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WELCOME TO CONFERENCE

By Charles H. Topping
Senior Architectural and Civil Consultant
E. L du Pont de Nemours and Company, Inc.
Member of the Board of Governors and
Chairman of the Membership Committee of the
Building Research Institute

1 welcome you to this conference and on behalf of the officers and members
of the Building Research Institute, I extend a special welcome to the guests who
are non-members. We hope you will find the conference interesting and well
worth your while. The members know how the Institute operates but for you
guests I should explain that this type of conference is only one of the Institute's
several methods of assisting the members in the solution of their problems.
Discussion and exchange of information on both research and experience are
the tools that the Institute gives its members to help improve building design
and construction.

The conference chairman is Edward X. Tuttle, Vice President of Giffels
and Vallet, Inc. He is a member of the Building Research Institute, a member
of the Building Research Advisory Board, and a member of the American
Institute of Architects. He has long been interested in the subject of metal
curtain walls and two years ago he initiated an informal study group devoted
to the subject. This conference is the culmination of that effort. It is not the
last event but it is an important milestone.



Digitized by GOOS[Q




INTRODUCTION TO THE CONFERENCE

By Edward X. Tuttle
Vice President
Giffels & Vallet, Inc., L. Rossetti
Conference Chairman

We are here to discuss progress to date in the development of metal
curtain wall construction -- its potential and its limitations, if any.

BRAB and its working partner, Building Research Institute, have for
several years fostered the development of a building science, and I sincerely
believe they have succeeded in establishing the concept.

"All our research data on curtain walls can be made available to all of
you; we want this subject explored and exploited for the building industry.'
This remark was made about two years ago by an official of one of the great
companies who sent representatives to an informal meeting which had as its
purpose the exploration of benefits to be had by engaging in cooperative
research in the field of metal curtain walls. This is the kind of objective
statement that might well have come from the director of a medical research
foundation. Such an attitude is a major characteristic of scientific programs.

This conference was conceived as an interim report and discussion
regarding metal curtain wall development. Architects, engineers, researchers,
and manufacturers of basic materials, wall units, and unit elements will report
on their requirements, their findings, their hopes and their unsolved problems.

I believe that it has become rather generally recognized in recent years
that the cost of buildings, in terms of human effort, has not been reduced at’
anything like the rate of reduction in cost of food, clothing, toys, and adult
luxuries. The need for maintaining a high standard of shelter is about as great
asg it is for maintaining high standards for food and clothing. Our rapidly
increasing population is making necessary a vast increase in housing and edu-
cational and production facilities. Meeting increased space requirements
alone is straining our capacity, but, if we add to that the increased quality and
reduction in cost and construction time which we have learned to demand, new
building units and production methods must be devised.

Mass-producing a building wall unit under factory controlled conditions
of speed and quality for later assembly at the site appears to offer extremely
interesting possibilities for improving the quality, reducing cost, and speed-
ing building construction.

Previous Institute conferences have included discussion of other materials
used in curtain walls. This conference will be limited to consideration of
metal as the primary material. Another limitation will be the omission,
except for incidental reference, of discussion of fireproofing problems.

The props here are as simple as those for a Japanese drama, and we

can rely with confidence upon the performers to maintain what is obviously
an eager, almost explosive interest.

-3 -



I doubt if a more distinguished panel of speakers has ever been assem-
bled to discuss any other subject in the building industry.

It is my privilege to present the first of the three speakers of this ses-
sion on "Recent Studies of Metal Curtain Walls," Mr. Walter A. Taylor. He
will be followed immediately by Mr. William H. Scheick and then by Mr.
John O. Blair.



PART 1
RECENT STUDIES OF METAL CURTAIN WALLS

SURVEY OF ARCHITECTS - A Reprint

Presented at the conference by
Walter A. Taylor,
Director of Education and Research Department,
American Institute of Architects

(This is a reprint of ""Architects' Use of Metal Wall Panels,'" a summary of a -
survey conducted by the Research Advisory Service of the American Institute
of Architects, published in the Bulletin of the AIA. It was presented by
Walter A. Taylor, Director of Research and Education Department of the

AIA and a member of the Building Research Institute, at the Metal Curtain

Wall Conference held by the Building Research Institute on Sept. 28 and 29, '
1955.)



ARCHITECTS’ USE OF

METAL WALL PANELS

summary of a survey conducted by the research advisory
service of the american institute of  architects

reprinted from the  bulletin of the american institute of architects, july-august 1953



a technical reference guide — trg 10-1

AlIA-File No. Q2.5

EXTERIOR METAL BUILDING PANELS

N 1954, a small group of executives
Iof leading manufacturers® of basic
curtain wall materials proposed to col-
laborate in study & development of ex-
terior metal building panels for benefit
of secondary manufacturers & fabrica-
tors, & building industry generally. This
study was initiated by a survey conducted
by the Research Advisory Service of The
American Institute of Architects.*®

711 architects were quizzed in this sur-
vey. Included were:

o architects of major ‘metal panel’”’ build-
ings erected in the US in 1953 & 1934

o members of several AIA mational tech-
nical committees

o state AIA chopter technical represent-
atives

o representative architects known for con-
temporary & progressivo practico

Each state was represented in proportion
to its number of practicing architects
compared to national total with a mini-
mum of 2 correspondents/state. Un-
usually high % of returns from ques-
tionnaire (57% ) indicates very active
interest in this field. Geographic dis-
tribution of responses was very closely
proportionate to architect population.

‘To ensure that findings were representa-
tive of profession in general, each office
was questioned as to frequency & order
of volume of various building types & if
office specialized in only one field. Figure
1 shows comparison of offices having done
work in each principal field & relative
number questioned that specialized in
only that field.

Architects were questioned as to type of
buildings in which metal panels would
be desirable if existing codes & fire-
ratings were not involved, with results
shown Fig 2.

Architects were asked if they had ever
specifically considered use of metal panels
for a particular job & had decided on
another material. The 4 principal rea-
sons for failure to use panels were:

® Aluminum Company of America
Ferro Emamel Corporation
Owens-Corning Fiberglas (Company
Reynolds Metal Company
United States Steel Corporation
(Note: professional adwvisor —
Edward X Tuttle, AIA)

®* A parallel but less extensive survey of
building owmers & building contractors
was conducted by the Building Research
Advisory Board

BULLETIN OF THB AMERICAN

INSTITUTE OF ARCHITECTS

of Architects.

conditions.

Statements made by respondents & quoted in this report are opinions of indi-
vidual respondents only & do not represent opinions of The American Institute
Similarly, summaries of check-off responses, whether favorable
or unfavorable to subject products, are to be taken only as representative
opinions of a sample of practicing architects & do not signify either endorsement
or disapproval by The American Institute of Architects.

In accordance with conditions printed in announcement of The AIA Research
Advisory Service, if any findings are used in advertising, if such advertising
includes reference to survey & advisory services by The American Institute of
Architects, advertisement must include a statement summarizing above

reason not used % of cases
economic 44.8%
esthetic 19.1%
code restrictions 18.3%
technical 17.8%
100.0%

Higher cost than conventional construc-
tion for particular job was barrier in
nearly half of cases. Esthetic considera-

tion of panels presently produced at com-
petitive costs proved restrictive in about
1/5 of cases. Technical reasons, for the
particular application, such as physical
abuse, acoustics, sizes, etc, kept architect
from selecting metal panels in a similar
number of-cases. Code restrictions also
prevented consideration of panels in about
1/5 of these cases.

A high % of architects indicated that
at one time or another they had used

300 Ne. REPORTING FIRMS SPECIALIZING

IN THIS FIELD..............00iniuns

N \ 1

WPl e st O
250

DOMINANT TYPE OF REPORTING

'Ill’l PRACTICE ............ovunn .

