(y

(L[ L[ L

(=Y

O |0 |N|O 0|~ [W|IN

[N
o

x|
— COSIFACTORS e [ CuRRENT
3 FILL (L/m3) ANSP CUT VoL, (m3):
: Jm3) (L/m3) Sost ob): : m3) C_E—I
| 31395 | 0.901 | 3128l4.5 FILLVOL, (m3): FILL|
CUT MATERIAL BORROW EXC CUTEOST Mk ool
4 = USAGERATIO(%):  PRICE (TLjm G2 _ S)
\ FILL COST (TL): FILL
[ 87 [ 2987 /
TOTAL EARTHWORK COST {TL):
— TUNING Y. = | 7
STATION ELEVAT]S MAXIMUM
6 =~ N SHIFT (m): SHIFT #ff) GRADE (%) :
s | 1 E
N
— PVIset —REVISED PVTset ——— 8
STATION (m)  ELEVATION (m) STATION {m) ELEVATION (m)
pus:| 127 | 5% PVI 1
purz:l 47 | 545 PVI 2:
pvis:| 1207 | 513 PVI 3:
pura] 2102 | 520 PVI 4:
RUN
purs:| O | o PV 5:
pvig:) O | o PVI &:
| O | o PVI 72
puig:) O | o PVI 8:
— REVIZED
CUT VoL (l3): CUT COST {TL): CUT| TOTAL EARTHWORK COST (TL):
FILL YOL. (3): | FILL COST {TL): Fit| | TOTAL|
— TIME
Start: Finish Total Runs: Session Start:
[ | | [ | [ 17-Dec-12 20:33:12|
9 =1 10

Figure 116: Input cells

When all the inputs are entered, the current voluared the earthwork cost then can be calculated
from the GET command. And the optimization is pssesl with the RUN command. The command
buttons are highlighted in Figure 117.
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— COST FACTORS — CU
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Figure 117: Commands of the module

After one step of successful application of the aoledthe outputs are printed into the interfacéhef
module. The list of outputs is given in Table 2@l éime output cells are demonstrated in Figure 118.

Table 26: Output data

ITEM DEFINITION

1 Current Cut Volume (m3) = V(cut)

2 Current Fill Volume (m3) = V/(fill)

3 Current Cut Cost (TL) = C(cut)

4 Current Fill Cost (TL) = C(fill)

5 Current Earthwork Cost (TL) = C(earthwork)
6

7

8

9

Station of the PVI from Revised PVI sef)(x
Elevation of the PVI from Revised PVI sef)(y
Revised Cut Volume (m3) = V(cut)

Revised Fill Volume (m3) = V(fill)

10 Revised Cut Cost (TL) = C(cut)

11 Revised Fill Cost (TL) = C(fill)

12 Revised Earthwork Cost (TL) = C(earthwork)
13 Start Time of Runs

14 Finish Time of Runs

15 Total Number of Runs

16 Module Start Time
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Figure 118: Output cells
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D3-INITIAL VOLUME TABLE

Table 27 : Initial volume table

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+000.00 40.34 0.02 0.28 0.00 0.02 0.00 0.02
0+025.00 85.06 | 1567.41 0.00 3.48 1567.43 3.48 1563.95
0+027.55 94.11 228.79 0.00 0.00 1796.22 3.48 1792.75
0+050.00 96.95 | 2144.20 0.00 0.00 3940.42 3.48 3936.95
0+075.00 100.92 | 2473.38 0.00 0.00 6413.8 3.48 6410.33
0+100.00 147.74 | 3108.24 0.00 0.00 9522.04 3.48 9518.57
0+125.00 117.28 | 3312.68 0.00 0.00 12834.72 3.48 1283125
0+150.00 159.62 | 3461.2§ 0.00 0.00 16295.98 3.48 16292(51
0+153.05 151.70 | 475.31 0.00 0.00 16771.29 3.48 16767/82
0+175.00 130.48 | 3096.4Q 0.00 0.00 19867.69 3.48 1986422
0+200.00 74.04 | 2556.42 0.00 0.00 22424.12 3.48 22420)64
0+225.00 37.13 | 1389.54 0.08 1.00 23813.66 4.48 23809/18
0+227.55 35.26 92.43 0.07 0.20 23906.09 4.68 2390141
0+250.00 22.91 652.84 12.14 137.06 24558.93 141.74 24417.19
0+275.00 0.94 298.12 17.90 375.43 24857.05 517.1y7 24339.88
0+300.00 11.24 152.21 3155 618.11 25009.27 1135.28 23873.99
0+325.00 7.49 234.11 55.44| 1087.45  25243.37 2222.72 23020.65
0+347.55 0.00 84.43 56.15| 1258.39 25327.81 3481.11 21846.69
0+350.00 0.00 0.00 57.15 138.56 25327.8L 3619.67 21708|13
0+353.13 0.00 0.00 59.71 182.95 25327.81L 3802.62 21525|18
0+375.00 0.03 0.32 60.11| 1310.18 25328.13 5112.40 20215.33
0+400.00 0.00 0.37 63.37| 1543.4{L 25328.49 6656.41 1867228
0+425.00 0.00 0.00 84.29| 1845.7f 25328.49 8501.98 1682651
0+450.00 0.00 0.00 83.22| 2093.8f 25328.49 10595.85 14732.64
0+475.00 0.00 0.00 70.55| 1922.18 25328.49 12517.98 12810.51
0+500.00 0.25 3.15 58.19| 1609.3f 25331.65 14127.85 11204.30
0+525.00 16.79 213.04 40.77| 1237.02 25544.69 1536437 16280.
0+547.55 13.92 346.37 20.77 693.99 25891.05 16058.35 9832|70
0+550.00 17.80 38.80 16.47 45.54 25929.85 16103.89 982596
0+575.00 17.91 446.40 4.95 267.68 26376.25 16371.57 10004.68
0+600.00 27.91 572.73 9.35 178.72 26948.98 16550.29 10398.68
0+625.00 0.00 348.85 14.17 294.0( 27297.82 16844.29 10453.53
0+650.00 0.00 0.00 10.31 306.02 27297.8p 17150.32 1014751
0+675.00 22.89 286.08 1.16 143.41 27583.91 17293.)12 10290.19
0+700.00 27.25 626.66 0.93 26.11 28210.56 17319.84 10890.73
0+725.00 57.43 | 1058.43 0.00 11.59 29269.00 17331.43 11937.57
0+750.00 77.94 | 1692.14 0.00 0.00 30961.14 17331.43 13629.71
0+775.00 36.10 | 1425.48 3.48 43.45 32386.62 17374.88 15011.75
0+800.00 0.00 451.21 15.83 241.34 32837.83 17616.p3 15221.60
0+825.00 28.70 358.72 31.82 595.68 33196.55 1821191 14984.6
0+850.00 35.50 802.50 68.33| 1251.91 33999.05 1946383 12335.
0+875.00 27.79 791.11| 11543 2297.03 34790.16 2176086 13029
0+900.00 0.00 347.33| 16350 3486.65 35137.49 2524751 9889|9
0+907.55 0.00 0.00 191.56| 1341.0f 35137.49 26588.58 8548)91
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Table 27 (Continued):

