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Abstract

Development of a Tool for Assessing the Degree of Automation

and Integration on Capital Projects

Keith Allen Welch, M.S.E.
The University of Texas at Austin, 1998

Supervisor: James T. O’Connor

The goal of the Fully Integrated and Automated Project Processes (FIAPP)
research thrust at the University of Texas at Austin is to improve the industryv
through better utilization of integration and automation technologies. This thesis

describes the first step toward that goal: development of a survey with which to

measure both the degree of technology use on projects and the implications of . .

- such usage on project outcomes. Also included in this report, is guidance for

future researchers who wish to develop similar surveys or gather similar data.
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Chapter 1 Introduction

Despite the similarities between construction and manufacturing, the
construction industry has traditionally lagged behind the manufacturing sector in

its usage technology. Some unique characteristics of the capital facility deliver

- process have been cited by many in the construction industry to explain the

technological disparity between the to industries:

e The uniqueness of construction projects versus the relative stability of
manufacturing processes.

e The volatility of project teams in construction in contrast to consistent
manufacturing workforces.

e The unpredictability of the outdoor work environment characteristic of
construction sites compared to the invariability of the indoor
manufacturing environment.

Recently, however, the construction industry has seen profit margins
shrink and project schedules get more condensed. In an attempt to deal with these
pressures, new, more complex project delivery methods such as “Design/Build”
and “Fast-Tack” have been developed. With these new delivery methods has
come a greater need for coordination and communication between all the project
participants. This increased demand for communication has forced construction
companies to turn to information technology just to remain competitive. A recent
study of architectural principals found that 94% said collaboration throughout the
construction life-cycle was “their primary automation goal over the next 5 years.”
The same study noted that 82% of those principals had gotten pressure from

project owners who wanted engineering information integrated into their own

1



databases to support facility maintenance and repair activities in the future.
(Thornbury 1998)

Although most agree that integration and coordination, through the use of
technology, is important, very little quantitative data is available to help company
executives decide which applications of technology will contribute most to the
success of their capital facility projects and, by inference, to their company’s
bottom line.

The Fully Integrated and Automated Project Processes (FIAPP) research
thrust being conducted at the University of Texas at Austin and funded by the
Alfred P. Sloan Foundation is seeking to provide that quantitative data.

In 1990 the Alfred P. Sloan Foundation began sponsoring Centers at major
U.S. universities devoted to the study of particular industries. In 1996, the
University of Texas received funding to establish the “Sloan Program for the
Construction Industry.” The FIAPP research thrust is part of the overall Sloan
Program at UT Austin and FIAPP, in turn is comprised of several research focus

areas:

¢ Industry Automation and Integration Metrics.

* Enterprise Resource Planning (ERP) Systems and Capital Facility
Delivery.

® Success Case Studies in Capital Facility Automation and Integration.

e FIAPP Standards Development, Accomplishments, and Plans.




1.1 OBJECTIVES

As with most Sloan-sponsored Industry Study Centers, the objectives of

the Sloan Program at UT are to:

* Develop an understanding of the issues most important to companies
in the industry.

e Consider the industry on a worldwide basis in order to compare U.S.
companies with their foreign counterparts.

~ o Contribute independent third-party evaluations and analyses of the
industry.

e Take the experience gained from industry study back into the
classroom.

The goals of the FIAPP research thrust are to:

* Promote the advancement of seamless capital facility delivery and
operations work processes.

e Explore the breadth of life-cycle integration opportunities from
emerging communication and computing technologies.

This report discusses the first step the Metrics study team took toward

these goals. The objectives of this portion of the study are to:

e Develop a tool to measure the use of automation and integration
technologies in the construction industry.

e Test the tool in a pilot data-gathering effort and document lessons-

learned from the pilot data-gathering effort that will guide the efforts
of future researchers.

1.2 SCOPE LIMITATIONS

This report covers the development of the data-gathering tool only.

Development of the metric, data analysis, and results will be presented by others.




The study covers the building, infrastructure, and industrial sectors of the
industry. However, the single-family residential sub-sector, involving small
builders, is deliberately neglected. Within these sectors, owners, designers,
general contractors, design/build contractors, subcontraqtors, and suppliers are all

targeted.

1.3 STRUCTURE OF REPORT

The report begins with some background concerning the state of
technology in the industry and elaborates on the motivation for the FIAPP metrics
study. Once the motivation for the study is established, Chapter Three explains
the process used by the research team to develop, test, and refine the survey form.
Then Chapter Four presents the output of that process: the survey form. Key parts
of the survey form are discussed with commentary that has been distilled from the

‘pilot data-gathering effort. The commentary is intended to answer some of the
most common questions about the survey that future researchers are likely to face
during the conduct of data-gathering interviews. Finally, Chapter Five offers
conclusions and some guidance for future research efforts as well. The
appendices contain copies of the three versions of the survey mentioned in
Chapter Three, documentation of the changes made between versions 2.0 and 2.1
and between versions 2.1 and 2.2, as well as a detailed listing of automation and

integration technologies.




Chapter 2 Background

The purpose of this chapter is to provide a basic understanding of the
current status of technology use in the construction industry and to explain the
elements required to create a metric that will measure technology use on capital

facility projects.

2.1 OVERVIEW OF PROJECT INTEGRATION AND AUTOMATION
TECHNOLOGIES

Many technologies that show great promise for application to the
construction industry are éurrently available or just over the horizon. This section
discusses some'of the base technologies that form the building blocks of more
sophisticated systems. Then some benchmark technologies that are currently
available are discussed. Readers should note that this is only a sample of the

technologies available. A more complete list is included in Appendix G.

2.1.1 Base Technologies

Machine Vision

Machine vision is a base technology that converts analog images into a -
digital form that computers can understand and manipulate. Its applications range
from something so commonplace today as s;:anning a document or a bar code, to
complex optical sensors that allow robots to navigate a construction site. In

effect, machine vision gives a computer eyes.




Natural Language Processing

Natural language processing is similar to machine vision except that it
digitizes sound rather than images. It could be useful in situations where a
worker’s hands or eyes are busy. For example, while conducting a quantity
survey or a site inspection, the user can concentrate on the task and speak
naturally without looking at the computer as it dutifully records every word or
executes the appropriate commands. If machine vision gives a computer eyes,

natural language processing gives it ears.

Object Oriented Programming

Machine vision and natural language processing allow automation of the
data input process. Once that data is in digital form it must be stored and
manipulated. Object-oriented programming (OOP) is a relatively recent paradigm
for the representation and storage of data that has already done much to change
the way businesses operate. The advantages of object-oriented programming for

the construction industry are shown below. (Chin et al 1997)

e Greater reusability of code [and designs]

e A friendlier, [more intuitive] user interface

e Greater flexibility to react to rapid changes in requirements

Objects interact through simple messages passed from one object to the
other that tell the receiving object to modify one of its attributes (e.g. operator to

forklift: “move forward”). It is through standardization of the phrasing of these

simple messages, that objects get their portability: “A message, phrased in a




simple and standardized way, is independent of how and where the object is
implemented.” (Ibid.)

The easiest application to visualize in a construction context is the use of |
objects in a 3D or 4D (3D plus time) modeling environment. If individual
structural elements were treated as objects, attributes such as material
composition, weight, color, and support requirements could be stored in an
attributes database and linked to the graphical representation of that object. When
the object is subsequently manipulated the model would behave in an intuitive
manner consistent with its attributes and its interaction with all the other objects
in the system.

The Center for Integrated Facility Engineering (CIFE) at Stanford
University is developing just such a system that analyzes a 4D building model to
ensure it has adequate temporary structural support during erection. The research
is still in its infancy, but its implications for the design process are obviously vast.

(McKinney and Fischer 1997)

2.1.2 Current Technology Applications

Construction Robotics

Object-oriented programming is also being used to assemble control
programs for construction robots. Researchers first attempted to apply robotic
technologies to construction tasks in the early 1980°s. At that time robots were
found only in factories where they performed simple, rigidly structured tasks from

a stationary position. (Haas et al 1995)




However, as computers have become more powerful and less expensive,
the robots, using those computers have become, smarter, stronger, more ‘sensitive,
and consequently, more feasible for construction applications than their
predecessors.

Some of the major technologies that have been successfully implemented

in construction are: (Ibid.)

e Laser guided grading and leveling

¢ Tipping and proximity sensors

. Autométed painting and sandblasting
e Advanced tunneling techniques

Other technologies that are in development and show promise for

application to capital projects include: (Ibid.)

¢ Autonomous off-road hauling vehicles

e Automated inspection

e Robotic sheet rock manipulators

Despite these advances, there remains little real penetration at the site
level; and certainly no sign of the development of the extensive information
infrastructure necessary to support significant levels of site automation and
robotics. (Bradley 1997)

The Internet

The Internet may eventually prove to be that infrastructure, however it is

still relatively new and most construction companies are only now beginning to




see its implications to their businesses. Design firms seem to have taken an early
interest in this new technology, with 20% of the computers in an average design
firm having web browser software installed compared to the industry average
11%. Also, 42% of design firms have created at least one project-specific Web

site, versus only 19% of the industry as a whole. (Phair and Angelo 1997)

Project Web sites

Project-specific web sites are a recent use of the Internet that allows
geographically separated team members to operate with a higher degree of
integration. They are also proving to be an excellent public relations resource
since the public has greater access to project information.

The following are some examples of available web-based information

from vendors Blue-Line/ On-Line, Evolv, and MPInteractive.

USER SETTINGS. I@

- Author: fim Allchin -

Folder: equipment

Dave: 121196

Subjoet: cocrprasste dimensons

Roger, the dimendonsiof the compressor being gipped fram aur vendor in
Germeny may bea bit tog largeto Atin between the pipes Pleaseadviseif
any athes phatosarenssded. 1 can post them within 5 minntes of your
resunst, Thanks,

Uploaded Files:

{Free crnesry’

i { 1S B oELETE

Figure 2.1 Blue Line On-Line’s ProjectNet — Progress Photos
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¥ THECK INGEK FOR. TRREAD MESSACES USER SETTINGS  HELP

Foundstions - W
| Masonry.E.4
4250050 - W-1

LR ER Aot b an S U N
S RM G i ed o |

Seeieas

T

sornss
ke ks

Rk

e
Eagit

7

tosonrs- £~
ndetslbeEngh E

Undlerslob MEL Rongh - A4
Ronks Wad

PR&CDJECT'
. center:

EV OL V

NAME - Description (Author} . -
first01.dgn - First floor plan, MlcroStatlon format s
a/ou.vg P 05/21/1998},
first01.dwg - First floor plan, AutoCad R13 (EVOLV)[5/21/1998
ext_elevD1.dwg -- Exterior elevation, AutoCad R13

format (EVOL\g) pe/12/1998,
ceilingd1.dwg - Ceiling plan, AutoCad R13 format
(EVOLV)

ceilingd1.dwf - Ceiling plan, requires Autodesk
Whip! plug-in (EVOLV)

: Drawing2.dwg - test3 (guest)

! FORMSALOGS OPEN.dwg -- test4 (guest)

DISCUSSION | frstm dwf«testlng dwfofﬁrstm dwg (JN)

f DIRECTORY
! DOCUMENTS
! pRAWINGS

op 3
Construction Bocs |

CO0 00| D6 B |2

Figure 2.3 Evolv’s ProjectCenter — Drawing List
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Double Hung Window
: S A
b B

My Profite ‘

Figure 2.4 MPInteractive’s eBuilder — Collaboration Example

Web-based Collaborative Design

Through these project web sites, project teams practice something called
“virtual teaming.” It is a technique that allows project team members from all
over the world to connect over a secure network that uses the Internet. They track
design and construction progress and share project information such as drawings,
still pictures, and e;/en full-motion video.

Electronic whiteboarding and electronic redlining are less expensive
technologies that also allow geographically diverse team members to collaborate
without the delays and high costs of frequent travel. Both technologies allow
multiple users to comment on and modify a single electronic copy of a document.

The difference is that whiteboarding allows simultaneous, real-time interaction,

11



whereas a redlined document must be electronically transmitted from user to user

in turn. (Thombury 1998)
Electronic Data Interchange

Electronic Data Interchange (EDI) does not improve collaboration, but it
does improve communication efficiency by ensuring all parties to a transaction
are speaking the same electronic “language.” And since the language is the same,
data can be transferred from one company to another without having to be re-
entered even if both companies use different software applications.

As of February 1993, approximately 6,000 companies in various industries
were using this new technology to reduce paperwork and improve the accuracy of
data throughout the materials management process. (CII 1993 Publication 20-1)

In the EDI process the sending computer uses simple translation software
to convert a document into standard American Nationa1 Standards Institute
(ANSI) format before it is transmitted to the recipient. The receiving computer
then uses a similar translation program to convert the ANSI format into a format
that it can read. Since the translation software does all the work there is no need
for a human to re-enter the information from a paper document. So both paper

and human error are eliminated from the transaction.

Enterprise Resource Planning Software

Enterprise resource planning (ERP) software, often called enterprise-
application software, is a bundle of software modules that, when combined, create
a comprehensive management package that integrates all of a company’s

operations from order taking, to inventory control, to manpower and accounting.
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In the early 1990’s a “client-server” revolution took place in the computer
network world that made ERP very attractive to many businesses. (Edmondson et
al 1997)

The integrated nature of the package ensures that a change or addition to
data in one module is reflected in all others and warnings are issued if problems
arise. For instance, if a construction company had an ERP system, a change order
to install 2,000 more lineal feet of sewer pipe would trigger checks of the on-site
inventory of pipe and of manpower. The respective managers would be notified
and any shortage would activate a warning to buy, or hire more.

Currently the system focuses mainly on manufacturing processes, but

modules are being created and adapted for use in the construction industry.

2.2 PREVIOUS TECHNOLOGY SURVEYS BY OTHERS
The technologies described above are a few of the more sophisticated
options available. But how sophisticated is the construction industry in its use of

computers? A couple of recent studies have attempted to answer that question.

2.2.1 ENR Survey

In January 1997, Engineering News Record (ENR) magazine contracted
with Rose Research of Stanford, Connecticut to conduct extensive telephone
interviews with the decision-makers of 300 firms including designers, general
contractors, and specialty contractors.

Their survey was intended to measure trends in corporate strategies toward

the implementation of information technology programs. They asked what
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hardware and software systems they were using, what investment they made —
and are intending to make in the future — in IT, and how they use the Internet.

The results showed that companies seem to be warming up slowly to the
impéct of IT. E-mail is being more widely used, and some are even
experimenting with project web pages.

However, there is still a lot of old hardware out there that companies are
working hard to bring up to date. For example, 33% of respondents maintain a
minicomputer and 50% have machines with sub-Pentium processors. (Phair and
Angelo 1997) Many firms understand the need to maintain currency, but most are
finding it hard to obtain the money to realize that vision. Large companies are
typically hardest hit by this challenge since the technology is usually out of date
by the time they upgrade hundreds, or even thousands, of machines.

While keeping hardware current is important, connecting existing
hardware components is probably most important. Joseph Riedel, president of
Beers Construction in Atlanta said, “It’s not about a better, more powerful
computer, but the amount of interconnectivity between the person on the
keyboard and everybody else.” (Ibid.) The survey shows 75% of companies have
local area networks (LANs), whereas only 20% report setting up inter-office,
wide area networks (WANS), and 50% of respondents reported having machines
with e-mail capability. Barry Millikan, systems director at Parsons Brinkeroff in
New York City, felt that e-mail was “...more than just an alternative to the
telephone.” He said, “As a manager I have a record of every communication

made. And I can easily send a message to 10 people. Doing that by phone or fax
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is laborious. And I know I make many fewer long distance calls than I used to.”
(Ibid.)
2.2.2 The American Institute of Architects Survey

Also in 1997, the AIA surveyed more than 2000 of its members to
ascertain their use of the Internet. They found that 90% of firms with 10 or more
employees are connected to the Internet. (Post 1997) The survey found that

architects are using the Internet for many purposes. They used it for:

e Marketing

e Project scheduling

¢ Tracking job leads

e Recruiting staff

e Gathering product information

e Researching clients

* Communicating with project team members

Paul Collart, a principal at Technisis, sajs, “Traditionally, through the
design and construction process, so much information is lost when we transfer
from industry to industry — from architect to mechanical engineer to contractor.
The idea is to not lose information between fields. The Internet is a way to do this
and to capture all that knowledge.” (Ibid.) |
2.3 PROJECT VS. ORGANIZATION BASIS

The two studies highlighted above make qualitative assessments of the use

of computers in construction. These studies used telephone interviews for the
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most part to gather their data, and their results were presented from the
perspective of the company and its overall information technology strategy. This
approach offered a good overview of the industry-wide attitude toward computers
and some examples of the most heavily used and most promising technologies.
From the point of view of this study however, these studies did not provide the
all-important link to project performance that would allow companies to see for
themselves whether the technologies were indeed prorrﬁsing Or just expensive
experiments.

For this reason, the project team decided to focus its efforts on acquiring
project-centered data that could ultimately be used to link specific technology
implementations to project success measures.

Since one of the objectives of this research is to determine the industry’s
progress toward an integrated data environment, an approach that cuts across
phase boundaries and corporate boundaries was seen as advantageous. A project-

focused approach does just that.

2.4 STRUCTURED VS. OPEN-ENDED QUESTIONING

Another important question faced by the research team early on was what
sort of approach should be used to gather data. The two options under
consideration were a specific, task-centered survey or open-ended, scenario-based
interviews.

