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Today’s universities and colleges need modern communi-
cations: dermitory room phones, Tele-Lecture, Data-Phone*
service, closed-circuit TV facilities, teletypewriter.

These complex communication services are essential not
only in colleges but in all types of major buildings—plan
for them in the blueprint stage and avoid costly alterations
and unsightly wiring later.

Just call your Bell Telephone Business Office and ask for
the Architects and Builders Service.

ATeT@®

For further information on communications planning,
see Sweet's Architectural File 33a/Be
and Sweet's Industrial Construction File 19f/Be,

*Service mark of the Bell System

Bell System

American Telephone & Telegraph
and Associated Companies
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“What’s a nice sofa like you
doing in a place like this?”

“You belong on the inside, at the top, with the shakers and movers,
the builders, the decision makers. That intriguing new look (boldly
enlivened by exposed oak members) could turn the hardest heads
in the Executive Suite. Yet the timeless elegance of Metropolitan design
will go on enhancing your surroundings long after other ‘beauties’
have faded. What would it take to get your number?”

You'll find it in our little (138 pages) blue hook designed especially
for adventurous architects. (Along with other interesting numbers and
revealing pictures.) Send your letterhead request to 952 Linden Avenue,

South San Francisco, California 94080.

METROPOLITAN

IMPORTED FROM SAN FRANCISCO

SHOWROOMS: NEW YORK; 232 E. 59th St. CHICAGQ, 621 Merchandise Mart. DALLAS, 450 Decorative Center.
LOS ANGELES, 724 Home Furnishings Mart, SAN FRANCISCO, 838 Western Merchandise Mart & S. Christian of
Copenhagen, 700 Sarsome. CANADA, Cyril G. Bureh, Ltd., Vancouver, B. C.
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Views

Continued from page 16
client was the Philadelphia City Planning
Commission,

¢ The Victorian museum is not yet
open. What did happen last vear was
that the Germantown Historical Society
initiated a financial campaign to restore
a fine Victorian mansion and convert it
into a museum of the period. (Ax chair-
man of the committee, I must regretfully
report that we are still very far from
the $200,000 we need before we can re-
store the building and open it as a
museum. )

* While it is true that, at the outset of
these projects, my associate was Preston
Andrade, representing the firm of Wright.
Andrade, Amenta & Gane, later in the
work Andrade went to India and with-
drew from the study. However, his firm
did continue with John F. Gane a< my
associate for this project.

HENRY J. MACGAZINER
Philadelphia, Pa.

Neglected Consultants?
Dear Editor: We have been subscribers
and readers of your magazine for some
years and have appreciated vour efforts
to improve the standards of architecture
in this country. There is, however, one
area where we feel you are not fulfilling
your function, and that is your practice
of not naming consultants to architects
or naming only the major ones (tradi-
tionally the structural and mechanical
engineers). Admittedly, we are not dis-
interested in our complaint, since we
were the acoustical consultants to the
Northeastern Student Union, which you
reviewed in the JuLy 1966 P/A without
including a complete list of consultants.
But we are not prompted solely by our
need for publicity, Your readers have
also heen deprived. The effectiveness of
a consultant’s contribution is really gaged
by the lack of evidence of it in the archi-
tects’s whole design; the general public
should not be aware of it. To paraphrase
a Space-Age proverb: “If all goes well,
it is an architectural achievement; if not,

’

it is an engineering failure.” Thus it is
only the professional eritics, such as
editors of architectural magazines, who
can supply the recognition any craftsman
needs for incentive, and also supply the
architects with information as to which
consultants are performing successfully
and which not. And the size of the con-
sultant’s fee does not necessarily reflect
the importance of his contribution to the
over-all success of the project.

We realize that the task of crediting
the many consultants an architect em-
ploys is not easy, since their areas often
overlap.

Continued on page 30
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Classroom of Randolph Junior High School, Montgomery County, Maryland.
Architect: Burket, Tilghman, Nelson Associates. Consulting Engineer: H. Walton Redmile Associates.

Will you step into this classroom
for a moment, please?

We'd like to call your attention to
two things.

Onc that you can sec: our new Carrier
Moduline® Ceiling Air Terminals with
automatic self-contained temperature
control.

And the other you can’t: a new kind
of air conditioning system using the
Moduline units in a Dual Conduit
System®.

Classroom walls can be folded back
to crecate a large team teaching area.
Yect cxpansion or contraction of teach-
ing space poses no problems for the
Carrier Dual Conduit System with

GCTOBER 1966 P/A
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Moduline units because of its inherent
modular air distribution and control.

The Moduline units provide Ran-
dolph Junior High and other schools
with a space-saving all-air system that
heats or cools in each module at the
command of a built-in thermostat. Op-
crating costs are low because it always
“follows the load.” taking full advan-
tage of diversity afforded by unoccupied
areas.

Moduline units also make possible a
very simple variable-volume single duct
systent. It is ideal for economical auto-
matic temperature control in office

buildings and hospitals. Control zones
as small as 100 square feet are highly
practical. Partitioning modules may be
as small as 25 square feet.

* * *

We’ve covered both systems in de-
tail in a brochure that illustrates many
attractive ceiling arrangements achieved
by architects using Moduline units.

For your copy of “Carricr puts cli-
mate control into a new perspective,”
call your nearest Carrier representative.
Or write us in Syracuse, New York
13201. In Canada: Carrier Air Con-
ditioning (Canada) Ltd.

Air Conditioning Company

More people put their confidence in Carrier air conditioning than in any other make

On Readers’ Service Card, Circle No. 338
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BY TROY

See how versatile it really is. Send for our new
color brochure. You'll see why we call the System
'70 Architectural Dormitory Furniture line our “Big
Package”. .. how easily you can custom tailor its
standard components to specific dorm require-
ments. Wardrobes, desks, chests, study carrels,
chairs, tables and headboards—all are covered
in eight colorful pages of dimensional drawings,
general specs and installation photos. Write
The Troy Sunshade Company, Division of The
Hobart Manufacturing Company, Troy, Ohio.

Designed by Herbert C. Saiger, A.1.D.

lfO ® Show rooms; One Park Avenue, New York / Merchandise Mart, Chicago / 612 Grant Street, Troy, Ohio/ Dallas, Texas
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~Is this
in store for
your new

building-
15 years
from now? -

Statistically speaking, the average building needs to
be remodeled at the tender age of 15. Tenant space
requirements change constantly. Utilities demand
renovation as they become more sophisticated.
Office machines place new demands on the build-
ing. If your building isn’t designed to accommodate
basic structural and service changes, it can become
obsolete almost overnight.

Anticipate change in the initial design by insist-
ing on steel. Steel floors and columns can be beefed
up to carry heavier loads. A steel frame can be
modified to accept additional floors. New wiring

and ductwork can be installed in steel floors and
walls. Steel partitions can be moved to suit chang-
ing space requirements.

By contrast. it may be so expensive to alter some
other types of construction that it frequently isn’t
worth the cost. Or a completely new building at
much greater cost is the only way out.

A USS construction representative will be glad
to detail how you can plan for change with steel.
Contact him through our nearest sales office or
write United States Steel, 525 William Penn Place,
Pittsburgh, Pa. 15230.

@ United States Steel: where the big idea is innovation
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4 wheel drive

Each Grant 7000 Sliding Door Hardware carrier
has four wheels. Eight per door. Sixteen wheels
supporting a pair of by-passing doors. Just one
uncommon feature in a very unusual line of hard-
ware.

The 7000 line boasts innumerable other character-
istics which help make it the most specified sliding

door hardware. These include: rocker arms insur-
ing constant wheel-track contact,non-dust collect-
ing tracks, balanced load distribution, nylon
wheels, ball-socket suspension principle for mis-
alignment compensation.

More features are shown in the Grant catalog. It’s
yours for the asking.

GRANT PULLEY & HARDWARE CORPORATION / 49 High St., West Nyack, N.Y. / Los Angeles, Calif.
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New piTTCO T-WALL"

thermal framing system
controls condensation,
reduces heat loss in new
Federal-Mogul Building

S

Id, Mich. Architect: Giffels & Rossetti, Inc., Detroit.

The new Pitrco T-
WaLL has a proven
0.6* U-value. There
is absolutely no
metal connection
from inside to out-
side. (See section.)

That means no condensation on the metal at
room temperatures up to 70° with relative hu-
midity of 35% —even when it’s minus 20° outside.
Metal framing is not chilly. Sound transmission
is reduced.

Appearance is slim, elegant, unobtrusive. Face

thickness combinations, including double glaz-
ing for maximum insulation. Standard compo-
nents will meet varying strength requirements.

For more information on this new Pittco fram-
ing system, see Sweet's Architectural File, sec-
tion 3a/Pi, or write for our 4-page descriptive
folder. Pittsburgh Plate Glass Company, Pittco
Architectural Metals Department, Ohio Street,
Kokomo, Indiana 46901.

*Performance test data published March 1, 1965, by Pennsyt-
vania State University.

®

of the mullion is only 1% inches wide; gasket pro- PITTCO
jects only 3 of an inch from surface of the glass. G ARCHITECTURAL
Pittco T-WaLL is available in several glazing METALS
131 On Readers’ Service Card. Circle No. 416
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HARDWICK’S

duralok carpet with
100% Acrilan® acrylic pile

... the right answer to school
floor covering questions

DURALOK has all the answers for contract carpet instaila- .
tions. Passes the heavy traffic test in schools and public\
buildings. Moth proofed DURALOK retains its colorful beauty |
through repeated cleaning. This proven classroom asset :
lessens noise . . . reduces the need for other acoustical instal- |
lations. And Hardwick—the compact carpet mill—is a gradu-
ate from the school of service. Majoring in personal attention !

. a better edge on price . . . custom carpeting . . . fast !
delivery . . . and performance plus carpeting you can count ‘
on for all your contract installations.

Write today for your free DURALOK Selector and informa- |

tive reprints and brochure on the merits of Acrilan® acrylic
carpet fiber.

HARDWICK & MAGEE CO.
Lehigh Ave. at 7th St., Phila., Pa. 19133

r
|

|

= Please send me, at no cost or obligation, your Duralok
I Selector and Acrilan reprints and brochure.
|

|

|

|

|

|

Firm Name

Street

|
|
|
|
{
Name |
|
|
|
I
|

B
acrylic fiber by

CHEMSTRAND

HARDWICK & MAGEE CO., Lehigh Ave. at 7th St., Phila., Pa. 19133
Chicago « Dallas « Detroit « New York  San Francisco ¢ Los Angeles
On Readers’ Service Card, Circle No. 469
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Only chairs in their class with
spring suspension on seats

In chairs, it’s what’s inside that counts. And the spring
suspension in Sturgis chairs counts big! Most chairs use
foam only. Now Sturgis 700 Series is first with springs
inside the foam. This added resilience means maximum
comfort with minimum wear.

Special flat spring construction provides the comfort, but
holds the contemporary square design that is so popular.

There’s never been a chair like this at a price like this.
If you'd like us to spring with the complete story, write
to Department PA-105. The Sturgis Company, Sturgis.
Michigan 49091.

STURGIS

700 LINE

On Readers’ Service Card, Circle No. 439
OCTOBER
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lllustrating the versatility
of precast concrete panels..............

These buildings all feature
precast concrete units made
from Trinity White.

Want to see more?

We have a new booklet that shows
dozens of examples of the use of

precast white concrete panels. - .

B e "“"I;L} Witz
PORTLAND CEMENT

GP A PRODUCT OF GENERAL PORTLAND CEMENT COMPANY

CC Offices: Chicago - Dallas - Houston - Tampa + Miami - Chattanooga - Fort Wayne - Kansas City. Kan. - Fredonia, Kan. « Oklahoma City - Los Angeles
®
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“Concrete is mud. | work with concrete,
not against it. I like mud.”
PAUL RUDOLPH

“Thinking about the future of concrete,
we would have the best concrete when
we don’t use cement at all. If we could
develop an epoxy plastic and use it to
replace the cementing action in the mix,
we could produce a material like gran-
ite. Such a mixture would not be sub-
ject to plastic deformations, and would
not change in the course of time. This.
to me, would be the future of concrete.”

DR. AUGUST KOMENDANT
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EDITORIAL

Permanence is one of the characteristics of concrete. Not only does it increase
in strength with age, but it is also weighty and, usually, bulky. Architects, as
a rule, like the idea of indestructibility. Since much creative effort and hard
work is involved in putting up a building, most architects resent the premise
of disposability and avoid it as if it were some kind of architectural psychalia.
Which is probably one reason for the growing popularity of concrete as a build-
ing material.

And yet, disposability is only a near cousin of flexibility, a concept pretty
well established in the profession. In an age of vast and fast changes, perma-
nence, in spite of its emotional allure, is simply not practical. Architects all over
the world are discovering this. For example, countries that have an advanced
concrete technology (such as Hungary and Poland, which I visited recently)
are now re-evaluating the wisdom of building with large, load-bearing panels
of prefabricated, reinforced concrete, a system popular there until recently. In
Poland, there is already a tendency to build skeletal apartment houses of pre-
fabricated concrete beams and columns only, rather than solid structural walls,
so that walls could be knocked out in case of future changes in housing stand-
ards. This cannot be done, of course, with load-bearing box construction. Apart-
ment sizes are frozen for generations to come, unless the building is dynamited
and another one built in its stead. Thus, the size and type of concrete elements
is a subject of live controversy in a country that goes all out for prefabricated
concrete construction.

Another controversy centers around the question of how complete the pre-
fabricated elements should be. One school of thought claims that the logic of
prefabrication indicates as complete a unit as possible, and that finishes should
therefore be applied before erection, not after. The opposing school looks at
the results and says that building construction is a rough operation and that
repairing damages inflicted on finishes during erection offsets any saving in
time, labor, and material, and that, logically, finishes should therefore be applied
after erection is completed.

To go back to the subject of permanence: One of the effects of standardization
of building design and industrialization of building construction in Poland is
the diminishing need for architects. After the basic design problems of the
prototypes have been solved, the engineers and builders take over the details
of production and erection techniques. Result: A severe recent cutback in Polish
architectural offices left many architects jobless and a substantial number had
to seek work in other countries. Presently, some 200 Polish architects are work-
ing in France, for instance. The irony seems to be that, after contributing to the
creation of nondisposable buildings, they became disposable themselves. ®
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DAR-E5-SALAAM, TANZANIA

MOSQUE, UNIVERSITY OF EAST AFRICA,
ARCHITECTS: MCMILLAN, GRIFFIS & MILETO.

“Combining heavy elements.”

“Assembled components.”

,
RS
&fﬁ@Qr i

LAY %
N QI \‘*ﬂb‘
»‘éﬂ“fg SN A

o

PELRAY BN
7o
A 73

FRANK GRAD & SONS. PHOTO: PHOTOG

ARCHITECTS :

PRI SO
%qmv(g',;"\:?;r&‘:?%‘@ﬂf’ LT
& & 4" r K
bfi"? A I “ ‘e ¢

o
- BTN &

LR AN AR
> -~ G\ LN\

“Cookie cutter shapes.”