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+925.00 0.00 0.00 210.03| 3503.18 35137.49 30091.71 5045/78
0+944.08 0.00 0.00 259.52| 4479.34  35137.49 34571.06 566.44
0+950.00 0.00 0.00 256.43| 1527.48  35137.49 36098.p4 -961.p5
0+975.00 0.00 0.00 311.31] 7096.78 35137.49 43195.p7 -8057,78
1+000.00 0.00 0.00 298.23| 7619.20 35137.49 50814.47 -15676.9
1+025.00 19.61 245.08| 320.08 7728.93 35382.58 5854340 2826
1+050.00 28.42 600.37| 246.74 7085.32 35982.95 65628(71 2964
1+075.00 39.27 846.21| 250.60 6216.91 36829.16 71845|52 85801
1+100.00 135.28 | 2181.97 0.00 3132.54 39011.12 74978)06 2586
1+125.00 231.97 | 4590.68 0.00 0.00 43601.81 74978.06 -31876.2
1+150.00 253.12 | 6063.64 0.00 0.00 49665.45 74978.06 -25312.6
1+175.00 253.39 | 6331.38 0.00 0.00 55996.83 74978.06 -18881.2
1+200.00 84.85 | 4227.99 1.59 19.91 60224.82 74997.97 -14%73.1
1+225.00 14.58 | 1242.80 32.07 420.76 61467.62 7541873 -13951
1+250.00 0.00 182.19 94.44| 1581.32 61649.81 7700006 -12350.
1+275.00 0.00 0.00 150.63| 3063.37 61649.81 80063.42 -18413.6
1+300.000 0.00 0.00 197.04| 4345.86 61649.81 84409.29 -22859.4
1+325.00 0.00 0.00 179.91) 4711.89 61649.81 89121./18 -27471.3
1+350.00 0.00 0.00 95.61| 3444.06 61649.81 92565.p4 -30915.43
1+375.000 24.46 305.75 1.75 1217.083  61955.56 9378227 -37826.
1+400.00 166.23 | 2383.68 0.00 21.90 64339.24 9380417 -29364.
1+412.69 191.44 | 2269.70 0.00 0.00 66608.94 93804.17 -2789%.2
1+425.00 198.27 | 2398.35 0.00 0.00 69007.29 93804.17 -24896.8
1+450.00 0.00 2478.35( 192,51 2406.39 71485.64 96210)56 2822
1+475.000 0.00 0.00 226.76| 524095 71485.64 10145151 -28965.
1+500.000 0.00 0.00 234.89| 5770.7p 71485.64 107222|22 -35836.
1+507.55 0.00 0.00 236.58| 1780.74 71485.64 109002/96 -33317.
1+525.00 0.00 0.00 266.67| 4389.79  71485.64 11339275 -41907.
1+535.03 0.00 0.00 24752 2577.89 71485.64 11597064 -40085.
1+550.00 0.00 0.00 52.67 | 2247.3R2 71485.64  118217\95 -46132.3
1+575.00 0.00 0.00 81.41| 167592 71485.64  119893|87 -48808.2
1+600.00 0.00 0.00 172.24) 3170.58 71485.64  123064{45 -58378.
1+625.000 0.00 0.00 173.94| 432720 71485.64 12739165 -583906.
1+650.000 0.00 0.00 159.13| 4163.3p 71485.64 13155497 -63369.
1+675.000 0.00 0.00 185.04| 4302.1l  71485.64 13585707 -6437].
1+700.000 0.00 0.00 236.80| 5273.0b 71485.64 141130112 -69644.
1+725.00 0.00 0.00 182.82| 5245.34 71485.64 14637546 -78289.
1+750.00 0.00 0.00 160.67| 4293.683 71485.64 15066909 -79583.
1+775.000 0.00 0.00 141.97| 378298 71485.64 15445207 -82366.
1+800.000 0.00 0.00 101.99| 3049.57 71485.64 157501/64 -86016.
1+802.55 0.00 0.00 95.73 252.5( 71485.64 15775414  -86268.50
1+825.00 0.00 0.00 48.99| 162423 71485.64  159378|38 -87892.7
1+850.000 38.11 476.38 1.43 630.2( 71962.02 160008/58 -88646.
1+875.00 147.61 | 2321.53 0.00 17.82 74283.85  160026.40 -8BB42
1+900.000 66.38 | 2674.84  13.27 165.82 76958.39  160192.22 &8833
1+925.00 27.29 | 1170.79 27.22 506.01 78129.19  160698.23 BPE6
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Table 27 (Continued):

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
1+950.000 0.00 341.09 77.12| 1304.25 78470.28 162002.48 -83832
1+975.000 0.00 0.00 14297 2751.1p 78470.28 16475367 -889283.
2+000.00 0.00 0.00 332.51| 5943.4p 78470.28 170697/12 -98326.
2+025.00 0.00 0.00 406.85] 924194 78470.28 17993906 -107868
2+050.00 0.00 0.00 461.99| 10860.46 78470.28 | 190799.51 -112329.24
2+075.00 0.00 0.00 442.54| 11306.6078470.28 | 202106.11 -123635.83
2+100.00 0.00 0.00 361.47| 10050.1178470.28 | 212156.22 -133685.94
2+125.00 0.00 0.00 300.18| 8270.66 78470.28 22042688 -146056
2+150.00 0.00 0.00 206.90 6338.58 78470.28 22676541 -148395
2+175.00 7.79 97.36 64.37| 3390.88 78567.64  230156/24 -156688
2+200.00 149.27 | 1963.26 42.11f 1330.98 80530.90 231487.22 09832
2+225.00 430.62 | 7248.67 1.95 550.71 87779.87  232037.93 883138
2+250.00 571.61 | 12527.85 0.00 24.35 100307.42 232062.28 -13175487
2+275.00 44.31 | 7698.90 0.05 0.57 108006.32 232062/86 -128@56
2+300.00 0.00 553.83| 114.85 1436.19 108560.15 233499.05 93280
2+325.00 0.00 0.00 265.32| 475211 108560.15 23825116 -1R0&9
2+350.00 0.00 0.00 446.26| 8894.80 108560.15 24714596 -13838
2+375.00 0.00 0.00 269.46| 8946.60 108560.15 25609256 -12433
2+400.00 0.00 0.00 96.43| 4573.64 108560.]15 26066620 -15R506
2+402.55 0.00 0.00 96.90 246.88 108560.15 260913(07 -159352.
2+425.00 0.00 0.00 98.15| 2189.00 108560.15 263102,08 -159841
2+450.00 291.98 | 3649.78§ 36.53| 1683.51 11220993 26478%.6(62575.67
2+467.75 740.22 | 9161.4Q 5.31 371.36 121371.83 265154.96 78583
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D4-INITIAL MASS HAUL DIAGRAM
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Figure 121: Initial mass haul diagram
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D5-INITIAL HAULING COST CALCULCATIONS