RELATIVE FREQUENCY OF USE

or I(TAL. PANELS..................

EDUCATIONAL
COMMERCIAL
RESIDENTIAL
INDUSTRIAL

CHURCHES

HOSPITALS
PUBLIC
i
RECREATIONAL
MISCELLANEOV.

all charts by Bloomfield

FIGURE 1 — types of buildings in respondents’ practice & percent using metal building

panels
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AIA File No. Q2.5

EXTERIOR METAL BUILDING PANELS

COMMERCIAL
EDUCATIONAL
INDUSTRIAL

21.8%
FIGURE 2 — pref

metal panels in one or more building
types. More reporting architects have
used metal building panels on educational
& commercial buildings than any other

types.

When frequency of use is compared to
dominant practice of offices reporting —
ranking of use of panels in lieu of other
construction would be:

ranking of building types

industrial buildings
recreation buildings

miscellaneous
commercial buildings
educational buildings
public buildings
Wspitals

multiple dwellings
residential buildings
churches

COONOGOWMAUYUDNm

Comments from architects further in-
dicated that under these conditions, metal
panels could be advantageously used on
any type building excepting in cases
where esthetics are dictated by existing
group design.

Although some architects maintain
that stock sizes cannot adequately meet
varying needs of different building types,
Fig 3 indicates most desirable sizes as
summarized from opinions of reporting
architects.

Opinions indicate most needed panel
would be a 4’ x 8’ module with addi-
tional sizes to satisfy more specific needs.
Inquiry as to most reasonable number of
panel sizes to meet all but special needs
indicates that 4, 6, 3, or 10 would satisfy
most of architects’ requirements.

JULY-AUGUST

- = O wWe o
-4 o - Jdeowe
< - - [ B R
- < -l
a - > -‘-‘.
s « e Zuw
b4 by g w
™ 3
I3
« 2
=
o

es indicated fer use of metal building panels for various building types

If first choice of 4 panel sizes (from Fig
4) is accepted, density graph of panel
sizes (Fig 3) indicates that these panels
should be:

89% of architects responding agreed that
same module could be used on inside that
had been selected for outside. 75%
agreed that panels should be delivered to
site completely assembled (ext & int
metal surfaces enclosing required insula-
tion) ready for installation.

Discrepancies in panel sizes are en-
countered when wall is used between
structural columns as opposed to by-
passing columns on inside or outside.

Provisions must be made in panel di-
mensions for jointing & supports. Ap-
pearance, weather-tightness, & ease of
assembly are equally important to suc-
cess of this type of construction. Archi-
tects were questioned as to their opinions
of 3 types of panel jointing with prefer-
ences as shown in Fig 5.

o 4 x8 Many respondents further classified
° 4 x4 method of jointing by writing-in their

258 favorite method. In order of number
e sx of write-in entries, following types of
o 2'x4 jointing were noted:

' NUMBER OF NOTATIONS
12-0 HORIZONTAL VERTICAL
n-o

100 40-850
10-0
9'-0
© 20-30 30 -40
“e'-0
E7'-0
o 18- 20 20 -30
we'- 0
T
=
10-18 10 -20
a4-0
w
:3'-0
S-10 85-10
2.0
I-o NOT NOT
NOTED NOTED

FIGURE 3 — demand for standard dimensions for stock exterior metal building panels

1966
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FIGURE 4 — reasonable minimum number of stock panel sizes (circled figures)

total entries — jointing methods
see p 100

t&g
interlocking

8 overop

6 shiplop

5 mullions

4  gasket

3 undercut

3 recessed bottens
3 insash

3 occented tee

2  exterior window
2  concealed

2 skin frame

2 lops

1 keyed

1

v-joint

Comments indicate desirability of at least
3 types of jointing & possibly others for
specific purposes dependent upon:
esthetics (scale & effect)
weother-tightness

ease of assembly

geographic location

physical characteristics of metal  (more)

BULLETIN OF THE AMERICAN

INSTITUTE OF ARCHITECTS

inside finish

expansion, contractien & vapor barrier
maintenance costs (caulking vs gaskets)
replacement (ease of)

deflections

Specific panel texture & finish desired by
architects for particular application is
dependent upon application. However,
general preference for different kinds
of finishes is indicated in Fig 6.

In general, finish should be:

dictated by design application
not an imitation
indicative of properties of sheet metal.

Use of colored panels was considered de-
sirable by practically all architects re-
porting — even at extra cost.

Many architects noted that:

o present selection of celers is limited &
not cempletely satisfactory

e must keep in competitive price range

o greater uniformity between panels of
same coler must be achieved

o dork anodized, warm bronze & gold &
oﬂ\obrl anodized metallic finishes are de-
sirable

o must be permanent color

-9 -

FIGURE 5 — joint type preference

FIGURE 6 — panel finish preference

WOULD USE
COLORED PANELS?

UNIFORM
COLOR?

AT EXTRA
cost?

IN VARIEGATED
COLOR ?
YES

2 OR MORE COLORS
PER PANEL ? A%
(PER ARCHITECTS DES'Wy gy g

FIGURE 7 — use of color

JULY-AUGUST 1966
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GENERAL COMMENTS—METAL PANELS

Respondents were invited & urged to
comment freely & frankly about their
experience with metal wall panels. Num-
erous comments have been summarized &
classified under following topics:

FUTURE OF METAL PANELS:

optimistic:

o onthusiastic cbout greot & exponding
uses

o need for well designed, inexpensive panel
system for housing

o appecranca of some current buildings is
very admirable

o still in infancy but will develop into
widespread use

o cliont conservatism & conventionalism
are tomporary stumbling blocks

o cost will be reduced

o somi-prefabrication will become more
common

pessimistic:
o esthetic effect achieved in many present
ponel buildings is unsatisfactory

o prejudice against matorial by some archi-
tects

o job inaccuracies create difficult installo-
tion

o speed & short erection time economical
only in severe climates — then technical
difficulties erise

o inforior preducts will retard general ac-
ceptance of metal panels

e current installations must bo time-tested
before general acceptance

e special conditions of use limits stondard-
ization

USE OF PANELS:

have used — brand names:

Albro Campany

Americen Steel Band Compeny

Idﬁno' er Corporation — perceloin enameled
stee!

Davidson Company — fabricators
Erie Enameling Works

Fenestra (Detroit Steel) “’C’’ Panels — steol
& aluminum

Flaur City Omamental
General Bronze

Hope’s Windows, Inc — Windewall — metel
poneis by Seopercel Pacific

Knapp Brothers Compony System
Luptan
Mahon Campany

JULY-AUGUST

Martin Hoffman Company, Detroit — fabri-
cators

McMath Axilrod Company — porcelain
enamel

Milcor Products

Overly Monufacturing Company — fabrice-
tars

Porceloin Enomel Faced Armorply
H. H. Robortson Company
US Plywood Corporation

will use — now in design or con-
struction stage:

minimum of erection problems expected
using colorod & matt finish on one building
sondwich panel being templated

very satisfactory esthetically

6 panel-buildings under construction
considering for church project

willing to use — building types:

airports industrial
bonks loboratories
churches offices
commefcial buildings public buildings
hospitals schools

hotels service stations
housing shopping centers

have used — specific jobs:
Allegheny County Home & Hospital

American Locomotive Company Parts —
warshouse

Carnegie Institute of Technology —
dermitory

Charleston Navy Yord — electronic shop
building

Hillside High School, San Mateo, Calif.
hydro-electric & stoam power plonts
Manufacturing Plant, Hendersonville, NC