, HANOVER, N _J

“Precision.”

. NORTHERN AREA H . Q

KELLY & GRUZEN

BELL TELEPHONE CO

J

N
. NEW YORK CITY. ARCHITECTS:

CHATHAM TOWERS

“Unmanicured mud.”’

“Replacing the metal curtain wall.”

. NEW BRITAIN, CONN.

PHOTO: CUNNINGHAM-WERDNIGG

NEW BRITAIN BANK AND TRUST CO.

ARCHITECT: EMERY ROTH







questioned, but they do enable an owner
to keep up the appearance of a building.

Will Success
Spoil Contractors?

“We have trouble finding contractors who
can visualize the capabilities of concrete
and will not persist in underestimating
the difhculties involved after we point
them out. We also find difficulty in ob-
taining accurate cost figures in advance
of bidding.” These remarks, by Ronald
Gribble of Fisher. Nes Campbell & Part-
ners in Baltimore. summarize the experi-
ence of uite a number of architectural
firms.

Some architects believe that success
spoiled many contractors and made them
cautious of anything but an odds-on fa-
vorite. “Contractors won’t gamble on the
end product that designers are trying to
create.” says Wayman Wing.

“Concrete suppliers have been so busy
that physical performance rather than
innovation has been the problem,” points
out Earl Flanshurgh of Cambridge.

And Walier Netsch., of Skidmore, Ow-
ings & Merrill’s Chicago office, is con-
cerned “. .. about the reticence of ready-
mix concrete suppliers in using special
cements and mixes that may place a bur-
den on their broad-scale use of supply
yards. This occurs hecause good exposed
of

sample studies of cement. aggregate and

concrete requires a careful series
sand.”

Looking at the broad view, Netsch adds,
“As the construction market continues in
scale. there is less desire to expand the
potential. This may also be justified criti-
cism for architects.”

Clients. too. Remarks B. Sumner Gru-
zen of Kelly & Gruzen, “The city, state,
and Federal governments have not been
casily persuaded to try new techniques.”

It is not always the contractor who
drags his feet. “Probably no supplier feels
his materials are being fully exploited.”
says Alhert Litvin of the Portland Cement
Association. The reason for this may be
that architects don’t have time to exploit
new materials. Says Flansburgh. “Archi-
tects did more experimenting in the 20’s
and 30’s because all they had to do was
sit around. Now they are so busy they
don’t have time to experiment.”

Architeets also deecry the attitudes of
contractors who cannot be hothered to
train men. or still follow familiar tech-
niques when bhetter ones are available.

Edwin Steffian comments,

of Boston

OCTOBER 1966 P/A

SILVER STATE SAVINGS AND LOAN, DENVER., COLO

ARCHITECT: W. C. MUCHOW

Light fantastic.

ARCHITECTS: HOWARD BARNSTONE, EUGENE AUBRY

GALVESTON NEWS BUILDING. GALVESTON. TEX.

Concrete fit toa T.

SOUTHEASTERN MASSACHUSETTS TECHNOLOGICAL INSTITUTE

ARCHITECTS: PAUL RUDCLPH. DESMOND & LORD. iNC

PHOTO: ARBER-FRENCH & CO.

PETER BENT BRIGHAWM HOSPITAL

ARCHITECTS: THE ARCHITECTS COLLABORATIVE. PHOTO: PHOKIAN KARAS.

ENGINEERS: KETCHUM, KONKEL, RYAN & HASTINGS

“Formwork lines and blemishes are often
due to lack of care by a contractor who
ignores instructions in specifications and
drawings.”

“The average contractor.,” points out
Gyo Obata of Hellmuth, Obata & Kassa-
baum, “is not used to the idea that his
bid carries the responsibility to do careful
formwork, mixing,

casting, stripping,

sandblasting. and so on.”

What Workmen Put Into It

Sometimes a contractor is big with words
but short on deeds. A partner in a ven-
erable architectural firm claims that the
head of a large contracting company talks
a lot about good construction prac-
tices for concrete work. but does not see
that his men know about them: “When T
remonstrated with a carpenter for urinat-
ing into formwork, the man said nobody
had told him about good practices.”
Leonard Bell does not mention toilet
training, but does notice a lack of crafts-
manship in formwork, and would like to
“finish”

architectural concrete.

see carpenters employed for

The craftsman. believes Bennie Gon-
zales of Phoenix, Ariz.. “. .. can cause ir-
reparable damage, raise costs of special
techniques., or he can be invaluable to a
project.” The Southwest, he notes. has an
imbalance of unskilled workmen. which is
aggravated by subcontractors unfamiliar
with technical developments.

Yet the northeast region of the U.S..
where many designers and contractors are
concentrated, generally looks to other re-
gions for advances in concrete. Ira Hooper
of Seelye. Stevenson, Value & Knecht.
consulting engineers in New York City,
feels that the South and West are head
and shoulders above technical develop-
ments in the Northeast. H. T. Noyes, chief
engineer of Turner Construction Corp..
agrees with him.

It is not only contractors who err.
Hedley Roy of John B. Parkin Associates.
Toronto. believes that we have inadequate
technology and that there is a natural re-
sistance to change on the part of designers
and contractors.

One of the larger design firms, Welton
Beckett & Associates, reports that major
contracting companies are always willing
to cooperate creatively with the architect
and his engineers. Contractors often sug-
gest erection techniques that aid in estab-
lishing pioneering designs.

Peter Morton of The Architects Col-
lahorative. Mass..

Cambridge. compli-
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ments the professional approach of many
subcontractors, especially the formwork
subcontractor on a recent TAC job: “They
influenced the design in many ways, such
as where the form joints should be, what
size panels can be used, and where to put
the form ties. I am thunderstruck at the
importance of the form men.”

The Precaster’s Viewpoint

1If a sub influences a job, be sure to find
a good influence. For precasting work.
listen to a precaster, Tom Nolan of Tec-
fab, North Arlington, N. J.: “If the men
running a manufacturing plant have not
been working in a successful architectural
concrete precasting plant for at least five
years, the company isn’t worth a damn.
Furthermore, its products are a definite
risk to the successful completion of a
building.”

Nolan states it is not an easy business.
He has frequently seen manufacturers go
rapidly broke: “They think that all they
need to do is make a mold, fill it with
concrete. strip the mold, and ship the
product to a site. But the technology of
precasting is quite complex. and the re-
wards are slow to materialize.”

Some architects may have met the type
of precasters mentioned by Nolan. Dan
Toan, of Warner, Burns, Toan & Lunde,
New York. N. Y.. feels the precasting field
is not up to what it should be: “It is com-
peting with the stone business, and isn’t
set up to compete with cast-in-place
concrete.”

Contrariwise. Raymond Epstein of Ep-
stein & Sons. Chicago, believes that “the
precast concrete industry is well advanced
with its product, but the cast-in-place field
leaves much to he desired.”

To capitalize on the benefits of pre-
casting, a designer must repeat himself.
“Tt is necessary to design repetitive ele-
ments to allow the precast-concrete con-
tractor to compete economically.” points
out an architect. Fine, replies a precaster.
“hut few members of the profession think
this way. A designer can add $3 per sq ft
to the cost of a building just by neglecting
to think about the precaster’s prohlems

of repetition.”
Performance, Weather,

and Research

“The major difficulty is the difference
hetween work specified and work per-
formed.” This message, in one form or
another. comes through loud and clear
from many architects. Sumner Gruzen:
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“Tt’s often necessary to perform correc-
tive treatment to concrete to obtain an
acceptable finish. The alternative is to
demolish the work and cast it again.”

So, concrete, to no one’s great surprise,
has limitations. At the design level: “Like
any other material, concrete is no guar-
antee of unqualified success.” In close-up:
“I'm disappointed at the staining. spall-
ing, and cracking.” And in cost: “Lime-
stone is cheaper.”

Concrete stands up better in some
climates than others. Boston is in a bad
zone, according to Herman Protze. a con-
crete consultant. because of frequent
freeze-thaw cycles each winter. Colder re-
gions are less exacting. because they
freeze up for the whole winter.

Wallace Harrison. of Harrison & Ab-
ramovitz. remarks, “Our office believes
that carefully supervised concrete will
work in New York City’s climate, but T
do not agree.”

There’s a

weathering. as well as many other aspects

lot to be researched in

of concrete. “Industry should take more
of a lead,” says Frank Grad. “For a recent
project. we had to finance developments
that businesses with research resources
should do. Unfortunately, too many com-
panies make too much money to want to
improve technology. The amount of money
not spent on research is amazing.”
Many architects believe concrete to be
late blooming. Flansburgh says, “Only Te-
cently have we begun to see the true plas-
tic capability of the concrete.” And Sepp
Firnkas. a Boston consulting engineer.
comments, “Only in the last few months
have designers begun to understand that
concrete is not just a structural element,
and also has no justification as a curtain

wall.”

Slump Causes Problems

“Concrete isn’t a poor man’s stone.”

“Concrete shouldn’t try to imitate stone
carving or cabinet work.”

Right. Concrete is concrete, and does
not have to be dressed up. But it does
have to be good concrete. and that calls
for controls. “It’s such a simple material.
but with such little control.” points out an
architect. “There is an over-all lack of
responsibility for the suppliers of sand.
aggregate. and cement.” says Grad.

Specifications provide part of the con-
trol. but the experts believe the specs
should not be rigid. “Don’t tie down the
contractor too hard.” warns a contractor.

“Rigid specs cause the costs to exceed
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budgets,” emphasizes an architect. “Tight
specs enable an architect to police a job
during construction,” says an engineer.
Ask a concrete contractor what single
item causes most trouble, and the answer
invariably is slump. Many contractors do
not give it sufficient consideration, claims
a concrete sub. But Kelly gives it a lot of
thought:

slump when concrete is discharged from

“It’s very difficult to control

a mix truck in 90 F weather and passes
through four or five containers to reach
the forms on the thirtieth floor of a

structure.”

Changed Mixes

In the six years since P/A’s last issue
about concrete, its strength has risen:
5000 psi is now commonly called for in
Steel
strengths increased with concrete. Yield
strength for A432 steel is now 60,000 psi,
with a working stress of 24,000 psi. In
1960, the working stress was 20,000 psi.

Design methods

place of the former 3750 psi.

are also changing.
Some engineers are designing columns by
ultimate strength methods, instead of by
working stress formulas. Designers also
adapted the composite action usually asso-
slabs and
beams, and applied it to precast concrete

ciated with concrete steel
beams and cast-in-place slabs.

Material suppliers can guarantee better
uniformity of grading, and batching plants
offer scientific control of the materials
passing through the hopper. It is not all
perfect though, and Ira Hooper suggests
that the ASTM (33 standards for sound-
ness requirements of aggregates are not
stringent enough to prevent trouble with
concrete.

Mixes will undoubtedly change, but
Melvin Charney of Montreal foresees an
expanding concrete—a really lightweight,
fast-setting, dimensionally-stahle material
that can fulfill some of the dreams of an

instant architecture.

Concrete Breaks
the Cost Spiral

“We have barely reached the frontier of
concrete in socially important architec-
ture because of its cost,” claims Ralph
Everett Harris of Hampton Beach, N.H.

“Financial exploitation and speculation
reduces the problem to simply a question
of costs,” believes Gonzales,

Two views, opposed by a third. Stewart
says. “Concrete is not dictated by cost but
by aesthetics.”

Techniques may not lower costs, but
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Native craftsmen thatch local materials into
framework jor pneumatically-applied concrete
roofs (photos this page).
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material suppliers do. Concrete has not
risen in costs anywhere near the same rate
as other materials. Despite rising labor.
steel, and lumber costs, the price of con-
crete remains stable. Cement now costing
under $4 a barrel cost about $5 five years
ago. This can be attributed to automated
cement plants, which circumvent rising
labor costs and also raise productivity.
Larger mix trucks, carrying three times
more than the older, 5-cu-yd trucks. help
to steady the unit cost of concrete.

Labor appears to influence the cost
greatly. George Cohen, Euclid Contract-
ing Corporation, who has a first-hand ex-
perience with labor, says that unions are
forcing up wages to the point of ruining
industry.

Formwork Makes the Job

Departing from the conventional view of
casting concrete in a mold, Harris com-
ments, “Since building formwork involves
more work than casting concrete, the
formwork becomes predominant and
should be viewed as a positive element.
The finished concrete is a negative ele-
ment. Thus it may be more important to
design a building in terms of its form-
work and view the finished product as a
negative resultant.”

Many architects are aware that there
is more to formwork than setting up boxes
for concrete to be cast into. Many want
a better method of molding concrete. And
they certainly want a cheaper method.

Caudill, Rowlett & Scott offer sound
“feet on the ground” advice about forms:
“Forms must be watertight to prevent
honeycombing. In Britain, some specs call
for forms to be filled with water over-
night, and not exceed a maximum
leakage.”

Steel forms will avoid leakage, but are
not economical unless copiously re-used.
Moshe Safdie, designer of Habitat (see
p. 226).
“There’s something about the smoothness
of steel form finish that’s appealing.
Rough with fins and bush-

hammering avoids certain finishing prob-

is happy with steel forms:

surfaces

lems, but uses concrete in a sentimental
way.”

Fiber-glass forms also give a smooth
finish. and some manufacturers say they
can give better tolerances with fiber-glass
than with steel. The Winner firm says it
built a 42-ft-long form for a prestressed
that checked out within 19 in.
Safdie’s 38-ft-long Habitat units are cast

unit

to Y-in. tolerance in steel moldx.
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tractor. Engineers dilute responsibility
when they attempt to share it.”

Does Government
Retard Design?

Problems of quality and control do not
seem to loom as large in bridge and high-
way construction. Hardesty & Hanover,
New York City consulting engineers, de-
scribe their procedures: “We use a design
mix at all times. Quality in concrete is a
function of control and supervision. If a
transit-mix truck mixes in transit, so that
there is no way of knowing the actual
mixing time, the entire truck load should
be rejected.”

In describing the control exerted by
state highway departments, Hardesty &
“State
highway staffs are professional organiza-

Hanover were complimentary:
tions. They give us excellent control.”

The one area that seems to evoke a
good deal of agreement among architects,
engineers, and contractors was that lack
of control on Government construction
was a Barry Goldwater dream. Pointed
out one major New York architectural
firm, “Federal control is the worst, but
only a little below that is state control,
and a little below that is the city.”

Four of the top members of Smith,
Haines, Lundberg & Waehler, including
the chief structural engineer, declared
that more important than the type of con-
struction. either precast or cast-in-place.
was whether the client was a private indi-
vidual or a governmental agency: “Our
experience so far has been that if it’s
Government work. forget about the pre-
cast stuff. We even like to stay away from
concrete itself as much as possible. You
don’t have any control over the bidders,
in either city or Federal Government.”

When asked if the condition would
change if the architect had adequate su-
pervisory rights, they replied, “It’s hard
to get blood out of a stone. If you don’t
have a qualified contractor you can super-
vise all you wish, but what will you do,
make him tear down all he puts up?”

“It’s enough to make a man want to
overthrow the Government,” says Farch.
archly.

