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IN
CALIFORNIA
SEE THE
FOUR SEASONS
GREENHOUSE
AT THESE
AUTHORIZED
DEALERS

Anderson Cohpany
13300 Chalk Hill Road
Healdsburg, CA 95448
(707) 433-5372

Arnold Enterprises
20061 Eella Vrsla
Saratoga. CA 95070
(408) 741-5300

Calilornia Solarlums
11972 Wilshire Bivd
Los Angeles. CA 90025
(213t 479-7733

Calito.nia Solariums
444 Camino Del Rio South. Suite 131
(across f.om El Torilo Restauranl)
San Diego, CA 92108
(619) 260'8134

Contra Cosla Soledums
Suile O, 199 N. Haft Avenle
Danville, CA 94526
(415) 831'9360

o.y
1107

Construction
El Camino Real

OUTDOOR LIVING AND DINING-INDOORS
Ecoage Design
222 17th Stroer
Pacrlic Grove, CA 93950
\4OA) 373-7771

Enorgy Syst€ms
7307 Fai. Oaks BlvdA beautiful insulated glass

solarium -create exciting
dining areas for homes or
restaurants: create new living
space for leisure activities,
ior hot tubs and as a solar
heat collector.

Four Seasons Greenhouses
have these quality features:

o Factory insulated glass
including optional curved
glass

. Patented POW-R-VENT''
System

. Thermally broken aluminum
bronze or white frame-
curved or straighl

. Nationwide displaying
dealer network

. Sweels Archrtectural
Catalog File 13.2C/FO

CALTFOBIIIA REGIONAL
WAREHOUSES
GLENDALE
'1849 Dana Street
(213) 500-0444

HAYWARD
3193 Diablo Avenue

(415) 786-1716

\rroyo Grande, CA 93420
805) 489r8-/7

larmichael, CA 95608
)r6) 487-3687

Apple
619) 242-3113

Gla!lman
7550 Bairroad Ave.
Gilroy, CA 95020
(408) 842-6368

Hlgh
20115

Cosnlry Solartumi
Highway 18
Valley, CA 92307il

{

FOUR SEASOT{S
GREENHOUSES
Mtd. by Four Seasons Solar Products Corp.
425 Smith Street
Farmingdale, NewYork 11735 . (516) 694-4400

High Sierra Plumbing & Spas
PO. Box 85
Sierra Manor Boad
Mammoth Lakes CA 93546
(619) 934-6585

Horiaon Builders
2640 West Andrews
Fresno. CA 93705
r209) 237'3000

ne3ldentisl Solr.
5536 Telegraph Avenue
Oakland, CA 94609
(415) 547-6700

Solar lnte.national
Surte C,366 Bel Marin Keys Bivd
Novato. CA 94947
(41s) 883-2321

Solar Living Under Glass
611 Unive.sity Avenue
Los Galos CA 95030
(408) 395-s868

Southby Con3truction
406 Mi6sion Skeel
Santa Cruz, CA 95060
l4o8) 429-1492

9
Trails End Con3lruclion
3020 Eristol Avenue
Bakerstield. CA 93308
{805) 393-8390

Willlam L- Tilho.ly & Associales, lnc
PO Box 7009
2128 Wagon Whe€l Rd.
Oxnard, CA 93030
(805) 485-5568 / 485-2581
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Transpacific Building - Oakland, CA

Heath Ceramics, Sausalito, CA g4g;s

(Custom-made by people-not automated)

"tile that humanizes"

Wong & Tung lnternational Architects
and Wong & Brocchini Architects

Phone (415) 332-3732
Edith Heath

Jon Brooder

..:::

11 li-rl

E
..::

-

rl
a

t&_I-T
.rt

It,

dl

'1
ta. \

:i

E4'
-.-

l=
ts.;'

::=:il€

L
t



Architect: Dale Naegle, AIA Architecture & Planning, lnc.

Manufacturing the finest quality windows and doors
GREENHOUSE WINDOWS, SOLARIUMS, SKYLIGHTS, SLIDING GLASS DOORS,
SLIDING WINDOWS, CASEMENT & PROJECTED WINDOWS, ROUND,
ARCHED, & PICTURE WINDOWS, ENTRANCE DOORS & STOREFRONTS

SERVING NORTHERN CALIFORNIA FOR 30 YEARS

BLOMBERG
1453 BLAIR AVE.,

.-
D!

WINDOW SYSTEMS
SACRAMENTO, CA 95822
(916) 428-8060

4 r\rchitecture C,alifornia N-ovemr,rcr /Dcccmber 19fll

CCAIA
(lalifornia Council, I he American Institute of Architects
l-11,1 K Street. Suite 120
Sacramento, Caliibrnia c)581'{

i9l6) .1.18-9082

F-xccutive Vicc President
Paul W{ Welch, .}r.

BOARD OF DIRECTORS

President
Paul R. Neel, AIA

First Vice President
Harry Jacobs, AIA

Secretarv
Cyril Chern, AIA

Ti"eaiurer
Virgil Carter, AIA

Vice President/Governmental Relations
Robert E. Allen, AIA

Vice Presideqt/Education, Professional Development
Lawrence P Segrue, AIA

Vice President,/Communications. Public Awareness'\!'arren D Thompson, AIA
AIA Directors

George Bissell, FAIA
Harry C. Hallenbeck, FAIA
!flilliam E. Patnaude, AIA
Jon Peter Winkelstein, FAIA

Associate Directors
Martin \Xl Waldron (North)
Ronald C. Takaki {South)

Student Director
R.D McDonnell

Cabrillo Chapter
Kennerh S. Wing, Jr., AIA

California Central Coast Chaorer
James MauJ, AIA

Central Valley Chapter
Richard Lewis, FAIA
Julius\Xl Mirza, AIA

East Bay Chapter
Harrv Haimovitch. AIA
Rosemary Muller, AIA
Charles Sticknev. AIA

Golden Empire Chapter
William R. Tuculet. AIA

Inland California Chapter
!flilliam Carl Johnson, AIA

Los Angeles Chaprer
Martin Gelber, AIA
ri0illiam Krisel, AIA
'William Landworth, AIA
Fred P Lyman, AIA
Kenneth Nwman, AIA
Roben Tyler, FAIA
Joseph Vaccaro, AIA
Chet\flidom, AIA

Monterey Bay Chapter
Brian R. Jones, AIA

Orange County Chapter
Betsy Olenick Dougherty, AIA
Robert N- Grieg, AIA
William C. McCulloch, AIA
Thomas B. Moon, FAIA

Pasadena and Foothill Chapter
\flH. Griest, AIA
Anton Johs, AIA

Redwood Empire Chaprer
Edward M. Sohl, Ir.. AIA

San Diego Chapter 
'

Ralph IL Bradshaw, AIA
\flilliam Ferguson, AIA
Michael SfliIkes. AIA

San Francisco Chaoter
Richard Broder'AIA
Audrey Emmons, AIA
Frederick Klemever. AIA
John Quense. AIA
Christopher Rakcr, AIA
Charles E Schrader, AIA
Donald \{/udtke, FAIA

San Joaquin Chapter
Anrhony C. Pings, AIA
Jack Schutt, AIA

San Mateo County Chapter
Paul J Gumbinger, AIA

Santa Barbara Chapter
James Morris, AIA

Santa Clara Valley Chapter
Villiam Gratiot, AIA
Robert W Hawley, AIA
Ronald Ronconi, AIA

Sierra Valley Chapter
Donald Phillips, AIA

Ventura County Chapter
Albert A. Okuma, Jr.. AIA
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Foirfox Regionol Librory Foirfox Architect: Bull Volkmon Stockwell

IN THls FSUE,/ARCHITECTS IN SPACE DEPARTflTENTg

t8
20
25
28

Architecture and the Human Brain,
by John Dreyfuss

Interview: Russell Schweickart

Space Station Design, by Fitz C. Runge

6 EDITORIAL 3T
, NENTS

II LETTERS
T3 RETROSPECT:

R. Buckminster Fuller, 34
by Kelly Collins

14 COMPETITIONS:
UCSB Art Museum

INTERIORS:
Designing for Human Factors,
by George King and
Don Magargee

PRACTICE
MANAGEMENT:
The Architect as Maintenance
Consultant, by S. Robert
Bronfen, AIA

COVER
Space Habitat Design, by Robert Pemberton Extravehicular activity along the hand rail svstem of the

Challenger Astronaut: E Stary Musgrave. Photograph: NASA
Editor

Janice Fillip
Arr Direcror

Tom Glass
Roosevelt Studios

Editorial Assistants
Rebecca Houser
Kelly Collins

Typeset: turnaround

Editorial Board
Joseph Woollett, AIA, chair
Richard Conrad, AIA
Donalee Deffenbach
Peter Dodge, FAIA
Donn Logan, FAIA
James G. Pulliam, FAIA'Warren 

Thompson, AIA
Printing: Cal Cental Press

Advertising Representarives
Northern California
\X/arren De Graff
Jobson{ordan/Harrison
& Schulz. Inc.

57 Post Street, Ste.712-71,5
San Francisco, CA 9.110,1
(115) 392-6794

Southern California
Kenneth Iordan
Tobson/iordan/Ilarrison- 
& SchLlz In.

119 \X/est Beilevue Drivc
Pasadena. CA 9110,
t2t3) 796 9200
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A\/ocabulary r Space

Humans have lived in space for over 20 years. So far, our space habitats have

been machines designed solely to enable life to exist in the quintessential hos-

tile environment. But the primitive metal capsule is evolving to accommodate

the growing number of people who are shuttling into space for extended tours
of duty on behalf of their military/industrial sponsors. At NASA's request, a
handful of aerospace companies are designing schemes for a space operations
center-our first space station.

Architects are surprisingly active on the multidisciplinary teams

designing these schemes. These pioneers are adapting the principles of archi-

tecture to an environment where "up" is a matter of definition. In the process,

they are sculpting the building blocks that will be used to construct the ulti-
mate urban environment, the space colony.

Shortly after Pioneer l0became the first Earth-made object to
leave our solar system, astronomers announced the possible discovery of another

solar system around Vega, the fifth brightest star in our sky. \X/hether humans

are able to follow their imagination and technology into other reaches of the

universe depends, to a considerable degree, on how sensitive space environ-

ments are to the human psyche. The ability of our species to inhabit space

is linked to the ability of our designers to create environments that enrich,

as well as sustain, life.
Space architecture is interior architecture. This issue's focus on

'Architecture in Space" begins inside the brain, with a review of research

into the effect that environment has on brain growth. An interview with
a human laboratory animal who has lived in space gives a user's perspective

on space architecture. An article identifying and applying "human factors"

in space habitat design inaugurates this magazine's new department on interior

architecture. Other articles show two space station concepts being developed

in California, and address the design and construction of architecture in the

absence of gravity.

Since space architecture is just emerging as a specialized field of
practice, most of the problems are unfesolved-some aren't even articulated

yet. The architects working to extend the built environment into the void of
space are giving architecture a new vocabulary, one inspired by the future,

rather than the past.

-lF
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Design Competition for the
New American House

The Minneapolis College of Art and
Design and the National Endowment for
the Arts, Design Arts Program are spon-
soring a national architectural design
competition: A New American House.
The purpose o[ the competition is to
design housing for people who live as
members of nontraditional households,
such as single parent families, singles and
empty-nesters. The program is for the
design of urban in6ll housing on a sire
located in the\X4-rittier Neighborhood of
Minneapolis. The housing should address
the need for small, energy efficient and

cost saving housing units. The central
design criteria is ro creare and integrate a
studio/workspace into each housing unit
as the place o[ principal professional
activity for the resident. Registration
material is available November l, 198i,
and registration deadline is Jarr:riry 25,
1984. Contact Harvey Sherman, Minne-
apolis College of Art and Design, 133
East 25th Street, Minneapolis, MN 5i404,
(612) 870-388.

Atchitecture Department
Opens in Museum

The San Francisco Museum of Modern
Art has announced plans to establish a

Depa_rtment of Architecture and Design
ro collect, exhibit and educate in all ai-
pects of the rwo disciplines. "At present,
such a department with full-time curaror-
ial supervision does not exist in a West
Coast museum," said Henry T. Hopkins,
director of the Museum. "We believe that
the rich creative heritage of the !7est and
the rapidly growing audience for the
design disciplines demand the develop-
ment of such a program."

The Museum will mount an exhibition
entitled "California Counrerpoint: New
lWest Coast Architecture 1982j' from
November ),1983 through January 15,
1984. The exhibition features 40 models
and 70 illusrations of visionarv and built
work by Andrew Batey and Mark Mack,
Frederick Fisher, Frank O. Gehry FAIA,
Craig Hodgetts and Robert Magurian
(Studio \7orks), Coy Howard, Thom
Mayne and Michael Rotondi (Morphosis),
and Stanley Saitowitz. For further infor-
mation, contact the Museum at (415)
861-8800.

