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The Charles Edward Via, Jr. Department of Civil Engineering
(ABSTRACT)

Current planning and scheduling techniques are carried out in an unstructured form with
considerable reliance on planners judgement, imagination and intuition. The final product
of such techniques is typically a lengthy textural and tabular report and/or symbolic
network. This serves as an abstract rather than visual modeling of the real construction
process. The availability of advanced computer hardware and software allows us, today,

to develop new planning and scheduling techniques to overcome the current limitations.

Computer-Aided Design (CAD) is a computing system which makes extensive use of
computer graphics. The use of CAD systems in construction presents a great opportunity
for integrating engineering and construction processes in a more cost effective way. The
combination of computer graphics, animation, and 3D computer modeling can be extremely
effective for real-time simulation and visualization to support engineering and construction

from the conceptual design to the construction process.

This thesis presents a new planning and scheduling system. The system combines a

construction scheduling network with 3D computer models to form a Visual Scheduling



Simulation (VSS) of the construction process. The VSS system simulates, or put into

motion, construction activities so they can be viewed at a graphics display.

The VSS system allows the user to view the actual and planned construction sequence.
The user has the option to view either: planned schedule; actual schedule; or both
schedules shown side by side for quick visual comparison. The user has the option to
visually simulate the entire construction project, or any specified time period. This

simulation can be viewed for a partial segment or the entire configuration of the project.
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1. INTRODUCTION

Each year new and innovative construction materials and methods are being discovered
allowing architects and engineers to design increasingly complex construction projects.
These complex projects add to the already complex bidding operation. Planners are using
many different tools to aid in planning and scheduling these projects in order to remain
competitive and secure construction contracts. Perhaps the most powerful tools used are

computer based project management techniques.

The most widely used project management technique employs network based
methodology, such as the Critical Path Method (CPM). CPM is used as the basis for
activity tracking, schéduling, resource utilization planning, and work breakdown structure
[Simons et al. 1988]. CPM assists estimators, planners and other project management
personnel to ensure that a construction project can be completed within budgeted costs and
time constraints. CPM techniques are also used to control the project once construction
begins. CPM schedules are easier to update and manage using these computer based

techniques thus alleviating the manual, more time consuming methods previously used.

Even though significant advances have been made in the area of project management,
construction projects still incur cost overruns and delays. These overruns and delays may

be due to improper use of current project management systems; however, much of the
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problem lies in the deficiencies of these systems.

Project management systems often require that the planner form a mental picture of
configurations, characteristics, and spatial relationships among the various components of
the construction project. This becomes extremely difficult as projects increase in size and
complexity. Another problem with current project management systems is the way
information is presented. Output consists of lengthy textual reports and/or symbolic
networks. This forces construction personnel to mentally visualize the construction
process, thus causing communication problems if the same information is perceived

differently [Morad & Beliveau 1990].

Technology is now available to develop systems which enhance current project
management techniques. Recent advances in computer hardware and software allow
problems with construction planning, scheduling and controlling to be addressed in entirely
new ways. These advances include the following technologies relevant to project

management:

1. 3D computer modeling systems
2. Development of new graphics superworkstations
3. Relational database management systems

4. Enhancements to commercial project management systems.

This technology can be combined to create a system which alleviates the problem of

mentally visualizing the construction sequence.

1. INTRODUCTION



1.1 The Visual Schedule Simulation System

This thesis describes the development of the Visual Scheduling Simulation system (VSS).
This system expands traditional CPM scheduling output by providing a new method of
viewing the sequence of construction activities. The VSS system is designed to integrate
CPM scheduling technology with 3D computer modeling technology. This will aid
planners and other construction personnel view the construction sequence on a graphics
display. This system overcomes the visual limitations of current scheduling systems. This
allows the user to view the sequence of construction activities using 3D computer models

rather than symbolic networks.

The VSS system extracts information from both a CPM schedule of a construction project
and a 3D computer model of the construction project. The start and finish dates assigned to
each construction activity are associated or mapped to related objects in the 3D computer
model. This gives start and finish dates to each object thus producing a schedule of object
dates (object schedule). The VSS system then provides for a visual simulation of the
construction sequence. The VSS system uses a 3D computer model of the construction

project and displays the construction sequence on a graphics display.

The VSS system also provides the user with the ability to customize the visual simulation.
To accomplish this, the VSS system uses the object schedule information which defines the
start and finish dates associated with each computer model object. The user is allowed to
modify the simulation. The user can visually simulate the construction process for any

specified time period using: early or late date scheduling logic, and planned and/or actual

construction progress.