ECONOMIC HAULING:

Meorrow= 1,200 m
MWASTE= 600 m K= 176
Fg=F,= 1,25x0,00034XKX\/M-0,00425XK

Fy= 1,25x0,00046xKx\M-0,00575xK
N2

Fe= 1.843 TL/m?
F,= 1.084 TL/m?

FH=FB+FW — LEH: 1,515.0
BALANCED VOLUMES:
BORROW WASTE
V (M3) L (M) VL \L*V (M3) (M3)
1 14000 290 17.0 238000.0 1 32500
2 10000 870 29.5 295000.0 2 2000
3 4000 160 12.6 50400.0 3 60000
4 5000 120 11.0 55000.0 4 53000
5 4000 120 11.0 44000.0 5 5000
6 1000 110 10.5 10500.0 Y 152500 0
7 3000 110 10.5 31500.0
8 2000 110 10.5 21000.0
Y 43000 745400.0
WMae=  Vlae= 17.3m
MAVG: I—AVG= 2993 m
Fy= 1,25x0,00046xKxVM-0,00575xK
Fu= 0.739 TL/m’
CT= FH*VH+FB*VB+FW*VW = 312,834.5 TL

Figure 122: Initial hauling cost calculations
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D6- PROFILE AFTER FIRST STEP

Figure 123: Profile after first step
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D7- VOLUME TABLE AFTER FIRST STEP

Table 28: Volume table after first step

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m)) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+000.00, 40.34 0.02 0.28 0.00 0.02 0.00 0.02
0+025.00 45.28 | 1070.23 0.00 3.48 1070.25 3.48 1066.77
0+027.55 55.36 128.52 0.00 0.00 1198.71 3.48 1195.29
0+050.000 64.55 | 1345.81 0.00 0.00 2544 .58 3.48 2541.10
0+075.000 32.94 | 1218.62 2.35 29.36 3763.21 32.84 3730.87
0+100.000 54.11 | 1088.06 3.77 76.47 4851.27 109.30 4741.p6
0+125.000 46.26 | 1254.67] 10.34 176.42 6105.94 285.7p 582022
0+150.00 106.99 | 1915.62 0.00 129.31 8021.56 415.0B8 7606,53
0+153.05 100.10 | 316.17 0.00 0.00 8337.73 415.03 7922.70
0+175.000 67.53 | 1839.40 0.00 0.00 10177.13 415.08 9762.110
0+200.00 21.97 | 1118.67 8.35 104.41 11295.80 519.48 10776.36
0+225.00 14.03 449.94 5.48 172.94 11745.74 692.37 1105336
0+227.55 14.16 36.00 5.32 13.79 11781.74 706.17 11075(57
0+250.00 15.03 327.66 15.19 230.13 12109.39 936.3D 11173.10
0+275.00 1.95 212.32 15.30 381.09 12321.71 1317.39 11004.32
0+300.00 22.19 301.82 29.01 553.8% 12623.53 1871.24 10752.29
0+325.000 21.04 540.38 33.29 778.7% 13163.91 2649.99 10513.92
0+347.55 36.93 653.70 27.25 682.70 13817.61 3332.70 10484.91
0+350.00 37.34 90.82 27.63 67.11 13908.43 3399.41 10508.62
0+353.13 37.50 117.15 28.25 87.48 14025.58 3487.29 10538.30
0+375.000 53.09 990.54 27.91 614.06 15016.13 4101.34 10914.78
0+400.000 57.37 | 1380.79  18.02 574.15 16396.92 4675.50 11221.4
0+425.000 57.87 | 1440.55  26.65 558.47 17837.47 5233.97 12603.4
0+450.000 60.98 | 1485.60 24.43 638.61 19323.097 5872.%8 13850.4
0+475.000 70.34 | 164151 11.59 450.34 20964.58 6322.92 14641.6
0+500.00 76.25 | 1832.38 3.51 188.76 22796.96 6511.69 16285.27
0+525.000 121.46 | 2471.36 0.00 43.87 25268.32 6555.55 18712.77
0+547.55 142.61 | 2977.96 0.00 0.00 28246.27 6555.95 21690.72
0+550.00 150.48 | 358.45 0.00 0.00 28604.73 6555.95 2204918
0+575.00 163.28 | 3922.06 0.00 0.00 32526.79 6555.55 25971).24
0+600.00 170.52 | 4172.50 0.00 0.00 36699.29 6555.55 30143.73
0+625.000 157.42 | 4099.22 0.00 0.00 40798.51 6555.55 3424296
0+650.00 165.96 | 4042.20 0.00 0.00 44840.71 6555.55 38285.16
0+675.00 181.76 | 4346.43 0.00 0.00 49187.14 6555.55 42631.59
0+700.00| 181.24 | 4537.53 0.00 0.00 53724.67 6555.95 47169.12
0+725.00 204.62 | 4823.33 0.00 0.00 58548.00 6555.95 51992.45
0+750.00 227.53 | 5401.85 0.00 0.00 63949.85 6555.95 57394.30
0+775.00 207.86 | 5442.30 0.00 0.00 69392.15 6555.95 62836.60
0+800.00| 188.38 | 4953.01 0.00 0.00 74345.16 6555.95 67789.61
0+825.00 165.87 | 4428.12 0.00 0.00 78773.28 6555.95 72217.73
0+850.00 107.10 | 3412.13 1.12 13.94 82185.41 6569.49 75615.92
0+875.000 91.68 | 2484.78  58.95 750.85 84670.19 7320.33 77849.8
0+900.00 78.20 | 212349 68.56| 1593.94 86793.68 8914.27 74679.
0+907.55 44.27 462.56| 100.40 638.17 87256.24 9552.44 77003.8
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Table 28 (Continued) :