Memorial Hospital Association
hospital chein

12-story office building

DESIGN CONSIDERATIONS:

design principles:
moximum prefabrication

inside setting

inside glozing

absonce of expesed screw heads
moximum Fexibility

19566 BULLETIN
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combinod with windows:

o have used metal panels welded ta steel
sash sections & filled with fiborglass

o sheuld also be cembined with door
module

o have used metal & insulating materiel
sondwiches set in some frame as glass
in steel sash

o of great advantage to insert panels into
mullions in same way that glass is used

structure & assembly:
o pitfalls can be overcome by correct details

o all fittings, anchors, flashings, expan-
sion joints, caps, inside & outside cormers
& special devices should be famished by
panel manufacturers

o installation details should be simple
icm'g'h for inexperionced trodesmen fto
nsta

o strong support is needed ot as few points
as possible — possibly 12° oc minimum,
horizontally

o caulking should not be totally relied upon

o distortion can be minimizod by deformed
shopes — difficult to obtain absolutely
flat surfoaces.

o simple details at reaf & floors

o adequate erection folerances must be
provided

e moximum flexibility necessary

o factory-assembled as complete & large
as possible

° s':'e.k structural mullions should be avail-
a

e concealed exterior fastoners are desirable
if properly detailed

o wroom for adequnte thermal expension is
meondatory

o difficult to assemble with perfect vapor
seal & inconspicuous joints

o must be resistont to corrosion

o wiring & piping may be obstacles for
some opplications

o details sheuld permit uniform elignment
& uniform jointing

replacement:

o transit doamage & defects often not found
until rust spots appear after installation

o difficult to repair paonels — must bo re-
placed

o unexplainad doamage & vandalism require
that panels ot lower levels be replaceoble

o finish con bo resistant to domage even
when misused

OF THE AMERICAN INSTITUTE OF ARCHITECTS
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insulation:

o insulation should not be subject ta de-
torieration by moisture

o panels may be more satisfactory if insula-
tion is not used structurally

o fibered or foum glass insulation has
proven satisfactory

o popor honeycomb light-weight concrete
baocking has not been completaly satis-
factory

o insulation must be watarproof or water-
proofed

condensation & conductivity:
o metal-to-metel contact sheuld be avoided

o sweating & condensatien prevalent in
south

o rubbor glazing helps solve thru-conduc-
tivity problem

o breothing sondwiches appeor to be bet-
tor solution than secled sandwich

o disposition of condensate in air condi-
tioned buildings may be a problem

air leakage:

o discomfort & added heating & cooling
load ot 100°F to -50°F tamporatures if
not completaly air-tight

o need more loberatory testing of new ma-
torials before they are placed on market

o wind velocities need consideration for air
loakage

economics:

o presently high initial cost for good qual-
ity panels

o penels are competitive in price in places
where mosonry must be supperted (ie
above strip windows)

o buiit-in equipment offers oppertunity to
use inexpensive finish on inside panel

o preduction & delivery detes need more
coordination with project schedule

o light-weight makes for ease of handling

o insurance raoting may be adversely of-
fected

o replacement may be necessary if panels
are in exposed location

o large & repetitive installations are most
economical

o ‘'sandwich’’ panels may hold best future
for solving cost problem

o chemical reactions moy require mainte-
nance

e acoustical panels con be integral & pro-
vide high degree of sound absorption

BULLETIN OF THE AMERICAN
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TRENDS & COMMENT — the architect says o o o

about building codes:

Suggested amendment to a section of
city ordinances (of the City of Buffalo)
would read as follows:

“Load bearing walls including exterior
walls, penthouse walls, court & shaft
walls of bay windows shall be of non-
combustible construction & shall have 4-
hr fire-resistive rating. Non-load-bear-
ing panel walls shall be of non-combus-
tible construction & shall be constructed
& attached to structural frame so they
will maintain their place in structure
under interior fire exposure equivalent to
severity of fire hazard represented by con-
tents & occupancy of building. Such non-
load-bearing exterior panel walls shall
have not less than 1-hr fire-resistive rat-
ing, except that in exposed locations
where protection of window openings is
a requirement of this code (Sec 64) such
panel walls shall have 2-hr fire-resistive
rating against outside fire exposure.”

o e o about industrial uses:

“We started using prefabricated alumi-
num & steel wall panels in 1949 on our
Watauga project, a small hydro plant in
upper east Tennessee. This type of con-
struction was fairly new then & although
it was necessary to work with manufac-
turer in developing special details & ex-
trusions, results were gratifying from
standpoint of low cost, ease, & speed of
erection, & appearance. Panels consisted
of 16-ga fluted sheets of striated alumi-
num backed with 18-ga zinc-coated flat
steel sheets, & 114" space between filled
with fiberglass insulation.

“These panels fabricated & assembled at
factory were shipped in varying lengths
up to 16’ & were welded directly to ad-
justable steel girts attached to structural
steel framing. Inside wall surfaces were
made of single fluted sheets of striated
aluminum & were set inward far enough
to cover structural steel in walls,

“A short time later, we built our South
Holston hydro plant using saine general
type of construction but with significant

changes — we used steel back-up sheets
as our interior wall finish & we intro-
duced flat nondeformed aluminum sheets
on a subordinate wing. Use of regular
steel back-up sheets for interior wall
finish required careful design of exposed
structural steel but proved very satis-
factory. Exterior flat sheets proved un-
fortunate as difference in ligh: reflection
from imperfections in these panels turned
out to be very unpleasant.

“In spite of this experience, we used flat,
nondeformed aluminum exterior sheets in
connection with factory-assembled, insu-
lated wall panels on main shop section
of our Power Service Building in 1950.

For some unexplained reason, these 16”
wide striated aluminum facing panels de-
veloped large indentations shortly after
erection which gave impression that wall
surface had been severely damaged. After
considerable study & experimentation,
manufacturer discovered that by striking
surface of panels with a rubber hammer,
this “oil-canning” disappeared entirely.

Panels were otherwise satisfactory ex-
cept for deficiency in overlap of male &
female connecting lips & inadequacy of
caulking in joints.

“In 1949, we adopted insulated metal
wall panel construction for boiler room
section of first of our 7 new steam plants
& are now using this construction on re-
maining 6. 5 will have fluted exterior
panels of striated aluminum with flat
steel interior sheets & 114” to 2” fiber-
glass insulation. Two will have fluted
exterior panels of maroon asphalt- & as-
bestos-protected steel. Office wing on 5
of these plants will have porcelain
enameled steel panels set in aluminum
frames. One plant is built with factory-
assembled panels but on other 6 panels
are assembled during erection.”

o e o about sandwich panels:

“Panel systems & units we have used
may be roughly divided into two gen-
eral categories:

concealed supporting frome

exposed supporting frome

JULY-AUGUST 1966
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METAL PANEL SURVEY (concluded)

concealod supporting frame:

“This category would include such units
as manufactured by H H Robertson
Company (Q-Panel), Mahon, & Detroit
Steel Products (Fenestra).

“Panels of these manufacturers are ap-
plied to outside of structural steel fram-
ing system. General characteristic of
panels is such that it is most adaptable
to, & appropriate for, industrial applica-
tion.

