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CHAPTER (5)
CASE STUDY

5.1 Introduction

Quantitative risk analysis and risk response process are both applied on a sewage
network project case study. Quantitative risk analysis is the process of numerically
analyzing the effect of identified risks on overall project objectives. Objectives in this
study will include both time and cost of construction of sewage networks.
Quantitative risk analysis is applied on risk factors which have been prioritized
previously during the qualitative analysis process. Numerical ratings are given to
those risks individually or aggregate effect of these events towards the project
objectives. The quantitative analysis process will present a quantitative approach in
making decisions in the presence of uncertainties. This should be repeated again after
the risk response plan process as well as part of monitoring and controlling risk
events. This is done to be sure if the overall project risk has been satisfactory
decreased. Trends obtained from reports after the analysis can indicate the need of
more or less risk management action. A Guide to the Project Management Body of
Knowledge Book (2008).

Furthermore risk response planning is done in this chapter and applied on a sewage
network project case study. Plan risk response is the process of developing options
and actions to enhance opportunities and to reduce threats to the project objectives.
Mitigating actions is implemented into the risk register for further analysis. Planned
risk responses must be appropriate to the significance of risk, cost effective in meeting
the challenge, realistic with the project context. Selecting the best risk response from
several options is often required. The plan risk response section presents commonly
used approaches to planning responses to the risks. Risks used in this study include
threats that can affect the project success. Later through this chapter responses are
discussed in more details. A Guide to the Project Management Body of Knowledge
Book (2008).

5.2 Risk Analysis Methodology

5.2.1 Introduction

Fig 5.1 illustrates Risk Analysis methodology carried including both quantitative
risk analysis and risk response plan processes. Updated risk register is used as an
input of this process. This risk register was obtained previously as the output of the
qualitative risk analysis process. Modeling analysis technique which is used is called
Monte Carlo Analysis. This analysis is carried with the aid of Pert Master program.
Risk factors are analyzed numerically obtaining several reports which reflect the
result of this analysis. Finally, an updated risk register is further obtained as the output
of these processes.
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Updated Risk Register Risk analysis modelling Risk Register Updates

Fig 5.1 Risk Analysis and Risk Response Plan Methodology.

5.2.2 Risk Analysis Input

Risk Register is started during identifying risk stage. The Risk Register is updated
with information from Qualitative Risk Analysis stage. Thus an updated risk register
is included in the project documents. The risk register conducted from qualitative risk
analysis Impact on cost and time are represented in Tables 5.2 A and 5.2 B below.
Risk register tables include, riskfactors, their code and whether risk is an opportunity
or a threat (T/O). It also reflects the professionals opinions conducted during this
stage about both probability and impact of risks. Risk score is further calculated and
represented which was used for ranking these risk factors. Ranked risk factors are the
most important factors which are further imported into the modeling program risk

register.

Table 5.1 Updated Risk Register for Cost.

Risk - . Probability | Impact | Risk
D T/O Risk Title Risk Category (%) %) Score
Poor equipment’s Project
B4 T productivity Management Risk 0.46 0.50 0.232
F3 T Delay in shop drawing Organl_zatlonal 0.47 0.48 0.224
approval Risks
. Project
B10 T Poor planning errors Management Risk 0.46 0.48 0.221
C1 T Funds unavailability Financial Risks 0.44 0.50 0.220
A3 | T | Delayinmaterial Technical Risks 0.44 050 | 0.218
approval
B5 T Low subcontractor Project . 0.46 0.48 0.217
performance Management Risk
F4 T Third party delay Organl_zatlonal 0.44 0.50 0.216
approval Risks
Poor site management Project
B T by the contractor Management Risk 0.45 0.48 0.215
D1 T Permits delayed External Risks 0.43 0.50 0.212
5 T Change: in tax Organl_zatlonal 0.42 0.50 0211
regulations Risks
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Cont. Table 5.1 Updated Risk Register for Time.

Risk . . : Probability Impact Risk
D T/O Risk Title Risk Category (%) (%) Score
F3 T Delay in shop drawing Organl_zatlonal 0.46 0.56 0.96

approval Risks
Poor equipment’s .
B4 | T | productivityand Project 0.46 0.53 0.24
. Management Risk
efficiency measures
Poor site management in Proiect
B7 T | the contractors ) . 0.45 0.54 0.24
o Management Risk
organization
. Project

B10 T Poor planning errors Management Risk 0.46 0.52 0.24
B1 T Misleading management Project . 0.46 051 0.24

focus Management Risk

A3 T Delay in material approval | Technical Risks 0.43 0.55 0.23
B9 T Lack of construction Project . 0.41 0.57 0.23

management Management Risk
BS T Low subcontractor Project 0.45 0.5 0.23
performance Management Risk
C1 T Funds unavailability Financial Risks 0.44 0.53 0.23
D1 T Permits delayed External Risks 0.42 0.54 0.23
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5.2.3 Case Study Modeling

5.2.3.1 Introduction

The most effective risk factors obtained from the output of the qualitative risk
analysis process are analyzed using a Monte Carlo model. Using the schedule and
estimated costs of a case study in Egypt these risk factors are analyzed and
mitigations actions are added. The case study used is Cairo Festival City project, were
its time schedule and cost estimates was used in the analysis. Modeling technique is a
commonly used technique which includes both events oriented and project oriented
analysis approaches. In order to achieve an efficient analysis, Oracle primavera risk
analysis (Pert master tool) is used. It is most used by risk analysts in risk analysis field
and is full of key features and benefits. Key features include tracking risks, managing
project risks, studying impacts on risks and best responses towards different risk
factors.

Key features also includes, Integrating updated risk register with project schedule
and costs, comprehensive risk analysis graphics and reports, use of Monte Carlo
simulation to produce risk reports on probability and confidence levels, Analyze
project program sure track, good technique of determining contingency and
production of risk response plans as comprehensive technique of risk levels.
Primavera risk analysis risk will close projects to the risk register and risk templates
before using Monte Carlo simulation to analyze them. Reports are produced
including, risk histogram, tornado diagrams. These reports will enable the risk
analyzer to analyze risk drivers prior publishing risk resulting schedule.

Benefits will include, identifying common schedule pitfalls that may result in
misleading schedule or risk analysis results, integrate pre-developed risk registers and
define new risk register, address full life cycle risk management through advanced
Monte Carlo is based on cost and schedule analytics and report confidence levels with
regards to finish dates, costs, float, internal rate of return and net present value. The
program can provide a comprehensive means of reporting project confidence levels. It
is a proper technique for determining contingency and risk response plans. Primavera
risk analysis tool delivers objective view of required contingency and risk response
plans analysis. Pert-Master tool follow a systematic sequence of steps in order to
obtain an accurate reports reflecting risk events impact on both time and cost. These
steps include, complete schedule check, template quick risk, updating risk register and
risk analysis reports.
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5.2.3.2 Pert-Master Project Schedule Check

5.2.3.2.1 Introduction

Pert-Master schedule risk analysis will improve the schedule maturity via schedule
checks and test Monte Carlo analysis iterations to validate the integrity of the
schedule logic. The primavera risk schedule check will flag areas of concern or note
in the schedule. Any project program mistakes is identified and represented in terms
of flag marks. A flag mark does not mean the area of the schedule must be fixed; it is
flagging a condition that could be a concerned. The tool will find fundamental flaws
in the logic that would indicate that the schedule is not clean. If not cleaning a flaw is
chosen, it should be clearly documented why it is acceptable to the risk analyst.

A poor schedule invalidates a schedule Monte Carlo analysis. It is better to show
and explain flaws than to have an analysis ruled as wrong. Schedule check report
Primavera Risk will bookmark all flagged activities. The bookmarked activities will
allow the planner to create filters or jump to the problem areas of the project schedule
very quickly. Flags can be either accepted if they seem to be logical with respect to
the project constructed. Flags can be broken down by viewing the importance relative
to running an accurate schedule Monte Carlo analysis. There are two types of flags to
be broken, critical schedule check flags and lower risk flags.

5.2.3.2.2 Open Ended Tasks (Lacking Predecessor, Successor)

Pert-Master will view open-ended tasks differently, and more correctly, than
Primavera P6 and some other scheduling tools. A true open end is an item that does
not have a predecessor connected to the activity start or a successor connected after
the activity finish. Many scheduling tools look for a predecessor or successor
relationship. PrimaveraP6 does not see this as open-ended, however Primavera Risk
disagrees. One open-ended task in a vital location can compromise the results of the
Monte Carlo analysis. Although scheduling theory says that there should only be two
open-ends, at the beginning and end.

In order to correct these open ended tasks sequence of steps is carried. Using the
primavera risk analysis tool, open ended tasks is conducted. This is represented in the
primavera risk analysis schedule check report illustrated in Fig 5.2.The figure shows
that there are 146 tasks having constraints. There are 417 open ended tasks (neither a
predecessor nor a successor is detected for these tasks). There are 61 out of sequence
or broken logic tasks. There are 2197 tasks having lags. There are 80 items of
negative lags and 58 items of positive lags. Only 2 items are found having the relation
start to finish links. The total number of checked items found by primavera risk
analysis is 2961 item.
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CFC Infrastructure Baseline Programme - Rev 3 (10th May DD).plan-ScheduleCheckReport
ORACLE Schedule Check Report
PRIMAVERA RISK ANALYSIS
Plan Summary
Tille CFC Infrastructure Baseline Programme - Rev 3 (10th May DD)
File name C\Usersthp\DesktoplprimaveralCFC Infrastructure Baseline Programme - Rev 3 (10th May DD).plan
Plan finish date 01i09/2012 Tasks with no progress 2
Plan remaining duration 482 In progress tasks 188
Normal tasks 2456 Completedtasks 430
Summary tasks 579 Total tasks 3330
Milestone tasks 205 Resource assignments 12036
Hammack tasks 0 Budget cost $555,070
Monitor tasks 0 Remaining cost 456,113
Calendars 29 Actual cost $87,229
Links (589 Total cost $553,343
Resourcas 96
Report Summary
Taskview Altasks
Constraints 146
Open-endedtasks (Does notinclude ignored links) 417
QOut of sequence updates ("broken logic’) 61
Lags longerthan 0 units 197
Negative lags (Tleads") 80
Positive [ags on Finish-to-Start links 58
Start-to-Finish links 2
Lags between tasks with different calendars 0
Links ta/from summary tasks 0
Duration uncertainty distribution shape 2 0
Total number of items found 2961

Fig 5.2 Primavera Risk Analysis Schedule Check Report

These open ended tasks will occur due to different reasons. Open ended tasks
which have no predecessor and no successor due to scheduler error. These tasks are
clear on scheduling primavera p6 report Fig 5.3. The figure represents two different
types of open ended activities. As shown in this sewage project schedule there are
activities without predecessors as well as activities without successors.

Errors:
warnings:
________ ;;ct'i\f'itw‘es without predecessors...........oiiieieininiiiinnnn.. .99
Project: CFC/INFRA/BL/Revi-4 Activity: A1000  Commencement date
Project: CFC/INFRA/BL/Rev3-4 Activity: A1010  Receives site with no obstacles
Project: CFC/INFRA/BL/Rev3-4 Activity: A11030 Installation for water hammer protection vessel
Project: CFC/INFRA/BL/Rev3-4 Activity: A11040 Installation for overhead crane
Project: CFC/INFRA/BL/Rev3-4 Activity: A11290 Provide electrical and water source
Project: CFC/INFRA/BL/Rev3-4 Activity: 411890 1Installation for over head crane
ACTivities withouT SUCCESSOMS. . v ur it ii e ieneens 136
Pr'oject: CFC/INFRA/BL/RevI-4 Activity: A1020  Notification of Award
Project: CFC/INFRA/BL/Rev3-4 Activity: A10290 Handing over buildings with roads
Project: CFC/INFRA/BL,/Rev3-4 Activity: 410400 cumnﬁ for parapet
Project: CFC/INFRA/BL,/Rev3-4 Activity: 410430 Finish control room
Project: CFC/INFRA/BL/Rev3-4 Activity: A11030 1Installation for water hammer protection vessel

Fig 5.3 Primavera P6 Schedule Check Report
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Thus, correction is done by returning to the primavera 6 program and correcting
their logic. Only a start and an end of the program is left indicating the successful
correction of the schedule logic. This is clear in the primavera p6 scheduling report
Fig 5.4. The figure shows that only one predecessor representing the project
commencement date. In addition to that only one successor for completion of whole
works is represented. The risk analyst must take this corrective action with the aid of
theses program checks thus accurate risk analysis can be obtained.

Errors:
wWarnings:
Activities without predecessors..................... e 1 .
Project: CFC/INFRA/BL/Rev3i-4 Activity: PSDO00 Project Commencement Date
Activities without SUCCESSOrS. .. .uuuir s vt iirnnerns 1
Project: CFC/INFRA/BL/Rev3i-4 Activity: PCDO00 Completion of whole wWorks

Fig 5.4 Primavera P6 Schedule Check Report

After running a primavera risk analysis schedule check report Fig 5.5, it is clear
that not all the open ended tasks are cleaned. Primavera risk analysis tool is a more
effective tool in scheduling check than Primavera P6 tool. Primavera risk analysis tool
detects an open ended task which can be a milestone or a task of S.S successor. The
figure shows that there are 146 tasks having constraints. Fig 5.5 illustrates that there
are 206 open ended tasks (without a predecessor or a successor). There are 61 out of
sequence or broken logic tasks. There are 2197 tasks having lags. There are 80 items
of negative lags and 58 items of positive lags. Only 2 items are found having the
relation start to finish links. The total number of checked items found by primavera
risk analysis is 2751 item.
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ORACLE Schedule Check Report

PRIMAVERA RISK ANALYSIS
Plan Summary

Title CFC Infrastructure Baseline Programme - Rev 3 (10th May DD)

File name C:\Users\hp\Desktoplprimavera\CFC INFRA BL Rev3-4.plan

Plan finish date 09/09/2013 Tasks with no progress 72

Plan remaining duration 447 In progress tasks 188

Normal tasks 2456 Completed tasks 430

Summary tasks 579 Total tasks 3330
Wilestone tasks 295 Resource assignments 11274
Hammock tasks 0 Budget cost L.E82,022597
Wonitor tasks 0 Remaining cost L.E78,366,147
Calendars 7 Actual cost L.E3,789,532
Links 6826 Total cost L.E82155,678
Resources 78
Report Summary

Taskview Alltasks

Constraints 146

Open-endedtasks (Does notinclude ignored links) 206

Out of sequence updates ("broken logic’) 61

Lags longer than 0 units 2197

Negative lags (leads’) 80

Positive lags on Finish-to-Start links 58

Start-to-Finish links 3

Lags between tasks with different calendars 0

Links to/ from summary tasks 0

Durafion uncertainty distribution shape 2 0

Total number of items found 2751

Fig 5.5 Primavera Risk Analysis Schedule Check Report

These tasks are corrected by using Primavera P6, giving successor and predecessor
for them. Still Primavera P6 cannot indicate the corrected tasks as shown in
scheduling report Fig 5.6 also only start and end task are left. The figure represents
only one predecessor and successor as obtained before. It is clear that Pert-Master
program used here is a more effective tool than primavera P6.1.

Errors:
wWarnings:
Activities without predecessors.......vvviiiiiriirinrnnerns 1
Project: CFC/INFRA/BL/Rev3-4 Activity: PSD000 Project Commencement Date
ACtivities WithoUl SUCCESSOPS. it e ettt eanennnes 1
Project: CFC/INFRA/BL/Rev3-4 Activity: PCDO00 cCompletion of whole works

Fig 5.6 Primavera P6 Schedule Check Report

Furthermore, through using primavera risk analysis schedule check report Fig 5.7,
cleaning open ended tasks is clear. The report reflects cleaning all open ended
activities through the schedule, only now risk analysis simulation can be carried
successfully. The risk analysis program can easily detect any further open ended
activities. The Primavera program could not detect these open ended activities as
shown in the figure below.
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CFC INFRA BL Rev3-4.plan-ScheduleCheckReport I
ORACLE Schedule Check Report
PRIMAVERA RISK ANALYSIS
Plan Summary
Title CFC Infrastructure Baseline Programme - Rev 3 {10th May DD}
File name C\Usersihp\Deskiop\primavera\CFC INFRA BL Rev3-4.plan
Plan finish date 1108/2013 Tasks with no progress 2
Plan remaining duration 447 In progress tasks 188
Mormal tasks 2456 Completed tasks 430
Summary tasks 579 Total tasks 3330
Milgstone tasks 295 Resource assignments 11274
Hammack tasks 0 Budget cost LE82,022 597
Monitor tasks 0 Remaining cost LE78,386,147
Calendars 7 Actual cost LE3,789,532
Links 7033 Total cost LE82,155 678
Resources ]
Report Summary
Taskview Alltasks
Constraints 146
Open-ended tasks (Does notinclude ignored links) 1
Out of sequence updates {"broken logic’) 61
Lags longerthan 0 units 2196
Megative lags (eads”) 80
Puositive lags on Finish-to-Start links 58
Start-to-Finish links 3
Lags between tasks with different calendars 0
Links to/ from summary tasks 0
Duration uncertainty distribution shape 2 0
Total number afitams found 2545

Fig 5.7 Primavera Risk Analysis Schedule Check Report

The logic becomes very hard to trace and the scheduler looks sloppy. If the activity
truly cannot be a driver, then it would be preferable to discuss a path forward
internally. However documenting these open-ends can often save a headache during
an audit. Whether you link the activities or not, they should always be documented
that they are in the schedule but cannot under any circumstance be a driving activity.

