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ABSTRACT

A research and development grant was awarded to the Graduate School of the
College of Architecture at the University of Houston by a Texas-based
building and construction corporation to study the integration of computer
aided design into the building process. A team of University faculty and
graduate students studied the organization of the firm with respect to
functions that could be automated. Tts determination was that by utilizing
an integrated data base, with information to be extracted from the computer
generated drawings, the entire process of bidding and building a structure
could be made more efficient and more cost effective. The research team
designed a system in which cost estimating could be done directly from the
drawings. As drawings were modified, new reports could be automatically
generated. In addition, once plans were drawn, a program written by
students would automatically generate elevations of wall panels to be sent
to the construction department for its use, and it would alsc generate
material reports. The project manager determined that the productivity of
a project more than doubled in the first two months after the system was

implemented.
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SOMMAIRE

Une entreprise de construction texane a offert au centre de recherche de
1'€cole d'Architecture de 1'Université de Houston, une bourse de recherche
et de d€veloppement pour €tudier 1'intégration du dessin assist€ par
ordinateur ¥ 1'acte de b3tir. Une €quipe d'enseignants et d'€tudiants ont
analysé 1'organisation de cette entreprise en vue d'automatiser certaines
fonctions. Sa conclusion est qu'en utilisant une base de donnfes
intégrées, oll les informations sont tirfes directement des dessins générés
par l'ordinateur, la fagon d'estimer les cButs et de construire un batiment
serait plus efficace et plus &conomique. L'équipe de recherche a eongu un
systéme ol 1'estimation du cBut peut Btre faite directment d'apr2s les
plans, Si ces plans venaient 3 €tre modifi€s, une nouvelle estimation est
automatiquement produite. De plus, une fois les plans dessing€s, un
programme congu par les Etudiants génfre automatiguement les €18&vations
nécessaires au département de construction pour €laborer les panneaux
mureaux ainsi qu'un Btat des mat@riaux utilis€s. Le directeur de projet a
déterminé que la rentabilit® d'un projet avait plus que doubl® dans les
deux premiers mois qui ont suivis 1'installation du syst2me.
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INTRODUCTION

It has been estimated that in the AEC industry, slightly less than 20
percent of automation budgets are spent on computer software, as opposed to
more mature markets, in which about one-third is spent on software. Buying
existing architecture, engineering, and construction (AEC) software has
been a difficult task, because of lack of availability and problems with
integrating existing software packages. Though availability of suitable
software is inecreasing, practitioners have often had to settle for
third-party software which is less costly and less time-consuming than
developing their own. [1,2] To have the skills to modify and enhance
existing computer software in today's world is an asset to a new graduate
as well as te the profession which he enters,

Taking advantage of its location in a large urban area, some members of the
faculty of the College of Architecture at the University of Housten have
turned to area practices to examine and assess how the computer is being
used. Historically, the Harvard University business faculty was set up in
1919 as an alternative to the apprenticeship method of teaching, and it was
here that the case methed of teaching emerged. Recently, there has been
considerable attention given to the case method in other disciplines
including architecture, [3] As an additional teaching strategy, the idea
is to use a concrete experience for facilitating the testing of concepts by
students, teachers, researchers, and practitioners of diverse disciplines.

As a form of case study, students in the computer program at the University
of Houston College of Architecture sought to study how firms integrated the
computer into various aspects of the AEC practice. The experience of
analyzing the capabilities of an existing computer aided design and
drafting (CADD) package and modifying it to better the product for a
particular application was felt to be a valuable exercise. As an applied
research and problem-solving activity, it forces the student to be aware of
how the design process is approached, be it manually or otherwise. This
examination was also perceived to be a worthwhile skill for the graduate to
take into practice.

PROJECT BACKGROUND

A unique set of circumstances presented itself to provide interesting
exploration of the computer in the architectural, engineering and
construction (AEC) industry from the standpoint of practice as well as that
of education. Located in Austin, Texas, one of the fastest growing cities
in the U3, are the corporate headquarters of Nash Phillips/Copus, Inc., the
largest privately owned homebuilding company in the U,S5. Some one hundred
and fifty miles east of Austin is the University Park location of the
University of Houston, a major urban university dedicated to creating a
computer-intensive environment for all its students. Its College of
Architecture institituted a computer program in September 1983.