“Bright metallic appearance, in our
opinion, limits its use to a large degree.
It is difficult to combine with fenestra-
tion. Structural framing system when
exposed on interior presents problems
which do not permit wide-spread archi-
tectural use — more industrial in charac-
ter. To clean up structural frame im-
poses high cost for refining connections &
welding. Panel we have used most is
one which is manufactured by H H
Robertson & Company & presents a bold
corrugated exterior surface. We have
found that by using striated aluminum
sheet, halations attendant to slight buck-
ling in surface metal are reduced to mini-
mum. Scale of corrugation being very
large, again limits its application to in-
dustrial or very large scale structures.
Corrugation, however, is essential to
rigidizing panel — flat panel is most dif-
ficult to handle. Economics are reason-
able, especially where there is a2 premium
on speedy erection & completion time for
project.

exposed supporting frame:

“This category would include porcelain
enameled panels as devised by US Ply-
wood & used at GM Technical Center &
Ing-Rich panels devised by this office &
used at RCA — Cherry Hill project.
These panels are designed primarily for
architectural use & have application in
all building types. Principal advantage
is possibility of use of wide range of
color. This office has used panels of 2
types in this category.

o insulated sandwich panel, extarior, in-

terior finish

o non-insulated, exterior weathering sur-
face & finish only

“In all instances we have set panels in
exposed stainless steel grid which is ap-
plied to structure of building. Panel
used in RCA project has proven most
satisfactory & was developed according to
our specifications with following require-
ments:

JULY-AUGUST

o insulating "’U’’ factor of 0.14 to 0.19

o panel must be constructed entirely of in-
ert motorials which will not be adversely
aoffected by moisture & heat

e ponels must be “vented”’ & “'w ’ ta
permit condensed maisture ta be dissi-
peted & ta pormit exponsion & contrac-
tion due to tempercture change

o assembly of panel accomplished by me-
chanical means rather than rellonce on
adhesive

to our knowledge & exparience there has
been no system developed that will ac-
complish an odhesive bond between
percelain & an insulating core material
without eventual delaminotion due to
offects of moisture & stresses of tempera-
ture change & subsequent shearing of in-
sulation material

relionce upon this methed of assembly
for purposes eof rigidizing porcelain en-
ameled penel is worthless

o for architectural reasons, panel must pre-
sent o flat appaarance, flat both in finish
& in dimensional surface

any buckling of glazed material is most
objectionable architecturally

to overcome this, RCA panels are rigi-
dized by small scale deforming (corru-
gating) surface prior to porcelainizing

o as an insulating core we have found foam
glass to bo most satisfactory

“Supporting grid frame has proven a
most difficult aspect of panel-wall con-
struction. We have used maintenance-
free stainless steel on several projects but
cost is extremely high. We look to
possibility of some type of extruded alu-
minum frame which might possibly be
porcelainized (possibly by low tempera-
ture frit process) for added protection
against pitting & oxidization. Mild steel
framing presents a never-ending mainte-
nance problem since it requires regular
painting. Although we have been able
to devise a panel which is reasonable in
cost we have not been able to lick high
cost of frame. When this latter is ac-
complished, we feel sure that panel-wall
construction can be universally used.

“A word about other panels used prior
to developing RCA panel. We have used
paper core, porcelain-enameled sandwich
panels — plywood  backed porcelain-
enameled facing panels — aluminum-
honey-comb-backed facing panels. We
found that paper-core panel was com-
pletely unsatisfactory. Water entered
panel & decomposed paper core, adhesive
bond between paper & porcelain failed,
trapped air in core expanded from solar
heat & blew out caulking at joints & en-
tire panel delaminated. We have had

1966
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no failures to date on other 2 panel types
although our experience with paper-core
laminated panel leads us to be concerned
for durability of these types. Fortunately,
in these latter types we are not relying
on panel as a total wall but only as an
exterior weather surface.”

CONCLUSIONS

Active response by correspondents in this
survey indicates widespread interest in
metal wall construction.  Presently,
building types most frequently employing
panel construction are industrial plants,
recreation facilities, commercial & edu-
cational buildings, although most archi-
tects questioned indicated desire to use
metal panels on practically any building
type.

For most architectural needs, these panels
could be standardized into a minimum
number of stock units with variations of
jointing to allow for flexibility of ex-
terior appearance. Actual dimensions
of panels must accommodate joint detail
& structural mullions or columns de-
pendent upon method of installation.
Windows & possibly doors should fit into
completed network as a module — facili-
tating ease of installation & helping to
make entire unit competitive in price.
Standardization of sizes & number of
jointing details could also reduce cost
of these units while helping to maintain
high quality thru manufacturing tech-
niques, testing & records of durability,

Condensation & infiltration are both
factors of considerable concern affecting
all climatic regions & should be fully
solved before a new panel is placed on
market. Most architects believe methods
of jointing & details of construction can
be satisfactorily solved & thorough testing
by manufacturers will help assure high
quality, long lasting, & maintenance-free
walls of uniform, varigated, or multi-
colored panels.

Opinions as to color & finish are varied
but indicate that specific application
would dictate these considerations. In
general, deformation & finish should be
appropriate to basic properties of sheet
metal.

Current problems of labor jurisdiction,
color uniformity, corrosion, transit dam-
age, etc, are considered obstacles that
time, technology, & the economy will ulti-
mately eliminate.

INSTITUTE OF ARCHITECTS



BRAB SURVEY

Presented at the conference by
William H. Scheick,
Executive Director of the
Building Research Institute and the
Building Research Advisory Board

The BRAB Survey of Metal Curtain Walls is a companion to the AIA
Survey of Architects, presented by Walter Taylor. The sponsors were the

same:

Aluminum Company of America

Ferro Corporation

Owens -Corning Fiberglas Corporation
Reynolds Metals Company

United States Steel Corporation

The purpose was also the same, to reveal facts for product research and
development. However, the BRAB questionnaires were addressed to the
owners of buildings with metal curtain walls and to the contractors who had
erected them. The manufacturers of metal panels gave us the names of
contractors and owners of 639 buildings widely distributed throughout the
United States.

In order to be clear on what we were asking questions about, we gave
them our definition of metal curtain walls, as follows:

""Metal curtain walls are exterior walls of non-load-bearing metal panels
attached to a structural frame. These panels span between floors, girts,
or studs and are designed to carry wind loads but not vertical loads."

""The definition includes:

a.

b.

Panels consisting only of a metal skin.

Composite or sandwich panels consisting of a metal skin, plus an
insulating material and an interior facing or liner.

Panels with windows as integral components and those without
integral windows.

Continuous metal spandrels where masonry back-up, if any, has
been applied for reasons (e.g., code requirements, insulation,
interior finish) other than its contribution to the strength required
for the curtain wall.

"It does not include:

a.

b.

Metal panels used as a decorative facing material for masonry-
bearing walls.

Individual or unit metal spandrels applied to masonry walls."
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As a result of our broad definition, the inquiry was broadened in scope,
and we have data from owners and contractors of many types of buildings.

We received useable information on 220 of the 639 buildings. We found
that some of the remaining 419 buildings were still in the planning stage,
some were under construction, and some were so recently built that the
owners did not care to comment on them. So, the 220 buildings included in
the survey have been in use for some time. Over 80 owners told us that their
buildings were either in a planning or construction stage. We wound up with
157 owners' questionnaires and 78 contractors' questionnaires, representing
responses from 44% of the owners and 34% of the contractors. This is an
exceptionally good response for a mail survey. The survey ran from October
1954 through February 1955. Owners and contractors were asked to check
questions. The tables here reproduce the questions as they appeared on the
questionnaire. The figures in the tables represent number of replies received.
Each reply, except in rare cases, refers to one building.

We believe there are definite limitations to this survey. In the case of
the contractors, we were talking with technical people, but with the owners
we were not. The survey, I believe, at best was introductory and exploratory.
There were quite a number of things that perhaps could have been more spe-
cific, and when we started to analyze our figures we realized that they had to
be examined closely and studied pretty hard to determine precisely what they
mean. For example, if you ask about air infiltration or leakage of water and
you get 90% replies saying that things are O.K. then how bad is the 10%
involved? Therefore, this is not the place where simple majority figures
can be interpreted rather glibly. In our building industry, as you know, a
failure can be spectacular. I believe we all know of a famous building that a
lot of criticism because it leaks easily. If it leaks, it can be serious. If 99
out of 100 replied no leakage, that one exception - for all we know - might
have been pretty bad.

