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ABSTRACT

DEVELOPMENT OF USER INTERFACE FOR
CORRELATED COST RISK ANALYSIS MODEL (CCRAM)
WITH VISUAL BASIC

KAPLAN, Turgut
Master Thesis in Civil Engineering
Supervisor: Assoc. Prof. Dr. Ahmet OZFA
August 2009, 76 pages

Cost estimation can be considered as one of théimpsrtant tasks for construction
projects. Various risk-factors affect the constittcosts. Therefore, not only
estimation of the costs but also the analysis efuiicertainty effect on the estimated
costs is required. The widely used method of ptogest estimation, i.e. predicting
the construction costs and simply calculating tl¢alt is deterministic and
insufficient. This approach neglects the unceryaamtd the correlation effects. In this
regard, correlated cost risk analysis model (CCRAM3} developed by Okmen [1].
This study presents a user interface developed ibyaV/ Basic for correlated cost
risk analysis model to easy data entry and to aeatlie construction costs under
uncertainty when the costs and risk-factors arestated without simulation.

The aim of this study is to develop a user intexfadath Visual Basic program for
correlated cost risk analysis model, and to evaluAe uncertainty effect on
construction project estimated costs. This usegrfate assure data entry to the
CCRAM and evaluate the uncertainty effect on camm$ion project estimated costs
without simulation for contractor or decision makemhe efficiency of the user

interface for CCRAM is evaluated through hypotdtayaplication in this study.

Key Words: User interface, cost analysis, uncertainty, rmknagement, risk

analysis, Visual Basic, correlation



OZET

KORELASYONLU MAL IYET RISK ANAL iZi
MODELI (CCRAM) iCIN VISUAL BASIC PROGRAMINDA
KULLANICI ARAB iRIMi GELISTIRME

KAPI__AN, Turgut
Master Tezilnsaat Muhendisfii
Tez Yoneticisi: Assoc. Prof. Dr. Ahmet OZTFA
Agustos 2009, 76 sayfa
Maliyet tahmini irgaat projelerinde dikkate alinmasi gereken en dnk&orlulardan
birisidir. Cesitli risk unsurlari yapi maliyeti tizerinde etkildiBu nedenle sadece
maliyet tahmininin yapilmasi yeterli olmamakla i€, ayni zamanda belirsiz
durumlarin maliyet Uzerine etkilerinin de analizilegsi gerekmektedir. Proje
maliyet tahmini icin kullanilan en genimetod olan birim fiyata dayali basit
matematiksel hesaplamalarla maliyet tahmininde rolhaasi, deterministik bir
yontem olup maliyet tahmininde yetersiz kalmakta8w yaklgim belirsizligin ve
korelasyonun etkisini inmal etmektedir. Bu nedeDlemen tarafindan korelasyonlu
maliyet risk analiz modeli (CCRAM) gstirilmistir. Bu calsma ise korelasyonlu
maliyet risk analiz modeline data gini kolaylastirmak ve belirsizsartlar altinda
maliyetlerin ve risk etkenlerinin korelasyonlu ofdudurumlarda yap! maliyetinin
tahmin edilebilmesini ggayan kullanici arabirimi gadiiriimesini, Visual Basic
ortaminda sunmaktadir.
Bu calsmanin amacinda, gaat projelerinin erken maliyet tahmini Uzerindeki
belirsizliklerin deggerlendirilmesinde kullanilabilmek tzere, korelaslyomaliyet risk
analizi modeli icin Visual Basic programi ile kuill@l arabirimi gebtiriimesi
anlatilmaktadir. Bu arabirim CCRAM’e data gini kolaylastirmak ve miteahhit
veya Yyiklenici firma igin simulasyon yapmadan Isefrsartlar altinda yapi
maliyetini tahmin edebilmek igin tasarlangm. CCRAM icin gelgtirilen bu
kullanici arabiriminin  verimlilgi hipotetik bir uygulama ile bu c¢amada

degerlendirilecektir.

Anahtar Kelimeler: Kullanici arabirimi, maliyet analizi, belirsizlikjsk yonetimi,

risk analizi, visual basic, korelasyon
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CHAPTER 1

INTRODUCTION

1.1 Problem Statement

Cost estimating become important procedures forluateng project budget.
Construction activity costs are affected by theentanties in weather condition,
productivity, design, scope, site condition, saibgerties, material delivery time,
equipment efficiency, and etc. Activity costs miglaviate from the expected values
due to such various risk-factors. Hence, deterriiiapproaches like unit cost
estimation become insufficient in clarifying thecentainty in costs.

Early cost estimation procedures ignore the cdicglabetween cost items or that
not having risk based analysis approach producesalistic results. Unit cost
estimation that utilizes deterministic unit costlues is the most widely used
method among such procedures. Any cost estimatietmad that aim at producing
this kind of information should approach the problén a nondeterministic way
and should not ignore the correlation between ptoyariables (i.e. item costs).
Moreover, the cost estimation should be considevedin the risk management
frame and risk analysis approach should be incatpdr

Correlated cost risk analysis model is one of thle mnalysis technic under
uncertainty when the costs and risk-factors arestated. But, this model is not user-
friendly and user interfaces are needed to devdlse of the CCRAM are very
complicated and the program format is not usend in terms of data input and
calculations. In addition, guiding the user does$ Imave an auxiliary gridso the
absence of user guides, is disadvantage of CCRAAfa Entry, data control, data
transmission and data protection are necessarya foontrol analysis and model

configuration.

1.2 Aim and Objectives

The aim of this study is to develop a user intexfaml with Visual Basic program
for correlated cost risk analysis model that carubed for facilitating data entry

and computation and to evaluate the uncertaintgcefbn construction project



estimated costs without simulation. This user ham¥ facilitate data entry to the
CCRAM and estimate early construction cost for cactor or decision makers. The
correlation between item costs and risk-factord i incorporated into the user
interface tool for CCRAM. Furthermore, the tool Wwie designed such that they
will be capable of providing risk-factor sensitiwitnformation to support cost
management. Probability will be the main mathenatitheories that will be

followed in building the theoretical logic of thedl.

The other objectives of the thesis:

e To learn (or accustome) the details of CCRAM model
* To computerize the developed user interface tovlisnal Basic

* To evaluate the tool through performing sensitiabalyses

* To carry out application for showing the applicapibf the user interface

1.3Scope

This study is composed of a user interface for C@R&nd an investigation on
finding out the means of incorporating the uncetiaiand correlation effects into
early cost estimation. CCRAM is a candidate to bkzed as cost risk analysis
tools through the risk analysis stage of projeak rmanagement due to its
capability of capturing the uncertainty existing é¢onstruction costs. The whole
analysis conducted throughout the thesis is usterfate for CCRAM to be used
facilitating data entry, computerization and unamity analysis in construction
without simulation. The developed user interfaceapplicable to all kinds of
construction projects either during the design estag construction period. The
scope of this study, design user interface for dgiats and calculations of CCRAM
execution can be used to make easily and more statgielable which is the method

mostly utilized in construction sector in practice.

1.4Method

The procedure followed in the thesis contains teegetbpment of user interface
for correlated cost risk analysis model in a corapae manner. Sensitivity analysis
will be frequently carried out to evaluate differefeatures of the developed
system. Hypotetical application will be conducted $howing the applicability of

the user interface for CCRAM.

Probability theory is the major mathematical thesrithat will be followed in



building the theoretical logic of the tool. Thearface system will be computerized
by designing Visual Basic program through formufas CCRAM. The user-
friendly interfaces will be produced with Visual 8a configurations to simplify
the user’s data entry and program usage. Usefantefor CCRAM consist of 31615
line code (671 pages) formulation in Visual Basic.

Furthermore, risk analysis full package softwaregpam, will be developed for
adding simulation capability to the user interfat €CCRAM.

1.5 Outline

The thesis consists of six chapters. The contentsthe chapters are
summarized below:

» Chapter TwoThis chapter includes a brief theoretical backgtahout the
main subject matters of the thesis topic and aalitee review about the
existing methods associated with cost risk analysis

e Chapter Three:Computerization of User Interface method is men¢idnin
Chapter Three. The logic, operation and compugadr of the user interface
tool are presented.

» Chapter FourlUser Interfaces design at Visual Basic for CCRAMlaated
in Chapter Four.

» Chapter Five:A hypotetical application is performed on a congtian
project in Chapter Five.

+ Chapter Six:Conclusion and Recommendations in Chapter Six.



CHAPTER 2

THEORETICAL BACKGROUND AND LITERATURE REVIEW
2.1 Introduction

This chapter contains a brief theoretical desaiptabout the main subject matters
of the thesis and a literature review about theeaehes conducted over
construction cost risk analysis. The corner pooftshe thesis subject include user
interfaces, construction project management, risknagement, cost estimation,

simulation, uncertainty analysis.

2.2 Construction Project Management

The management of construction projects requiredwledge of modern
management as well as an understanding of the rdesid construction process.
While the relevant technology, institutional arrangents or processes will differ, the
management of such projects has much in commonthéhmanagement of similar
types of projects in other specialty or technoladymains such as aerospace,
pharmaceutical and energy developments [2].

Specifically, project management in constructiomanpasses a set of objectives
which may be accomplished by implementing a seok®perations subject to
resource constraints. There are potential confbetsveen the stated objectives with
regard to scope, cost, time and quality, and thestcaints imposed on human
material and financial resources. These conflibtaukl be resolved at the onset of a
project by making the necessary tradeoffs or angaiew alternatives. Subsequently,
the functions of project management for construcgenerally include the following
[3]:

« Specification of project objectives and plans idahg delineation of scope,
budgeting, setting performance requirements, andectsgg project
participants.

« Maximization of efficient resource utilization thugh procurement of labor,
materials and equipment according to the prescitbesal

* Implementation of various operations through propeordination and

4



control of planning, design, estimating, contragtamd construction in the entire
process.
* Development of effective communications and medmasi for resolving
conflicts among the various participants.
The Project Management Institute focuses on niséndt areas requiring project
manager knowledge and attention [4]:
* Project integration management to ensure that #gr®ws project elements
are effectively coordinated.
* Project scope management to ensure that all thie seguired (and only the
required work) is included.
* Project cost management to identify needed ressuand maintain budget
control.
» Project quality management to ensure functionalireqents are met.
* Project human resource management to developmedneféactively employ
project personnel.
* Project communications management to ensure eféettternal and external
communications.
* Project risk management to analyze and mitigateryia risks.
* Project procurement management to obtain necesssoyrces from external

sources.

2.3 Early Cost Estimation

Early estimation of costs in an accurate way isegmely important to the owner and
contractor in construction projects. Inaccuratdyeastimates can lead to lost
opportunities, wasted development effort and lowean expected returns. The
accuracy of early cost estimation depends on quafitcost data, scope definition,
preparation time and the skill of the estimator.aAgroject progresses, the time
required to complete the estimate and the accysemyided both increases. Project
price is influenced by the size of the project, ¢uality of the project, the location,
construction duration and other general market itmmg [5].

The cost of a completed construction project todimer includes both the initial
capital cost and the subsequent operation and emginte costs. Each of these major
cost categories contains a number of cost compsn€he initial capital cost for a

construction project includes the expenses reltidtie initial establishment of the



facility as enumerated below:

* Land acquisition, including assembly, holding amgiovement
* Planning and feasibility studies

» Architectural and engineering design

» Construction, including materials, equipment armbta

* Field supervision of construction

» Construction financing

* Insurance and taxes during construction

* Owner's general office overhead

» Equipment and furnishings not included in constaurct

* Inspection and testing
Unit cost estimation methodas been the most frequently utilized method irt cos
estimation. If the design technology for a facilitsgs been specified, the project can
be decomposed into elements at various levels ¢dildéor the purpose of
cost estimation. The unit cost for each elementhim bill of quantities must be
assessed in order to compute the total constructen This concept is applicable to
both design estimates and bid estimates [6]. Trechanit-cost formula can be
described as follows:

Suppose that a project is decomposed into n elanfentcost estimation. LetiQ

be the quantity of theﬂ] element and juis the corresponding unit cost. Then, the

total cost of the project is given by:

n
y=2 Ui Qi (2.1)
i=1

where n is the number of units.

Unit cost estimation method is a deterministic apph and does not take the
uncertainty effect into account. In other words,sitnot useful for deciding the
contingency amounts. In this thesis, this deficyewd! be tried to be eliminated by
incorporating risk-factor based modeling approanth early cost estimation process.
Program Evaluation and Review TechfERT) can be used to estimate the
probability of completing either a project ondividual activities. PERT
continues with the designation of three time ed®mafor each activity [7]:
optimistic (0), pessimistic (p) and most likelyn). These values are assumed to



be the determining parameters of beta distribufsae Figure 2.1) that is accepted
as capable of describing empirical data in PERTiegin. The equations of this

approximated computation are given below:

pu=(00+4m+p)/6 (2.2)
o =[(p- o)/ 6F (2:3)
where p = expected duration of an activitys,2 = variance ands = standard

deviation of the activity durations. However, itosid be emphasized that there
are some arguments in the literature about thegwosimmated computation

equations of the traditional PERT and some otheratons are offered for the

same process. Afterwards, the expected durafign éand varianceo(ZT) of the

project are obtained by summing the expected vandsvariances along the critical

path.
n
HT =2 Wi (2.4)
i=1
n
2T =Y &% (2.5)
i=1

where n is the number of the activities belongmghe critical path.

In fact, the basic theory upon which PERT is depetb is the well-known

central limit theorem. This theorem claims that them of means of random
variables from identical distributions (regardlegsshape) tends to follow normal
distribution.

PERT can be considered as an improvement to CPMitdoincorporation of

uncertainty and risk analysis. Unfortunately, itshsome limitations due to the
inherent computational assumptions and its ingefiicability to analyze all of the
paths along the network. The criticisms establishigolut PERT in the literature can
be summarized as follows [8] :

e It is difficult to estimate the optimistic (minimym most likely and
pessimistic (maximum) costs of an activity and #&imation process
involves high degree of subjectivity.

 The application of beta distribution to all projeeictivities leads to

computation errors.
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Figure 2.1. Beta and Normal Probability
Distribution

2.4 Risk Management in Construction Projects
2.4.1 Risk concept

The concept of risk can be applied to nearly evenpan-decision making action of
which the consequences are uncert&@iharacteristic of decision making is its
orientation towards the future (it uncertain). 8me is a central variablénvestors
in financial markets recognize that risk plays maportant role in their allocation of
assets across different investments [9].

Some of the resources in literature propose thenmgeof the word “risk” from
the managerial point of view as follows:

- To give a broad overview of what is meant by riskl &dhe way in which it
influences decisions made in construction industry.

- To describe some of the tools and techniques usedk management in a
broad range of industries.

+ To describe systems and techniques that could led by design and
construction team in management of risk on constmgrojects.

* A project risk is an uncertainty that may influentte implementation of
the project. The influence may be negative - aathrisk - or positive — an
opportunity risk.

All of these definitions share two common aspeictdeterminacy and loss. In other
words, in order to discuss about the existences&f first, there must always be at
least two possible outcomes and second, at leasbbthe possible outcomes must

be undesirable.



Probability, which underlies many of the analytieglproaches to risk. Decision—
making in the construction industry & the role dfetpast in forecasting are

considered.

There are many studies, both theoretical and ecainvhich focuses on riskiness of
situation, or focus on the willingness of peopléake risks in certain situations.

The different type of risk studied include

* Business risk

* Investment risk
* Economic risk
» Social risk

e Political risk

Certainty: When one can specify exactly what will happenmyithe period of time
covered by the decision. This situation is not leeppery often in construction
industry.

Risk: Risk has a place in a calculus of probabilitied &nd itself to quantitative
expressionRisk of success and cost of failure can be caledlby using probability
of failure. Project risk is an uncertain event or conditiont,thiait occurs, has a
positive or a negative effect on a project objegtiuncertainty and the absence of
information regarding occurrence, understandingg rsquires some information
[10].

Uncertainty: A situation in which there are no historic datapoevious history
relating the situation being considered by decisioaker. Uncertainty occurs
generally as a result of risk. For example, the metion time of a construction
project is uncertain. However, the reasons leatnthis uncertainty are the risks
that affect the project aspects. Risk, in somenmag can be recognized as any
result of uncertainty in any project affectirigctor such as weather condition.
This result may be a favorable or an advessation in the affected project
aspect such as activity duration. For examyegertainty in weather conditions
may create the risk of variation in activdyrations either in adverse or
favorable direction, i.e. the actual activity diwas may be more or less than the
expected durations [11].

The major effects of common construction risks owerconstruction project
are enumerated below:

» Failure to keep within the cost estimate



» Failure to achieve the required completion date

» Failure to achieve the required quality.

» Failure of the project to meet the required operatieeds
» Failure of the project safety requirements

» Damage as a result of fire, flood, earthquake, etc.

2.4.2 Risk management

Risk management is a system which aims to ideatfy quantify all risks to which a
business is exposed. A risk management system lmeystactical, realistic and must
be cost effective. Risk management need not beigatpt nor require collection of
vast amount of data. It is matter of common seasa]ysis, judgment, intuition,
experience, gut feel and a willingness to operateseiplined approach to one of the
most critical features of any project in which riskgeneratecRisk management is a
discipline for living the possibility that futurevents may cause adverse effects.
Risk management can be defined as a systematiootimmg procedure of risks that
are predicted to be faced in an investment or ptojeisk management can be
applied to the entire project and can be useddsmamic control system throughout
the project life [12-14].
Process of risk management is broken down intovbstages;

* Risk identification

* Risk classification

« Risk analysis

* Risk attitude

* Risk response
Risk identification and classification comprise tnalitative investigation of the
risks. Risk response is the last risk managemeaq at which the results of the
preceding steps are discussed and suitable mglgation actions are taken in

advance of risk occurrence.