In its forty years of existence, the homebuilding firm has opened offices
in eight cities, and as part of its expanszion plans, it is pursuing
locations in seven additional cities. The firm has the full scope of AEC
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activities. Its realty department locates land and works with the
architecture and planning department to determine its fate. Werking in
concert with the engineering department, the architects study design
solutions and produce drawings that are forwarded to the construction
department, which is owned by the firm. The realty department then markets
the properties.

In the fall of 1983, the firm's data processing manager made the decision
that the architecture and planning department could benefit from a CADD
system. With 1984 revenues exceeding $400 million, and a goal of over $500
million the following year, the firm had projected it must build aver 5,000
units in 1985. Its management hoped that by automating the design process,
the ambitious production rate could be met. [4,5]

Meanwhile, the College of Architecture at the University of Houston had
obtained, through a research and development grant from Prime Computer,
Ine., a 32-bit minicomputer with CADD software that had been developed for
mechanical engineering. The vendor was seeking assistance in enhancing the
software for architectural applications., Seizing this as a means to get
started with CADD, the College viewed the venture as an opportunity not
only to provide a meaningful set of learning experiences, but also to
engage in research activities.

CADD SYSTEM TAILORED TO ARCHITECTURE DEPARTMENT

In the spring and summer of 1984, a small group of graduate students worked
with the architectural planning department of the homebuilding firm to
maximize the efficiency of the CADD package in the design and drafting
phase of its use. Initially, exercises ranged from the creation of
libraries of symbols toe the writing of macro commands, By the linking
together of existing commands of the program language, the user was given
the capability to achieve, with a single command, a task which previously
required a series of several commands.

As is common in CADD, as well as other applications now, the system in use
by this group is one driven by a menu which offers a selection of commands
by probing a tablet as opposed to, or in addition to, typing the commands
at a keyboard. As the students familiarized themselves with the
capabilities of the program, they analyzed the standard menu with respect
to adjacencies and functionalities.

At an even deeper level, the students assessed the menu with respect to
naming conventions, layering conventions, intelligent line and text types,
system defaults, and attributes which could lead to extraction of
information from the drawings for other purposes. A new menu was designed
by student Ross Davis. Davis also wrote a manual for the documentation of
the menu and the training of new system users. By the end of its first
year, the firm had aequired three more workstations and had traded its
computer for one with more processing power,

Anthony Salvaggio, head of the NPC Architectural CAD System, said that "the
revised menu is much more efficient for users within the firm, and its use
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has yielded a greater productivity within the architectural planning
department. With the better adjacencies of commands on the menu, as well
as the incorperation of the macro commands and line-type and layering
conventions, the CADD productivity of the department has at least doubled.”

CADD SYSTEM OFFERED EXPANDED CAPABILITIES

For the homebuilding firm, the story was just beginning. For the students,
an awareness of the total AEC process was being realized. The implications
of using the computer in the integration of that process were signficant.
Members of the building industry agree that purchasing and estimating are
emerging as important computer applications. The major benefits are
derived from linking together the many activities and information from
estimating right on through to site management. [6,7,8]

Much attention has been given recently to comparison of microcomputer
versus minicomputer use in an architectural practice, These students had
been encouraged to compare the systems and to be aware of the benefits and
limitations of each. Many factors make the microcomputer attractive, not
the least of which is purchase price., Not only is hardware more powerful
and less expensive, but software costs are finally beginning to decrease.
In the case of CADD, it's very much an issue of supply and demand. When
architects could not afford the cost of graphic hardware, little software
was being written to meet their needs, What was available then was in
little demand and was thus expensive. With more architects now using
microcomputers, the software developers can sell more application packages,
such as CADD, at a lower cost and yet reap the same dollars in return.

As a teaching tool, the benefits of microcomputer CADD are many. At a
lower cost than with larger systems, students can learn CADD concepts.

