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Preface

There are perhaps more textbooks on the subject of construction scheduling than on
any other specific construction topic. Many of them provide excellent information on
a variety of scheduling subjects. Unfortunately, many of these texts omit scheduling
subjects that should be addressed. This text is written to provide coverage on all major
scheduling subjects.

My first employment with a construction contractor was a summer job in the
1960s. Although I was exposed to many different tasks, ] have vivid memories of the
arrow diagram network that 1 was asked to draw by hand. A few years later while
working for a different firm, my primary responsibility was scheduling. The scheduling
effort was largely focused on the coordination of subcontractors on several different
projects for which I used the precedence diagramming method. It was during this pe-
riod that I developed a strong appreciation for the value of effective scheduling.

The effective use of schedules is based on beginning with a viable network
model. The steps to achieve this objective are described in Chapter 1.

Some textbooks address only precedence diagramming, with little or no treat-
ment of arrow diagramming. Many regard precedence diagrams as the most popular
and most prudent for use on construction projects. Although I share this general per-
ception, I also feel that some treatment on the subject of arrow diagramming is appro-
priate. In academic settings, I have found that students can grasp arrow diagramming
more easily if they have not already been exposed to precedence diagrams. For this
reason, the arrow diagrams are discussed early in the text, in Chapters 2 and 3. Note
that the remainder of the text is essentially focused on precedence diagrams, as de-
scribed in Chapter 4. Regardless of the scheduling technique used, accuracy in the
scheduling information is rooted in beginning with accurate time estimates for activity
duration as discussed in Chapter 5.

One scheduling topic seldom addressed in scheduling texts, especially in detail, is
that of contract provisions related to scheduling. This text devotes an entire chapter to

this subject (Chapter 6). The impact of scheduling provisions on cash flow is also ad-
dressed (Chapter 8).
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Resource leveling and resource allocation are described in Chapter 7. Manual so-
lutions to these problems are discussed. Although such problems are often solved by
computer, it is necessary for schedulers to understand the process of arriving at a solu-
tion in order to fully comprehend the computer solution.

Schedules are management tools and as such, they should be used. It is through
the proper use of schedules that management is able to make informed decisions about
scheduling activities. This use includes updating the schedules when the schedule in-
formation ceases to be useful for making informed decisions. This is described in
Chapter 9.

Chapter 10 addresses computer applications. This chapter is not a user’s manual,
nor is it a proponent for any particular scheduling software. The more widely used soft-
ware programs are described to some extent, but this is not to be construed as an endorse-
ment of any particular product. The purpose of the chapter is to familiarize the reader
with some of the basic scheduling concepts that are addressed by computer software.

Chapter 11 describes earned value concepts. Project schedules are generally ad-
versely impacted by changes in the project. Chapter 12 provides information for quan-
tifying such impacts. Such information is often required when a claim is prepared.
Chapter 13 presents a brief discussion of the value of schedules in litigations.

Short-interval schedules are addressed in Chapter 14. This treatise is far more ex-
tensive than any known writings or papers on the subject. The use of short-interval
schedules is vital to the successful completion of many construction projects. Although
concepts of their use and application are simple, the subject warrants a discussion in
any serious text on scheduling.

Linear scheduling (discussed in Chapter 15} is a relatively new scheduling tech-
nique used in the construction industry. Linear scheduling is a very viable method on
a variety of projects that would otherwise be difficult to schedule. Schedulers should
consider the use of linear scheduling on projects that lend themselves to this technique.
The use of probabilistic duration estimates is described in Chapter 16. Although the
use of PERT is perhaps minimal in the construction industry, the basic concepts should
be understood.

It is perhaps rare for a text to be written entirely by one person. I certainly can
make no such claim. Others have provided valuable assistance in helping me compile
all the information for this text. Of particular note are the contributions of Dr. John
Gambatese, who helped review the entire text and who wrote Chapter 10. Dr. Ian Flood
also offered valuable comments as the text was being finalized. The efforts of Bruce
Jamieson were instrumental in compiling the information on short-interval sched-
uling. A considerable amount of the material on linear scheduling was developed by
Greg Hanby, Phil Nelson, Brendan Kennedy, and H. C. Phillips. Dr. Robert Shawcroft
contributed to the scheduling class notes that eventually evolved into this text, a major
contribution. In addition, his help and advice are reflected to varying degrees in a ma-
jority of the chapters. I gratefully acknowledge the contributions of all of these indi-
viduals and of the reviewers of the book: Narayan Bodapati, Southern Illinois
University at Edwardsville; Hal Johnston, California Polytechnic State University; and
David A. Wahlstrom, Universtiy of Houston.
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Introduction
.

