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Abstract

In the construction industry, project schedules are invariably dynamic, uncertain, and subject to
significant change thru the execution cycle. Therefore, effective planning and scheduling are

fundamental activities and correlate closely with the success or failure of a project.

Unfortunately, schedule approach invariably focuses on timing, durations, and milestones
without equitable consideration to the interconnection between resource availability, capabilities,
and schedule feasibility. A project schedule that does not include resource allocations implies
that the contractor has unlimited resources and has the flexibility to apply all necessary resources

to a project change, without incurring added costs.

Unlike traditional scheduling techniques, Resourced Loaded Scheduling captures & integrates
the interdependencies between activities and resources and effective utilization. Moreover, it
involves the prioritization of activities based on utilization strategies, determination of resource
availabilities, and the utilization of alternate resources. By doing so, decisions about capacity are

incorporated into the scheduling process.

The project hypothesis, which was partially confirmed, stated that depending on project type,
parameters and financial thresholds need to be established for Resource Loaded Schedules (RLS)
to achieve optimum results. The research included examination of effective Resource
Management and Scheduling from literature, peer reviewed article publications, interviews with
Subject Matter Experts and a case study implementing Resource Loaded Scheduling on a

capacity project, executed in a finite time period.

Key Word Choice

Resource Loading, Planning & Management, Project scheduling Best Practices, Efficient,

Intelligent, Deliberate utilization, Accuracy, Overallocation, Finite resources & Predictability.
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Introduction

Project description

Construction project scheduling has evolved into a powerful and complex management tool. The
level of expertise for schedulers has risen considerably; however, the level of understanding of
managers and executives who supervise them has lagged. Therefore, developing a good schedule
for managing the execution of a project is paramount to good project management practice.
However, managing a project schedule can be one of the most formidable parts of project

management.

An accepted truth in project management is that the majority of projects have defined limits on
the pool of resources available for utilization due to costs, disciplines and skills required,
demographics, and other factors. An opportunity to this limitation exists in the form Resource
Loaded Scheduling (Loading each schedule activity with available resources). Evaluating a
resource-loaded schedule will help determine if the planned approach, timeline, and project cost

are all feasible in execution which adds incredible dynamism and depth to the schedule.

Fully loading the schedule with resources, including materials, equipment, direct labor, travel,
facilities, equipment, and level-of-effort activities, provides the basis for the performance
measurement baseline (PMB), which can be used to monitor the project using earned value
management (EVM). When a schedule is fully resource loaded, budgets for direct labor, travel,
facilities, equipment, material, and the like are assigned to both work and planning packages so

that total costs to complete the program are identified at the outset.

Examples of this can be seen in Resource Loaded Scheduling being a requirement in many
mission critical organizations across a plethora of industries. NASA’s Schedule Management
Handbook provides guidance on meeting NASA’s schedule requirements, best practices,
concepts, and techniques associated with schedule management. NASA’s handbook emphasizes
the importance of loading and assigning resources. The handbook states that resources should be

assigned within the schedule itself to ensure proper cost and schedule integration. In addition,
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NASA guidance stresses that resource loading and leveling is recommended to ensure that the
plan is complete and credible; otherwise, significant risk is assumed if a schedule is baselined
without first being resource loaded and leveled. Per the U.S. Government Accountability Office,
Schedule Assessment Guide, Best Practices for Project Schedules, a schedule should reflect the
resources (labor, materials, travel, facilities, equipment, and the like) needed to do the work. As
resource requirements directly relate to an activity’s duration, assigning resources to activities
ensures that the duration of activities using them will be realistic and rational.

Yet regrettably Resource loading and leveling of schedules appears to be a mysterious process
that is not well understood. Requests for implementation of Resource-loaded Schedules are met
with resistance across the industry. The common rationale for this resistance is cost or
uncertainty regarding the true value add. However, the most obvious rationale is the
aforementioned manager and executives lagging levels of understanding juxtaposed to the
expertise of the project schedulers. The output of this resistance or lack of knowledge at an Exec

level is a continuance of wholly avoidable schedule impacts

Problem Statement

A Critical Path Method project schedule identifies the activities, tasks, milestones,
interdependencies, and sequencing logic to successfully complete a project. However, an
executable construction schedule should also explicitly and systematically incorporate an
organization’s capacity to complete a project. In order for the project to succeed, the project team
must know answers to resource availability (Unless infinite capacity exists) and any competing
priorities as they are important to the planning and control of any project.

Resource Loaded scheduling involves allocating and scheduling resources based on resource
capacity, availability, effort, as well as project scope. This level of detail allows real time
decisions or pivots to be completed, factoring time, costs, and resources. Yet, implementation of
Resource-loaded Schedules is met with resistance across the industry, both by clients, General
Contractors and Trade partners alike. The common rationale for this resistance is one or a

combination of the below:
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e (Cost of implementation is prohibitive.

e Tool value or appropriate use is ambiguous.

e Objective & benefits are unclear.

e Use of tool requires too much upfront work, time better spend on Precon or Engineering.
e Tool maintenance is time-consuming and requires too much analysis thru the project

lifecycle.