The interview approach offered some distinct advantages over the survey
method, but it also held some fairly serious disadvantages that were hard to

overcome. The advantages stemmed from the inherent two-way communication
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of face-to-face and even telephone interviews. The subject would be more
inclined to participate in the study. The subject would have a better
understanding of the questions as the result of clan’fying dialog and, as a
consequence, the answers might be more meaningful. In addition, the research
team would get a better understanding of the subject’s work processes through
adaptive questioning than through a rigid set of pré-arranged questions.

The problem with open-ended, adaptive questioning is that it makes data
comparison impossible from project to project or across industry sectors. In order
to do a comparative study it is important to have é common, structured set of
questions to ensure the scope and coverage of the study remain fixed.

The team decided to use a structured survey because the survey would
ensure comparability of the data, from project to project, that scenario-based
interviews could not offer. The survey can be administered in a number of
different ways: by phone, by fax, e-mail, or in person. However, the questions

always remain the same.

2.5 DEFINITION OF A METRIC

Apart from deciding on the focus and structure of the data gathering
process, the foremost objective of this study is the development of a metric ihat
measures the degree of technological sophistication — particularly relating to
information technology — used over the life-cycle of capital projects.
Consequently, the research team had to keep the attributes of a good metric in

mind:
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e Isitaccepted as meaningful to the customer?

® Does it tell how well an organization’s processes and tasks fulfill its
goals and objectives?

o Isit siniple, logical, unde;standable, and repeatable?
e Does it show a trend?

e Is it unambiguously defined?

e s the data economical to collect?

e Isittimely?

¢ Does it drive the appropriate action?

2.8 TYPES OF DATA TO COLLECT

Before discussing development of the survey tool and the data gathering
process it is important to understand what types of data to collect. The two
categories of data needed are 1) Characterization data and 2) Assessment data.

Table 2.1 shows a list of the types of required under each category:

Table 2.1 Types of Data to Collect

Data Type Category
Company Information Characterization
Project Information Characterization

Respondent Information ~ Characterization

Degree of Automation Assessment
Degree of Integration Assessment
Project Performance Assessment

18




The characterization data helps ensure the sample is representative of the
whole population of construction company and project types. It also facilitates
the comparison of assessment data by industry sector, project size, etc.

The assessment data is the heart of the metric. The automation assessment
measures the sophistication of the technology used to accomplish individual tasks
in the capital facility delivery process, while the integration assessment measures
the sophistication of technology used to transfer information between tasks.
These assessments, in conjunction with the characterization daté, help determine
the state of technology in the industry at any given point in time as well as to
show trends over time.

The project performance assessments help link the other two technology
assessments of a given project to the outcome of that particular project. With this
link, researchers can draw conclusions about which tasks and which links offer

the greatest potential to improve project performance if they are automated.
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Chapter 3 Study Methodology

This chapter explains the methods used by the research team for
developing a data collection tool with which to measure the degree of automation
and integration practiced during the life-cycle of typical capital projects.

Much of the examination concerns development of a list of tasks typical
and fundamental to the wide variety of capital project types. The listing had to be
broadly applicable in order to represent the construction industry as a whole. A
competing interest of the research team was to keep that list to a manageable size
that captured the essence of a construction project without becoming a burden to
the respondents who fill out the survey. The aim was to have industry
professionals rate each task, as it was accomplished on their project, in terms of
its use of automation and integration technologies.

Following development of the list, the next important step was to define a
rating scale that clearly described the spectrum from a completely manual task to -
one that is accomplished almost exclusively by a computer (or computerized tool)
in an integrated data environment. The definitions of each increment on the scale
are very important to the accuracy of the resultant data. Accordingly, some
explanation of those definitions is also covered in this chapter.

Oncé the task list was complete and the rating scale was clear, the first
version of the survey was all but complete. It was time to start locating industry
subjects that were willing to review the survey with a critical eye and provide

some sincere, constructive feedback on its content and approach. This feedback
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formed the basis for a second version of the survey that was more concise, clearer,
and infinitely more useful than its predecessor. There is some examination of the
problems with the first version of the survey and how those problems were solved
while developing the second version.

Figure 3.1 is a flowchart graphically depicting the major steps in the
process used to develop the survey and gather data. Given this évewiew, the rest

of this chapter will examine, in more detail, each block of the flowchart in turn.

3.1 DEVELOPMENT OF STUDY OBJECTIVES

The Metrics focus area study supports the Sloan Program FIAPP Thrust
Area. Consequently, the study team developed the following objectives to

support the larger FIAPP effort:

e Develop a tool for measuring automation and integration on capital
facility projects.

e Link automation and integration technology usage with project
outcomes.

Both of these objectives together “promote the development of a seamless
project delivery process,” which is one major goal of the FIAPP Thrust Area as a

whole.

3.2 PROPOSAL OF TASKS AND INTEGRATION LINKS

The research team began developing the survey tool by generating a list of
tasks typical of the capital facility delivery process. The purpose of the listing

process was to find a sample of tasks that were so fundamental that they applied
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to almost all kinds of projects. In addition, the tasks had to represént the entire

project life-cycle. Later, the listing would be combined with an automation
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assessment scale, allowing a respondent to assess how automated each task was
on a particular project.

The listing of tasks formed the basis for an assessment of the degree of
single-task automation, but offered little insight into how those individual tasks
were integrated into a “seamless project delivery process.”

Consequently, the research team developed the concept of an “integration
link” to describe the exchange of information from task to task. The link could be
inter-disciplinary such as the 1ihk between mechanical pipe routing and the
structural system layout. It could be inter-organizational such as the link between
design changes and the builder’s .short-run schedule. It could even be a link
across time such as lessons-learned following a major heavy lift that are
subsequently used to improve future projects.

The concept of an integration link is presented graphically in figure 3.3:

Integration
Link
Exchange of
Information

Figure 3.2 Concept of an Integration Link
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Keeping the integration link concept in mind, the research team set about
generating a sample listing of integration links that are fundamental to the project
delivery process and that complement the task listing. This list of integration
links in combination with the automation assessment scale gives researchers a
means to measure how automated the integration links are within a particular
project.

A manual integration link is similar to a manual task. The transfer of
information across a completely manual link involves a human being physically
transporting acquired knowledge or paper documents from one place to another.
A slightly more sophisticated link could involve basic electronic tools like a
telephone or a facsimile machine. On the other hand, a completely automatic link
allows seamless data transfer with no requirement for human intervention. The
transfer of data vié floppy diské or compact disks could be thought of as a
rudimentary form of electronic link since it avoids the problem of re-entering data
on the receiving computer even though the disk must still be physically
transported to its destination.

It should be clear from the preceding discussion of manual versus
automatic links that an automatic link presupposes the existence of “islands of
automation,” or tasks that have been at least partially automated. For example, it
makes little sense for data to be transferred over the Internet or via floppy disk if
the task at the receiving end is still accomplished by a person using pencil and

paper. Therefore, it is apparent that the process of achieving integration
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throughout the project life-cycle is an evolutionary one. Figure 3.4 is a depiction
of this evolutionary process that has been adapted from some early work on

integration conducted by the Construction Industry Institute:

Manual Creation of "Islands { Elimination of Low Full Industry
Processes of Automation" iTechnology Bridges Capability _
Hand written data CAD/CAM Data identifiers & Organizational
standards structure

Paper or verbal data ; Electronic imaging
tranfer Standardized

. Work processes
Electronic paymentsi software

EXPECTED BENEFITS

/m,g Current Developing New

- —_— e .
Work Processes Work Practices

| 1 ] v

INTEGRATION PHASES

Figure 3.3 Evolution of Full Data Integration (CII 1993 publication 20-3)

3.3 APPLICATION OF LITMUS TEST

The original listing of tasks and integration links, that resulted from both
brainstorming and a literature search, contained over 200 items. This number was
clearly too long to allow a respondent to complete the survey in a reasonable time
(considered to be 30 minutes by the project team). So the team developed a
systematic means for eliminating some of the less important tasks. This process

was labeled “the litmus test” and it is illustrated in Figure 3.5 below.
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The list was initially reviewed to ensure the wording of each item was
clear. Any that were deemed confusing were reworded before the litmus test
continued.

Each item was then tested to ensure it was fundamental to the project
delivery process. This test was important for two reasons. First, the item had to
have enough potential to impact project success to warrant its assessment.
Second, the task or link had to be so central to the completion of a project that it
will be performed for many years to come. Otherwise, the survey will lose its
usefulness in a short time.

Each item also had to have sufficient potential to be automated. An
example of such a task is the development of project objectives. The team
considered human interaction and decision-making so critical to the process of
developing objectives that the potential for automation seemed relatively small so
that task was excluded from the list.

Each task and link also had to be applicable to the whole spectrum of
project types and industry sectors to ensure the results of the study are widely
comparable. So any tasks that related to a limited range of project types were
eliminated.

Specificity of scope was a challenging issue. Each item on the list had to -
be specific enough to make the assessment meaningful. For example, an
assessment of degree of automation used to accomplish “the design process”

would be of little meaning since the process is so complex. In addition, the
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phrasing of the task or link could not suggest a specific technology paradigm
because doing so might jeopardize the longevity of the survey. To illustrate the
point, consider design drawings. The current technology paradigm for preparing
drawings is Computer-Aided Design (CAD). If another technology supplanted
the CAD parédigm at some point in the future, any assessment relating to CAD
would be obsolete.

Finally the list was reviewed for redundancy. Any items that had already
been addressed or nearly so elsewhere were eliminated.

Once the listings of tasks and links were complete, each was organized

into the following chronological project phases:

1. Market Research/ Needs Analysis; Project Definition/ Programming
2. Conceptual Design & Feasibility/ Schematic Design

3. Front-End Engineering/ Design Development

4. Detail Design/ Working Drawings

5. Procurement/ Long-Lead Procurement/ Owner-Furnished Equipment
6. Construction

7. Start-up/ Commissioning

8. Operations & Maintenance

9. Dismantlement

The words used to describe each phase were chosen carefully in order to
appeal to the widest possible audience. For example, participants on industrial
projects typically use the term “Front-End Engineering,” whereas participants on

building projects use the term “Design Development”. Many alternative
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wordings were included to ensure that most respondents would understand the
terminology.
As discussed later, the nine phases listed above were ultimately combined

into the six phases found on the version 2.0 and higher surveys.

3.4 CREATING AN ASSESSMENT SCALE

The one step remaining that would transform these simple lists into real
questions was the development of an assessment scale. A numeric scale from 1 to
5 was originally chosen to represent the continuum from completely manual to
completely automated. Table 3.1 shows the simple definitions used to

characterize each value from 1 to 5.

Table 3.1 Assessment Scale

Rating Description

1 Essentially manual

2 Mostly manual, some automatéd
3 Equal manual and automation

4 Mostly automatic, some manual
5 Essentially automated

A task is considered essentially manual if it is performed without the

benefit of electronic tools or with the benefit of only basic electronic tools such as
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a phone or electronic typewriter. An essentially automated task only requires
human effort to initiate the process (by pushing a button).

The research team eventually added a “Don’t know” category to this scale
to allow respondents that do not have sufficient knowledge of an activity to move
on without feeling obligated to guess at an assessment.

As discussed later, this 5-point scale was ultimately simplified to the 3-

point scale found on version 2.0 and higher surveys.

3.5 ANALYSIS OF RESPONDENT, SAMPLE, AND REPRESENTATIVENESS
ISSUES

Another important element of the survey is a series of questions that
characterize the respondent and the project being assessed. The respondent and
project need to be characterized not only to help ensure the sample is random and
representative of the whole industry, but élso to facilitate analysis of the metric by
industry sectbr, size, company type, etc. Table 3.2 contains a list of the
characteristics of interest.

First there must be an adequate number of project data points to provide a
statistically valid sample. Then, within the sample, the percentage of projects
with a given characteristic must be representative of the population. For instance,
if 30% of projects done industry-wide are industrial facilities, roughly 30% of the

projects assessed in the sample should also be industrial projects.

31



Table 3.2 Company and Project Characteristics

Characteristic Category

Technological Sophistication Typical
Advanced

Industry Sector Industrial

e Infrastructure
¢ Buildings

Industry Sub-Sector

e Too numerous to mention here.
See “Project Types” on the survey form
(Appendix A)

Project Nature

“Green Field”
Renovation
Expansion

Project Size

<$5 Million
$5-20 Million
$20-50 Million
$50-100 Million
>$100 Million

Project Location

State or Country

Project Completion Date

e Month and Year

Respondent’s Company Type

Public Owner
Private Owner
Design Consultant
Prime Contractor
Design-Build Firm
Craft Subcontractor
Supplier

Company Size

Annual Capital Budget (Owners)
e Annuat Sales Volume (Contractors)
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3.6 FORMULATION OF THE PROJECT PERFORMANCE ASSESSMENT

Measurement of the construction industry’s use of automation and
integration technologies is important and interesting in an academic sense.
However, an assessment of a project’s ultimate success and analysis of how that
success is related to the use of specific technologies offers the greatest incentive
for individual companies to participate in the study since such technology
decisions can impact their financial performance. |

The project performance assessments used as part of the survey are based
on previous work conducted at the University of Texas at Austin (McLeod 1998).
They include assessments of cost performance (both total' installed cost and
operating costs), schedule performance, and safety. These assessments are

considered the most fundamental measures of a project’s ultimate success and are

. standard throughout the industry.

Another, rather unique, performance assessment that was added to the
survey concerns stzikeho]der success. It was added as a check to assess the
validity of the other performance measures. The assessment asks whether all
project stakeholders shared in project success. If they did not, there is an
implication that some stakeholders might have achieved success at the expense of

others.

3.7 DRAFTING THE SURVEY FRONT-END

- The task list and the evaluation scale were the major elements of the

survey, but the addition of “front-end” made the survey complete. It included:
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¢ Instructions to the respondent
e Company classification questions
e Project characterization questions

e Project performance assessment

The instructions are intended to clarify the study objectives and to offer
respondents some incentive for participating in the study by showing them how
the study can help them link technology implementation and project success.

Another important feature of the instructions is the criteria for selecting a
project. Respondents are encouraged to choose a project that has recently been
completed and that represents either an average or outstanding use of automation
and integration technology.

The contact questions serve two purposes. Primarily, they are intended to
give researchers a means of re-contacting the respondent if further information is
needed. Questions about the person’s experience and position on the project team
also offer some insight into what sort of qualifications and perspectives the
subject has as a basis for his or her assessments.

The company classifications included in the front end allow for in-depth
data analysis and are useful in determining the representativeness of a sample.

Project type, location and project I.D. questions are important elements of
the survey front end. Type and location data help in insuring the sample is
representative of the entire construction industry or one of its sub-sectors. The
project identifier is the only means researchers have to identify a project if other

project participants need to be contacted for their inputs.
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3.8 PREPARING THE SURVEY PACKAGE (VERSION 1.0)

Once all the elements of the survey had been developed — the task and
- integration point listings, the evaluation scale, the project success measures, and
the front-end — all that remained was to organize these elements into a coherent
package.

The task listing was organized by project phase. Then page breaks were
inserted in a way that allowed the survey to be modular or segmented to -
correspond to each respondent’s background and perspective. With the list
broken up in this way, the survey length can be customized so a respondent is not
overwhelmed by a multitude of questions that do not pertain to his or her role in
the project. The same modularization process was carried out on the list of
integration links and it was added to the package immediately following the list of
tasks. Finally the front-end was put on top and the package was ready to be sent.
The completed package spanned eight pages and a fax cover sheet was added to

make nine in all.

3.9 PILOT DATA COLLECTION AND FEEDBACK

The objective of pilot data gathering was to get a small vnumber of
companies to review and comment on the survey.

Finding interested industry respondents that spanned the entire spectrum _
of company and project types proved to be a major hurdle, but the research team
was able to djscover some creative solutions to this problem. Discussion of these
solutions is included here in order to assist future researchers who will,

undoubtedly, face similar challenges. Following discussion of the search for
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contacts, an examination of the feedback received from those contacts is
presented.

Since the Internet has become the latest and greatest tool for companies
seeking to build an information infrastructure, it seemed logical for a research
team studying information technology to use this tool to conduct its business. So
the team began using the Internet to find contacts.

As the Internet has expanded in recent years, several web sites have
sprung up to help investors research the financial condition of whole sectors of
the economy as well as individual companies. These same web sites provide a
gréat resource for researchers who seek similar information even if the
motivations for the search are slightly different.

Hoovers On-line, at www.hoovers.com, was actually the most beneficial

Internet-based source of contacts used by the research team. The company
profiles on Hoovers contain a wealth of information on just a single page and they
are free. The most beneficial aspect of these profiles is the single paragraph
description of the work performed by the company. It gives a brief history of the
company, its major markets, and even the names of its top three competitors. The
competitor name listing leverages the search from just one company and one
possibility into several.  Each competitor name is hyperlinked to the
corresponding company profile, which contains another narrative and three more
competitor names. The one drawback to this approach is that it finds only the
largest, most successful companies, which means the sample is not representative

of the whole industry.
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Two popular financial magazines — Forbes and Fortune — have also
published web sites that offer lists of companies by industry. These lists give
researchers a starting point to begin learning about companies. Once a company
name is chosen, there is a wide array of information available about that.
company. The financial records of a company provide a clue to the company’s
size, and a corporate office phone number offers the first step toward making
contact with a person. Some companies even have corporate web pages that
present more detailed information, often including the name of a division chief in
charge of construction management. These two web sites can be used to get
contacts in commercial owner companies and some of the larger construction
firms. However, government owners and small construction organizations remain
elusive.