We also found that we couldn't really tie our figures to types of buildings,
and in some cases we didn't have to tie them to types of panels. Anyone pur-
suing this study further might find that one particular batch of panels came
through with flying colors and that the failures or troubles that were recorded
might have been due to somebody else's product. Our own reports didn't
separate such things, but, generally speaking, we believe that this information
will give designers, inventors, and producers much to think about and is a .
good supplement to the AIA ''Study of Architects,' presented by Walter Taylor. |
Included here are comments on some of the tables.

Types of Buildings. As you can see from Table 1, the survey covered a
wide variety of buildings. ''Service stations and repair shops'' may not be
accurately represented in this table because one questionnaire may have
covered hundreds of identical buildings. We believe that in many cases
reported under this heading it was not the number of buildings but a whole
series, or chain, of buildings. The figures for other types of buildings mean
number of buildings.

Years of Experience. The experience that is represented in the reports,
as shown in Table 2, suggests that we are really talking about something
pretty new. Sixty-eight percent of the owners who reported have had less
than 4 years' experience. That is not very long for a building. Of course,
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some of the things that they talked about could be expected to show up quickly.
One thing that it definitely proves is how new the product is.

Much of our data on the reported performance of the metal curtain walls
must be judged in the light of the limited experience of many owners with these
buildings. In this tabulation you will note that 51 (or 38%) of the 132 owners
replying to the questions had occupied the building less than 2 years. The date
of enclosing buildings, as reported by the contractors, also confirms the recent
growth of metal curtain wall construction.

Infiltration. In Table 3 the replies on infiltration relate to all the various
types and sizes of buildings and classes of metal curtain walls covered by the
survey. The figures lack special significance if you are interested in only
one material or one panel type or one type of building.

Also, in evaluating these figures, ask yourself what degree of perfection
is required. Should we be content with a fairly high percentage of perfection
or is even one case of infiltration by air, water, snow, or dust unacceptable?
I feel that the infiltration of air and water is rather high; that this is an indi-
cation that here is something designers need to give more attention to, par-
ticularly with respect to horizontal joints and the inclusion of windows in the
panels.

Appearance. On the appearance, as you can see by Table 5, the feeling
is generally quite favorable, and this seems to concur with what Walter Taylor
found among the architects. I would say that if there is anything they seem to
pick on as the weakest point, it is the joint design. I don't know whether they
are thinking about the appearance or something else. Perhaps some of them
are thinking of performance.

Performance. On the owners' report of performance (Table 6), I think
there are just enough adverse reports, although the figures given seem to be
preponderantly favorable. Also, thereare just enough adverse reports here to
make designers sit up and take notice, and perhaps say, "If this is a new thing
we are trying to promote, here are some of the bugs we had better design out."

Assembly Methods. On the matter of assembly methods (Table 8), when
we understand what the contractors believe, we find that the difficulty seems
most frequently to be with working tolerances, with preparation of framing,
and with calking and water -proofing. Some of these things apply to the handling
of other building products as well, so they are not new.

Contractor's Opinions of Metal Curtain Wall Features. As might be
expected, the height, width, thickness and weight of the panels vary consider -
ably (Table 9). Yet this apparently makes no difference to contractors. One
very interesting thing--and I think it is typical of our building contractors
today—they have very little to say about it being too heavy, too light, too large,
or too small. I believe the attitude of the American contractor is pretty much,
"You design it and we will build it; we are not too fussy about things like
weight and size."

Contractors' Opinions of Erecting Metal Curtain Walls. The contractors
had a chance to report on the manufacturers' service. The first part of Table
10 shows how they reported. In a time when it was hard to get a lot of things
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in the building industry the service suffered as a consequence. Idon't know
whether we can attach importance to these figures. It does show that when
the figures in the ''not satisfactory' column are large, presumably something
should be done to improve those services.

Of course, it could be very touchy in our industry to make comparisons
between one type of construction and another, as the information in the second
part of Table 10 does. I must say that I doubt very much the value of these
figures, because in studying what we asked for, I come to the conclusion that
there was an insufficient breakdown and inclusion of pertinent information. It
does show some opinions, however, that people on both sides of the industry,
in competitive products, might compare and interpret as they see fit.

General Conclusions. In Table 12 we have the general conclusions of
both the building owners and the contractors based on their actual experience
with metal curtain walls. The general conclusions were simply a question of
""'would use' or '"'would not use again." The replies were generally favorable,
perhaps more so on the part of the owners than the contractors.

Other Information. Other interesting information provided by the ques-
tionnaire, covering such subjects as condensation, maintenance, contractors'
problems, and design details, are presented in Tables 4, 11, 13 and 14.
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TABLE 1
METAL CURTAIN WALL STUDY

Type of Building

Power Generating Plants for Public Service and
Industrial Companies, including Water and Sewage
Treatment Facilities .

Manufacturing Buildings

Office Buildings for Professional and Business
Firms, Banks and Insurance Companies, Including
Industrial Administration Buildings

Research Laboratories

Schools & University Buildings

Storaﬁ(e Buxldmg_ such as Warehouses and
ing garages

Residential Buildings such as Dormitories
Barracks and Apartment Houses

Service Stations and Repair Shops

Commercial Buildings such as Stores, Restaurants,
Hotels and Shopping Centers

Airport Buildings such as Passenger Terminals,
Hangars and Maintenance Buildings

Public Buildings such as Armories, Bus Depots, and
Recreations.{ Centers

]

Medical Buildings such as Hospitals and Clinics

Total:
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Number of
Buildings for which
Usable Replies
were Received

48
47

37
16
15

13

220



TABLE 2

OWNERS' YEARS OF EXPERIENCE WITH THEIR
METAL CURTAIN WALL BUILDINGS

Occupancy Buildings Percentage
Less than 6 months 13 10
6 months to 1 year's 18 13
1 to 2 year's 20 15
2 to 3 year's ' 17 13
3 to 4 year's 22 17
4 to 5 year's 14 11
5to 6 year's 11 8
6 to 7 year's | 7 5
7 to 8 year's 6 5
Over 8 years' 4 3

132 100

DATE OF ENCLOSING BUILDINGS
WITH METAL CURTAIN WALLS
AS REPORTED BY CONTRACTORS

Year Buildings Percentage
1955 1 1
1954 29 40
1953 12 16
1952 11 15
1951 9 12
1950 6 9
1949 2 3
1948 2 3
1946 1 1
73 100
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TABLE 3

OWNERS' REPORT ON PERFORMANCE OF
METAL CURTAIN WALL BUILDINGS

INFILTRATION BY AIR, WATER, SNOW, OR DUST

Air Water Snow Dust
No infiltration 100 110 110 107
Noticeable infiltration
at vertical joints 15 9 4 11
Noticeable infiltration
at horizontal joints 18 9 5 11
Noticeable infiltration
at joints around windows 29 16 4 14
162 144 123 143
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TABLE 4

OWNERS' REPORT ON PERFORMANCE OF
METAL CURTAIN WALL BUILDINGS

WINTER COMFORT CONDITIONS

No complaints about drafts
near walls

Drafts have been noticeable
near walls

'VAPOR CONDENSATION ON
'INTERIOR WALL SURFACES

None ever observed 134
Some condensation when
outside temperatures
are below (average
about 0° F.) degrees 11
145

111

18

129

Surface of wall comfortable

to the touch 52
Surface of wall cold to the
touch 34
86
VAPOR CONDENSATION
ON WINDOWS
No noticeable condensation 94
Some condensation when
outside temperatures
are below (average
about 9° F.) 35
129

VAPOR CONDENSATION ON THE INSIDE OF WALL PANELS

No evidence of any such condensation
No means of observing conditions inside panels

Some evidence that condensation has taken place

- 20 -
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OWNERS' OPINIONS OF METAL CURTAIN WALL BUILDINGS

TABLE 5

OWNERS' OPINION OF THE APPEARANCE OF

THE METAL CURTAIN WALLS

Our tenants 36

-21 -

Could be
Respecting Good Satisfactory Improved Total
Material 114 27 7 148
Surface pattern or 100 34 6 140
Joint design 93 29 25 147
.Color 89 44 4 137
Finish 87 41 9 137
THE OPINIONS OF OTHERS ON THE
GENERAL APPEARANCE OF THE WALLS
Strong Mild Strong
Expressed by Approval Approval Disapproval Disapproval Total
The public 68 42 0 113
Our employees 78 41 3 126
21 0 58



TABLE 6

OWNERS' REPORT ON PERFORMANCE OF
METAL CURTAIN WALL BUILDINGS

EFFECT OF WEATHER ON
EXTERIOR APPEARANCE

No noticeable effect 113
Some corrosion or rust spots 22

Some pitted or etched panel
surfaces 6

141 .