The output of this resistance is a continuance of the historical “surprise” when project or
organizational change or plan deviation occurs. These understandable, yet inherently avoidable
resource limitations then begin to drive the schedule, changing the critical path and result in

costly extensions or change.

Hypothesis

The project premise is to test the hypothesis that parameters and financial threshold requirements
need to be established, depending on project type, for optimum results in the Construction Tech
sector. Testing the stated hypothesis will involve the following.

e An examination of effective Resource Management and scheduling from literature.

e Peer reviewed article publications and results from real world organizations using

resource management.
e A case study implementing Resource Loaded scheduling in a retrofit construction setting
e A survey and interviews with peers in the Preconstruction, Controls and Execution fronts,

on both the Owner and General Contractor (GC)/Trade Partner (TP) sides of the industry.

Once finalized, all of this information will be compiled, analyzed, and then presented to test the

stated hypothesis.

Project Scope

1. Evaluation of steps to accurately resource load a schedule & associated costs.

2. Resource load a physical Mechanical, Electrical, Plumbing (MEP) Capacity project.
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3. Understand level of effort required to track, maintain and status a resource loaded
schedule & associated costs.

4. Conduct research to identify themes, evaluate and build off existing understanding of this
topic and how it relates to the project hypothesis.

5. Create (based on existing theories and knowledge) and test the hypothesis - Parameters
and financial thresholds need to be established, depending on project type, for optimum
results.

6. Compile conclusions, recommendations and areas of future research based on project

findings.

Project Goals and Objectives

1. Actively engage, manage & control a range of stakeholders to successful completion

2. Complement and expand upon industry & classroom knowledge on topic while
sharpening critical and analytical research & thinking skills.

3. Gain a better understanding, at a micro level, industry reluctance to wide scale utilization
of Resource Loaded scheduling.

4. State the findings, without bias or interpretation, proving, disproving, or adding clarity
around the stated hypothesis.

5. Detail the influence of project management processes & the focus knowledge areas,
Communications Management, Risk Management & Stakeholder Management,

highlighting their importance successful Project Management.

Acceptance criteria

1. Prove or disprove the hypothesis that parameters and financial thresholds need to be
established, depending on project type, for optimum results.

2. Complete this effort within the roadmap identified, Fall semester 2020 for PM 686A &
Spring semester for PM 686B.

3. Complete a literary review, questionnaire, and interviews with Subject Matter experts to
test and validate theory.

4. Successful implementation of the Resource Loaded schedule on the case study.
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Assumptions
1. Full access to an MEP project implementing the Resource Loading approach
2. Based on experience, the author expect projects less than $500,000 in total value need an
alternate approach or a scaled version of Resource loading and maintenance.
3. Resistance to more frequent usage is driven by lack of knowledge / Fear of the unknown
4. Available tech, namely MS Project or Primavera, does not limit ability to Resource load.
5. An objective and efficient approach to Biweekly activity progress reporting exists.
Constraints
1. Maximum 20 available labor hours per week to invest in the project.
2. Accepted time constrains to complete project & document development may impact
research methodology depth and limit available results for analysis.
3. Interest and experience in but no professional background in project controls
4. Not impartial, author acknowledges bias toward more control and accountability.

Project Management Knowledge Focus Areas

As addressed in the Project Goals and Objectives, three knowledge areas from the Project

Management Body of Knowledge to be addressed, capturing a professional level of competency.

The focus Knowledge Areas selected were Communication, Stakeholder, and Risk Management.

Communications Management - Effective communication ensures the project team is
providing information in the right format, at the right time, and with the right impact. A
key project goal was to ensure timely and appropriate identification, collection,
distribution, and disposition of project information to the project team, Stakeholders, and
the Project Sponsor. See Appendix C for full breath of the Communication Plan
Stakeholder Management — This includes the processes required to identify the people,
groups and organizations that could affect or be affected by the project, to analyze
stakeholder expectations and their impact on the project, and to develop appropriate

strategies and tactics for effectively engaging stakeholders in a manner appropriate to the

10
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stakeholders’ interest and involvement in the project. See Appendix D for full
Stakeholder Management details

Risk management - This identifies the processes and structures that are directed towards
realizing potential opportunities, while simultaneously managing possible adverse
impacts. Risk management is a continuous activity conducted throughout the life of the
project. It seeks to identify potential risks, evaluate their likely impact, develop
mitigation plans, and monitor progress. Reference Appendix E which encapsulates Risk

Management plan.

Project Expected outcomes

It is expected the hypothesis is accurate, the Resource Loading approach applied to $1Billion

Greenfield project cannot be replicated on a sustaining Type C retrofit project, totaling ~$500K.

The author believes this to be the accurate based on a number of factors:

1.

Implementation of Resource Loading for the Case Study project (Valued at ~$23MM)
required dedicating a field engineer and scheduler which would typically have been a half
time, due to the added resource activities. Smaller sustaining Type C projects will not
have the available budget to dedicate resources.

When the subject of Resource Loading is discussed this can encompass labor resources,
non-labor resources (material / equipment), and / or cost loading. Once more, depending
on the scale and complexity, parameters will need to be agreed upon to ensure the value
derived matches the Level Of Effort involved and associated cost.