Engineering News Record magazine maintains a web site with an
extensive database of construction-related companies. The database includs all
types of construction companies from architect-engineers, to general and sub-
contractors. One can search the database by company type, project type, location,
or any combination of the three.

The Federal Facilities Council (FFC) web site provids the last group of
contacts necessary to represent the industry: government owners. These
government agencies typically handle most of the infrastructure projects, so they
are important to rounding out a sample. The FFC web site and the U.S.
Department of Transportation (DOT) web site together provide contact

information for almost all agencies involved in construction in the U.S.
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Once an interested contact person was found it was time to send a survey.
During the pilot data gathering phase only one version of the survey was
produced and the sole transmission method was via facsimile. Respondents either
returned the completed survey via mail or facsimile. Some comments were
received on the returned surveys, but the majority of the feedback came over the

phone, or face-to-face during subsequent follow-up interviews.

3.10 FEEDBACK FROM PILOT DATA GATHERING

The Version 1.0 survey was sent to 36 companies on the process of
gathering data. Many of those who received the Version 1.0 survey and
understood the study’s implications for the future of the industry were eager to
help Iﬁake it better. |

Some of the feedback came in written form when the survey was faxed or
mailed back. Some feedback was gleaned from follow-up interviews conducted
over the telephone. By far, however, the most useful and prolific comments came
during face-to-face interviews.

The comments were collected into three broad categories:

e Length problems

e Organization problems

e Clarity problems

The length of the survey seemed to be a concem for everyone who
received it. Some were intimidated by the length of the survey the instant they

saw it and admitted that they did not have time to complete such a lengthy

assessment. Others actually completed the survey, but still said that it was too
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long. The problem of physical length was compounded by the effort required to
understand each question due to some lack of clarity in phrasing.

Organization was a concern for some people, because they felt they were
jumping from one context subject to another and back again as they read through
the survey. Part of the cause for this problem lay in the separation of automation
tasks and integration links into two different parts of the survey package. Because
of this separation, the respondent was forced to traverse mentally through the
project life-cycle thinking of discrete tasks, and then again with a focus on
integration links. The separation made sense on the drawing board, but
practically speaking seemed to be cumbersome and increased the perceived length
of the survey.

Some also criticized the sequence within particular phases, focusing on the
grouping of similar tasks and the issue of chronological order.

Regarding clarity in the language of the survey, there was agreement that
the language or structure of the questions was ambiguous in places, forcing
respondents to read and re-read each one before understanding it enough to offer
an assessment of it. One example cited for its extreme ambiguity was the title of
the integration link listing: “Assessment of the Degree of Automation of
Integration Links.” Respondents specifically cited many other examples so a
general rewording effort was undertaken.

Adding to the ambiguity of the survey was the evaluation scale wording.

Many respondents felt the term “Essentially Totally Automatic” could be
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misleading, and that the rating of 3 (“equal manual and automatic”) was
unrealistically precise.

The readability of the survey was also impacted by the use of fax
machines to transmit it. Occasionally, parts of the survey were reported by the
subject to be unreadable. However, the more common occurrence was that the
research team could not read parts of the survey when the subject faxed it back.
This problem occurred because the document lost some resolution when it was

sent to the subject. Then it lost even more on the return transmittal.

3.11 MODIFICATION AND REFINEMENT OF THE SURVEY (VERSION 2.0)

The pilot data collection effort yielded a lot of good, honest feedback from
the target audience. From this effort it was evident that the survey would need
revising before it could be used to gather real data. By the time.Version 2.0 of the
survey was ready for distribution it was almost unrecognizable to those who had
seen Version 1.0.

The most- fundamental change made to the survey was made to the
evaluation scale. The earlier 1-5 scale had caused problems for the participants of
the study because the definitions and level distinctions were rather ambiguous.
The 5-point scale also contributed to the perceived length of the survey. So, the
scale was reduced to a 3-point scale and each point was given a more detailed
definition. The scale was also modified to incorporate both concepts of
integration and automation. The phases of data integration discussed earlier were
used as a model for this new scale. The result was a scale that moved from

essentially manual processes, to “islands of automation,” to elimination of low
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technology bridges. The last phase, full data integration, was left off the scale for
the time being based on the assumption that no one could cléim to be there yet. A
comment line was added to the end of the evaluation scale to allow anyone who
thought his or her process exceeded a level three to describe that process.

A table of definitions, examples, and characterizing words was added in
each of the project phases to clarify how each level on the scale pertained to the
tasks in that phase. Table 3.2 is an example of the table that was placed at the top

of every page of the survey.

Part 1. Front End
Degree of Level 1 Level 2 Level 3
Technokgy Use
Characteristics No electronic tools -or- Specialized, stand-alone Integrated electronic tools
Commonly-used electronic tools electronic tools
Hand written data Data in electronic format Shared electronic data (e.g.
network)
Verbal or paper data transfer / Electronic data entered Single entry of data f re-cycling |
Little or no re-use of data numerouvs times of data
Huran to human Machine to machine
Proximity important to Proximity is irrelevant
information trensfer .
Example: Traffic counting machines gather Traffic data is stored in a stand-alone ~ GIS database linked to citywide
: data, which is collected periodically  GIS database, which is updated sensor network displays real-time
Needs Analysis and Stored in peper fes. periodically. traffic data and trends.

Figure 3.5 Assessment Scale Examples

In addition to the numeric changes, a “th Applicable” option was added
to the scale for those respondents who felt a question did not apply to their
particular type of project. Many people commented that the “Don’t Know”
option was not appropriate in such a case.

The length of the survey was reduced in a couple of ways. First, some of
the original phases were combined or eliminated to reduce the overall number of
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phases. Then, the “litmus test,” discussed previously, was re-applied in a more

stringent fashion to reduce the total number of questions dramatically. Table 3.3

shows how the phases from the Version 1.0 survey were changed for Version 2.0.

Table 3.3 Changes to Phase Descriptions

Version 1.0

Version 2.0+

Market Research/ Needs

1
Analysis; Project Definition/
Progrymmin gj 1 FrontEnd
2 Conceptual Design & Feasibility/
Schematic Design
3 Front-End Engineering/ Design
Development 2  Design
4  Detail Design/ Working
Drawings
5 Procurement/ Long-Lead
Procurement/ Owner-Furnished 3 Procurement
Equipment
6  Construction 4 Construction Management
5  Construction Execution
7 Start-up/ Commissioning 6  Start-up, Operations &
8 Operations & Maintenance Maintenance
9 Dismantlement --  This phase was eliminated

Once some of the phases were combined, additional redundancies became

clear and those questions were deleted. After obvious redundancy had been

eliminated, the litmus test was used to locate the less important tasks and delete

them. The final number of questions on the Version 2.0 survey was 76 — a

substantial reduction from version 1.0 with its 93 questions. -
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The construction phase was split into construction management and
construction execution in order to draw a clear distinction between the tasks that
involved the processing of information — like tracking work progress — from those
that involved direct installation work — like welding. The reason for the

distinction was that indirect work occurs within the information infrastructure

while direct work involves robotic devices (that need the information
infrastructure for support).

To improve clarity of the questions the entire list was re-examined in
detail and each was re-worded using common language, adding context, and
simplifying sentence construction.

Clarity at the question level was not the only concem expressed by
participants in the pilot data gathering effort. The initial impression most often
expressed about the survey was that it appeared cramped and busy. So the
Version 2.0 survey benefited from larger fonts, more empty space, and fewer
lines.

One astute participant, upon gaining an understanding of integration links,
questioned the wisdom of separating discrete tasks from integration points.
Instead of separation he suggested that the integration points be placed
immediately following the tasks they related to. It is believed that this approach
improved the reader’s understanding of the context of each question.

Some respondents felt constrained by the closed nature of the questions
that only allowed for an evaluation or no answer at all. This closed format also

made the job of interpreting the data somewhat difficult since a discrete number
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can conceal a distinctive characteristic of the technology implementation. So, to
open the format a little, a short comment line was added at the end of the
evaluation scale for each line item to allow respondents to clarify their particular
process. An open-ended question was also added to the end of each phase, asking
respondents to describe the most beneficial technology used on the project during
that phase.

Many questions that were added to the survey front-end will help
categorize the data in the future and provide measures of project performance.
Questions relating‘ to the project’s size and company’s size were added as
categorizing questions. The project completion date was required as the basis for
trend analysis later. Several project outcome measures, like cost, schedule, and

safety were also added. These project outcome measures will presumably allow

 future analysis to correlate technology usage with project success and thereby

offer participants some way to predict the return on their technology investment.
During the transition between Version 1.0 and Version 2.0, there were
many drafts, so it was important to 'have a systematic way of organizing them.
The scheme that was adopted was fairly simple. Whenever a cosmetic change
was made that did not affect the usability of the data collected by the previous
version, only a decimal change was made. If the change rendered data from the
previous version unusable, the version was changed by a whole number. For
example, adding a question or deleting a question only warranted a change from,
say, 1.0 to 1.1. However, if the wording of the question was modified or the

rating scale was altered, the version number would change from 1.0 to 2.0.
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The problem of reducing resolution through multiple faxes was addressed
in two ways. An electronic version of the survey that could be sent via electronic
mail (e-mail) was created, and the research team began sending faxes directly
from a computer rather than printing the form and sending it through a fax
machine.

The electronic version of the survey was constructed as a data processing
form using Microsoft Word. It contained input fields that allowed the respondent
to type responses. Once all the fields were filled in, the form could be saved and
sent back via e-mail without the loss of resolution common in the faxing process.

One very important issue that arose with the use of an electronic form was
compatibility. In order to make the format compatible with the majority of the
word processing software on the market — Microsoft, WordPerfect, and Macintosh -
— the Rich Text Format (RTF) was chosen. This format allowed for use of input
fields and graphics, while still maintaining compatibility.

File size was also important to consider when sending an e-mail
attachment. - The file size had to be kept to a minimum to ensure upload a;nd
download times were reasonable. Many recipients had only a modem connection
or a slow network connection and they did not want to wait all day for the file to
download.

Besides download time, the restrictions imposed by certain e-mail services
made minimizing file size important. Some restrict the space available in a
person’s mailbox and others place a maximum file size Hmit on incoming or

outgoing mail messages.
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The file size was minimized by sacrificing aesthetics for content. Even
the simplest straight line was scrutinized since even simple graphics ballooned the
file size dramatically.

Most of the participants in the survey either did not have e-mail or
preferred a faxed copy, so the electronic form was not an option in most cases.
Therefore, to solve the problem of diminishing fax quality, the surveys were sent
directly from a computer using off-the-shelf faxing software and a fax/data
modem. This procedure improved quality by eliminating one document-scanning
step from the typical faxing process. The receiving fax machine became

essentially a remote laser printer.

3.12 DATA COLLECTION

Data is being collected a number of different ways, and each has
advantages and disadvantages. The most efficient method is through phone calls
and faxes. Although this method is not the most fruitful, since the return rate was
quite low. It is not surprising that a more effective method of data collection
involves personal interviews. This method is more labor intensive and more
costly, but the data acquired is much more illuminating. The issues of data
collection and analysis will be dealt with in more depth by others (Kumashiro,

etc.).
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Chapter 4 The Sui'vey Form and Commentary

This chapter presents commentary on selected parts of the data gathering
tool created through the process described in the previous chapter. Parts of the
latest version of the survey are displayed with notes describing elements of
interest. The notes have been compiled from comments made by respondents
during interviews conducted as part of pilot data gathering and are intended to
guide future researchers as they conduct their own interviews. Note that only the
major elements of interest are presented here. A copy of the entire survey can be

found in Appendix E.

®Many respondents have not understood that they are being asked to
evaluate the technology use of a particular project, so they try to complete the
assessment for the company as a whole. This point is crucial because an
assessment at the company level does not allow comparison of technology use
with project performance. Consequently, respondents are reminded that their
assessments must be of a particular project. Secondly, the respondents must feel
secure that the data they provide will not be published in a manner that reveals
them as the source. Any published material must separate the respondent

company from the actual responses.

Respondents need to understand that one person is not expected to
have the requisite knowledge to fill out the entire survey single-handedly. If a
respondent feels compelled to answer all the questions, two results have been

observed: either the respondent feels the time commitment required to complete
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Directions

Purpose

The purpose of this survey is to assess the level of technology used on individual construction
projects as well as to provide an understanding of the project’s cost schedule and safety
performance.

Directions

Please complete the survey as directed bearing in mind that the survey should be
answered in the context of a particular project. All data will be held in strict
confidence. )

Feel free to answer only those questions for which you have a sufficient level of @
experience or knowledge. It is not necessary to answer all questions )

If you wish to complete a survey for more than one project, please contact the
undersigned, and additional copies will be provided to you (or you may make copies of
the blank survey in your possession).

Please contact James T. O'Connor at (512) 471-4645 with any comments or questions.
Survey results should be sent to the following address:

James T. O'Connor

Department of Civil Engineering
ECJ 5.200 M/C C1700
University of Texas

Austin, TX 78712

Fax: (512)471-3191
e-mail: jtoconnor@mail.utexas.edu

Figure 4.1 Survey — Directions
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@ Contact Information
-

ontact Name:

Phone Number: Fax Number: E-mail Address:

( ) - ( ) -

Contact's Perspective: which of the categortes below best describes your perspective of the project?
[] Business Unit (project initiator, investor, senior management)
[ Project Team (responsible for delivering an operational facility)
[[] Operations (responsible for operation of the completed facility)

Experience: how many years of experience have you had in this position? [O<s [ds510 [Ji1020 [J>20

4 Company Information

~Company Name:

Company Type:
] Public Owner [] Design-Build or EPC
[] Private Owner 1 Supplier or Fabricator
[ Design Consultant or A/E [ Subcontractor
[ Prime Contractor or GC Other (please describe);
Company Size:

Owners ($ Annual Capital Budget):

A/E's & Contractors ($ Annual Sales Volume):

5 Project Information
'Project Name: Project LD. You may use any reference to protect the
project's identity. The purpose of this 1.D. is to help you
e e e et s e e s cnnnnnsnsnnenecnsd. a0td CHI/Sloan personnel identify the questionnaire
Project Location: correctly if clarification of data is needed and to prevent
Domestic . { duplicate project entries
State (U.S.)
International
Country
Project Completion Date: Dactuat ] projected

Total Installed Cost: [] <85 Million  [[]$5-20 Million [[] $20-50 Million - [ ss0-100 Miltion  [1>$100 Million

Project Nature: [J“Green Field” [ Renovation  [) Expansion

Integration & Automation on Construction Projects i Version 2.2

Figure 4.2 Survey — Company Information
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m Project Information (continued)

Project Type: of the project types listed below, which best describes your project?
Industriaf Infrastructure Buildings
1 -Foods [J waterrwastewater [ single-unit Residential
] Pharmaccuticals Mfg, 1 Electricat Distribution / [ Multi-unit Residential (fow-rise)
] Consumer Products Mfg. Communications [0 Multi- unit Residential (mid-rise and
O Automotive [0 Tunneling high-rise)
3 Microelectronics Mfg. O Highway [0 Hotel/Motel
[J Pulp and Paper [ Airport [ Low-rise Office
[0 Power Generation [ Rail [0 Mid-rise Office
[ Pewoleum Refining 3 Flood Controt [J High-rise Office
[J Chemical Mfe. [ Navigation [0 Reuil
[0 Oil & Gas Production [J Marine Facilities [} Parking Garage
[0 Environmental / Remediation OO Mining O Warchouse
[3 Metals Refining/Processing [ Solid Waste Management [ Educational
[J Hospital / Clinic
[ Laboratory
[0 Correctionat
[} Entertainment
(ner: (please specify)
‘dst Performance:
The total installed cost of the project was... Afier 4-6 months of operations, the operating cost of the facility
[ significantly nder authorized Budget was. ..
[ Essentially the same as Authorized Budget [J A problem
[ Significantly over Authorized Budget [ Nota problem
) [ Don't know
Schedule Performance:
The actual project completion date was... The actual operations start date was...
[ Significantly carlier than planned [ Significantly earlier than planned at authorization
] Essentially the same as the planned ] Essentially at the planned start date
[] Signiticantly Jater than planned [ Significantly later than planned at authorization —~
Safety:h were there any OSHA reportable injuries during Stakeholder Success: e.g. owner, A/E, contractor; eic. Q/’
the poj;C'? [J Al project stakeholders shared in project success
0 N:S 3 Nearly all project stakeholders shared in project success
[ Don't know [[] Only some project stakeholders shared in project success
: ; N
Can a significant portion of the project outcome be credited to (or blamed on) the use of technology? [ Yes [INo Q/b
7~
How does the degree of technology use on this project compare with other projects your pany has participated in? &b)
[J Typical [ Advanced
Ihtggraﬁon & Automation on Construction Projects il Version 2.2

Figure 4.3 Survey - Project Information
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m Part 1. Front End
10

Degree of Level 1 Level 2 Level 3
Technology Use
Characteristics No electronic tools -or- Specialized, stand-alone Integrated electronic tools
Commonly-used electronic tools electronic tools
Hand written data Data in electronic format Shared electronic data (e.g.
: network)
Verbal or paper data transfer / Electronic data entered Single entry of data / re-cycling
little or no re-usc of data numerous times of data
Human to human Machine to machine
Proximity important to Proximity is irrelevant
information transfer
Example: Traffic counting machines gather data,  Traffic data is stored in a stand-alone GIS databasc linked to citywide sensor
Needs Analysis which is collected periodically and GIS database, which is updated network displays real-time troffic data
: 4 stored in paper files. periodically. and trends,

) (12) (13

Degree of Technology Us:
Task Don't | 123 NA Comments
Know

1.01 Conduct market analysisorneedanalysis [ O 0O 0O O
for a new facility

1.02 Develop, evaluate, and refine the (| Oogoa g
project’s scope of work

1.03  Diagram the manufacturing process -or- O OO0 .
the user’s processes (“bubble diagram™)

1.04 Estimate a budget from the scope of 0O ooo od
work

105 Develop a milestone schedule from the O 0000
scope of work _

1.06 Acquire and store site investigation data O OO0Qg0 g

for use during design

1.07  Describe the most beneficial technologies used in front-end processes at your company:

Integration & Automation on Construction Projects 1-1 Version 2.2

Figure 4.4 Survey — Front End Phase Technology Assessment




the survey is too great and consequently decides not to complete it; or the answers
that are provided are less accurate since the respondent had insufficient
knowledge of the tasks being assessed. The second scenario of a respondent
answering outside his or her area of expertise can be very damaging since it is
hard to detect whether the answers are accurate or not. Therefore, respondents are
encouraged to complete only the parts of the survey with which they feel

sufficiently experienced.