Thaditional Aftican
Architecture Proiect

Field team members to explore and
document vanishing architeciural artistry
in\7est Africa are being recruited by the
University of California Research Expedi-
tions Program (UREP). The work of
major ethnic groups as expressed in
diverse types of rural settlements and
dwellings will be studied. Under the
guidance of Professor Jean-Paul Bourdier,
from the Architecture Department at
UC, teams will work ar represenrative
homesteads in Mauritania, Mali, Upper
Volta, Northern Togo and Benin, diawing
plans of dwellings and mapping kinship -
relationships. Four sessions of the expedi-
tion, each three weeks long, are slated to
begin in midJanuary 1984. Contact: UREB
University of California-Desk TAIA,
Berkeley, CA94720, (415) 642 6586.

Call for Presenters
CCAIAs 1984 Monterey Design Con-

ference Committee has issued aiall for
presenters. Those interested in presenting
their work at the Monterey Design Con--
ference, March 30-April 1, 1984, should
contact CCAIA, I4l4 K Street, Ste. 320,
Sacramento, CA 91814, (916) 448-9082.
Deadline is December 15.1983.
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Fox Chose ol Almoden ominiums mon, orchileai

Siy !,a[ornia architects receiued des-ign awards in the Red Cedar Shingle & Handsplit
Shake Bureau/American lnstitute of Architects 1983 Architectural Awirds Program'.
First Auards uent to Fisher-Friedman Associates of San Francisco for Fox Chase of
Almaden condominiums in San Jose, with Cal-'West Communities as contractor; Robirt
Zinkhan Architect, AIAl.Gag A. Tobey, for Deer Run condominiums, Santa Rosa, Afco-'wilson 

as cofltructors;The Promontory Partnership, Palo Alto, for the Lake Mendoiino
11t91greltae/Culural Center, Mendocino County, PactficWestern Enterprises, contractors;
Bull volkman stockuell, san-Franas_co, for Fa'irfax ilegional Library, Fairiax, Mayta €o

Jensen, contractors; and Dutcher & Hanf Arcbitects, Be;keley, forThi collige prepiratory
school, oakland, uith MGC company,Inc. contractors. A- Merit ,*aard iaent io Louii
E. Rodwell, Pasadena, for Euergreen office center, Pasadena, uith H. Robert Gluck,
clflrlctor:\he jur2 uas chaired by Norman ]affe, AIA and included Bennie M. Gonzaiez,
FAIA and Curtis Fincb, FAIA.

November/Decemberl98l ArchitectureCalifornia 7
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Offices of Stewort Woodword & Associoles.
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Hughes EDSE Focility Longdon & Wilson, orchilecl.

Tbe Orange County Chapter of The American lnstitute of Arcbi-
tects reco[nized 15 architectural rtrms in its 1983 Design Award
Program. Honor Autards uere presented to Langdon & \Vikon,
Architects of Newport Beach for the 2.3 million square foot EDSG
'Facility in El Segundo; \X/ZMH Group Califurnia, lnc. of ln,ine
for the Wateridge MarketingPauilion in North San Diego County;
and Steuart Voodard €v Associates of Costa Mesa for the reruodel
of the firm's o/fices. Merit Auards uere presented to Dougherty €t
Dougherty of Newport Beacb; Bissell Arcbitects of Neuport Beach;

Arcbitects Orange of Orange; and Knoules and La Bonte Archi-

-

Woteridge Morketing Povilion. WZMH Group Colifornio, lnc., orchitect.

tects, lnc. of lraine. LPA Arcbitecture €' Planning Inc. of Orange
receiued two Merit Auards. Honorable Mention went to Daaid
A. Price €v Associates of Costa Mesa; Timotby'Wilkes, AIA of
Laguna Beacb; Collins €t'Wraigbt, AIA of Saytq Ana; LPA Atchi-
rcclure €r Planning lnc. of Orange; Tbirtietb Street Architects,
lnc. of Newport Biach; William L. Pereira Associates of Corona
del Mar; Biisell Architects of Neuport Beacb; and Ralph Allen €t
Partners of Santa Ana. Seruing as tbe jury were Maruin J. Malecha,

AlA, Barbara Goldstein, Caluin C. Straub, FAIA, and Vayne
Ratkouich.

Milroy/McAleer
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CCAIA Energy Policy
The Board of Directors of the Califor-

nia Council, The American Institute of
Architects adopted an Energy Policy
Statement at its recent meeting. The Ener-
gy Policy is the work of CCAIlt's Energy
Committee, whose members include
\X/m. Stevens Thber, Jr., AIA (chair),
Marvin Bamburg, AIA, Phillip Banta,
Edward Dean, AIA, Anne Gummerlock,
Scott Matthews, Tom McMillan, Thomas
\( Menser, AIA, Thomas Tollefsen, AIA,
and Clay Wardle, AIA. Charles Eley, AIA
serves as consultant to the Committee,
and John Hailey is an advisor. The Energy
Policy states:

1. The CCAIA holds that energy policy
should be based on the two principles
of cost-effectiveness and effect on
quality of life, and that energy use
should be governed by the principle
of minimum life-cycle cost from the
point of view of society as a whole,
taking into consideration all environ-
mental and secondary costs.

2. The CCAIA supports the conserva-
tion of energy in the built environ-
ment and the conversion of the econ-
omy to the use of environmentally
benign, renewable energy resources,
because this srategy is, from society's
point of view, much more cost-effective
and environmentally benign than in-
creasing the supply of fossil fuel and
nuclear energy.

l. The CCAIA holds that many existing
energy programs are clearly not cost-
effective from society! point of view,
and that existing public policy should
be reviewed and revised in light of
this principle.

4. The CCAIA holds that public energy
policy should rely primarily on the
marketplace, not on regulation, and
that therefore the federal and state
governments should restructure their
environmental laws, tax policies, and
public utilities' pricing policies to
make the true and total costs of con-
servation and supply visible to the
consumer in the marketplace. lVhen
this has been accomplished, the CCAIA
holds that government intervention in
the marketplace will be unnecessary
and superfluous.

5, The CCAIA recognizes that these
policies will require many years to
implement in the construction industry
and therefore, for the present, the
CCAIA supports the development
and promulgation of mandatory design
regulations for energy use, subject to
the criteria that the standards be per-
formance-based, be based on the prin-
ciple of minimum life-cycle cost from
society's point of view, and be environ-
mentally benign. The CCAIA also

holds that energy use should be a

primary consideration in the develop-
ment of land use policies.

6. The CCAIA supports the continued
role of government in research and
development, and holds that present
government policy on research and
development should be revised to
favor conseryation and renewable,
environmentally benign resources over
fossil fuel and nuclear energy resources.

Vho's Buying Houses?
The nuclear family is still the lead-

ing homebuyeq according to the seventh
annual survey of homebuyers conducted
by the National Association of Home
Builders (NAHB), and published in Builder.
. The buyer's average age is 34 years;

nearly 79 percent of the heads of house-
holds are 25 to 44 years old;

. Combined household annual income is

$37,131;. The median price of the new home
purchased is $74,790:. Nuclear families make up 54 percent of
new homebuyers;

. There were two or more wage earners
in 56 percent of the households;

. About 35 percent of the homebuyers
were first time buyers;

. The quality of insulation and energy
efficiency is important to 72 percent of
the buyers;

. The main source of financing the down
payment is savings for 45 percent of the
buyers; and

. Mortgage payment and utility costs of
the new home are $923 monthly.

Architectural Review in
Los Alamitos

The Los Alamitos City Council estab-
lished an Architectural Review Committee,
comprised of members of the Planning
Commission, to review and approve all
architectural plans and to develop stand-
ards and guidelines for the city. The
enabling ordinance stated, "It is in the
interest of the community to require all
future development to become a compat-
ible part of the total community envi-
ronment." An architectural theme, "Early
California," was chosen for the Los Angeles
County community.
\When the Earth Moves

"An Investigation of the Correlation
between Earthquake Ground Motion
and Building Performance," AIC-10, is
available for $18 from Applied Gchnol-
ogy Council, 2411 E. Bayshore Rd., Ste.
512,Palo Alto, CA 9$03.
Toxic Smoke

Smoke inhalation causes most of the
nation's 8,000 annual fire fatalities. The
main toxic element in that smoke is car-
bon monoxide, emitted when wood and
most other materials burn. But increasing
use of plastic and other synthetic build-
ing materials, whose combustion prod-
ucts include hydrogen cyanide and other
toxic gases, has raised the question of
whether these materials heighten the
danger of fire. Now a test for combustion
product toxicity may identify the degree
of building material toxicity.

A study by Arthur D. Little, Inc., re-
ported in Science Nezr,1 states that an
LD:o test developed at the University of
Pittsburgh can identify the amount of
toxic gases emitted as specific building
materials burn. (LD:o is the amount of a
test sample needed to kill 50 percent of
the test animals-in this case, mice-
exposed to the material.) The study recom-
mends that states require manufacturers
of building and furnishing materials to
submit toxicity data on these materials to
a state agency, where the data could be
made available to architects, engineers
and the general public.

The Litde study is criticized by indus-
try officials for its failure to take into
account other fire safetv factors a mater-
ial may possess, such ai resistance to
ignition, flame spreadability and extin-
guishability. Also, a report by the National
Institute of Building Sciences contradicts
the Little report, stating that tests avail-
able for combustion product toxicity are
inadequate, and should not be used to
promulgate codes or regulations.

But the New York state legislature
currently is considering whether to adopt
laws to implement the Little recommenda-
tions. That debate is being closely watched

Shiplap Joints
The Office of the State Architect, Struc-

tural Safety Section (OSA/SSS) is revis-
ing the basis on which it acceprs installa-
tions of plywood speciality siding with
shiplap joints. Plywood siding using this
type of edge joint is nor covered in the
State Building Standards, Title 24, but
has been accepted by OSA/SSS as an
alternate to the standard square edged
joints permitted by Section 2-2574(c),
Plywood Diaphragms and Tables 2-25J
and K. Repeated problems with substan-
dard nail edge distances encounrered
when this type of specialty plywood is
spliced on the edge of two inch nominal
thickness studs dictates that thicker num-
bers be used at shiplap edges of plywood
sheets. For school or hospital projects
filed with OSA/SSS after September 1,

1983, a minimum of three inch nominal
thickness wood members will be required
at the shiplap edge joints. For further
information, contact Donald K. Jephcott,
OSA, PO. Box 1079, Sacramento, CA
95805, (916) 445-8730.
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The Solarcrete System features
the following advantages:
. Highly energy efficient (oftering R-

Values of 19-37).. Low maintenance requirement

DCI,ELE 6AR3 AT T@
. EOTTST OF WALL

STRWAURAL
CNNNEL

(reinforced concrete construction).
. Cost competitive with conventionally

built structures.
. Unlimited design versatility (inherent

with the patented building technique).
. Low insurance requirements (Two (2)

hour fire rating and a seismic three
(3) rating).

. Applicable in all building markets
(residential, commercial, industrial,

UR JOIST

ail- sorencnere BofH $DeS

NOTE:

PolrENf S Vffi ACqmOtNg
TO SPECNC E6X REQb
or iltlolNg.

agricultural, rehabilitation).. Optional BTU management syste
(solar assisted with no auxiliary
units required).. Major building code approvals.. Reduced Noise Pollution through
inherent soundproofing.. Resistance to termites, vermin,
moisture, mold and rot.

3 RE6AR ON ALTERNATE
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m
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CONC, SLAB
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VEB TIE

(( POLYSTYRENE

The Solarcrete Building System is
extremely flexible and without the use
of costly conventional form work offers
an on-site building technique or a pre-
cast, pre-assembled technique
depending on the project requirement.
The resultant insulated, reinforced
concrete composite section can be
used for many engineered
applications.
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by four other state legislatures, and could
influence Congressional hearings on fire
safety.

Preserving Hanford's Heritage
Renovation fever is epidemic in Han-

ford.
Enthusiasm for preserving the town's

historic buildings began over a decade
ago. Rather than demolish the Carnegie
Library to make way for a parking lot,
citizens of the Cental Valley hamlet joined
together to convert the building into the
Carnegie Museum to showcase King
County's history. In 1980, residents for-
malized their commitment to preserving
the town's unique character by estab-
lishing the Historic Resources Commis-
sion to oversee the preservation of Han-
ford's architectural heritage.

"Twenty years ago, we used to tear
things downj' says Dan Christensen,
AIA, the Commission's consulting archi-
tect. "Now we're going strong tov/ard
rehabilitation. People are beginning to
value older things where they used to
think new was good."

Hanford's six block historic district is
the site of The Bastille, a stone jail re-
modeled as a restaurant and bar; the
Victorian Inn, a specialty restaurant and
hotel; the Old Phone Building, which
now houses a variety of shops; Hanford
Furniture, a three story building with
elaborately decorated interiors; and the
restored Hanford Theater, the largest
single screen theater in the Valley. Even
the Courthouse will get a new lease on
life as a restaurant and shopping com-
plex, complete with neighboring park
and merry-go-round.