5.2.3.2.3 Critical Schedule Check Flags

5.2.3.2.3.A Constraints

Hard constraints such as must-finish-on constraints are generally seen as the most
damaging constraint. Hard constraints should be looked at very hard and documented
if they are truly correct. A hard constraint is basically taking the place of logic so if
an activity has a hard constraint and predecessors, then the scheduler should
determine if the task is logically or constraint driven. Soft constraints can be equally
damaging in a schedule Monte Carlo analysis. Soft constraints should be used;
however it is important that they are used properly.
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Often constraints and lags are interchanged which is a critical problem in many
schedules. A lag will has a static duration that will not change as durations in the
schedule change, however a constraint is generally used to hold float in the
appropriate place. One constraint in the wrong place can completely destroy the
validity of a Monte Carlo analysis. Fig 5.8 illustrates constraints from a schedule
check report for sewage networks project. Constraints conducted are said to be
logically placed in this program. They are without any relative impact on the program
as they are placed without predecessors. Most of constraints placed are for material
delivery and milestones instructed by the owner of sewage networks project. Thus,
constraints used have no impact on the risk analysis validity for this project.

CON-

r FS-EQU Sewage Pump Station Predicted Complefion Finish milestone ~ Finish on or before 2103121700
r A§430  Release scope of Engineering Finish milestone ~ Finish on 1312-1017.00
N AT1290  Provide electrical and water source Finish milestong ~ Finish on JA11700
N 6330 Submittal for masonry work Normal Starton or after 26-04-1109.00
r AB360  Submiltal for plaster work hormal Starton or after 02-05-1109:00
r AG390 Submitial for Aluminum work Normal Starton or afer 17407-1109.00
r AB420  Submital for cement iles hormal Starton or after 24-04-1109:00
r AG460  Submittalfor heavy duty ceramic hormal Start on or after 19-08-1109:00
r 6430 Submitial for metal work Normal Starton or after 1650211 09:00
r A6520  Submitial for marble & granite wark Normal Starton or after 11-00-1109:00
r G550 Submitialfor painting work Normal Start on or after 20-08-1109:00
r AT630  Submitialfor earthing system Normal Starton or after 02-01-1109:00
r AT700  Submital for panel boards Normal Start on or after 1507-1109:00
r ATT10  Submital forlighting poles Normal Starton or after 26-08-1109:00
r ATT20  Submital for lighting fitures Normal Starton or after 30-08-1109:00
N AT730  Submittalfor wiring devices Normal Starton or after 10:01-1109.00
[ AT740  Submitial for fire alarm system Normal Starton or after 1312-1009.00
r AT760  Submittal forfire fighting system hormal Starton or after 06-11-1109:00
N ATTT0 Submitial for fertlization ystem Normal Starton or after 1108-1109.00
N ATTB0  Submitial for fitration system Normal Starton or after 11-08-1109.00
N AT730  Submitial for chlorination system Normal Starton or after 16-08-1109.00
N AT800  Submitial for HVAC works Normal Starton or after 2304110900
N ArB10  Submitial for ful system Normal Starton or after 20-08-1109.00
r AT830  Submital for penstocks hormal Starton or after 02-04-1109:00

Fig 5.8 Schedule Check Report - Constraints
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5.2.3.2.3.B Out of Sequence Logic (*'broken logic'")

Out of sequence logic is technically wrong. Based on the progress override or
retained logic setting, the analysis will still run, however activity splits and other
unexpected issues may occur during the analysis. Although Pert-Master can
technically handle out of sequence logic, by definition it is incorrect logic and casts
doubt on the validity of the analysis. If a scheduler cannot follow a logic chain, then
it might be concluded that they are less equipped to deal with a logic chain that now
has uncertainty and risk events entered into the equation.

Often scheduler's status items out of order due to miss of experience in dealing
with similar sewage network projects. It is more time consuming to break the logic
than to status items out of order. It is a shortcut used when workloads become too
heavy. That being said, breaking the logic and correctly using a project should be the
desired method, especially before running a schedule Monte Carlo analysis on the
logic. Fig 5.9 illustrates broken logic from a schedule check report for sewage
networks project. All broken logic made in this program is due to change of working
sequence on site to that sequence of work planned to be done in the program. Thus
tasks appearing here are logically to appear due to difference in work sequence which
has no impact on the project program.

Qut of sequence updates "broken logic")

Thelogicin a plan can be broken when tasks have started orfinished before their predecessors. Itis recommended that any broken logic is remaved or corrected to ensure the project schedules as expected. For example, if
task Ahas a Finish-to-Start link to task B, but B has been started (by qiving it an Actual Stad date) this is broken logic. Itis not clear whether B's remaining wark should waitfor task A to finish, or start straight away. Consider
fixing the broken logic by either remaving the link or remaving the actual dates. Also consider using the retained logic ! progress override options on the Scheduling tab of the Plan | Options dialog box.

From Task To Task
Bookmark D Destription Type Bookmark 1D Description Type Link  Details

CON-5W- Road 7 Sewage Connection COM-R-  Excavate & Trim Trench

< st [ o e g Nomal P TaskCOMRRU-M hes afeady st
o S RO i nste % ;"Cﬁa:mmnge”m Nomal P Task CONAULRIT-010has aeacysafed
r m’ Ev‘figslsewagec”””m” Fiigh miestone - % ;ﬁjﬁ?&%gﬁgﬂ?”m Nomma FS TaskCOMMRROB-IOhas areadystared
o Ik RMDASHROAN frigniege [ ST ;";m%mﬂge”m Nomal P TaskCOMMRR2M0has aead stateg
r %3:“1'50 ?g?gf&gﬂ”ﬂfﬂ%e Fiish milestons [~ S&NU:"UM ngﬁ:;ﬁi-;‘”mmmad Mol FS Task CON-RIL20A10 has aready stated
r %—P S PG N ro Rk B AIAINRA g P TaskCON-RW-20A D10 has sty lated
r g% cotsepo EC I g ro SRk A IRl g P TaskCON-RWROBO10 has dreaystred
N [ g;ﬁ"éﬁumfﬁlﬁggegzgedm Normal r %f Eﬁiﬁ?&mmmm Nomal P TaskCON-SURHI10has aheacysafed
0 g{gwfn‘:‘;w‘gza&dvzaz‘ves Normal 0 [ ;fg;jvnag‘s‘]fgoca'd&gga‘ves Noml P TaskSDADCRZ2010has aeady saed
r ;[35004% g}ngAzszgzguv;‘ves Noml r ;Ejnmu ﬁwgﬁgvﬁf"ggg‘d&z Nomma FS TaskSOMDCRZZ050has dready stared
r % B'r(a:w'ijn‘:?ﬂza&avfwes Normal a s 32@?:3%;?%;“& Nomal FS TaskSDADCRZ2040has alieady saed
r g::;g gm;ﬁ”mﬁ;jw”g Noml r % ﬁaem"[;‘;m;“md;& Nomma FS TaskROARWRON20Ras dready sared
r TUN01180 Relocate JV Fence Mormal r TUNO1180 CutExistingRoad 2Trafic ~ Finishmilestone  F3 Task TUND1180 has already started

r &—UF% é;;ﬁg"‘;%ﬁ;‘;‘:d‘““m Normal r % AN AOA o P TaskCONBIROSO10has aeady saed

Fig 5.9 Schedule Check Report Broken Logic Tasks
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5.2.3.2.3.C Lags

Lags are quite simply an absence of logic. A one day absence of logic can do very
little damage. The scheduler should use a constraint to hold float instead of a lag. The
bigger lags the much the look scarier. Long lags are one reason that Monte Carlo
analysis on a summary schedule becomes challenging. Large lags and great quantities
of representative logic exist in many summary schedules. As illustrated in Fig 5.10,
Lags placed in this project for fast tracking and milestones. Overlapping activities in
order to logically have logical project duration is done. Thus there is no impact on the
risk analysis carried throughout this chapter.

Lags longer than 0 units
Option selected: Display lags greaterthen 0 Day

Alagis a gap in the logic between two tasks — a delay between the dates of two tasks that are linked together. Lags cannot have risk or uncertainty. In reality itis likely that the 1ag represents either wark or a delay, whose
durafion is uncertain. This is particularly significant for long lags. Consider replacing the lag with a task, so thatuncertainty and risks can be assessed againstit. Use the Convert Lags to Tasks tool when a project contains a
large number oflong lags

From Task To Task
Bookmark |ID Description Type Bookmark |ID Description Type Link
SDSDC-
r 00404 IFC Drawings from Client for District Coaling Network Start milestone [~ % D.C. Pipework & Valves Drawings - Road 22 Mormal ESU]
r 0040C IFC Drawings from Client for MV Network Startmilestone [~ % Rework .Y Ducts; Pits & Cable Drawings - Road 10 A Mormal ESU]
. . MSS-H- . FS
I 0040C  IFC Drawings from Client for MV Network Startmilestone [~ 204070 Rework M.V Ducts; Pits & Cable Drawings - Road 4 MNormal ]
MSS-H- F$
I 0040C  IFC Drawings from Client for MV Network Startmilestone [~ 219030 Rework M.V Ducts; Pits & Cable Drawings - Road 19 MNormal ol
. . MSS-v- . FS
r 0040C |FC Drawings from Client for MV Network Start milestone [~ R02-030 Rework M.V Ducts; Pits & Cable Drawings - Road 2 Mormal B
. . MSS-v- . FS
I 0040C  IFC Drawings from Client for MV Network Start milestone [~ R05-030 Rewark M.V Ducts; Pits & Cable Drawings - Road 5 Mormal ]
MSS-MV-
r Q0400 IFC Drawings fiom Clentor MV Network Startmilestone ||~ I ReworclLVDuds: Pl & Catle Dravings -Road 22 Narmal [:SU]
r 0040C IFC Drawings from Clientfor MV Network Startmilestone | [ % Rework IV Ducls: Pits & Cable Drawings - Road 3 Normal [:%]
r 0040C IFC Drawings from Clientfor MV Network Startmilestone | [ ’F’{‘f:éﬂ‘g Rework IV Ducts; Pis & Cable Drawings - Road 21 Normal ESU]
r 0040C IFC Drawings from Client for MV Network Start milestone [~ ;?gﬁ ElectricMHs and Covers Normal Eisﬁl
. . PROC-RW- . FS
r 00406 IFC Drawings from Client for EAV Roads etc Start milestone [~ 10 Kerbs / Signs / Road Marking Mormal 501
r 00406 IFC Drawings from Client for EAV Roads etc Start milestone [~ E;{HGC& SubBase [ Asphalt Mormal E]
r 0040H IFC Drawings from Client for Sewage Network Start milestone [~ MA-PC-010 Client Approval of P.C. Units; Conc Ancillaries Normal ESU]
CON-DC- ; ] COM-MV-
r ROG070 Road 6 District Cooling Connection Available Finish milestone [~ ROG010 Excavate Trench and Manholes Mormal FF[10]

Fig 5.10 Schedule Check Report — Lags

5.2.3.3 Pert-Master Test Monte Carlo Iterations

5.2.3.3.1 Value and Strategies Associated with Running Test
Simulations

Primavera Risk (Pert-Master) Monte Carlo analysis validates the integrity of the
schedule logic. Running test simulations will speed up the process of schedule audit
and clean-up. Project managers must validate that the logic is realistic before running
the delivering the final reports. Test simulations allow a project manager or risk
analyst to test the network logic without the detailed knowledge a scheduler might
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have. It also allows planners and schedulers to see what the logic does during a
simulation without having to visually trace the logic.

Risk analysts will put random levels of uncertainty or three-point-estimates on the
schedule in order to test how the network of activities moves and the driving activities
in the schedule. It is a very simple process and project managers without a scheduling
background can usually interpret the histogram and tornado chart data more easily
than massive chains of predecessors and successors. Experienced schedulers can get
great value as thousands of activities are filtered down to much more manageable
amounts to trace the root cause of the schedule issue.

5.2.3.3.2Test Simulation Steps

5.2.3.3.2.1Adding Uncertainty

Add uncertainty to the schedule via the duration quick risk. Risk analysts may
want to use optimistic and pessimistic values to see how the logic network reacts to
different levels of risk. As illustrated in Fig 5.11, This project is an over aggressive
project hard to finish on time due to political reasons in Egypt. Thus ranges of
uncertainties are placed as 95% for Min., 100% for Most Likely and 120% for
Maximum Uncertainty. The used distribution is the triangular distribution which is
used in this study. The reason for choosing triangular distribution is further discussed
through this study.

T e TR T e— — L ==
= =

@ Al tasks in the plan Al fltered tasks Selected tasks only

Owervrite existng estmates and duraton distTibubon nobes

Risk formula details

Al

Help 1 [ = ] | canc=l ]

Fig 5.11Primavera Risk Analysis Uncertainty

5.2.3.3.2.2 Choosing Suitable probability distribution

5.2.3.3.2.2.1 Random Variable Definition

One of the basic concepts in probability theory is that of the random variable.
When a characteristic is observed to assume different values in different situations,
that characteristic is called a variable. By contrast if a characteristic retains the same
value from situation to situation, it is called a constant. Examples of variables are
heights of adult males, number of customers entering a shop each day, the spots
showing on tossing a die. A random variable has a value that changes from situation
to situation in no predictable manner. i.e., outcomes are uncertain. Hence "a random
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variable is a numerical quantity the value of which is determined by chance"
(Mansfield, 1991). A Random variable can be discrete or continuous:

5.2.3.3.2.2.1.A Discrete Random Variable

A discrete random variable "is a random variable whose numerical values are
limited to specific values within a range" (Sandy, 1990). Counting will always result
in discrete numerical data. Discrete data have values that are limited to specific points
within a range of values. For example, the number of workers on a project is 0, 1, 2
etc., but it cannot be say 2.7 or 3.2. Discrete data need not be just whole numbers.
Hence a discrete variable is characterized by 'gaps' between the values that the
variable can assume.

5.2.3.3.2.2.1.B Continuous Random Variable

A continuous random variable "is a random variable that can take any value over a
continuous range of values” (Sandy, 1990). Therefore the possible values of a
continuous random variable are not isolated numbers but an entire span of numbers.
Continuous data is usually based on the measure of a quantity. Continuous data are
measurements that can include any value within a range. This can be measured in
centimeters to any number of digits to the right of the decimal place, depending on the
accuracy of the measuring device. In reality data cannot be really continuous as there
are limitations on the ability to obtain accurate measurements. The distinction
between discrete and continuous random variables is important because different
mathematical procedures are used to describe the probability distributions of each.

5.2.3.3.2.2.2 Continuous Random Variables

5.2.3.3.2.2.2.1 Introduction

A continuous random variable, unlike discrete random variables, can take any value
over a continuous range of values. Therefore the possible values of a continuous
random variable are not a distinct number of values but an entire span of values
within a range. So it is not possible to assign probabilities to particular possible
values. How can we assign probabilities to a range of possible values that can be any
value between say 5 and 20, as there are any of an infinite number of values in this
range? The answer is producing a continuous probability distribution to represent the
probability model for a continuous random variable. A continuous probability
distribution assigns probabilities by means of areas under a curve known as the
probability density function. i.e., area is used to assign probabilities.

Continuous probability distributions “are convenient ways to represent discrete
distributions that have many possible outcomes, all very close to each other” (Levin &
Rubin, 1994). They show the range of possible values for a continuous random
variable, the most likely values and how the likelihood of values varies between the
minimum and maximum values. As with discrete random variables, the probabilities
of all the possible values of a continuous random variable must total 1. Therefore the
area between the curve and the x-axis must equal 1. This curve is useful in
determining the probability that the random variable will take a value between two
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values and this probability corresponds to the area under the curve between these two
values. Hence one of the key differences between discrete and continuous random
variables is: discrete variable - the probability of a single value occurring can be
assigned continuous variable - probability is interpreted by area and only considered
in terms of intervals between values rather than the probability of individual values.

5.2.3.3.2.2.2.2 Continuous Probability Distributions

Risk analysts can specify a probability distribution for any project variable (e.g.,
duration of an activity; cost of a project item). Several types of continuous probability
distribution exist, common ones including: Uniform; Triangular; Normal; Poisson;
Binomial; Lognormal; Exponential; Beta. Three most commonly used probability
distributions is described including uniform, triangular, normal. To select an
appropriate continuous probability distribution for a project variable, the following
three rules should be followed (Flanagan & Norman, 1993). It is important to
emphasize that the selection of a suitable probability distribution for a variable is not
based on a search for the true distribution.

The choice is based on consideration of representing the risk analyst's perception of
the range and probability of likely outcomes for the variable - ‘we are in the realm,
not of repeatable statistical assessment, but of subjective definitions of probability”.
(Raftery, 1994). Fundamentally, the selected distribution should be easy to
understand with the aim of keeping the risk analysis process as simple as practically
possible. Interestingly, Chapman & ward (1997) do not advocate the use of
probability distribution functions and propose a ”Simple Scenario” approach - “while
specific probability distribution functions can provide more precision, this is usually
spurious, and specific probability distributions usually provide less accurate
estimates” The main uses of a continuous probability distribution are :it provides the
necessary data for performing a Monte Carlo simulation it permits a prediction of the
probability of a outcome occurring between two values.

5.2.3.3.2.2.2.2.A Uniform Distribution

In a continuous uniform distribution, "all equal intervals in the range of the
distribution have the same probability" (Sandy, 1990). The minimum and maximum
values are fixed but all values between minimum and maximum are equally likely to
occur Fig 5.12. So it useful when we can identify a range of possible values but are
unable to decide which values is most likely to occur than others. This distribution is
useful “where you only have a minimum and maximum to go on” (Grey, 1995). The
mean is the average of the two extreme values and there is no mode. In practice, it has
limited applications.
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Fig 5.12 Uniform Distribution, Sandy 1990.