Strategic partners and vendors need to be able to plan for intelligent resource usage and
efficiencies. Establishing parameters for implementation as part of the scheduling spec

will ensure all parties can respond and scale appropriately.

Finally, based on lessons learned from initial General Contractor resource loaded schedule

submittal to baseline acceptance and execution, multiple recommendations and best practices

have been realized. These recommendations will hopefully form the bedrock for a best practices

section to be added to the Orgs global scheduling spec.

11
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Literary review

Research Approach

Hart (1998) defined the literature review as “the use of ideas in the literature to justify the
particular approach to the topic, the selection of methods, and demonstration that this research
contributes something new”. He also noted that for the literature review, “quality means
appropriate breadth and depth, rigor and consistency, clarity and brevity, and effective analysis
and synthesis”
From these definitions it is clear that an effective literature review should include the following
characteristics:

1. Methodologically analyze and synthesize quality literature

2. Provide a firm foundation to a research topic

3. Demonstrate that the proposed research contributes something new to the overall body of

knowledge or advances the research field’s knowledgebase

For this paper, the research of existing literature and resources was conducted by online research
methodology and secondary data analysis, including guidance and references from Subject
Matter Experts. This paper presents the literature review process in a systematic way following
the “input-processing-output” approach. The sequential steps followed of collecting,
comprehending, applying, analyzing, synthesizing, and evaluating quality literature were

followed.

Scheduling best practices, optimization of schedules, Efficient utilization, Intelligent/Deliberate
usage, and Resource Constrained Project Scheduling problems were the subject of research. The
purpose of this research methodology was to identify themes, evaluate existing understanding
and the body of expert knowledge that exists on this topic and how it relates to the project
hypothesis

An immense amount of information is available relating to scheduling best practices,

optimization, Efficient & Intelligent utilization, and Resource Constrained Project Scheduling

12
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problems. The review of literature provided details surrounding the earliest developments in
scheduling practices, differences in methodologies, advantages associated with Resource

Loading scheduling and the perceived decaying of schedule knowledge at Exec level.

Literary Research Background

The baseline or construction schedule is a prediction based on the quality of the inputs and
previous experiences. It represents the original understanding of the project and the intended
schedule for completing the project. Therefore, the baseline must be reasonable realistic and
account for the following.

e Size and complexity of the project

e Local codes and regulations

e Location and access, labor market

e Materials and equipment availability

e Prices & Procurement time

These considerations should appropriately influence the inputs and then are suitably reflected in
the contractor’s baseline schedule. Traditionally, the schedule is prepared prior to the start of the
project but used throughout the project to detect any deviations and to compare performance.
Ideally, the construction schedule should be used daily to build the project and updated

frequently in order to accurately measure progress.

Some of the precursors to todays detailed approaches include, bar charts, Activity-on-Arrow or
Arrow Diagramming Method (ADM), The Critical Path Method (CPM) and Program Evaluation
and Review Technique (PERT). However, developments were required based on limitations of
the traditional methods such as CPM/PERT. Approaches such as Resource Loaded Scheduling
offered more effective scheduling and solved issues such as vagueness in Critical path. Literature
also showed a trend in scheduling methods to not only include one critical path, as in the
traditional approach but multiple critical paths. In the majority of literature reviewed the main
focus was on ensuring resource continuity as well as managing cost. Literature on major

constraints associated with scheduling was also reviewed. The most common constraints include,

13
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resource constraints, time constraints as well as problems associated with the job shop

scheduling.

Developed in 1917 by Henry Gantt, Bar Charts are depictions of when activities are scheduled.
Within the industry, they are the most often used scheduling visualization tools because of their
simplicity and unsurpassed visual clarity; anyone can read and prepare them. Therein lies the
greatest asset of the bar chart and its greatest weakness—its simplicity. A bar chart does not
show logical dependency among activities and does not support manual project progress
measurement. Although the status of an activity is easily determined, the status of the overall
project is very unclear. Figure 1.0 below highlights clear durations and sequence, but progress

and resource management is an unknown

Excavate[ |
Form Foolings | |
Place rebar [ 1
Place concrete 1 ]
StipForms| ) _ — |—| _ i—]

2 3 4 5 & T 8 9 10 W 12 13 4 15 8 17 8 Days

Exhibit 1.0 Bar Chart - Slab on grade activities

The science of scheduling as defined by Critical Path Analysis (CPA) was developed in 1956/57
by Morgan Walker and James Kelley Jr who started developing the algorithms that became the
Activity-on-Arrow or Arrow Diagramming Method (ADM) scheduling methodology for DuPont.
The program they developed was trialed on plant shutdowns in 1957 and their first paper on
critical path scheduling was published in March 1959. The Program Evaluation and Review
Technique (PERT) system was developed by the US Navy Special Projects Office (SPO) for a
missile program (Polaris) at around the same time but lagged Critical Path Method (CPM) by six
to twelve months, although the PERT team first coined the term ‘critical path’.

14
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They are remarkably similar to each other, both using an arrow diagramming method, but were
developed for fundamentally different business fields. CPM was aimed for the construction and
maintenance industry where technologies and processes were largely known, and estimations of
task durations could be done with some accuracy. In contrast to CPM, PERT was focused on
military research and development (R&D) where time pressures were high and cost a secondary
issue. In an R&D environment, activity durations were difficult to estimate, thus, PERT

emphasized probability.

