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Abstract of Praxis

Implementing Project Management Plans to Control Construction Costs on Military Projects in
Korea
Over $156 billion annually is spent maintaining the more than 800 overseas US military

bases in over 80 countries, highlighting the need for efficient construction acquisitions.
International military construction projects intrinsically contain elements of uncertainty that
must be effectively managed to meet project cost, schedule, and performance objectives. The
US Army Corps of Engineers (USACE) requires the use of project management plans as a
primary tool for quality project delivery on all their construction projects. The complete
implementation of the Corps’ required project management business process (PMBP) has yet
to occur for USACE military construction projects in Outside Continental United States
(OCONUS) locations. Quantitative data has yet to demonstrate that fully utilizing a project
management plan makes a difference in the project delivery team’s (PDT) ability to achieve,
cost, schedule or performance objectives. Project Managers for OCONUS military
construction projects may have reluctance to incorporate USACE’s project management
business process, because conclusive measurable data cannot demonstrate the process’
economic impact. To quantify the impact of the USACE project management business
process on construction projects, this research studies the use of project management plans
on USACE’s OCONUS military construction projects and assesses whether such use
influences the project’s total cost and time growth relative to that of similar projects that
were initiated prior to the revisions to USACE’s PMBP. This results of this study demonstrate
that utilizing a project management plan, with its associated actions and tasks, throughout the

construction project’s entire delivery phase is a viable tool to control cost and time overruns.
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Chapter 1:  Introduction

This chapter introduces the research problem to be addressed along with the intended purpose
for doing so, the significance of this research problem, the scope and limitations of the research

itself, and organization of this document.

1.1 United States Foreign Military Presence

The United States has more foreign military bases than any other people, nation, or
empire in history (Dower 2017). More than 800 bases and hundreds of thousands of
personnel are stretched across the globe (Vine 2015). The Korean War ended more than 60
years ago, while World War Il ended more than 70 years ago (Vine 2015). National security,
stability and global peace have required the maintenance and expansion of our national
presence in many of these former conflict areas. There are still 174 U.S. base sites in
Germany; 113 in Japan and 83 in Korea. These overseas military facilities have an estimated
annual budget of $156 billion (Vine 2015).

The 2012 National Defense Authorization Act required the Department of Defense
(DOD) to commission an independent assessment of the overseas basing presence of U.S.
military forces. The report prepared by RAND's National Defense Research Institute
contends that “overseas presence contributes to contingency responsiveness, deterrence,
assurance, and security cooperation” (Lostumbo et al. 2013). Specifically, in Asia, the value
of having ground forces stationed in the region for flexible contingency response, assurance,
and security cooperation with partners across the region heavily influences current and future

decisions (Lostumbo et al. 2013).



1.2 Need for Construction Extension

Although much of the PMBOK Guide is directly applicable to construction projects, it does
not fully address the present-day PM practices found in the construction industry. The extension
aims to improve the efficiency and effectiveness of the management of construction projects by
including material specifically applicable to construction that are not covered in the PMBOK
Guide.

Construction projects do not usually produce a product, but normally a facility that will house
the means to make a product or provide service facilities. Moreover, they deal with geographical
differences and natural events in every case may have a significant effect on the environment.
There are normally many stakeholders, and often require large amounts of materials and physical
tools to move or modify those materials (Project Management Institute 2007; Project

Management Institute 2008).

13 Context for the Use of Project Management Plans on Military Construction

Effective project management is essential in a project-oriented industry such as construction
(Isik et al. 2009). According to Chou et al. (2012), “project management was initially developed
by the defense industry in response to national security needs but has since grown to emphasize
the relationships among various operational activities during the project life cycle”.

The use of contingencies, bonding and insurance requirements, and inclusion of appropriate
contract clauses established at the onset of a project have historically been the method that risk
related to cost and schedule growth have been addressed on Military Construction (MILCON)
projects (Khadka and Bolyard 2009). These moderately fixed methods do not take the dynamic
nature of the design, construction and commissioning of a facility into consideration. Relying on
these measures independent of supplemental means frequently hampers the project development
team’s (PDT) ability to achieve overarching cost, schedule and performance objectives (Stuban

2011).



Billions of dollars are annually committed to MILCON projects, with a substantial military
pivot towards Asia and the Pacific region. The United States began expanding its role in the Asia-
Pacific during the Obama Administration, particularly in the southern part of the region (U.S.
Department of Defense 2012). A primary purpose of this military rebalancing is to deepen U.S.
credibility. This objective creates a contradiction of agendas, given the predominant theme of
fiscal constraint that has increased Congress’s oversight and reluctance to commit appropriations.
For instance, national concern about the expanding costs of the proposed Guam military
construction propelled Congress to eliminate all funding in the National Defense Authorization
Act, P.L. 112-81 (Clinton 2011). This shift in military resources requires the expansion,
development or renovation of Pacific infrastructure through a vast array of military construction
endeavors. These types of budgetary constraints demonstrate how vital it is for MILCON projects
to remain in close proximity of their planned budget and schedule, especially in Pacific areas like
South Korea, Japan and Guam (Manyin et al. 2012).

The DoD has dramatically improved the efficiency of its acquisitions by providing substantial
guidance on the need for implementing risk management throughout a projects lifecycle. The
successful implementation of their risk management process has enhanced DoD major weapon
and automated information systems acquisitions (Bolles 2003). The guidance provided by the
United States Army Corps of Engineers (USACE) to improve military construction efficiency has
only recently been adapted, with project management plans offering a structured approach to
project management from a cost, schedule and performance perspective (U.S. Army Corps of
Engineers 2006). A more definitive exploration that determines whether employing project
management plans on MILCON projects makes a difference in the PDT’s ability to achieve cost,
schedule or performance objectives can provide the confirmation necessary to legitimize the
relatively new process to project managers questioning the mandate’s validity.

This research used a case study format in assessing the application of project management
plans on USACE Far East District’s $10.7B Korea Program Relocation. The deliverables of this

3



research aim to define and clarify the project management process that was utilized, evaluate its
effectiveness in regulating the cost and time growth of the construction, and assess whether

USACE’s mandate was empirically justified.
1.3.1 United States Army Corps of Engineers (USACE)

Established by Congress in 1802, USACE has both military and civil responsibilities.
USACE is primarily responsible for all national public civil works, military construction and
disaster relief projects. Their large-scale (Mega-Projects) projects are endeavors exceeding
$200M or 2 years duration (U.S. Army Corps of Engineers 2012). In 2002, $15.8 billion in
unplanned interoperability costs were quantified for large-scale USACE construction projects
(U.S. Government Accountability Office 2015).

USACE has approximately 37,000 dedicated civilians and military personnel delivering
engineering services to customers in more than 130 countries worldwide. USACE history can be
traced back to 16 June 1775, when the Continental Congress organized an army with a chief
engineer and two assistants. They are one of the world's largest public engineering, design, and
construction management agencies (U.S. Army Corps of Engineers 2016).

Their most visible missions include the design and construction management of military
facilities for the Army, Air Force, Reserve and other Federal agencies. Their work comprises
engineering and management support to military installations, global real estate support, civil
works support, operations and maintenance of Federal navigation and flood control projects, and
monitoring of dams and levees. USACE provides support directly and indirectly to the

warfighting effort (U.S. Army Corps of Engineers 2016).

1.3.2 Military Programs Mission

The military programs mission is to provide premier engineering and construction, real estate,
stability operations, and environmental management products and services for the Army, Air

Force, Department of Defense, and other assigned U.S. Government agencies and foreign

4



governments. USACE utilizes several effective management tools and techniques to manage
Military Projects. The Military Program Area has four core missions: Strategic Integration (Base
realignment and closure, BRAC); Gulf Region Integration and Security Assistance; Military
Construction; and Stability and Reconstruction Operations. Their major missions include:
Military Construction; Environmental; Real Estate; International and Interagency Services;
Contingency Support; and Installation Support (U.S. Army Corps of Engineers 2013).

1.3.3 United States Government Accountability Office (GAO)

The U.S. Government Accountability Office (GAQ) is an independent, nonpartisan agency
that works for Congress. They act as a congressional watchdog, tasked with investigating how the
federal government spends taxpayer dollars. The agency designates different series as high-risk
on the basis that their fiscal performance impedes effective government spending. The GAO
identified DoD Military Construction, which includes USACE large-scale construction projects,
as a high-risk series (U.S. Government Accountability Office 2015).

1.3.4 Korea Relocation Program

The Korea Relocation Program is a $10.7 billion construction mega-project; the largest in
DOD history; executed by USACE. The scope expands USAG Humphreys by 300% in total
acreage, 17.6M cm of engineered fill and 592 miles of underground utilities. The completed
project will make Camp Humphreys larger than the city limits of Washington DC (U.S. Army
Corps of Engineers 2016).

1.3.5 A Guide to the Project Management Body of Knowledge Guide (PMBOK)

The goal driven nature of construction necessitates effective project management, making the
identification of effective approaches a critical success factor (Isik et al. 2009). According to
Chou and Yang (2012), “a Guide to the Project Management Body of Knowledge Guide
(PMBOK® Guide) was developed by the Project Management Institute to identify general project
management knowledge, processes, techniques, tools, and skills”. The PMBOK® Guide contains
“the fundamental, baseline practices that drive business results for any organization, including
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those organizations in the construction industry” (Project Management Institute 2008). A myriad
of field experts contend that the application of these paradigms to construction can enhance the
likelihood of success over a wide range of projects (Zwikael 2009; Snyder 2014).
1.3.6 USACE & Project Management Plans

To meet mission objectives, each project is managed under a project management plan.
USACE considers a project management plan to be the roadmap for quality project delivery.

(U.S. Army Corps of Engineers 2006).

1.3.7 Plan-Do-Check-Act Cycle

USACE’s business doctrine embraces several principles associated with producing high
quality products and services. One such core principle is the Deming ‘plan-do-check-act’ cycle

model for process management (Shanahan 2014).
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Figure 1-1:  USACE Plan, Do, Check, Act Cycle
(Shanahan 2014)

14 Problem Statement

International military construction projects intrinsically contain elements of uncertainty that
must be effectively managed to meet project cost, schedule, and performance-objectives. Within
the construction industry, the PMBOK® Guide is considered by many as to go-to source for

programmatic-wide increases in project performance, customer satisfaction, and project success.



Project management plans are a primary tenet of PMBOK archetype. The U.S. Army Corps of
Engineers (USACE) requires the use of project management plans as a primary tool for quality
project delivery on all their construction projects. The complete implementation of the Corps’
required project management business process has yet to occur for USACE military construction
projects in Outside Continental United States (OCONUS) locations. Quantitative data has yet to
demonstrate that fully utilizing a project management plan makes a difference in the project
delivery team’s (PDT) ability to achieve, cost, schedule or performance objectives.

15 Purpose

This research aims to meet two primary objectives. The first it to describe the methodology
behind the project management business process employed on military construction projects in
Korea (Yongsan Relocation Program). The second is to confirm that utilizing project
management plans allowed the PDT to be more effective in meeting the cost, schedule and
performance objectives of USACE’s overseas military construction in Korea (Stuban et al. 2011).
1.6 Significance and Contribution to the Body of Knowledge

A substantial amount of peer-reviewed literature contends that the use of PMBOK’s project
management techniques, tools and skills for construction can eliminate many of the ineffective
practices that result in substantial cost and schedule increases (Chou and Yang 2012). Despite this
fact, many federal agencies have been delayed in aggressively applying many of the primary tools
PMI endorses.

Revisions to the USACE project management business process have been established for
more than five years, but broad acceptance in OCONUS locations has been slow to develop and
diminutive in its implementation. The acceptance of employing project management plans in
overseas military construction projects may be stimulated if its value can be quantitatively proven
(Stuban 2011).

Public perception frequently attributes any variances USACE’s construction effectiveness as
a symptom exclusive to and caused by the agency’s ineptness. However, a leading expert on cost
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overruns; Danish professor Bent Flyvbjerg; concludes that “cost overruns of 50 percent to 100
percent in real terms are common in megaprojects” (Flyvbjerg 2014). Flyvbjerg examined 258
large transportation projects across 20 countries, discovering that 90 percent experienced cost
overruns. In areas, such as construction, there are technical reasons why cost overruns may occur
on major construction projects, including the fluctuating costs of materials, labor, or other inputs.
Flyvbjerg’s series of research supports the notion that cost overruns are a systemic symptom of
the construction industry, as opposed to an exclusive failure of USACE (Flyvbjerg 2014). Visible
implementation of USACE’s PMBP demonstrates an aggressive attempt by the agency to best
mitigate the uncertainty that is guaranteed to exist in any form of construction.

In 2002, $15.8 billion in unplanned interoperability costs were quantified for large-Scale
United States Army Corps of Engineers’ Construction Projects. The Government Accountability
Office mandated a solution be implemented to mitigate the associated financial burden in 2005.
Significantly reduced funding and additional overall annual budget oversight are consequences of
non-compliance with the directive, as well as continued construction inefficiency. Many large-
scale military construction endeavors take place in OCONUS locations, where implementation of
the current USACE PMBP has been slower than stateside locations. Project Management Plans
are endorsed by USACE as a control measure to substantial cost and time growth on all their
military construction projects. Substantial improvement in the OCONUS construction project
PMBP implementation rate can significantly increase the overall success and performance of
USACE overseas construction projects, as well as avoid increased construction justification
criterions and substantial reductions in annual Congressional construction budget appropriations
(U.S. Government Accountability Office 2015; U.S. Army Corps of Engineers 2006; Stuban
2011).

17 Scope and Limitations

Stuban (2011) asserts that “construction projects are performed globally by both public and

private entities and can employ a great number of techniques” intended to control schedule and
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cost growth “by the end-user, the designer and construction contractor”. Consideration of the
variety of construction management techniques employed on projects is beyond the scope of this
research, resulting in defined limitations intended to preserve the focus of this research.
1.7.1 The Scope of the Research

The scope of this research is limited to military construction projects executed under the
management of USACE in Korea, directly related to either the USACE Far East District or their
$10.7B Korea Relocation Program in South Korea. This research does not consider construction
projects executed by other Federal entities nor those undertaken in overseas commercial sectors.
A Case Study technique was utilized to describe the Korea Relocation Program with a focus on
the project management plans employed on USACE construction projects after FY10. Major
concentration was dedicated to the time and cost growth realized when the USACE PMBP was
used. A historical research technique was utilized to identify overseas military construction
projects in Korea previously completed by USACE without the benefit of a project management
plan and the time and cost growth realized by those projects from 2000 to 2010. The comparison
of the average time and cost growth realized on the two independent samples will allow for an
assessment as to whether use of project management plans can aid project managers in
controlling overall project cost and time growth (Stuban 2011).
1.7.2 Research Limitations

The Korea Relocation Program was the emphasis of this research’s case study methodology.
There were two anticipated limitations that were confirmed during the process of this research,
given the finite scope definition. The limited availability of project information was anticipated,
given the classified nature of many of the construction endeavors within South Korea. The
uniqueness of the Yongsan Relocation Program; including budget, magnitude and key
stakeholders; provided the other limitation when searching for comparable military construction

in Korea.



Typical MILCON projects have a variety of possible acquisition strategies. However, projects
within the Yongsan Relocation Program (YRP) have an extremely unique delivery method and
contract type combination. YRP construction projects are fully funded by the local Republic of
Korea (ROK) government, and this heavy foreign involvement carries over to the design,
construction and quality control phases as well. Conventional MILCON projects are governed by
Federal Acquisition Regulations (FAR), which are used by all Federal Agencies conducting
acquisition via new construction or renovation (Westmoreland 1991). USACE has not taken on a
similar construction campaign since the Panama Canal in the early 20" century.

The magnitude of YRP’s entire program limits the number of comparable projects. The
Korea Relocation is the highest dollar value construction endeavor taken on by any U.S.
Government Agency, consisting of numerous individual projects that would be considered mega-
projects by themselves (U.S. Army Corps of Engineers 2016).

The accuracy of the data also had to be considered, since some of the historical USACE
construction data is nearly 17 years old. A double verification process, which included a 3™ party
independent contractor, was used to ensure that the most accurate data available was used.
Instances that could not be duly verified were eliminated from the final research data set. Along
the same lines, figures associated with YRP were confirmed by USACE’s local counterpart, KC-
PMC, through their Project Management Information System (PMIS).

This research compares results achieved by YRP construction projects to those achieved on
USACE-administered MILCON projects finished before USACE had fully implemented the use
of project management plans into their Korean military construction. This research omitted
several factors related to the acquisition strategy, contract type, dollar value or performance scope
to alleviate many of the aforementioned research limitations. This approach also endorses that
notion that the incorporation of project management plans into every project manger’s toolkit is

an effective management tool regardless of strategy or contract type (Stuban 2011).
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18 Research Organization

This document is comprised of six Chapters. Chapter 1 is an introductory section providing
background, purpose, scope, and limitations on the subject matter while stating the overall
problem being considered. The first chapter considers the current project management
approaches being used on USACE overseas military construction projects in Korea. It also
identifies the potential need to confirm that using such techniques would improve the ability of
project management teams to better achieve their respective cost, schedule or performance
objectives.

Chapter 2 reviews existing relevant research on the topic of the most successful construction
management techniques being used on construction projects. The results of past research are
summarized in a manner that highlight gaps that can be later addressed by this research. The
federal directives that govern the application of project management plans to overseas military
construction in Korea are also highlighted.

Chapter 3 provides a contribution section describing the research questions asked and
proposed hypotheses this research will attempt to answer. The research methodology is also
described; including the research plan, model development, model validation techniques, and
analysis procedures. The case study and historical research methodologies employed are
identified in this section, combined with a summary of the required data, intended analysis and
anticipated results.

Chapter 4 reviews the model validation results and methodology output. The YRP Program
case study is presented, followed by a presentation of the cost and time growth data descriptive
statistics for both YRP and the USACE Far East District historical sample. This section concludes
with the execution of a t-test for independent samples to confirm whether the project management
plans implemented in YRP allowed project managers to more effectively control program growth

relative to the USACE historical sample.
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Chapter 5 lists conclusions and opportunities for future research. Summaries of the research
results are presented, suggesting practical applications on future overseas military construction
and other MILCON projects in general. The final chapter ends with suggestions for future

research that can expand upon the results presented within this praxis.
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Chapter 2:  Literature Review

This chapter presents and considers existing academic research related to the use of project
management techniques on construction projects. The prevailing guidance pertaining to the use of
project management on Military Construction projects in Korea is additionally examined.