A group of principals of the Frank
Grad office in Newark were in full agree-
ment in condemning lack of control on
Government buildings. They cited their
dilemma in having to work to Govern-
ment specifications, although the Govern-
ment did not yet have such specifications.
On one particular job, the Grad office had
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a sample panel fabricated prior to bidding
to show the quality of the concrete they
wanted. The successful bidder had a panel
made to show them the type of concrete
work they were going to get.

Herbert Riemer speaks bitterly of the
disappointment of a firm trying to produce
competent architecture for Government
projects: “How many opportunities do
you get for design service? We have
financed design well above fees, only to
have our efforts thwarted by poor con-
struction over which we had no control.
Many of the contractors on public agency
work bid the job by weighing the plans.
They are bidding to the kind of market
that is geared only to inferior types of

construction.”

How Professionals

See Each Other

The harmony, or disharmony, of relation-
ships bring a lot of growls, but mostly the
bark is worse than the bite when either
the architect or the engineer puts on the
dog about their prime importance. Actu-
ally, there is a great deal of cooperation
between creative architects and creative
engineers, coupled with mutual admira-
tion marred only occasionally by dog
fights.

The teaming of engineer and architect
has often resulted in new dimensions for
concrete design for both architect and
engineer.

Paul Rudolph feels that the engineer
is an extension of the architect’s capabili-
ties. and is subservient to the over-all
demands of architectural design. Chip
Harkness of TAC states the case simi-
larly: “The factors of the formula, not the
formula. are what can give you a yes or
no answer.”

Wm. J. L.eMessurier, a Boston consult-
ing engineer. describes his position on the
design team: “To be responsible for se-
lecting the most pleasing form among the
alternatives of engineered form is a dan-
gerous pursuit, because 1 might forget
technology. You can forget art as long as
somebody else is constantly battling for it.
But the architect must not dominate the
arena as an artist. leaving no room for
me to think with great clarity. It is that
type of domination that iz wrong.”

The Architect as
Master Builder

The extent of architectural control is un-
charted. With traditional materials, the
tradesman and contractor undoubtedly

AMERICAN CEMENT CORPORATION BUILDING
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know more about their use than the archi-
tect. But the introduction of exposed
concrete destroyed traditional building
patterns.

Architectural concrete needs control
that begins at the batching, and ends with
the casting. If the architect is to be the
master builder in the medieval sense, it
seems that he must be a jet-propelled,
Hydra-headed Nemesis to the Herculean
efforts of the profit motif.

“Control is a matter of carry-through,”
maintains Tom Kavanagh of Praeger-
Kavanagh-Waterbury, architects-engi-
neers. “Greater controls are needed,” he
continues, “because of the tremendous
potential of this remarkable material. As
technology improves and greater concrete
strengths are developed, the need for
stricter controls becomes even more
critical.”

Another well-known engineer associated
with a major architectural and engineer-
ing firm in New York City deplores the
lack of adequate carry-through in exposed
concrete design: “If you watch them pour
concrete, sometimes you’ll say, ‘I'll never
walk into that building.” People just dump
the thing there with a lack of interest.

“Concrete is designed by an engineer
under engineering conditions, and he writes
precise specifications. A contractor bids
the job. and subcontracts the concrete.
But when a test cylinder does not come
up to specification, the contractor dis-
claims responsibility, because the owner
had an inspector watching the work.

“The owner claims he didn’t mix the
concrete, and the contractor had an in-
spector at the batching plant. The sub-
contractor feels blameless because it
batched to specification and cast under
the eyes of the other parties.

“No one has a feeling of responsibility
throughout the whole process,” he con-
tinues. “Even the suppliers may not fur-
nish uniform quality materials.

“What we need is some kind of a na-
tional board of certification,” he concludes.
“But for this to be effective, we have to
get people who are financially interested
out of the picture. We must have profes.
sional people—the architect, the engineer,
and the owner.”

The Master Builder:

A Change in Cast
“There

claims a well known consulting engineer.

is no supervision any more,”

“This is an era of laywers and of getting
whatever you can.”
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His implication that the architect is
not the master huilder is clearly stated by
Grad: “The general contractor is the
master builder, and has the option to keep
the building up. Once you tell a contractor
to do something differently from the way
he is doing it, you are dead. The contrac-
tor can shift responsibility onto you, the
owner’s representative, and you end up
making the owner responsible for the set-
ting of the reinforcing steel.”

However, a committee is working on
these problems. A joint ATA, ASCE, ACI
committee has been set up to study the
problem of control. It is conscious that,
if unsuccessful, exposed concrete construc-
tion might well suffer the same fate as the
metal curtain wall.

There is one other element of control,
perhaps the most essential—the architect’s
man in the field.

The clerk-of-the-works,
superintendent, or the architect himself,

architectural

must coordinate, maintain harmony, and,
when “push comes to shove,” maintain
control. At best he is a master builder;
at worst, a useless, underfoot job append-
age—nuisance to the contractor, and an
unnecessary expense to his employer.
Such men never have their name in-
scribed in cathedrals, and are known only
to the men they work with., from lathing
apprentice to design architect. But their
influence in quality control is consider-

able.
The Supplier

Supplies Comments

The last, but not least, influence on control
is the manufacturer who supplies the es-
sential components from which the design
must be fabricated. Among these is the
fabricator of plastic forms, such as Wil-
liam Spurr, sales manager of the Moulded
Fiber Glass Co.. who maintains, “We are
a service business to the construction
trades. We offer architects a tool which
can improve design. building quality and
construction economy.

“We believe in the profit motif and so
does our competition. . . . We cannot sub-
sidize design. research, and development
unless we get our profit at the sale of the
end product. There is no purpose in re-
search and development if you can’t make
a profit.

“Architects should learn the economics
of dome (pan) production and use,” con-
tinues Spurr. “We are not happy about
architects designing ceilings for small
bank lobbies with forms that don’t exist.

However, if the same architect can design
the entire bank building for the same
form, then we are interested. We could go
broke if we tried to provide for rental of
every size and shape that architects can
dream up for small volume use.

“For the most part, we find ourselves
doing business with the contractor who
has the choice of dome sizes, unless the
architect is firm in holding to his specs.”
Concludes Spurr, “We have worked hap-
pily with many architects who know what
they want and how to get it.”

There, in the words of the representative
of one of the largest plastic dome manu-
facturers, is a summation of manufacturer
problems and attitudes to architectural de-
sign. The measure of control this manu-
facturer exercises on design is, of course.
the measure of architectural reliance upon
standard manufactured components.

Dome manufacturers are noted for their
versatility. One manufacturer markets
used domes for fishing pontoon floats.
They report their hobbies as making plas-
tic coffins and garbage disposal, claiming
there is no end to these markets.

“We are dabbling in death. I would
suggest a prototype plastic coffin with
fiber glass vault combination to replace
present concrete vault construction. We
could also drive fiber glass pipe liners the
same way concrete caissons are driven,
and bury families vertically in hierarchi-
cal order, starting with grandfather,
grandmother, and working up to the im-
mediate family.”

So it can be seen that, though lacking
design inventiveness in architectural ap-
plication, some manufacturers are alive
to dead ideas. It is only to be hoped that
burying architectural design in stereo-
typed form is not among their projects.
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the use of exposed concrete, we were faced
with some tenants’ insistence on painting
the concrete to relieve the ‘austerity.” We
still seem to be in the basic stages of
acceptance of concrete as a finished
material.”

Grad summed up the majority opinion:
“The architect is not an individual until
the society will tolerate him™.

This, however, does not concern Ru-
dolph. “I would like the public to like my
concrete buildings, but I am not primarily
concerned in pleasing them,” he says.
“The public usually waits for the critics

to tell them what they like.”

Beauty Is in the Eye
of the Beholder

Signs of age etched in city grime are often
a disconcerting note in an era of eternal
youth and this year’s model building.
Discussion of measures to counteract at-
mosphere stain elicits, for the most part,
a “We can live with it” attitude.

“You cannot do anything to concrete to
make it weather, because if you make a
terrible mistake and the building falls
down, that is a very serious thing for an
architect. you know.” points out Jean Paul
Carlhian of Boston.

“Well, I think that buildings in a big
city just get dirty.” says Louis McMillan
of TAC. “You have to accept the fact that
buildings live in an environment,” agrees
Chip Harkness. Both men felt that the
inevitable marks of age were not objec-
tionable. “Have you seen the Place de la
Concord after they sandblasted it? Shock-
ing!” says McMillan.

However, many architects commented
on the staining of 1. M. Pei’s plastic-
formed concrete. A great number admired
the casting precision obtained by this tech-
nique. but they found fault with the
uncontrolled staining. which marred the
articulation of certain elements.

“You

with brick.” commented Farch.

would never have that trouble

Sloping sills on concrete exteriors were

e

criticized. “They just invite soot to lay on
them. and the rain is going to streak the
face,” felt one architect who admitted that,
when faced with a similar problem. he had
evolved an equally unsatisfactory =olution.
He concluded, “We should get back to the
old principle of having a drip and a
cantilever.”

“The public is not willing to accept new.
dirty buildings.” believes Grad, “although
the New York Public Library was ac-

cepted for years before it was cleaned.”
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“Cast-in-place requires subtleties that we do
not fully anticipate.”
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night manufacturers to effect savings. On
many occasions, we have had to revise our
design and details to meet shop limita-
tions.”

Richard Roth, Jr., of Emery Roth &
Sons, feels that “precast concrete is still
a craftsman-like profession, and therefore
all pieces are practically hand-made.” He
cites the case of the Pan Am and the
Bankers Trust Buildings in New York
City: “We have had the experience on
large johs of having the precast concrete
manufacturers going bankrupt on us, be-
cause they have neither a large enough
plant nor the financial ability.”

Clifford Stewart
concrete has the same disadvantages of
the old cast stone of the 20’s and 30’s.

comments, ‘“‘Precast

There is no reason to suppose a change
in name will correct the defects. Luck and
workmanship will still play a part.”

Vincent Kling finds that “the one advan-
tage observed within the past six years
is the increased knowledge of the trades-
man.”

Edwin Stefian notes that there are ex-
cellent precasting plants in the Boston
area, which he uses whenever he can.
“Once the impression left by ‘cast stone’
is eliminated. there will be great advances
in the acceptance of precasting.”

“Cast-in-place concrete is not as limited
in the competitive market as precast, be-
cause the field of cast-in place is not
limited to so-called specializing shops,”
says Harry King, of King & Lewis. “I see
the cast-in-place field progressing faster
because of more courageous use of ex-
posed cast-in-place concrete by archi-
tects.”

Gruzen states the case bluntly: “The
precast industry has become so busy that
their estimates have not been reliable at
bidding time. The architect would be wize
to have beams. fascias, panels. etc.. de-
«signed as a cast-in-place alternative to

force effective competition.”

The High Cost

of Precasting

“Limestone is the poor man’s concrete.”
remarks Dan Toan. “We find the cost o:
precast concrete work to be often exorbi-
tant——usually being bid much higher than
estimated by the manufacturers during
design. For this reason. we have recently
changed two projects from precast to lime-
<tone.”

“We find limestone to be often less ex-
pensive.” says Louis DeMoll of Ballinger
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PRESTRESSED, PRECAST
WALL UNITS

POST-TENSIONING
TENDONS

Combined stressing techniques enable con-
tractor to stack prestressed, precast. - . .

. concrete prme/.\'. and post-tension cast-in-
place framework at 15-story building.

PALO ALTO OFFICE CENTER, PALO ALTO. CALIF. ARCHITECT: TALLIE B. MAULE. PHOTO: HANK KRANZLER

Co., architects and engineers, Philadel-
phia.

A Southwestern architect states that
precast panels rose from $5 to $10 per
square foot during bidding: “Architect
says cast-in-place. engineer says not pos-
sible, but the job is out to bid anyway.”

Wallace K. Harrison states unequivo-
cally: “Everytime we have had compara-
tive bids, the cast-in-place comes in
cheaper.”

Gyo Obata reports that, around St.
Louis, casting and sand-blasting concrete
on site is considerably less expensive than
precast.

“Precast concrete is still a difficult and
expensive medium,” notes Roth. “And un-
til we find a better way to manufacture
and hang it on a building, I see it only as
a prestige material for expensive high-rise
structures. It will be easier to bring down
the cost of cast-in-place than the cost of
precast concrete.”

“Solutions are worked out in either
cast-in-place or precast concrete, leaving
the option to the successful contractor and
* believes Walter
Netsch. Jr. “We have discovered that pre-

his personal practice.

cast concrete begins to move into the
higher-cost limestone and granite prices.
sometimes exceeding them. and this makes
cast-in-place economically justifiable.”

Weakness in the Joints

“Loadbearing precasting works fine on
five or six floors. but on twenty it will not
work.” points out a contractor.

“If one devises a structure so that pre-
cast elements can give structural stability
without having to make rigid connections.
the economics of precast construction have
an advantage,” add Markus & Nocka of
Boston.

This method has disadvantages. accord-
ing to Philip Meathe of Meathe. Kessler
& Associates, Grosse Point. Mich.: “With
all the welding plates and attachment
brackets needed on a precast job. there’s
usually an opportunity for expansion and
contraction cracks in floors and walls.”

Carlthian also does not think much of
this method: “With precast beams and
precast columns, there is always the prob-
lem of a junction point that has to be
cast-in-place. If it is not cast-in-place. it
becomes a watchmaking type of construc-
tion that is identical with steel. So whv
not use steel?”

Hedley Roy points out that it is not
possible to use precast concrete alone for
high-rise buildings. since lateral stability
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To keep costs in line and still produce
a pleasing concrete wall, A. Epstein &
Sons, Inc., forms ribs or vertical grooves
in the panels. This adds texture to the
panel and masks the vertical joints. It
adds to the cost slightly, but is “twice as
rewarding architecturally.”

Concrete also gets a higher fire rating
than competitive walls, and can provide
both exterior and interior finish with one
unit. With larger units, there are fewer
joints to calk—and leak. Concrete panels
do not have to warp. even though many
people believe they invariably do. One
engineer feels that poor joints between
undeformed panels give the illusion of
warped panels.

They do break. though. and one archi.
tect says bhreakage and delayed delivery
has left him reluctant to try the material

again.

What do’s and don’ts would you offer in
precast concrete curtain wall construc-
tion?

Whatever you do. do it big—at least with
curtain wall panels. Size reduces joints;
some architects avoid joints like small
boys avoid soap.

Once committed to precast panels, say
many voices, watch out for warpage. To
prevent it: check the precasting yard be-
fore awarding a contract; insist on proper
curing. handling. and stacking proce-
dures: detail sufficient thickness of con-
crete and enough reinforcing; prestress
thin members; check that panels are prop-
erly sealed or waterproofed before de-
livery.

If concrete does not warp through
shrinkage, it may move with thermal
changes. Avoid by detailing for thermal
movement, particularly with windows that
can be ecracked when surrounding mate-
rials expand.

This advice is particularly relevant with
panels that do not have metal window
frames. “One of our single-story build-
ings moves at the top, but not at the cooler
bottom,” points out an architect. “The
wracking breaks glass in windows glazed
directly to the concrete.” But do consider
preglazing to reduce site labor time.

