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Preface

In this chapter:

Obijectives

Overview of CPM Scheduling
Overview of Primavera P6
Online Course

Construction planning procedures are essential to the ability
of Caltrans to provide quality construction projects, on time
and within budget. This manual contains information that
can be use in understanding and reviewing the construction
project schedules submitted by the contractor.
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Objectives
This course is divided into three parts:

Part 1: Basics of CPM Scheduling—teaches about critical path methodology. Students
will develop an understanding of the place of schedules in the project planning
process, the contractual need for schedules, and the elements of a schedule.
Students will perform critical path method (CPM) calculations on a simple
schedule network to provide them with a basic understanding of the theory behind
CPM schedules. Then, that knowledge can be used in the creation and review of
schedules.

Part 2: Introduction to CPM Scheduling with Primavera P6—teaches the basics of
using Oracle Primavera® P6™ Project Management software (P6). Students will
develop an understanding of the process of creating a schedule in P6, will be able to
create activities and logic for a baseline schedule, and then update those activities in
an update schedule. The purpose is to provide students with a basic understanding
of the P6 software interface, and the process of creating a schedule.

Part 3: Advanced CPM Scheduling with Primavera P6—teaches the skills necessary
for reviewing baseline schedules, update schedules, and time impact analyses.
The purpose is to equip students with the ability to review the various scheduling
products which will be submitted by contractors, in accordance with the contract
specifications for scheduling.

An online component to this manual (See Online Course in this section) contains practice
questions for each chapter to check the student’s knowledge of the subject matter.
Furthermore, Part 2 provides an exercise for developing a CPM schedule, and Part 3
contains an exercise for reviewing an example schedule submitted by a contractor.

Overview of CPM Scheduling

The critical path method (CPM) is a graphical representation of the planned sequence of
the work necessary to execute a construction project, which shows the interrelationships
and interdependencies of the elements which comprise that project. This approach to
construction scheduling was first developed by the United States Navy in 1958, in
support of the Polaris missile system, and by the DuPont Company and Remington
Rand, who were seeking ways to reduce inefficiencies in industrial processes. Since that
time, construction professionals have developed the method with improved standardized
practices. In addition, many of the practices in CPM scheduling have been shaped by the
results of many construction claims. The case law that has resulted from those claims has
often guided how schedulers now approach their work.
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CPM Scheduling has the following major advantages:

 Identifies the dependence and interdependence of all activities in a schedule.

» Clearly demonstrates how a change in one or more activities impacts other
activities in a schedule.

» Provides an accurate and detailed picture of the forecasted completion dates of the
various project activities.

» Can be used to manage the resources and cost associated with each activity.

 Identifies the activities that are critical to the timely completion of the project.

 Indicates the shortest time in which a project can be completed

The benefit of using CPM scheduling is to provide a realistic, workable schedule, created
during the planning stages of the project but actively used to manage the project during
construction. Crucial to a workable schedule is a proper, logical sequence of activities
and good, realistic durations that are based on accurate resource projections. Use of the
critical path methodology identifies the project’s critical path, giving the list of activity
completion dates which must be met in order to finish the project on time.

Overview of Primavera P6

Oracle Primavera® P6™ Project Management software (P6) is a powerful, interlinked
software system designed to create and analyze the CPM schedules used in managing
construction projects. P6 is built on SQL, Oracle, and SQL Server express databases,
which allows the creation of global codes and resources, and to link multiple schedules
together. P6 uses standard Windows interfaces to make usage easy, and to manage
multiple large-scale projects at once.

Online Course

Due to the cost and time associated with the purchase and installation of P6, a computer
lab classroom base course is not feasible. But, in order to give credit to Caltrans staff that
take the time to work through this manual, including all exercises, an online, interactive
review has been developed as a companion to this manual. See your Construction
Training Coordinator for additional details.
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Basics of CPM Scheduling

In this part:

Chapter 1: Project Planning
Chapter 2: Scheduling Fundamentals
Chapter 3: Critical Path Method

The contract scheduling specifications mandate the use of critical path method (CPM)
schedules for the management of many of the construction projects. An understanding
of the underlying mathematics that form the basis of critical path methodology is a
necessary prerequisite to use of Oracle Primavera® P6™ Project Management software
(P6) for creation or review of schedules.