2.1 USACE Project Management Business Process

Engineer Regulations (ER) are official policy issued by the Department of the Army, through
the United States Army Corps of Engineers (USACE). ER 5-7-1, Project Management, issued on
30 September 1992, was the formal introduction of basic premise of project management to
USACE. ER 5-1-11, Program and Project Management, originally issued on 27 February 1998,
built upon that introduction by mandating that all work performed by USACE would follow the
Project Management Business Process (PMBP), without exception. In order to align themselves
with industry standards, USACE issued a revision to ER 5-1-11 that clearly defined the concept
of a project (U.S. Army Corps of Engineers 2006).

The PMBP is a pivotal part of the overall Corps business process utilized to furnish their
services. USACE asserts that the PMBP “reflects the USACE corporate commitment to provide
customer service that is inclusive, seamless; flexible, effective, and efficient” (2006). ER 5-1-11

clarifies the overall USACE business doctrine, highlighting their mission-focused execution.

USACE Business Process Imperatives

. Plan for success and keep commitments
. Measure guality with the goals and expectations of the customer in mind
. Build effective communications into all activities and processes

. Use besi practices and seek continual improvement

L R

. Use corporate automated information systems consistently and accurately

Figure 2-1:  USACE Business Process Imperatives
(U.S. Army Corps of Engineers 2006)

The regulation declares that USACE shall make resource decisions based on what is best for

the mission, the Nation, and the public while considering the impacts to all customers. There are
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five universal operating principles that govern all work performed by USACE (U.S. Army Corps
of Engineers 2006).

Managing all work with a written plan ensures that USACE properly plans for success and
keeps commitments. Per U.S. Army Corps of Engineers (2006), “planning enables us to fully
understand our customers' requirements, as well as build trust with customers and coworkers by
clarifying expectations, keeping commitments, and ensuring all products and services are
delivered as promised”. Each person contributes to success by meeting the requirements of his or
her role, regardless of functional area or echelon within the organization. People may contribute
to mission success individually, as part of a team, or indirectly as a provider of support services
(U.S. Army Corps of Engineers 2006).

USACE defines a project as “temporary endeavor undertaken to create a unique product,
service, or result” (2006). The Project Management Business Process (PMBP) is USACE’s
primary methodology used deliver quality projects. Results-focused teamwork is the central tenet
of their PMBP, drawing on the diverse resources of USACE to build strong multi-disciplinary
teams to best meet customer’s needs. ER 5-1-11 empowers Project Delivery Teams (PDTs) with

the necessary authority and responsibility to deliver quality products and services.

1. One project, one ream, one Project Manager (PM)

| 2. Manage all projects with a Project Management Plan (PMP)
| 3. The Project Delivery Team (PDT) is responsible for project success

Figure 2-2:  USACE PMBP Imperatives
(U.S. Army Corps of Engineers 2006)

USACE has three PMBP imperatives that build upon their primary five business process
principles, meant to govern the successful completion of projects. Each project is assigned to one
PDT, with a single PM for management and leadership during the life cycle of the project. Senior
leaders select the PM based on the individual's abilities to best lead the specific project without
regard to assigned organizational element. The PDT consists of everyone necessary for successful

development and execution of all phases of the project. The customer is an integral part of the
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PDT. The PM is responsible for ensuring that the necessary disciplines and perspectives are
represented within the PDT (U.S. Army Corps of Engineers 2006).

To meet mission objectives, each project is managed under a project management plan.
USACE considers a project management plan to be the roadmap for quality project delivery.
“The PM and the PDT work with the customer early in the project scoping process to determine
what the customer needs and to refine those requirements in light of safety, fiscal, schedule, legal,
and other constraints,” according to USACE (2006). The PDT measures its success against the
expectations documented in the project management plan. USACE considers a project
management plan as “an agreement between USACE and the customer that defines project
objectives and project-specific quality control procedures appropriate to the size, complexity,
acquisition strategy, project delivery, and nature of each product” (2006). The project
management plan is signed by all PDT members, including the customer; to document their
commitment to project success. The project management plan has to be an iterative document that
is constantly updated in order to be effective as a management and communication tool. The PM
informs customers when their requests will cause significant scope, schedule, or cost impacts, and
will coordinate any changes to the project with the customer and PDT, updating the project
management plan as appropriate. All USACE construction work is to be managed using the
project management plan and all PDT members share this responsibility. Project management
plans should be concise and succinct, but address all processes and areas necessary to ensure

effective project execution (U.S. Army Corps of Engineers 2006).

2.1.1 Role of Project Manager (PM) Within USACE

The Project Manager (PM) manages scope, schedule, quality, and budget while leading a

project delivery team to successful project execution (USACE 2016).
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Figure 1-1. Ovenview of Project Management Knowledge Areas and Prgject Managemen!t Processes

Figure 2-3:  Overview of Project Management Processes

(Project Management Institute 2008)
This individual is the primary interface with the customer and is also the U.S. Army
Corps of Engineers' primary internal advocate for the specific project. PMs manage all project
resources, information, and commitments, and integrate and focus the efforts of the PDT
(USACE 2016).

USACE considers the PM assignment essential to accurately capturing the quality objectives
of the customer. Additionally, the PM is expected to communicate industry and professional
standards in a clear and concise manner. PMs are tasked with guiding the progress of a project in
a manner that keeps the focus balanced on public interest and customer expectations (USACE
2009).

The Corps considers a project management plan to be “a formal, approved, living document
used to define requirements and expected outcomes and guide project execution and control”

(USACE 2006). The primary uses of the project management plan are to facilitate
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communication, define and designate responsibility, note assumptions made, and records
decisions that will establish a stategy to achieve and measure scope, cost and schedule
performance objectives. Within USACE, project management plans are developed by the project

delivery team (PDT) (U.S. Army Corps of Engineers 2006).

2.1.2 Plan-Do-Check-Act Cycle

USACE’s business doctrine embraces several principles associated with producing high
quality products and services. One such core principle is the Deming ‘plan-do-check-act’ cycle
model for process management (Shanahan 2014).

During the planning phase, USACE aims to assign the correct staff with the appropriate skill
set to work on a specific project. Quality is built and planned into each step of the process, “using
a systematic planning process to identify the customer's quality goals; develop an effective plan
and processes to achieve those goals, and measure our attainment of the quality objectives” (U.S.
Army Corps of Engineers 2006). Value engineering is applied when it serves to increase the
quality of USACE projects, with the product of the planning phase being the project management
plan (Shanahan 2014).

During the ‘DO’ phase, USACE does the work according to approved Project Management
Plan and documented procedures. Their procedures are developed and documented with sufficient
detail to ensure that actions are performed correctly and completely each time. Project and
program execution is considered a dynamic process, with the PDT communicating and adapting
to changing conditions and modify project plans to ensure project objectives are met. Quality
management consists of executing a well-conceived and a continually updated Project
Management Plan (U.S. Army Corps of Engineers 2006).

Checking is performed through independent technical review, management oversight, and
verification to ensure that we meet the quality objectives documented in the project management

plan. PDT members periodically check performance against the plan and verify sufficiency of the
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plan and actual performance to meet or exceed agreed-on objectives. USACE performs after
action reviews are conducted to facilitate sharing of lessons learned. Those findings are shared
with the project teams and other personnel to facilitate continuous improvement (U.S. Army
Corps of Engineers 2006).

Lastly, USACE acts by taking specific corrective actions to remove the systemic cause of any
non-conformance, deficiency, or other unwanted effect. Quality is improved through systematic
analysis and refinement of work processes. Continuous quality improvement is believed to lead to
the refinement of the overall quality system. Quality improvements include appropriate revisions
to quality management plans, alteration of procedures, and adjustments to resource allocations
(U.S. Army Corps of Engineers 2006).

2.2 PMBOK

PMI published a Government Extension to the PMBOK Guide in 2002, which satisfied their
intent to supplement the PMBOK with industry-specific application area extension. The
Construction Extension to the PMBOK Guide is a supplement intended to be used in conjunction
with the PMBOK Guide, in order to provide construction specific support to project management
practitioners. According to PMI (2008), “the PMBOK Guide describes the generally accepted
knowledge and practices applicable to most projects most of the time, upon which there is
widespread consensus about their value and usefulness”. The Construction Extension therefore
describes knowledge and practices that are generally accepted for construction projects in most

cases (Project Management Institute 2007).
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2.2.1 Inputs, Tools & Techniques and Outputs

Tools & Techniques

.1 Other planning outputs -1 Project planning

.2 Historical information methodology

.3 Organizational policies 2 Stakeholder skills

.4 Constraints and knowledge

.5 Assumptions .2 Project management
information system
(PMIS)

.4 Eamned value

management (EVM)

"1 Project plan
.2 Supporting detail

\ \
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Roman face New elements

set in Bold Italics

Figure 2-4:  PMBOK Processes: Input, Tools & Techniques, and Outputs
(Project Management Institute 2007)

The PMBOK Guide describes project management processes by their inputs, tools,
techniques, and outputs. Figure 2-1 visually explains the table that is included for each process
that list each element (Project Management Institute 2007).

2.2.2 Typical Project Lifecycle

In the context of construction management, segments of the contracted services that extend
beyond the completion of the facility are not considered to be part of the project management of a
construction project. Figure 2-5 visually represents the typical design-bid-build project lifecycle.

(Project Management Institute 2007).
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Figure 2-5:  Typical Design-Bid-Build Project Lifecycle
(Project Management Institute 2007)

2.2.3 PMBOK -5 Process Groups
The PMBOK Guide described 5 process groups: initiating, planning, executing, controlling
and closing. These groups also carry over as the fundamental groups in a construction project,

with each group having links that are directly applicable. Figure 2-3 shows these 5 process
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groups, their associated knowledge areas and the overall PMBOK Mapping of Construction

Management Processes (Project Management Institute 2007; Project Management Institute 2008).

2.2.3.1 Planning
The planning process has several areas that differ for construction when compared to the
general PMBOK Guide. The PMBOK Guide lists planning processes as one of the facilitating
process, where procurement planning determines what to procure and when to procure it.
However, in construction, determining the method of procurement is just as important as when
and what to procure. Most procurement actions have several options available, which are
dependent and should be determined by several unique factors to each project (Project

Management Institute 2007).
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Figure 2-6:  PMBOK Mapping of Construction Management Processes

(Project Management Institute 2008)

2.2.3.2 Project Integration Management

According to the PMBOK Guide, “Project Integration Management includes the processes
required to ensure that various elements of the project are properly coordinated” (2008). This
process involves making compromises between competing objectives in a manner that meets or
exceeds stakeholder expectations for time, cost and deliverables (Project Management Institute
2007).
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The guide describes the processes required to ensure that the numerous elements of a project
are properly coordinated. Three major processes are identified: project plan development, project
plan execution and integrated change control. Project plan development involves the integration
and coordination of all project plans to create one consistent document. The process of carrying
out the project plan by performing its activities is described as project plan execution, while
integrated change control coordinates changes across the entire project. Each of these apply to
projects in the construction industry, with the need to have all elements integrated. This
integration allows for changes to be quickly reflected in the project plan as it is executed, which is
of utmost importance in construction (Project Management Institute 2007).
2.2.3.3 Project Plan Development

With consideration to the Work Breakdown Structure (scope), construction projects follow
the project management plan closely. Nearly all construction projects are executed under the
terms of a written contract. In some cases, the contract can be considered an input to the Project
Plan development, while in others it may be the output. The PMBOK Guide generally considers
the contract to be an input, so it provides the overall constraints and boundaries for the
development of a project management plan. Figure 2-4 shows the inputs, tools and techniques and
outputs of the project management plan according to the PMBOK Guide (Project Management

Institute 2007).

Tools & Techniques
.1 Project planning 1 Project pian
memooiogy

Tem i
.5 Ccompany procegures
_6 Value engineering

Figure 2-7:  Project Management Plan Inputs, Tools & Outputs
(Project Management Institute 2007)
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2.2.3.4 Outputs from Project Management Plan Development

The construction process develops a project or work plan that is aligned with all of the
content of this section in the PMBOK Guide. The PMI (2008) contends that “the plan provides
the basis for the total organization and integration of the project effort and serves as the
fundamental baseline for execution of the project”. The description of how the project will be
executed is one of the project management plan’s most important characteristics. This allows the
PDT to ascertain what delivery systems will be used, what organizations will perform what tasks,
and what forms of procurement will be used.

The project management plan will describe the work to be self-performed and what tasks will
be subcontracted. Moreover, the type of contract proposed to the subcontractor may also be
included. These types of decisions and assumptions are a major part of the project work plan,
which includes the definitions of the limits of authority (Project Management Institute 2007).
2.2.4  Project Cost Management

According to the PMBOK Guide, “Project Cost Management includes the processes required
to ensure that the project is completed within the approved budget” (2008). The following major
processes are included: resource planning, cost estimating, cost budgeting and cost control.
Resource planning determines what resources; people, equipment and materials; and quantities of
each should be used to execute project activities. Cost estimating is used to develop an
approximation of the costs of resources necessary to complete project activities. During cost
budgeting the overall cost estimate is allocated to individual work activities. Controlling changes
to the project budget is considered cost control. Each of these major processes are used in
construction. Life cycle costing, in conjunction with value engineering and constructability
analysis are used to reduce cost and time, improve performance and optimize decision making.
Figure 2-5 shows the input, tools and outputs of the project cost management process (Project

Management Institute 2007).
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Tools & Techniques

.1 Work breakdown structure .1 Decomposition .1 Activity list

.2 Scope statement .2 Templates .2 Supporting detail

.3 Historical infermation .3 Concurrent engineering .3 Work breakdown structure
.4 Constraints updates

.5 Assumptions

Figure 2-8:  Inputs, Tools and Outputs for Project Cost Management

(Project Management Institute 2008)
2.2.5 Project Time Management
The evolution of project time management spans from simple figures to complex, computer-
aided processes that are presently used. The Critical Path Method somewhat overshadows the
value of more simplified techniques used for Gantt Charts. According to PMI, “for simple
projects and for fragments of more complex projects, a bar chart may be all that is needed to

effectively manage the time process” (2008).

Tools & Technigues

.1 Work breakdown structure .1 Expert judgment .1 Resource requirements
.2 Historical information .2 Alternatives identification

.3 Scope statement .3 Project management

.4 Resource pool description software

.5 Organizational policies -4 Make or buy analysis

.6 Activity duration estimates
.7 Contract requirements
.8 Construction methods

Figure 2-9: Inputs, Tools and Outputs of Project Time Management

(Project Management Institute 2008)
The most important decision is to choose the most effective way of time management that fits
each project. Figure 2-6 shows the input, tools and outputs of the project time management

process (Project Management Institute 2007).

2.3 USACE Project Management Business Process (PMBP) Portal

The Project Management Business Process (PMBP) Portal is a central place where very
useful information from diverse sources. It is accessible to nearly all full-time USACE employees
at https://pmbp.usace.army.mil/. The PMBP Portal Home Page is divided into the following
sections: Applications; Other Applications; P2 Status; Site Search; and Site/Page Navigation

Panel (U.S. Army Corps of Engineers 2013).
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The applications toolbar contains drop-down menus that allow the user to access P2
applications, other applications, P2 Status updates, and a site search tool. P2 applications include:
Primavera Web, Project Management (Citrix) and P2 Executive Dashboard. The other
applications include other useful platforms for USACE Project Managers, including the Corps of
Engineers Financial Management System (CEFMS), Resident Management System (RMS) and
Army Knowledge Online (AKO) (U.S. Army Corps of Engineers 2013). The Main content map
contains a map to the Corporate Management Information (CMI) where users can view project
data. The Project Data Sheet contains a great deal of information about a specific project. This
information is arranged in sections: Headings, General Project Information, Comments, All
Milestones, RMS Construction Data, Monthly Management Data, the Project Team, Project
Codes, Photos and Other Comments (U.S. Army Corps of Engineers 2013)

The e-PMP contains all the general information that is found in the Project Management Plan
in electronic form. This data includes milestones, work breakdown structure (WBS), funds status
and organization costs. There are several PDT members with key roles in USACE’s P2 process,
including the Project Manager (PM), Project Management Plan Approver and the Virtual Project
Manager. The PM is the employee responsible for the planning, management and execution of the
project. A primary component in Project Identifying Information, a project cannot exist without a
valid, active PM. The PM is also defined as the Responsible Employee in CEFMS for all work
items that are associated with the project. There is only one PM permitted per project. Project
Management Plan approvers are employees who are authorized to approve the Draft Project
Management Plan. The Virtual Project Manager is an employee who is responsible for the
planning management, and the executive of the project but who cannot be identified as the
CEFMS Responsible Employee. Such employees would include government employees from

another USACE district, contract employees, etc. (U.S. Army Corps of Engineers 2013).
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2.4 Resident Management System (RMS)

Resident Management System (RMS) began as a DOS-based local construction management
system in the Los Angeles District and was ultimately selected for development into a USACE-
wide standard system. In 1996 a fully functional DOS version of RMS was developed and used
on a voluntary basis at many District Offices. In 1997 the DCG made a decision to integrate RMS
with CEFMS and PROMIS (now, P2). In 1998 a phased fielding of a basic version of RMS
(Windows version) was authorized by HQUSACE. In November 1998, the current USACE
Commander approved the deployment of a Windows-based RMS as the standard system for
supporting all construction management in USACE (RMS Support Center 2011).

RMS is designated as the USACE standard construction management information system. It
focuses on the construction phase of project management and will provide comprehensive support
for construction managers. It interfaces with other key USACE systems such as P2, CCASS, and
CEFMS and later with the Standard Procurement System (SPS) that is replacing SAACONS. It
now applies to all construction contract work managed by field construction offices (area,
resident, project offices) regardless of type of program, funds, or contract. It will also send
construction status information to P2 for review and decision-making by project managers and
commanders at all levels of USACE (RMS Support Center 2011).

