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ABSTRACT

The main objective of this paper is to present the
capabilities of an academic research computer tool
for supporting the VE evaluation process. This paper
begins with a description of how the AEC industry
uses computers. It continues to describe two types of
fragmentation affecting the industry. It then
discusses the advantages of using emerging computer
technologies to support VE studies. Next, it focuses
on its main objective -— the proof-of-concept
computer program. Finally, it concludes with a list of
current and future research work extensions.

INTRODUCTION

A recent survey conducted by Engineering News
Record (ENR) states that the Architecture-
Engineering-Construction ~ (AEC) mdustry is
increasing its usage of computer technologies'. The
AEC industry, in general, is not using the full
potential of these powerful computer technologies.
The reason for this under-utilization is the means by
which the AEC industry is exchanging project
information. Except for a few cases, AEC firms are
using computers merely as an efficient way of
producing paper drawings and specifications’.
Computers allow designers to produce large design
drawings very quickly as compared to the traditional
pencil, paper, and drafting board method. However,
because of the capabilities afforded by computer-
aided design packages, designers sometimes plot an
unreasonable number of layers into a single paper
drawing. This undesirable practice often results in
unreadable drawings, which in tum leads to
misinterpretations, omissions, rework, increased
project life cycle costs, decreased productivity, and
decreased project performance Clearly, a different
method of exchanging project information is
necessary.  The increasing usage of computer
technologies by AEC firms allows for the possibility
of exchanging project information by electronic
methods instead of through paper methods.

Twenty-four VE consultants operating in the U.S.
construction sector and listed in the Society of
American Value Engineers (SAVE) directory
recently participated in a survey conducted by several
universities in England. The results of this survey
states VE in the U.S. is most usually applied at the
35% schematic design stage using an extemal VE
study team in lieu of the original design team®. This
common practice necessitates the exchange of project
information between the original design team and the
external VE study team. The VE team typically
receives a paper copy of the 35% design drawings

and specifications from the design firms. This paper-
based project information exchange can also lead to
misinterpretations that cause detrimental effects to
the performance of the VE study.

This paper describes the advantages of using
emerging computer technologies to support VE
studies. The National Science Foundation provided a
research grant to Florida Gulf Coast University and
Virginia Tech to develop a technique for
Constructability Review and Evaluation for
Workgroups (CREW).  This paper details the
capabilities of a proof-of-concept computer program
resulting from the aforementioned research grant.
Finally, this paper concludes with a list of current and
future research work to the CREW research project.

INTEGRATION THROUGH
COMPUTER TECHNOLOGIES

Computer technologies can mitigate the negative
effects of two types of fragmentation affecting the
AEC industry in general, and VE studies in
particular. Fragmentation occurs in two types —
geographical and temporal. Geographical
fragmentation refers to the fact that the various
participants for a specific project or study hold office
spaces in different locations. These offices can be as
close as the next room in the same building, or as far
away as the other side of the world. Temporal
fragmentation refers to the fact that the wvarious
project or study participants perform their assigned
tasks at different times. These time differences could
be as little as several hours, as in the case of the
original design team working in the U.S. West Coast
and the VE study team working in the U.S. East
Coast. In an extreme case, these time differences
could also .be as long as several months or years.
One example of very long temporal fragmentation is
the case where the design team works on designing
the project this year and the construction team works
on constructing the project next year. Long temporal
fragmentation can also occur in VE studies. A VE
study team typically comes up with several VE
recommendations at 35% design. Towards the end of
the design stage, people who are interested in the VE
savings, such as facility managers and funding
agencies, may ask the VE study team specific
questions about their VE study. Computer
technologies can mitigate the effects of geographical
and temporal fragmentation and support integration.

Telephones and facsimile machines allow people
to communicate with each other across vast
distances. These technologies are already a
necessary part of the AEC business environment.
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The increasing use of computers in AEC firms allows
their people to use new methods of communicating
with others. Examples of these computer-based
technologies are electronic mail messaging, text-
based bulletin boards, desktop video conferencing,
and concurrent-use graphical whiteboards.

Electronic mail allows workers to send text
messages to other workers. It offers the advantages
of being a less costly alternative to long-distance
telephone calls, international telephone calls, and
traditional mail services. However, it has the minor
disadvantage of not receiving instantaneous
responses from the other party.

Text-based bulletin boards or newsgroups allow
people to post a message to a central repository
accessible to anybody. Other people reading
messages stored in this central repository can also
reply and contribute to the various on-going
discussions. These bulletin boards or newsgroups
mitigate geographical fragmentation through its
worldwide accessibility. Contributors to a particular
discussion can be physically located in various parts
of the world.