Chapter 1 discusses the elements of project planning, including the creation and use

of work breakdown structures. This chapter additionally discusses Caltrans’s standard
schedule requirements, so an understanding of what the contract requires can be gained.
Chapter 2 discusses the different types of scheduling methods, and then teaches the basic
terminology associated with CPM scheduling. Chapter 3 provides detailed instruction on
the development of critical path networks.






Chapter 1

Project Planning

In this chapter:

Project Life Cycle

Project Schedules
Project Elements
Scheduling Cycle
Schedule Planning

Work Breakdown Structure
Definition
Level of Detail

Contract Scheduling Requirements
Construction Manual
Standard Specifications

Time management can be broken down into two major
categories: planning (plan your work) and implementation
(work your plan) (CMAA, 2011). Proper planning of

the project schedule, effective use of team members and
resources, and managing risks and delays are crucial to a
good outcome.

For construction projects, ultimate success depends on
the continuous balance of a project’s resources, cost, and
schedule.
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Project Life Cycle

Figure 1-1 Project Phase

Project Schedules

An accurate initial
schedule and ongoing
maintenance is paramount to
avoiding claims and providing
a solid basis for quantifying
time impacts. ( )

(It is possible to wave \

contractual requirements
just by allowing items in
the Baseline Schedule that
contradict what is specified
in other documents.

- J

Capital improvement projects progress from project initiation,
phase K, through project construction, phase 4. (See Figure 1-1)

The information contained in this manual is primarily for work
performed within phases 3 and 4 of the project workflow.

Schedule management is critical for three main reasons (CMAA,
2011):
1. Time has no flexibility; it passes, no matter what.
2. Delivering projects on time is a challenge and a priority.
3. Project claims often center around schedule issues.

Acceptance of baseline and updated schedules is both good and
bad since they have become the basis for legal issue. National and
international courts use project schedules as a tool to demonstrate
time-related entitlements.

The project schedule:

* Needs as accurate input as possible (a.k.a. garbage in,
garbage out) representing how the field work will proceed.

» Identifies interface points between contractors and
subcontractors as well as milestones.

* Represents a work plan in progress, completed, and future in
a systematic and coordinated manner.

* Provides team leaders with an effective tool to manage the
project.

Project Elements

Project scheduling is one of the key factors that affect and
contribute to a project’s success or failure. The interrelated and
delicate balance of cost, resources, and schedule will affect all
aspects of a construction project. If one of the key elements is
affected, over budget, shortage of resources, or delayed, the other
two elements maybe affected. (See Figure 1-2)
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Figure 1-2 Project Elements

Plan

Figure 1-3 Scheduling Cycle

-

ba
ca
dc

\-

For example, the baseline project schedule indicated that pile
driving for the bridge was to begin no later than August 1. If pile
driving didn’t begin on August 1, it would delay all other bridge
activities. The contractor didn’t realize that the pile driving rig was
on another project and wouldn’t be mobilized for this job until
September 1, one month late.

This example illustrates poor resource planning by the contractor.
The resident engineer needs to understand the problem, realize the
impact to the project schedule, and review any modifications to the
schedule to ensure that the impact isn’t represented in the updated
schedule as an Caltrans-caused delay.

Scheduling Cycle

The project schedule is a living document that, once created and
executed, must continue to be monitored and updated to reflect
the true conditions of a project at all times. The scheduling cycle
is, therefore, continuous. The four stages of a scheduling cycle
are plan, perform, monitor and modify. After modification, the
schedule may need to be re-planned, thus starting the cycle again.
(See Figure 1-3)

Plan. During the planning stage of a project schedule, the
contractor lays out all project elements to create a time-based
graphical representation of the project scope. The planning stage
includes:

» Defining objectives and scope of work.

» Identifying milestones (contractual dates, benchmarks).

» Developing work breakdown structures (what and where).

» Developing an organization breakdown structure (who).

» Creating activities (when and where).