The significance of cost and time, analyzed in the same light, is demonstrated by RMS’
ability to generate cost and time growth reports based on cost and schedule data that is captured
and entered into RMS and P2 (Figure 2-7). For MILCON project in Korea, the following metrics
are current:

Cost Growth: Green < 5.0%; Amber > 5.0%; Red > 5.5%

(2.3)
Time Growth: Green < 10.0%; Amber > 10.0%; Red > 20.0%

(2.4)
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RMS is a quality management and contract administration system designed by a Resident
Engineer to help his staff complete their mission. The system provides an efficient method to
plan, accomplish and control contract management by integrating job specific requirements,
corporate technical knowledge, and management policies. The emphasis of RMS allows front line
field personnel to concentrate on their primary functions, such as on-site quality assurance,
customer care, preparation of modifications, safety regulations etc., while accomplishing routine
administrative tasks. Many of the reports created by RMS such as pay estimates, quantity
variations and modification documents, are required documents that are used during daily
operations. Additionally, a wide range of management reports have been specifically created to
assist field personnel assess project status and recognize appropriate actions. The power of RMS
comes not only from its ability to assist staff in completion of their tasks, but also in its ability to
give the Resident Engineer an objective overview of contract and program status (RMS Support
Center 2011).

RMS achieves this through comprehensive job-specific plan, where RMS creates a sound
plan using lessons learned from previous jobs, eliminating problems and providing a method of
objective measurement. It also uses practical Implementation Tools that allow the right set of
tools enables the staff to do a better job and be more productive. Because the system assists in
performing the work, it also records the plan and keeps it current. The ability to recognize and
prevent problems, modify the plan, or take corrective action enables RMS to have project control
and evaluation. The target audience for RMS is the Resident Engineer (RE) and their staff, rather
than upper management. The advantages of the wider, lower level audience are that key
information goes directly to its end user. Production gains are multiplied and the accuracy of the
data is improved (RMS Support Center 2011).

The literature verifies that PMI and the PMBOK are legitimate sources of Project
Management strategy, knowledge and approaches. The PMBOK addresses a broad array of
processes that occur within the lifecycle of a construction project, but is not directly applicable to

26



construction projects. Present-day PM practices found in the construction industry are not
addressed, and the framework for improving efficiency with specific approaches are lacking
(Project Management Institute 2007; Tabatabaei et al. 2009).
2.5 Current Efforts to Confront the Problem

This section of the research summarizes relevant existing efforts that confront the topic of
construction projects, efficiency and overrun control.
25.1 Developing a Project-Management Body-of-Knowledge Document

The Project Management Institute (PMI) published their initial ‘body of knowledge’
document in 1983. Numerous iterations have since been produced, with each successive
publication larger in scale. This research provides an overview of the evolution of the PMI's body
of knowledge document, in addition to commentary regarding PMI’s overall structure and content
value. The author provides a description of project management in terms of its component
processes, recognizing the need for application-area extensions. According to Duncan (1995),
“[PMI] was founded in 1969 on the premise that there were many management practices that
were common to projects in areas as diverse as construction and pharmaceuticals”. The concept
of standardizing common practices had gained wide acceptance by 1976. However, another 5
years elapsed before the PMI board approved a project to develop the procedures and concepts
necessary to support the development of standards. PMI initially considered three areas of focus:
projects, management and processes. Process was considered a series of actions generating a
result. The introduction of the five basic processes; initiating, planning, executing, controlling,

and closing; was introduced in relation to a project. Duncan (1995) asserts that:

These basic processes can be described as follows: initiating: recognizing
that a project or phase should be begun, and committing to do this; planning:
identifying objectives and devising a workable scheme to accomplish them
(note that 'planning' as a process should not be confused with 'planning’ as a
phase in a lifecycle); executing: coordinating people and other resources to
carry out the plan; controlling: ensuring that the objectives are met by
measuring progress and taking corrective action when necessary; closing:
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formalizing acceptance of the project or phase, and bringing it to an orderly
end.

The basic management processes described are overlapping activities which occur at
fluctuating levels of concentration throughout each phase. The 1% diagram in Figure 2-8

illustrates how this overlap takes place.
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Figure 2-10: Overlap of Processes / INTERACTION between Phases
(Duncan 1995)

There are additional links by the results produced, with the outcome of one process acting as
an input to another. For example, planning provides the executing phase with a project plan. The
author provides another example, explaining that “closing a design phase requires customer
acceptance of the design document [and] simultaneously the design document defines the product
description for the ensuing implementation phase” (Duncan 1995). The 2nd diagram in Figure 2-8
illustrates these interactions. Although the basic framework of this approach is useful, it fails to

address the amorphous, changing and dynamic nature of construction projects.

2.5.2 Factors Affecting Construction Quality

A study was carried out in Egypt that involved the participation of 159 construction
professionals representing the traditional participants of a PDT; including clients, consultants and
contractors. The Delphi technique was applied to make a scientific conclusion regarding the
factors necessary to improve construction quality in Egypt. Sixteen factors were generated from
the study, with improvement of the design and planning the pre-construction phase being highest
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in priority. The overall analysis demonstrated that five factors accounted for more than half of the
total significance of all the factors. Developing and improving quality control and assurance
systems was identified as the second highest priority by the panel of experts. Based on this
research, improvements to these five factors should make it possible to improve construction
quality in Egypt (Abdel-Razek 1998). Lacking empirical data, the primary limitation of this
approach is dependent on the opinion of the survey respondents. Moreover, the factors generated
from the study do not indicate their magnitude or impact on the construction process. Most

importantly, no solutions are presented to ensure the factors identified are managed.

2.5.3 Using Lean Techniques to Improve Performance in Construction

Abdelrazig (2015) contends that “the basic concepts of lean thinking in construction projects
are to reduce waste, improve communication, and promote teamwork integration through a
common set of tools and techniques”. This research asserts that there is a need to focus attention
on the efficient delivery of construction project services in the public sector; particularly
municipal project delivery. Municipal projects are a segment of public work that includes
infrastructure projects that are funded by local governments. These types of construction projects
are unique in that their scope includes a vast area and scatter around the city and local
government region. The author analyzes how lean construction techniques improve performance
and productivity in municipal project delivery. This study adapts and extends a non-physical
controllable waste classification using the Analytical Hierarchy Process (AHP). Management
activities and flows were identified as the most important factors; planning, quality, resources,
supervision and decision-making were also identified as primary factors of controlling waste

(Abdelrazig 2015).
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2.5.4 United States Air Force Project Manager’s Guide

The primary purpose of the Military Construction (MILCON) program is to provide major
construction on DOD installations. The Air Force MILCON goal is “Building Quality
Facilities...On Time and On Budget to meet mission requirements” (AFCEE 2008). Figure 2-9
illustrates the time frame requirements and provides distinction between program development
(Planning and Programming) and project management (Design, Construction Contract, Build, and

Closeout).
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Figure 2-11: MILCON Process
(AFCEE 2008)
The Air Force considers five principle elements in every construction project: planning and

programming; design; construction contract; construction and project closeout. Project
Management Plan establishment at the outset of the project design process is considered key to
successful project management and execution. The Air Force Design Manager is expected to
develop a project team organization chart and establish the rules to be followed for

communication (AFCEE 2008).
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2.5.,5 Monitoring Project Duration and Cost

Earned value is a leading technigue in monitoring and analyzing project performance and
project progress. Earned Value (EV) is a project management technique that measures project
progress in an objective manner, and provides an early warning of performance issues. The
authors assert that this process allows exact measurement of project progress and can uncover any
time and cost deviations from the plan. EV measures project performance and progress by an
integrated management of three most important elements in a project, namely cost, schedule and
scope. For this purpose, project time and cost performance indices of a real construction project
were monitored regularly on individual control charts. Based on robust statistical analysis, the
researchers conclude that EV is capable of monitoring and analyzing project performance.
Furthermore, their research stresses the importance of the combination of time and cost and
critical success metrics in construction (Aliverdi, Naeni, and Salehipour 2013).

2.5.6  Service Quality within Construction Processes

This research examined the various definitions and characteristics of construction project
success, focusing on quality of construction and meeting the project owners’ expectations. The
author utilizes gap analysis as a diagnostic tool on the differences and similarities of the views of
project owners and contractors concerning 15 attributes. This approach confirmed and uncovered
several key construction problems, through a structured questionnaire survey completed by 138
participants. The most poignant discovery is most likely the nearly complete lack of attention
devoted to owners’ satisfaction. Quality issues are negligible when compared to the enormity of
customer dissatisfaction portrayed in this research. which undoubtedly contributed to poor
performance. Al-Monani (2000) asserts that “project owners and contractors should re-evaluate
their mode of operation and plan for adjustment which requires time and dedication on both

sides”. Based on this research, it can be concluded that understanding the expectations of the
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owner is a pre-requisite for delivering quality service. Neglecting the owner’s expectations is a
likely catalyst for the expenditure of unplanned budget, time and effort (Al-Momani 2000).
2.5.7 Organizational Benefits of Using Project Management Tools

Project Management tools and techniques are a key element in project management, with
several tools available This research examined the various definitions and characteristics of
construction project success, focusing on quality of construction and meeting the project owners’
expectations (Anastassakou 2008).
2.5.8 The Nature and Prevalence of Inter-organizational Project Ventures

According to Bakker et al. (2011), “there has recently been noted a rapid increase in research
attention to projects that involve outside partners”. Unfortunately, industry knowledge of inter-
organizational projects is somewhat limited. This research studies large scale data from 2000
SMEs that was repeated during 2006 and 2009 that focused on inter-organizational project
ventures. Their primary discoveries indicate that the overall prevalence of these types of ventures
was significant and stable, despite the economic crisis that peaked in 2008. Although each project
and organization is unique, the prevailing method of problem solving was repetitive. This
research provides quantitative data to support the notion that project managers should focus on
their project organization, which has important implications for construction project management
(Bakker et al. 2011).
2.5.9 Construction Project Management

The author examines the variety of factors associated with effective construction project
management, including different techniques for controlling performance cost, time and quality.
Barnes places heavy emphasis on the precise roles of participants within a construction project
(1988).

The author maintains that “the object of project management is to produce a completed
project which complies with the client’s objectives” (Barnes 1988). The client’s objectives should
impact all future decisions made by all key stakeholders, including the project manager. Figure
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2-10 exemplifies the combination of the objectives for performance, budget and schedule.
Project managers must be skilled at balancing three types of objectives in order to be effective.
Barnes clarifies that “decisions taken for a project where minimum time is the overriding
objective will be different in principle and in detail from those where achievement of a

performance target is the overriding objective” (1988).

Performance

Cost Time

Figure 2-12: Customer’s Construction Project Objectives
(Barnes 1988)

Good project management ensures that there is a widespread unity of view as to the client’s
objectives, and that this view is maintained throughout the phases of design, construction and
commissioning of the new project (Barnes 1988).

2.5.10 Project Management Toolsets

The researchers discuss the results of an empirical investigation of project management
practice. A large number of practices, tools, and techniques specific to project management are
examined. Nearly 1,300 practitioners participating in a large-scale international construction were
used as a sample set. The magnitude of the sample size and the variety of respondents make the
results of this research reliable. Patterns of practice are mined from the survey data, using
principal component analysis to demonstrate patterns that practitioners use project management
tools and techniques in groups or toolsets. This empirical identification has important
consequences for the practice and study of project management. The authors also briefly compare

their results with the PMBOK knowledge areas and process groups. The research demonstrates
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how practice varies with the management of different types of projects in engineering and
construction (Besner and Hobbs 2012).
2.5.11 Analysis of Time and Cost Overruns in Construction Contracts

This research examines the significance of construction cost and time overruns in highway-
construction project delivery. Current efforts are reviewed to provide insight into the factors that
affect overruns, concluding that the findings are limited because they *“do not explicitly consider
the simultaneous relationship between cost and time overruns” (Bhargava et al. 2010). The
authors use data from Indiana highway projects to produce quantitative substantiation that a
concurrent relationship exists between cost and time overruns, requiring their analysis to occur
simultaneously. A three-stage least-squares technique is used to identify factors that impact cost
and time overrun. Models are developed to enhance the estimation of the expected overruns of
final cost and the delay in completion time for construction projects (Bhargava et al. 2010).
2.5.12 Factors Causing Military Construction Cost Premiums

The $30 billion in federal construction spent annually in the United States is examined in this
research, where MILCON accounts for 40% ($12 billion) of that capital investment. This study
confirms the existence of MILCON cost premiums when compared to private sector construction
via existing research analysis. Blomberg et al. (2013) additionally evaluate nearly identical
projects using expert judgment and surveys to make conclusions about the critical factors that
impact construction cost. Besides identifying 28 factors that moderately or largely influence cost,
the authors present “five overarching cost-premium themes emerged: failing to balance risk,
additional public-sector requirements, stifling or not applying innovation, selection of
construction specifications, and parameterization of the execution process” (Blomberg et al.
2013). The two projects studied differed by over a year of construction time and $7 million once
completed. The authors contend that mitigating the causes of internal cost premiums could

improve government construction cost performance (Blomberg et al. 2013).
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2.5.13 Risk Management in the DOD

Bolles (2003) asserts that despite “the Department of Defense’s (DoD’s) current risk
management direction presents a comprehensive and robust approach to identifying, assessing,
and managing risk, it does not adequately emphasize the interface between risk management and
contract administration”. The sensitivity between technical risk and the probability of cost and
schedule overruns is noted, while examining their probability of occurrence. The relationship
between risk management practices and contract administration practices is identified as a key
growth milestone for the DoD. This research summarizes the DoD evolution in the field of risk
management, highlighting its positive impact on their major system acquisitions (Bolles 2003).
2.5.14 Trust and the Project Management Body of Knowledge

This effort identifies which dimensions of trust are reflected in the project manager role per
the Project Management Body of Knowledge (PMBOK). Existing literature is used to identify
trust dimensions that can impact the behavior and outcomes of a construction project. The
researchers combine this information into a theoretical framework that is used to drive an analysis
of the project manager’s role. The authors highlight the fact that the fourth edition of PMBOK is
the first to make explicit reference to the concept of trust. While performing the first critical
analysis of PMBOK in relation to trust, Brewer and Strahorn (2012) assert that the “PMBOK is
the most widely recognized standard for the conduct of project management, and as such has
achieved wide acceptance as defining the project manager’s role [by acknowledging] trust as
playing a part in the successful management of projects”. The research notes that trust is a key
tenet in project management, which requires greater consideration than the PMBOK indicates
(Brewer and Strahorn 2012).
2.5.15 Factors Affecting the Success of a Construction Project

The numerous attempts to determine the factors for a successful construction project are
highlighted in this research, noting that no general consensus has been made. The authors attempt
to develop a conceptual framework (Figure 2-11) based on critical success factors (CSFs). Seven
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major journals in the construction field are reviewed focusing on the topic of project success.
Chan et al. (2004) contend that “five major groups of independent variables, namely project-
related factors, project procedures, project management actions, human-related factors, and
external environment are identified as crucial to project success”. This research contends that
further study on the key performance indicators (KPIs) is required to identify the casual
relationships between CSFs and KPIs. Project management is noted as the vital activity required
for construction project success. This research suggests “that by using the management tools, the
project managers would be able to plan and execute their construction projects to maximize the

project’s chances of success” (Chan et al. 2004).
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Figure 2-13: Framework for Factors Affecting Project Success
(Chan et al. 2004)

2.5.16 Project Management Knowledge Effects on Construction Projects

The relationships between the PMBOK® Guide, project performance, customer satisfaction,
and project success are explored in this research. The effectiveness of management techniques,
tools, and skills for implementing infrastructure and building construction are considered by the
research through expert judgement. Isik et al. (2009) then analyze the responses via a structural
equation model. The research confirms the suitability of prioritizing the practice of the PMBOK®
Guide in the construction industry. The researchers conclude that “effective project management

is essential in a project-oriented industry such as construction” (Isik, Arditi, Dikmen, and
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Birgonul 2009). This study asserts that the PMBOK® Guide contains the fundamental, baseline
practices that drive business results for any organization. The application of these techniques
should give project managers the best opportunity at success in a variety of construction
endeavors (Zwikael 2009; Chou and Yang 2012).
2.5.17 Critical Success Factors for Different Project Objectives

According to Chua et al. (1999), “the identification of key factors for construction project
success enables appropriate allocation of limited resources”. Their research notes that most of the
current efforts only identify generalized critical success factors for construction projects. This
study distinguishes these factors based on the budget, schedule, and quality. The analytic
hierarchy process utilized to ascertain the relative importance of success-related factors, followed
by the presentation of a hierarchical model for construction project success. Considering sixty-
seven success-related factors, they are grouped under four main project aspects: project
characteristics, contractual arrangements, project participants, and interactive processes. Experts
with an overall average of 20 years of experience provided expert judgement regarding budget
performance, schedule performance, quality performance, and overall project success (Chua et al.
1999).
2.5.18 Trends in Project Management: Past Decade’s Journal Emphases

“The field of project management continues to develop in response to changing emphases in
the management community and the demands of new project management application areas”,
according to Crawford et al. (2006). Their research reveals trends of topic emphasis within the
project management literature over the period 1994-2003 by analyzing journal articles. The
trends are compared to emphasis trends in a variety of previous studies. This study attempts to
reconcile the contradictory results of previous works by examining the changing development of
the field. The tendencies in the literature are identified by the authors, which they used to predict

the future direction of construction project management. Noting the variation in project manager
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knowledge and practices, the research points out the usefulness of understanding which kinds of
projects dominate current literature on project management (Crawford et al. 2006).
2.5.19 Causes of Cost Overrun

Flyvbjerg et al. (2004) claim their research as the first transportation-related statistically
significant study of causes of cost escalation in transport infrastructure projects. The study is
based on a sample of 258 rail, bridge, tunnel and road projects worth US$90 billion serve as the
basis for their research, which focuses on the dependence of cost escalation on time, size and the
type of project ownership. The authors conclude that based on the evidence cost escalation is
strongly dependent on length of implementation phase, stressing that project managers should be
concerned about delays and long implementation phases that often translate into risks of
considerable cost overrun. The comparison of cost escalation for three types of project
ownership—private, state-owned enterprise and other public ownership—demonstrates that the
assumption that public ownership is problematic and private ownership is more effective in
controlling cost growth is oversimplified. Accountability is presented as one of the critical factors
in construction projects (Flyvbjerg et al. 2004).
2.5.20 Measurement of Project Success

Determining whether success can be measured in construction is the primary aim of this
research, making the distinction between project success and the success of the project
management effort. The authors note that good project management can contribute towards
project success, but it is not solely able to prevent failure. The project objectives are listed as the
most appropriate criteria for success, with the degree to which these objectives are met
determining the success or failure of a project. The most important criteria for successful project
management is associated cost, time and quality. The authors support their assertion based on
new empirical research from over 70 multi-national organizations’ survey responses, where 12

critical factors are associated with project success (Cooke-Davies 2001).
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2.5.21 The Role of Project Management in Achieving Project Success

“The role of different project management techniques to implement projects successfully has
been widely established in areas such as the planning and control of time, cost and quality”, based
on the research of Munns and Bjeirmi (1996). The authors note the imprecise distinction between
the project and project management, aiming to identify the overlap between the definition of the
project and project management. This research discusses impact their relationship. This study
demonstrates how a better appreciation of the distinction between the two will bring a higher

possibility of project success. (Munns and Bjeirmi 1996)

2.6 Summary

This literature review indicates that the topic of construction efficiency, research on cost and
budget overruns and investigations on preventative measures to achieve project objectives are
prevalent. This research overviewed statistical testing and its legitimacy as a valid empirical
analysis research method. The Project Management Institute’s (PMI) development as the
foremost leader in the study, patronage and advanced of project management was investigated. In
addition, PMI’s PMBOK was broken down with a focus on its overall process and ideology. The
USACE PMBP process, which is the driving force behind the empowerment of the construction
project manager was investigated. RMS, the primary construction project data repository for
USACE, was briefly overviewed as well to provide greater understanding the Corps’ overall
business philosophy.