@Contact information serves two important purposes. First, the
researcher who receives the survey needs to have enough information to. re-
establish contact with the respondent in case additional questions must be asked to
clarify responses or complete the data set. Furthermore, the questions of project
perspective and experience serve to qualify the respondent’s assessment. For
example, a reépondent with a very limited perspective of the project, such as the
business unit, and only a few years of experience could not be expected to answer

all the questions on the survey.

@Company information permits comparison of the data based on

company type and company size.

Project information serves to identify the particular project so that its
assessment can be matched to the company and . contact information in case a
question arises later that must be clarified with the respondent. The completion
date not only points out whether the project has been completed or not, .but also
places the project in time so data can be analyzed for temporal trends. Most

importantly, the project data offers a basis for comparison of the assessment and
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outcome data. Projects can be compared by size, nature (i.e. “green field”,

renovation, or addition), installed cost, industry sector, and by project type.

Each of these project success measures can be compared to the
technology assessment data to see if technology use yields any improvement in

project outcome.

The measure of stakeholder success is a unique form of project
success measure designed to test the validity of the other indicators of project
outcome. For example, if the project was a success as measured by cost,
schedule, and safety performance, but not all the project’s stakeholders shared in
that success, there is an implication that some stakeholders may have achieved

success at the expense of others.

Respondents are asked to reveal any extenuating circumstances that
may have contributed to, or detracted from, the success of the project independent
of the use of technology. If there were indeed extenuating circumstances
affecting the project, an argument can be made to exclude the data point from

analysis.

@Knowing whether the chosen project is typical or more sophisticated
than most projects in its use of technology gives a rough estimate of where the
cutting edge lies in the industry versus the average level of technology

implementation.

A table is placed at the beginning of every section of the assessment

to give the respondent a clear idea of what is meant by each level of the
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assessment scale. The characterization words and examples are different for each

phase since each phase involves different sorts of tasks.

The question identification number is important for keeping track of

data as it is entered into a database for analysis.

@The degree of technology use assessment gives the respondent a
scale that corresponds to the examples given in item 10. The “Don’t Know” and
“N/A” options were placed at opposite ends of the assessment scale to prevent
confusion between the two as a respondent moves down the page. Many
respondents expressed concern that processes did not meet level 3 criteria in many
cases. The interviewer must reassure the respondent that it is both natural and
expected that most processes will not achieve level 3 because some room for

growth and improvement has been built into the survey.

A comment line was added to the end of the assessment line to give
respondents some flexibility as they complete the survey. Some respondents felt
it was important to have the ability to make clarifying comments if their answer
did not fit ﬁeatly into the assessment scale. Previous versions of the survey
limited the usefulness of this comment line by asking respondents to describe
their process if they thought it was more sophisticated than a level three. With

such a restrictive question, the comment line was almost never used.

An open-ended question was added to the end of each phase to invite
respondents to describe their technological accomplishments. This question also
allows respondents to share processes that they feel are benchmarks that could

benefit the industry as a whole.
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@The footer at the bottom of the page includes a page number and
version number to eliminate confusion when discussing the survey over the
phone. During the pilot data gathering process, there were many cohfusing
circumstances when the respondent and the researcher each had a different
version .of the survey or had the same versions but were on different pages.
Simply placing this information at the bottom of every page will prevent these

frustrating events from happening again.
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Chapter 5 Conclusions and Recommendations

Construction has become a business of tight profit margins and rapidly
changing environments. And in such a dynamic realm, integrative technologies
offer great potential for competitive advantage to those who are the first to
harness their power. Unfortunately, early implementation often leads to
frustration and disappointment, sometimes because there is no quantitative data
on which to base implementation decisions.

The Sloan Program at the University of Texas at Austin is in search of that
quantitative data with which to guide future project-level technology
implementation and subsequently improve project outcomes. This report
represents a first step toward achieving that goal: the development of a survey that
measures both the degree of technology use throughout project life-éycles and the

implications of such technology on project outcomes.

5.1 CONCLUSIONS

o The construction industry sees integration throughout the project life-
cycle as a worthwhile goal.

o There is very little quantitative data on the current use of specific
technologies within capital facility delivery.

e There is very little quantitative data correlating technology use with
project performance.

e A structured, consistent interview process is necessary to allow
comparison of assessment data.

e Limiting survey length, and even perceived length, is important for a
survey to be successful.
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It is difficult to develop a list of project tasks that apply to every type
of project and company in the construction industry.

Clear wording is crucial to the effectiveness of any survey. However,
clear phrasing of automation task and integration link descriptions is
difficult to achieve without implying a current technology paradigm,
which limits the usefulness of the survey over time.

Using plenty of blank space on each page helps prevent the form from
looking busy and crowded.

A version numbering system should be developed early and be applied
in a disciplined manner. Then, time must be taken to document the
changes made between versions and the reasons for those changes.

An electronic survey form can eliminate the loss of resolution common
in the faxing process while still allowing an almost instant
transmission.

5.2 RECOMMENDATIONS

The research team should continue using the Internet to find contacts
and companies. And they should devise new strategies that leverage
the power of the Internet to simplify the data-gathering process.

Researchers should be mindful that face-to-face interviews achieve
both higher response rates and better data than those conducted
through fax or e-mail despite their higher cost.

Any published material must protect the confidentiality of the
respondent by separating assessment data from respondent
classification data.

Respondents must understand that no one person has the requisite
knowledge to fill out the entire survey single-handedly.

The research team should continue seeking ways to simplify the
survey and to reduce the time required of respondents to complete it.
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Appendix A - Survey Version 1.0

Survey on Task Automation and Integration
Version 1, Revision 5/19/98

Background and Motive

This research is being conducted by the Sloan Program at the University of Texas at Austin.
In the construction industry advanced technologies are being used increasingly to improve
project performance. Such technologies are applied in two ways:

o Task Automation—eliminating or reducing the need for human input or

interaction

o  Task-to-Task Integration—facilitating the transfer of information across otherwise
restrictive boundaries, both physical and non-physical.

The construction industry can benefit from benchmarking work processes and better
understanding the impacts of advanced technology.

Survey Objectives & Guidelines
Please use the attached survey to assess the degree of automation associated with your
work processes on a particular project. The survey is presented in three parts:

Part I—Project and Respondent Information

Part II—Assessment of Degree Task Automation
Part lll—Assessment of Degree of Automation of Integration Links

Each survey response should pertain to a single project that you identify (if you wish to

provide a response for more than one project, please do so on another copy of the

questionnaire).

The project you select should fall into one of two categories:

o Typical level of automation—the project used automation practices and procedures
that are commonly used throughout the company on other projects.

o Advanced level of automation—the project used automation practices and procedures
that were relatively sophisticated compared with other projects.

Please do not assess a project considered less advanced than average for your company.

You may find it easier to complete the survey if:

o The selected project has been recently completed or is near completion

e Associated project personnel are still available and have a clear memory of the
project’s characteristics

Returning the Survey
Survey results should be mailed or faxed to:

James T. O’Connor Fax: (512) 471-3191
Dept. of Civil Engineering Office: (512) 471-4645
ECJ 5.200 M/C C1700

University of Texas

Austin, TX 78712
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PART I
Project / Respondent Information

Project / Company Information

Your Company:
Your Project I.D. # (You may use any reference to protect the project’s identity. The purpose of this
1.D. is to help you and Sloan Program personnel identify the survey correctly if clarification of data is needed and to
prevent duplicate project entries.)

Relative to all projects in which your company is involved, this project was typical advanced in its use
of automation and integration technologies.

Project Location: Domestic ,USA  International

State

Country

Type of Projects (check only one. If the project does not appear in the list, please describe in the space next to
“Other.”):

Industrial Infrastructure Buildings
____Foods ____ Water/Wastewater . Single-unit Residential
_____Pharmaceuticals Mfg. ___ Electrical Distribution / __ Multi-unit Residential
____ Consumer Products Mfg. Communications ____Mid-rise Residential
_____ Automotive Mfg. — Tunneling . Hotel / Motel
_____Microelectronics Mfg. — Highway ___ Low-rise Office
____Pulp and Paper — Airport __ Mid-rise Office
____Power Generation —Rail . High-rise Office
_____Petroleum Refining ——— Flood Control —Retail
____Chemical Mfg. — Navigation ____ Parking Garage
____ Oil & Gas Production — Marine Facilities __ Warehouse
___ Environmental / Remediation =~ —— Mining ____School
—_ Metals Refining/Processing __ Hospital
____Laboratory
. Prison
Other (please describe):
This project was (check only one): “Green Field” Modemization Addition

» Green Field — a new facility from the foundations up. A project requiring complete demolition of an
existing facility before new construction begins is also classified as grass roots.

» Modernization ~ a facility for which a substantial amount of existing equipment, structure, or other
components is replaced or modified, and which may also expand capacity.

>» Addition — a new addition that is physically connected to an existing facility (additions are often intended
to expand capacity)

Respondent Information

Contact Person (name of person filling out this form):
Contact Position: 9. Years of Experience in Industry:
e Contact Phone No. 11. Contact Fax No.
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PART II

Assessment of Degree of Task Automation

Please assess the degree of automation for each TASK by placing a check mark in the box that best describes

the degree of automation for the TASK in question:

1 — Fully manual

2 — Mostly manual, some automation
3 - Equal manual, automation

4 — Mostly automated, some manual
5 ~ Fully automated

Please answer only those questions for which you have a sufficient level of experience or knowledge.

Do not feel obligated to answer questions outside your area of expertise

Automation
Task ID

Automation Task Description

Degree of Automation

Market demand/needs/price tracking & projection

Don't Know

|itemize requirements/develop detailed scopes of work

13 |Select/analyze site/existing facility

|Develop Project Execution Pian

[Pian manufacturing process/User process (bubble diagram)

project objectives

Develop conceptual cost estimate & economic analysis

|Develop process flow diagram/Facility circulation analysis

2.3 |Plan mechanical systems

2.4 JPlan instrumentation & controls systems

2.5 Develop conceptual project schedule

2.6 Develop P&ID/Identify major equipment

2.7 Develop conceptual plot plan & facility layout
28 Assess available ROW/Existing utilities

2.9 Plan foundation & structural systems

2.10 Conduct conceptual technical feasibility anal

Develop detailed facility layout, floor plans, & elevations

3.2 |Develop master detailed project schedule

3.3 JDevelop P&IDs (approved for detailed design)

3.4 Develop guide specs/design guidelines

3.5 Optimize design for operations/energy usage
3.6 |Develop detailed cost estimate & final economic analysis|
3.7 JSelect major equipment ]
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PART II (Continued)

Automation

Task ID Automation Task Description Degree of Automation

1 2 3 4 5 | Don't Know

Detailed Design / Working Drawings

4.1 Develop detailed material quantity take-off
4.2 Analyze fluid flow loads & stresses

4.3 Size piping/plumbing members

44 Analyze structural loads and stresses

45 Size structural members

4.6 Analyze energy loads

4.7 Track detailed design progress

4.8 Develop/customize construction specifications
4.9 Size & select instrumentation

4.10 Configure architectural connections/construction details
4.11 conduct owner design reviews

4.12 Conduct constructability reviews

4,13 Conduct code compliance checks

Detect interferences between design components of
414 different disciplines

Determine design phase % complete based on data from

4.15 different disciplines
5.1 Control/monitor equipment for manufacture/fabrication
52 Plan logistics/transport of major components

5.3 Tabulate & evaluate bids/proposals

5.4 Assemble bid packages: both technical & commercial
5.5 Determine procurement lead times

5.6 Conduct pre-ship testing of equip/engineered components
6.1 Update/verify as-built drawings (configuration model)

6.2 [Measure field work progress/percent complete
6.3 |Manage/track field materials

6.4 Align underground pipeline/piping

6.5 Develop detailed construction schedule

6.6 Prepare structural shop drawings

6.7 Weld on-site piping

6.8 Track field personnel and associated work activity
6.9 Vertical alignment/surveying

6.10 Select crane for heavy lifts

6.11 Fabricate roof trusses/joists

6.12 Earthwork grading

6.13 Connect structural steel members

6.14 Transport field materials

6.15 [Maintain daily job diary

6.16  |Fabricate sheet metal HVAC ducts

6.17 _ |Pull electrical/communication wire

6.18 Test soil density

6.19 Conduct field concrete strength tests

6.20 Apply fireproofing to structural steel members

6.21 Insulate piping

6.22 Provide elevated worker access

6.23 Paint wall/structure

6.24 Assess subsurface conditions

6.25 Finish floor slab/paving concrete

6.26 IManipulate & align sheet rock

6.27 Documenting and updating field work-hours spent
6.28  |Assess/record position data associated with sitefterrain
Notes: Continued

Degree of Task Automation

1 - Fully manual

2 - Mostly manual, some automation
3 - Equal manual, autornation

4 - Mostly automated, some manual
5 - Fully automated




Automation

PART II (Continued)

Task ID Automation Task Description

Degree of Automation

Startup / Commissioning

2

3 4 5

Don't Know

7.1 Develop punch list -
7.2 Test facility/plant control system
7.3 Analyze startup risks

7.4 Train facility operators

7.5 Test first product
Operations & Maintenance
8.1 Monitor & assess equipment operations

8.2 Document/track equipment maintenance history

8.3 Scope & schedule maintenance activities

8.4 Update/maintain model/dwgs. of facility physical config

8.5 {Monitor/track facility energy usage

8.6 Monitor/control facility security & access

8.7 Control facility thermal/lighting systems

8.8 Monitor/ytrack facility non-energy utilities usage
8.9 Monitor facility structural loads & performance

8.10 {Monitor water quality

Monitor air quality

Periodically inspect facility condition

Dismantleme

Manage information on contaminants/hazardous waste

Identify materials/components

9.3 Manage information on materials-to-be-salvaged
9.4 Control structural demolition/blasting
Notes:

Degree of Task Automation

1 - Fully manuat

2 - Mostly manual, some automation
3 - Equal manual, automation

4 - Mostly automated, some manual
5 - Fully automated




PART III
Assessment of Degree of Automation of Integration Links

Please assess the degree of automation for each INTEGRATION LINK by placing a check mark in the box that
best describes the approach on this project:

1 - Fully manuat

2 — Mostly manual, some automation
3 — Equal manual, automation

4 — Mostly automated, some manual
5 - Fully automated

Please answer only those questions for which you have a sufficient level of experience or knowledge.
Do not feel obligated to answer questions outside your area of expertise

Integration X
Link ID Integration Link Description Degree of Automation

Don't Know

Market Research / Needs Analysis; Project Definition / Programming
Nature of link between Scope Definition Statements and
Needs Analysis

1.2 Nature of link to information pertaining to existing
site/facility/utilities

Conceptual Development & Feasibility / Schematic Design

2.1 Nature of link between facility/process engineering analyses
models and existing facility configuration models/as-builts

2.2 Nature of link between cost estimate and scope/conceptual
design information
2.3 Nature of link between project schedule/sequences and

scope/conceptual design information
Front-End Engineering / Design Development

3.1 Nature of link between DETAILED design/configuration
models and CONCEPTUAL design/configuration models

3.2 Nature of link between listings of needed equipment,
instrumentation, etc. and conceptual design model

33 Nature of link between equipment/component selection and
associated cost data

3.4 Nature of link between list of preferred suppliers and needed

equipment (equipment listing)

3.5 INature of link between design/configuration models and site
data/as-built models

3.6 Nature of link between major construction method selection
and associated cost data

37 Nature of link between equipment selection and company
equipment standards

Continued
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PART III (Continued)

Integration
Link D

Detailed Design / Working Drawings

Integration Link Description

Degree of Automation

Don't Know:!