5.2.3.3.2.2.2.2.B Normal Distribution

The normal distribution is "the most important distribution in probability theory"
(Flanagan & Norman, 1993). The importance of the normal distribution is that it has
been found that quantitative data gathered for a wide variety of phenomena form
distributions close to that of a normal distribution. And so it is a reasonably good
approximation for many situations. That is, values cluster around some central value
with deviations above and below that value being equally likely and has decreasing
frequency as the deviations increase Fig 5.13. However there is no way to be sure that
a particular distribution closely follows a normal curve without collecting data and
testing to see if the normal distribution provides a good fit.

FEan
e i an
Aol

Fig 5.13Normal Distribution, Levin & Rubin 1994

A normal distribution curve has the following characteristics Fig 5.14:The curve
has one mean, median, mode. i.e., they all have the same value and lie at the center of
the curve. The curve has a single peak and is symmetrical around the mean. It is a
bell-shaped curve, and spreads outwards and downwards. It is composed of an infinite
number of cases. So the tails of the curve never touch the horizontal axis. The shape
of the curve is determined by two factors - the mean and the standard deviation
Fig 5.14. The mean determines the height and location whilst the standard deviation
determines the spread.
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Fig 5.14Normal Distribution, Levin & Rubin 1994

5.2.3.3.2.2.2.2.C Triangular Distribution

Triangular distribution are applied to those variables where the minimum,
maximum and most likely (i.e. mode) values can be estimated Fig 5.15.Values near
the minimum and maximum are less likely to occur than those near the most likely. It
is claimed that the triangular distribution “is the most commonly used distribution for
modeling expert opinion” (Vose, 1995) and “is sufficient in the vast majority of
practical situations. There is no need to use anything more complex, so hardly anyone
does” (Grey, 1995). The triangular distribution curve is chosen to be used in this study
and is favored by the Eastman Kodak Company (Dysert& Lucas, 1993) because: It is
easy to specify only the minimum, maximum, and most likely values. It does not
require dealing with standard deviations. It can also be made exhibit the skewers often
associated with the expected range of outcomes. i.e. skewed towards a larger
probability of the minimum or maximum. e.g. for project activities, durations tend to
have a 1:2 skew to the right , that is the likely value is one-third along from the
minimum value (Chapman & Ward, 1997). Chapman & Ward (1997) have
reservations in using the triangular distribution as it may cause significant
underestimation of extreme values and that setting an absolute maximum value is
conceptual unsound.

-rF-ormwoav

mimimum likely maximum

Fig 5.15Triangular Distribution, Chapman and Ward 1997

109



== ’ ARAB ACADEMY FOR SCIENCE AND TECHNOLOGY AND MARITIME TRANSPORT

5.2.3.3.2.3 Grant Chart View

Fig5.16 represents the grant chart view were minimum, most likely and maximum
ranges are represented. As shown in the grant chart in Fig 5.16 activity laying GRP
pipes for sewage network is 17 days duration. This activity based on uncertainties
input will give a range of 16 to 20 days. Thus, some pessimism was loaded. Activities
were scud things 20 % to the pessimistic side. Pessimistic results should be obtained
in return. The activities now can push out a good range for an aggressive sewage
project.

Remaining L) Minitmum Most Maczimum
I Description Duration Sep | Oct m Duration | Likely | Duration
CFCINFRABLRev3- Water Network Works 59
COMN-PW-R21-010 Excavate & Trim Trench Including B... 44 | - 42 44 23
CON-PA-R21-020 Lay HOPE Pipes 44 42 44 ]
COMN-PW-R21-040 | Initial Backfiling & Testing 44 42 44 53
CON-PW-R21-030 Concatruction of Yalve Chamber 16 13 16 14
COMN-P-R21-060 Final Backfilling 44 42 44 53
CFCINFRABLRev3- Road Crossing Ducts 12
CON-CD-R21-230 Excavate, Lay & Backfill Road Cros... 10 . 10 10 12
CFCINFRABLRev3- Sewage Hetwork Works 41 :
CON-SW-R2-010 Excavate & Trim Trench Including B... 15 14 15 18
CON-SW-R21-020 Construction of Sewage Manhaoles 35 36 35 45
CON-SWY-R21-030 Lay GRP Pipes Including Connections 17 16 17 20
COMN-SW-R21-040 | Initial Backfiling & Testing il 20 M 25
COM-2W-R21-050 | Final Backfiling 22 21 22 26
CON-SWY-R21-0580 Lay Sewwage House Connection al 29 31 37
CFCINFRABLRev3- Irrigation Hetwork Works 59
CON-IR-F21-010 Excavate & Trim Trench Including B... 35 - 36 35 45

Fig 5.16 Grant Chart After Placing Uncertainties
5.2.3.3.2.4 Run Risk Analysis

This is done as a trial only to test the validity of the schedule before carrying on
risk analysis. As shown in Fig 5.17, the test analysis run cover 1000 iterations
representing the simulation steps carried or no. of iterations to complete the test . 1000
iterations were used as optimum no. of iterations; many scenarios are considered
taking most possibilities thus reflecting respectful results as moving between max and
min 1000 iteration times.

Risk Analysis . l [

Analyze for = iterations

Show step through analysis option

[¥] shaw [Distribuh‘on Graph v] afterwards
Last Analysis Time: risk analysis has not been run yet
[ Analyze ] [ Cancel ]

Fig 5.17 Running Risk Analysis Test
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Through these iterations the activity bars will move within the ranges of
minimum and maximum durations. Through this schedule validity test, critical
path tasks could be viewed on the grant chart. As shown in Fig 5.18 a sewage
connection available as a critical activity at date 4/9/2012. This was after 71 trials
throughout the simulation process. Thus the risk analyst could stop at any iterative
step and view any activity dates from the grant chart view.

Remaining
|n] Description Curation
CFC/ANFRABL/REV3-4 CFC Infrastructure Baseline Programm... 466
| CFCANFRABL Revi-4.01 Keydates 466
CFC/IHNFRABL Rew3-4.1 Project Start / Completion 466
5 PCDO0D Completion of Whole Works [}
| | CFCINFRABLRev3-1.4 Services Connections {Road Wise) Hé
CFCANFRA/BLBevi-4 Sewage Hetwork 234
5 COH-SW-20A-0T0 Road 20 A Sewade Connection Availalle L[]
5 COH-SW-20B-094 Road 20 B Sewage Connection Available L[]
| CON-SW-RO1-00T0 IRon{l 1 Sewage Connection Available I ¢ =" 4/092012

h| COHN-SW-R02-200 Road 2 Sewage Connection Available [} - 2003003
] L CON-SW-RO3-090 | Road 3 Sewage Connection Available o
Primavera Risk Analysis Available ¢
Available [}
Iteration: 71 of 1000 Available o
- | Available L]
Available L]

Step ] [ Go ] [ Complete ] [ Cancel ] ——— ° .

= (] (IR 3

Fig 5.18a Critical Activity Viewed at 71 lterations

The movement is clear in Fig 5.18 b were the critical path new date changes after
99 iterations to be 6/9/2012. Thus, any critical activity could be filtered and viewed at
any iterative step .This proves that using 1000 iterations allows the risk analyst to
move between the maximum and minimum ranges. This is reflected in the figure
below were the activity bars moves and date is changed after several iterations.
Furthermore, a histogram report will result representing the overall project tasks
duration is analyzed.

[n] | Description Duwration
.| CFCANFRA/BL/REV3-4 CFC Infrastructure Baseline Programmi... 4TS5
/| CFCANFRA/BL Rew3-4.01 Keydates 4TS5
u CFCANFRABLRBev3-44 Project Start / Completion 4TS5
5 PCDOGD Completion of Whole Works L1}
I CFCANFRABLRevw3-41 Services Connections (Road Wise) 424
I CFCAHNFRA/BL Rev3-4 Sewage Hetwork 2M
5 COH-SW-20A-0T0 Road 20 A Sewage Connection Available L1}
5 COH-5W-20B-090 Road 20 B Sewage Connection Available o
I COH-SW-RO1-00T0 IRoa(I 1 Sewage Connection Available I ] e 06092012
bl COH-SW-RO2-200 Road 2 Sewage Connection Available o iy 25002042
F COH-SW-RE3-030 Road 3 Sewage Connection Awvailable (1)
Primawvera Risk Analysis Available o
Available 1]
Tteration: 99 of 1000 Available o
- | Available o
Avwvailable o
[ Step ] [ Go J [ Complets ] [ Cancel ] A —— o ‘ | |
- [ el [NITR} L2

Fig 5.18 b Critical Activity Viewed at 99 Iterations
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5.2.3.3.2.5 Simulation Output Reports
5.2.3.3.2.5.1Histogram Output

The test simulation can be represented graphically on a histogram. Fig 5.19
represents this histogram as a result of the analysis. The histogram consists of number
of iterative hits at the y-axis on the left. Probability of finish dates with corresponding
to the number of hits on y-axis on the left. Dates were all activities are supposed to
finish on the x-axis. Cumulative curve based on pessimistic ranges entered before
running the analysis. Column bars representing the schedule pattern throughout the
iterative process. There are no large gaps in the graph which may show issues with
constraints, non-working periods, or static paths like milestones strings are driving the
schedule.

FC Infrastructure Baseline Programme - Rev 3 (10th May DI |Pate
PCDO000 - Completion of Whole Works : Finish Date Finish Date of

=== PCD000 - Completion of Whole Waorks
95% 15/M10/2013

i I 90% 14/10/2013

80.0 - o - 85% 12/M10/2013 Analysis
80% 10/10/2013
T5% 10102013
T0% 09/10/2013
65% 08/10/2013

lterations: 1000

Statistics
80.0 o

0
60% 07102013 E_ Minimum: 21/09/2013
@ i 85% 07M02013 B | paximum: 23/10/2013
= 50% 06M0/2013 o
L 4500 oeMomois = Mean: 06/10/2013
i =
N |- 40% 05/10/2013 '_E Bar Width: day
M [ 35% 03102013 3
) - 30% 03(10/2013 Highlighters
I 25% 02M0/2013
20.0 - L =20% o1/10/2013 Deterministic (11/09/2... | <1%
- 15% 30/09/2013 50% 06/10/2013
] H e S 80% 10/10/2013
[~ 5% 26/09/2013
b
a0 0 M T DDD o 0% 21/092013

T
15/0942013 051042013

Distribution (start of interval)

" Finish Date ! Start Date | Duration | Float  Cost NPV | IRR

Fig 5.19 Schedule Check Simulation Histogram — Completion Works

As illustrated in Fig 5.19 has no large spike column bar at the beginning. A large
spike at the beginning of a histogram often shows an activity cannot finish earlier than
a finish-on-or-after constraint. The difference between the deterministic dates should
make sense relative to the risk inputs. The risk inputs are skewed to the maximum
(95%, 100%, 120%), then it would make no sense if the answer did not push out
multiple months. Since the value is skewed 15% to the maximum, then you would
expect at least a 12 to 18% push on activities. As shown in the figure the mean of
finish date was 6/10/2013. Thus, working on our risk inputs min duration was
21/9/2013 and max duration was 23/10/2012. The push could be worse based on near
critical paths. It is clear from the graph, the probability to finish at 6/10/2013 is 50%
and the probability to finish at 10/10/2013 is 80%.
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As shown on the left y-axis of the histogram is the percent chance of completion. It
should give a hint about how the network is working. In this studies based on inserted
ranges, the range of uncertainties reflects pessimistic inputs. Thus, pessimistic output
results obtained seems to be logic results. A pessimistic answer would indicate that
the confidence level is reducing due to the amount of critical path movement. As the
amount of near critical paths increase, the confidence level should decrease. If the risk
analyst uses a pessimistic distribution, then the answer should be very negative. A
reasonable confidence level would dictate that the network has very few driving
activities or the logic is broken in general.

5.2.3.3.2.5.2Tornado Chart Output

Fig 5.20 illustrates tornado chart which list activities that are driving the
completion of whole works. Service connections and roads construction are the
largest drivers of the work completion. These are logically drivers as connections are
so important in order to complete finishing all sewage works. The results obtained are
based on 1000 iterations made using pessimistic input ranges. If a project manager
knows that engineering should be a driver but it does not show up on the tornado
chart, then the schedule is probably missing a link from the engineering chain of
activities. If a risk analyst sees a non-driving activity on the chart, then there is
probably a link that should be removed in the base schedule.

- L -
CFC Infrastructure Baseline Programme - Rev 3 (10th May DD) ofburation y
Duration Sensitivity: Entire Plan - Al tasks The duration sensitivty of a task is a measure

the correlation between its duration and the
duration (or dates) of the project (or a key task
or summary).

CFC/NFRA/BL/Rev3-4 - CFC Infrastructure Baseline Programme - Rev 3 (10th May D.. ‘ ‘ 100%
Analysis

CFCINFRA/BLIRev3-4 00 01 - Project Start / Completion I | 100% Simulation Latin Hypercube
Iterations 1000
CFCANFRA/BLIReva-4 00 - Keydates \ | 100%
CFC/NFRA/BLIRev3-4.00.04 - Services Connections (Road Wise) ‘ | 91% Sensitivity calculation
Correlation between:
CFC/NFRA/BL/Rev3-4.02.02 - Infrastructure and Road Construction ‘ | 89% @ N 8
Duration of Entire Plan
CFC/NFRA/BL/Rev3-4.02 - Construction ‘ | 89% @ And:
Duration of each task in the plan
CFC/NFRA/BLIRev3-4.02.02.15 - Road 21 I | 0% ; }
Using: Pearson's product moment.
CFC/NFRA/BL/Rev3-4.02.02.16 - Road 22 ‘ ‘ 86%
Display
CFC/INFRA/BL/Rev3-4.02.02.20 - Road 20 (From CH 0+000 to CH 1+450) ‘ | 81%

Tasks Displayed:

CFCINFRA/BLIReV3-4.00.5 - Services Final C ITesting & C . I | 745 Normal tasks

Summary tasks

4 m }

Duration Sensitivity . Cost Sensitivity . Criticality Index .. Duration Cruciality. . Schedule Sensitivity Index

Fig 5.20 Tornado Diagram — Duration Sensitivity

Fig 5.21 represents the tornado diagram for the highest critical path activities
drivers. A scheduler can check the drivers which pushes the critical path. Activities in
the diagram are all on the critical path of the project program. Represented As the
display shows they are all milestones and normal tasks according to the base plan
made by the scheduler. A general rule is that the tornado chart should list mostly
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activities that people expect or the schedule does not reflect the project management
team's expectations. In this case either the schedule is linked incorrectly or the project
team does not understand how the job is being worked. When the tornado chart does
not make sense, the base schedule should be revised. This process should be repeated
until the logic reacts in a realistic fashion. There is no value running a risk analysis
unless the team believes the sequencing reflects reality.

Definition of Criticality Index

The criticality index of a task is the proportion of
the iterations in which it was critical.

CFC Infrastructure Baseline Programme - Rev 3 (10th May DD)
Criticality Index: All tasks

PCD000 - Completion of Whole Works

CON-DC-R01-030 - Construct Foundation of Valve Chamber

CON-DC-R01-010 - Excavate & Trim Trench Including Bedding

MA-FI-010 - Client Approval of Ductile Iron Pipes.

MA-PC-010 - Client Approval of P.C. Units; Conc Ancillaries

CON-DC-R01-020 - Lay DC Pipes Including Connections and Fittings

CON-DC-R01-050 - Partial Backfiling & Testing

CON-DC-R01-080 - Final Backfiling

100%

100%

100%

100%

100%

100%

100%

100%

@ ®

Analysis
Simulation Latin Hypercube

lterations 1000

Calculation
Values are calculated for:

each task in the plan

Display
Tasks Displayed:
Normal tasks

Milestone tasks

Showing 10 highest values

PROC-FW-010 - HDPE Pipes. 100% Values greater than: 0

100%

PROC-FM-020 - Valves, Fittings and MHs covers

Duration Sensitivity . Cost Sensitivity . Criticality Index . Duration Crucality -, Schedule Sensitivity Index
Fig 5.21 Tornado Diagram — Criticality Index
5.2.3.4 Template Quick Risk

The template quick risk is much quicker than manual risk loading. The inputs have
increased traceability as there a manageable and comprehend-able amount of
groupings. The templates are easy to update and manage for recurring reporting
cycles. Filters can take into account schedule changes. The groupings may help with
activity correlation instead of trying to correlate activities manually. Grouping
activities helps all team members give input without a heavy statistics background.

Template quick risk is an uncertainty register. The theory beyond this is to create
groupings of risk. As the project used has a huge amount of activity. Thus, it's good
for both schedulers were hard to add uncertainty for each activity step by step. Top
management must understand inputs of risk uncertainty. Risk template together with
the risk register is linked to analyze all risk events. As shown in Fig 5.23 the template
quick risk is represented. The grouping used is by discipline. Each project discipline
might have independent correlation. A correlated group is a group which has their
durations close to the distribution chosen. In our case by using triangular distribution
the more the results are close to the mean the more they are correlated. On the other
hand, low correlated groupings are away from the mean.
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Very high correlation can be higher than 80%, high correlation from 60% to 80%
and low correlation may be beyond 40%. As shown in Fig 5.22, there is construction
grouping as the main discipline in any sewage project used in this study. The
Construction Grouping has Min 95%, Most Likely 100% and Max 120%. We put
much pessimism on them as the worst case. As sewage network project contractors
are not all on board without a detailed schedule about their work.