Current efforts to address the problem were then examined, which included a synopsis of
the factors affecting construction quality. Cost and time were identified as critical success factors
in nearly all the existing research discovered. The literature additionally revealed the use of
different project management techniques to improved construction performance, as well as
methodology that monitored the project duration and cost during execution. How service quality

is currently evaluated in the construction industry was detailed; the benefits to organizations that
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use the various available project management tools was highlighted; and the different project
management toolsets available was explored.

This research additionally reviewed the different methods of analyzing time and cost
overruns in construction, with a focus of MILCON performance objectives. The process the DoD
used to implement their current risk management process was assessed; the variety of critical
success factors for construction was studied; and trends in project management research was
surveyed. These observations placed a spotlight on the different measure of project success, as
well as the role of the project manager in achieving that success.

This collection of existing literature revealed the rapid growth of project management as
a field, specialty and separate industry. The impact of MILCON on overall U.S. national security
was overviewed, with an acknowledgement of the existence of frequent budget and schedule
variances. The DoD and USACE specific solutions for these issues was presented, while noting

that the existing mandates failed to have fortification by strong numerical evidence.

2.7 Research Gaps

It can be concluded that construction is a unique endeavor, with the research indicating
that a myriad of solutions are currently being used (Jaselskis and Ashley 1991). A standardized,
adaptable framework to construction project management is currently lacking, but appears to be
the most logical way forward to address the problem. Current efforts have established the
precedent of using a combination of qualitative and quantitative data to evaluate the value of a
new methodology (Mubarak 2015). Cost and time are both critical success factors in construction,
and were frequently suggested as future research topics in much of the literature (Sanvido et al.
1992). Time and cost growth are existing evaluation metrics for USACE, and this research
pinpoints the increasing scrutiny of MILCON and overall government proficiency (US Army

Corps of Engineers 2017).
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PMI & PMBOK have gained increasing popularity and acceptance as an industry
standard practice. Project Management Plans are a critical tenet of the overall PMBOK paradigm,
which is mandated by USACE for use on all MILCON. Moreover, the PMP certification is
progressively becoming more desired, and in many cases a mandatory credential of the assigned
construction project manager (Ramanathan et al 2012; US Army Corps of Engineers 2006).

This collection of existing research indicates a steady expansion of the attention given to
project management, especially toward its impact on overall construction project success.
Construction efficiency was noted as a major impact to cost, schedule and the ability to fund
future endeavors (Scott 1993). Although there was a myriad of available content, there was no
consensus solution (Besner and Hobbs 2012). This review of literature revealed several critical
research gaps to address the problem statement. There was little quantitative research, with even
less focusing specifically on the impact of cost and time simultaneously. Of the existing empirical
research, none compared a stout data set of one-hundred (100) or more construction projects.
Moreover, no existing efforts examined multiple $100 million construction projects with a
significant scope and magnitude to allow for valuable conclusions to legitimately be made (Phua
and Rowlinson 2004; Stuban 2011). The application of project management plans throughout the
execution period of construction is currently lacking, with no existing research on implementing
the tool as a means to achieve a construction project’s cost, schedule or performance objectives
(Stuban 2011). This research effort intends to aid in filling the existing gap on such a critical

industry obstacle.
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Chapter 3:  Research Methodology

The content within this chapter provides a description of the methodology used to conduct
this research. The data requirements and collection process are additionally outlined, followed by

a summarization of the expected findings.

3.1 Research Goal

The goal of this research is to assess the usefulness of applying the mandated project
management processes by the U.S. Army Corps of Engineers to their overseas military
construction projects. The results of an empirical investigation can significantly aid the
productivity of military construction by qualitatively and quantitatively demonstrating why the
U.S. Army Corps of Engineers (USACE) requires the use of project management plans as a
primary tool for quality project delivery on all their construction projects. The products of this
investigation will build upon existing research methods using cost and time growth to evaluate
project management tool effectiveness, and demonstrate the significance of time growth in
evaluating construction efficiency. Empirical data demonstrating that fully utilizing a project
management plan makes a difference in the project delivery team’s (PDT) ability to achieve, cost,
schedule or performance objectives will be presented. This research will be executed in a manner
that permits the conclusions made to offer valuable future applications and research topics

(Eggstaff 2013; Stuban 2011).

3.2 Hypotheses

The research question and goals allow for the development of several hypotheses that can be
tested.
3.2.1 Major Hypotheses

The formal directional hypothesis is stated as:
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Overseas military construction Project Delivery Teams (PDTSs) that utilize a project
management plan will be more effective at managing a construction project than those
who do not.
3.2.2  Null Hypotheses
The null hypothesis is stated as:

There is no difference in overseas military construction Project Delivery Teams’
effectiveness if a project management plan is implemented.

3.3 Variables

Dependent and independent variables are identified to focus the data collection efforts of this
research and to allow for hypotheses testing.
3.3.1 Independent Variables

The identified independent variable is: application of a project management plan to overseas
military construction in Korea.
3.3.2 Dependent Variables

Effectiveness is measured by the dependent operational variables of cost and time control.
Cost control is defined as managing increases to the project’s cost relative to the initial award
amount. All cost changes to a construction project are executed via contract modifications or
approved change requests. These modifications are captured by some form of project controls
database and/or software applications.

Time control is defined as managing increases to the project’s time duration relative to the
initial performance period. The actual completion dates are captured by some form of project
controls database, which calculates the difference between the actual physical construction
completion and original contractual completion date.

The cost and time growth of the 90 Case Study construction projects (Korea Relocation
Program) will be compared with those of 128 previously completed USACE construction projects
in Korea from 2000-2010 to establish the effect, if any, of the application project management

processes.
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3.4 Hypothesis Testing

This section identifies the specific hypotheses equations and proposed testing method.
3.4.1 Hypothesis I

The first research question proposes determining and comparing the mean cost growth of
historical USACE Far East District military construction projects from 2000-2010 completed in
Korea without the use of a project management plan to the cost growth realized on select sub-
projects from the overall Korea Relocation Program (a program which has implemented project
management plans). This represents a comparison of means of two independent groups and can
be written as:

H21o: 1t cost (Historical USACE) = [ cost (Korea Relcoation Program) (3.1)

H11: 1 cost (Historical USACE > [ cost (Korea Relcoation Program) (3.2)
3.4.2 Hypothesis Il

The second research question proposes determining and comparing the mean time growth of
historical USACE Far East District military construction projects from 2000-2010 completed in
Korea executed without a project management plan to the cost growth realized on select sub-
projects from the overall Korea Relocation Program (a program which has implemented project
management plans). This represents a comparison of means of two independent groups and can
be written as:

H20: 1t time (Historical USACE) = /L time (Korea Relcoation Program) (3.3

H241: pt time (Historical USACE > [ time (Korea Relcoation Program) (3.4)
3.4.3 Hypothesis Il

The third research question proposes determining if a significant correlation between time
and cost growth for construction projects in Korea exists. For this research, correlation refers to
the extent to which two variables have a linear relationship with each other. The strength of

correlation will be determined considering the mean time growth as the y-component, and mean
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cost growth as the x-component for the entire research data set. This represents a product moment
of means of two independent groups and can be written as:

H30: Correlation (peost, ime) <| 0.7 | (3.5)

H31: Correlation (Heost, Hime)> | 0.7 | (3.6)
3.4.4 Hypothesis | & Il Test Method

A t-test for independent means will be used to test this hypothesis with an a-value of 0.05.
This a-value represents the possibility that a Type I error will be committed, where such an error
would represent rejection of the null hypothesis (concluding that there is a group difference)
when in fact there is no such difference (Salkind 2010).
35 Hypothesis 111 Test Method

The Pearson product-moment correlation coefficient (PPMCC) or bivariate correlation, is a
measure of the linear correlation between two variables X and Y. It has a value between +1 and
-1, where 1 is total positive linear correlation, 0 is no linear correlation, and —1 is total negative
linear correlation. This widely accepted method uses the covariance of the two variables divided
by the product of their standard deviations. The form of the definition involves a product
moment, or the mean (the first moment about the origin) of the product of the mean-adjusted
random. The absolute values of both the sample and population Pearson correlation coefficients
are less than or equal to 1, with 0.7 defined as the minimum R-value of significant correlation. An
R-value less than or equal to 0.7 would represent rejection of the null hypothesis (concluding that
there is a significant correlation) when in fact there is no substantial correlation (Stigler 1989).
3.6 Data Requirements

Data will be collected and analyzed for two (2) groups: historical USACE Far East District
project data (2000-2010) and select Korea Relocation Program construction projects.

USACE’s Program Managers, Resident Engineers and Office Engineers utilize several,
customized database systems to maintain project specific information. These individual databases
are aggregated by a single overarching application (termed the P2 system) for general
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management and reporting purposes (USACE 2010). The P2 program management system will
be accessed to obtain relevant project specific information for all projects completed in Korea by
the Far East District during the 2000 to 2010 (the latest full year data available from Korea
military construction projects completed without benefit of a project management plan as
employed on Korea Relocation Program projects) (USACE 2016). The raw P2 database extract is
presented at Appendix A, and the following data elements are relevant to this research include:
the project name; project location; original contract amount; value of all executed contract
modifications; and, final (current) contract amount. Descriptive statistics, cost growth and time
growth means will be calculated from this data. The same data points will be obtained for the
Korea Relocation Program and similarly calculated.

The Data Requirements Trace Matrix presented below outlines the data elements that were
collected. Even though this research proposes but three hypotheses, all data requirements are

interrelated to the same data (Stuban 2011).

Table 3-1: Data Requirements
DR # Description
DR1 Type of Project (hon-PP, PP)
DR2 Project Description
DR3 Original Contract Amount $
DR4 Final Contract Amount $
DR5 Original Time Duration
DR6 Notice to Proceed Date
DR7 Original Contract Completion Date
DR8 Actual Contract Completion Date
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DR9 Actual construction durations
DR10 Final Contract Amount $

3.6.1 Planned Descriptive Statistics

Descriptive statistics will be developed for the Historical Research data and selected Korea

Relocation Program data collected as part of the Case Study.

Table 3-2: Data Collection Trace Matrix
(Adapted from Stuban 2011)

Data Collected Descriptive Statistic

Historical Baseline Contract Values min, max, mean, standard deviation
Historical Projects’ Current (Final) Contract Amount | min, max, mean, standard deviation
Historical Project Cost Growth (expressed as a min, max, mean, standard deviation
percentage)

KPRO Projects’ Baseline Contract Values min, max, mean, standard deviation
KPRO Projects’ Current (Final) Contract Amount min, max, mean, standard deviation
KPRO Projects” Cost Growth (expressed as %) min, max, mean, standard deviation
Historical Baseline Time Duration min, max, mean, standard deviation
Historical Projects” Current (Final) Time Duration min, max, mean, standard deviation
Historical Project Time Growth (expressed as a min, max, mean, standard deviation
percentage)

KPRO Projects” Time Duration min, max, mean, standard deviation
KPRO Projects’ Current (Final) Time Duration min, max, mean, standard deviation
KPRO Projects” Time Growth (expressed as a min, max, mean, standard deviation
percentage)

The equations that follow explain how several of the key data points were arrived at in this

research.

Costactuar~CoStorigina = Cost Growth ($) (3.7)
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Cost Growth / B .
Costoriginal x 100 = Cost Growth (%)

Completion Dategriginat — NTP = Durationgriginal

Completion Datey.tyq — NTP = Durationgciyq

Durationctyq — Durationgiging = Time Growth (days)

Time Growth s
/Dw”atiOTloriginaz x 100 = Time Growth (%)

3.7 Expected Conclusions

(3.8)

(3.9)
(3.10)

(3.11)

(312)

The following conclusions are expected as a result of conducting this research: Use of project

management plans will allow the Korea Relocation Program’s construction projects to realize

lower cost growth relative to historical USACE overseas military construction projects that did

not employ such techniques; Use of project management plans will allow the Korea Relocation

Program’s construction projects to realize lower time growth relative to historical USACE

overseas military construction projects that did not employ such techniques; Significant

correlation will not exist between time and cost growth for USACE overseas military

construction projects, demonstrating that each critical success factor has direct impact on the

success of the construction independently.

This investigation will compare more current projects against an historical sample, where

fixed data collection requirements were instituted and were fulfilled. Post Hoc analysis

possibilities are anticipated beyond the explicit definitions established at the proposal of this

research (Stuban 2011; Eggstaff 2013).
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Chapter 4:  Case Study and Analysis

This research employed a case study methodology in assessing the application of project
management plans to overseas military construction projects in Korea. The $10.7B Korea
Program Relocation (KRP) served as the focal point of the case study. The magnitude of the KRP
is noteworthy, since it is one of the largest single undertakings ever taken on by the USACE.
Additionally, there are several unique characteristics of this program that distinguish it from other
construction projects completed by the Far East District of USACE: use of host nation funds;
multiple Mega Projects within an overall Mega Program; and contractual ownership by a non-
Federal Acquisitions Regulation (FAR) regulated organization. However, the most important
difference is the formal use of a project management plan throughout the life of each KRP
construction project. The features of the project management plan are described in this Chapter
and then assessed as to whether they were effective in controlling the cost and time growth
realized on the KRP construction projects that had met substantial completion prior to the

beginning of this research (Eggstaff 2013; Stuban 2011; USACE 2016).

4.1 Case Study: Korea Relocation Program (KRP)

This research is meant to describe the Terms of Reference (TOR) established by the Korea
Program Relocation Office (KPRO) that explain how program management execution functions
are services are organized and governed within the Yongsan Relocation Plan (YRP). The
information that follows will help demonstrate how the scope was defined, developed and
implemented. Additionally, guidance will be provided for future decisions and for confirming or

developing a common understanding of the scope among stakeholders (KC-PMC 2010).

4.1.1 Background

Through the “Future of the Alliance Policy” initiative, the Governments of the Republic of

Korea (ROK) and the United States (US) agreed to relocate U.S. Forces into enduring hubs south
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of the Seoul metropolitan area and consolidate the number of U.S. Forces stationed in Korea.
Two Bi-Lateral Agreements were subsequently established: The Yongsan Relocation Plan (YRP)
and the Land Partnership Plan (LPP). These plans to consolidate U.S. Forces at designated
enduring hubs consist of the return of a large number of small installations through Korea and
acquisition of additional land. Under the terms outlined in the Status of Forces Agreement
(SOFA) the Engineering Memorandum of Understanding (EMOU) sets forth the governance for
the execution of these plans.

The EMOU establishes responsibilities and procedures for planning, programming, designing
and constructing facilities required to implement the relocation of the United States Forces from
the Seoul metropolitan area to the Pyeongtaek area and other locations in the Republic of Korea.
While a large portion of the program process is managed by other stakeholders in the program
representing the U.S. and the ROK (i.e. Ministry of Defense U.S. Forces Korea Relocation Office
(MURO), Korea Land and Housing Corporation (LH) and the Project Management Consortium
(PMCQ)), the U.S. Army Corps of Engineers (USACE) Far East District (FED) Commander,
serving the role of the United States Design Construction Agent (US DCA) remains the single
representative that holds the authority and responsibility for safeguarding the interest of the
program’s U.S. stakeholders, including the USFK, the Eighth United States Army (8A), and
Installation Management Command — Korea Region (INCOM_K). In addition to program
implementation, the US DCA monitor the quality of all constructed facilities and the seamless

transition of troops for USFK mission readiness (KC-PMC 2010; USACE 2015).

4.1.2 Situation & Need for KPRO

The YRP program presents numerous inherent complexities, with multi-location project
execution and multiple standards, funding streams, stakeholders, design and construction agents,
approval authorities, statutes, and international agreements. There is a finite design and

construction resource pool available to meet the program requirements and challenges.
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The USACE FED is undertaking a substantially increased workload generated by the
implementation of the YRP program. In order to manage the increased number of projects, the
FED Commander created a Program Office specifically dedicated to ensuring the execution of the
YRP program. This organization is called the Korea Program Relocation Office (KPRO). Due to
the size and complexity of this program, it was critical to have clear definitions of scope, roles
and responsibilities for the community of stakeholders.

USACE FED Korea Program Relocation Office went through a gradual change process
taking it from a project oriented group to a more strategic, professional services organization.
KPRO strengths, such as the Project Delivery Teams (PDTs), dedicated and resourceful staff,
have provided solid building blocks for the program’s improvement. KPRO was able to enable
future program services supported by streamlined workflow, a shared information and knowledge
management environment, and engineering solutions that fully support the program decision
making process by focusing on the U.S. Army Corps of Engineers Business Process (ER 5-1-11)

(KC-PMC 2010; USACE 2006).