2.4.2.1. Risk identification

To identify risk is rather like trying to map theodd. Much of the world is not
visible from where you stand. Some territory mamifaar to you, but may not to
others. Similarly, looking at a project from thetavith multiple layers of planning,

complex vertical and horizontal interactions, amdugencing problems, resembles

10



looking into the world map through a fog. Managetiseability to influence the
outcome is limited to what they can see. The gieaptation is to focus upon what
should happen, rather than what could happen. @ sliew of the event is the first
requirement, focusing on sources of risk and eféé¢he event. Sources of risk and
effects of risk must be clearly distinguished.

Some risks are controllable: Co-ordination between the mechanical engineering
services, specialist contractor, and the suspeoeliédg specialist contractor.
Uncontrollable risks: Exceptionally inclement weather, So what? a cganty

provision can be made by considering worst evelytual

2.4.2.2 Risk analysis

The next step after risk identification and clasaiion is risk analysis in a risk
management system. Risk analysis covers both datwei risk measurement and
qualitative risk assessment techniques and for #taistical methods, simulating/
modeling capabilities of computers, engineeringdgment and risk attitude are
all taken into account and utilized. The importaonteisk analysis is that it shows
what happens if the project does not proceed asuptd the plan due to potential
risks and warns the decision-maker or manageutalbhe necessary responses to
cope with risks. Furthermore, it captures all tkasible options and analyses the
various outcomes of any decision [15-18].

Risk analysis techniques are grouped in two pagtantitative and qualitative.
All methods benefit from the data produced by iténtification and classification
tasks but qualitative approach consumes the gathefermation through direct
judgment, ranking options, comparing options anscdptive analysis. In contrast,
some of the quantitative risk analysis technsquike Monte Carlo Simulation,
are used in performing statistical models and Hitmans in order to reach
numerical results that show the effects of risk&il8¥ the most tools and techniques
used in analyzing the risks provide quantitativdutsons, they all contain
subjectivity to some extent.

There are a number of quantitative risk analysishii&ues emphasized in
literature, which can be classified as classicahn@ues (e.g. sensitivity analysis
and Monte Carlo Simulation). Some of the commonliiave and quantitative
risk analysis techniques are enumerated below:

« Sensitivity analysis
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* Monte Carlo Simulation

» Decision-tree analysis (stochastic or deterministic

* Fuzzy-set theory

» Utility theory

* Multi-attribute value theory

* Probability theory

» Portfolio analysis

» Breakeven analysis

* Scenario analysis

* Delphi method
The quantitative risk analysis techniques can bithéu classified as deterministic
and stochastic techniques. The stochastic methards & Monte Carlo Simulation,
stochastic decision tree analysis, delphi method portfolio analysis produce
probabilistic solutions instead of assuming %10@Gabeties for decision variables
like deterministic analysis techniques. Determiaiséchniques such as breakeven
analysis and deterministic decision tree analysiglyce fixed single-value results.
In contrast, the variables in a stochastic riskiy@m model can be represented by
probabilistic terms or distributions so that theenmainty surrounding the project is
assessed. For these reasons, stochastic mslelsnand analysis techniques are
becoming more popular among project managers acidioie-makers.
The next subsections contain brief descriptionsutilsensitivity analysis, scenario
analysis and Monte Carlo Simulation. These are tisk analysis techniques
benefited throughout this thesis.
Sensitivity analysis:Sensitivity analysis is a kind of ‘what-if’ analgs It aims to
answer the questions like “How does the total mtojeost change if inflation
rate increases 5%, 10%, 15%above the estimated base inflation rate with the
other cost affecting factors are kept constant?dtimer words, sensitivity analysis
is used to observe the impact of a change in theevaf an independent variable
on the dependent variable [19, 20]. There are tamnuses of sensitivity analysis:

+ It identifies the risky sides of the project in erdor concentrating on these

sides.
» It identifies risky variables that change the rauigkbrder of the alternatives,
so that effort is concentrated on these areas.

Scenario analysis:Scenario analysis is applied when testing radtitre options.

The options are regulated and then evaluated derelit scenarios, but the
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scenarios are generally based on the most likkbyoptimistic and the pessimistic
forecasts. Besides, only key variables are idewtifivith their values. Scenario
analysis can also be used for optimization purposes
Monte Carlo Simulation: Monte Carlo Simulation makes the assumption that
parameters subject to risk and uncertainty can becribed by probability
distributions. That technique makes use of thesbahbility distributions to generate
a number of simulations of the desired overall essimate [21-23].
The simulation of a project uses uncertainty in #stimating process. Firstly, a
project is broken down into activities or packagath an assessment of reasonably
foreseable;

» optimistic (or lowest)

* pessimistic (or highest)

* most likely (this becomes peak value of distriba}io
Seldom is it possible by the use of historical dataxpert judgement to define more
than these three points, nor is it even worth giterg. Estimating is a case where
practicality of approach and sensitivity of resutiditate against analytical overkill.
Most of us cope with the uncertainty in practice dgscribing it with words like
‘between X and Y’. When we have to be more defieitive will include contingency
sums to cover the unknowns we are dealing with.eddam things are fuzzy values,

nor precise values.

MCS is a kind of stochastic and statistical expentnapplied for practicing
randomly generating events that cannot be formdileteeven empirical means. For
this reason, this technique is particularly usefilen processes or events are too
complex to be solved analytically.

The cost of construction work is a combination dfatvclient is prepared to pay and
the price at which contractor is prepared to uradertthe work in order to show an
acceptable level of profit. Prices can be consilleé® residing in a family of prices
where there will be both extremes & a most likelic@. The aim here is to describe
a technique which identifies the probability distriion from which a price
prediction has been taken. It can initially be ubgdthe client and consultants in
assessing a particular price prediction, and, enadlyt in deciding upon the
feasibility of the construction project to whichethprediction refers. General
methodology is applicable at any stage of the imrent appraisal, development
appraisal, or design process of a project.
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The total cost of a project cannot be calculateacttx by formulas in advance,
because of the complex market conditions, humatorfsc physical environment
and many other risks. However, it can be estimatatistically by MCS because
it is a random process. MCS enables the risky ptoarameters to vary
simultaneously according to the assigned probgbitltstributions which are
explored from previous data. As the iteration numbg simulation is increased,
more regular and consistent results are providéateck to the variable sides of
the project. Furthermore, the risk model on whibk MCS is performed can be
further developed by necessary formulas and caioelaelicitation techniques
before the simulation. The most sensitive issued6iS are the determination of
probability distributions and correlation eliciati technique that will be
implemented. Three approaches to the definitiorthef distributions exist in the
literature: subjective definition of the distriboiis by expert judgment, objective
definition of the distributions from the historicalata and objective/subjective
definition from a small sample of data exteacfrom previous similar projects.
All of these approaches are valid in different eimstances because the amount
and consistency of historical data is the key gatéhat determine the way to be
followed.

The followings are some of the common probabilitgtribution types that can

be assigned to variables in MCS:

* Uniform

» Triangular

* Poisson

* Binomial

* Lognormal

* Exponential

» Geometric

* Hypergeometric

*  Weibull

*» Beta
It is sometimes difficult to determine the appragei distribution for a variable. In
order to overcome such difficulties, the propertéshe distributions and the factors
surrounding the variables should be properly ingastd. The following list
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consists of the basic principals to be followedahecting probability distributions.
* The distribution should be easily identifiable frentimited set of data.
* The distribution should be easily updated as aulufdi historical data are
introduced to the analysis.
» The distribution should be flexible in shape iieshould be capable of taking
a variety of shapes.
* ltis better for the analysis that the distributtwas finite end points.
Some of the distributions are more suitable inipaldr conditions. For instance,
discrete functions are seldom used in constructiost risk analysis, whereas
positively skewed triangle, beta and lognormalribstions are the most frequently
used types for this purpose.
MCS uses random numbers chosen from the predefiake ranges of variables.
These random numbers are generated by random nuyeberators of computer
programs and consumed to generate outcomes fromrtt@bility distributions in

correspondence with their statistical propertied stmapes.

Although it seems very important to choose thetrggbbability distribution type for
the project variables in MCS, the fact is not likes. The reason is that the errors in
selection of distribution types are compensatedtliy effect of central limit
theorem. Central limit theorem mentions that wherarmge of distribution shapes
are simulated many times, there will, as the nundbesimulations increases, be a
tendency for the output distribution to tend to thermal distribution shape.
Therefore, selection of the precise distributigpet is not more important than
establishing the correlation effect in the modélisTract is more evident in particular
areas. For instance, it is relatively more imaortto investigate and allow
correlations between the costs of sub-componentsmdtruction cost estimates than
to select the best-fit distribution to represenstcelements in MCS. Correlation
between the variables may be positive or negathe this can be represented by
correlation coefficient values between 1 and —lleWmt computer programs are
capable of incorporating the correlation coeffitteetetween the variables if the
coefficients are entered to the program.

Furthermore, they can warn the user if there is esantonsistency between the
entered coefficients. However, estimating the dati@ between the variables is
not so easy. It depends on deep experience andnttoeint of previous data in

hand. Instead, elicitation of the correlation iedity through qualitative analysis
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techniques seems more logical and practical. Tleegolure that is followed
throughout this thesis in developing the risk medi the indirect correlation
elicitation method.

The results of MCS may be arranged in differentm®raccording to the purpose.
Some of these forms are tabular summary lists, urqy diagrams and
cumulative frequency diagrams. Summary lists maysthe probability ranges of
the required resultant variable such as projecatour or total cost, statistical
properties of the results or they may provide thigical parameters of the risk

model.

2.4.2.3 Risk response

The last action of systematic risk management e responding to risks. The
results of the risk analysis step are evaluatedaaedrdingly, the strategies to cope
with risks are determined during this stage. Cam$rainsurance and surety are the
common means of risk response by which the deteanstrategies are documented
and carried out. Although, some of these meangxensive reactions they should
not be considered as wasted costs. In contrast,ateethe precautions to generate
the desired returns [24, 25].
The risk response strategies can be categoriziediirgroups;

* Risk retention (absorption)

* Risk reduction (prevention — mitigation)

* Risk transfer

* Risk avoidance

Risk retention: Risks that produce individually small, repetitivesses are those
most suited to retention. On a motor insurancecgahany people will bear the cost
of the first 50 pounds in return for reduction letpremium. Some people may
choose to pay the first 200 pounds in return fdarger reduction, the level of
retention is dictated by the financial circumstanaad likelihood of loss. Not all risk
can be transferred but even if they were capableenfg transferred it may prove to
be economical to do so. The risk will then havebt retained. Besides, it is
preferable to retain a portion of the risk in certeircumstances. In summary, the
relevant factors are:
» the cost of the insurance premium

e the maximum probable loss
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the likely cost of the loss
the likely cost of paying for the loss, if uninsdre

Risk reduction: One of the ways of reducing the risk exposure ishare risks with

the other parties. For instance, the internatibaaks syndicated loans to third world

governments or the stock market investor spreagisisk over many securities. Risk

reduction falls into 4 categories;

Firstly, education and training to alert the staff to pose risks.
Secondlyphysical protection to reduce the likelihood afdo

Thirdly, systems are needed to ensure consistency andkpeaple ask the
what if questions.

Finally, physical protection can be taken to protect pe&gbeoperty

Preventive (at early project stages);

Utilize quantitative risk analysis techniques focarate time estimation
Depend on subjective judgment to produce a propejram

Produce a proper schedule by getting updated pgrojecmation

Plan alternative methods/options as stand-by

Consciously adjust for bias and add risk premiurini@ estimation

Refer to previous and ongoing similar projectsdocurate program

Mitigation (during construction);

Increase manpower and/or equipment

Increase the working hours

Change the construction method

Change the sequence of work by overlapping aawviti

Coordinate closely with subcontractors

Risk transfer: Risk transfer is the action of transferring thepansibility of risks

to another party using a contract, insurance, alenmity, a bond or a surety. It

is a widely utilized risk response strategy but amt@nt point to be cared about is

that the party to whom the risks are transferregtnme capable of controlling and

affording the risks. Otherwise, the whole projeetynbe affected negatively [26].

Risk transfer can be realized through the followiogtes;

Client to contractor
Contractor to sub-contractor

Client, contractor, sub-contractor to insurer
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« Contractor or sub-contractor to surety
Transferring risk does not reduce the criticallytloé source of risk, it just removes it
to another party. In some cases, transfer canfgignily increase risk because the
party to whom it is being transferred, may not beae of risk they are being asked
to absorb. Example, the general contractor (whéeriewg into a contract with a sub-
contractor) may impose a liquidated and assessofdoss suffered by the general
contractor. The sub-contractor may not be awaradaditional risk being transferred
and he may well not be in the financial positiorcéory risk. The common form of
risk transfer is by means of insurance which change uncertain exposure to a
certain cost. In the construction industry obtagnimsurance cover is becoming more
expensive. On construction projects, fault-freeldmg cannot be guaranteed and
defects may be discovered long after practical detign.
Risk avoidance:Risk avoidance is the risk refusing action unlike risk retention
or risk reduction. The best examples are the réfa$athe whole project or
avoiding only its risky parts. Risk avoidance cam éxperienced through the
following ways:

* Avoiding to bid on the Project

» Bidding very high prices

* Using exemption clauses

» Bidding on the less risky portions of the contract

» Ignoring the project (by owner/client)
Risk avoidance is a more consistent and realistary vof risk struggle in

fuzzy situations instead of taking unconscious slens simply for the aim of
winning the tender. Investing on different alteimes and projects would be more
logical than dragging the company into an adventuir the company did not
have enough resources and capacity. Otherwisebléeevents may occur like
bankruptcy.

2.5 Probability Theory and Uncertainty

Probability theory was shown among the risk analysethods. In other words,
this well known theory becomes an excellent meanditermining the extent of
uncertainty inherent in construction schedules ewst estimations. For this reason,
probability theory and its concepts are frequenttifized in improving in this
thesis. The main definitions and descriptions réigay this theory are presented
below [27, 28]:
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Probability: Probability is the degree of likelihood that sohmeg will happen.
More precisely, probability is used for modelingquations when the result of an
experiment, realized under the same circumstanpesduces different results
(typically throwing a dice or a coin). Prdiddies are expressed as fractions
12, 174, 3/4), as decimals (0.5, 0.25, 0.75), spercentages (50%, 25%, 75%)
between 0 and 1. For example, a probability of Gamsethat something can never
happen; a probability of 1 means that something wailvays happen. The

probability of an event is calculated as follows:

No. of outcomes favorable to the occurrence ofetlent

p(a) =
Total no. of possible outcomes

For example, the probability of getting heads i éoss is: p(heads) = 1/(1 + 1) =
12. In any experiment there are certain possibiieames; the set of all possible
outcomes is called the sample space of the expetifdenominator in the above
equation). To each element of the sample space {aeeach possible outcome)
is assigned a probability measure between 0 an@ i$ gometimes described as
corresponding to impossibility, 1 to certajtiFurthermore, the sum of the
probability measures in the sample space must be; 1

Probability theory: Probability theory is the mathematical study okpbmena
characterized by randomness or uncertaintyenigineering applications, this
theory is widely used. For instance, the duratioh am activity randomly
generates in even exactly similar conditions. Tpgto identifying the effective
factors and the shape of affection, this kioiduncertainty can be modeled by
using probability theory.

Statistics: Statistics is the branch of mathematics dealingh wgathering,
analyzing and making inferences from data. It haplieations in all the
sciences. Statistical tools not only summarizé gata through such indicators as
the mean (mean, median and mode) and the standaidtidn but can predict
future events using frequency distribution funcsomBesides, statistics provides
ways to design efficient experiments that eliminéitee- consuming trial and
error. Statistics is directly related with probélitheory in application.

Arithmetic mean: The arithmetic mean is the "standard" average séteof, often

simply called the "mean". Its equation is:
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X = 1/rzl\>l<i (2.7)
i=1
The mean may often be confused with the median odenThe mean is the
arithmetic average of a set of values, or distrdsyt however, for skewed
distributions, the mean is not necessarilye ttkame as the middle value
(median), or most likely (mode). The mean of a fiorc also exists. It can also

be defined as the average value of the function ibsvelomain.

b
T = 1/(b-a) f(x) dx (2.8)
a
Standard deviation and variance:Standard deviation (s) and variance are the two
statistics used as a measure of the dispersionvaoiation in a distribution;
variance is equal to the arithmetic mean of theasegpi of the deviations from the

arithmetic mean, standard deviation is the squawé af variance.

N
—s S [UN-D)Y (i — x4 (2.9)
i=1

The advantage of a standard deviation calculati@r a variance calculation is that
it is expressed in terms of the same scale asdhey in the sample. For example,
for a population of distances in meters, the stahdigviation is also measured in
meters, whereas the variance is measured in sqeegs.