Desktop video conferencing allows people to see
on a computer display the people they are talking to
without physically meeting them. Desktop video
conferencing gives the advantage of allowing people
to use visual aids while conversing with others.
Video provides a means by which people may
converse as if they are in the same room, although, in
reality, they are in various sites all over the world.

Concurrent-use graphical whiteboards offer the
greatest possibility for collaboration between people
separated geographically. People can write, draw,
and place images onto these whiteboards. Changes
that a person makes to the whiteboard are
instantaneously shown on the computer displays of
the other people involved in the whiteboard
conference.  These instantaneous updates allow
several people separated geographically to work
concurrently on a single project as if they are together
in the same room.

Computer technologies also support the mitigation
of the temporal fragmentation inherent in both AEC
projects and VE studies. For AEC projects, rationale
generated during one phase of a project typically
become implicit in the transition to the next phase.
Rationale is the reasons behind the decisions made
for a particular phase of a project. For example,
design rationale is the reasons behind the various
design decisions leading to the final design of the

project.  This collection of design reasoning is
mmplicit in the design drawings and specifications
typically passed on to the construction team. If the
construction team has questions regarding a
particularly confusing aspect of the drawings and
specifications, they would have to ask the designers
about the original rationale behind the design.
Typically, these questions arise several months after
the designers already completed their design. As
such, the designer’s recollection of the original
rationale may not be as accurate as when they were
originally developing their design. The storage of
rationale in a computerized format allows for a
permanent record accessible to the various project
participants for the entire life cycle of the facility’.

The same is true for VE studies. The various VE
study team members generate VE rationale behind
their VE recommendations. The generated VE
rationale becomes implicit in the VE study report
produced by the participants. Various people, such
as those involved with funding agencies, may require
clarification regarding the VE recommendations.
However, these clarification requests usually come
several months after the VE study. As such, the VE
team’s recollection of the original rationale may not
be as accurate as when they were originally
conducting their VE study. Thus, computerized
storage of VE rationale mitigates the temporal
fragmentation problem of VE studies.

COMPUTER TOOLS FOR
COLLABORATIVE VISUAL VE

One of the by-products of the CREW research
project is a proof-of-concept computer application
that supports the VE evaluation process. The CREW
computer program is an academic research tool. It is
not a commercial computer program. One possible
extension to the CREW research project is to perform
technology transfer activities. The purpose of these
activities 1is to transform the computer program from
an academic tool to a commercial computer program.

The CREW program was developed on the SGI
platform using the IRIX operating system. The
CREW program is also an add-on module to Jacobus
Technology’s PlantSpace Vista application. Figure 1
shows the architecture of the CREW program.

The SGI platform together with its accompanying
IRIX operating system has built-in whiteboard, video
conferencing, and telnet capabilities. The previous
section discussed briefly whiteboard and video
conferencing technologies.  The built-in telnet
support within the IRIX operating system allows
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multiple users to execute computer applications as
processes of a different workstation and display the
applications’ user interface in their own terminal
monitor. The CREW program uses a central database
residing physically on a single SGI workstation.
Multiple users, each on a different SGI workstation,
access this central database through telnet.

Figure 1. CREW Application Architecture

The PlantSpace Vista application integrates
graphical model data, such as drawing files from
commercial CAD packages, with non-graphical
model data, such as from relational and scheduling
databases.  Graphical data refers to lines, arcs,
cylinders, cubes, and other entities representing
model elements such as beams, pipes, and ducts.
Non-graphical data refers to text data associated with
the various model elements. Examples of non-
graphical data are material type, construction cost,
and required installation date. The PlantSpace Vista
application also provides advanced visualization
capabilities, such as displaying the non-graphical data
associated with a specific graphical element and
highlighting graphical elements satisfying a query
based on non-graphical data.

The CREW program requires these integration
and visualization capabilities. ~CREW integrates
design rationale, VE criteria and user evaluations to
various graphical elements. CREW also uses the

visualization capabilities of PlantSpace Vista to aid in
the VE evaluation process.

The CREW program is a multi-user capable
application. Several users can access a single CREW
database concurrently. CREW reflects any changes
made by a single user to the displays of the other
users currently accessing the same database.

CREW consists of four “managers” — User
Manager, Task Manager, Criteria Manager, and
Alternative Manager. Each of these managers
handles a specific non-graphical data type embedded
in CREW. Figure 2 shows how these managers
interact with each other in the VE evaluation process.

