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“The hair on my neck stands up when
I hear ‘post-modern’ applied to our
work,” says Bob Frasca, FAIA, de-
signer of the Institute for Advanced
Biomedical Research in Portland, Ore-
gon, shown on the cover. “The insti-
tute is not a look backward. It is as
modern as a space ship, but it is condi-
tioned by very personal sensibilities
about what makes a splendid place to
live and think.” Story on page 6.
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LETTERS TO THE EDITOR
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... When I select a professional journal
for subscription, I particularly seek useful
credible information, inspiration, and direc-
tion. Consequently, I subscribe to very
few. Most are so “fat” as to make it more
convenient to photocopy the occasional
worthwhile article from a library copy, or
so “thin” as to provide only a starvation
diet. TECHNOLOGY is neither “fat” nor
“thin”; itis “lean” . . . the main articles are
long enough to say something substantive
and short enough to know when to give
further direction via reference listings . . .
— Fredric Lee McLaughlin

East Lansing, Mich.

As the interesting “Genesis of a Tower”
by Helmut Jahn, AIA, concludes, “Technol-
ogy is not something you do, it’s as much a
part of the building as color or materials.”
As the means to the end, TECHNOLOGY

should be one of the architect’s most impor-

tant tools . . .

—Scott Ellinwood, AIA
Scott Ellinwood & Associates
Ventura, Calif.

... less than 10 percent of my time is
spent on aesthetics . . . it was becoming
difficult to take the AIA seriously when,
until now, the majority of practical informa-
tion has been available to us mainly through
other sources . . . your new publication wiil
be very valuable and . . . will also serve to
impart credibility to the AIA.

—Jan Durocher, AIA

Lewis/Nelson Associates

Bellevue, Wash.

Your initial issue is a strong and promis-
ing start though I profess some relief that
found the “E’s” inside better mannered
than the promiscuous fellow on your front
cover. ..

—James Follensbee, AIA
President, James Follensbee & Associates
Chicago, 1ll.

The format was a breath of fresh air,
concise, up to date, few ads, timely. A
great supplement to “Architecture.” Keep
up the good work!

— Thomas Gray, FAIA
President, Wittenberg, Delony &
Davidson, Inc.
Little Rock, Ark.

As an educator with a modest income
and very limited opportunities to practice,
[, and others in similar situations, have an
ongoing internal debate relative to the
benefitsreceived through my membership
in the AJA .. .Thad decided to resign my
ATA membership this year . . . then the
first issue of ARCHITECTURAL TECHNOLOGY
arrived and [ changed my decision . . .
—D.W. Menzies, AIA

Assoc. Professor, Dept. of Architecture

Washington State University

Fullman, Wash.

Just a short note of thanks for such a
splendid new publication. All of us here
feel you are fulfilling a much needed niche
in the information network, and you cer-
tainly pulled it off with panache . . .

— Norton Wright

Vice President, O’Donnell Wicklund

Pigozzi Architects, Inc.

Northbrook, Ili.

When I received the magazine, I had
several quick reactions: Nice cover. My
God, not another mailing from AIA! AIA
must have too much money, or too many
people, or both. Why don’t they put all this
boring technical and managerial stuff in
four pages at the back of “Architecture”
every month? Then ... I decided to re-read
the magazine . . . [ believe the magazine
can achieve the objectives clearly stated in
the editorial, and that those objectives are
of considerable value to the profession.
will look forward to future issues.

— Robert Little, FAIA
Robert A. Little Design & Architecture
Cleveland, Ohio

ADVICE AND DISSENT

On page 82 of your article entitled “The
Pros and Cons of Prefab Panels,” there
appears to be an error concerning the
installed cost of EIS panels. As I read the
article, a typical cost range for an installed
panel would vary between $54 and $135
per square foot. Perhaps this was not what

ARCHITECTURAL TECHNOLOGY

was intended. I look forward to future
issues, and hope you will favor your read-
ers with an index to previous articles,
perhaps published in your year-end issue. ..
— David Henderson, AIA

Wellborn Henderson Associates

Little Rock, Ark.

Author’s Response: The correct sentence
should read, “A typical cost range for an
installed panel is $6 to $15 per pound per
square foot, with most panels at $9 per
square foot.”

Also, the name of the President of the
Metal Lath/Steel Framing Association was
misspelled. Our apologies to Frederick
Marino, who is not Frederick Moreno.

The last sentence of your cover letter
introducing our prospective new journal
states “help us to help you.” But between
the covers is a product that itself desperately
needs help . .. A handsome cover, a dull
name, a rational, but unimaginative
graphic style, and a share of typos are
features that can be forgiven, but . . . the
homogenous editorial approach that makes
everything read like a promotional infla-
tion of MEMO serves no one . . . A journal
that intends to be a professional reference
but reads like a second rate airline maga-
zine will get the respect of the latter . .. As
practicing architects, most of us have some
respect for the integrity of the structural
designer, for the integrity of the mechani-
cal designer, and indeed for the integrity of
the architectural designer. Why can’t we
produce a technical journal that not only
expresses our respect for these integrities,
but in fact is based on integrity?

—Jeffrey Cook, AIA

Professor of Architecture, Arizona State

University

Tempe, Ariz.

It’s nice to see that someone at the AIA
is finally giving consideration to technical
and management problems. However, [
found the level of writing in each of the
articles to be too basic—suitable reading
for my architecture students. When is the
AIA going to start providing technical infor-
mation to its membership which can be
immediately integrated into their practice?
— James Canestaro, AIA

Blacksburg, Va.
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THINK OF US AS AN
“IDEA BRIDGE”

read. Our experience indicates that architects read, but they
are highly selective about what they read.

To read is to think. In this profession, there is much to think
about. Change is continual, and there are always new opportunities.

ARCHITECTURAL TECHNOLOGY magazine was developed to pro-
vide AIA members with vital technical and practice management
information needed in a changing profession. In short, to serve as
an “idea bridge.”

The responses to the reader survey that accompanied our
premier issue helped us understand more precisely the informa-
tion needs of the profession. The high number of responses gave
us statistically valid information with a 5 percent margin of error
and a 99 percent confidence interval.

ATA members confirmed that they are interested in receiving a
publication addressing technical and management issues.

Ninety percent of the survey respondents said that keeping
up-to-date on technical information was very important or ex-
tremely important to their work, and about 67 percent ranked
practice management information as very important or extremely
important.

The reaction to our pilot issue was consistently positive. Over
90 percent of the AIA members responding found the editorial
content, overall design format, illustrations, and editorial style
to be good, very good, or excellent. Eighty-five percent judged
the format “just right” and over three-fourths indicated that
ARCHITECTURAL TECHNOLOGY'’S topic coverage was “just right” —
neither too superficial nor too detailed.

Almost forty percent of the respondents spent 30 to 60 minutes
reading the publication. About a third spent even more time —
one to two hours—and 11 percent spent more than two hours.
Ninety-five percent said that they planned to retain ARCHITECTURAL
TECHNOLOGY for future reference.

We are gratified that AIA members have responded so well to
our first issue. You, the readers, have helped us by answering key
questions. Now here are the answers to several questions mem-
bers often ask me about the magazine:

ISOMETIMES HEAR IT SAID THAT ARCHITECTS LOOK BUT SELDOM

How much does ARCHITECTURAL TECHNOLOGY cost?
Each AIA member pays about $4.65 through member dues to
receive the magazine in 1984. The tentative business plan calls
for members to pay $9.50 of their dues for four issues a year
in the future. Is it worth it? Robert Broshar, FAIA, one of
the magazine’s founders, summed it up well when he said
“ARCHITECTURAL TECHNOLOGY is an exercise in cost-efficiency
because it consolidates and focuses the AIA’s technical and
management information.”

We have engaged an independent research analyst to tell us
more about the value the members place on ARCHITECTURAL
TECHNOLOGY and how it can be a more valuable resource.

What is the magazine’s relationship to ARCHITECTURE magazine?
Since we also publish ARCHITECTURE, consideration was
given to combining the content of ARCHITECTURAL TECHNOLOGY
with that of ARCHITECTURE. However, our market research
and journalistic judgment clearly indicated the wisdom of main-
taining two very different publications.

Don Canty, editor-in-chief of ARCHITECTURE, summed it up
well when he said, “ARCHITECTURE is about architecture as art
and profession, and its end products in relation to the real world.
ARCHITECTURAL TECHNOLOGY is about architecture as business
and building science.”

ARCHITECTURE is a monthly with beautiful color photogra-
phy and creative journalism. ARCHITECTURAL TECHNOLOGY is a
quarterly with straightforward coverage of technical and business
management issues, illustrated primarily with black-and-white
drawings.

We think there is a need for both publications.

Isn’t the scope of the magazine too broad? Aren’t you trying to be all
things to all people?

We believe the magazine cannot focus on management and
technical issues without also addressing design. In the words of
former Institute Vice President Leroy Bean, AIA, “design ties it
all together and gives the other elements meaning. In a nutshell,
the magazine is a design, practice, and management review.”

What’s ahead for ARCHITECTURAL TECHNOLOGY?
Perhaps the best source of technical and practice management
wisdom is the “reflective architect.” We will be searching for and
even coaxing those who can provide original observations, fresh
approaches to new practice management issues, and interesting
interpretations of experience to contribute ideas to the magazine.
The AIA committees, conferences and roundtables provide a rich
baseline of information. However, those most reluctant to speak out
sometimes have the most to contribute.

Think of ARCHITECTURAL TECHNOLOGY as an idea bridge!

ARCHITECTURAL TECHNOLOGY
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“DON'T CALL IT POST-MODERN”
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ABOVE: The north elevation, really the back of
the institute, will overlook Portland from its
Acropolis-like setting. A glass enclosed stairway
will take advantage of the view. Mechanical
shafts cap the building.

LEFT: The south elevation will be clad in pink
terra cotta, making the surface seem to glow. The
slender center section is pulled out and curved.
Meeting rooms are on this side of the building.
BELOW: The institute (top) is squeezed on a 90
by 130 foot precipice that slopes 45 degrees to the
back. Construction will begin in the summer and
cost $15.5 million for the 90,000 square feet.

By RoBERT J. Frasca, FAIA

What happens to a good architectural firm
in a medium-sized city when a powerfully ~
influential work by an outsider rises on its

turf? To find out, we turned to Portland, |
Oregon, site of the high temple of post- i
modernism, Michael Graves’ Public Service - i g
Building, and home of Zimmer Gunsel
Frasca, a 70 person design firm. Drawings

aTen

0 UL
o DUU[

are by Frasca, unless otherwise noted.— O. W. o oD UM
E i{ll 1) UH |
HE CLIENT, THE Oregon Health Sci- iy wla
I ences University, wanted a world- | ﬂlﬂlmm
class building that would stimulate _ 7(
world-class medical research. Tours of re- /T
search labs at Brandeis, MIT, UCLA, Cal i \\\_:\

Tech, Salk and Scripps taught us how to
satisfy the scientific needs.

But research is more than modern labs,
and we became impressed with scientific
results achieved in rather old facilities at
Oxford and Cambridge in England. Their -
spaces, light, ceiling and materials were
conducive to thought and satisfied impor-
tant human needs. We also learned that >~
the best science takes place if researchers
interact.

Architecture contributes to good research
if it solves technical needs in a humanistic B
way. Both are given equal significance, 1
although different forms, in this building. —

The south and north elevations (left
page and upper left) are different because
they express different uses. Further, the
offset entry, variety of windows and green-
house on the south elevation do not appear | /N
in the original sketches because the rea-
sons for them had not emerged. In fact, the
proportional study was an afterthought,
proving only that aesthetic sensibilities
applied to an evolving program can still
produce classically good architecture.

Original architecture develops from unre-
lenting attention to technical and func-
tional requirements, not from a stylistic
predilection. The hair on my neck stands
up when I hear “post-modern” applied to
our work. The institute is not a look back-
ward. It is as modern as a space ship, but it
is conditioned by very personal sensibili-
ties about what makes a splendid place to
live and think.
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Integrating scientific Sovweclioo 7o
and human needs

)i . Opev Flexible Laboeatsnies
In designing a medical research building COH IV Usts

CEATY/

the architect must provide two environ-
ments: flexible laboratories with complex
electrical, air, plumbing and waste services;
and meeting areas where researchers can
talk with each other and with visitors in
groups of varying sizes.

Louis Kahn, in designing the Salk Insti-
tute, considered labs and meeting places

totally different spaces. He separated them.