Standard deviation is the most common measure afiststal dispersion,
measuring how the values in a data set are sprgadf the data points are all close
to the mean, then the standard deviation is closeeto. If many data points are
far from the mean, then the standard deviationaisffom zero. If all the data
values are equal, then the standard deviationrs 2d¢ least 75% of the values in
any population are within two standard deviatiomsyfrom the mean. 95% of the
values in a population having normal distributiome awithin two standard
deviations away from the mean.

Covariance: Covariance is the statistical term for the corretatbetween two
variables multiplied by the standard deviation feach of the variables. A

positive covariance indicates that the two varigblend to move up and down
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together; a negative covariance indicates that wdre® moves higher, the other
tends to go lower. Covariance is in relation witirelation.

Correlation coefficient: Correlation coefficient is a statistic representingw
closely two variables co-vary; it can vary froml +perfect negative correlation)
through O (no correlation) to +1 (perfect posita@relation). In probability theory
and statistics, correlation, also called correfati@oefficient, indicates the
strength and direction of a linear relationshgiween two random variables. In
general statistical usage, correlation refers ® dbparture of two variables from
independence. The basic formulas and further dusmms regarding the
correlation concept will be introduced in the netxapter.

Coefficient of variation (standard deviation-mean atio): The coefficient of
variation represents the ratio of the standardat®r to the mean, and it is a useful
statistic for comparing the degree of variatiomirone data series to another, even
if the means are drastically different from eactheot In other words, the
coefficient of variation is a dimensionless numiteat allows comparison of the
variation of populations that have significantlyffelient mean values.

Confidence interval: Confidence interval is a statistical range with pedfied
probability that a given parameter lies within thage.

Probability distribution: Probability distribution is a function of a random
variable yielding the probability that the variaball have a given value.
Common probability distributions used in simulaticapplications regarding
uncertainty analysis was mentioned. Normal, trianghd uniform probability
distributions are the main distributions utilizeardugh the thesis and necessary
information about them are presented within thategl sections.

Every random variable gives rise to a probabilitytribution, and this distribution
contains most of the important information abow Wariable. IfX is a

random variable, the corresponding probability rdbstion assigns to the interval
[a, b] the probability P < X < b], i.e. the probability that the variabd will
take a value in the intervad,[b]. The probability distribution of the variablé can
be uniquely described by its cumulative distribatifunction F(x), which is
defined by;

F(X) = Pr [X< X] (2.10)
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A distribution is calleddiscreteif its cumulative distribution function consists af
sequence of finite jumps, which means that it bgdorto a discrete random
variable X: a variable which can only attain values from ataie finite or
countable set. By one convention, a distribution called continuousif its
cumulative distribution function is continuous, ialh means that it belongs to a
random variablé& for which Pr[X=x] =0 for allxin R.

Central limit theorem: The normal distribution has the very important
property that under certain conditions, the distiitm of a sum of a large
number of independent variables is approximatelynah This is the central limit
theorem. The practical importance of the m@ntimit theorem is that the
normal distribution can be used as an approxamatto some other

distributions. This theorem is particularly usedPERT.

2.6 Risk Analysis and Uncertainty into Early CosEstimation

The method developed to evaluate uncertainty irstcoction project and early cost
estimation utilize quantitative and qualitative rebdg techniques. MCS based
cost analysis models follow a similar proceduree Thain shortcoming of PERT
and MCS based CPM is that these methods neglectdirelation between the
variables, considering as if they are all indepatdand so they produce inaccurate
results.

Qualitative models use qualitative terms (e.g. veffective, effective, expected,
worse) instead of quantity values for modeling utaety. The algorithm of the
model then converts these qualitative values int@ntjties. Moreover, the approach
in qualitative models is generally factor-based,e. i the factors creating the
uncertainty and their occurrence likelihood areuresfl in these models. The main
superiorities of the models that use solely quaiaor both qualitative and
guantitative techniques are their correlation capgucapabilities and factor-based
analyzing capability. The user interfaces that developed within this thesis use
qualitative and quantitative techniques in conjigrcaccording to CCRAM.

The methods incorporating risk analysis and unc#gtanto early cost estimation is
briefly described in the following paragraphs:

MUD (Model for Uncertainty Determinatiomyhich is a simulation-based model was
developed to evaluate project networks under uaicgyt The MUD simulation by
Carr and Padilla was further refined into a commpmbnef the DYNASTRAT
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(DYNAmic-STRATegynodel for dynamically allocating resources. Theleaton
of uncertainty inMUD is factor-based and uncertainty is treated as kyakioth
favorable and adverse effects. Moreover, correlabietween activities is modeled
indirectly and calendar- dependent risk-factorshsas weather are taken into
account with considering their planned dates orcétendar [29].

JRAP (Judgmental Risk Analysis Procesd)ich is a simulation based model
was developed by Oztaand Okmen, to evaluate uncertainty in construction
activity networks. It follows a systematic risk &sks procedure. The evaluation
of uncertainty inJRAP is factor- based and correlation between activiiges
modeled indirectly. However, uncertainty is treatesd having only adverse effect
[30].

Exact Simulation, MSRN (Modified Second Randonmbéw) and Factored
Simulationare all MCS based models which requires correlatmefficients. Hence,
these models capture the correlation effect diye&tkcept forFactored Simulation,
the other models treat uncertainty as having batrorable and adverse effects
[31].

The models that have been developed for evaluatimgertainty in early cost
estimates also utilize MCS in general. In this gfutle general trend is to capture
the correlation between the costs directly by dati@n coefficients using
subjective or previous data. However, they are faotor-based and indirect
correlation elicitation has not been consideredndde the sensitivity of the
estimated costs to particular risk-factors canretbtected and in turn, uncertainty

evaluation cannot be done competely [32].
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CHAPTER 3

COMPUTERIZATION OF USER INTERFACE
3.1 Introduction

The success of construction projects is evaluaésedbon specific measures. Most of
these measures are in relation with quality, safeipctionality and cost. Cost
estimation can be considered as one of the mogirtant tasks necessary for being
successful in construction projects. Since varislsfactors affect the construction
costs, the actual costs generally deviate frome$temated costs in favorable or
adverse direction. Therefore, not only estimatibthe costs but also the analysis of
the uncertainty effect on the estimated costsdsired. The widely used method of
project cost estimation, i.e. predicting the camgion costs and simply calculating
the total, is deterministic and insufficient. Thigproach neglects the uncertainty and
the correlation effects.

Project risks are the results of uncertainty in affective factor such as weather
conditions. These results may be a favorable oersdvvariation in the affected
project aspect. For example, uncertain weather itond may create the risk of
variation in item costs either in adverse or fabteadirection, i.e. the actual cost

may be more or less than the expected cost.

3.2. Short information about CCRAM

CCRAM is developed as a risk analysis tool for esegearly cost estimation phase
of any construction project. It is a risk-factorsbd and simulation based model that
indirectly incorporates the positive correlatiofeef between cost items and between
risk-factors (two sided correlation) in both faviolaand adverse direction [33].

The sensitivity of the estimated costs to partictkk-factors cannot be detected and
in turn, the evaluation of uncertainty cannot befggened completely. In this regard,
correlated cost risk analysis model (CCRAM) waseligyed by Okmen to analyze
construction costs under uncertainty when the casts risk-factors are correlated.

CCRAM is produced as a risk analysis tool for usiagearly cost estimation phase
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of any construction project. It is a risk-factorsbd and simulation based model that
indirectly incorporates the positive correlatiofeet between cost items and between
risk-factors in both favorable and adverse directibormulations of CCRAM’s

algorithm is used in user interface of CCRAM. laistepwise procedure consisting

of data input parts, computation parts, probabdistribution parts and result part.

3.3 Strengths and Limitations of User Interface

User interface of CCRAM has some limitations. Primr emphasizing these
limitations of user interface can described asofwH:
= Data entered to the program should be realisticoatih they are highly
judgmental and independent of the similar projeciords completed in the
past. Unrealistic or missing input data would pr@wnrealistic and wrong
results.
= User interface can calculate up to 15 cost item Hndisk factor with the
current capacity of total cost estimate. Furtheemdhe full risk analysis
support systems can be developed with the mositeoss and risk factors.
= Elicitation of correlation indirectly by utilizingualitative data
= Subjectively and qualitatively determined simplifimput data
» Independence on previous data belonging to paspleded projects
= Consideration of adverse and favorable effectss@tfactors on item costs
= Simulation based algorithm is not capable in ustrface.
= Useful in developing risk response strategies waade and managing

cost risks throughout a construction project.

3.4 Computerization of User Interface

CCRAM has been computerized by using Visual Basid Bxcel program. The
computerization of CCRAM is described under twotises. In section 3.4.1,
input data properties of the user interface areodhtced and afterwards, in
section 3.4.2, computation properties are describédual Basic codes of the
user interface on which the distinguishing inputd anomputation parts are
clarified with numbered headings is given in pansgth the figures in
Appendix A and in a compact disc attached to thesith Furthermore, the
spreadsheet is filled up with the data of a hypcaktapplication, which is
described in chapter 5 in detail.
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3.4.1 Input Data parts of User Interface

Input data cells of user interface of CCRAM haverbelesigned in green&yellow
background color as shown in Figures A.1, A2, AM34, A5 and A.6 of
Appendix A. The user is free to enter data intosé¢hegellow cells. However,
computation parts of the model have been designegtay background color as
shown in Figures B.1, B.2, B.3, B.4, B.5 and B.&d @he user is prevented to enter
data into these cells.

There are five input data parts in user interfgueadsheet as shown in Figures
A.l, A2, A3, A4, A5 and A.6. Brief descriptiombout these parts are introduced
below:

Input Data 1 - Project Information General identifying information about the
project on which user interface is applied can biered into this part. The user is
free in recording whatever user desires regardimg project (Figure A.1). In
these region, cost-item number and risk-factor remmiust be assigned for the other
parts of user interace. Dates, project duratior tmd additional time period are not
necessary, but these can be necessary about pyejeatal informatior’OK” button
have to be used to translate input data informattorthe other regions. Each item’s
cost is represented with a normal probability dstiion in user interface of
CCRAM. The entered minimum, maximum and most likelypected costs are
used in the calculation of the means and variaméethe representative normal
distributions. Afterwards, the user has to enter ¢bst item ~ risk-factor influence
degrees. This input data is entered in the fornfhogh, medium, low or no”
qualitative terms and each of these qualificatiah®w the uncertainty (i.e.
variation) creation effect of each predeterminegk-factor on any cost item. This
procedure is important for providing the correlativzetween the cost items. Further
description will be given about the details of tlisrrelation capturing process in
the next section.

Input Data 2 - Cost Information Descriptions of the cost items, and their
minimum expected, maximum expected and most likslyected costs are entered
into this part (Figure A.2)Cost informatios are minimum, most likely and
maximum expected item costs. Your project cost i@@scription informations
should write in the yellow background color regiombe information regarding the
risk-factors, their effects on the costs and tledlcharacteristic expected item costs

(minimum, most likely and maximum) are extracteshirthe results of the previous
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risk management steps. User interface of CCRAMireguhe cost items with their
three characteristic expected values. Each iteoss is represented with a normal
probability distribution. Mean, variance and stamdgeviation values are calculated
to use the same name buttons which have procesmathfematical calculation to
evaluate minimum, most likely and maximum expedatest values and translate to
the Computation part 1. OK button have to be usddanslate input informations to

the other regions.

Input Data 2 - Risk Information: Descriptions of the risk factors (Figure A.3).
Your project risk item description informations siteb write in the grey background
color region one by one. Names of risk-factors Wwhiteate uncertainty on costs.

This region is necessary to use project informatibBExcel part of CCRAM.

Input Data 3 - Scale Quantities & Probability BoundariesNames, scale
quantities and probability boundaries of the rigktbrs are entered into this part
(Figure A.4). Risk-Factor influence degrees of epaaject cost item is important to
determine correlated calculation. The same proibatbundary values should be
entered to be used risk buttons according to r&itof degrees for the correlated
risk-factors, in accordance with the logic. Firstiytering the “Risk-Factor Influence
Scale Quantities” according to risk-factor degreesse “1-10”, “10-50”, “20-100"
buttons. Secondly applying the “Risk-Factor SitoitiProbability Boundaries”
according to correlated risk situation to use “R#gK buttons. Thirdly calculate
“Risk-Factor Situation Probability Values” to udeetsame name button. Finally
“OK” button have to be used to translate informias to the other regions and to be

other pages active of user interface.

Input Data 4 - Influence Degrees Influence degrees of the risk- factors on the
costs (high, medium, low or no) are entered bycsielg from the list embedded in
the cells of this part (Figure A.5). These datasdatermined degrees of effected by
the Cost Items according to the risk-factors. "Cibstn ~ Risk-factor "influence
degrees": risk-factors and their expected effectscost items in terms of "high,
medium, low or no" qualifications. These qualificats reflect the intensity of the
uncertainty creation effect of predetermined rigktbrs on cost items. They are
required for eliciting the correlation between cstns. Yellow background color
regions are assigned one by one, not to pass biarnkese cells. “OK” button have

to be used to translate input informations to tben@utation part 2.
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Input Data 5 - Setting of Random Number GeneratoiThere are a number of
cells (as many as the risk-factors) in the randomlver generator column as shown
in Figure A.6. The first row cells belongs to thestf risk-factor, the second row
cells belongs to the second risk-factor and soTdrese cells are assigned with

using “R.N.G” and “High-Medium-Low Limits”buttonsandomly in Figure A.6.

The cells belonging to the correlated risk-factars set equal to each other with
equalization. Formula, so that the same random euiistutilized for the correlated
risk-factors and different random numbers are Beee for the uncorrelated risk-
factors at each simulation iteration, in accordawdé the logic of user interface of
CCRAM. To assign random number to risk factors leetwO and 1. User interface
produces random numbers from the uniform probgldlistribution to determine the
risk-factor situations.

A different random number is produced for everyarnelated risk-factor situation
from the uniform probability distribution in ordes produce random cost values from
the situation probability distributions. Howevdngtsame random number is used for
the correlated ones.

The random numbers are compared with the "prolgbboundaries” for the
determination of which situation occur for the déon in question; i.e. better-than-

expected, expected or worse-than-expected.

3.4.2 Computation parts of User Interface

There are five computation parts in the user iatafas shown in Figures B.1, B.2,

B.3 and B.4. Descriptions about these parts of inserface are given below:

Computation 1 - Probabilistic Representation of Costs Three different

calculations are performed under three columns he$ tpart. Through these
calculations, the mean, variance and standard t®viaof item costs are
calculated by using their minimum expected, maximexpected and most likely
expected costs which are entered into the “INPUTTBAL”. Equations 2.1 and 2.2
are used for the calculations. For instance, tre fiells of the three columns as
shown in Figure B.1 have been loaded with the ¥Yalhg Visual Basic

formulations compatible with Equations 2.2 and ,2.8nd the definition of

standard deviation.

Item costs are represented by normal probabiligtridutions in CCRAM. The

characteristic parameters of the normal distrimgiare determined by substituting
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minimum (o), maximum (p) and most likely (m) expegttcosts into the following
approximated equations:

Mean column cells — meariMi = (0 + 4m + p)/6”
Variance column cells — variancéVARI = ((p-0)/6)"2”

Standart Deviation column cells — standard dewiati“SDi = VARI * 0.5”

Where Mi and VARIi denote the mean and variance hef mormal probability
distributions assigned to item cost i, respectiv8ly, the uncertainty of the item cost
I can be shown as Ni (Mi, VARI); where Ni denotdswe normal probability
distribution of item cost i. “OK” button have to lused to translate informations to
the other computation part.

Computation 2 — Intermediate Regulation of Input Data (Quantifiteon of
Influence Degrees) This part has been designed for the purpdseegulating
the data entered into “INPUT DATA 3” and “INPUT DAT4”. The qualitative
influence degrees entered in the fourth data inpatt are converted to
quantitative values in this part and these values used later in  the next
computation parts. Risk-factor situation probipvalues and the scale quantities
corresponding to the influence degrees in questmneach cost-risk pair are
gathered cells at Input Data 3 - 4 parts as shoviigure B.2.

The probability boundaries corresponding to thettdr-than-expected, expected
and worse-than-expectaduations of the risk-factor, respectively. Thdlscéelonging

to the other risk-factors have been loaded withappropriate similar formulas following

the same logic.

The scale quantities corresponding to the influedegrees in question for each
cost-risk pair are found with three parts by usihg visual basic formulas. Total
influence of risk-factors over each item cost isnpoted in this part under the
“Total Influence” column with the “Calc. Total Infence” button. Total influence
values computed under the “Total Influence” column.

Computation 3 - Uncertainty Distribution to Risk-Factors (First SggUncertainty
Distribution): In this computation part, the first step uncertaidistribution of
CCRAM of which the logic has been describedbtepll (a)-Uncertainty distribution
to risk-factorsis realized. The variance values of costs tha¢ apmputed in the
first computation part are distributed to risk-fast by using the data gathered up

to this point as shown in Figure B.3.
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The variance of the main cost distribution of timstfcost item, total influence
degree belonging to the first cost item computedeurthe Total Influence column
of the second computation part and the influencgrede belonging to the first
risk-factor ~ first cost item pair found in the ead computation part,
respectively. The cells belonging to the other d@shs in the “COMPUTATION
3” have been loaded with the appropriate similamigdas following the same logic
through user interface of CCRAM.