CREW allows several users to rate the criteria and
alternatives for specific VE tasks. The User Manager
handles the storage and retrieval of the information
specific to each of the numerous users involved in a
project. Each user has varying preferences regarding
the relative importance of the various criteria used to
evaluate speculated alternatives. Further, users also
have different preferences regarding the soundness of
the speculated alternatives with respect to the
evaluation criteria. CREW combines all of these user
preferences to come up with a consensus vote as to
which alternative is the most desirable.

A single project might have several tasks slated
for VE evaluation. For example, a new school
building project might have the following VE tasks:
determining the best location for the new building,
selecting the best layout arrangement for the various
spaces, and specifying the material brand for the
exterior windows. The Task Manager allows users to
define these tasks. Figure 2 shows that each VE task
requires a set of criteria and alternatives.
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Figure 2. CREW Managers
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The Criteria Manager handles sets of criteria used
for evaluating the speculated VE alternatives for a
particular VE task. A task (e.g., Window Material)
can have several criteria (e.g., Thermal Resistance
and Life Cycle Cost). Further, a criterion (e.g., Site
Terrain) can refer to only one task (e.g., Building
Location).

The Criteria Manager also allows users to define
the relative importance of the various criteria with
respect to a specific task. CREW uses a pair-wise
comparison between the various criteria.  This
approach is similar to the methods used by
others®™®’.

CREW uses seven different ratings for specifying
a criterion’s relative importance. These ratings
together with their numerical equivalent are is
strongly preferred over(7), is preferred over(6), is
slightly preferred(5), is about equal in preference
to(4), is slightly undesirable compared to(3), is
undesirable compared to(2), and is strongly
undesirable compared to(1). The program pairs
these ratings values with an associated inverse rating
value. The ratings is strongly preferred over, is
preferred over, and is slightly preferred over have the
inverse ratings is strongly undesirable compared to,
is undesirable compared to, and is slightly
undesirable compared to, respectively. To illustrate,
if the criteria Proximity to Other Facilities is
preferred over the criteria Site Terrain, then Site
Terrain is undesirable compared to Proximity to
Other Facilities.

CREW uses the numerical equivalents of the
various criteria comparison ratings to calculate a
criterion’s relative importance. For example, a user
defines the following list of criteria comparisons:

e Number of Stories is undesirable compared to
Proximity to Other Facilities

e Number of Stories is slightly preferred over Site
Terrain

e Proximity to Other Facilities is preferred over
Site Terrain

Each of the above criteria comparisons have their

own inverse criteria comparisons. These
comparisons result in the following value
assignments:

e Number of Stories gets 2 with respect to
Proximity to Other Facilities

e Number of Stories gets 5 with respect to Site
Terrain

e Proximity to Other Facilities gets 6 with respect
to Number of Stories

¢ Proximity to Other Facilities gets 6 with respect
to Site Terrain

e Site Terrain gets 3 with respect to Number of
Stories

e  Site Terrain gets 2 with respect to Proximity to
Other Facilities

Adding all the values assigned to each of the three
criteria gives:
e Number of Stories has a total of 7
e  Proximity to Other Facilities has a total of 12
*  Site Terrain has a total of 5

Normalizing these values so that the most preferred

criteria gets a value of 1.00 gives:

e Number of Stories has a normalized valie of
7/12 =0.58

e Proximity to Other Facilities has a normalized
value of 12/12 = 1.00

e Site Terrain has a normalized value of 5/12 =
0.42

These calculated values are the Personal Criteria
Ratings for that user. The Criteria Manager handles
two sets of ratings. Workgroup Criteria Ratings
show the consensus of the workgroup with respect to
criteria importance, while Personal Criteria Ratings
show the criteria preferences given by a specific user.
Personal Criteria Ratings usually differ from
Workgroup Criteria Ratings. Each user managed by
the User Manager has exactly one vote in the
Workgroup Criteria Ratings. The Workgroup
Criteria Ratings are the averages of the various
Personal Criteria Ratings.

A criterion can also have several sub-criteria,
which, in turn, can also have sub-criteria, and so on
hierarchically. The capability to have sub-criteria
allows users to group together related sub-criteria
into a single evaluation criterion. For example, a
criterion Proximity to Other Facilities can have two
sub-criteria, Near to Academic Buildings and Far
from Athletic Buildings. Users can then weigh the
relative importance between the sub-criteria.

The Alternative Manager handles the analysis of
a set of alternatives to determine the best alternative
for a particular VE task. Similar to the task-criteria
relationship, a task (e.g., Building Location) can have
several alternatives (e.g., Site A, Site B), while an
alternative (e.g., Brand Name 1) can refer to only one
task (e.g., Window Material).

The Alternative Editor allows users to rate the
alternatives based on the evaluation criteria







