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I might start off by saying that a great deal
of what | was going to say has already been
said, but I’ll have to repeat some of it just the
same.

First, | want to make a few general observa-
tions. | don’t know of any new or revolutionary
materials that are being used now or are imme-
diately in sight, unless the space industry comes
up with some surprises.

That depends, of course, on what is meant by
“new” and “revolutionary.” Some people
might consider that some things | want to talk
about are new and revolutionary, but to me
they are not. They’'re in the evolutionary stage.
They may have been considered new and revo-
lutionary fifteen, twenty, twenty-five years ago.
They are now going through the stages that ev-
ery new material has gone through, the long,
slow process of development and acceptance by
the industry.

Masonite took about twenty-five years to be-
come a broadly accepted commodity. Gypsum
board is another instance. Even portland-ce-
ment concrete had to go through a long period
before it was generally accepted. That's been
true of building materials right down the line,
and it’s true of the materials we're talking
about today.

We can’t discuss all materias. I’'m going to
concentrate as a case on the new group of ma-
terials and composites based on polymers. |
might review, however, very quickly some of
the older types of materias.

We have structural, nonstructural and auxil-
iary materials: Structural being those that carry
loads, including steel, concrete, timber, ma-
sonry; nonstructural, such as flooring and insula-
tion; and auxiliaries, those materials such as
adhesives, sealants and coatings, which are used
in conjunction with other materials and may
not be seen at al. There are developments in all
of them but they are not particularly revolution-
ary.

Another classification of materials is non-me-
tallic, metallic, organic, wastes and byproducts.

Developments are occurring in all of them but
none really revolutionary. There is one area,
however, in which a great deal can be done,
and in which there are real opportunities, and
that’s in waste and byproducts. We're tearing
our cities down and having a terrible time try-
ing to find out what to do with the rubble. We
ought to be doing a great deal more to deter-
mine how we can reuse that rubble rather than
throw it away and bury it somewhere. That's a
tremendous challenge.

Byproducts are another great challenge. If
and when we ever solve the sulphur-dioxide
emissions problem, we' re going to have millions
of tons of sulphur in one form or another, and
what are we going to do with it? Byproduct
gypsum is one possibility, for example, and
there are many others. Sulphur can make a
very good concrete. It can also make a very
good road building material. There are many
wastes and byproducts, obviously, in which we
ought to be doing a great deal more than we
are, agricultural wastes, for example.

The wood industry has gone along way.
What used to be considered wood waste and
was just burned because we didn’t know what
else to do with it now goes into chipboard, a
very valuable product. We're using waste spe-
cies we never had any use for before, making
them into strandboard and other boards, valu-
able products. These boards were made possible
by the advent of the high-strength synthetic ad-
hesives. This introduces the field of combined
materials, or composites, the subject I'd like to
concentrate on.

What types of composites do we have? I'd
like to put them into three principal classes:
particulate, in which particles are embedded in
a matrix; fibrous, or fibers embedded in a ma-
trix; and laminar, composed of sheet materials,
bonded together and possibly impregnated. Un-
der laminar, is the special subclass of sand-
wiches.

The most important particulate building ma-
terial is Portland-cement concrete, It has its
limitations, and by adding polymeric materials,
we can come up with some rather striking im-
provements.



The first approach is to impregnate standard
concrete with perhaps five to eight percent of a
material such as acrylic, to produce a three to
fourfold increase in compressive strength. Going
from 5,000 to 20,000 pounds per square inch
has not been unusual. Hardness also goes up, as
does resistance to impact. Resistance to freez-
ing and thawing increases because the pores
have been filled. The difficulty isit’'sasow, ar-
duous, expensive process, requiring autoclaving
or other means of impregnation and curing.

The second approach is to incorporate the
polymer while mixing the concrete, with vari-
able results, some very good and some very
poor.

The third, is the substitution of a polymer for
the portland cement. In other words, concrete is
bonded with a polyester, for example, instead of
portland cement. The recently-built Harvard
Medical School Building (Figure 1) is an exam-
ple. Wall panels are three inches thick, with
facings one-inch thick glass fiber-reinforced-

polyester concrete and core one inch of plastic
foam. No lengthy cure is needed, panels can be
made today, erected tomorrow. We don’t have a
fifty-year history of the material, a problem
common to many of new materials, | shall come
back to this.

In fibrous composites, a great deal is being
done. We're taking a bit of a lead from the
space industry here in a crude sort of way. |
should like to use several examples.

The first is the United States building at the
Brussels World's Fair in the 1950s. (Figure 2) It
has a 300-foot diameter, cable-supported roof
with translucent sandwich-type panels consisting
of glass fiber-reinforced polyester on an alumi-
num grid; light in weight, tough, strong, and
now being used quite widely for industrial, com-
mercial, religious and school buildings: roofs
and sidewalls.

The next example illustrates the use of glass-
fiber-reinforced plastics in shell forms. One of
the problems with these materials is their low

Figure 1

Sandwich wall panel
with polyester-concrete
facings and foamed-
plastic cord
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Figure 2

Materials

Cable-supported translu-
cent sandwich-panel roof
of United States build-
ing, Brussels World's
Fair.

elastic modulus. Conseguently, they have low
stiffness, and in order to make them work at
al, curved inherently-stiff shapes must often be
used.

Figure 3 shows the pavilions built for the
United States exhibition in Moscow twenty-five
years ago. They are 24 feet high, 16 feet across,
with canopies one-sixteenth inch thick and quar-
ter-inch thick ribs, the stiffness coming about
more from the geometry than from the inherent
properties of the material itself.

The next illustration, (Figure 4), is another
shell form, the so-called House of the Future,
built in Disneyland about thirty years ago. It is
till the house of the future, but it was a pio
neering use of the shell in the form of a mono-
coque. It was originally designed to be up for
one year, was left up for ten and then posed a
real challenge to the wreckers when the site was
needed for something else.

Another composite application is a case his-
tory illustrating a number of interlocking factors
that have to be taken into account simulta-
neously. About twenty years ago, the Greater
London Council decided to use performance

specifications for the exterior cladding of a pro-
jected series of twelve 25-story apartment build-
ings for moderate-income housing. The
specifications said nothing about materias; but
called for resistance to 80 mile per hour winds,
a U factor of about 0.20, an acoustic
attenuation factor of about 35, one-hour fire
penetration resistance, essentially zero flame
spread, minimum thickness, minimum weight,
and about a thirty-year life without appreciable
maintenance. No materials were specified.

Out of many conferences came a composite
panel (Figure 5). The outer face was a press-
molded skin of glass fiber-reinforced polyester
loaded with mineral and turned out by a sports-
car body manufacturer. The filling was foamed
concrete, weighing about 20 pounds per cubic
foot, reinforced with light wire. On the inside
was gypsum plaster, reinforced with glass fiber
and abestos, with a vapor seal and binder of bi-
tumen between the gypsum and concrete. To al-
low for differential expansion and contraction,
the outer shell was bonded to the concrete with
expoxy adhesive and a thin layer of polyure-
thane foam.
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Figure 3

Glass fiber-reinforced
canopies and stalks, pa-
vilions at United States
Exhibition in Moscow
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Figure 4

Glass fiber-reinforced
monocaque structural
cantilevers, House of the
Future, Disneyland.

Materials

This was a composite of composites. It met
al of the requirements of the British Fire Re-
search Station. It weighed 15 percent as much
as standard masonry or concrete construction.
The in-place cost as estimated by the builder
was more than competitive with the standard
construction, because of speed and ease of erec-
tion.

Four buildings were built, and then the other
eight were scrapped, not because of any tech-
nical problems. It was a technological success.
It was a sociological failure. People refused to
move into 25-story buildings. They just didn’t
want to live in them.

When only four buildings were built instead
of twelve, the economics changed. Subse-
quently, five-story buildings were built, and
standard masonry construction was just as com-
petitive as the composite panel.

This case illustrates a number of things. Per-
formance specifications made possible the mar-
riage of a number of different materials to
perform the overall requirements. The result
was generally successful. Over the twenty years
the panels have been up, they have behaved

quite well. There have been some blemishes
which had to be repaired in situ.

The repairs, though successful, show. The
patches don’t match the origina material, and
little spots appear on the surfaces.

The heavy aluminum windows were a failure
and had to be replaced, with some damage to
the panels, requiring repairs. A hot fire in one
apartment broke through windows and scorched
the outside surface, but did not spread (Figure
6).

The engineers are in favor of the system, but
it has not been used again.

One problem was: who would produce these
panels? There was no existing industry. The lit-
tle engineering firm that undertook this job had
to scramble around and find a panel molder in
Ohio, various suppliers in the British Idles, and
bring all of the elements together in one place,
where the builder assembled them off site and
erected them, using the same equipment as for
the rest of the building.

This is a capsule illustrating some of the
things that can be done with composites, and
some of the problems that occur when we try to
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Figure 5

Composite wall panels.
Greater London Council
buildings.