Another feature of the third computation part i® throtal Variance” column.
This column has been designed for the controllimgppse. The total variance
computed for any cost item on this column must Qeak to the variance values

computed during the first computation part.

Computation 4 - Uncertainty Distribution to Risk-Factor SituationgSecond Step
Uncertainty Distribution) & Production of Correlatd Item Costs for Simulation
In this computation part consist of fifteen pafd-{, RF2, RF3, RF4, RF5, RF6,
RF7, RF8, RF9, RF10, RF11, RF12, RF13, RF14, RWibEh every each parts
have shown every each risk-factor probability valugnean-variance-standart
deviation) computations. The second step unceytaiigtribution of CCRAM of
which the logic has been describedStepll (b)-Uncertanity Distribution to risk-
factor situations (second step uncertanity disttikoo of CCRAM )is realized. The
variance values of costs that are computed in hivd tomputation part (i.e. first
step uncertainty distribution) are divided into meavariance and standard
deviation values for each risk-factor situatiore.(ibetter-than-expected, expected
and worse-than-expected) of each risk-factor. Toerth computation part has
been designed as shown in Figure B.4.

These data are determined to evaluate second steypedrated cost distribution.
Second Step Disintegrated Cost Distribution meaas Wncertainty distribution to
risk-factor situations. Decomposition of sub-disitions according to risk-factors'
situation "probability boundaries.

The risk-factors are represented by three diffesgngtions in CCRAM: better-than-
expected, expected and worse-than-expected. Threseamdom events. However,
they may not be uncorrelated. Randomness is prdvime assigning "probability
boundaries" to the risk-factors, which show thebpatulity territories of the risk-
factor situations. The correlation between riskdex is supplied by assigning the
same probability boundary values for the correlatisl-factors and by using the
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same random number.

Similarly, the cell designations should be followed the user interface of
CCRAM spreadsheet attached to the thesis in a com@@sc so that they
become understandable. The cells belonging to ther aost items in the part

have been loaded with the appropriate similar féasiiollowing the same logic.

3.4.3 Probability Distribution Parts of User Interface

The Probability distribution computation parts dstsf fifteen parts (Riskl, Risk2,
Risk3, Risk4, Risk5, Risk6, Risk7, Risk8, Risk9skiO, Risk1ll, Risk12, Risk13,
Risk14, Risk15), which have been designed as showfigure B.5. Normal
probability distributions are produced through gnsiconversion operation and
through Visual Basic codes to be used during CCRaNkulation in Excel part for
the production of correlated item costs. Correlatedl formula of user interface
used in the Input Data 3 parts produces randonesdiom the normal probability
distributions during MCS of CCRAM in Excel spreadsh

In case of the first distribution, the variancestloé item costs that are calculated
from the maximum and minimum expected item costeehiaeen divided into a
number (as many as the number of risk-factors) uif-v&ariances (variance of
probability sub-distributions). The amount of a su#iance shows the effect of the
corresponding risk-factor's effect on the uncetiaiof the relevant item cost. In
other words, the uncertainty of costs has beemildiséd to the risk-factors in the
first distribution. The problem now is how to dibute the uncertainty represented
by the probability sub-distributions to the rislctiar situations.

3.4.4Results Part of User Interface:In the last computation part, correlated item
costs are produced, total project cost is calcdlated all of the results translated to
the Excel spreadsheet of CCRAM for saving and tepprfunctions of user
interface.

There exist two columns in the fifth computationrtphaving headings “Cost” and
“Total Project Cost”. As an example, the cells beging to the first cost item of
these two columns as shown in Figure B.6 has hmsatet with the user interface.
Finally, the results of user interface calculatiane translated to the Excel
spreadsheet of CCRAM. After that, calculated progmulated total cost by using
@Risk program with same input data in user intexfac

Once more, the cell designations used in user fabter formulas should be
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followed on the CCRAM spreadsheet attached to flesis in a compact disc so
that they become understandable. The cells belgrgirthe other cost items in the
“Simulated Cost” column have been loaded with thprapriate similar formulas
following the same logic through CCRAM Excel sprefaeket. While different
random cost values are produced in the cells of“8imulated Cost” column at
each simulation iteration, these random cost vatwesadded up in the “Simulated
Total Project Cost” cell and a different projecstas calculated in any iteration.
“Simulated Total Project Cost” cell enables MS Hxte save all the produced
data during the simulation regarding the total @rbjcost and enables to conduct
uncertainty and sensitivity analyses.

This two stepped procedure is repeated for eadkfaidor and then all the
results provided by the user interface are evaluatel enables MS Excel to save

and compared for carrying out the risk-factor gebcost sensitivity analysis.

3.5 Summary

This chapter constitutes the description of thecl@nd features user interface of
CCRAM. The chapter also includes the computerinatibuser interface. The tool
iIs shaped into a computerized, easy-to-use and-fusedly form by using the
Visual Basic codes and programming capabilitiesVid Excel’'s spreadsheet. Of
course, the computerization can also be realizedusipg different spreadsheet
programs or programming languages. The next chapesents the user interface
design of CCRAM.
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CHAPTER 4

USER INTERFACE DESIGN OF CCRAM
4.1 Introduction

This chapter is evaluated user interface desig€@RAM which consist of six
functional areas: data entry, data display, sequerantrol, user guidance, data
transmission and data protection. In addition, ustgrface presentation will be
referred to as the CCRAM for developed user interfiaame is called CCRAM.

If you are a teacher, a student, a human factaastiioner or researcher, these
regions can serve as a starting point for the dgweént and application of expert
knowledge. The design are proposed here as a @btémvl for designers of user
interface. That translation from general guidelib@specific rules will help focus
attention on critical user interface design questiearly in the design process
[34-37].

The user interface design of CCRAM will often inwela considerable investment
of time and effort. Design of user interface carphensure the value of that
investment. Computers today are used for a broaderaof applications. User
interface design are necessary in every case gfgmoconfigurations. When there

IS no user interface, user can not manage effégtinevery case of the program.

4.2 Significance of the User Interface

The design of user interface of CCRAM is not onlypensive and time-
consuming, but it is also critical for effectivessgm performance. To be sure,
users can sometimes compensate for poor designexitha effort. If probably no
single user interface desidlaw, in itself, will cause system failure. But there is
a limit to how well users can adapt to a poorly iglesd interface. As one
deficiency is added to another, the cumulative negaeffects may eventually
result in system failure, poor performance, andi®er complaints [38-40].

User interface has little use of automated capédsliWhen a system warns in this
tool at program, the result is disrupted operat@o program give a message
‘CCRAM Message!” as shown in Figure 4.1, so it asswasted time, effort and
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failure to achieve the potential benefits of auttedainformation handling.

CCRAM Message! 1]

1 } Correlated item costs are calculated and now, you can continue at Probability Distribution part

Evet | Havyir ‘

Figure 4.1 CCRAM Message format at Visual Basi€omputation Parts 4

4.3 Data Protection

Data protection attempts to ensure the securitgaohputer-processed data from
unauthorized access, from destructive user actiang, from computer failure.
User interface prevents wrong data entry (nonnigaledata e.g.) to the program
processing of item descriptions in data input pa&ts program give a message with
name as “CCRAM Warning” to the user as shown inufeég4.2, Figure 4.3 and
Figure 4.4 when user imply necessities the partheforogram. After this warning
show at the screen of the program which say tosusleout making necessity of the
process. With increasing use of computer-basedrnmdton systems, there has
been increasing concern for the protection of caewpprocessed data. The
design of data entry, data display, sequence dontreer guidance, and data
transmission functions can potentially affect thecwsity of the data being
processed. In many applications, however, questminslata protection require

explicit consideration in their own right [41-45].

CCRAM Warning!

1 } Please enter valid number in 'Min.exp.cost 4

Evet | Havyir

Figure 4.2 CCRAM Warning format at Visual Basidmput Data parts 2

Data protection must deal with two general problefnst, data must be protected
from unauthorized access and tampering. This isptioblem of data security. If

this is the problem of error prevention, prograwvegh message again under name as
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“CCRAM Question” to the user as shown Figure ¥\&en protection of displayed
data is essential, maintain computer control ovehe t display

It is not enough simply to instruct users not token@hanges in displayed data.
Users may attempt unwanted changes by mistakegrarukiosity, or perhaps even
to subvert the systenfAs required for security, establish procedures dotrol
access to printed data at Excel spreadsheet in GCRA

CCRAM Question!

y Save changes to CCRAM,.xls?

Ewvet | Hayir

Figure 4.3 CCRAM Question format at Visual Basi&ait buton in Toolbar menu

CCRAM Warning!

Ll
\y Please save your project to another location {for example Desktop)

Tamam

Figure 4.4 CCRAM Warning format at Visual Basidimal parts of program

CCRAM Warning! X

‘!r) Assign influence degrees of cost item at Risk Factor 1

Evet | Hayir |

Figure 4.5 CCRAM Warning format at Visual Basidmput Data 4

4.3.1 Data Access

Data access constraints established to exclude thwrgaed users should not
hinder legitimate use of data. Records of data msg help software designers
improve file structure, reduce data access time, and manag@laulse of shared
data files Data access records may also be required for pespad data

protection/security.
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When protection of displayed data is essential,ntamn computer control over
the display and do not permit a user to change Suead-only" data. It is not

enough simply to instruct users not to make chamgelsplayed data. Users may
attempt unwanted changes by mistake, or for cuyioer perhaps even to subvert
the system. Brief information is displayed abaosgrunterface of CCRAM as shown

in Figure 4.6 which is given mail adress to contacencounter problems of users.

About CCRAM

(R AM |v1.0by Turgut KAPLAN
Copvleft 2009

GAZU - Civil Engineering

: This program is prepared to analyse
-+ construction correlated costs,

: If you have problems with using this
-+ program, please contact me :

Figure 4.6 About CCRAM text in Program

As required for security, establish procedures datrol access to printed data,
rather than simply prohibiting the printing of sgne data.

4.3.2 Data transmission

Data transmission refers to computer-mediated concation among system

users, and also with other parts in user intertdd@CRAM. Preceding sections of
this report have dealt with the basic functionsteeng data into a computer,
displaying data from a computer, controlling thequssnce of input-output

transactions, with guidance for users throughoetpiocess.

In considering data transmission functions, a brpadspective must be adopted.
Data that are transmitted via computer may incladeds and pictures as well as
numbers. And the procedures for data transmissiay take somewhat different

forms for different system applications (translateel result format ).
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CCRAM Message! X

L.}
‘E(} Al informations are transiated and now, vou can continue at data input 2

Ewvet | Hayir |

Figure 4.7 CCRAM Warning format at Visual Basidmput Data 1 parts

Data might be transmitted by transferring a dal@a fiom Visual Basic format to
Excel spreadsheet format and between user integpheses, perhaps with an
accompanying message to indicate that such #&dihsfer has been initiated. Data
might be transmitted by directly linking two displderminals, so that whatever
data one user keys onto a display will be displage@nother user as well. More
commonly, however, data are transmitted "CCRAM Negs$ as shown in Figure
4.7, which involves creation of a specially-forneattfile with a formal header to
specify the sender, recipient, etc. In these dinde, the word "message” is
mostly used in this sense, to denote data transtnitith a formal header. But the
phrase "message handling" sometimes refers momragnto user participation in
data transmission.In a designed information systdata transmission by file

transfer may be largely automatic, accomplishedh Witle user involvement.

4.3.3 Data Entry

Data entry constraints may be needed to prevenithoezed data change as well
as data loss from user errors as shown in Fig@reEtablish user authorization for
data entry/change at initial; do not require furtfauthorization when a user
attempts particular data entry/change transactions.

When data must not be changed, maintain computaratoover the data, and do
not permit users to change controlled items. Ihas enough simply to instruct
users not to make changes in displayed data. Userg attempt unwanted
changes by mistake, or for curiosity, or perhapeneto subvert the system. In
situations where unauthorized data changes mayolssilje, allow users (or a
system administrator) to request a record of dat&rykhange transactions.
Transaction records might be maintained for purpaseuser guidance as well as
for data protection, as recommended elsewhere.

Simple procedures will help ensure accuracy in datay/change transactions.
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Require users to take some explicit OK action tooawplish data entry/change
transactions; data change should not occur as sibhpsinrecognized side effect
of other actions.

A user may choose to move the cursor back in omlaorrect earlier data items,
and cannot be relied upon to move the cursor fatveagain. User interface allow
users to correct keyed data entries (and contriesh before taking an explicit

OK action.

4.3.4 Data Display

Data display refers to computer output of data taser, and assimilation of
information from such outputs of Figure B.7, Figu€el and Figure C.2 in user
interface of CCRAM. Some kind of display outputrnieeded for all information

handling tasks. Data display is particularly catien monitoring and control tasks.
Data may be output on electronic displays, or othexiliary displays, which may

alert users to unusual conditions. Data are considéo be display elements
related to a user's information handling task. Rigepd data might consist of stock
market quotations, or the current position of maneitl aircraft, or a page of text,
or a message from another user. Displayed datatmigvide guidance to a user
in performing a maintenance task, or might providstruction to a user who is

trying to learn mathematics.

In general, somewhat less is known about data aispbnd information
assimilation by the user, than about data entry.current information system

design, display formatting is an art.

4.4 Sequence Control

Sequence control refers to user actions and compagec that initiate, interrupt,
or terminate transactions. Sequence control govehes transition from one
transaction to the next. General design objectinetude consistency of control
actions, minimized need for control actions, mirsed memory load on the user,
with flexibility of sequence control to adapt toffdrent user needs. Methods of
sequence control require explicit attention in rfftee design, and many
published guidelines deal with this topic.

One of the critical determinants of user satistatt@nd acceptance of a computer
system is the extent to which the user feels irtrobrof an interactive session. If
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users cannot control the direction and pace ofitieraction sequence, they are
likely to feel frustrated, intimidated, or threaéehby the computer system. Their

productivity may suffer, or they may avoid using thystem at all.

4.5 User Guidance

User guidance refers to error messages, alarmsptso and labels, as well as to
more formal instructional material provided to hejpide a user's interaction with
a computer. The fundamental objectives of usedange are to promote efficient
system use (i.e., quick and accurate use of fuflabdities), with minimal
memory load on the user and hence minimal timeireduto learn system use,
and with flexibility for supporting users of diffemt skill levels.

Design consistency implies predictability of systeesponse to user inputs. A
fundamental principle is that some response bewede For every action (input)
by the user there should be a noticeable reactesulf) from the computer. In an
interactive computing situation, immediate feedbagkthe system is important in
establishing the user's confidence and satisfactvth the system. A message
that indicates that the system is still working the problem or a signal that
appears as shown in Figure 4.8, Figure 4.9 andr&igul0 while the system is
processing the user's input provides to user wighrtecessary assurance which is
all right.

"
‘Ef) Probability distribution parts are calculated, now, you can continue Data Qutput Part

Evet | Hawir

Figure 4.8 CCRAM Warning format at Visual BasidHrobability Distribution Parts

CCRAM Message! X

L)
\Er) Total project cost is calculated, now,save the project information

Tamam | Intal |

Figure 4.9 CCRAM Message format at Visual BasiResults Part
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CCRAM Question!

L]
‘;Er) Save project changes to CCRAM,xls?

Evet | Hayir

Figure 4.10 CCRAM Question format at Visual Basidbolbar save button

Predictability of computer response is related ysteam response time. Timely
response can be critical in maintaining user oagonh to the task. If a reponse is
received only after a long delay, the user's atianmay have wandered. Indeed,
the user may forget just which action the machseesponding to. Frequent user
actions, generally those involving simple inputxhsias function key or menu

selections, should be acknowledged immediately.
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CHAPTER 5
HYPOTHETICAL CASE STUDY OF USER INTERFACE

5.1 Introduction

This chapter includes detailed evaluation of uséerface for CCRAM. Indirect,
two-sided and qualitative correlation capturingaoaigpm of the user interface is
examined. The discussable default parameters aaddependent variables are
modified past experience of the user. The resuftsthe application are
compared between user interface and Excel spereatstfi CCRAM. The
study is a kind of sensitivity and scenario analysi some aspects. The sensitivity
of the user interface of CCRAM can be assured bijerént cost scenarios.
Instead of arriving at general conclusions, risklgsis capability user interface
of CCRAM is evaluated in a comparative manner withgimulation. The
evaluation is performed with scenarios which igéhcost items and three risk factor
evaluation [46-49].