DISTORTION OF
PANEL SURFACES

None apparent 128
Some waviness 19
Some buckling or oil can effect 5

152

EFFECT OF AIRBORNE DUST ON
INTERIOR WALL SURFACES

No dust patterns observed 125

Interior walls show a pattern
formed by uneven deposit
of dust from interior of
building on the curtain walls
(framing inside wall shows
up in dust pattern on wall). 16

141
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EXTERIOR FINISH OF PANELS

Dull (non-reflective) 70
Shiny (reflective) : 48
Matt 32

150

EFFECT OF AIRBORNE DIRT OR
SOOT ON EXTERIOR WALLS

Rain keeps the panels clean 113

Horizontal surfaces
accumulate grime 19

Dirt forms noticeable streaks
down panels 14

Panels permanently darkened 11

157

RETENTION OF
COLOR VALUES IN PANELS

Original color values retained 87

Some fading noticeable 37

124




TABLE 7

OWNERS' MAINTENANCE RECORD OF
METAL CURTAIN WALL BUILDINGS

PANEL JOINTS RE-CAULKED

WALLS CLEANED

Never 113 Never 107
Every six months 2 Every six months . 4
Every year 3 Every year 6
Every two years 5 Every two years 10
123 127
REPLACEMENT OF PANELS
No panels have needed replacement 133
Some defective panels replaced 8
141
ACCIDENTAL DAMAGE RE-USE OF PANELS
None since completion No change in panels since
of building 106 completion of building 112
Some, but easily repaired 35 Panels have have been dis -,
assembled and re-used
Some, difficult or when changes were made
impossible to repair 14 in the building 38
155 150
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TABLE 8

CONTRACTORS' OPINIONS OF THE ASSEMBLY METHODS

Operation

Preliminary handling and storing
of panels on site

Preparation of framing to receive
panels

Site preparation of panels (e.g.,
drilling bolt holes)

Bolting (47), riveting (4), or
welding (27) panels to framing

Joining panels vertically
Joining panels horizontally
Aligning panels

Adjustability of attachment
devices

Working to tolerances and
provisions for expansion and
contraction

Caulking, waterproofing,
flashing panels

Installation of windows
Insulating the wall
Installing back-up material

Finishing interior surfaces

Good Satisfactory Difficult Total
45 25 4 74
41 26 7 74
40 18 4 62
39 21 2 62
43 27 3 73
34 22 3 59
37 32 6 75
28 36 5 69
27 35 10 72
28 36 8 72
26 25 2 53
37 19 2 58
28 13 2 43
36 17 2 55
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TABLE 9

CONTRACTORS' OPINIONS OF METAL CURTAIN WALL FEATURES

THE WEIGHT AND SIZE OF THE PANELS

WEIGHT OF PANELS SIZE OF PANELS
Too Too ' Too Too
Respecting Heavy Light Satisfactory Large Small Satisfactory
Handling panels
on the ground 0 0 71 3 0 64
Assembly of panels : ) .
on the building 0 0 68 0 0 60
On-site storage 0 0 66 0 0 59

OUR PREFERENCES IN PANEL CONSTRUCTION

(Considering over-all erection time, handling panels,
and the possibility of damage during erection and in transit.)

Panels without Factory-insulated Separate interior
windows 38 panels 42 finish
Panels with Insulation applied Panels with
integral windows 13 separately 55 interior finish
51

THE VARIETY OF PANELS NEEDED

The number of different types of panels needed for the job (e.g.,
corner panels, window panels, straight wall panelq, etc.) were:

Reasonable under the conditions of the job 66
Too much variety for ease of erection 2
Too much variety for easy identification of parts 1
Too much variety for storage and handling 0

69
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TABLE 10
CONTRACTORS' OPINIONS OF ERECTING METAL CURTAIN WALLS

THE PANEL MANUFACTURER'S SERVICE

Not
Respecting Good Satisfactory Satisfactory Total

Timing of deliveries 38 23 21 82
Identification of panels

by number 41 25 3 69
Completeness of shipments

(no missing parts) 32 26 13 71
Protection of panels for

shipping and handling

(particularly the edges

and joints) 31 26 11 68
Availability of spare parts 23 27 15 65

COMPARISON OF ERECTION TIME OF WALLS WITH
COMPARABLE MASONRY WALL CONSTRUCTION

Time shorter by (average 50%) 39
Time about equal 11
Time longer by (average 31%) 4

54

OUR COMPARISON OF METAL CURTAIN WALLS
WITH ALTERNATE WALL CONSTRUCTIONS

Alternate Wall

Metal Curtain Constructions No

Respecting Walls Better Better Answer Total
Construction time only 51 7 14 72
Construction costs only 36 15 21 72
Construction costs and other
factors such as the possibili-
ties of better appearance,
better performance, easier
maintenance, earlier com-
pletion and occupancy, and
increased floor space 52 6 14 72
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TABLE 11
CONTRACTORS' INFORMATION ABOUT METAL CURTAIN WALL JOBS

ALTERNATIVE BIDS FOR

PANELS APPLIED FROM DIFFERENT WALL CONSTRUCTIONS
Outside building 55 Not required 65
Inside building 15 Required 3
Both inside and outside 8 : 68

78
BUILDING TRADES ERECTION EQUIPMENT USED
Trade which erected the Hand tools only 45
metal curtain walls:
Ironworkers 32 Swinging scaffolds 32
Sheet metal workers 21 Block and tackle 31
Both sheet metal and .
ironworkers 8 Welding equipment 31
Carpenters 5 Crane 9
Others —3  Other 20
71 _—
168
No jurisdictional questions raised 49
A jurisdictional question was raised 10
59
BUILDING PERMITS NUMBER OF STORIES

Special problems, if any, in 1 story 25

obtaining permits because

of the metal curtain walls: 2 stories 10
No problem 47 3 to 6 stories 13
No answer 25 7 to 20 stories 12
A problem 6 Over 20 stories 4

78 64
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TABLE 12

GENERAL CONCLUSIONS
OF OWNERS AND CONTRACTORS

QUESTION TO OWNERS:

We would use___ not use___ metal curtain
wall again for this type of building.

OWNERS' REPLIES

Would use 143
Would not use 4
No answer 10

157

QUESTION TO CONTRACTORS:

We would__would not__recommend using
metal curtain walls again for this type of
building.