Max \X/alden, the developer behind
many of Hanford's ambitious projects,
says he originally entered the renovation
business because he hated to see the
disappearance of "old urban charm." In
addition to capturing the flavor of small
town Americana, the charm of renovated
buildings is expected to act as a magnet
to tourist dollars.

Developers shy away from discussing
how much money is tied up in these
projects, but most agree that remodeling
costs are "significantly below" replace-
ment costs. The tax benefits available for
projects in designated historic disticts
make the economics of renovation even
more attractive.

Hanford's renovation fever is far from
over. Thlk of a new convention center is
in the aiq and a proposal for renovating
the Hanford Railway Depot into a com-
munications center is being considered.
"S7e're pretty much underway with 're-
olding' the town," Christensen says. "In
fact, I like to say that we're so behind
now, we're way ahead of everyone else."

-Barbara Srnith
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I must congratulate you on the excellent
articles on the California schools of archi
tecture that appeared in the July/August
issue. As a part time educator I believe
that you have done more for architectural
education in this one issue than any other
article(s) that I have read. You provided
reams of practical and comparative infor-
mation with a minimum of pontification.
Any student seriously considering an
architectural career should have a copy.

Thanks again for a superb job !

-Stanley V. Goldin AIA
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"Frankly, I see ruyself as a Post-Modernist
trapped in a Neo-Classiast body."
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A Great Service to Education
Yout July/August issue is just great, a

little jewel. You were able to obtain from
the deans and other spokesmen from the
six schools of architecture the best over-
all summary statements of the goals and
objectives of the respective schools that I
have seen, and I think it is a great service
to education. And I think the statement
by Joseph Esherick is more than a com-
ment, more than a punctuation mark.
His philosophy comes through and some-
how adds meaning to each of the six
separate statements on the California
schools that might not otherwise exist.

I hope that the CCAIA has printed
an extra quantity of the issue and you
will be able to make it available to pro-
spective and entry students in architec-
ture as well as to university libraries across
the country.

In other words, my admiration for a
job well done.

-Elaine J. Sewell Jones
(Mrs. A. Quinqt lones)
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ACCESS:We offer occess to the full ronge of produc-
tion of our world-wide suppliers which increoses
selection possibilities o thousond{old. ln mosi coses
speciol orders con be odded to our regulor ship-
ments minimizing the quontity needed ond insuring
relioble delivery times.
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R. Buckminster Fuller
R. Buckminster Fuller was an optimist.
He believed that through improvements
in technology, more goods could be pro-
duced using fewer resources, to provide
adequately for the needs of all humanity.
A man of action, Fuller wrote, "You can't
better the world by simply talking to it.
Philosophy, to be effective, must be
mechanically applied."

Fuller began applying his philosophy
of "more with less" to building design in
1921. }{is low cost, mass produced,
easily installed, lightweight, readily rans-
portable housing designs profoundly
challenged conventional design theories.

The 4-D House (1928), dubbed by the
press as the "House on a Pole," was a one
story, hexagon-shaped dwelling hung
from a central column and braced bv
cables. It was never built, not .u.n 

",a prototype. But, Fuller's next house,
the Dymaxion Deployment Unit (1944),
was successfully used by the Air Force as
temporary housing during\)ilorld \Var II.
The dome-shaped steel walls were de-
signed to create an airflow, drawing the
cool air underneath the house into the air
vents on top. It weighed only ]200 pounds
and, including a stove and refrigerator,
sold for $1,250.

Anticipating a housing shortage at the
end of the war, the Air Force asked Fuller
to design a house which could be built by
the same factory that was making P.29 air-
planes. Fuller came up with his Dymaxion
Dwelling Machine (1946), more commonly
known as the "\X/ichita House" because it
was first built at the Beech Aircraft plant
in \(ichita, Kansas. The house was per-
fectly round with a circumference of 118
feet, packed inside a 100 cubic foot crate
for shipping, and cost $6,500. All three
of these early Fuller designs employed
technologies not then fully developed.
None of the houses u/ere ever marketed
to the general public.

Because they were so far ahead of their
time, Fuller's designs were widely criti-
cized. The labor unions feared lavoffs
because the plumbing and electriJal wiring
were pre-installed. The construction
industry saw lost profits. And at the 1929
AIA Convention, architects dismissed
Fuller's designs, passing a resolution which
stated, "The American Institute of Archi-
tects is opposed to any kind of house
designs that are manufactured like-as-
peas-in-a-pod." But Fuller was never

R. Buckminster Fuller
(1895_1981)

easily discouraged. Vith each new design,
he realized that his ideas were being vali-
dated and taking shape.

\7hi1e designing the "lfitchita House,"
Fuller began playing with the idea of
designing a map to eliminate the gross
polar distortions inherent in standard
mapmaking. He achieved this by deviat-
ing from the suict reliance on latitude
and longitude, and by adding triangles to
spread out the distortions evenly over all
areas of the map. \[hen his 'Airocean
\7or1d" map first appeared in the March,
1941 issue of Life, it was reproduced so
that it could be cut our, folded and glued
together to form a rwenty-sided globe.

Pqling the calculations for his map,
Fuller was struck with the idea that
resulted in his most famous invention-
the geodesic dome.

The dome's principal design is a direct
manifestation of Fullerk belief that the
basic building block of the universe is
not the cube, but the terahedron (which
can be thought of as a pyramid with a
triang-ular base). "There are no square
snondakes, trees, leaves, or planets,"
Fuller was fond of saying. Applying his
tetrahedron to building design, Fulier
found in his geodesic dome a structure
that_ was capable of evenly distributing a
load no matter where it was applied. His
domes proved earthquake prool wind-
resistant, lighrweight, capable of spanning

large areas without vertical supporrs,
and structurally sound even under heavy
snou.fall.

Over 100,000 geodesic domes now
exist in more than half the countries of
the world. The first large scale dome was
built in 1952 ovet the Ford Rotunda in
Dearborn, Michigan. Fuller was given the
commission only after Ford's own engi-
neers had given up the project, claiming
it was impossible. Since then, the geo-
desic dome has covered more space on
Earth than any other single kind of shelter.
The geodesic dome brought Fuller popu-
lar acclaim and professional recognition.
Forty years after dismissing Fuller's ideas,
the AIA awarded him its highest honoq
the Gold Medal, in 1970.

Fullers last great project, whose bene-
fits and applications have yet to be fuIly
reakzed, is theWorld Game. The Game
uses a computer that is programmed with
a complete inventory of ihe world's human
and natural resources, to devise plans to
meet future human needs. OnerX/orld
Game plan suggests building a worldwide
electric grid that would allow global dis-
tribution of electric power. Power plants
thus could operare aifull capacity around-
the-clock, delivering electric power to
areas of peak demand.

To Fuller, the$Torld Game was more
than a mental exercise. He believed that
intelligent management of our finite re-
sources is essential to human survival.
"Our children and their children are our
future days," said Buckminster Fuller.
"If we do not comprehend and realize
our potential ability to support all life
forever, we are cosmicly bankrupt."

Bucky's gone now He died of a heart
attack on July 1, 1983 at the age of 8J
while attending the bedside of his stricken
wife, Anne, as she lay in a coma. Anne
followed her husbani of 66 vears into
death rwo days later. Neither was left to
suffer the loneliness of life without the
other.

Buckminster Fuller was one of the
great thinkers of our time. His vision of
a future free from want, in which the
Earth's resources are managed for the
benefit of all its people, remains to in-
spire those of us still living on the planet
Fuller christened Spaceship Earth. 

-

by Kelly Collins

Kelly Collins is an assistant editor at
Architecture California.
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UCSBArtMuseum
The Uniuersity of California at Santa Barbara recently
held a two-stage design competition for a $5.3 mil-
lion, 18,270 square foot art museum and campus
gallery space. Program elements included a 700 seat
lecture hall, a ),190 square foot program and researcb
area for prints, grapbic arts and arcbitectural draw-
ings, and administratiue and gallery seruices spaces.
The competition, ahich followed AIA guidelines, uas
funded by grants from the National Endoument for
the Arts and the UCSB Foundation.

In the first stage of tbe competition, designs were
submitted anonymously, and fiue finalists tDere se-
lected frctm 256 entries. Submissions tDere anonymous
to allow entries to be judged on merit, ratber tban on
a firm\ name or prestige. The second stage brought
the fiue finalist teams to Santa Barbara for a three day
charrette to create their Jinal models and drawings in
the public eye, and to make oral presentations to the
jury.

First place u.,as awarded to the team of architects

Michael Dennis and Jeffrey Clark, of Newton, Massa-
chusetts, assisted by GregConyngham and Gary Lapera.
In addition to a $5,000 award, the team uill negotiate
with the Uniuersity for a contract to design the pro-
posed museum. "The design is energy efficient, with
excellent gallery space, and is uery low key, uith a
nice kind of rambly quality about iti said l. Dauid
Farmer, director of UCSB\ Uniuersity Art Museum.
"Tbe design will prouide a friendly, congenial and
relaxed enuironmentl' William H. Liskamm, FAIA
serued as Professional Aduisor. lury members includel
Dr. Alfred Mctir, art bistory professor, UCSB; Michael
A. Arntz, chair of studio art, UCSB; Cbarles Eldredge,
director of the National Museum of American Art;
Dextra Frankel, professor o/ art and gallery director at
Caffornia State Uniuersity, Fullerton; Hugh Hardy,
FAIA, James Edward Morris, AIA; and Thomas R.
Weeland, FAIA. Excerpts from the jury comments
appear below.

Mork Cigolle, Kim Colemon,
Boo-Woong Kim,
Greg Lombordi
"The formal quality of the building
is quite appealing. It fits into the
campus environment well. The
scheme's main virtue is its relation-
ship to the site, but this alone was
not sufrEcient to carry the scheme

off. The scale of the building seems

troublesome in relation to its neigh-
bors. The elevations are stark-
particularly facing Cheadle Hall.
The building's form had remen-
dous landscape possibilities that
were not realized. Natural light in
the galleries is poorly handled. The
light well canies noise from the
lobby into the galleries. The curved
roof shapes seem like a formal
device with little lighting effect.
Using the same standing seam roof
on two different roof types seems

odd. Tirning the Architectural
Drawing Room at an angle is nice
for the outdoor space, but the
materials and structute of it are a

problem and seem unconvincing.
The parking solution is outstand-
ing. The premise for the scheme is
very good, but its execution in the
second stage lacks conviction and
seems to waffle on design issuesl'

!
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AXONOMETRIC

Vlodimir Arsene,
.Jim Lombros (A/L Design),
with Abby Suckle, Dovid Hu,
ond Anlhony Z. Ponu
"The scheme's concept is fascinat-
ing, imaginative and intriguing.
Great improvement has been made
over the 6rst stage. The building's
siting is well handled. The enuance
is well located on the axis and at
the focal point of the garden. The
many colonnades could be confus.
ing. The building is a catastrophe
vis-a-vis the Cheadle Hall exposure,
both architecturally and politically.
The building doesn't seem real. It
seems like stage set architecture,
The low sof6ts in the galleries
would be a ptoblem. The long
gallery spaces are not too interest.
ing, and the corridor next to the
galleries becomes a cul-de.sac. Vle
question the free-standing walls in
the galleries. This very dynamic
scheme requires enormous architec-
tural skills to implement. It is
cleatly an utban, town center,
scheme. lVould the other campus
activities really come hete?"

.'t > (
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Tony Unruh, Dove Seeley,
Ken Soylor, Don Nulty

"The scheme has greatly imptoved
since the 6rst stage. The attempt to
'uplight'the vault is conceptually a

good idea. The wood floors are

excellent. The public and service
spines are very good ideas. The
column rhythm is askew in relation
to the decorative tteatment of the
facade. The building seems massive

and heavy. The side facing the
public toad (west) is poor until the
building is expanded. The citcula-
tion is a bit bizatte, going from the
entry to the galleries. The different
orientation of the skylights reveals

a problem of understanding. The
image of large, blocklike gallery
spaces is not in the spitit of looser,
flexible exhibit spacesl'

Williom Polmore, Govin
Bromell, Mortino Perez,
Morcy Mclnelly
"The scheme is a very interesting
classical plan which seems to have

become more rigid and formal
since the 6rst stage. Most of the
charm of the original scheme has

been 'classicized' out. The building
is ftighteningly formal now A 16'

octagonal exhibit room is impos-
sible to use. The expansion is not
resolved and doesn't meet the pro-
gram requirements. The materials

and color pallette ate very restrict-
ed. The clerestory lighting works
well, as does the corridor systemS'
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Michoel Dennis, Jeffrey
Clork, Greg Conynghom,
Gory Lopero
"The scheme is immensely charm.
ing and functional. It will be a

pleasute to walk through. IUe like
the one story approach. The scheme
has a nice procession of spaces, but
the look of the east gallery and the
angle of the temporary exhibition
gallery ate disturbing, The scheme
is the most functional in terms of
gallery management. The l0' x
100' gallery may cause problems,
being too narrow. The dtopped
sof6t in the small galleries and in
the changing gallery could cause
problems. The cross sections seem
atbitrary, combining big, high
spaces with low sof6ts. The service
atea works well. The scheme as-
sumes an art preserve on this site,
and provides a pleasant focal point
for the campusl'

1
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Winston Churchill said, "\7e shape our buildings; thereafter
they shape us." He may have been speaking more literally than
he knew Marion Diamond, a UC Berkeley professor of anat-
omy, has proved that the content and design of an animal's cage
can make the animal's brain grow, even in old age. It follows,
then, that the rooms we live and work in may physically change
the size of our brains, and that such physical change, in turn,
may alter the way we think and feel. So architects may be able
to make us think more incisively, analytically and intelligently.
Maybe architects can make our brains grow.