5.2 Three cost items — three risk factors evaluatioscenario

This scenario is constituted for the purpose of lwatang user interface of
CCRAM'’s capability of indirectly capturing correlah between the costs. For
achieving these purposes, the cost group workedsotomposed of three cost
items (A, B, C) and three effective risk-factorsigiRfactor 1, Risk-factor 2, Risk
Factor 3), which are correlated between Risk-fagtand Risk-factor 3. The details

of the user interface input data is given.
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Input Data T Computation Parts T Probability Distribution T Results
Input Data 1 T Input Bata 2 T Input Data 3 T Input Data 4 T Input Data &

Project Information

jProjecl number |

jProjecl name | DESCRIPTION :
~ = * Brief descriptions
jProJecl start date March +||2000 = Project finish date March  +||2009 j ‘about the input data
equired for the
- tion of CCRAM.
{Cost of the project | ‘Total estimated cost | * Your project
m Unit s e s informations should
[Money uni $ write in the yellow
‘Loc ation of the project | regions. _
o a
{Conraclor name | {Comractnr number | gﬁt Hiomn pinber
and Risk-Factor
ber which have
| site delivery date March ~||2008 = 1|Star1mg date [march = ||2008 =] star signs cells.
* Probability
‘Duration of project time |A{[dit\ona| time period D|sl.!|§x°i ::2“1" i
Risk-Factor number.
‘ time j ‘ unit j | time j | unit j £ E%O}&Ct!:::ﬁy unit
is necessary to
determine Total
{Comrol firm name | ,I;ammé;e[dm‘ L
on time and
‘Deswgn work name | additional time
1F|nancmg of the project | assigned for giving
‘about project
{Costitem number * 03 j |Risk-Factor number * 03 j = OK button have to be
used to translate
¥ Risk Correlated [Probanility Dist, number =] 'h“;ﬂﬂm“f;fu{':'mam
Function
i OK ¢ Clear

Figure 5.1 Project information of example

Assume that the minimum, most likely and maximurpested costs of cost item A,
cost item B and cost item C are assigned as $19R@0000, $24000 ; $22000,
$25000, $29000 and $32000, $34500, $36000 respbcts shown in Figure 5.2.
Calculation of item costs translated to the comjpantaparts 1 as shown in Figure
5.3.

Step | - Probabilistic representation of item costs

This calculation is as follows for the exampleatgn:

Cost item A :

minimum expected cost: $19.000
maximum expected cost: $24.000

most likely expected cost: $21.000
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Input Data T Computation Parts

[

Probability Distribution

I

Results

Input Data 1 T Input Data 2 T Input Data 3 T

Input Data 4

T Input Data 5

Cost Item Description
Cost Item Description

Risk ltem Description

Minimum
Expected Cost

Cost Item Description

Most Likely
Expected Cost

Maximum
Expected Cost

01 || | 19.000 | 21.000 | 24000
| [ 22000 | 2000 | 29.000
[ | 32.000 | 34500 | 36.000

=)

EEEEEEEEEEEEERE

=
=

Function

‘ Clear

DESCRIPTION :

* Cost information consist of cost
items; minimum, most likely and
maximum expected item costs.

*Your project costitem
description informations should
write in the yellow regions.

* The information regarding the
risk-factors, their effects on the
costs and the three
characteristic expected item
costs (minimum, most likely and
maximum) are extracted from
the results of the risk
management steps.

* CCRAM requires the costitems
with their three characteristic
expected values.

* Each item's cost is represented
with a normal probability
distribution,

* Mean, Variance and Standart
deviation values are calculated
used to same name buttons
which have process of
mathematical calculation to
evaluate minimum, most
likely and maximum expected
item cost values and finally
computation results are
translated to the 'Computation 1"
part by program automaticaly.

* OK button have to be used to
translate input informations to
the other parts.

Figure 5.2 Cost item description of example

Ma = (min.cost + 4 x most likely cost + max.cost) / @y Equation 2.1)

Ma = (19.000 + 4 x 21.000 + 24.000) / 6 = 21.167

VAR, = [(max.cost - min.cost) / 6] (by Equation 2.2)

VAR = [(24.000 — 19.000) / 8] 694.444

Cost item B :
minimum expected cost: $22.000
maximum expected cost: $29.000

most likely expected cost: $25.000

Mg = (min.cost + 4 x most likely cost + max.cost) / 6

Mg = (22.000 + 4 x 25.000 + 29.000) / 6 = 25.167

VAR = [(max.cost - min.cost) / 8]

VAR = [(29.000 — 22.000) / 8 1.361.111

43



Costitem C :

minimum expected cost: $32.000

maximum expected cost: $36.000

most likely expected cost: $34.500

Mc = (min.cost + 4 x most likely cost + max.cost) / 6

Mc = (32.000 + 4 x 34.500 + 36.000) / 6 = 34.333

VAR = [(max.cost - min.cost) / 8]

VAR = [(36.000 — 32.000) / 8 444.444

So, the uncertainty of the item costs can be shasviyh (21.166,67 ; 694.444,44),
Ng (25.166,67 ; 1.361.111,11), cN(343.33,33 ; 444.444,44) where dénotes the

normal probability distribution and i denotes tlosttitems.

[ Input Data T Computation Parts Probability Distribution T Results
Computation 1 T Computation 2 Computation 3 T Computation 4
Probabilistic Representation of Cost
Cost Mean of Main Cost Variance of Main Cost Standart Deviation of Main DESCRIPTION :
Item No Distribution Distribution Cost Distribution * Item costs are represented by
normal probability distributions in
| 21.167 | 694.444 | 833 CCRANM. The characteristic
parameters of the normal
| 25.167 | 1.361.111 | 1.167 distributions are determined by
| 34333 | 244444 | 567 substituting minimum (o),

maximum (p) and most likely (m)
expected costs into the following
approximated equations:

= i = (0 + 4m + p)i6
== VAR = [(p-0)/6]42

** §Di=(VARi)*0.5

*Where Mi and VAR denote the

mean and variance of the normal
probability distributions assigned
to item cost i, respectively. So, the
uncertainty of the item costican
be shown as Hi (Mi, VARI); where
Hi denotes the normal probability
distribution of item costi.

* OK button have to be used to

translate informations to the other
computation parts.

| TR

oK

Figure 5.3 Probabilistic representation costsxaheple

Risk-Factor influence degrees of each project dest is important to determine
correlated calculation. The same probability boupdalues should be entered to be

used risk buttons according to risk factor degifeeshe correlated risk-factors, in
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accordance with the model’'s logic. Firstly enterthg “Risk-Factor Influence Scale
Quantities” according to risk-factor degrees to 14el0”, “10-50”, “20-100"
buttons. Secondly applying the “Risk-Factor SitoiatiProbability Boundaries”
according to correlated risk situation to use “R#K buttons as shown in Figure
5.4. Then, calculate Risk-factor situation prokipwalues which used to “Calculate
Risk-Factor Probability Values” button. If it is twed that the “probability
boundaries” of risk-factors are the same as shovkigure 5.4, they are assumed as
correlated. This is the way user interface of CCRfMbws in order to capture the

correlation between the correlated risk-factors.

Input Data T Computation Parts T Probability Distribution T Restults

Input Data 1 T Input Data 2 T Input Data 3 T Input Data 4 T Input Data &

Scale Quantities and Probability Boundaries

Risk
Factor

Risk
Factor

Risk
Factor

Risk-Factor Description

-

Risk-Factor [High |9 |48 | s
'm;i:]:e [Medium | 4 | 28 | 49
Quantities |I.0w ‘ > | 12 | 12
[no [ 1 | 1 |
Risk-Factor |BenerThan Exp. \0‘357 |n,nnnnr|n,nnnm
Probaitty [Exeected | [0767 [ 1 | 4

Boundaries |W0rseTnar1 Exp ‘ 1 | 1 | 1
Risk-Factor |BenerThan Exp. \0‘357 |n,nnnnr|n,nnnm
Psrgﬂggﬁi% [Expected joat00| 1 | a

Values |W0rseThar1Exp ‘0‘2330(|U:0000E|0:0000t

Random Mumber Generator

1-10 1-10 1-10
10-50 | 10-50 | 10-50
20-100| 20-100| 20-100

Risk 1| Risk 2 | Risk 3
H H o

Figure 5.4 Scale Quantities and Probability Bouiedeof example

Influence degrees of the risk- factors on the c@sigh, medium, low or no) are
entered by selecting from the list embedded inct#iks of Figure 5.5. These data are
determined degrees of effected by the Cost Iterogrdimg to the risk-factors. "Cost
item ~ Risk-factor "influence degrees": risk-fast@nd their expected effects on cost

items in terms of "high, medium, low or no" qualdtions.
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Input Data T Computation Parts T Probability Distribution T ResLits
Input Data 1 T Input Data 2 T Input Data 3 T Input Data 4 T Input Data 5

Influence Degrees

Cost
Item

Risk
Factor1

|High ~|[Med ~|[Low ~|
|Med ~|[Med «|[Ho |
‘Lowj|[owj|m j

Risk
Factor2

Risk
Factor3

-

(x)

EELEELEEEEEREE

DESCRIPTION : Function

* Risk-Factor influence degrees of each project cost item is important to determine correlated calculation.

* These data are determined degrees of effected by the Cost ltems according to the risk-factors.

* Costitem ~ Risk-factor influence degrees are risk-factors and their expected effects on costitemsin
terms of "high, medium, low or no" qualifications.

* These gualifications reflect the intensity of the uncertainty creation effect of predetermined risk-factors on
costitems.

* They are required for eliciting the correlation between cost items.

* Yellow regions are assigned one by one, not to pass blank in these cells.

* OK button have to be used to translate input informations to the computation part 2.

0K

Figure 5.5 Influence Degrees of example

Setting of Random Number Generators are a numbeeltsf (as many as the risk-
factors) in the random number generator row as showFigure 5.6. The first
column cells belongs to the first risk-factor, tecond column cells belongs to the
second risk-factor and so on. These columns angrees$ with using “R.N.G” and
“High-Medium-Low Limits”buttons randomly as shown Figure 5.6. To assign
random number to risk factors between 0 and 1. ligerface produces random
numbers from the uniform probability distributiolw tdetermine the risk-factor
situations. However, the same random number is iogdtle correlated ones.

A different random number is produced for everyarnelated risk-factor situation
from the uniform probability distribution in ordéo produce random cost values
from the situation probability distributions. Howey the same random number is

used for the correlated ones.
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Input Data T Computation Parts T Probability Distribution T Results
Input Data 1 T Input Data 2 T Input Data 3 T Input Data 4 T Input Data 5

Setting of Random Number Generator

Risk-Factor Description Random High Limit Medium Limit Low Limit DESCRIPTION
Number * To assign random number
to risk factors between 0-1.
Risk-Factor 1 0,57 0,9 0,6 0.3 * CCRAM produces random
numbers from the uniform
Risk-Factor 2 0.5 0,9 0,6 0.3 probability distribution to
RiskFactor 3 05 0,9 0.6 0.3 CHETI TS 15 SEHET
situation.
= A different random number is
produced for every

uncorrelated risk-factor
situation from the uniform
probability distribution

in order to produce random
cost values from the situation
probability distributions.
However, the same random
number is used for the
correlated ones.

* The random numbers are
compared with the
"probability boundaries” for
the determination of which
situation occur.

Function

RNG ‘ ‘ High-Medium-Low Limits ‘ ‘ oK ‘ Clear

Figure 5.6 Setting of Random Number Generator afrgde

Step Il (a) - Uncertainty distibution to risk-facrs (first distribution)

The computation of the distribution of uncertaimtytem costs to risk-factors for the
example iteration is given below:

Cost item A

Ka = VARA /Y DA, (by Equation 2a)

Ka =694.444,44 [ (9 + 28 + 12)

Ka = 694.444,44 ] 49 =14.172,34

VARA1 =Ka x DA = 14.172,34 x 9 = 127.551,06 (by Equation 2b)
VARp, =14.172,34 x 28 = 396.825,52

VARasz = 14.172,34 x 12 = 170.068,08 can be calculated.

Note that VAR =3 VAR, (by Equation 2c)

VARA = VARA1 + VARA2 + VARA3

VARA = 127.551,06 + 396.825,32 + 170.068,06 = 694444,

Cost item B
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Ke = VARg /Y DAg; (by Equation 2a)

Ks

1.361.111,11 / (4 + 28 + 1)

Ke= 1.361.111,11/33 = 41.245,79

VARg: = KgX DAg; = 41.245,79 x 4 = 164.983,16 (by Equation 2b)
VARg; = 41.245,79 x 28 = 1.154.882,12

VARg3 = 41.245,79 x 1 = 41.245,79 can be calculated.

Note that VAR, =3 VARg; (by Equation 2c)

VARg = VARg; + VARg2 + VARg3 + VARRs

VARg =164.983,16 + 1.154.882,12 + 41.245,79 = 1.36411111
Costitem C

Kc = VARc /Y DA, (by Equation 2a)

Kc = 444.444.44 | (2 + 12 + 1)

Kc = 444.444,44 ] 15 = 29.629,63

VARCc:1 = Ke X DAc1 = 29.629,63 X 2 = 59.259,26 (by Equation 2b)
VAR, = 29.629,63 x 12 = 355.555,56

VARc3=29.629,63 x 1 = 29.629,63 can be calculated.

Note that VAR =) VAR (j=1,2,3) (by Equation 2c)

VARc = VARc:1 + VARc2 + VARc3

VAR = 59.259,26 + 355.555,56 + 29.629,63= 444.444,44

Once more, it should be mentioned that the disteidbwariances calculated above are
the variances of the normal probability sub-disttibns corresponding to the risk-
factors.

Qualification of Influence degrees part filled dmgone before first step uncertainity
distribution passed. This part has been desigoedhe purpose of regulating the
data entered into “Input data 3” and “Input ddta The qualitative influence
degrees entered in the fourth data input part areverted to quantitative values

in this part and these values are used later inné computation parts. Risk-
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factor situation probability values and the scalergities corresponding to the
influence degrees in question for each cost-risk gr@ gathered cells at Input Data
3- 4 parts as shown in Figure 5.7.

The probability boundaries, corresponding to thieelpeéhan-expected, expected and
worse-than-expected situations of the risk-factespectively will be converted to

the probability values that show the probabilitdsoccurrences of the risk-factor

situations.

[ Input Data T Computation Parts T Probability Distribution T Results

[ Computation 1 T Computation 2 T Computation 3 T Computation 4

Intermediate Regulation of Input Data (Quantification of Influence Degrees)

[ ([ 2[5 [% [5 [« [ 7[5 [ [w =[5 [w

Risk-Factor High | g | 48 | a4

I"iﬁ:ﬂfe Medium 4 [ 28 [ 48

Quantities | oo ,T’T,T
Ho 1 1 1

Risk-Factor Better Than Exp. | |0.357 D,U{JO!]I},UUD!
Nuslion: ———————
Probability EXpected 0,767 | 1 1
Eoseh Vorse Than Exp. 1 1 1
Risk-Factor Better Than Exp. | |0.357 D,U{JO!]I},UUD!
Situation

Probability EXpected [oan0i[ x
Values  inoree Than Exp. | [0,233( [0,0001 0,008

s [Costitem Ha | Infuence Degrees Total Infuence
Probability ———————————
Values 1 9 28 12 49,00
ErEe——- 2 4 28 1 33.00
g 5 = = - =
Influence 3
5
i
7
8
9
oK 10
11
12
13
14
Clear ‘ 15
‘ Inf.Deq. of Risk-Factor1-5 ‘ ‘ Inf.Deq. of Risk-Factor 6-10 I ‘ nf.Deq, of Risk-Factt 15 ‘ ‘

Figure 5.7 Setting of Random Number Generator afrgde

The variance of the main cost distribution of timstfcost item, total influence
degree belonging to the first cost item computedeuarihe Total Influence column
and the influence degree belonging to the firsk-fastor ~ first cost item pair

found in the second computation part as showngnrei5.8.
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[ Input Data T Computation Parts T Probability Distribution T Resuits

[ Computation 1 T Computation 2 T Computation 3 T Computation 4
I Uncertainty Distribution to Risk-Factors(First Step Uncertainty Distribution)

[ ([ [ 2[5 [ %[5 [ [ 7[5 [% [® [ [@[E]w[w

Risk-Factor High [9 |48 |84
TS Weaum || 4 |2 |48
Quantities Lowi ’T’T’T

o [ [
Risk-Factor Better Than Exp. WWW

Situation

Probability Expected 0,767 | 1 1
Boundarie \yorce Than Exp. 1 1 1
Risk-Factor Better Than Exp. 0,357 (0,000t |0,0001

Situation

Probability EXpected 04100 1 1

Values  yyorse ThanExn. | [0,233t[0,000¢ [0,0001
Costltem | |Varof 1 |Var of 2 [Var of 3 |Var of 4 |Var of 6 \Var of & [Var of 7 |Var of § |Var of § |Varoft0 |Varofi1 Varof12 Varof13 [Varoftd [varofs | | Total Variance

1 [127.551 [398.825 [170.088 694.454
2 [164.383 [1.154.86 | 41,246 | 1.361.122
3 | 59.259 |355.555 | 29,630 | 444455
a4

5

6

7

g

9

10

17

12

13

14

15

Calc, Probability Calc.Variance Calc.Total
Values Values Variance

‘ Clear

Figure 5.8 Uncertainity Distribution to RiBlactors(First Step) of example

Step 1l (b) - Uncertainty distribution to risk-factr situations (second distribution)
First of all, let's show the conversion processrigk-factor situation “probability
boundaries” to the situation probability valueg)(gor our example iteration as
shown in Figure 5.9. The conversion process isn@lgi subtraction operation:

Risk-factor-1 / better-than-expected : 0 ~ 0.357+®.357-0.00 = 0.357

/ expected : 0.357 ~ 0.76 75 0.767-0.357 = 0.410

/ worse-than-expected : 0.767 ~ 1.0(371.00-0.767 = 0.233
Risk-factor-2 / better-than-expected : 0 ~ 0.10=10.10-0.00 = 0.10