CONTRACTORS' REPLIES

Would recommend 61
Would not récommend 10
No answer 7

78
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TABLE 13

COMBINED REPLIES OF OWNERS AND CONTRACTORS
ON DETAILS OF METAL CURTAIN WALL BUILDINGS

PANEL MATERIAL

Aluminum Sheet
Galvanized Steel
Porcelain Enameled Steel
Aluminum Extrusions
Stainless Steel

Aluminum outside -
steel inside

Painted Steel
Aluminum Castings

Other

PANEL COATING

None
Paint (applied at site)
Porcelain Enamel

Baked-on Enamel

)

83
63
32
25
19

15
12

26
280

99
79
27
13
218
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SURFACE PATTERN

Large corrugationé 96
Flat 85
Embossed, pebbly 19
Crimped 18
Small corrugations 16
Embossed, checkered 2

236

STYLE OF PANEL JOINT

Male and Female Flanges 136

Flush 36
Batten type 24
Recessed 23

219



TABLE 14

MORE DETAILS ON METAL CURTAIN WALL BUILDINGS SURVEYED

BACK-UP WALL

None 169
Cinder block 11
Brick 7
Lightweight concrete 5
Other 37
229
INTERIOR FINISH
OF CURTAIN WALL
Metal 116
Plaster 19
Insulating boards 13
Asbestos-cement boards 12
180
WINDOWS IN PANELS
Windows are separate
from panels 180
Panels have windows as
integral components 12
192
'TYPE OF WINDOWS
Pivoted 112
Sealed 43
Casement 32
Vertical sliding 9
Horizontal sliding 2
198

-30 -

THERMAL INSULATION

Part of composite panel 147
Separately installed 54
201
*k %k %k %k
Thickness of insulation:
83% - 1-1/2
inches or more
Over -all U-factor of panels:
range 0.13 to 0.25
TYPE OF INSULATION
Glass fiber 152
Rock wool 18
Lightweight concrete 8
Other 28
206

VENTING OF THE WALL

Walls not vented 79
Vented to exterior 66
Totally sealed panels 50
Vented to interior 16

211

SEALING OR
CAULKING MATERIAL

Caulking compound 172
None 29
Plastic extrusions 19

220



1°1 @an8rg

- 31 -

STreM urelan) JO UOT}O0Id pue
uonedraqe; .wmo~ jeoq ..—wm..—m TeaInionags
suorjepunoy ‘sapniouy °33 *bs 1ad 150D FION
6€°¢ pay " aT1L poads " pay w  OIIL paadg "
£h°¢ " “ IFeadLeld u " " yeadderd "
mw .m .“_uH—m 1} " 1Y) " " 1Y) '} " "
L9°¢ jodg *3el pazeldun a1, paads " u Pazerduq ar1], paadg “
98°¢ azern Jead Iyexoherd " jmg paze(duf jyexdherd "
£8°F Jorxg 3 yorxg 8 .
qi.nv.m ﬁ®§~MGD olLL ﬁmwnm " " " " " w o
0S°G azerd J1es aLL " pay paozeidun oY1l paads "
16°¢ pay pazersuf 91LL paads " yorag "
Y (D) azern xea1d arLL " " “ " “ "
*m om [1) [} [1) 1) ') vwm 113 113 (1} 11}
8G°G azero Jes " “ “ jmg paze(sun a1l poadg "
29°¢ jodg *3el pozedun aI1L paadg “ yorag "
ﬂw -m AOV @N.N.HMV .H.WO.—O 11} 1) 1Y} 1) 1) " "
Nw om GONN.—U uﬁdm @.:.H. (1} " 113 1Y) 113 [Y)
£€9°G g pazeisuf a1LL paads “ img " o ou .
L9°¢ azeln Iesd aILL " poy pazerdufn a1l paads "
eL°S img pozedun a11L paads " yoradg “
pL°C J010D Auy 9ZerH dTWeIdD “ " pay “ o “
Om om QN.“.HMV oﬁd@.—o 1) 11} 11} 1) (13 1Y) 'y
L8°¢ Jo10D Auy Jrmrers) " " jmg paze[dun a1l paads "
2¢°9 pazeidun aLL " " "
6€°9 , azZerd Jes aMtL paads 3UON " “
09°9 (D) azero xeard " woou " "
20°L azerd Jres " W w " “
Ly°L azern IedD " w o ow " "
69°L$| J010D Auy 9ZeB[D dTWRId) alIL *yg °10H yorag 2l
*3I °bg JOjI9jul dnyjoeg JOTIXH *Suy L
3s0)D em
AdnLs LsOD

STIVM NIVLUND XUNOSVIN

2961 ‘1€ Iaquiadaq ALVA



2°1 @an8rg

stoued Jo uor}odaId pue uolIedTIqe]
‘gs01 j8aY ‘[99}8 [BINONI]S
‘suoryepuno} ‘sepniout °33 °bs xad 380D FLON

- 32 -

68 °¢ " " 81 " 19938 ssaruress 02
6L 2% | 1991S paziueared | - Q1 sserdraqrd ,,2/1-1 wnurwny 9l
Te1I93BIN agnen TerIa)eN mw:mc‘.
3 ﬁm 3s0D [oued JorIajul uorjernsuy 19ued JOTIdIXH
Xdnrls Lsod

TIVMA NIVIYND TVLIN

2661 ‘1€ Jaquadag :ALVA



€1 @an3ry

- 33 -



Figure 1.4
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Figure 1.5
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Figure 1.8
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DETROIT EDISON SURVEY

Presented at the conference by
John O. Blair,
Division Architect of the
Detroit Edison Company

Mr. TUTTLE (Chairman): Our next speaker, Mr. John O.’
Blair, is Division Architect for the Detroit Edison Company.
He is a graduate of the School of Architecture of the Univer -
sity of California, and has had many years of experience in
different fields of architecture. As a member of the Amer-
ican Institute of Architects, he has served as Director and
Treasurer of its Detroit Chapter for several years.

Mr. BLAIR: At the end of World War II The Detroit Edison Company, like
many other electrical utilities, was faced with the big task of increasing its
- power plant capacities to accommodate the increased demand for electricity
in the anticipated post-war expansion programs. To speed this program it
was decided to enlarge two existing plants where water facilities were ade-
quate and land was available to accommodate the storage of coal, which was
used in this area as a source of heat to produce steam.

Existing buildings were of masonry construction and for aesthetic rea-
sons it was decided to match the two power plant extensions with the masonry
of the existing buildings. New coal handling systems were designed for the
existing plants, and it was on these structures that we in Edison first used
metal curtain walls to house mechanical equipment. Panels were factory
fabricated in widths of 24'' and of lengths to meet the building design. Insu-
lation was 1-1/2" fiberglass, and protected metal and electro-galvanized
steel were used in various structures. Panels in all structures were welded
or bolted to steel girts and the joints caulked and die-clinched to produce
weather -tight joints. These small structures so treated proved to us that the
curtain walls were good, low cost building materials that could be installed
quickly in all kinds of weather to afford protection for mcchanical and elec-
trical tradesmen installing equipment through the cold winter months.

Based on the experience gained on these small structures using insulated
panels, we decided to thoroughly explore the cost of aluminum and stainless
steel for use on our new River Rouge power plant project, now that there are
. no government restrictions on the use of these metals in building structures.
The Architect and the Corrosion Committee of the company made a study of
various types of metal panels offered by fabricators for industrial and com-
mercial use, using aluminum and stainless steel. The Corrosion Committee
investigated the metals for their ability to withstand the moderately corrosive
industrial atmosphere at the River Rouge power plant site. The Architect
studied fabrication and erection details, metal gauges, textures, finishes,
joints, flashing details, and costs.

To assure our management that considerable savings could be realized
by using metal curtain walls, 30 types of 8" and 12'" masonry curtain wall
sections were developed, using various types of brick, glazed and unglazed
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tile, and salt glazed and ceramic glazed tile in various sizes and bonding
combinations. Two types of field or shop fabricated metal panel units were
investigated, each having 18 gauge electro-galvanized steel for the inside
face, 1-1/2" of fiber glass insulation and aluminum for the outside face finish
for one type and stainless steel for the other.