Figure 6

Greater London Council
building showing the out-
side structure.
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Figure 7

Tent roofs, 45 meters
square, Teflon-coated
glass fabric, Jeddah Air-
port.

Materials

introduce a fairly new material.

What are some of the probable future devel-
opments? What are some of the effects on the
building industry? Plastics in general and the
composites by and large lend themselves best to
shop fabrication. They’ re not good when it
comes to field fabrication, You can't take a
hammer and saw and cut off some pieces and
nail them together. The trend is toward more
and more shop fabrication of finished compo-
nents, and this is where plastics and composites
fit in particularly well, right in line with the
trend. New processes are involved, however,
with which the building industry is not ac-
guainted. Sometimes big presses are needed,
sometimes materials and product handling are
different. Builders will have to get used to
them.

New building, forms are possible. The House
of the Future, for example, looks entirely differ-
ent from a standard house. The tension form
for the Jedda Airport in Saudi Arabia (Figure
7), consisting of about 500,000 square feet of
Teflon-coated glass fabric, is another example
of a new type of form. It's a tent. At the Osaka

Fair, the United States building — air-sup-
ported, vinyl-coated glass fabric — was another
type of form made possible by the new materi-
as (Figure 8).

Perhaps we can make contribution to energy
conservation. The plastic foams are among the
best insulators that we have from the stand-
points of efficiency and use. There also can be
problems with them as we found out with the
formaldehyde.

Perhaps we shall have contributions from the
Space Program. In any event, we shall find that
our usual methods of fabricating parts for
buildings will undergo changes as we bring in
unfamiliar materials including plastics, other
polymers and composite materials.

Now, what are some of the influences affect-
ing use of unfamiliar materials? One mgjor in-
fluence retarding the rapid adoption of these
materials is uncertainty, particularly in two di-
rections. The first is, how do they behave in
fire? Many are organic materials. Any organic
material can be destroyed by a hot enough fire.
So how do we get around the problem of their
susceptibility to fire? Of course, we use many
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materials in buildings that are susceptible to
fire. That’s not a new situation, but there are
new aspects to it with respect to plastics, and
the fire tests that we generally make may or
may not be directly applicable to these new ma-
terials.

There’'s a great deal of work that needs to be
done on fire evaluation generally, and not only
for plastics and composites. This activity will
have to be carried on somewhere.

The second question islong life, longevity.
How will these materials stand up for along pe-
riod of time? Here we come to a question of
definition. If you talk to the plastics people,
“Oh, sure, these things will stand up for along
time.”

“what do you mean?’

“Oh five or ten years.” A building five years
old is practically brand new, out of the box, and
when you tell them, “No, we're not interested
in that, but we want at least twenty-five, thirty
years, preferably fifty years,” the surprised re-
action is likely to be, “Oh, no, we can’'t promise
that.” So there is the question. We do not have
good ways of predicting long life, especialy

with new types of materials. This is another
field in which a great deal of work needs to be
done.

There are other things we could talk about:
education, activities abroad, and many more.

There are severa areas for concentration.

I’ ve already mentioned two. One isfire, and |
mean fundamental work on fire, not just

ASTM tests. These are very good tests and we
have very good commercial establishments for
running tests. We need fundamental research
such as fire modeling and how to go from a
small-scale test to prediction of actual behavior
in large-scale fire. This kind of research is not
the province of any one company. It will be up
to Government agencies, such as the Bureau of
Standards, which is doing good work, but is vul-
nerable to changes in government policy. Uni-
versities can contribute to such research. This
type of work needs to be carried along and fully
supported for an extended period.

Long-term prediction is another area. We do
not yet know how to make a short-time test
which will accurately predict how materials, es-
pecialy new and familiar ones, will behave over

Figure 8

Air-supported vinyl-
coated glass fabric roof,
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United States Building,

Osaka Expo '70 Fair.
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along period of time. So we have our test racks
facing south Florida and Maine and try to get
some idea from them, but those results are both
limited and slow.

Information dissemination; this has been
raised before, and is a serious deficiency. In-
formation just doesn’t get around well in the
building industry. There are thousands and
thousands of small-scale builders, and it's hard
to get the information around. It's very hard to
get it together in the first place. It's there some-
where in somebody’ s file, but it's not getting
around.

We don’t know how our materials realy be-
have in our buildings. These buildings constitute
the biggest laboratory in the world, but we
don't really make a systematic study of our ma-
terials in place, and therefore, we can’t develop
tests that will adequately predict their behavior.

The question of codes has been brought up

earlier. They are important, no question about
it. Codes can stand in the way of the use of new
materials. The question of performance codes
has been raised. A performance code calls for a
needed upgrading of the abilities of our building
inspectors. You can't have a performance code
and just any political appointee going out |ook-
ing a your buildings to determine if they
comform to performance codes.

We ought to have systems of evaluations,
such as are found in some of the European
countries, which we don’t have here. These
things are among the aspects that we have to
consider, and perhaps this panel should be
thinking about them when looking into materi-
as.

Albert Dietz is Professor Emeritus of the School of Ar-
chitecture and Planning, of the Massachusetts Institute
of Technology
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1 would like to address the subject of changes
in building design, materials and processes as
seen from the designer’s side. My area of activ-
ity is the design of commercid, institutional,
and multi-story residentia buildings. Structural
engineers tend to not get too involved in one-
story, single-family residential buildings, but
more in the high-rise, multi-level type of con-
struction.

Recently in the New York Times, about
three or four weeks ago, there was an article
about the cost to construct a project in New
York City which pointed out an interesting fact:
To bring a condominium on line in New Y ork
City now runs $300 per square foot. One hun-
dred dollars is construction cost, $100 is land
cost, and $100 is interim financing and soft
costs.

So we can sit here and address the problem
of construction costs, how to do things, how
emerging technologies are going to affect con-
struction costs from a design side and a con-
struction side, but we're really only addressing
one-third of the situation. The land cost is be-
yond my ability to discuss, but the financing
costs and the length of time and the process
from the time you conceive a project to the
time you occupy the project is the area in which
| think a major revolution is probably going to
take place in the next decade. That's probably
where the major cost savings and mgjor techno-
logical changes will occur. They’re not going to
be technological in the sense of high tech, but
they’re going to be more within the process of
construction,

I’d like to address the design, materials and
processes aspects. From the design point of
view, computers ocbviously are going to be the
entity which will revolutionize the design busi-
ness. It's happening already. The things that
Wendel R. Wendel talked about, all of that sort
of thing, it’s coming rapidly. It’sin our office
now. It'sin alot of offices — the ability to do
these things, do them quicker, do them better,
look at more options and alternatives are al

here.

But the big revolution is going to be the in-
terfacing of the software in the computer sys-
tems within the design office with the rest of
the construction team, and right now that hasn’t
happened. This is where there’s really going to
be arevolution,

Wendel’ s doing it because he controls his to-
tal destiny. The present design, fabrication,
erection and construction process is very spread
out, diverse and fragmented, | think the process
is going to come together — that’s where a lot
is going to happen. CAD and computers are ob-
viously going to be a big step in the right direc-
tion.

As far as structural engineering of multi-
story buildings, as far as floor systems are con-
cerned, we really have reached the optimum.
We redly can't get any lighter than we have
with present materials. We use steel. We use
concrete. Anybody that’'s attempted to get it
lighter has had floor levelness problems, deflec-
tion problems and all sorts of human-percepti-
bility-to-motion problems. We have, in my
opinion, reached the optimum in floor design.

If we take the example of atypica building,
aforty-story, high-rise office building, it takes
about ten pounds of structural steel per square
foot of floor areato support gravity loads.
That’s the material in the floors and the col-
umns. But it takes a total of about 20 pounds of
structural steel per square foot when you get
done. The additional ten pounds of steel isto re-
sist wind. If you go sixty stories or eighty sto-
ries, the 10 pounds for gravity loads remains
fairly constant, but the contributing portion of
the steel materia to resist wind loadings is
where the big weight increases start to pile up.

We could fool ourselves and attempt to make
the floor lighter, but if we' re going to get much
lighter than ten pounds, we will get sued when
the floor deflects or bounces too much.

What's interesting is that Wendel’s slides pri-
marily addressed roof structures, enclosure
structures and the monumental or the architec-
tura centerpiece of a project, which is the ex-
citing part of the project. However, when you



look at percentages of area within a building
project, probably five percent of the areaisin
that part, and 95 percent is the floors. So going
back to this point of the floors, I’'m not saying
space trusses can't be used for floors. We're us-
ing truss systems in office buildings now be-
cause we' re up to 45-foot spans. We want to get
mechanical penetrations and make it a ‘smart’
building. There is one major developer, Oxford,
from Canada and the United States, who uses
truss systems in al its buildings. There's no rea-
son why space truss systems couldn’t be used in
the same thing.