If concrete panels are to be insulated,
do not insert insulation inside the concrete
unless one of the layers of the sandwich
is allowed to “slip” with temperature
changes. Also, with this sandwich con-
struction, remember to insulate the joints

between panels.
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Joints between concrete panels should
not be less than 1% in., so they can take
up some dimensional variations of precast
units. Understand the dimensional toler-
ances. caution several men; and do not
work with too close tolerances, say others.

“Do not expect large expanses of con-
crete panels to butt exactly, and have
uniform color and texture.” cautions Mor-
ris Lapidus. To avoid this, break up panel
surfaces, but give thought to the finishes.

Concrete cannot compete with polished
materials such as granite. says a firm from
New England. Roughen it, choruses the
rest of the country. But not too rough:
“Avoid highly textured surfaces where
dirt accumulation is objectionable.”

“Don’t coat concrete with emulsions or
silicones if the concrete is anywhere near
greasy exhaust gases from domestic incin-
erators or oil-burning furnaces. The coat-
ings hold the greasy dirt. which can be
cleaned only with sand-blasting.”

Stains from weathering can be reduced
by proper detailing. Drip molds are fre-
quently omitted. and the results cry out
for climhing ivy. Make provision for car-
rving down rainwater to minimize
streaking.

Do not detail too many projections, be-
cause it increases the difficulty. and price,
of precasting. Do avoid expansive aggre-
that

weather, and do not detail welded anchor

gates expand when exposed to
plates where the welding can crystallize

exposed aggregate,

W hat structural benefits derive from pre-
cast curtain walls? How can they be im-

proved?

Answers to this overlap replies to the ques-
tion about developments in the last six
years. Curtain walls are beginning to fade
out of some designers’ vision, and will be
replaced by loadbearing walls.

Listen to these engineers:

“With proper joint details. they can be
used as precast shear walls.”

“In seismic areas, curtain walls can be
made to provide stiffness and shear re-
sistance against lateral deflection.”

Alternatively: “They can be used for
lateral stiffening, but this can be achieved
more economically with other means.”

And, “It’s not desirable to use exterior
panels as loadbearing elements because
of the field-erection cost ratio between
structure and architectural panels.”

Another

sioned panels strung together to make

engineer foresees post-ten-

long-span spandrels. Several point out the
added weight on a structural frame caused
by precast panels not contributing to the
structure. And one architect maintains
that panels can add 1% 1b of steel per
sq ft of building—an enormous cost for a

large building.
W hat are the special detailing problems?

Detailing precast concrete seems to be no
more difficult than any other construction
material: provide sufficient clearance bhe-
tween different materials: dont try to
make it too sophisticated ; and devote time
to research.

¢ Waterproofing: Sometimes found to
be a hidden expense that blooms late and
large in precast concrete work. The Port-
land Cement Association claims, like a
temperance society. that architects would
rather not have joints. Elastomeric =eal-
ants seem to be everyone’s idea of solving
the problem of leaking joints. Mortared
joints are nobody’s idea of a good detail.

Panels should be attached to the struc-
ture at frequent intervals. and horizontal
joints calked with a waterproof. flexible
compound to prevent huild-up of stress
through plastic flow. moisture or thermal
expansion. or through transference of
load.

Before sealing, the concrete surfaces
have to he smooth, true. and free of con-
taminants. To insure a good bond hetween
sealant and concrete. many architects
specify a primer to make the concrete
surface compatible with the sealant.

Among the general do’s and dont’s of

sealants. this perhaps little-known news:
Form release agents must be compatible
with joint sealing materials.
* Sash: Avoid stressing concrete around
window frames. Compression at the edge
of a panel will spall the concrete. A 1-in.
clearance around the frame, filled with
sealant, will avoid trouble. Many advise
against frames in favor of gaskets. One
firm prefers not to use precast walls with
operating sash.

Successful neoprene gasket installations

require attention to details. particularly
insuring that reglets are completely cov-
ered with the gaskets.
* Corner panels: For aesthetic reasons.
many firms do away with corner posts and
abut window glass with a thin plastic
molding. This still requires a special con-
crete unit, as does a corner unit L-shaped
in plan,

Special units raise costs. Since there
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’56 and ’57, the material and the tech-
nique underwent a process of self-defini-
tion. I was curious to penetrate the inner
logic of its existence in order to extract
the architectural potential of its applica-
tion.

Within the limitations of molding tech-
niques, a new freedom could be perceived.
Shapes and form hitherto unattainable
could actually be produced economically
if the repetition were large enough. Limi-
tations on sizes and proportions usually
found in standard building materials auto-
matically disappeared.

The precision that could be built into
the precast concrete elements equaled
that of ornamental metal. Components of
considerable size could not only be manu-
factured, but, with the huge cranes avail-
able, could also be installed.

The material at hand, however, with its
strikingly new scale, also posed new prob-
lems: How to fuse these thousands of
separate units into an architectural unity,
how to make an insoluble assemblage in-
stead of a mere collection of parts. The
answers were not readily available.

The joints in themselves were of no
help. On the contrary, the joints of the
story-high by 6-ft wide facade elements
formed vertical and horizontal incisions
that contributed to the fragmentation of
the facade. The best that could be said
was they were necessary, but that was not
good enough.

So 1 designed into the surface a grid
with a pattern of deep reveals: a tracery
of shadow lines engendering all the joints
and relegating them to a lesser role. In-
stead of submitting to a necessity, the
design became a positive tool of architec-
ture. Paradoxically, by this device the
surface was effectively established and the
illusion of a carved monolith accom-
plished.

But it was a device. It pointedly re-
vealed the inherent characteristics and
dilemmas of precast concrete, be it struc-
tural or not. At best, it is a material that
must be produced in large components.
When spanning large areas, the compo-
nents become so large that their individu-
ality continues a life of its own at the
expense of the architectural whole.

Alternatively, attempts to harness the
components’ independence lead to a tour
de force of one kind or another, a sure
portent of a tenuously maintained equi-
librium and lack of inner harmony. The
ensuing aesthetic is in both cases imbued
with an implacable thrust of its own.
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Skin and Structure

There were also other questions of con-
science. For example, the strength of the
structural concrete was 4000 psi. But in
contradiction to this, the strength of the
precast concrete skin was, for reasons of
precasting, at least double the strength.
It almost looked as if the skin could, and
should, carry all the loads.

However, a precast structure is like a
house of cards. Continuity, resistance, and
lateral stability are only achieved with
great effort and expense. Welding, grout-
ing, or post-tensioning the joints may be
reasonable techniques for assembling low
buildings. But in tall, slender structures,
where the magnitude of lateral stresses
and the ability to lift components become
overwhelming considerations, the joinery
of loadbearing and long-span units be-
comes a self-defeating undertaking. It can
be solved, but,
runs against the grain of the problem. We

like all contraptions, it

tried several times and failed to prove this
point convincingly.

But the main lesson I learned on the
exciting Denver journey was simply this:
A skin always remains a skin, even when
it is made of precast concrete. Whatever
its virtues may be, it can never assume the
natural primacy of the structure. Struc-
ture is obvious, basic, and irreducible. It
is the perennial source of strength, the
spring of clarity. Even when it may seem
ugly, it is never false.

Are not these fundamental qualities
essential to architecture as well? Is there
inherently anything a skin can do that a
structure could not? Could the structure
be shaped to perform also the functions
of the skin? From these questions to the
concept of a modular, cast-in-place con-

crete bearing wall involved only one step.

Low Budget Spurs Research

The years between 1957-1960 were a trial
of convictions, and a test of patience. New
opportunities arose in the field of hous-
ing, and we soon discovered that economy
of means was the essential prerequisite
for this type of construction. Apart from
all other reasons, cost considerations pre-
cluded the use of precast concrete. Thus
it was logical to turn to cast-in-place con-
crete, because it was the only available
low-cost material other than brick.

I3

Concrete:
possession of shadows. . . .

. a material capable of taking

»
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Among apartment builders, particularly
in New York City, there was very little
enthusiasm for innovation. Facing this
discouraging background was the enor-
mity of the problem. The great experiment
in urban renewal called for the invention
of better and more genuine architectural
forms for living. To realize them, as far
as we could determine, was to develop
cast-in-place concrete so that it would be-
come acceptable to the sponsors, to the
FHA, to the lending institutions, and to
ourselves. The challenge was exciting, but
the road promised to be thorny.

Original architectural form cannot be
created without deeply understanding the
material it is made of. Matter sustains and
nourishes our inspiration, and only by the
fusion of the two realms of matter and
form into an inseparable unity can the
resulting object be imbued with an origi-
nal life of its own.

The material we wanted to understand
was cast-in-place concrete—so widely used
but still unknown, so humble yet infinitely
versatile and eloquent,

There was much to learn about this
seemingly simple material, and the more
we knew, the more there was to learn. This
is not to say that technical knowledge was
lacking about concrete as a structural ma-
terial; but architecture and reinforced
concrete, in the context of American pos-
sibilities and requirements, simply had not
come to terms at that time,

There were gaps of knowledge, because
the material was not architecturally ac-
ceptable, and also because architecture
had not yet created itself in the image of
the material’s own potentialities. Under-
standably, our efforts were oriented toward

filling those particular gaps.

Beyond the Research

We were concerned with sources of mate-
rials and their effects on the appearance
of the finished product, coloring and pig-
menting action by natural aggregates,
sands and chemical additives, phenomena
of surface crazing. shrinkage. and thermal
cracks and ways to minimize them, finish-
ing techniques, testing programs before
construction, elaboration of controls dur-
ing construction, ways and means of trans-
lating intent and experience into drawings
and specifications. The goal was an archi-
tectural material that would be strong.
durable, easily maintained, and remain
good looking.

This may sound as if a complete pro-
gram of research had been formulated
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‘... facade units cast with sand and gravel
excavated from the site.”

. a structural grid . . . rigid in its own

plane .

“

. . dense enough to assume the plastic
qualities of a bearing wall”

DENVER HILTON HOTEL

KIPS BAY PLAZA, NEW YORK, N. Y. PHOTO: JOSEPH W. MOLITOR

HYDE PARK, CHICAGO. PHOTO: GIBSON STUDIO.

from the beginning. But, in fact, it started
from the most obvious notions, enlarging
itself step by step: sometimes by design,
sometimes by intuition, occasionally by
accident. It combined the initiative and
experience of many before a substantial
matrix of knowledge was formed. It is
unlikely, however, that our curiosity in
concrete would have been as intense. or
that it would have lasted for as long, if
we had not seen behind this vast field of
technicalities a vista of new architectural
possibilities.

Farewell to the
Curtain Wall

The immediate result of this vision, and
of the work we put in, was a prototype
idea applied to the first generation of our
cast-in-place apartment building: Kips
Bay Plaza in New York City, Hyde Park
in Chicago. and Society Hill in Philadel-
phia.

The one characteristic common to them
all is the exterior wall: the facade. These
walls are a structural grid modularly
spaced to permit different layouts of
apartments. yet rigid in its own plane to
take wind loads, and dense enough to
assume the plastic qualities of a bearing
wall.

Structure and architecture were molded
into one and the same form, and built in
a single operation. Only the window
frames and glass were needed to complete
the elevations and enclose the buildings.
And these buildings had real walls: the
curtain wall was left out.

Much of our concrete research was
applied to these three projects. In Chi-
cago, for instance, we were lucky to have
the McHugh Construction Company as
concrete subcontractor. One of its side
activities was producing forms. Faced
with the prospect of casting 4000 identical
window modules, and with some encour-
agement on our part, McHugh decided to
form them in fiber glass instead of wood.
Again, as in Denver, the key to the deci-
sion was the large repetition.

I believe this was the first full-scale
application of this kind of forming in the
U. S. The advantages were obvious. The
molds could be made large enough to
form four typical windows in one piece:
they were light and strong. needed mini-
mum assembly and disassembly. and could
be re-used many more times than plywood.

I still remember my delight and dis-
appointment over the first test pour. The
absolute precision of the corners and the
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perfection of the planes, which were so
smooth as to be almost shiny, were marred
all over by innumerable air pockets. We
soon found out that the imperviousness of
the plastic form was the cause of it. The
air and water in the concrete had no place
to go, and could be easily trapped unless
the placement of the concrete and the
vibration method were adapted accord-
ingly. I only mention this episode because
the development of precise, shop-manufac-
tured plastic forms is an important step-
ping stone. and much of what we are doing
today would not be possible without this
development,

In Hyde Park. little advantage was de-
rived from this inherent precision, for it
was not merely a question of molding con-
crete; rather, it was a process of remold-
ing architecture.

The transformations that took place in
these three projects were striking but not
complete. Today. an examination of the
three plans reveals their hybrid nature.
The exterior wall, which serves both an
architectural and structural function, en-
closes a conventional interior plan.

At that stage, we were unable to liber-
ate ourselves from the servitude of interior
columns. Hidden in closets, or surrounded
by bathrooms and kitchens, these columns,
although structurally necessary, lacked
any architectural purpose, and. if any-
thing, impeded rather than helped the
development of apartment plans.

They were there because we were un-
able to conceive an economical configura-
tion hy which these parasitic elements (in
the sense of an organic approach to archi-
tecture) would be made superfluous. But
even if we had been able to advance such
a solution. I doubt it would have heen
adapted. The drastic changes on the ex-
terior were as much as circumstances
would bear. One more step and Kips Bay
Plaza. along with the other two. might

never have been built.

MIT Buys a Tower

By 1960. isolated experiences with archi-
tectural concrete began moving closer.
and even flowing together, with other
ideas. Like a jigesaw puzzle. these first
pieces. placed correctly next to each other,
started outlining an idea not quite com-
prehensible in its entirety. We were able
to use the new. although rudimentary,
alphabet of cast-in-place architecture with
more self-confidence and articulation.
The immediate object of attention was
the Earth Sciences Building that 1. M. Pei
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“Structure and architecture were molded . . .

l
l

and built in a single operation.”

“W e used cast-in-place architecture with more
confidence and articulation.”

EARTH SCIENCES BUILDING. MIT. CAMBRIDGE. MASS

EARTH SCIENCES BUILDING. MIT. CAMBRIDGE. MASS PHOTO: GEORGE CSERNA

and I were designing at MIT. The circum-
stance was fortuitous, because the build-
ing program, which called mainly for lab-
oratories and offices. allowed the concept
of a tall and slender tower. Small floor
areas, stacked on top of each other, instead
of being strung along corridor-streets.
were a drastic departure from MIT’s hori-
zontal way of life.

The effect on the traditional silhouette
of the Institute was certainly another de-
parture, but the Eastman Court, with
seven architecturally different buildings
it,

strong focus to rally the space. Besides.

surrounding desperately needed a
scarcity and the high cost of land war-
ranted the best possible use of the avail-
able resources. It was a logical decision
on MIT’s part, both in space and time.
to go vertical.

In addition to changing the exterior
pattern. the Institute decided that the
tower was to be its first fully air-condi-
tioned building. Before then. only essen-
tial laboratories had been air conditioned.