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+925.000 0.00 386.15| 102.83 1772.79 87642.39 1132523 76817.
0+944.08 43.10 411.13| 147.39 2386.16  88053.52 13711)99 78341
0+950.00 45.26 261.59| 14561 867.36 88315.11 14579)35 73835.
0+975.000 0.00 565.77| 208.05 4420.85 88880.48 19000)20 66880.
1+000.00 36.63 457.86| 189.80 4973.15 89338.715 2397336 63965
1+025.00 62.44 | 1238.32] 213.43 5040.39 90577.07 2901375 336
1+050.00 86.90 | 1866.74 144.43 447335 92443.81 33487|09 &895
1+075.00 82.75 | 2120.64 126.49 3386.50 94564.45 36873|59  (®369
1+100.000 247.34 | 4126.11 0.00 1581.97  98690.56 3845466 60a3%
1+125.00 350.11 | 7468.11 0.00 0.00 106158.68  38454.66 67704.0
1+150.00 375.60 | 9071.37 0.00 0.00 115230.04 3845466 76873.3
1+175.00 385.01 | 9507.58 0.00 0.00 124737.62 3845466 86882.9
1+200.000 229.94 | 7686.86 0.00 0.00 132424.48 3845466 93269.8
1+225.000 78.64 | 3857.27 0.25 3.11 136281.75  38457.(7 97823.98
1+250.00 28.54 | 1339.73] 20.25 256.20 137621.48  38713]97 98207
1+275.00 0.00 356.74 66.20| 1080.54 137978.22  39794,50 98283.
1+300.00 0.00 0.00 112.74| 2236.6Pp 137978.22 4203119 95947.0
1+325.00 0.00 0.00 98.62| 2641.98 137978.22  44673.12 93305.10
1+350.00 0.00 0.00 27.00| 1570.14 137978.22  46243.p6 91734.96
1+375.000 123.06 | 1538.30 0.00 337.45  139516.52  46580]71 92935
1+400.00 250.40 | 4668.33 0.00 0.00 144184.85 4658071 97804.1
1+412.69 274.93 | 3333.60 0.00 0.00 147518.45 4658071  10093f.
1+425.00 280.45 | 3417.92 0.00 0.00 150936.836  46580.7/1  10885p.
1+450.000 0.00 3505.61] 124.04 1550.46 15444107  48131{18 1089
1+475.00 0.00 0.00 156.95 3512.40 15444197 5164358  10399B.
1+500.00 0.00 0.00 167.65| 4057.58 15444197 5570116 98740.8
1+507.55 0.00 0.00 169.83| 1274.6 15444198 56975.84 97466.1
1+525.00 0.00 0.02 201.32| 3237.54 15444199 60213.38 94228.6
1+535.03 0.00 0.00 184.33| 1933.4P 15444199 62146.87 92295.1
1+550.00 3.27 24.49 10.65| 1459.71 154466.49 63606.58 90859.9
1+575.00 12.55 197.80 26.59 465.4]1 154664.29  64071/99 96892.
1+600.00 0.00 156.90| 115.360 1774.29 154821.19  65846)28 88974
1+625.000 0.00 0.00 122,51 2973.39 154821.19 68819.67 86601.5
1+650.000 0.00 0.00 111.55] 2925.82 154821.19 7174549 83075.7
1+675.00 0.00 0.00 140.22| 3147.13 154821.19 7489262 79928.5
1+700.000 0.00 0.00 185.96] 4077.21l 154821.19  78969.83 75851.3
1+725.00 0.00 0.00 136.36| 4028.9p 154821.19  82998.78 71822.4
1+750.00 0.00 0.00 116.88| 3165.54 154821.19 8616432 68856.8
1+775.00 0.00 0.00 102.02| 2736.24 154821.]19  88900.56 65920.6
1+800.00 0.00 0.00 74.88 | 2211.2p 154821.19 91111.B2 63709.37
1+802.55 0.00 0.00 69.23 184.04 154821.19 91295.86 63525.33
1+825.00 0.00 0.00 21.00| 1012.6p 154821.19 92308.p1 62517.68
1+850.000 94.30 | 1178.75 0.00 262.4% 155999.94  92570/96 699828.
1+875.000 185.66 | 3499.56 0.00 0.00 159499.50  92570.96 66928.5
1+900.000 93.74 | 3492.52 1.29 16.10 162992.02  92587.06 70804.9
1+925.000 51.70 | 1817.91 9.97 140.67 164809.92 9272774 72882.
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Table 28 (Continued) :

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m)) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)

1+950.00, 0.00 646.20 45.58 694.34 165456.12  93422)09 72834.0
1+975.00 0.00 0.00 105.11| 1883.6p 165456.12  95305.68 70350.4
2+000.00 0.00 0.00 288.15| 4915.6P 165456.12 100221137 63234.
2+025.00 0.00 0.00 359.46| 8095.11 165456.12 10831649  5B8339.
2+050.00 0.00 0.00 413.25 9658.85 165456.12 11797533  47880.
2+075.00 0.00 0.00 395.82| 10113.39165456.12| 128088.73 37367.3p
2+100.00 0.00 0.00 319.04| 8935.80 165456.12 13702452  28@3].
2+125.00 0.00 0.00 261.51| 7256.91 165456.12 14428143  26874.
2+150.00 0.00 0.00 173.83] 5441.78 165456.12 14972321  18I32.
2+175.00 16.58 207.22 46.46| 2753.60 165663.833 152476.81 61328
2+200.00 172.16 | 2359.2 27.09 919.35 16802259 153396.16 26148
2+225.00 463.88 | 7950.49 0.25 341.70  175973.p8 1537371.85 2233
2+250.00 615.62 | 13493.68 0.00 3.07 189466.76 153740.93  35725.34
2+275.00 84.50 | 8751.46 0.00 0.00 198218.22 153740193  44071.3
2+300.00 0.00 1056.22] 102.19 1277.36 19927445 155018.29 56148
2+325.00 0.00 0.00 245.12| 4341.37 199274.45 15935965  38014.
2+350.00 0.00 0.00 42455 8370.88 199274.45 16773048  39343.
2+375.00 0.00 0.00 253.93] 8481.01 199274.45 17621148  29662.
2+400.00 0.00 0.00 85.69| 424536 199274.45 180456/85 18817.6
2+402.55 0.00 0.00 86.45 219.82 199274.45 180676(67  18597.78
2+425.00 0.00 0.00 90.58 | 1986.7L 199274.45 182663|38  16811.0
2+450.00 295.63 | 3695.3§ 34.96] 1569.17 20296980 184232.55 737186
2+467.75 740.22 | 9193.7§ 5.31 357.3f 212163.57 184589.92 2857
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D8- MASS HAUL DIAGRAM AFTER FIRST STEP
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Figure 124: Mass haul diagram after first step
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D9- HAULING COST CALCULCATIONS AFTER FIRST STEP

ECONOMIC HAULING:

