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ABSTRACT

TRENDING AND FORECASTING IN CONSTRUCTION OPERATIONS

Xiao hui Xiao

This research aims to understand the process of progress reporting and
forecasting project status of different future targeted dates. The study focuses
mainly on trending and time/Cost control of engineering, procurement and
construction (EPC) project. A field study of the practices of the industrial
collaborator (SNC-Lavalin), along with related materials from the literature, is

conducted and documented.

This research presents a model for improving trending and forecasting of time
and cost in construction operations. The proposed model has 3 main functions: 1)
trend estimate accuracy, 2) project progress integréted control and forecasting,
and 3) progress visualization database. @Risk 5.0 for excel, Windows
SharePoint Server and visual basic for application (VBA) are used to develop 3
add on tools implementing the above 3 functions. This model, with 3 developed
add on tools, is designed to work together with industrial collaborator’'s project
management system, PM+. The 1% add on tool applies probabilistic forecasting to
provide trend estimate results utilizing estimate range. Engineering completion
percentage and self adjustment algorithm are both utilized to provide accuracy

range reference. The 2" add on tool implements earned value method in project

11



progress monitoring and forecasting. Numerous progress measurement
templates for engineering, procurement and construction work are utilized for plan
definition and earned measurement. The 3" add on tool provides a multimedia
capability and an integration of scheduling tools and progress reports via
relational database. Numerical examples based on a set of data from a training
project provided by SNC are presented to illustrate and validate the essential

features of the developed methodology and model.
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1 Chapter one: INTRODUCTION

1.1 The Background

Time and cost control are essential management functions for achieving
successful delivery of engineering, procurement and construction (EPC) projects.
The primary objective of project management is to deliver the required scope of
work to the client on time and within budget while meeting specified quality
requirements. Tracking project progress through trending is crucial to time and
cost control. A number of methods have been proposed to improve effectiveness
of cost and schedule trending and control. Considerable research efforts have
been made in this field, such as Cost/Schedule Control System Criteria (C/SCSC)
(DoD, 1967), web-based integrated project control system (Moselhi et all, 2004).

Various methods have been proposed to increase the tracking and control
accuracy of cost elements of labor, material and equipments, such as
computerized cost and schedule control system for construction projects

(Alshibani, 1999), and for automated labor monitoring (Sacks, 2003). 4

For EPC projects, typically, the portions of subcontract cost range from 50 to
s70%. Material, labor, equipment, and indirect cost vary from 25 to 35%, 5 to 15%,
10 to 25%, and 5 to 15%, respectively (Oberlender, 2000). Successful trending

and control of subcontracted work will be critical to successful project delivery.



Many EPC companies have developed their own trending methodology and
internal progress report system. SNC-Lavalin Inc. one leading engineering,
procurement, and construction company in Canada, has developed a project
management system, which is called PM+, with a good function of trending and
control subcontracted work using what is referred to as Cost Center Method

(CCM).

1.2 Research Scope and Objectives

The purpose of this research is to understand the process of progress reporting
and forecasting project status of different future targeted dates. The study
focuses mainly on trending and time/Cost control of engineering, procurement
and construction (EPC) project. The research conducted in this thesis is for the
use of a field study of the practices of the industrial collaborator (SNC-Lavalin, a

large EPC company in Canada), along with related materials from the literature.

The main objectives of this research are to: 1) study current trending and control
methods in construction, including methods used in current practice, 2) develop
an integrated method that improves the trending and forecast functions, 3) study
multimedia utilization & progress reporting to visualize the reported information, 4)
develop prototype add-on computer applications for the implementation of the
proposed methodology, and 5) use a case study to demonstrate and validate of

the proposed methodology and add-on programs.



Essentially the scope of this research is limited in: 1) the construction phase of
EPC projects, 2) placing special emphasis on subcontracted work and purchase
orders from the perspective of general contractor, 3) considering only time and

cost, i.e. it excludes quality and safety control.

1.3 Thesis Organization

Chapter 2 provides a literature review on project planning and scheduling
method, performance evaluation methods, trending and forecasting techniques,
and reporting methods, including a review of the Cost Center Method (CCM) used

by the industrial collaborator, SNC.

Chapter 3 documents a field study provided by SNC based on a training project.

Practical processes from project definition to execution reporting are presented.

Chapter 4 describes improved methods for better trending and forecasting for
subcontracted work, including trend accuracy improvement, integrated progress

reporting, and visualized project reporting for better control.

Chapter 5 presents the .development of 3 proposed add-on tools for

implementation. It includes the programs’ components, architecture and interface

design.
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Chapter 6 presents a case study for the validations of the proposed methodology

and add-on tools.

Chapter 7 describes the conclusions of this research, highlighting its limitations,

and contributions as well as suggestions for future work.



2 Chapter two: Literature review

2.1 Planning Methods

2.1.1 Scope of Work and Work Breakdown Structure (WBS)

Planning is the most crucial, knowledge intensive and challenging phase in the
project development cycle, while scheduling is planning plus time (Moselhi,
1993). There likely is no factor that would contribute more to the success of any
project than having a good and complete definition of the project’s scope of work.
Project Scope Management includes the processes required to ensure that the
project includes all the work required, and only the work required, to complete the
project successfully. It is primarily concerned with defining and controlling what is

or is not included in the project (PMI Standards Committee 2000, 51).

Good project management relies on the Work Breakdown Structure (WBS) to
define the project scope. Sometime in the early 1960s came this concept. One of
the best definitions of the WBS was published in 1976 in which the author was
describing what he called at the time a Project Breakdown Structure (PBS). In
retrospect, the term “WBS” stuck, and PBS did not: The PBS is a graphic
portrayal of the project, exploding it in a level-by-level faéhioh, down to the degree
of detail needed for effective planning and control. It must include all deliverable
end items...and include the major functional tasks that must be performed

(Archibald, 1976).



The PMBOK Guide defines a WBS as a deliverable-oriented grouping of project
elements that organizes and defines the total scope of the project: work not in the

WBS is outside the scope of the project. (PMI Standards Committee 2000, 59)

There are many ways to develop a WBS for a project and it always reflects the
way a project has been planned, cost estimated and will be managed. Figure 2.1
is a WBS example for an energy project. Some other WBS examples for different
construction projects were summarized in appendix A as references, which were
contributed from U.S.A Department of Defense (DoD), Department of Energy
(DoE), National Aeronautics and Space Agency (NASA), Primavera P3 Manual,

and Fleming Q.W. 2000, and PMI 2001.

o Muclear
Flant
1.0
-
Project WBS [ |
s Muclear Steamn =ite and
(ypically owner Supply Systerm Building
Difined) TN 1.1 1.2
Reactor e al
Sydam Heat
1.1 112
e
I |
_ oo Feactor Core Upper
ContractWBS Core Control Internals .
{projectmanager T (RN 115
extension) —=if\ I 1
 Radial Radial Special
Blanket Shield Aszemblies
11111 11112 11113

e Source: DOE Manual

Figure 2-1 WBS Example for an Energy Project



2.1.2 Control Account, Commitment Package and Work Package

At the lowest level of each WBS element, the project will define a management-
control point, which initially went by the term “cost account”, but more recently is
called a “control account.” Cost account is a management control point at which
actual costs may be accumulated and compared to the budgeted cost of work
performed. A cost account is a natural control point for cost/schedule planning
and control, since it represents the work assigned to one responsible
organizational element on one contract work breakdown structure (CWBS)

element (DoD 1967).

Initially the cost/control account was defined as the intersection point of a single
organizational unit. More recently, with the increasing popularity of integrated
multifunctional project teams, the requirement for one organizational unit has
been expanded to constitute one multifunctional team. Additionally, while the
scheduling of activities may continue to take place deeply within detailed WBS
elements, the use of multifunctional project teams has resulted in larger segments
of defined work being done within control accounts at higher levels of the project

WBS.

Thus, under the multifunctional project team approach, management will monitor
the performance of less management control points-a more logical approach and
one that has led to a reduction of some 90 percent in the total number of

management points (Fleming and Koppelman, 2005).



SNC-Lavalin, one of the world’s leading groups of engineering and construction
companies located in Montreal, uses the term Commitment Package (CP) to
regroup the broken down project scope for execution planning strategy purpose.
The CP is the project execution strategy expressed in terms of future Purchase
Orders and Contracts (CCM user guide, 2006). Each CP contains a certain scope
of work, budget, and duration. The regrouped broken scope of work can cover
multiple areas and systems, or only one specific area and single system. Figure
2-2 is an example of Work Breakdown Structure from SNC-Lavalin in a Poly

training project used by the Project Management System group.
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Figure 2-2 WBS Example Poly Training Project (SNC 2007)

Two CP examples in this project are extracted in table 2-1. One CP will be
executed by one or multiple Purchase Orders (PO) or subcontracts, which is
called PO/Contract. It is also called one to one, or one to many relationships.

These relations depend on the size of the CP and market situation.



Table 2-1 CP Examples (SNC 2007)

items CP 2.802 CP 4-002
Code 2-902 4-002
Title OSBL Founds- Utility, Lab, EL & Material Handling Laboratory furniture
Type Construction Purchase
Scope of Excavation, rebar preparation and installation, Provide furniture to
work formwork install and concrete casting. Laboratory building
fn sub area 12600 -
Area 12 -OSBL Laboratory
Discipline 2 — Concrete work 4 — Architecture

Control account, commitment package, and work package have some similar
attributes, which include certain scope of work, budget and duration. Control
account groups scope of work from the view point of cost breakdown, an example
being the formwork for 10 inches concrete wall; Work package groups scope of
work from the view point of WBS, such as formwork in area A; Commitment
package groups the scope of work from the view point of execution strategy plan,
which may group certain scope of work that will be executed by multiple purchase

orders or construction contracts.

The term Control Account Plan (CAP) has similar function as a CP. Figure 2-3 is

an example to display this integration:
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Figure 2-3 CAP and WBS

2.1.3 C/SCSC and Earned Value Method

The earned value concept was conceived more than a hundred years ago

sometime in the latter part of the nineteenth century. It has experiences 4 phases

of evolution (Fleming and Koppelman 2005). They are summarized in Figure 2-4.

Phase 0 - Late 1800s. Industrial engineers in the early American factory.
They used “Three dimensional” approach to assess the cost performance.

Phase 1 — 1962-1965. U.S. Navy (Special Project Office 1958) introduced
the “Program Evaluation Review Technique” (PERT) as a network-

scheduling device. And in 1962, the Office of the Secretary of Defense and

Il



National Aeronautics and Space Administration introduced the term of
PERT/cost, which includes term “cost of work report”

Phase 2 — 1976-1996. Department of Defense (DoD) formally issued its
Cost/Schedule Control Systems Criteria (C/SCSC), which includes terms
“Budgeted Cost of Work Performed (BCWP),” Budgeted Cost for Work
Scheduled (BCWS), and Actual Cost of Work Performed (ACWP). |
Phase 3 - 1996 to Present. American National Standard
Institute/Electronic  Industrial Association (ANSI/EIA) 748 Guide was
officially issued. Gone were the vague terms of BCWS and BCWP, and in
their place were put “Planned Value” and "Earned Value.” The 35 criteria

were reduced into 32 criteria.

Factory Floor...circa 1890

i

PERT/Cost ...circa 1962

!

C/SCSC...1967 101996

EVM AMSI/EIA 748 Standard in 1998

Simple EVPM.. .into the 21% Century

Figure 2-4 Evolution of Earned Value (Fleming and Koppelman 2005)
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2.1.4 Performance Measurement Baseline

The performance measurement baseline (PMB) is an essential component of
earned value project management. According to the unofficial findings of Fleming
and Koppelman: the responsibilities of project managers for cost management
vary considerably from one company to another, and even from project to project
within the same company (Fleming and Koppelman 2005). They attempted to
define a spectrum of cost responsibilities for project managers, as shown in figure
2-5. This figure begins with the more limited responsibilities as with item 1. With
each additional step, the responsibilities of the project managers are broadened,
and they are held accountable for managing additional categories of costs — as

with overheads, materials, other direct cost, even profits.

—

. Direct Labor Hours {only)

N

. Direct Labor Hours (within specific labor categories)
3. Direct Labor Costs (both hours and dollars)

4. Direct Labor in Total (through overhead applications)
5. Materials and Subcontract Costs

6. Other Direct Costs-ODC (e.g., travel)

-~

. All Project Costs (through general and administrative)

[ee]

. All Project Costs (including profit) = Contract Price

Figure 2-5 Composition of a PMB

13



Figure 2-6 conceptually displays the process of taking three initial steps to form
an earned value project baseline (step four in Figure 2-6). The project baseline
must be established, typically done in the sequence as shown in Figure 2-6. Step
one is that the project’'s scope of work must be defined, often with use of a work
breakdown structure (WBS), leading to a statement of work, which is then
assigned to a.functional organization for a performance. Step two, the defined
scope must be planned next and scheduled down to the detailed work package or
task level. Finally, in step three, the required resources must be estimated and
subsequently authorized in the form of official project budgets (Fleming and

Koppelman 2005).

nll . )

g

Define the project zcope Plan and Scheduls the work

7
S
/- '
&=
Ferm the prejact Baseline Allozate the Resources

Figure 2-6 Steps to Forming the Project Baseline (Fleming and Koppelman 2005)
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The control baseline is also known as a “S” curve that can be developed by
allocating a cost to the individual activities, on a time-phased schedule,
aggregating the cost on a period-by-period basis from start to completion, and

plotting the cumulative cost as shown in figure 2-7 (Moselhi, 1993).

¥

Time

1. Project bar chart schedule
2. Activity resource allocation
3. Baseline S curve

Figure 2-7 Baseline Derivation Process (Moselhi 1993)

Figure 2-8 shows a comparison of WBS and OBS. On the left side is the more
traditional functional matrix approach, which most projects have employed. By
contrast, on the right side is an integrated management approach, required in
order to employ earned value method (EVM). Each function must work in concert

with all other functions on the same defied work, all within the project’'s WBS
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Work Breakdown Structure (WBS)

Project Project
Manager Manager

]

Engineering ™, CAP CAP CAP
Purchasing Control Account Plan (CAP):
b 1.Technical Scope
p
2. Budget
Manufacturing 2 Schedule
Testing J

Figure 2-8 Earned Value Requires an Integrated Project Baseline

2.2 Performance Evaluation Methods

The performance evaluation method is used to track and control of time and cost
from its baseline and assesses the value of the deviation. Over years, a number
of methods have been developed to facilitate overall project control. Some of
these methods separate schedule and cost control, while others integrate them

(Moselhi 1993). Follows will discuss the individual and integrated methods.
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A project scheduling system will, by definition, reflect the project’s scope of work,
and then place all the defined work into a specific time frame for execution. When
one adds resources to the scheduling system, and the metrics to plan and
consume such resources, the earned value performance plan is in place. The
determination as to which metrics should be used to measure a particular
application is a personal, judgmental issue and will vary by project. But the project
team and the various work packages and control-account managers must
ultimately select those measurement metrics that best support their particular

needs (Fleming and Koppelman 2005)

The progress measurement template divides a control object into control points;
based on its time and cost characteristics. For example, a control object of ‘piling’,
representing driving a set of piles into soil is divided into four control points: 1) rig
in position, PCa=40%; 2) drive and inspect, PCa= 80%; 3) trim and finish,
PCa=95%; 4) hand over, PCa=100%, where PCa is planned to-date percentage
completion (Ji li, 2004). Such templates serve as a default option. The users,
however, have the right to modify the performance complete percentage

according to individual contract agreement.

2.2.1 Traditional Tracking and Control Methods

Traditionally, time is tracked and controlled through some forms of schedules, tied
to some measure of physical progress templates, while cost is controlled through

the use of S-curve, including standard S-curve, single S-curve, Double S-curve,



Superimposed Cost and percentage complete S-curve method. The basic
variations of S-curve include:

1) The Standard S-Curve, as shown in Figure 2-9, contains three project progress
stages, where starts slowly up to 25% of the project duration, accelerates from
25% to 75% of the project duration, and then slows again to completion.

2) The Single S-Curve is project dependent. The baseline may or may not be
schedule-based. Those that are not schedule-based utilize some form of curve
fitting models using cost and progress data collected from previously constructed
projects.

3) Double S-Curve and Superimposed cost and percent complete S-Curves are
as shown in Figure 2-10. They are employed as a basis for comparison with the
project’s actual progress. They may or may not be schedule-based with either an

arbitrary specified range of variations.
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Figure 2-10 Double S-Curve for Project Control

Program Evaluation and Review Technique (PERT) is a method that tries to
improve the project control function using simulation and statistical probability
methods, which was first introdubed to industry as a network-sc;heduling device
by the U.S. Navy in 1958. But neither computers r;br software programs were
available to support the concepts of PERT or PERT/Cost at that time. The
concepts were too complex and burdensome for such a large project. But it did

leave an important legacy: the use of earn-value data to monitor the true cost

performance during the life of a project (Fleming and Koppelman 2005).
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The PERT method, technically, is a special case of a scaled Beta distribution. It
can generally be considered as superior to the triangle distribution when
parameters result in a skewed distribution, as the smooth shape of the curve
places less emphasis in the direction of skew (@Risk 2008). The PERT

approximations are exact to Beta distribution only when the shape factors of beta

distribution o =3-+2 and #=3++2.

Cliff S. F. et al. (2005) proposed a formulation for developing a Beta probability
density function (PDF) for use in construction simulation modeling. Subjectively
estimated Beta PDF parameters and simulation with Beta PDF defined by project

data were implemented and compared. The results vary slightly of 4% variation.

2.2.2 Integrated Tracking and Control Methods

Recently, the adoption of earned value method (EVM) has been gaining
popularity, and more and more standards bodies have started developing EVM
standards. EVM can help to illuminate where a project is and where it is going as
compared to where it was supposed to be and to be going. It provides
organizations with the methodology needed to integrate the management of
project scope, schedule, and cost. This method relies on three key data points
that are shown in figure 2-11, while figure 2-12 indicating these terms in a

simplified way.
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Figure 2-11 Earned Value Method
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Figure 2-12 Earned Value Method (PM! 2000)
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1) Planned Value (PV) describes how far along project work is supposed to be at
any given time in the project schedule, also known as the Budgeted Cost of Work
Scheduled (BCWS). It is the established baseline against which the actual
progress of the project is measured. Once established, this baseline may only
change to reflect cost and schedule changes necessitated by changes in the
scope of work. PV is also referred as the perfbrmance measurement baseline.

2) Earned Value (EV) is a snhapshot of work progress at a given point in time, also
known as the Budgeted Cost of Work Performed (BCWP). It reflects the amount
of work that has actually been accomplished to date (or in a given time period),
expressed as the planned value for that work.

3) Actual Cost (AC) is an indication of the level of resources that have been
expended to achieve the actual work performed to date (or in a given time

period). It is also known as the Actual Cost of Work Performed (ACWP)

According to this method, three S-Curves representing the PV, EV and AC are
shown in figure 2-12. The combination scenarios of these three curves can be
summarized into six cases as shown in figure 2-13 (Ji li, 2004), where the Case 1

is the worst and Case 2 is the best, and the others are in between.
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2.3 Forecasting and Trending Methods

2.3.1 Earned-value Based and lts Extension Methods

Christensen (1992) and Christensen et al. (1995) describe a generic index-based
formula to calculate estimate at completion (EAC) (Equation 2-1). It is assumed

that the contractor’s past performance will continue to the end of the contract.

BAC - BCW.