4.1.3 Yongsan Relocation Plan (YRP) Governance

This section briefly describes the governance of the YRP program, and outlines the various
documents guiding the roles and responsibilities as well as the overarching policies mandated for
the delivery of the program. For the purpose of this research, the term Governance refers to a
combination of individuals filling leadership and management roles, program oversight functions
organized into structures, and policies that define management principles and decision making.
This combination is focused upon providing direction and oversight, which guide the
achievement of the needed organizational outcome from the execution of the program effort, and
providing data and feedback, which measure the ongoing contribution by the program to needed

results within the overall organizational strategy and direction. Effective use of the YRP
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governance framework has enabled program areas to be appropriately supported, and drive better

outcomes to serve the U.S. forces stationed in the Republic of Korea (ROK) (KC-PMC 2010).

4.1.3.1 Regulatory Framework

Governance for this program exists at several levels including Statutory, Policy and
Execution. Those at the Statutory and Policy level are required by every stakeholder on the
program, the Execution level governance provide specific guidance to the KPRO for both

program and project execution. Figure 4-1 visually represents this regulatory framework (KC-

PMC 2010).
* Bi-Lateral Agreements N
* Status of Forces Agreement (SOFA)
* Engineering Memorandum of Agreement (EMOU)
* Agreed Recommendations (ARs) )
* Design Construction Agent (DCA) Decision Papers N
* USFK Regulation 10-10, Joint Committee and Subcommittees under the USA-ROK SOFA
* USFK Regulation 405-7, Facilities and Areas Policies and Procedures in Korea
* USFK Regulation 550-51, International Agreements )
* YRP Program Processes N
* YRP Program Procedures
* FED Policies and Guidelines
* USACE Business Processes )

Figure 4-1:  Regulatory Framework

4.1.3.2 Key Governance Documents and Sources

The information outlined in this section is derived from a variety of sources. Figure 4-2
provides a summary of the specific governance documents and other sources utilized for the

development of research case study (KC-PMC 2010).
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=USFK Regulation 10-10
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=KPRO Chief

=KPRO Deputy

=RTO Deputy Region
Commander for
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=KP MURO Liaison

=Interactive Planning
Sessions with Key
Stakeholders

Key Program
Procedures and

Guidelines
(Execution)

= Program Managmenet
Plan for Far East
District Execution of
the Korea
Transformation
Program Garrison
Humphreys

Key Governance Documents and Sources

414 KPRO Program Objectives

The USACE FED and KPRO objectives are grouped into three categories that a listed in

order of priority (Figure 4-3). The achievement of the primary objectives is imperative to assure

Program success. The secondary and tertiary ranked objectives are desired but should not

interfere or obstruct the achievement of the primary objectives (KC-PMC 2010).

=2 Safeguard US/DoD
standards and
quality/safety for all
customer
requirements including
services and projects
b. Enable USFK
execution of armistice
and contingency
mission and maintain
mission readiness;
supports the USFK
‘fight tonight' objective

Figure 4-3:

> a. Maintain
i~ organizational
effectiveness while .
¢ delivering an
© exceptional YRP
8 program

> a. Be a winning
.~ prganization rooted in
history and tradition.

N b. Achieve personal
satisfaction and
professional growth
for all USACE FED
members

>

KPRO Program Objectives

KPRO has been able to deliver these objectives by providing critical execution level

decisions in a timely manner to support scheduled progress of the program; initiating and

allocating funds to all program activities; integrating and communicating with the immediate and

extended community of stakeholders for seamless coordination of the entire YRP program

(USACE 2016).

415 KPRO Program Mission

KPRO is an integral part of the USACE FED and delivers the objectives of the District

Commander within the framework of the Far East District mission. KPRO’s Mission can be
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summarized as follows: execute the YRP and LPP Programs as the DoD Design and Construction
Agent (DCA) for the U.S. Forces Korea (USFK) and support the relocation of U.S. installations
in Korea through program/project management; strive to achieve a quality end product that
enhances quality of life for the United States forces and family members stationed in Korea (KC-

PMC 2010).

4.1.6 USAG Humphreys Expansion

The Korea Relocation Program will increase the U.S. population at USAG Humphreys from
roughly 7000 to nearly 54,000 at construction end state. Figure 4-4 details the demographic

breakdown during the different phases of construction (USFK 2017; Nam 2006).

30 Jun 09 End-State End-State
Demographic Groups Humphreys | Population | Population
Population (YRPILPP) | (Tour Norm.)
U.S. Military 4177 17,036 17.605
U.S. Civilians and 680 4,011 4,01
Contractors
U.S. Family Members 1,910 15,138 31,332
U.S. Totals 6,767 36,185 53,946
KATUSA 595 2,001 2,001
Horean|(RORNIltey & 3,237 5,088 5,988
Civilians)
Totals: 10,599 44 174 * 61,935

Figure 4-4.  Korea Relocation Program Population Figures
(USFK 2017)

USAG Humphreys is currently 1,210 acres, and the Korea Relocation Program will add over
2,300 acres. Upon construction completion, the garrison expands to more than 3,500 in total

acreage. Figure 4-5 displays the land expansion associated with the construction (USFK 2017)

54



o B . N g . i ..

Figure 4-5: USAG Humphreys Overhead Map
The current existing facilities total 4 million square feet (SF), but will expand by more than 8

times to 29 million SF. The breakdown of major facility assets in SF is detailed in Figure 4-6

MAJOR FACILITY Total Existing um End - State UM
CATEGORY Assels Requirement
Operations and Administration 733,000 SF 4,564,000 SF
Training 92,000 SF 598,000 SF
Maintenance 662,000 SF 1,759,700 SF
Supply and Warahousing 405,000 SF 1,034,000 SF
Medical 41,000 SF 473,000 SF
Unaccompaniad Housing &
Dining 1,533,000 SF 9,169,400 SF
Family Housing 138,000 SF 8,599,500 SF
Community Support 145,000 SF 2,859,200 SF
Total| 4,019,000 [ s¢ | 29,057,100 | s¢

Figure 4-6:  USAG Humphreys Asset Categorical Breakdown
(USFK 2017)

The US-ROK Alliance Transformation has several critical components necessary to realign
from Cold War strategies. The establishment of new alliance war-fighting command structures
will transform the partnership. Improving deterrence and war-fighting capabilities, speed and
agility will provide much needed enhancement. The coalition will be shaped to have the right size
force structure based upon ROK and U.S. enhanced capabilities. This consolidation of the 104
existing camps provides better alignment of U.S. forces into two enduring hubs that will create a
less intrusive presence while posturing U.S. Forces for better peninsular and regional security

(USFK 2017).

55



The metrics of the Korea Relocation Program are staggering, and provide context for the
magnitude of this endeavor. The total amount of fill required for the USAG Humphreys
expansion required enough truck miles of hauling to circumnavigate the equator 1700 times.
There is a myriad of other figures, including: 8 million cubic meters of engineered fill; 25-40
miles each of new roads, water, gas, sewer, and power; 42 miles of infrastructure trench with
1000 miles of cable; demolition of 339 facilities with an area of 1.9 million square feet;

construction of 641 new facilities; and 2.7 million meters cubed of concrete poured (USFK 2017).

Planning Design Construction

(OMA (ROK funds YRF. } (ROK funds YRP and LPP)
funded) SMA funds LPP) !

i 4GP & 1391 revisions. |
/ approved by US-ROK |

ruction Execution

YRP

1 Surveillance

~>—DD1391 approved by
US and ROK

ROK Consiruction Exacution

| y i
Project US Construction Surveillance

i —— DD1391 approved by
i US Forces Korea

ROK Construction Execution

Figure 4-7:  Host Nation Construction Program Execution
(USFK 2017)

$3.3 billion of the project was completed as of February 2016, with more than $6 billion
currently under construction. As previously mentioned, the host nation (ROK) acts as the primary
construction executor. Figure 4-7 details the host nation’s construction program execution,

including the planning, design and construction of YRP and LPP projects (USFK 2017).
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CURRENT FUTURE

Figure 4-8:  Map of US Installations in Korea
(USFK 2017)

The transformation consolidates 104 camps and stations into two enduring military hubs. This
is more than a 50% reduction in the installation and returns more than 32,000 acres to the ROK,
which enables the plan to be primarily self-financing. Figure 4-8 shows the transformation from

the original facility layout to the amended LPP/YRP plan (USFK 2017).

4.1.7 Program Roles and Responsibilities

The KPRO has three primary responsibilities for the YRP. KPRO is only responsible for
Quality Assurance (QA) during the criteria phase; Engineering Surveillance for the design phases
and Construction Surveillance during construction. Figure 4-9 overviews KPRO responsibilities

(KC-PMC 2010).

g-}JO,uaIity tlCD Engineering — Construction

g Assurance '8 (Sélnr:ier:::r:itl:_l; .= Surveillance
uali = !

c (@ ty Surveillance

Quality Plan)

% Assurance

Construct

Figure 4-9:  KPRO Responsibilities Overview
4.1.8 Funding Types

KPRO has several different funding types for project execution. YRP funds are provided by

ROK through MURO. Funding is for Criteria Package Development at cost with a target rate of
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2.7% of ECC for new design and 0.7% for site adapt. The overall rate is calculated by how many
new designs and site adapts in the Project Initiation Memorandum (P1M) package. 100% design
development for special facilities with at-cost funding. Engineering Surveillance at cost with a
target rate of 0.85% ECC, with Construction Surveillance at cost with a target rate of 1.6% of
construction contract award amount (KC-PMC 2010).

ROKFC and ROKFC In-Kind are funds provided by USFK from Special Measures
Agreement (SMA) accounts. ROKFC Cash is similar to MILCON, where U.S. does the design
and the construction with a S&A of 6.5%. ROKFC In-Kind occur when U.S. does 100% of the
design and ROK executes the construction. Construction oversight is 3% of the contract award
amount plus contingency.

Non-Appropriated Funds (NAF) are funds that Congress does not appropriate, or provide.
AAFES, DECA and MWR are organizations that are self-financing for construction projects.
USACE runs the project like a MILCON, and S&A rates are negotiated with the customer.

Conversely, MILCON is funded by Congress. HQUSACE provides P&D funds for design
development. P&D funds are not project specific, with each District having the authority to
reprogram funds between projects. These funds cannot be used for projects in construction phase.
Construction funds are project specific, and must be obligated within 5 years of authorization and
spent within 10 years.

Sustainability, Repair and Maintainability (SRM) is also known as OMA funds. Installations
are given funds each year by Congress to do small projects, with limits of $750K for new
construction and $300K for repair.

Regardless of the construction funding type, all KPRO construction projects are required to
have a project management plan created by the project manager prior to construction

commencing (KC-PMC 2010).
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4.1.9 Project Management Plans

Project Management Plans were identified in the Program Management Plan (PgMP) that
served as an internal planning, communications, and quality management tool to support and
assist in the successful execution and completion of the YRP. The PgMP noted that individual
project management plans for each construction contract would support the efficient delivery of
the YRP program by enabling consistency and continuity of operation, establish traceability of
decisions and eliminate duplications and activity gaps. Several critical details to be included in
each project management plan were: vision, objectives, scope and deliverables (what has to be
achieved); stakeholders, roles and responsibilities (who will take part in it); work breakdown
structure and schedule (when it will be achieved); and process definition plans for each work
breakdown structure element (how it will be achieved).

The purpose of a Project Management Plan is to establish and describe management
procedures and assign authority lines for the execution of a USACE construction project. The
Project Management Plan clearly establishes the project scope, schedule, cost, requirements and
responsibilities of each of the parties involved during the project execution. By adhering to the
guidelines in the Project Management Plan, successful execution of the project can be obtained.
The Project Management Plan is a dynamic document and some portions may be regularly
updated to reflect the current status of the project. The most common sections of YRP project

management plans are reviewed in the subsequent sections (USACE 2017).
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United States Army Corps
of Engineers

8th Army / IMCOM HQ

May 2016 Updated PMP
146109

KOREA DISTRICT
PACIFIC OCEAN DIVISION

Project Management Plan

Figure 4-10: Sample Project Management Plan Cover
(USACE 2017)

4.1.9.1 Scope of Work

This section describes the scope of this project as well as how scope will be managed for the
duration of the effort. In addition, a project requirements statement, scope management plan, and
scope and expectation verification are included (USACE 2017).
4.19.2 Team Establishment

This section provides a list of all individuals responsible for the delivery of this project as
well as project stakeholders (USACE 2017).
4.1.9.3 Assumptions and Constraints

This section provides descriptions of any assumptions that are believed to be true at project
outset that would impact the project if determined to be untrue. In addition, this section also
provides descriptions of any project constraints (USACE 2017).
4.19.4 Work Breakdown Structure

This section provides a high-level overview of the Work Breakdown Structure for this
project. The WBS is a product-oriented hierarchy of the scope of work that provides a system for
organizing the scope in a logical manner and provides a structured vision of what activities are to
be performed and the products to be delivered. The Scope of Work is decomposed into small

discrete activities that need to be carried out in a logical and sequential order to successfully
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achieve all project objectives. This decomposition defines the total scope of the project and
represents all work that needs to be performed for the successful completion of the project. The
level of decomposition of the work is determined by the size, risk, complexity, and the degree of
monitoring and control associated with the work activity. If the activity’s size, risk, and
complexity is considered to be too large, the activity shall be broken down into smaller activities
for greater risk management (USACE 2017).
4.1.95 Various Key Sections

The Acquisition Plan provides a high-level overview of the Acquisition Strategy to be
utilized on this project (USACE 2017). The Resource Management section provides information
on the required funding for the project as well as the relevant metrics. The Schedule Development
shows the milestones that have been scheduled for the project (Figure 4-12). The Project Quality
Control Plan and Obijectives describes the quality objectives of the project as well as information
about how quality will be managed throughout the project lifecycle. The Safety and Occupational
Health Plan describes how the safety and occupational health of project team members will be
ensured for the duration of the project. Communications occur in two major arenas; internal to the
PDT and external to the PDT. This section describes the approach to communications. This Value

Management Plan section includes a management plan and value engineering study (USACE

2017).
MLO10 - MLOAO / Start 02/08/2007 06/12/2007
Development of PMP
MLO40 - MLO40 / AE Contract 10/17/2007 11/07/2007
Award
MLOGO - MLOGO / Design Start 10/17/2007 11/07/2007
MLOS0 - MLOS0 / Preliminary Design | 06/04/2010 06/04/2010

(15%) Complete/0D 3086
Submitted

ML100 - ML100 / Receive Concept | 05/23/2012 01/11/2012
{30%) Submittal

ML10S - ML105 / Appraisal Review | 08/02/2012 08fo2/2012
Complete

ML115 - ML115 / Final Design 08/06/2012 08/06/2012

Release

Figure 4-11: Excerpt of Milestone/Activity Schedule
(USACE 2017)
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The Change Management Plan addresses how modification is approached by the PDT.
Change, at any phase during the project life-cycle should be minimized as much as possible to
comply with Congressional budget guidance, maximize cost effectiveness, and achieve project
objectives on time and within budget. The Contracting Officer is the only individual who can
make changes to contract scope, cost and schedule (USACE 2017).

The Project Management Plan also includes an overview of the Data Management Plan
(DMP) process that will be used for the project. The DMP is a central portion of the overall
Project Management Plan, which is simultaneously developed in the planning phases of a project.
Data Management (DM) is a process and standard for the collection and life cycle maintenance of
data used by the PDT members, partners, customers, and stakeholders. Data Management is also
a key component to Value and Quality (USACE 2017).

4.19.6 Closeout Plan

The PDT’s goal is to achieve financial closeout after substantial completion in accordance
with the USACE Consolidated Command Guidance (CCG), as well as achieving financial
closeout after substantial completion in accordance with the USACE CCG (USACE 2017).

4.2 Data Sets

A complete version of the data set used for this research can be found in Appendix A. Entries
with a ‘nonPP’ designation represent the Historical construction project data used, while entries
with a “PP” designation represent the Case Study data used for construction projects that utilized
project management plans during their execution. Table 4-1 and Table 4-2 show an excerpt of the

data set used in this research (Hair et al. 1998; Behrens and Yu 2003).

Table 4-1: Excerpt of Historical Data Set

62



N|TYPE PROJECT TITLE Original Contract |Cost Growth ($) |Cost Growth |Original | Time Time
o

Cost (5) o Ceatract |Growih | Growth
Duration |(Days)  |(%)
(Days)
1[aonPP__[F¥00 MCA_ Const New Family Housing (Won) |$8.307.89200 5413836200 |49.80% _[705 530
2[acaPP_ |FY00 MMCA Upgrade Water Treatment Plant _[$1.279.066.00 _[$27.119.00 2.10% 293 83
4|acaFP_|FY00 MMCA Upgrade Water Treatment Plant_ [51,188,252.00 _|510,358.00 0.90% 293 50
S|acaPP__|F¥00 OMA. Environmental Projects (US §) 544,128.00 50.00 0.00% 300 25
6lacaFP__|FY01 MCA Whole Bamracks Comp. Renewal 754291000 |$415,708.00  |5.50% 804 61
7|aonPP__|F¥01 OMA Repair Aviation Maintenance Fac 8624522000 | $956.33400 _|-1530%  |1096 |57
%[ncaPP__|FY01/02 OMA/QOLE BUF Projects 9.001.73400 _ [$357,256.00 _ [4.00% 307 146
o[ncaPP__|FY01 MCA_ Whole Brks Rea (US$) 235039000  [5218.402.00 _ [9.30% 304 61
10[nonPP__ [FY01 Central Area JOC, Cp AMES (Won) 336,046.00 $46,150.00 1960% 183 0

Table 4-2: Excerpt of Case Study Data Set

115(PP JCONSOL INSTATI HQ AREA 118,687.879.39 |$0.00 0.00% 699 ] 0.00%
116(PP TROOP HSNG/ZS ADN 9.844.312.87 $0.00 0.00% 420 [ 0.00%
117(PP EUSA VMFs [ 80.574.55005  |$0.00 0.00% 1046 45 4 30%
118({PP CONSOL EUSA MSC HQS 35.200,30297  |$0.00 0.00% 755 62 821%
119(PP EUSA BARRACK. 105.632,110.02 |$0.00 0.00% 820 82 10.00%
120{PP MIDTOWN COMM SUP 35.230,002.60  |50.00 0.00% 523 44 841%
121{PP BCTC/TRANSIENT UPH 49.774,334.57 _ |$0.00 0.00% 639 62 9.41%
122|PP CHILD DEV CNTR 8,298,953.49 $0.00 0.00% 362 o 0.00%
123(PP INSTATTATION VMFs $85.970.04795  |50.00 0.00% 579 74 12.78%
124FP ACCESS CNTRLPT 1 $9.932.540.36 $0.00 0.00% 570 15 2.63%
125(PP ZOECKIER STATION COMM SUP 1367098978 |$0.00 0.00% 300 0 0.00%
126|PP EUSA VMFs 84 28709604  |30.00 0.00% 992 86 867%
127(PP RAILHEAD 10.868,110.09 |?0.DO 0.00% 662 32 4.83%
128(PP ‘M]DDLE SCHOOL/ELEM SCHOOL 115.941,302.75 |SD.DU 0.00% 729 71 9.74%

4.2.1 Distribution Analysis

In order to apply the prescribed statistical methodology, it is necessary to confirm that the
data set has relative normality. There are three interrelated approaches to determine normality,
and all three were conducted. A histogram with a superimposed normal curve provides a
graphical representation of the data. Figure 4-12 provides rough examples of normality and non-
normality. The bell-shaped normal curve is represented by the black line displayed over the graph

(Hair et al. 1998).
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Figure 4-12: Examples of Normal and Non-Normal Histograms
(Behrens and Yu 2003)

Skewness evaluates the symmetry of the data distribution. Skewness that is normal
involves a perfectly symmetric distribution. Hair et al. (1998) expound on skewness,

describing that “a positively skewed distribution has scores clustered to the left, with
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the tail extending to the right. A negatively skewed distribution has scores clustered to
the right, with the tail extending to the left”. Since this is an arbitrary determination, it
is often difficult to interpret the normality of a data set using the values of Skewness.