Trusses alow you to open up an interstitial
space in the floor to alow all of the mechanical
systems to go through. Unfortunately, when you
compare it to conventional trusses and conven-
tional beams, it's till too expensive, but | think
it's going to get there. As more people like
Wendel get involved and bring this total ca-
pability together, | think there are good chances
there.

Moving to the wind system and the NASA
group, I'll use one example. Around 1965, as we
were designing an 800-foot observation tower in
Milwaukee, we sat back and said, “ The gravity-
load-resisting components of the project consti-
tute about 10 percent of the job.” It was not an
occupied building — it was an observation
tower. Ninety percent of the structural materia
was required to resist wind loadings. But what
iswind loading? Maximum design wind loading
is a one-inane-hundred-years mean recurrence
interval. We design for a situation that happens
once every one hundred years. Now, that could
happen next year, which it usualy does, but
you're putting in 90 percent of the material in a
special tall tower to resist a one-in-one-hundred-
years occurrence. Why not try a different ap-
proach?

NASA, when they move the Saturn V from
the assembly building to the launch pad, has a
system of servo-mechanism, hydraulically-acti-
vated jacks to keep the Saturn V in a fairly ver-
tical position. So we called up General Motors,
Delco Division, who did that work, and we
asked whether or not it was possible to develop

an active system which would sense accelera
tion, velocity and drift or motion of atall tower
and activate hydraulic jacks in the building con-
nected to cables that extend from the top of the
tower to the foundations. So when the building
moves, accelerates or displaces, these jacks acti-
vate and the building is brought back to a verti-
cal position.

Obvioudly, the concern is that the system
could go out of whack and go in the opposite di-
rection. Because, if the building is moving away
from the wind, you want the activated jack on
the windward side. If it's jacking on the lee-
ward side, you' ve got a problem since it will
magnify, not reduce, the movement.

Delco came in and priced the system, and
confirmed that it was totally reliable. This was
1965. We've come a long way with home com-
puters and other sophisticated control systems
since then. My feeling is that this active system
approach in taler buildings, to eliminate the
need of putting 50 to 90 percent of the material
into the building to resist a one-in-one-hundred-
years occurrence, is probably an area that peo-
ple should be looking at. It can be done!

The Citicorp Building in New York City and
the John Hancock Building in Boston both have
tuned-mass dampers at their tops. Now, these
are not active systems. they are really passive
systems because they sort of lag behind and
slow down the motion of the building. In the
mechanical machine design area, tuned-mass
dampers have been prevalent for years. A
tuned-mass damper is a device that stops vibra-
tion. It vibrates out of phase with the building
and slows it down. It works in buildings, al-
though it is not really an active system. | think
that is one area in which major innovations are
going to develop,

Another way to try and do something techno-
logically advanced is to reduce the amount of
material in a high-rise building by doing what
the home-building industry has done with the
use of stress-skin plywood. Stop and think about
it. There's no wind analysis done by an engineer
on a one-family residence building, right? Wind
stability of a one-family residence is inherent in
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the adhesion of the plywood through nails or
glue to the stick-built system. Until the plywood
is put on the building, the frame is sort of flexi-
ble. The plywood forms a stressed skin.

Well, the skin, using Professor Tucker's fig-
ures, becomes one of the two major cost compo-
nents of a building, along with the structure. If
we can integrate the skin or enclosure into a
structural system, we can achieve real economy.

We tried it recently on a very successful
project in Pittsburgh for U.S. Steel Redlty. It
was hice that we were working for U.S. Steel
Realty; they encouraged us to use an exposed
steel solution. It's a fifty-five-story building. It
was called the Dravo Building, but then it be-
came the Mellon Bank Center Building. It uses
a quarter-inch-thick steel facade. It’s the archi-
tectural skin with the windows mounted in it.
But it's also a valuable part of the structural
system. Without it, the drift of the building is
double the magnitude that we deem acceptable
by human perceptibility acceptance standards.
With the stressed steel skin, the movement is re-
duced to one-half the magnitude.

We have an internal skeletal structure of col-
umns and beams which safely resist wind from
a stress point of view. However, the drift at the
top of the building would be 36 inches (H/250).
When we put the one-quarter-inch-thick steel
skin on, it acts as a stressed-skin, and we bring
the drift down to 18 inches (H/500).

We ran into an interesting problem in the
process. Exposed steel is not fireproof. So we
went to the Pittsburgh Building Department
and convinced them that the chances of a fire
totally enveloping the entire exterior skin on the
building were quite remote. By the time that
happened, if it could happen, the building
would be unoccupied, and if the drift were
twice what we felt was acceptable by human
perceptibility, there’d be nobody in the building
to perceive it anyway, so they accepted it.

It's a new concept. It’'s a concept of safety
versus human perceptibility and comfort. Codes
do not prescribe any drift or any acceleration
controls. There are no human perceptibility
limits on controls within the codes. The codes
only address safety.

Both the use of an active system and the
integration of the exterior skin in the wind drift

control system are areas where | feel the build-
ing industry will make mgjor revolutions in the
design and construction of taller buildings.

Fireproofing. The steel industry has been
wrestling with this problem for years, but if
someone could come up with an inexpensive,
thin, easily applied, durable fireproofing system
for structura steel, | think you would see a ma-
jor revolution in construction.

The aerospace industry has developed intu-
mescence paints and sublimination coating ma-
terials. They're till too expensive. They are
available, but somebody should try to develop a
low cost fire-proofing coating system that is
architecturally acceptable. This would change a
lot of what architects do in terms of structura
expression. It would eliminate all of the materi-
as that get sprayed on after which everybody
spends millions of dollars trying to cover them
up so you don’t see them. Some of the aready
available materials, particularly some of these
subliming paints, actualy look like an enamel
finish. They’re excellent, but too expensive.

Let’s jump to materials. Steel and concrete
are the two magjor structural construction ma-
terias. | have attended a lot of meetings with
many people who try to introduce composites
(fiberglass, boron, and graphite laminates) into
the construction industry. The reason it’s not
coming in, besides the other reasons that Al
mentioned, is that concrete costs only six cents
a pound; people lose sight of that. It's probably
the cheapest, most abundant material around,
and steel at 60 cents a pound, fabricated and
erected with its strength ratio between concrete
and steel is about one to ten is also a bargain.
Concrete is six cents a pound; steel is 60 cents a
pound. So you use ten times as much concrete
a one-tenth the price, and as Professor Tucker
mentioned a minute ago, when you run out the
numbers in most mgjor cities and you look at
the concrete and the form work versus the steel
and the metal deck with the concrete, they both
come out to be $6.00 to $8.00 per square foot.
They’re competitive. You can't get it any better
than that, and so | don’t see much revolution
happening in the area of structural systems un-
less the new material’s cost can be reduced.

We, on occasion, have ventured into the
development of esoteric materials for structures,
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We usually end up getting very frustrated and
disappointed with the result. About twelve years
ago we developed a paper bridge for the inter-
national Paper Company. It was meant to be a
television commercial, but we found the mate-
rial to have fantastic potential. Paper is a mar-
velous material, and we thought it had fantastic
applications for concrete formwork and dispos-
able formwork. Y ou can make it waterproof,
you can make it fireproof, and it's stronger
pound for pound than concrete. It’'s basically
processed wood when you think about it. It has
never caught on as a construction material. The
paper industry never caught on to it, but there's
no reason why paper in a honeycomb, cellular-
type system could not be developed as a
formwork system for concrete. It just hasn't
happened to date.

WEe've found that most new developmentsin
the area of materials occur in what | call adap-
tive use of off-the-shelf items. It's probably an
area that should be looked at further. A few
years ago we designed and engineered several
superbay hangers for American Airlines in Cali-
fornia. Each building held four 747s. We took
an H.H. Robertson or Inland-Ryerson type cel-
lular electrified deck for atypical office build-
ing floor and applied it to a hyperbolic
paraboloid structure. We used simple spot
welds. It worked marvelously. This 230-foot
catilever structure had only about ten pounds of
steel per square foot in it. We were supposed to
build eight of them. We only built two, and no
one has done another one since.

In order to achieve this innovative structure,
we had to deviate from norma practice. The
process was brought together. We were the en-
gineers. None of the contractors wanted to ana-
lyze the erection schemes; so we analyzed the
erection schemes. Nobody knew how to main-
tain the quality control on the part of the con-
tractor; so we set up the contractor’s quality
control manual. We stuck our necks out relative
to normal responsihilities and it worked.

There is a great tendency toward
fragmention and diversity in our industry. |
think the whole role of the designer and the
constructor has to be redefined. There have
been many recent conferences, papers and hear-
ings about designers (architects and engineers)

skirting their responsibilities relative to design
of steel connections, for example.

There are hearings going on in Missouri right
now to try and revoke a structural engineer’s li-
cense for the Kansas City Hyatt collapse. The
engineer is saying it was the contractor’s respon-
sibility. The contractor is saying it was the engi-
neer’ s responsibility. When you go and look at
the American Institute of Steel Construction
(AISC) specification in depth, you find that it's
really very confusing as to who isrealy respon-
sible.