+ in—date
index

Equation 2-1

EAC = ACWP,_,..
Based on a comprehensive research finding, Ji, Li (2004) pointed out that the
performance indexes used in this model can be classified into seven groups:
1) Index=1; this means the remaining job of the project will be executed
precisely at the full budgeted rate. It is not widely accepted in government
quarters.
2) Index=CPI;
3) Index=SPI;
4) Index=CPIxSPI,
5) Index=a% + CPI,
6) Index=(a% + CP1) x(a% + SPI);
7) Index=W1xCPI + W2xSPI.
Christensen (1992) compares the forecasting results for the indexes in groups 2,

3, 4, and 7 by using 12 development and 18 production contracts (Navy). The
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results found that the three-month average CPI was accurate, irrespective of the
stage of the completion. Christensen (1996, 1999) confirmed that CPl-based
estimate atcompletion is a reasonable lower boundary of a final cost of a
contract. This rule is valid in early and middle stages of a project, but it is not valid
in later stages of a project (Christensen and Rees 2002). However, the group 4
index is one of the most widely used and accepted indexes to statistically forecast
the high-end cost requirements for any project (Fleming and Koppelman 2005).
Air Force System Command (AFSC) used group 7 index with w1=0.8 and w2=0.2

as a formula in all stages of the life of a contract (Abu-Hijleh 1991).

The indexes in groups 5 and 6 are proposed by Alshibani (1999). He adds the
coefficient “management and job conditions factor” to forecast the final cost and
completion time. Even though he mentioned that if the condition was better than
as planned, the a would be positive. If the condition was worse than as planned,
the sign would be negative. He could not provide guide to determine the value of

a.

Beside the two indexes SPI and CPl, and two forecasts EAC and ETC, PMI
(2005) introduces the To-Complete Performance Index (TCPI) and the Time
Estimate at Completion (EACy). The following three variances, three indices and

three forecasts can be calculated as shown in figure 2-14.
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They are:
Variances: Schedule Variance (SV); Cost Variance (CV); and Variance at
Completion (VAC). Indices: Schedule Performance Index (SPIl); Cost

Performance Index (CPI); and To-Complete Performance Index (TCPI)

DATA BAC L | | PV
|
VARIANCES VAC cv sV
S ] I
INDICES TCPI CPl SPI
FORECASTS EAC
VAC = BAC-EAC GV = EV-AC SV = EV-PV

EAC=BAC/CPI

FORMULAS TCPI = (BAC-EV)/(BAC-AC) CPizEV/AC SPl = EV/PV

Figure 2-14 EVM Performance Measures (PMI 2005)

2.3.2 Cost Center Method (CCM) Forecasting Method

SNC uses PM+ (its in-house system) to perform the plan, control and forecasting
of projects. There are 13 modules in this system and 4 of them perform the key
control functions of engineering, procurement and construction management. The

integration mechanism is described in figure 2-15 and the details are:
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1) Internal Mandate module applies the EVM to perform the plan, control and
forecasting of engineering and management scope of work using the work hours
as the measurement unit. CPl and completion ratio can be reported at different
levels, such as by project, by department, by discipline or by internal work
package (IWP).

2) Procurement module mainly performs the 2 functions: the first is the material
control, including, expediting, logistic, and site warehouse management; the
second is to provide procurement cost information to cost controllers.

3) Construction Module also applies the EVM to perform the plan, control and
forecasting of construction scope of work using labor hours as the measurement
units. Detail construction quantities can be tracked at contract pay item levels.
These actual progresses are integrated to incurred cost calculation and
accounting automatically. Tied-in and commission are registered and tracking in
this module as well.

4) Cost Center Method (CCM) Module is designed to integrate all the cost
information from the above 3 modules to plan the budget, monitor the
commitments, progress and changes. The project overall forecast final cost report

is generated in this module.
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Figure 2-15 Cost Integration Forecasting Mechanism in PM+ in SNC

in figure 2-15, P class refers to purchase order work packages; C class refers to

construction contract work packages and M Class refers to miscellaneous work

package
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The CCM method experiences 2 phases of evolution in forecasting:
Phase 1: In year 1995-2002, it was called Standard Cost Method. Equation 2-2
shows the calculation mechanism. And figure 2-16 shows the header of project
cost report, which applied the Standard Cost method to perform FFC calculation.
FFC = TC + RTC Equation 2-2
® [FC: forecast final cost
® TC: Total committed amount which includes the awarded PO/Contracts |
amount and approved change orders
® RTC: Remaining to commit. It sums up all pending change orders and

manual entry of foreseen changes.

Ciosts
Committed Imerred Rernzining Forecast
fmount This Period To-Date To Commit Final
(C) (D) (E) (F) (5= C+F)

Figure 2-16 Header of Project Cost Report in Standard Cost (PM+ 2007)

This method can provide the project forecast final cost but can not provide detail

tracking of the foreseen changes.

Phase 2: From year 2003 to present. The Standard Cost method was replaced by
Cost Center Method (CCM). Equation 2-3 shows the calculation. And figure 2-17
shows the header of project cost report, which applied the Cost Center Method to

perform FFC calculation.
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> FFC; = > Total Commitment; + Y Outstanding Change; + > Trend; + > unallocated

budget. Equation 2-3

® > Total Commitment; Awarded PO contracti + Approved Change order +
signed Amendments.

® > Outstanding Changes: Pending change order or change notice

® > Trends: A tool meant to analyze the impact of a change before processing
the change.

@ > Unallocated budget: Portion of the budget for future commitments.

Budget Total Outstanding Unawarded Scope Forecast—
Original Revised Commitment” Changes Trends (Unailoc. Budget) Current
M (2} (3 4 &) (6) (7=3+4+5+6) (8=

Figure 2-17 Header of Project Cost Report in Cost Center Method (PM+ 2007)

The detail workflow of CCM is displayed in figure 2-18. The left column is
budgets, which can be transferred or manually input into CCM module. The
budgets come from the approved estimates, and are regrouped by commitment
packages for future execution purpose. All the changes to frozen budgets have to
go through the procedure of scope change. The right column is commitments. All
the changes to award purchase orders or construction contracts have to go

through the procedure of change orders / change notices and amendments. The
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CCM method provides variable reports on FFC, incurred cost, and paid amount.

BUDGET COSsT CONTRACT
MONITOR. ADMINISTR,
Define Define Define
Facilities CRC CP{PO)
Define
9 > PO/ Contract
Estimate | Budgetitems Header
{transfer) % (available) e
L ¥
! Trends Define Cost
- items
Baseline
—  Budget :
| {Freeze) ¥
¥ Award Change
Revise PO /Confract—> Notices
Budget !
| ! !
Allocate Change Amendments
—»  Budget Orders <
Budget éCommitment
' ' Report

. L — &)

Figure 2-18 CCM Workflow (Bebawi 2006)

One of the improvements in CCM is to integrate the outstanding changes and
trend into FFC. Recently, a new function of integrating procurement and
construction to CCM module was developed. It enables automatic cost
information flow between these 3 departments. But still, one of the limitations is

that there is no specific method to calculate the trend amount and the probability.

Both of these two methods were originally designed to manage subcontract works

or to perform a procurement and construction management function in EPCM
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projects. According to figure 2-15, for the internal scope of work, the users can
translate the work hours’ amount to dollar amount and group them in
miscellaneous type of commitment packages, so that overall project cost can be

reported.

2.3.3 Other Forecasting Methods

The Stochastic forecasting models are exponentially moving weighted average
methods (Al-Jibouri 1985). He proposed two models called independence and
dependence cost models to predict cost at completion for control purpose. The
study reveals that the reliability of the two models, however, depends fully on the

measurement of the cost of unit of earning at each reporting period

Social Judgment Theory was proposed by Diekmann and Al-Tabtabai (1992).
This method provides a way to predict the future based on a set of cues, which
comes from human judgment rather than mathematical algorithms. Equation 2-4
describes such model.
J:W,X,+W2X2+Wka+c+e' Equation 2-4

Where,

J = judgment of an individual,

Xk = cues used to make the judgments;

Wk = weights for the cue variables;

C = constant for individual

e'=error term.
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This method improved the previous forecasting technique by considering not only
current variance, but also the other impact factors. However, the method based
on such judgment requires expert project managers to get satisfactory results (Ji,

Li 2004).

The Fuzzy Modeling Methods can be classified into two categories: subjective
modeling and objective modeling. The subjective modeling was first introduced by
Mamdani and Assilian (1975). The objective modeling was initially proposed by
Sugeno (1985) and Takagi and Sugeno (1985). In either model, a set of fuzzy if-
then rules form the fuzzy knowledge-based model of the system. The difference
between these two models lies in the consequence of their fuzzy rules. The
subjective modeling is a qualitative expression of using natural language, for
example, Large, Medium, and Small. An example can be written as: IF
Productivity is Increase THEN Actual Cost is Decreased. The objective modeling
is a quantitative expression of the system and has been used in industrial control
process. An example of it can be written as; IF X(t) is 25 AND Y(t) is 30 Then z

(t+1)=5X(t) +8Y(1).

Hassanein A. and O. Moselhi (2003) proposed an alternate methodology to
forecast linear infrastructure project time and cost at completion, enabling the
assignment of a higher weight to recent performance of crews. Unlike earlier
models, which evaluate progress at the activity level, the proposed model
evaluates productivity at the crew level. The model also enables blacking out

certain time periods during which exceptional conditions are known to have
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prevailed, and not likely to be repeated beyond the reporting date (by setting their
weight to zero). This model forecasts future crew productivity as either equal to
that planned, or equal to the average actual productivity experienced so far. The
default weight assigned to each period is dependent on the duration of that
period. The user can modify the default values by assigning higher weights to
periods when actual crews were progressing normally, and lower weights to
periods when it is known that crew productivity was impacted by external factors
that are not likely to be repeated beyond the reporting date. Future crew

productivity can be estimated from equation 2-5:

Prod, = AxProd, + (1 A)x Z W, xProd, Equation 2-5

i=1

Where,
Prods is the forecast crew productivity
A is the weight given to planned productivity (default = 0.5)
Prod, is the planned productivity
Wi, is the weight given to productivity during period | (ZW,. =0.5)
Prod, is the actual productivity during period i and n is the total number of

periods being considered.
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Ji li (2004) proposed “Self-Learning Adjustment” method. In this method, the
differences between predicted results and actual occurred values are used to
improve the accuracy of the forecasted results. Equation 2-6 are developed by
him to adjust the forecast cost and duration at completion and at interim future
horizons based on the dynamically captured difference during construction

process, respectively.

C,=C, +(+a,)x(ACWP, - C,) Equation 2-6
Where,
C;, = adjusted cost at the Kth future horizon,
Ck = asin C,, but based on data up to the previous reporting period,

Ci= predicted cost using performance data from the previous reporting
period

I = the ith percentage completion at reporting date

K = at future horizons, K= 1 to 10,

a, = 10 % increments for K™ future horizons measured moving for from the

reporting date, e.g. for i at 30% completion, K=5 (50% completion)

ACWP; = actual cost of work performed at the ith percent compléte.
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Figure 2-19 Self-Adjustment Method (Ji Li 2004)

Adel Alshibani (2008) presents a new model for tracking and control of earth
moving operations. The proposed model uses spatial technologies, which
includes Global Positioning Systems (GPS) and Geographic Information Systems
(GIS) to facilitate its method. The proposed system is designed for highway
construction projects, by using GPS to automate site data collection and using

GIS to automate data acquisition and analyze collected spatial data.

His proposed model adopts the earned value method to report project progress.
The EV is equal to installed (filled) quantity over budgeted quantity at the same
reporting time. The proposed forecasts project time and using 2 assumptions: 1)
the established performance at the report date will continue until completion, and
2) the remaining work will be performed as planned. The proposed model can

deterministically calculates two values (lower and upper) of project cost and time
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at any set future date. The most likely value, assuming a symmetric probability
distribution, is taken as the average value. The lower value is called Min Cost at

completion (CAC), and Max CAC. Figure 2-20 demonstrates this idea.

Further more, the proposed model uses adaptive, self learning adjustment factors
to improve the accuracy of forecasted time and cost. The adaptive factors are
generated at each reporting period as the ratio of actual versus forecasted and
these factors are used to systematically reduce the gap between the forecasted

and actual value.

Cost
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——%Eeporting date /Q//
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/
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Ti 1 2 tH

; Actual i Forecasted ;

T 1
TV = Time variances cV = Cost variances
ACWP = Actual cost of work performed BCWS = Budgeted cost of work scheduled

BCWP = Budgeted cost of work performed CAC = Cost at completion ‘t

Figure 2-20 Cost and Time Forecasting (Alshibani, A. and Moselhi, O. 2008)
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2.4 Program Reporting

2.4.1 Reporting Functions and Periods

The purpose of reporting is to generate tabular, graphical, or visualized reports to
facilitate project tracking, control and forecasting time and cost at completion. A
project level management requires an overview of project progress and

milestones, while the work package level may require a detail report on activities.

Functions can be productivity of crew rate, cost report by WBS, by control
account, by package, or other reporting criteria by users. Cost and progress
reporting period can be weekly, bi-weeks, or monthly, which depends on the

contract term. Normally, it is monthly based.

2.4.2 Reporting Styles and Types

There are 4 main types of reports; textual, tabular, graphical, and visual.
Hassanein (2002) proposed a reporting module that can generate reports at
varying degrees of detail, to suit the needs of all project participants in three

formats; tabular, graphical, and exception reporting.
SAAD (1999) proposed a method to illustrate one effort to convert the text-

oriented paper-printed static report into an audio-visual, interactive multimedia

report that can be stored and distributed on a compact disk (CD) or on the
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Internet. The report was structured to mimic the traditional text-based report in its
main components (SAAD, 1999):
* Progress information including:
- A summary of the current status of the schedule, budget, and expected
completion date
- Report on the current progress this period (since last update to date)
- Report on the cumulative progress to date (Since the start of the project)
- Report on the end forecast (Expected time and cost at completion)
» Technical details related to:
- Constructability issues
- Design modifications
- Unexpected site conditions
- Quality measures

- Contractual measures including change orders and contract modifications

The project reporter’s navigation pattern is described in figure 2-21.

40



This Perind

i Minutes of meetings i - [Schedule m

[ Wideo Clins 7

Constructibality |- B T —t

~{  Miscellaneous  E-

[ Svaity 7 .77
Productivity |

Panoraric Pictures

-

Conclusion |

{  Contract Administration

i

; 1 Original Drawing
Payment certificates h

Video Clips

Modified drawing

Figure 2-21 Project Reporter's Navigation Pattern (SAAD 1999)

PM+ system provides comprehensive reporting function in tabular and graphic
types. Most of the project data are registered and stored at lowest detail level. For
example, in Internal Mandate Module, 22 standard tabular reports can be
generated for work hour analysis purpose, and the ad-hoc customized report can
be created according to the requirements of different kind of projects. One
example of these reports, which named “work hour analysis report”, is presented

in figure 2-22. This report integrated the earned value methodology.

%)
P M ot DETAIL WORK HOLR ANALYSIS BY DEFARTMENT/DISCIPLINEAWP/TASK . :
SNC - LAYAINN
.:. Project: CM005 - Poly Plant - Training : CCM Phase 2 |¢2) Feport date: 2007-07-12
Chiznt: POLY - FOLY TEC HNOUGGY CANSDS Time: 11:33:12
Scope of report for [wP: Bl IWP and Task: R Tasks Pericd Start: 13531101
Period End: 1993-11-30
Department Mocuted Eudgst (whkhis) Ear red|whhrs) Actual {wkhrs) Forecast CPl  Ewned Compl. | Budget
Dseipline %) %)
itermal War Packiage (W) Corrol Budnet | Origing! Sppeoved Trangter Rewised Ferding | Fevised Pending  Totst] Feriod  Jo.lste| FIC B9 |0 e (o) Mar.
Task Cede - Description Diss. mEp ®) (C3 (D=2eBeC)  (E) ') (GRS ) oy () (L) [HD)  (0HED (P=0-1)
% PROJECT MANSGEMENT
21 FROJECT Meno MENT
s Prost Marager
H0mm Project Warmger 1260 0 [ 1560 0 0 0 4 1560 [
noHam Cepaty Froject Manager 1330 0 ] Va0 4 d 0 0 1.430 [
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Sebtoral F: 3007 2610 S800 ] o 2410 3 v [1 3 o 0 320 &40 060 0 ] [}

Figure 2-22 Work Hour Analysis Report (PM+ 2007)
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The tabular reports generated from PM+ can be grouped by different kinds of
criteria and at different levels. Figure 2-23 is an example for project cost report in
Cost Center Method Module. Graphic reports can also be generated from PM+,

figure 2-24 demonstrates this function.
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Figure 2-23Project Cost Report Selection Criteria (PM+ 2007)
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Figure 2-24 Construction Progress Report (PM+ 2007)
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2.4.3 Reporting Visualization

In the construction management domain, the lack of adequate visual
representation causes construction managers to struggle with huge amounts of
data, which may cause costly errors or lead to project failure. It is important to use
visual representations to clarify the complicated structure of data, eliminate

confusing factors, and identify key elements. (Eddy M. R., 2007)

John Hildreth (2005) developed a methodology for making equivalent decisions
based on GPS data and presents the procedures developed to identify the key
records necessary to calculate activity durations. The data captured by the
developed system are position and velocity data and are autonomously recorded.
Mani G. F. (2007) proposed several semi-automated vision-based approaches to
further improve and facilitate the communication of progress information and
decision making on corrective actions. Figure 2-25 illustrates how to quantify
easily the progress deviation between as-planned and as-built. Other information
related to the activity such as resource and budget information can be generated

in this figure.



as of | today

As-planned (3D+ time)

As-built (Progress +—

288
il Photography | P

. —
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Figure 2-25 Augmented Reality-based Progress Monitoring (Mani G. F., 2007)

However, most of these efforts have focused on visualizing either spatial building
structures or sequences of construction activities. There has been little research
efforts focused on information visualization in construction management at area

or work package level.
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3 CHAPTER THREE: FIELD STUDY

3.1 General

The purpose of this field study is to understand the management practice of the
industrial project. All the studied data are from the training project provided by
SNC Project Management System group. The training project was elaborated
using adjusted information from a real project. Numerical examples based on a
set of data from a training project will be used to illustrate and validate the
essential features of the developed methodology and model. The efforts that have

been spent on and the material studied are listed in table 3-1.

Table 3-1 Efforts and Document List for Field Study

item Description

1 Site visit to appreciate the essential components of the training project

14 drawings (Plot plan and OSBL architecture drawings) were studied.

The training project master schedule was studied

Change notice distribution report of CP 1-902 was studied

Amendment justification report of CP 1-902 was studied

10 monthly progress reports from Feb/2002 to December/2002 were

studied.

7 6 meetings were held between Concordia University research team and
SNC PM+ team ( in SNC office)

8  Part of the budget and cost data of this training project in PM+ system
were studied.

o b WwN
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3.2 Project Background and Description

Sponsored by SNC-Lavalin, a field study is conducted to investigate the current
project management practice as a part of this research. The field study of the
training project named PTT Poly Canada. The data for this training project were
elaborated using a real project created by SNC. The scope of the training project
is a fracture of the same project and the financial values were modified to respect

confidentiality.

The real project is a new plant located in the industrial zone of Montreal east,
Quebec, Canada, with capacity of 95,000t/yr of polymer. PTT is an innovative
polyester polymer that is used for the production of fibers and yarns providing
enhanced properties in carpeting, textiles, clothing and other applications. It is

claimed that the production plant is the largest of its kind in the world.

Figure 3-1 is the plan of this project. SNC’s mandate is to provide the following
services up to mechanical completion:

o Overall project management,

e Detailed engineering for Outside Battery Limit (OSBL),

e Supply of OSBL equipment and material, and

s Construction management.
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A partner engineering company, acting as the main subcontractor to SNC-
Lavalin, provided: 1) revising to Inside Battery Limit (ISBL) engineering, 2) ISBL

equipment/material, and 3) technical assistance during construction.