It’s about time.

»

Planning can be thought of as determining “what” is going to be done, “how;” “where,”
by “whom,” and “when.” In construction projects the “plans” (blueprints) and specifi-
cations for the project generally define both the end product and, often, the general
time frame in which to complete the project. However, they normally do not specifi-
cally identify the individual steps, their order, and the timing followed to achieve the
end product. Thus, when we discuss planning in the construction process, we must ad-
dress the “how” and, therefore, the “what,” “when,” “where,” and “who.”

When we discuss scheduling, we are usually interested in some aspect of the
time element of the plan. In essence, a schedule is a timetable of activities, such as of
“what” will be done or “who” will be working. Such a timetable can be looked at in
two ways: The first is focusing on an activity, such as determining “when” a certain
task will be performed relative to other activities. The second is concentrating on a
specified time frame and then ascertaining “who” will be working (or needed) or
“what” should be occurring at a particular time. All of us are involved in planning
and scheduling on an ongoing basis. The degree to which we carry it out and the
techniques we use vary depending upon the complexity of our situations and our
needs and objectives.

We all do planning and scheduling on a regular, albeit informal basis. For what-
ever undertaking, we mentally determine a plan and schedule, such as what we will do
in the next half-hour or how and when we will accomplish that task, such as a home-
work assignment. Often it is necessary for us to go a step beyond this level by creating
a “to-do list” None of us can retain the organization of all the tasks we have to doon a
daily basis, so we document what needs doing by writing down the information. This
is also helpful if we are coordinating with other parties. By writing down the list of
items, and perhaps copying and distributing it, we have documented a basis of agree-
ment. We may also prioritize this list by writing the items in the order in which they
will be done.

As the number of items increase and/or the time frame expands, we find we have
to put our to-do list in the context of time. Normally, we do this using an appointment
book or calendar. The driving forces typically are to avoid scheduling multiple things
at the same time, to ensure that we allow sufficient time to prepare for an event, and/or
to provide a record of what activities we undertook and when and how long we spent
on them.
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BAR CHARTS

In 1917 Henry Gantt developed a method of relating a list of activities to a time scale
in a very effective manner, by drawing a bar (or Gantt) chart such as those shown in
Figures 1.1 and 1.2. Activities are represented as bars on the chart, while across the top
or bottom of the chart is a time line. For each activity, a bar is drawn from the ac-
tivity’s starting time until its ending time. The Gantt chart has been widely used in
depicting schedules for construction projects and has some very useful characteris-
tics. Its primary advantage is that its simple graphic representation allows one to
grasp schedule information quickly and easily.

Bar charts are simple presentations that show how major work activities are
scheduled. A major advantage is that they are easily prepared as time-scaled presen-
tations. Bar charts are the most commonly employed and readily recognized sched-
uling models in use today. In recognition of their creator, the terms bar chart and
Gantt chart are used interchangeably by many schedulers.

The widespread use of bar charts can best be attributed to the ease with
which they can be understood with only a cursory examination. The bar chart in
Figure 1.1 is a good example: the activity sequencing is apparent, and one can sur-
mise easily when each activity is to begin and when it is to be completed. This
simple example shows at a glance how the different activities relate to each other.
Note that the activities are time-scaled and that they have been superimposed
over a calendar.

With the time-scale presentation, a bar chart shows operations and the time
consumed by each operation. In addition, it can show the scheduled versus actual
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Figure 1.1 Bar Chart Showing General Construction Work Tasks
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Figure .2 Bar Chart Showing Scheduled Versus Actual Performance

progress. This is demonstrated in Figure 1.2. The heavy dashed vertical line represents
the current date, and the shaded portions of the activities indicate the amount of work
that has been completed by the current date. It is obvious that the project is slightly be-
hind schedule. The progress on the framing activity has not met expectations.
Adjustments to the schedule may be warranted if the delay in project completion
(about one week) is not acceptable. In this simple depiction, it is evident that the proj-
ect can be completed on time by accelerating the work effort on framing, finishing in-
teriors, or both. This information is easy to grasp from this bar chart, and there is little
chance of misinterpretation.