A CPM schedule is a type of schedule that prioritizes construction activities and their
predecessors in the order in which they need to be completed to reach the project’s targeted
completion date. This type of schedule proves to be beneficial in many ways. If executed
properly, the project is broken down into discrete activities with estimated durations and forces
the project team to logically sequence each construction activity. The CPM process then forces
the team to address critical questions that might not have otherwise been considered. The final
project schedule will show the critical path and float time between each activity, which is an
excellent tool for controlling the project during execution (Griffith, 2006). When it comes to

CPM, however, there are certain limitations.

In a paper by Herbets, J. S. (1976). “Will the real critical path please stand up”, published by the

Project Management Institute, the limitations of CPM are explained in a clear model. See Figure

2.0 below
o &
&,
w‘{)j
DESIGN BUILD 2 TRQT
o o o I'EST o
-
‘\I.
" {7‘\3
WEEK O v
1 | 2 | 3] 4|5 |6]7 |

Example 1 B |
Exhibit 2.0 - CPM schedule with rudimentary activities
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In this basic schedule, there is a Design activity, three Build activities that are dependent upon
the design activities, and a Test activity that is dependent upon the three build activities. It is
easy to see that the critical path can be followed to be Design, Build 2, and Test in that order,
with float time between the start of Build 2 and the start of activities Build 1 and Build 3.
Herbets uses this example because it is so easy to understand. However, Herbets then asks if it is
still easy to understand after he proposes the following questions:

o Who is going to work on these activities?

o  Can we assume this project is standing alone, or is it one of twenty, or more projects, of
differing priorities?

e Can we assume unlimited resources available for each project and is each resource able
to spend full time on all activities assigned?

o Can we assume that Build 1, Build 2, and Build 3 will be assigned different, and

available resources?

After observing the CPM and asking the above questions it becomes clear that CPM is limited to
only providing activities and the sequence in which they flow in. In order for the job to succeed,
the project team should know answers to the points mentioned above as they are important to the

planning and control of any project (Herbets, 1976).

Resource-loaded scheduling is substantially different from CPM because it loads physical
resources into the project schedule such as labor, capital equipment, facilities, and materials. By
doing so, making decisions about capacity is then incorporated into the scheduling process. It is a
methodology that encompasses resource loading, resource leveling, and time analysis (critical
path) all in one dynamic schedule. After evaluating a resource-loaded schedule, it will help

determine if the planned approach, schedule, and project cost are all feasible (Griffith, 2006).
Resource-loaded scheduling methods typically begin by establishing an initial set of dates based

on time analysis, or critical path analysis. The activities and dates that are created are then used

as inputs for the resource scheduling process. Next, resource requirements and/or targets for each
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activity are loaded. Lastly, dates and quantities available are established for each resource

(Matthews, 1994).

Resources are materials, equipment, labor, or anything needed to complete an activity and most
activities will require one or more resources. Activities consume time and resources; therefore,
they must be assigned and measured. Assigning activities to responsible parties is imperative
because it significantly helps divide the project into manageable pieces, assigning them to the
party best suited to perform the work. In addition to determining what an activity is and how
long it should take, the assignment tells who is responsible. In order to control the progress of the
entire project, the progress of each activity must be measured, and the assigned party held
responsible for its sufficient progress. Once resources are applied to an activity, the project
resources should be leveled to improve work efficiency and minimize cost. Resource leveling is
the process of smoothing out daily resource demands by shifting the time at which an activity is
performed without violating the job logic. To do so effectively, the scheduler must employ
resource constraints. No contractor has unlimited resources and the constraints placed on
resources should reflect the most likely amount of labor, equipment, and materials available to
the contractor under normal conditions. These resource limitations may drive the schedule,

changing the critical path.

If we Take Herbets’ simple model mentioned above, and load labor resources to it, we can see
how the critical path and time analysis change. See approach to assigning resources below:

e Designer #I to design the project

o FEngineer #1 to Build 1 & Build 3

o Engineer #2 to Build 2

o Tester #l to test the project.
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The results are illustrated in a new model below. See Figure 3.0 below

“ ") TAT T T 0 moom
o DESIGN o BUILD 1 o BUILD 3 o TES']

p —

DESIGNER 1 ENGINEER 1 | TESTER 1

Exhibit 3.0 A Resource-Loaded Model

Resource availability has been added to the model and this important component changes the
sequence of activities. Before, in the CPM model, Build 3 did not depend on Build 1, but now
that Engineer #1 is assigned to those two activities the required resource now becomes critical.
One could assume infinite available engineers, but the reality is that all projects have head count
and specialty trade limitations. When adding the availability of a resource to work on an activity,

the activity and subsequent dependent activities may alter the critical path.