The scheme for the tower is simple and
straightforward. It rises 280 ft high, with
elevators, stairs. and mechanical services
located at the two end walls. The tower
is enclosed on all four sides by a continu-
ous bearing and self-bracing structure.

Floor beams spanning 48 ft across the
building provide a clear 4500-sq-ft floor at
each story. This enables floors to be used
for small offices, libraries. or a 300-seat

lecture hall.

Fitting Glass into Concrete

The building is all muscle and no fat.
Inside and out, architecture and structure
are fully integrated. There is literally
nothing that can be taken away or added
without damage to either. We even elimi-
nated window frames.

The slender. monolithic block was an
extension of everything we learned before.
The volume. with its deep carvings and
recesses. aspires to the same order and
scale as the original buildings by Bosswell.

The fiber glass forms used for the ex-
teriors were a complete success—so much
<0. that. both in smoothness and precision.
the finish of the cast-in-place surfaces was
indistinguishable from the precast win-
dow sills.

Relying on the built-in precision of the
all

frames. and specified the glass to be

forms. we omitted metal window

glazed directly into concrete. As expected.
the precision of the mold transferred itself
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“The slender, monolithic block was an exten-
sion of everything we learned before.”

automatically into the stone, and the
glaziers did not encounter any unusual
difficulties due to dimensional tolerances.

It was a far cry from a similar idea in
the Denver Hilton lobby. This time, we did
it consistently for the entire building. The
largely unnoticeable detail of plate glass
framed directly into the structure endows
the tower with an air of irreproachable
modesty.,

Sandblasting Controls
Weathering

The aggregates for the concrete mix were
selected to match the limestone of the rest
of the campus.

After erection, all the exterior concrete
surfaces were lightly sandblasted and
then sealed with silicone. The sandblast-
ing not only cleans down the building, but
also removes the thin film of cement
formed against the hard fiber glass sur-
faces that gives the concrete a “pasty”
look. Besides, the rain and the acids in the
air eventually erode the cement film in pat-
terns that are completely uncontrollable.

The sandblasting, therefore, is, in effect,
a preweathering process applied uni-
formly to the whole surface. By exposing
the tough stone aggregates and sands. not
only are weathering characteristics im-
proved, but the concrete gains a more
natural appearance.

Beams Define Ceiling

The inside of the building was conceived
as a simple workshop for research and
study. The slabs and the 48-ft-long beams,
spaced 9 ft apart, were cast in plywood
forms, and, when necessary, were patched
before painting.

These 42-in.-deep beams, each pierced
by four octagonal holes, create a grid,
with lighting fixtures hung between the
bottom flanges. This construction defines
a ceiling plane. Above the fixtures, tele-
phone cables, pipes, and ducts from ex-
haust hoods extend horizontally through
and between the beams,

Thus, the laboratory services are visible
and accessible, but contained; this was a
firm requirement from the beginning, The
lights are contained between the beams.
The peripheral induction units are con-
tained between columns. The branch pipes
and ducts are chased through the columns.
The partitions are contained between the
floors and the beams.

In every respect, the integrated struc-
ture and architecture asserts itself as the
organizer of space in all three dimensions.
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The visible mechanical network, however
unattractive, is always visually controlled.

The idea of containment was not ori-
ginal. But dealing with mechanical ele-
ments as visible parts of an over-all
architectural equation focused my atten-
tion on a world which, more often than
not, is left to the sole discretion of the
mechanical engineer. This focus was
sharpened by the tough and knowledge-
able director of MIT’s physical plant,

Carl Peterson.

Keep Mechanical Systems

in Place

Peterson demonstrated that unnecessarily
Jong pipes and ducts, superfluous bends
and complicated connections, all result
from faulty planning. They will not only
produce an unsightly installation, but,
even worse, will be costly and wasteful at
the expense of architecture.

Such waste is intolerable. To do a job
less well with more effort does not make
sense. Besides, we knew very well that
there was no room for waste in the case of
the Earth Sciences Building.

We wanted to make sure that this would
not happen. With consultants, we traced
every riser, duct, pipe, or feeder from its
source to the terminals. We planned and
replanned the disposition of mechanical
rooms, shafts. closets, chases, and sleeves
until a clear, simple, and economical sys-
tem of networks crystallized within the
over-all concepts of structure and archi-
tecture.

Tt was a most tedious exercise. But the
course I took was absolutely invaluable.
From then on, these pipes, ducts, and de-
vices ceased to be mere copper, steel,
glass, or plastic. It seemed as if they were
carrying energy and movement, breathing
air, regulating their functions by auto-
matic controls, and responding to a range
of preset conditions almost as if they were
capable of thought. Instead of a static in-
stallation, the image (and such images
have tremendous force) became irradiated
with life.

The notion carried powerful implica-
tions. 1 became acutely aware that this
vast mechanical realm, the most revolu-
tionary addition of our modern age to
architecture, is often left out of our think-
ing. Instead of making it an integral part
of architecture, we had invented ingenious
hiding devices that assured quasi-total
autonomy for the mechanical systems. No
wonder that this man-made life, implanted
into the skeletons of our buildings, could
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not find its true.expression.

Low-Cost Plan for
Washington

It was not long before an opportunity
arose to confront this problem in its broad-
est sense. For a number of years, ever
since the spring of 1959, I had been work-
ing on the general plan for the Tenth
Street Mall and L’Enfant Plaza in Wash-
ington, D.C.

Because of its size and complexity, and
since it was part of an urban renewal
area, the project advanced at an agoniz-
ingly slow pace. Nevertheless, by 1962 the
situation seemed ripe enough to start de-
signing the first two of the four main
buildings surrounding [’Enfant Plaza.

Specifically, the program called for the
construction of two identical office build-
ings of 300,000 sq ft each, the realization
of the Plaza between them, and an under-
ground parking facility for about 1400
cars.

The conditions of the program were
difficult. The concept of the Tenth Street
Mall and the Plaza implied nothing less
than a monumental design approach. At
the same time, they had to compete both
in initial cost and rental with the run-of-
the-mill, speculative office buildings mush-
rooming all over Washington. In practical
terms, it meant building for less than $20
per sq ft.

At first glance, the requirements were
irreconcilable. A superficial survey of
buildings on a similar budget was more
than discouraging. And, as I looked at
“successful” projects in Washington and
elsewhere, my sense of orientation some-
times almost left me. Was I in Atlanta,
Los Angeles, or Peoria, Illinois? It was
impossible to tell by the buildings T was
in. They tried so hard to be different, but
the more they tried, the more similar they

became.

But Not At Any Price

Looking at buildings in this cost range,
I could not find even the seed of an idea
that would help me solve the L’Enfant
Plaza problem. There were, however,
buildings like the Seagram and the Union
Carbide buildings—the real pace-setters
in office design. Quite apart from their
outstanding architectural qualities, these
buildings carried out, within their own
assumptions, the systematization of the
modular theory to what seemed to be the
ultimate boundaries,

Unfortunately, the price for such per-

fection was completely beyond our range.
Although the amenities provided should
be part of any office building, the budget
dilemma appeared insurmountable.

But were these crystal towers and glass
prisms, passed down to us with such trans-
cendent force by the cubists and purists.
truly invulnerable in their logic? Was
their implied simplicity intrinsic or only
apparent? Did the poetic prophecies of
some 40 years ago remain valid in the face
of an evolution that followed a logic of
its own?

In short, had the time come to reevalu-
ate and realign our own dreams with the
changed realities perceivable from our
new vantage point. Without being sure of
any of them, I was eager to learn at

least some of the answers.

Ascending Technology

The historical evolution of the “crystal
box” and the tracing of its morphology
could in itself be the subject of a fasci-
nating study. It would show how, through
a series of fundamental mechanical inno-
vations, major changes in the configura-
tion of buildings became possible. Un.
doubtedly, the “crystal box” appeared as
an idealized abstraction of things to come.

Meanwhile, progressive improvements
came about step by step, layer upon layer.
until the innumerable components devel-
oped into a stratified, supersophisticated
collection. As the complexity of the ma-
chine grew, a parallel process of frag-
mentation set in, thus dividing the respon-
sibilities for building design into a
number of specialties.

The architect’s traditional grasp of his
buildings as a unity was dislodged by
waves of swift technological upheaval.
Structural engineering became untouch-
able, mechanical design incomprehensible.
and the manufacturers of building prod-
ucts showered architects with such an
array of materials, in every conceivable
shape, texture, or color, that they suc-
ceeded in confusing the profession and
confining its freedom of action.

Instead of dealing with essentials of
space, structure, and proportion, architec-
ture became entranced with veneers, skin
construction, with intricacies of the latest
ceiling system, or inventing more inge-
nious ways of covering up the gadgetry
and handiwork of the engineers.

Squandering Space
Above Ceilings

Shall we look behind the gleaming curtain-
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wall panels or remove a portion of a
luminous hung ceiling? What we see
there has little to do with the abstract
purity and simplicity of the “crystal box.”
In these shadowy regions, beams and
girders, ducts, pipes, conduits, and wires
criss-cross, interlace, and intertwine in a
desperate attempt to reach destinations
without interfering with one another. And
the higher the building standards, the
greater is the squeeze, and, of course, the
more costly the end product.

As I thought through these problems,
very obvious questions came to my mind.
I wondered whether expert builders and
real estate developers also ask themselves
these questions.

* Why lose one-third of the building vol-
ume in the space above ceilings when only
a part of it is occupied by beams and
ducts?

e Why are efficient long spans made pro-
hibitively costly by penetrations for air
distribution ducts and the need for making
up air lost in the deep space above sus-
pended ceilings?

e Why use peripheral fan-coil or induc-
tion units that occupy between 5 and 12
per cent of net rentable space?

e Why use large glass areas that have
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The lower left quadrant shows the plan of
the plenum. The air supply and return fol-
lowed the same disciplined pattern as the
visible parts of the building. In fact, they
reflect and serve the basic organization. No
unidateral decisions on the part of the engi-
neers or the architect are possible in this
approach, since every component serves sev-
eral functions in addition to its main purpose.

to be sealed off from sun and view by
Venetian blinds?

¢ Why do partitions framed into hung
ceilings have low acoustic properties de-
spite high quality materials?

¢ How much is the real cost of tenancy
in addition to rent?

Astonishing as it sounds, when a typical
office layout is revised, the changes to
ductwork, partitions, lighting, and elec-
trical outlets cost more within the lifetime
of a mortgage than the original cost of a
building.

So Long, Suspended Ceiling

The question arose that the original pre-
conceived shape of the rectangular or
square curtain-walled office tower, hung
onto and structured by the traditional steel
frame, may be at the root of these many
inner contradictions, Was it not possible

H
IiN

UNDERFLOOR
ELECTRICAL DUCTS

that a highly specialized assemblage, in
which every part is allowed to perform
only one single function, inevitably forces
vast overlappings and duplication of ma-
terials and expenditures?

If so, such inefficiencies clearly must
be paid for in one way or another. In
low-budget buildings, this is always
achieved by cutting down on amenities
and architectural quality. In prestige
buildings, the wastefulness of the concept
is covered up by more generous budgets.
Netther choice is a happy one.

Admittedly,

freedom and flexibility of shaping stone

having experienced the

concrete into structure and architecture
at will, I was most reluctant to exchange
that freedom for the shackles of steel
handbook construction, which, with all its
inevitable consequences, seemed in the
context of other possibilities almost ar-
chaic in approach. Besides, sooner or later.
the soft underbelly of architecture—the
hung ceiling—has to yield its place to
structure integrated with architecture.

Put Ducts Under Topping

In a nutshell, the idea I advanced for
L’Enfant Plaza was that of sandwiching
the air distribution between the structure
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and the usual 3-in. fill, instead of confin-
ing it in the customary sheet metal ducts
under the structure.

Various forms of double floor construc-
tion were available for electronic com-
puter installations. We adopted the most
promising one, which had been thought
out by Granco Steel Co., and I used this
as our point of departure.

As was to be expected, some very hard-
hoiled questions followed this radically
different proposal. Anticipating it, I de-
cided with my associates, Owren Aftreth
and Lien Chen. and the structural and
mechanical consultants, Weiskopf & Pick-
worth and Syska & Hennessy, to test the
idea to destruction. Surprisingly. the
pieces of the puzzle fell naturally into
place without strain or friction. So, instead
of having to justify the system, we could

explain it with full conviction.

Base Module on
Space Requirements

The floor structure. designed for a 100-psf
live load. was conceived as an efficient
two-way waffle slab with ribs spaced
3’-1” in one direction and 6’-2” in the
other. The structural module and office
module were purposely made to coincide.

The dimensions were not derived from a
standard width of metal. plywood. or plas-
tic sheets, but from such elementary no-
tions as desk sizes, desk spacing, door
widths and the necessity for combining
maximum office flexibility with best use
of floor areas. We were free to form the
structure in any logical size or pattern,
due to the tremendous repetition of 27.000
units of the basic module.

Precision forming of the floor structure
was. therefore. the logical technique. The
one-piece fiber glass domes, incorporating
apertures for air conditioning. lighting.
and other fittings, will inevitably mold the
concrete coffers to the precision and
smoothness of white plaster. Air supply
and returns and light diffusers provide all
the advantages of a luminous ceiling. giv-
ing more than 100 ft-c of illumination
without the usual =urface glare.

The consistency of the unit is complete
throughout. Nowhere are there odd-sized
left-overs to be fitted according to job
conditions. Movable partitions not only
are ideally suited, but are specified as
the building standard. Acoustically, these
partitions will not leak (a typical occur-
rence in hung ceiling installations) . since
they are framed between floors and the
underside of structural ribs.

Carpeting will be used throughout, mak-
ing any further acoustical treatment un-
necessary. Not only is sound well con-
trolled, but noise emission is greatly
reduced and floor maintenance simplified.
In addition, each module contains in the
floor a dual electric-telephone preset in-
sert, ready to be energized where and
when necessary without the need of cum-
bersome drilling through the concrete.
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Raceways Support Topping

The air distribution is confined between
the ribbed structure and the 3-in. sec-
ondary slab, which is supported by paral-
lel electric-telephone raceways extending
the length of the building. The three
elements form jointly the 7-in.-high sup-
ply- and return-air plenum ducts.

Because the whole width of the building
is used, the cross-sectional area is so
simple that air can be circulated at low
velocity, combining silent operation with
substantial savings in first cost and main-
tenance. But even more valuable is the
ability of moving air to and from each
single office module. Once the system is
balanced, rearrangement of office parti-
tions during the lifetime of the building
poses no more problems than moving
office furniture around.

Partitions can be flexibly changed into
new configurations. due to the complete
autonomy of the module. The 3'-1” width
of the module assures the most effective
subdivision of the valuable window wall.
The peripheral induction unit that nor-
mally projects into a room is eliminated
in favor of an all-air unit set flush into the
double floor.

The module itself is the measure of

<

. . principles of integral architecture, im-
plicit in L’Enfant Plaza. open the doors to
vast new possibilities.”
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today’s office equipment. Each of these
attributes and many others truly enhance
the value and usefulness of each square
foot of the building floor area.