We move them together so the scientists O/azu Flexrble “LaboraToniEs
can move easily from one to the other. The ﬁ?

section shown on the opposite page be- NORTH

ColwecTion

« OFFICES
+ DERVICEDS

came the central planning concept. o AED e RESEARCH

The mechanical requirements for the 7 @ LAwRAwR Y éé (/“ -
labs provide the solution for the human L‘;‘%f ’?.‘;i s //5&//6%(5.
needs. I don’t know which came first. No Humuanste Zowe 20415 ’ L aboraTory Ano Sl’f/’erz ave Zowe
way can | identify where technical and 1 Paople 7o Tople. | 1 Fegole 70 Sciswee

architectural problems begin and end.

The 18 foot floor to floor height, enabled
us to create on the south side of the build-
ing spaces we call Oxbridge, where people
can think, meet and exchange ideas. The
area suggests Oxford and Cambridge uni-
versity gothic: two-story libraries with
mezzanines —comfortable places with opera-
ble wood windows, shutters and residential
materials.

Researchers are pulled toward the
Oxbridge spaces because they are adjacent
to services such as elevators and restrooms.

To stimulate interaction between scien-
tists on different floors, the meeting rooms
are half way between lab levels off open
stairways.

The lab level (upper right) shows how
the labs surround the support space. Thus
the windowless support space can get the
climate control that science requires and
the labs can have the windows and daylight-
ing that scientists require.

A super-clean environment is provided
in the lab section with positive air flow,
frequent air changes and bio-hazard ex-
haust fans. Isolation with walls is not neces-
sary to prevent contamination. Note also
that the forms on top of the building derive
from mechanical and research require-

NEw To +
ments. The axon view shows air move- som r/
ment through the building. coveriaed.

Drawing by Larry S. Bruton, AIA

_MAMN BOLPING
AN NTREE

Drawing by Michael McCulloch
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Drawing by Michael McCulloch . Jack Cornwall, Larry Bruton and Michael McCulloch.
Mechanical/Electrical Engineers— Bouillion, Christofferson &
Schairer: James Jenkins, partner in charge.
Structural Engineers—Kpff Consulting Engineers: Grant Davis,
partner in charge.
Laboratory Consultants—Earl L. Walls Associates: Uli Lindner,
associate in charge.
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The design process:
evolution and discovery

The design process, by nature, is one of
discovery. You learn a little about one
aspect of a building and it teaches you
something about another, and the design is
modified to accommodate it. Often, these
aspects involve an interplay between techni-
cal and human issues.

The early drawings of the south facade
are easy to criticize as one-dimensional.
They are based on superficial architectural
notions—like a supergraphic in which his-
torical and visual allusions substitute for
the expression of interior function.

I'm not sure what post-modernism is, but
in contrast to modernism, this building
blends technology with human needs.

The first drawing (this page, upper left)
is formal enough to be a Baroque church.
The portholes allude to forms found on
other campus buildings. The pediment was
based on the incorrect assumption that the
entire mechanical system would sit on top
of the building.

Good things happen in the next drawing
(this page, upper right) when we begin to
differentiate between kinds of space inside.
The lecture room appears on the second
level. The floor-to-floors become more real-
istic and the building becomes taller and
thinner.

The small sketches (center) deal with
the emergence of a need for a greenhouse
and a director’s suite below. The green-
house provides the building with a crystal-
line crown.

But how to present it? The sketch (this
page, lower left) has figures like parapets.
Its medieval look finally seemed simply
eccentric and dropped out.

The last sketch (this page, lower right)
resolves the greenhouse treatment and its
relationship with the balcony outside the
director’s suite. This is also the first draw-
ing that avoids splitting the administrative
space by setting the entry to the side. The
plan view studies (opposite page) make the
need obvious. This drawing also concludes
the studies of sun shading for the windows.

The facade sketches (opposite page)
study how to use our exterior material,
terra cotta. The lower sketch shows the
terra cotta reading vertically in the center
and horizontally on the wings.

SPRING 1984
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Rediscovering terra cotta:

5 . w
a glowing recommendation haN

OPININGS !
(BasE) . G-0"
(rowee) - 3-2"

LAl

Terra cotta was chosen as the exterior Cca, LNe E’) 510
material for the south face of the institute
primarily because it has the unique quality
of glowing in the typically overcast Port- -
land light.

It is an attractive treatment for the south
facade, which is seen close-up from the Wlfﬂﬂ‘w‘b“
rather intimate courtyard. C

Terra cotta also accommodates the vari- 3le!
ety of window shapes to condition natural
light and avoid excessive heat gain on this

unairconditioned side of the building. \ .
Further, terra cotta offers total color flexi- SKPE Sl

bility, unlike any other material. Control- o gozl
ling the shades of pink we wanted, and OUOPONG -
maintaining their consistency is much \ WCBGIN
easier than with, say, stone. L (>

But using it properly required a lot of
learning and rediscovery. It was important <
to us to use the material honestly and
effectively, but not to ask more than it \
could deliver. Terra cotta is an extruded,

<
glazed clay —lightel_' and more .versatile 2Py Z\X \ Yo'
than stone. The optimum size is about 18 e N MmN

X . . 00
by 24 inches. Much larger sizes risk warp- g‘),mos

ing when the clay is cooked; smaller sizes
take longer to install. Economy is achieved
by sticking to standard forms and limiting
custom formed pieces.

From the basic extrusion form (opposite
page, upper left), a series of panels are to
be sawed or knocked apart along dotted
lines or scorings. Note the use of Panel a
and Panel b pieces in the window frame o
drawing (opposite page, lower left). e

The window frame drawing also shows
how terra cotta pieces serve as both form
and finish surface for reinforcing bars. The
upper surface is glazed and sloped so
water runs off cleanly.

From the manufacturer, we learned that
we could get reveals at the edges of the
material, as shown in the typical exterior
wall cladding (right). Thus we could have
concealed joints on at least half the joinings

We wanted to minimize the joint lines . °T\(P) L CUEE O‘Q’

because they often bleed and the grout WL CLADDNG
gets dirty. O

. TABE. 8063 . 03 NO SefLE

- 20F Al Tee S .
24 84 Drawings by Michael McCulloch
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LESSONS LEARNED
WP:MCI- N FreomG @ IN TERRA COTTA

CLeresSery  WNDIWS ®  Perhaps the most important thing to learn about terra cotta

—REE 606303 ro M is how it is extruded. It is easily scored and broken or cut

2GF  APCHTICHS apart later, and it can be curved, although only in one direc-
tion. Our early drawings treated the terra cotta as if it were
available only in flat pieces, like tile. Any shape that can
be extruded and cut off is permissible, but the dominant
line will be in one direction. The direction of the extrusion
generally establishes the joint pattern.

®  Although terra cotta, being clay, is quite flexible, custom
molds cost about $3,000 each. The manufacturer has hun-
dreds of stock molds of proven effectiveness. We made
maximum use of them.

®  Our first drawings with terra cotta displayed no sense of
optimum scale. The ideal size is about 18 by 24 inches.
Larger pieces tend to warp when they are cooked. Smaller
pieces not only mean higher installation cost but also more
mortar joints. We used eight typical extrusions and eight
custom shapes.

B A visit to the plant was invaluable. We toured Gladding,
McBean & Co., Lincoln, Calif., one of the last manufactur-
ers on the West Coast. Plant manager Tom Sawyer loaned
us magazines from the 1920s and 1930s when terra cotta
was in vogue and helped us rediscover what has almost
become a lost art. We sent our drawings to him and incorpo-
rated his suggestions.

® Don't try to make terra cotta look like stone or as if it were
a bearing surface. Larger pieces at the bottom and smaller
ones at the top would be inappropriate.

® Terra cottais light, can be formed as desired, takes virtu-
ally any pigment and when glazed forms a hard (if thin)
surface that’s impervious to weather.

ARCHITECTURAL TECHNOLOGY
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WIRED FOR CHANGE

Planning for changes in office power, lighting, electronics and communications systems

HE OFFICE OF the future is arriving

faster than the building of today

can support it. Work stations are
overflowing with computers, disk drives,
modems, printers, plotters, digitizers,
VDTs, communication equipment, lighting
sources and other personal and profes-
sional electronic gear.

This unplanned proliferation presents
office designers with a problem that affects
aesthetics, costs, safety and productivity.

The most visible signs of trouble are the
wires and cables draped behind desks,
under foot, across aisles and through ceil-
ings, walls and floors. Less visible are the
floor outlet boxes often left in awkward
locations when open office furniture is
moved.

The solution is easier to state than to
implement: Wire and cable management
must be treated as a single issue crossing
architectural, structural, electrical and inte-
rior design disciplines. No longer is it
acceptable to deal separately with power,
lighting, electronics and communications
(PLEC). PLEC is an integrated life-support
concept, the same as HVAC.

Open office plans and portable furniture
and partitions will not assure flexibility
and mobility if the building itself cannot
accommodate change. Inadequate provi-
sion for PLEC distribution through the
building and delivery to the work station
means that even minor changes in office
layout will require extensive and costly
rewiring.

Designers often complain that initial
costs for an adequate PLEC system would
be too high and, in any case, relocation
costs can be passed on to the tenant. These
assumptions are often not entirely true. In
some cases, the building team has simply
failed to analyze the PLEC options.

Gary A. Hall is director of electrical
engineering and a vice president of Hammel
Green and Abrahamson, an A/E firm in
Minneapolis.

BY GARY HALL

Cost Per Outlet Relocation
Ceiling / Furniture Lighting
Power Task Electronics Communications
Flat Cable $154.50] | Lighting
Poke-Through([ 13650
Flexible 123.50
Wiring
Cellular 99.50 Underfloor $96
Floor Duct
Underfloor [ g1.50
Duct Un[()iszftloor $71
Flat Cable 59
Modular Duct [ 54 Modular
Duct
Cellular Floor | 46,50 Poke- 45.50
Through| 42.50
Flexible 37.50
Wiring Cell.ll‘gg: 38
Access 31 Poke- 30.50
Floor Through Flexible [ 27.50
Modular [ 21 | All Access [ 23.00 Wiring
Duct H | [$15.50 Floor i U | Access[ 16.50 s
i Flat | B Floor -
Cable |

Analysis has been difficult because of
the lack of a systematic way to compare
PLEC services. Although the AIA and the
Construction Products Manufacturers
Council have been cooperating for five
years in PLEC education, it is not possible
to choose a single product that integrates
power, lighting, electronics (the cabling
that links computers) and communication.
Thus systems must be combined to permit
a fair analysis of cost and function.

To facilitate comparison, a decision-
making model was developed by our firm,
Hammel Green and Abrahamson of Minne-
apolis. It puts the seven generic systems
for PLEC delivery on the same footing.

ARCHITECTURAL TECHNOLOGY

None of the seven, listed at the left and
right on these pages and illustrated on
following pages, can be specified as a
single system; all must be supplemented

with one or more services to equalize them.

For example, flat cable provides power,
furniture lighting and communications;
electronics service is limited and it must be
supplemented with either hardwire con-
duit or flexible wiring to provide ceiling
lighting.

For cost comparison, systems are viewed

as equal where PLEC capability is function-

ally equal.
HGA’s model analyzes costs for installa-
tion, additional outlets and relocation of 20
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PRACTICE!

Share of Market
PLEC Systems
Owner Occupied Offices

Cellular
Floor
30%

Poke-
Through
30%

Underfloor
Duct
15%

Source:
Hammel Green and Abrahamson

percent of the work stations annually. Costs
were compared separately for three light-
ing techniques: ceiling lighting, furniture
lighting and a combination of ambient ceil-
ing lighting and task furniture lighting.

For each of the 21 combinations of wir-
ing systems and lighting techniques, HGA
prepared one-eighth inch scale plans and
specifications from which a Minneapolis
contractor, Sterling Electric, did an item-
ized take-off. Costs assumed delivery in
the fourth quarter of 1984 and 7 percent
inflation. Material prices reflect discount
selling prices, 6 percent sales tax and 5
percent profit. Labor was figured at $28 an
hour plus 10 percent overhead and profit.
Labor to install lighting fixtures was in-
cluded, but not the cost of the fixtures.
Cost penalties applied to some systems are
described on following pages.

Program assumptions included construc-
tion of an owner-occupied commercial
office building with an area per floor of
24,000 square feet gross, 22,500 square
feet net and 18,900 square feet in open
plan. The structure could be either steel or
concrete, but floors were required to have
a two-hour fire rating.

Work station density averaged one for
120 square feet, making 188 work stations,
each designed with power outlets, a com-
puter and a phone.

Major conclusions include:
® All the systems except underfloor duct

are close enough in price to leave room

for analysis based on considerations
other than cost. Since the study was

completed, HGA has specified most of
the wire management options studied
here, sometimes more than one in the
same building.