PM+, developed by SNC-Lavalin, is used as a project management system in this
project. It is an integrated project management system contained 13‘ modules to
perform different kinds of project management functions, such as estimating,
document control, cost control, procurement, and construction management. PM+
is designed for use by project team members including clients, suppliers, sub-
contractors and consultants. This allows users to access critical information
répidly and efficiently, resulting in a highly responsive and practical management
and reporting tool. The system is programmed with power builder, and the data

are stored in structure query language (SQL) database.
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Figure 3-1Plot Plan of Field Study Training Project (SNC 2007)

The main process area, called inside battery limit (ISBL) is housed in a four-
storey building and comprises: 1) paste preparation, 2) etherification, 3) pre—poly
condensation, 4) poly condensation, 5) Chips Production and Crystallization. The
remaining areas, called outside battery limit (OSBL) includes: 1) PTA unloading,
2) PDO unloading and storages, 3) PTT loading, 4) waste water treatment, 5)

infrastructure and utilities.
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3.3 Planning of Project Baseline

The planning of this project includes the work breakdown, definition of

commitment packages dictionary, budgeting, and the work sequencing.

The WBS (figure 3-2) has a structure of 4 levels. The coding of each level inherits
the starting coding from superior level. For example, 12000- General is at 4"
level. The first digit “1” means the project direct cost, the second digit “2” means
the OSBL, and the last 3 digits “000” means general. So, 12000-General means
the General direct cost in OSBL. Beneath level 4, each element will be divided by

disciplines, such as civil, steel structure and mechanical.

B -—> WBS Code (Facility)

I T
4 - Project Divect Costs 2»Pw§_§:ﬂ\wd 1 gz 2 1 EL O 0
//J i M f.....»;_ Simmd b
P zeersicens [
j i [ Level 3 Material Handie |
Knas cocw 163 S e § H l Level2 OSBL l
,//"'w bl Facites ¥
T — I Level 1 Direct Cost l
166 - Continaenty | | ] J¢ES EAES
= 24303 Cost

Figure 3-2 WBS and Coding Structure (SNC 2007)

After the breakdown of the scope of work, SNC uses commitment packages to

regroup it for execution strategy purpose. The coding structure of CPs in this

49



project contains 4 digits. Figure 3-3, 3-4 and 3-5 are examples to explain CP

dictionary, the coding structure of CP and disciplines. In this training project,

totally 189 commitment packages are used to regroup the project scope for

execution purposes.

Project # and Name “Poly Canada PTT” CP #:C1-302
@)) Res. Date Page
SNC-LAVALIN Package Dictioaary 00 i9/12,f0 »

CP Description : Site

preparation and Underground services

Scope:

Included Install permanent and temporary fencing
Prepare site for Utility bldg, Mat’t Handling, WWT . PDO
Excavate / Backill / level - Site contractors area
Fences

Excluded Site Preparation for Poly Building done by others

Roads construction done by C1-904

Rail Road Site Preparation by C1-303

Figure 3-3 Example of Commitment Package Dictionary (SNC 2007)

Commitment Package Coding Structure

CP: 1-902

L Sequence No.

Contact Type: 9is construction contract

i
bt

Separator: Hyphen

Discipline code: 1 is Civil-earth work.

Figure 3-4 Commitment Package Coding Structure (SNC 2007)
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Disciplines Coding Structure

g,

3- Structural Steel 8- Instrumentation

1- Civil — Earthwork 6- Piping
C

ivil = Concrete 7- Electrical

4- Architecture

5- Mechanical

Figure 3-5 Discipline Coding Structure (SNC 2007)

After the definition of CPs, the baseline estimates approved by the client will be
recast to CPs and transferred to budget line items. Each budget line item code
must have a combination of five attributes: 1) CP, 2) PO/Contract (virtual), 3)
WBS (facility), 4) Commodity and Resource Code (CRC), and 5) Sequence No.
The CRC is the goods and services that the project will deliver to the client. It is a
standard coding of SNC at corporate level. The first digit is in consistence with
disciplines coding, except number 9, which is process in enginéering discipline

but is indirect cost in CRC. Figure 3-6 is an example of CRC.
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CRC Code
11,

~-I Level 4 Aerial Surveys I

S | Level 3 Surveys ]

R | Level 2 Site Investigation l

. | Level 1 Earth Work |

Figure 3-6 CRC Example and Coding Structure (SNC 2007)

After the definition of WBS, CP, and Budgets, the schedule of the project is
prepared in Primavera software. Figure 3-7 is an example of the master schedule
at level of CP prepared in Primavera. It covers the whole life cycle of each CP,
including engineering work schedule, procurement schedule, and construction
schedule. But in PM+, the same CP covers only the procurement or construction
scope of work with related budgets. If the general contractor performs the
engineering work by itself, the engineering work related to the scope of work of
this CP will be executed and controlled by Internal Work Package(s) (IWP) and

will be associated to this CP.

PM+ provides interface to import the scheduling information from Primavera, or
other scheduling tools. Then the scheduling information can be spread out at the
system for high level of milestone information purpose. Figure 3-8 is an example

of commitment package schedule report providing the baseline information about
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time. In this report, the milestone information, such as the date of engineers to
issue the request for information (RFI) and for procurement to award a PO is
listed. The detail construction and fabrication are not maintained in PM+ due to
the impractical data handling burden, but they are planned and tracked in

scheduling tools.

This milestone schedule information is not integrated with the budget of each CP,
purchase order or contract and the cash flow is not generated inside PM+. Figure
3-9 is an example of budget grouping report by facility at level 3, providing the

cost baseline information.
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Figure 3-7 Master Schedule at CP Level (SNC 2007)
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COMMITMENT PACKAGE SCHEDULE STATUS REPORT

)

. 7
Project: IM001 : Poly Plant - Training 3ntemal Mandate 1 SNC-LAVALIN
Client: POLY TECHNOLOGY CANADA Page 1 of 1
Scope of Report: Type: All - Discipline: All Report Date: 2006-08-09
Time: 14:37.06
Template: CPN-C - Confract Schedule
Di. FAC Start Interdscipline  Prepaie for Issue for Issue Bid period Bid Eva! & Technical Orange Avrard Construction  Construclion
Engineering Coordination  Bid(RA)  Construction Contract RFQ Recommend  evaluation Folder start comptele
) 5>1>99'!9-1|-08‘ 19‘;’1911—’& 19991202 | 2000-01-14 | 1998-12-10 2000-01-C6 | 2000-01-12 | Z000-01-26 | 2000-01-28 | 2000-02-02 | 2000-02-03 | 2000-02-24
F o B : 2000-01-25 { 1999-12-21 | 2000-01-17 | 2000-01-28 | 2000-02-04 | 2000-02-08 | 2000-02-11 | 2000-02-14 | 2000-04-03
rd, Robert A 199941—15 1999-11-26 _1999—12»15
Variance:] -5 -4 -8 -7 -7 7 7 -7 7 -7 -7 .27
Remarks:
CHNOLOGY
L1}
louth S| 2000-01-17 | 2000-02-14 | 2000-03-03 | 2000-04-28 | 2000-03-10 | 2000-04-07 | 2000-03-21 | 2000-04-21 | 2000-84-28 | 2000-05-05 } 2000-05-08 | 200007-07
F{ 20000117 | 2000-02-14 { 2000-03-03 | 2000-04-28 | 2000-03-10 | 2000-04-07 | 2000-04-2% | 2000-04-21 | 2000-04-28 | 2000-05-05 | 2000-05- 2000-07-07
Ie, Richard A
Variance: [ [y 9] 0] o} 4 0 0 0 0 0 0
Remarks:
CHNOLOGY

Figure 3-8 Commitment Package Scheduling Report (PM+ 2007)
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Budget Grouping Report é))
PROJECT: CMOU6 : Poly Plant - Training : CCM Phase 2 {c3)

CLIENT:  POLY TECHNOLOGY CANADA SNC-LAVALIN
CHMRPBGRP
1.30000000

Hours Equipment Materials Ihstallation Total

TATLED & 1,626,962 F23.008 AR 414

£768.2¢ 1 258,021 £T1.52% 252881

3113240 £53.55¢ 246 554 3 AL 18T 24%2%

ATEE.44 ok 4,324,962 BE7. 465 2734386

457691 365,980 586,492 922.02% 3.888 432

571677 $.3%6 6586 47770 THE.£23 2.423 658

2554 o 465,655 234,275 £39.97¢

104797 134458 274.538 282,088 133481

402.57 265,560 20¢, 088 12,857 RiCEEL)

060 ¢ 1.827.000 126,008 3973 08¢

42.00 3 2436675 2684 2423359

(2 3 1,472,000 [ 1.473.000

(X ¢ 500,000 [ 586,000

260 ¢ 0000 s 760,006

s.00 [ $56,394 3 156334

Totsk: 28 505.09 2.517.304 4,187,628 §.209337 23,914.469

Figure 3-9 Budget Baseline in PM+, by Facility at Level 3 (PM+ 2007)
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Site visit is conducted to appreciate the essential components of the project and
some photos are taken for visualization study purpose. 2 of them are listed
bellows: 1) Training project south elevation view, 2) Site preparation in south

area.

Training project south elevation view Site preparation in south area

3.4 Monitoring, Trending and Forecasting in Project Execution

The 189 CPs, execution strategy of this training project, were executed by 356
POl/contracts, which means that each CP was executed by about 2 PO/Contracts.
To sinlnplify the research work, 9 typical commitment packages were selected for
study purpose. They include 8 construction type of CPs and 1 purchasing type of
CP. The detail information of them is listed in table 3-2. According to the site visit
and available drawings, general layout of 9 selected CPs in training project is

indicated in figure 3-10. One 3D model of the field study project has been
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developed for visualization purpose and area breakdown related with 9 selected

CPs are displayed on it as shown in figure 3-11.

Table 3-2 Detail Information of 9 Selected CPs

Item |CP No Title Discipling Type Currenc Budget

1 [1-901 |install Temporary Facilities(Electrical) 41 C - Construction Contract | CAD 138 750.0C
2 [1-902 |Site Preparation & Underground Services 41 C - Construction Contract | CAD | 1334 291.0C
3 |1-903 |Site Preparation Work Under R/R & South 41 C - Construction Centract | CAD 774 282.0C
4 |2-802 |OSEL FoundsiUtility, Lab.E} & Mati Han 42 C - Construction Contract | CAD 589 491.0C
5 |2-903 |New Piperack & HTM Foundations 42 C - Construction Contract | CAD 304 202.0C
6 [3-902 jUtility Bids & Lab Structural Steel 43 C - Construction Contract | CAD 600 368.0C
7 |4-902 |Arch Siding UtiVElec,Lab.MatiHan& Store 44 C - Construction Centract | CAD 236 724.0C
8 |[6-903 |OSBL Piping Installation 46 C - Construction Contract | CAD | 1 730 869.0C
9 |5-006 |Waste water treatment package 45 P - Purchase Order CAD | 1210 000.0C

6918 977.0C

Laboratory

Utility room
C1-90Z, C2-902.

Contrel building :

Electrical room

C1

MEW PIPE RACK AND HTM
802, €2-903. C6-902

FDNS

€3-902. C4-902

PTA Unloading
PTT Loading

C1-602, C2-902.

Material Handling :

) 1

€3-902, C4-902

PDO Supply & Storage

South end site preparation
C1-903

C1-902. C2-902. €3-902. C4-902

SITE PREPARATION
TEMP FACILITY

£1-901

Water Treatment Syst.
P5-G06

Figure 3-10 General Layout of 9 Selected Commitment Packages in Training
Project Plot Plan (SNC 2007)
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HTM FDNS

Figure 3-11 Plot Plan Visualization with Listed Facilities

10 monthly progress reports of the training project were studies, from February
2002 to November 2002. The procurement and construction schedule were
partially extracted and displayed in table 3-3, but the engineering schedule was

excluded.
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Table 3-3 Actual Schedule of the 7 CPs

The Procurement and Construction schedule of 7 selected CPs {Actual}
) 2002:

CP PO/ContractiDuration February] March I April May June July | August |September| October [November,
1,901 [1:60101 19d
1.901 02 10d
190211 ang £2d
2-902|2-902 40d
3-8023-902 50d
5-803 |5-903 128d
5-002 |5-002 125d
5-006 |5-005 245d

According to the available information, one training commitment package, CP 1-
902 (Site Preparation & Underground Services), was selected for detail cost
planning, monitoring, trending and forecasting study. It is construction type of
contract. Some fundamental cost information was extracted from PM+ system.
This information includes original budget, scope changes, commitments,

amendments, outstanding changes, trends and forecast final cost.

The following screens have been investigated in Cost Center Method Module in
PM+:

s Budget registration screen (BUDGET-CM)

o Commitment Package registration screen (CMCPACK)

e Scope Change registration screen (SCHGTR-CM)

o Trend registration screen (SCTREND-CM)

s Change Notice registration screen (CNCN-CM)

e Amendment registration screen (CNAMD-CM)

e Budget report (BUDGETR-CM)
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e Commitment List (COMML-CM)
o Scope Change List (PCN-CM)
o Trend Summary Report (TRENDS-CM)

» Contract Summary (CSU)

In the training project, CP 1-902 originally has 1,334,291.36 $(CAD) budget.
These budgets are registered in PM+ as 14 separated budget lines and
distributed to 2 different facilities or 8 CRC codes. The details are listed in table
3-4.

Table 3-4 Budget Details of CP 1-902

C P 1-802 (Site Preparation and Underground Services)

Budget ltem Description CRC Facility UoM  Quantity Total*

PREFARE AREA FOR CONTRACTOR TRAILERS BASE (COASTAL REROVES
ABOVE GROUNC STRUCTUR

e210 29130 LoT 1 35 100.00%

2 ROCK EXCAVATION - FLATFORIA 1322 12050 43 2300 68 914.90%

12ASS BACKFILL GRANULAR MATERIAL FOR PLATFCRE - BUILDINGS. RAIL
3 2 a i 3439
3 SIDING AREA. 1422 12050 143 23489 78 146.508

4 RENMOVAL OF EXISTING BURIED FOUNDATIONS & SERVICES 1231 12050 EACH 1 54 050.00%
5 FENCING ALL AROUND SITE AREA - PERKANENT 1736 12050 W 965 104 277.90%
5 PEDESTRIAN GATES - PERMANENT 1730 12050 & 4 3 402.008
7 VEHICULAR GATES - PERMANENT 1733 12050 EACH 4 10 007.00%
8 LAYDOWN AREA FOR MATERIALS 2410 29150 LoT 1 40 950.00%
2 SITE FENCE ¢410 29150 LtoT 1 35 000.00%
10 ACCESS ROADS {SUBASE It GIRECTS) 9410 293150 LoT 1 42 578.00%
11 IAASS BACKFILL GRANDLAR MATERIAL MG20 - GENERAL 1422 12050 M3 8686 206 196.95%
12 PROTECTICH OF EXISTING STRUCTURES 1100 12050 EACH 1 38 325.00%
13 EACHINE EXCAVYATION MASS - PLATFORM 1312 12050 143 13086 93 133.61%
14 MACHINE EXCAVATICH KIASS - 150 1413 STRIPPING AND CLEARING 1312 12050 M3 3260 23 203.50%

Total 1334 291.36%

Note: This value was modified from real data to respect confidentiality

In definition phase, CP 1-902 has zero commitment. No budget has been
allocated, so the un-allocated budget is equal to the original one. According to the

equation 2.3, the FFC, = unallocated budget = 1,334,291.36 $(CAD)
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In execution phase, the period 1 of this CP, one contract, named PO/contract 1-
902 (Site Preparation & Underground Services), was signed between SNC and
contractor. This contract executed the entire original scope of work included in CP
1-902. This contract had 20 pay items with original commitment amount of
1,138,000.00$(CAD). The details are listed in table 3-5. After the contract was
awarded, the relevant budget for the same scope of work was allocated manually.
In this same period, a change notice was submitted in an estimate price of
100,000.00% from contractor to SNC due to site condition variance. This change
notice was under discussion in this period. End of period 1, the FFC; =Total
Commitment (TC) + Outstanding Change (OC) =1,138,000.00 + 100,000.00 =

1,238,000.00$(CAD).

Table 3-5 Commitment Details of Contract 1-902

PO/Contract: 1-902 - Site Preparation & Underground Services

Vendor/Contractor: Les Excavations Chandmar - Victoriavilie, Qc Currency CAD
Hems Pay ltem Description Pricing Mode Facility CRC Uoi Commitment {($)

1 Rouloties et services connexes LS 29150 9410 EACH 45 000.00%
2 Clotures Temporaires LS 23150 9410 M 40 000.00%
3 Clotures Permanentes et MALT LS 12050 1730 15 110 000.00%
4 Demol. des Reseaux Souterrains Existanis LS 12050 1231 UMIT 50 000.00%
5 Remblai MG 20 LS 12050 1422 M3 190 000.00%
6 Rembiai Sable LS 12050 1422 k43 75 000.00%
7 Tout Autre Rembla! LS 12030 1422 K3 480 000.00%
8 Glissieres en Beton LS 12030 1422 K4 10 000.00%
9 kur de Soutenement LS 12050 1422 % 15 000.008%
10 Programme Particulier de Prevention LS 12050 1100 EACH 1 500.00%
11 Programme de Controle de Quelite LS 12050 1100 EACH 3 500.00%
12 Demolition des ouvrages en belon up 29150 941G LOT 72 000.00%
13 Demotition des tuyaux up 29150 1231 EACH 15 000.60$
14 Transport - Beton demoli up 29150 1231 EACH 12 000.00%
15 Transport - Tuysux up 29150 1231 T 7 060.00%
16 Sols contamines - prix supplementaire upP 28150 1231 EACH 5 000.00S
17 Sals contamines - Surexcavahon up 20150 2410 LCT 7 000.60$
18 Holdhack LS 29150 1100 EACH 0.008
19 Federal Sales Tax LS 20910 996C LOT 0.60%
20 Provincial Sales Tax LS 20020 996G LOT 0.00%

TOTAL 1 138 000.00%

Note: This value was modified from real data to respect confidentiality
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In period 2, the outstanding change notice was approved and became a part of
contract amendment. End of period 2, the FFC, =Total Commitment (TC) +
Outstanding Change (OC) =1,238,000.00+ 0 =1,238,000.00$(CAD). The FFC of
period 1 and 2 are the same, but the value in period 2 is more certain than that in
period 1, since outstanding change notice has become a part of total commitment

in period 2.

In period 3, SNC submitted a Design Change Notice (DCN) to client and it was
approved as new scope. New budget was registered in PM+ to reflect this
approved scope change. SNC also received another quotation for potential
change from contractor. Both the change notice and new budget were registered
in the system. End of this period, the FFC =Total Commitment (TC) +
Outstanding Changes (OC) + Unallocated Budgets (UB) =1,238,000.00 +

150,000.00 + 150,000.00 = 1,538,000.00$(CAD).

In period 4, the outstanding change was approved and considered as
commitment but in an amount of 140,000.00$ CAD. The new budget was
completely allocated to cover the commitment changes. End of this period, the
FFC4 =Total Commitment (TC) = 1,378,000.00$(CAD). Table 3-6 lists the above

investigation.



Table 3-6 Project Cost Status by Period of Contract 1-902

ltems Budgets Total Outstanding Trends  Unafiocated FFC=(3)+{4}+({5)+{B} Varaince
o Commitment  Changes Budgets {Forecast Final Costj
Period {1). Criginai  {2). Revised {3} {4} (5) iB8) (7} (8) = {2)-(7)
Pericd O 13342918 13342918 -8 -5 $ 13342818 1334 2818 g
Peried 1 13342818 13342¢1S 113800038 100 0005 - % - S 1238 000S 56 2918
Period 2 1334291% 1484 291% 1233 000% - S -3 185G 000S 1 388 0003 96 2915
Feriod 3 13342815 1484291$ 12380003 150 000S - S -5 1388 00035 9562915
Pericd 4 13342915 1484281% 1378 000S - S -3 -3 1378 0008 106 2918
Scope

Change—___
10% ;

~—____riginal
90%

Percentage of original budget and scope changes

Amendment
175

Qriginal
83%

Percentage of onginal commitmant and amendm2nt

Figure 3-12 Percentage of Original
Budget and Scope Changes

Figure 3-13 Percentage of Original
Commitment and Amendments

From above analysis, the CCM forecasting method can easily integrate the scope
change and commitment changes into the forecast final cost. Also the 10% of
increased scope of work and 18% increase in commitment changes indicate that
integration of changes management into forecasting is crucial to successful
project control and forecasting. There is no detail trend information in this case

study.