What has happened is, although engineers
and architects have wanted to get more in-
volved in the construction process, their insur-
ance company, lawyer, ASCE, AlA, ACEC,
and everybody else involved has said, “You
shall not be involved in construction means and
methods. Y ou shall not be involved in erection
sequences. Stay out of it. Don’'t use the word
‘approved’. Don’'t get involved, and keep it frag-
mented.”

WEéll, in spite of this approach for the last
twenty years, there are till too many problems
and too many lawsuits. | think what’s happen-
ing is the ACEC, ASCE and AIA are starting
to come back and say, “I think that the design-
ers have to play a bigger role in the construc-
tion process.” Further justification of more
involvement is in the fact that one-third of the
project cost relates to an interim financing cost.
Designers should get closer to the construction
process through their computers (CAD) and
link the design to the construction by taking
contract documents and converting them into
mill orders and shop drawings (CAM) to bring
the whole process together. That's really where
the big savings can take place.

Here are a couple of examples. Turner Con-
struction Co., on a $80 million Westin Hotel re-
cently built in Boston, decided they were going
to dlip-form the concrete core of the project. No
one had ever done it before in Boston. | told
them | thought they were crazy because of the
difficult local trade jurisdictions and strong
unions in Boston. But they decided they were
going to take a crack at it. They brought the
unions into the picture early and made them
part of the process.

Since Turner was involved as the construc-
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tion manager early in the game, we, as design-
ers, agreed to use a slip-formed core. We also
agreed we would use a flying-form system, and
we would design the precast facade so that it
could be incorporated into the flying-form sys-
tem. So when the building form went up, the
precast pieces went up with it, and when they
poured the floor, they inserted the windows,
and in record time they had an enclosed build-
ing so that the other trades could come in and
work on the remaining systems within an en-
closed, heated environment.

Had we not worked together on the approach
in the early stages, it would have been a much
more conventional building, We got involved in
the process and it paid off for the project.

Olympia & York, the developer of the World
Financial Center at Battery Park City in New
York, tried to apply what they do in Canada to
New York. They deserve alot of credit — they
got halfway. What they did is interesting. They
incorporated the material-handling systems that
are needed during the construction into the ba-
sic design of the building. The elevator shafts
are sized so that al materials go up and down
inside the building, not on an exterior materials
hoist.

For a conventional project, we never know in
advance who the contractor will be. As a result,
we don’t bother to try to accommodate the de-
sign to facilitate materials handling to be facili-
tated. Do you know what the cost of alift on
the outside of a building is? With post-modern-
ist design solutions, with setbacks when you get
up to the sixtieth floor and you' ve got to get
over 60 feet to reach the exterior wall (how do
you get it from here to there?) it's a big prob-

lem!

So the recent tendency to have buildings
with setback tops could swing us more to cen-
tral materials-handling systems. It is obvious
that construction managers and general contrac-
tors as well as designers have to be more in-
volved in that total process. This will save time
and money.

In summary, | think in the immediate future
further impacts will be in the area of computer
usage; integration of various building systems;
the exterior walls and the structure; gradual ac-
ceptance of new materials; and a whole change
in the delivery process. Big changes are going to
result from these impacts.

The other obstacle is the impediments, which
everybody has talked about; unions, specia in-
terest groups, codes, jurisdictions and, from a
designer’s side, fear of litigation. It's gotten to
the point where most, if not al, of the United
States' design industry is not innovating any
more because of fear of litigation. It realy
doesn’'t pay to innovate any more, because the
chance of getting nailed, in our litigious society,
is amost predictable. There may not be too
many attorneys in Japan, but there are too
many attorneys and too much litigation, too
many frivolous lawsuits against the practice of
architects, engineers, medical doctors, etc., in
the U.S. today. This aspect of our industry is
hurting the advancement of, and innovation
with, the American design and construction in-
dustry.

Dr. Charles H. Thornton is President of Lev Zetlin As-
sociates, Inc.
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I'll begin with a review of what NASA is do
ing in Technology Utilization; and then discuss
some of the complications of technology trans-
fer. The infusion of technology into our society
isvery difficult, and | will give some examples
of the impediments. Nothing happens through
serendipity. The processis “people intensive.”

Even though NASA technologies may be
useful to the building industries, it’s going to
take work to couple that technology with indus-
try needs. Our program works with industry and
the user community. We do not unilaterally de-
velop prototypes and certainly do not do com-
mercialization or marketing.

NASA can learn alot from the progressive
building industry’s thinking in terrestrial appli-
cations. Thiswill be evolving as we move into
Space Station and Lunar Exploration. NASA
has a system in place that is both a paperwork
and a ‘hands-on’ people-to-people process. We
have devel oped ways to disseminate technology
as it is documented through a Scientific and
Technical Information Center and have pro-
vialed for a Computer Operated Software Man-
agement Information Center (COSMIC). This
systemcan be tapped by industry, U.S. citizens,
state and local governments and universities at
any time. Both information and computer pro-
grams coming out of NASA and other federal
laboratory programs are available through the
system.

The Applications Engineering Program is
people intensive. It's in this program that we
identify and define user needs. Once the prob-
lem is fully understood, our scientists and engi-
neers try to match NASA-developed technology
to the problem. If there is a match, a working
partnership is developed between the user and
NASA. If a successful match is found, indus-
trial or business development leads to market-
ing and commercialization of the technology.

Our network is located around the various
NASA Centers. It consists of the Industrial
Applications Centers (IAC's), COSMIC and a
Technology Applications Team. The system

serves industry and the public by providing in-
formation, retroactive technology searches, and
‘hands-on’ assistance in problem solving. There
are some small fees involved for IAC and COS-
MIC services and a required commitment of
funding in application engineering. The Indus-
trial Applications Centers are kept current on
evolving NASA technologies through the vari-
ous NASA Centers and/or laboratories. Evolv-
ing technologies are summarized or documented
in various NASA publications. Some of these
publications are called NASA Tech Briefs, An-
nual Technology Utilization Reports, NASA
Patent Abstracts, Research and Technology Op-
erating Plans, Specia Publications and Tech-
nical Memoranda, Scientific and Engineering
Journal Articles, etc.

Transfer of technology from these programs
to the building industry or anywhere else does
not happen without a lot of elbow grease, tech-
nology ‘know-how, motivation and support from
upper management. All NASA technology that
eventually ends up being used for nonaerospace
applications must go through some form of
adaptive engineering in order to satisfy the
needs of the new problem. | have yet to see a
one-to-one transfer, i.e., a situation where the
aeronautics or space technology can simply
plug into the new application without some
form of modification.

Examples:

Several new technologies can be applied to
fire protection. For instance, we have used
NASA turbo-pump technology to develop a
new water-pumping system with aflow of 3-5
thousand gallons per minute at 150 psi. Accep-
tance of this technology has been slow even
though it is badly needed. Conversion to this
type of equipment requires new thinking in the
fire-fighting community. It requires training
and an expensive marketing effort. The fire-
fighting module, as we call it, can be lifted by
helicopter and placed amost anywhere — cit-
ies, rura areas, forests, aboard ship. In addition
to itsuse in fighting fires, it can provide drink-
ing water to ports serving countries facing se-



vere drought, or even used to salvage ail in
areas where spills have taken place at sea.

The power-factor controller, which I'm sure
al of you have heard something about, was de-
veloped conceptually within NASA. It is now
found in industry and large buildings. It is even
used in energy management of escalators. This
system is based on electronic technology avail-
able today throughout the industry. It took the
creative efforts of an aerospace engineer to con-
ceive and develop the concept.

Severa years ago NASA and HUD worked
together with some aspects of the building in-
dustry to develop the NASA Tech House at
the Langley Research Center. NASA s pretty
good at systems engineering. In the case of the
Tech House we demonstrated how one could
systematically develop an energy-efficient house
using state-of-the-art and innovative technology.
To evaluate the concept, the Tech House was
literally wired for sound, similar to the way we
would technically monitor the performance of a
new experimental vehicle. In fact, we are still
monitoring, collecting and evaluating data. The
data that NASA collected pertained to opera-
tion of solar collectors, solar panels, electronic
systems and water management; it was ana-
lyzed for efficiency, reliability and maintain-
ability.

The Flat Conductor Cable is an example of
how difficult it is to bring new technology to the
building industry. It has been about twelve
years since the concept of transferring aircraft
and space vehicle flat conductor cable to the
building industry was tried. NASA developed
the technology to save weight, space and en-
ergy. Itisjust now becoming available, for non-
aerospace use, as a marketable product. For
retrofitting or remodeling homes, offices or fac-
tories, it offers afairly simple solution. For new
house design, it could be integrated with com-
posite materials to develop new concepts for
modular and mobile wall structures. Improve-
ments could be seen in outlet placement and
energy management.