Waste Space
Drastically Cut

How does this floor construction measure
up to the standard approach? A glance
at the comparative section will show that
at least 1 ft was shaved off the floor-to-
floor height, at no expense whatever to
the interior space. On the contrary, the
offices benefit from the additional volume
within the coffered ceiling. Instead of one
third, only 15 per cent of the building is
devoted to structure and air distribution.

This economy in height was particu-
larly significant in Washington, where
zoning limitations restricted us to a 90-ft
height. Not only was I able to fit in an
additional floor, but enough room was left
for the large roof overhangs, projecting
like lofty awnings some 15 ft beyond the
faces of the buildings.

The vertical air-distribution shafts feed-
ing the plenum ducts are concentrated in
the four inverted, L-shaped corners of the
buildings. which also serve as main wind
bracing structures.

The window walls, a massive grid of
beams and columns 27 ft o.c., contain the
deeply recessed, 24’ x 6" lights of tinted
glass. Despite their size, they are so well
shaded by the projecting structure that
Venetian blinds are unnecessary for con-
trolling heat gain or glare. The sun shad-
ing is done externally, where it is most
efficient and does not impede the view.

Better, But Not Dearer

At L’Enfant Plaza, the mechanical net-
work is integral with the architecture.
Each part performs double and triple
duty. Overlappings and duplications have
been cut out wherever possible. The result
is a new breed of building, with amenities
matching any office building in the U.S.
Uniquely adapted to its function and un-
mistakably individual, nobody will ever
confuse it with another place.

Last fall, all of us who participated in
the realization of the project had a mo-
ment of satisfaction and gave a deep sigh
of relief. When the bids were opened, the
original budget figure given to us in 1962
was fully and irrevocably confirmed.

Return to Classical
Simplicity

In the great periods of stone building—
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the Greek, the Romanesque, the Gothic—
distinctions between structure, ornament,
and architecture simply had no relevance.
They were all carved out of the same
external-internal continuum of architec-
tural mass and space. The three dimen-
sions not only are the essential domain of
architecture, but, as Focillon observes,
“They also are like gravity and equilib-
rium, its very nature.”

Today.
mostly because of it, the same intrinsic

despite mechanization, and
simplicity is again possible and within
reach. We must diligently learn how to
bring it about. The underlying principles
of integral architecture, implicit in
L’Enfant Plaza, open the doors to a field
of vast new possibilities,

Already this same approach is further
evolving, as it is being applied to my
design for the 44-story Eaton Centre tower
in Vancouver, the Christian Science
Church Center in Boston. as well as to
Pei’s concept for the American Life Build-
ing in Wilmington, Delaware, now under

Even the Bushnell Plaza
in Hartford, Connecticut.

construction,
Apartments
underwent a radical transformation in this
direction. The plan and structure is a far
cry indeed from the early days of Kips
Bay Plaza and Hyde Park.

Concrete Makes It Possible

Paradoxically, the integrity and interior
simplicity of these plans are not neces-
sarily reflected in rectangularity or square-
ness. On the contrary, their metamorphosis
and internal organization suggest the
observance of a quite different logic. Have
these plans grown into these unusual
forms because of the construction material
used. or some other inherent assumptions?

Undoubtedly. they would have little
meaning were it not for reinforced con-
crete. But. “Aesthetically, concrete has
neither song nor any story,” as Frank
Lloyd Wright wrote in The Nature of
Materials.

If architectural mass and space is de-
fined first of all by proportions—a system
of mathematical relationships — then
fleshed in by matter and brought to life
by light. does the invention of such spaces
or such proportions that will tell a story
or sing a song, still depend on us and on
us alone? The answer is yes and no.

Yes. because—to quote Focillon again
—the “. .. action of the experiment is evi-
dent at each of its crucial points.” And, by
experiment in integral architecture. ... 1
mean an investigation that is supported

by prior knowledge, based upon a hypothe-
sis, constructed with intelligent reason and
carried out in the realm of technique.”

No, because, having reached the thresh-
old of form, the process ceases to be
merely a vista of the creative mind. Form
takes over from there on, as if aided by
a new force. Again quoting Wright: “All
things in nature exhibit this tendency to
crystallize, to form mathematically and
then to conform.” Like nature. art also
molds itself from without as much as from
within.

Therefore. by integral architecture, |
mean forms that will result not only from
an external organizing will, but also from
an inner organizing logic. They shall not
remain only as incarnations of our
thoughts. They must feed upon their own
resources, summoning themselves together
by principles of their own. engendering
complex laws with matchless rigor and
discipline. Only then will these forms
come through as true. living forms—the

very essence of our time.

Unite the Profession

There is one more important ohservation.
If the ideal of integral architecture is to
be given true meaning. the cleavage be-
tween engineering and architecture must
first be repaired. The stratification of the
engineering and architecture disciplines.
and the ensuing engineering “mystique”
resulting from the drastic technological
upheavals of the last 80 years, must be
replaced by the fusion of all these disci-
plines into a union of creative action.
This vastly enhances the domain of
an architect’s activities. But to enlarge the
limits to his freedom, he must first extend
the boundaries of his knowledge. His un-
derstanding of building must become total
and cease to be specialized if he is to
become master of his own house once
more. There cannot be integral architec-

ture without an integral profession.
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*. .. it could not have been built of any other
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only this test of concrete.

Architectural concrete must be stable,
must not stain. and its color should be
consistent. [ have seen the work of famous
architects who thought of concrete control
solely in terms of the compressive test.
and the results have been very annoying.

The mix must be designed so that it is
completely watertight. Absorption of mois-
ture from the atmosphere by exposed
concrete should be limited to an absolute
minimum. If it is not possible to do this,
other means must be employed.

For instance, a silicone treatment might
he used. There is an affinity between
silicone and cement. and. in a perfect
application, the active silicone causes a
erystallization so that the concrete surface

is closed and practically everlasting.

Concrete ABC’s

Handling. placing. and timing of concrete
is also very important. A limited quantity
of water is required for placing and to
create a colloidal state. After crystalliza-
tion starts. a portion of the water hydrates
the cement. and the rest is left in the
concrete as free water.

Free water does not help concrete. It
creates capillary forces that support
shrinkage and add to plastic flow. Light
pressure and high frequency vibration will
reduce this water considerably. T fre-
quently check correct placing and curing

on the site.

You Can’t Steel Concrete

Concrete is the predominant material in
contemporary architectural structure. A
recent European report shows that. during
the past 25 years. more than 90 per cent
of most structures, including bridges, are
built with concrete. Steel is available. but
concrete is used for aesthetic and eco-
nomic reasons.

An additional factor in the use of con-
crete is its sculptural quality. Steel is a
strange material. You don’t like to have
it stare at you from odd angles. and it

usually has to be covered.

Concrete Test

Whenever something goes wrong, you must
investigate the causes. You have to analyze
the mishap, and make small experiments.
Tt then becomes a research project of
“Jet’s find out.” You must carry out most
of vour tests at the site, not in the labora-
tory only: anything can be made to work
in the laboratory.
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We need industrial help to make tests.
but the most important experiments are
carried out by the engineer at the site
with on-site material and under on-site

conditions.

The Economical Cable

Economically. the factor that contributes
most to the extensive use of concrete today
is the use of prestressing and post-
tensioning. Strands are the most economic
way of carrying a load, and are more than
eight times as effective as any other carry-
ing action.

Our previous concept of beams and
slabs was. in my opinion. a confusing use
of the material. Analyzing a structure, it
will be found that four types of stresses
are required to accomplish the carrying
action of a simple reinforced concrete
beam: tension. compression, shear, and
hond. In the sense of its carrying action,
the beam is not at all efficient.

The productive action of concrete in an
ordinary reinforced concrete beam is
about 15 per cent. But. in prestressed
concrete, the steel strands can give us al-
most 100 per cent efficiency in the use of
suspension and arch action.

The controlling factor of structure to-
day is economy. Cathedrals used to be
built over a 100-year span. And how much
did it cost? We have much more money
today than was available to builders in
the Middle Ages. but we are guided by
different philosophies.

Our idea today is economy. Why should
we waste money when we have the means
of making economic structures? I do not
use economy in the sense of money only.
but in connection with engineering ends-
and-means relationships.

In a sense. economy is the engineer’s
integrity: T can do many things to show
that T have money, but when T do a thing

economically it proves [ have intelligence.

No Cement Concrete

Thinking about the future of concrete. I
would say that we would have the best
concrete when we don’t use cement at all.
If we could develop an epoxy plastic and
use it to replace the cementing action in
the mix, we could produce a material like
granite. Such a mixture would not be
subject to plastic deformations. and would
not change in the course of time. This, to
me. would be the future of concrete.
Fven though we do not have this perfect
material, we must respect the inherent

values of the material that we do have.
We must esteem its honesty, Its normal.
natural surface is the most valuable in
architecture. To paint architectural con-
crete would be like painting gold.
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Concrete can be sculptured to provide a
variety of decorative textures as well as over-
all textures, as the three entrance courts to
the administration pavilion of the 1967 World
Exhibition in Montreal indicate. Each entry
has a three-story well that is ornamented by
floor-to-ceiling concrete creations of three
different Canadian sculptors. Toronto’s Tom
Bieler executed a curved and fluted series of
fragmented objects (top); Montreal’s Ulysse
Comiois designed a ribbon-like concrete
weaving (middle); and Montreal’s Armand
Vaillancourt produced rugged sponge-like sec-
tions studded with chunks of blue-green
gluss. (bottom). All the sculptures were cast
in plaster molds, then placed as infilling
panels on the concrete walls of the building.
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would most economically be installed,
would require a complete new view on
the part of our contractors. Eventually,
this may come along. In Russia, at the
present time, interior walls are prefabbed
as panels, and they go up with the frame.
But there is more control over industry
in Russia.”

There is another industry coneern—
the matter of maintenance.

“Every material has a maintenance
problem,” an architect points out. “With
concrete, there may be a question of dust.
Can you control the mix so you don’t have
to dust; what do you do when it gets
dirty? Do you wash it? If so, how? Maybe
the problems are so great that people
should not use concrete on the inside.
Maybe they are not.”

“You vacuum-clean it,” Rudolph says,
smilingly pointing out that he is always
serious. “Or you take one of those wide
brooms to it.”

“High-gloss paint is good for low main-
tenance,” Walter Netsch says in a bal-
anced way. “It makes a tough surface on
a tough surface. Or we sandblast it.”

Thomas Long adds, “Silicone is not
necessary on interior panels. New latex
oil base or plastic paints can be used on
concrete surfaces, or you can stain it with
ordinary stains. Rubber-base paints won’t
peel inside.” For exposed concrete, Long
continues, “Marking can be remedied by
soap and water; solvents would knock off
ink and crayon; and a real light solution
of muriatic acid and washing would clean
it, but this is messy inside. Some masonry
units have a thick layer of plastic cast
right on the block, so that you have a
smooth surface that is easier to clean.”

“Once the maintenance people take
over,” a critic reminds us, “they add
things. At one concrete building they
added a clock, and ran the cable, an ex-
posed conduit, right across the concrete
surface. It looks really ghastly. In the
usual construction, you could cover those
things up, because it is much more flexi-
ble. No doubt one reason concrete is not
used as much on the interior as architects
would like is because, as everyone knows.
it is cheaper to plaster than to fiddle
around with the concrete.”

No serious historian would want to dis-
courage any attempt at consistency, nor,
happily, could any seriously discourage
whatever will happen. But clearly, several
practical problems will have to be solved
before any widespread use of exposed
concrete in interiors can be expected.

Concrete Interiors 217



Several architects have things to say
about the future of this direction:

“Because of the way property is abused
in a pubiic building,” says George Larsen
of C. F. Murphy Associates, “it would be
a good thing to use more concrete in in-
teriors, perhaps provide concrete furniture
and hoses in the ceiling so you could hose
it down at night.”

“In the future,” SOM’s Roy Allen says,
“concrete architecture may come most
predominantly in parking architecture.”

Paul Rudolph adds, “I am under no
illusion that cast-in-place concrete is ever
going to be very popular for any number
of buildings except garages. But I do
think that precast concrete will be used
for many small buildings, especially be-
cause of the economics.”

Finally, Walter Netsch concludes, “If
I have any guess coming, I think that
people are shying away from concrete
interiors simply because not everything is
a high hierachy building, such as a church.
A concrete environment is really kind of
hard to do inside. Plastics are probably
the coming things.”

Davies, Wolf, Freeman & Flansburgh, Asso-
ciated Architects, integrated Tectum acousti-
cal panels into the casting of the concrete
waffle slab of the Kennedy Junior High
School in Natick, Mass. (drawing at right and
photo below it). They gained, in addition to
the acoustical insulation, which is also the
finished ceiling, a saving in the amount of
concrete in the cast slab. Squares of Tectum
were simply placed on top of standard metal
domes prior to the casting.
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The most recently completed building for
Southeastern Massachusetts Technical Insti-
tute (SMTI), designed by Desmond & Lord
and Paul Rudolph, is of cast-in-place concrete
with a fluted block facing, which was also
used at Rudolph’s housing for the elderly in
New Haven, Connecticut (top). Rudolph’s
interest in concrete has led him several times
to investigate the potentials of cast-in-place
concrete furniture, but he feels the results
too often end up looking like bathroom furni-
ture. At SMTDs first building, the stair land-
ings overlooking a three-story well (facing
page) have cast balustrades that grow into
benches and tables as well. Upholstered joam
rubber pads line the concrete sofas.

Rudolph’s Creative Arts Center at Colgate
University (below) is faced with a split hol-
low-core block, using the ragged inner surjace
as the finished texture (lower part of drawing
left).

PHOTO: DICK BROUSSARD

OCTOBER 1966 P/A













The initial design and specification of
exposed-aggregate precast panels is partly
architectural, partly an engineering func-
tion. Requirements of size, thickness,
color, texture, strength, loading, and re-
sistance to probable environments have
to be translated into concrete-component
ratios, density, air-entrainment, pigments,
aggregate type, size and grading, and the
size and placement of reinforcement. All
of these are important to a sound and
durable end product; most are critical.

The specification of concrete involves
many compromises and trade-offs. Assum-
ing that all components are of the quality
and purity called for (they not always are,
but we will come to that later), the design
must still balance cost and appearance
against tensile, flexural, and compressive
strengths, density, absorption, and similar
physical factors. Most of these are deter-
mined by the basic formulation—that is,
the ratio of cement to total aggregate to
water. Subsidiary relationships, such as
fine to coarse aggregate, exposed aggre-
gate mix to back-up mix, and all of these
to pigment, air-entraining agents and
chemical accelerators or retarders, if any.
are almost equally important.

Where strength is a factor, high density
is. of course. desirable. Exposed-aggregate
panels are rarely loadbearing, but they
have to be strong enough to withstand
strains of handling and erection, settling
and possible misalignment, and wind
loading. Higher density also gives better
resistance to weathering, disintegration.
water penetration, dirt retention, and.
usually, loss of exposed aggregate.