3.5 Progress Reports

10 monthly progress reports of the training project were studies. The table of

content of the progress reports is:
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s Executive summary
o Project status summary
e Project controls
o Activities this month
» Activities plan for next period
o |ISBL activities
» Exhibits
o Health and safety summary and statistics
o Key milestone
o Project master schedule
o Progress curves
o Milestone payment table
o Project change notice register
o Partner's engineering schedule
o Partner’s procurement schedule

o Photographs

The cash flow is not included in these monthly progress reports and is prepared
separately at company level. The progress visualization is poorly presented in
these monthly reports. Figure 3-14 is an example from the training project
monthly progress photo report. In this report, the construction progress photos
are manual extracted from folders in construction site PC and put into a word

process document. It cannot generate photos or video reports by area or contract,
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which are often requested by clients and management. Figure 3-15 and 3-16

report the progress of engineering services and the construction services.

Figure 3-14 Progress Photo Report from Training Project
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FABRICATION + CONSTRUCTION:

September 25 2002

3

t

102  Aug02 Sep02 Oct-02 Nov-02 Dec-02 Jan-03 Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul03 Aug-03 Sep-03 Oct-03 Nov-03 Dec03 Jan-04 Feb-04
[—*—* Cument plan ——.-—-EarnadJ
Jul-02 | Aug-02 | Sep-02 | Oct-02 | Nov-02 ] Dec-02 Jan-03 | Feb-03 | Mar03 | Apr-03 § May-03 § Jun-03 | Jut-03 Aug-03 § Sep-03 § Oct-03 Nov-03 | Dec-03 ] Jan-04 § Feb-04
o 6.3% 8.5% 13.8%| 226%) 20.0%| 233.1%| 39.8%| 455% s51.4%| 57.2%| 63.7%{ 70.1%| 755% T 807%| 86.9%| 91.9%]| 86.5% ?7.8% 98.9%] 100.0%
& 46% 7.9%) 11.9%! :
13 -1.7% -0.6% -1.9%
7 0.7 0.9 0.9

Figure 3-15 Engineering Services Progress from Training Project
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OSBL ENGINEERING: SEPTEMBER 25th 2002

2 May-02 Jun-02 Jul02 Aug02 Sep-02 Oc-02 Nov-02 Dec-02 Jan-03 Feb03 Mar-03 Apr-03 May-03 Jun-03 Jub03 Aug-03 Sep-03 Oct-03 Now03 Dec03

[‘—a-—Curyenl Plan =——Xe=mfamed =~ D= Fomcasi]

Aar-02

Apr-02

May-02

Jun-02

Jul-02i

Dec-03

9.9%
9.0%
0.9%

0.904

19.4%
19.6%
0.4%|

1.02

31.2%
30.8%
-0.4%|

0.99

426%
40.1%
-2.4%

0.94

54.2%)|
49.5%
-4.7%

0.91

100.0%

100.0%|

Jre 3-16 Fabrication and Construction Services Progress from Training Project




4 CHAPTER FOUR: METHODOLOGY

4.1 Statement of the Problems

4.1.1 Forecasting Accuracy

When submitting a trending analysis or project cost report for a project, three key
questions are often asked by the clients or management:
s How accurate is the estimate or forecasting?
s What is the probability that the project will be delivered within this estimate
and forecasting actually?
e How much extra budget should be included in order to deliver this project

with a certain degree of confidence?

In EVM, the calculation of estimate at completion (EAC) can provide forecast final
cost, but it does not tell the confidence level of the forecasting amount. Neither

the PM+ system nor the monthly cost report answers these three questions.

4.1.2 Progress Curves and Performance Index

There are some concerns from project controls people about the progress curves
and 3 limitations were identified. They are as follows:

» In monthly report, the engineering, fabrication and construction progress

curves were provided, but the earned value method was not applied. In

PM+, the earned value method is partially applied to control the EPCM
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work hours and construction work hours and only the CPI index is
reported.

Project team has some difficulties to generate overall project progress
curve, due to different control criteria between engineering services,
procurement services and construction services. For example, engineering
services will be reported in the unit of measure in work hour, yet the
procurement works will be reported in the unit of measure in dollar value.
In such a case, accurate CPI or SPI index at a project level is hard to
achieve.

The forecast final budget (hours and dollars) is not distributed according to
time, due to discrepancy between scheduling activities and cost control

account.

4.1.3 Progress Visualization

3 limitations were identified:

Only pictures were attached in the monthly reports in hardcopy format.
Other media were not integrated to progress reporting.

Project control staffs have difficulties to search and group multimedia
information for progress visualization reporting purpose, due to lacking
proper multi-media coding structure

Project management or clients have difficulties to access construction
progress media files, due to lacking a web-based centralized construction

progress media center.
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As a result, the construction management is still faced with the problem of how to
digest and understand vast amounts of data in the dynamic and fragmented
environment of construction. Proper coding structure, a variety of medium and
easy access web-based server to communicate progress data will assist

construction management in decision making.

4.1.4 Summary

Efforts will be spent on improving the above identified limitations by applying
EVM, probabilistic forecasting and visualization. The following tools and systems
will be used to achieve this goal: 1) PM+ system; 2) Microsoft Excel; 3) Microsoft
Project; 4) VBA; 5) @Risk 5.0 for Excel; 6) Power Builder 9.0 from Sybase; and

7) SQL language.

4.2 Trending Accuracy Improvement

To imprd\}é the trending accuracy, 2 steps are needed: 1) integrate the estimate
accuracy range into forecasting, 2) improve the selection and application of

estimate accuracy range. @Risk 5.0 for Excel is chosen as the tool.

@Risk provides 37 types of probability distributions allowing the specification of
nearly any type of uncertainty in cell values in excel and they are classified into
discrete and continuous. Figure 4-1 provides the details of these 2 classes. Monte

Carlo and Latin hypercube sampling technique are both available for simulation.
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Since Latin Hypercube sampling will accurately recreate the probability
distributions spécified by distribution functions in less iteration, when compared
with Monte Carlo sampling, Latin Hypercube is selected as the sampling
technique. The Mersenne twister, a pseudorandom number generator (RNG)
developed in 1997 by Makoto Matsumoto is chosen as a RNG. In this study, the

iteration is set to 5000 in order to achieve higher simulation accuracy.
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Figure 4-1 Probability Distribution Types (@Risk 2008)
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The Beta distribution is often used as a starting point to derive other distributions
to model events which are constrained to take place within an interval defined by
a minimum and maximum value, such as PERT. The PERT distribution is rather
like but is considered as superior to the Triangular distribution, in that it has the
same set of three parameters. Technically it is a special case of a scaled Beta
distribution. In PERT distribution, the shape parameter is calculated from the
defined most likely value and the standard deviation. In this sense it can be used
as a pragmatic and readily understandable distribution. The Triangular distribution
is perhaps the most readily understandable distribution for basic risk models. But
it has 1 main disadvantage, which is over-emphasis of the outcomes in the
direction of the skew when the parameters result in a skewed distribution.
(@Risk user guide, 2008). Sometime, Lognormal distribution is used to model an

estimate of an unbounded range for maximum.

In practice, beside the most likely value, the estimators often provide trend
estimate accuracy (TEA) between range of minus% and plus%, which are treated
as the lower bound and upper bound of a range. To fit this nature, PERT method

is chosen to improve the identified limitation of forecasting accuracy. The

embedded function, RiskePert, from @Risk is used to facilitate this integration.

To apply this method to Cost Center Method, Equation 4-2 is generated to explain
the idea, while equation 4-1 is the original one. This detail calculation is applied
on the trend estimate detail level, but the result is integrated to purchase order

and contract level. The sum of them is at project level.
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FFC=TC+0C+Tr+UB Equation 4-1

FFC =TC +OC + Ir[(TEA(+)%]+ UB Equation 4-2

Two numerical examples are introduced to demonstrate this method and the
output results will be compared. The numerical example A will describe the
limitations of equation 4-1, while the numerical example B will demonstrate the

improvements.

Numerical example A:

In contract C-3-901, the client asks for a quick estimate for a potential scope
change on steel work and wants to integrate this uncertainty into the forecasting
final cost. Based on available information and experiences, the estimator
prepares a trend estimate and registers the resuits to project the forecasting

according to equation 4-1. Table 4-1 and 4-2 demonstrate the results.

Table 4-1 Trend (T-001) Detail Registration for Contract C-3-901

Trend Number ftems  CP  Facility CRC Description Most likely
T-601 01 C-3-901 12100 3110-Light Steel LIGHT STEEL (X <= 30 KG/M) 3 060%
T-001 02  G-3901 12100 3120-Medium Stee!  MEDIUM STEEL (30 KGiM < X <= 80 KG/M) 50008
T-001 03  C-3-901 12400 3130-Heawy structure  HEAVY STEEL (X » 80 KG/M) 30008
T-001 04  C-3-901 12400 3200-Steel members STEEL GIRCERS, BEAMS AND COLUMNS 5 500%

TOTAL 22 500%
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Table 4-2 Forecast Final Cost of the Project (2 CPs)

Commitment Package 1C 0C Tr UB FFC
C-3-901 40 000.00% - $ 2250000% - § 52500008
C-1-901 30 000.00% - 8 - % $ 3000000%

Total 92 500.00%

As identified above, even though the FFC amount, 92500.00%, includes the
potential scope change amount, which is 225008, it can tell neither how accurate
is this uncertainty, nor is what the probability that this potential scope change will

be delivered within this estimate.

Numerical example B
In the proposed method, the trend estimate accuracy range is integrated into
probability calculation. Table 4-3 is a data example, which includes 3 built-in

functions from @Risk. Their syntaxes are as follows:

o Syntax 1: RiskPert (minimum, most likely, maximum)

o Example: in Excel cell “J4” =RiskPert(14*(1+G4),14,14*(1+H4)).
e Syntax 2: RiskTarget (cell referred, target value)

o Example: in Excel cell “F10’=RiskTarget(J8,G10)

e Syntax 3: RiskPercentile(cell referred, percentile)

o Example: in Excel cell “F11” =RiskPercentile(J8,G11)

Syntax 1 specifies a PERT distribution (as special form of the beta distribution)

with a minimum and maximum value as specified. Cited from @Risk 5.0 for
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Excel, (2008) Guide to Using @Risk, the definitions of this syntax are listed from

equation 4-3 to 4-5. The probability density function is listed in equation 4-6.

~ min+ 4 mlikely + max

= . Equation 4-3
0
B 1= min
oy = {:’E . Equation 4-4
L max—min !
i B
| max—p
Uy =06) ———— Equation 4-5
| max— min |
[ ooy —1 vy —1
£(x) (x —min)”" ! {max—x)"~
X) = .
R ) v .oy o —1 Equation 4-6
Bler .o max—min J71 772
Where,

B = Beta function

u = Mean

Syntax 2 returns the cumulative probability for target value, in the simulated

distribution for cell referred.

Syntax 3 returns the value of the entered percentile of the simulated distribution

-

for cell referred. . €

In this numerical example, the requested confidence level is set to 90 percent,

which can be changed according to project needs. After running 1 simulation with
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1000 iterations, the probability density and scatter plot can be provided for

analysis. They are displayed in figure 4-2 and 4-3.
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- Detail Calculation with Proposed Method

D E F G i H I
Subjective ‘
. . . led |
Facility CRC Description lex\::?;::y %?:sg(i) o, Most likely ( @g‘?srz% utp ujL
31 12100 3110-Light Steel LIGHT STEEL {X <= 30 KG/M) . 569 i 3025% !‘
¥ 12100 3120-Medium Steel  MEDIUM STEEL {30 KG/M < X <= 80 KG/M) -10.00%  15.00% 5000% 50428
31 12400 3130-Heavy structure  HEAVY STEEL (X > 80 KG/M) -1000%  15.00% 8 000% 3067%
31 12400 3200-Steel members STEEL GIRDERS, BEAMS AND COLUMNS -1060%  15.00% 6 500% 6 554%
- TOTAL 22 5008 22 688%
alue of 22500 37.7% 22 500
r 90.0% confidence 23 401.13% 90.0%
for 90.0% confidence 901.13%
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With this proposed method, after running simulation, immediately users can get
answers to the above popularly asked questions:

s The estimate is based on an accuracy range of -10% to +15%

» The probability of meeting value of 22,500% is 37.7%,

» Total budget required for 90% confidence is 23,401%

o Extra budgets required for 90% confidence is 901$

The cost controllers can have the option to register either the most likely trend
value 22,5009 into the system, which has 37.7% of confidence after a simulation
of 1000 iterations, or they can register the value of 23,401%, which has 90% of
confidence into equation 4-2 and report the new FFC number to the client which
is indicated in table 4-4. But rules should be set in planning phase of the project in

order to have understandable and consistent reports.

Table 4-4 Forecast Final Cost with 90% Confidence on Registered Trend

Commitment Package TC OC Tr UB FFC
C-3-901 40 000.00% - $] 23401.13% - $| 63401.13%
C-1-901 30 000.00% - 8 - 3 - $ | 30000.00%

Total 93 401.13%

There is another challenge to overcome before the successful implementation of
this method, which is the definition of the accuracy range. It has key impact to
forecasting result when using PERT method. In order to facilitate the application

and provide more accurate forecasting, 4 methods are proposed to improve this
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trend estimate accuracy (TEA) range. They are as follows and will be discussed
in next 4 sections:

¢ Subjective accuracy range

s Accuracy range by engineering progress

o Self-adjustment accuracy range of a trend

o Self-adjustment cumulative accuracy range within a trend type

4.2.1 Subjective Accuracy Range

Probability analysis has been deemed useful when decision-making is
characterized by risk rather than uncertainty. There are numbers of good reasons
why subjective probabilities may be not only quite acceptable but even preferable
to objective probabilities. Kuotsoyiannis (1982) makes the point that most of the
decisions that a firm must take are unique, in the sense that the conditions of the
economic environment change continuously. It is impossible to obtain past

observations of similar events from which to estimate objective probabilities.

Subjective probabilities may be important for a second major reason. Subjective
probabilities of individuals with the same experience and information may be very
different. Personal differences of the decision maker can play an important role in
decision-making. Subjective probabilities are not pulled out of thin air. They will
usually be based upon knowledge and experience gained from similar projects. In

addition, subjective probabilities should not be formed by one individual or group.
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They should be subjected to testing and questioning through tried and tested

techniques such as Delphi Method. (Flangagan and Norman, 1993)

In this research, the Subjective Accuracy Range (SAR%) will be utilized as one
optional accuracy range to the trend estimate on CCM method. It provides users
the opportunity to define an estimate accuracy range based on their experiences
and current available information. For example, an estimate based on fixed prices
quotation from suppliers has more accurate range than an estimate based on

public pricing database in term of unit price information.

4.2.2 Accuracy Range by Engineering Progress

Engineering completion progress plays an important role to estimate accuracy.
This impact mainly comes from scope and quantities variance. An estimate during
detailed engineering stage is more accurate than that during equipment factored
stage. The following figures 4-4 and 4-5 provide estimators a reference for

choosing estimate accuracy range that will be applied to the proposed method.
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ESTIMATE CLASSIFICATICN

ESTIMATE
CLASS

Leve! of Project
Definition
Expressed as % of
Eng. Cosmpletion

Project Phase

Typical Purpose of
Estimate

Typical Estimating
Method

Expected Accuracy
Range

Class

0% to 3%

Project Definition

Concept Screening

Capacity factored,
Parametnc models,
Judgment, or Anzlogy

Average + 40/ -30%

Class 4

5% to 10%

Conceptual Design

Study or Feasibility

Equipment Factored or
Parametric Model

Average: + 25/ -20%

Class 3

20% to 35%

Basic Design

Budget. Authonzation, or
Control

Semi-Detailed Unit
Costs with Assembly
Level Line tems

Average: + 15/ -10%

Class 2

Detailed Engineering
ERC

Contrc! or Bid'Tender

Detailed Unit Cost With
Forced Detailed Take-off

Average: +107 5%

Class 1

52% to 100%

Detailed Engineenng
EPC

Check Estimate or
BidTender

Detailed Unit Cost With
Cetailed Take -off

Average: +5/-3%

Figure 4-5 Estimate Classification (AACEI 2008)
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4.2.3 Self- adjustment Accuracy Range of a Trend

Self-adjustment accuracy range is the third option to be integrated to improve the
forecasting accuracy. Equation 4-7 and 4-8 are developed to provide self-
adjustment accuracy range of a trend. These self-adjustment accuracy ranges will
be applied only in situations that trend period variance percentages fall outside

the default ranges.

LR, % =IW x LR% +(1-IW)x > W, xV, %

i=1

Equation 4-7

UR, % =IW xUR% +(1—IW)x > W, . xV, %

e Equation 4-8

i=1

Where,

LRs:%= the self-adjustment lower range of estimate accuracy

LR% = the default lower accuracy range from engineering progress

IW = the initial weight of default LR% from engineering progress, by default is 0.5

W, = the weight of trend variance which is outside default lower range. Sum of
Wi =1

Vii% = the trend variance percentage which is outside default lower range

URs,%= the self-adjustment upper range of estimate accuracy

UR% = the default upper accuracy range from engineering progress

W.ri = the weight of trend variance which is outside default upper range. Sum of
Wi =1

V.i% = the trend period variance percentage which is outside default upper range
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This method uses the historical variance between periods of a trend to forecast
the accuracy range that will apply to this trend for next period. It is recommended
to use under following 2 situations:

1) The evaluation of that trend estimate wil‘l last more than 3 periods, in

order to provide enough historical information for self-adjustment.

2) This trend estimate is prepared by the same team, in order to screen out

subjective errors.

A numerical example is used to demonstrate the method and Table 4-5 and figure

4-6 provide detail information and concept explanation:

Trend (T-008) is estimated to provide potential additional bulk piping for OSBL
area. Since the quantity information is based on engineering drawings in basic
design stage, then the default estimate accuracy is set to +15% and -10% due to
the potential variation from quantities. The unit price is fixed at 20$ per meter.

e In period 1, the take off quantities of pipes are 1000 meters and the
estimate is about 20,000.00%. In this case, the accuracy range is set to the
default one, which is from -10% to +15%. The @Risk mean output of
20,166.679%.

e In period 2, the take off quantities of pipes drop to 950 meters and the
modified estimate amount becomes 19,000.00%. Since the variance%
(column 9) is -5% = (950-1000)/1000, which is within the accuracy range,

so no action is needed.
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In period 3, the take off quantity of pipes dropped again to 820 meters and
the modified estimate amount changed to 16,000.00%. But since the
variance is -16% = (800-950)/950, which is outside the default lower range
-10%. This causes a concern to estimator and it seems the take off
quantities may drop again due to engineering optimization.

According to equation 4-7,

LR, %= IW x LR% + (1—IW)x > W, xV, %

i=1

]
LR, % =0.5x(=10%)+(1-0.5)x ¥ 0.5x (~16%)

i=1

= (-13%)

Where W is set to 0.5 subjectively
In period 4, the estimator has an option to keep the default accuracy
range, or chose the self-adjustment accuracy range, which indicates the
estimate amount will be more confident due engineering optimization. The
calculation of this self-adjustment accuracy range in period 4 is as follows.
But no ma’&er which option is chosen, the span of accuracy range will be
kept the same, since the project is still in basic engineering stage.