(1] (%] 3]
l—l_lil—lil—l—l—lil—

Summary Task = CFC/NFRA/BL/Rev3-4.02 - Construction 2058 Triangle 95% | 100% 120%

Description:

[ Clear All ][ Load... ][ Save... Help ] [ApplyTemplate ]l Save and Exit ” Cancel

Use as default for new projects

——

Fig 5.22 Template Quick Risk
5.2.3.5 Correlation Field
5.2.3.5.1 Introduction

The field allows a scheduler to create activity groupings that have similar behavior.
It may not make sense to correlate activities when theyare not truly related.
Correlation may overcome the undesired cancellation effect of the central limit
theorem in certain situations. Correlation may stop critical path switching in groups
that have been placed in parallel for representation of work but not the sequenced
accurately due tolack of scope or other issues. Example correlation: A project
manager could correlate a grouping of activities for a construction crew as their
productivity may extrapolate to all activities in their scope of work.

5.2.3.5.2Central Limit Theorem

The Central Limit Theorem states that the distribution of an average tends to be
Normal, even when the distribution from which the average is computed is decidedly
non-Normal. The basic result of the Central Limit Theorem on the Monte Carlo
analysis is the results pushing toward the mean. The correlation value can be input
between 0 and 100.
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5.2.3.5.3 Correlation Percentage to Use

Often project managers, risk analysts, and statisticians will argue over the correct
number to use for correlation. Very High: 80%-100%, High:60%-80%, Medium:
40%-60% and Very Low: 0%-40%. As shown in Fig 5.23, correlation chosen for
engineering discipline is 95% as they stick to the range of pessimism given as an
aggressive related to the schedule and due to harsh political environment surrounding
the construction of the project.

S 8 T T

Summary Task = CFC/INFRA/BL/Rev3-4.02 - Construction | 2059 Triangle 95% 100% 120% 95%

Description:

P

-

(oo ) (i | (e ] (| (e | [mewin ][ e |

UUse as default for new projects
—— g

Fig 5.23 Inserting Correlation for Project Disciplines

For construction they have to follow the range of uncertainty as they already given
pessimistic range they have to work hard to make it works. A project manager can
look at the scatter plots for these ranges by manually correlating two activities that
have fairly wide ranges. As shown in Fig 5.24 notice that the scatter plots of 95%
does not look much different from 10%. Statistically the results are fairly similar.
Using a very low correlation might raise a flag that the model could be statistically
improved. The correlation calculation was made based on a statistical means. It was
calculated using Pearson's moment product theory which is later on discussed through
this chapter.
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‘Risk Sumrna;)r and Corralati

| Type Description Details on Correlation o

I =, duration COM-FOZ2-R04-00... Triangle(s;6;7) b {95%:) duration: T.
=1, duration COM-FO2-RO4-01... Triangle(8;9; 10) W {95%%) duration: T.

|| == duration COM-GM-RO4-021... Triangle{10;12; 13) A (95%%) duration: T.
=1, duration COM-GM-RO4-022... Triangle{10;12;13) W {95%%) duration: T.
=2, duration COM-GM-RO4-023. .. Triangle{10;12;13) A {95%%) duration: T.|:I
=, duration COM-GM-RO04-024, .. Triangle{10;12;13) b {95%:) duration: T.
=1, duration COM-GM-RO04-025... Triangle{10;12;13) W {95%%) duration: T.
=2, duration COM-GMN-RO04-071... Triangle(3;4;4) A {(95%:) duration: T.
=1, duration COM-GM-RO4-072. .. Triangle{3;4;4) Y {95%:) duration: T. -

I < [0 " r
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duration: COM-GM-R02-0670 - Final Backfilling
duration: COM-GMN-R02-0680 - Excawvation & For...
| duration: COMN-GM-R0
duration: COM-GMN-R02-0700 - Preliminary Testi...
duration: COM-GM-R02-0710 - Protection & Pip...

0690 - Pipe Laying &

<
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Sample Scatter Plot:

E
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=2, duration COMN-FO2-R0O4-00. .. Triangle(s;56;7) ¥ {95%) duration: T.
=2, duration COMN-FO2-RO4-01... Triangle(s;9;10) ¥ {95%) duration: T.
=2, duration COMN-GM-RO04-021. .. Triangle{10;12;13) W {95%:) duration: T.
=2, duration COMN-GM-RO4-022. .. Triangle{10;12;13) by {95%:) duration: T.
=2, duration COMN-GM-RO04-023, .. Triangle{10;12;13) ¥ {95%:) duration: T.I:|
=32, duration COM-GMN-RO4-024, ., Triangle{10;12;13) W {95%:) duration: T.
=32, duration COM-GMN-RO4-025,.. Triangle{10;12;13) W {95%:) duration: T.
=2, duration COMN-GM-RO4-071... Triangle(3;<;<%) ¥ {95%) duration: T.
=2, duration COMN-GM-RO4-072. .. Triangle(3;<;<%) ¥ (95%:) duration: T. -
< | [T al 3
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Details ¥ Motes ¥ Correlation

duration: COM-GMN-R02-0670 - Final Backfilling
duration: COM-GMN-R02-0680 - Excavation & For... 95%
duration: COM-GMN-RD2-0690 - Pipe Laying &

duration: COMN-GMN-R02-0700 - Preliminary Testi...
duration: COM-GN-R02-0710 - Protection & Pip... 95% -

4

L

]

Sample Scatter Plot:

E

Spearman'z: 10#
fe
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[ Hep ][

Fig 5.24 Tight and Scattered Correlation
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5.2.3.6 Pert-Master Qualitative Risk Register
5.2.3.6.1 Introduction

In this step of a Pert-Master program, risk events are to be tracked, quantified, and
linked to the project schedule in order to complete the Monte Carlo analysis. The
Pert-Master risk register is simple and easy to use. It provides a good format for users
that do not have a risk register in another tool. Primavera risk program does not have
a database back-end so it limits project managers' ability to collaborate, track risk,
create accountability, or roll risk up to portfolio levels.

The qualitative side of the risk register is all about tracking and categorizing
risk. There is no right or wrong way to setup a risk register. In its simplest form, a
risk register or risk log is just a list of risks. Much or little information are attached as
needed based on what an organization would like to track. Some of the interesting
fields in the Pert-Master Risk Register are often ignored by risk management teams
regardless of the risk register product or template they are using.

5.2.3.6.2 Risk Scoring System Scales

The schedule and cost impacts are the default types in the Pert-Master program.
The cost and schedule fields are numbers. These numbers are set based on the Project
Management Book of Knowledge (PMBOK) Guide (2008). As shown in Table 5.2
definitions of negative impacts that could be used in evaluating risk impacts related to
two project objectives. The table reflects the defined conditions for impact scales of a
risk on major project objectives. Activities construction cost and time obtained from a
sample sewage project are the two objectives used in this study. The scales
represented in the table are for both the probability of occurrence and the cost and
time impact scales. The probability scale varies from very low to very high (0.1-0.9).
The impact scales for cost and time are given as percentage of the overall cost and
time of the activities. Furthermore risk events are linked to these activities.

Table 5.2 Impact on Cost and Time Ratings, PMBOK (2008).

Defined Conditions for impact scales of a risk on major project objectives

OEjr:éfif/tes Very Low /0.10 Low /0.3 Moderate /0.5 High / 0.70 Very High / 0.90
Cost Insignificant Cost < 10% Cost 10-20% Cost 20-40% Cost >40% cost
Increase Increase Increase Increase increase
Time Insignificant Time <10% Time 5-10% Time 10-20% Time >20% time
Increase Increase Increase Increase increase
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From the primavera P 6.1 program the overall construction activities are viewed for
original time and budget cost. The sample project taken has the sewage construction
works divided into the program by roads. As shown in Fig 5.25 out of twenty five
roads road 1 has a list of sewage activities including their original duration and total
cost. These two parameters are reviewed in road 1 including sewage, district cooling,
water, irrigation, gas, medium and low voltage networks and road works. In Fig 5.25
the roads are listed so that the overall budget cost and original duration for road 1 is
calculated to be 8,058,001 L.E and 196 days.

Activity ID Activity Name Budgeted Total | Secondary Original [ R

Cost| Constraint Duration

-I CFCI/INFRA/BL/Rev3-4.02 Construction LE163327.544 481

=l  CFC/INFRA/BL/IRev3-4.02.02 Infrastructure and Road Construction LETE3.275.116 417
| | | |m  CFCINFRA/BLIRev3-4.02.02.4 Road 1 Egossom| | 13| |
= CFC/NFRA/BL/Rev3-4.02.02.4.8 Relocation / Protection for Existing Services | Len] | 3] ]

COM-FO-ROE-060 Fielocation / Pratection of Existing FO Lines LED 12

COM-MW-ROB-230 Relocation / Protection of Existing MY Lines L.ED 12

COM-MW-ROE-240 Obtain Permits & Approvals for Relocation # Pratection Woaorks LED 10

COM-wD-R0B-050 Felocation / Pratection of Existing "W ater Lines L.EO 18
CFC/INFRA/BL/Rev3-4.02.02.4.01 Bulk Excavation and Filling 2z | &

CON-BX-ROT-010 Bulk Excavation and Fill for Road 1 LE175.428

CFC/INFRA/BL/Rev3-4.02.02.4.11 Sewage Network Works zagf| | 19] |

COM-S'w-RO1-0010 Excavate & Trim Trench Including Eedding LE1E.142 a

COM-5'w-R07-0020 Construction of Sewage Manholes L.E42,830 9

COM-Shw/-R01-0030 Lay GRF Pipes Including Connections L.E73.845 a

CON-SWw/-RO1-0040 Initial Backfiling & Testing L E25E 567 3

COM-5w/-R01-0050 Final Backfiling LEB7.118 8

COMN-S'w/-R01-0080 Lap Sewage Housze Connection L.E79.845 g

Fig 5.25 Construction phase sewage networks for Road 1.

The Pert-Master program impact scales are shown in Table 5.3 below deals with
numbers. That’s to say, the overall cost and time for the construction of different
networks in road 1 are used as an input of these scales. These two parameters are used
in identifying the days and L.E impacts on both time and cost of activities during the
construction phase. The table represents impact types and degree of impact V.L to
V.H according to Project Management Book of Knowledge (PMBOK) Guide
(2008).

Table 5.3 Pert Master Impact on Cost and Time Ratings

Impact Scales & Types

Add Impact Type Delete Impact Type [tems in the scale s ® | | can

| Impact Types | Score? |VeryLow | Low | Medi | High | Very tigh
Schedute B=E <=10 >10 >20 »29 >39

Cost &= <=LES0S,... >L.ESOSS00 >LE1208.. >LE€2417,..[>LES223200|

Risk assessment takes into account both the likelihood of a risk occurring and its
impact on project objectives if it does occur. There are several ways to measure the
likelihood and impact of a risk event. The best approach scales these two
characteristics between 0.0 and 1.0. Likelihood is usually measured between 0.0 (no
likelihood) and 1.0 (certainty). While this seems to be natural, questions can be
developed that lead to answers that indicate the level of likelihood. One example of
some questions to determine the likelihood of technical risk is shown in Table 5.4
below. Hullet, David (2004).
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Table 5.4 Likely Hood of Project Risk Factors, Hullet, David (2004).

L aixeEl 1HOoOOoD oF TECHMNOLOGY Risk

Description to Technology

Scientific research required

Concept design formulated

Concept designtested - bench scale

Critica [ Tfunctions  characteristics demanstrated

Process passed performancs test at pilot scale
Fu lk-sca le prototyp e passed performan ce test
More than one full scale facility operational

ui»'&m‘qhoui

As illustrated in Fig 5.26, the above ranges of probabilities are used as an entry into
the pert master program was they represent the risk probability occurrence during the
sewage construction phase. The figure represents different scales used for risk
probability of occurrence. The scale ranges from very high to very low scales. A risk
event which has a scale greater than 50 % is considered to have a medium probability
of occurrence. Furthermore risk probabilities are conducted from chapter 4 risk
qualitative analysis output. These risk probabilities is used as one of the qualitative
risk register entries in the Pert-Master program.

Probalkility |
Ve High e L
High =TT
PAledicrm = S0 =S
Lo L
Wy Lo - =T

Fig 5.26 Probability Ranges Used in Pert Master Program.

5.2.3.6.3 Qualitative Risk Register Field
5.2.3.6.3.1 Introduction

The Qualitative risk register template filled in this pert master is conducted from
several sources. The qualitative risk analysis made before in chapter 4 has an updated
risk register output. This output reflects the most important risks which is analyzed in
this chapter. Furthermore, Pert-Master risk register considers also proposed
mitigations made to these risk factors. For this reason, three main divisions are
considered in this risk register. These are the pre-mitigation, mitigation and post-
mitigation divisions. The pre-mitigation consists of the probability scales and impact
scale on both cost and time. These scales were used before for risk factors conducted
through a field survey during the qualitative phase. Both mitigation field and post-
mitigation probabilities and impacts are further more conducted through another field
survey. Thus Risk responses technique must be implemented through a questionnaire
and implemented into the Pert-Master risk register for further analysis.
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5.2.3.6.3.2 Risk Response Strategies for negative Risks or Threats

The following strategies typically deal with threats or risks that may have negative
impacts on project objectives if they occur. The fourth strategy, accept; can be used
for negative risks or threats as well as positive risks or opportunities. These strategies,
described below, are to avoid, transfer, mitigate, or accept. Furthermore the suitable
action is chosen through a field sewage projects survey. These responsive actions are
used as mitigation for improving the probability and impact scales that previously
conducted form qualitative risk analysis. A Guide to the Project Management Body
of Knowledge Book (2008).

5.2.3.6.3.2.A Avoid.

Risk avoidance involves changing the project management plan to eliminate the
threat entirely. The project manager may also isolate the project objectives from the
risk’s impact or change the objective that is in jeopardy. Examples of this include
extending the schedule, changing the strategy, or reducing scope. The most radical
avoidance strategy is to shut down the project entirely. Some risks that arise early in
the project can be avoided by clarifying requirements, obtaining information,
improving communication, or acquiring expertise. A Guide to the Project
Management Body of Knowledge Book (2008).

5.2.3.6.3.2.B Transfer.

Risk transfer requires shifting some or all of the negative impact of a threat, along
with ownership of the response, to a third party. Transferring the risk simply gives
another party responsibility for its management—it does not eliminate it. Transferring
liability for risk is most effective in dealing with financial risk exposure. Risk
transference nearly always involves payment of a risk premium to the party taking on
the risk. Transference tools can be quite diverse and include, but are not limited to, the
use of insurance, performance bonds, warranties, guarantees, etc. Contracts may be
used to transfer liability for specified risks to another party. For example, when a
buyer has capabilities that the seller does not possess, it may be prudent to transfer
some work and its concurrent risk contractually back to the buyer. In many cases, use
of a cost-plus contract may transfer the cost risk to the buyer, while a fixed-price
contract may transfer risk to the seller. Project Management Book of Knowledge
(PMBOK) Guide (2008).

5.2.3.6.3.2.C Accept.

This strategy is adopted because it is seldom possible to eliminate all threats from a
project. This strategy indicates that the project team has decided not to change the
project management plan to deal with a risk, or is unable to identify any other suitable
response strategy. This strategy can be either passive or active. Passive acceptance
requires no action except to document the strategy, leaving the project team to deal
with the risks as they occur. The most common active acceptance strategy is to
establish a contingency reserve, including amounts of time, money, or resources to
handle the risks.
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5.2.3.6.3.2.D Mitigate .

Risk mitigation implies a reduction in the probability and/or impact of an adverse
risk event to be within acceptable threshold limits. Taking early action to reduce the
probability and/or impact of a risk occurring on the project is often more effective
than trying to repair the damage after the risk has occurred. Adopting less complex
processes, conducting more tests, or choosing a more stable supplier are examples of
mitigation actions. Mitigation may require prototype development to reduce the risk
of scaling up from a bench-scale model of a processor product. Where it is not
possible to reduce probability, a mitigation response might address the risk impact by
targeting linkages that determine the severity. For example, designing redundancy
into a system may reduce the impact from a failure of the original component. Since
post mitigation probabilities and impacts are needed as an entry in the risk register.
Thus mitigation responses are used as response action by which the questionnaire
participants will suggest to improve risk events scales.

5.2.3.6.3.3 Mitigation and Post Mitigation through Field Survey

In Table 5.5 below a sample of questionnaire fields is represented. Participants
were asked to suggest a mitigation tittle for each risk. In addition to that, they will
check mark the level by which post-mitigation is after implementing these mitigations
into the pre-mitigation levels taken from the qualitative analysis. All levels of pre-
mitigation taken from qualitative risk analysis stage vary between ranges moderate to
low. Thus post-mitigation results obtained from survey results is either the same level
or lower as shown in the sample below in Table5.5.
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Table 5.5 Sample of distributed risk response questionnaire

Time Impact
RI'Sk Risk Factor Mitigation Post-Mitigation
Title
V.L L M
Insignificant. <5% Time | 5-10% Time
Time Increase Increase Increase
Delay in shop drawing | Discuss any problems
F3 ith | v
approval with consultant
Poor equipment’s Experienced project J
B4 productivity team is required
g7 | Poor site management Use expert site J
bycontractors managers
Use more involved
B10 | Poor planning errors planner in similar \
projects
: . Follow the mile stone
Misleading
B1 suggested by owner V
management focus 2
facility
Delay in material Eliminate any
A3 approval supplier problems v
Approval delay of third | Ask any reason for J
BO party delay with engineer
BS Low subcontractor Use more effective \/
performance subcontractor
o Increase cash
C1 | Funds unavailability available v
: Good communication
D1 | Permits delayed with government. \

The target of using a field survey was to add both mitigation title and reduced post-
mitigation scales into the pert-master risk register. Samples of forty seven
questionnaires were collected. As illustrated in Fig 5.27, the numbers above the
column bars represents the agreed number of participants for each scale. In this
manner, the reduced scale for time and cost objectives is taken from these results. The
total number of participants is shown on the y-axis. The x-axis illustrates the reduced
scales which vary from Very Low (V.L), Low (L) and Medium (M).It is clear that for
example poor equipment productivity forty personnel agreed low. This means that
they agreed that by implementing mitigation responses the scale is reduced to low
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(<5% time increase) in time impact. Three of them only agreed scale to remain
medium as it is (5-10% time increase) and only 5 of them agreed it is reduced to low
scale. Thus for this risk factor it is conducted that most of the participants (40
participants) agreed reduced scale to low after implementing mitigation actions.