Of course, Diamond's work is with rats. Although in some
cases there is room for argument, it is a generally accepted
hypothesis that rats are not people, and vice versa. Nonetheless,
Diamond points out, "The fact that by enriching the environ-
ment we can change the dimensions of a nerve cell in a rat gives
us great security that we can do the same thing in a man."

Edward Bennett, a senior staff scientist at the Lawrence Berke-
ley Laboratory and former colleague of Diamond, said, "It's an
article of faith that we have that research done on animals can
be extrapolated to humans. It would follow as a corollary that
stimulating environments will tend to create more complex
anatomical and better functioning connections in the human
brain that lead to better mental performance and more intel-
lectual capacity."

Of course, we are skating on thin ice here. Diamond, Bennett
and other scientists stop short of promising that human brains
change physically in response to architecture. Still, the research-
ers hold out high hope. "There is very strong evidence that
during development the quality of the environment affects at
the very least the rate of maturation of the brain and probably
its ultimate level of information processing abilityl' saidWilliam
Greenough, professor of psychology and anatomical sciences at
the University of Illinois.

Even architects admit that there is more to the environment
than architecture. It seems self evident that the interaction of
people with people is a more powerful force in shaping thought
processes than the interaction of people with architecture. Yet,
given that contention plus all the provisos and disclaimers of the
scientists, there is mounting evidence that architecture has an
impact on brain physiology.

Diamond points to experiments proving that rats living in an
"enriched" environment develop significantly larger cortices
than rats limited to an "impoverished" environment. The high-
est thinking functions take place in the brain's cortex, functions
such as advance planning, abstract thinking and refinement of
ideas. Since nerve cells don't divide after birth, the enlarged
cortices resulted from grorx,th of dendrites. Dendrites are
"branches" extending from nerve cells. It is through dendrites
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that the brain's billions of cells "talk with each other," Diamond
said. So the better developed the dendrite nerwork, the more
"talking" goes on and, in layman's language, the smarter you get.

One of the most exciting discoveries in Diamond's work is that,
in an enriched environment, the cortex grows in rats of all ages.
The implication is that old people can improve their thinking
processes-a contradiction of the widely accepted hypothesis
that thinking ability deteriorates with age. "The brain responds
positively to an enriched environment at any age," Diamond
said. "\X/ith a healthy environment you can have a healthy brain,
even in a wrinkled old body."

Briefly, experiments by Diamond and her colleagues involved
creating an enriched environment by putting 72 rats into a large
cage containing numerous toys. To create an impoverished envi-
ronment, the scientists put one rat into a small cage without
toys. All the rats were fed the same food and rheir cages were
cleaned regularly.

The rats were between 6 days and 650 days old, with the
oldest rats analogous to humans of about 75 years of age.
Regardless of age, the rats in enriched environments developed
thicker cortices than their impoverished relatives. In some cases
the difference in thickness reached 16 percent.

Diamond measured physical changes in the brains, not
changes in the rats' behavior. But she said that other investi-
gators have found that rats with thick cortices run cerrain
mazes better than rats with thinner cortices,"indicating better
problem-solving ability" on the part of rats with thicker cortices.

One problem with drawing parallels between work with rats
and work with people is that it's hard to get people to spend
their lives in predetermined environments before having their
brains dissected on a time schedule convenient to the needs of
scientists. There are, however, ways ro examine human brains
without dissecting them.

Dr. Ed Kaufman, director of psychiatic education at the UC
Irvine College of Medicine, has studied the effects of solitary
confinement on the human brain.

Kaufman said studies show that "periods of solitary confine-
ment of only 24 to 48 hours cause brain wave changes. The
longer a person is in solitary confinement, the longer the brain
wave changes persist. After several weeks in solitary, the changes
can last up to a few weeks. The altered brain waves indicati
that physical changes are taking place in the brain, although we
don't yet know their exacr nature," Kaufman said.

One of the most extensive studies on the relationship be-
tween environment and human behavior recently was completed
by Michael Brill, a professor of architecture at the State tJniver-
sity of New York in Buffalo and president of BOSTI, an acro-
nym for the Buffalo Organization for Social and Gchnological

Innovation. His study considered relationships between office
workers' environments and their happiness and productivity.

"One of the things we (observed) is not necessarily a drive
toward richness and stimulation, but a drive toward control
over richness and stimulation," Brill said. \Torkers produce
more and are happier in ofiGces where they can control factors
like temperature, light intensity, privacy and noise, he said.

Brill added that, given some control over such factors, work-
ers "are far more satisfied with their jobs and they produce
between 4 percent and 5 percent more work relative to their
salaries." Brill's four year investigation involved about 4,000
\rr'orkers in 50 offices in more than 20 states.

Maria Giesey, a Los Angeles environmental designer special-
izing in behavioral aspects of design, said she has "surveyed
about J000 people in seven or eight years, and the kind of
results I get are fairly similar to the kind of results Michael
(Brill) gotl'

Researchers studying the impact of architecture and other
environmental factors on the brain and on human behavior tend
to be extraordinarily cautious. Among the most cautious of
those researchers is Richard Coss, professor of psychology at
UC Davis. He holds an undergraduate degree in industrial
design with a minor in architecture from USC, and a master's
degree in design from UCLA.
_ \X/orking with fish, Coss has found that the brain is particu-
larly sensitive ro environmental variations during its eaily period
of devellpment. But compared with rat brains siudied by Dia-
mond, 6sh brains seem much less capable of adjustability in
terms of physical change after their natural period of develop-
ment, Coss said.

He would not extrapolate the results of his work to make
comparisons with possible changes in the human brain. He did
say that "architectural environment is much less important than
social interactions, but still there might be some effects of archi-
tecture that would influence development of the human brain,
but no one has studied that yet."

?erhaps no one has studied human brain development in
relation to the environment, but the process is beginning.
"\We're starting with human brains now," Diamond said, ex-
plaining that she and some of her students have recently begun
studying measurements of 40 human brains.

"\X/e are, of course, jusr geting started," Diamond said. ,,I

think our progress in relating human brain development to the
environment is in about the same place the study of electricity
was when Ben Franklin flew his kitel'
Jobn Dreyfuss is a feature writer for the Los Angeles Times, from
ythicl thts.art,icle is reprinted with permission (iopyright,lggj
Los Angeles Times).
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lnterview: Russell Schweickqrt

California En er gy Com m is s io n er Rus s e ll
Schweickart tbinks in more dimensions tban
most of us. He\ a former astronaut-a star
uoyager. Rusty liued beyond Earth\ grasp for
241 hours during the flight of Apollo 9 in Marcb,

1969. A tenant in orue of humanity's earliest
extraterrestrial resideruces, Rusty has an unique
perspectiue on the design of space habitats.

Nflhat can you tell architects about designing habitats fot people

in space? In the Apollo 6, you weren't exactly in a palatial
residence.

Right. But I was very much involved in our first relatively palatial
residence-Skylab. It had about the same internal volume as

a three bedroom home. Not only was the total volume fairly
large, but in the experiment section we had a single large vol-
ume, a single free space. Skylab was the first opportunity to
appreciate the full extent of the radical environment in space.

Up until that time, both we and the Russians had been
operating vehicles u,here you could reach in any direction and

touch at least one u,all or one surface. In Skylab, you were quite
literally faced with volumes where you could move in true
weightlessness, without always having a wall or sructure acces-

sible to you. So the freedom intrinsic to the environment was

for the first time realized on a subiective basis in Skylab.

Are there any elements in habitat design that can entich the
quality of human life in exuaterrestrial habitats?

From a design standpoint, the most important one is windows.
\Y/e had a hell of a time trying to get NASA to put a window in
the Skylab. It offends a designer of a pressure vessel to interrupt
the uniform cylindrical stress patterns by putting in a window
frame and u'indow with different thermal expansion characteris-
tics and all of the other design complexity introduced by it. It is

much nicer to deal with a windowless cylinder with rounded
ends. But that is inhuman. \We are talking about living environ-
ments and real people. The environment itself invites wide-eyed
awe z/you can see it. So to me, in terms of the inhabitability of
an environment in space, windows are very important.

In a space colony, would there be windows, say, in every dwell'
ing, or would there be an area where you could go to look out?

If you are talking about the really large space colony-20 miles
long and several miles in diameter, or a torus several miles in

diameter and at Ieast several thousand feet across the inside-
it becomes less important to have windows to the outside, in the

sense that you have a large and interesting, even fascinating,
internal visual field.

But if we are talking about the earlier design of habitats which
might hold a hundred people or a dozen people, then the
windows to the outside are much more important. Eventually,
in extremely large structures, the internal visual experience can

substitute in part for the outside. Nevertheless, even in alatge,
classical space colony, it is still important for the residents to see

out and see the stars and the Earth, especially. Or even external
operations around the environment, which will be fascinating.

So there, you could move toward observation ports or observa-

tion rooms-the equivalent of the rotating restaurant on top of
the space needle or on top of the hotel.

For example, I was brainstorming one day about a space

colony with a Ratskeller type of restaurant, where everything
gets turned upside-down. Put glass on the floor and you are

looking past your feet at the Earth while you're eating your
dinner. You can't conveniently look sideways at the Earth in that
rotating environment, and so the design possibility of a uans-
parent floor to see the Earth is interesting.

!ilouldn't you feel an element of vertigo in that?

Well, it depends, of course, on the rotation rate. Now that's
another factor which is going to dramatically shape design of
habitats-the rotational complexities and physiological chal-
lenges of a rotating environment. Coriolis forces are generated

in the inner ear by rotation of your head around anything other
than an axis of rotation of the vehicle. If the axis of rotation is

up on the ceiling behind us, and if we nod our heads up and
down, there's no problem. But if we rotate our heads sideways,
it generates tremendous internal torquing effects. If you close

your eyes, and rotate your head to one side, you have a subiec-
tive sensation of tumbling forward to that side. You get very
confusing signals into the inner ear, which generate nausea.
There is an adaptation that has to go on in rotating environ-
ments by people who are living in them. \X/e don't know a lot
about the long term adaptation to environments like that, and
whether one would develop an internal axis system that is totally
tuned to where the axis of rotation is.

In the smaller artificial gravity environments or habitats, those
Coriolis forces are going to clearly affect design. One would
want to orient and locate work tasks and passageways, equip-
ment that one would work in front of, to be sensitive to the
required head motions in a particular task, so as to minimize
the disturbing Coriolis inputs. And I suspect that in the same

way that we are extremely oriented to the floor here on Earth,
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the freedom of design is greater in space."

one would become, design-wise, very sensitive to the axis of
rotation as well as to the "floor"-which of course is no longer
a plane, but the outer surface. In the smaller habitats a higher
rotation rate is needed to provide the artificial gravity, so thar
influence will dominate design. \X/hen you get to very large
environments, of course, the angular rates are significantly lower
and the subjective effects are probably lessened; therefoie, the
design requirements are probably a good bit looser.

rJ(hen you were living in space and designing and working with
the Skylab, were there certain forms or shapes that increased
your feeling of personal security?

Not that I'm aware of. I'm not sensitive to any changes from the
ground environment to the space environment along those lines.
Organic shapes are probably going to be received in a space
environment in the same way they would in a terrestrial envi-
ronment. But the freedom of design is greater in space.

You have a whole anay of gravitational options to deal with
in space. The extreme, of course, being zero gravity or weight-
lessness, in which case, you have total freedom. One doesit
have to have walls in space. \)7al1s hold up ceilings in a gravity
environment. But in a weightless environment, there is no need
for that same mentality. It just isn't there. You have ro be con-
cerned with-or alternatively, have the opportunity for-total
freedom in terms of the various surfaces all serving the same
function, which is essentially utility. You end up with a much
greater variety in a space environment when you go to that
singular option of weightlessness.

Now as soon as you go to any gravitational environment, up

1o and including or beyond one g, then you once again go right
back into this specialized function of the floor. It may be a -

curved floor, cylindrical shape even, but you still have a down
and an up. Things may fall faster or slower than they do on
Earth, but you sdll have the basic gravitational characteristics.
So the unique opportunity is in the zero g environmenr. And
there, so many things change that the design opportunities and
challenges are phenomenal.