LRs2%= -13%, (adjust variance is (-13%) — (-10%) = (-3%) )

URs.%= 15% + (-3%) =12%
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Table 4-5 Self-adjustment Accuracy Range Example (T-008)

Self-Adjustment Estimate Accuracy Range of a Trend

Initial Accuracy Initial Weight
LR (1% UR (1% (W)
‘onal bulk piping for OSBL -10% 15% 05
?:)z ” Quantity UoM  Unit Price Estimate Amount Megr:jgzisk ( g:;i?:::) V?\;l; ;":,Ze Weri)gehri:(:Wd
) 3) 4 (%) {6) {7) (8) 9) {10)
Y 1000 Meter 20.00% 20 000.00% 20 166.67% 0 0
) 950 Meter  20.00% 19 000.00% 19158.33% - 5000 -5%
% 800 Meter 20.00% 16 000.00% 16 133.33% - 150.00 -16% 05
) 800 Meter 20.00% 16 000.00% 15 978.95% - 0%
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Initial Accuracy

Current Period

Initial Weight
~Yoh +3}% W .
L'Rﬂ() :,/ U}:;WV (0 :) Self-Adjusted Upper Range
— = i URsa % :120/0
-stimate Range (H) \\y
Period 1 Period 2 Period 3 Period 4
| ! | >
| \\\Q\és !
T~ A =(-)3%
\\_
’"'_—__'"'"'_‘__“"_____"‘"'__~"'"“‘_‘“;\\T;:‘"""W*VT«';;";W: """""
e R
:stimate Range (L) N T
Variances = (-)16% .
Period Weight = 0.5 Self-adjusted Lower Range

LR:%=(-}13%

Figure 4-6 Self-adjustment Accuracy Range of Trend T-008
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4.2.4 Self-adjustment Cumulative Accuracy Range by Trend Type

Self-Adjustment cumulative accuracy is an extension to self-adjustment accuracy
range of a trend. The purpose of this option is to provide the default range for
specific type of trend, which may not relate to engineering progress. For
example, the pattern of historical accuracy of the trend type “Estimator Errors” will

be very likely applied to the new trend estimate under this category.

Algorithm of this method is demonstrated through a series of equations from

equation 4-9 to equation 4-20.

CTARN% =Y VIVP% Equation 4-9
i=1
VWP, % =VP.%x WP, % Equation 4-10
VP, % = V,/TA, x100% Equation 4-11
WP % = AC./TCNV x100% Equation 4-12
WP % =0 if the BO="Yes”
TCNV - Z (AC,) Equation 4-13
i
Vi=AC, - T4, Equation 4-14

Where,

CTARN Y% = Cumulative trend accuracy range lower bound (negative)
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VWP, % = Variance weight percentage with negative V;
WP, % = Weight percentage with negative V;
VP, % = Variance percentage with negative V;

AC; = Actual cost of a trend with negative variance V;

TA= Trend amount that has negative variance V;

TCNV = Total trend actual cost with negative variance. It is a conditional
sum of 2 criteria: 1) The trend is not blacked out, which means BO =
“No”; 2) the variance V; is negative.)

V; = the difference between actual cost and trend amount, which is

negative.

‘1" is series trends to define lower accuracy range

CTARP% = Z VWP % Equation 4-15
i
VWP, % =VP,%xWP;% Equation 4-16
VP, % = V/TA;x100% Equation 4-17
WP, % = AC,/TCPV x100% Equation 4-18
WP% =0 if the BO=”Yes:’
TCPV - i(AC,-) Equation 4-19
=
V,=AC, - T4, Equation 4-20
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Where,

CTARP% = Cumulative trend accuracy range upper bound (positive)

VWP, % =Variance weight percentage with positive V;
WP, % = Weight percentage with positive V;
VP, % = Variance percentage with positive V;

AC; = Actual cost of a trend with positive V;

TA= Trend amount that has positive V;

TCPV = Total trend actual cost with negative variance. It is a conditional
sum of 2 criteria: 1) The trend is not blacked out, which means BO =
“No”; 2) the variance V; is positive.)

V; = the difference between actual cost and trend amount, which is

negative.

‘J” is series to define upper accuracy range

A numerical example is used to demonstrate this algorithm in 3 steps.

Step 1

, Define the trend type based on project needs. Table 4-6 is an example.
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Table 4-6 Define the Trend Type (Example)

Type Code Description
1 BMR  Benchmark Reforecast
2 CCT  Claims from Sub-contractors
3 DDT  Design Development
4 EET  Estimating Errors
&) GAL  Growth Allowances
B OST  Change in Project Scope
7 PCT  Price Changes
8 SCT  Site Conditions

Step 2, Register the trends by trend type.

Trends estimate details and actual cost details should be registered by trend type

in order to cumulate information. This method also enables blacking out certain

trends in which exceptional conditions are known to have prevailed, and not likely

to be repeated beyond the reporting date. The trend estimate amount and actual

cost amount were listed in table 4-7.

Table 4-7 Trend List of Trend Type - Design Development (DDT)

TREND TYPE
1 Design Development {DDT)
1 2 3 4 {(5)3=(4)(3)  (B)=5)(3) 7 8

R ~ . . Variance

Trend Number  Weigh  Trend Amount  Actual Cost  Vanance Variance Blackout Weight %

(N (WPY% (TA) {AC) Vi VP}% {BO) (\/WP)t
DOT-01 0% 100% 130% 30% 30% Yes 0.00%
ooT-02 21% 300% 330% 303 10% Mo 2.10%
DDT-03 12% 250% 230% - 20% -8% No -0.97%
DOT-04 27% 400% 425% 25% 6% Mo 1.69%
DOT-05 52% 800% 816% 16% 2% No 1.04%
DDT-06 40% 800% 7508 - 508 -6% No -2.48%
DDT-07 48% 1000% 9108 - 90$ -3% Mo -4 33%
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Table 4-8 CTAR Results Display

Cumulative Trend Accuracy Range {CTAR) in this type

pinus(-) % Plus{+) %
CTARN% CTARP%
-1.79% 4.83%
Dollars
Total trend actual cost with positive variance (TCPV)| 1571.0%
Total trend actual cost with negative variance (TCMNV} 860.0%

In this example, according to equation xy

TCPV = (DDT-02) + (DDT-04) + (DDT-05) = 330% + 425% + 816$=1571%
TCNV = (DDT-03) + (DDT-06) + (DDT-07) = 230$ + 750% + 910$=1890%
WP% (ppr-02) = 330/1571=21%

V (ppt.02) = 330 — 300 = 30

VP%pot.02) = 30/300 = 10%

VWP% ppr.02) = 10% X 21%=2.10%

CTARN% = (-)0.97%+ (-)2.48% + (-)4.33% = (-)7.79%

CTARP% = 2.10% + 1.69% + 1.04% = 4.83%

From this CTARN and CTARP, we can tell that in the historical data in the trend
type of “Design development”, more trend amounts are turned into actual cost in
optimistic direction than in pessimistic direction. Or we can tell we are over
pessimistic. With this reference, estimators can apply this cumulative trend
accuracy range (CTAR) to next trend estimate under the type of "Design

development” and the table 4-9 is an example of this application.
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nt Accuracy Range Is Applied to A New Trend within the Same Type

Facility CRC Descriptian fvﬁnus?():;u;zh} 5 Kost ikely (@R?i:iztput)
12100 3110-Light Steel LIGHT STEEL (X <= 30 KG/M) -7.79% 4.83% 300% 299%
12100 3120-Medium Steel  MEDIUM STEEL (30 KGM <« X <= 80 KGM)  -7.79% 483% 200% 199%
12400  23130-Heavy structure  BEAVY STEEL (X > 80 KG/M) -7.79% 4.83% 500% 488%
12400  3200-Steel members  STEEL GIRDER, BEAMS AND COLUMNS -7.79% 4 83% 250% 249%
Total 1250% [:____J_Z_ﬁ;s_!

{ Mean

Zi7E

1.18

il b cose |
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Based on this proposed method, the project control people can decide or choose

estimate accuracy range from available information and integrate estimate

accuracy range to provide better trend forecasting.

4.3 Project Progress Integrated Control and Forecasting

After discussing with different project control people, the following factors are

some of the reasons preventing the facilitation of project progress integrated

control and forecasting:

1)

2)

The project baseline is established mainly based on WBS, but the project
is executed mainly by internal work packages, purchase orders and
construction contracts. This difference causes a gap between time
planning and cost monitoring.

It is time consuming to distribute the commitment package values
according to time. For example, a large size project has about 1000
commitment packages and some of these commitment packages have 500
budget lines.

Different unit of measures on progress measurement obstruct the
integration of overall project progress curves. For example, it is more
convenient to plan and monitor the engineering work by work hours; on the
other hand, the dollar values will be more suitable to measure the

procurement work.
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In the following section, methods and workflows are proposed to provide project
progress integrated control and forecasting. Figure 4-7 is the workflow and it is

explained in coming sections.
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wgrated Control and Forecasting (PPICF)

Planning Value Definition Eamed Value Actual Cost
Area )
;"f ] l Sub-Area ] I Sub-Area |
SSub—Area“E
Measured
) iInternal Work Work . Work ! Work -
ey Package (IWP) Package Package Package By deliverables
9 . (P Class) (C Class) (M Class) By milestones
: - BT . By quantities
L4 2 . J £ By elc. Register in hours
Budget Budget Budget Budget > o ggr dollars
i i N 1
Schiedule Schedule :Schedule Schedule -
; ! T I Register in hours
Progress Progress Progress Progress or dollars
Template Template Temnplate Template
=34 Engineering Procurement Construction
all Department

Figure 4-7 Project Progress Integrated Control and Forecasting —PPICF
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4.3.1 Planned Value Definition

The first step is to define the level of control detail. Engineering work is planned at
3 levels but controlled at 2 levels. Procurement work is planned by P class of
commitment packages and monitored by P class of purchase orders.
Construction work is planned by C class of commitment packages and controlled

by C class of contracts. Figures 4-8 and 4-9 outline the 2 key steps of this overall

plan.
OBS 4 EPC Project WBS J
" Direct Cost indirect Cost %
H =
Engineering
|
Procurement i e Area-1 J Area-2 J Area-3 J
. | ~ . ]
Construction Ji -« | Sub-Area- | Sub-Area-
21 2-2

Figure 4-8 Prepare the OBS and WBS in EPC Project
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EPC Project |
Engineering Procurement E Construction
Discipline . P5001 | ] C1-901
:41; -givil t | e PAB-002 1 C-5-902
-Concrete : ' " T
43-Steel i NN
44-Architecture | B Lo C-6-901
...... 7
IWP-41-01 |
[ WP-aT-UL |

Figure 4-9 Define the Execution Strategy Packages

To apply the earned value, the planned values need to be distributed according to
time. 5 steps are proposed to facilitate this function:
1) Use predefined progress templates to break down the commitment
packages into different milestones.
2) lntegr_ated the estimate accuracy into the budget definition by using PERT
mgthod and distribute the budget to milestone level. |
3) Prepare schedule activities in order to provide schedule 'i‘nforr.nation for
each milestone.

4) Use beta distribute function in excel to distribute the milestone value

according to milestone dates automatically by selected shape factors.
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5) Sum all work packages by department to generate the department planned
value curve, or called performance measurement plan.

The following numerical example demonstrates these ideas in steps. In this
example, it is a purchase order P-5-001 with value of 10003. It is a major
purchase order with different dgli_very dates.
Step 1, Define progress template in order to measure the earned value in a later
stage. To improve the control of engineering work and subcontracts, a broad
literature reviews were done to conclude progress measurement templates. Table
4-10 (PM+, 2004) and 4-11 (James and Kenneth 2005) are two examples of
engineering work and construction work. More templates are documented in
appendix B. Figure 4-10 is a practical template with weights on each milestone

that can be applied to major purchase order.

Table 4-10 Progress Template for Civil Drawings

Code Description Weight (%) Cumulative (%)

1 Initial Design 5 5

2 Startegd . - 15 20
3 Released - Internal review 40 60
4 Released - Client comments 10 /0
5 Released - For tender 20 a0
B Released - For construction 5 a5
7 As built received / Filed 5 100
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Table 4-11 Progress Template for Concrete Work

Code Description Weight (%)  Cumulative (%)
1 Febar in place 20 20
2 Forming complete 50 70
3 Concrete poured 10 50
4 Stripping complete 15 a5
5 Dressed and patched 5 100
Code| Template Name | Milestone | Description | P% |C %[EP|C
PO1 Major PO Progress F
rMT-1 Award PO 5% 5%
FAT-2 Initiate Vendor Drawing 5% 10%
MT-3 Yendor Dravang Approve 5% 14%
T4 Fabrication 1 - First Key Fabri. 25% 40%
fAT-3 Fabrication 2 - Interim Key Fabri. 20% G0%
MT-6 Fabrication 3 - Final Key Fabn ) 20% 30%
MAT-7 Deliver to ship Ex-work - 1 Major Delivery 5%
WIT-8 ~ Deliver to ship Ex-wark - 2 Gther Delivery 5%
MT-9 Deliver to ship Ex-worlk - 3 Final Delivery 5%
MT-10 Deliver to Site 5%

Figure 4-10 Major PO Progress Template

Step 2, integrated the estimate accuracy into the budget definition by using PERT
method and distribute the budget to milestone level. Figure 4-11 is an example.
Where PO 5-001, rotating pumps, has original budget of 180,000 dollars. After
ir{t'egraﬁhg the accuracy range (-5% to +10%), The PO values, both original
budget and probabilistic output value FFC (181,500 dollars), are broken down into

10 milestones for progress measurement purpose.
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EPC Project Progress - Planned Value Definition

Work Package Progress Template Accuracy Doliars
WP Me. W Mame THIPL [lleStane |Rescnpticn Fo |C % [Kenus |Plus Sudyet FFS

FO-5-001 Retating Purnps Pl 100% 5% 10%

[AT-1 Auvard PO 5% | %

[IT-2 initiate Vendor Crawing 5% | 13%

IAT-3 Yendor Drawing Approve 8% | 2%

1A7-4 Fabrication 1 - First Key Fzbn. 0% | 4%

147-5 Fabncation Z - interim Key Fabn 20% | 5%

AT-6 Fabncation 2 - Final Key Fabn 0% | 83%

KT-7 Delver {o ship Ex-work - 1 Kajor Delvery 3% | 86%

T-8 Celver to ship Ex-work - 2 Gther Delvery 5% | 91%

KT-9 Deliver to ship Ex-wotk - 3 Final Celvery 5% | 96%

[AT-10 | Deliver to Site 1% | 100%

Figure 4-11 Purchase Order Value Breakdown According to Milestones

Step 2, Prepare schedule activities in order to provide schedule information for
each milestone. Schedule activities should be prepared in scheduling tool with
predefined coding structure related to PO numbers and milestones. In this plan
schedule, each activity has the schedule start and schedule finished date. This
information will be exported from scheduling tool, then imported to link with

predefined progress template milestones. Figure 4-12 is an example.

WBSC Task Hame Duration ! Finish
P5001  © Rotating Pump {P-5-001) 9 days. " Tthu 08/05/22
P 00110 Auvard PO . 2 days | Tue 08/03118
[..P5001-20 Inttite Vendor Drawing 5 days Tue 08/03/25
P-5-001-30 Vendor Drawing Appr ) 2 days! Thu 08/03/27° °
 P5-00140  Fabrication 1- FistKeyFabri. | 15days Fri08/03/28!  Thu 08/04/17
P~5-001-5':v§ Fabrication 2 - Interim Key Fabri. 8 days Fri 08/04/18 Tue 08/04/29 ‘
P-S-OUl_—GOé Fabrication 2 - Fnal Key Fabri. 5 da\;_g wed 08/04/30 Tue (8/05/06
: ~ Deliver to ship Ex-wark - 1 Major Defivery 1 da*;s". Ril 08/04/18 Fri 08/05/02" -
 Delverta shlp Ex-sork - 2 Other Delivary 11 caysi  Wed 08/04/30¢ ved D8/05/14 i
[ p-s001 Delver to ship Ex-work - 3 Final Delvery ~ 11days  wed 08/05/87  Wed 08/05/21 o)
| P-5-001-100 Delver to Sta : 1dayl  Thu 08/05/22 Thu 08/05/22 i

Figure 4-12 Prepare the Schedule Activities in Scheduling Tool

Step 4, Use Beta distribute function in excel to distribute the milestone value
according to milestone dates automatically. As discussed in this chapter, Beta

distribution is a continuous distribution defined over a range, both of its end points
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are fixed at exact locations. By choosing different shape factors a and 3, the
value can be distributed within the range. For this sake, Beta distribution is
applied to distribute milestone value between milestones. In this research, the
shape factors selection is subjective, but both Alpha and Beta are set to 2 by

default.

For example, the activity “Fabrication 1 — First Key fabric” has 25% of weight, or it
has a dollar value of 250%. It has duration of 15 days and the schedule start and
finish date are 2008/03/28" and 2008/04/17". The embedded function in
Microsoft Excel, "betadist’, is used to distribute the milestone value between

these 2 milestone dates. The Syntax of this embedded function is:

Betadist(X, Alpha, Beta, A, B)
X, is the value between A and B at which to evaluate the function.
Alpha, is a parameter of the distribution or is called shape factor
Beta, is a parameter of the distribution or is called shape factor
A, is lower bound to the interval of X.
B, is upper bound to the interval of X.

In this example, the function is betadist(250, 2, 2, 2008/03/28, 2008/04/17).

When alpha and beta both equal to 2, the distribution curve is bell shape

between lower and upper bound. Figure 4-13 demonstrates the distribution shape

of 6 sets of alpha and beta values, based on a duration of 10 periods.
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Range Range|Bets Shape Factors Pericd
IL: iHi | slpha | Beta
1 10 2 1 w3
0%
1 10 2 2 2es
0%
1 10 2 3
15% 1
1 10 2 3 10
=%
1 10 2 5 "
1 10 2 s

Figure 4-13 Beta Distribution Example with 6 Sets of Shape Factors

To let the system distribute the right value to the right period automatically, an
improvement of this function is provided. It is a combination with the following
functions:

IF(logical _test value_if true,value_if false)

ISERR Value refers to any error value except #N/A.

MAX(numberi,number?2,...)

MIN(number1,number?2,...)

Figure 4-14 is a scenario that demonstrates this concept. In this example, the
Alpha and Beta are set to 2. In original plan, work package has the following
information: 1) value Y (either in dollar or in hour), 2) start date is (SD1), 3) finish
date is (FD1), 4) shape factors are both set to 2. By using the combined
functions, value Y can be distributed to different periods accordingly. In the

revised plan, everything is same, except for the finish date. By applying the
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combined functions, value on each period will be redistributed automatically. It

saves planners huge amount of time for a project having 1000 activities.

Criginal Plan HrsiS
A Original planned peniad progress cune
Beta Distribution Data ‘
Value = Y (§ or Hrs)

Alpha=2

Beta=2

Aflower boundj=8D1

B( bound)=FD1 T
{upper bound) | |

J
- Revised Plan HfS;SA Revised planned period progress curve
Beta Distribution Data {Automaticatty genafzfed hy Beta Distribution)
 Value = X ($ or Hrs)
Alpha=2
. Beta=2
. A{lower bound)=5D1
Blupper bound)=FD2 |

Note: 8D = Start Date
FD = Finish Date

Figure 4-14 Generate Planned Progress Curve by Beta Distribution Function

Step 5, Sum all the work packages by department to generate the department
planned value curve, or called performance measurement plan. By summing all
the cumulative distributed value of all the milestones, commitment packages, and
departments, the planned value curve at level of commitment package,

department and project overall can be generated automatically.
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Value accuracy range is also applied to commitment package level in order to get

a probability output range on each planned value curve.