Research conclusions

The level of scheduling understanding by managers and executives who supervise schedulers has
declined. As a result, the proper use of scheduling language and an appreciation of the
importance and complexity of the scheduling process have also decayed. In general, scheduling
answers who and when, determining the sequence and timing of construction operations. The
schedule is the end result of planning which conveys what must be done, how and where it will
be performed, and in what general sequential order it will be completed. Essentially, the inputs to
the scheduling process are direct results of the planning efforts. Therefore, an inability to
schedule stems from a reluctance or incapacity to plan. The underlying principle of the entire
process is to make abstraction fit real project conditions, to narrow the gap between the model
and the construction project. A fundamental element to this process in an understanding of the

resources involved.
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The authors research identifies four characteristics of a high-quality & reliable schedule, it must
be comprehensive, well-constructed, credible, and controlled. This level of sophistication
includes all activities necessary to accomplish a projects’ objectives as defined in the WBS. The
schedule includes the labor, materials, facilities, equipment, and the like needed to do the work
and depicts what resources are needed, when they will be needed & as importantly when they

will actually be available.

While resource loading an entire schedule may be a difficult exercise, it encourages management
to assess the amount of resources available and encourages a discussion of difficult questions
early in program planning. If the resource-loaded schedule alerts decision makers that the
available resources will not suffice to execute the work on time as planned, management can
begin negotiating for additional resources early in the program. Finally, linking available
resources to activity durations may expose infeasible durations to scrutiny or show opportunities
to reduce durations with the application of more resources. The intrinsic rationale for
implementing resource loading is outlined below

e Incorrect resource assumptions (usually in the form of unwarranted optimism) will lend
unreasonable credence, and the resulting schedule will convey a false sense of precision
and confidence to senior decision makers.

e The amount of available resources, whether labor or nonlabor, affects estimates of work
and duration, as well as the availability of resources for subsequent activities.

e The schedule should realistically reflect the resources that are needed to do the work
and—compared to total available resources—should determine whether all required
resources will be available when they are needed

e Activity owners are able to explain the logic behind their resource estimates.

e The same assumptions that formed resource estimates for the cost estimate are applied to
the estimated resources loaded into the schedule and are documented in the Basis of

Estimate (BOE).
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Implications and effects if Resource Loading is not implemented

Resources must be considered in the creation of a schedule because their availability
directly affects an activity’s duration.

A schedule without resources implies an unlimited number of resources and their
unlimited availability.

If there is no justification for allocating and assigning resources, the schedule will convey
accuracy falsely.

Unrealistic peaks in forecasts of resource assignments represent the need for large
amounts of resources near the end of work streams to finish deferred or delayed work on
time. Often the quantity of resources and funding required at the peak is unrealistic.
Information on resource needs and availability in each work period assists in forecasting
whether activities will be completed as scheduled. If the current schedule does not allow
insight into the current or projected allocation of resources, then the risk of the project
slipping is significantly increased. Overallocated resources result in inefficiency or delays
from unavailable resources.

A schedule that has not reviewed and resolved resource use issues is not reliable.

If the baseline schedule does not identify the planned resources, it cannot be used to make
important management decisions, such as reallocating resources from activities with
significant float to critical activities that are behind schedule.

If the schedule does not have resource assignments, management’s ability to monitor
crew productivity, allocate idle resources, monitor resource-constrained activities, and

level resources across activities is severely limited.

Finally, according to The Construction Labor Market Analyzer, construction labor cost averages

20 to 40% of total project costs. Therefore, success on construction projects is highly dependent

on the efficient utilization of limited and costly resources. Because activities consume resources

they must be assigned and measured or they have the ability to drive the schedule, change the

critical path and be detrimental to project budget and organizational reputation.
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Case study

Description

One of the primary focus areas of this project was the Case study. This involved the
implementation of a Resource Loaded Schedule on a physical Mechanical, Electrical, Plumbing
and Building Management Systems (MEP/BMS) project, managed and controlled by the author.
Execution commenced on 9/21/2020, and the schedule was updated weekly with incorporation of
a physical percent complete, actual labor hours spent for each activity with Labor histograms by

trade & a productivity index.

Initial drafts of baseline schedule contained various labor peaks and troughs and Phase 1 scope
was over twelve (12) months in total duration. It would have been difficult to ascertain these
resource fluctuations and general incoherence by just evaluating scheduled activities in isolation.
It is also highly likely this inefficient and poor-quality baseline schedule may have been accepted
without this added layer of detail. As the GC and strategic partners involved and working
multiple campus projects simultaneously the Resource Loaded approach has many benefits

1. Particularly useful when multiple retrofit projects are taking place in parallel and the

same trade partners are being used for different projects

2. Allows for comparison and analysis of progress and performance against baseline metrics

Based on the detail provided, the Owner and Contractor collaborated on a more strategic
approach . The GC resubmitted a baseline schedule with increased focus on evaluation of labor
peaks and used labor hours to validate utilization and efficient approach. This resulted in an
updated Phase 1 duration of nine (9) months and less planned mobilizations and remobilizations

which reduced the Safety and QAQC risk models across the project

Background

This project was evaluated for potential utilization of the Resource Loaded Schedule approach

and was chosen for the following reasons
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Details

Maturity level of the project team and an acknowledgement of the need for continual
improvement in schedule proficiency

An agreement that resource inefficiencies likely exist but a lack of quantifiable data to
validate the suspicion.

A willingness to explore options to empower better resource utilization with an
understanding of the need to scale in the short to medium term.