» Creating relationships (interfaces, dependencies, network).

* Identifying a critical path.

» Assigning resources (personnel, equipment, or material).

» Performing risk analysis.

» Refining schedule as needed.

» Establishing the baseline schedule.

e Communicating adopted plan to team and management.
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Perform. This state occurs after the schedule has been planned,
adopted, and executed. The perform stage includes:
» Updating the schedule on a regular basis.
» Updating progress.
* Incorporating updates or revisions, including project delays.
» Communicating status to team and management.

Monitor. During this stage, the schedule is most beneficial to
predict the outcome of the project. Monitor (also referred to as
controlling) includes:
* Regularly analyzing the schedule based on special provisions
and Standard Specifications requirements.
* Analyzing resource productivity.
* Analyzing cost usage.
* Analyze time extensions.
» Comparing different schedules to find changes to key
elements such as:
= Planned duration versus actual duration
= Remaining duration
= As-built dates (start and finish)
= Descriptions
= Changes to logical relationships
» Evaluating performance (earned value techniques).
* ldentifying trends.
» Developing forecasts.
» Communicating performance to team and management.

Modify. This stage includes:
* Incorporating approved change orders.
* Performing time impact analysis for delays.
» ldentifying recovery plan (fast-tracking, modifying logic).
» Communicating new direction to team and management.

Schedule Planning

In simple terms, a good schedule will address all the project
questions of what, where, who, when, how much, and why. (See
Table 1-1)
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4 )

\_ )

Table 1-1 Schedule Planning

Work Breakdown Structure

Definition

Work breakdown structure (WBS) is a product-oriented grouping
of project elements that organizes and defines the total scope of the
project. Each descending level represents an increasingly detailed
definition of a project component. Project components may be
products or services. (See Figure 1-4)

WBS work elements are discrete components of the total work.
They represent only work and are largely independent of schedule,
sequence, precedence, cost, resources, and quality. A unique,
numerical identifier is attached to each work element so that
computers can recognize it.

Figure 1-4 WBS Levels
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Figure 1-5 WBS Level of Detail

Level of Detalil

A well-defined and communicated WBS is the key to controlling
information and effective communications.

Planning a construction project, estimating both time and
resources, requires work to be broken into detailed components
called work packages. Each work package is further broken down
into individual activities. This process is done to:

» Divide a project into meaningful and logical elements.

» Examine the project at various levels of detail.

» Allow summarizing project information at any level.

» Provide a road map for exception reporting and management.

A project schedule must have just the right amount of detail to
show critical work but not so much that it inhibits the construction
engineer or contractor in maintaining and updating the schedule.
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Contract Scheduling Requirements

Construction Manual

The following section refers to specific sections of the
Construction Manual relating to the project schedule. Refer to the
Construction Manual for additional information and requirements.

Order of Work (Construction Manual §3-504)

If the plans or special provisions do not contain a specified
sequence of operations, contractors may select their own schedules,
provided the planned order of work meets any dates specified for
completion and openings of portions of the work to traffic.

The resident engineer must recheck the specified plan of
operations during the work’s progress. Changes in circumstances
may necessitate altering the planned sequence and schedule. Stage
construction is often a part of the contract on major projects, and
revised progress schedules may be required as the stages of work
develop.

Critical Path Method Schedule (Construction Manual §3-803)
When the contract documents (Standard Specifications or special
provisions) require a critical path method (CPM) schedule, the
resident engineer must make every effort to obtain a reasonable
schedule at the beginning of the contract and record any
communication regarding the CPM schedule in the daily report.
Notify the contractor in advance if a CPM payment will be
withheld for failure to submit a satisfactory schedule.

CPM Schedules should be as follows:

» Separates major items into activities likely to become the
controlling operation or operations.

» Accurately shows progress of the work.

» Determines controlling items of work.

* Analyzes time impacts from contract changes or work delays.

» Has consistent contract time requirements.