1. INTRODUCTION



1.2 System Objectives

The primary objective in developing this thesis of study was to produce a tool for use by

o/
planners and designers to visualize construction schedules. Planners and designers are able
to view the sequence of construction activities on a graphics display. This helps to

determine if there are any scheduling errors before construction begins.

The secondary objective in developing this thesis was to provide for improvement in total
project management. The VSS system provides a tool to improve communication between
construction personnel involved with a construction project. The VSS system allows
project management personnel to experiment with different scenarios to determine the
optimum construction sequence. The VSS system provides an innovative method for
controlling the construction project. It lets construction management visually compare the

planned sequence of construction activities with actual progress.

The VSS system was designed to combine several technologies which are commonly used
by construction and engineering firms. The VSS system will help these firms better cost
justify using systems such as computer based project management systems and Computer
Aided Design (CAD) system. The ultimate goal of the VSS system was to provide a new
method which will better aid construction management complete projects on time and

within budget.

1. INTRODUCTION



1.3 System Description

This section gives an overview of the VSS system. Chapters 5 and 6 describe the VSS
system in greater detail. The VSS system combines three separate phases in order to
produce a visual simulation of the construction process. Phase I is the Data Preprocessor,
Phase II is the Database Manager, and Phase III is the Visual Simulator. Figure 1.1 depicts
each of these phases and illustrates how they interact with one another. These three phases

are discussed in turn below.

Phase I of the VSS system is the Data Preprocessor. The Data Preprocessor involves using
a computer based project management system such as Primavera Project Planner to plan
and schedule the construction project. Phase I also involves the creation or use of an
existing 3D computer model of the construction project. This 3D model can be created on a

3D computer modeling system such as CADAM.

The information regarding the construction schedule developed using Primavera can be
exported to a file format and transferred to Phase II of the VSS system. The names of each
object in the 3D computer model must be entered manually by the user into Phase II of the
VSS system. The geometric parameters of the 3D computer model are contained in a file

and transferred to Phase III of the VSS system.
Phase II of the VSS system is the Database Manager. This phase allows the user to link the

information from the CPM schedule with the 3D computer model. Phase II uses dBASE

IV which is a Relational Database Management System to manipulate the CPM schedule

1. INTRODUCTION
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information and 3D computer model information.

The Database Manager allows the user to define the schedule file for a construction project
which has been imported from Phase I, the Data Preprocessor. It also allows the user to
input the names for each object in the 3D computer model for a construction project

developed during Phase 1.

The Database Manager allows the user to define the relationships between the construction
activities in the CPM schedule and the objects defined in the 3D computer model. These
relationships are linked using the Database Manager’s mapping function. The mapping
function lets the user enter all of the activities associated with each of the 3D computer

model objects.

Start and finish dates associated with scheduled activities must be assigned to the 3D
computer model objects for which these activities are associated. This is necessary in order
to provide a visual simulation of the construction sequence. The Database Manager
provides a function which computes object start and finish dates. This function uses the
mapping information previously defined to determine which activity start and finish dates to
assign to each object in the 3D computer model. The result of Phase II is an object

schedule which defines the start and finish date for each object in the 3D computer model.

The object schedule is stored in a dBASE IV file. The Database Manager provides a

function which converts the object schedule into an ASCII file format. This file is

transferred to Phase I1I of the VSS system.

1. INTRODUCTION
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Phase III of the VSS system is the Visual Simulator. The Visual Simulator visually
simulates or put into motion the construction sequence of activities. This phase uses the
WALKTHRU simulation software. WALKTHRU is a 3D simulation and visualization
system developed by Bechtel Software Corporation. WALKTHRU is discussed in detail

in Section 3.4 of Chapter 3.

The Visual Simulator uses the 3D computer model developed during Phase 1. The 3D

computer model must first be transferred from the 3D computer modeling system to the

WALKTHRU system.

The Visual Simulator allows the user to customize the simulation process. It provides a set
of user interactive functions which permit the user to define the following simulation

parameters:

1. Simulation Time - This allows the user to adjust the speed of simulation.
2. Logic Option - This allows the user to select between early start and
early finish dates, late start and late finish dates, or early start and late finish
dates. These dates are used when simulating the planned schedule.

3. View Option - This allows the user to select how to view the simulation.
The user can choose to simulate the planned schedule, actual schedule, or
both planned and actual schedule at the same time.

4. Simulation Start and Finish Dates - This allows the user to define the

time period for simulation.