® All seven PLEC systems are least
expensive over five years with ceiling
lighting. They are most expensive with
furniture lighting. For example, the life-
cycle cost of poke-through is $3.02 a
square foot with ceiling lighting and
$4.85 a square foot with furniture light-
ing. Costs are incurred to re-locate light-
ing sources in furniture; fixtures need
not be moved in offices lighted solely
from the ceiling. If the only considera-
tion is first cost, rankings vary with
lighting technique, making early coordi-
nation among designers especially
important. Combined furniture and ceil-
ing lighting was chosen for the chart at
the lower right because it is the most
common for open offices.

® The choice of lighting technique does
not make a great deal of difference in
the rankings of most PLEC systems on
the basis of life-cycle costs. The most
significant exception is with modular
plug-in duct, which comes in third ($5.38
a square foot) with combined ceiling/
furniture lighting, second with ceiling
lighting, and becomes the least expen-
sive option, at $5.41 a square foot over
five years, with furniture lighting.
The point is that the A/E must take the

lead in developing a method of PLEC

analysis so that appropriate and timely
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decisions can be made in the best interest
of the owner or tenant. Specific cost rank-
ings will depend on the owner, building
and local costs. Further repositioning also
may be expected as the technology of wire
management develops. Cellular floor sys-
tems are improving. Flat cable and access
floor are likely to gain market share. Even
poke-through has become more efficient
with the development of a single outlet
through which all PLEC service can pass.

The following pages summarize HGA’s
analysis of seven PLEC systems for costs,
capabilities, limitations, unique require-
ments and lighting options.

COST VS. FLEXIBILITY

Because the installation cost for poke-
through is so low, it is often assumed that
its relocation cost is high. And conversely,
because the relocation cost of access floor
is so low, its first cost is assumed to be
huge.

Happily, the HGA study of seven PLEC
wire management systems confirms the
low costs, but not the opposite extreme.
The conclusion is that designers might
consider poke-through for more than specu-
lative offices and access floor for more than
computer rooms.

POKE-THROUGH

Poke-through, for example, turned out to
be the least expensive PLEC system, both
initially and over five years of office
change, under ceiling and ceiling/furniture

PLEC Life Cycle Costs
Ceiling / Furniture Lighting
Cost Per Square Foot
5 Year
1st Cost Relocation Costs
1. Poke-Through l$3.17| |F $Iz.os ||
2. Flexible Plug-In l 3.54 I | I1.86 l |
3. Modular Plug-in | 4.115 ] [l 1.213 |
4. Cellular Floor | 4.100 I l| 1.;2 ]
5. Flat Cable l 3.!131 | ]I 2.I29 |
6. Access Floor — 5.719 — I.[78—|
7. Underfloor Duct — 5.]95 — 240 |
$1| $l2 $1Ii $‘|I $15 $6 $‘II $i|3 $9

ARCHITECTURAL TECHNOLOGY
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v PRACTICE

Poke-through and access have lowest five-year cost

POKE-THROUGH
HARDWIRE SYSTEM

lighting. With all lighting delivered from
the furniture, poke-through cost the least
to install and was the second-least expen-
sive over five years.

The key to the lower relocation costs
(and thus to lower life-cycle costs) for
poke-through is the assumption that the
building manager is knowledgeable and
prepared to shop hard for a reasonable
contract price. It is possible to pay more
than the HGA figures, but not necessary.

Poke-through, strictly defined, is a deli-
very system consisting of a fire-rated fitting
and floor outlet assembly. The outlets are
installed either by core drilling the concrete
floor slab (the method assumed for this
analysis) or by activating preset sleeves

installed within the slab. To maintain the
fire rating of the concrete floor, outlets are
limited to one per 65 square feet. A carpet-
saver option improves floor aesthetics when
outlets are abandoned. Poke-through usu-
ally is employed with a traditional hardwire
distribution system employing conduit and
junction boxes.

Conduit distributes all PLEC services
for all lighting options and it forms the
delivery system for lighting with ceiling
and ceiling/furniture lighting. Otherwise,
the HGA analysis assumes that poke-
through outlets deliver the PLEC services
to the work station.

The system provides adequate flexi-
bility, although the outlet, which stands

ARCHITECTURAL TECHNOLOGY

about four inches above the floor, must be
placed where it is accessible but not in the
way. The major limitation is mobility. All
changes, including relocation and expan-
sion, require an electrician. Rules on the
number of holes permitted in the floor
must be strictly observed in order to main-
tain the fire rating of the floor.

Here is an example of how HGA calcu-
lated poke-through installation and life-
cycle costs under ceiling/furniture lighting:

First Costs
Materials $ 31,533
Labor 44,532
Subtotal $ 76,065

Relocation Costs Per Work Station

Power 3 135.50
Lighting 15.50
Electronics 30.50
Communication 42.50
Subtotal $ 225
Times 38 stations moved 8,550
Second year, 7% inflation + 9,149
Third year, 7% inflation + 9,798
Fourth year, 7% inflation +10,474
Fifth year, 7% inflation +11,207
Subtotal 49,178
Plus first costs 76,065
Total costs $125,243
Divide by 24,000 sq. ft.
Life Cycle Cost/sq. ft. $5.22

ACCESS FLOOR

Although it’s true that access floor is
expensive to install, it loses to underfloor
duct by only about 75 cents a square foot
with ceiling and ceiling/furniture lighting,
and turns out to be 37 cents a square foot
less expensive than underfloor duct with
furniture lighting. With most other PLEC
systems, it ranges from 73 cents to $1.98 a
square foot more expensive, depending on
the system and lighting technique.

The first-cost premium for access floor
can hardly be disregarded, but it still falls
far short of typical “guesstimates.”

On the other hand, claims that access
floor makes wiring changes so easy that
they can be done by janitors or secretaries
at virtually no cost are difficult to apply to
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most owners. The HGA analysis makes
the same relocation cost assumption for
access floor as for poke-through —that a
knowledgeable owner will shop hard for
contract services. If the owner is prepared
to make another assumption, the A/E can
take it into account.

A/Es should also ascertain how often the
owner is likely to reorganize and how
much of the office is likely to be involved.
It would take a much faster rate of change
or a much longer life cycle than this analy-
sis assumes to recover the difference be-
tween the first cost of poke-through and
access floor.

Access floor, also called raised floor,
consists of metal panels supported on pede-
stals 4 to 12 inches above the structural
floor. The panels, usually 2 by 2 feet, can
be removed to give convenient access to
the floor plenum. Panels are covered with
carpet squares or tile. Outlets, usually flush
with the floor, are installed in panel cutouts
where required.

Both distribution and delivery of PLEC
services are provided through the floor
plenum. Power may be enclosed in hard-
wire or flexible conduit, but electronics and
communication can be installed without
raceways when the floor is not used as an
open plenum for HVAC.

Because access floor does not provide
for ceiling lighting, supplementary hard-
wire or flexible conduit is required in the
ceiling plenum. Task lighting can be pro-
vided to the furniture from the same
system used for power delivery. Electron-
ics and communication are delivered nor-
mally through the floor plenum.

A loss-of-space penalty is often assessed
against access floor because some A/Es
assume that the floor-to-floor distance must
be increased. The penalty was not applied
in this analysis because it might not be
required. In reaching a decision on a spe-
cific building, the A/E should consider
floor slab depth, beam depth, HVAC duct
requirements, recessed light fixtures and
raceways, ceiling structure and floor-to-
ceiling height.

For example, if six inches are required
for lighting fixtures and raceways in the
ceiling plenum, and ceiling lighting is elimi-
nated in favor of furniture lighting, the six
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ACCESS FLOOR SYSTEM
W/FLEXIBLE PLUG-IN
WIRING

inches can be transferred to the floor ple-

num without a loss of floor-to-ceiling space.

Further, if HVAC ducts in the ceiling
plenum require a 12-inch depth and the
duct system is moved into an access floor
of the same depth, the building height is
not affected.

Finally, the ideal floor-to-ceiling height
might be 9 feet, but 8 feet 6 inches could
be acceptable given the improved PLEC
flexibility.

Access floor sometimes is given a credit
because it permits economies in concrete
floor slab finishing. Again, the credit was
not allowed because of variables unique to
a specific building design.

The advantages of access floor include:

ARCHITECTURAL TECHNOLOGY

& Total flexibility in the placement of
outlets. Thus furniture with built-in wire
management capability is not needed,
regardless of lighting technique.

® Virtually unlimited capacity to expand
PLEC services. Changes can be made
simply by removing floor panels and
reconnecting service. The floor below is
not disturbed, overhead ladder work is
eliminated and labor hours are reduced.

® Plenum space can be used for HVAC.

® Factory installation of carpet squares
might be less expensive than field instal-
lation of the squares.

Access floor limitations include the need
to plan for adequate floor loading. Older
access floors had a wobbly feeling. Some
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Plug-in systems: best of two worlds

newer ones are designed with concrete
panel fill and are intended to be screwed
down, but they still don’t provide as solid a
feel as walking on concrete.

MODULAR PLUG-IN DUCT

The hallmarks of modular plug-in duct
and flexible plug-in wiring are their flexi-
bility (meaning that they can provide PLEC
service precisely where it’s wanted) and
their mobility (ease of relocation) due in
part to their use of plugs to make connec-
tions. Both are designed for use in ceiling
plenums, although flexible plug-in wiring
also can be used in access floor (as illus-
trated in the drawing on the previous
page). And both are among the life-cycle
cost leaders.

SPRING 1984
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But the similarities pretty much end
there. Their aesthetics are different and so
are other important characteristics.

Modular plug-in duct uses power poles
(metal channels) to deliver PLEC services
from the ceiling to the work station. The
drawing on page 21 shows the system with
ceiling lighting. With furniture lighting, all
four PLEC services would be delivered
through the pole.

Architects and interior designers often
object to power poles on aesthetic grounds.
Vertical elements extending above the par-
titions can be unsightly. To minimize the
number of poles, HGA designed one power
pole to serve an average of five work
stations. PLEC service is distributed from
the power pole to the work place with a

FLEXIBLE WIRING/
PLENUM CABLE SYSTEM

COMMUNICATIONS
peLE: (FIRE /;

RAMED FCR AIR_PLENUM
Y
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technique called furniture wire manage-
ment. The furniture manufacturer installs
a prewired metal raceway as an integral
part of the furniture and partitions. The
extra cost for furniture wire management
has been included.

Modular duct also can be used in combi-
nation with floor poke-through outlets to
serve work stations on the floor above the
ceiling plenum. A separate metal duct dis-
tributes electronics and communications
service.

Modular duct shines brightest with furni-
ture lighting, because the power poles can
take full advantage of wired furniture.
Although it leads the pack neither in instal-
lation costs nor in relocation costs, it does
well enough in both to make its overall
costs the lowest. Here's how it compares
per square foot:

Install Reloc.  Total
Modular duct $3.82  $1.59 $5.41
Poke-through 355 239 5.94
Flexible wiring 3.83 2.21 6.04
Flat cable 3.76 2.65 6.41
Access Floor 5.62 1.42 7.04
Cellular floor 4.88 2.17 7.05
Underfloor duct 5.99 2.75 8.74

What this means is that modular plug-in
duct deserves more consideration from
building designers, especially in situations
where all lighting is supplied through the
furniture.

FLEXIBLE PLUG-IN WIRING

The fascination of flexible plug-in wiring
is that its advantages resemble its disad-
vantages. It is fast and easy to install —in
fact, so fast and easy that it is susceptible
to misapplication by unqualified workers.
Light fixtures and floor outlets can be
unplugged and relocated safely without an
electrician.

Flexible plug-in wiring gets its name
from the conduit, which is easily bent or
twisted. The inexpensive and widely avail-
able components include plug-in recep-
tacles for power and lighting circuits,
distribution and junction boxes, adapter
assemblies, reversing cable assemblies and
switching modules. Cable sets should be
coordinated with the lighting fixture sup-
plier to provide matching light fixture
receptacles.
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All components are sold as factory-wired
assemblies for convenient field installation
and connection. Lighting fixtures are pre-
wired with appropriate plugs to connect to
prewired cable sets. Floor power outlets,
wall outlets and power poles can be field-
connected with prewired flexible cable
sets.

The use of flexible wiring is limited to
power and lighting. Electronics and com-
munications must be supplied through an
access floor, enclosed raceway system or
plenum cable. In this analysis, plenum
cable from the ceiling was taken to the
floor above and delivered with poke-
through pedestals.