Mgarrow= 1,200 m
Mwaste= 600 m

K= 176

Fe=F,= 1,25x0,00034xKx\M-0,00425xK
Fu= 1,25x0,00046xKx\VM-0,00575xK

NE
Fe= 1.843 TL/m?
F,= 1.084 TL/m?
Fu=Fg+Fy, — Lep= 1,515.0
BALANCED VOLUMES:
BARROW WASTE
V (M3) L (M) VL \L*V (M3) (M3)
1 12000 220 14.8 1776000 1 13000
2 3000 120 11.0 33000.0 2 14000
3 6000 130 11.4 68400.0 3
4 29000 550 23.5 681500.0 4
5 6000 130 11.4 68400.0 5
6 45000 1450 38.1 1714500.0 Y0 27000
7 5000 920 30.3 151500.0
8 6000 110 10.5 63000.0
9 0.0 0.0
Z 112000 2957900.0
\/MAVG: \/LAVG: 264 m
Mave= Lave= 697.0m
Fy= 1,25x0,00046xKx\VM-0,00575xK
Fu= 1.660 TL/m®
CT = FH*VH+FB*VB+FW*VW = 215,1880 TL

Figure 125: Hauling cost calculations after first tep
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D10- PROFILE AFTER SECOND STEP

Figure 126: Profile after second step
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D11- VOLUME TABLE AFTER SECOND STEP

Table 29 : Volume table after second step

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m)) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+000.00, 40.34 0.02 0.28 0.00 0.02 0.00 0.02
0+025.00 45.28 | 1070.23 0.00 3.48 1070.25 3.48 1066.77
0+027.55 55.36 128.52 0.00 0.00 1198.71 3.48 1195.29
0+050.000 64.55 | 1345.81 0.00 0.00 2544 .58 3.48 2541.10
0+075.000 32.94 | 1218.62 2.35 29.36 3763.21 32.84 3730.87
0+100.000 54.11 | 1088.06 3.77 76.47 4851.27 109.30 4741.p6
0+125.000 46.26 | 1254.67] 10.34 176.42 6105.94 285.7p 582022
0+150.00 106.99 | 1915.62 0.00 129.31 8021.56 415.0B8 7606,53
0+153.05 100.10 | 316.17 0.00 0.00 8337.73 415.03 7922.70
0+175.000 67.53 | 1839.40 0.00 0.00 10177.13 415.08 9762.110
0+200.00 21.97 | 1118.67 8.35 104.41 11295.80 519.48 10776.36
0+225.00 14.03 449.94 5.48 172.94 11745.74 692.37 1105336
0+227.55 14.16 36.00 5.32 13.79 11781.74 706.17 11075(57
0+250.00 15.03 327.66 15.19 230.13 12109.39 936.3D 11173.10
0+275.00 1.95 212.32 15.30 381.09 12321.71 1317.39 11004.32
0+300.00 22.19 301.82 29.01 553.8% 12623.53 1871.24 10752.29
0+325.000 21.04 540.38 33.29 778.7% 13163.91 2649.99 10513.92
0+347.55 36.93 653.70 27.25 682.70 13817.61 3332.70 10484.91
0+350.00 37.34 90.82 27.63 67.11 13908.43 3399.41 10508.62
0+353.13 37.50 117.15 28.25 87.48 14025.58 3487.29 10538.30
0+375.000 53.09 990.54 27.91 614.06 15016.13 4101.34 10914.78
0+400.000 57.37 | 1380.79  18.02 574.15 16396.92 4675.50 11221.4
0+425.000 57.87 | 1440.55  26.65 558.47 17837.47 5233.97 12603.4
0+450.000 60.98 | 1485.60 24.43 638.61 19323.097 5872.%8 13850.4
0+475.000 70.34 | 164151 11.59 450.34 20964.58 6322.92 14641.6
0+500.00 76.25 | 1832.38 3.51 188.76 22796.96 6511.69 16285.27
0+525.000 121.46 | 2471.36 0.00 43.87 25268.32 6555.55 18712.77
0+547.55 142.61 | 2977.96 0.00 0.00 28246.27 6555.95 21690.72
0+550.00 150.48 | 358.45 0.00 0.00 28604.73 6555.95 2204918
0+575.00 163.28 | 3922.06 0.00 0.00 32526.79 6555.55 25971).24
0+600.00 170.52 | 4172.50 0.00 0.00 36699.29 6555.55 30143.73
0+625.000 157.42 | 4099.22 0.00 0.00 40798.51 6555.55 3424296
0+650.00 165.96 | 4042.20 0.00 0.00 44840.71 6555.55 38285.16
0+675.00 181.76 | 4346.43 0.00 0.00 49187.14 6555.55 42631.59
0+700.00| 181.24 | 4537.53 0.00 0.00 53724.67 6555.95 47169.12
0+725.00 204.62 | 4823.33 0.00 0.00 58548.00 6555.95 51992.45
0+750.00 227.53 | 5401.85 0.00 0.00 63949.85 6555.95 57394.30
0+775.00 207.86 | 5442.30 0.00 0.00 69392.15 6555.95 62836.60
0+800.00| 188.38 | 4953.01 0.00 0.00 74345.16 6555.95 67789.61
0+825.00 165.87 | 4428.12 0.00 0.00 78773.28 6555.95 72217.73
0+850.00 107.10 | 3412.13 1.12 13.94 82185.41 6569.49 75615.92
0+875.000 91.68 | 2484.78  58.95 750.85 84670.19 7320.33 77849.8
0+900.00 78.20 | 212349 68.56| 1593.94 86793.68 8914.27 74679.
0+907.55 44.27 462.56| 100.40 638.17 87256.24 9552.44 77003.8
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Table 29 (Continued) :