4.3.2 Earned Value Measurement and Registration

It is proposed that: 1) Earned value of engineering works are measured by
deliverables progress and registered at IWP levels, 2) Earned value of
procurement packages are measured and registered by milestones, 3) and
Earned value of construction packages are measured and registered by

milestones.

An individual data windows or spread sheet can be developed to register the EV

in order to facilitate the registration and maintenance.

4.3.3 Actual Cost registration

Actual costs of engineering works are registered in work hours at IWP level. The
information can be collected from a time sheet system. Actual costs of
procurement packages are registered in incurred dollar value. This information
can be collected from vendors’ progress invoice and estimated accrual cost.
Actual cost of construction packages is registered in incurred dollars or work
hours values. This information can be collected from contractors’ progress billing

and estimated accrual cost.
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An individual data windows or spread sheet can be developed to register the AC

in order to facilitate the registration and maintenance.

4.3.4 Department and Project Overall Progress Curves

With the well defined data, it is easy to generate the progress curves for each
department. If there are differences in unit of measure of progress between
departments, weighting by dollars value can be applied to prepare the project

overall progress curves, which use the dollar as the unit of measure.

4.4 Visualized Reporting

The purpose of this section is to provide an interactive multimedia database that
can be accessed and used by different project team members to document and
report progress in construction operations, as well as a tool to visualize the
progress report. The database infrastructure and integrated coding structure for

all multimedia is proposed.

4.4.1 Infrastructure

To facilitate the data collection, upload, store, manipulation and reporting, a
proposed data infrastructure is demonstrated in figure 4-15. This infrastructure
has 4 key components. The 1% component indicates that different media
information, including text, audio, video and photos, can be collected from the

construction site. The 2"* component is established based on the Microsoft
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windows SharePoint service. All the collected multimedia data will be uploaded
and stored in this server. In the 3™ component, through internet, the project
management team can easily access to the SharePoint server to extract and
manipulate the multimedia information. The filtered results, such as photos of
area A in certain period, with sub group of contracts, can be as embedded
hyperlink in monthly progress report. In the 4™ component, the client or
management can easily explore this multimedia by clicking the hyperlink on the

subject that they would like to see.

—

Hyper link filtered information
on the progress schedule report

1

/
Manipulate information }
A

i s

2- Web-based

A o I W/
Multimedia Library | ;1\: }\g’md’?ws%m 3- Project Control

¥y

; Retrieve information

Upload

BLE]

T,
i
4- Management

1-Construction site or remote area staffs

Figure 4-15 Progress Visualization Database Infrastructure

This approach can provide more multimedia information with better quality, also

well organized.
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4.4.2 Method of Coding Structures for Photos Records

Currently, digital camera is widely used to record construction progress, status or
accidents, but most of these photos are stored and managed in the folders of
personal computers. They lack of efficient management. A method to integrate
construction images is proposed here for reporting purpose. For the project
control, these construction progress media can be classified for different reporting
purpose, such as regular progress reporting, regular construction safety reporting,

and incident detail records reporting.

To manage the pictures and multimedia efficiently, a set of multimedia coding
structure is established and displayed in table 4-12 and table 4-13. It is
decomposed into 1 default level, 4 mandatory levels and 3 optional levels. Level 0
is the project level, which is the project code or number. This code will be used for
photo import and export function. Level 1 is area and sub area, which is
mandatory for progress reporting. Level 2 is package, which will help to group
pictures by discipline or contract, such as civil work, steel work. Coding structure

example is provided in table 4-14.
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Table 4-12 Proposed Photo Coding Structure

tem Name Description

Fach project has an individual database, the level 0 is default during the
actual photo input and it will not display in the coding. But when needed. this
code will be dispiayed, such as exporting all the photos from ane database to
another database.

0 Project Number (Default)

1 By Area or system Physical progress report by area or systermn are needed.

2 Package (PQiContract)  The project is executed by purchase orders and contracts

3 Title Title is mandatory

4 Description it's field to provide detail text information.
Linking the photas and muttimedia with milestone activities can provide visual

5 Activity {(Excavation) progress report and traceability. Activities list can be imporied from
scheduling tool.

6  Photo taken date This information wall provide a reference point for progress tracking.

7 Direction To identify from which direction the multimedia is taken

Table 4-13 Direction Coding at Level 7

Code Direction Code Direction
E East NW Morth West
S South NE Morth East
W West SE South East
N Morth SW South West

Table 4-14 Photo Coding Structure Example

Level Description Example
0 Project Number 001468 (Poly Project)
By Area or system 12050 (Site preparation)
2 Package 1-902
3 Title site excavation )
4 Description The equipment is broken
5 Activity OSBL1902-50 (Excavation)
6 Photo taken date 04052005 (ddimmiyyvy)
7 Direction E {from east to west)

After setting this coding for any multimedia, it is very easy to report or track site

progress photos by different criteria. For example, in order to generate a site
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progress photos list about Area 12050 in last month, users can just set the filter
for Area = 12050 and time period, such as between current date minus 30 days

and current date.

4.4.3 Integration between Progress Report and Muitimedia Center

A set of filters can be defined at the beginning of a project. These filters can
group stored multimedia by work package, by area, or other criteria which may
interest the management. The addresses, or hyperlinks, information of saved

filters can be embedded on monthly progress report as per need.

Saved Filters Use

w3

aved fiters to quickly apply a

11 OSBL [Delate]
Enter Name:Save | Cancel . 12050 site preparation [Delete]
12050 site preparation — 1-902 [Delete]

Export to Excel Save current search as a filter:

i
H

12050 | Save |
g’“‘%
1 - Define Search Filter 2 - Save Search Fifter ;i
— T 7]
Hyperlink: ‘Seiect Saved Fiter sne
https:/iProject_Media/_layouts/CES = 11 08BL

/Search2007 aspx?q=12050&t=-
240&view=Picture+ibrary%2fForm
s%2fAlltems.aspx

4 - Copy the hyperlink and embed it 1o report 3 - Apply Saved Filter

Figure 4-16 Multimedia Filter for Reporting



4.4.4 Security and Safety

Information is only accessible to the authorized personnel. Different security
levels can be applied to different folders on different users. User access security
can be by members, by user types and by user groups. The permissions are
cumulative. The highest prevails over the lowest. For example, if a user having
accesses in reading is attached to a group having administrator's permissions;
this user will thus have administrator's accesses. A backup database should be

provided also in case of disaster.
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5 CHAPTER FIVE: ADD ON TOOLS DEVELOPMENT

The proposed programs will work as add on tools to PM+ or other project
management systems to improve the identified limitations. These tools are also
stand-alone to provide more accurate trending, forecasting and better progress
visualization information to project team. Interface of information exchange

between PM+, scheduling tool and proposed programs is considered.

5.1 Add on Tools Infrastructure

3 add on tools are developed to implement the 3 proposed methodologies. The
following tools and systems are used to achieve this goal: 1) PM+ system; 2)
Microsoft Excel; 3) Microsoft project; 4) VBA,; 5) @Risk 5.0 for Excel; 6) Power

Builder 9.0 from Sybase; 7) SQL language; 8) Windows SharePoint Services 3.0.

Add on tool 1 is named trend estimate (TE). It applies probabilistic forecasting to
providing trend estimate results output utilizing estimate range. It is built in the
environment of @Risk 5.0 for excel. Output can be used to upload into PM+ for
integration reporting purpose. A set of prototype data windows is developed in

Power Builder 9.0.

Add on tool 2 is named project progress integrated control and forecasting
(PPICF). The objectives of this tool are: 1) to provide an easy way to prepare the
performance measurement base line by using the information from PM+, 2) to

facilitate the utilization of EVM into progress control and forecasting for
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construction projects. It is built in the environment of @Risk 5.0 for excel, with
integration with PM+ and scheduling tool, Microsoft Project. VBA is also applied

to provide simple automation function.
Add on tool 3 is named progress visualization database (PVD). It is developed
based on Windows SharePoint Services 3.0. The output from this tool is

integrated with the PPICF for visualization progress reporting purpose.

Figure 5-1 outline this infrastructure and relationships between the add on tools

and existing systems.
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5.2 Trend Estimate Accuracy

Figure 5-2 is the detail structure of this tool and Figure 5-3 identifies the
mandatory information for trend estimate from PM+. The proposed tool trend
estimate (TE) should be able to provide all these mandatory information
accordingly in order to import into PM+ in a later stage. To simplify the

demonstration, a unit price material purchasing estimate is presented.

ADD ON TOOL - 1 Trend Estimate (TE)

Tab 01
Trend Estimate (TE)

1} Trend Detail information

2) integrate accuracy range
3) PERT method

4) Other calculation results

Tab 02-2 Tah 02-2
Tab 02-1 T ) ] .
. . . Self-adjustment accuracy by Self-adjustment accuracy of a trend
Accuracy by Engineering 1rend tvpe by periods
Completion Percentage ¥ ¥ pe
" e
1) Define estimate classification 1) group the trend estimate and 1) P{ow_de lreryd accuracy
2) List expected accusacy range for actual cost by type monitoring period by period
selection ?n Tab 01 y rang 2) calculate the self-adjust range 2) provide users an option of self-
using proposed method and adjustment using proposed method
provide links to Tab 01 and provide links to Tab 01

Figure 5-2 Detail Structure of Add on Tool 1-TE

Table 5-1 displays that all the mandatory information for PM+ is provided in this
excel tool. They are listed from column A to column L. Additional to that, 3 extra
columns are added and displayed in table 5-2. Column G and H are for the
registration of accuracy range, with low and high bounds. Column M is for the
application of PERT method. @Risk is to provide a platform to use the Monte
Carlo simulation engine to provide probability results in both graphical and tabular

format.
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Trend T-Ulm

Facility CRC U pescripon . o Total
Temporary 29150 - SITE OFFICE 9435 - ELECTRICAL SERVICES - COMMITVENT GROWTHFOR 19011 |- 421800
Temporary|29150 - SITE OFFICE 9435 - ELECTRICAL SERVICES  COMMITVENT GROWTH FOR 1-901 1tem 2 | "~ 4,000.00
Temporary 28150 - SITE OFFICE 9435 - ELECTRICAL SERVICES. | COMMITVENT GROWTH FOR 1-901 .1 tem 3~ | -+ 3,920.00

Figure 5-3 Trend Detail Information (Partial)

Table 5-1 Mandatory Trend Detail Information in TE

Facility CRC Description Quantity UoM UnitPrice Most likely
12100 3110-Light Steel LIGHT STEEL (X <= 30 KG/M) 2000 Ton 60008  12000%
12100 3120-Medium Steel MEDIUM STEEL (B0 KGM <X <=80KG/M) 1800 Ton 700.0% 12 600%
12400 3130-Heavy structure  HEAVY-STEEL (X > 80 KG/M) 2500 Ton 10000%  25000%
12400 3200-Steel members STEEL GIRDERS, BEAMS AND COLUMNS 10000  Ton 550.08 55000%

Total 104 600%

Table 5-2 Additional Trend Detail Information in TE

E F | G L D D O O S M
Subjective
- Accuracy Range . . ) Sampled
/ CRC Description Minus ()%  Plus (+) % Quantity UoM Unit Price Most likely (@Risk output)
) 3110-Light Steel LIGHT STEEL (X <= 30 KG/M) -10.00% 1500% 2000 Ton 600.0% 12 000% 12 100%
) 3120-Medium Steel MEDIUM STEEL (30 KG/M < X <= 80 KG/M) -10.00% 1500% 18.00 Ton 700.0% 12 600% 12705%
) 3130-Heavy structure  HEAVY STEEL (X > 80 KG/M} -10.00% 1500% 2500 Jon  10000% 25 000% 25208%
} 3200-Steel members  STEEL GIRDERS, BEAMS AND COLUMNS -1000%  1500% 10000 Ton 550.0% 55 000% 55 458%

Total 104 6008 105 472%
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The built in formula in column of “Sample @Risk output” is “RiskPert(Min, Most
likely, Max)”. In table 5-2, for example, formula is cell “M4" s
“=RiskPert(L4*(1+G4),L4,L4*(1+H4))". After entering the subjective accuracy
range in column G and H accordingly, automatically, the mean output is listed in
column M with a total amount. In order to get a probability density, we set the
iteration to 5000 in 1 simulation. After clicking the start of simulation, all needed
information can be provided in both tabular and graphical format. Some of them

are listed in table 5-3 and figure 5-4
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Table 5-3 Tabular Output from TE

01- Trend Estimate Accuracy (TE)

_i 3-Self-adjustment of a trend type ]
_j 4-Self-adjustment of a trend J .
Subjective
- - . Accuracy Range ' Sampled
&i .

Facility CRC ' Description Winus ()%] Plus (+) % Most likely (@Risk output)
12100{3110-Light Steel LIGHT STEEL (X == 30 KG/M) -10.00% 15.00% 12 0003 12 100%
12100[3120-Medium Steel  |MEDIUM STEEL (30 KG/M < X <= 80 KG/M)| -10.00% 15.00% 12 600% 12 705%
12400(3130-Heavy structure |HEAVY STEEL (X = 80 KG/M) -10.00% 1500% 25000% 25 2088%
12400(3200-Steel members |Steel girders, beams and columns -10.00% 15.00% 55000% 55 458%

Total 104 6009 105 472%
e of 104600 40.2% 104 600
30.0% confidence 10943456% | 90.0%
90.0% confidence 4 834.56%
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Total / Sampled  (@Risk output)

100.83 110.47
5 i
1.4 4
1.2 1
1.0 1 3 Total / Sampled  (@Risk
:.’ i output) (Sim#1)
2081 @RISK Student Version Mioimum 97581.8507
< . . Maximum 115753.5467
8 0.6 1 For Academic Use Only Mean 1054716578
= Std Dev 2935.5749
0.4 Values 5000
0.2 1
0.0
Yo} o] (o] ~N < ({3 o o o~ < (o]
b < = 2 2 = 2 - - - -

Values in Thousands

Figure 5-4 Graphical Output from TE with @Risk

To provide above proposed accuracy range options to users, 3 sub tabs were
built based on: 1) engineering completion stage, 2) self- adjustment accuracy by
trend type, 3) self-adjustment accuracy of a trend by period. These 3 tabs are
linked together to the master tab, the trend estimate (TE). No matter which option
is selected, the user can overwrite it. Table 5-4 is the sub tab named “02-1

Estimate accuracy range based on engineering completion percentage”.
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e 5-4 Estimate Accuracy Range Based on Engineering Completion Percentage

imate Accuracy Range based on Engineering Completion percentage

>roject Tyoi Expected Accuracy
rressed as Project Phase ypical l?,urpose of Typical Estimating Method Range
ompletion Estimate Minus (-)%] Plus (+) %
3% Project Definition Concept Screening Capacity factored, Paramelric 30% 40%
models, Judgment, or Analogy
10% Conceptual Design | Study or Feasibility Equipment Factored or Parametric 20% 25%
hModel
35% Basic Design Budget, Authorization, |Semi-Detailed Unit Costs with 10% 15%
or Control Assembly Level Line ltems
55% Detailed Engineering |Control or Bid/Tender |Detailed Unit Cost With Forced 5% 10%
EPC Detailed Take-off
100% Detailed Engineering |Check Estimate or Detailed Unit Cost With Detailed 3% 5%
EPC Bid/Tender Take-off
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Efforts have been spent to interpret this trend estimate TE method by developing
a set of prototype data windows in power builder environment. System screen

captures are listed in appendix C

5.3 Project Progress Integrated Control and Forecast

The 2" add on tool PPICF is broken down into 2 main functions: 1) data
preparation and manipulation function, and 2) reporting function. Figure 5-5
shows the flowchart of this add on tool. In order to prepare the planned value, or
performance measurement baseline, information exchange from PM+ and
scheduling tool is needed. Sub tab-91 is designed to store activities list imported
from scheduling tool, including the following key information: 1) activity code, 2)
activity name, 3) schedule start date, 4) schedule finish date, 5) actual started
date, and 6) actual finished date. Another 2 tabs, tab-90 and tab-92, are also
created to provide predefined progress template and beta distributior.\ curve

shape examples with 36 sets of different shape factors.

To provide the reporting function, 4 separate tabs are created to provide 2 levels
of progress curves for monitoring and control. The 2" level progress curve
includes: 1) engineering progress curve, which is reported in work hours value
completion, 2) procurement progress curve, which is reported in dollar value
completion, 3) construction progress curve, which is reported in either dollar value

completion or labor hours completion. The 1% level progress curve is the overall
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project progress. It combines the information from 2" level progress, and the
dollar values is the unit of measure to unite all the information by putting

adequate weight on E, P and C.

The earned value method is applied to all levels of progress. CPl and SPI are
calculated automatically. By using the formula of EAC = BAC/CPI, the estimate at
completion is calculated and this value can be used to compare with the FFC that
calculated from CCM. Since using the @Risk simulation, a probability output of

the estimate at completion is generated and displayed.

ADD ON TOOL -2
Project Progress Integrated Control and Forecasting (PPICF)
(implement EVM in project progress reporting)

Data manipulation function Reporting function
|
Tab-01, M-PV
1) Register all the CP and planned value (hours or dollars) - Engineering Progress Curves

2) Assign predefined progress templates to each CP.
3) Define the reporting periods i
4} import schedule activities from Microsoft project

5) Apply beta distribution to distribute the planned milestone values
6) Locked the baseline

Procurement Progress Curves

& S 3

I

iTab-GO- Progress Tab-02, M-EV Construction Progress Curves
PM+ system [~ ;jmeasure templates
P.C) Register the earned !
value
Scheduling | _ |Tab-91- imported Overall Project Progress Curves
Tools ~Ischedule activities [
Tab-03. M-PC

Tab-92- Beta distribution
curves examples

Register the actual cost

Figure 5-5 Flowchart of Add on Tool 2 -PPICF
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The proposed method of applying the beta distribution to distribute the planned
milestone value is integrated in the main tab of Tab-01, M-PV. 5 figures from
figure 5-6 to figure 5-10 provide detail demonstrations between the functions of
data manipulation and reporting function. in figure 5-6, the planned value
definition interface is divided into 6 sections. Section 1 is called work package,
which is to input basic information, such as package no; Section 2 allows users to
select and define the progress measure templates, with default or customized
progress percentage on each milestone; Section 3 contains the budget
information, including estimate accuracy range; Section 4 accommodates the
schedule activities information, which can be imported from external scheduling
tools; Section 5 is the BETA shape factors area, where users can enter or view
different plan curves; Section 6, the last section, is the work calendar (weekly).

For example, W1 is the week of 1*/January/2008.

Beta distribution curve examples with 36 sets of different shape factors were

created and partial displayed in figure 5-11. More examples are provided in

appendix D.
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gress Template

3 - Budget

4 . Schedule Section

Project Progress - Planned Value Definition

‘ess Template

Hrs

Acthaties

Date

Accuracy
on P % {C% [Minus|Plus | Budget S-3T S-FN
% 10%| 6050 41-IWP-01 2008/01/01  2008/06/15
:eign 5% 302 414WP-01-10 2008/01/01,  2008/01/02
20% a0 41-pAP-01-20 © 2008/01/03:  2008/01409]
4~ intermal review 50% 1815 41BMP-0130 200801710
d - Client comments 2 75% 1513 414WP-01-40 2008/ :
d - for tender 169 | 90% 908  41-WP-01-80 . 2008
d - far construction 10% | 100% 60.5 41-WP-01-60 2008:02/
£% 10%| 7058  41WP-02 | 2008/02/01 : 2008/04/01
18ign 5% | 5% 353 41-0P-02-10 - 2008/02/05 © 2005/02/15
15% | 20% 1059 41WP-02-20 ~ 2003/02/16 © 2008/02724
4 - Internal review 18% | 35% 1059 411WP-02-30 © 2008/02/25 ~ 2008/03/01
d - Client comments  20% | 55% 1412 41WP-0240 . 2008/03/02 . 2008/03/10
d - for tender 30% | 85% 2118 41WP-02-50 © 2008/03/11 - 2008/03/21
d - for construction  15% | 100% 105.9  41-MWP-02:60  2008/03/22  2008/04:

5 _Shape
Factor

Distribution
Example

Alpha Beta

[SHSIST SR SN
N A2 B AIIRD M

Alphs Bets

N R N RN
NI 0 N N DI R

0.00
0.00

- 0.00.
0.00

000

0.66

0.00

0.00

0.00
0.00
0.00
0.00
0.00

000

6 - Calender

[S SRS YW
(&R 1)
<O

oo
[ BRI e |
N

oW

0.00
000
£ 0.00

0.60

g.00
0.00
0.00
0.00
0.00
0.00

-
)

kD)
[
N
G

>3]
o
Ny

[ ==
OO oM
QOOM

0.00
0.00
8.00

0.00.
000!