Asyou know, NASA is confronted with wa-
ter and waste management problems in aircraft

and spacecraft. Reuse of water will be espe-
cialy critical in future manned space missions.
Future concepts and resulting technologies are
becoming available and could be applied to the
building industry. Why build on our best and
most fertile land when water and waste manage-
ment systems provide alternative solutions. The
extreme is to take waste or gray water and
make it safe and potable drinking water. Gray
water can be recycled many times for wash wa-
ter. Energy and land management conservation
methods can be employed if oneiswilling to ap-
ply the technology and change traditional ways
of doing things. Some of these concepts have
been demonstrated in the NASA/HUD Tech
House; however, the concepts are not being rap-
idly adopted or put into practice.

There are several technologies that are on the
horizon and will be seen in the near future. The
REDOX energy storage system, which is an
oxidation reduction system, is representative of
such a technology. The NASA Lewis Research
Center and the Department of Energy have
been working on this technology for many
years. The idea was derived from the fuel-cell
technology developed for U.S. spacecraft. Es-
sentially, thisis a type of battery storage system
that is going to become available and market-
able in the near future. In order to transfer the
technology, NASA is working with SOHIO.
SOHIO isinvesting in a demonstration program
that will eventually lead to small community,
industry and, perhaps, individual home use of
the REDOX technology. Imagine a community
that is using the REDOX system; it stores its
energy in a cost-effective manner and offloads
it or sells it back to the power company as
opportunities develop. The key to the system is
a reduction/oxidation system with soluble liquid
electrodes which make energy regquirements in-
dependent of power demand.

Another evolving concept is the Magnetic
Heat Pump. This technology is based on the
fact that certain magnetic materials discharge
and absorb large amounts of heat when strong
magnetic fields are aternately applied and re-
moved. In theory, the ideal magnetic cycle is



142

Over the Horizon

more efficient than the ideal evaporation cycle
that utilizes freon for refrigeration and heat
pumping. Heat transfer considerations suggest a
superior efficiency for magnetic pumping and
analytic studies predict lower capital cost for
machines above 50-100 kW cooling or heating
power. The higher predicted efficiency of mag-
netic cycles would have a favorable economic
impact through lower operating power require-
ments, and considerable fuel savings, in awide
range of applications that includes heating and
air conditioning, industrial process refrigeration,
air separation (for steel plants), and heat pump
ing for process heating.

Heat pipe technology, one of the first real ex-
amples of practical applications of this technol-
ogy outside of the Space Program, is seenin
the Alaskan pipeline where it controlled the per-
mafrost in the ground. All spacecraft tend to
use the heat pipe technology to control, balance
and maintain desired spacecraft internal tem-
peratures. This management of solar energy and
heat pipe technology is now finding its way into
domestic use. Today, the Kennedy Space Cen-
ter is working with several companies in hopes
of using this technology for home, office and/or
large building air conditioning systems. It is
speculated by some that future homes may ef-
fectively use heat and electricity that is derived
from solar energy, ground heat, heat and elec-
trical storage systems and heat pipes. The heat
pipes will alow heat to be moved from place to
place while sophisticated battery systems will
accommodate electrical energy storage.

The future holds a promise for new tech-
niques in structural analysis, nondestructive and
non-invasive testing of materials. At the Lang-
ley Research Center a mgjor effort is underway
in ultrasound technology. Here, instead of |ook-
ing at the torque stress in bolts, the torque on
the bolt is viewed as friction. NASA scientists
are looking at the elongation of the bolt and the
resulting stress. The Langley scientists have
been so successful in demonstrating this concept
that the Space Shuttle, U.S. mines, aircraft and
other systems requiring bolts as fasteners are
applying ultrasound as a noninvasive stress
tester. There could be many applications of this
technology in the building industry.

Earlier we discussed robotics and automa-

tion. NASA is not the leader in new robot or
automation technology, and it doesn’t plan to
be in the future. NASA can help U.S. industry
move ahead in automation and robotics by ex-
ploiting its specially developed sensing, com-
puter, image enhancing and display
technologies. At the NASA Jet Propulsion Lab
oratory, NASA and industry are working to-
gether to transfer some spacecraft sensing
technology to develop ‘smart robots.” These ro-
bets are being developed to have enough visual
image information to see edges and corners and
adjust accordingly. The technology stems from
highly specialized integrated circuitry, chips,
proximity sensors, microprocessors, etc. The
technology transfer here is not the robot — it is
the special components that the machine needs
in order to respond to the environmental chal-
lenge.

There is also pultrusion technology, and
CAD/CAM systems that can be applied to the
building industry. The concept is similar to that
described as evolving in Japan. The idea is that
you program what you want and, based upon
your computer design, the automated machin-
ery provides you with studs, wall panels, doors,
shingles, ‘I’ beams, etc., al to the precise stress
and other measurements you call for in your
building design. Plasma-coating material has po-
tential for future applications of glass materials
and ceramics. The plasma coatings that were
developed for the astronauts visors to prevent
scratching and fogging are now being applied to
windows and sun glasses.

The crystal and other types of materias that
are going to be developed in space may have an
application that alows for greater automation
and computer power. Future energy systems
may become a magnitude more effective than
they are now, which will alow for smaller,
smarter, and more powerful tools that require
less energy, less time and maintenance, and
help mankind work with greater precision and
safety.

The Programmable Implantable Medication
System or PIMS might also apply to the build-
ing industry. The outer case for the PIMS is
made out of titanium, developed for the aero-
nautics industry. The internal working parts of
the PIMS are electronic microprocessors. The
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microprocessor in this device is approximately
equivalent to the IBM-1050. It can operate over
fifty color TV sets. It can program microliters
of medication into the body as prescribed by
the physician. The physician can reprogram the
PIMS anywhere in this country, or in the world
for that matter, as long as he has a phone
modem between the patient and himself. The
concept is based on our satellite and telecom-
munications capability. The electronics technol-
ogy is derived from our spacecraft and satellite
technology while the fluid management system
comes from the Viking lander that landed on
Mars and tested the Martian soil for life forms.
Imagine a device the size of a hockey puck im-
planted in the body providing biological func-
tions through microminiaturization of many
component parts that would have taken the
space of aten foot by eight foot by two foot
thick wall only fifteen years ago.

Now, what I'm saying here is that none of
the technology that has gone into this system
could have been applied without taking the
time to understand the problem and applying

imagination and technical ‘know-how’. Thereis
alot of space technology that is unused; many
applications could undoubtedly be made for the
building industry. For example, the concept of
infusion pumps has been studied and developed
for medical use during the last several decades
by the National Institutes of Health. Working
with the Johns Hopkins University, the Na-
tional Institutes of Health, and industry, the
PIMS represents several years of time compres-
sion since the total development took less than
three years. The cost to NASA was $1,6 million
over three-and-a-half years, while the industry
investment will exceed $30 million (estimated)
to place the device in the market. In this case,
the government was the catalyst as it stimulated
a business opportunity by using unrelated tech-
nology to address and solve a complicated prob-
lem.

Raymond P. Whitten is Chief of the Terrestrial Appli-
cations Technology Utilization Office at the National
Aeronautics and Space Administration
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Our purpose here is to anticipate how techno-
logical change will affect the building industry
either from the supply side or from the demand
side and to determine whether any of these
changes could create problems that Congress
ought to be aware of and, potentially do some-
thing about.

A. The Six Construction Industries
Here in Washington we often choose to talk
about the ‘building industry,” and discuss issues
like changes in the levels of employment,
changes in quality and safety, changesin pro-
ductivity, changes in opportunities and risks
from foreign competition, asif it were asingle
industry. | don’t think this makes much sense.

In many ways the building industry is no
more monolithic than the transportation indus-
try. The transportation industry includes the
airlines industry, the railroad industry, the
trucking industry, and the shipping industry.
There is little crossover between the organiza-
tions, the institutions, the skilled manpower, the
technologies, and the R&D base that are uti-
lized by those sectors of the transportation in-
dustry.

Practically no Federa policy can affect each
of the separate industries within transportation.
But since you don’'t want too many units that
report to the President, you can create a De-
partment of Transportation and lump all of
those things that have to do with movement un-
der it. It aso is useful to talk about a transpor-
tation industry for economists who want to
make measures of the national economic sec-
tors. It avoids having that many more pages of
statistics if you can somehow or other have a
number that represents the contribution of the
transportation industry to the gross national
product.

The building industry, or the building indus-
tries, as | prefer to call them, are combined for
much the same reason. It makes sense to ook
a the several building industries if what one
wants to identify is expected changesin the in-
dustry.