There's no such things as open containers-for liquids at
least. You can't put things down. They have to have Velcro on
them or they're going to float to the intake of the air circulation
system, ultimately. \X4ren you lose something in space, you wait
and then go to the intake duct on the airconditioning system. It
will end up there; it's only a matter of time.

In a rotating environment, you have a variable gravity situa-
tion. On the ground floor you may have one g, but as you move
toward the axis of rotation, ultimately it goes down to zero
gravity. So you have the whole challenge of relatively robusr
structures at the outer perimeter of a rotating structure going

down to very tenuous and flimsy structures as you move toward
the axis of rotation. That, again, is unique, even though you
have a gravity environment.

Now, what freedom that provides in terms of innovative de-
sign is really hard to say. It's just ripe for imaginative design.
People play space games-imagining a gymnasium along the
axis of rotation, so you have a weightless gymnasium. People
talk about human powered flight-near the axis one can clearly
flap one's wings and take off like a bird. There are possibilities
which are fun to explore.

In the large habitat, anorher interesting phenomenon that's
going to have to be analyzed and understood is the whole ques-
tion of: \X4-rat is the natural armospheric circulation putt...ri Do
you end up with prevailing winds in alarge rotating environment

-the cylindrical city sort of environmenr? And how would that
influence things? I don't know the ansv/e! but clearly when you
end up with an artificial gravity, you do have hot air rising again,
but as it rises, the tendency to rise is less and less. Once again,
Coriolis forces are going to affect the path of a rising air column
as it would a falling object. So you have strange kinematic effects
which will have to be accounted for in design.

How will humans have to revise their attitudes about their
living and working environments in ordet to live in space?

In a purely functional way, rhe distinction between the work
place and habitat gets challenged, in the same v/ay it does in a

nuclear submarine or in a limited environment like an antarctic
scientific research facility. You can't afford to have the kind of
distinction we do here in the terrestrial environment between
home and work place. Efficiency, the cost of space, in a sense, is
quite high. The investment dollars involved in a nuclear sub-
marine, for example, don't allow you to have a spacious living
area which is separate and distinct from the work area. Now to
a certain extent, you do do that-you do have cre\M quarters,
and you do have the officers' mess. You don't eat at the peri-
scope. So there are separations of functions. But it is a long way
from driving my car from my office to my home.

In the space environment, we're going to start out in a way
which is more analogous to the antarctic research station or a
submarine, where your bunk is over here and your instruments
are over there, and it's all one environment. Just because of the
costs.

$7hen you've got a dozen people up there whose job is to
service communications satellites in geostationary orbit-those
people are going to be living and sleeping and working and
eating in a fairly integrated environmenr. \X/hen you ger to rhe
large space colony with 5,000 people, you're going to go in the
direction of the living quarters and recreational facilities being
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"I didn't haue any sense of liuing in sometbing the size of aV-W Rabbitl'

t
separate from the work environment or the laboratory. It is very
siie dependent. But there are very direct analogs to that here in
our own experience.

On the other hand, the fly in space indicates some differences
which are very interesting. Asronauts are a pretty bitchy lot.
They're not terribly tolerant, let me put it that way, of designers'

They let people know when they're dissatisfied. And they can

get iust downright nitpicky. \X/hen it comes, for example, to the
ionrols and displays-to the behavior of the spacecraft and the
design of the guidance and navigation system-'*/e played a very

direct and immediate and detailed role in how the spacecraft

was designed, all the way from the shapes of the knobs and

switches and hand controls to the response times of the attitude
control system. Almost nothing escaped the critical design mon-

keying that the astronauts did. Yet I never once heard anybody
complain about a sense of claustrophobia.

1WL complained about all sorts of storage problems. \7e had
so much gear crammed into the spacecraft that an inordinate
amount of time went to housekeeping. You would have to be

meticulous about putting something away in its designated
place, because the place would so rapidly become cluttered and

unuseable. Yet, with all that equipment jammed in there, I didn't
have any sense of living in something the size of a Volkswagen
Rabbit. I never heard anybody else complain about it. And I
have asked myself a number of times why.

You would think if you were locked in a VW Rabbit for 10

days you would go berserk. lWell, you never had the sense of
claustrophobia, and I think it's because you had the total three
dimensional freedom. The space seemed much more spacious
than it would have in an environment where you've got to be on
the bottom of something. \X4rere there's a down and you're
always on it. You could float around and between and over
things in getting around, where on the ground you were flailing
around, stumbling and crawling over things and having to move
things out of the way to get to the commander's couch to re-
trieve a valve, or to do something. The ability to worm around
and float around seemed to open up the space in a way which is

really surprising. I think that resulted in very little complaining
about claustrophobic sorts of things. I don't know where that's
going, but thatt a subjective impression that I had, that we
haven't talked a lot about, but I think is real. You mainly want to
have open spaces for fun, but functionally I don't think you
need a lot of volume. Your volumetic packing can be fairly
tight, without generating a sense of being closed in. Now that's
going to be helped if you can look out, too.

The other thing which subjectively gets into design in a very
real way-well, I should be careful-the subjective experience
is strange and unusual. How it affects design or will affect de-

sign, I don't really know. But in Skylab, which is the best example

of it, the equipment and experimental gear and the control
panels and the gages and dials, that sort of thing, were oriented
in different directions in different parts of the spacecraft princi-
pally because it was a series of modular components. The orbital
workshop and the air lock module and the multiple docking
adaptor and the Apollo telescope mount control panel and

things of that kind were built in different places. Some were
manufactured in a horizontal orientation and others in a vertical
orientation. Because they had to be tested on the ground in a
gravity environment, the technician would have to sit in front of
the contol panel in such a way that he could read the switches

and dials. So the contol panels and the switches and dials are

built to be operated and tested on the ground, not because, in
space, they need for some functional reason to be oriented that
way. \7hen you put the modular pieces together, you 6nd some

panels oriented on one plane and others oriented on another.
In the airlock module, things were oriented radially. So you

had all different sorts of operational axes that you were dealing
with. Forget where the Earth is, it's irrelevant. Your eyeball
down is down. Your feet or rear end are down, and the top of
your head is up, and your right arm is right and your left arm is

left. I mean, you operate that way at the control panel. And if
you turn your head sideways, forget about gravity, you feel as

though you've got your head sideways. Put it upright and it feels
as though you've got your head upright.

Okay. Now I go from one control panel to another that's oriented
on a different plane. \ilhen I get over there, I feel like I'm on my
side, even though I'm looking at the panel right side up. I'm still
operating in the former axis system, until such time as I say,

"That's upl' And all of sudden, the axis system goes "boink,"
and now that's up. It doesn't happen automatically. You will it to
be up and when you do, it is a sudden change. You don't gradually
torque it over. You get there, and then you "cage your gyro."

The earliest demonstation I had of that was early il my
career as an astronaut.\[e used to fly a zero gravity airplane, a

70J basically, with all the seats removed to create a big open
space. You'd fly a parabola and generate real weightlessness for
about J0 seconds. The whole inside of this airplane is padded.
Obviously, you don't want people to bounce off the walls. On
the ceiling of the airplane, we had rwo longitudinal nylon sraps,
that you could hold on to. On our first flight, we weren't doing
any useful work; it was a familiaization flight in a zero g air-
plane. So you're playing games. You get in weightlessness and
push off the back wall and soar down-the "look, Mom, I'm
flying" sort of the thing. \7ell, when we got into the weightless-
ness,\7alt Cunningham would sit on the ceiling. He said, "Hey,
Rusty, I want you to do thisl' So, we got into the next parabola,
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"The cballenge to designers is to set up enuironments in which be cdn become mdture cosmic beings."

and I pulled myself up on the strap and just sat on rhe ceiling.
\flalt said, "Okay, you're on the floor." And I just went-click-
and I was right side up. Everybody else was rtpside down. But
until he said that, I was sitting on rhe ceiling. I was upside down.
He said that, and it was clearly arbitrar.v, and all of sudden I'm
right side up and the resr of the environmenr is upside down.

You experience thar directing in space. So that when you
move from one area to another, your axis system is arbitrary, but
you retain it until you decide to change it. Now, that's a subjec-
tive environment. I don't know how in the world that will in the
end affect design, but it seems to be a common experience. You
need an axis system, you operate with an axis system, but in the
absence of gravity, you can cage it in any orientation you want.
NUill people born in space be born with that undetstanding?

Yes.

Is that orientation, that learning, going to be transmittable, or
will it be the beginning of new beings?

That's a very interesting question. I tend to think that we're
going to become spatially parochial. That is, I think that the
gravitational environment to someone who is born in space, or
perhaps even lived in space for a substantial period of time, will
be very confining.

But visually, it's the opposite. You will be severely visually
restricted in terms of a space habitat. Your normal perspective
will be limited to the interior of some artificial volume. \il/hereas

on Earth, your visual environment is infinity. lWe don't often
think of it that way, but when you look at the srars, you're look-
ing out into an infinity environment. We tend ro see the blue sky
as a ceiiing. But psychologically, we know it isn't. And I think
that that will be a profound difference in a space environmenr.

So coming to Earth will be different in the sense of operating
on the external surface of a volume instead of on the internal
surface. In some sense that will be visually liberating. But the
gravitational environment will give people who come down
from space a feeling of limitation and confinement. So a real
parochialism will evolve. And I suspect that people who are
born there will see that space environmenr and weightlessness
as a more natural and more free environment in which to live
and operate. Eventually, there will be a sense of "we space be-
ings," not in just a physiological sense of that oppressive Earth
environment or the hear.y gravity. The sociological, the economic
sense of "us" and "them" will evolve.

Some form of government or institutional stucture will evolve
as part of the space habitat. The space environment will per-
form services for the Earth for which there will be compensa-
tion, and there will be negotiations over prices and rates. All
sorts of tensions will grow up between the colony and the home

continent or the home country. Ultimately, the tensions and
motivations toward independence and freedom wili develop at
the same time that the actual independence will increase. \%
will learn to do with less and less in terms of materials and
necessities brought up from the Earth, and more and more with
materials and energy available in space. And, at some poinr,
you're going to have a revolution. The space colony is going to
say, "Screw 'em. \X/hy should we pur up with this B.S. from th.
ground pounders2 Let's get out of here." A1l that will be missing
is a transportation system. $7hen the space colony becomes
independent in terms of life support and energy and material,
the need to stay in immediate proximity to the Earth disappears.
So hook a thruster onto one side of the colonv and takeoff. It
will happen.

You've hooked on a thruster and taken off. How has that
changed your view ofthe Earth, and ofhuman beings?

I think of the Earth and humans through an analog of cosmic
birth. Humans, the fetus in the womb of Earth, have a depen-
dent relationship with Earth which, as it reaches full term strains
the resources of the mother. The legitimate global problems we
see today are not unlike the demands people at eight or nine
months place on the motheq and trigger birth pains. In the
same \r/ay, the conditions we see today are an analog, at a plane-
tary scale, to that natural process.

rVithin the womb, the close relationship is very dependent.
After birth is when the real love relationship developi-the
mutuality of love. In some part, the experience of humans see-
ing Earth as a whole one naturally stimulated the environmental
movement. It was the beginning of a love relationship, seeing
that we have a responsibility for the planetary environmenr. 6ur
ultimate relationship with Earth increases as we have the freedom
to move off Earth.

. The relationship with the environment is enhanced by redirect-
ing space resources to the Earth. It's the same relationship of a
child caring for a parent as the child matures. The degree to
which that realization is reflected in design is extremely impor-
tant. $7e have to see it as the supporting environment, like the
ones we provide for our children as they grow up, which allows
responsible human beings to move to maturity as cosmic beings.
The challenge to designers is to set up environments in which
we can become mature cosmic beings.

Do we set up environments with laser weapons or zero gravity
gymnasiums-that is the fundamental question. Are we thought-
lessly going off under the pretext of defense of freedom, or do
we see the larger responsibility for where life is headed? That's
the question I invite the design community to wrap its imagina-
tion around.
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Spqce Stqtion Design by Fritz C. Runge

The first U.S. space station, a three-man vehicle
called Skylab, was launched inl9T, complete with
payloads for research in solar physics, Earth phe-
nomena, materials processing, and human perform-
ance in zero gravity. In addition to architects on the
McDonnell Douglas team, outside architecture and
interior design consultants were engaged for Skylab
concept and design work. The flight activity spanned
about a year and was a great success. During that
period, u,ith visions of the transportation and logis-
tics needs of a future space station, NASA under-
took the development of the Space Shuttle, which is

now flying.
\{/ith manned-access to orbit routinely available

via the Shuttle, NASA is proposing a Space Station
Program starting with a six to eight person crew to
fly in 1991, and doubling that number by the year

2000. The space station will accommodate a variety
of uses for science, commerce, technology, on-orbit
services and an inter-orbit transportation base.

Concepts for the 1991 and 2000: versions of a NASA
Space Station, as developed by the McDonnell
Douglas Advanced Space Programs team in 1982,

are shown in Figures 1 and 5. In the program devel-
opment, architects and engineers will extend the
roles they played in designing Skylab, and in the
ensuing ten years of space station concept studies.