4.1 Nature of the communication link between design consultants
’ and suppliers/manufacturers for sharing design configuration

data & specs

42 Engineer's approach to acquiring design configuration data for|
the purpose of configuring and sizing structural members

4.3 Engineer's approach to acquiring design configuration data for|
{the purpose of configuring and sizing piping systems

4.4 Engineer's approach to acquiring design configuration data for|
the purpose of determining structural loads

45 |Engineer‘s approach to acquiring design configuration data for]
the purpose of conducting an energy load analysis

46 Nature of the link between developing the detailed cost

Procurement / Long-Lead Procurement / Owner-Furnished Equipment

estimate and supplier cost data

51 Approach to acquiring a listing of major equipment that is
included in the project
5.2 Approach to acquiring/receiving supplier price quotes
53 Nature of the link between fabricators and
design/configuration information (drawings etc.)
54 Approach to acquiring status information on major equipment
under fabrication
5.5 Approach to transmitting invoices from contractors to owner
or architect/engineer
5.6 Approach to acquiring results from pre-shipment tests and
linspections from the fabrication shops
5.7 Nature of the communication link between suppliers and field
material management/field warehouse inventory managementj
5.8 Approach to transmitting the requests for price/requests for
proposal to prospective suppliers
5.9 Nature of the communication link between suppliers and
owner/contractor purchasi rsonnel
6.1 Nature of the link between updated short-interval work
schedule and information on availability of materials &
equipment
6.2 Nature of link between updated shoit-interval work schedule
and information on recent actual crew site progress
6.3 Approach toward transmitting shop drawings between
fabricators/subcontractors and design consultants
6.4 Nature of the communication link between workface site
crews and material/equipment warehouse
8.5 Nature of the link between impact to contractor's schedule
and design change information
6.6 Nature of the link between contractor's cost impact and design
change information :
6.7 Nature of the link between site work crews and design
configuration data/drawings
6.8 Nature of communication link between site work crews and
change order approval status information
6.9 Nature of link between the detailed construction schedule and
updated detailed design/configuration data
6.10 Nature of communication link between site work crews and
RFI status & response information
Notes: Continued

Degree of Integration Link Automation
1 - Fully manual

2 - Mostly manual, some automation

3 - Equal manual, automation

4 - Mostly automated, some manual

5 - Fully automated
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PART III (Continued)

Integration
Link ID

Integration Link Description

Startup / Commissioning

Degree of Automation

2

3 4 5

Don't Know

8.1

71 Nature of link between startup system degree of completion
and construction discipline/area progress for purposes of
planning tumover

7.2 Nature of link between facility operations model (for systems
monitoring) and facility design/configuration data

7.3 Nature of link between maintenance training manuals and
facility design/configuration data

7.4 Nature of link between operator training manuals and

equipment supplier information

Operations & Maintenance

Nature of link between equipment maintenance planning and
historical maintenance information

8.2 Nature of link between updated as-built configuration models
and maintenance modifications

8.3 Nature of link between equipment/parts procurement and
maintenance activity data

84 Nature of link between equipment maintenance planning and

facility design/configuration data

Notes:

Nature of communication link for gathering/documenting

Degree of Integration Link Automation
1 - Fully manual

2 - Mostly manual, some automation

3 - Equal manual, automation

4 - Mostly automated, some manual

5 - Fully automated
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Appendix B — Survey Version 2.0

ax

To: Fromi: )
University of Texas at Austin
cpt of Civil Engincering
Faxa  [( 3 - Fax: [512)471-319]
Phones | ) - = |Phenes {512)47]-
Re:  jAutomation & Integration Survey Pages: 16

Elumgent [JForReview [JPlease Comment I Please Reply

*® Comments:

»

Tam a graduate student in Civil Engincering at the University of Texas. am studying how tha construction
industry uses technology to improve project performance by avtomating tasks and by managing the flow of
information throughout the lifecycle of a project. Ultimately the data yon provide »ill assist you and your
organization by showing you how lo extract the greatest return on your investment in new technelogy.

Please il attached, Parts 1-6 of our survey .
A couple of comments on the survey:

«  When answering survey questions, consider a completed project for which you have knowladge or
experience,

«  Our ultimate goal is 10 track the use of technologies in relation to project performance. Thus, we may
send you a follow-np survey 1o answer questions related specifically to project performance.

You questions are welcome. Please respond by Wednesday 9/2 or at your earliest convenicnce. Thank you
in advance for your assistance

Graduate Research Assistant
University of Texas at Austin

E-mail:
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Respondent and Project Information

Company Name:
Company Type: | /4 pyhlic Owner [ Design-Build or EPC
{3 Privite Owner 3 Supplier or Fabricator
{0 Design Consultant or A/E 1 Subcontmctor
{1 Prime Contracter or GC Other {please describe):
Name: Perspectives which of the casegories below best describes your

Phone Number:
{ ) -
FAX Number:

[ Overations

perspective of the project?

[ Business Unit  {project initiator, investor, senior managemsal
business Ul {pro]

1 [ Project Team  fresponsible for delivering an aperational facility)

fresponsible for operation of the completed Facility]

E-mai!l Address:

Experience: kow many years of experience have you had in this position?

Cl<s 1510 31020 [I>20

Pruject Type: of the project nvpes lisied below, which best deseribes your praject?

Foods

Pharmaceuticals Mfg,
Consuner Products Mfg,
Automotive
Microelfectromces Mig.
Pulp and Paper

Power Generation
Petroleurn Refining
Chemical Mig.

Oil & Gas Production

Environmental / Remediation

(0 o Y o o

Metals Refining/Processing

Other:

Infrastoucturg

ooooooaoo ag

WaterfWastewater

Electeical Distrtbution /
Communications

Tunneling
Highway

Airport

Rait

Fload Control
Navigation
Marine Facilities
Mining

Solid Waste Management

O00obo00o0OooooOooaon

Single-unit Residential
Multi-unit Restdentiol
Mid-rise Residential
Hotel / Mote!
Low-sige Office
Mid-rise Office
High-rise Office
Retail '
Parking Garage
Warchouse
Educational

Medical

Laboratory
Correctional

Project Size: [ <85 Miltion [} $5-20 Million [ $20-30 Million [ $50-100 Million [ >$100 Miliion

Cost Performance: The total installed cost of the project

was...

{3 Significanuly under Authorized Budget

{7 Essentially the same a¢ Authorized Budget

{7 Significantly over Authorized Budget

was,..

[ Significantly earlier than Planned at Authorization
[ Essentially the same as the Planned start Date

[ Significantly later than Planned ot Authorization

Schedule Performance: The aciual operarions stare date
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Part 1.
Front End

Level 1

Level 2

Level 3

Degree of Technoloyy Use

No electronic toals -or
Commonly-used ¢lestronic tools

Specialized, stond-alone
clectrenic tools

Integrated cloctronic tools

Characterization

Harndeopy >
Human to human 2
“Give oy & call™ >
Proximity is important >

: Floppy disk

“Bring mz a disk™
Proximity is less important

Y
i Huwman 1o machine 2>
>
>

Netwark

Mauchine o nrachine

“The file is on the network™
Proximity is irrelevam

Needs Analysis

» Traffic counting machines
gather data, which is collected
perindicully and stored in paper
tiles. H

o Traffic data is stored ina
stanct-atone GIS database,

i which is updated periodically.

» GIS database linked w0
citywide sensor network
displyys real-time ralfic data
andd trends

Degree of Technology Use

Task ‘ Don’t

1D 11213{NA 1f your process is more sophisticated than
Kuoow Level 3, please bricfly deseribe that process
1.01  Conduct market analysis or nsed O Oogogog
analysis for a new facibity
102 Develop, evaluate, and refine the O OoOoo g
project’s scope of work
103 Diagram the manufacturing process -or- O Ooogoo
the user’s processes (“bubble diagram™)
1.04  Estimate 2 budget from the scope of O Oo0Dgog
work
1.05  Develop a milestone schedule from the O OoOod
scope of work
106 Acquire and store site investigation data 0O oog g
for use during design
107 Describe the most beneficial technalogies used in front-end processes at your company:
1.08  Describe the maost sophisticated wechnologies used infront-end processes at your company:
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Part 2.

Design Level 1 Level 2 Level 3
Degree of Technology | No electzunic wools ~or-Commonty- | Specialized, stand-atone electronic | Integrated electronic tools
Use used clectronic tonls wols
Characterization Hardcopy > Fleppy disk > Network

Human 1o henpan 2> Hurmasn t© machine 2> Muchine to michine
“Give me a call” <> “Bring me a disk” > “The file is on the network”
s 1 Proximity Is imipartant >  Proximity is less important > Proximity is frrelevant
Example: # Designer gets Joads from a » Doesigner gets loads from stand- | # Designers from all diseiplines
Design Structueal manual: puls a concept on pager; alone soflware; puts a concept on collaborste on a setwork with a
Systern passes 1o a drafisman who draws by | CAD and gives the disk to a CAD | common CAD model. Derails
hand. Detadls aze cutand pasted o3 | technivian for details i automatcally added from
drawings, { database
Dearce of Technology Use
j 1] Task Dot {17 2}3] Na If your process i3 more sophisticated than
Know Leyel 3, please briefly describe that process:
2.01  Designers access supplier information in onder to O ooo o
select components
2.02  Getinput from operators ard buitders reganting O ooog o
construction methods selection, & consiuction
sequencing
203 Asalyze shernative construetion methods for O ooo D
effects on cost, schedule, el
204 Use conceptuad design work as a basis for O ooog d
desailed design work
205 Generase facility floor plans O ogg o
205 Design the fluid transpan system {open channel 0 0090 g
or pipes) and refated drawings ’
207 Design the structerst systeen and relited O O0ogo g
drawings
208 Design the chectrical system and related o oo g
drawings
2009 Design the HVAC system and prepare related g ggg g
drawings
210 Doeument the assurnptions used in developing O ooo o
the budget, and pass 1o the next phase
2.1F  Dctect phasical interference between systems g ogg g
{i.e. plerbing, electrical, stucteel, ere.)
212 Prepare project specifications O ogo o
213 Check the design against owner requirements im] oOogooQg Qg
{e.8. design reviews) and ¢odd requirerents
214 Track design progress (m] opoa o
2,15 Describe the most beneficiuad iechnologies used during dereiled! design at your company:
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Part 3.

Procurement Level 1 Level 2 Level 3
Degree of § No elecuromic wols -or-Commanly- | Specialized, stand-alone ¢lectronic | Integrated eloctronic tools
Technology Use used electronic tools tools
Characterization | Hardcopy > Floppy disk > Netwark
Hutnan to buman 2> Human t machine > Machine 1o machine
“Give me a call™ > “Bring me a disk” < | “The filc is on the network”
Proximity is important > Proximity is less important = Proximity is irrelevaat
Example: Get paper copics of drawingsfspees | Get CD-ROM files of CAD model | Download CAD files from network
Bitt Propasal Tisput the prices in g spreadsheet Cumpile bid with special software | Get bids from subs electronically
Hand a hurd copy of proposal to Give owner a disk copy of Transmit file via network to owner
owner proposal
Degree of Technelogy Use
m Task . - 1f your pmeess is more sophisicatet than
E::‘: Pl213) Na Level 3, pleass briefly describe that processs
3.0l Determine the lead time required to order O g o
equiptent and materials
3.02  Conduct a quantity secvey of dawings O OooOgooga
3.03  Link quantity survey data 1o the cost O oooan
estimating process
304  Link supplier cost quotes to the cost O gono g
sstimating process
3.05  Refine the peeliminary budger estimate O 0o o
3.06 Develop the milestone schedule O oogg
3.07  Develop and transmit requests for proposal O oooOoo
to suppliers and subs
308  Prepare & submit shop drawings O ogoao
3.0 Acquire & review shop drawings: send O gooog
FESPOnSE
3.10  Compile quotes from suppliers & subs into O oon0oo
a bid or proposal package
3.1 Monitor the progress of fabricators O oo o
342 Planthe tansportation roues of largeiters O O 0O 0O O
from the fabricator to the job site
312 Describe the most beneficial technologies used duding procurenent at your company:
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Part 4.

Construction Level 1 Level 2 Level 3
Management |
Degree of No electronic toels -or- Spesindized, stnd-alone elestronic Integsated electronic wools
Technology Use Commonty-used clectronic tools tocls
Characterization  § Hardcopy 2> | Floppy disk > Netwark

Human 1o huron 2 | Human o machine > Machine to machine

“Give inz acall” 2> | “Brng me adisk” > “The file is on the nctwork”

>

Proxinty is impenant

Proximity is less important P

Proximty is inrelevint

Example: Linit prices from a book
Cost Estimate Paper & pencil quantity survey

Data masually entered inty

Prices from stand-alone database
Spesial software performs quantity
survéy on digitized drawings

Estimating software linked
electroaivally to CAD-buscd
quantity survey & supplier prices

sprexdsheet T Enter duta into cstimating software Daa sutomaticaily entered
D Task Degree of Technology Use .
Dor*t | 1 § 2 | 31 NA | If your process is mere sophisticated than
Know Level 3. please briefly describe that process:

401 Dewhip the constroction schedule 0O aoooao o
402  Trackficld work progress & haboreostende. OO O O 0O O

charges
4.03  Maimain a daily job diary g g 0 g O
404  Updae the current cost forecast 0 Oooao 0
405  Keep all project team members wp to date on O g 0g O

CONSIUCHTN PIOZrEss
4.06  Track the inventery of matenals on site O ooco o
407 Lank field matenal managers 10 suppliers O googa B
4,08  Develop shurt-tenm aork schedules based on O oocoao o

fnbor, cquipment, and material availability _
408 Work crews submit and receive answers ta im) O 0 a O

Reguests for Information (RFT's}
410 Builders provide leedback aboumt Oeeffeesof 0 O O 0O 0O

Jesiyn changes, made by owner or A/E, on

cost and schedule
411  Communicaie design changes to field 0 a0 o O

personnel
412  Commumicate stawsof changeordersoticld 1 [0 OO0 O O
4.13  Update as-buift drawings g 0o 0o O
4.4  Conteactors submit requests fur payment O ooo o
4,15  Transter funds from owner's account to g ooogo o

contractor
4.16  Describe the most beneficial webnologies used in managing construction projects at your company:
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Part 5.

Construction Level 1 Level 2 Level 3
Execution .
Degree of Labar intensive, Tutle Sorne mechanization Mechanization kinked with external
Technology Use mechanizativa information
Characterization Human > Machine assists human > Human assisis machine
Shovel > Power showel > Intelligent power shovel
Laborey > COperator 2> Technician
Example: Mare-Jaadle into plave Heman guides miching 1 Bt it Machine linked to CAD mods! cuts
Hane sheet rock into place and hangs with minimal nssisiance
Degree of Technoloay Use
1D Task Dont [ 1]|213§ NA If yous process i more sophistivated than
Know Level 3, pleuse briefly describe that peeoess:
501 Evaluste subsurface conditions O ogg o
502 Canry out cathwork and grading D ogg .
5.03  Construct rebar cages O OoOog -
5.04  Weld pipes O O0oog 0O
5.05  Select the appropriate crane for heavy lifts O DoDog g
5.06 Provide an elevated work platform O Ooog g
5.07 Fabricate raof trusses O 000 0O
5.03 Manipulate and bang sheet rack O OOog o
309  Acquire & record laberatory test O 000 O
information
5.10 Finish concrete surfaces o ooo o
5.11  Apply paint or coatings O aoono g
5.12  Describe the most beneficial technologies vsed in executing construction prajects il your company:
5.13  Describe the most sophisticated technologies wsed in execuring construction projects at your company:
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Part 6.

Start-up, Ops, Level 1 Level 2 Level 3
& Maintenance
Degree of Technalogy | No glectronic {ogls -or- Specialized, stand-alone Integrated electronic tonls
Use Commanly-used elacironic clecirenic tools -
e e e tools . .
Characterization Hardeopy =>» | Floppy disk = | Netwirk
Hugnan 1o huiran <> | Humisn te machine <» | Machinc to machine
“Give me 2 call™ => | “Bring me a disk” = | “The file is on the network™
e is important => ¢ Proximity is Jesy important =¥ 1 Proximity ig inelevint
mple: Maintenaice ’hismxy in papar Mudntenancs history in database | Database from U jobsite
Maintenasce Plan files Manufactorer data on disks Maonufacturer*s data from a
Munufacturer duta in paper files | Plun kept in stand-alonc database | website
Plan written on word processor Database linked 1o all operators

|_Degree of technology uge
D Task Dow't § 1] 21 3] N/A | Myourprocess is mane sophisticated thon Level 3,
Know Please hoiefly deseribe that provess:
6.1 Conduct pre-operations testing o000

oon

6,02 Train facility operators {e.g.
simulations, software}

ooo

6.03 Use as-built information in
personnel training

ooo

£.04 Track & analyze the maintenance
history of important equipment

oo

6,03 Develop nmintenance plans from
mainlenance history data

oono

6.06 Monitor & assess equipment
operations

ogano

6.07 Facility operators request
maintenance or modifications

oao

6.08 Update as-built drawings in
response to facility modifications

oao

6.09 Monitor/track/control facility
energy usage

O 0000 oo o oo
O 0o 0o 0oagog B oo

6.10 Monitor environmental impact of OogOo
facility operations {e.2. air / water
quality)

6.11 Describe the most beneficial technologies used in facility starup, operations, and maintenance at your
company
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Appendix C - Survey Version 2.1

Fax

09721553

To: From:
University of Texas at Austin
Dept of Civil Engineering
Fax: { y - Fax: (512) 471-3151
Phone: { y _ Phone: {5 12) 471~
Re: Automation & Integration Survey Pages: 10+cover
] Urgent Ll ForReview [ Please Comment [ Please Reply

& Comments:

Please find attached a copy of the "Integration and Awmomation” Survey developed by the University of

Texas’ Sloan Program for the Construction Industry.