/ expected : 0.10 ~ 1.00;4 1.00-0.10 = 0.90

/ worse-than-expected : 1.00 ~ 1.18;+1.10-1.00 = 0.10
Risk-factor-3 / better-than-expected : 0 ~ 0.12=10.10-0.00 = 0.10

/ expected : 0.10 ~ 1.003% 1.00-0.10 = 0.90

/ worse-than-expected : 1.00 ~ 1.1;#%1.10-1.00 = 0.10
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In this calculation, p denotes the occurrence dridibaof the risk-factor situation.
The rest of the calculation is as follows:

Cost item A

Risk-factor-1

Ximitij = N [VAR; /(pyapis®+ pizpin”)]  (by Equation 3.10a)

Ximitar =V [VAR a1 /(Pa11Pa13" + Pa13Pa1i’)]
=\ [127.551,06 /(0.357 * 0.283 0.233 * 0.357)]

Ximit-a1 = 1.612,14

DA;1=high —> X3 = 0.9 Xmita1 = 0.9 * 1612,14= 1450,93
Ma11 = Pa13Xa1 = 0.233 * 1450,93= 339,07
M13= Pa11 Xa1 = 0.357 * 1450,93= 518,98
ma2=0
Vara = Vare = Vais = [VAR AL — (PariPats® + PatsPats?)* (Mata/ pais) ]
=[127.551,06 — (0.357 * 0.233 0.233 * 0.357)*(339,07/0,233f]
=21.423,95
Risk-factor-2
Ximitij = N [VAR; /(pyapis®+ pizpin”)]  (by Equation 3.10a)
Ximit-a1 = V [VAR a2 /(Pa21Pa2s” + PazaPazi’)]
=\ [396.825,52/ (0.1 * 04+ 0.1 * 0.7)]
Xiimit-a1 = 14.085,9
DA;=med —> x = 0.6 ¥mita1 = 0.6 * 14.085,9= 8451,54
Ma21 = Pa2sXa1 = 0.1 * 8451,54= 845,15
M23 = Paz1Xa1 = 0.1 * 8451,54= 845,15
M22= 0

Vara: = Valo = Vales = [VARa — (Ph21Pazs’ + PazaPazs’) )* (Mazi/ Paza) ]
= [396.825,52— (0.1 * 0%+ 0.1 * 0.¥)*( 845,15/0,1Y]
= 254.020,81
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Risk-factor-3
Ximitij = Y [VAR; /(pyapis®+ pizpin”)]  (by Equation 3.10a)
Ximit:aL = V [VAR as /(PasiPass’ + PasaPasi’)]

=V [170.068,08 / (0.1 * 0%+ 0.1 * 0.F)]

Xiimit-a1 = 9.221,39

DAi1=low —> %1 = 0.3 ¥mita1 = 0.3 *9.221,39=2.766,42
Mas1 = PazzXa1= 0.1 * 2766,42= 276,64
M33= Paz1Xa1 = 0.1 * 2766,42= 276,64
Ms2=0

Varas: = Vals = Valas = [VARAs— (PaaiPass’+ PaasPast’) )* (Masi/ Pasa) ]
=[170.068,08 — (0.1 * 0?% 0.1 * 0.7)*( 276,64/0,1¥]
= 154.722,14

Cost item B and cost item C are calculated witmgighe same formulations and
results produced through the second distributionrafertainty are given in Figure
5.9a, Figure 5.9b, Figure 5.9c. This figure congts the means and variances of the
situation probability distributions belonging teetbost items A, B and C.

The variance values of costs that are computedhenthird computation part (i.e.
first step uncertainty distribution) are dividedtanmean, variance and standard
deviation values for each risk-factor situatioe.(better-than-expected, expected and
worse-than-expected) of each risk-factor. The fouwbmputation part has been
designed as shown in Figure B.4.

These data are determined to evaluate second &mpedrated cost distribution.
Second Step Disintegrated Cost Distribution meaas Wncertainty distribution to
risk-factor situations. Decomposition of sub-disitions according to risk-factors'

situation "probability boundaries”.
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Input Data T Computation Parts T Prabability Distribution T Results

[ Computation 1 T Computation 2 T Computation 3 T Computation 4

mr1 | RPz | RP2 | RRe | mes | Res | mrT | Res | mms | mR0 | ARl | RRz | aF | RRiE | RIS

i~ Uncertainty Distribution to Risk-Factor Situations {Second Step Uncertainty Distribution} Production of Correlated Item Costs for Simulation Risk-Factor 1

R . e

] Cost Ho ] Variance J Sta.Dev I Mean I Variance J Sta.Dev I Mean I Variance J Sta.Dev I Mean
[ [ 2azs | 15 | 3 [ 2ams | 1% | 1 | 24z | 1% | a8
= | 10573 [ 35 | 256 | toa73s | 3 | 1 | tos73e | 35 | 3m3
e [ s3ees [ zm [ 77 [ s3ses | m2 | 1 | 53808 | 2w [ 11
(4] | [ N VR | | T |
[0 | [ [T I [ [ T [
[EES | | I [N | | S | | O
[0 | [ [ | [ [ [ T [
(RG] | | A E [N | | | |
[0 | [ [T I [ [ T [
[ 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
[ | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
= | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
[z | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
[ 14 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
[ 75 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

Mean
Variance

Lo Stadey

Figure 5.9a Uncertainity Distribution to Risk-Fastd (Second Step) of example

[ Input Data T Computation Parts T Probability Distribution T Results

[ Computation 1 T Computation 2 T Computation 3 T Computation 4

I[ RAl | mrz | _mre | Rea | mes | ree | mrr | mee | Ree | RRi0 | meil | RRi2 | mFiz | RRIs | RIS

Risk-Factor 2
Risk Second Step Disintegrated Second Step Disintegrated Second Step Disintegrated
Factor Cost Distribution Cost Distribution Cost Distribution
Situatio Better Than Exp. Expected Worse Than Exp.
|C05l Ho | Variance ‘ Sta.Dev | Mean | Variance ‘ Sta.Dev | Mean | Variance ‘ Sta.Dev | Mean
[ 1 | 253968 | 504 [ ea5.154 [ 253988 | 504 [ 1 [ 253988 | 504 [ 8a5.154
[ 2 | 738125 | e60 | tas800 || 739125 [ s60 [ 1 | 7sa2s | ee0 | 1.441.800
[ 3 | sz3sss | 69 [ 400.000 [ 3z3sss | 69 [ 1 [ 323585 | se9 [ 400.000
N I T T [ I N [ T
[5 ([ [ 1 [ [+ [ 1+ [ 1 [+ [+ [ 1
[ s [ \ 1 [ [ \ 1 [ I \ 1 [
[ 7 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ [ \ 1 [ [ \ 1 [ I \ 1 [
E [ 1 \ 1 [ 1 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ w0 | 1 \ 1 [ [ \ 1 [ I \ 1 [
[ [ 1 \ 1 [ 1 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ 2 | 1 \ 1 [ [ \ 1 [ I \ 1 [
[ 13 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ ¢ | 1 \ 1 [ [ \ 1 [ I \ 1 [
[ 15 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
Function

Mean
Variance

Figure 5.9b Uncertainity Distribution to Risk-Fais-2 (Second Step) of example
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[ Input Data T Computation Parts T Probability Distribution T Results

Computation 1 T Computation 2 T Computation 3 T Computation 4

I[ Rrt | Rez | mre | RRe | mes | Ree | mer | mes | e | RR0 | mRil | Rz | aFi | RRE | RFES

Risk-Factor 3

Risk Second Step Disintegrated Second Step Disintegrated Second Step Disintegrated
Factor Cost Distribution Cost Distribution Cost Distribution
Situatio Better Than Exp. Expected Worse Than Exp.

|Cos| Ho | Variance ‘ Sta.Dev | Mean | Variance ‘ Sta.Dev | Mean | Variance ‘ Sta.Dev | Mean
[ 1 | 1sa762 | 393 | 216622 [ 1sa762 | 393 [ 1 [ 1sa7e2 | 393 | 216602
[ 2 | sz | 23 | 1 | a2 | 203 | 1 | #1246 | 203 [ A
[ 3 | 29630 | 12 [ 1 [ 29630 | 12 [ 1 [ 29630 | 12 [ 1
[ [ [ 1 [ I [ 1 [ [ 1 E [ 1
[ s [ 1 \ 1 [ 1 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ s [ \ 1 [ [ \ 1 [ I \ 1 [
[ 7 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ [ \ 1 [ [ \ 1 [ I \ 1 [
[ 9 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ 10 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ 12 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ 13 | [ 1 [ [ [ 1 [ [ 1 [ 1 [ 1
[ 14 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ 15 | 1 [ 1 [ [ [ 1 [ [ 1 [ 1 [ 1
Function
Mean
Variance

Lo Stadey

Figure 5.9¢c Uncertainity Distribution to Risk-Faiste3 (Second Step) of example

The Probability distribution computation parts deh®f three parts (Riskl, Risk2,
Risk3) in example which have been designed as shiowligure 5.10a, Figure
5.10b, Figure 5.10c. Normal probability distributsoare produced through a sign
conversion operation and through user interfacesad be used for the production
of correlated item costs. Correlated risk formwalas of user interface used in the
Input Data 3 part produces random values from tlemal probability
distributions.

In case of the first distribution, the variancestloé¢ item costs that are calculated
from the maximum and minimum expected item costeehiaeen divided into a
number (as many as the number of risk-factors) uif-\&ariances (variance of
probability sub-distributions). The amount of a su#iance shows the effect of the
corresponding risk-factor's effect on the uncettaiof the relevant item cost. In
other words, the uncertainty of costs has beemildiséd to the risk-factors in the

first distribution.
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Input Data T Computation Parts T Probability Distribution T Results

Risk1 | Rekz | Rmekd | meke | Rmekt | meks | Rel? | Aekd | Reks | Rixl0 | Riki1 | Riklz | Rek12 | Rextd | Rikis
Risk Factor 1-Probability Distribution

Risk Second Step Disintegrated Second Step Disintegrated Second Step Disintegrated

Factor Cost Distribution Cost Distribution Cost Distribution

Situatio Better Than Exp. Expected Worse Than Exp.
|C05l Ho | Prob.Dist. ‘ Sta.Dev | Mean | Prob.Dist. ‘ Sta.Dev | Mean | Prob.Dist. ‘ Sta.Dev | Mean
[ 1 [ 33 | 156 [ 338 [ 1 | 156 [ 1 [ o8 | 156 [ a8
[ 2 | 25 | 35 | 25 [ R [ 3 | s [ 3@
[ 3 [ a7 | 22 [ a7 [ 1 | 22 [ 1 [ 118 | 22 [ 118
[+ [ 3 \ 1 [ 3 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ 5 [« [ 1 [« I [ 1 [ [ 1 E [ 1
[ s [ A \ 1 [ A [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ 7 [ 4 [ 1 [ 4 [ [ [ [ 1 [ 1 [ 1
[ e [ A [ 1 [ A [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ s [ 3 \ 1 [ 3 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ 100 |[ 4 \ 1 [ [ \ 1 [ I \ 1 [
[ 11 [ A \ 1 [ A [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
[ 2 || 4 [ 1 [« [ [ [ [ 1 [ 1 [ 1
[ 13 [ A [ 1 [ A [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ |[ 4 [ 1 [ 4 [ [ 1 [ [ 1 [ 1 [ 1
[ s |[ 4 [ 1 [ 4 [ 1 [ 1 [ [ 1 [ 1 [ 1
DESCRIPTION :
= In case of the first distribution, the variances of the item costs that are from the ini

expected item costs have been divided into a number (as many as the number of risk-factors) of sub-variances (variance of

probability sub-distributions).
* The amount of a sub-variance shows the effect of the corresponding risk-factor's effect on the uncertainty of the relevant OK

item cost.

* In other words, the uncertainty of costs has been distributed to the risk-factors in the first distribution.
* Normal probability distributions are produced through a sign conversion operation and through Visual Basic formulas to be
used during CCRAM simulation for the production of correlated item costs.

Figure 5.10a Uncertainity Distribution to Riskl ¢8ad Step) of example

Input Data T Computation Parts T Probability Distribution T Results

Rigk 1 T R\skZT Risk 2 T Risk 4 T Rigk § T Rigk & T Risk? T Rigk & T Risk & T RiskwT Risk11T R\sk12T R\skﬂT R\sk14T Rigk 18
Risk Factor 2-Probability Distribution

Risk ‘ Second Step Disintegrated ‘ Second Step Disintegrated ‘ Second Step Disintegrated

Factor Cost Distribution Cost Distribution Cost Distribution

s | Better Than Exp. | Expected | Worse Than Exp.
|Cost o | Prob.Dist. | Sta.Dev | Mean ‘ Prob.Dist. ‘ Sta.Dev | lean | Prob.Dist. | Sta.Dev | lean
[ 1 | 845450 | 504 | Ba5asa [ 1 L T | 845154 | 504 | g45154
[ 2 [ tastgoo | 0 [ taats00 [ 1 | e [ 1 [ 1441800 | 860 [ 1.441.800
E | 400000 | 569 | 400000 || 1 | o563 | 1 | 400000 | 569 | 400.000
[ 2 [ 4 [ 1 [ 4 [ [ [ 1 [ 1 [ 1 [ 1
[ s [ 4 [ [ 4 [ [ [ 1 [ 1 [ 1 [ 1
G [ A [ 1 [ 4 \ 1 \ 1 | 1 [ 1 | 1 [ 1
[ 7 [ A [ 1 [« [ [ [ 1 [ 1 [ 1 [ 1
[ s [ 4 [ [ 4 [ [ [ 1 [ 1 [ 1 [ 1
E [ [ 1 [ [ 1 E [ [ 1 [ 1 [
[ 0 |[ [ 1 [« [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ n || 4 [ 1 [ 4 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ 2 |] [ 1 [ [ 1 E [ [ 1 [ 1 [
[ | 4 [ 1 [ 4 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ & || 4 [ 1 [ 4 [ 1 [ 1 [ 1 [ 1 [ 1 [ 1
[ | =4 [ 1 [ 4 [ [ [ 1 [ 1 [ 1 [ 1
DESCRIPTION :
* In case of the first distribution, the variances of the item costs that are from the i and minil

expected item costs have been divided into a number (as many as the number of risk-factors) of sub-variances (variance of

probability sub-distributions).
* The amount of a sub-variance shows the effect of the corresponding risk-factor's effect on the uncertainty of the relevant oK

item cost.

* In other words, the uncertainty of costs has been distributed to the risk-factors in the first distribution.
* Hormal probability distributions are produced through a sign conversion operation and through Visual Basic formulas to be
used during CCRAM simulation for the production of correlated item costs.

Figure 5.10b Uncertainity DistributionRisk2 (Second Step) of example
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Input Data T Computation Parts T Probability Distribution T Results

Rizk 1 T Rizk 2 T Risk 3 T Rizk & T Rizk 5 T Rizk & T Rizk7? T Rizk & T Rizk & T RiaHDT Rizk 11 T RiaHZT Rial:ﬂ?T R\EL14T Rizk 15

Risk Facter 3-Probability Distribution

Risk Second Step Disintegrated Second Step Disintegrated Second Step Disintegrated
Factor Cost Distribution Cost Distribution Cost Distribution
Situatio Better Than Exp. Expected Worse Than Exp.

|Cos| Ho | Prob.Dist. ‘ Sta.Dev | Mean | Prob.Dist. ‘ Sta.Dev | Mean | Prob.Dist. ‘ Sta.Dev | Mean
[ 1 | 216642 | 393 | 276.602 [ 1 |39 [ 1 [ 276642 | 393 | 276602
[ 2 [ 3 [ 203 [ 3 [ 1 |03 [ 1 [ 1 [ 203 [ 1

[ s [ 4 [ w2 [ 4 [ 1 [ 2 [ 1 [ 1 o2 |
[+ [ 3 \ 1 [ 3 [ 1 \ 1 [ 1 [ 1 \ 1 [ 1

[ s [ 4 [ 1 [ 4 [ 1 [ 1 [ [ 1 [ 1 [ 1

[ s [ A \ 1 [ A [ 1 \ 1 [ 1 [ 1 \ 1 [ 1

[ 7 [ \ 1 [ [ \ 1 [ I \ 1 [

[ s [ A \ 1 [ A [ 1 \ 1 [ 1 [ 1 \ 1 [ 1

[ o [ \ 1 [ [ \ 1 [ I \ 1 [

[ 10 [ A \ 1 [ A [ 1 \ 1 [ 1 [ 1 \ 1 [ 1

[ n | 4 [ 1 [« I [ 1 [ [ 1 E [ 1

[ 12 [ A \ 1 [ A [ 1 \ 1 [ 1 [ 1 \ 1 [ 1
IEERIE [ 1 [« I [ 1 [ [ 1 E [ 1

[ 14 [ A \ 1 [ A [ 1 \ 1 [ 1 [ 1 \ 1 [ 1

[ 15 | 4 [ 1 [« [ [ 1 [ [ 1 I [ 1
DESCRIPTION :

™ In case of the first distribution, the variances of the item costs that are from the i and

expected item costs have been divided into a number (as many as the number of risk-factors) of sub-variances (variance of
probability sub.distributions).

* The amount of a sub-variance shows the effect of the corresponding risk-factor's effect on the uncertainty of the relevant OK
item cost.