For this reason, this test is combined with several other normality checks that are more

objective (Hair et al. 1998; Behrens and Yu 2003).

Established tests for normality were also considered, that take into account both Skewness
and Kurtosis simultaneously. The Kolmogorov-Smirnov test (K-S) and Shapiro-Wilk (S-W) test
assess normality through comparison to the research data. According to Behrens and Yu (2003),
“if the test is NOT significant, then the data [is] normal, so any value above .05 indicates
normality. If the test is significant (less than .05), then the data [is] non-normal”. Figure 4-13

shows a sample of this form of normality test (Hair et al. 1998; Behrens and Yu 2003).

Tests of Normality
Kolmogoroy-Smirno? Shapiro-Wilk
Statistic df Sig. Statistic df’ Sig.
variablel .0ez 36 .200° 881 36 782
variahle2 223 21 .008 .805 21 001

a. Lilliefors Significance Correction
* This is a lower bound ofthe true significance,

Figure 4-13: Examples of Kolmogrorov-Smirnov and Shapiro-Wilk Normality Tests
Normality plots of the data provide an additional graphical method to determine the level of
normality. Absolute normality is represented by a solid line, with the dots providing visual
representation of the actual data. The closer the dots are in proximity to the solid line indicate the

magnitude of normality. (Figure 4-14) (Hair et al. 1998; Behrens and Yu 2003).
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Figure 4-14: Example of Normal Q-Q plot
42.1.1 Histogram
This research data set histogram can be found in Figure 4-15 through Figure 4-18. These

results were produce using the SAS 9.4 extension for Microsoft Excel.

[
cent
]

Figure 4-16: Korea Relocation Program Time Histogram
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Figure 4-17: Historical Cost Histogram
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Time Growth (%)

Figure 4-18: Historical Time Histogram

4.2.1.2 Normality Probability Plot

The normality probability plots for the research data set can be found in Figure 4-19 through

Figure 4-21. These results were produce using the SAS 9.4 extension for Microsoft Excel.

......

------

Figure 4-19: Korea Relocation Program Cost Normal Probability Plot

Normal Probability Plot

Figure 4-20: Korea Relocation Program Time Normal Probability Plot
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Normal Probability Plot
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Figure 4-21: Historical Cost Normal Probability Plot

4.2.1.3 Normal Quartiles

The normal quartiles plots for the research data set can be found in Figure 4-22 through

Figure 4-25. These results were produce using the SAS 9.4 extension for Microsoft Excel.

(100 0%

Figure 4-22: Korea Relocation Program Cost Normal Quartiles

8000%
o
Z o
B 3 2000%
! Lty

100.00%)

Figure 4-23:  Korea Relocation Program Time Normal Quatrtiles

Figure 4-24: Historical Cost Normal Quartiles

Figure 4-25: Historical Time Normal Quartiles
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4.2.1.4 Goodness of Fit Tests

The goodness-of-fit tests for the research data set can be found in Figure 4-26 through Figure

4-28. These results were produce using the SAS 9.4 extension for Microsoft Excel.

TYPE=PP
Fitted Normal Distnbution for Cost Growth %

Parameters for Normal D
Parameter Symbol Estunate
Mean Mu 0025562429/
[5td Dev Sigma 0.087415008)
I Goodness-of-Fit Tests for Normal Distribution
[Test | Statistic p Value
Kolmogorov-Sumumov D 0.3627582|Pr =D 0.010
hm |T\=..\a] 20046069 | Pr > W-5q 0.005
IA.nchn-DruluJE |A-5q 190263091 |Pr > A-5q 0.005
Cuantiles for Mormal Dr
Cuantle
Percent Observed Estunated
10 031752 0.17780
5.0 0.00000 -0.11822
10.0 0.00000 <[ 05646

Figure 4-26: Korea Relocation Program Cost Goodness of Fit Tests

[Std Dev [Sigma [ 0.145054096]
Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smimov D 0.24126417|Pr =D 0.010
Cramer-von Mises V-Sq 1.32441392(Pr> W-Sq 0.005
Anderson Darlmg ASq 7.64248213|Pr = A-Sq 0.005
Quantiles for Normal Distribution
Quantile
Percent Observed, Estimated
1.0] 0.00000 -0.23558
5.0 0.00000 -0.13673
10.0] 0.00000 -0.08403
25.0] 0.00000 0.00403
50.0] 0.06277 0.10186
75.0] 0.14583 0.19970
90.0] 029577 0.28776
95.0] 041215 0.34046
99.0} 0.68651 0.43931

Figure 4-27:

Korea Relocation Program Time Goodness of Fit Tests

TYPE =nonPP
Fitted Normal Distribution for Time Growth (%)
Parameters for Normal Distribution
Parameter Symbol Estumate
Mean Mu 045540453
Std Dev Sigma 0.64933016
‘Goodness-of-Fit Tests for Normal Distribution
Test Statistic p Value
Kolmogorov-Smumov D 0.2259188|Pr>D 0.010
Cramer-von Mises /-Sq 1.8209223 IP[ > W-Sq 0.005
Anderson-Darlng A-Sq 10.3712871[Pr> A-Sq 0.005
Quantiles for Normal Distribution
Quantile
Percent Observed,| Estimated|
1.0 -0.05200 -1.05516
5.0 0.00000 -0.61265
10.0 0.00000 -0.37675
25.0] 0.00000 0.01744
50.0 0.26522 045540
75.0] 0.56900 0.89337
90.0 1.15400 1.28755
950! 1.75800 1.52346
59.0] 2.79800 1.96597

Figure 4-28:

Historical Time Goodness of Fit Tests
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4.3 Analysis

The analysis of the data set is found in this section of the research.

431 T-Test

The mean time and cost growth of the data sets were analyzed using a two sample T-test
assuming unequal variances. The t-test assesses whether the means of two groups are statistically
different from each other. This analysis is appropriate whenever you want to compare the means
of two groups (Hair et al. 1998; Behrens and Yu 2003). Figure 4-29 visually demonstrates the

methodology used in a t-test. Table 4-3 defines the variables used in the t-test.

signal  _ difference between group means
noise variability of groups
5 5 'y
= X - X
SE(X; - Xc)

t-value

Figure 4-29: T-Test Visual Explanation
(Trochim and Donnelly 2001)

Table 4-3: Excerpt of Historical Data Set

X Mean of data for group 1

X, Mean of data for group 2

Sx, Standard deviation of data for group 1

Sy, Standard deviation of data for group 2
d.o.f Degrees of freedom

ny Total number of values in first dataset

n, Total number of values in second dataset

4.3.2 Cost Growth Realized

The output from the T-Test comparing mean cost growth is shown in Figure 4-30. The
equations below represent the back check performed to verify the results. The results are

summarized in Table 4-4.

% ~ 0.0926 (4.5)
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x; ~ 0.0256 (4.6)

1
n-1

sZ, = — Y (xy; — %)% ~ 0.0925

1 —
SJ%z By (g — xz)z ~ 0.0076

_ S5 S

t-Test: Two-Sample Assunung Unequal Vanances
Cost nonPP  CostPP
Variable 1  Variable 2

Mean 0.09262632 0.025562
Vanance 0.092459896 0.007641
Observations 128 90
Hypothesized Mean Differenc 0.05
df 156
t Stat 0.600585424
P(T==t) one-tail 0.274493848
t Critical one-tail 1.654679996
P(T<=t) two-tail 0.548987695
t Critical two-tail 1.975287508

Figure 4-30: Results of T-Test for Cost Growth

Table 4-4: Summary of Cost Growth Results

COST N Mean Variance Std.
(%) Dev

Non-PP 128 9.26% 0.0926 0.3041

PP 90 2.56% 0.0076 0.0874

4.3.3 Time Growth Realized

@.7)

(4.8)

(4.9)

The output from the T-Test comparing mean time growth is shown in Figure 4-31. The

equations below represent the back check performed to verify the results. The results are

summarized in Table 4-5.

x; = 0.4554

%, ~ 0.1019 (4.11)
53, = =YL, (xy; — %) ~ 0.4216

5%, = Ti1 (o — F)? ~ 0021 (4.13)
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t-Test: Two-Sample Assunmuing Unequal Vanances
Time NonPP  Time PP
Variable ]  Variable 2

Mean 0.45540453 0.101863
Vanance 0421629657 0.021041
Observations 128 90
Hypothesized Mean Differenc 0.05
df 145
t Stat 5.110555171
P(T==t) one-tail 4.98702E-07
t Critical one-tail 1.655430251
P(T<=t) two-tail 9.97403E-07
t Critical two-taul 1.976459563

Figure 4-31: Results of T-Test for Time Growth

Table 4-5: Summary of Time Growth Results

TIME N Mean (%) Variance Std. Dev
Non-PP 128 45.54% 0.422 0.6493
PP 90 10.19% 0.0210 0.1451

4.3.4 Correlation of Time and Cost Growth

Correlation was tested in order to determine the significance of considering time growth in
the data analysis research methodology. The Pearson Product Moment (PPM) was used to
calculate the strength of correlation. The PPM is a measure of the linear correlation between two
variables X and Y. It has a value between +1 and —1, where 1 is total positive linear correlation, 0
is no linear correlation, and —1 is total negative linear correlation. The correlation coefficient
ranges from —1 to 1. A value of 1 implies that a linear equation describes the relationship between
X and Y perfectly, with all data points lying on a line for which Y increases as X increases. A
value of —1 implies that all data points lie on a line for which Y decreases as X increases. A value

of 0 implies that there is no linear correlation between the variables (Behrens and Yu 2003).
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Figure 4-32 displays the equations and process used to calculate the PPM correlation, including

the definition of the variables.

f,)": Deviation Squared
Product of Deviation Scores

Figure 4-32: PPM Correlation Equations and Variables
(Behrens and Yu 2003)
4.3.4.1 Historical Data Set

The PPM correlation for the historical data set is calculated below. Figure 4-33 is a graphical

representation of the results.

X Values (4.15)
Z - 11.856 Mean = 0.093 Z(X — M,)? =SS, = 11.743

Y Values (4.16)
Z = 58.292 Mean = 0.455 Z(Y —M,)* =SS, = 53.547

Xand Y Combined (4.17)
N =128

Z(X -M)(Y - M,)=7323

R Calculation (4.18)

S Ul (N
/S, #SS,)

o 7.323 ~

~ J(11.743+53.547)

0.292
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Meta Numerics (Cross-Check) (4.19)

r = 0.292

Figure 4-33: PPM Correlation Graphical X-Y Values

4.3.4.2 Case Study Data Set

The PPM correlation for the Case Study data set is calculated below. Figure 4-34 is a

graphical representation of the results.

X Values (4.20)
Z = 2.301 Mean = 0.026 Z(X - M,)? =SS, =0.68

Y Values (4.21)
> =9167 Mean = 0.102 > (v -M,)" =55, = 1873

Xand Y Combined (4.22)
N =90

Z(X - M)(Y —M,) =0.334
R Calculation (4.23)

N X =M - M)
J(85, *S5)

0.334
r= = 0.296

J(0.68* 1.873)

Meta Numerics (Cross-Check) (4.24)
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r = 0.296

Figure 4-34:. PPM Correlation Graphical X-Y Values

4.3.4.3 Overall Data Set
The PPM correlation for the overall data set is calculated below. Figure 4-35 is a graphical
representation of the results. This was the primary calculation intended to determine the

significance of the time and cost growth correlation for this research.

X Values (4.25)
Z = 14.157 Mean = 0.0.065 Z(X — M,)? = 5S, = 12.66

Y Values (4.26)
Z = 67.459 Mean = 0.309 Z(Y —M,)* =SS, = 62.025

Xand Y Combined (4.27)
N =218

Z(X -M)(Y —M,) =891
R Calculation (4.28)

Po Y E M
/G5, %55,

o 8.91 _

 J(12.66 * 62.025)

0.3179

Meta Numerics (Cross-Check) (4.29)
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r =0.3179
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Figure 4-35: PPM Correlation Graphical X-Y Values (Combined Data Set)

4.3.4.4 Summary of Results

A summarization of the results of the statistical analysis performed on the research data set

can be found below in Table 4-6.

Table 4-6: Summary of Results
TIME N Mean Growth Mean Growth Correlation
(Time) (%) (Cost) (%0)
Non-PP 128 45.54% 9.26% R=0.3179
PP 90 10.19% 2.56% (Cost, Time)
TOTAL 218

75



Chapter 5:  Conclusions & Recommendations

This research synthesized engineering theory and practice to create a practically applicable
methodology of value to the industry. An existing engineering management issue was addressed
via a new approach, with the application of the latest engineering management concepts and
tools.

This research was intended to empirically investigate the implementation of project
management plans to overseas military construction projects in Korea. The proposed
methodology complements existing USACE protocols, industry practices and current research
efforts regarding construction efficiency. Catalyzed by a review of relevant literature, the
inclusion of time was justified as a critical success factor. The PMBOK and its associated project
management techniques, including project management plans, was verified through literature
review as well. The Stuban (2011) research established a methodology to quantitatively analyze
and compare use of a risk management process on MILCON projects, as a method of assessing
the value of employing different construction management techniques. This model was modified
to consider the value of employing project management plans as a means to control overall
construction project cost and time growth, considering a data set of 218 overseas military
construction projects executed by USACE in South Korea. On hundred and twenty-eight (128)
historical construction projects delivered from 2000-2010 comprised the data set that did not
employ projects management plans. Data from 90 projects in the $10.7B Korea Relocation
Program served as the focal point of the case study, since this set of projects were the first to
implement a consistent adherence to the USACE’s mandate to utilize project management plans
on all military construction. The combination of a case study of the Korea Relocation Program
and statistical analysis based on the Stuban (2011) research was used to analyze the research data.

In addition, the PPM was applied to test the validity of time growth as an additional critical
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success factor through its correlative value with cost growth. Finally, conclusions have been
made based on the results of the data analysis, literature review and case study.
51 Hypotheses Resolution

The results from Chapter 4 provide confirmation of the major hypothesis presented in this
research; overseas military construction (MILCON) Project Delivery Teams (PDTSs) in Korea that
utilize a project management plan will be more effective at managing a construction project than
those who do not. Therefore, the null hypothesis was rejected; there is not difference in overseas
military construction PDTs’ effectiveness if a project management plan is implemented. This
major hypothesis was supported by the results of the 3 hypotheses that was quantitatively tested

in this research.

5.1.1 Hypothesis | Resolution

The first research question compared the mean cost growth of 128 historical Far East District
military construction projects from 2000-2010 completed in Korea without the use of project
management plans to the cost growth realized on 90 projects from the Korea Relocation Program.
The evidence suggests that the null hypothesis should be rejected (i cost Historical USACE) = M cost (Korea
Relcoation Program))- 1 N€ two-sample t-test assuming unequal variances demonstrates that u cost (Historical
USACE) > I cost (Korea Relcoation Program) (9.26%>2.56%). The significance of the cost growth results was
confirmed through critical value and degree of freedom testing, as illustrated in the Figure 5-1
and Figure 5-2. The critical value was calculated to be 1.98, while the calculated ‘t” value was
5.9519. Since the calculated ‘t” value exceeds the critical value, the means are significantly

different.
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_ X;—X» _ 0.4554—0.1019

t = 5.9519
— 0.0594
s, s\
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Figure 5-1:  Cost Growth ‘t’ Calculations & Degrees of Freedom
Step 2: Determine critical value for £ with degrees of freedom = 145 and e« = 0.05.
In this example the critical value is 1.98 (see the table below).

The calculated ¢ exceeds the critical value (5.9519 > 1.98), so the means are significantly different.

Figure 5-2:  Comparison of ‘t’ to Critical Value to Determine Significance

5.1.2 Hypothesis Il Resolution

The second research question compared the mean time growth of 128 historical Far East
District military construction projects from 2000-2010 completed in Korea without the use of
project management plans to the cost growth realized on 90 projects from the Korea Relocation
Program. The evidence suggests that the null hypothesis should be rejected (i time (Historical usace) =
L time (Korea Relcoation Program))- 1 Ne two-sample t-test assuming unequal variances demonstrates that x
time (Historical USACE) > I time (Korea Relcoation Program) (45.54%>10.19%). The significance of the cost growth
results was confirmed through critical value and degree of freedom testing, as illustrated in Figure
5-3. The critical value was calculated to be 1.976, while the calculated ‘t’ value was 2.3613.