Please review this survey and retum it by XXX or at your earliest convenience. The form may be
returmed by fax or electronically to the individual below, Thank you in advance for your assistance.

Graduate Rescarch Assistant

" University of Texas at Austin

Phone: (512)471-1620
Fax: {312)471-
E-mail:
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A SURVEY OF .
INTEGRATION AND AUTOMATION
ON CONSTRUCTION PROJECTS

VYERSION 2.1

SLOAN PROGRAM FOR
THE CONSTRUCTION INDUSTRY

THE UNIVERSITY OF TEXAS AT AUSTIN
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Directions

Purpose

The purpose of this survey is o assess the lovel of technology used on individual construction

projects as well as to provide sn understanding of the project’s cost schedule and safety
performance.

Directions

*

Please complete the survey as directed bearing in mind that the survey should be
answered in the context of a particular project, All dota will be held in strict
confidence.

Feel free to answer only those questions for which you have a sufficient level of
experience or knowledge. Ir is not necessary to answer all questions

If you wish to complete a survey for more than onz project, pleasa contact the
undersigned, and additional copies will be provided to you {or you may make copies of
the blank survey in your possession),
Please contact James T. O'Connor at (512) 471-4645 with any comments or questions.
Survey results should be sent to the following address:

James T. OConnor

Department of Civil Engincering

ECJ 3.200 M/IC C1700

University of Texas
Austin, TX 78712

Fax: (512)471-3191
e-mail: jtoconnor@mail.utexas.cdu
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Contact Information

Contact Name:

Phone Number: Fax Number: E-mail Address:
( ) - { } -
Contact’s Perspective: which of te categaries below best describes your perspeciive gf the project?
{7} Business Unit {project initiator, investor, sentor managemeint)
] Pradect Team {responsible for delivering an operational facility)
[} Operations {responsible for operation of the completed facility)
Experiences how many years of experience have you had in this position? O<s [Os1e Qw2 [J=0

Company Information

Company Name:

Company Type:
{3 Public Owner [3 Design-Build or EPC
[ Private Owner [J Supplicr or Fabricator
[ Design Consulant or AJE [ Subconactor
[ Prime Contractor or GC Other [please describe):

Company Size:

Cwners (S Annual Capital Badget):

A/E’s & Conlractors (5 Annual Sales Volume):

Integration & Automation on Construction Prejects i Version 2.1
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Project Information

Project Name a0t required, for reference only Project LD, Yeu may use any seference to protect the
project’s idestity. The purpose of this LD, is io help you
= -t and ClZSYoun persennel identify the questionnaire
Project Location: rorrectly if clarification of data is needed and o prevent
Domsestic duplicate project entrics
State (US)
Inter i
S, Coantry

Project Type: of the project types listed below, which best deserities yonr pregect?

Inddustrial Infrastrecturs Buildines
O Foeds 0O WaterMWastewaser [ Singlo-unit Residential
[ Pharmaccaticals Mfg. [0 EBleciical Distizution / {1 Muki-enit Residential {low-risc)
[0 Conswmer Products Mg Communioations [T Multi- unit Residential {mid-rise and
[ Automative O “Tenneling bigh-risc}
O Microztectronics Miz. [J Highway 1 Hotel / Motet
] Pulp and Paper O aipon [J Low-rise Office
[0 Fower Generation D Rail D Mid rise Oflice
[J Petroleum Refining {3 Flood Conurot {J Higherise Office
[0 Chemical iy, O Navigation ' O Remit
[J 0l & Gus Production (3 Marine Faciities O Puwking Garage
3 Environmental / Retnediation O Moieg 0 Warchouse
3 Metals Refining/Prosessing [J Solig Waste Management 3 Educational
{3 Hospital 7 Clinic
[0 Labonatory
1 Comectional
[} Entertainment

Other: (please specify)

Cost Performance:
Total Instalted Cost: [} <55 Miltion {J $5-20 Mitlion [ $20-30 Millien T3 $30-160 Miltion [ >$100 Million

The totat installed cost of the praject was.,. Afier 4-6 menihs of operations, the operating cost of the facility
[ Significantly pader authorized Budget was. ..
[ Bssentiadly thy yame as Authorized Budget (3 Nensinat
[ significantly pver Authorized Budget ] Higher than anticipated
] pent know
Schedule Perlormance:
Project Campletion Date: Oacuat 3 projected
Tre actual projeet completion datg wes. .. The genenl operarions stavt dite was...
[ Significantly cartier than planncd 3 Sigmificantly garlier than planned at authorization
] Essentiatly the same as the planncd [ Esseatially at the planned start date
[ Significantly later than planned [ Significantly later than planacd at authorization
Shafety:’ we:e there any OSHA reporiable injuries during | Sqakeholder Success: e, £ owner, AJE, contractor, ei.
! "g)’:: o {7 All project stakeholders shared in project success
s .
Owe 3 Nearly alt project stakeholders shared in project success
] Don know {7 Only some project stakeholders shared in project success
Integration & Automation on Construction Prajects ii Version 2.1
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Part 1.. Front End

Imegration & Automation on Construction Projects

Depree of Level 1 Level 2 Level 3
‘Fechnolagy Use .
Characteristics Noelectmmie toads -0 weenie Specialized, stand-alone — Insegrated choctranis teols
Commonly-used glectranic tools elecironic tools
Hond written duta > Dara in clestronie format i Shared eloctronic duta {¢.g.
) network)
Virbal or pajer datd trangferd Eloctronic dala entered - Single enery of duta / se-cycling
fike ur ne re-rse of dita numesons limes of data
Human to human Muaching w0 maching
Poncimity impoant 1 Proimaty is irvelesans
infermation wanster
Example: Traffic counting miachines gather data,  Traffie daty is ored in o stancaalone GIS database linked 1o citywide sensor
Needs Analvsis which 1s collected periodically and GIS database, which is updated petwark displays reol-time sraffic data
e Al stoced in puper files. prriedicatly. a0d trends,
Degree of Technolopy Use
1) Task Don't I 1E2{3 | NA | If your process is more sophisticated than
Know Level 3, please briefly Jescribv thia provess
101 Cenductmarketamalysiserneedamalysis 3 O 00 O
for a new facility .
102  Develop, evaluate, and refine the O OO0 g
project’s scope of work
103 Diagram the manufacturing process -or- 0O 000 g
the user's processes (“bubble diagram™)
104 Estimate & budget from the scope of O 0ogoo
work
103 Developa milestone schedule from the 0O OoOgo g
scope of work
106 Acquire and store stre investigation dara O O0o0 g
for use during design
107 Describe the most bepeficial technologies used in frons-end processes at your company:

Version 2.1 *
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Part 2. Design

|

| -

| Degres of Level 1 Level 2 Level 3

| Technology Use

Characteristics No clectronic toads sor- rasd Specialized, scond-aloae ~eees > Integrated electronic tooks

| Commonly-used cleveranic tools electronic tools

| Hund written dats "—0 Data in checuonic format sl Shared electronic dua (e.e.

nerwork)

| Verbal of puper data wansfes ! e Electronic 2ata entered > Singhe entry of data / re-cycling

| Tittle o no re-use of datx nomerous s of data

‘ Human to ksron R T Machine te machine
Proximity important to oot et aessbnsernae Proximity is jrrelevant

information transfor

| Example: Besigner gets Ioads from a manuak; Designer gets loads fiom stand-zlone Designers from alf discipdi

| Exesign Stueniral puts 3 concest On PApEr; Passes to softazre pets a concept an CADand  collaborate on & network with &

; System draftsrnan who draves by hand. gives the disk 10 3 CAD techrician Jor - common CAD medel. Detsils

| Details are cut and pasted on - dotails gutomatically added From datadase

drawings, ¢

Degree of Technology Use
)} Task Don't l 1 l 2 [3 NIA I your process is more sophisticated than

Know Level 3, pleasy rielly describe that poocess:
| 20t Designers sevess supplier information in onder to C 0Og
; selest cormponents
292 Getinpul from opcrators and builders regarding O O0OO0o0 o
f construction metheds seication, & construction
sequencing
203 Analyze alternative constrixctivn methods for O o000 o
effects oncost, sehedele, ¢,
| 2 Use eonceptual design work as a basis for O 000 O
| dewailad design work
| 205 Generate fonility Noor plans O oo .
‘ 205 Design the Ruid ransport system (open channel O Ooog o
or pipes) and related drawings
2.07  Design the strucieral systeny and related drawings I} ooo o
2.08  Design the clecrrical sysmmand redaed drawings 3 O 0 0O O
2.09  Design the HVAC system and prepare related O oog o
| Jrawings
210 Document the assumptions sed in developing O Ooo0og g
the budget, and pass to the next phise
| 2.1 D\.uu physical interference between systems O oo o
| 14, plumbiog, electrical, structural, cte.)
|
212 Prcp:m: project specifications O ooda O
213 Check the design against owner requinements O Ooo0oo o
{e.2. design reviews) and code requirements
214 Track design progress O 0Ogo o

215 Describe the most beneficial technologies used during desailed design at your company:

Version 2.4
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Part 3. Procurement

Degree of Level 1 Level 2 Level 3
Techndngy Use .
Characteristics No electronle teoks s e > Speviatized. spand-alonc s Integraied slectranic tools
Conevonty-used eleerronie wwols ehrerionks ol
Hand written daty e Data in elestronic format —— Shured electronic datafe.g,
. natworky
Verbal of paper data ransfiee ! —> Eievuonrie data enteecd —em Stophe entry of data § re-eyeling

fetle o no ro-se of data
Human R hran

Proximity importart to
information wansfer

ABMRTOLS Thes

of data
Machine o machine

Proximity is irrelevant

Exampte: » Got paper copics of drawingsfspecs o Get CD-ROM files of CAD mwdel » Downlond CAD files from netseark
Bid Propasal  Input the prices in @ spreadshect o Compite bid with special softwars « Obtain bids from subs
» Hand a hard copy of proposal te o Give owner a disk copy of propasal stesranically
oaner : o Transmit file via network o owner
Degree of Yechnology Use
ID Task Don't ] 1§ 217131 Nea I your process is mone sapzisticated shan
Know Level 3, ptoase briefly deseribe thit process:
3.01  Determine the fead time required to order O OoB8ano
equipment and materials
3.02  Conduct a quantity survey of drawings O OO0 0
3.03  Link quantity survey data to the cost O ao0oogono
estimating process
A04  Link supplicr cost guotes to the cost O og0ood
estiniating process
305 Refine the preliminary budget estimate O oggocog
306 Develop the milestons schedule g ooogao
3.07 Devetop and transmit requests for praposal O ooOogag
to suppliers and subs
308 Prepare & submit shop drawings O OooOogao
309  Acguire & review shop drawings; send O oogaf
response
310 Compile quotes fromsuppliers & subsinte [0 O O 0O O
a bid or proposal package ’
3.11  Monitor the progress of fabricators O Ooogog
312 Planthe mansportation routes of Jargeiems 3 O 0O 0O 0O
from the fabricator to the job site
213 Describe the most beneficial technologies used during precurentent at your company:

Integeation & Automation on Construction Projects

Version 2.1
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Part 4. Constrnction Management

Proximity iaponant to
informarion wanster

Degree of Level 1 Level 2 Level 3
Technology Use
Characteristics N eteetronic fooks -or- i Spectatizad, sand-olons — Iniezrated slectronic tools
Cammonly-nged electronic tools clecironic tools
Hand written data —— Data in clectronic format e Shzred elecronie data fe.g.
network)
Verbal or paper datadrgagfer /7 e Electrenit dita entered —--- Single eneey of Jata f re-cycling
fittle oo 130 reaase of data nuresros Hings of dna
Human o human e Machine 1o machire

Proximity is frrelevant

“Example: * Unit prices from a beok + Priecs from sand-alone daabase » Estimating seftwaie nked
Cast Estimate » Paper & pencit quangity survey » Spacinl software performs quantity electronteatly to CAD-baset
survey on digitized drawings quantity survey & supplier prices
« Duta manuatly enterad iri{u: * Enter dida into estimating softwane « Data sutomatically entered
spraadshest
Degree of Technolopy Use
1> Task Dent! 1 | 2 1 3 | nwa | If your process is more sophisticated than
Know Level 3, please briefly describe that process:
401 Develop the constrection schedule O g 0O g .3
4.0 Trackficldwork progress & fsborcostesde 3 0O O O O
shazges
405 Maintin a daily joh diary o S T o O O
404 Update the current cost furecist O o0 og o
405 Keep all project wammembersupodaecn 3 3 [3 O O
construction progress
406 Trxk the inventory of materials on site O a g g .
307  Link field matcrial managers to suppliers O a0g o
408  Develop short-term work schedulesbasedon {3 0] OO O O
labor, equipment, and material availability
4.0 Work crews subntit and reccive answets 1o O oo O
Requests for Information (RF)'s)
4.10  Builders provide feedback abountheelfecs 37 1 [ 3 O
of design chinges, made by owner or ME,
on cost and schedule
411 Communicate design changes to ficld O oogoog g
personnel
4.12  Communicate status of change ardets 10 O gogog O
fild
4,13  Update as-built dawings O ggg o
414 Contractors submit requests Tor payment O aocg O
4.5 Transfer funds from ownes’s accoumt w O g0 0
contractor
4.16  Describe the most beneficial techroligics used in mesaging constraction projeets at your Company:

Integrstion & Autsmation on Construction Prajects

Version 2.1
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Part 5. Construction Execution

Levél 3

Degree of Level 1 Level 2
Technology Use
Characteristics Labur intensive, fittle — Somrn mechanization s> Mechanization finked with
mechaaization extermal information
Human —c Maching assists human —2 Honan asststs assehine
Jabarer - Cperakor e Technision
Example: * Maunt placement » Humnso guides i to B iinte  Machine linked 10 CAR madet oats
Hang sheet nxck plase and hanes with minimed assistancs
Site preparatinn » Shovel » Gronter * Grudet linkaf 1o GPS
Degree of Technotopy Use
13) Task Don’t § 1123 NA I your process is man: sophisticsted than
Kaow Level 3, please briefly Sescribe that pracess:
501 Evaluate subsurface conditions -~ O oogo g
502  Carry out carthwork and grading g ooogo O
503 Construct rehar cages O Ooogo O
504 Weld pipes O ooo o
505  Select the appropriate crane for heavy lifts o goo o
5.06  Provide an elevated work platform O Oooo o
5.07 Fabricate roof trusses O gogogo O
5.08  Manipolate and hang sheet rock O ogog O
500  Acguire & record lnboratory testinformation {1 30O 80 O
3.10  Finish concrete surfaces O ogog o
511 Apply paint or coatings O ogg o
5.12  Describe the most hencficial technologies used in executing construction peojects at your company:

Integration & Automation an Consiruction Projects
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Part 6. Start-up, Opergtions & Maintenance

linde o a0 rese of daie

Human 1o iuman

RUTETOUS UERS

Degree of Level 1 Level 2 Level 3
Technology Use
Chararteristics N electronte towls -or- e Specialired. stemd-alene el Integrated ebectrondc wols
Commonlyised &lecionic wols electzanic teols
Hand written dota —_ Datain electrondc fnrmat R Shared electronic doa (e.3.
natwork)
Yerkal or paper data trarsfes 5 s> Elocirenie data entered s> Siogle entry of data £ re-cyeling

of duea

Michine 1o michine

[N e
Proximity impoaant 1o B Proximity is imelevant
infermation transfer )
Example: » Muintenanee history in paper files ¢ Mainterance history in ditabase * Daabase from the job site
Maintenance Plan
» Maanfacturer data in paper files * Manufacturer data on disks * Manufactyrer’s data from a web site
« Plun writton on word processar » Plun kept in stand-alone datnbase » Database linked to 3l operntors
Degree of Technology Use
1o Tisk Dot | 1§21 31 N/A | I your process is more sephisticated than Level 3,
Knows please briefly describe that pracass;
6.01 Conduct pre-operations testing O ooo o
6.02 Train facility operators (e.g. O googo g
simmlations, software)
603 Use as-built information in O odaod o
personnel training
6.04 Track & apalyze the nwintenance O oog g
history of important equipment
6.05 Develop maintenance plans from O gogaga o
maintenance history data
6.06 Monitor & assess equipment O ooo a
operations
607  Facility operators request O ogog o
maintenance or modifications
608  Update as-built drawings in g oo o
response to facility moditications
6.09 Manitoriteackieontrol faciticy O ooo 0
energy usage
610 Manitor enviconmental impact of O oooa
facility operations (c.g. air / water
quality)
6,11 Describe the most beneficial fechnologies used in facility starp, operations, and maintenance at your

company

Integration & Autoraation on Construction Projests

Version 2.1

84




Appendix D - Survey Version 22

A SURVEY OF
INTEGRATION AND AUTOMATION
ON CONSTRUCTION PROJECTS

VERSION 2.2

SLOAN PROGRAM FOR
THE CONSTRUCTION INDUSTRY

THE UNIVERSITY OF TEXAS AT AUSTIN
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Directions

Purpose

The purpose of this survey is to assess the level of technology used on individual construction

projects as well as to provide an understanding of the project's cost schedule and safety
performance.