A preference to maintain strategic partners as opposed to competitive bidding for all
programs but an understanding that this decision limited skilled labor available

Phase II needing to be completed in a finite timeframe with heavy penalties for poor
performance or potential impacts to Provision Ready (PR) date, when the network is

ready to be brought online and serving traffic

The project schedule was developed with the following agreed upon criterial for implementation,

control, and monitoring.

The baseline schedule was loaded with all direct labor hours, capturing the three major
trade partners and the associated sub vendors.

The use of an early plan curve and a late plan curve was implemented.

Labor histograms by trade & productivity index to be captured.

Assign unit budget values to activities for labor hours. This value should represent the
lump sum of the direct labor hours associated with each activity and should tie to the
hours in the GMP.

Contract Milestone Summary:

Milestones will be constrained to show negative float when the calculated late finish date
of the last Activity is later than the specified interim and/or Final Completion date.
Large portion of scope takes place during the Suite-Level Retrofit (SLR) windows, a
finite time period similar to a Petrochemical “Planned Turnaround”

Imperative that the schedule is developed using labor hours to validate the feasibility of

durations and labor density in the data halls during the time critical SLR window.
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e Initial drafts of baseline schedule contained various labor peaks & troughs. Contractor
resubmitted baseline schedule with increased focus on evaluation of labor peaks and used

labor hours to validate a more reasonable target duration.

Execution

As previously identified, execution on this MEP project commenced on 9/21/2020. This project

was broken into two (2) phases:

e Phase 1 - Captured all demo, equipment installation & terminations and Back of house
reprogramming work.

e Phase II — All cutovers, terminations, startup, testing and Commissioning

Schedule submissions from the GC are biweekly and include a percentage completion walk with
the project team and owner prior. This walk is for validation purposes, to verify what has been
captured by the trade partners and verified by the field engineer. Once alignment is reached the
Owner receives the following submission.

e 6 Week Look Ahead (6WLA) Schedule Submission

e Critical Path Schedule Submission

e Full Schedule Submission

e XML File

e Resource Curves

e End of Month, schedule narrative

Project Performance Highlights

October Month End update: Phase 1 completion dates expedited from previous update due to
procedure approval allowing overhead conduit in Area B to start sooner. Phase 1 tracking 13
calendar days ahead of project baseline per Exhibit Four. The To Complete Performance Index
is at 1.01, but Productivity Index is still low at .69, though trending more positively, see Exhibit
Seven. Actual labor count on site continued to exceed budgeted totals, reference Exhibit Six,
and discussions were held with the general Contractor and Electrical Contractor regarding
project burn rates.
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Baseline Finish Previous Update Finish  Cumrent Update Finish  Variance to Previous Update

FB.MS.1480.18  PHASE 1 AREA B COMPLETE 1-Mar-21 22-Feb-21 22-Feb-21 0

FB.MS.1480.1A PHASE 1 AREA A COMPLETE 22-Mar-21 9-Mar-21 9-Mar-21 0

FB.MS.1480.1C  PHASE 1 AREA C COMPLETE 31-Mar-21 18-Mar-21 18-Mar-21 0

FB.MS.1480 PHASE 1 COMPLETE (Target 5/18/2021) 18-May-21 5-May-21 05-May-21* 0

FB.MS.1480.1D PHASE 1 AREA D COMPLETE 18-May-21 5-May-21 5-May-21 0
PHASE 2 AREA B COMPLETE (Target

FB.MS.1500.28  10/05/2021) 5-Oct-21 5-Oct-21 05-Oct-21* 0
PHASE 2 AREA A COMPLETE (Target

FB.MS.1500.2A 02/04/2022) 4-Feb-22 4-Feb-22 04-Feb-22* 0
PHASE 2 AREA C COMPLETE (Target

FB.MS.1500.2C  06/07/2022) 7-lun-22 7-lun-22 07-Jun-22* 0

FB.MS.1510 ELECTRICAL FINAL INSPECTION 19-Aug-22 19-Aug-22 19-Aug-22 0

FB.MS.1500 PHASE 2 COMPLETE (Target 10/05/2022) 5-Oct-22 5-Oct-22 05-Oct-22* 0
PHASE 2 AREA D COMPLETE (Target

FB.MS.1500.2D  10/05/2022) 5-Oct-22 5-Oct-22 05-Oct-22* 0

Exhibit 4.0 October variance tracker

FTW1 - RRL: Overall Progress Curve

Data Date 10/4/2020 _ 10/11/2020 _10/18/2020 10/25/2020 _11/1/2020 _ 11/8/2020  11/15/2020 11/22/2020 11/29/2020 _12/6/2020  12/13/2020  12/20/2020 12/27/2020
Total Hours
Period
37163 Planned Early Curve 140 30 60 10 300 180 720 590 0 320 720 320 0
Planned Late Curve o 100 90 90 280 150 600 440 o 250 470 550 o
£62| Earned 220 73 223 148 o o o o o o o o o
36507 Forecast [Earned) o o o o 581 153 533 783 o 320 1023 302 [
Percentage
Period
Planned Early Curve 0% 0% 0% 0% 1% 0% 2% 2% 0% 1% 2% 2% 0%
Planned Late Curve 0% 0% 0% 0% 1% 0% 2% 1% 0% 1% 1% 1% 0%
Earned 1% 0% 1% 0% 0% 0% 0% 056 056 056 056 056 056
Forecast 0% 0% 0% 0% 2% 0% 3% 2% 0% 1% 3% 2% 0%
Cumulative
0% 1% 1% 1% 2% 2% 4% €% €% €% 8% 11% 11%
0% 0% 1% 1% 2% 2% 4% 5% 5% 5% 7% 8% 8%
1% 1% 1% 2%
1% 1% 2% 3% 45 B3 8% 8% 9% 12% 14% 14%