Total Number of Participants

45

&

w
o

M Poor Equipment Productivity

w
[=]

M Delay In approval of shop drawings
M Delay In approval of materials

=]
un

M Low Subcontractor Performance

(=]
=]

B Permits Delayed

= ppproval of third party delay

=
un
|

Total Number of Participants

™ Poor PlannerErrors
10 -

M Poor Contractor Site Management
Funds Unavailability

B Contractor missleading top management focus

POST MITIGATION
Scales Agreed by Participants

Fig 5.27 Total Number of Participants for Each Risk Factor

As represented in Fig 5.28, the percentage of the total number of participants is
represented also in a chart. It is clear that also for poor equipment productivity risk
factor most of participants 85.1 % agreed that mitigation suggested will result the
post-mitigation scale to be low. Thus, low scale is implemented as the new scale in
post mitigation step into the risk register of the Pert-Master program.

Percentage of Participants

g

=~
o

M Poor Equipment Productivity

»
E 60

g M Delay In approval of shop drawings
.

- .

Eso M Delay In approval of materials

s W Low Subcontractor Performance
% 40 M Permits Delayed

=

E 30 ® Approval of third party delay

&

® Poor PlannerErrors

M Poor Contractor Site Management
Funds Unavailability

W Contractor missleading top management focus

POST MITIGATION
Scales Agreed by Participants

Fig 5.28 Percentage of Participants for Each Risk Factor
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Using the above risk response questionnaires the risk register in the Pert-Master
program is implemented. Fig 5.29 below represents the risk register of the Pert-Master
program. Risk factors are shown together with their risk IDs. Three stages are filled,
this include the pre-mitigation scales, the mitigation title and the post-mitigation
scales. The pre-mitigation stage was implemented from the qualitative risk analysis
output. Both mitigation title and post-mitigation scales are taken from participants
opinions. Furthermore, this risk register is used in the analysis of the identified
sewage risk factors. This risk register is placed under the qualitative risk register title.
In the next step quantitative risk register is implemented. Quantitative part of risk
register includes linking these risk factors to the sample project schedule for further
analysis.

O e . 222 .

File Edit View Tools Reports Help

Fig 5.29 Pert-Master Program Risk Register
5.2.3.7 Risk Reports Overview
5.2.3.7.1 Risk Scoring System Report

Fig 5.30 illustrates the risk scoring system report outlines the entire the scoring
system that was setup previously. The report represents both project data and report
summary similar to that discussed in the risk matrix report. Furthermore, the risk
scoring system reflects the probability and impact scales which were entered prior
starting the risk register. The probability impact scoring matrix is also represented.
This matrix contains key numbers which are entered according to the sewage project
organization view to identify areas red in color need to be mitigated. Yellow also are
concern risk factors they need to be mitigated. Green zone were these risk factors
could be simply passed to the project team and dealt during the construction of this
sewage project.
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Risk Pre-Mitigation (Data Date = 22/06/2012) | Mitigation Post- mitigation

D 10 |[Titk |Probabilty Schedule [Cost  [Score |[Response | Tite || robabilty |Schedule |Cost [ Score
EIT Poor equipment preductivity M M M 10 Reduce Use more experienced project team . pa. | M L L 5
3 Delay in Shop drawings approval M H M 20 Reduce Discuss any problems with the consult... | M L L 5
a3 1 Delay in approval of material M M M 10 Reduce Try to discuss use other material . Con...| M L L 5
by T Low subcontracter performance M M M 10 Reduce Use more Subcontractor . Use warning...| M L L 5
d [T Permits delayed M M M 10 Reduce Good comunication for contracter wit.. | M L L 5
4 T Approval of third party Delay M M M 10 Reduce Perform regular meetings to discusst.. | M L L 5
bl0 T Poor planner emors M M M 10 Reduce Use more experienced planner whe de.., | M L L 5
bl T Poor site management by the contractor M M M 10 Reduce Consultant ca send warnings to the co...| M L L 5
d T Funds unavailability M L M 10 Reduce Increase cash available before constru., | M L L 5
bl T Contractor misleading top management focus M M M 10 Reduce Project team must set reqular weekly .. | M L L 5
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ORACLE’
PRIMAVERA RISK ANALYSIS

File Name

Flan Title

Total Tasks

Completed

In Progress

Plan TimeNaow

Deterministic Finish

Total Deterministic Cost
Actual Costto Date
Deterministic Remaining Cost

Report Name
Date Printed
Total Risks
Proposed Risks
Open Risks
WHigh
Wedium
BLow
Mnegiigible
Impacted (Closed) Risks
Managed (Closed) Risks
Rejected (Closed) Risks
Threats
Opportunities

Probability Scale

Very Low
Upto 30%

Impact Scales and Types

Very Low
Schedule* Upto 10

Risk Scoring

CFC INFRA BL Rev3-4

Low
30% to 50%

Costt UptoLE10,000

*means impactis used in scoring

Probability and Impact Scoring (PID)
Risk Score is based on: Highest Impact

Very High
High
Medium
Low
Very Low

Project Data
CFC INFRA BL Rev3-4.plan
CFC INFRA BL Rev34
3330
430
188
22 Jul 2012
11 Sep 2013
LE82,165,678,
LE3,789,532
LET8,366,147

Report Summary
Risk Scoring
20 Aug 2012
10
10
0

=108

o3 ococoeed

Medium High Very High
50% to 70% 70% to 90% 90% or higher

Low Medium High Very High
1010 36 361071 7110143 143 or higher
LE10,000 to L ES,293 087 L E8,293,987 to LE16,587,974 LE16587974t0 LE33 175948  LE33175,948 or higher

[T Dorbigher ]
Fig 5.30Risk Scoring System Report
5.2.3.7.2 Risk Matrix Report

As illustrated in Fig 5.31 the built-in risk register reports are designed to be easy to
use. The figure identifies some project data. These data include the total number of
activities 3330 activity used in this sample sewage project. Since this sample project
was taken at the start of construction phase 430 tasks are shown as completed. The
total construction cost 82,155,678 is also shown. The report summary is then
represented. Data concerned with report name, total of 10 risk factors studied and the
number of risk factors which has a medium scale.
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Risk Matrix
ORACLE
CFC INFRA BL Reva3<4
PRIMAVERA RISK ANALYSIS
Project Data
File Name CFCINFRA BL Rev3-4.plan
Plan Tide CFCINFRA BL Rev34
Total Tasks 3130
Completed 40
n Progress 188
Plan TimeNow 22
Deterministic Finish 11 Sep 2013
Total Deterministic Cost LEB2 158,678
Actual Costto Date LE3, 80532
Deterministic Remaining Cost LET8,366,147
Report Summary

Repart Name Risk Matrix
Diate Printed 20 Aug 2012
Total Risks 10
Proposed Risks 10
(pen Risks 0
i )

Nedium fl

Low 0

Negligiole 0
mpacted (Cloged) Risks 0
Managed (Closed) Risks 0
Rejected (Closed) Risks 0
Threats 10
Opportunities 0

Fig 5.31 Risk Matrix Report

The risk matrix report will show where the risk is on the probability and impact
risk matrix. The risk matrix report represented in Fig 5.32 also reflects the impact
probability matrix for pre mitigation stage. This is before implementing any
mitigation actions suggested by the risk response questionnaire participants. In the pre
mitigation matrix it is clear that most of risk lye in yellow medium zone thus they
have to be mitigated. The second post mitigation matrix reflects the location of risk
factors inside the probability impact matrix after implementing mitigation actions. It
is clear that the scale was lowered now the risk factors lie in the low scale zone. Thus
these risk factors can now be transferred to the sewage project team to deal with
during the construction period.
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Very Low Low Medium
Very High

High

b4 - Poor equipment productivity,

a3-Delay in approval of material,

b5 - Low subcontractor

perfarmance,

d1-Permits delayed,

Medi 4 - Approval of third party Delay, 13- Delay in Shop drawings
ium

b10 - Poor planner errors, approval

b7 - Poor site management by the

contractor,

¢1 - Funds unavailability,

b1 - Cantractor misleading top

management focus

Low

Very Low

Very Low Low Medium High
o -
- -
: .
- --
o ----

Fig 5.32 Pre-Mitigation and Post Mitigation Matrixes

5.2.3.8 Pert-Master Quantitative Risk Register

5.2.3.8.1 Different risk views

The quantitative risk register is where a risk analyst will turn risk events into
probabilistic schedule activities for the Monte Carlo cost or schedule simulations. The
Pert-Master program offers different quantitative risk register views. These views are
the risk view and the task view was both are used for linking the program activities to
the risk factors. Fig 5.33 illustrates the risk view. The quantitative risk register reads
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from the qualitative risk register side. It is clear in Fig5.33 that the most important ten
risk factors list are located in the left pane. The left panel contains the risk ID, risk
title, threat or opportunity (T/O), whether the risk is quantified, probability, and the
task ID that is the risk affects. The right panel contains all activities in the project
plan. All sewage network activities for road 1 are checked at the right side. Thus by
this means activities is linked to each risk factor located on the left side. The project
manager can filter tasks, sort activities, and check mark the tasks a risk links to.

File Edit View Tools Reports Help

Qualitative | Quantitative

Pre-mitigated | Post-mitigated
Risk View | Task View
Details | R R
D [T/0[Titl | Quantified | Probabil.[Impacted Task D1s) (=
b4 T Poor equipment productivity (] 179 CON-5W-10A-080, CON-5W-10A-050, CON-5W-10A-0... ——
. o CON-PV-R22-060 - Final Badkfiling
T Delayin Shop drawings approval ] 60% CON-SW-10A-080,CON-SW-10A-050, CON-SW-10A-0.. 71 CFC/INFRA/BL/Rev3-4,02.02.16.10 - Road Crossing Ducts
a3 T | Delayin approval of material | 60% CON-SW-10A-080,CON-5W-10A-050, CON-SW-10A-0.., ¢ L.J7Jmm CON-CD-R22-240 - Excavate, Lay &Backfil Road Crossing Ducts
b5 T Lowsubcontractor performance [] 60% CON-SW-104-080,CON-SW-104-050,CON-SW-10A-0... [P CFC/INFRA/BL/Rev3-4.02.02.16.11 - Sewage Network Works
d T Permits delayed m] 0% CON-GW-10A-030,CON-5W-10A-050, CON-SW-10A0.., /1 CON-SW-R22-010 - Excavate & Trm Trench Inducding Becting
8 - CON-5W-R22-020 - Construction of Sewage Manholes
T Approval of third party Delay [ 60% CON-SW-10A-080,CON-SW-10A-050,CON-SW-104-0... L CON-514-R22-030 - Lay GRP Pipes Including Connections
b10 T Poor planner emers u] 60% CON-SW-10A-080,CON-SW-10A-030, CON-SW-10A-0.. - CON-5Vi-R22-040 - Initial Backfling & Testing
67 T Poorsite management bythe .. [ B0 CON-SW-10A-080,CON-SW-104-050, CON-5W-104-0... CON-5IR22-050 -Final Backfiling
. - CON-5W-R22-070 - Lay Sewage House Connection
cd T Fundsunavailability ] 60% CON-SW-10A-080,CON-SW-10A-050,CON-SW-10A-0.. -7 CFC/INFRA/BL/Rev3-4.02.02.16.2 - Irrigation Network Works
b T Contractor misleading top ma.. [] 60% CON-SW-10A-080,CON-SW-10A-050,CON-SW-104-0... [/ CON-R-R22-010 - Excavate & Trim Trench Induding Bedding
{7/ CON-IR-R22-020 - Lay HDPE Pipes
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TaskID Description Shape  [Min  Lkdy  Max [Shepe  [Min [ ikely [ Mex Impact Ranges | Event &
CON-SW-10A-080 Lay Sewage House Connection Triangle 0 1 1 Triangle LEB823 LF13,234 LE7645
CON-SW-104-050 Final Backfilling Triangle 0 1 1 Triangle L.E8823 LEI3234 LEL7 645
CON-5W-10A-040 Initial Backfilling & Testing Triangle 0 1 1 Triangle LEB S LF13,234 LE7645
CON-5W-104-030 Lay GRP Pipes Including Connections Triangle 0 1 1 Triangle L8823 LEL3.234 LELT 645

Fig 5.33 Risk View

The Task View is illustrated in Fig 5.34. The left panel contains all schedule
activities. The right panel contains all risk events added into the risk model. Bottom
Pane for Risk Impacts, The bottom panel lists the quantified impacts a risk has on a
task and the task affected. The info is similar to an activity, such as duration and cost.
Risk event existence and impact can be correlated. Risk event correlation is covered
in detail later. Risk events link to an activity with a finish to start link. Risk events
link in parallel by default. Risk can stack or be put in series but this could result in an
increase of risk events durations.
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Fig 5.34 Task View

5.2.3.8.20verview of Risk Event Correlation

If risk ranges are correlated, then they will hit the same portion of the risk triangle
just like a correlated activity. The check box will set the correlation coefficient to
100%. A risk can be tied to more than one activity. As illustrated in Fig 5.35 if the
event existence is correlated, then if a risk event occurs on one activity, and then it
will happen to the other activities as well. For example, if a hurricane risk event is
tied to the different tasks in the schedule, then it can occur in all places when the
hurricane risks event fires.

bd Poor equipment pr...  Triangle 0 1 1 Triangle LEBE23 L.E13,234 LE17,645 [0
3 - Delay in Shop drawi... Triangle 0 1 1 Triangle L.E8 823 LE3234 LE7,645 O
a3 - Delay in approval 0. Triangle 0 1 1 Triangle L.EB 823 LE13,234 LE7645 O
b5 T Lowsubcontractor... Triangle 0 1 1 Triangle LEB823 LE3,234 LEt7645 O
dl - Permits delayed Triangle 0 1 1 Triangle L.EB.823 L.E13,234 L.E17,645 O

Fig 5.35 Risk Event Correlation

5.2.3.9 Risk Register Integration with Schedule

In this step of Pert-Master Monte Carlo analysis is to link risk events to the project
schedule for the Monte Carlo analysis. The Primavera Risk software will basically
treat risk events as probabilistic activities that have logical ties to the schedule like
any other task. As shown in Fig 5.36 once the risks have been linked to the schedule
in the risk register. Fig 5.36 reflects wizard will launch that begins the process of
converting risk events into probabilistic activities. Two risk plan scenarios are used,
pre-mitigation and post mitigation scenarios.
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Pre-Mitigated scenario is used to study the risk analysis prior implementing
mitigation actions. Despite this, the second scenario is considered with the Post-
Mitigation scenario, in this scenario the risk analysis is studied after implementing the
mitigation actions that was previously suggested by the questionnaire participants. In
both scenarios including the Post-Mitigation scenario and the Pre-Mitigation scenario,
the prioritized risk factors are to be linked to the schedule as shown in right side of
Fig 5.36 below.

Build Impacted Risk Plan(s) |t S

Rizk Plans

[F]Pre-mitigated
[F]|Post-mitigated

Open Risks Proposed Risks

b=H{T) - Poor equipment productivity

[F] £3(T) - Delay in Shop drawings approval
[F]a3(T) - Delay in approval of material
[F]b5{T) - Low subcontractor performance
[F]d1{T) - Permits delayed

[F] f4(T) - Approval of third party Delay
[F]b10{T) - Poor planner errors

[F]b7(T) - Poor site management by the co
[]c1{T} - Funds unavailability

[F]b1{T) - Contractor misleading top manat

l Select all ] |_ De-select All ] l Select all J l De-select All ]

Expand Tasks to Show Risks [ Build ] I Cancel I

Fig 5.36 Build Impacted Risk Plan Launching

5.2.3.10 Grant Chart View after Integrating Risk Events

As illustrated in Fig 5.37 risk events will appear in the Gantt chart like activities
with the main difference being a probability of occurrence less than 100% has been
populated. Risk events can be quickly spotted as they will come in as highlighted red
lines. Risk Event logic may look odd to a project manager or scheduler. The risk
event is linked finish-start with the original or impacted activity as the predecessor.
The original predecessor and successor links are moved to a risk summary bar. The
linking method may create a small problem for viewing the drivers and critical path
because the original activity and the risk event are not technically seen as
predecessors. Only the risk summary bar will show up on the tornado chart unless
some manual linking is done.
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Fig 5.37 Integrated Risk Events on the Grant Chart
5.2.3.11 Pert-Master Running Simulations
5.2.3.11.1 Introduction

The next step of Pert-Master Monte Carlo analysis is running the analysis. This
section will outline the steps involved in running the Monte Carlo simulations. If the
project team decides to watch the analysis run, then they may be able to gather some
interesting data to assist the project manager, scheduler, or risk analyst during the
simulations. The simulation will highlight how often and where the critical path is
changing. Filters can be applied to view how predecessor chains are rippling or
disconnecting in the project. Logic views can also be shown to trace for missing or
faulty links.