Directions

Please complete the survey as directed bearing in mind that the survey should be
answered in the context of a particular project. All data will be held in strict
confidence. :

Feel free to answer only those questions for which you have a sufficient level of
experience or knowledge. It is not necessary to answer all questions

If you wish to complete a survey for more than one project, please contact the
undersigned, and additional copies will be provided to you (or you may make copies of
the blank survey in your possession).

Please contact James T. O'Connor at (512) 471-4645 with any comments or questions.
Survey results should be sent to the following address:

James T. O'Connor

Department of Civil Engineering
ECJ 5.200 M/C C1700
University of Texas

Austin, TX 78712

Fax: (512) 471-3191
e-mail: jtoconnor@mail.utexas.edu
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Contact Information

Contact Name:

Phone Number:
( ) -

Fax Number:
( )

E-mail Address:

1 Business Unit
] Project Team
] Operations

Contact's Perspective: which of the categories below best describes your perspective of the project?

(project initiator, investor, senior management)

(responsible for delivering an operational facility)

(tesponsible for operation of the completed facility)

Experience: how many years of experience have you had in this position?

<5 [O510 [J1020 [I>20

Company Information

Company Name:

Company Type:
] Public Owner
{1 Private Owner

[ Design Consultant or A/E
] Prime Contractor or GC

[ Design-Build or EPC
[ Supplier or Fabricator
[ Subcontractor

Other (please describe);

Company Size:

Owners ($ Annual Capital Budget):
AJE's & Contractors (3 Annual Sales Volume):

Project Information

Project Name: Project LD. You may use any reference to protect the
project’s identity. The purpose of this 1.D. is to help you
T T e Ty and CIl/Sloan personriel ideniify the giiestionnaire

Project Location: correctly if clarification of data is needed and to prevent

Domestic duplicate project entries

State (U.S.)
Intcrnational .
Couniry

Project Completion Date:

[Jacwal {7 projected

Total Installed Cost:

[OJ<$sMilion  [[]$5-20 Miition [ $20-50 Mittion ) [1550-100 Million [} >$100 Million

Project Nature:

[J“Green Fictd” [ FRenovation [} Expansion

Integration & Automation on Construction Projects
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Project Information (continued)

Other: (please specify)

‘Project Type: of the project types listed below, which best describes your project?

Industrial Infrastructure Buildings
1 Foods 3 Water/Wastewater [ Singlc-unit Residential
[} Pharmaceuticals Mfg. [J Electrical Distribution / [ Multi-unit Residential (low-risc)
00 Consumer Products Mfg. Communications [0 Multi- unit Residential (mid-rise and
[0 Automotive [J Tunneling high-rise)
[ Microelectronics Mfg. [ Highway O Hotel / Motel
] Bulp and Paper O Aiport [J Low-rise Office
[J Power Generation [ Rail [ Mid-rise Office
3 Pciroleum Refining [J Flood Control [0 High-rise Office
{1 Chemical Mfe. [0 Navigation O Remail
{7 Oil & Gas Production [0 Marine Facilitics [1 Parking Garage
[ Environmental / Remediation O Mining 1 Warehouse
[ Metals Refining/Processing [0 solid Waste Management [J  Educational
[J Hospital / Clinic
[ Laboratory
[0 Correctional
O Entenainment

Ceost Performance:

The total installed cost of the project was...
[ Significantly iinder authorized Budget
] Essentially the same as Authorized Budget
[ Significantly over Authorized Budget

After 4-6 months of operations, the operating cost of the facility
was...

] A problem
[ Not a problem
[[] Don't know

Schedule Performance:

The acrual project completion date was...
7] significandy earlier than planned
[[] Essentially ihe same as the planned
D'Signiﬁcantly later than planned

The actual operations start date was...
[] Significantly earlier than planned at authorization
[] Essentially at the planned start date
[1 Significantly later than planned at authorization

the project?
[ Yes
ONo
[ Don't know

Safety: were there any OSHA reportable injuries during: Stakeholder Success: e.g. owner, A/E, contracior, elc.

1 All project stakeholders shared in project succéss

3 Nearly all project stakeholders shared in project success

[ Only some project stakeholders shared in project success

Can a significant portion of the project outcome be credited to (or blamed on) the use of technology? [ ves OONo

[ Typical [ Advanced

How does the degree of technology use on this project compare with other projects your company has participated in?

. ‘Integration & Automation on Construction Projects

it " Version2:2
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Part 1. Front End

Integration & Automation on Construction Projects

1-1

Degree of Level 1 Level 2 Level 3
Technology Use
Characteristics No electronic tools -or- Specialized., stand-alone fntegrated-electronic tools
Commonly-used electronic tools electronic tools
Hand written data Data in'electronic format Shared electronic data (e.g.
network)
Verbal or paper data transfer / Electronic data entered Single entry of data / re-cycling
little or no re-use of data numerous times of data
Human to human Machine to machine
Proximity important to Proximity is irrelevant
information transfer . .
Example: Traffic counting machines gather data,  Traffic data is stored in astand-alone  GIS database linked to citywide sensor
Needs Analysis which is collected periodically and GIS database, which is updated network displays real-time traffic data
LY stored in paper files. periodicaily. and trends.
Degree of Technology Use
1)) Task Dont |1]2]3]NA Comments
Know
1.01  Conduct market analysisorneedanalysis [ OO O O
for a new facility
1.02  Develop, evaluate, and refine the O Oo0oog g
project’s scope of work
1.03  Diagram the manufacturing process -or- O goooo
the user's processes (“bubble diagram™)
1.04  Estimate a budget from the scope of O OOg0Oag
work
1.05 Develop a milestone schedule from the O Oocoo
scope of work
1.06  Acquire and store site investigation data O OO0 O
for use during design
1.07  Describe the most beneficial technologies used in front-end processes at your company:

Version 2.2
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Part 2. Design

Level 2

Degree of Level 1 Level 3
Technology Use
Characteristics No electronic tools -or- Specialized, stand-alone Integrated electronic tools
Commonly-used electronic tools electronic tools
Hand written data Data in electronic format Shared electronic data (e.g.
network)
Verbal or paper data transfer / Electronic data entered Single entry of data / re-cycling
little or no re-use of data numerous times of data
Human to human Machine to machine
Proximity important to Proximity is irrelevant
information transfer
Example: Designer gets loads from a manual: Designer gets loads from stand-alone ~ Designers from all disciplines
Design Structural PUIS 3 CONCEpL On paper; passes 10 2 software; puts a concept on CAD and  collaborate on 2 network with a
System draftsman who draws by band. gives the disk to a CAD technician for  common CAD model. Details
. Details are cut and pasted on details automatically added from database
drawings..
Degree of Technology Use
D Task Don’t {1 |213] WA Comments
Know
201  Designers access supplier information in order to O ooOoog o
select components
2.02  Get input from operators and builders regarding O oooO o
construction methods selection, & construction
scquencing
2.03° Analyze alternative construction methods for (] ooo o
effects on cost, schedule, etc.
204  Use conceptual design work as a basis for O ODO 0O
detailed design work
205  Generate facility floor plans O Ooog o
2.06 Design the fluid transport system (open channel 0 ooo o
or pipes) and related drawings
2.07 Designthe structural systemand related drawings (1 O OO0 0O 0O
2.08 Design the electrical system and refated drawings a ooo o
2.09 Design the HVAC system and prepare related O OoOoog o
drawings
2.10  Document the assumptions used in developing O DOoO0Oo o
the budget, and pass to the next phase
2.11  Detect physical interference between systems o oooog
(i.c. plumbing, electrical, structural, etc.)
2.12  Prepare project specifications O oooo
2.13  Check the design against ownet requirements O OoOo o
(e.g. design reviews) and code requirements
2.14  Track design progress ) ooo o
2.15  Describe the most beneficial technologies used during detailed design at your company:
Integration & Automation on Construction Projects 2-1 Version 2.2
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Part 3. Procurement

Level 2

Degree of Level 1 Level 3
Technology Use
Characteristics No electronic tools -or- . Specialized, stand-alone Integrated electronic tools
Commonly-used electronic tools electronic tools
Hand written data Data in electronic format Shared electronic data {e.g.
. network)
Verbat or paper data transfer / Electronic data entered Single entry of data / re-cycling

little or no re-use of data
Human to human

‘Proximity important to
information transfer

mumerous limes

of data
Machine to machine

Proximity is irrelevant

fe: o Get paper copies of drawings/specs  » Get CD-ROM files of CAD model

Exa » Download CAD files from network
Bid Proposal « Inpur the prices in a spreadsheet » Compile bid with special software Obtain bids from subs
* Hand a hard copy of proposal-to * Give owner a disk copy of proposal electronically
owner « Transmit file via network to owner
Degree of Technology Use
D Task Don't [1]2 I 3 I N/A Comments
Know
301 Determine the lead time required to order O OoOoOoag
equipment and materials
3.02 Conduct a quantity survey of drawings O Ogg g
3.03 Link quantity survey data to the cost O ogoogo o
estimating process
3.04 Link supplier cost quotes to the cost O O0go
estimating process
3.05 Refine the preliminary budget estimate O ogogo
3.06 Develop the milestone schedule O oooao
3.07 Develop and transmit requests for proposal O oog o
to suppliers and subs )
3.08 Prepare & submit shop drawings O OoOooo
3.09 Acquire & review shop drawings; send O OoOoogoo
response
3.10  Compile quotes from suppliers & subs into O 0oOogog
a bid or proposal package
3.11 Monitor the progress of fabricators O Oo0og g
3.12 Plan the transportation routes of Jarge items O oooaoa
from the fabricator to the job site
3.13  Describe the most beneficial technologies used durfng procurement at your company:

Integration & Automation on Construction Projects
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Part 4. Construction Management

Cost Estimate

s Paper & pencil quantity survey

 Special sofiware performs quantity
survey on digitized drawings

Degree of Level 1 Level 2 Level 3
Technology Use
Characteristics No electronic tools -or- Specialized, stand-alone Integrated electronic wols
Commonty-used electronic toots electronic tools
Hand writicn data Data in electronic format Shared electronic data (e.g.
network)
Verbal or paper data transfer / Electronic data entered Single entry of data / re-cycling
little or no re-use of data pumerous times of data
Human to human Machine to machine
Proximity important to Proximity is irrelevant
information transfer
Example: * Unit prices from a book » Prices from stand-alone ditabase » Estimating software linked

electronically to CAD-based
quantity survey & supplier prices

¢ Data manually entered into
spreadsheet

* Enter data into estimating software

* Data automatically en(éred

Degree of Technology Use
D Task Dont] 1] 2131 N/A Comments
) Know
4.01  Develop the construction schedule O OooOog g
402 Track field work progress & laborcostcode [ [0 OO [0 O
charges
4.03  Maintain a daily-job diary O OO0 0
4.04  Update the current cost forecast O OoOog g
4.05 Keepall projectteam membersuptodateon [ [0 O O O
construction progress
4.06  Track the inventory of matcrials on site O ocoog O
4.07  Link field material managers to suppliers O ogo g
4.08  Develop shorttemm work schedulesbasedon [ [ [0 [0 O
Tabor, equipment, and material availability
4.09  Work crews submit and receive answers to O Ooo0og g
Requests for Information (RFT’s)
4.10  Builders provide feedback abouttheeffects [ [0 O O O
of design changes, made by owner or A/JE,
on cost and schedule
4.11  Communicate design changes to field O Ooogo o
personnel
412 Cc icate status of change orders to O OooOoog o
field
4.13  Update as-built drawings O OoOog g
4.14  Contractors submit requests for payiment O oo g
4.15  Transfer funds from owner’s account to O OoOog o
contractor
4.16  Describe the most beneficial technologies uscd in managing construction projects at your company:

Integration & Automation on Construction Projects
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Part 5. Construction Execution

Degree of Level 1 Level 2 Level 3
Technology Use
Characteristics Labor intensive, little Some mechanization Mechanization linked with
mechanization extemnal information
Human Machine assists human Human assists machine
Laborer Operator Technician
Example: « Manual placement » Human guides machine to lift it into ~ ® Machine linked to CAD model cuts
Hong sheet rock place and hangs with minimal assistance
Site preparation * Shovel * Grader * Grader linked to GPS
Degree of Technology Use
D Task Dont |1 ]2]3 N/A Comments
Know
5.01 Evaluate subsurface conditions O OoOog O
502 Carry out earthwork and grading O OoOog g
5.03 Construct rebar cages O Ogogo g
504 Weld pipes O OOoao O
5.05 . Select the a‘ppropfiate crane for heavy lifts O oog o
5.06 Provide an elevated work platform O oog O4d
5.07 Fabricate roof trusses O oono g
5.08 Manipulate and hang sheet rock O gogogo o
5.09 Acquire & record Iaboratory testinformation [1 T [O0O O
5.10 Finish concrete surfaces O ooogo g
5.11 Apply paint or coatings O Ooog o
5.12  Describe the most beneficial technologies used in executing construction projects at your company:

Integration & Automation on Construction Projects
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Part 6. Start-up, Operations & Maintenance

Degree of Levell Level 2 Level 3
Techaology Use
Characteristics Ne electronic tools -or- Specialized, stand-alone Integrated electronic tools
Commonly-used electronic tools electronic tools
Hand written data Data in electronic format Shared electronic data (e.g.
network)
Verbal or paper data transfer / Electronic data entered Single entry of data/ re-cycling
fittle or no re-usc of data numerous times of data
Human to human Machine to machine
Proximity important to Proximity is irrelevant
information transfer
Example: * Muintenance history in paper files » Maintenance history in database » Database from the job site
Maintenance Plan
* Manufacturer data in paper fles » Manufacturer data on disks & Manufacturer’s data from a web site
* Plan written on word processor « Plan kept in stand-alone database « Database linked to all operators.

Degree of Technology Use
1)) Task Don't {1 23| NA Comments
Know
6.01 Conduct pre-operations testing O ooo o
6.02 Train facility operators (e.g. 0 agco g
simulations, software)
6.03 Use as-built information in O Oogoo O
personnel training
6.04 Track & analyze the maintenance O ogog g
history of important equipment
6.05 Develop maintenance plans from g o0oog .
maintenance history data
6.06 Monitor & assess equipment O oo
operations
6.07 Facility operators request O ooOoo g
maintenance or modifications
6.08 Update as-built drawings in O ooo g
response to facility modifications
6.09 Monitor/track/control facility V O OooOoogo g
energy usage
6.10. Monitor environmental impact of O o000 o
facility operations (e.g. air / water
quality)
6.11 Describe the most beneficial technologies used in facility startup, operations, and maintenance at your
company
Integration & Automation on Construction Projects 61 Version 2.2
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Appendix E - Changes from Version 2.0 to 2.1

Change Description Page Reason
Added Cover Page -- Gives the package a professional
look
Added Purpose and Directions -- Responding to common questions
raised by participants
Moved Project Information to its own -- Separating respondent and project
page information relieves congestion
Added Company Size Question i Allows project performance
—  Owners ($ Annual Capital comparison
Budget)
— AJ/E’s & Contractors ($
Annual Sales Volume)
Added Project Name (optional) it Helps identify project if more data
is required at a later date
Added Project I.D. i Helps identify the project and
prevent duplication in the database
Added Project Location ii Allows check of sample diversity
Added “Multi-Unit Residential (mid-rise  ii Maintains consistency with
& high-rise)”’project type “office” categories
Changed “Medical” project type ii Eliminates some potential
To: “Hospital/Clinic” ambiguity
Added “Entertainment” project type ii Covers sports stadiums, theme
parks, etc.
Added “(please specify) and a line it Highlights the need for
following the “Other” category clarification
Added Operating Cost performance ii Finer analysis of performance
measure
Added Project Completion Date ii Shows whether data is complete
Added Actual Operations Start Date ii Finer analysis of performance
Added Safety Success performance ii Finer analysis of performance
measure
Added Stakeholder Success performance  ii Checks the potential for lopsided

measure

success across the project team
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Change

Description

Reason

Changed

Font size of project types to 10
point

Conserves space for additional
information

Added

Survey title, page number, and
version number to footer

Avoids confusion during follow-up
interviews

Changed

Font in the characterization table

to 9 point

Provides more room vertically and
horizontally on the page

Changéd

“Characterization”

To: “Characteristics” on the
second line of the characterization
table

N — N B LN =

Simplicity

Changed

Reformatted lines and arrows in
the characterization table

AN PRA W= AWV AW

Aesthetics/ preferences

Changed

“Hardcopy, “Floppy disk”,
“Network”

To: “Handwritten data”, “Data in
electronic format”, “Shared
electronic data (e.g. network)”

Sounds more professional

Deleted

“Human to machine”

N B W

No need to define the intermediate
level between “Human to human”
and “Machine to machine”

Changed

“’Give me a call’”, “’Bring me a
disk’”, “’The file is on the
network’”

To: “Verbal or paper data
transfer/ little or no re-use of
data”, “Electronic data entered
numerous times”, “Single entry of
data/ re-cycling of data”

N D WN =

Sounds more professional
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Change Description Page Reason
Deleted “Proximity is less important” 1-1, No need to define the intermediate
2-1, level between “Proximity
3-1, important” and “Proximity
4-1, irrelevant”
6-1
Deleted “Shovel”, “Power shovel”, 5-1 Fits better as an example tﬁan a
“Intelligent power shovel” from characteristic
characteristics
Added “Shovel”, Grader”, “Grader 5-1 Fits better as an example than a
linked to GPS™ as a “Site characteristic
preparation” example
Moved Moved the section title from the 1-1, Conserves space vertically on the
characterization table into the 2-1, page
header 3-1,
4-1,
5-1,
6-1
Deleted  “most beneficial technology” 1-1, Eliminates some redundancy
question 5-1
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Appendix F — Changes from Version 2.1 to 2.2

Change Description Page Reason

Added “How does the degree of technology use i Differentiates between best
on this project compare with other and average projects
projects your company has participated
in?