* In other words, the uncertainty of costs has been distributed to the risk-factors in the first distribution.
* Normal probability distributions are produced through a sign conversion operation and through Visual Basic formulas to be
used during CCRAM simulation for the production of correlated item costs.

Figure 5.10c Uncertainity Distribution to Risk3 ¢8ad Step) of example

Step Il - Production of correlated item costs faimulation and calculation of
total cost;Let’'s assume that the random numbers produceduioexample iteration
to be used random number generator in Input Dats. $hown in Figure 5.6. Notice
that risk-factor-2 and risk-factor-3 are the santeclv assumed as correlated. Using
the risk-factor situation probability boundary veduand these random numbers in
Input Data 5 parts (Random Number, High-Medium-Lowwits), the situations of
risk-factors for the example iteration occurs dloWs (see Figure 5.6):

In the direction of these randomly determined -festor situations, the
characteristic parameters of the “situation prolighdistributions” that will be used
in the current iteration example.

The mean and variance values given above constitateharacteristic parameters of
the normal distributions representing the corredpan risk-factor situation. Now,
random numbers (i.e. random cost values) can bdupeal from these normal
probability distributions. Later, these random oealues will be used to produce the
item costs that will be used in the example iteratiUser interface produces
different random numbers for each risk-factor gitraby using uniform probability

distribution in order to produce random cost valfresn the situation probability
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distributions.

By using these random numbers and User Interfacedéta Number Generator
function (the function that calculates the invesdenormal cumulative probability
function if the mean and variance are provided)doan cost values are generated

for the current example as follows:
Total cost is calculated as;
TG = Ca1 + Gg1 + Cc1 (by Equation 13)
21.168,2 + 25.168,2 + 34.334,2

=$80.682,00

This example user interface of CCRAM shows thattttal cost of the three cost
items ($80.679,00) deviate from the expected toat ($21.167,00 + $25.167,00 +
$34.333,00 = $80.679,00). As previously mentioriethl costs are calculated at the

end of the user interface execution.

[ Input Data T Computation Parts T Probability Distribution T Results
I Data Pool

Cost Cost DESCRIPTION :
Item No * Cost calculate by using

process of second step
21.168,20 disintegrated probability
cost distribution.

25.168,20 * CCRAM assure to the user to

34.334.20 cﬂlqlate different totalr ,
project cost before projectis
saved.

* These randomly produced
costs are saved in a pool
in Excel and the statistical
characteristics of this pool
are measured in order to
make inferences regarding
the uncertainty in project
cost and regarding the

. required contingency

Total Project Cost amount for risk mitigation.

80.682,00 ‘ $

|

Calc.Cost ‘ Calc.Total Project Cost ‘ Save

Figure 5.11 Data Pool of example
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5.3 Application of User Interface

In order to perform cost estimation, the item cosése represented by triangular
probability distributions. According to the previbuwata at hand, other type of
distributions like normal, lognormal or beta mayrbere appropriate. However, it is
sufficient to use triangular distribution due te isimplicity for above example
application. The item cost probability distributeorwere the input and the total
project cost probability distribution was the résaflthe user interface of CCRAM.
User interface of CCRAM the correlation effect beén the item costs and the risk-
factors indirectly and qualitatively in a more adlie and logical way.

Sensitivity analysis can also be performed by CCRiaMrder to find out the most
effective risk-factors on the total cost. Being asvaf this information, it would be
possible for the manager to control and prevemelaost fluctuations by taking the
necessary precautions around the most effectikefators in advance. Based cost
estimation and user interface of CCRAM were evaldatin Visual Basic
spreadsheets, first through designing the inpus,cahd second through setting up
the user interface algorithms with Visual Basicdes. This procedure is clarified for
user interface of CCRAM.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions

The risk analysis programs which are based on M@ado simulation such as
@Risk provide an easy and effective environmenti&ia entrance and worksheet in
Excel spreadsheet. Correlated cost risk analysgeim@CRAM) is one of the risk
analysis technics under uncertainty when the casts risk-factors are correlated.
But, this model is not user-friendly and user ifstees are needed to develop. Use of
the CCRAM are very complicated and the program &irm not user friendly in
terms of data input and calculations. In additigniding the user does not have an
auxiliary grid,sothe absence of user guides, is disadvantage of CCRXslth entry,
data control, data transmission and data protectien necessary for a control
analysis and model configuration.

For filling this deficiency, user interface for Qelated Cost Risk Analysis Model
(CCRAM) is developed in this thesis. This user iifatee assure data entry to the
CCRAM in Excel spreadsheet and evaluate the unngrtaffect on construction
project estimated costs without simulation for cactor or decision makers. The
developed user interface is combined with CCRAMEXtel spreadsheet through
various software tools in order to provide integdatuser-friendly usage
environments. In addition, this user interface litate data entry to the CCRAM in
Excel spreadsheet and estimate early constructish dhe user interface can be
easily used and correlation between the item cgstaptured indirectly through
Visual Basic codes in a short time. CCRAM modet tiexforms both correlated cost
risk analysis has been developed in user interfac&/isual Basic and Excel
spreadsheet environments.

The sensitivity of uncertain total project cost ateim costs in a project to risk-
factors can also be analyzed by user interfaceGRAM. The information obtained
through sensitivity analysis become useful in marmgaghe project budget. Taking
the necessary actions in light of the sensitivityalgsis results would prevent

budget overruns and constitute a powerful uncdstaiontrol.
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The developed user interface for correlated ce&tanalysis model is a good starting
development. When the produced results of differesk analysis programs in
market compared user interface results, they argeclo one another results. This
approach demonstrate the functionality of the paoygr

As a last future work, user interface of CCRAM dam integrated into a full risk
analysis system by adding a cash flow risk analgsiglel with simulation and a
project progress control method working under utadety. Furthermore, this
integrated risk analysis system can be conveited a full computer package
program to be presented to the usage of the catisinusector in practice as a

professional device of project management.

6.2 Recommendations

User interface of CCRAM have some limitations, hesea they are only models
produced for animating the situations of real lifterefore, recommendations for
the future work can be proposed around these lilmits. The discussion regarding
this issue is given below:

» Data entered to the program should be realisticoafih they are highly
judgmental and independent of the similar projeciords completed in the
past. Unrealistic or missing input data would prEwnrealistic and wrong
results.

* Program can calculate up to 15 cost item and I5faistor with the current
capacity of total estimate.

» First of all, cost item breakdown structure shoatver the cost analysis
requirements. Next, minimum-most likely-maximum egfed item costs
should be determined realistically by taking theojget conditions,
resources and economic effects into consideration.

* In this study, a new user interface of CCRAM hasrb@troduced. User
interface of CCRAM is developed for the purposdadiilitating data entry
and computation and to evaluate the uncertaintgcefbn construction
project estimated costs without simulation whemiteosts and risk-factors
are correlated. The description of the user interfés introduced and a
hypothetical application is carried out within thisesis. The results of this
application show that user interface operates w&ell produces realistic
results regarding the uncertainty extent inhenerihé project cost. However,
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this conclusion cannot be generalized. User interiaf CCRAM should be

tested on several projects for full evaluation. €Casidies are being carried
out for this purpose; this application comprisesydhe development of the
user interface.

All of the “risk-factors”, “activity ~ risk-far influence degrees”,

“risk-factor situation scale quantities” and “risketor situation probability

boundaries” should be determined properly bsingt appropriate risk

identification techniques.

Furthermore, database of the decision support regstean be constituted

by expert knowledge and actual data of similar oty completed in the
past
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CCRAM
Fle Edit Window Help

APPENDIX

FIGURES OF VISUAL BASIC SPREADSHEET OF CCRAM

Input Data T

Compttation Parts

[ Probabilty Distribuon | Resufts ]

input Data 1 | T Input Data 2

i Input Data 3 T

Input Data 4 T Input Data 5

~Project Information

Project number 342

]Projecl name |A|a|urk Olimpia Stadium

Project start date March  «}|2000 ¥

Project finish date June ~||2007 =

;cml of the project ]s 165.000.000

Money Unit CTL G5 OF

[Totat esumated cost |

}Locan on of the project

[ikiteli Halkal Istanbul ' TURKEY

[conractor name

ITEKFENVSAE International Organization

[Contractor number [23 45 67

Site delivery date ]—M = ]—M = istamngdate [apri =][2000 =]
Duration of project time |Additional time period

[ | [vear - 02 | [vear -

;cDmml firm name. ITEKFEM Construction Organization

[Design work name. |5 France Construction Organization

[Financing of the project  [Turkey Sport Ministry.

[Costitem number * 15 - [Risk Factor number * 15 ~|

¥ Risk Correlated [Probability Dist. number 5 =]

Function

oK Clear
CCRAM
File Edit Window Help
Input Data T CompuatonPats |  Probabiliy Distibution | Resufts ]
Input Data 1 Input Data 2 I Input Data 3 T Input Data 4 T Input Data 5
Cost item Description Risk ltem Description
Cost ltem Description
Cost Item Descri Minimum Most Likely Maximum
Expected Cost | Expected Cost | Expected Cost
01 | [Design building additon 50.000 63.680 80.000
02 | [site preperation and excavation 20.000 23.880 30.000
03 | [install undergroung water and electrical 20.000 23.880 30.000
04 | [Foundation phase complete 25.000 31.840 40,000
05 | [install HVAC ducts 150,000 199.000 300.000
05 | [Connect equipment 150.000 214.920 300.000
07 | [insutation and built-up. 14.000 15.920 18.000
08 | [install AC grills and registers 5.000 7.960 9.000
08 | [install ligthing fixtures 25.000 31.840 35.000
10 | [Test Balance and HVAC 40.000 47.760 60.000
11 | [install plumbing fixtures 30.000 39.800 50.000
12 | [install Ceiling grid 30.000 39.800 50.000
13 | [install floor and carpsting 12.000 15.920 20.000
14 | [Touch-up and clean-up 20.000 23.880 30.000
15 | [Building addition complete 12.000 15.920 20.000
| Function -
‘ e

Figure A.2 Input Data 2 (1st region) — Cost Itens€rgotion
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CCRAM
File Edit Window Help

Input Data T Computation Parts T Prabability Distribution T Resulis ]
Input Data 1 Input Data 2 T Input Data 3 T Input Data 4 T Input Data 5 :
I Costltem Description f Risk ltem Description
Risk Item Description
Risk Item Description DESCRIPTION :
eywmmma_swmn
[Risk Factor 1 [Design changes inside the firm n
[Risk Factor 2 [Deisgn changes by the owner
[Risk Factor 3 [Survey and application cost fluctuations
[Risk Factor 4 [Labor productivity inside the firm
[Risk Factor & [inexperienced personel
[Risk Factor & |owmer delays in payment
[Risk Factor 7 |Disputes between the project participant
[Risk Factor & |uncertainty conditians of construction
[Risk Factor @ [Temporary or permenant absence
[Risk Factor 10 [Bad weather conditions
[Risk Factor 11 I
[Risk Factor 12 [
[Risk Factor 13 [
[Risk Factor 14 [
[Risk Factor 15 [

Function

o |

Figure A.3 Input Data 2 (2nd region) — Risk ItemsBrption

CCRAM
Fle Edit Window Help

Input Data T Computation Parts T Prabability Distribution T Results ]

Input Data 1 T Input Data 2 i Input Data 3 T Input Data 4 il Input Data 5

- Scale Quantities and F

Risk-Factor Description Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk | Risk
Factor [Factor |Factor | Factor | Factor | Factor |Factor | Factor | Factor | Factor | Factor | Factor |Factor | Factor | Factor

1 2 3 4 5 6 7 9 T R A T T T

Risk Factor [High [35 [s0 [ a2 [ 47 | IEEEREEEE [ 4 [

[ s
Quantities || ow 2 16 13 13 13 1 2 15 16 12

o 1 1 1 1 1 1 1 1 1
M[ﬁm [0.05 " [o.00001 [o.00001 [o.6000( [0.00001 [0,0000 o, oa00t [o.0000+ [o,60001 [0.0000( [0.0
s e
Boundaries [Worse Than Exp | [ 1 1 1 1 1 1 1 1 1 1

Risk-Factor |Better Than Exp. 0,05 |0,0000({0,0000¢ |0,0000( |0,0000( |0,0000( |0,0000( |0,00001 |0,0000( 0,0000( |0,0000( 0,0000(
Situation

Probapility |EXpected [0z [ [ N [ [ [ [ I ot [T [ [N
values  [worse Than Exp ]uMauz]u,uauul}u.auum}U.uuuu(]u,uuuu(]u,uauuz]u,uauul}u.auum}Uuuuu(]uuuuu(]uuaum]uuauul}uauuul}uuuuu(]uuuuu(

I
EEe
T

J—
18
J—
000( |0,00001 |0, (|0,0000

J—
J—

=]
2
=]
=
=
=]
2

=

I EE

=
2

00t L0001

EEW
ELER

Random Number Generator

110 ! 110 ! 110 | 110 | 110 | 110 ! 110 ! 110 | 110 | 110 | 110 ! 110 ! 110 | 110 | 110 |

1050 | 1050 | 10:50 | 10.50 | 10:50 | 1050 | 1050 | 10.50 | 1050 | 1050 | 1050 | 1050 | 1050 | 1050 | 1050 |

20—1001 20—100; 20—1001 20—100! ZU—IUU! 20—1001 20—100; 20—1001 20—100! ZU—IUU! 20—1001 20—100; 20—1001 20—100! ZU—IUU!

Risk 4

|

R]SKIJ RJSK?J Risk 3 Risk 5 Risk8

R!SKEJ R!SKTJ Riskg

Risk Risk Risk Risk Risk Risk
10 1 12 13 14 15

Figure A.4 Input Data 3 — Scale Quantities and Blodlly Boundaries
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CCRAM
File Edit Window Help

Input Data Ce ton Parts T Prabability Distribution T Resulis ]

Input Data 1 T Input Data 2 T Input Data 3 T {input Data 4; I Input Data 5

—

Deg
Cost Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk Risk
Item Factor? | Factor3 | Factord | Factor5 | Factorf | Factor? | Factord | Factord |Factor{d Factorii Factori2 Factorid Factorid Factoris

Factort

["2 | [Hon +|[med +|[med +|[med ~|[Med |[Hian ~|[Hiah ~|[Hiah ~|[High ~|[Hioh ~|[Hioh «|[Med «|[Med «|[Med ~|[low +|
=0 “‘Q“LT“LF“L MmLFnL Mmlm 1ed ~| HignLTnL mgnlm ted +|[Med ~|[ted. ~|
[ | [0 ~|[mon ~|[mea -|[mon ~|[med | [rion ~|[Han ~|[Han ~|[med ~|[Hion ~|[Hion ~|[Hion ~|[med ~|[low <[t |
|75 | [mon | [mon | mon -] mon -] [Hon | [Hion ~|[med | [Han ~|[Han ~|[Hion ~|[Hion ~|[Hion ~|[med ~|[med -|[med -]
[7® | [mon |[tow ~|[tow ~|[med ~|[med | [rion ~|[Han ~|[Han | Han | [Hion ~|[med -] Hion ~|[Low ~|[low -][med. -]
["7 | [Hgn =|[Hion »|[mea +|[Med +|[High ~|[High «|[High «|[High ~][High ~|[Med +|[High =|[High +|[Med +|[Low +|[Med. +|
[T8 | [High =|[High =] [Med +|[Low +|[Ho ~]|[High «|[High +|[Wed ~|[High | [Med +| [Figh =|[Med ~]|[Low +|[Med +|[Med. +|
[79 | [Hion -] [igh +][Med +|[Med -] [Hiah | [High +|[Med | [High ~|[High ~|[Med ~|[High «|[Hioh «][Med «|[Med «|[High -|
[790 | [Med | [Hion +][Low +|[Med | [Hiah +|[Med | [Hiah | [Hiah ~|[Hiah | [Hioh | [Hioh | [0 <] [Low =|[Med +|[to |
[1 | [Hign ~|[Hion +][Hioh ~|[Figh ~|[High ]| [High ~|[Med ~|[Figh ~][High ]| [High ~] [Med ~|[High ~]|[Low +|[Low ~|[Low ~|
[792 | [Hon +|[med +|[med +|[ian ~|[Med ~|[Hian ~|[Hiah ~|[Hiah ~|[Med ~|[Hioh ~|[Hioh «|[Med «|[Ho «|[Med «|[Hioh ~|
= Hioh ~|[High +|[High ~|[Tow ~|[Hioh «|[High «|[Fiah ~|[Hiah ~|[Hiah ~|[Hioh ~|[High ~][Med +|[Med ~|[Wed -] FL
[T3% | [mea ~|[mea ~|[mea | mon ~|[Hon ~|[Med ~|[med ~|[med ~|[Han ~|[Hion ~|[Hion -] med ~|[to ~|[low -|[Hion -]
[735 | [mon | [mon ~|[mea ~|[med -|[mon | [ion ~|[Han ~|[Han ~|[med ~|[Hion ~|[Hion =] Low ~|[Hion ~|[Hion -] [med. -]