The user can execute visual simulation once the customized simulation parameters have

1. INTRODUCTION
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been defined. The Visual Simulator uses the 3D computer model of a construction project
shown on the graphics display, and has the ability to turn its objects off and on. This
permits the user to determine which objects are under construction and/or have been
completed for each day during the simulation process. The result is a time scaled

simulation of the construction sequence

1.4 Design Methodology

The VSS system was developed to provide a visual method of representing the CPM
schedule for a construction project. The VSS system uses several computer based
technologies most of which are already widely used in the construction industry. The VSS
system combines these technologies to produce a visual schedule simulation of the

construction process.

Primavera Project Planner was chosen as the project management system used by the VSS
system. This system was chosen because it is widely used in the construction industry.
Primavera is also capable of exporting scheduling data into a dBASE 1V file format. The
dBASE 1V file format allows Phase II of the VSS systems, the Database Manager, to easily

manipulate scheduling information.

CADAM, marketed by IBM,was used in the VSS system as the 3D computer modeling
system. This system was chosen because of the extensive availability of CADAM at
Virginia Tech. CADAM is widely used in the engineering and construction industry.

CADAM is a product which is sold by IBM Corporation. It runs on IBM mainframe

1. INTRODUCTION
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computers or on IBM stand alone workstations.

dBASE IV was used to create Phase II of the VSS system, the Database Manager. The
Database Manager is a user interactive system developed using dBASE IV’s programming
language. This system allows the user to easily map scheduled construction activities to 3D
computer model objects. The Database Manager runs on any IBM PC or compatible

system.

Phase III of the VSS system, the Visual Simulator, was developed within an existing
software called WALKTHRU. WALKTHRU is a 3D visual simulation and animation
system. It is capable of interacting with several different 3D computer modeling systems.
WALKTHRU runs on Silicon Graphics IRIS 4D series graphics superworkstation. The
Visual Simulator was developed using the ”C” programming language and is accessible
from WALKTHRU’s main menu system. The Visual simulator is menu driven. This
allows the user to create a visual simulation of the construction process using the 3D

computer model developed on CADAM and transferred to the WALKTHRU system.

1.5 Scope of Work Performed

The VSS system combines several different hardware and software systems. The
following specific tasks were performed to complete this research and produce a working

prototype proof of concept version of the VSS system:
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1. Conceptual design to determine how the VSS system would be created
and used. The following systems were chosen to develop the VSS system:

a. Primavera Project Planner - Scheduling system.

b. CADAM - 3D computer modelling system.

c. dBASE IV - Database Manager.

d. WALKTHRU - Visual Simulator.
2. Development of Phase II of the VSS system, the Database Manager,
using the dBASE IV system. This involved writing source code using the
dBASE IV programming language. This source code provides a user
interactive environment using menu structures and produces an object
schedule which can be used by the Visual Simulator.
3. Development of Phase III of the VSS system, the Visual Simulator,
using the WALKTHRU system. This involved writing source code using
the ”C” programming language. This source code provides a user
interactive environment using menu structures. The Visual Simulator
source code can be accessed from WALKTHRU’s main menu as Bechtel
has provided a ”VSS” menu choice.
4. Developing documentation for the VSS system. This includes the
following:

a. VSS system description and implementation (Chapter’'s 5 & 6 ).

b. User’s Manual (Appendix A).

c. Flow charts (Appendix B).

d. Source Code (Appendix C).
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1.6 System Limitations

The VSS system is a highly interactive system. It uses menu structures so that the user can
easily input data and change system parameters. However, the system has limitations as do

all software systems. The following is a list of the limitations of the VSS system:

1. The Visual Simulator assumes that all construction projects begin on a
Monday.

2. The current version will only simulate construction schedules using a
five day work week.

3. The VSS system uses several different software and hardware systems.
Therefore, the information must be transferred from system to system.

4. The VSS system can only use project management software capable of
exporting activity information in a .dbf format.

S. Scheduling dates must be exported from the project management
systems using working days, not calendar days.

6. The VSS system’s Visual Simulator is dependent on the resolution of the
graphics display and the size of the 3D computer model. For example, if
the user wants to visually simulate construction activities for the entire
construction project, then the entire model must be shown on the graphics
display. The user will be able to determine the scheduled start and
completion dates of only those object which can be seen. Small objects will
go unnoticed. Conversely, if the user wants to visually simulate
construction activities for only a small portion of the project, then only the

desired portion of the model should be shown on the graphics display. This
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causes the user to loose sight of activities which may be occurring

elsewhere in the 3D computer model.

1.7 Presentation of Thesis

This thesis introduces the problems with current computer based project management
systems and more specifically the way CPM scheduling information is presented and used
by construction personnel. The thesis describes the development of the VSS system and
how the VSS system can be used in the construction industry. The discussion of this

material is presented in the following manner.