For our purposes, it seems to me there are six
industries which react quite differently to those
kinds of issues:

* Thefirst is the housing industry — the col-
lection of organizations, technologies, skills
and financial mechanisms whose purpose is to
convert raw land, usually purchased on a
speculative basis, into dwelling units that can
be sold or rented to individuals and families.
The mgjor distinction for the purpose of anal-
ysisis that this process is begun before there
is a buyer in mind. The builder of these
houses builds a house against a potential mar-
ket, not against clients who come to them and
say, “These are our needs, and we want a
house of thiskind.” Very few housesin the
country are done that way, and | put those in
the fourth category.

n The second iswhat | call the manufactured
building industry. | call this a separate indus-
try because it is a collection of organizations,
technology, labor and financial mechanisms
whose purpose is not to convert land into
buildings, but rather to manufacture off-site
units that are anywhere from the whole unit
to subassemblies, which can be transported to
the site. A few companies like the Ryland
Corporation own house manufacturing ca-
pabilities, as well as build conventionally, and
I’m sure we can find al kinds of exceptions
a the margin for each of these.

» Thethird industry | call the commercial de-
velopers. | mean by this people who buy raw
land and convert it into buildings other than
housing — people who develop industrial
parks, people who develop shopping centers,
or people who develop office buildings.

Again, the character of this industry is that
there is no client in advance, There's a pro-
spective market out there, and there’s land,
and there’s an investment to be made in
building something on this land which will
eventually be leased or sold to a set of users
which will emerge.

* The fourth industry, is the one that most of us



think about when we talk about ‘the building
industry,’ 1t is the conventional collection of
organizations, design and engineering firms,
banking institutions, general contractors and
subcontractors, regulatory bodies, etc. that
build buildings for specific clients: an agency
of the Government, a private client, or some-
times a wealthy family. The client sets the re-
guirements, decides on where they’re going to
locate, usually purchase their own land, and
then enter into a process in which adesign is
created for them that’s eventually put out to
competitive bids. The ‘building industry’
listed here is the only industry in which com-
petitive bidding occurs. It is practically the
only industry of building where there will be a
major change if there is a technological
breakthrough. It’s the one building industry
where bidding can reflect market conditions
as aresult of changesin prices.

None of the industries listed above realy
have much competitive bidding. Sometimes
market competition works in the housing in-
dustry, but only over along period of time.
The mgjor impact of the housing industry, as
we've mentioned already this morning, is what
it cost to buy the land, and what is the mort-
gage rate that they have to pay? We used to
speculate we could practically build a house
for nothing, and it wouldn’t change the price
which people would pay for housing, because
the market price for housing was determined
by awhole lot of factors other than the tech-
nology of building.

. Thefifth industry, the remodeling industry, is
one we sometimes forget. Of the $250 hillion
that represents our 10 percent of the gross na-
tional product, is included almost $50 billion
in this remodeling industry. This probably
does not include rehabilitation of existing
buildings in the sense that an architect and
contractor might do it, nor does it include re-
habilitation of the kind that homebuilders do.
It means the remodeling industry that sells
things from aluminum storm sash, to screen
doors, to new store fronts for small businesses;
that is financed by short-term financing rather

than increases in mortgages. It is not regu-
lated by building codes, by and large. For a
long time, it could be characterized by the
blue suede shoe type of salesman,

* The sixth industry, and the one that OTA
chose not to cover in this workshop, iswhat |
call the heavy construction industries. These
industries build highways, dams and facilities.
Their clients are primarily public agencies
and utilities.

I can make a couple of statements about
these six industries that are useful even though
there are exceptions to everything I’m about to
say. First, the fourth industry in my list, ‘the
building industry,” isthe only placein which
technologica change has a dramatic and imme-
diate impact.

Secondly, if one tries to make a definition of
an industry which is a collection of people who
represent a common interest because they sup-
ply a common concern, these definitions hold up
pretty well. One of the ways that is very visible
if you work in Washington, is by seeing who is
it that lobbies. And the people who lobby for
each of these groups don't really concern them-
selves by and large with the other groups, Peo-
ple who are lobbyists for the housing industry
are not, by and large, concerned about the com-
mercia developers or the remodeling industry
or the heavy construction industry, and vice
versa

Also, another way to look at it is who sup-
ports the R&D and where is the R&D done. A
few universities do research that crosses over
these industries, but if you look at the individ-
ual in the university who is doing research,
their research is oriented towards one of these
industries, as contrasted to the industry across
the board. | aso think that there are very sel-
dom movements of companies, of skilled labor,
or even of financial mechanisms across these in-
dustries.

The prospect, therefore, is that when we talk
about the impact of technological change, as
OTA will be doing, and what that means to the
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building industries — and we provide advice to
policy makers like Congress about what can be
done about looking at the impact of technology
on the building industries, that if we are being
as clear as we can be about it, that we mean
there are these six industries and not one indus-

try.

B. Evolution vs. Revolution

We must also be clear about the nature of the
changes now underway in the building industry.
WEe're in an industry in which the character of
change has been evolutionary and not revolu-
tionary, and that’s likely going to continue to be
the case. A lot of my fellow executive directors
here in the National Academy of Sciences are
responsible for areas that have only been around
for ten years or fifteen years. Some, like chem-
istry or physics, have been around for over one
hundred years. But we' ve been building build-
ings for over five thousand years. Over that five
thousand years inventions and innovations have
been introduced, primarily by trial and error.

When we have an industry like the electron-
ics industry, the mean time between surprisesis
zero. One expects a new surprise to come out of
that technology practically every day, but it was
born in a period of time when the kind of race
that it’s running is equivalent to the 100-yard
dash. The pace of change in the building indus-
try is more appropriate for running in a 26-mile
marathon. You don’t use the same techniques in
the 26-mile marathon that you use in the 100-
yard dash. The construction industry has
learned what works, what doesn’t work, and
how to bring about change very slowly.

Well, what is arevolution? And if we were to
try to describe to Congress whether there are
revolutionary changes possible, conceivable, or
likely to happen in this industry, what would we
mean by ‘revolution’ as contrasted to ‘evolu-
tion? There's a simple definition of ‘revolution’
for this purpose. By ‘revolution’ one would
mean the rapid displacement of an existing set
of ideas or skills or institutions. That is, some-
body would be out of business who's now in
business, or some idea would be out of vogue
that’s now in vogue, and a new idea, a new set
of skills or new set of institutions that were con-

siderably different, not just slightly changed,
would have come into existence. Technology
has created many ‘revolutions.” Consider the
field of medicine. Practically no child has mea-
sles today. Diphtheria has been eliminated in
the world, not just in the United States. Liter-
aly in the world there are zero cases of diphthe-
ria at this point. Technology is transforming the
office. 1 learned to type when | was in the ser-
vice. But the word processor is so much more
convenient than the typewriter that the type-
writer is practically useless to me today. |
wouldn’t want to use a typewriter, as such, even
though there are new typewriters still coming
out on the market.

Tower cranes are one of the technological
changes that were introduced into the building
industry that displaced old concepts, and |
gather the tower crane may, in turn, be dis-
placed in the near future.

Well, what kinds of things have we talked
about in this workshop that have the quality of
revolutions? | thought | would concentrate on
those since evolution in this business, after five
thousand, is relatively easy to deal with. Maybe
some of us believe there needs to be some
ameliorating consegquences on the part of Con-
gress, but by and large, I'm impressed after
twenty-five years in Washington that in our so-
ciety, we do adapt to evolutionary changes.
WEe're less good at, less clear about how to deal
with revolutions.

So what kind of revolutions might be coming
out of what we've talked about, ‘revolutions
meaning the displacement of an ideathat’sin
present currency, the displacement of a set of
skills or the displacement of a set of institu-
tions?

The clearest, most easily understood, exam-
pleiswhat | would sum up in the word
‘telematics the combination of electronics that
combines communications, computers, elec-
tronic controls, et cetera.

In Harry’s report on the first day, and Alton
Bradford’s as well, most of us are made aware
of the fact that telematics is dramatically going
to change the building process. Thisis conceiv-
ably revolutionary in the sense that there will
be displacement of skillsin professional firms as
aresult of this telematic change.
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We also heard from the team of Reisman,
Clevenger and Patri an example of telematics
being incorporated in the products which we
design and make, namely the ‘intelligent’ build-
ing, It's not quite as clear whether that’s going
to be revolutionary, except that there does ap-
pear in the case of the ‘smart’ building a good
possibility that there will be a displacement of
the concept of office buildings that are not
‘smart’ buildings, and that therefore, our inven-
tory of office buildings, particularly the ones
that are in the open market, will represent a
new opportunity for upgrading performance if
they’re going to stay competitive.

It's interesting that telematics introduced into
buildings, is the first revolutionary changein
the fabric of our cities in almost one hundred
years. One hundred years ago we had a very
dramatic set of changes which included:

1) The invention of the steel process (the Bes-
semer process) and therefore the ability to sepa-
rate the structural part of buildings from the
walls. This made it possible for the first timein
history to build buildings that were taller than
four or five stories. The steel skeleton began to
emerge as a technological possibility alittle
over one hundred years ago.

2) Associated with that was the necessary in-
vention of the elevator, because while people
will walk up five or six stories, the possibility of
them walking up more than that is not very
likely.