The most serious limitation of flexible
wiring is the temptation to keep stringing
the plug sets together, which is why they
are often called jumper cables. A frequent
consequence is circuit overloading and ex-
cessive voltage drop, or tripping of the
circuit breaker. By this time, finding the
overloaded circuit and redistributing the
plug sets can be a major project.

To avoid problems, owners who select
flexible wiring systems should plan to
monitor circuit identification, lengths of
circuit runs and circuit loads.

Even though electronics and communica-
tions must be provided by other means, the
cost to install power and lighting with
flexible wiring is so low that the total
system ranked second least expensive with
both ceiling and combined ceiling/furniture
lighting.

The Achilles heel of flexible wiring is
the cost of relocating power outlets. Modu-
lar plug-in duct is the leader because its
cost can be divided among the average of
five work stations served from each power
pole; with no comparable advantage, flexi-
ble wiring comes out far behind. Here are
the costs, which remain the same regard-
less of lighting technique:

Cost per power

outlet relocation
Modular duct $ 21.00
Access floor 31.00
Underfloor duct 81.50
Cellular floor 99.50
Flexible wiring 123.50
Poke-through 136.50
Flat cable 154.50

Despite its limitations, flexible plug-in
wiring has impressive advantages. It is a
viable alternative for owners who are pre-
pared to monitor its application during
reorganizations.

CELLULAR FLOOR
Cellular floor and underfloor duct, as
their names imply, are floor systems, but
they don’t have much else in common.
The two systems were developed for
quite different buildings. Cellular floor is
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intended for steel frame construction.
Underfloor duct may be used in either steel
or concrete structures, but the concrete
floor slab must be thicker than cellular
floor requires.

Cellular floor consists of structural steel
decking that is an integral part of the
composite floor slab and distributes PLEC
services as well. A metal channel, called a
trench header, connects the individual cells
and is installed flush with the finished floor
slab.

CELLULAR DECKING/
TRENCH CABLE SYSTEM
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One winner, one loser in PLEC floor systems

UNDERFLOOR DUCT
SYSTEM

Note on the drawing that the raceways
for power (including power for lighting),
electronics and communications are fixed
at five feet on center. Outlets are preset on
a specific module, preferably 2 feet 6
inches by 5 feet. This effectively limits
delivery of PLEC service to where the
outlets occur on the module. Outlets in-
stalled in the preset box may be either
recessed or flush with the finished floor.
When work stations are moved, the outlets
in use are closed, re-covered with carpet or
tile, and other preset outlets are activated.

The system provides for complete
power, electronics and communication
service. It does not accommodate ceiling
lighting systems, but it does provide wir-

ing for ambient and task lighting that is
integrated with the furniture. Ceiling light-
ing requires the addition of supplemental
hardwire or flexible conduit.

Comparing costs of cellular and noncellu-
lar decking can be tricky because the differ-
ence shows up in the cost of general
construction and not in electrical construc-
tion. Cellular systems require spraying a
fireproofing material on the bottom of the
electrified steel deck to enable it to attain a
two-hour fire rating. The cost of this fire-
proofing has been included in the installa-
tion cost of cellular floor.

Because outlets from the trench header
can be installed either flush with the
surface of the floor or recessed, no pedes-
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tals stick up above the carpet or tile.
Systems that provide capacity for two du-
plex receptacles per activated outlet, and
electronics or communications, are more
economical and reduce the number of acti-
vated floor outlets.

Preset outlets should be installed as
close as possible to increase the probability
that the outlet will fall in a convenient
location within the work station module.
The outlets are quick and inexpensive to
activate and unused outlets need not be
removed when they are no longer in use.
The preset cover merely is left in place and
the carpet lies over the cover plate.

Although it is possible to set an outlet
wherever it is wanted, the procedure is
much less convenient and more expensive
than using the presets.

The degree of flexibility with cellular
floor depends on the module spacing of the
presets and cells. HGA recommends a
small module to avoid the consequences of
outlets in the foot space of desks or in
aisles.

With furniture-source lighting, integral
furniture wire management should be
specified because more power connections
are required than cellular decking, by itself,
can support conveniently. Also, it’s easier
to control the exact location of task (and
even ambient) lighting sources through a
furniture system. Details of connections
between preset outlets and furniture wire
management must be controlled between
system manufacturers.

Because the preset inserts are so easy to
activate and de-activate, cellular decking is
among the leaders in relocation cost. It
ranks third least expensive with all three
lighting techniques. Only access floor and
modular plug-in duct do better. Installation
costs only 85 cents a square foot more than
the least expensive system for ceiling and
ceiling/furniture lighting. Under furniture
lighting, the need for the more expensive
wired furniture pushes the cost up some-
what.

UNDERFLOOR DUCT
The disadvantages of underfloor duct
are easier to state than its advantages.
It is among the most expensive PLEC
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systems to install and the most expensive
to relocate. It comes in last in every cost
category, except first cost with ceiling and
ceiling/furniture lighting (access floor is the
most expensive), and relocation of power
outlets, where it falls in the middle.

Further, underfloor duct requires more
structural coordination and more awkward
pedestals than other systems. And the way
outlets are abandoned poses a problem in
floor aesthetics. The greatest opportunity
offered by underfloor duct is for its own
modernization.

Nevertheless, because the system contin-
ues to be specified, its characteristics, de-
sign application and considerations for use
are worth examining.

Underfloor duct consists of enclosed
metal raceways in a concrete floor slab.
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The drawing on the opposite page shows
how the three raceways are used to carry
wire and cable. The drawing assumes that
the ceiling is the source of lighting.

Note how a three-compartment trench
header, with a removable cover, connects
the raceways. Outlet inserts on 2 foot
centers are installed by the factory on the
raceways and set just below the surface of
the slab. Raceways are typically five feet
on center. The drawing shows a system
module 2 by 5 feet, but it can be modified
to match that of the work station.

Preset inserts are tapped for installation
of pedestal outlets. Each work station
requires the activation of three inserts,
each with its own pedestal for PLEC
service. Underfloor duct does not provide
ceiling lighting. It requires the addition of

supplementary hardwire or flexible con-
duit. The system will adapt to furniture
wire management to power ambient and
task furniture lighting. The extra costs are
included in the study.

Afterset inserts can be installed in the
duct where two-foot spacing is not appro-
priate, but this requires drilling the con-
crete floor and installation of an insert hub
before the pedestal is installed.

Because separate pedestals must be used
for power, lighting and communication, it
is especially important to provide an ample
number of reset outlets to avoid pedestals
occurring in inopportune locations.

Floor pedestals must be removed by an
electrician when they are abandoned.
Metal abandoning plates tend to accumus-
late over the years and become unslightly.

MODULAR PLUG-IN DUCT SYSTEM

DISTRIBUTION PUCTS
FOR. POWER , ELECTRONICS
ANP COMMUNICATIONS
(AT AIR PLENUM CEILIN

DUCT TO UTILITY
CLOZETS

ACCEZSIBLE LAY INTILE CEILING

FOR FOWER., ELECTROHICS .. |
AND COMMUNICATIONS :
CPURNITURE IWIRE. MANAGEMENT) ™

COMMUNICATIONS
(1 PeR 4 WORK SRTIONS)
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Counting the costs of flat cable

The duct system can be tailored to suit
most capacity requirements and floor struc-
tures. This analysis was based on a two-
level trench header duct installed in a
single pour of concrete to minimize cost.
All floor duct systems require coordination
with the structural design of the building,
but the single pour is more difficult to
manage than two pours.

FLAT CABLE

Flat cable is the newest PLEC system.
For specialized applications such as reno-
vation it offers unique capabilities and low
costs compared to the alternatives.

The drawing below shows how flat cable

is installed directly on a smooth structural
floor and covered with carpet tile. The
chart, right, shows how HGA summarized
information from cost estimates prepared
by the electrical contractor. Similar charts
were prepared for the other six PLEC
systems included in the analysis.

The basis of the system is a flat, flexible
conductor cable about thirty thousandths
of an inch thick. Unlike the traditional
round wire, it need not be enclosed in
conduit or raceways.

Flat cable consists of one, two or three
circuits of 20 and 30 ampere flat copper
conductors placed edge-to-edge and en-
closed by an insulating material. The cable
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FLAT CABLE SYSTEM

CONDUIT AND WIRE
TO POWER CLOZET
CONCEALED IN

WALL ok ceilNg ||

) £ 28
1,2, or 5 CIRCUIT & h
FLAT FOWER CABLE

TO ADDITIONAL FOWER OUTLETS
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is taped to the floor. To protect the cable
from damage, a plastic shield 1s installed
on the bottom and a metallic shield on top
before covering it with the carpet tiles as
required by the National Electrical Code.

The system supplies normal power and
communications. Electronics service can
also be provided, but it is limited by prob-
lems of cable compatibility with some
computers. Like cellular decking and
underfloor duct, it does not provide ceiling
lighting, but it will support wired furniture.

Effective design with flat cable requires
that its unique characteristics be taken into
account.

Premium-grade carpet tiles must be
specified to conceal the cable and to lay flat
without gluing. The extra cost, compared
to roll goods, amounts to about 40 cents a
square foot. The premium was not in-
cluded in the cost because of the variables
involved.

For effective power distribution, cable
with three 20-ampere circuits should be
selected. Single circuit cable should be
used only to deliver power from the distri-
bution cable to the work station outlet.

Flat cable may be installed under move-
able partitions but not under fixed walls.
The inability to use the system under
non-moveable partitions might limit re-
modeling plans for closed offices.

Because flat cable provides complete
flexibility in placement of floor outlets, it
eliminates the need for furniture wire
management.

Mobility is limited because the cross-
over of power, electronics and telephone
cables creates complications.

The building code permits cable to be
abandoned below the carpet but an ac-
cumulation of unused cable could be
undesirable.

The permissible lengths of flat cable are
limited by phone companies and computer
manufacturers. Check with them for the
latest information.

Each transition from hardwire to flat
cable requires an accessible transition box.
Its location presents an aesthetic problem
that should be considered early in the
design process.

Flat cable requires pedestal outlets at the
work station, but they present much less of
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Flat Cable
Cost and Equalization Summary
Lo . Power Lighting Electronics Communication Costs
Lighting Technique
Dist. Deliv. Dist. Deliv. Dist. Deliv. Dist. Deliv. Total | Sq.Ft.
Ceiling —| Flat Surface |Conduit | Conduit | Flat Surf. Flat Surface
< Cable Floor & Wire | & Wire |Cable |Floor Cable Floor
Outlet Outlet Outlet
==
Material Cost $26,009 $ 983 $14,048 $ 9,066 $50,106
. Labor Cost $ 8,246 $ 7,982 $11,329 $10,211 $37,768
First Cost
Sq. Ft. Cost $ 143 $ 37 $ 1.06 $ .80 $3.66
Relocation $154.50 Not required $ 23.00 $ 59.00 $236.50| $2.15
Unit Cost
Addition $159.00 N/A $ 63.50 $ 62.50 $285.00
e Flat Surface | Conduit | Conduit | Flat Surf. Flat Surface
ge:"f;gra“d Cable |Floor |&Wire |&Wire |Cable |Floor |Cable |Floor
urniture Outlet Outlet Outlet
Material Cbst $26,009 $ 1,762 $14,048 $ 9,066 $50,885
: Labor Cost $ 8,246 $10,653 $11,329 $10,211 $40,439
First Cost
Sq. Ft. Cost $ 143 $ 52 $ 1.06 $ .80 $3.81
Relocation $154.50 $ 15.50 $ 23.00 $ 59.00 $252.00| $2.29
Unit Cost
Addition $159.00 $ 15.50 $ 63.50 $ 62.50 $300.50
Eurniture Flat Surface | Flat Surface | Flat Surf. Flat Surface
Cable Floor Cable |Floor Cable Floor Cable Floor
Outlet Outlet Outlet Outlet
__
Material Cost $26,970 $14,048 $11,577 $52,595
) Labor Cost $15,182 $11,329 $11,018 $37,529
First Cost
Sq. Ft. Cost $ 176 $ 1.06 $ 94 $3.76
Relocation $154.00 $ 54.00 $ 23.00 $ 59.00 $290.50| $2.65
Unit Cost
Addition $159.00 $ 54.00 $ 63.50 $ 62.50 $339.00

an intrusion than the monuments used
with poke-through or underfloor duct. In-
stead of sticking up four inches or more,
the low profile outlets for flat cable pro-
trude only 1% inch above the carpet. The
drawing shows how transitions are made
from wall power to flat cable and from flat
cable to outlets.