0.00

0.00:

#1815
3025
9075
97.15

0.00
000
0.00

0.00
0.00
000
0.00
0.00
o
0,00

Figure 5-6 Planned Value Preparation — Spread Sheet M-PV
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>roject Progress - Earned Value Registration

s Template Accuracy Hrs Actratias Date W1 W2 W3 W4
Earned o & &
Progress | Value g i~ & &
F% [C% |Minus|Flus | Budget % {(EV) AST AFH = = X <
100% A% 10%|  B0A D 100% 6050 41-hwP-01 2008/D1/01  2008/06/15 D.oD 5726 12269 15807
in 5% 303 100% 303 41-IWP-61-10 20080161 2008/01/03 000 3025 3025 3025
15% 90.8 100% 90.8 41-0YP-01-20 2008/01/04;  2008:0141% 000 2701 9075 8075
Internal resiew 0% 1815 100% 1615 41-WP-01-30 2008/01/12:  2008/02:10 0.60 0.00 163  38.07
Client comments  25% 1513 100% 1513 41-AYP-01-40 2008/01/31.  2008:02:12 D.o0 0.0 0.00 0.00
for tender 15% 90 8 100% 30.8 41IAP-01-50 2008/02/13  2008/02/21 0.00 0.00 0.00 0.00
for construction  10% 605 1066% 605 410900160 2008/02/2 2008/02/28 .00 0.00 0.00 0.00
5% 10%| 7058 41% 2854 A1-IWP-02 2008/02:01 © 1900/01/00 0.00 0.00 0.00 0.00
n 5% 353 160% 353 41-0P-02-10  2008/02/05 0.00 0.09 0.00 0.00
15% 105.9 100% 1059  41-WP-02-20 - 2008/02/16 0.00 0.00 0.00 0.00
Internal resiew 5% 105.9 100% 1068  410WP-02-30  2008/02:25 0og 000 0.00 0.00
Client cornments  20% 1412 0% 424 41-0P-0240 . 2008/03/02 . 2008/03/10 0.00 0.00 0.00 0.00
for tender 30% 2118 41-WWP-02-50
for conctruction  15% | 100% 1853 41-0P-02-60

Figure 5-7 Earned Value Registration — Spread Sheet M-EV
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EPC Project Progress -Actual Cost Registration

Work Package Progress Template w1 W2 W3 w4 w5 W6

& & @ S

»:2-(\) \~2-{< '\;‘Z} ,‘i‘;.\ {(‘2\\.{

WP Hame TWPL N < 25 ¥

| Site Preparation Drawings - Area 1 E01 Period 000 8578 5040  80.10 53.50 4240
Cuniulative 0.000 80.00 13040 21050 30000 34240
Y Sita preparation Orawings - Area 2 E02 Pennd 0.00 0.00 0.00 0.00 0.00 0.00
Curnulative 0.00- 000 0.00 0.00 000 0.00
Feriod 000 0.00 0.00 0.00 000 3400
Cumulative 0.000 000 0.00 .00 0.00° 3400
Period 000 000 000 000 000 0.0
Cumulative 0.00 000 000 0.00 0.00 0.00
Pericd 1000 7000 7000 100.00
‘Cumulative 0.00 0.00 10.00  80.00 150.00 250.00
Pericd 0.00 000 2140 18910
Cumulative 0.00 0.00 0.00 0.00 2140 210.50
Pericd 0.00 0.00 0.00 0.00
Cumulative 0.00 0.00 0.00 0.00 0.00 0.00
Period 0.00 0.00 0.00 0.00
Cumulative 0.00  0.00 0.00 0.00 0.00 0.00
000 3000 14040 29050 47140 836.30

Figure 5-8 Actual Cost Registration — Spread Sheet M-AC
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Figure 5-9 Relationship between PV, EV, AC and Engineering Progress Curve
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Figure 5-10 Department Progress Curves and Overall Project Progress Curve
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BETA DISTRIBUTION EXAMPLES WITH DIFFERENT SHAPE FACTORS

Cumuiative

Period

iy

1Z0%

100%

)

/////

106%|120% / 0o
o '/ N
10654 ]100% = 4 s — o o
oo 1tz 3 ¢ 5 B T 3 3 W
166% | 195% 1% &% . o5
i = 0% 1% 2% 2% 3% ¢
160, 20% —~
///_//7 2% /K\ C% 3% §% 17% 18% 17% 18% 3% §% 39
o s ]
165% o0 ///// /
w
190% /// o
20
.
s8%|106% |100% [100% w o 0% 13% 2% 2% 18% 1% 5%
1 2 3 4 1 2 T & k] 0 ' 2 3 . . A B A B N
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£3%

Figure 5-11 Beta Distribution Curves Example with Different Shape Factor

wided in appendix D.
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5.4 Progress Visualization Database (PVD)

Microsoft Windows SharePoint Services 3.0 is chosen as the database for
storage and query. It is a versatile technology that all sizes of projects can use to
increase the efficiency and improve team productivity. With tools for collaboration,

it helps people stay connected across organizational and geographic boundaries.

5.4.1 PVD Infrastructure

To develop thvis tool, 4 steps are needed as demonstrated in figure 5-12. The
details of them are:

Step1, Set-up the SharePoint site, which mainly includes site creation, user and
permission setting, building up the multimedia library, defining the muitimedia

coding structure and preparing the user defined tables.

Step 2, Upload multimedia data from construction site. Based on the upload
procedure, users will upload the progress multimedia in a least a weekly base in
different formats. The muiltimedia is stored in library by either area or by contract,

but it is available for searching and grouping.

Step 3, Project control staffs access to the database and search information as
needed. The hyper links with filter criteria can be placed in the monthly progress

report.
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Step 4, By clicking the interested subjects, for example CP 1-902 visualization,

the project team can easily access to variable multimedia information related to

CP 1-902 in passed month only.

ADD ONTOOL 3 . e 1

Progress Visualization Database (PVD) }

Upload multimedia
construction site.

Text
Video
Voice

Photos

information from remote

Windows SharePoint Site Start-up

Site Creation

Library setting

Define Coding Structures

|
l
|
|
l
|
’ User and Permission
1
|
|
|
i Prepare user define tables

Data manipulation
by project control
feam.

Project
Management,
client and all
related project
team member

Figure 5-12 Infrastructure of Progress Visualization Database -PVD

5.4.2 PVD Site Start-up in Windows SharePoint Server

Figures from figure 5-13 to 15 show the functions of site creation, coding structure

and to prepare user defined tables.

132



httDS . fsas

12.0.0.62138

Look and Feel Site Administration

Figure 5-13 Site Setting
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icture library

e columns are o

Date and Time
Single line of text
Multiple fines of text
Futtiple lines of text
Farson or Group
Pereon or Group

Person or Group

Figure 5-14 Define Coding Structure for Multimedia
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Figure 5-15 Prepare Predefined Drop Down Table or List

5.4.3 Data Manipulation and Visualized Progress Report

Uploaded multimedia is stored by either area folders or contract folders. Based on
the predefined coding structure, project control staffs can easily use the functions
of search media and select media to group the media data. The grouped
information is stored in the hyperlink address as shown in figure 5-17. Figures 5-

16 and 5-18 give demonstrations. This link can be placed in the monthly report.



Selected Pictures ~

Figure 5-16 Select Filter Pictures
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Figure 5-18 Place the Link to Related Activity




6 Chapter SiX: System Implementations and Validation

In this chapter, data from a field study based on a training project are analyzed
and numerical examples are presented to illustrate the essential functions of 3

add-on tools: 1) TE, 2) PPICF and 3) PVD.

6.1 Poly Training Project Description

Project description (the cost information is based on a set of data from the
training project, which was elaborated to respect confidentiality).

o Sector of activity: Petrochemicals

e Client: Poly Canada Inc. (fictitious)

e Year of completion: 2004

e Total project cost: Multi-million Canadian dollars

e Capacity: 95,000 ton of PTT per year.

e Services provided: EPC

o Description: The first industrial scale PTT plant using a process developed

by the clients. The project involves the construction of a 300 metric tones

per day PTT plant in Montréal, Quebec.

SNC-Lavalin’s mandate is to provide the following services up to mechanical
completion:
e Overall project management

» Detailed engineering for OSBL
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» Supply of OSBL equipment and material

¢ Construction management

e Engineering partner acting as the main subcontractor to SLS, will provide
o Revision ISBL engineering
o Supply of ISBL equipment/material

o Technical assistance during construction

Cost breakdown by cost type and by commitment package class are indicated in
table 6-1 and table 6-2. The cost data was modified to respect confidentiality. The
ratio between direct and indirect cost may not necessary in consistency with the

original cost information.

Table 6-1 Cost Breakdown by Project Cost Type

Project WBS (Level 1) Total Budget
Project Direct Costs 14 278 916.00%
Project Indirect Costs 9 635 553.00%

Project Total 23 914 469.003%

Table 6-2 Cost Breakdown by Commitment Package Class

Commitment Péckage Class  Total Budget (CAD) PeBrssr?t?ge gsg;gggﬁgt
C - Construction 10 685 029.00% 45% 22
M - Miscellaneous 9 222 609.00% 39% 39
P - Purchasing 3906 831.00% 16% 17
Project Total 23914 469.00% 100% 78
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6.2 Trend Estimate

One set of trend estimate information in this training project is exported from PM+
to excel format and is imported into the proposed tool, Trend Estimate (TE).
Because of lacking enough historical trend information, the self-adjustment
accuracy range method can not be validated. But the accuracy range based on
engineering completion progress is used. Since the engineer is on basic

engineering stage, so that the accuracy range is set to -10% to 15%.

Simulation setting is displayed in figure 6-1. lteration is set to 10000 to get sample
data as much as possible. The simulation results are presented from figure 6-2 to

figure 6-4.

Random Mumbers

Sampling Type Latin H/percube Ié
Generator gf\*'lersenne Twaister 7 :3
Initial Seed §Chc:ose Randomly :j
Multiple Simulations gml Use Same Seed ¥

Figure 6-1 Simulation Settings
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Accuracy Range

Sampled

-acility CRC Description Minus (1% Plus (+) % hMost likely {@Risk output)
12200 2000 - STRUCTURAL Coilector Road -10.00% 15.00% 124 502 125 539%
12200 2000 - STRUCTURAL Fence to Rail Track -10.00% 15.00% 127 121 128 180%
12200 3000 - STRUCTURAL Pedestrian Crossing {One) -10.00% 15.00% 6 003 6 058%
12200 2000 - STRUCTURAL Incremental Cost Increase to Maintenance Bui -10.00% 15.00% 34 422 34 706%
12200 3000 - STRUCTURAL Mew Communications System -10.00% 15.00% 703 208 709 066%
12200 2000 - STRUCTURAL 500 additional Raitway Ties -10.00% 15.00% 1875 18918
12200 3000 - STRUCTURAL 8% Administration Fee -10.00% 15.00% 59828 60 327%

Total 1056 961% 1065769%

Figure 6-2 Define Distribution for Simulation Calculation

Total / Sampled  (@Risk output)
1.17 1 146

1.2 4
1.0 4
53 Total / Sampled  (@Risk

j’ 0.8 : ‘ S output)
2 DRISK-Student Version Minimum 975542.8450
- 0.6 A N T Maximum 1173182.0061
g For Academic Use Only Mean 1065769.7218
D04 Std Dev _ 34209.8918

Values 10000

0.2

0.0 -
O [es] [=d ~ g (s @®Q o ~ < O (o]
x & & © © 9 9 = o =2 =
[w] < — —t ~— — — — — R Al Rand

Values in Millions

Figure 6-3 Probability Density Curve
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Probability of meeting value of 1056961 42.0% 1056 961
Total budget required for 90.0% confidence 1112 222.76% 90.0%
Extra budgets required for 90.0% confidence 55 261.41%

Figure 6-4 Calculate 3 Key Information with Simulation -1000 iterations

Result analysis:
- Estimate accuracy range is integrated into trend estimate.
« Probability percentage can be provided to meet certain requested amount
» Determined (+/-)% can be provided to define accuracy range based on
experience or other project information.
- Self adjustment accuracy range can be provided as a reference for next
period or next new trend estimate, as long as enough historical data are

available.

The trend amount with certain level of confidence, for example 90%, can be
registered in PM+ and integrated into its built formula, which is FFC = TC + OC +
TR + UB. By doing this, the new FFC can be presented with a registered trend

amount of 90% of confidence.

6.3 Project Progress Integrated Control and Forecast

Implementation is broken into 3 key steps: 1) prepare the project baseline, 2)
monitor the earned value, and 3) register the actual cost. The step 1 includes an
integration of cost and time from PM+ and scheduling tool. The cost and time

data are elaborated to respect confidentiality.
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6.3.1 Prepare the Project Baseline

Breaking down the project by WBS and OBS and registering them in PPICF is the
first step to prepare the project baseline. This matrix presentation in figure 6-5
indicates that: 1) OBS is broken down to 3 departments, and 2) the scope of work
from WBS is grouped in the internal work packages for engineering works,
potential purchase orders for procurement works and potential contracts for

construction and installation works. The EPC project duration is 8 months.

Budget

P1

P2

P4

P5

P8

P7

P38

3

Hrs

Engineering

100

188

248

250

250

250

Discipl

ine

wWp

100

50

a0

WP

150

30

[y

59

10

Procureme

nt

1000 -

7008

9500

9560

PO

5000

1000

4003

PO

4500

2000

2000

500

Construction. -

1000

4608

8000 "

- 9380

9460

Contract

3000

1000

1009

1000

Contract

6400

2000

3000

1000

300

100

A set of progress templates for IWP, PO and Contract is prepared and listed in
table 6-3, table 6-4 and table 6-5. They are in the sequence of engineering

progress template, procurement progress template, and construction progress

template.
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Figure 6-5 WBS and OBS Matrix Presentation




Table 6-3 Progress Template for Engineering Works (Example)

Code| Template Name IMEEestonel

Description

| P% [c%lgElP|C

ED1 Drawing Progress
T-1
NIT-2
RAT-3
FAT-4
FT-5
RT-5
FAT-7

EQ2 3D Modeling Progress
WT-1
EIT-2
FAT-3
MT-5
KIT-5
PAT-7

Inittal Design

Started

Releazed - Internal review
Releazed - Client comments
Fleleazed - for tender
Releazed — for construction
As builds recemedfled

Initiate 30 model

Start 30 maodel

Develop 3D for first review
Review [ inorporate comments
Develop 30 for second review
lssue model for Constr
Incarporate Review

PRKURIER 5 e N A |
Oy
0 o 9
5 g

[®4]
2
o

£%
40%
5%,
35%
5%

5%

A}

7
)
g
0

S Gh
1=

—_

Table 6-4 Progress Template for Purchase Order (Example)

Code] Template Name IMilestoneI

Description

PO Major PO Progress
- RAT-1
WT-2
MT-3
MT-4
FAT-5
MT-6
MT-7

Award FO
Initiate Vendor Drawing

~ Vendor Drawing Approve

Fabrication 1 - First Key Fabri.
Fabrication 2 - Interim Key Fabri.
Fabrication 3 - Final Key Fabri.

| P% [C %|EP|C
p

5%
cor
5%

5%

25%

20%
20%

Cot
5%

MT-8
MT-9

~ Deliver to ship Ex-work - 1 Majar Delivery

Deliver to ship Ex-work - 2 Other Delivery 5%
Deliver to ship Ex-work - 3 Final Delivery 5%

WT-10

Deliver to Site

5%

5%
10%
15%
40%
B0%
80%
85%
90%
95%

100%

Table 6-5 Progress Template for Construction Contract (Example)

Code| Template Name | Milestone |

Description

C3 Foundations
WT-1
MT-2
RIT-3
RAT-4
MT-5
MT-6

Lean Concrete
Formwork

Rehar and embedment
Pour Concrete

Strip cure and grout
Hand over

| P% [C%[EP

o
Y
o dn

[ AT IR N S <

an
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The cost and work-hours information are exported from PM+ by commitment
packages and internal work packages, and then manipulated in the PPICF. The
schedule information is first prepared in Microsoft project. The numbers of IWP,
PO and Contract are used as part of the activity codes. This approach facilitates a
lot in the process of linking Microsoft project activities to PPICF milestones. The

figures from 6-6 to 6-8 demonstrate these steps.