» Displays milestones, such as placing traffic on detours or
new pavement and beginning new phases of the work in
staged construction.
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§3-803)

dc

ation;

Resident Engineer’s Role

Under the general direction of a construction engineer, the
resident engineer is responsible for the contract administration
and construction engineering of all assigned projects. The resident
engineer must thoroughly study the assigned project and, become
familiar with all its facets, including the project schedule.

Each day, the resident engineer must determine whether to charge
a working day, and, if necessary, discuss the decision with the
contractor. The current controlling operation is the basis of this
determination; therefore, the resident engineer must base the
decision on conditions in effect on the day under consideration.

If the progress schedule does not accurately represent conditions
effective on that day, the resident engineer will request that the
contractor update the next progress schedule to provide an accurate
representation. The resident engineer will note on the Weekly
Statement of Working Days, the operation that, in the resident
engineer’s opinion, is currently controlling.

Standard Specifications

The following is a brief overview of Standard Specification
88-1.02, Schedule. Refer to the Standard Specification and
the contract special provisions for specific detailed project
requirements.

Project Levels
CPM project schedules have three levels:

1. Standard Specification 88-1.02B, Level 1, contracts less than
$1 million and fewer than 100 working days.
2. Standard Specification 88-1.02C, Level 2, contracts with one
of the following:
= atotal bid less than $1 million and 100 or more working
days.
= a total bid from $1 to $5 million.
= atotal bid over $5 million and fewer than 100 working
days.
3. Standard Specification §8-1.02D, Level 3, contracts over $5
million and 100 or more working days.
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Format
Chapter 2 of this manual defines the different types of schedules.
Below is the general requirement by level.

Level 1-Fenced Bar Chart (hand drawn or computer generated)
» Time-scaled
* Logic ties
» Durations of at least 1 day
* 8! by 11 inches

Level 2—-Precedence Diagram Method
» Computer Generated
» Durations of at least 1 day to fewer than 20 days
» Baseline based on contract working days
e 11 by 17 inches or larger

Level 3—Precedence Diagram Method
» Computer generated
» Durations of at least 1 day to fewer than 20 days
» 50 to 500 activities
» Department-owned float
» Activities coded for responsibility, stage, work shifts,
location, and bid items
» Contractor may show early completion
» Early completion is the contractor’s resource
» 34 by 44 inches

Software
Standard Specifications §8-1.02

There are many software programs to choose from, but:
Level 1-designates no specific software.

Level 2 and Level 3-require Oracle’s Primavera P6 Management
Portfolio (P6) or equal software. The contractor must provide
commercial training in the use of the software used for two
Caltrans employees.
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Submittals
Level 1

Baseline—before or at the preconstruction conference
Monthly updates

Level 2-Review and approval required

Baseline—within 20 days of contract approval

= 20 day review

= Rejected-7 days for contractor to correct and 7 days for
review

Monthly updates

= Data date of the 21st

= 15-day review

Final update-30 days after work completion

Each submittal contains

= One data-storage device

= Two sets of plots

Level 3—Review and approval required

General schedule showing major activities within 10 days

after contract approval

Preconstruction scheduling conference held within 15 days

after contract approval

Baseline—within 20 days of contract approval

= |f less than 85 percent of time, resource loaded

= 20-day review

= Rejected-7 days for contractor to correct and 7 days for
review

Monthly updates

= Data date of the 21st

= 15-day review

Time impact analysis

Final update—30 days after work completion

Each submittal contains

= One data-storage device

= Two sets of plots

= Two copies of narrative report

Payment
Level 1 and Level 2 are included in the payment of all other
contract items.

Level 3—-lump sum item, see Standard Specifications §8-1.02D(10)
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Scheduling Fundamentals

In this chapter:

Benefits of Scheduling

Scheduling Methods
Bar Chart
Fenced Bar Chart
Arrow Diagram
Precedence Diagram

Terminology
Calendars
Activity

Relationships
Relationship Types
Constraints

Critical path method (CPM) is a project planning and
scheduling technique that defines the project activities,
activity duration, and relationships between activities.