Since the calculated ‘t” value exceeds the critical value, the means are significantly different.
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The degrees of freedom is:

d.o. f=

Step 2: Determine critical value for ¢ with degrees of freedom = 155 and o = 0.05.
In this example the critical value is 1.976 (see the table below)

The calculated ¢ exceeds the critical value (2.3613 > 1.976), so the means are significantly different.

Figure 5-3:  Comparison of ‘t’ to Critical Value to Determine Significance

5.1.3 Hypothesis Il Resolution

The third research question determined if significant correlation between time and cost
growth for construction projects in Korea exists. This research considers correlations as the extent
to which two variables have a linear relationship with each other. The null hypothesis

(Correlation (peosime) <| 0.7|) was confirmed based on the evidence (0.3179 <| 0.7]) .

Pearson Product Moment Correlation - Ungrouped Data

Statistic Variable X Variable ¥

Mean 0.0649385321100917 |0.309445412844037
Biased Variance 0.058075098882249 |0.284517736699141
Biased Standard Deviation|0.240987756706122 |0.533402040396493
Covariance 0.0410578733572908

Correlation 0.317943564933893

Determination 0.101088110482873

T-Test 4.92854076074036

p-value (2 sided) 1.64855540293481e-06

p-value (1 sided) 8.24277701467405e-07

95% CI of Correlation [0.193229061258058, 0.432547418226536]
Degrees of Freedom 216

Number of Observations (218

Figure 5-4.  Alternate Calculation of Correlation

The PPM results were confirmed by the Jarque-Bera Normality Test, Anderson-Darling
normality test and QQ plots (Figure 5-4 and Figure 5-5). These results demonstrate that time and

cost are independent critical success factors.
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Figure 5-5:  Normality Tests & QQ Plots for Alternate Calculation of Correlation

5.2 Summary Based on the Evidence

The evidence suggests that USACE’s mandated use of project management plans as a
primary asset to achieve quality project delivery significantly decreases the cost and time growth
realized on their military construction projects in Korea.

The evidence suggests that significant correlation did not exist between time and cost growth
for USACE overseas military construction projects, demonstrating that each critical success
factor has direct impact on the success of the construction independently.

The evidence suggests that this revised methodology was able to successfully test the
hypotheses and produce useful empirical data to support the researcher’s conclusions.

53 Contributions

The engineering and construction (E&C) sector has been experiencing a significant fall in
funding that has led to the slowdown, postponement or outright cancelation of major projects
worldwide. Continuing global economic instability will continue to drive E&C sector revenues
down. However, construction starts increased by 15 percent in 2015 in the United States.

Infrastructure spending has been neglected since the 2008 recession, and many analysts believe
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that worldwide infrastructure spending will grow to more than $9 trillion per year by 2025
(Goetjen et al. 2016). According to Goetjen et al. (2016), “E&C firms have not adopted strategies
that directly address the endemic problems their industry faces”. Budget and schedule overruns
have plagued the E&C industry during a time when oversight and scrutiny is at its highest.

This research was able to empirically demonstrate the value of utilizing project management
plans on overseas MILCON projects in Korea. Based on current Far East District metrics, 85.56%
of the Case Study projects met ‘green’ status for cost growth (Green < 5.0%). Conversely, only
59.38% of the historical projects met ‘green’ status for cost growth. Additionally, 35.98% of

those same projects would be in ‘red’ status (Red > 5.5%).

With Project Management Plan WITHOUT Project Management Plan

85.56% 59.38%

Figure 5-6:  Cost Growth Pie Chart (Case Study Projects & Historical Projects)

Similarly, this research was able to empirically demonstrate the value of utilizing project
management plans in relation to time growth. Based on current Far East District metrics, 65.56%
of the Case Study projects met ‘green’ status for time growth (Green < 10.0%). An additional
18.89% of those projects were in the ‘amber’ status (Amber > 10.0%). Conversely, only 34.38%
of the historical projects met ‘green’ status for cost growth. Additionally, 53.91% of those same

projects would be in ‘red’ status (Red > 20.0%).
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With Project Management Plan WITHOUT Project Management Plan

34.38%

Figure 5-7:  Time Growth Pie Chart (Case Study Projects & Historical Projects)

Besides providing quantitative data that demonstrates the value in utilizing project
management plans, this research also was able to consider time as a critical success factor as well.
The Stuban (2011) research provided the foundation for this study, which introduced a
methodology of statistical analysis employed to determine the effectiveness of a newly
implemented program. The results of this study demonstrate that the methodology allows
multiple variable analysis, as well as fortifies the approach with data from a robust data set of
more than 200. According to Stuban et al. (2011), “risks, issues, and opportunities are ever-
present and require proactive management approaches... leveraging all the management tools and
techniques that may be available appears to be the most prudent course of action”. This research
has demonstrated that utilizing a project management plan, with its associated actions and tasks,

throughout the construction project’s entire delivery phase is a viable tool.

54 Boundaries of Study
The construction project data used for this research comes from the USACE P2 data
repository. This data, which dates back to 2000, is input through a combination of manual and

automated procedures. Data used was confirmed through all available channels. As with all
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records and information that is manually input, there is still a possibility of some error. The cost
and time growth data was not analyzed based on any further scope or project related information.
55 Areas for Further Research

This research was able to empirically demonstrate the value of utilizing project management
plans on overseas MILCON projects in Korea, in addition to supporting the inclusion of time as a
critical success metric. These outcomes allow for several topics to be more extensively or
specifically researched. Suggested areas for further examination are listed below in order of
precedence and significance.

Based on the results of this investigation, a deeper dive into the various elements of project
management plans could yield several valuable assertions. A study aimed at discovering the most
valuable, impactful and indispensable elements of a project management plan has the potential to
provide direction in best utilizing the tool. Considering the overhead and manpower costs
associated with project management plans, research should be done that examines the
construction and/or scope minimum that still produces benefits that outweigh the organization
investment. This research could provide a recommended scope or budget minimum when
considering the implementation of a project management plan. In addition, a study comparing a
less demanding alternative for small projects could be quantitatively compared to determine its
effectiveness in controlling cost and time growth.

This research considered one primary independent variable; the application of a project
management plan. A more expansive study can be executed that considers several project
attributes that have relevance to the cost and schedule, including: acquisition strategy (delivery
method), selected contract type, total contract amendments and approved change requests, design
process, number of stakeholders or number of Requests for Information (RFIs). The multi-
variable data set required would necessitate alternative statistical techniques; including Cluster
Analysis, Discriminant Analysis, Principal Components Analysis and Multiple Regression
Analysis (Hair et al. 1998).
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In order to determine if experience using project management plans yields better results, a
follow up analysis comparing a later data set from overseas projects can be executed utilizing the
same methodology as this research. The results would allow the researcher to conclude if any
additional improvement to construction efficiency resulted with more exposure to the overall
project management plan methodology. These results could act as a guide regarding the amount
of funds and manpower to dedicate towards a greater understanding and utilization of the
procedure.

This research established that project management plans are effective tools for limiting time
and cost growth on overseas military construction projects in South Korea. A similar approach
could be taken to assess its value in other Continental United States (CONUS) locations, or even
other OCONUS locations.

This research considered normality from a relative perspective. A more stringent distribution
analysis could be performed on the data set, restricting the projects included in the research. This
would allow the investigation to compare projects of a pre-determined similarity, which would
have the possibility of yielding more detailed results related to a more specific set of construction
projects, scope, budget or schedule.

Most importantly, this research has expanded an existed method of analyzing the value of
implementing a new set of programmatic standards. This methodology is not exclusively limited
to construction projects. Any endeavor with a set budget and schedule could benefit from

analyzing a newly implemented tool, process or procedure in this manner.
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Appendix A

Table A- 1: Combined Research Data Sets
Original *Cost 8;:%'22',[ Time **Time
TYPE PROJECT TITLE Contract Cost Cost Growth ($) | Growth - Growth 0
) % Duration (Days) Growth (%)
(Days)
nonpp | FY00 MCA, Const New Family $8,307,892.00 |  $4.138,362.00 | 49.80% 705 530 75.20%
Housing (Won)
nonpp | FY00 MMCA Upgrade Water $1,279,066.00 $27,119.00 | 2.10% 203 83 28.30%
Treatment Plant
nonpp | FY00 MMCA Upgrade Water $1,188,252.00 $10,358.00 |  0.90% 203 50 17.10%
Treatment Plant
nonPP (FJSO(;)OMA' Environmental Projects $544,128.00 $0.00 | 0.00% 300 25 8.30%
nonPP ;zr?elw'\;'ICA Whole Barracks Comp. $7,542,910.00 $415,708.00 |  5.50% 804 61 7.60%
nonpp | FYOL OMA Repair Aviation $6,245220.00 |  ($956,334.00) | -15.30% 1096 57 5.20%
Maintenance Fac
nonPP_| FY01/02 OMA/QOLE BUP Projects $9,001,734.00 $357.256.00 | 4.00% 897 146 16.30%
nonPP_| FYOL MCA, Whole Brks Ren (US$) $2,359,390.00 $218.402.00 | 9.30% 804 61 7.60%
nonPP (erlgﬁ)cemra' Area JOC, Cp AMES $236,046.00 $46,150.00 |  19.60% 183 0 0.00%
nonPP ;zr?;rOMA Mold & Mildew Barracks $1,132,581.00 $291,613.00 | 25.70% 241 278 | 115.40%
nonPP ge.%igeoos, UST/AST Removal IDIQ $1,018,620.00 ($7,684.00) |  -0.80% 489 0 0.00%
nonPP \',:V\/(Poalrgib Family Housing Ph2/3 $40,454,337.00 | $1,040,371.00 | 2.60% 2263 1142 50.50%
nonPP_| FY03 MCA. PN53001, Barracks $24.920,969.00 | $2,101,763.00 | _ 8.40% 884 192 21.70%
nonPP izg?zgup Bldg 753, 754 & 788 Renv | ¢4 550 982,00 $11,676.00 |  0.10% 1050 0 0.00%
nonPP_ | DO# 0009, Upgrade CPX Gate $621,873.00 $61,343.00 | 9.90% 239 74 31.00%
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16
17

18
19
20

21
22
23

24

25

26

27
28

29

30

31

32

33
34

Original

*Cost

Original

Time

**xT

TYPE PROJECT TITLE Contract Cost Cost Growth ($) | Growth Contrgct Growth T'r']“%

) % Duration (Days) Growth (%)

(Days)
nonPP | Temporary Upgrade ACP $270,945.00 $4,666.00 1.70% 302 0 0.00%
nonPP | JOC-Upgrade of Bldg. S-1218 $290,115.00 $156,187.00 53.80% 301 0 0.00%
nonPP é%ﬁd%%% Electrical Feeders at $288,864.00 $14,214.00 | 4.90% 229 211 92.10%
nonPP | JOC-Chillers and Controls at Bldgs $203,428.00 $277,405.00 | 136.40% 367 204 55.60%
nonpp | FY98 MCA PN49018 3 Barracks/4 $23,195,388.00 $847,758.00 |  3.70% 848 2 0.20%
Com Op Fac

nonPP (FVTlgﬁ)Korea'W'de JOC, DO#0244 $386.880.00 $0.00 | 0.00% 240 0 0.00%
nonPP_| DO# 0071 (Won) $256,927.00 $0.00 | 0.00% 211 0 0.00%
nonPP EZESW“;'ICA PN 48915 Whole Barracks | ¢, 156 01300 $96.901.00 |  4.80% 682 397 58.20%
nonPP (FVT/gg)NAFA PN 48654, Youth Center $1,167,694.00 $0.00 | 0.00% 399 9 2.30%
nonPP E;(C?ﬁt';'AF PN 47820 Army Lodging $8,904,610.00 $0.00 | 0.00% 584 0 0.00%
nonPP (Fg)( 00 NAFA PN 48654, Youth Center $886,077.00 $8,631.00 |  1.00% 399 259 64.90%
nonPP_| FY 02 NAF Bowling Center PN27834 $3,086,068.00 $153.064.00 | 5.00% 431 153 35.50%
nonPP_| FY04 MCA. PN54359_ Barracks $13,858 419.00 $427.875.00 | 3.10% 720 137 19.00%
nonpPp ;zr?:W“J'ICA PN52675, Whole Barracks | ¢ 706 132 00 $299,032.00 |  1.80% 1057 55 5.20%
nonpPp g;?g’mMCA' FN36091, Upgrade Sewer $6,944,875.00 $272,510.00 |  3.90% 540 76 14.10%
nonPP E;(rok‘i‘ng";f‘ 96PN UOQ/CYO3 ROKFC | >0 045,691.00 | ($138.153.00) |  -0.70% 1043 204 19.60%
nonpPp EESSWTICA' PN 58354, Whole Brks $22,784.600.00 $314,485.00 | 1.40% 977 .62 -6.30%
nonPP E\r(kof MCA, PN 58242/58398, Whole $32.246.930.00 | $2,280.677.00 |  7.10% 810 415 51.20%
nonPP_| JOC, Upgrade Utilites for 5-1417 $348.686.00 $462.098.00 | 132.50% 302 225 74.50%
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35

36

37

38

39

40

41
42

43

44
45
46

47
48
49

50

51

Original

*Cost

Original

Time

TYPE PROJECT TITLE Contract Cost Cost Growth ($) | Growth Contrgct Growth T'r']“%
) % Duration (Days) Growth (%)
(Days)
WF-00012-8J. Provide HVAC - -
nonPP | e, S1a1s $213,987.00 $20739.00 | 9.70% 290 257 88.60%
nonpp | Replace Water Chiller Line, Ml $621,589.00 $209.499.00 | 33.70% 280 208 74.30%
Compound
nonPP ngrade Power Distribution Sys. West $732,059.00 $32.496.00 |  4.40% 310 366 |  118.10%
nonPP LBJpgrade Power Distribution Sys. West $456,497.00 $11,939.00 |  2.60% 310 366 |  118.10%
nonPP ngrade Power Distribution Sys. East $640.387.00 $0.00 | 0.00% 322 356 | 110.60%
nonPP LBJpgrade Power Distribution Sys. East $438,636.00 ($13,893.00) | -3.20% 322 354 | 109.90%
nonPP | EY07 MCA., PN58353/58742, Barracks | $54.509.495.00 | $2.893,095.00 | 5.30% 1846 290 26.50%
nonPP_| FY08 OMA. Grounding Sys.Det K&L $1,170.911.00 $540,352.00 | 46.10% 238 568 | 238.70%
nonPP Ezregc':("SCA PN 56852 & 58784 $36,199,677.00 |  $25532.662.00 |  7.00% 1380 276 20.00%
nonpp | FY99 MCA PN56666 Vehicle $12,881,075.00 |  $4.448.930.00 | 34.50% 700 450 64.30%
Maintenance Fac
nonPP_| FY09 OMA. Renovate BIdg. S-1244 $436.017.00 $33.962.00 | 7.80% 288 138 47.90%
nonPP EL%% 2{\;"“' Repair and Refurbish $296,636.00 $5.744.00 | 1.90% 272 140 51.50%
nonPP \F/\xg?];MA' Provide Panel Board and $428.453.00 $334.323.00 | 78.00% 368 208 |  110.90%
nonPP_| EY09 OMA. Temp Vet Clinic $631.743.00 $10408.00 | 3.10% 278 0 0.00%
FY10 MCA P56656
nonPp | X 0 e $14.980.995.00 |  $1,169,120.00 |  7.80% 578 270 46.70%
FY10 MCA PN58399 VEHICLE
nonpp | F Y0 MOA PSS $14.431.710.00 | $2,130,464.00 | 14.80% 578 270 46.70%
nonpp | FY10 OMA, Replace 2 ea chiller, S- $685.710.00 $446.530.00 |  65.10% 205 871 |  424.90%
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52

53
54

55

56

57

58

59

60

61

62

63
64
65

66

67

68

- - Original .
Original Cost Contract Time o Time
TYPE PROJECT TITLE Contract Cost Cost Growth ($) | Growth . Growth h (0
) % Duration (Days) Growth (%)
(Days)
nonPP E;lg/%MA' WF-10032-0J, Replace $250,297.00 ($32,993.00) | -13.20% 224 01 40.60%
nonPP_| PKG1 PH5, Repair INUEXT, at S-1237 $374.976.00 $10242.00 | 5.10% 267 77| 279.80%
nonPP | FY11 OMA, Renovate S-572 $352.884.00 $7.42000 | 2.10% 210 77 35.20%
nonPP Egga'” Replace Playground & CDC, S- $661,742.00 $67.341.00 | 10.20% 269 212 78.80%
nonPP 510161 OMA, Renovate Bldg. No. S- $503,070.00 $7.609.00 |  1.50% 240 102 42.50%
nonpp | FY11 OMA, Helipads @ Various $420.343.00 $0.00 | 0.00% 190 0 0.00%
Locations
nonPP ;Iqlei OMA, Repair Open Ditch @ Cp $688,332.00 $0.00 | 0.00% 280 0 0.00%
nonpp | FY11 OMA, Install Backflow $482,479.00 ($17,060.00) |  -3.50% 317 0 0.00%
Preventers
FY11 OMA, Relocate TSS and
nonPp | EY T OM: $461,930.00 $96.145.00 |  20.80% 285 501 | 175.80%
nonPP E\gg]} OMA, Remove Connex & Install $371.222.00 $116541.00 | 31.40% 269 690 | 256.50%
nonPP 33%1 OMA, Install Elec BUS Bar @ $325.245.00 $24.479.00 | 7.50% 235 308 | 169.40%
FY11 OMA, HVAC/Lighting & - -
N Pt AN $208,806.00 $73.643.00 | 35.30% 255 494 | 193.70%
nonPP | FY11 OMA, Replace Exist Enclosures $403,237.00 ($59,999.00) | -14.90% 185 0 0.00%
nonPP \FA); ﬁSOMA' Repair and Maintenance $568,351.00 $18.101.00 |  3.20% 260 428 |  164.60%
nonpp | FY11 ECIP PNO76042, Geothermal $2,062,072.00 $9.876.00 |  0.50% 297 0 0.00%
Heat Pump
nonPP g:vilrfgva“ous OMA Renovate for YRP | ) 959 414,00 $25.040.00 | 0.80% 316 0 0.00%
FY12 AFH OMA Project, 0 0
nonPP | L epiane AC $396,047.00 $0.00 |  0.00% 259 0 0.00%
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69