On the chart, note the extremes in labor
and material costs for power and lighting.
The cost for power outlet relocation is the

highest of any PLEC system. Here’s how
they compare:

Modular

Power Outlets Costs

duct

Access floor
Underfloor duct
Cellular deck
Flexible wiring
Poke-through
Flat cable

$ 21.00

31.00
81.50
99.50
123.50
136.50
154.50
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The reason reflects the cost of the cable
itself. When an outlet is relocated, the
owner must buy an additional length of
cable and tap off an existing section. A
typical splice is shown at the bottom of the
drawing.

HGA'’s analysis shows that the cost of
relocating power outlets is the most vari-
able of any of the PLEC services and the
most expensive.
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Manufacturers rebut PLEC study

Editor’s note: The HGA study was shown
to manufacturers of PLEC products. Writ-
ten responses were received from H.H.
Robertson Co. (Pittsburgh), which makes
cellular decking, underfloor duct and access
floor; Donn Corp. (Westlake, Ohio), best
known for access floor; and Walker (Parkers-
burg, W.Va.), manufacturer of products in
virtually every PLEC category.

H.H Robertson Co.:

C.H. NORrIS, Jr., P.E.

Product Manager, Structural/Electrical
Systems

The study is very thorough from a de-
scriptive standpoint. However, the costs
are somewhat out of perspective.

1. In most cases, lighting systems do not
play a major role in determining which
PLEC system is utilized.

2. All buildings require fire ratings. This
can be achieved with or without fire-
proofing; the costs involved would be
similar for any PLEC system and are
part of the structural considerations.

3. Preliminary planning for PLEC in the
“design stages” will become increasingly
more important due to the electronics
and communications explosion. Letting
the tenants of buildings fend for them-
selves will no longer be tolerated.

4.1 would recommend that poke-through
and flexible plug-in duct be combined.
Whether poke-through uses jumper ca-
bles or standard hardwire, it is still
poke-through.

5. All systems except flat cable describe
both distribution and delivery of PLEC.
Flat cable is just the delivery system
and must be fed through a distribution
system of hardwire conduit or other
method. Both costs must be included in
the study.

The chart on the opposite page ranks
each system in three areas. The numbers
represent rough cost per square foot, not
including wire. There is very little total
first cost difference between the lowest
three systems, and little between the next
two, with access floor being much higher.
Access floor (first cost of move in) includes
junction box system within floor plenum.

Relocation costs represent the rough cost
per change, not including wire.

‘ PRACITICE

HALL REPLIES:

1. Lighting was included in the study be-
cause it is an integral part of the PLEC
concept. To exclude it would invalidate
the study for users who ask: “If we use
task/ambient lighting, won'’t the cost be
increased for floor distribution system
wiring?” or “Flexible plug-in wiring is
designed to reduce labor cost for installa-
tion of lighting; why aren’t those costs
reflected in the study?” I find that PLEC
floor system suppliers tend to have little
interest in the lighting portion of PLEC.
However, to compare ceiling and floor
systems properly, the effect of lighting
on PLEC needs to be included.

2. Costs for fireproofing unique to a PLEC
system should be included.

3. I could not agree more.

4. The poke-through method was evalu-
ated using both hardwire and flexible
plug-in cables to analyze the differences
between the two.

5. Flat cable was evaluated like all other

systems. Power was designed using mul-

tiple three-circuit flat cable from electri-
cal closets with branch circuit panels.
Thus flat cable provides the method of
distribution for each branch circuit.

6. The intent of the study was not to settle
“once and for all” the cost battle waged
by competing manufacturers. Rather,
the intent was to establish an analysis
method as a framework for PLEC sys-
tem selection. Many of the cost figures
presented by the manufacturer did not
consider an integrated PLEC system.
The costs therefore were incomplete.
Some only represented the unwired
components. A/Es who want specific
analysis must not rely only on data
produced by manufacturers or general-
ized studies.

Donn Corp.
JoHN S. GABRIEL, ATA
Manager, Value Engineering Floor
Division

Donn submitted only the cost chart that
appears on the opposite page. Hall did not
reply.

ARCHITECTURAL TECHNOLOGY
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Walker:

WILLIAM L. JOHNSMEYER
Vice President, Marketing and
Sales

The data presented do not accurately
reflect the true costs of underfloor duct or
the relative costs compared to other
systems.

1. The material costs are the result of
rough budget figures. After talking with
our agent who supplied these figures,
we found that his costs were 27 percent
high.

2. The system presented in the article is
our most expensive. A single level sys-
tem with header duct and junction box
feed results in 21 percent material sav-
ings. Our material costs are further
reduced for activations, relocations and
additions by the use of our Source II
flush service fitting. This eliminates the
requirement for three surface-mounted
pedestals at one work station.

3. Next, the installation labor costs are
grossly overstated. Through an exten-
sive survey of electrical contractors, we
have determined that the installed costs
for a three-duct system on five-foot
centers would average about $1.23 a
square foot, compared to the reported
$2.35, assuming a $28 per hour labor
rate.

4. The relocation and activation costs are
also unrealistically high. Our surveys
show that a service fitting can be de-
activated and a new service added for
$40. For three services, this would total
$120, a far cry from the reported figures
of $248 and $260.

5. A poke-through requires core drilling at
night, due to noise and inconvenience,
so we're talking about overtime rates.
You might have to add a run of conduit;
not so with duct. You have a more
difficult work area with poke-throughs
because you have to work two floors
(feed and pull) and the floor-below work
is on a ladder.

6. Underfloor duct costs are overstated by
at least $2.10 a square foot. Relocation
and activation costs are overstated by at
least $120.
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ANALysIS OF PLEC SQUARE FOOT COSTS
BY H.H. ROBERTSON
First Cost-Bldg. Shell First Cost-Move In Total First Cost
Access floor $5.00 Poke-through $1.60  Access floor $6.25
Underfloor duct 3.00  Flatcable 1.35 Power poles 3.20
Cellular floor 2.10 Power poles 1.20  Underfloor duct 3.15
Power poles 2.00  Underfloor duct 1.10  Flat cable 2.60
Flat cable 1.25  Access floor 1.25  Cellular floor 2.50
Poke-through .80  Cellular floor 40  Poke-through 2.40
ANALysIS OF PLEC SQUARE FOOT COSTS
BY DONN CORP.
Access floor $4.50 Poke-through $2.00  Access floor $5.00
Poles 2.50 Flat cable 1.75  Underfloor duct 2.90
Underfloor duct 2.50 Poles 1.25 Poles 3.75
Cellular floor 1.90  Access floor .50  Flat cable 2.35
Flat cable .60  Underfloor duct .40  Poke-through 2.50
Poke-through .50  Cellular .30 Cellular 2.20
RELOCATION COSTS
Donn Est.

Puwr. Tel. Elec. Total Robertson Est.
Poke-through $250 Inc. $100 $350 $250
Poles 100 Inc. Inc. 100 150
Underfloor duct 50 Inc. 20 70 80
Flat cable 60 30 30 120 100
Cellular deck 50 Inc. Inc. 50 50
Access floor 25 10 10 45 40

7. Attached is literature from the Portland
Cement Association. It indicates a tre-
mendous life cycle cost advantage for
underfloor duct.

8. Attached is a second brochure from the

Building Industry Consulting Service. It
indicates that underfloor duct offers low-

est life-cycle costs. One reason for the
different conclusion is the rate at which
work stations are relocated. Gary Hall
said once every five years. The Bell

System has records that say the average

office telephone is relocated every two
years.

9. [Walker also offered the following com-
ments regarding its new Walkercell, to
be introduced this spring.]

The cellular raceway portion of steel

cellular floors has been gaining acceptance

in reinforced concrete construction. It has

increasingly been substituted for underfloor
duct systems. Primary reasons included an

aesthetically preferred recessed fitting,

greater perceived capacity in the raceways
and sometimes lower up-front material costs.

Although these systems have had
success, acceptance has not been over-
whelming. Limiting factors include the
susceptibility to damage, additional con-
crete needed and high installation costs.
Because most cellular raceway systems
first served as structural floor deck and
were only later adapted to raceway sys-
tems, further refinements are needed.

To overcome these disadvantages,
Walkercell provides up to three times the
capacity in single level header systems. It
can feed the distribution cells to capacity,

while the distribution cells offer 20 percent
to 33 percent more distribution capacity for

telephone and data. The recessed service
fittings have 50 percent more capacity for
plugging in receptacles and electronics de-

vices and provide adequate recessed hous-

ing for transition for flat cable. “After-the-
pour” adjustment features ensure a flat
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floor, minimizing carpet wear.

Following Gary Hall’s logic, the system
allows for a 30 percent to 35 percent
decrease in life-cycle costs by reducing
material costs, installation labor and acti-
vation and relocation expense. Also, three
pedestal service fittings have been replaced
by one recessed fitting and the need to
deactivate abandoned fittings has been
eliminated. Thus activation and relocation

costs are lower.

The costs (below) follow the Hall format
limited to the ceiling lighting scenario:

Cellular raceway cost summary

Cost per square foot

Activate power outlet

Relocate lighting fixture
Relocate electronics outlet
Relocate communications outlet
5 year reloc. cost/sq. ft.

Life cycle cost/sq. ft.

$ 3.57
99.50
Not req.
46.40
38.00
1.68
5.25
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A preview of new cellular systems

quoted by Walker may be correct for an
empty system, but our analysis is based

HALL REPLIES:

1. Repricing brings these material costs in

9. Robertson’s system is essentially similar
in that both adapt cellular decking for

line with bid costs and now reflect costs
obtained from other sources. These costs
are about 19 percent less than previ-
ously indicated. Prices in the study have
been adjusted.

2. The system is compared on an equal
basis with other systems. Although floor
duct systems of lesser capacity are avail-
able, the trench header three-duct sys-
tem was selected because it met the
design criteria. While the Source II flush
service fitting is excellent for a two-duct
system, it cannot provide the three-duct
activation at a single location to serve
the work station. Parameters set for this
analysis required power, communications
and electronics to be activated at each
location. In addition, Source II presets
would have added to the initial cost
because they need to be installed on

the selected module prior to pouring
concrete.

3. Repricing of labor for floor duct is

$44,128 or $1.84 a square foot. Figures

on a fully wired system.

. Costs provided in this study reflect the

contractor’s real experience on several
projects.

. Poke-through costs reflect actual costs

based on experience. These installations
occur without premium rates. The core
drilling occurs before business hours in
the early morning.

. As floor duct manufacturers move to

underfloor cell systems and compete with
cellular decking, they are in fact recog-
nizing the shortcomings of the labor
intensive floor duct.

. Our PLEC analysis for our building and

design would not agree with those
findings.

8. The study represents only the telecom-

munication portion of PLEC. The issue
here is the experience of the building

owner. That relocation frequency should
be used by the A/E.

Hioth camaciTy
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concrete buildings and slab floors that
don’t have another floor below. It’s a
definite improvement over underfloor
duct, but not over traditional cellular
decking, except that it's more adaptable
to a concrete structure. [ don’t like the
junction box header concept. It doesn’t
permit full access along the header, as
with the trench duct. This means more
labor to activate PLEC services during
relocations.

The drawing shows the new Walker cellular
raceway system to be introduced this spring. It
consists of a steel duct partitioned into three cells
and connected by a header duct, itself divided
into three compartments. Transitions from header
to distribution cells are made through a junction
box that maintains isolation of power service.
Wires are pulled through the raceways at junction
box access hatches and at recessed service fitting
boxes.

ACCED%D HATCH
(ADJUSTAPLE
AFTER POUR)

TUNNELING ALLOW®
FULL PEED TO
RACELAYS

AlLDTAPLE RACEUAY
2UPPORT CCAN BE
U>ED A% COUPLER)
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By CHRISTOPHER ARNOLD, AIA

Building codes must surely be among the least readable literature
in the world. The structure and content of a building code is similar
to that of a book on childbirth that consists of a listing of all the
things in recorded history that have gone wrong, together with an
ad hoc method for their solution. To this could be added a random
and obscure categorization of types of women by height, occupation,
weight and chemical composition, but nothing about the reproductive
process, the stages of the embryo, and the mivacle of birth.

This is a fair analogy because in origin and development,
building codes consist of accretions of isolated problems together
with their solutions — and by now, many of the problems and
solutions are hopelessly outdated. There is nothing about the
building as an entity, and how it is designed and built. There is no
philosophical basts for the code, only a set of unrelated commands.
This is one reason codes rarely deal with innovation, whether of
material or design.