Since it is not usually practical to com-
pound exposed concrete for total resist-
ance to moisture penetration, the surface
layer should entrain between 4 and 7 per
cent of air. This makes it less vulnerable
to freeze damage from water that does
get in. Since air-entrainment reduces
strength, the loss should be compensated
for in mix design.

The same is true of pigment. It con-
tributes nothing but color to the mortar
and should therefore be calculated as part
of the inert filler. Too often, it is simply
added to the total without regard for the
fact that it can change the over-all pro-
portion in the direction of lower strength
and poorer bonding. Some types may also
react chemically with some types of

cement, resulting in staining, uneven
color. or early disintegration. Impurities
in pigments can have similar, or worse,

effects.
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Corner of panel (top) can be expected to fall
off when reinforcing fabric exposed in crack
oxidizes. Corner may have been cracked dur-
ing installation of panel, but deepening of
crack results from weathering and mortar
failure. Sandy matrix (center) provides poor
adhesion for aggregate, and cracks will admit
water, which will freeze and widen cracks.

Stress-cracking pattern (bottom) of small

cracks joining large cracks, leave Vs-in.-dia.
voids where aggregate jell out.

The Stone’s the Thing

To a
panels, the component of greatest interest,

designer of exposed-aggregate
quite naturally, is the exposed aggregate.
Frequently, it is also the most trouble-
some. Although appealing to the eye, some
types of aggregate are basically unsuited
for this use because they react with the
alkaline in cement; in exposed faces, they
tend to expand and pop out of the mortar.
Some lightweight aggregates are good to
look at and would seem to be desirable for
minimizing panel weight. However, they
should usually be avoided, because they
are apt to absorb moisture which, in ex-
posed surfaces, would promote cracking
and deterioration. In time, they would
probably crumble out and damage the
appearance as well as the strength of the
panel.

When specifying aggregate, an archi-
tect should also consider how the surface
is to be exposed. If acid is to be used, it
is important that the aggregate be acid-
resistant. Otherwise the color (and pos-
sibly the strength) for which the stone
is selected may be leached out before the
panel ever gets on a wall. Even if chemi-
cal retarders are to be used for exposing
the surface. it is best to specify acid-
resistant aggregate. For. in steam curing.
the surface mortar sometimes sets up too
quickly for successful wash exposure.
When this happens. acid has to be used.
regardless of the manufacturing plan.

The size of coarse aggregate is as im-
portant to durability as it is to appear-
ance. Even more important is the grada-
tion of sizes, for whatever the design
reasons for mixing small and large aggre-
gate in an exposed face, they are more
than offset by disadvantages in function.
Inevitably, if the surface is etched enough
to give proper exposure to large stones,
small ones will scale out sooner or later.
Probably sooner.

Aggregate size, in the base mix as well
as the surface mix, must also be consid-
ered in relation to panel thickness. As a
rule of thumb, the largest piece should be
no more than one-quarter the thickness
of the panel.

Size may also be governed by the need
to keep reinforcing steel at least 34 in.
below the surface. In exposed-aggregate
panels, this measurement should be taken
from the most deeply etched valley. Some
water penetration has to be expected, and.
if any moisture does reach the steel, the
resulting oxidation and expansion will
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surely cause progressive damage. So, if a
safe depth cannot be maintained for
reasons of design or structure, specify
galvanized reinforcement and coat the
ends of cut bars with a zinc chromate

primer.

No Single Cause

Careful, knowledgeable specification is
essential to a satisfactory end product,
but it is not enough. Everything an archi-
tect or engineer plans for in an exposed-
aggregate panel can be undone by poor
manufacturing techniques, or even by
good techniques that are imperfectly
executed.

Good manufacturing must begin with
careful inspection, testing, and quality
control of every batch of component
materials. All aggregate—coarse, fine, ex-
posed, and back-up—should be tested for
soundness, alkaline reaction, chloride con-
tent, cleanliness, and freedom from dele-
terious substances and minerals. They
should also be checked for size and grada-
tions of sizes. Substandard aggregates or
mixed-in impurities, as has been noted,
create time-delayed problems by expand-
ing, crumbling, reacting chemically, stain-
ing, blooming, or just weakening the
concrete mass.

Batching and proportioning can also
be critical. In the inspection of problem
jobs, it is routine to check core samples
for physical properties. Probably the
most common finding is that compressive
strength is far below design specification.
This is probably most often due to non-
uniform batching and poor placement of
mixed batches in the forms. There is a
natural tendency for coarser aggregate to
settle to the bottom. Unless this is
checked by careful batching, mixing, and
slump control, it will leave strength-
robbing voids in the cured concrete.

Many other factors can contribute to
nonuniform, subspecification concrete:

Water-Content Variations: Even when
water is carefully measured, calculations
can be upset by rain or air moisture set-
tling on the surface of stored aggregate.
This must be allowed for; it should be
recalculated each time the batching stor-
age bin is filled from the stockpile. Mois-
ture varies as the overnight accumulation
dries out during the day and as the scoop
reaches the inner, drier part of the pile.
This kind of sliding-scale calculation may
not defeat an engineer, but it could pose
problems for the mechanic on the stock-
pile bucket. Such problems could be
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Deep and wide cracks (top) can lead to seri-
ous stress cracking that may buckle panels
when entrapped water freezes. Small cracks
(center), extending between stones, indicate
insufficient adhesion of mortar. Uneven dis-
tribution of aggregate (bottom) creates weak-
ness because there is insufficient binder
around large pieces, and too much matrix at
left of picture.

avoided, or at least minimized, by requir-
ing that all aggregates be stored under
cover.

Cement: Cement quality is not neces-
sarily uniform. Each incoming supply
batch should be tested not only to con-
firm freshness and quality, but also to
make sure of batch-to-batch uniformity.
Even slight variations in color. setting
time, or processing requirements between
batches mixed together can cause unpre-
dictable results. Quality control at this
point should also insure that none of the
cement used is already partly hydrated.

Consolidation: The separate pours of
surface and back-up concrete have to be
mechanically tied together at the inter-
face. This is done by vibrating the com-
bined mass before either layer has ob-
tained an initial set. Unless the process is
carefully handled, it could bleed some of
the back-up mortar to the surface. This
would be no problem unless the mortars
were of a different color. But they fre-
quently are. Somewhat worse, it could
settle larger aggregate to the bottom and
weaken the concrete. Or it could cluster
or rearrange stones that should be spread
out for visual effect.

Curing and Handling: This should be
routine, but not infrequently it is routinely
bad. For a high-strength cure, concrete
has to be kept thoroughly and continu-
ously moist for at least 7 days, prefer-
ably 14. Panels should be processed at a
uniform rate. It is best not to handle them
at all until they have taken a good set, and
then they should be handled with great
care through the remaining cure cycle.
Premature or rough movement can set up
internal cracks or strains from which con-
crete can never recover. The dangers are
greatest when panels are moved through
cure stages, and when they are removed
from their forms. Perhaps some banging
is necessary at this point. but in a good
shop, workmen will not seize upon form
release as an excuse for letting out their
aggressions.

Exposing Surface Aggregate: Whether
exposure is accomplished by acid etching
or by the retarding method (or by both,
if steam-curing hardens the surface too
fast for successful wash-out), it is impor-
tant that the treatment not remove too
much of the binder. Acids have to be
applied carefully in proper strengths for
controlled times or they will penetrate
unevenly and too deeply. This will result
in an inert binder that obviously cannot
hold the aggregate. And dead cement can
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By Edward L. Friedman, an authority on

concrete in architecture, and a consultant
to I. M. Pei & Partners, New York City.

The wisest advice for an architect look-
ing for aggregate to use in exposed
architectural concrete is, “Commission a
geologist to do the dirty work, and select
a firm familiar with the geologic charac-
ter of the project area.”

Before we can understand the signifi-
cance of aggregates in architectural con-
crete, the material must be defined.

Architectural concrete is intended as
an architectural surface that does not re-
ceive a subsequent coating other than a
transparent, and presumably colorless,
water-repellent. The concrete may be cast-
in-place or precast; left as it appears out
of a form. or surface-eroded to expose the
aggregate by abrasive blasting, bush-
hammering, high-jet water spray, or acid
bath.

Obviously, the color of the aggregate
grows more important with the degree of
exposure of the aggregate. Only trial
panels can determine the extent to which
concrete color is affected by its constitu-
ent materials: brand and type of cement,
and type and gradation of the fine and
coarse aggregates. The crystalline struc-
ture of the aggregates also affects appear-
ance. This depends on the erosion tech-
nique; the resulting surface texture will
vary with the magnitude, direction, and
frequency of strike.

Acceptable aggregate can be inter-
preted to mean material that is initially
suitable and does not deteriorate or lose
its character during a building’s normal
lifetime. In establishing criteria for ac-
ceptable aggregate. a careful distinction
must be made between interior and ex-
terior exposure; for instance. some aggre-
zates do not maintain their color under
prolonged weathering, or are not resistant
to alternate wetting and drying or freezing

and thawing cycles.

The Color Chart

Knowing what he wants, how does an
architect proceed to select specific aggre-
gates? Obviously, if color is not a factor,
then the least expensive aggregate gov-
erns. Usually. commercially produced
aggregates cost the same in any area; it is
the distance they must be transported to
market that determines the final price, and
5¢ a ton per mile is a good rule of thumb.

But when color is a consideration, as is

the case with exposed aggregate, an archi-
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tect’s most useful tocl is the Rock Color
Chart. This compendium, which is avail-
able for $5 from the Geological Society
of America, 231 E. 46th Street, New York,
N. Y., is based on the Munsell Color
System.

The chart indicates the entire range of
known rock colors, and most effectively
describes fine-grained or single-tone rocks
like limestones. Coarse-grained rocks,
such as granites, are of variegated colors
and the chart describes an amalgam of
their colors.

Unlike paint colors, however, a univer-
sal color chart listing stone quarries and
sand pits by representative color chip does
not exist; it remains the architect’s prob-
lem to locate the closest source. Therein
lies the geologist’s patient search. Like a
bloodhound given a scent, the geologist is
advised of the desired color by the archi-

tect and his investigation begins.

Well-Informed Sources

Initially, a review is made of old and
new published material on the geology of
the area and its quarry industry. Some of
the best sources of information are the
Geodetic Survey, university geology de-
partments, museums, departments of pub-
lic works, and local geologists and quarry
men. A geologist’s field work may include
trips to known aggregate sources to inves-
tigate color continuity, soundness, and, in
the case of new sources, availability.

The final report consists of samples of
the aggregates and information on the
appearance, texture, mineral content, fri-
ability, soundness, uniformity, mode of
occurrence, and cost, as well as recom-
mendations for further tests. Parallel to
this, an architect must determine the abil-
ity of local ready-mix suppliers to handle
the material. shipping costs, and stockpil-
ing problems.

Once all of the determinations have
been made. the architect should retain a
testing laboratory to design concrete mixes
and prepare panels of the various poten-
tial materials. in conjunction with tests for
compressive strength and workability. The
panels should also be subjected to various
erosion techniques to permit a final selec-
tion of material and texture. which can
then be incorporated into the project

specifications.

What to Specify

When specifying aggregates, the following
criteria should be included in the contract
documents.

Coarse Aggregate for Exposed
Concrete

Material:

hard, durable, non-alkali reactive, un-

Uniformly graded. clean.
coated particles free of iron sulfide. wood
fragments, dirt, soluble salts, or deleteri-
ous materials; crushed stone, gravel. slag.
or screened gravel. Material shall be free
of substances that change color on oxi-
dation.
Tests:
a. ASTM C-289: Non-alkali reactive.
b. ASTM C-33:
(1) Free of deleterious materials
(Table 111).
(2) Maximum loss on five-cycle mag-
nesium sulfate soundness test not to
exceed 10 per cent.
Choice of Test ¢ or d:
c. Deval Abrasion Test: Maximum loss
to be 6.5 per cent.
d. Los Angeles Abrasion Test: Maxi-
mum loss to be 50 per cent.
e. The 10 per cent, 25-Cycle Sodium
Chloride Freeze-Thaw Test:

Maximum loss not to exceed 3 per cent.

Solution

Color: Material shall emanate from the
same basic source and strata throughout
the work. Material must be quarried to
produce a uniformly colored (or vari-
gated) aggregate that does not change
color upon weathering. Periodically, verify
uniformity of rock face color.

Fine Aggregate For Exposed
Concrete

Materials: Clean. hard. uncoated. non-
alkali reactive. free of deleterious mate-
soluble

change color on oxidation; natural sand.

rials. salts or substances that
stone screenings. or manufactured sand.
Stone screenings and manufactured sand
are acceptable. provided they are pro-
duced from an approved source of hard.
durable rock. the surface of which is un-
coated by deleterious material.

Tests:

a. ASTM (C-289: Non-alkali reactive.

b. ASTM C-33:

(1} Free of deleterious materials
(Table I).

(2) Maximum loss on five-cycle mag-
nesium sulfate soundness test to he
10 per cent.

Color: Material shall emanate from the
same source and strata throughout the
work. During the supply span. color must
confrom to an approved record sample
referenced to Standard Rock Color Chart.
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Associated Architects: Moshe Safdie &
David, Barott, Boulva. Structural Consul-
tant: Dr. A. E. Komendant. Structural En-
gineers: Monti, Lefebuvre, Lavoie, Nadon &
Associates. Mechanical & Electrical En-
gineers: Huza-Thibault, and Nicholas Fodor
& Associates. General Contractor: Anglin-
Norcross Quebec Ltd. Concrete Subcon-
tractor: Francon Ltd.










building. Therefore, structure must in-
clude such things as circulation, services,
sun orientation, and air movement, be-
cause each is an aspect of structure and
influences the building form.

“Function is not an adequate word to
describe this sense of structure. I believe
morphology—the science of the evolution
of form in nature—is more descriptive,
What morphological forces influence the
form of a building? If you explore all the
forces, you start imitating the morphologi-
cal process that evolves in nature, and
then automatically stop looking at build-
ings as single entities. You have to think
of cities as systems, as building systems.

“I] think the Habitat system could be
applied to different sites in different ways
to provide varying building form and den-

sities.”

No Corner Connections

The difference between Habitat and other
precast concrete projects is in the three-
dimensional form of the components.
There are no wall or floor panels to be
assembled at the site. The casting yard
turns out five-sided boxes that are lifted
on top of similar units. Only the roof slabs
not covered by another box are cast sepa-
rately.

Two of the reasons Safdie prefers boxes
to separate panels are: They eliminate the
difficulty of connecting panels at corners;
and they considerably reduce the cost of
site labor. Box units, he believes, should
be large enough to permit rooms, includ-
ing bathroom and kitchen, to be prefin-
ished before erection. In Montreal, the
rooms are to a certain extent being pre-
finished. and more is expected when the
construction schedule shakes down.

After designing Habitat, Safdie visited
the Soviet Union to see builders precasting
three-dimensional units for apartment
buildings. He was impressed with the tech-
niques but depressed by the result of
stacking units 12 stories high and 1000 ft
long, even though these conventionally
shaped buildings are cheaper than Habi-
tat. Habitat, he repeats, “is an alternative
to suburban housing, and consequently
must be compared with the economics of
a suburban house.”