1200

1000

200

600

Period Hours

400

200

10/4/2020  10/112020  10/18/2020  10/252020  11/1/2020 11/8/2020 1/15/2020  11/22/2000  11/28/2020  13/6/2020 12/13/2020  12/20/2000  13/27/2020
W Earned for Period NN Planned for Period @22 Forecast for Period , 5-Curve: ,5Cuve == = Foreast, SCUVE s Planned Late Curve

Exhibit 5.0 October progress curve
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Exhibit 6.0 October Labor report & forecast
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FTW1 - RRL: Overall Progress Metrics
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Exhibit 7.0 October key progress metrics (SPI, PI, TCPI & % Complete)
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January Month End update: Area C extended 12 days from previous submission, due to an
incorrect tie that was realized and lost time due to the Winter Storm. However, per Exhibit
Eight, Phase 1 Completion date gained one day of efficiency overall due to Area B being on
Critical Path. The To Complete Performance Index is at 1.24, SPI at 1.0 and the Productivity
Index continues trending positively, see Exhibit Eleven. Actual labor count on site continued to
trend below budgeted totals, reference Exhibit Ten with established teams proving to be more
efficient and all teams being mindful of high densities, simultaneous projects and COVID threats

Activity ID Adivity Name ﬂ BL Project Finish ﬂ Previous Update Finish n Current Update Finﬂ Variance to Previous Update i
FB.M5.1480.1B10 Project Team Mobilize 0
FB.M5.1450.18 PHASE 1 AREA B COMPLETE 1-Mar-21 18-Feb-21 17-Feb-21 1
FB.MS5.1450.1A  PHASE 1 AREA A COMPLETE 22-Mar-21 8-Mar-21 &-Mar-21 o
FB.MS5.14530.1C  PHASE 1 AREA C COMPLETE 31-Mar-21 17-Mar-21 29-Mar-21 -12
FB.MS.1480 PHASE 1 COMPLETE (Target 5/18/2021) 18-May-21 4-May-21 04-May-21* 0
FB.MS5.1450.1D  PHASE 1 AREA D COMPLETE 15-May-21 4-May-21 4-May-21 0
FB.MS.1500.2B  PHASE 2 AREA B COMPLETE (Target 10/04/2021) 4-0Oct-21 4-0ct-21 04-Oct-21* 0
FB.MS.1500.2A  PHASE 2 AREA A COMPLETE (Target 02/04/2022) 4-Feb-22 4-Feb-22 04-Feb-22* 0
FB.MS.1500.2C  PHASE 2 AREA C COMPLETE (Target 06/07/2022) 7-Jun-22 7-Jun-22 07-lun-22* 0
FB.MS.1510 ELECTRICAL FINAL INSPECTION 19-Aug-22 19-Aug-22 19-Aug-22 0
FB.MS5.1500 PHASE 2 SUBSTANTIAL COMPLETION (Target 10/05/2022) 5-Oct-22 5-Oct-22 05-Oct-22* o
FB.MS.1500.2D  PHASE 2 AREA D COMPLETE (Target 10/05/2022) 5-0Oct-22 5-0ct-22 05-Oct-22* o

Exhibit 8.0 January variance tracker

FTW1 - RRL: Overall Progress Curve

Date Date 10/4/2020  10/11/2020 10/18/2020 10/25/2020 11/1/2020 11/8/2020 11/15/2020 11/23/2020 11/38/2030 12/6/2020 12/13/2020 12/20/2020 12/27/2020 1/3/2021  1/10/2021  1/17/2021  1/24/2021  1/31/2021

[rotal Haurs

Period
37169 Planned Early Curve 150 50 0 10 300 180 720 590 ° 320 720 920 ° ° 740 980 700 0
Planned Late Curve [ 100 50 50 280 150 600 240 [) 250 470 550 ° ° 50 480 360 470
7093| Earned 220 73 223 126 320 111 £ 781 [) 381 973 1043 ° ° 88 1052 48 °
z0070] [ [ [ [ [ [ [ [ [) o o o o o o o ° 352

Percentage.