The code, of course, is not intended to be read as a novel, or even
as a textbook, but to be referred to. Even so, building codes are
boring, and architects read them only under duress and for a short
time. I feel this way about building codes, and know as little about
them as possible. (One keeps handy the phone numbers of those who
are knowledgeable.)

On the other hand, I think the philosophy of building codes is very
interesting because it tells us much about the way the building
community goes about its business, with all its uncertainties and
irrationalities.

Earthquake codes are particularly interesting, and their shortcom-

ings are particularly ominous.
—C.A.

earthquake problems is comparatively recent. Although

San Francisco was rebuilt after the 1906 earthquake under
a city code intended to deal both with wind and earthquake forces,
the Uniform Building Code did not contain a section applicable to
seismic design until 1927. This followed the damaging earth-
quake of 1925 in Santa Barbara.

’ | \ HE DEVELOPMENT OF A BUILDING CODE TO RESPOND TO

QUAKE CODES ASSUME RISK

There is a fundamental difference between earthquake codes
and those related to vertical loads. We can be quite precise as to
the magnitude of vertical loads. We then apply rather substantial
safety factors to them, so that in vertical load design it is
necessary to make a very serious mistake in the building design in
order to get into a dangerous situation, because the loads the

Christopher Arnold, AIA, is the president of Building Systems
Development Inc., a San Mateo, Calif., firm specializing in architec-
tural planning research and analysis.

building can withstand are much greater than those that will
occur. The risk is very small of something going wrong.

The earthquake code is quite different, because the basis of the
seismic load is that during a severe earthquake, a building
encounters forces many times greater than those for which it has
been designed.

This is shown in Figure 1, in which the response to ground
motion of a structure is plotted for different periods related to
increasing accelerations. Seismic forces are inertial —they are the
product of mass times acceleration —and this figure shows that the
capacity established by the code is several times below the
possible response of the building at high accelerations.

Range of Estimated

__— Ground Motion

0.6 =

Actual Capacity

Acceleration % Gravity

0.4 = of Building
0.2 ™|
—\ Code
Capacity

° I I |
0 0.5 1.0 1.5 2.0 2.5
Building Period, Seconds

FIGURE 1
Building Response to Ground Motion

The reason the code is set up this way is primarily economic: if
you were to design a building to withstand, without distortion, the
maximum forces that it might encounter under a severe earth-
quake, plus the kind of safety factors that we normally use in
vertical loads, the building would be extraordinarily expensive
and one could hardly walk through it for the amount of structure
that would be in it.

So we back off. Instead, we rely on the strength of non-
calculated components, like partitions, which will tend to support
the building and reduce its motion even though the structure may
be loaded beyond its theoretical capacity. We also rely on the
property of ductility —the ability of materials like steel to distort

ARCHITECTURAL TECHNOLOGY
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considerably without breaking, and in so doing dissipate the
energy of the earthquake. The building may be damaged —
perhaps severely —but remains safe.

This feature of the seismic code — that it explicitly permits
considerable damage, particularly in architectural components
such as lighting fixtures, ceilings and partitions —is little known.
Again, this is a quite different characteristic compared to vertical
load provisions: when you move a grand piano into your living
room, you do not expect the floor to bend, the ceiling below to
fracture, and partitions to be crushed.

ARCHITECTS AND SEISMIC SAFETY

As prime controllers of configuration, architects are playing a
major role in seismic design. Our first ideas on configuration —our
first schematic conceptions, perhaps even before there is any
engineering discussion —are of great significance.

Despite its fundamental impact on seismic activity, the configu-
ration issue was not mentioned in the codes until the 1973 edition
of the Uniform Building Code.

The code design forces are derived from “uniform buildings and
conditions.” In fact the code forces are derived from a simple
rectangular building, in which each floor is assumed to be the
same size, the column or wall spacing the same on each floor, and
the floor-to-floor heights all the same.

The code now presents the issue with only a very general
comment. It says that in structures. ..

“...which have highly irregular shapes, large differences in lateral
resistances or stiffness between adjacent stories, or other unusual
structural features, the distribution of the lateral forces shall be
determined considering the dynamic character of the structure.”

There is a statement in the commentary to the Structural
Engineers Association of California “Blue Book,” upon which the
Uniform Building Code is based, explaining certain aspects of the
seismic code. Since 1973, the Blue Book commentary has stated:

“Due to the infinite variations of irregularities in configuration that
can exist the impracticality of establishing definite parameters and
rational rules for the application of this Section are readily apparent.
These minimum standards “the code” have, in general, been written
for uniform buildings and conditions. The subsequent applications of
these minimum standards to unusual buildings or conditions has, in
many instances, led to an unrealistic evaluation.”

So this is saying that if you design an irregular building, the
chances are that the code forces that you establish are “un-
realistic.”

That is a strong and ominous statement.

It throws the problem right back to the judgment of the architect
or engineer. At the same time, it gives no help or guidance as to
how to make those judgments. Perhaps more guidance will be
provided in future codes, but it is clear that architects will
continue to need at least basic knowledge of the effects of building
configuration on seismic safety, because structural engineers
cannot possibly make an unsafe configuration safe.

Some basic guidelines for solving configuration issues are
presented in this article.
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ATC-3: A CONTROVERSIAL ATTEMPT TO

STANDARDIZE AND UPDATE CODES

There are a number of seismic codes extant today, and the
Uniform Building Code tends to be the basis for most of them.
Some years ago, a group consisting primarily of structural engi-
neers and researchers decided that it would be a good idea to
develop an up-to-date basis for a national code which, upon
adoption, could be applied anywhere in the country, to any type of
building, by any private or public agency.

Funded by the National Science Foundation, a non-profit Califor-
nia group called the Applied Technology Council (ATC) began,
with the National Bureau of Standards, to develop this basis for a
national code.

In 1978, ATC produced a document called Tentative Provisions
for the Development of Seismic Regulations for Building, gener-
ally known as ATC-3, which tries not only to standardize the code
situation for seismic design, but also to improve the basis upon
which current codes are written. Though not a seismic code, its
whole format is that of a code, and it could in fact be adopted and
used as a code.

... if you design an
trregular building, the
chances are that the code
forces that you establish are
unrealistic’....” That is
a strong and ominous
Statement.

ATC-3 has been revised several times and is currently being
used as the basis for a number of “trial designs” —hypothetical
buildings designed according to both ATC-3 and to prevailing
codes—in a number of U.S. cities to assess economic impact.

The Building Seismic Safety Council (BSSC), comprising a
number of building community organizations, including the AIA,
is acting as overall manager of this enterprise. It will be about a
year before the trial design phase is complete.

Then, after review and revision, the document will become
available for adoption by federal agencies or by any private
community or agency. In fact, though, ATC-3 is already becoming
quite influential, and bits and pieces of it are now being adopted.
Some of the new elements in ATC-3 include:

® Incorporation of more realistic ground motion intensities for
fany more parts of the country than have previously been
considered.

® Consideration of the effects of distant earthquakes on long

period buildings (very tall buildings which may suffer a great deal
of motion from an earthquake that may occur some distance
away).
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® Development of revised coefficients relating to different
kinds of structures and different kinds of framing systems.

® (Classification of building-use groups into hazard exposure
groups, ranging from such emergency-related buildings as hospi-
tals and police stations to buildings of lesser importance.

ATC-3 has its critics, of course. The fact that it applies seismic
design principles to the entire United States is quite controversial.
Initially, many Eastern and Midwestern engineers and building
officials considered ATC-3 an attempt to spread California prac-
tices to the rest of the country.

Another more subtle argument sees ATC-3 as part of an effort
to emphasize that earthquakes are not only a California problem
but a national threat. The origin of this hypothesis apparently lies
in the fact that much earthquake research —conducted predomi-
nantly in university engineering departments —is funded by the
National Science Foundation, which is subject to Congressional
review; hence, to ensure funding, it is necessary to stress the threat
of earthquakes in such states as South Carolina, Massachusetts,
Utah, Missouri and New York.

While there may be an element of truth in this political
argument, the fact remains that buildings now constructed in the
above states do stand a substantial chance of suffering a damag-
ing earthquake. Professor Otto Nuttli of St. Louis University says
that there is a 50 percent chance that an earthquake of Richter
Magnitude 7.5—large enough to cause serious damage — will
occur in the central United States within the next 20 years. These
are unfavorable odds, indicating that designing against earth-
quake forces is a reasonable professional precaution.
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Another argument for rational design against lateral forces is
simply that it results in a better quality building that will
deteriorate less in its lifetime from such familiar problems as
differential settlement and thermal stress.

ATC-3 has also met with criticism from some of the building
materials interests. The masonry industry is concerned that new
requirements for reinforcing may make its material less competi-
tive. Other industries, including the concrete industry, are con-
cerned primarily with the complications caused by changes in
design and construction practice.

Use of an ATC-3 based code will require many design practice
changes. The document outlines a 13-step process for use in the
design and detailing of buildings. All these procedures would be
new to engineers and architects. Preliminary reports of the trial
design exercise administered by BSSC have indicated concern
about the level of seismic design knowledge displayed by some of
the engineers contracted to perform on the hypothetical buildings,
and about the increase in time and cost of the design work.

To the extent that ATC-3 encourages improved design stand-
ards, however, it can only be to the ultimate benefit of the building
community. It is, in fact, a commentary on the parochial nature of
our design education and professions that such a pervasive
influence as lateral force design should be seen as something only
of local concern, not as part of the common knowledge of every
competent professional.

A list of recent books on seismic design appears in the References
on page 75.

Location of damaging earthquakes in U.S.

®*  Minor damage
(omitted in
California)

‘ } Moderate damage
®

}
Major damage
®

From National Oceanic and Atmospheric Administration
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Christopher Arnold has identified the irregu-
larities in building configuration that may
significantly affect seismic performance.
Some problem configurations are depicted
here, with their solutions.

Variations in simple configurations such
as those shown in Figures 2, 3, and 4 can
be serious enough to cause collapse. In
these cases, the plan of the building ap-
pears simple and symmetrical, but varia-
tions in perimeter strength and stiffness, or
of internal layout, may create major tor-
sional problems.

The re-entrant corner group, shown in
Figure 5, may suffer serious damage in
extreme cases—i.e. in a high building,
with long and narrow wings —such as a
hospital or residential complex on a tight
urban site. The decision as to which
solution to use depends on the size, mass,
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and proportions of the building. Separation
is always a good seismic solution, but
presents difficult and expensive problems
of architectural detailing.

The configurations shown in Figures 6
and 7 affect the vertical load-carrying
members. These designs are particularly
hazardous when they occur in older
buildings —for example reinforced concrete
buildings constructed prior to the revision
of building codes after the San Fernando
earthquake of 1971. Such buildings may
not have enough ductility to prevent seri-
ous damage or collapse.

The Imperial County Administration
Building shown on page 32 is an example
of a building that conformed to the 1967
code yet suffered irreparable damage due
to a soft first story and discontinuous shear
walls. The building constructed to replace

it (page 33) illustrates sound seismic
design.

The “weak-column-strong-beam” layout
shown in Figure 8 has also often resulted
in serious damage or collapse.

Figures 9, 10, and 11 illustrate the seis-
mic problems that can be presented by
extreme building dimensions. Figure 9 de-
picts an extreme height-depth ratio, which
is common in restricted sites. Figure 10
shows an extreme plan area, which is
common in warehouses, industrial build-
ings, and shopping centers. Figure 11
shows an extreme elevation length-depth
ratio (aspect ratio), common in older schools
and multi-story residential buildings.

If buildings are constructed too close
together (not shown), pounding from
ground motion may create extensive dam-
age, although collapse is unlikely.

A
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G
%rtz) e FIGURE 2

Problem: Torsion caused by extreme
variation in strength and stiffness

/ N

G,
) FIGURE 3
4”01‘,;’ %
%)
Problem: Torsion caused by extreme

variation in strength and stiffness open front

Variation in Perimeter Strength-Stiffness

\/
Variation in Perimeter Strength-Stiffness

Solution: Add shear wall at or near

FIGURE 4
False Symmetry

Solution: use frames and light-
weight walls

asymmetric core

FIGURE 5
Re-entrant Corner
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Problem: Torsion caused by stiff

Problem: Torsion, and stress
concentration at notches

Center of Resistance

Solution: Disconnect core (as
shown) or use frame with non-
structural core walls

@Detal at Notches

Solution: Seismic joint (as shown)
or uniform box
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Problem: Abrupt change of stiffness
at point of discontinuity

Column Failure

Problem: Column Failure occurs
before beam. Short column must
to accommodate story height
displacement

FIGURE 6
Soft Story— Frame

PRACTICE

FIGURE 9
Extreme Height-Depth Ratio

Solution: Revise proportion (as
shown) or special structural system.