The scheduler can judge if the milestone or activity movement seems correct and
appropriate to find flaws in the logic. As shown in Fig 5.38 running risk analysis
wizard has several benefits. The analysis is made for 1000 iterations. The more the
iterations made the more scenarios can be made. This allows the simulations to run
between maximum and minimum range estimates of both time and cost of activities
several times. Moving between the ranges several times reflects all possibilities and
allows the risk analyst to check the grant chart at any iterative step.
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Show step through analysis option

[¥]Show [Dish'ibuﬁon Graph v] afterwards
Last Analysis Time: 00:18:36

[ Analyze ] [ Cancel ]

Fig 5.38 Running Risk Analysis

Run risk analysis analyze can be stopped as shown in Fig 5.39 and Fig 5.40. As represented
in Fig 5.39 the first step of these iterations is shown. Taking an example on the grant chart at
lay out grp pipe activity | step through first step risk fired logic runs through risk summary
bar and pushes up successor. The probability 60 % reflects that the analysis probability.
Fig 5.40 reflects the iterative step 34. This shows that the iterative process can be stopped and
checked at any iterative step. By viewing the grant chart it is clear that the activity bar is
moving between the maximum and minimum ranges.

Remainin
1] Diescription Curation

Minimutn | Most | Maximu
Duration | Likely | Durstion

g

CON-SWW-R01-0020:43 Delay in Shop drawings approval i i 1 1
CON-ZWW-R01-0020:14 Approval of third party Delay I
COM-SW-R01-0030 B Lay GRP Pines Including Connections q
| COM-SW-R0-0030:83 | Delay in approval of material I
CON-SW-RM-0030:010  Poor planner errars I

CON-SWRI-O030c!  Funds unavalsbity 0
COM-SW-RO1-0030akL Pesimits helaiveid |

COM-SW-RO1- |
CON-SVLRDN-0 |

]

o] (o) (e [anm) |,

A Grenh | Ganttand Sheet | Tmnart thark ™. Srhadula chark |

vera fanft |

Fig 5.39 Iteration 1 of the Analysis
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Fig 5.40 Iteration 34 of the Analysis
5.2.3.12 Pre-Mitigation Scenario Analysis
5.2.3.12.1Pre-mitigation Probability Histogram for Time

The next step of a typical Pert-Master Monte Carlo analysis is to use standard
risk reports for proactive planning and project management. Fig 5.41 represents the
completion of the whole works cumulative distribution histogram after linking risk
factors to sewage networks in the program. This histogram is the result of pre-
mitigation scenario. This means that the mitigation response actions are not yet
implemented. The histogram is for the completion of whole works representing the
finish date of the schedule.

The completion of whole works histogram chart in Fig 5.41 has two y-axes.
The left axis corresponds to the number of hits (orange bars).The right y-axis
corresponds to the cumulative curve which highlights the confidence level or
percentage value. The cumulative curve does not highlight the chance of finishing on
a metric, it illustrates whether the simulations finish by the metric. As the risk analyst
ran 1000 simulations, then an 80 percent confidence (probability) level can be
explained as the date which 800 of 1000 (80%) iterations finished on or before.
During the iterative process done, the number of hits indicates the number of times at
a certain probability (cumulative frequency — on the right y — axis) the finish date is
date on the x- axis. When viewing the chart notice that 80% of the histogram bars is to
the left of the 80% intersection mark of the cumulative curve.

134



Sw ’ ARAB ACADEMY FOR SCIENCE AND TECHNOLOGY AND MARITIME TRANSPORT

The histogram bars give insight into not only the risk data but how the schedule
logic and milestones are sequenced. Spikes in the histogram, gaps in the data, large
standard deviation, and the data skew may highlight how the risk ranges are trending,
constraints that are causing issues, problematic non-working periods. At the left of the
histogram lie program activities. Each column bars (hit) represent a calendar day at
the base as shown in the bottom left corner. The histogram bars will represent
monetary or time ranges. A bar on the histogram chart can represent the iterations that
landed in a certain day period. The bars can be changed based on user preference.

The graphical data are represented on the right of the histogram. The statistics
represents the range were the hit column bars lye. This range is between 24/09/2013
till 26/10/2013 with an average of 09/10/2013 was most hits lye. The bar width is also
shown in days were viewing in a different bar width is capable. The deterministic date
11/09/2013 indicates that by a probability of less than one percent the project
completion of whole works can finish at this date. At 50 % probability, the project
completion of whole works could be finished at 09/10/2013. At 80 % probability, the
project completion of whole works could be finished at 14/10/2013. The distribution
histogram allows project managers to ask about the probability to finish the whole
works at a certain date. It also allows the project managers to know the date by which
the whole works is completed at a proposed probability.

Tracing the tallest bar to the left, 86 times out of 1000 times hits landed on or
before 9/10/2013. Different arrows at 50 % and 80 % probabilities or confidence level
are set. These arrows can be placed for any confidence level suggested by an
organisation. An organization would ask a risk analyst to see the date for a certain
confidence level. The answer would give an organisation to get the decision whether
to accept the project or not. Everything to the left of the 80 % intersection at the curve
represents 80 % of the iterations. The scheduled date is that we will finish at
11/9/2013 as shown on the right bottom corner of the diagram. We have <1% of
hitting this September date as shown on the right axis cumulative probability (yellow
arrow). An option given by the probability distribution histogram is the highlighter
which can shade and show the delta between the confidence level (80 %) and the date
at which the program was scheduled. As illustrated on the highlighter in Fig 5.41
indicates that 33 days are needed if an organization needs to be 80 % confident. So we
need mitigation strategies in order to meet there scope.
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Fig 5.41 Completion of Works-Finish Date Pre-mitigation Histogram

As represented in Fig 5.42 the cumulative level histogram can be also viewed for
construction of sewage manholes activity within sewage network in road 22. Risk factors
were linked before during the quantitative risk register to all sewage networks activities in all
roads in an infrastructure project. The finish date corresponding to a certain probability of an
activity can be also viewed as it can be a project manager concern. The histogram data are
represented on the right of the histogram. The statistics represents the range were the hit
column bars lye. This range is between 18/08/2012 till 01/09/2012 with an average of
23/08/2012 was most hits lye.

Tracing the tallest bar to the left, 210 times out of 1000 times hits landed on or
before 23/8/2012. Different arrows at 50 % and 80 % probabilities or confidence level
are set. Everything to the left of the 80 % intersection at the curve represents 80 % of
the iterations. The scheduled date is that we will finish at 16/8/2012 as shown on the
right bottom corner of the diagram. We have <1% of hitting this September date as
shown on the right axis cumulative probability (yellow arrow). An option given by the
probability distribution histogram is the highlighter which can shade and show the
delta between the confidence level (80 %) and the date at which the program was
scheduled. As illustrated on the highlighter in Fig 5.42 indicates thatl0 days are
needed if an organization needs to be 80 % confident. So we need mitigation
strategies in order to meet there scope.
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Fig 5.42 Construction of Sewage Manholes Activity Pre-mitigation Histogram
5.2.3.12.2 Pre-mitigation Probability Histogram for Cost

The completion of whole works histogram chart in Fig 5.43 has two y-axes.
The left axis corresponds to the number of hits (blue bars).The right y-axis
corresponds to the cumulative curve which highlights the confidence level or
percentage value. The graphical data are represented on the right of the histogram.
The statistics represents the cost range were the hit column bars lye. This range is
between 78,588,337 L.E and 93,416,050 L.E with an average of 84,988,001 L.E were
most hits lye. The bar width is also shown within 1,000,000 L.E were viewing in a
different bar width is capable. The deterministic cost was 78,366,146 L.E. The
histogram indicates that by a probability of less than one percent the project
completion of whole works can finish by this cost. At 50 % probability, the project
completion of whole works cost could be 84,899,134 L.E. At 80 % probability, the
project completion cost of whole works could be 87,172,414 L.E. The distribution
histogram allows project managers to know the probability to finish the whole works
at a certain cost.

Tracing the tallest bar to the left, 158 times out of 1000 times the number of hits
landed in between 83,899,134 L.E and 84,899,134 L.E. Different arrows at 50% and
80% probabilities or confidence level are set. These arrows can be placed for any
confidence level suggested by an organisation. Everything to the left of the 80 %
intersection at the curve represents 80 % of the iterations. An option given by the
probability distribution histogram is the highlighter which can shade and show the
delta between the confidence level (80 %) and the date at which the program was
scheduled. As illustrated on the highlighter in Fig 5.43 indicates that an additional
8,806,268 L.E is needed if an organization needs to be 80 % confident. So we need
mitigation strategies in order to meet there scope.
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Fig 5.43 Entire Plan Cost Pre-mitigation Histogram

The construction of sewage manholes activity histogram chart in Fig 5.44 has two
y-axes. The left axis corresponds to the number of hits (blue bars). The right y-axis
corresponds to the cumulative curve which highlights the confidence level or
percentage value. The graphical data are represented on the right of the histogram.
The statistics represents the cost range were the hit column bars lye. This range is
between 9,700 L.E and 128,272 L.E with an average of 62,675 L.E were most hits
lye. The bar width is also shown within 10,000 L.E were viewing in a different bar
width is capable. The deterministic cost was 9,701 L.E. The histogram indicates that
by a probability of less than one percent the project completion of whole works can
finish by this cost. At 50 % probability, the project completion of whole works cost
could be 61,963 L.E. At 80 % probability, the project completion cost of whole works
could be 81,093 L.E. The distribution histogram allows project managers to know the
probability to finish the whole works at a certain cost.

Tracing the tallest bar to the left, 177 times out of 1000 times the number of hits
landed in between 61,963 L.E and 62,963 L.E. Different arrows at 50% and 80%
probabilities or confidence level are set. These arrows can be placed for any
confidence level suggested by an organisation. Everything to the left of the 80 %
intersection at the curve represents 80 % of the iterations. An option given by the
probability distribution histogram is the highlighter which can shade and show the
delta between the confidence level (80 %) and the date at which the program was
scheduled. As illustrated on the highlighter in Fig 5.44 indicates that an additional
71,392 L.E is needed if an organization needs to be 80 % confident. So we need
mitigation strategies in order to meet there scope.
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Fig 5.44Construction of Sewage Manholes Cost Pre-mitigation Histogram
5.2.3.12.3Pert-Master Tornado Chart Report

5.2.3.12.3.1Duration Sensitivity Duration Tornado Chart

This report will focus on generating and successfully presenting the tornado
chart for project drivers. As shown in Fig 5.45 duration sensitivity bars represents
logical predecessors driving the infrastructure project completion of whole works.
The program will look at two tasks, the completion of whole works and each of the
predecessor driving activities listed at the left of the tornado bars in Fig 45 below. The
program will calculate the correlation of their duration. If each time the driver
increases in duration, the duration to the milestone increases, then the correlation
percentage is high. At the right side of the completion of whole works tornado
diagram lays a list of tornado diagram data. These data include the definition of
duration sensitivity, the analysis data and description of the sensitivity correlation.

The duration sensitivity defined by the program states that the duration sensitivity
of a task is a measure of the correlation between it and the duration (or dates) of the
project (or a key task or summary). The analysis data reminds the risk analyst that
1000 iterations are carried out to obtain the logical predecessors of the project
completion work. The sensitivity calculations prove that the numbers beside the
tornado bars represent the correlation. This correlation is between both the start date
of the project completion of the whole work and the duration of its logical
predecessors. These sensitivity calculations are done according to Pearson's product
moment theory.

139



’ ARAB ACADEMY FOR SCIENCE AND TECHNOLOGY AND MARITIME TRANSPORT

e o S ... ==

File Edit View Format Help

CFC Infrastructure Baseline Programme - Rev 3 (10th May DD) (Pre-mitigated) WML O DT SRy =

Duration Sensitivity: "PCD000 - Completion of Whole Works" - Logical predecessaors The duratln_ﬂ sensitivity of a task is a measure
the correlation between its duration and the
duration (or dates) of the project (or a key task
or summary).

CON-RW-20B-030 - Lay Kerbs Including Haunching 41%
Analysis
CON-LV-208-090 - Street Lighting Foundation | 30% Simulation Latin Hypercube

Iterations 1000

A1120 - Testing and Commissioning for LV Network and Strest lighting | | 20%

CON-BX-R05-010 - Bulk Excavation and Fillfor Road 5 | 30% Sensitivity calculation

Correlation between:

1860 - Final Connection LV Electrical and Street Lighitng T ee% @
Start date of PCD000
MA-RW-010 - Client Approval of Kerbs / Signs / Road Marking O e @ And:
Duration of its logical predecessors
COMN-RIW-R03-010 - Excavate, Fil & Trim Road Formation T e - -
Using: Pearson’s product moment.
CON-LV-10B-030 - Street Lighting Foundation I:l 16%
Display

COMN-LV-RZ1-070 - Installation of Earthing System T e
Tasks Displayed:

CON-RW-20A-040 - Lay Stone Road Base T e Normal tasks
Summary tasks

« m »
Duration Sensitivity . Cost Sensitivity . Criticality Index . Duration Cruciality . Schedule Sensitivity Index
Display made Task types to display Filter
7] Normal tasks Risk summary tasks
V] Summary tasks Base tasks
7] Milestone tasks Risk impacts /| Ignore values smaller than +/- 0%
Risks V| Monitor tasks Ignore negative values

V| Hammock tasks

Use as default for new prajects ‘..—ID—K..UCLLE'.[
Fig 5.45 Duration Sensitivity Tornado Chart

Bookmark Visible Tasks

@ Tasks 7] show top 10

5.2.3.12.3.1.1 Pearson's product moment theory

In statistics, the Pearson product-moment correlation coefficient (sometimes
referred to as the PPMCC or PCC,™¥) or Pearson's r, and is typically denoted by r) is a
measure of the correlation (linear dependence) between two variables X and Y, giving
a value between +1 and —1 inclusive . It is widely used in the sciences as a measure of
the strength of linear dependence between two variables. It was developed by Karl
Pearson from a similar but slightly different idea introduced by Francis Galton in the
1880s.

Pearson's correlation coefficient between two variables is defined as the covariance
of the two variables divided by the product of their standard deviations. The form of
the definition involves a "product moment", that is, the mean (the first moment about
the origin) of the product of the mean-adjusted random variables; hence the modifier
product-moment in the name. It is the most commonly used method of computing a
correlation coefficient between variables that are linearly related.

5.2.3.12.3.2 Criticality Index Tornado Chart

As represented in Fig 5.46 critical activities which carry risk events is in red on the tornado
chart. The criticality metric simply shows the percentage of iterations or simulations
that an activity was on the critical path. Thus, these activities represent the critical
activities were risk factors linked to them. If a risk analyst is reporting to a milestone
or activity that is off the critical path, then the key drivers may show as 0% critical.
The attempt of this chart is to show not only if the activity is a driver to a reporting
milestone or activity, but whether it is on the overall network critical path. The
numbers on the criticality chart are the number of iterations that an activity was on the
critical path.

140



“’ ARAB ACADEMY FOR SCIENCE AND TECHNOLOGY AND MARITIME TRANSPORT

A project manager may highlight these critical activities as being the most critical
project drivers as it has the greatest impact on the project completion. On the left hand
side of Fig 5.46 critical activities drivers which are logical predecessors of the project
completion work are represented. After carrying a simulation of 1000 iterations these
are the most driving critical activities. List of tornado data is represented at the right
of the project completion work tornado diagram. These data include definition of
criticality index, analysis and calculation values description. The definition of
criticality index by the Pert-Master program is the proportion of the iterations in
which it was critical. The analysis result describes that the simulation is Latin
Hypercube and that 1000 iteration were carried. The values beside the tornado bars
are calculated for logical predecessors of the project completion of whole works.
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Fig 5.46 Criticality Index Tornado Chart

5.2.3.12.3.3 Cost Sensitivity Tornado Chart

The Per-Master program offers different display views. Either by representing the
Tornado Diagram in terms of activity bars as above tornado or in terms of risk events.
In this Tornado diagram the cost sensitivity is displayed in terms of risk factors. In
this manner the highest risk factors or drivers which might affect the cost of project
completion of whole works is represented. The previous Tornado Diagrams are used
within the task mode. This will show a tornado chart of all activities and risk events.
On the other hand risk mode used for cost sensitivity will show a tornado chart of risk
events only.
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Fig 5.47 represents a list of cost sensitivity tornado data is represented at the right
of the project completion work tornado diagram. These data include, definition of cost
sensitivity, analysis and sensitivity calculation values description. The definition of
cost sensitivity by the Pert-Master program is a measure of the correlation between
the occurrence of any of its impacts and the cost of the project (or a key task).

The analysis result in Fig 5.46 describes that the simulation is Latin Hypercube and
that 1000 iteration were carried. The sensitivity calculation value beside the tornado
bar is a correlation between cost of entire plan and existence of each risk. These
values were calculated based on Pearson's product moment theory (Pearson's theory
was described in this chapter). The numbers on the duration and cost sensitivity chart
are a correlation metric. It shows how strong the correlation is between to activities to
predict if one activity is driving the other. The previously made histogram told you
where you are at. The tornado is telling you how to fix it. Use the data to run
scenarios. The purpose of the analysis is to give proactive information to improve the
probability of project success.
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Fig 5.47 Cost Sensitivity Tornado Chart
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5.2.3.13 Post-Mitigation Scenario Analysis
5.2.3.13.1 Introduction

The risk response plan was made including two scenarios both the pre-mitigation
and the post-mitigation scenarios. The risk analysis made obtaining the cumulative
histogram charts and tornado diagrams was made for the pre-mitigation scenario. The
pre-mitigation scenario includes linking risk factors implemented in the risk register
to the program but without suggesting and implementing any mitigation actions. The
second scenario built in this risk analysis chapter is the post-mitigation scenario.
After implementing the mitigation actions into the risk register, then linking risk
factors to the schedule followed by implementing risk plan the post-mitigation
scenario is now ready for carrying analysis on it.