Period
Planned Early Curve o% o% o% o% % o% 2% 2% o% % 2% 2% o% o% 2% 3% 2% %
Planned Late Curve o% o% o% o% % o% 2% % o% % % % o% o% % 1% 1% 1%
Earned 1% o% 1% o% 1% o% 2% 2% 0% 1% 3% 3% [ [ 1% 3% % o%
Forecast 0% o% o% o% o% o% o% o% 0% o% [ [ [ [ [ o o% 3%

Cumulative
o 13 13 13 2% 2% a3 65 65 65 £ 113 113 113 135 183 173 pt
0% 0% 1% 1% 2% 2% a5 5% 5% 5% 7% 8% 8% 8% 5% 115 125 13%
1% 1% 1% % % % 5% k) 7% % 115 145 145 145 15% 18% 19%

19% 225

Progress Curve and Period Progress

Period Hours

10/42020  10/132020  10/132020  10/252020  11/1/2020 /300 115200 1222020 11/29/2020  12/6/2020  12/132000  12/202020  12/27/2020 32001 y10/20m ymjon ys/021 13200

— e or Pericd vzzz , 5Cune ,5Cuve = = Foreast, SCuve

Planned Late Curve

Exhibit 9.0 January progress curve
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Exhibit 10.0 January Labor report & forecast

FTW1 - RRL: Overall Progress Metrics

Update Period

10-Jan-21

(P6 Data Date] Project % Complete sPl TCPI Pl
11-0ct-20 1% 127 1.00 058
2500020 2% 221 1.01 0.69
B Now20 3% 140 101 069
25-Nov-20 75 131 1.00 104
13-Dec-20 1% 131 110 103
3Jan21 145% 127 1.07 1.08
24.Jan21 19% 1.00 124 103

To Comply rmance Index (TCRI) =
. ed) -may (5P
Project % Complete based on Earne (Budger at CoMmpietion - Earned Value)/
‘Calculation Basis ed Valy . -
Progress. (Estimate ar @@mpletion - Actual Labor
" y Units).

Performance Index (Pl = Earned Value
Labor Units f Actual Labor Units.

Overall Progress Metrics

2.00
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221
200
7}
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=
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o.00
11-0ct-20  25-Oct-20 &Now-20  29-Nov-20 13-Dec-20 3Jan-21 24-Jan-21
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Exhibit 11.0 January Key Progress Metrics (SPI, PI, TCPI & % Complete)
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March Month End update: Overall Phase 1 Areas A&B were both completed ahead of contract
schedule. Per Exhibit Twelve, the largest variance throughout the month was in Phase 1 Area B
due to an extensive effort constructing a safe way to complete the fire caulking. The To
Complete Performance Index is at 1.02, SPI at 1.06 and the Productivity Index continues
trending positively at 1.09, see Exhibit Fifteen. Actual labor count on site continued to trend at
or below budgeted totals, reference Exhibit Fourteen. Finally, per Exhibit Thirteen, Phase 1
continues to trend closer to the Early completion curve with a projected completion date of 5/10.

Activity Name BL Project Finish Previous Update Finish (Current Update Finish Variance to

Previous Update

= CONSTRUCTION MILESTONES 05-0ct-22 17 05-0ct-22 17 05-0ct-22 17 o
FB.M5.1480.1B10 Project Team Mobilize o
FB.MS5.1480.1A PHASE 1 AREA A COMPLETE 14-Mar-21 07 08-Mar-21 17 09-Mar-21 07 A 1
FB.MS.1480.1B PHASE 1 AREA B COMPLETE 16-Mar-21 17 10-Mar-21 17 15-Mar-21 17 A -5
FB.MS5.1480.1C PHASE 1 AREA C COMPLETE 30-Mar-21 17 31-Mar-2117 30-Mar-21 17 1
FB.MS.1480 PHASE 1 COMPLETE (Target S/1&/2021) 10-May-21 17 10-May-21 17 10-May-21 17 o
FB.MS.1480.1D PHASE 1 AREA D COMPLETE 10-May-2117 10-May-21 17 10-May-21 17 o
FB.MS5.1500.2B PHASE 2 AREA B COMPLETE (Target 10404/2021) 04-0ct-21 17 04-0ct-2117 04-Oct-21 17* o
FB.M5.1500.2A PHASE 2 AREA A COMPLETE (Target 02/04/2022) 04-Feb-22 17 04-Feb-22 17 04-Feb-22 17* o
FB.M5.1500.2C PHASE 2 AREA C COMPLETE (Target 06/07/2022) 07-Jun-22 17 07-Jun-22 17 07-Jun-22 17* [t}
FB.MS.1510 ELECTRICAL FINAL INSPECTION 19-Aug-22 17 19-Aug-22 17 19-Aug-22 17 o
FB.M5.1500 PHASE 2 SUBSTANTIAL COMPLETION (Target 10/05/2022) 05-0ct-22 17 05-0ct-22 17 05-Oct-22 17* o
FB.M5.1500.2D PHASE 2 AREA D COMPLETE (Target 10/05/2022) 05-0ct-22 17 05-0ct-22 17 05-0ct-2217* o

Exhibit 12.0 March variance tracker

FTW1 - RRL: Overall Progress Curve

Data Date 1/3/2021  1/10/2021 1/17/2021 | 1/24/2001  1/31/2001  2/7/2021  2/14/2021 | 2/21/2021 3/28/2021  3/7/3021  3/14/2021  3/21/2021 3/28/X
Total Hours
Beriod
37163]  Planned Early Curv i 740 580 700 770 670 720 540 660 540 630 750 540
Planned 