More systems can be available for the same dollars, and thus the use of the
tool is more widespread in student activities. With proper attention to
the design process, the computer can be used as a tool to explore spatial
implications of a design decision and to compare alternative solutions, not
only aesthetically but now also practically. But in a practice where large
quantities of information must be assimilated, the use of larger machines
which allow for the complete integration of software is important. [9]

During the selection process of the CADD system by the homebuilding firm, a
number of factors had been considered, not the least of which was the need
for a system with strong data base capabilities. [10,11] In the world of
CADD, this means that non-graphic, or alphanumeric, attributes can be
associated with the graphies. Information collected from the drawing
automatically rather than manually can be processed for a myriad of uses,
Reports can be generated. Analyses of data can be run,

Realizing the potential for tremendous productivity gains throughout NPC,
the data processing manager used this feature as well as the system's
modelling capabilities to justify his decision to purchase the Prime/Medusa
system, In studying the automation of the firm, the students were able to
appreciate from first-hand experience the capabilities of the mini-based
system as utilized by this firm in the building process.
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DATA BASE EXTRACTION UTILIZED

Students engaged in comparing functicnalities of various systems became
fascinated by the degree to which the CADD system could be used in a
complex organization such as the AEC firm whose operations they were
studying. One group, consisting of Robert Delgado, Subhas Mazumdar, Mark
Kindrachuk, and Paul Saphos, worked with the data processing department to
build links to the accounting department so that a cost analysis could be
made directly from the drawings. They observed that, by existing
procedure, drawings were delivered to the estimation department which was
in a different building. There an estimator went through the drawing, room
by room, and made a list of materials that would be used. Plans were also
sent to contractors, such as electricians and plumbers, for bids.

Students worked with the architectural department and the estimating
department to determine methods for information retrieval. One method was
to attach attributes te the previously built libraries of symbols,
Transparent to the designer, when a door symbol, for example, is placed on
the drawing, a non-graphic code is incorporated into the data base of the
drawing file. The sheet is then scanned for codes and other pertinent
information. Reports can then be generated using information retrieved
from the drawing.

The research team, with Anthony Salvaggio of NPC, wrote programs to
generate such reports as a listing of room information and a list of all
materials needed for the construction as designed. Linking this output to
the estimating department provided a basis by which vendors could be
accessed and cost analysis performed. It then tied in by computer to the
accounting department, in yet another location, which kept current cost
information, and which used the data for job scheduling. Whereas it
previously took about four weeks to fully estimate the cost of a large
project, the job was done in a matter of hours. [4]

Another aspect of the total AEC process which the students observed was the
way in which the construction department operated. Once again, drawings
were delivered manually to a different location where wall panels were laid
out by hand. The drawings were then passed on the the plant where the
panels are assembled and then delivered to the construction site. Why not,
the students and practitioners determined, apply the same technique of data
base extraction to offer a simplification and clarification of the job for
the construction department.

After the estimation department determined exactly what materials were to
be used, code numbers of parts selected were fed back to the drawing file.
The research team then wrote a program for the automatic generation of wall
panel drawings. A powerful feature of the CADD system was a programming
tool which allows for decision-making withing the CADD software. The
program produced read through the contents of the drawing file and
determined where openings and intersections occured. It then located the
length and location of the wall panel and determined how the panel was to
be laid out.
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From information input from job specifications, such as the size of studs
and their spacing, plans of the wall panels were produced for transmission
to the wall panel plant, A wall panel layer of the base floor plan drawing
was automatically generated,

Each wall panel was drawn and annotated with information such as exact
length of panel, stud spacing, and location of openings and intersections,
Information was also given such as the length of cripples needed per panel
and spacing of the sheathing with respeect to each stud. In addition,
stacking information was obtained to aid in the loading of trucks to insure
less damage and more job-site convenience, Reports indicated to the
construction department exactly what building materials were needed per
panel, and these materials were then automatically subtracted from the
plant's inventory.

A second part of the wall panel program extracted data from the same base
of information, loaded it to a new program and produced a drawing of the
elevation of the wall panel. A simple macro file written within the CADD
program set buffers that allow the user to load the data and run the
program, Thus, sitting at the terminal miles down the road from the
architectural and accounting departments of the firm, the construction
manager could simply sit back at his CADD station, probe the digitizing
menu four times, and obserwve as the wall panels were automatically drawn in
elevation. A hard copy taken off the display screen was sent to the field.
The wall panel was assembled, loaded onto the flatbed truck, and taken to
the building site.