The post-mitigation scenario thus includes risk factors implemented with
mitigation actions and modified suggested post-mitigation scales by the risk response
questionnaire participants. Thus the risk analysis result for the post-mitigation
scenarios will differ than that results obtained from the pre-mitigation scenario
modeling by another means. As suggested by the participants in the risk response
questionnaires the impact scales of risk factors on linked program activities is
changed either by reduction to a lower impact scale or remaining the same . For this
reason, the risk analysis result in case of post-mitigation scenario for the tornado
diagrams is changed. The logical predecessors or risk drivers of project finish
completion all works will have lower contingency thus they is less capability in
affecting the completion time and cost . This is clear also for the criticality risk drivers
were the project manager may benefit from this.

A risk analyst by implementing mitigation actions and carrying out these post-
mitigation risk analysis may benefit the project manager by giving him more than one
scenario for reducing the impact of these risk factors if they do occur .On the other
hand the probabilities of occurrence of these prioritized risk factors will not be
changed . This is because the risk factors probability of occurrence scales suggested in
the qualitative risk analysis stage by the participants. The participants agree that these
probabilities scales will not be reduced as these risk factors are most probable to
occur. For this reason the histogram results will not be changed in the post-mitigation
scenario risk analysis results.

5.2.3.13.2 Post-mitigation Probability Histogram for Time

The completion of whole works histogram chart in Fig 5.48 has two y-axes.
The left axis corresponds to the number of hits (orange bars).The right y-axis
corresponds to the cumulative curve which highlights the confidence level or
percentage value. The histogram bars give insight into not only the risk data but how
the schedule logic and milestones are sequenced.
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Spikes in the histogram, gaps in the data, large standard deviation, and the data
skew may highlight how the risk ranges are trending, constraints that are causing
issues, problematic non-working periods. At the left of the histogram lie program
activities. Each column bars (hit) represent a calendar day at the base as shown in the
bottom left corner. The histogram bars will represent monetary or time ranges. A bar
on the histogram chart can represent the iterations that landed in a certain day period.
The bars can be changed based on user preference.

The graphical data are represented on the right of the histogram. The statistics
represents the range were the hit column bars lye. This range is between 25/09/2013
till 26/10/2013 with an average of 09/10/2013 was most hits lye. The bar width is also
shown in days were viewing in a different bar width is capable. The deterministic date
11/09/2013 indicates that by a probability of less than one percent the project
completion of whole works can finish at this date. At 50 % probability, the project
completion of whole works could be finished at 09/10/2013. At 80 % probability, the
project completion of whole works could be finished at 14/10/2013. The distribution
histogram allows project managers to ask about the probability to finish the whole
works at a certain date. It also allows the project managers to know the date by which
the whole works is completed at a proposed probability.

Tracing the tallest bar to the left, 83 times out of 1000 times hits landed on or
before 9/10/2013. Different arrows at 50 % and 80 % probabilities or confidence level
are set. These arrows can be placed for any confidence level suggested by an
organisation. Everything to the left of the 80 % intersection at the curve represents 80
% of the iterations. The scheduled date is that we will finish at 11/9/2013 as shown on
the right bottom corner of the diagram. We have less than 1% of hitting this
September date as shown on the right axis cumulative probability (yellow arrow). An
option given by the probability distribution histogram is the highlighter which can
shade and show the delta between the confidence level (80 %) and the date at which
the program was scheduled. As illustrated on the highlighter in Fig 5.48 indicates that
33 days are needed if an organization needs to be 80 % confident. So we need
mitigation strategies in order to meet there scope.
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Fig 5.48 Completion of Works-Finish Date Post-mitigation Histogram

As represented in Fig 5.49 the cumulative level histogram can be also viewed for
construction of sewage manholes activity within sewage network in road 22. Risk factors
were linked before during the quantitative risk register to all sewage networks activities in all
roads in an infrastructure project. The finish date corresponding to a certain probability of an
activity can be also viewed as it can be a project manager concern. The histogram data are
represented on the right of the histogram. The statistics represents the range were the hit
column bars lye. This range is between 15/08/2012 till 01/09/2012 with an average of
23/08/2012 was most hits lye.

Tracing the tallest bar to the left, 202 times out of 1000 times hits landed on or
before 23/8/2012. Different arrows at 50 % and 80 % probabilities or confidence level
are set. Everything to the left of the 80 % intersection at the curve represents 80 % of
the iterations. The scheduled date is that we will finish at 16/8/2012 as shown on the
right bottom corner of the diagram. We have less than 1% of hitting this September
date as shown on the right axis cumulative probability (yellow arrow). An option
given by the probability distribution histogram is the highlighter which can shade and
show the delta between the confidence level (80 %) and the date at which the program
was scheduled. As illustrated on the highlighter in Fig 5.49 indicates that10 days are
needed if an organization needs to be 80 % confident. So we need mitigation
strategies in order to meet there scope.
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Fig 5.49 Construction of Sewage Manholes Activity Post-mitigation Histogram |
5.2.3.13.3Post-mitigation Probability Histogram for Cost

The completion of whole works histogram chart in Fig 5.50 has two y-axes.
The left axis corresponds to the number of hits (blue bars).The right y-axis
corresponds to the cumulative curve which highlights the confidence level or
percentage value. The graphical data are represented on the right of the histogram.
The statistics represents the cost range were the hit column bars lye. This range is
between 78,385,202L.E and 85,529,801L.E with an average of 81,349,220L.E were
most hits lye. The bar width is also shown within 1,000,000L.E were viewing in a
different bar width is capable. The deterministic cost was 78,366,146L.E. The
histogram indicates that by a probability of less than one percent the project
completion of whole works can finish by this cost. At 50 % probability, the project
completion of whole works cost could be 81,283,803L.E. At 80 % probability, the
project completion cost of whole works could be 82,303,825L.E. The distribution
histogram allows project managers to know the probability to finish the whole works
at a certain cost.

Tracing the tallest bar to the left, 317 times out of 1000 times the number of hits
landed in between 81,283,803L.E and 82,283,803L.E. Different arrows at 50% and 80%
probabilities or confidence level are set. These arrows can be placed for any
confidence level suggested by an organisation. Everything to the left of the 80 %
intersection at the curve represents 80 % of the iterations. An option given by the
probability distribution histogram is the highlighter which can shade and show the
delta between the confidence level (80 %) and the date at which the program was
scheduled. As illustrated on the highlighter in Fig 5.50 indicates that an additional
3,937,678 L.E is needed if an organization needs to be 80 % confident. So we need
mitigation strategies in order to meet there scope.
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Fig 5.50 Entire Plan Cost Post-mitigation Histogram

The construction of sewage manholes activity histogram chart in Fig 5.51 has two
y-axes. The left axis corresponds to the number of hits (blue bars). The right y-axis
corresponds to the cumulative curve which highlights the confidence level or
percentage value. The graphical data are represented on the right of the histogram.
The statistics represents the cost range were the hit column bars lye. This range is
between 9,700L.E and 63,328L.E with an average of 29,543L.E were most hits lye.
The bar width is also shown within 10,000L.E were viewing in a different bar width is
capable. The deterministic cost was 9,701L.E. The histogram indicates that by a
probability of less than one percent the project completion of whole works can finish
by this cost. At 50 % probability, the project completion of whole works cost could be
30,320L.E. At 80 % probability, the project completion cost of whole works could be
38,486L.E. The distribution histogram allows project managers to know the
probability to finish the whole works at a certain cost.

Tracing the tallest bar to the left, 377times out of 1000times the number of hits
landed in between 30,300L.E and 40,300L.E. Different arrows at 50% and 80%
probabilities or confidence level are set. These arrows can be placed for any
confidence level suggested by an organisation. Everything to the left of the 80%
intersection at the curve represents 80% of the iterations. An option given by the
probability distribution histogram is the highlighter which can shade and show the
delta between the confidence level (80%) and the date at which the program was
scheduled. As illustrated on the highlighter in Fig 5.51 indicates that an additional
28,786L.E is needed if an organization needs to be 80% confident. So we need
mitigation strategies in order to meet there scope.
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Fig 5.51 Construction of Sewage Manholes Cost Post-mitigation Histogram
5.2.3.13.4 Duration Sensitivity Tornado Diagrams

Before viewing risk analysis Tornado Diagrams report, risk analysis run should be
made. Running risk analysis is made for also 1000 iterations in order to take all
possible scenarios between the maximum and minimum ranges of each activity in the
schedule. Fig 5.52 represents the Tornado Diagram for the duration sensitivity for
project completion of all works. On the left hand side of the diagram lays the logical
predecessors or the risk drivers of the project completion date. These risk drivers are
represented on bars were they are the highest ten predecessors which can have an
impact on the project completion of whole work cost and time.

A risk analyst should take a corrective action when he knows that according to the
placed schedule dates and according to the Tornado Diagram results that the highest
driving predecessor which could impact the project completion works time and cost is
bulk excavation and fill for road 5 activity. This indicates that the program should be
fixed with aid of site meetings to modify any misleading durations. The represented
risk drivers are the highest 10 drivers in the schedule which might impact the project
completion work. On the right hand side of Fig 5.52 the Tornado data are represented.
This data includes the definition of duration sensitivity. Analysis is made using Latin
hypercube simulation after 1000 iterations. Also the data represented gives indication
that the numbers beside the risk drivers bars represent the correlation between the
start date of the project completion of whole works and the duration of its logical
predecessors using Pearson's product moment.
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Fig5.52 Duration Sensitivity Tornado Diagram

5.2.3.13.5Criticality Index Tornado Chart

As represented in Fig 5.53 critical activities which carry risk events is in red on the tornado
chart. The criticality metric simply shows the percentage of iterations or simulations
that an activity was on the critical path. Thus, these activities represent the critical
activities were risk factors linked to them. If a risk analyst is reporting to a milestone
or activity that is off the critical path, then the key drivers may show as 0% critical.
The attempt of this chart is to show not only if the activity is a driver to a reporting
milestone or activity, but whether it is on the overall network critical path. The
numbers on the criticality chart are the number of iterations that an activity was on the
critical path.

A project manager may highlight these critical activities as being the most critical
project drivers as it has the greatest impact on the project completion. On the left hand
side of Fig 5.53 critical activities drivers which are logical predecessors of the project
completion work are represented. After carrying a simulation of 1000 iterations these
are the most driving critical activities. List of tornado data is represented at the right
of the project completion work tornado diagram. These data include definition of
criticality index, analysis and calculation values description. The definition of
criticality index by the Pert-Master program is the proportion of the iterations in
which it was critical. The analysis result describes that the simulation is Latin
Hypercube and that 1000 iteration were carried. The values beside the tornado bars
are calculated for logical predecessors of the project completion of whole works.
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Fig 5.53 Criticality Index Tornado Chart

5.2.3.13.6 Cost Sensitivity Tornado Chart

At the right of the project completion work tornado diagram in Fig 5.54. These data
include, definition of cost sensitivity, analysis and sensitivity calculation values
description. The definition of cost sensitivity by the Pert-Master program is a measure
of the correlation between the occurrence of any of its impacts and the cost of the
project (or a key task). The sensitivity calculation value beside the tornado bar is a
correlation between cost of entire plan and existence of each risk. The represented risk
drivers are the highest 10 drivers in the schedule which might impact the project
completion work. The highest risk factors driving an increase in the cost of
completion of the project are represented. The highest risk factor affecting completion
cost is Poor Equipment Productivity. For this reason the Tornado Diagram is changed
in the post-mitigation scenario than that in the pre-mitigation scenario. Thus risk
drivers or logical predecessors obtained will have lower risk correlation results.
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Fig 5.54 Cost Sensitivity Tornado Chart
5.2.3.14 Pre-mitigation and Post-mitigation Results Comparison

The quantitative risk analysis will use Monte Carlo analysis simulation to build up
a cumulative probability histogram. This histogram will assist the organization to
carry out the project or not. It will highlight the required time and cost to reach a
confident level. The Pert-Master tool is used to illustrate the sensitivity analysis
tornado chart. The tornado charts will reflect the logical predecessors or drivers of a
certain variable or task. This chart will give an organization activities of most driving
for cost and time for a certain variable. Pearson's statistical model may be used for
calculating the correlation between two variables which can be linearly related was
the base of ranking the risk drivers. A risk analyst can realize the entering mitigation
actions and concentrating on obtaining reasonable durations and costs for project
completion drivers.

Pre-mitigation analysis results will analyze the prioritized risk factors prior to
inserting any mitigation actions. Post-mitigation analysis results will analyze the
prioritized risk factors after inserting mitigation actions. Mitigation actions are
implemented based on a field questionnaire. Fifty participants gave their opinions
about adding mitigations to improve the qualitative impact scales. Two scenarios is
analyzed in this study, the Pre-mitigation and Post-mitigation scenarios. Two results
were obtained for each scenario. Confidence Level Histogram and Tornado Charts
results are compared prior and after implementing mitigations.
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The cumulative confidence level histogram is carried out for both cost and time
objectives. The cumulative distribution for time is carried for the completion of whole
works and construction of sewage manhole activity. The histogram will reflect several
criteria including hit column bars date range, hit column average date, deterministic
date, date of 50% confidence, date of 80% confidence, maximum no. of hits, duration
for maximum no. of hits and needed days of 80% confident. It is evident that no
realized changes in probability results for time objective between pre-mitigation and
post-mitigation results.

Statistical results for the completion of whole work histogram of time objective is
discussed. The completion period is from 24/09/2013 to 26/10/2013 and the average
completion date is on 09/10/2013 which shows the most iteration hits lye. The bar
width is shown in days and can be viewed in different manners. At 50% probability,
the project completion of whole works may be finished at 09/10/2013. At 80%
probability, the project completion of whole works may be finished at 14/10/2013.
The distribution histogram will allow project managers to ask about the probability to
finish the whole works at a certain time. It also may allow the project managers to
know the time by which the whole works is completed at a proposed probability.

By tracing the tallest bar to the left, 86 times out of 1000 times hits the bar will land
on or before 9/10/2013. The scheduled date will show the completion date on
11/09/2013 as shown on the right bottom corner of the diagram. We have less than
1% of hitting this September date as shown on the right axis cumulative probability
(yellow arrow). An option shown by the probability distribution histogram is the
highlighter which shaded the delta between the confidence level (80 %) and the date
at which the program is scheduled. Thirty three days is required if an organization
needs to be 80% confident. That mean we need mitigation strategies in order to meet
there scope.

Comparing the cumulative distribution for cost is also done for the completion of
whole works and the construction of sewage manhole activity. The histogram will
reflect several criteria including hit column bars cost range, hit column average cost,
deterministic cost, amount needed to be 50% confidence, amount needed to be 80%
confidence, maximum no. of hits, cost for maximum no. of hits and needed days to be
80% confident. It is clear that no realized change will occur in probability results for
time objective unlike cost confidence level histogram. The difference is clear for cost
objective in several criteria’s.
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Starting with the completion of whole works cost histogram. Before implementing
mitigation actions Bars Cost Range is between 78,588,337L.E and 93,416,050L.E.
After implementing mitigations Hit Column Bars Cost Range is between
78,385,202L.E and 85,529,801L.E, this means that the range between the minimum
and maximum completion cost is reduced by an amount of 203,135L.E to
7,886,249L.E. This reduction is due to implementing corrective actions. The average
cost is most of the number of hits lied is reduced from 84,988,001 L.E to
81,349,220L..E with a reduction amount of 3,638,781L.E.

The cost which can make an organization 50% confident prior implementing
mitigations was 84,899,134 L.E this cost have been reduced to 81,283,803L.E for
after mitigations are implemented. The cost which can make an organization 80%
confident prior implementing mitigations was 87,172,414 L.E this cost have been
reduced to 82,303,825 L.E after mitigations are implemented. It is clear that the
deterministic or budget cost previously set at a cost of 78,366,146L.E. As illustrated
in the results this value will not be changed for both scenarios. Despite that, the
deterministic cost is used as a base of comparison. This is met by comparing this
amount with the cost which could make an organization to be 80% confident. Prior
implementing mitigation actions, 8,806,268L.E was the amount needed in order to
keep an organization 80% confident. This value was reduced to 3,937,678L.E with a
reduction of 4,868,590L.E after mitigation actions are implemented. This value
represents the delta between the deterministic cost and the 80% confidence level
required to meet by an organization.

For the pre-mitigation scenario the maximum number of hits made was 158hits out
of 1000 iterations carried. The cost corresponding to 158hits was between
83,899,134L.E and 84,899,134L.E. The maximum number of hits made for post-
mitigation scenario was 317 hits out of 1000 iterations carried. The cost
corresponding to 317hits was between 81,283,803L.E and 82,283,803L.E. Reduction
in the value of the cost corresponding to the maximum number of hits proves that
implementing mitigation actions has a great effect as an efficient step of risk
management.