The schedule connects activities through relationships and
calculates the total time required to complete the project.
Almost every industry uses CPM principles in schedule
management.
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Benefits of Scheduling

Using CPM for scheduling is very beneficial to the overall project
objectives. The benefits of scheduling using CPM techniques are
(Construction Management Association of America, 2011):

» Promotes logical thinking

* Helps in evaluating options

e Improves communications

» Tracks progress

* ldentifies delays

» Facilitates recovery

* Meets legal proof requirements

Scheduling Methods

Industry uses various scheduling methods today. The scheduling
method shows how the activities and relationships relate to one
another. Among these types are:

* Barchart

» Fenced bar chart (time-scaled)

* Arrow diagram method

* Precedence diagram method

Although Caltrans uses the fenced bar chart method for Level 1
projects and the precedence diagram method for Level 2 and Level
3 projects, the following is a brief explanation of each type of
scheduling method listed above.

Figure 2-1 Activities Figure 2-1 displays all the activities in painting a wall in no
particular order. The project is comprised of Prime Wall, Paint
Wall, Dry Time, and Prep Time.

Prep wall
Prime wall
Dry time - prime
Paint Wall
Dry time - paint

Figure 2-2 Bar Chart
J Bar Chart

The bar chart is a two-dimensional schedule. The x-axis of the

chart shows the project timeline. The y-axis of the chart is a list

of specific activities that must be accomplished to complete the
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project Paint Wall. These activities are typically listed in order of
earliest start on the project (Figure 2-2). Since the tasks are usually
arranged from earliest to latest, most bar charts show a pattern of
bars that begin in the upper left of the chart and proceed to bars
that complete the project displayed in the bottom right of the chart.

The difficultly with the bar chart lies in the implied sequence in
the chart layout. Without explicit designation of the sequence of
activities, there could be confusion. (CPM Tutor, 2011) In other
words, in this chart, nothing is stopping the Paint Wall activity
from starting before or during the Prep Wall activity.

Fenced Bar Chart (time-scaled)

The fenced bar chart is another type of bar chart, but this graphic
shows the schedule network while also showing the sequence of
activities. In Figure 2-3, shows that Prime Wall succeeds Prep
Wall and Dry Time-prime succeeds Prime Wall. To show this, a line
with an arrow, is added between activities.

Prep wall
Prime wall
Dry time - prime
Paint Wall
Dry time - paint

Figure 2-3 Fence Bar Chart

Arrow Diagram

The arrow diagramming method combines the representation of
sequence and duration. The two elements of arrow diagramming
are arrows and nodes (Figure 2-4). One arrow is created for each
activity to be accomplished. The tail of the arrow is the start of the
activity. The head of the arrow is the end of the activity. While not
required, the length of the arrow is often scaled to be proportional
to the duration of the activity. (CPM Tutor, 2011) Nodes are used
to graphically show where activities end and begin in sequence.

OPrep Wall /~ \Prime Wall/~ "\ Dry Time./~ “\Paint Wall /~ "\ Dry Time

L

Figure 2-4 Arrow Diagram

UUUO



16 Part 1: Basics of CPM Scheduling

ac

Figure 2-5 Precedence Diagram

Terminology

Figure 2-6 P6 5-day Calendar

project calendars

Precedence Diagram

In a precedence diagram method (PDM) schedule, each activity
duration is a box or block, and each relationship is graphically
shown as an arrow (Figure 2-5). The relationship arrows show the
direction of the schedule. A project typically travels along the path
from left to right, from the start of a project to completion. Each
activity is preceded by an activity logically along the schedule.

Calendars
Standard Specifications §8-1.05

Calendars are an important part of project schedules. When

used properly by the contractor, the calendar will demonstrate

all working and non-working days for the project, including
suspensions, holidays, and more. Figure 2-6 is a sample calendar
in Oracle’s Primavera P6 Enterprise Management Portfolio (P6).

Unless otherwise stated in the contract special provisions, the
default calendar is defined in Standard Specifications §1-1.07B,
Glossary, day: 2. working day; which is usually a 5-day work
week. The typical work week is Monday through Friday with an
8-hours-per-day work period. The calendar allows for exceptions
to this typical calendar.