3) Another invention was the invention of a
whole set of things that made indoor plumbing
possible. You just have to imagine a sixty-story
office building in downtown Manhattan that
had all outdoor privies to imagine the land
problems that that would impose if we didn’t
have indoor plumbing.

4) And then a discovery redly, the discovery
of electricity, and the application of electricity
to indoor illumination so that spaces inside of
buildings could be used without daylight.

5) Then a set of inventions that made com-
munications possible, primarily the telephone.
The ten thousand people who work in the Em-
pire State Building could not continue to func-
tion in our society if they had to deliver
physical messages between each other on pieces

of paper and were not able to talk on the tele-
phone.

6) Then the invention of the internal combus-
tion engine and its incorporation in the automo-
bile. This dramatically changed the urban
setting.

7) The invention of the set of devices called
furnaces that changed the nature of how we
heat space from essentially what was a wood
burning or coal burning fireplace, with enor-
mous logistics problems, to the centralization of
that heat producing device in something called
a basement.

Now, that set of inventions has two interest-
ing characteristics to it. Every one of them were
reduced to patentable positions in the United
States between 1880 and 1892, and since 1892,
there has not been another single invention that
dramatically changed the performance charac-
teristics of buildings.

However, we may be, with the ‘smart’ build-
ing, and with telematics, in the middle of the
first dramatic change in the performance
characteristics of buildings since 1892.

Next, in this workshop, we discussed the
guestion of whether or not there are any sur-
prises coming in the manufactured housing
business. That is, is the process of making build-
ings off the site likely to produce some dra-
matic changes over the next few years? | think
what Don Carlson and Eric said clearly indi-
cates that if it’s not going to come out of the
United States. But the subject which we have
not talked about is that it might come from for-
eign competition. Japanese or the Swedes or
some place else might develop atruly capital-in-
tensive process.

It we examine how much capital equipment
isinvested in a typical U.S. prefabrication plant
per worker, | think it’s till probably not much
more than $2,000. The average farmer in Penn-
sylvania spends $75,000 on his equipment to do
his farming on an everyday kind of farm. So
we're very far from being a capital-intensive in-
dustry at this point, even with our manufactur-
ing processes.

I’ve not heard, but it would be interesting to
hear, what Japan’s equipment investment is.

David Claridge and John Millhone talked to
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us about energy conservation. The message
there for Congress seems to be there’ s no sur-
prises coming unless, and that’s a very hard
thing to predict, unless we have another world
crisis of some kind, in which we have our sup
ply of fossil fuels dramatically curtailed. Then
we might have to do something more dramatic
than what we did in 1973.

An interesting example from the energy con-
servation area seems to be a byproduct of tech-
nological changesin energy uses. Even such
evolutionary changes, sometimes can be very
dramatic. The dramatic change that’s coming
out of energy conservation is the decline in the
business of the heavy building industry. The
people who build power plants are the ones who
are getting revolutionary changes introduced
into their activities as the result of energy con-
servation, because electric utilities don’'t need
the kinds of capacity they thought they were
going to need fifteen years ago. Just yesterday,
for example, TVA announced the cancellation
of another set of nuclear power plants. Those
big projects that big civil engineering companies
did are disappearing, and the result is very in-
teresting. Most of them are looking to other
parts of the world for business, and they tell me
that there are redly no giant projects that they
see in great abundance going to come out in
any part of the world. So that means that the
Swedes, the Koreans, the Japanese, the French,
the Italians, al of the big companies in most
parts of the world are looking every place elsein
the world for business that’s going to represent
a new opportunity for them. That may be the
most revolutionary thing for the construction in-
dustry to come out of energy conservation.

Dick Tucker talked this morning about what
seemed to me more of an emphasis on problems
than opportunities. The interesting notion that
he represents is the constant concern than I've
heard for at least thirty years now in this indus-
try about we need more support for R&D. |
don't think there’'s any shortage of capital for
R&D anywhere, whether it's Federal funds or
private funds. What we're short of is good
ideas. When somebody like Dick and his col-
leagues put together a good set of ideas, they
can get the money to support their work.

| have never heard of somebody who had a

good idea that didn’t get funded. I’ ve heard lots
of people with half-baked ideas, and I’ ve heard
lots of people who have complained that if they
only got some money they would have good
ideas, but by and large, the money is available
if there are good ideas.

Wendel was the biggest surprise for me. He
represents true revolution. He represents that
breed of cats like those who are out there
changing the world in Silicon Valley in Califor-
nia, They didn't ask anybody if it's al right to
come out with a new set of ideas. They went
ahead and produced a new set of ideas. When |
taught architecture 1 had students who had
ideas like his but he's actually getting them
built. Wendel is not only revolutionary because
he has some good ideas, but because he's get-
ting them built.

Al Dietz said that there are no revolutions
coming about for materials. However, the use of
waste materials, the new applications of materi-
as like composites and laminates may change
some of the processes. We can say to Congress
apparently we don’'t see any surprises coming
out of the materials field, including out of
NASA.

Chuck Thornton talked about the actual cost
of the building as being only one-third of the
cost to the owner. | have a hunch, that the fi-
nancial community will soon be entering some
revolutionary changes. Banking and financial
ingtitutions are not going to go out of business.
We need money to make money, but they’ve
gotten so greedy and so big in my lifetime that
the central part of every city in the United
States, and in most of the world, is dominated
by buildings built by financial institutions.
When | was a boy we were building churches,
schools, hospitals, suburban homes. Banks were
little places, in which if you didn’t do well in
high school you went to work. All of my chil-
dren’s friends who did well in business adminis-
tration or economics, or amost any other
subject in college, go to work for banks in New
York City and make astronomical saaries. The
credit card companies are tying to charge me
19.8 percent on short-term credit when we're
complaining about what, 14.5 percent mortgage
rates in housing? Something is wrong some-
where. Somebody is making too much money.
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Every time in history when somebody is getting
too much of the pie for themselves, some kind
of revolutionary change occurs. New institu-
tions come into the business, and those new in-
gtitutions create a different way of doing things.
| think that one-third cost now of buildings that
does into money might, in fact, precipitate not
only a change in time, but a change in the way
money enters into this system.

Then finally the lesson that comes from
NASA, that Stan talked about, is that the larg-
est single invention in our lifetime has been the
invention of how to invent. For the first time in
history we can purposefully go about inventing
whatever the mind of man can conceive. That's
never been true in history before.

How we go about invention is the key. What
we did not do when we decided to go to the
moon was to hire an industrial designer, an
aeronautical engineer, and interior decorator
and a couple of other professionals and say,

“Design us a spacecraft that we're going to send
out for bids.” Why didn't we? Because the big
secret of invention of invention was how to use
ignorance as a resource. How to find out what
itiswedon’'t know. That's what the space pro-
gram has taught us; how to systematically go
about finding out what we don’t know. Work on
acollection of things that you don’t know until
you do know something, and you can release a
new set of discoveries.

I think we're in the building field with
telematics now at a stage where we may pro-
duce a revolution of that kind, a new set of
characters who will say, let’s systematically go
about not just new product development, but
new concept development by using ignorance as
a resource.

John P. Eberhard is Executive Director of the Advisory
Board on the Built Environment at the National Acad-
emy of Sciences
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1 will address the needs and opportunities of
the building community as | see them. | will
briefly address opportunities as they relate to
computation and automation, education of pro-
fessionals, productivity, and building research.
Suggested will be a model for change that
might be given some consideration.

On the subject of automation and advanced
computation, it's amply evident to al of us that
this technology is coming on like gang busters.
The work that Wendel is doing in the design
and manufacturing of space framesis ex-
tremely advanced. But we must be impressed
with the fact that it's still fragmented. The
hardware, the software, and the languages still
don’t interface. Wendel showed that he had to
bring the architect to his office in order to com-
municate. The day will come when he, through
his computers, will be able to communicate di-
rectly with any of his clients, and his clients
with their clients and consultants. Expert sys-
tems have not yet received much attention, but
the opportunities for expert systems will put
new demands on architects, engineers, and re-
searchers.

We continue in a construction process that
regenerates the same information over and over
again in spite of the fact that we have this won-
derful new capability in front of us. Basic in-
formation about the building is generated at the
predesign or programming stage. It’s regener-
ated at the design stage, not any by the archi-
tect, but by each of the involved consulting
engineers.

For example, an architect will develop the
necessary information to design awall system.
The mechanical engineer again will develop
some of the same information to calculate heat
gain and heat loss through the walls. The struc-
tural engineer will need some of the same in-
formation to determine the loads on the
foundations. Then the contractors bid the job.
They take off much of the information from the
plans and put it into their computers to prepare
bids. The building regulator, who has to check
the plans for compliance with the building
codes, does it again; maybe not to the same
depth, but he needs to look at the plans that re-

late to safety characteristics such as fire resis-
tance. Over and over again, the same
information is regenerated, each time increasing
the chance for errors and decreasing overal pro-
ductivity.