Space stations are analogous to many highly con-
fined industrial and scientific facilities on earth
which house complex human activities at remote
locations in hostile environments. All are conceived
and designed by a variety of skills inherent in the
broad fields of architecture, human factors and
engineering. Earth-bound facilities with functional,
environmental and logistic similarities to a space

station include oi-l well piatforms, antarctic research
stations, underwater oceanographic science habitats,
and even remote, heavily sheltered rocket test and
missile launch blockhouses. All are similarly acces-

sible only by some type of shuttle vehicle (air, land
or sea) which, like the Space Shuttle, sustains and
suppofts the facilities'activities. The architecture is

significantly impacted by shuttle constraints, such as

limited cargo volume and transportation schedules,
in addition to a myriad of other considerations.
Also, the facilities mentioned all operate in relatively
oppressive environments. The ultimate commonality
among such faci-lities is, of course, the complex
human activities which must be conducted in unusual
confinement and circumstances.

Basic architectural considerations are a key part of
the concepts being developed for the emerging
NASA space station. The greatest challenge is to
coordinate and fulfill the diverse functions inherent
in a great variety of potential payloads, station sub-

system installations, environmental protection, inter-
faces with other orbiting vehicles, basic crew sus-

tenance, and the need for flexibility for growth into
expanded services-a real mixed bag of require-
ments, constraints and objectives, particularly when
compounded by safety and contingency considerations.

Space station system studies, performed for NASA
for many years now, have developed detailed under-
standings of the many functions and relationships
inherent in a space station. And, in the process,
architectural and engineering techniques and lessons
learned from analogous terrestrial projects have
been routinely incorporated, particularly since some
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sensitivities, contingencies and growth all must be
integrated.

Our basic approach involves defining various
optional configurations which generally fulfill the
same objectives, and scrutinizing them in light of
various criteria. As is so often the case in design
activities, the final selection is a hybrid of those
features which satisfy most of the design and user
principles involved in the project. In the space station
case, there are system-level and operations special-
ists and many subsystem specialists, in addition to
many user (payload) specialists. Consequently, final
design selection involves the same reperitious review
process as all maior architectural projects. Moreover,
the client, NASA, also is intimately involved with
numerous specialists, including astronauts, in con-
tinuous review before design selection takes place.

To optimize the location of functions in the orbit-
ing facility, we use Function ProximityValue Analy-
sis, with star charts and bubble diagrams, in our
conceptual activities. Knowledge of factors affecting
humans in space exists in considerable depth from
Skylab and Shuttle experience. As the design for the
neu/ space station emerges, bio-technical work flow
and cre#equipment "linkage" analyses will be per-
formed, as they were on Skylab. Many permutations
of functional relationships, circulation patterns and
geometry will be studied before the final design is
achieved.

Some examples of the process that our team went
through to arrive at the configurations illustrated
earlier is given here in brief overview fashion. Figure
I lists the most basic considerations which dictate
the gross character of the facility to be designed.
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of the personnel involved have architectural and
human factors backgrounds.

Since future plans of NASA call for increasing
capabilities for space stations with large ..e*., ,.,
even greater need for classic architectural consider-
ations and approaches will develop. Conversely, in
the far distant future, lessons learned from compact
habitats in space conceivably will contribute to ihe
development of highly efficient, ultimate-urban
facilrties for rhe maximum use of crowded inner-citv
space on Earth.

Space Station Architectural Approach

The approach to developing basic space station
conceptual architecture is shown in Figure 2.
The architect functions are very much like those in
the development of concepts for analogous facilities
on Earth. In space station design, architects work as
a team with engineering, construction, environmental
protection, operations, logistics, interiors and
human factors specialists. The objective of the team
is to apply existing technology, related knowledge
and experience to conceive of and design a space
station faci,lity which accommodares a general and
dedicated laboratory, an observatory for viewing
insruments, a transportation base for vehicles to
transfer to other orbits, a servicing facility for other
spacecraft, a manufacturing facility, an assembly
facility, and a comfortable habitat for humans.

To conceive of an optimal space station layout,
such considerarions as interior and exterior func-
tions, functional relationships, resource storage and
access, circulation, access to other flight vehicles,

llli



Equipment known to be necessary for a basic station
is grossly categorized into modules, along with mis-
sion growh modules.

An initial bubble chart of the major functions,
incorporating the results of adjacent value analyses,

is shown in Figure "{. Certain readily apparent rela-

tionships dictate proximities. Figure 5, a line drawing
of the final product, is a result of these analyses.

Although there are many constraining influences
on the configuration-such as shuttle cargo bav size,

flight schedule, minimal crew size philosophies, and
safety-much effort is expended in organizing func-
tions in the most efficient manner. This activit.v is

complex by nature because of the great mix of
complementary and noncomplementary functions
involved, and the general plan to grow into areas not
yet clearly definable. Basicalll,, accommodating the
routine existence of the crerv can be fairly easy, but
the many compiex functions planned for them, and
the significant difference in the many potential pay-

loads, all combine to frusuate the search for opti-
mum functional layouts. This area has been well
studied since 1958, and a feu'space station designers
exist who have a considerable understanding of the
myriad considerations involved, not to mention
actual experience from Skylab.

Configuration Architecture

One such highly experienced configuration designer
is George King at McDonnell Douglas. He has

probably designed more space station concepts on
NASA contracts since the early 1960s than any other
person. George is an architect by original training
and uses time-tested architectural approaches to
his designs. On our study team, George serves as

the cental figure in determining the configuration
impact of all payloads, subsystems and operations.

George begins a project by surveving the team to
establish functions anticipated on or around the
space station and briefing them on related aspects.

The variety of functions calls for a combined home/
laboratory/factory/gym/construction shack/space
port, a rather significant integration challenge.
George's challenge is diplomatically to provide an
efficient hybrid of all accommodations so as to
assure broad acceptance by all users, subsystem
designers and ground and flight operations specialists.

The role played by the architect in the develop-
ment of the space station involves concerns beyond
the purely functional svstems and operational needs

of the crew. George also must deal with higher level
human needs: privacy, socialization and other
quality-of-life issues. Using architectural analysis and
design techniques, and other Earth precedents for
long-term habitations and functional organizations,
the space architect must coordinate with the aero-
space equipment/operations engineers to 6nd answers
to complex problems concerning geometric organi-
zation, planning for growth, and internal arrangement.
The architect brings to the space station design the
expertise and techniques which enable people to
perform in unique Earth environments. Tiansferring
this knowledge to space statlon design enhances
people's relationships with their space environments
and enables them to better perform their functions
while effectively coping with the hostile environment
of space.

Fritz C. Runge is program manager for tbe Space

Payload Programs at McDonnell Douglas Astronaatics
Company in Huntington Beach.

Figure 5
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Spcrce Hqbirqr Design

Hydrogen Tsnk

SECTION BB scare:d--s

With the inmoduction of the space shuttle, we now
are able to exploit a new and vast environment,
deriving from it many benefits. The next logical step
in the evolution of space industrialization will be a

manned Space Operation Center, under study by the
National Aeronautics and Space Administration
(NASA) and designed to house humans in space for
extended periods of time.

The Space Operation Center departs from pre-
vious space station concepts which were designed to
serve as research centers for gathering data and
conducting experiments. The Space Operation Cen-
ter is intended to conduct space operations such as
assembly, manufacture, service and deployment
of satellites. Since humans will work and live in
these space stations, permanently orbiting the Earth,
architects are becoming more involved in the design
of outer space habitations.

Our firm, Space Habitation Design Associates
(SHDA), is designing a Space Operation Center for
one of the private companies commissioned by
NASA to develop prototypes. SHDA is a multidis-
ciplinary research, design and construction team
specializing in the design of facilities for harsh and
isolated environments, including outer space. Our
team consists of a civil engineer with experience in
hear,1, construction in isolated environments, a sociol-
ogist who is an expert in space psychology, a physiolo-
gist who is an experienced aquanaut, a cultural
anthropologist, an aerospace engineer heavily in-
volved in designing the Apoilo program, and two
architects. Our emphasis is on creating concepts that
combine human factors, technologies, and econom-
ics into well-balanced, successful environments.

SHDA is working on five different studies for the
interiors of a four to six person space station to be
located inside an Aft Cargo Carrier (ACC), a module
attached to the bottom of the shuttle's external fuel
tank. A principal in our firm, Thomas C. tylor,

by Robert Pemberton

Aft Cargo Compartmsnl

became involved with the conceptual design oi
space stations using the space shuttle external tank
in 1977. During design developmenr for the ACC,
Tom created and patented several innovative tech-
niques for constructing facilities in ourer space. The
ACC proposal is receiving serious consideration
from NASA, and may become the design for Ameri-
ca's first space station.

Our work in space habitation design began with a
year-long volunteer study for a rotating space sta-
tion, and a study for a lunar laboratory. The moon
base study continues to be researched in our office.
On behalf of the European Space Agency, we are
studying how to take the European Space Lab mod-
ule and pallets out of the space shuttle cargo bay
and use the bay as a free flyer that will remain orbit-
ing in space. A group of Canadian invesrors has
retained us to design a passenger module for the
shuttle cargo bay which can be used to take tourists
into space. (Lloyds of London may agree to insure
tourist flights into space, thus overcoming one of the
project's main problems.) And we are consulting
with SRE Development Corporation to develop a

9165 million destination resort hotel, conference
center and technology display center, located north
of Los Angeles, which will simulate the experience
of living in outer space.

Discussions have begun which may result in one
of our principals and Director of Design, John Spen-
cer, training as a mission specialist for a space shuttle
mission. This would make John the first architect to
travel into outer space.

Learning How

Being among the small group of architects who
are pioneering a new interpretation of architecture,
we began by asking ourselves: How do we design a

space station? rVhere do we begin? There are no
books on the state of space station design, no codes
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to follow, and, at the time, no schools to attend.
(This fall, the Southern California School of Archi-
tecture began a program, The Institute of Future
Studies, which includes a course on designing for
space. John Spencer is directing the faculty for this
course.) In essence, we were on our own.

\0fle've spent the past few years learning how to be
asuonauts, aerospace engineers and psychologists.
Several of us have toured various aerospace facilities,
sat in space simulators, and tried on space suits to
get a better feel for conditions in space and ro see
how rockets and spaceships work.

Our only resources on space design were NASA
and the aerospace industry. Fonunately, we had
excellent contacts with both, and an almost unlimited
access to their resources. But everything in the aero-
space industry is segregated into different depan-
ments, divisions, and sections. It took us four years
to gather a fairly comprehensive library and an
understanding about the issues and systems involved.
SHDA is now writing the first comprehensive book
on basic space station design, operations and crew
training. It will be a guideline for the aerospace
industry a UBC for outer space design.

In designing space facilities, we found that there
are many similarities berween the undersea lab,
lunar station, arctic and antarctic camps, and off-
shore drilling platforms. Their similarities lie in the
fact that they are closed, isolated, and in hostile
environments, which create Iife or death situations.
Our cument work includes a design study for an
off-shore drilling rig oew quarters in the Nonh Sea,
and the development of interiors and raining pro-
grams for the \Western Regional Underwater Labora-
tory project, a six person underwater habitat funded
by the National Oceanic and Atmospheric Adminis-
tration. These projects have shown us rhat the con-
cepts in designing for terestrial and extraterrestrial
hostile environments are different, but the issues
tend to be the same.

Habitats for both these environments are of limited
size, and people will be living in them for extended
periods of time. So the perceptions of spaciousness
and privacy must be designed into the habitat. Pri-
vacy is an important issue. Experience in isolated
living environments has shown, for example, that
"hot beddingl' where two people working alternare
12 hour shifts rotate use of the same bed, creates
social tension, since neither person has a sense of
privacy. These findings have a direct bearing on
space habitat design.

I7e have learned a grear deal from problems that
occurred in space stations such as Skylab. Skylab,
America's first attempt to live and work in outer
space, v/as actually a third stage of the Saturn 5
booster rocket, which was converted to house three
astronauts. One of the problems in Skylab was rhe
location of the A,/C vents. ft was expected that
exhaled air would simply float in front of the astro-
nauts' faces in zero gravity. The A/C vents were set
to blow directly onto the astronauts' faces to remove
any carbon dioxide that might accumulare as rhe
astronauts slept. The A./C vents so annoyed one
astronaut that he slept inverted in his sleeping bag
so the air would blow across his feet. It turned out
that the airflow in Skylab was adequate ro dissipate
the CO2.

In space, the absence of gravity creates challeng-
ing problems. For example: On earth, we are able to
walk from place to place because gravity helps create
friction berween our shoes and the floor, enabling us
to move. In zero gravity, one tends to float, so ne,il/
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ways of movement need to be devised. An open grid
system was used on Skylab. Asffonauts wore special
shoes that, when inserted into the grid, created the
resistance needed to move. Other methods enabling
movement might be magnetic shoes or a ner$/ork of
soft cables throughout the environment, like a three
dimensional spider web.