In P6, calendars can be assigned globally to the project, (Global
Calendar) as well as to each individual activity (Project Calendar).
Project calendars are assigned to individual activities in the project.
Global calendars affect all, open or will be opened, projects in that
copy of P6.

Because of the way P6 calculates the schedule, the schedule logic
and float, of projects with multiple calendars, may be misleading.
However, projects will require the use of multiple calendars. To
reduce or eliminate P6 calculation errors, verify that the length of
the work period (number of hours to be work) is defined the same
for each calendar.
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Activity

An activity is a task, event, or other project element on a schedule
that contributes to completing the project. An activity has a
description, start date, finish date, duration, and one or more
logic ties (relationships). A typical construction project will have
hundreds of activities.

Summary activities are merely for graphical or reporting purposes
used to group sets of related activities. Summary activities do not
provide enough detail to make decisions, manage work, coordinate
interfaces or evaluate impacts.

The project example, Paint a Wall, (Figure 2-5)

has five activities, each with a start and finish date,
duration (work days), and a relationship tie (arrow),
showing how this activity relates to one or more
other activities or milestones. The summary activity,
blue bar, shown in Figure 2-7 is the duration of all
activities relating to wall preparation.

Figure 2-7 Summary Schedule

Activity Types
P6 uses several activity types (see Table 2-1) that control how an
activity’s duration and dates are calculated.

4 )

\_ | Y,

Table 2-1 Activity Types
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Late Start Late Finish

Activity ID and Name

Duration (Work Day)

Early Start Early Finish

Figure 2-8 Activity Block

m

\_

J

Table 2-2 Sample Milestones

Activity Block

The activity block (Figures 2-8) is a graphic that displays useful
activity information. Using an activity block makes it easy to
perform the CPM algorithm, covered in Chapter 3.

For this course, our schedule will display the activity information
defined below.

Activity ID: a unique, logical sequential number, useful in sorting,
reporting and project accounting.

Activity Name: a unique description, typically begins with an
action verb, that clearly identifies the activity.

Duration (D): the number of working days to perform a specific
activity.

Early Start (ES): the earliest date an activity can begin.
Early Finish (EF): the earliest date an activity will finish.
Late Start (LS): the latest date an activity can begin.
Late Finish (LF): the latest date an activity will finish.

A project’s early dates are important. Standard Specifications §8-
1.02C, Level 2 CPM Schedule, and Standard Specifications §8-
1.02D, Level 3 CPM Schedule, require that time-scaled network
diagrams (plotted view of the schedule) be based on early start and
finish activity dates. This means that the contractor is responsible
for developing a schedule based on the early dates, not the late
dates.

Milestones
Milestones are certain key events; they represent important
immediate goals within the network (O’Brien & Plotnick, 2010).

A milestone is an activity that has zero days’ duration and is
typically used to represent the beginning or end of a stage of the
project. A milestone can also designate the start or end of a single
activity or group of activities. (See the red diamond in Figure 2-9.)

The project documents will identify some, not all, milestones that
the contractor is required to track and report. (See Table 2-2 for a
sample list of milestones.)
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Late Start | Late Finish
Prep Wall Prep
Complete
D=2
Early Start | Early Finish

Figure 2-9 Milestone

Relationships

Relationships, also referred to as logic ties or network connectors,
hold the various activities and milestones together and are noted by
a single arrow. The relationship arrow travels from a predecessor
activity to a successor activity and can be either a driving
relationship or a non-driving relationship.

Predecessor activity—an activity which controls the start date
of the following activity(ies). Only the first activity does not
have a predecessor.

Successor activity—an activity that can not start until the
completion of the activity(ies) before it. Only the last activity
does not have a successor.

Driving relationship—the specific relationship (between the
predecessor and successor) that determines the start date of
the successor activity.

Non-driving relationship—the specific relationship does not
determine the start date of the successor activity.

Lag—the duration assigned to a predecessor activity to delay the

SC.

start its successor.

Lead (negative lag)—the duration assigned to a predecessor
activity to allow acceleration of its successor (before
completion).

Use lag and lead durations sparingly on projects. Be aware, that

some contractors may try to use lag or lead durations to hide delays
in a schedule. Excessive use of