70

71

72
73
74

75

76

77

78
79
80

81

82

83

84

- - Original .
Original Cost Contract Time o Time

TYPE PROJECT TITLE Contract Cost Cost Growth ($) | Growth . Growth h (0

) % Duration (Days) Growth (%)

(Days)
nonPP (\)/nAF;tOZM’ZJ’ Repair Asphalt Paving $728,260.00 ($19,311.00) |  -2.70% 283 0 0.00%
nonPP E:pl;r%'}"A' V5-10036-2J, General $271,243.00 $0.00 |  0.00% 393 174 44.30%
nonPP ;/151 10097-1J, Install Fire Alarm in S- $250,140.00 ($12,636.00) | -5.10% 359 469 | 130.60%
nonPP ;\s{;ﬁaﬁMA’ V1-10009-2J, Replace $228,902.00 $0.00 |  0.00% 263 0 0.00%
nonPP | VA-10197-2], Renovate S-366 $471.105.00 ($1.533.00) | -0.30% 351 0 0.00%
nonPP E;(illiﬁ;MA' WF-10018-2), Repair $848,741.00 ($48,106.00) |  -5.70% 350 251 71.70%
nonPP g:oluzld?a':"A' VV9-10003-2J, Repair $946,385.00 $379,262.00 | 40.10% 266 84 31.60%
nonPP ?ﬁéf MA, VA-10190-2J, Renovate $562,572.00 $14.493.00 | 2.60% 312 0 0.00%
nonPP ?111220 MA, VA-10191-2J, Renovate $562,572.00 $103,384.00 | 18.40% 208 180 86.50%
nonPP gﬁ;ﬁf&f VA-10224-2J, Expand $427,678.00 $33.238.00 |  7.80% 347 365 | 105.20%
nonPP_| VA-10192-2), Renovate Bldg, S-1131 $518,035.00 $14.43000 | 2.80% 312 0 0.00%
nonPP EZ;Z OMA, W4-10002-2J, Upgrade $276,660.00 $0.00 |  0.00% 312 0 0.00%
nonpp | T Y12 OMA, VI-10012-2), $419,503.00 ($49.217.00) | -11.70% 284 0 0.00%
Exterior/Landscap
nonpp | FY12 OMA, WF-10039-2J, Upgrade $283,919.00 $42.976.00 | 15.10% 210 422 | 201.00%
UPS Power

nonPp | Y12 OMA, VA-10194-2), Reno S- $464,366.00 ($628.00) | -0.10% 351 0 0.00%
nonPP Rfvﬁm FHMA, W1-10004-3J, Install $203,072.00 $0.00 |  0.00% 447 0 0.00%
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) % Duration (Days) Growth (%)

(Days)
nonPP glifuzMA' WL-10337-2J, Correct $350,340.00 |  ($324,670.00) |  0.00% 397 0 0.00%
nonPP | PARCEL 1 SITE WORK $29,668,448.99 $388,922.92 1.31% 1145 724 63.23%
nonPP | PARCEL 1 SITE WORK $29,668,448.99 $388,922.92 1.31% 1145 724 63.23%
nonPP | VMF W/COM OPERS(603) $17,729,632.86 | ($15,550,349.28) | -87.71% 668 26 3.89%
nonPP | VMF W/COM OPERS(605) $17,797,206.10 | ($15,896,250.05) | -89.32% 668 26 3.89%
nonPP | PARCEL K LAND DEVLPMT $15,180,885.67 $13,136,387.06 86.53% 1033 367 35.53%
nonPP PARCEL 2B-1/2 LAND/UTIL $140,311,000.00 $89,722,198.76 63.95% 2145 517 24.10%
DEVLPMT

nonPP PD'E\R/CLE:\‘A%_B'llz LAND/UTIL $138,062,000.00 $99,837,947.03 72.31% 2662 0 0.00%
nonPP | SPARTAN SITE A $21,778,166.00 $435,537.46 2.00% 400 66 16.50%
nonPP | SPARTAN SITE B $885,325.43 $23,413.72 2.64% 250 0 0.00%
nonPP | BRCKS COMPLEX 1(58353) $29,439,810.28 $1,832,569.96 6.22% 923 245 26.54%
nonPP | BRCKS COMPLEX 11(58742) $25,069,684.94 $1,060,525.37 4.23% 923 245 26.54%
nonPP | DENTAL CLINIC $14,856,114.04 $762,122.81 5.13% 520 325 62.50%
nonPP | HOSP AND AMBUL CARE CNTR $141,955,894.74 $15,263,240.35 10.75% 1140 563 49.39%
nonPP | PHASE Il FAC $72,532,035.10 ($7,234,131.11) -9.97% 730 292 40.00%
nonPP | ELEMENT SCHOOL $83,925,925.93 $0.00 0.00% 731 0 0.00%
nonPP | KORCOM HQ USFK $74,093,525.18 $2,500,000.00 3.37% 810 150 18.52%
nonPP | 8TH ARMY IMNCOM-K HQ $63,444,946.14 $3,178,000.00 5.01% 860 184 21.40%
nonPP | HOSP BARRACKS AND DFAC $78,991,035.66 $1,150,000.00 1.46% 866 97 11.20%
nonPP | HOSPITAL AMBULATORY CARE $141,955,894.74 $15,263,240.35 10.75% 1140 563 49.39%
nonPP | OMA 501ST MI BDE(2020) $67,845.95 $20,423.18 30.10% 221 112 50.68%
nonPP | DHP VET CLINIC(0130) $296,635.78 $5,743.79 1.94% 272 140 51.47%
nonPP | BRCKS COMPLEX(56852) $15,249,126.26 | ($14,638,763.33) | -96.00% 782 12 1.53%
nonPP \évg(giggKA,S) RENEW 111/MI CONSL $15,960,852.38 | ($15,401,675.94) | -96.50% 782 3 0.38%
nonPP | AIR FIELD OPS BLDG $5,832,845.45 $3,012,594.54 51.65% 701 304 43.37%
nonPP | AC MNT HNGR (AVIM) $29,658,333.33 $13,538,338.79 45.65% 752 81 10.77%
nonPP | COMM CENTER $170,951,018.41 $0.00 0.00% 918 369 40.20%
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nonPP | COMM CENTER SCIF $11,572,584.00 $483,018.30 4.17% 589 93 15.79%
nonPP | DOWNTOWN ADN $5,285,101.23 $186,749.83 3.53% 582 202 34.71%
nonPP | COMM CENTER SCIF $11,572,584.00 $483,018.30 4.17% 589 93 15.79%
nonPP | VEHICLE MAINT FAC(58399) $14,431,710.10 $2,130,463.69 14.76% 578 270 46.71%
nonPP | CONSOL VEH MAINT SHOP(56656) $14,980,995.07 $1,169,119.53 7.80% 578 270 46.71%
nonPP | EUSA BARRACKS/2-DFACS $37,233,724.09 $13,054,328.59 35.06% 914 507 55.47%
nonPP | WARRIOR SUPPORT ADN $2,992,741.96 $0.00 0.00% 1127 0 0.00%
nonPP | CONSOLIDATED HBCT HQ $23,670,222.98 $4,595,642.45 19.42% 1527 431 28.23%
nonPP | HBCT BARRACKS/DFAC $61,130,131.00 $27,720,754.59 45.35% 1107 561 50.68%
nonPP | CHILD DEV CNTR $9,380,438.39 $1,162,923.01 12.40% 727 653 89.82%
nonPP | MED SUPPORT AREA $11,514,317.68 $0.00 0.00% 535 0 0.00%
nonPP | LANDSCAPING $5,759,397.64 $0.00 0.00% 1280 0 0.00%
nonPP | ANIMAL BUILDING AND OTHER $18,850,776.19 $0.00 0.00% 520 0 0.00%
nonPP | CNFK HQ $5,746,618.96 $0.00 0.00% 548 155 28.28%
nonPP | HBCT VMF | $42,255,059.80 $0.00 0.00% 1175 150 12.77%
nonPP | FIRE SUPPORT VMFS II $41,050,310.88 $4,977,075.68 12.12% 793 112 14.12%
nonPP | TYPE Il AIRCRAFT PARKING $5,012,771.87 $566,450.68 51.20% 699 73 10.44%
PP FAMILY HOUSING TOWERS $127,046,097.01 $347,722.57 0.27% 909 133 14.63%
PP TELEVIDEO CNTR $23,968,501.77 $0.00 0.00% 472 45 9.53%
PP CONSOL INSTALL HQ AREA $118,687,879.39 $0.00 0.00% 699 0 0.00%
PP TROOP HSNG/ZS ADN $9,844,312.87 $0.00 0.00% 420 0 0.00%
PP EUSA VMFs | $80,574,550.05 $0.00 0.00% 1046 45 4.30%
PP CONSOL EUSA MSC HQS $35,290,302.97 $0.00 0.00% 755 62 8.21%
PP EUSA BARRACKS $105,632,110.02 $0.00 0.00% 820 82 10.00%
PP MIDTOWN COMM SUP $35,230,002.60 $0.00 0.00% 523 44 8.41%
PP BCTC/TRANSIENT UPH $49,774,334.57 $0.00 0.00% 659 62 9.41%
PP CHILD DEV CNTR $8,298,953.49 $0.00 0.00% 562 0 0.00%
PP INSTALLATION VMFs $85,970,047.95 $0.00 0.00% 579 74 12.78%
PP ACCESS CNTRL PT 1 $9,932,540.36 $0.00 0.00% 570 15 2.63%
PP ZOECKLER STATION COMM SUP $13,670,989.78 $0.00 0.00% 500 0 0.00%
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PP EUSA VMFs II $84,287,096.04 $0.00 0.00% 992 86 8.67%
PP RAILHEAD $10,868,110.09 $0.00 0.00% 662 32 4.83%
PP MIDDLE SCHOOL/ELEM SCHOOL $115,941,302.75 $0.00 0.00% 729 71 9.74%
ARMY FAM HOUSING-
PP 06/COMMANDERS $55,843,973.52 $0.00 0.00% 521 0 0.00%
PP GOLF COURSE AND FAC $47,474,040.37 $0.00 0.00% 1181 0 0.00%
pp | ARMY EAMHOUSING GEN $27,581,535.42 $0.00 |  0.00% 521 0 0.00%
PP ZOECKLER STAT SLQs $267,702,466.98 $0.00 0.00% 791 119 15.04%
PP MAIN POST CLUB $6,098,183.44 $0.00 0.00% 465 120 25.81%
PP FUEL OIL FAC $25,516,040.84 $39,048.43 0.15% 668 65 9.73%
PP ACCESS CNTRL PT Il $9,598,497.63 $63,967.14 0.67% 630 146 23.17%
PP BAND TRAINING FAC/CAC $22,898,746.48 $0.00 0.00% 523 76 14.53%
PP AAFES FACILITIES $10,430,085.09 $0.00 0.00% 520 73 14.04%
PP MIDTOWN MED FAC $7,965,859.31 $119,263.71 1.50% 599 63 10.52%
PP COMM CENTER $170,951,018.41 $0.00 0.00% 918 69 7.52%
PP VEHICLE MAINT FAC(56666) $12,881,075.40 $2,448,930.04 19.01% 700 50 7.14%
PP FAM HOUSING TOWERS(70674) $87,134,031.81 $6,578,191.63 7.55% 780 99 12.69%
PP COMM CENTER $170,951,018.41 $0.00 0.00% 918 69 7.52%
PP NCO ACAD/TRANSIENT BRKS $25,683,575.42 $2,749,323.09 10.70% 941 64 6.80%
PP 18TH MED BDE HQ/PARK FAC $27,493,133.87 $0.00 0.00% 589 96 16.30%
PP DOWNTOWN EXCH/COMM $121,586,241.89 $0.00 0.00% 622 0 0.00%
PP ONE STOP PROCESSING AREA $51,298,995.35 $0.00 0.00% 933 0 0.00%
PP RENOVATE DOWNTOWN SLQs $8,741,425.55 $0.00 0.00% 535 198 37.01%
PP DOWNTOWN BUSINESS PARK $37,518,408.02 $0.00 0.00% 609 251 41.22%
PP SMALL ARMS RANGE $34,067,570.21 $0.00 0.00% 480 0 0.00%
PP TYPE Il AC PARKING APRON $7,755,658.06 $0.00 0.00% 490 0 0.00%
PP CNFK HQ(SCIF) $601,947.13 $0.00 0.00% 190 0 0.00%
PP HBCT BARRACKS $73,956,890.68 | $26,874,394.71 | 36.34% 1007 304 30.19%
PP SOLDIER TROOP AREA SUP $9,322,146.81 $0.00 0.00% 849 59 6.95%
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PP HBCT VMFs 11 $22.824.445.69 $0.00 | 0.00% 790 281 3557%
PP HBCT VMFs 111 $21,760,998.93 $0.00 | 0.00% 842 381 45.25%
PP \(’:V(')“SSSFEAC/ DIRIERS TRAININE $14,524,233.43 $0.00 |  0.00% 1502 0 0.00%
PP SIMULATION CENTER $33.744.486.89 | $3.362,071.90 | 9.96% 941 458 48.67%
PP 21D HO SCIF $33,266,360.00 $966,800.95 | 2.91% 788 0 0.00%
PP COMPANY OPS FACILITY(76196) $25,852,760.80 | $3.481,240.78 | 13.47% 756 519 68.65%
PP HBCT VMFs IV $54595211.12 | $2.673,736.20 | 4.90% 862 280 32.48%
PP 21D HO $30.248.204.29 | $1.964.799.25 | 5.01% 819 80 9.77%
PP SMALL UNIT TRAINING $2,695,861.68 $0.00 | 0.00% 1165 0 0.00%
PP ACCESS COTL PT Il WEST GATE | $10,534,629.60 $0.00 | 0.00% 697 105 15.06%
PP VISITOR CONTROL CENTER $2,442,452.83 $53.37401 | 2.19% 523 0 0.00%
PP SEI':V'CLSFAM AGEING - 5= $10,759,601.37 |  $2.223.79551 | 20.67% 580 168 28.97%
PP VMF AND COM OPER(601) $22.830,80642 | $6,906.117.58 | 30.25% 720 % 12.50%
PP FIRE SPT BRKS AND DFAC $74,789,442.06 $0.00 | 0.00% 1096 0 0.00%
PP FIRE SPT BRKS $62,056,506.78 $0.00 | 0.00% 916 0 0.00%
PP DOWNTOWN SLOs $22,221,972.77 $440849.88 | 1.98% 647 127 10.63%
PP 2CAB VMF ADDITION 162 $823,390.91 $11,477.15 | 1.39% 240 35 14.58%
PP BULK FUEL STRG TNKS/PMPS $14.100,613.90 $396,.660.80 | 2.81% 737 166 22.50%
PP MI FIELD STATION $11,075,936.96 $0.00 | 0.00% 706 0 0.00%
PP 3RD MI AC MA HNGR CMPLEX $69,702,749.78 $0.00 | 0.00% 1187 0 0.00%
TYPE I1 AC

PP DN AXILANGES $15,547,700.81 $0.00 [ 0.00% 1227 0 0.00%
PP UEPH Fac Il $93.520,697.35 $0.00 | 0.00% 926 0 0.00%
PP OMA MI BN(2020) $30,761.04 $0.00 | 0.00% 222 0 0.00%
PP 501ST MI BDE/POWER DIST $104.365.87 $45.002.37 | 43.12% 315 78 24.76%
PP INSTALL CLASSRM., B-1078(2020) $156,083.09 $0.00 | 0.00% 286 0 0.00%
PP Installation/JNN HUB Movement $186,044.48 $12.70461 | 6.83% 265 0 0.00%
PP HEST SLEET PR O $23,602.38 $0.00 |  0.00% 200 136 68.00%

PLATFRM
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PP SET1/2/3 DPW ENG DIV FY11 $152,174.44 $0.00 0.00% 195 0 0.00%
PP FY11 OMA 3RD MI BN $117,790.31 $23,497.05 19.95% 255 47 18.43%
PP AFH IDIQ $396,047.07 $0.00 0.00% 259 0 0.00%
PP JOC AFH MAINTENANCE $10,624.00 $0.00 0.00% 125 0 0.00%
PP JOC 3/2 GSAB PROJ $12,494.48 $0.00 0.00% 222 0 0.00%
PP JOC 94TH MP $10,829.63 $0.00 0.00% 206 0 0.00%
PP DSN AND CONSTRUCT $1,428,565.80 ($453,594.13) | -31.75% 480 42 8.75%
PP FY13 BLDG T-1646 $189,194.30 $5,434.23 2.87% 262 49 18.70%
PP FY13 JOC DEC $101,330.91 $0.00 0.00% 204 0 0.00%
PP FY13 JOC 3MI BN $349.78 $0.00 0.00% 365 0 0.00%
PP FY13 HUMPHREYS JOC TASK $482.12 $0.00 0.00% 365 0 0.00%
PP FY13 JOC/AFH $29,035.58 $0.00 0.00% 210 0 0.00%
PP FY13 JOC DPTMS $137,366.76 ($7,156.41) -5.21% 365 21 5.75%
PP HUMPHREYS JOC MP $111,495.41 $0.00 0.00% 310 0 0.00%
PP FY14 JOC AFH $93,645.63 $0.00 0.00% 235 0 0.00%
PP FY14 JOC/DPW $477.57 $0.00 0.00% 282 0 0.00%
PP FY15 SRM BIO LAB $618,982.40 $136,480.18 22.05% 431 68 15.78%
PP OMA SRM MI BDE $375,915.79 $0.00 0.00% 419 57 13.60%
PP FY15 CECOM JOC $263.14 $0.00 0.00% 158 0 0.00%
PP FY16 JOC DPW $17,202.77 $0.00 0.00% 196 0 0.00%
PP FY16 JOC AFH $139,267.15 $0.00 0.00% 262 0 0.00%
GEOTHERMAL HEAT

PP PUMPS(76042) $2,062,071.84 $9,876.33 0.48% 297 0 0.00%

*Cost Growth Metrics

**Time Growth Metrics

Green < 5.0%;

Green < 10.0%;

Amber > 5.0%;

Red > 5.5%

Amber > 10.0%;

Red > 20.0%
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