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+925.000 0.00 386.15| 102.83 1772.79 87642.39 1132523 76817.
0+944.08 43.10 411.13| 147.39 2386.16  88053.52 13711)99 78341
0+950.00 45.26 261.59| 14561 867.36 88315.11 14579)35 73835.
0+975.000 0.00 565.77| 208.05 4420.85 88880.48 19000)20 66880.
1+000.00 36.63 457.86| 189.80 4973.15 89338.715 2397336 63965
1+025.00 62.44 | 1238.32] 213.43 5040.39 90577.07 2901375 336
1+050.00 86.90 | 1866.74 144.43 447335 92443.81 33487|09 &895
1+075.00 82.75 | 2120.64 126.49 3386.50 94564.45 36873|59  (®369
1+100.000 247.34 | 4126.11 0.00 1581.97  98690.56 3845466 60a3%
1+125.00 350.11 | 7468.11 0.00 0.00 106158.68  38454.66 67704.0
1+150.00 375.60 | 9071.37 0.00 0.00 115230.04 3845466 76873.3
1+175.00 385.01 | 9507.58 0.00 0.00 124737.62 3845466 86882.9
1+200.000 229.94 | 7686.86 0.00 0.00 132424.48 3845466 93269.8
1+225.000 78.64 | 3857.27 0.25 3.11 136281.75  38457.(7 97823.98
1+250.00 28.54 | 1339.73] 20.25 256.20 137621.48  38713]97 98207
1+275.00 0.00 356.74 66.20| 1080.54 137978.22  39794,50 98283.
1+300.00 0.00 0.00 112.74| 2236.6Pp 137978.22 4203119 95947.0
1+325.00 0.00 0.00 98.62| 2641.98 137978.22  44673.12 93305.10
1+350.00 0.00 0.00 27.00| 1570.14 137978.22  46243.p6 91734.96
1+375.000 123.06 | 1538.30 0.00 337.45  139516.52  46580]71 92935
1+400.00 250.40 | 4668.33 0.00 0.00 144184.85 4658071 97804.1
1+412.69 274.93 | 3333.60 0.00 0.00 147518.45 4658071  10093f.
1+425.00 280.45 | 3417.92 0.00 0.00 150936.836  46580.7/1  10885p.
1+450.000 0.00 3505.61] 124.04 1550.46 15444107  48131{18 1089
1+475.00 0.00 0.00 156.95 3512.40 15444197 5164358  10399B.
1+500.00 0.00 0.00 167.65| 4057.58 15444197 5570116 98740.8
1+507.55 0.00 0.00 169.83| 1274.6 15444198 56975.84 97466.1
1+525.00 0.00 0.02 201.32| 3237.54 15444199 60213.38 94228.6
1+535.03 0.00 0.00 184.33| 1933.4P 15444199 62146.87 92295.1
1+550.00 3.27 24.49 10.65| 1459.71 154466.49 63606.58 90859.9
1+575.00 12.55 197.80 26.59 465.4]1 154664.29  64071/99 96892.
1+600.00 0.00 156.90| 115.360 1774.29 154821.19  65846)28 88974
1+625.000 0.00 0.00 122,51 2973.39 154821.19 68819.67 86601.5
1+650.000 0.00 0.00 111.55] 2925.82 154821.19 7174549 83075.7
1+675.00 0.00 0.00 140.22| 3147.13 154821.19 7489262 79928.5
1+700.000 0.00 0.00 185.96] 4077.21l 154821.19  78969.83 75851.3
1+725.00 0.00 0.00 136.36| 4028.9p 154821.19  82998.78 71822.4
1+750.00 0.00 0.00 116.88| 3165.54 154821.19 8616432 68856.8
1+775.00 0.00 0.00 102.02| 2736.24 154821.]19  88900.56 65920.6
1+800.00 0.00 0.00 74.88 | 2211.2p 154821.19 91111.B2 63709.37
1+802.55 0.00 0.00 69.23 184.04 154821.19 91295.86 63525.33
1+825.00 0.00 0.00 21.00| 1012.6p 154821.19 92308.p1 62517.68
1+850.000 94.30 | 1178.75 0.00 262.4% 155999.94  92570/96 699828.
1+875.000 185.66 | 3499.56 0.00 0.00 159499.50  92570.96 66928.5
1+900.000 93.74 | 3492.52 1.29 16.10 162992.02  92587.06 70804.9
1+925.000 51.70 | 1817.91 9.97 140.67 164809.92 9272774 72882.
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Table 29 (Continued) :

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m)) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)

1+950.00, 0.00 646.20 45.58 694.34 165456.12  93422)09 72834.0
1+975.00 0.00 0.00 105.11| 1883.6p 165456.12  95305.68 70350.4
2+000.00 0.00 0.00 288.15| 4915.6P 165456.12 100221137 63234.
2+025.00 0.00 0.00 359.46| 8095.11 165456.12 10831649  5B8339.
2+050.00 0.00 0.00 413.25 9658.85 165456.12 11797533  47880.
2+075.00 0.00 0.00 395.82| 10113.39165456.12| 128088.73 37367.3p
2+100.00 0.00 0.00 319.04| 8935.80 165456.12 13702452  28@3].
2+125.00 0.00 0.00 261.51| 7256.91 165456.12 14428143  26874.
2+150.00 0.00 0.00 173.83] 5441.78 165456.12 14972321  18I32.
2+175.00 16.58 207.22 46.46| 2753.60 165663.833 152476.81 61328
2+200.00 172.16 | 2359.2 27.09 919.35 16802259 153396.16 26148
2+225.00 463.88 | 7950.49 0.25 341.70  175973.p8 1537371.85 2233
2+250.00 615.62 | 13493.68 0.00 3.07 189466.76 153740.93  35725.34
2+275.00 84.50 | 8751.46 0.00 0.00 198218.22 153740193  44071.3
2+300.00 0.00 1056.22] 102.19 1277.36 19927445 155018.29 56148
2+325.00 0.00 0.00 245.12| 4341.37 199274.45 15935965  38014.
2+350.00 0.00 0.00 42455 8370.88 199274.45 16773048  39343.
2+375.00 0.00 0.00 253.93] 8481.01 199274.45 17621148  29662.
2+400.00 0.00 0.00 85.69| 424536 199274.45 180456/85 18817.6
2+402.55 0.00 0.00 86.45 219.82 199274.45 180676(67  18597.78
2+425.00 0.00 0.00 90.58 | 1986.7L 199274.45 182663|38  16811.0
2+450.00 295.63 | 3695.3§ 34.96] 1569.17 20296980 184232.55 737186
2+467.75 740.22 | 9193.7§ 5.31 357.3f 212163.57 184589.92 2857
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D12- MASS HAUL DIAGRAM AFTER SECOND STEP
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Figure 127: Mass haul diagram after second step
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D13- HAULING COST CALCULCATIONS AFTER SECOND STEP

ECONOMIC HAULING:

Mgarrow= 1,200 m
Mwaste= 600 m

K= 176

Fe=F,= 1,25x0,00034xKx\M-0,00425xK
Fu= 1,25x0,00046xKx\VM-0,00575xK

NE
Fe= 1.843 TL/m?
F,= 1.084 TL/m?
Fu=Fg+Fy, — Lep= 1,515.0
BALANCED VOLUMES:
BARROW WASTE
V (M3) L (M) VL \L*V (M3) (M3)
1 12000 220 14.8 1776000 1 13000
2 3000 120 11.0 33000.0 2 14000
3 6000 130 11.4 68400.0 3
4 29000 550 23.5 681500.0 4
5 6000 130 11.4 68400.0 5
6 45000 1450 38.1 1714500.0 Y0 27000
7 5000 920 30.3 151500.0
8 6000 110 10.5 63000.0
9 0.0 0.0
Z 112000 2957900.0
\/MAVG: \/LAVG: 264 m
Mave= Lave= 697.0m
Fy= 1,25x0,00046xKx\VM-0,00575xK
Fu= 1.660 TL/m®
CT = FH*VH+FB*VB+FW*VW = 215,1880 TL