Chapter 2 discusses the historical background of CPM technology. The chapter also
examines how CPM technology has evolved and is used today. Finally the chapter

addresses the problems with current CPM technology and offers a solution to the problem.

Chapter 3 discusses technology relevant to project planning and scheduling. The chapter
starts by describing Primavera Project Planner. This is the project management system
used in the development of the VSS system. The chapter also describes computer aided
design and how it is used by the VSS system. Relational database systems are also
described and related to the VSS system. Finally, chapter 3 describes the WALKTHRU

system and its features and relates the WALKTHRU system to the VSS system.

Chapter 4 is the literature review. This chapter examines systems which have been created
to provide a better method for viewing scheduled activities. These systems all use

computer modeling technology. This chapter concludes with a summary describing how
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each system relates to and differs from the VSS system.

Chapter 5 gives a description of the VSS system’s functionality. It discusses the creation
of the CPM schedule and the 3D computer model for the construction project. Chapter 5
continues by describing how this information is used by Phase II of the VSS system, the
Database Manager. The use of each item on the Database Manager’s main menu is
described. The development of the object schedule is also examined. Chapter 5 concludes
by describing how Phase III of the VSS system, the Visual Simulator, uses the object
schedule to produce a visual simulation of the construction sequence. Each item on the
Visual Simulator’s main menu is discussed. Chapter 5 describes how the user can change

the parameters on the main menu to customize the visual simulation process.

Chapter 6 reviews the creation of the VSS system. Chapter 6 examines the design and
implementation of the VSS system’s Database Manager and Visual Simulator. The reaction
of respective programs to menu item selection is described. Chapter 6 details how the
programs process information entered by the user, and how procedures or functions

making up the program interact with each other and the user.

Chapter 7 is the closing chapter. A summary of the information presented in chapters 1 - 6
is presented. Recommendations are offered as to how the system can be utilized. Chapter
7 ends with a discussion on how the VSS system can be enhanced to provide a more

complete project management system.

Three appendices are included. Appendix A provides a user’s guide. This gives the user

of the VSS system a step-by-step guide on how to operate the VSS system. Appendix B
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contains flow charts which describe the program development of the VSS system. Finally,
appendix C contains the dBASE IV language source code for the Database Manager and the

”C” language source code for the Visual Simulator.
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2. TRADITIONAL SCHEDULING TECHNIQUES

CPM scheduling has gone through little change since the mid 1960’s. The primary change
is that computer processors have been used to enhance the scheduling process by providing
a method to efficiently calculate networks for large construction projects having many
activities. This chapter presents the historical background of CPM technology, current
uses in the construction industry, problems with today’s systems, and a look at how the

VSS system can alleviate some of these problems.

2.1 Historical Background

Prior to Critical Path Methods (CPM), most project managers used bar charts as a method
for grouping individual activities together to graphically portray the plan, schedule, and
progress of a construction project. They were, however, ineffective in showing the
interdependencies and logic between each activity. Project planners and managers were in

need of new techniques which could do the following [Moder et al. 1983]:

1. Simultaneously plan and schedule construction activities.
2. Show enough detail to allow for detection of scheduling errors by
showing dependency relationships.

3. Make it easy to determine the effects of progress delays in individual

16
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activities.
4. Efficiently set-up, maintain, and update schedules for large construction

projects.

As a result of these needs CPM technology was developed.

[Bent & Thumann 1989] discuss two network based methodologies commonly used today.
”CPM scheduling was developed in the late 1950’s. It was introduced into the construction
industry as a tool to improve planning and scheduling of construction projects. Concurrent
with the industrial development of CPM, the U.S. Navy introduced a similar method of
scheduling call PERT. PERT is an acronym for Program Evaluation and Review
Technique. The Navy developed this method to evaluate and monitor progress of the
Polaris Missile Program. The major difference between CPM and PERT is that PERT isa
more probabilistic approach that lends itself to activities for which there is little or no

historical experience, whereas CPM uses historical information for establishing durations.”

CPM and PERT are network-based planning methods which graphically portray the
sequence of activities necessary to complete a construction project. The output from these

methods is a graph or network showing the dependency relationship between activities.

CPM and PERT networks were originally manually generated. During the 1960’s
construction projects became more complex. Manually calculating and generating
construction networks was no longer feasible for planning and scheduling. Digital main
frame computers were implemented as CPM processors to replace the traditional paper and

pencil techniques of the past [Bent & Thumann 1989].
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