Habitat houses, to be generous about it,
could be described as expensive, but in
actual fact they are prohibitively costly.
Safdie figures an average of $80,000 each,
but others think his guess is low. He also
believes the cost will diminish when more
Habitats are built. This seems possible,
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because the cost of the prototype Quonset
hut was surely more expensive to build
than the thousands that rolled off the pro-
duction lines in World War II.

“Costs for Habitat units are meaning-
less,” points out Safdie. “The $10,500,000
construction budget includes the precast-
ing plant set up for the job, the molds,
mobile lifting equipment, and a specially-
designed crane.”

Also inflating the price is the small
scale of the project. Originally, Habitat
contained 1000 houses for a construction
cost estimated at $42 million. The larger
scheme was more than the present project
multiplied by six. Its whole structural con-
cept was different, because the large
masses of boxes, stacked 10 stories higher
than the present 12 stories, required the
support of big A-frames that also con-
tained the elevators and carried the free-
spanning streets (see p. 211). It also in-
cluded shops, library, school, and other
community facilities. Lack of financing
squashed the big scheme, and Safdie re-
luctantly drew the plans for the present
158 houses.

Enter, Government Angel

Financing problems dogged Habitat until
Safdie, like a medieval artist, found a
patron. The large-scale Habitat had been
planned for construction by private de-
velopers. Safdie was aware that, compared
with other Montreal buildings, it could
not be built economically. But the Cana-
dian government suggested that private
sponsors could enjoy tax concessions on
the difference between the commercial
value and the actual cost of Habitat. Two
or three corporations were interested in
this deal until the government decided
against the tax write-off.

Behind this change of heart lies an in-
teresting aspect of a government’s attitude
toward research and development., The
Canadian government grants tax conces-
sions to industries undertaking basic,
approved research, and this law could
have covered Habitat. Unfortunately for
Habitat, the government’s own department
of building research is said to have vetoed
Habitat as a research project because it
was afraid of opening the door to any
developer who wanted tax relief by trying
something new on an apartment building.
Eventually, however, the burden of financ-
ing Habitat was returned to the federal
government, for it is indirectly paying 50
per cent of the cost.

Safdie’s entered the

patron scene

through a momentous piece of coinciden-
tal good fortune. Montreal won the bid
for hosting the 1967 World’s Fair. This
is a “real” world’s fair held under the
rules of the International Exhibitions
Bureau. The fair, called Expo’67, decided
to build Habitat and added ’67 to tie it to
the exhibition.

Expo gave part of a land-fill pier to
Habitat. The architect is pleased with the
site, which is close to the exhibition and
to downtown Montreal. Habitat homes will
face a wide expanse of the St. Lawrence
River or nearby ships docked on the city
side of the pier, with the city making an
attractive backdrop. The site holds one
great advantage: There is sufficient space
for a large precasting plant and open
space for storing completed hoxes.

The Multiple Master

Governmental patrons are not the easiest
fairy godmothers to get along with. Expo
is financed by three governments: the
Canadian government contributes 50 per
cent; the government of Quebec, 371%
per cent; and the city of Montreal adds
the remaining 1214 per cent. So Expo has
three masters to serve, and often moves
with the caution of a first-year intern.

With his client, the architect has to “go
through channels,” which are compounded
by the form of construction contract. Expo,
because of its government sponsorship.
had to take lump-sum bids for the general
contract. Safdie would have preferred a
cost-plus contract. because the drawings
were not completed and because the ex-
perimental nature of the job forced bid-
ders to add a large contingency.

The company doing the concrete work.
Francon Ltd., of Montreal. has a subcon-
tract nearly three times larger than the
$2 million work load of the prime con-
Quebec Litd..

(Francon’s subcontract is

tractor, Anglin-Norcross
of Montreal.
$5,500,000; Anglin’s prime contract of
$10,500,000 includes mechanical and elec-
trical work.) Therefore, when the archi-
tect wants to communicate with the com-
pany doing the major part of the work.
he has to go through the offices of the
general contractor. Apart from the awk-
wardness and waste of time. costs rise
when a percentage of the subcontractor’s
work is added to the general contract.
Francon, the concrete subcontractor.
invested a lot of money in molds and lift-
ing equipment for the Habitat boxes.
Safdie feels that the ownership of this
equipment should have remained with
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Habitat could have been built for less if
the two companies had been consulted
earlier. Jim Thomson, Anglin’s project
manager, says the Habitat contract should
have been part of a management team
comprising all interests in the project.
This team would have thrashed out many
of the
started.

problems before construction

Both companies make the same observa-
tion that the engineer, architect, and
owner makes: We are learning a lot from
this job. Some of the newly gained knowl-
edge concerns the limitations of time.
Thomson’s hope for a preconstruction
management team could not work because
there was no time between Expo’s decision
to go ahead and calling for contract bids.
And, after precasting started, there was
never enough time for the architect to
reject any material, because the whole
project revolves around a tight schedule.

Handle Concrete Like China

Habitat’s builders are pioneering in con-
crete technology. The sheer size of the
precast units required engineers to invent
handling equipment and build it for this
one job. The boxes weigh 80 tons, but are
subject to the same damage along the
edges as a 800-1b precast spandrel panel.
Says Dave Fitzgerald, Francon’s project
manager, “The boxes have to be handled
the way you’d handle your wife’s hest
china.”

One of the handling problems arises
from Francon’s ability to precast hoxes
faster than erection crews can put them
in place. Hence in June, the ground be-
tween casting plant and Habitat was cov-
ered with boxes that require double or
triple handling instead of rolling straight
from plant to site. These open-topped
boxes are roofed by the general contractor
with timber trusses enclosed with poly-
thene tarpaulins.

Anglin’s temporary roofs were clumsy
and inefficient, and caused friction be-
tween architect and contractor because
they leaked. In fact, the contractor had to
remove all the insulation from walls and
floor of one box because the material was
waterlogged. Safdie thinks that a glass-
fiber-reinforced plastic roof fitting over the
boxes would have been efficient and per-
haps cheaper in the long run.

Thomson would rather change the de-
sign of the boxes to include a concrete
roof. Casting a six-sided box can be done,
but not easily. Fitzgerald suggests an in-

flated form (and this is being experi-
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Hydraulically-operated steel walls form 80-ton
concrete boxes at on-site plant.

PHOTO: COURTESY OF EXPO ‘67

Custom-designed lifting equipment
precast boxes into storage yard.

moves

PHOTO: COURTESY QF EXPO "67

Contractor insulates interiors under a tem-

porary roof, then hoists boxes into place.

PHOTO: COURTESY OF EXPO '67

mented with at MIT) or forming the roof
with the wooden subfloor raised on tele-
scoping supports.

Casting the Boxes

Francon casts 10 Habitat boxes every
week. To meet this schedule, crews work
two shifts daily on four molds. In addi-
tion to the boxes, Francon also precasts
stairs, elevator towers, and massive hori-
zontal girders that tie the structure to-
gether and serve as pedestrian streets.

The streets connect the elevator towers
at fifth and ninth levels. Theoretically,
they will reproduce a street system in the
air, and encourage people to mix instead
of traveling straight from elevator to door;
practically, they reinforce the piled boxes
against seismic forces in Montreal’s Zone
I condition.

Although the Habitat units appear to
be loosely stacked, the structure is bound
together with miles of prestressing ten-
dons extending horizontally and vertically.
Vertical post-tensioning holds down canti-
levered boxes, and horizontal tendons
support the walls of cantilevered boxes.
Prestressing also enabled the engineer,
August Komendant, to span street girders
112 ft between towers and support boxes
with the girders.

All boxes are heavily reinforced. The
steel for a complete box is fabricated in
jigs before being placed in the forms.
Forms, or molds as they are often called,
look like invasion craft with ramped bows.
However, the molds are probably sturdier
than the boats, and both end walls can
be winched down.

End walls hinge down into pits in the
shop floor so that, after casting, the con-
tractor can haul the box out of the mold
without lifting it over a 10-ft-high wall
form. Side walls hinge back about 5 ft at
the top of the walls—just enough to break
bond and give clearance for removing the
box.

Forms for the interior faces of the walls
are assembled in sections that are vibrated
to help consolidate the concrete in the
walls. But most of the compaction is done
through internal vibrators.

Francon casts the floor slab first, then
pumps concrete through ports in the wall
forms to cast the wall in three lifts. Imme-
diately a crew completes concreting a box,
men cover the mold with tarpaulins and
pipe in steam for about five hours. When
the concrete attains 3000 psi, steam is
shut off, inside forms are removed, and
exterior forms are tipped back. Next, tarps
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IONOSPHERE
STRATOSPHERE

TROPOSPHERE

OTISPHERE

*Trademark of Otis Elcvator Company

In the Otisphere, waiting is for the birds

Birds don’t have to punch time
clocks. Or meet deadlines. Or
keep 9 AM appointments. But
people do. And they do it with a
big assist from Otis.

With Otis “INSTANT ELEVA-

TORING”*, for example. Variable
Interval Programming adjusts it-
self to the business routines of a
building’s tenants. This VIP sys-
tem of electronic controls actu-
ally anticipates service demands

—no matter when they occur.
Automatically and instantly cars
are dispatched where needed.
It's another Otis advance that's
making vertical transportation
practically waitless.

Otis

Otis Elevator Company,
260—11th Ave.. New York, 10001,

‘Electric and Hydraulic Passenger & Freight Elevators - Escalators « Moving Walks - Dumbwaiters - Elevator Modernization & Maintenance » Military Electronic Systems - Gas & Electric Trucks by Baker Division
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SCHOKBETON"

Another outstanding example of Schokbeton’s design plasticity.

Schokbétor; precast by Crest Schokbeton. Inc.. Lemont. litinois ¢ Climax Molybdenumn Company of Michigan. Research Laboratory. Ann Arbor. Michigan

Architects: Smith. Hinchman & Grylls Assocs. Inc.— Contractor: Spence Bros.. Ann Arbor

SCHOKBETON PRODUSTS CORP 1270 AVE OF AMERICAS Ny C 20 N - A ©LBSDIARY 0k

For the best in precast concrete.

specify Schokbeton

EASTERN SCHOKCRETE CORP.

441 Lexinglon Ave., New York 17, N.Y.

65 Mountain St. West. Worcester, Mass.
P.O. Box 56. Brandywine. Md. B
SCHOKBETON-PITTSBURGH

A Division of The Levinson Steel Co.

37 South 20th St.. Pittsburgh. Pa. 15203
CREST/SCHOKBETON CONCRETE. INC.
P.O. Box 328, Lemont. Illinois 60439
PRECAST.SCHOKBETON. INC.

P.O. Box 2088

Kalamazoo. Michigan 45003

MABIE-BELL SCHOKBETONMN CORP.

P.O. Box 1558. Greensbora. N.C.

Peachtree City. Georgia

P.O. Box 47546. Miami. Florida

INLAND SCHOKBETON

A Division of Nebraska Prestressed Concrete Co.
P.O. Box 29208. Lincoln. Nebraska 68529
ROCKWIN SCHOKBETON

Division of Rockwin Prestressed Concrete Corp
Subsidiary of United Concrete Pipe Corp.

P.O. Box 2536. Santa Fe Springs. Calif

TEXAS SCHOKBETON. INC

Loop Road —P.O. Box 1002

Crockett. Texas

BUEHNER SCHOKBETON COMTANY

301 West €0th Place. Denver Colorado 80216
640 Wilmington Ave.. Salt Lake City. Utah 84106
BASALT SCHOKBETON

A Division of Basalt Rock Company. Inc

P.O. Box 2510. Napa. California

CANADA

SCHOKBETON QUEBEC INC

P O Box 240 St Custache. P Q Cunada
CONTECH SCHOKBETON

D vicoan of Concrete Techrology 1B C oy Ltd.
00 Nelson Road - PO Box 68
Rchmend B C Civnga

ANERICAN MTTAL CUIMAX NC
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KEY-OPERATED LOCKING
TYPE SWITCH # 690

Prevents operation of lighting,
motors and equipment except
by authorized personnel. Key
operated. A.C. quiet switches
are available in several ratings,
in duplex or in combination
with a receptacle or a red pilot
light indicator.

HI-LO DIMMER #HL-300

Incandescent dim switch pro-
vides economical 2-stage light-
ing for functional effect, such
as a TV viewing room, or dra-
matic effect, such as a dining
room. Hi(100% light)—Lo (30%
light—off positions. Lo setting
extends bulb life 40 times. In-
stalls in a single-gang box.

5/arer

MANUFACTURER OF MEDALIST

when a switch was used just to turn lights on and off?

PILOT LIGHT
COMBINATION SWITCH # 682

AC quiet switch can be wired
as pilot light so neon glows
when switch is on...or as a
night light so neon glows when
switch is off. Dozens of uses for
safety and convenience—such
as control of outdoor and base-
ment lighting in the home, and
all switches remote from the
device or light they control—
in both residential and com-
mercial applications.

PHCTOELECTRIC
CONTROL SWITCH =PS-4

Weatherproof swivel photoelec-
tric switch automatically turns
light on at dusk and off at dawn.
Residential applications include
garage or porch night lights,
post lanterns, driveways and
walks. Commercial applications
include entrances, parking
areas, signs and displays, store
night lights, etc. Provides
safety, convenience, security.

SLATER ELECTRIC INC. e GLEN COVE.N.Y.
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Post-tensioned floor system in 14-story Federal Center

Project:
Bureau of Reclamation office in Federal Center,
Denver, Colorado.

Architects:
Hellmuth, Obata & Kassabaum, St. Louis,
Missouri.

Associated Architects:
Scott Associates, Denver, Colorado.

Consulting Engineers:
Ketchum, Konkel, Ryan & Fleming,
Denver, Colorado.

Contractor:
The MSI Corporation, Rockville Centre,
New York.

Post-Tensioning Material Supplier: The Prescon
Corporation, Denver, Colorado.
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A post-tensioned waffle floor system is featured in the tallest building of the
Federal Center in Denver. Because the 14-story building has exposed struc-
tural elements, special square pans, 4-6" square and 18" deep, were used
for the floor system. In order to achieve the 40" clear spans necessary —con-
crete joists were also post-tensioned.

Taking full advantage of prestressed concrete as an interior finish material,
ceilings will be the exposed waffle floor system.

This project provides another example of the use of prestressed concrete
to meet special needs. Prestressed concrete provides a unique combination of
advantages: Fast construction cycle, simplicity in finishing, a minimum of
maintenance, local availability, high strength-to-weight ratio, wide accep-
tance and adaptability to creative design.

The Prescon Corp., relied on Armco and the dependable Union TUFWIRE®
for post-tensioning on this project. More than 344,162 Ibs. of TUFWIRE was
used.

A new booklet featuring interesting prestressed concrete projects is now
available. Write for it on your business letterhead. TUFWIRE and other Union
Wire Rope Products are made by Armco Steel Corporation, Department W-406,
7000 Roberts Street, Kansas City, Missouri 64125.

ARMCO STEEL
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