Problem: High overturning forces,
large drift causing non-structural
damage

Solution: Add bracing (as shown)
or add columns

FIGURE 7 FIGURE 10
Discontinuous Shear Wall Extreme Plan Area
Problem: Discontinuities in load Problem: Build-up of large
path and stress concentration for diaphragm forces

most heavily loaded elements

Solution: None

Solution: Subdivide build-
ing by seismic joints

A=

7 7 7 [/

.

X

FIGURE 8
Weak Column-Strong Beam

FIGURE 11
Extreme Elevation Length-Depth Ratio

Solution: Use light weight curtain
try wall with frame (as shown). Dis-
connect spandrel from column.

Problem: Build-up of large lateral
forces in perimeter; big difference
in resistance of two axes

Solution: Subdivide building by
seismic joints.
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DESIGNED TO CODE, BUILDING DEMOLISHED BY QUAKE

In October 1979, a small earthquake (registering 6.4 on the The major problem with the configuration was the open first
Richter scale), rolled through the Imperial Valley of Southern floor, which permitted occupants to come and go freely from a
California. The largest building in the valley, a six-story nearby park. Since the shear wall on column line e (see illustra-
concrete-frame county administration building, was damaged tion) was 31 feet from the east facade of the building, it pre-
sufficiently to require complete demolition. vented transfer of the diaphragm loads from the upper floors to

Following investigation by the Office of the State Architect, the foundation.
the Seismic Safety Commission, the California Board of Archi- The apparently small design variation between the two ends

tectural Examiners, and Blaylock & Willis structural engineers  of the building resulted in a dramatic difference in performance.
(San Diego), it was determined that the building met the 1967 The west shear wall was located on column line a, six feet
Uniform Building Code when it was completed in 1972. The from the facade, which enabled it to transfer the upper loads to
building configuration was a major factor contributing to the the foundation.

structural failure.

X
3
S
S
o
=
q
£
i~}
8
&
T
)-& -
6, B 3
0, )
o c
c { i
.‘ Major Column Failure

A ; A

O.M. = Overturning Moment
T = Tension
C = Compression
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The new Imperial County Administration Building, designed
by The Blurock Partnership (Newport Beach) with associate
architect Terence Whitington (El Centro), avoids the configura-
tion mistakes of its predecessor.

Completed in late 1982, the two-story building is spread out
over a larger ground area to create the same amount of interior
space as contained in the original building.

As if to provide reassurance, the earthquake bracing on the
simple rectangular lightweight steel-frame structure forms a
visible feature of the facade. Eight braced frames carry lateral
forces from the metal deck diaphragms. The braced frames are
almost uniformly distributed throughout the building, reducing
possible torsion caused by earthquake forces.

A secondary moment-resisting frame was incorporated on
the interior column lines. End plates connect the end of the
beams to the strong axis of the columns. The other end of the
beam was pinned, which simplified erection because the
moment frames were prefabricated in the shop and bolted

\\\\\\\

The Blurock Partnership, Architects

NEW IMPERIAL COUNTY
ADMINISTRATION BUILDING
AVOIDS MISTAKES OF PREDECESSOR

together in the field, cutting the high cost of on-site welding.

Exterior walls are made of lightweight insulated composite
building panels with numerous engineered joints that can
absorb ground movement stresses. The frame and wall system
avoids the use of unnecessarily heavy materials that would
increase stresses. Mechanical equipment is located in an
enclosure on the ground rather than on the roof.

Structural engineers Blaylock-Willis (San Diego) designed
the building to withstand high lateral forces of .72 g, somewhat
in excess of the .21 g required under the Uniform Building
Code. This was accomplished at a moderate cost, with the cost
of the structural system estimated at 20 percent of the total
cost of the building.

Project Manager Robert I. Hench, AIA, not only provided a
safe building for an area where earthquakes occur several
times a year, but incorporated daylighting, shading, and energy-
conserving mechanical systems to keep energy costs down in
the desert climate. 0

Lightweight
Exterior Panels
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Electric Sunshine >

Electric Sunshine travels 93 million miles, and it’s a free ride.

Photovoltaic cells are a space-age technology about to come down to earth. Roughly
5,000 U.S. homes and 15 commercial buildings are presently equipped with pv
systems. Because costs are coming down, consultant Paul D. Maycock estimates
that thousands of pv-powered houses and hundreds of commercial and industrial
buildings will be constructed annually in the U.S. by 1990.

George Royal, a program director at the AIA Foundation, has written a brief
design and project guide to introduce architects to this emerging technology.
Maycock and his associate, Edward N. Stirewalt, have written answers to
questions architects often ask about pv technology and the market for pv systems.
Maycock was director of DOE’s Photovoltaic Division from 1978 to 1981, and is
now president of Photovoltaic Energy Systems, Alexandria, Va.
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l l TILITY INTERCONNECTION, REGULATION, SAFETY, FINANCING,
insurance, and liability are issues that need to be resolved
prior to system design.

UTILITY INTERCONNECTION

Designers should get in touch with the local utility at the onset
to determine its requirements for interconnection.

Federal law (the Public Utilities Regulatory Policies Act)
requires utility companies to interconnect with PV systems and to
purchase excess electricity at reasonable rates.

Interconnection policies vary according to the utility’s intercon-
nection experience and their assessment of the risks associated
with equipment failure or replacement.

A summary of the important points to be covered in a contract
with a utility company is presented on page 38.

LAND USE, DESIGN AND CONSTRUCTION
REGULATIONS

Local land use and building code officials should be consulted at
the onset to determine local policies. Utility companies typically
require that a grid-connected PV system satisfy land use require-
ments, design standards and construction regulations as a prere-
quisite for interconnection.

The 1984 National Electrical Code contains a new section
(Article 690, Solar Photovoltaic Systems) that minimizes regulatory
conflicts. A summary of the new code is presented on page 38.

Solar access law is also being developed in many jurisdictions to
overcome conflicts with local land use regulations.

SAFETY PROBLEMS ARE AVOIDABLE

PV systems cannot be “turned off” and will generate some
electrical voltage in the presence of any level of illumination,
including moonlight. Installers use opaque covers to prevent
electrical generation during installation. The covers are removed
only when the panels are finally wired together. Electricians are
aware of the safety procedures needed, which are outlined in the
National Electrical Code. It is important to carefully instruct
non-trained employees that may be on the roof helping to mount
the systems.

Utilities require that grid-connected systems automatically dis-
connect from the utility when the utility lines are down. This
prevents the PV system from generating electricity into the line
while utility employees are repairing trunk circuits. Utilities also
require locked disconnect boxes outside the house for use by their
repair people.

Electrical grounding and isolation of components according to
good engineering practice will minimize shock hazards.
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PHOTOVOLTAICS DESIGN AND
PROJECT GUIDE

BY GEORGE RovAL
PROGRAM DIRECTOR, AIA FOUNDATION

FINANCING ISSUES

Clients seeking financing for PV systems should deal with
lenders who are willing to credit them for the projected energy
cost savings. The savings projections will most likely be provided
by the designer.

Surveys by the U.S. Department of Housing and Urban Devel-
opment have shown that many lenders are willing to consider
loans for solar equipment in this way, so clients should be advised
to try a different lender if they run into resistance from the first
one they try.

LIABILITY AND INSURANCE ISSUES

A survey of insurance companies indicates that coverage for PV
systems is available and rates are about the same as for conven-
tional systems, as long as “good engineering practices” are fol-
lowed. Professional liability insurance for designers and casualty
and liability insurance for clients are recommended.

COST EFFECTIVENESS AND DESIGN FEASIBILITY
Using the nomographs presented with this article designers can
quickly obtain rough estimates of the cost-effectiveness of a
proposed system and the area needed for the collector array.
Since solar energy is an inherently diffuse power source, large
surface areas are required to collect it. A flat-plate PV system, for
example, requires about 100 square feet of collector area to
generate a peak output of one kilowatt at noon on sunny days
(assuming a 10 percent overall system efficiency). The array
size is a key parameter in system design because it determines
the peak output of the system and also many of the requirements
for subsystems.

ECONOMIC TRADEOFF ANALYSIS

Designers need not be too concerned about accommodating the
exact “optimum” array area. Usually there is a range of collector
areas that can produce PV systems that are cost effective. The
best size for the system depends on the type of collector, the
location, the electric loads, PV system costs, utility electricity
prices, the utility’s sell-back rate, the client’s financial situation,
and other variables. In the future, standard-sized package systems
may be developed for specific building types or applications.

For now, designers need to perform an economic trade-off
analysis to determine the collection area needed for utility-
connected systems. Because the utility can always provide back-up
power, it is not necessary to provide enough PV-generated power
to meet the total electricity demand. Oversizing the collector array
will produce more energy than can normally be consumed on-site.
Undersizing the system will make it impossible to save enough
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Photovoltaic (PV) systems convert sunlight into electricity.
Most systems interconnect with the utility company grid so the
utility company can supply electricity to the house when loads
exceed PV system generation, and excess electricity can be
sold to the utility.

A typical residential utility-interconnected PV system with a
roof-mounted photovoltaic array is shown in Figure 1. It
consists of three subsystems:

® Array Subsystem: a mechanically and electrically inte-
grated assembly of photovoltaic modules designed to provide a
specified amount of DC electrical power under specified operat-
ing considerations.

® Power Conditioning and Control Subsystem: operates as a
current source, inverting the DC array output to AC, and acts in
parallel with the utility to supply power to building loads.

® Power Conditioning and Control Subsystem: operates as a
current source, inverting the DC array output to AC, and acts in
parallel with the utility to supply power to the building.

The PV array converts solar radiation to DC electricity for
input to the power conditioner. In the illustration the array
wiring is shown running through a conduit to a fused outdoor
electrical disconnection switch. Although current overloads are
not likely to be produced by the PV array, fusing may become
a code requirement to protect the power conditioning unit from
extreme currents in the array wiring such as those induced by
a close lightning flash.

The earth ground wire coming from a metallic frame for the
array eliminates the shock hazard potential due to static charge
buildup or an electrical fault between the solar cell and the
frame.

The array wiring is protected from lightning-induced high
voltage by surge arrestors located in the array circuit panel
board inside the residence. A manual disconnection switch is
also provided to insure isolation of the PV array when required
during power inverter maintenance or repair.

The power conditioner converts the DC current from the
array to residence-compatible AC, and also contains the system
controls. The inverter executes the following functions: auto-
matic start-up (morning), automatic shut-down (evening), and
array voltage control. When electrical loads are not satisfied by
the PV system, auxiliary power is drawn from the utility grid.
When PV system output exceeds electrical loads, that excess
power is fed back to the utility. The control must provide for
automatic disconnection from the utility lines in the event of
power loss—a safety feature to protect those working on
downed lines.

Since the system allows two-way power flow to the local
utility, ratcheted kilowatt-hour meters are provided to record
the flow of energy to and from the utility.
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energy to offset the initial fixed costs of the system, and many of
the initial costs are independent of the array size.
The available area, especially for roof-mounted systems, often

SPRING 1984

dictates the maximum array size. In estimating the available area

for horizontal mounting surfaces, the designer must also account
for spacing between PV modules to prevent shading.

O

UTiLITY COMPANY CONTRACTS

The utility and the PV system owner/operator usually sign a
“Small Power Production Generation Agreement on an As-
Available Basis” to establish utility-interactive service.

The utility agrees to provide service to the customer, and to
permit the customer to operate a small power production
generator that meets the FERC criteria for a “qualifying
facility.” The agreement allows the PV system to generate all
or part of the customer’s electrical requirements, or to supply
its total generated output to the utility. Such agreements
typically contain the following provisions:

® Terms and Conditions: Rates, charges, service, obliga-
tions and governing law applying to the agreement.

® Design and Operation Guidelines: Design requirements
and operating procedures for both the utility and the PV
system owner/operator.

® Payment Schedule: Prices available to qualifying facilities,
the daily and seasonal peak time periods, and the conditions for
payment.

® Plant Schematic: A diagram showing the PV system,
interconnection equipment, and associated protection equip-
ment for the utility company.

® Interconnection Equipment Schedule: List of utility inter-
connection and line extension facilities necessary to connect
the utility system and the PV system.

NATIONAL ELECTRICAL CODE

The 1984 edition of the National Electrical Code published by
the National Fire Protection Association includes a new section
on Solar Photovoltaic Systems (Article 690).