Studying the Russian Spacelab has yielded valuable
information on humanizing space environments. The
Russians are more tolerant than NASA, allowing
cosmonauts to bring spirits and snacks (usually
vodka and salami), musical instruments and movies
along on their flights. Cosmonauts also design their
own work schedules. One of the Spacelab's most
important amenities is its 10 portholes (compared to
Skylab's one).

Reconceived ldeas

Cultural differences will become increasingly
important in the design and use of space habitats as

multinational crews begin to live together in outer
space. The interaction among people and cultures is

the basic building block in space station, as well as

terrestrial, design. Human beings always have re-
lated to each other on a variety of levels. In design-
ing a space station, we have to consider and isolate
those levels which are crucial to the design. Cultural
anthropologists have identified 10 basic levels that
make up man's activities. The different emphasis
placed within these levels differentiates cultures.
These activities are
. learning, which involves education;
. interaction through language;
. defense (militarily);
. play (games);
. territoriality (boundaries);
. temporality (cycles of time);
. association (organizaticin) ;
. sustenance (occupation);
. exploitation (of technology);
. sexuality (behavior and dress of men and women).

These activities ate all interrelated, and when one is
changed, the others are affected. So in designing for
a group of people, it is important to understand
their culture in order to avoid problems with the use

of the design.
Here on Earth, design is two dimensional, since

height restriction and orientation of the doorway,
cupboards, desks and chairs are already established
by the automatic restriction of gravity. But in space,
gravity is absent, and design is three dimensional.
There are no height or orientation restrictions. Door
openings literally take on new meaning, as do chairs
and desks. One could have a desk on the "ceiling,"
or a chair on the "wall." In designing for space
habitats, one must constantly be conscious of break-
ing away from the raditional ideas used in Earth-
bound design.

Those of us who are designing space environ-
ments have a great opportunity to learn from the
unique situations in space, and to transfer that know-
Iedge to Earth. Ve also have an important responsi-
bility to humanize the space environment and bring
together the multitude of conflicting elements into a

creative, cohesive, and humanistic design.

Robert Pemberton holds degress in pbysics and arcbi
tectilre. He is project manager for Space Habitation
Design Associates and a design consultant for SRE
Deue lopm en t Corporation.
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NTERIORS

Designing for Humqn Fqctors
by George King ond Don Mogorgee

The ried and tue architectural adage
that "form follows function" continues
into the space age, but with constaints.
In space, the freedom of design enjoyed
by Earth-bound architects is sharply cur-
tailed and replaced with unique consraints
and requirements.

To practice space architecture efficiently,
one must reorient all prior "ground rules"
and work to a new and constantly evolv-
ing set of "space rules." No longer is up
or down associated with the "one-g" pull
of Earth on man. "Zero-g" imposei ri-
quirements that, in a sense, limit the
designer-but only if he or she interprets
them as negative Iimirations. The seciet is
to be inventive and creative. One must
use the positive advantages of zero grav-
ity and make it work for a design oi a
specific application. In a space facility,
nearly all available space within a given
envelope is usable. To effectively integrate
! given space and the occupants and
functions it accommodates, the architect
must adhere to a unique set of design

rules.
The absence of gravity poses exuemely

interesting design challenges affecting
most activity. In the world of zero gravity,
"up" and "down" have little m.rring--
ceilings, walls and floors are interchange-
able and all can be used as work surfaces.
People can move about freely with no
need for stairs. But to perform stationary
tasks, they need some means to anchor
themselves in place. Convenrional furni-
ture has little use in space. Without gravi-
ty to hold the body in a bent, seated
position, one can only sit by continuously
tensing the stomach muscles. Consequently,
chairs aren't needed. Beds are not required,
sleeping bags can be attached to walls or
ceiJings thus reducing space consumption.

Also, a designer of space architeciure
must constantly consider that nothing
stays where you put it. Items float, get
lost, get in the way, and must be contained
or restrained. An everyday item such as a
glass of water is a maior problem. The
drink must be contained, protected, re-

strained, volume consumed accounted
for, unused portion disposed of. And
finally, the water must be reclaimed or
disposed of when expelled by the crew.
The many forms of expulsion are all
monitored as a facet of crew health and
safety. In this function alone, all of the
design, engineering, manufacturing and
testing involved are quite challenging
when compared to the everyday act of
consuming a glass of water and using a
toilet in our one-g society.

Other elements of daily space life vary
in complexity from life on Earth. For
example, sleeping restrained on the wall
is not too great a challenge, but to pre-
pare, consume, and clean up after a meal
three times a day is a monumental task.
The requirements and consequent dis-
cipline imposed by long on-orbit stays,
aspects of large crews of men and women,
and the activity of structural building and
maintenance outside of the station are a
significant challenge for the imagination.

Skylab demonstrated the ability of
humans to adapt physically and mentally
to extended missions in space, but provid-
ing facilities for largeq more diveise
gror.rps in the forthcoming space station
will pose new challenges. The crew, being
a critical part of the space station sysrem,
must be used effectively like other valuable
resources. The crew will consist of a large
number of trained individuals whose
activity and participation will vary widely
over the years of station operation. The
crew makeup represents a raflge of techni-
cal and scientific disciplines operating as
independently as any Naval vessel or re-
mote expedition and/or ourposr requir-
ing periodic logistics support.

People tend to get bored during ex-
tended terms in isolation, which can be
countered by including variety in plan-
ning menus, designing inreriors and sched-
uling time. Reducing tensions among
individuals living in close quarters Gth
limited privacy is essential. \X/hile the
Skylab proved that space is habitable, it
also revealed situations that sometimes
affected health and morale. The astro-
nauts required extensive exercise to com-
pensate for lack of gravity. Some had
rouble holding down certain food; others
had rouble sleeping, and were often
awakened by the spacecraft's noises. The
ability to maintain people in a healthy
and contented state for long periods of
time will be an important economic factor.

A Spacelab experiments laboratory in full scale mock-up form. Considerations of dense
packaging the feeling of spaciousness, the need for restraints, locomotion aids, lighting
temperature and humidity control and emergenq prouisioning are but a feu of the re-
quirements imposed by tbe zero-g space rules.

November/December198l ArchitectureCalifornia 1l

{
t -'ii.{,

.i

.l

{l,

re

-d

rY

X



MU
fuIu ch More T han l,Iu,si c !
Muzah ffirs its unique enuironmental music . . .

plus the resources, equ'ipment and experience to design and install
a uariety of efJicient communications systems like these:

Sound Masking. Specially and uniquely Intercom.
designed for landscaped, .p"" r11"^:I::.:?^T:^- f re_Recorded Message
and situations requiring privacy of communication SVitemS.
Emergency Evacuation. To provide

evacuation messages and signalling alerts for
preventing panic, insuring safety and traffic
control.

Surveillanc€. For sophisticated surveil-
lance and safety through sound monitoring ald
closed circuit television.

Voice Paging.

Functional Music Systems. e"a
psychologically-plaru:ed "stimulus progression"
programs for enwonmental conditioning.

Public Address. For all types of an-

nouncements and public service messages, group
training and on-site promotions.

Busy Phone Lines. Muzak Music to

reassure callers, let them know they are still
comected. An important communication link.

Muzak.
A Unit of Westnghouse Broadcasting and

Cable Inc.

960 Califomia Street
San Francisco, CA 94108

@til 4n-\612

GROI.IP

\\'
Mo,ar { a restrtrcdrad.m.il.nd.n.r n,d

.J2 ArchitectureCalifornia Novcmber/December 1981

The longer the crew remains in orbit and
the happier they can stay, the more pro-
ductive they will be.

Crew composition of future space
stations will demonstrate a striking dif-
ference from today's shuttle crews. Crew
size will be much larger, with more speciali-
zation, and require more formal social
and organizational structure. The diver-
sity of crews presents the largest chal-
lenge to design. Mixed malelfemale crews
will become commonplace, age range will
extend in both directions, and crews vdll
be drawn from a much broader spectrum
of the population. These crews will bring
to space flight unique psychological,
social and cultural needs, including the
need to be continually reassured of the
safety of their habitat. The spartan ac-
commodations accepted by the homo-
genous, highly trained, and motivated
astronauts of today will not be acceptable
in the space era of the next decade.

Habitability isn't new. Human beings
have endeavored to make their living and
working places more habitable since
people lived in caves. Professions such as

interior design and architecture were
developed and refined to further the
cause of habitability. The interior design/
interior architecture of the space station-
especially the habitation modules-uses
the principles of architecture and interior
design to maximize the livability of the
interior space by increasing the apparent
size of the spaces and providing sensory
stimulus, spatial variety, and kinesthetic
involvement.

In the design of manned spacecraft,
engineers have addressed the human
needs of the flight crew, but sometimes
without sufficient understanding of what
those needs are or how design can best
satisfy them. Consequently, much research
is planned. The needs such as privacy,
variety, satisfaction, recreation, recogni-
tion, good health, cleanliness, social inter-
actions, confidence in mission and safety,
satisfiiing food, acceptance and spiritual
support are some of the basic human
needs of all people on Earth, but become
more important for space missions. \7ith
long duration and larger, more hetero-
genous crews, failure to satisfu these
needs can lead to morale breakdovzn,
decreased motivation and even physical
deterioration.

Since eating is important both physically
and psychologically, food service plan-
ning must receive major design emphasis.
Providing meals for a large crew poses
problems which call for new approaches
for bulk storage and preparation rather
than individual self-serve packages. The
need for satisfying food is much more
important than the nutritional quality.
Variety, appearance and taste, with proper
provisions for preparation, serving, and
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cleanup, are primary considerations of
the habitat designer.

Good grooming is very important. On
long-duration space flights, grooming is
related to the need for acceptance by
fellow crew members, and may be par-
ticularly important in maintaining morale.
Therefore, grooming specialists and facili-
ties may be one of the specialized areas in
the space station.

Lack of privacy can be tolerated by
most for short periods, but as stay times
in orbit increase, crews' demands for
privacy will increase. In addition to ac-
cepted needs for privacy u,hen perform-
ing personal activities, crews wiII need
private places where they can retreat for
relaxation, solitude and contemplation.

Space flight jobs will never be just like
jobs on Earth, but they will become more
routine than now, so crews will place
high value on off-duty activities. Facilities
for off-duty physical fitness, recreation,
social interaction and self-improvement
will become very important, as will design
conngurations which separate work areas
from off-duty areas.

The real challenge facing architects
and designers today (to assure success of
future space stations) is to develop crew-
related designs that satisfy the following
demands:

. Provide habitats that are aesthetical-
ly satisfying, psychologically and
socially supportive, variable and safe.

. Place no time limits on the length of
time crew members will voluntarily
occupy the habitat.

. Accommodate the entire range of
population selected to occupy the
station in terms of body size, sex,
cultural and educational background.

. Meet these demands within weight,
volume, safety and cost constraints.

In the final analysis, whether the space
station interior design satisfies the needs
of the crew will be a subjective judgment
by the individual crew members, but the
habitat designer must be able to predict
in advance whether his or her design will
receive a favorable judgment. Thus, pre-
diction of individual responses to specific
aspects of the station design is one of the
most important research challenges of
designers, engineers, and architects.

Arcbitect / ciuil engineer George Kin g
forrnerly uith DuPont Corporation\ Archi-
tectural Group, is space station designer
for McDonnell Douglas Astronautics Com-
pany in Huntington Beach. Don Magargee,
a graduate of The Uniuersity of Soutbern
Ca lifom ia Schoo I of Arcb it ect ure / Co lle ge
of Industrial Design, is a member of the
Crew Systems Group for McDonnell Doug-
las Astronautics Company in Huntington
Beacb.
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The Architec'
Mcrintenqnc(

Over the last few years my architec-
tural practice has taken a different path--
one that I have found interesting and
satisfying and which has been of consider-
able value to my clients .I am a consulting
architect to several small institutions on
matters pertaining to the periodic main-
tenance and renovation of portions of
their physical plants. The institutions are
all privately owned and have staffs of
approximately 30 to 50 people. Because
of budget limitations, they have either
not been able to hire highly qualified
buildings and grounds employees or else
the personnel are too busy to perform
proper maintenance. \X/ork is performed
haphazar dly without regularly scheduled
preventive measures, and the resultant
crises always take precedence. The institu-
tions'directors cannot depend on the
necessary work being accomplished at
the proper time, if at all. This has resulted
in many problems relating to the condi-
tion of their facilities, such as:

1. Situations were allowed to develop
into more serious or expensive condi-
tions because the employees v/ere
either not sensitive to incipient prob-
lems or did not know how to deal
with them.

2. lX/hen repairs were made, the costs
were high. Often, full value was not
obtained because the contracts were
let without competitive bidding. In-
stead, the contract (if there even was
one) might be let to a friend of a staff
or board member.

.J. Even when competitive bidding was
used, unfamiliarity with the bidding
process and lack of plans or specifica-
tions resulted in confusion. The owner
had trouble evaluating the bids. Reno-
vation, replacement and maintenance
work is difficult enough to estimate or
bid without compounding the prob-
lem with inadequate plans and speci-
fications.