MODELLING SYSTEM STUDIED

Finally, one member of the research team, Mark Jacob, explored modelling
techniques available on the system. He created traditional
three-dimensicnal symbols that were used often in order to decrease drawing
and modelling times. He compared the wire, surface, and solid modelling
capabilities of the system in terms of time needed for the user to create
the model, for the computer to generate the model, and for file size. The
length of time for the user to input the information needed for creating
the model was virtually the same for all three techniques. The surface
model took 25% longer to generate than did the wire model, and the solid
model took 50% longer than the wire model. Repeated tests showed that the
wire model had the smallest model file size but the largest sheet file.
The solid and shell models had approximately the same model file size but
the surface model had a smaller drawing file size,

Jacob made recommendations to the firm as to how it might best utilize this
capability of the system for client presentations. These techniques are
being utilized to aid an in-house artist in the ecreation of perspective
renderings. A member of the architectural department inputs the
information for the computer to generate a surface model of the building.
The artist can then view the building from a variety of orientations and
select a perspective view to be plotted. Using the plot as a basis, he
then renders the drawing for presentation to the clients.
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CONCLUSION

The opportunities provided by this venture were invaluable to the students
involved. Not only were their problem solving skills strengthened, but
they also had the opportunity to learn more about the computer and how it
might be utilized in a number of areas within the AEC industry. Benefits
to the homebuilding firm were realized as well., Its management team
believes the firm was able to move toward integration of automation more
quickly and effectively as a result of the joint project.

57




REFERENCES

[11

al

[31

(4]

5]

[6]

[71

(8l

9l

[10]

[111

Kennedy, Keith, The American Way, Building, pp. 57-58, (28 September
1984).

Teichelz, Erie, AEC Software: Get Outside Help or Grow Your Own,
Computer Graphics Today, pp. 22-23, (August 1985).

McBride, Jacquelin 5., The Case Method in Architecture Education,
Journal of Architectural Education, 37, (4) pp. 10-11, (Spring and
Summer 1984),

Eckel, Richard, CAD Systems Help Builders Cope with Housing Boom,
Outleok, pp. 5-10, (March/April 1985).

Jordani, David A., CADD Success or Failure Depends on Management,
Computer Graphics Teday, pp. 15-16, August 1985,

Cornwall, Roger, Managing Computers in Construction, Building, p. 77,
(15 March 1985).

Pinsky, Paul, Built on Experience, Building, p. 50, (28 September
1984).

Pittman, Jon H., Huebner, Nathan D., and Atwood, Charles L., |
Computers: Another View on Desirable Size, Architectural Record, p. |
33, (January 1985).

Pittman, Jon H., Huebner, MNathan D., and Atwood, Charles L.,
Computers: Size Can Mean Efficiency, Architectural Record, p. 31,
(February 1985).

Davis, Gordon L., Four Basic Guidelines Essential to CAD/CAM Success,
Computer Graphics Teday, 2, (3/4), pp. 31-34, (March/April 1985).

Orr, Joel N., Know About Data-Base Needs Before Buying, Computer
Graphies Today, 2, (3/4), pp. 9,36, (March/April 1985). |

58

Towards an integrated C.A.D. for building projects
Bertrand Delcambre

Centre Scientifique et Technique du Bitiment (C.5.T.B.)
Etablissement de Sophia Antipolis
BoIte Postale 21
06562 VALBONNE CEDEX, FRANCE

KEY WORDS :
C.A.D., Compatibility, Softwares
Summary :

Under the term Computer—Aided Design, a wide range of products, corres-—
ponding to varied purposes and means, are available today for the practicers
in the building field : from common two dimensional Computer-Aided Drawing
systems to full three-dimensional Computer-Aided Design systems which are
generally derived from tools developed for other applicatioms. Wathever the
approach may be, these products show limitations from the building C.A.D.
point of view : since they are not based on the same description of the
objects, the proposed softwares are inconsistent with each other and require
either tedious and manifold data acquisitions or too numerous interfaces.

In fact, the problem of incoherent information from different and unlinked
sources has not been solved up to now by these tools which use a specific
and partial representation of the building project still the relationship
between the various practicers involved in the construction act stands
typically in the building project : drawings and documents. The PROJet
Informatique du BATiment (PROJIBAT), proposed by C.8.T.B., is a part of the
French programme named INPROBAT, and will be developed around a computerized
graphical and technical representation structure of a building project.
PROJIBAT achievement will allow information transfer between the various
practicers in the field and at the various stages during the building design
process. Handling of data required by the softwares will be partially managed;
at most n interfaces for n softwares. A preliminary prototype applied to
energy and structure calculations illustrates the approach and the benefits
of PROJIBAT.
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