H

oK Cle

Figure A.5 Input Data 4 — Influence Degrees

CRAM
Fle Edt Window Help

Input Data I Ce ion Parts | Probabiity Distribution | Results ]
Input Data 1 T Input Data 2 il Input Data 3 T Input Data 4 il Input Data 5
' Setting of Random Number
Risk-Factor Description ‘ Random | High Limit ‘ Wedium Limit ‘ Low Limit
HNumber
Risk-Factor 1 0382 [ 06 03
RiskFactor 2 05 0.9 0.6 03
RiskFactor 3 05 0.9 0.6 03
RiskFactor 4 05 0.9 0.6 03
Risk-Factor 5 0.5 09 0.6 03
Risk-Factor 6 0.5 09 0.6 03
Risk-Factor 7 0.5 09 0.6 03
Risk-Factor & 0,5 0,9 06 03
Risk-Factor @ 0,5 0,9 0.6 03
Risk-Factor 10 05 0.9 0.6 03
Risk. -{actnr " 05 09 0.6 03
Risk-Factor 12 05 09 06 03
Risk-Factor 13 05 0.9 0.6 03
Risk-Factor 14 05 [ 06 03
Risk-Factor 15 05 0,9 06 03
‘ RNG ‘ ‘ " hion.Medium-Low Limits | ‘ oK ‘ Clear

Figure A.6 Input Data 5 — Setting of Random NuntBenerator
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CCRAM E=%

Fle Edit Window Help

’. Input Data T Computation Parts T Prabability Distribution T Resulis ]
Computation 1 T Computation 2 T Computation 3 T Computation 4
r ilisti ion of Cost
IW | Mean of Main Cost | Variance of Main Cost Standart Deviation of Main
Item No Distribution Distribution Cost Distribution

1 64.120 25.000.000 5.000
2 24.253 2.777.178 1.667
3 24.253 2777.178 1.667
F] 32.060 6.250.000 2.500
5 207,667 625.000.000 25.000
6 218.280 625.000.000 25.000
7 15.947 443444 667
8 7.640 444444 667
9 221 2777178 1.667

B 48507 1A 3.333
1 39.867 1A 3333
17 39.867 1A 3333
13 15.947 1.777.178 1333
14 24253 2.777.778 1.667
15 15.947 1777778 1333

Function
oK Clear

Figure B.1 Computation 1 — Probabilistic Represgoneof Cost

Fle Edit Window Help

’. Input Data T Computation Parts T Prabability Distribution T Resulis ]
Computation 1 T Computation 2 i Computation 3 T Computation 4
2 i ion of Input Data (Quantification of Degrees)
|R:skfacmruescﬁpu’on |1|2|3|4|5|5.|7|s|9|10|11|12|11|14|15
Risk-Factor High 8 [ [0 [a2 |4 9 [4a [73[42 4 [ 8 [8 [40 [8
Influence:
Seate | Medium Pl EE A G EE EE EE EE IR IR E ES
Guanthes | FR I s s T D 2[5 [% [12 [75 [ 1 1 [78 [75
Ho S TR [ I [ [T [ [ [ [l [ [Tl [ [l [
Risk-Factor Better Than Exp. | | 0,05 [ [ [
Situation
Probability EXpected o T | o T | [ T T ) e |
Boundarie S
e ) ] o O O o | o o o P o
Risk-Factor Better Than Exp. | [ 0,05
Situation
Probability Expected L ] ) ) | o ) | o o s
Values  \oree Than Exp.
Calc. [Costitem tia | Infuence Degrees | Total Infuence
el 1 35 [s0 [ [a7 [ a3 [73 [a2 [27 e [40 [20 449,00
2 22 | a0 [ o7 | ® 44 [ 73 | 42 | 48 4 |74 [45 385,00
Calc. Total 3 35 | s0 | 20 | 47 20 [ 73 [ 42 | 46 4 (21 |20 407.00
i 4 35 |42 [42 |27 44 | 28 | a2 | 48 4 |1 1 355,00
5 35 [50 [42 | 47 44 (75 [42 | 45 4 [20 |20 451,00
6 16 |18 [ 20 |27 ar |73 [a2 |97 vud | o 339,00
7 35 |42 |20 |47 44 |73 [22 | 48 4 |18 | 20 404,00
g 5 |42 |13 | 1 20 | 73 | 22 | 48 R i T 323.00
a 35 |42 | 20 | 47 4 | 73 2z 45 21 a3 464.00
oK ] 10 5 [18 |20 [ a7 44 (735 [42 | 45 Z7| 366.00
1 35 [ 50 |4 [ a7 a1 |73 [a2 [ 27 18 15 ([ 42100
12 27 | a3 | 47 |27 44 [ 28 [42 |46 | 4 21 | 83 427.00
13 35 [ 50 |13 | a7 44 | 73 |42 |46 | 4 | 4 |20 |20 424,00
14 4 22 | 42 | 42 | a7 20 [ 73 |42 | 46 4 3 18 | 83 451,00
Clear | 15 & |35 |4 204 44 |28 [42 [ |1 [& [40 |2 388,00
‘ Inf.Deg. of Risk-Factor 1-5 | ‘ Int.Deg. of Risk-Factor 6-10 | ‘ Inf.Deg. of Risk-Factor 11-15 | ‘

Figure B.2 Computation 2 — Intermediate Regulatibmput Data
(Qualification of Influence Degrees)
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CCRAM
File Edit Window Help

[ Input Data T Computation Parts T Prabability Distribution T Resulis ]
[ Computation 1 T Computation 2 T Computation 3 T Computation 4
- Distribution to Risk-F: (First Step inty Distri
Imsnactoruescnpnon ‘1J2‘3J4‘5J6‘1JB‘SJW‘HJH‘I]JM‘IS [DESCRIPTION
sty Caic..
Risk-Factor High [e [ [s0[a[a[e ¢ [s4[7[a2]a]e [ [4]8 Probability
Influence: a
Scale  Medium IEREAEAEEE R ER AR EE A R ER
Quantities
Low (27 [ [ s e 2 s e [P s [ o [ s
Ho N T RN O [ [ [ [ T i [ o[ e [t
Risk-Factor Better Than Exp. | [ 6,05 [0,000¢[0,000( [0,000¢ [0,000( 0,000t [0,000( 0.000¢ 0,000 0,000t [0,0001 [0,000¢ [0,0001 [0,000¢ [0.000(
Situation
Probability Expected ORI [ [ [ n [ o [ i [ [ o [
Boundarie orsathantxn. [ 4 [ & | & [ R |8 [ & [ & [ & [® [ R [® [ & [% %3
Risk-Factor Better Than Exp, | [ 0,05 [0,000[0,000([0,000¢ 0,000( 0,000¢ 0,000( 0,000 0,000 [0,060t 0,000 [0,000¢ [0,0001 [0,000¢ 0,000(
Situation
Probability EXpected S [ O [ [ o[ e[ [ ot [ [ [
Velues  Worse Than Exp. | [0,448([0,0001 0,001 [0,000¢ [o,000( 0,000 0,060 [o,000¢ 0,080 0,600t 5,000 [0,000¢ 0,000 [0.000¢[0,060(
[Costitem | [Var of 1[Var of 2 [Var of 3 [Var of 4 Var of & [Var of @ |Var of 7 |Var of & [Var of 8 [Varof10 [Varof11 [Varoi12 [Varof13 [Varoft4 [Varof1s | [Total Variance
1 111,369 |1.948.77 |2.783.96 |2. £ 445,434 | 167,038 |2.449.88 |4.064.58 |2.338.63 1.503.34 | 445,434 | 445,434 |2.227.17 |1.113.58 24‘9_9!!.9_93
7720 [158.730 |303.030 |144.300 |194.305 | 57.720 | 64,935 |317.460 |526.896 |303.030 |331.390 | 28,860 | 28,880 |151.515 | 108.225 2777775
| 54.600 | 238.875 | 341.250 | 136.500 |320.776 | 27.300 | 61.425 | 136.500 | 488.226 | 2686.650 |313.950 | 54.600 | 27.300 |143.325 | 136.500 2777778
4 17.606 |616.197 | 739.437 738.437 _4?5.352 140.845 | 158.451 "‘!M 492,958 | 739.437 | 309.859 | 147.493 | 70.423 |316.901 | 17.608 6.256.640
5 11.086.4 |48.503.3 |69.290.4 |58.203.9 [65.133.0 |11.086.4 |4.157.42 60.975.5 [101.164. |58.203.9 |63.747.2 [12.376.2 (5.543.23 [29.101.9 [27.716.1 626.289.755
6 14.749.2:29.498.5 186.8 [36.873.1 |49.778.7 [14.749.2|16.592.9 |81.120.9 |134.587. |T7.433.6 |49.778.7 |16.479.8 |1.843.66 [33.186.8 |36.873.1 625,730,607
T 8801 | 38.504 | 46.205 | 22.002 | 51.705 | 3.801 9.901 | 43.405 | 80.308 | 24.202 | 50.605 | 7.663 | 4.400 | 19.802 | 22.002 443.297
8 11.008 | 48,160 | 57.791 | 17.888 | 1.376 | 11.008 | 12.384 | 27.520 |100.447 | 30.272 | 63.295 | 4.867 1376 | 26.896 | 27.520 443.787
9 4759‘.’._ 200.531 | 261.437 | 119.732 [ 284.370 4759‘.’._ 17.960 | 263.410 | 437.021 131.705 | 275.383 | 52,784 2.":946 125.718 | 496.337 2.782.661
10 121.433 [1,062.53 | 546.448 | 607.165 |1.426.83 |121.433 | 273.224 |1.335.76 |2.216.15 |1.275.04 [1.396.47 | 26.021 | 30.358 |637.523 | 30.358 11.106.766
1 211.138 | 923.727 [1.319.60 |1.108.47 [1.240.43 | 211,138 | 79.177 [1.161.25 |1.926.63 |1.108.47 | 712.589 | 209.644 | 26,392 |476.059 | 395.883 11.108.609
12 208.171 | 572,468 1,?92‘89 1.092.39 | T02.576 | 208.171 234,192 |1.144.93 | 728.597 |1.092.39 1.196.98 | 98.546 | 26,021 |546.448 [2159.77 11.105.566
13 33.543 | 146.751 | 209.644 | 54.507 |197.068 | 33.843 | 37.736 | 164.486 |306.080 | 176.101 |192.872 | 17.867 | 16.771 | 86.050 | 83.867 1.778.866
14 24.637 [135.501 | 258.684 | 258.684 | 289,480 | 24.637 | 18477 [123.183 | 449.618 | 258.684 283324 [11.141.4 | 6459 [110.865 |511.210 13.864.248
15 35.734 |156.337 | 187.605 | 89.336 |209.939 | 35734 | 40.201 |196.538 |125.070 |187.605 | 205.472 | 388.889 | 35.734 |178.671 | 89.336 2.662.194

Calc. Probability CalcVariance Calc.Total
Values Values Variance Clear

Figure B.3 Computation 3 — Uncertainity Distributito Risk Factor
(First Step Uncertainity Distribution)

CCRAM
File Edit Window Help

[ Input Data T Computation Parts T Prabability Distribution T Resulis ]
[ Computation 1 T Computation 2 T Computation 3 T Computation 4
RF1 RFZ RF2 RF& RFS RF6 RFY RF8 RF9. RF10 RF1I1 RF12 RF12 RF14 RF1E

Uncertainty Distribution to Risk-Factor Situations {Second Step Uncertainty Distribution) _Production of Correlated Item Costs for Simulation Risk-Factor 1

Risk Second Step Disintegrated Second Step Disintegrated Second Step Disintegrated
Factor Cost Distribution Cost Distribution Cost Distribution
Situatio Better Than Exp. Expected Worse Than Exp.
[Costhia [ Variance | StaDev Mean Variance | Sta.Dev WMean Variance | Sta.Dev Mean
1 101.320 318 425 101.320 318 1 101.320 313 a7
2 10.983 105 917 10.983 105 1 10.983 105 102
3 10377 102 892 10377 102 1 10377 102 100
1 17.606 133 1 17606 13 1 17.606 133 1
5 2.106.384 1.451 12711 2.106.384 1451 1 2.106.384 1.451 1419
3 2.802.548 1.674 14661 2.802.548 1674 1 2.802.548 1.674 1636
7 1.678 4 358 1.678 4 1 1.678 4 40
g 201 46 401 207 16 i 201 46 45
f] 9141 96 835 9441 9% 1 9141 96 93
10 77.704 21 867 77.704 218 i 77.704 21 99
[ 20144 200 1.754 20134 200 1 40144 200 196
B 39,509 199 1142 39.509 199 1 39.509 199 194
= 6.386 80 699 6.386 80 1 6.386 80 78
] 15.789 126 399 15.789 126 1 15.789 126 45
15 6.761 82 [¢7 £.761 82 1 6.761 82 81
sub.disiributions according to risk-
* The risk-factors are represented by ¢ i
| "probabily boundaries” to the sk factors, which shouw h probaiy terrtorss of he ik factor iz ik
it coupelafioa ne tween flac flar I Stpoder th L ! values for
risk-factors and by using the same random number.

Figure B.4 Computation 4 — Uncertainity Distributito Risk-Factor Situations
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CCRAM [BEE

Fle Edit Window Help

Input Data T Computation Parts T Probability Distribution T Results ]

Risk 1 T R\skZT R\SKST R‘iskiT R‘IEKST RlskST Risk7 T RBK&T R\EKST R\SHET RrskﬁT R\EHZT RBHZ'T R\stT Risk 15

Risk Factor 1-Probability Distribution

Risk Second Step Disintegrated Second Step Disintegrated Second Step Disintegrated

Factor Cost Distributis ‘Cost Distributis Cost Distributis

Situatio | Better Than Exp. | Expected | Worse Than Exp.

CostNo | [ Prob.Dist. | Sta.Dev Mean Prob.Dist. | Sta.Dev Mean Prob.Dist. | Sta.Dev Mean
1 425 318 425 A 318 1 47 318 47
2 817 105 917 A 105 1 102 105 402
3 892 102 892 7] 102 1 100 102 100
4 7] 133 7] 7] 133 1 7 133 7]
5 2.1 1.451 1271 7] 1.451 1 1419 1.451 1419
6 14.661 1674 14,661 A 1674 1 1636 1.674 1,636
7 358 M 358 ] M 1 40 # 40
8 40 a5 401 2] 6 1 45 45 45
9 835 6 835 ] %6 1 93 96 93
10 887 219 887 A 219 1 ET) 219 ED
1 1754 200 1754 A 200 1 196 200 196
12 A.742 199 742 A 199, 1 194 199 ETT)
13 599 80 599 7] 199, 1 ET) 80 78
[ 399 126 399 7] 126 1 45 126 L
15 722 82 7] 7] 8 1 ET] 82 ET]

[DESCRIPTION : ) :

in th stribution, the varian the item costs from th

d item costs 0.2 UMber (as many as the number of Ask. 0 {vari

" The am sub-variance shows the ffect of the co ding risk-factor's effect on e o oK

" In other words, the ur i

" Normal probability

used during CCRAM si costs.

Figure B.5 Probability Distribution — Second Stéqcertainity Distribution,
Production of Correlated Item Costs for SitoatRisk-Factor 1

[ Input Data T Computation Parts T Probability Distribution T Results
I Data Pool
Cost Cost
Item No
| 21.167,00
| 25.167,00
| 34.333,00

Total Project Cost

80.679,00 ‘ $

=

IECEERERCRERCEE

Calc.Cost ‘ alc.Total Project Cost ‘ Save

Figure B.6 Results part — Cost and Total ProjexgtC

74



BEE

[ Data Inputs T Computation Parts T Prabability Distribution T Data Outputs l

Data Input 1 T Data Input 2 T Data Input 3 T Data Input 4 T Data Input 5

Project Information

Project number

|Pr0|ecl name |

Project start date March j 2009 ~ Project finish date |M,mh - ‘zﬂngll

|Cus! of the project | = Total estimated cost |
Money Unit S (BN About CCRAM 3

[Location of the project [
[Conractor name [ CCRAM | ¥1.0 by Tugut KAPLAN = —

Copyleft 2009

'.7
|Site deliver date |march  ~

Duration of project time
time = m This program is prepared to analyse

construction correlated costs,

GAFU - Civil Fngiueeit: EEE

1f you have problems with using this

|CDWD\ firm name ‘ program, please contact me :
[Design work name [ kapland49@hotmail.com

|Fmanc|ng of the project ‘

|Cns! item number * 0 j ‘Rlskiac[mrnumber - 0 j
I Risk Correlated ‘Prnbabmq‘ Dist. number J
Function

oK Clear

Figure B.7 Abut CCRAM at Visual Basic Software Piarg

Project Information

Total Estimated Cost

JLocation of the Project

{Design work Name

Financing of the Project

Risk Factor Number
(Correl ated Risk

Figure C.1 Results of project information at Miati€Excel in CCRAM
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Risk Factor Description

Risk Factor 1

Risk Factor 2

Risk Factor 3

Risk Factor4

Risk Factor 5

Risk Factor 6

Risk Factor 7

Risk Factor 8

Risk Factor 9

Risk Factor 10

Risk Factor 11

Risk Factor 12

Risk Factor 13

Risk Factor 14

Risk Factor 15

Figure C.2 Results of risk factor description atisoft Excel in CCRAM

Cost Information
Simmlation Data

TE - . Minimum Expected Most Likely Maximum Exp ected &m@med
Item Cost Item Description : _ * - Cost

N Cost Expected Cost Cost
No. (80)

1

2

3

4

]

8

9

10

1

12

Simulated Total Project Cost

Figure C.3 Results of Cost information and Simua@®st at Microsoft Excel

76