WBS Code  Task Hame Duraticn Start Finich . Dec62 ('08Jan 13’08 Fab 24 |
8 project: Baseline schedule 235 days Tue 080101 RMon 03:1124 ko
B4 tngineering 77 days Tue 080101 Wed 08:04/18 4
Priority: 500 - 599 67 days Tue 0801215 Wed 08/04i16 ¥
8 1.9 41.Civil 43 days Tue §3:0101 Thu 810228
B'1.1.9" Site preparation Drawings - 13 days Tue 05101709 Thu 1802128
B priority: 500 - 598 43 days Tue 080101 Thu 08/02:28
inttiai Design 2 days 1 Vied 08/01/02
Started 5 days 3 wied 08/01/08
Releaced - Ink 15 days [l wed D8/01/30
Released - C e 9 days 1 Tue 08/02/12
Released — for tander 7 days i3 Thu 08:02/21
Iesyed - For Constructar 5 davs 02722 Thu 08/02/28
'4,4.2 Site preparation Drawings - 2 30 days tAon D3:04/07 Fri 030215
B1.2 Concrete . L 40 days Tue 08:01/15 on 0810330

Figure 6-6 Schedule Prepared in Microsoft Project

Choose a map for your data:

“Who Does What" report
Compare to Baseline
Cost data by task
{Default task information
Earned value information

{Resource "Export Table™ map
{Task "Export Table” map
{Task and resource PivotTable

Task list with embedded assiognment rows
g Top Level Tasks list

Figure 6-7 Export Activities to PM+ Format for Importing to PPICF
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Activity Code . - Description $-8T S-FN - A-ST A-FN
4C Engineering 2008:01/01 8:.00 2008/05/08 17:00]NA NA
41 41-Cavil 2008/01/01 8:00 2008/02/28 17.00|NA NA
41-IWP-01 Site preperation Drawings - Areal 2008/01/01 8:00 2008/02/28 17.00|NA NA
41-1IWP-01-10 |Initizl Design 2008:01:01 8:.00 2008/01/02 17.00|NA NA
41-IWP-01-20 |Started 2008/01:03 §.00 2008/01/09 17:00|NA NA
41-IWP-01-30 |Released - Internal review 2208:/01:10 8.00 2008/01/30 17:00|NA NA
41-IWP-01-40 |Released - Chent comments 2008/01/31 5:00 2008/02/12 17:00|N MNA
41-1WP-01-50 |Released 'C for tender 2008:02:13 8.:00 2008/02/21 17:00|NA MNA
41-1WP-01-80 |Issued - For Construction 2008:02/22 8:00 2008/02/28 17:00|MNA MNA
41-IWP-02 Site preparation Drawings - Area? 2008/01:07 8:.00 2008/02/15 17:00{NA NA
41-IWP-02-10 |Initial Design 2008/01/07 8.00 2008/01/08 17.00|NA NA
41-IWP-02-20 |Started 2008/01/09 8.00 2003/01/11 17 00[NA NA
41-IWP-02-30 |Released - Internal review 2008/01/14 800 2008/01;22 17.00|NA NA
41-IWP-02-40 |Released - Client comments 2008/01:23 8:00 2008/02/04 17.00|N NA
41-1WP-02-50 |Released C for tender 2008/02:05 3.00 2008/02/12 17:00|NA MA
41-\WP-02-60 |lsseed - For Construction 2008/02/13 300 2008/02/15 17-00|NA HA

Figure 6-8 Imported Activities in PPICF

The next step after getting the cost and time data in the add-on tool is to distribute

the cost information according to time. In this study, the progress distribution of

milestone value is symmetric and the shape factors, Alpha and Beta, are both set

to 2. With the information of value, alpha, beta, schedule start date (the low

bound) and the schedule finish date (the high bound), the built-in function can

distribute the milestone value to reporting periods automatically. One internal

work package is chosen and an example and presented in figure 6-9.
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EPC Project Progress - Planned \Ilalue Definition

Progress Template Accuracy | Hrs Activities Date Coowt w2 w3
Distribution | . &
Example l & _‘\ﬁ: &
3 {Cescription P % |C2% [Minus|Plus [ Budget 887 S-FH > - 4

100% 5% 10%| 6050 41-PVP-01 2008/01/01  2008/06/15 [Alpha Beta 0.00 8578 :136.52
Initial Design 5% % 303 44WP-01-10 2008/01/01  2008/01/02 2 2 0.00 3025 3025
Started 15% | 20% 356 F=HYP<0128 LUHHYHI—LOB05H 09 2 2 8-60—55:53 90\75!
Relzased - Interal review 30% [ 0% 181.5  411wWP-01.30 200801713 2006/01/30 2 Z 0.00 0.00 15,52
Released - Client comrents 25% | 75% 1813 41WP-0140 2008/01/31  2008/02/12 2 Z 0.00 0.00 0.00
Released - for tender 15% | 30% 308 41-IWP-01-50 2008/02/113  2D06/0221 2 2z 0.00 0.00 0.00
Released - for construction 10% [ 100% 505  41-WP-01-650 200802722 2 2 0.00 0.00 0.00

Figure 6-9 Distribute the Milestone Value to Cost Periods Automatically
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Range Range [Beta Shape Faclors| Period
Ly iH) | Apha | Beta 1 2 3 4] 5[ & 7] e ¢ 10

1 10 2 1 7 G% 1% 4% 5% 9% 1% 4% 16% 103 21%

30 N
1 10 2 2 o5z /A 9% 3% 9% 13% 16% 17% 15% 13% 9% 3%
20 //
1 10 2 3 /// / G D% 15% 19% 19% 7% 12% 7% 3% 1%
IR,
: AN

..\
D

0% 10% 21% 23% 20% 14% 8% 4% 1% 0%

5% 4
1 10 2 5 ; 0% 13% 6% 25% 18% 1% 2% % 0%
07
12 3 o4 5 & 7 & 3 0w
1 10 2 6 O%  18% 31% 25% 18% 7% 3% 1% 0% 0%
Range Range [Bzta Shape Factors| : ) : Cumulative

9
N
o
a7
~
o
i<
-
o)

) (H) [ appha | Beta 1 2

1 10 2 1 0% 1%] 5%

M0% oS —

1 10 2 2 0% a%s| 139 260 42% s3] Tess| 7| o7s|tonsy ////5// /
o /
/// / g /
1 19 2 3 %] &%l 2ow| 41%| 05| 77es| san| vewn| gow|in0% e /// //- /
0y e
1 10 2 3 o%] 10%| 315 zase| 7ess| s7o| 955| aow|100%[1a0% //,/
zox § y
1 10 2 5 0%| 14%| 50%| 65%| 83%| a3%| osss|100%|100% |100%) o bodEET

1 2 3 4 5 3 7 2 4 10

1 19 2 6 0%| 13%] 59| 74%| 8u%| 97%| 00%|100%(100%]100%;

Figure 6-10 Distribute Curve Demonstration When Shape Factors both Equal to 2

Baselines of each department and overall project can be generated automatically
and reported from figure 6-11 to 6-15. By using the probabilistic forecasting, a
range at any period of each planned value can be calculated and reported by

graphical curve. Figure 6-16 is an example for engineering works trend variation.
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Engineering Service Progress Curves

Planned Value [PV}

By hmirs
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Figure 6-11 Engineering Planned Value Baseline

148



Procurement Progress Curves By Dollars

—Planned Value PV} —————————
/ Eamed Value {(EV}

Actual Cost (AC)
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2% 0x 0% 0% % LY 0%

Figure 6-12 Procurement Planned Value Baseline

2
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Construction Progress Curves By hours

//‘_#—

/

Plannsd Valus (PV
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— Actual Cost (AL
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Figure 6-13 Construction Planned Value Baseline
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Overall EPC Project Progress Curves

it

_——

Planned Value (PV)
Earned Value (EV)
Actual Cost {AC)

1 T 1 1 T T T T T T T L) T T T
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22 23 24 2%
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Figure 6-14 Overall EPC Project Planned Value Baseline
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Figure 6-15 Overall EPC Progress Curve Data Table (W1 to W15)
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Forecast Final Cost (FFC)

Mean

@RISK Student V ersion

+/- 1 Std. Dev.
For Academic Use Only

5% - 95%

ure 6-16 Procurement Work Planned Value Variation Range in Future Periods
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6.3.2 Register the Earned Value and Actual Cost

Earned value and actual cost are registered in 2 separate spread sheets, since
they are maintained by different people in different locations in large scale
projects. Earned value of work packages are measured following the predefined
progress measurement templates. While assessing the completion percentage
between milestones, different methods are applied. For example, the quantities of
installed pipes are counted as earned value. This detail data collection and
calculation is done outside PPICF. Data coloration and protection help the users
to easily focus on their data and keep the data safe. In this tool, planned value is
colored light turquoise, earned value is colored lime and actual cost is colored

light yellow.
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6.3.3 Provide Project Progress Curve with Performance Index

With the integrated information of PV, EV and AC, the tool can generate progress
curves by either department or at overall project level. The predefined report
template also provides CPIl, SPI and EAC calculation. Probability density of the
EAC can be provided after running 1000 iterations in 1 simulation. Figures from 6-
19 to 6-23 provide the detail results of each department and overall project. The
value of EAC is normally different from the calculation results of FFC from PM+,
since EAC is calculated from BAC and CPI, while the FFC is based on the total
commitments, outstanding changes, trends and unallocated budgets. FFC is
more preferable in this thesis, as we can get different EAC value if we choose

different parameters which were described in equation 2-1.
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Engineering Service Progress Curves By hours
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Figure 6-17 Engineering Service Progress Curves (11th Period)
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Procurement Progress Curves
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Figure 6-18 Procurement Progress Curves (11th Period)
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Construction Progress Curves
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Figure 6-19 Construction Progress Curves (11th Period)
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Overall EPC Project Progress Curves
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Figure 6-20 Overall Project Progress Curves (1 1™ Period)
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Figure 6-21 Overall EPC Project Progress Data
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This case study indicates that the EVM is successfully implemented and
validated. It provides important and more accurate information than the existing

ones. Results comparison is displayed in table 6-6.

Table 6-6 Results Comparison

Availabilityln ~ Availability In

item Information and Functions Existing Reports PPICE
Planned Value Yes Yes
2 Actual Cost Yes Yes
3 Earned Value Mo Yes
4 CPl Mo Yes
5 SPI Mo Yes
6  Probabilistic forecasting No Yes
Planneq value_ can be ciistfibutet:i No Yes
7 according to time automatically
Distribute values according to time NoO Yes
4] at work package level
9  Overall project progress curve No Yes

6.4 Progress Visualization Database Implementation

Step 1, project database site start-up.
A SharePoint site is created and all the needed steps to start-u;; the site are
done, such as user permission and coding structure. In the study project, the

original multimedia is stored by commitment packages as indicated figure 6-22.
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Picture library

C 1-901 C 1-902

Figure 6-22 Multimedia is Stored by Commitment Package

Step 2, Upload a set of photos from remote site to the web service database and
store them in related commitment packages. Each photo or video should be

coded according the predefined coding structure. Figure 6-23 and 6-24 present

these actions.

Picture library

This site is to store constructon progress photos by contract, of are

Mew » | Upload : = Actions ~ Settings ~

T * Upload Picture
Upload a picture from vour computer

to this brary,

Ipload Multiple Pictures
h {17 T U

R

‘There are n

Figure 6-23 Upload Photos to Database
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Area and SubArea
CP Mumber

From Direclion

Date Picture Taken SAM v 0D v
Title

Name ’ PG
Descripiion thlS pictur; was taken in February for f‘e‘-;i.siting

Figure 6-24 Enter Information of Each Photo According to Coding Structure

Step 3, Data manipulation. The project control staffs can immediately share these
uploaded multimedia information in the project management office via internet
access. The action of viewing, sorting and filtering can be performed easily. After
the photo selection by applying the filter function, the hyper link can be placed
and integrated into the monthly progress schedule report. The filter selection can
be done by area, by date or other criteria. In this case, it is filtered by milestone of
each commitment package. A set of figures from 6-25 to 6-29 describe these

operations in detail.
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Picture library

o Mew v Uplcad -~ Actions v Setlings v

Tolimacy sty

]

[ 11-001 Feb ._11-901 January [J1-201 video

Figure 6-25 View Uploaded Information

Picture library: 1-901 Feb

area and SubArea 11 ISBL

CP Mumber C 1-301

From Direction E-East

Date Picture Taken 2/13/2003 12:00 AM

Title FTT prajsct site in Feb

Name :-

Description this picture was taken in Februérv fcr revisiting
Prewview

February

Figure 6-26 View Detail Information of Each Photo
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Figure 6-27 Select Needed Pictures Figure 6-28 View Selected Pictures
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Figure 6-29 Schedule with filtered hyperlinks
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Step 4, By clicking the activity in monthly report, the management, clients and all
authorized project team members can view the selected photos immediately,
without losing time in photos mining. Figure 6-30 and figure 6-31 are results when

clicking the link from client’'s computer through internet.

Picture library

Figure 6-31 View Selected Video Related to C-1-901
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7 Chapter SEVEN: Conclusions and Recommendations

7.1 Summary and Contributions

Aiming to provide an efficient methodology for trending and control of cost/time in
construction management in EPC project, the contributions of this research can
be summarized as follows:

» A comprehensive literature review of the project planning and scheduling,
performance evolution, trending and forecasting, and reporting method
was done.

e A broad study of CCM method and PM+ project management system
provided by SNC-Lavalin was done. Comparison of earned value method
and CCM method was done; the pros and cons of each other are outlined.

e Templates for measuring the progress of engineering, procurement, and
construction work were summarized from literature review and industrial
practice.

e Methodology was presented to improve the Forecast Final Cost by
integrated estimate accuracy range into calculation, based on CCM
method.

¢ Development of project progress integrated cost and forecast method to
perform better progress reporting

e Two computer technologies, @Risk 5.0 for excel, SQL, Power builder 9.0,
PM+ Microsoft Project and VBA were studied. 3 add-on tools, TE, PPICF

and PVD were developed to implement the proposed methods.
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o Validation and demonstration of the capabilities of the developed methods

through a training project case from SNC-Lavalin.

7.2 Limitations and Future work

The developed methods and add-on tools, however, suffer a number of limitations
as described below:
e The trend estimate accuracy is only applied to cost or work-hours.
o More information should be classified to provide more reference to users
when choosing the subjective accuracy range in trend estimate.
e The earned value measurement in PPICF is based on p-rogre;ss templates.
Flexibility for measuring the unit price contract by actual quantities is not
available.

o The validation of 3 add-on tools is not actually linked with the PM+ system,

due to security reason. It is done in a simulation environment.

To expand the potential application of these methods, the following future work
can be made:
s Develop a rpodel to find out distribution type, or called distribution fitting, by
using historical data.
s Develop impact factors relationship for each trend type, such as building
up relationship between escalation and geological condition.
e Use fuzzy parameters to integrate the confidence intervals for different

probability levels into trend estimate and forecasting.
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Provide flexibility to plan and measure progress by both templates and by
quantity.
Integrate these proposed methods and tools, which can be stand-alone or

add on to other project management systems, such as PM+.
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Appendix B. PROGRESS MEASUREMENT TEMPLATES
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Accurate assessment of work in progress is essential, and good judgment is

needed in order to assess the status of partially completed work. The guidance

contained in this section covers major categories of work. Each discipline is listed,

and work items are broken down into major tasks and recommended percentages

for completion of the work are shown:

Site preparation and earthwork: report by percent of total cubic yards involved

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Earth tank pads, percent of compacted 85 85
earth in place
2 Final dressing 15 100

2. Concrete Work: report by percent of total cubic yards involved, with the

following allowances:

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Rebar in place 20 20
2 Forming complete 50 70
3 Concrete poured 10 80
4 Stripping complete 15 95
5 Dressed and patched 5 100

Piles: report by number in place as percent of total required

Paving: report by square feet installed against total square feet required
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Sewers and access holes (prefabricated)

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Access holes and catch basins installed 65 65
2 Hookup and connections complete 25 90
3 Test and checkout complete 10 100
Steel structures, piping supports and miscellaneous steel
CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Report by tons erected in place 90 90
2 Bolting tension checked and completed 10 100
Buildings (excluding foundations):
7-1 Shelter-type (no interior work)
CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Steel erected 50 50
2 Walls and roof complete 40 90
3 Checked out complete 10 100
7-2 Masonry-type
CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Walls erected 30 30
2 Roofs and windows installed 15 65
3 Interior complete 35 100

Equipment installation

Columns and vessels
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8-1 Shop-fabricated, no internals

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Set in place 60 60
2 Secured and grouted 30 90
3 Tested and bolted up 10 100

8-2 Shop-fabricated, with trays or internals

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Secured and grouted 10 35
2 Internals complete 55 90
3 Tested and bolted up 10 100

8-3 Field-fabricated: report by number of prefabricated sections or rings and

internals installed; allow appropriate percent complete for partly completed work

elements

8-4 Storage tanks, field-fabricated: report by base, number of rings installed, roof,

and internals from subcontractor erection schedule; allow appropriate complete

 for partly completed work elements

Exchangers

9-1 Shell and tube (per unit)

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Set in place 60 60
2 Secured and grouted 30 90
3 Tested and accepted 10 100
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9-2 Fin-tube (per unit)

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Set in place 60 60
2 Secured and grouted 30 90
3 Tested and accepted 10 100
9-3 Fin fans (per unit)
CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Steel structure erected 20 20
2 Housing erected 10 30
3 Fan and driver assembled 20 50
4 Colls installed 20 70
5 Run-in and fan balance 20 90
6 Tested and accepted 10 100 -
Heaters
10-1 Vertical heater (package unit)
CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Heater set in place 50 50 "
2 Stack erected 20 70
3 Secured and grouted 20 90
4 Tested and acceptéd 10 100
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10-2 Heater (field-assembled)

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Substructure complete 20 20
2 Refractory installed 35 55
3 Tubes installed 20 75
4 Stack and breeching installed 10 85
5 Burners installed 5 90
6 Tested and accepted 10 100
10-3 Pumps and drivers
CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Pump set in place 40 - .40
2 Aligned and grouted 50 90
3 Run-in and accepted 10 100
Compressors and drivers
11-1 Package compressor (with driver)
CODE | DESCRIPTION WEIGHT (%) | CUM. %
1 Set in place 50 50
2 Secured and grouted 40 90
3 Run-in and accepted 10 100
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11-2 Package compressor (with driver separate)

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Compressor in place 25 25
2 Driver in place 25 50
3 Unit coupled and aligned 35 85
4 Secured and grouted 5 95
5 Run-in and accepted 10 100

Piping: percent complete in this account can be reported in the following

categories by the method indicated:

e Fabricated pipe spools: as completed by count ,tons, or feet pipe spools
installed: as installed by counts, tons, or feet straight run racked pipe: by
percenf( of linear feet installed underground lines: by percent of linear feet
installed hangers and supports: as completed by count or percent
allowance

s Hydrotesting: by subsystem or by holding back 10% of pipe spools for
hydrotest and punchlist work

» Handling: laydown to work area, percentage basis (by judgment)

o 2.5inch and less in diameter: by feet, screwed or socket weld, by size

s 3-inch and more in diameter: by each fit-up and tack, by size, schedule,
and type of material

e Weld out: by cubic inches of weld plus per operation

s Hydrostatic test: percentage basis or by subsystem

o Punch out: percentage basis (by judgment)
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» Rework: percentage basis (by judgment)

e Pipe fabrication, pipe supports, and hangers: unit job hours

Electrical
e Power and control equipment: as installed, by count
e Lighting equipment (pole assemblies): percent installed, by count
e Underground conduit and duct: percent of linear feet installed
s Above-ground conduit (power): percent of linear feet installed
e Above-ground conduit (lighting): percent of linear feet installed
o Power and control wire: percent of total feet pulled
e Power connections: percent of total complete
o Grounding: percent of feet installed
e Lighting wire: percent of feet installed
e Push-buttons and receptacles: percent of total installed

e Communications: by system complete

Instrumentation of control panels (including shop-mounted instruments)

CODE DESCRIPTION WEIGHT (%) | CUM. %
1 Install panels 25 25
2 Hook up and connect 60 85

Test and check out 15 100

Instruments and instrument materials
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» Wire and conduit: percent of linear feet installed

» Pipe and tubing: percent of linear feet installed

e Field-mounted instruments: percent installed, by count
» Control and relief valves: percent installed, by count

o Racks and supports: percent of linear feet installed

o Hookups: as completed, by count

e Loop check: as complete, by system

Insulation
o Vessels and towers: percent of square feet installed

» Piping: percent linear feet installed

Painting

» Vessels, tanks, towers, and structural steel: percent of square feet installed

o Piping: percent of linear feet covered

¢ Good systems will be based on quantities, earned value, and a productivity

assessment based on actual hours versus earned hours.
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Table Generalized Progress Measurement Template

Task Specified Progress Measurement Template
Task | Work Content | Cumulative % Earned
Piling
1 Rig in position 40
2 Drive and inspect 80
3 Trim and finish 95
4 Hand over 100
Earthworks
1 Excavation 50
2 Backfill 60
3 Compact 90
4 Fine grade 95
5 Hand over 100
Foundations
1 Building 5
2 Formwork 50
3 Rebar and embedment 80
4 Pour 87
5 Strip cure and grout 95
6 Hand over 100
Main steel structures
1 Columns 20
2 Beams 40
Gratings, handrails
3 Ladders 80
4 Final alignment 85
5 Punch and fix 95
6 Hand over 100
Paving
1 Lay mesh and formwork | 70
2 Pour concrete 90
3 Strip cure 95
4 Hand over 100

Table Generalized Progress Measurement Template (Continue)

Task | Work Content | Cumulative % Earned
Buildings

1 Erect structure 20

2 Complete roof 40

3 Complete external walls | 55
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4 Utilities 95
5 Utilities 95
S) Hand over 100
Piping underground

1 Install pipe 15
2 Level, butt and joint 40
3 Install fittings and wrap | 70
4 Punch and fix 80
5 Hydro test 95
6 Hand over 100
HVAC

1 Supports 10
2 Ducting and fitting 65
3 Install unit 80
4 Complete and test 90
5 Punch and fix 95
6 Hand over 100

Table Generalized Progress Measurement Template (Continue)

COST DURATION
Very Short Short Long
Low 0,100 50,100 20,100
High 0,100 20,100 20,100
30,100
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Appendix C. PROTOTYPE SYSTEM DEVELOPMENT
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Appendix D. BETA DISTRIBUTION EXAMPLES
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