The second confidence level histogram made was for constructing sewage
manholes activity in road 22. Before implementing mitigation actions Hit Column
Bars Cost Range was between 9,700L.E and 128,272L.E. After implementing
mitigations Hit Column Bars Cost Range became between 9,700L.E and 63,328L.E.
This means that the range between the minimum and maximum completion cost have
been reduced. This reduction was due to implementing corrective actions. The
average cost was most of the no. of hits lied was thus reduced from 62,675L.E to
29,543L.E after implementing mitigation actions.
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The cost which can make an organization 50% confident prior implementing
mitigations was 61,963L.Ethis cost have been reduced to 30,320L.Efor after
mitigations are implemented. The cost which can make an organization 80%
confident prior implementing mitigations was 81,093L.Ethis cost have been reduced
to 38,486L.Eafter mitigations are implemented. It is clear that the deterministic or
budget cost previously set at a cost of 9,701L.E. As illustrated in the results this value
will not be changed for both scenarios. Despite that, the deterministic cost is used as a
base of comparison. This is met by comparing this amount with the cost which could
make an organization to be 80% confident. Prior implementing mitigation actions,
71,392L.Ewas the amount needed in order to keep an organization 80% confident.
This value was reduced to 28,786L.Ewith a reduction of 42,606L.E after mitigation
actions are implemented. This value represents the delta between the deterministic
cost and the 80% confidence level required to meet by an organization.

For the pre-mitigation scenario the maximum number of hits made was 177hits out
of 1000 iterations carried. The cost corresponding to 177hits was between 61,963L.E
and 62,963L.E. The maximum number of hits made for post-mitigation scenario was
377 hits out of 1000 iterations carried. The cost corresponding to 377hits was between
30,300L.E and 40,300L.E. Reduction in the value of the cost corresponding to the
maximum number of hits proves that implementing mitigation actions was a good
solution to help meeting an organization decision goal.

There are three types of tornado diagrams used, duration sensitivity, criticality
sensitivity and cost sensitivity diagrams. The duration sensitivity chart will focus on
generating and successfully presenting the tornado chart for project drivers. As shown
on the chart duration sensitivity bars represents logical predecessors driving the
infrastructure project completion of whole works. The program will look at two tasks,
the completion of whole works and each of the predecessor driving activities listed at
the left of the tornado bars.

The criticality tornado chart illustrates critical activities which carry risk events are
in red on the tornado chart. The criticality metric simply shows the percentage of
iterations or simulations that an activity was on the critical path. Thus, these activities
represent the critical activities were risk factors linked to them. The attempt of this
chart is to show not only if the activity is a driver to a reporting milestone or activity,
but whether it is on the overall network critical path. The numbers on the criticality
chart are the number of iterations that an activity was on the critical path.
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The cost sensitivity chart illustrates the highest risk factors or drivers which might
affect the cost of project completion of whole works is represented. The previous
Tornado Diagrams are used within the task mode. This will show a tornado chart of
all activities and risk events. On the other hand risk mode used for cost sensitivity will
show a tornado chart of risk events only. The chart illustrates a list of cost sensitivity
tornado data is represented at the right of the project completion work tornado
diagram. These data include, definition of cost sensitivity, analysis and sensitivity
calculation values description. The definition of cost sensitivity by the Pert-Master
program states that the cost sensitivity of a risk event is a measure of the correlation
between the occurrence of any of its impacts and the cost of the project (or a key
task).

The program will calculate the correlation of predecessor's duration and/or cost. If
each time the driver increases in duration and/or cost, the duration and/or cost of
milestone increases, then the correlation percentage is high. The correlation
percentages concerned with pre-mitigation scenario tornado diagrams is reduced after
implementing mitigation actions. This proves that applying good responsive actions
towards a project identified risk factors can make logical predecessors less driving the
project completion and any sewage activity cost and time objectives.

5.2.4 Risk Analysis Output

The output of both quantitative risk analysis and risk response plan is an updated
risk register as represented in Fig 5.55, the figure illustrates probabilities and impacts
scales of project objectives before and after implementing mitigation response
actions. Fig 5.55 represents risk factors shown together with their risk IDs. Three
stages including the pre-mitigation scales, the mitigation title and the post-mitigation
scales are represented. The pre-mitigation stage was implemented from the qualitative
risk analysis output. Both mitigation title and post-mitigation scales are taken from
participants opinions after carrying a field survey during the construction of sewage
projects.

In the pre-mitigation column shown in Fig 5.55, the impacts on both project
objectives including time and cost objectives are registered. These pre-mitigation
scales were previously conducted from the updated qualitative risk register in chapter
four. The right side of the updated risk register reflects the post-mitigation scales.
These scales are either reduced to a lower scale or have the same scales. This change
in scales is due to implementing corrective response actions towards prioritized risk
factors. It is clear that the risk score for these risk factors have been reduced.
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5.3 Conclusion

This chapter represents the risk analysis simulation process. In order to carry the
risk analysis process perfectly, an efficient program tool was used called the Pert-
Master Primavera risk analysis tool. Throughout this chapter, two sewage risk
management processes were carried. These are the quantitative risk analysis and the
risk response actions processes. Both processes were carried through this chapter in
order to obtain an efficient risk analysis. This efficient risk analysis is met by using
this pert-master program and that’s why this program has been chosen. Before
carrying risk analysis the program has the advantage of carrying different checks.
These checks are done in order to check the validity of the program prior carrying risk
analysis. The Primavera Risk Analysis program gives the risk analyst the advantage to
correct any schedule planner mistakes. Correcting these errors will allow the risk
analyst to obtain accurate risk analysis results. One of the errors corrected in this
Chapter is the open ended activities could affect the risk analysis process.

The output of qualitative risk analysis process was a list of 10 prioritized risk
factors. Prioritized risk factors are analyzed and have given risk response actions
towards them. This is done by implementing the updated risk register conducted from
qualitative risk analysis into the Pert-Master program. Sewerage project schedule was
used linking sewage construction activities to their corresponding risk factors. Results
of the analysis were compared before and after the mitigation process. Both
mitigation title and post-mitigation scales are taken from participants opinions after
carrying a field survey during the construction of sewage projects. Pre-mitigation
scenario by which risk factors are implemented without taking into consideration the
implementation of suggested mitigation actions. While post- mitigation scenario has
mitigation actions implemented to them.

Different form of the analysis results were obtained and compared. The distribution
histogram bars was tested about giving the probability to finish the whole works at
different dates as well as the date by which the whole works is completed at a
proposed probability. Were corrective action could be taken based on information
given to the top management. The Tornado Diagram results that the highest driving
predecessor could be reviewed. It can reflect to a risk analyst what risk drivers or
logical predecessors could be viewed for a corrective action.

The cumulative confidence level histogram was made for both cost and time
objectives. The cumulative distribution for time is done for the completion of whole
works and the construction of sewage manhole activity. The histogram reflects several
criteria including hit column bars date range, hit column average date, deterministic
date, date to be 50% confidence, date to be 80% confidence, maximum no. of hits,
duration for maximum no. of hits and needed days to be 80% confident. It is clear that
no realized change occurred in probability results for time objective.

157



Sw ’ ARAB ACADEMY FOR SCIENCE AND TECHNOLOGY AND MARITIME TRANSPORT

Table 5.6 indicates the number of working days at a suggested probability needed
to be added to the estimated scheduled time. The deterministic completion date is on
11/09/2013 with project duration of 1,075 days. At 50% probability, the project
completion of whole works could be finished at 09/10/2013. Thus, at a probability of
50%, twenty eight days or 2.6% of the project duration is required to be added to the
completion scheduled date. At 80% probability, the project completion of whole
works could be finished at 14/10/2013.Thirty three days must be added to the
schedule completion date of 11/09/2013. The required percentage represents the
percentage of the required days to be added to the project duration.

Table 5.6 Required Number of Days

Cases Completion Date Risk Premium Percentage of
Days Schedule Time
Schedule Date 11/09/2013 - -
50% Confidence 09/10/2013 28 Days 2.6%
80% Confidence 14/10/2013 33 Days 3.1%

As represented in Table 5.7, the deterministic or budget cost is 78,366,146L.E.The
cost which can make an organization 50% confident is 84,899,134 L.E. This means
that an amount of 6,532,988 L.E is needed to be added to the estimated cost. The cost
which can make an organization 80% confident is 87,172,414 L.E. This means that an
amount of 8,806,268 L.E is to be added to the estimated cost. Table 5.7 indicates the
percentage required to be added to meet the estimated cost.

Table 5.7 Pre-mitigation Required Amount

Cases Completion Cost Risk Premium Percentage of
Cost Estimated Cost
Budget Cost 78,366,146 L.E. - -
50% Confidence 84,899,134 L.E. 6,532,988 L.E 8.3%
80% Confidence 87,172,414 L.E. 8,806,268 L.E 11.2%

Table 5.8 represents the required amount to meet the estimated cost after
implementing mitigation actions. The deterministic cost is 78,366,146L.E. The cost
which can make an organization 50% confident is reduced to 81,283,803L.E. This
means that an amount of 2,917,657 L.E is needed to be added to the estimated cost.
The cost which can make an organization 80% confident is reduced to 82,303,825L.E.
This means that an amount of 3,937,679 L.E is needed to be added to the estimated
cost. Table 5.8 also indicates the percentage required to be added to meet the
estimated cost after adding mitigations.
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Table 5.8 Post-mitigation Required Amount

Cases Completion Cost Risk Premium Percentage of
Cost Estimated Cost
Budget Cost 78,366,146 L.E. - -
50% Confidence 81,283,803 L.E. 2,917,657 L.E 3.7%
80% Confidence 82,303,825 L.E. 3,937,679 L.E 5.0%

Table 5.9 illustrates the amount required to be added to the estimated cost before
and after mitigation implementation. Percentages present the reduction made in the
amount required to be added to the budget cost after adding different mitigations.

Table 5.9 Savings Comparison Before and After Mitigations

Cases Risk Premium Risk Premium Percentage of
Before Mitigation | After Mitigation Estimated Cost
50% Confidence 6,532,988 L.E 2,917,657 L.E 4.6%
80% Confidence 8,806,268 L.E 3,937,679 L.E 6.2%

There are three types of tornado diagrams used, duration sensitivity, criticality
sensitivity and cost sensitivity diagrams. The duration sensitivity chart will focus on
generating and successfully presenting the tornado chart for project drivers. As shown
on the chart duration sensitivity bars represents logical predecessors driving the
infrastructure project completion of whole works. The program will look at two tasks,
the completion of whole works and each of the predecessor driving activities listed at
the left of the tornado bars.

The criticality tornado chart illustrates critical activities which carry risk events are
in red on the tornado chart. The criticality metric simply shows the percentage of
iterations or simulations that an activity was on the critical path. Thus, these activities
represent the critical activities were risk factors linked to them. The attempt of this
chart is to show not only if the activity is a driver to a reporting milestone or activity,
but whether it is on the overall network critical path. The numbers on the criticality
chart are the number of iterations that an activity was on the critical path.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

6.1 Summary

It is important to use efficient cost estimate and time schedule for the construction
of sewage networks projects. This is to be done in order to avoid both cost overrun
and losing control on the schedule construction time. The objective of this study is of
twofold, first is to identify risk factors that may impact both cost and time of sewage
construction. Second, is to analyze these risk factors and improve the maturity of both
cost estimate and project time schedule. This improvement could be achieved by
reducing the effect of risk factors. By taking this mitigation action, risk factors are
reanalyzed and improvements are represented.

- In order to meet the study objectives, risk management process were carried on
sewage networks projects were the following work sequence was used:-

- Risk identification stage targets to obtain a list of identified risk factors related to the
sewage project activities. In order to do that, different papers were viewed obtaining a
list of risk factors.

- Qualitative risk analysis was done by obtaining both probabilities of occurrence and
impact scales of different risk factors through a questionnaire.

- Quantitative risk analysis and Risk response plan processes are then followed.
Mitigation actions towards the prioritized risk list are given through field
questionnaires. Both prioritized risk factors list and mitigation actions are
implemented into the risk program. Risk Analysis results are compared before and
after mitigation actions implementation.

6.2 Conclusion

- Using a survey a total number of 50 risk factors related to different risk categories
were identified by the end of the risk identification process.

- Risk categories include technical quality performance risks, external risks related to
project organization, financial risks, environmental risks, management risks and
external risks related to public regulations.

- The qualitative risk analysis process carried results in a prioritized list of 10 risk
factors. Experts suggested the probability of occurrence and impact scales of
prioritized risk factors. Using risk score method and probability impact matrix, risk
factors are ranked to be further analyzed quantitatively with the aid of a case study.
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- Quantitative analysis for the most important 10 risk factors was done using Monte
Carlo analysis simulation. The simulation passes through two different scenarios. First
scenario is the pre-mitigation scenario by which risk factors are implemented without
taking into consideration the suggested mitigation actions. The other scenario was the
post- mitigation scenario were prioritized risk factors are linked to the schedule and
mitigation actions are implemented to them.

- The Monte Carlo analysis simulation results into probability distribution histogram
and tornado diagrams. For time no change in results was observed and 3.1% of the
project duration to be added to the completion date of 14/10/2013 for an organization
to be 80% confident. 2.6% of the project duration to be added to the completion date
of 14/10/2013 for an organization to be 80% confident.

- According to the Monte Carlo results for cost objective, analysis results were also
compared before and after applying mitigation actions. Before mitigation, for an
organization to be 80% confidence 11.2% of the completion cost to be added to the
estimated completion cost. After mitigation, 5.0% are to be added to the project
estimated completion cost. Thus, 6.2% of the total completion cost will not be added
to the completion cost if an organization decides to be 80% confident and mitigate the
list of most effective risk factors.

- Before mitigation, for an organization to be 50% confidence 8.3% of the completion
cost to be added to the estimated completion cost. After mitigation, 3.7% are to be
added to the project estimated completion cost. Thus, 4.6% of the total completion
cost will not be added to the completion cost as a result of adding mitigation actions.

- There are three types of tornado diagrams used, duration sensitivity, criticality
sensitivity and cost sensitivity diagrams. The following was concluded:

- Before implementing mitigations, the project completion duration tornado indicates
the highest five predecessors driving the time of project completion. These are laying
curbs, street lightning foundations, testing and commissioning of LV network, bulk
excavation and fill for road 5 and final connection LV electrical and street lightning.

- After mitigation implementation, the highest five driving predecessors are bulk
excavation and fill for road 5, final connection LV electrical and street lightning,
client approval of curbs and signs, testing and commissioning of LV network and
Installation of flow meter. Any misleading durations must be revised and fixed.

- The criticality tornado chart illustrates critical activities which carry risk events and
has the highest impact on project completion cost and time. Before mitigation the
highest activity was casting water tank walls. No change in criticality tornado results
as after mitigation the highest driving activity remains casting water tank walls.
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- The cost sensitivity tornado chart represents the highest risk factors driving an
increase in the project completion cost. Before mitigation the highest five risk factors
were poor site management by the contractor, funds unavailability, contractor
misleading top management focus, delay in shop drawings approval and poor
equipment productivity.

- After mitigation the highest five risk factors became: poor equipment productivity,
delay in shop drawing approval, delay in approval of third party, contractor
misleading top management focus and poor site management by the contractor. This
difference in the results indicates that the impact of some of the risk factors by driving
the project cost of completion has been reduced.

6.3 Recommendation

- The main objective of any contractor constructing sewage network projects is to
obtain an economic construction cost and time. This could be met using the critical
risk factors obtained in this study.

- The identified risk factors as well as their impacts and probability should be
continuously evaluated to account for any future change in these factors or their
impacts.

- The contractor could use scales of impacts and probabilities of occurrence of the
most effective risk factors for any future risk analysis.

- The most effective risk factors on cost objective include the following 10 risk
factors: Poor equipment’s productivity, Delay in shop drawing approval, Poor
planning errors, Funds unavailability, Delay in material approval, Low subcontractor
performance, Third party delay approval, Poor site management by the contractor,
Permits delayed and change in tax regulations.

- Prioritized risk factors for time include the following 10 risk factors: Delay in shop
drawing approval, Poor equipment’s productivity and efficiency measures, Poor site
management in the contractors organization, Poor planning errors, Misleading
management focus, Delay in material approval, Lack of construction management,
Low subcontractor performance, Funds unavailability and Permits delayed.

- Contractors could use the analysis output used in the Case Study applied in this
thesis. Contractors can apply corrective mitigation actions towards the identified list
of risk factors using several mitigations suggested in this study.

- Applying mitigations on the most effective risk factors leads to a reduction in the
percentage to be added to the completion time or cost. The higher confidence level
required by an organization the higher the percentage to be added to the completion
cost or completion time.
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- As a result of the case study, at different confidence levels, different percentage of
project duration is required to be added to the base schedule. The higher the
confidence level chosen by an organization, the more working days to be added to the
base schedule.

- It was observed from the case study, before adding mitigations, at a confidence level
percentage of the estimated cost is needed to be added to the estimated cost. After
applying mitigations the percentage to be added to the estimated cost is decreased as a
result of applying mitigations and decreasing the probability and impact scales of the
most effective risk factors.

- Through the case study, three types of tornado diagrams are used. Using Pearsons
Product Moment, correlation is used between variables of total duration and cost with
sewage construction activities. The most driving predecessor activities for total cost
and time are observed.

- Contractors could use Tornado diagrams to indicate the most driving activities
impacting both construction cost and time. Contractors must try to track these drivers
and improve their durations or even be sure that during construction there durations
will not be delayed.

- During the construction of sewage system contractors must monitoring and control

of existing risk factors. Risk factors which might appear during construction to the
risk register must be added.
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APPENDICES

Appendix A: Data Collection.

-Participants Names.

Appendix B:Questionnaires

1- Risk Identification Questionnaires.

2- Qualitative Risk Analysis Questionnaires.

3- Risk Response and Post mitigation Questionnaires
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