Figure 128: Hauling cost calculations after seconstep
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D14- PROFILE AFTER THIRD STEP

Figure 129: Profile after third step
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D15-VOLUME TABLE AFTER THIRD STEP

Table 30: Volume table after third step

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m.) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+000.00 40.34 0.02 0.28 0.00 0.02 0.00 0.02
0+025.00 43.83 | 1052.05 0.02 3.76 1052.07 3.76 1048.32
0+027.55 50.80 120.83 0.00 0.03 1172.91 3.79 1169.12
0+050.00 62.77 | 1274.57 0.00 0.00 2447.47 3.79 2443.69
0+075.00 32.10 | 1185.96 2.62 32.73 3633.43 36.5]] 3596.92
0+100.00 53.62 | 1071.51 3.95 82.10 4704.94 118.62 4586.32
0+125.00 46.24 | 1248.16§ 10.36 178.94 5953.10 297.5b 565555
0+150.00 107.86 | 1926.17 0.00 129.56 7879.2y 427.11 745216
0+153.05 101.14 | 319.08 0.00 0.00 8198.35 427.11 7771.24
0+175.00 69.47 | 1872.15 0.00 0.00 10070.51 427.11 9643.39
0+200.00 23.71 | 1164.76 7.52 93.97 11235.27 521.09 1071418
0+225.00 16.51 502.72 4.07 144.81 11737.99 665.89 1107210
0+227.55 16.66 42.36 3.97 10.26 11780.3b 676.16 1110419
0+250.00 17.17 379.70 13.63 197.59 12160.05 873.7p 11286.30
0+275.00 21.42 482.29 12.93 332.02 12642.34 1205.77 11436.57
0+300.00 23.89 566.26 27.73 508.17 13208.60 1713.94 11494.66
0+325.00 21.89 572.21 38.86 832.27 13780.91 2546.21 11234.60
0+347.55 37.90 674.30 26.60 738.19 14455.11 3284.40 11170.71
0+350.00 38.35 93.25 27.09 65.67| 14548.37 3350.47 1119830
0+353.13 38.48 120.27 27.73 85.82, 14668.64 3435.89 11232.75
0+375.00 53.89 | 1009.99 27.51 603.99 15678.63 4039.88 11638.7
0+400.00 57.98 | 1398.37, 17.76 565.8b 17076.99 4605.73 12871.2
0+425.00 58.25 | 1452.88 26.47 552.86 18529.87 5158.%9 13971.2
0+450.00 61.19 | 1493.00 24.30 634.69 20022.48 5793.28 14029.6
0+475.00 70.45 | 164545 11.54 448.0Y 21668.32 6241.34 15824.9
0+500.00 76.27 | 1834.00 3.50 188.05 23502.32 6429.39 17072.93
0+525.00 121.46 | 2471.7Q 0.00 43.76 25974.03 6473.15 19500.88
0+547.55 142.61 | 2977.96 0.00 0.00 28951.99 6473.15 22478.84
0+550.00 150.48 | 358.45 0.00 0.00 29310.44 6473.15 2283729
0+575.00 163.28 | 3922.06 0.00 0.00 33232.50 6473.15 26759.35
0+600.00 170.52 | 4172.50 0.00 0.00 37405.00 6473.15 30931/.85
0+625.00 157.42 | 4099.22 0.00 0.00 41504.22 6473.15 35031.07
0+650.00 165.96 | 4042.20 0.00 0.00 45546.42 6473.15 39073.28
0+675.00 181.76 | 4346.43 0.00 0.00 49892.85 6473.15 43419.70
0+700.00 181.24 | 4537.53 0.00 0.00 54430.38 6473.15 47957.24
0+725.00 204.62 | 4823.33 0.00 0.00 59253.72 6473.15 52780.57
0+750.00 227.53 | 5401.85 0.00 0.00 64655.56 6473.15 58182.42
0+775.00 207.86 | 5442.3Q 0.00 0.00 70097.86 6473.15 63624.71
0+800.00 188.38 | 4953.01 0.00 0.00 75050.87 6473.15 68577.73
0+825.00 165.87 | 4428.12 0.00 0.00 79478.99 6473.15 73005.84
0+850.00 107.10 | 3412.13 1.12 13.94 82891.12 6487.08 76404.03
0+875.00 91.68 | 2484.78 58.95 750.85 85375.90 7237.93 78137.9
0+900.00 78.20 | 212349 68.56| 1593.94 87499.39 8831.87 78867.
0+907.55 44.27 462.56| 100.40 638.1} 87961.95 9470.04 78491.9
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Table 30 (Continued) :