The contractor, after receiving the award, has
to take the information off the plans and speci-
fications in detail for ordering the materials and
scheduling the work. The fabricator extracts the
same information to develop shop drawings.

Y et, when the project has been completed, the
previously developed information is not avail-
able to the owner and occupants who need it to
operate and maintain the building. Nor is it
available to those who want to rehabilitate or
demolish the building,

We need to develop the necessary interface
standards which will alow the various propri-
etary hardware and software systems to talk to
each other. We should develop these standards,
using the voluntary standards organizations now
in place. This will permit all affected parties to
have an input and a part in the development of
the standards.

Research needs to be conducted to obtain
knowledge on the application of artificial intelli-
gence to the development of expert systems for
construction. In the area of education for pro-
fessionals, we have been told — it was said over
and over again during these past two days —
that tomorrow we're going to have to work dif-
ferently, architects, engineers, and constructors
will need to work as a team. Nevertheless, to-
day we still see much fragmentation at the uni-
versity level. For example, mechanical
engineers usually don’t learn much about build-
ing technology as part of their education. They
may be in the same building, but they don’t
talk to the civil engineers, and the civil engi-
neers don't talk to the architects even though
they do most of the structural design. Electrical
engineers usually don’t show much interest in
buildings, and the architects are off in their cor-
ner, concerned primarily with drawing and the
aesthetic aspects, not the technical issues of
buildings. Many builders and contractors are
educated in schools where business manage-
ment is the matter of primary concern.

If we look at the recent past, you will see
that architects have enjoyed relatively less of
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the design fees paid for building design and
construction; and their proportion is decreasing.
Engineers, on the other hand, because they are
applying more technology, have experienced an
increase in their part of the pie. The time has
come when many firms refer to themselves not
as AE firms, but as EA firms, which was al-
most unheard of ten years ago. This indicates
an increased emphasis on technology applied to
building design practice. | think it's time that
we look at the opportunities to educate this
team as awhole. There are big potential payoffs
by studying and improving the way we educate
young professionals so they can better work to-
gether as team members.

The next item | want to touch on is pro-
ductivity. | was interested in what Dick Tucker
said about increasing productivity at the job
site, but | want to address the subject from a
different angle. We were told yesterday that the
environment in the ‘smart’ office building can
increase productivity 24.9 percent. That isa
very impressive number. Michael Clevenger
made a convincing argument that we can in-
crease productivity by that amount. Let’s look
a the meaning of increasing the occupants’ pro-
ductivity, not just the typing pool’s production
of typed pages; but let’s see what it really
means in dollars.

Several years ago we provided technical sup-
port to the General Services Administration for
their building systems program during which
we looked at the life-cycle costs of a building
from a productivity viewpoint. When we looked
at the life-cycle costs over an office building
life, the numbers came out something like this.
The initia cost to build an office building isin
the order of two percent of the total cost to
build, operate, and product in it over alife time.
Approximately 6 percent of the total cost is for
operation and maintenance, and 92 percent is to
pay the people who work in the building.

So let’s extrapolate from these numbers and
look at what an increase in worker productivity
can mean in the total scheme of things. Even if
you add an additional 25 percent to the initial
cost of the building, in order to increase the
productivity of the people in the building by
even 10 percent (e.g., reduce labor costs by 10
percent). You would get areturn of 18 times

the investment. | know of no other investment
as financially attractive today; and if you
achieve the suggested 25 percent increase in
productivity, you get areturn 46 times its cost
in present worth dollars. Those kinds of invest-
ment opportunities are unheard of. We ought to
be looking at the impact that a more productive
built environment could have on the construc-
tion industry, the opportunities for architects,
engineers, building materials and equipment
suppliers, developers, and investors. We need to
look at this opportunity for all types of build-
ings, from office buildings to the factory floor.
What would increased productivity mean in
educational facilities, on one hand, and retail-
ing, on the other hand?

| support a thorough study, including behav-
ioral research, to understand the impact of
acoustics, lighting, thermal comfort, air quality,
space relationships and aesthetics in buildings
as those qualities affect productivity. Such re-
search may be a mgjor opportunity for the con-
struction community. Also a hard look at the
influence of the built environment on productiv-
ity would be a great opportunity for the country
to improve productivity.

A number of papers here argue the need for
more research. Research money will usually be
available when the financial opportunity justi-
fies the investment, and when the results of that
research accrue to the people who make the in-
vestment, Y es, then there is money available.

But there is not money readily available to
conduct research in which the benefits accrue
to society as awhole. There is need for more re-
search support as part of education for building
professionals. Other countries are spending alot
more money on building research in proportion
to their populations. | don’t think they have bet-
ter ideas than we. Foreign governments are
spending money directly on generic research
which | mentioned before, and they are provid-
ing incentives for proprietary interests to en-
courage research.

The Japanese private entrepreneur has a lot
more incentive to do research than does U.S.
Homes. We heard yesterday that US. Homes
does no research. Individual Japanese construc-
tion companies have building research capabili-
ties comparable to what we have at the
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National Bureau of Sandards. Some individual
Japanese companies have two hundred profes-
sionals doing research. When that knowledge
hits our shores we're going to feel it more than
we do now. Canadais spending alot more than
the U. S, and they are doing a lot more to trans-
fer research results into practice. Also, research
has a tremendous influence on quality educa-
tion. If we're considering improving the educa-
tion of our professionals, we need to consider
supporting research in the same universities.

Mr. Kelly mentioned three large industries in
his introductory remarks. The three largest in-
dustries in this country are health care, food
production, and construction; each approaching
10 percent of the GNP The health care indus-
try, through the National Institute of Health,
has an annual appropriation from Congress over
$4 billion; and yesterday we heard about the
wonders that are taking place in that area.

Look at agriculture. That is the one industry
where nobody in the world approaches the U.S.
in productivity and efficiency. The US. popula-
tion is fed efficiently and effectively with the
best quality and widest variety in the world. We
export more agricultural products than any
other product area. The Department of Agricul-
ture spends about $1 billion a year on research.

The construction industry is about the same
size as these other two sectors, and spends in di-
rect appropriation at a national level of $8 to $9
million. In addition, NSF supports some build-
ing related research in universities; HUD
spends a little money for building research; but
there are not sufficient monies spent on generic
building research in the United States.

Let's look at these numbers. Health care is
supported at a level of over $4 billion at NIH,
and food production at approximately $1 billion
a the Department of Agriculture. Construction
represents only one-half of one percent of what
is spent for research at NIH. | am not suggest-
ing building research should be at the same
level, but | am suggesting that there are excel-
lent building research opportunities that need
support.

There are other needs. There is the need to
effectively implement findings to improve build-
ing practices. John Millhone talked to that
point yesterday when he said we know a lot

about energy conservation and its use, but we
need to transfer that knowledge to the local
level so that it's used in rehabilitation.

It would improve our competitive position
worldwide if we would develop more new con-
struction technology and transfer it into prac-
tice. Let’s examine our country’s successful
model, agriculture, which | mentioned just a
minute ago. The Department of Agriculture has
a program of national research. There is sup-
port for research at the land grant universities
in every state. There are related educational
programs, and there are technology transfer
specidists, caled county agents, around the
country that move the results of that research
into place.

I think we ought to look at the USDA model
to see if it might apply to research and educa-
tion for construction that would offer enormous
benefits to the Nation.

| have a couple of additional points|1’d like
to made. One is that we haven’'t heard anything
about indoor air quality. IAQ is something
that’s going to get a great deal of attention dur-
ing the next few years. We don’'t know what
quality of air is required for good health and
productivity. We don’t know how to accurately
measure the quality of air that we breath. So
these are two tremendous problems; the first,
being hedth related, | hope the medical profes-
sion will tackle. The second is a measurement
problem which we in the construction industry
can tackle with sufficient support for research.

The other area | want to mention is diagnos-
tics. Diagnostics is needed for two purposes:
one, for acceptance and quality assurance of
the products and systems we build, and the sec-
ond isfor analysis of our existing buildings, par-
ticularly in preparation for rehabilitation. We
will see a great deal of good work in the area of
diagnostics during the next few years. There's
much interest in the research now underway.

| agree with the observations made by others
that rehabilitation has been a mgjor growth
area and will continue. In order to effectively
and efficiently rehabilitate our existing building
stock, it's essential that we understand the per-
formance capabilities of that stock. As Eric
Dluhosch suggested, it is inefficient and waste-
ful to gut a building and rebuild the whole in-
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side, What we need to do is to have technologies. Quality control for new construc-

nondestructive evaluation, diagnostics, so that tion and analysis for rehabilitation will require

we can determine what the performance major growth in the development of diagnostic

characteristics of that building are so we can capability.

maximize the use of our existing resources as

we rehabilitate them. There are many opportu- James G. Gross is Deputy Director of the Center for
L ’ Building Technology at the National Bureau of Stan-

nities in the areas of thermography and ultra- dards.

sonics, for example, as well as other NDE
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