The section applies to both stand-alone systems and those
that interconnect with a utility, and systems with or without
electrical storage capacity. System array circuit(s), power
conditioning unit(s), electrical storage and storage subsystem
controller(s) are covered. The code establishes PV system
classifications, criteria for safety, wiring methods and conduc-
tor sizes —thus eliminating conflicts with other NEC provisions.
The following major topics are addressed:

® Circuit Requirements: Voltage ratings, fixture and access
restrictions, ratings for overcurrent devices, and components
and equipment requiring overcurrent protection.

® Disconnection Means: Requires conductors to be discon-
nectable using fuses, switches, or circuit breakers; requires
disconnecticn of the array or portions of the array.

® Wiring Methods: Permissible wiring systems, such as
single conductor cable. Specification of component interconnec-
tions, connectors, and junction box access.

® Grounding: Requirements for grounding, such as con-
ductor size and recommended location.

® Marking: Labeling and identification requirements to
ensure safe and reliable installation, operation, and
maintenance.

® Connection To Other Sources: Establishes the point of
interconnection between the utility and the PV system, identi-
fies unbalanced equipment interconnections and specifies
requirements for PV system disconnections in the event of loss
of utility voltage.
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ESTIMATING COST-
EFFECTIVENESS

STEP 1: ESTIMATE PV SYSTEM
PERFORMANCE

B Estimate Average Daily Insolation
(kWh/m?d). The map shown here gives
the daily mean direct normal solar radia-
tion for a particular location.

® Estimate Average System Efficiency
PV system efficiency is usually assumed
to be about 10 percent, based on nominal
estimates for typical equipment.

® Determine System Output (kWh/m?d)

® Estimate Utilization Factor
The utilization factor depends on the
match between load and PV output, but
can be estimated as 0.8, assuming
“good” design.

STEP 2: ESTIMATE PV SYSTEM
Cost

® Estimate Alternate Electricity Cost
($/kWh)
An electric energy cost should be esti-
mated based on average daytime $/kWh
energy charges, but not fixed on-demand
charges that the PV system does not
offset.

® Determine Annual Fuel Savings ($/m?y)

® Estimate Installed System Costs ($/m2)
The installed PV system cost should be
adjusted for available tax credits. For
example, federal tax credits alone can be
as much as 40 percent of the installed
cost for homeowners and 25 percent of
equipment costs for businesses. Depre-
ciation should also be included.

STEP 3: ESTIMATE RATE OF
RETURN ON INVESTMENT

® Determine Simple Payback (years)

® Estimate Time Horizon (years). The
useful life of the PV system is usually 20
to 30 years.

® Estimate Energy Escalation Rate
(percent per year)
It is important to estimate an annual
electricity escalation rate, since elec-
tricity costs will probably increase over
time.

® Determine rate of return on investment.
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ESTIMATING
PV COLLECTOR AREA

STEP 1: ESTIMATE THE DIRECT
FracTION

® Estimate Utilization Factor
The utilization factor characterizes how
efficiently the energy output of the PV
array is utilized for on-site loads. A utili-
zation factor of 0.8 is generally a suitable
value for feasibility analysis. In general,
the utilization factor is defined as:
UF = DF + [(1-DF) X SBR]

Where:
UF = the utilization factor
DF = the direct fraction of the PV

energy —the percent of the
PV output that is supplied

directly to the building load

(1—DF) = the excess of sell-back
fraction

the sell-back ratio; ratio of
sell-back rate to purchased
electricity rate

® Estimate Sell-Back Electricity Price
Ratio (SBR)
The sell-back ratio will generally be less
than one, since utilities are not able to
use the excess energy (a varying, time-
dependent power source) as effectively
as their own generation. On the other
hand, the sell-back ratio should be larger
than 0. Utilities are currently required to
pay for on-site generation at “avoided
cost” —the amount it would have cost
the utility to generate the same amount
of new power.

8 Determine the Direct Fraction
The direct fraction is that fraction of the
PV system output that directly displaces
on-site loads.

SBR =

STEP 2: ESTIMATE THE SOLAR/
Loap RaTIO

B Estimate Solar Fraction Coefficients
The solar fraction coefficients measure
the match between load shape and PV
output profile, and depend on solar radi-
ation, the season, collector type and load
characteristics. For this preliminary
feasibility analysis, typical values are
shown in the accompanying table.

® Determine Solar/Load Ratio
The solar load ratio is the ratio of day-
time electric energy consumption to PV
system output.

Faclor
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® Estimate Electricity Consumption

(kWh/d)

The daytime (8 a.m. to 5 p.m. solar time)
electricity consumption for the building
should be estimated.

® Determine the Collector Array Area (m?)

It should be emphasized that the array
area calculated is not necessarily the
economically optimum array area.
Rather, it is an economically feasible
array area consistent with the utilization
factor previously chosen. Optimization
of the array area requires a more careful
analysis of fixed costs (system costs
which do not vary with size) and propor-
tional costs (system costs that do vary
with size), and should be based on sea-
sonal performance estimates.

STEP 3: CALCULATE ARRAY AREA
® Estimate Average Daily Insolation

(kWh/m?d)
The solar radiation map gives estimated
daily insolation for various regions.

® Estimate Average System Efficiency

The PV system efficiency is the fraction
of available insolation that is converted
to AC electrical output energy, and
should include the effects of shading
losses (0 to 15 percent for flat-plate
collectors, depending on obstructions
and row spacing), PV module conversion
efficiency (currently about 12 percent
for good flat-plate modules with circular
cells, 14 percent with closely packed
rectangular cells), electrical wiring
losses (2 to 3 percent), and power condi-
tioning losses (10 percent). A reasonable
value for feasibility analysis is 10 per-

cent overall efficiency. 0
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EXPERTS ANSWER KEY
QUESTIONS ABOUT PV SYSTEMS

By PauL D. Maycock AND EDWARD N. STIREWALT

EORGE ROYAL HAS PRESENTED A CLEAR OVERVIEW OF PHOTO-
voltaics. We will attempt to answer several key questions
that are important to the architectural profession.

What's the difference among the PV modules now offered
by U.S. manufacturers?

The three dominant manufacturers in the U.S.—ARCO Solar,
United Energy Corporation, and Solarex —each sell a different
type of module.

ARCO Solar, which sold 8 of the 15 megawatts shipped in the
U.S. last year, sells only single crystal silicon modules. These are
made from semiconductor-grade silicon through a manufacturing
process that pulls a large ingot from a crucible of molten silicon,
and then slices the ingot into wafers. Impurities are then added to
each wafer to enhance its performance as a solar cell. Metal is
added to the top and bottom of each wafer to collect electricity.

Exxon’s Solar Power Corp., which recently went out of business,
also produced single crystal cells, shipping just 0.4 megawatts last
year. Another small single crystal manufacturer, Photowatt, sold
out in December 1983. Other small manufacturers, including
Solec, Solenergy, and Sollos offer single crystal modules.

United Energy Corp. shipped 4 megawatts of concentrator
modules last year, which are used for central generation systems.
The concentrators focus the sunlight onto a silicon solar cell by
using a Fresnel lens. The UEC concentrator modules use a unique
two-axis tracking system that tracks the north-south path of the sun
by shaft rotation around one axis. Tracking east-west variation in
the sun’s path is achieved by floating the entire collector on a
small circular pond of water. The solar cells are four feet away
from the water, and the floatation of the entire mass on water
saves structural costs.

Most purchasers of the 2.5 kilowatt modules have been in-
vestors interested in tax shelters. The investors buy a module that
produces metered electricity for an alcohol production plant in
Barstow, Calif.

Solarex, recently acquired by AMOCO Oil Co., sells cast
semicrystalline modules, which use less expensive metallurgical-
grade silicon in place of semiconductor grade. Since the grain
boundaries in metallurgical-grade silicon are so large, wafers cut
from cast metallurgical-grade silicon cubes are called polycrystal-
line or semicrystalline. Cells are produced by adding impurities
and metal to the wafers. Solarex shipped 1.5 megawatts in 1983.

Mobile Solar Corp. is developing a new approach to cell
manufacturing called the ribbon process, in which a vertical
ribbon of silicon is pulled from a carbon die set in a bath of molten
silicon. This eliminates the time and waste associated with slicing
an ingot or cast cube. Long ribbons produced through this process
are cut into shorter ribbons before impurities and metals are
added.

A new, less expensive type of cell, amorphous silicon, is
expected to be available on the market in late 1984. The
amorphous silicon cell uses three very thin film layers of silicon to
accomplish solar energy conversion. The films, which are
deposited from pure gas vapors or plasmas, convert solar energy
at an 11-12 percent efficiency rate, compared to the 6-7 percent
efficiencies of existing products. The reduced use of silicon and
the increased process efficiency of manufacture are expected to
reduce module cost by 90 percent.

Amorphous silicon research and pilot production are underway
at several U.S. companies, including Energy Conversion Devices
in Troy, Mich.; Chronar Corp. in Trenton, N.J.; ARCO Solar in
Woodland Hills, Calif.; Solarex/RCA in Newton, Pa., and Spire
Corp. in Bedford, Mass.

What is the cost of a typical residential installation using
these various types of modules?
All the module types that are currently on the market cost about
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the same. For a relatively small residence having a 100 square
meter south-facing roof, total pre-tax installed system cost would
be about $40,000. For clients who can afford them, PV systems
are an obvious choice for building sites that are located where
utility grid service is not available.

What tax credits are available?

The existing federal tax credits, due to expire at the end of
1985, offer a 40 percent credit on expenditures for residential PV
systems, to a maximum credit of $4,000. Businesses can claim a
15 percent energy tax credit for equipment, plus the regular 10
percent investment tax credit. A number of bills are currently
pending in Congress that would extend or expand these credits. In
addition, many states offer tax credits for investments in PV
equipment. Some states allow “double dipping” —claiming credit
on both state and federal income taxes.

What will the market for PV systems look like in five or six
years?

Assuming extension of the current federal tax credits, it is
realistic to believe that a few thousand PV-powered houses,
several hundred industrial/commercial projects, and 10 or so
central power station projects will be started each year in the U.S.

These projections are based on a U.S. market of 100 megawatts
in 1990 (compared to 15.7 in 1983), which we think is a
conservative estimate. U.S. demand could be as high as 600
megawatts annually by 1990 if the tax credits are extended. The
international market will be at least five times as large as the
domestic market and offer further opportunities for U.S. design
firms.

Are costs expected to decrease significantly during this
time period?

The market will grow primarily because the installed costs of
PV systems will decrease significantly due to the development
of amorphous silicon and other technical advances. We forecast
PV modules will drop from the $6/Watt 1984 factory price to
$2/Watt by 1990. Installed systems will decrease from the current
$10-15/Watt to $3-5/Watt by 1990.

What are the principal design factors that affect the
performance of a PV roof?

The way a PV module is integrated into a roof has a dramatic
impact on performance.

The electrical output from a PV module decreases about 0.2
percent for every degree Centigrade that the module operates
above 25 degrees Centigrade. The modules must be mounted in a
way that will permit air circulation around the modules to keep
them cool.

Figure 2 shows four mounting techniques for roof-mounted
systems.

The rack-mounted technique is often used on flat surfaces. The
racks give PV modules maximum exposure to cooling winds, but
present aesthetic problems. Racks are usually set back so the
equipment cannot be seen from the street, as with other roof-
mounted HVAC equipment.
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The stand-off mounting technique places the modules parallel
to the roof, but permits air circulation between the roof and the
modules. This can also provide adequate cooling.

Roof-integrated systems use the modules as the roofing material,
replacing the wooden and felt deck. The back side of the module
is exposed to the attic space. This rear exposure allows for easy
interconnection, easy maintenance, and simple removal of the
modules from the inside. Systems of this type have demonstrated
very good performance, but require attention to detail regarding
rain-proofing. Many designers have found that standard sealing
techniques work well.

The direct mount technique —placing the module directly
against the roof-wood substrate and/or the roofing material —
carries the greatest risk of overheating.

The Florida Solar Energy Center is currently performance
testing various mounting and sealing techniques on both wood-
frame and masonry instrumented test houses. This work is
funded by the U.S. Department of Energy.

What about the angle of the roof in relation to the sun?

The design of the building should largely determine the roof
slope. Angling the modules so they face due south with a slope
equal to the latitude permits optimum performance, but a slope
that varies 15 degrees in either direction will decrease annual
performance by 10 percent or less. So if aesthetics or other design
considerations demand a slope 15 degrees below or above the
altitude, the architect is encouraged to set the roof slope within
this range.

In hot climates where the air-conditioning load is heavy, the
slope of the roof should be more horizontal to capture the more
direct summer sun. The opposite is true in climates where winter
demand is greater.
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