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)
0+925.00 0.00 386.15| 102.83 1772.79 88348.10 1124282 72805.
0+944.08 43.10 411.13| 147.39 2386.16  88759.23 13629/59 76329
0+950.00 45.26 261.59| 14561 867.36 89020.§2 14496/95 78823.
0+975.000 0.00 565.77| 208.05 4420.85 89586.59 1891780 76668.
1+000.00 36.63 457.86| 189.80 4973.15 90044.46 23890(95 66153
1+025.00 62.44 | 1238.32] 213.43 5040.39 91282.78 28931|34 16235
1+050.000 86.90 | 1866.74 14443 4473.35 93149.%2 33404|69 46834
1+075.00 82.75 | 2120.64 126.49 3386.50 95270.16 36791|19 %887
1+100.00 247.34 | 4126.1] 0.00 1581.7  99396.28 38372)26 60224
1+125.00 350.11 | 7468.11 0.00 0.00 106864.839 3837226 68892.1
1+150.00 375.60 | 9071.37 0.00 0.00 115935.76 3837226 77663.5
1+175.00 385.01 | 9507.58 0.00 0.00 125443.833 3837226 87871.0
1+200.00 229.94 | 7686.86 0.00 0.00 133130.19 3837226 94357.9
1+225.00 78.64 | 3857.27 0.25 3.11 136987.46  38375.37 98612.10
1+250.00 28.54 | 1339.73 20.25 256.20  138327.19  38631)56 9689%
1+275.00 0.00 356.74 66.20| 1080.54 138683.93  39712/10 98971.
1+300.00 0.00 0.00 112.74) 2236.69 138683.93 4194879 96335.1
1+325.00 0.00 0.00 98.62| 264198 138683.93  44590.2 94093.21
1+350.00 0.00 0.00 27.00| 1570.14 138683.93 46160.86 92523.07
1+375.00 123.06 | 1538.30 0.00 337.45  140222.p3  46498)31 99723
1+400.00 250.40 | 4668.33 0.00 0.00 144890.56 4649831 98892.2
1+412.69 274.93 | 3333.60 0.00 0.00 148224.16 4649831  108325b.
1+425.00 280.45 | 3417.92 0.00 0.00 151642.08  46498.31  1037148.
1+450.00 0.00 3505.61 124.04 1550.46 155147.68  48048|77 24090
1+475.00 0.00 0.00 156.95| 3512.40 155147.68 5156117  108%8p.
1+500.00 0.00 0.00 167.65| 4057.58 155147.68 5561876 99328.9
1+507.55 0.00 0.00 169.83] 1274.6/ 155147.69 5689343 98854.2
1+525.00 0.00 0.02 201.32| 3237.54 155147.J0  60130.97 95814.7
1+535.03 0.00 0.00 184.33] 1933.49 155147.J0 6206446 93883.2
1+550.00 3.27 24.49 10.65| 1459.71 155172.20 6352417 91848.0
1+575.00 12.55 197.80 26.59 465.41  155370.00  63989,58 9438(.
1+600.00 0.00 156.90| 115.360 1774.29 155526.p0 65763)87 80363
1+625.00 0.00 0.00 122,51 2973.39 155526.90 68737.26 86489.6
1+650.00 0.00 0.00 111.55| 2925.82 155526.90 71663/08 83363.8
1+675.00 0.00 0.00 140.22| 3147.18 155526.90 7481022 80916.6
1+700.00 0.00 0.00 185.96| 4077.21 155526.90  78887.43 76839.4
1+725.00 0.00 0.00 136.36] 4028.95 155526.90 82916.38 72810.5
1+750.00 0.00 0.00 116.88] 3165.54 155526.90  86081.92 69944.9
1+775.00 0.00 0.00 102.02| 2736.24 155526.90 8881816 66308.7
1+800.00 0.00 0.00 7488 | 2211.2p 155526.90 91029.42 64497.49
1+802.55 0.00 0.00 69.23 184.04 155526.90  91213.46 64313.45
1+825.00 0.00 0.00 21.00| 1012.6p 155526.90 92226.11 63300Q.80
1+850.00 94.30 | 1178.75 0.00 262.4% 156705.66  92488/55 64017.
1+875.00 185.66 | 3499.56 0.00 0.00 160205.21  92488.55 67816.6
1+900.00 93.74 | 3492.52 1.29 16.10 163697.73  92504.66 71793.0
1+925.00 51.70 | 1817.91 9.97 140.67 165515.63  92645,33 73870.
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Table 30 (Continued) :

Cut Cut Fill Fill Cum. Cut | Cum. Fill | Cum. Net
Station Area | Volume | Area | Volume Vol. Vol. Vol.
(Sa.m) | (Cu.m.) | (Sa.m.) | (Cu.m.) (Cu.m.) (Cu.m.) (Cu.m.)

1+950.00 0.00 646.20 45.58 694.34 166161.83  93339.68 72822.1
1+975.00 0.00 0.00 105.11| 1883.60 166161.83 9522328 70938.5
2+000.00 0.00 0.00 288.15 491569 166161.83 100138.97 66622.
2+025.00 0.00 0.00 359.46| 8095.11 166161.83 108234.08 57927.
2+050.00 0.00 0.00 413.25| 9658.85 166161.83 11789293  48068.
2+075.00 0.00 0.00 395.82| 10113.39166161.83| 128006.32 38155.50
2+100.00 0.00 0.00 319.04| 8935.80 166161.83 136942.12  29219.
2+125.00 0.00 0.00 261.51| 7256.91 166161.83 144199.03 28062.
2+150.00 0.00 0.00 173.83| 5441.78 166161.83 149640.80 16321.
2+175.00 16.58 207.22 46.46| 2753.60 166369.04 15239440 41887
2+200.00 172.16 | 2359.2 27.09 919.3p 168728.31 153313.75 1458
2+225.00 463.88 | 7950.49 0.25 341.70 176678.80 153653.45 2382
2+250.00 615.62 | 13493.68 0.00 3.07 190172.48 153658.592  36513.95
2+275.00 84.50 | 8751.46 0.00 0.00 198923.94 15365852  45265.4
2+300.00 0.00 1056.22] 102.19 1277.36 199980.16 154935.88 4438
2+325.00 0.00 0.00 245.12| 4341.37 199980.16 159277.25  40T02.
2+350.00 0.00 0.00 42455/ 8370.83 199980.16 16764807  3@932.
2+375.00 0.00 0.00 253.93| 8481.00 199980.16 176129.08  2885].
2+400.00 0.00 0.00 85.69| 42453p 199980.16 180374{44  19808.7
2+402.55 0.00 0.00 86.45 219.87 199980.16  180594{27  19385.90
2+425.00 0.00 0.00 90.58 | 1986.7{L 199980.16 18258098  17999.1
2+450.00 295.63 | 3695.3§ 34.96| 1569.17 20367552 184150.14 525198
2+467.75 740.22 | 9193.76 5.31 357.3f 212869.28 184507.52 12836
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D16- MASS HAUL DIAGRAM AFTER THIRD STEP
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Figure 130: Mass haul diagram after third step
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D17- HAULING COST CALCULCATIONS AFTER THIRD STEP

ECONOMIC HAULING:

Mgarrow= 1,200 m
Mwaste= 600 m

K= 176

Fe=F,= 1,25x0,00034xKx\M-0,00425xK
Fu= 1,25x0,00046xKx\VM-0,00575xK

J
Fe= 1.843 TL/m?
F,= 1.084 TL/m?
Fu=Fg+Fy, e Lep= 1,515.0
BALANCED VOLUMES:
BARROW WASTE
V (M3) L (M) VL \L*V (M3) (M3)
1 16500 220 14.8 244200.0 1 13000
2 2500 120 11.0 27500.0 2 14000
3 6000 130 11.4 68400.0 3
4 29000 540 23.2 672800.0 4
5 5000 150 12.2 610000 5
6 44000 1450 38.1 1676400.0 Y 0 27000
7 5000 920 30.3 151500.0
8 5000 120 11.0 55000.0
9 0.0 0.0
z 113000 2956800.0
VWMue=  Vlave= 26.2m
Mave= Lavg= 686.4m
Fy= 1,25x0,00046xKx\VM-0,00575xK
Fy= 1.639 TL/m®
Cr= Fu*Vu+Fe*Ve+Fy*Vy = 214,475.0 TL

Figure 131: Hauling calculations after third step
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