4. When work was performed, no one
on the staff was familiar with proper
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Consultqnt

by S. Robert Bronfen, AIA

construction techniques and the work
was not effectively inspected. This
often resulted in substandard rvork,
such as water heaters without relief
valves or improperly flashed roof pene-
trations.

5. Because the job conditions were un-
predictable, the scope of the work
often changed or expanded during the
repair process. Other conffactors or
subcontractors were required, and the
owner was at the mercy of the original
contractor concerning the selection of
the additional workmen.

taditionally, architects have not been
involved in maintenance work for small
institutions. Instead, an architect member
or supporter of the institution might
volunteer his services and then haphaz-
ardly become involved in the repair
process, seldom inspecting the work.
Hence, most of the above-mentioned
problems still existed.

In my type of practice, the architect
seryes as a maintenance consultant to the
institution, usually working on an hourly
rate basis and being called as needed.
The annual cost to the institution can be
quite low-less than hiring a qualified
professional as a full-time employee.
Beyond this cost advantage, the architect
can bring other values to the client in the
process. An important one is the aes-
thetic awareness he or she brings to the
work, an awareness that is sometimes
either forgotten by, or lacking in, the staff.

Creative solutions to simple, everyday
maintenance problems are more feasible
with input from a trained person. The
architect's critical examination may sug-
gest changing the existing facility by
rebuilding or repairing in a manner thar
enhances it or gives more flexibility.

A continuous, long-term relationship
with one consultant provides consistency
in solutions and in design. Also, the archi-
tect becomes familiar with all the build-
ings or processes and can quickly grasp
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the problems and their interrelationships
with other functions. This permits effi-
cient use of the consultant's or staff 's
time in either defining or solving the
problems.

Sometimes the very fact that an archi-
tect is consulted forces the client to more
clearly define the need or to question the
existing function of some part of the
facility. Although the solution may then
result in a greater cost, the institution is

apt to feel the added value is worth this
expenditure.

The architect's familiarity with the
bidding process, often lacking in the
staff, makes it easier to obtain competi-
tive bids for the owner. This will prob-
ably save money; it will also minimize the
pressure to show favoritism to contractors
who are friends of staff or board members.

The architect, in conjunction with the
staff, can formulate an overall redevelop-
ment or maintenance plan that incorpor-
ates varying priorities, cost estimates, and
the necessary interrelationships between
different types of work. This will aid the
institution's annual budgeting process in
scheduling and allocating funds for re-
pair work.

I prepared this type of plan for a pri-
vate school. The plan called for complete
redevelopment, including such items as

upgrading athletic fields, installing yard
irrigation systems, replacing electrical
and mechanical services and fixtures,
replacing windows, reroofing, repainting
and new hardware. In addition, the plan
calls for an annual allocation of funds for
future replacement work as it becomes
necessary over the projected life of the
buildings.

For a museum, I prepared a $27r,000
maintenance plan consisting of repaving,
repainting, reroofing, new hardware,
kitchen upgrading, new and renovated
heating systems, and extensive plumbing
and elecrical work. I then obtained bids.
inspected the work and processed all the
paperwork.

Smaller institutions often try to man-
age without proper visual aids. I have
observed board meetings where there
$/ere no maps, surveys or photos, and
where the board members were not com-
pletely aware of the location of the par-
ticular property or area being discussed.
For one institution, I suggested a compi-
lation of existing surveys and parcel infor-
mation into one overall plan, and we
obtained an aerial photo including prop-
erty lines. These items were quite inexpen-
sive, considering the amount of informa-
tion made available, and they are things
most architects would readily recognize
as being necessary for proper manage-
ment. Yet many institutional personnel do
not think of them. A second local institu-
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tion has now authorized me to provide
similar information.

Two other advantages to the client are
that the work is better performed be-
cause the architect recommends better
quality contractors and inspects the instal-
lationl and the staff is left free ro perform
its primary mission of teaching, research
or management, while the architect basic-
ally handles all the construction work
and paperwork associated therewith.
One director has told me how pleased he
is to be relieved of the inefficient use of
his time acting as "general contracror."

The maintenance consultant concept
might also lend itself ro other kinds of
building or developmenr projecrs: apart-
ment houses, hotels, industrial buildings
and commercial structures. Similar advan-
tages would apply where the size of the
project makes it unfeasible for an owner
to afford a full-time professional staff
member.

There are also advantages to the archi-
tect, usually somewhat different than one
experiences in traditional private prac-
tice. The architect becomes practically a
part-time member of the staff, dealing
with many of the people at rhe institulion
on a frequent basis. He learns interesting
facts about different professions or dis- 

-
ciplines. For example, I have been in-
volved in the re-articulation of a 70 foot
long whale skeleton at a natural history
museum. I have also researched whv
there was an infestation of booklice-in a
botanic garden's herbarium (reason: high
humidity).

The architect's work sometimes ex-
pands beyond the pure maintenance
aspects of the institution's needs to in-
volve other types of work. Because the
architect becomes so intimately familiar
with the client's operarion, the manage-
ment comes to rely upon him for space
or land use studies, programming fbr
future buildings, or cosr estimatei for
future rehabilitation programs.

The work is often more people-oriented
than that of a convenrional practice. The
architect deals with staff and contractors
relatively more frequently and spends
more time in the field. Less time is spent
"on the boards." It is more dvnamic!
Conversely though, less design work is
performed, and a design-oriented archi-
tect.may not find the work satisfying.

The architect can develop a continuing
financial relationship with the institution.
Rarely does a month pass without some
consultadon work. It is a process that
helps insure continuing income and is
somewhat of a hedge against those times
when general construction is down.

The maintenance consulting work fits
well with a small or sole-professional
office because the need for either prelimi-
nary or working drawings is minimal. The
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Columbia Cascade Timber Company
1975 S.W. Fifth Avenue Porttand, Oregon 97201 U.S.A.

Select from the most complete group of
Calirornia redwood lighting fixtures ever
otfered. lmproved energy elficiency,
along with a new "sott edge" style make
the latest generation ot WoodForms a
welcome addition lo the design
professionals bag of lighting tricks. A
complete catalog is available, call toll-
,ree 800/547-1940. ln Oregon, Alaska
and Hawaii call 5031223-'t157.
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Floor Plan

o Fire Control
o Sound Control
o High Strength
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o Sets in 90 minutes
o Eliminates Double-Plating
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FLOOR UNDERLAYM€NT

Southern California
Gypsum Floor Systems, lnc.
7455 Carroll Road
San Diego, CA 92121
(619) 566-3111
LA/OC: (714) 553-9760
Northern California
Gypsum Concrete Distributors
130 Sunset Bou evard
Hayward, CA 94541
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institutions want to work with the princi-
pal, want the architect available for meet-
ings, and, because of the continuing rela-
tionship, want priority given to their
needs. But their needs are usually of
short-term duration for the architect,
counted in hours instead of in weeks or
months as is common with conventional
design and construction proiects.

If an architect wants to develop this
kind of practice, he must introduce the
idea to institutional managers or direc-
tors that such a service is available and
can be of value to them. One of the dif-
ficulties that must be overcome is the
conventional wisdom that an architect is

hired only for designing the institution's
next building or addition or remodel.
Because the maintenance or renovation
consulting service is not a familiar one, it
is difficult for the manager to conceive of
the architect in that role. But once the
architect has demonstrated the value of
maintenance consultation with one institu-
tion, that example can be used in atfiact-
ing other clients.

To obtain such work, the architect
should first approach the chief adminis-
trative officer of the institution and not
the maintenance superintendent who
might consider the architect a threat.
Actually, the architect can be quite sup-
portive of the superintendent, because
they are both concerned about the provis-
ion of adequate funds for necessary
maintenance work, and the result will
normally be an enhancement of the super-
intendenti position or activities. But the
architect must be aware of the superinten-
dent's needs and sensitivity, and should
involve him in any investigations, using
his opinions and experience whenever
possible. A cooperative relationship is

necessary if either is to be successful in
his role.

There is one other advantage to the
architect that deserves mention. Because
of the frequent interaction with staff
members, close friendships can develop.
The architect becomes involved in many
of the institution's social functions. The
result is a warm, satisfying practice that
enhances life, yet is interesting and chal-
lenging professionally. For the institution,
faced with today's high cost of mainten-
ance work and with the difficulty of rais-
ing operating funds, it means money no
longei needs to be wasted on overpriced
or inadequate work. The architect, acting
in a maintenance consultant role, can be
of great service to small institutions in
helping them obtain optimum value for
their money.

S. Robert Bronfen, AIA has his practice in
Santa Barbara.
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How monychoices do you hove
when oroof ponelcomes in threeprofiles,

three widths, five different metols,
ond l4colors?

Oner Ours. ECI s Architec-
turalRoofrng Panels giveyou a

wonderfulworld of very attractive
choices. Allwith real down to
earth advantages.

And all from one source. ECl.

Starr with the basics. A roof
that provides trouble-free servrce.

Our integralvertical
water-proofingleg
is a full 1t/+-inch
high, compared
to the usual s/a

to 74-inches.

And the panels, offered in 12,

15 or l8 inch widths, are all held

mits thermal expansion and con-
tractron with no through panel
fastening.

On to aesthetics.
Our choice of profiles includes

a slim rib, one thatS tapered, and
a little heftier looking "box" rib.

All offered in a choice of metals

+
{plus optional embossingl, and
finishes. Choose aluminum, galva-
nized steel, Galvalume'", Terne-
coated stainless steel, or pure
copper.

Our 14 colors range through a
choice of natural earth tones.

an architectural roof panel, we
can offeryou a world of flexibility
plus a complete assortment of
support items including flashings,
hardware and structural shapes.

Write for ECls Architectural
Roofing and lVlansard Panel
brochure. That single act gives

you a world
of choice.

r

down with our unique concealed to bold contemporary
stainless-steel clip. A clip that per- ln short, when you're choosing

Engineered
Gompon€rnts;
lncor.porated

tr= A Subadrary ofCECO Corporanon.

PO. Drawer C, Stafford (Houston)
Texas 7 7 47 7, 7 13 I 499 -561 I

IvlanuFacturing plants in Houston
and Amarillo. Texas. Jemison.

Alabama, and Lockeford, California.

Please send me complete information on
your Architectural Roof System.
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Superuor Styile, @uaBaty amd Frovem Ferform&m&@

O nrgged, natural beauty

@ WiOe color selection

O i,.Ti;';i 
class A, the most severe

@ Hign density extruded concrete tiles
last a !ifetime

@ Provides lasting prestige

Don't compromise your home
and family with imitation tiles.

O Beautiful for the good life
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LIFETILE CORPORATION
General Offices: 3511 No. Riverside Avenue, Rialto, CA 92376 . 7141822-4407

Fremonl, CA 94538 o Stockton, CA 95209 . San Antonio, TX78221 o Lake Wales, FL 33859-0632
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Sculptural, free-form shapes possi-
ble with Vestar Architectuial Fabrics
provide a new dimension in design
freedom. Vestar Arch itectural Fabrics
combine
erties of

fi

ofVestar
fuchitectural Fabrics. Call Errol Foster-
Davis at (475) 490-9302.

l'rojtcl: Itio Vist:r ( )fficc ltuildinA
San I )ir:go. California
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Celotex-Marley has I

I

Something to Crow About.
Now you can reroof with the lasting beauty of tile

without any roof reinforcement.

We're proud to introduce Duralite, the only truly lightweight
concrete roofing tile on the market today.

Duralite is 4O% lighter than some ot{rer concrete tiles,
virtually eliminating the need for extra roof support. In fact in
most cases Duralite can be installed right over existing roofing
material, including shake.

Not only irs lt lighter, Duralite ls stronger. Stronger than
most ot{rer tiles. And the color is mixed throughout the tlle,
locklng ln its lasting beauty.

Duralite is avallable in a variety of styles and colors.
But perhaps most importanfly, Duralite offers all of this plus

aClass "A" frre rating and a manufacturet's 40 year limited
urarranty. So whether if s a new roof or a reroof, specifu
Duralite. Then you'll have something to crow about.

For more information on Duralite contact

Northem California: 1901 San Felipe Road, Hollister, CA 95023
1-800.32S38r 0 (Califomia Onlv), (4O8) 637-828f

Southem Catifornia: I 990 Riverview Drive, San Bernardtno, CA 9240t
r-800-44&97E2 (California Onlvl, 17 | 4l E24-9620

fitB M€MBER NATToNAL T.LE RooFrNG MANUFA.T,BEFS assocrA,oN

@ 1 985 Celotsx-Mrrlcy, lnc.
Patgnt Ponding - All Righla Sctcdtd
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On the right track. . .

,with Railroad Blend, a custom-
produced H.C. Muddox brick. The
architect asked for a blend of ve-
neer brick to match the historical
beehive kiln brick of Old Sacra-
mento - and he got it. A million
tumbled brick with set marks
and clinkers cover the highly ac-
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