Shortcomings of Bar Charts

Despite the wide usage and appeal of bar charts, they do possess some features that
make them difficult to use in certain settings. It is particularly when projects become
more complex that bar charts begin to fail to provide the type of information that is
often so valuable for planning and scheduling. An example with a bar chart will illus-
trate some of these shortcomings. First, consider the simple schedule shown in Figure
L.1. It can easily be shown in network form; see Figure .3.

‘Excavation Foundation Framing CH 0_ Finish interior @

© *@- *@®

Figure 1.3 Simple Arrow Diggram of a Project Showing Activity Sequences
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It is simple to see the relationship between the bar chart shown earlier and the
same information presented in network form, in this case as an arrow diagram. This

- diagram is also time-scaled in that the lengths of the arrows correspond to the dura-

tions of the activities they represent.

The bar chart in Figure 1.4 shows a project overlaid on a calendar, similar to the
bar chart already discussed. Its additional feature is that several of the activities are
shown as occurring simultaneously. The first general criticism of bar charts is that they
do not show clear dependencies between activities. In the previous bar chart, most ob-
servers may presume that the activities follow in sequence, just as shown in Figure 1.3.
That is, as soon as the excavation work is completed, foundation work can begin, and
so forth. A similar deduction might be made for some of the activities in Figure 1.4. For
example, Activities B, C, and D appear to begin as soon as Activity A is completed. It
also appears as if Activity E is scheduled to begin as soon as Activities B and D are com-
pleted. But what about Activity F? Is the start of Activity F linked to the completion of
Activity B, Activity D, or both? The start of Activity F could also be linked to Activity C.
This cannot be ascertained from the bar chart. Similar dilemmas exist for Activities G,
H, and 1. The failure to show the interrelationships between activities is a major short-
coming of bar charts, mandating that more sophisticated scheduling techniques be uti-
lized on complex projects.

The bar chart shown in Figure 1.4 shows the relative status of completion. Note
that Activity G is ahead of schedule and Activity F is on schedule, but Activity E is be-
hind schedule by about a week. While the relative schedule status of each activity can
be determined from the bar chart, the actual status of the project cannot be readily

e e
S My~ i . ¢ S,

s
o RE . S

January February  March =Apm May

— — TIME -
Figure L4 Bar Chart Showing General Construction Work Tasks
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Figure .S Arrow Diagram of the Project Shown Earlier in Bar Chart Form

determined. The big question for the scheduler would be, “Does the behind-schedule
status of Activity E compromise project completion?” This cannot be determined
from the bar chart. Therein lies another shortcoming of bar charts: although the
status of individual activities can be readily ascertained, the overall status of a project
cannot be determined when some activities are not on schedule. This makes it difficult
to assess the need for making scheduling adjustments, and it also makes it difficult to
determine the appropriate activities to target for acceleration.

Even a change in the logical sequencing of the activities in a bar chart cannot be
readily made, especially when many activities are involved. The information shown in
the bar chart in Figure 1.4 is shown in the arrow diagram in Figure 1.5. Note that the re-
lationships of the activities are consistent with the information shown in the bar chart,
but the arrow diagram could not have been, with certainty, developed solely from the
bar chart. The arrow diagram is not time scaled. While one can see the relationships
between the information shown in the bar chart and the arrow diagram, it is not gen-
erally necessary to develop both types of schedules. Many of the computer scheduling
programs available today readily enable the conversion (automatic) of network infor-
mation into bar charts.

Value of Bar Charts

Despite their shortcomings, the value of bar charts cannot be underestimated. Their use-
fulness is not eliminated by their deficiencies. While bar charts make it difficult to main-
tain accurate schedules and make significant schedule changes, one of their major
strengths is the ability to clearly and quickly present the status of a project. The key to the
use of bar charts is that details and complexity are not readily compatible with the use of
most bar charts. Instead, bar charts can be used to convey—often to upper manage-
ment—the overall status of a project. The details of what is to take place on a given day
are generally of little concern to upper management. Rather, they want to establish a
quick sense of how a project is doing. The same type of information might also be con-
veyed to a subcontractor. The subcontractor may not be concerned with those activities
that are unrelated to the work in question, but he or she may focus only on the work re-
lated to a particular specialty trade. This might be shown quite well on a bar chart.