[] Typical [[] Advanced”

Added “Can a significant portion of the project ii Checks for possible
outcome be credited to (or blamed on) the external factors that may
use of technology? -have affected project
[J Yes [ ] No” outcome independent of

technology use

Changed  Operating Cost Performance responses: ii Clarity and
“[ ] Nominal” comprehensiveness
“["] Higher than anticipated”

To: “[”] A problem”
“["] Not a problem”

Added “Project Nature: ii Allows check of
[7 “Green Field’ correlation with degree of
[[] Renovation technology use
[] Expansion”

Changed  “If your process is more sophisticated 1-1, Gives respondent more
than Level 3, please briefly describe that ~ 2-1, flexibility
process” 3-1,

To: “Comments” 4-1,
5-1,
6-1
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Appendix G — Automation and Integration Technology Listing

Applicable Prime Benefit
Phase/Task 1. Productivity
2. Cost
' 1. Front End
Tec; D Technology 2. Design i gﬂ;ﬁme
3. Procurement 5' Safet y
4. Construction ) y
5. Startup/Comm
6. Maint./Ops
C Communications
C.1 Conventional (memo, phone, video All All
conferencing, E-mail)
C.2 Internet/intranet - -
C2.1 Project Websites 1,2,3,4,5 All
C22 Automated web-publishing All 1,2,3
C3 Large Bandwidth Data Transfer -- -
C3.1 ISDN, T1, Ethernet, Cable, Fiber- 1,2,3,4 All
Optic
C4 Wireless Communication - -
C4.l Radio, Cellular, Satellite All All
C.S5 Digital All 1,3,4
C.6 Electronic Data Interchange (EDI) All 1,2,3,4
C.7 Data transfer standards -- -
C.7.1 STEP 1,2,3,4 All
C72 International Alliance for 1,2,3,4 All
Interoperability (IAI)--Industry
Foundation Classes
H Hardware
H.1 Client-server All All
H.2 “Robust” technologies 4,6 1,2,3,4
H.3 Increased power and use of current All All
personal computing
HA4 Personal digital assistants (PDA) 4,5 1
H.S5 Global Position System (GPS) related 1,2,3,4
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Applicable Prime Benefit
Phase/Task 1. Productivity
2. Cost
1. Front End
Tech ID Technology 2. Design 3. Schedule
# 4. Quality
3. Procurement 5. Safet
4. Construction ) Y
5. Startup/Comm
6. Maint./Ops
H.6 Wireless devices All 1
H.6.1 Remote laptop linked to project 4 1,2,3,4
database and schedule
information
S Software
S.1 CAD -- --
S.2.1 2-D 2,3 1,4
S.2.2 3-D with no attribute database 2,3,4 1,4
$23 3-D with attribute database 2,3,4 1,3,4
S24 3-D linked to object-oriented All 1,2,3,4
knowledge
S.25 3-D with timed replay/linked with 2,3,4,5 All
schedule program
S.2.6 CAD compatibility and links with 2,3,4 All
suppliers
S.2.7 Compatible, CAD-based shop 3,4 All
drawings and submittals
S.2.8 User-defined CAD images 4,5,6 All
accessible at jobsite
S.3 Scheduling 2,3,4,5 All
S.4 Estimating/Costing All 2
S.5 Document Management Systems All 1,4
S.6 Middleware All All
S.7 Visualization Technologies All 2,3
S.7.1 On the Internet (VRML) - --
S.7.2 Virtual Reality - --
S$.7.3 Walk-thru -- --
S.8 Artificial Intelligence (AI) All 2,3,4
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Applicable Prime Benefit
Phase/Task 1. Productivity
2. Cost
1. Front End
Tech ID Technology 2. Design 3. Schedule
# 4. Quality
3. Procurement 5. Safet
4. Construction ) Y
5. Startup/Comm
6. Maint./Ops
S.9 Knowledge-based engineering (KBE) 1,2 2,3,4
S.10 Autonomous agents 1,2,3 1,2,3
D Data Structures
D.1 Data warehouses 3,6 1,3
D.2 Data marts 3,6 1,3
D3 Relational Databases, Relational All All
Database Management Systems
(RDBMS)
D4 Object-Oriented All All
Technologies/Databases
MS Modeling and Simulation
MS.1 Dumb organization chart vs. All All
organization chart linked to activity
model
MS.2 Simulation of technology All All
implementation (ABC-Sim)
WL Function Wish List
WL.1 Corporate/project lessons learned All All
databases. Project archiving.
WL.1.1 Non-existent - -
WL.1.2 Hard copy only -- --
WL.1.3 CD ROM-based -- --
WL.14 On intranet or network -- -
WL.1.5 Linked to other computerized -- --
knowledge bases (standards,
etc.)
WL.2 Intelligent P&ID’s -- --
WL.2.1 Conventional 2,3,4,5 Baseline
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Applicable Prime Benefit
Phase/Task 1. Productivity
2. Cost
1. Front End
Tech ID Technology 2. Design 3. Schedule
# 4. Quality
3. Procurement 5. Safet
4. Construction ) y
5. Startup/Comm
6. Maint./Ops
WL.2.2 Automated generation of equipment | 2,3,4,5,6 1,2,3,4
lists, instrument lists, piping line
lists
WL.2.3 Automated generation of systems 2,3,4,5 1,2,3,4
lists
WL.24 Tracks operating properties (flow 5,6 2,4,6
rates, temperatures, etc.)
WL.3 Automatic as-built data collection 4,5 2,4
and assessment
WL.4 Efficient Pipe design - —
WLA4.1 Automated routing/alternatives 2,4 1,2,3,4
assessment
WL4.2 Automated drawing 2,3,4 1,2,3,4
generation/automatic link to ‘
CAD
WLA4.3 Automated parts list/bill of 2,3,4 1,2,3,4
materials/cost estimates
generation
WL4.4 Electronic transfer of piping 2,3,4 1,2,3,4
drawings to pipe fabricator
WL.5 Electrical/instrumentation routing 2,4,6 1,2
WL.6 Structural steel design linked to CAD 2,3,4 1,2
WL.7 On-line package units catalogues 2,3 1
WL.8 Project specification system 2,3,4 1,4
WL.8.1 Dumb word processing only -- --
WL.8.2 Smart word processing with - -
identification of variables
WL.8.2 Smart database approach - -
WL.84 Smart linked-object approach -- --
WL.8.4.1 Linked to CAD -- -
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Applicable Prime Benefit
Phase/Task 1. Productivity
2. Cost
1. Front End
Tec:; 1D Technology 2. Design i gcu}:iime
3. Procurement 5' Safet Y
4. Construction ’ Y
5. Startup/Comm
6. Maint./Ops
WL.8.4.2 Linked to procurement system -- --
(bid tabs, PO’s, etc.)
WIL.8.4.3 - Linked to field QA/QC system - --
WL.9 Schedule management -- -
WL.9.1 All-manual, no CPM 1,2,3,4 1,2,3
WL.9.2 Computerized CPM 1,2,3,4 1,2,3
WL.9.3 With Resource loading 1,2,3,4 1,2,3
WL.9.4 With probabilistic time estimates 1,2,3,4 1,2,3
WL.9.5 Linked to cost tracking/control 1,2,3,4 1,2,3
WL.9.6 Linked to CAD 1,2,3,4 1,2,3
WL.9.7 Linked to organization chart 1,2,3,4 1,2,3
WL.10 Materials management -- --
WL.10.1 CAD with material take-off 2,3,4,6 1
capability
WL.10.2 Partial inventory computer database | 3,4,6 1,2,3
WL.10.3 Complete inventory database 3,4,6 1,2,3
WL.104 Field bar-coding of components 4,5,6 1,2,3
WL.11 Bid tabulation soliciting and generation | 2, 3,4 1,3,4
using EDI
WL.12 Purchase order transfer using EDI 3,4,6 1,2,34
WL.13 Fabrication expediting and statusing 3,4,6 1,2,34
using EDI
WL.14 QA/QC sampling—statistical process 2,3,4,6 4
control
WL.15 Real-time site configuration using CAD | 4 All
linked with schedule
WL.16 Instrumentation calibration and 4,5,6 4

documentation
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Applicable Prime Benefit
Phase/Task 1. Productivity
2. Cost
1. Front End
Tec; D Technology 2. Design z gculsiule
) 3. Procurement 5 Safet y
4. Construction ’ y
5. Startup/Comm
6. Maint./Ops
WL.17 Automated maintenance schedule 6 2,5
generation based on equipment
performance data
WL.18 Automated scale-back of operations 6 2,5
based on anomalous equipment
performance data
WL.19 Actual/real-time schedule -- --
determination/assessment
WL.19.1 Job diaries/daily progress reports 4 3
WL.19.2 % physical complete tracking 4,5,6 3
WL.20 Field labor tracking -- --
WL.20.1 Bar-coded worker ID’s 4,5,6 3,5
WL.20.2 Automated work-hour 2,4,5,6 3
trending/projection
WL.21 Heavy lift planning - --
WL.21.1 All manual 4,6 Baseline
WL.21.2 Automated crane selection 4,6 1
WL.21.3 Automated rigging design 4,6 1
WL.21.4 Automated lift simulation 2,4,6 1,5
WL.22 Operator training ’ -- -
WL.22.1 Manual approaches only Baseline
WL.22.2 Simulation-based 1,2,4
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Appendix H - Classification of Assessment Questions

Classification
Question L.
ID Description Task | Integration
Link

1.01 Conduct market analysis or need X |
analysis for a new facility

1.02 Develop, evaluate, and refine the X
project’s scope of work

1.03 Diagram the manufacturing process -or- X
the user’s processes (“bubble diagram”™)

1.04 Estimate a budget from the scope of X
work

1.05 Develop a milestone schedule from the X
scope of work

1.06 Acquire and store site investigation data X
for use during design

201 Designers access supplier information in X
order to select components

2.02 Get input from operators and builders X
regarding construction methods
selection, & construction sequencing

2.03 Analyze alternative construction X
methods for effects on cost, schedule,
etc.

2.04 Use conceptual design work as a basis X
for detailed design work

2.05 Generate facility floor plans X

2.06 | Design the fluid transport system (open X
channel or pipes) and related drawings

2.07 Design the structural system and related X
drawings
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Classification

Question L.
ID Description Task | Integration
Link

2.08 Design the electrical system and related X
drawings

2.09 Design the HVAC system and prepare X
related drawings

2.10 Document the assumptions used in X
developing the budget, and pass to the
next phase

2.11 Detect physical interference between X
systems (i.e. plumbing, electrical,
structural, etc.)

2.12 Prepare project specifications X

2.13 Check the design against owner X
requirements (e.g. design reviews) and

.| code requirements

2.14 Track design progress X

3.01 Determine the lead time required to X
order equipment and materials

3.02 Conduct a quantity survey of drawings X

3.03 Link quantity survey data to the cost X
estimating process

3.04 Link supplier cost quotes to the cost X
estimating process

3.05 Refine the preliminary budget estimate X

3.06 Develop the milestone schedule X

3.07 Develop and transmit requests for X
proposal to suppliers and subs

3.08 Prepare & submit shop drawings X

3.09 Acquire & review shop drawings; send X

response
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Classification

Question L.
ID Description Task | Integration
Link

3.10 Compile quotes from suppliers & subs X
into a bid or proposal package

3.11 Monitor the progress of fabricators X

3.12 Plan the transportation routes of large X
items from the fabricator to the job site

4.01 Develop the construction schedule X

4.02 Track field work progress & labor cost X
code charges

4.03 Maintain a daily job diary X

4.04 Update the current cost forecast X

4.05 Keep all project team members up to X
date on construction progress

4.06 Track the inventory of materials on site X

4.07 Link field material managers to X
suppliers

4.08 Develop short-term work schedules X
based on labor, equipment, and material
availability

4.09 Work crews submit and receive answers X
to Requests for Information (RFI’s)

4.10 Builders provide feedback about the X
effects of design changes, made by
owner or A/E, on cost and schedule

4.11 Communicate design changes to field X
personnel

4.12 Communicate status of change orders to X
field

4.13 Update as-built drawings X
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Classification

Question e
ID Description Task | Integration
Link
4.14 Contractors submit requests for payment X
4.15 Transfer funds from owner’s account to X
' contractor

5.01 Evaluate subsurface conditions X

5.02 Carry out earthwork and grading X

5.03 Construct rebar cages X

5.04 Weld pipes X

5.05 Select the appropriate crane for heavy X
lifts

5.06 Provide an elevated work platform

5.07 Fabricate roof trusses X

5.08 Manipulate and hang sheet rock X

5.09 Acquire & record laboratory test X
information

5.10 Finish concrete surfaces X

5.11 Apply paint or coatings X

6.01 Conduct pre-operations testing X

6.02 Train facility operators (e.g. simulations, X
software)

6.03 Use as-built information in personnel X
training

6.04 | Track & analyze the maintenance X
history of important equipment

6.05 Develop maintenance plans from X
maintenance history data

6.06 Monitor & assess equipment operations X
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Classification

Question L
ID Description Task | Integration
Link

6.07 Facility operators request maintenance X
or modifications

6.08 Update as-built drawings in response to X
facility modifications

6.09 Monitor/track/control facility energy X
usage

6.10 Monitor environmental impact of X

facility operations (e.g. air / water
quality)

109




Bibliography

Bradley, David. 1997. “The Challenge That Faces Us.” Automation and Robotics
for Construction Newsletter. 15 (Winter)

Chang, Lu-Maan and Li-Chung Chao. 1992. “Trend in Local Area Network
Utilization.” Journal of Management in Engineering. 8, no. 1 (January):
27-39

Chin et al. 1997. “Application of Object Technology to a Traffic Simulation
System.” Computing in Civil Engineering (Proceedings of the 4™ Congress
held in conjunction with A/E/C SYSTEMS®© 16-18 June): 41-48

Construction Industry Institute, The (CII). 1989. “CAD/CAE in the Construction
Industry.” Publication 8-3, (September)

Construction Industry Institute, The (CII). 1993. “EDI: Concepts and
Applications.” Publication 20-1. (February)

Construction Industry Institute, The (CI). 1993. “An Introduction to Integrated
Database Systems.” Publication 20-2. (February)

Construction Industry Institute, The (CII). 1993. “Achieving an Integrated Data
Environment: A Strategic Initiative.” Publication 20-3. (February)

Edmondson et al. 1997. “Silicon Valley on the Rhine.” Business Week.
(3 November): 162-166

Haas, Carl T. et al. 1995. “Robotics in Civil Engineering.” Microcomputers in
Civil Engineering, 10: 371-378

McKinney, Kathleen and Martin Fischer. 1997 “4D Analysis of Temporary
Support.” Computing in Civil Engineering (Proceedings of the 4"
Congress held in conjunction with A/E/C SYSTEMS®© 1997, 16-18 June):
470-476

McLeod, John. 1998. Project Success. The University of Texas at Austin

Norberg, Arthur, O’Neil, and Freedman. 1996. Transforming Computer
Technology. Johns Hopkins University Press

110



Novitski, B.J. 1988. “America's Best-Managed Firms: Changing the Face of
Practice with Digital Technologies.” Architectural Record. (June): 72

Phair, Matthew (?). 1991. “Minicomputers, PC’s Now Dominate the Market.”
Engineering News Record. (12 August): 17-18

. 1998. “Collaborative Systems Move Closer.” Engineering News
Record. (13 July)

Phair, Matthew and William Angelo. 1997. “Digital Demands.” Engineering
News Record. (24 March): 30-36

Post, Nadine M. 1997. “AIA Survey Confirms Trend toward Expanded Services.”
Engineering News Record. (26 May): 14

Setzer, Steven W. 1994. “Fast Computers Poised for Action.” Engineering News
Record. (31 January): 77

Thornbury, Katherine. 1998. “Industry Using Electronic Tools to Get the Job
Done.” The Business Journal Serving San José and Silicon Valley.
(16 February) :

111



Vita

Keith Allen Welch was born in Berlin, Vermont on January 23, 1970, the
son of Elizabeth Jane Welch and Reginald David Welch. After completing his
work at Montpelier High School, Montpelier, Vermont, in 1988, he entered Penn
State University in University Park, Pennsylvania. He received the degree of
Bachelor of Science from Penn State University in May, 1992. In February, 1993
he started his active duty service as an officer in the United States Air Force at
Eglin Air Force Base, Florida. In August, 1997, he entered The Graduate School

at the University of Texas.

Permanent address: 3809 Spicewood Springs Rd. #117
: Austin, TX 78759

This thesis was typed by the author.

112