Because the weight of the materials and their coefficients of heat trans -
mission are important in analyzing total costs, unit costs were determined on
the basis of the cost of the structural framework and foundations being
chargeable to the walls because of variable weights. Unit costs were also
determined for heating due to different coefficients of heat transmission on
the many wall sections considered. The total unit costs per sq. ft. of wall
surface based on these analyses for masonry curtain walls varied from $3.39
to $7.69, depending on wall thickness and the weight and quality of masonry
unit used (Figure 1.1). The total unit cost for metal panel construction using
electro-galvanized steel for the inside face, 1-1/2'" fiberglass insulation, and
fluted aluminum for the outside face was estimated at $2.75 per sq. ft. of wall
surface (Figure 1.2). Using stainless steel in the same section, in place of
aluminum, our estimate was $3.85.

Both aluminum and stainless steel were approved by the Corrosion Com-
mittee as acceptable as an outside finish in this area. The committee recom-
mended 3S Alclad aluminum alloy in order to obtain the maximum protection
against possible corrosion rather than the 3S alloy normally supplied by
fabricators. Because of proper detailing and fabrication and use of good erec-
tion methods we anticipate the panel walls will have a long life free from main-
tenance.

Based upon these studies and estimates, drawings were prepared, speci-
fications were written, and requests for bids submitted to several fabricators
of this type of panel construction. The bids were thoroughly analyzed, and
after consideration of all factors, aluminum was selected as an outside finish.
This selection was consistent with the Corrosion Committee's recommendation,
was the least costly, and offered good prospects for the need of a minimum of
maintenance.

Figure 1.3 shows a perspective of the proposed River Rouge power project,
on which our studies were based. One of the wall sections that were developed
before working drawings were made is shown in Figure 1.4. A wall section
through the office building is shown in Figure 1.5. You will note that masonry
is used as a base course and glazed pile as a back-up to the metal panel wall
on the second floor. Figure 1.6 shows a section of a part of a panel in the
power plant. This shows some of the sections that were developed and how
we propose to handle the various flashing and plaster wall details. The power
plant actually under construction is shown in Figure 1.7. The office building,
with the aluminum panels completed, is shown in the foreground. In the lighter
section at the top of the power plant the aluminum is completed. They are now
in process of erecting the aluminum in that section of the plant where the
scaffolding is in place. Figure 1.8 shows how simple and easy it is for work-
men to handle the type of panel used on this job. This panel is 12 inches in
width.

It is estimated that a saving of over $600,000 on the first two units of this
power plant project will be realized, based on the cost of a 12" masonry curtain
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wall construction used on a previous power plant project. On the completed
project the ultimate savings will amount to $1,800,000. This represents a
first cost saving of a little more than a dollar per kilowatt of plant capacity.
And because of the difference in weight of the two wall sections, a saving of
1,000 tons of steel is expected on the first two units and ultimately 3,000 tons
on the 6-unit plant design.

This project is underway. The panels are being fabricated within a few
miles of the site and immediately erected on arrival by truck. The interior
galvanized panels are fabricated first and placed vertically and welded to the
structural steel girts. The outstanding interlocking ribs are then die-clinched
at intervals to insure uniform strength. This operation has many continuing
advantages, one of which is permanent weather protection for mechanical,
electrical, and building tradesmen erecting boiler, generating equipment, and
interior building finishes. This is a very important consideration in meeting
accelerated construction schedules.

The next operation, required to complete the field fabrication, is the
welding of 1/4'" x 1" coated steel bars to the outstanding ribs in horizontal
runs spaced about four feet apart. The 1-1/2" fiberglass insulating bats are
then inserted into the 1-1/2" deep pans provided by the interior utility panels.
The final operation is the application of the fluted aluminum panel. This is
accomplished by welding to the horizontal bars coated steel clips that secure
the aluminum panel to the inside sheet. Successive interlocking ribs, which
have been filled with caulking compound, are again die-clinched at about two-
foot intervals, including each point where a welding clip occurs. And by
installing flashings, sills, and copings, the outside walls are complete. These
walls when fully assembled are 3-1/4" in total thickness, free of bolts and
screws in the continuous metal face and thus forming a beautiful fluted alumi-
num surface.

In areas where heavy construction operations are in progress and alu-
minum panels may be subject to damage, the aluminum is not installed until
such operations are complete. This is one feature that favors the field
fabricated panel over the shop fabricated design. It may be interesting to
note that aluminum panels in lengths up to 60' have been fabricated, shipped
by truck, and erected on this project. No difficulty has been encountered in
handling and erecting such length.

Many exciting designs of all types of buildings are being produced today
by architects all over the country, using the type of panel construction just
described. Its acceptance by the architectural profession, building owners,
and the construction industry is an indication that a good product, using
aluminum and stainless steel in various finishes and fluted sections, is being
produced at a reasonable cost. Because of this acceptance we can expect
many improvements in use, fabrication, and erection methods. Also the use
of other types of insulating materials will be explored and used to meet the
various code requirements for outside walls of buildings.

Building owners are interested in well designed, maintenance-free
buildings, constructed at a reasonable cost. We in The Detroit Edison Com-
Pany who are responsible for the costs of structures realize our responsi-
bilities and will continue to explore all materials and construction methods
that offer possibilities of reducing building costs. We are convinced that
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metal curtain walls, as described here, have found a useful place in the
building construction field. We will continue to be interested in improve-
ments which I am sure will be made as experience is gained in their use by
the construction industry and tl.e architectural profession.
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PART 1I

ARCHITECTURAL DESIGN

By Max Abramovitz
Partner
Harrison & Abramovitz

Mr. TUTTLE (Chairman): Your Moderator for this session on architectural
design is Mr. Douglas W. Orr, architect of the Office of Douglas Orr, Archi-
tect, New Haven, Connecticut. Mr. Orr is a graduate of Yale University,

with degrees of B.F.A. and M.F.A. He is a Fellow and Past President of the
American Institute of Architects; Honorary Associate of the National Academy
of Design. Mr. Orr is Consulting Architect at Princeton University.

Mr. ORR (The Moderator): Mr. Chairman, Members of the
Conference: There are so many considerations in the use of
curtain walls. We have had some of them indicated this
morning. Some are economic, some are technical, and many
have to do with architectural characteristics. The purpose
of this particular panel is to consider some of the aesthetic
aspects of these methods of construction and their impact

on the design of architecture today.

Following the presentations there will be a question-and -
answer period. We would request that you address the partic-
ular speaker who you would like to have answer your question,
and please keep these questions on matters of design, as that
is all this panel is concerned with.

It is my privilege to present the first of two very distin-
guished architects we have as our panel members, Mr. Max
Abramovitz.

Mr. Max Abramovitz is a partner in the firm of Harrison
and Abramovitz. He is a Fellow of the American Institute of
Architects, a member of the New York Chapter, and of the
Architectural League of New York and of the American
Society of Civil Engineers. During his very busy career, he
finds time also to be Vice President and Governor of the
New York Building Congress, a Trustee of Mt. Sinai Hospital,
a member of the Advisory Council of the School of Architec-
ture at Princeton, and a member of the Board of Consultants
of the School of Architecture, Columbia University.

Mr. ABRAMOVITZ: Before we get deeply into what the architect or
perhaps the building industry and the public may, or should, hope for in
curtain wall construction, I would like to establish the proper perspective.
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The curtain wall is not essentially a new idea. It is a development of the
non-bearing wall which has been a tool of the building industry since the first
development of skeleton construction. If you will, wood clapboards and
shingles, brick and stone veneers, since they are non-bearing walls, can
easily be considered a type of curtain wall construction. And should they be
fitted into large panels and assembled in factories and brought to the job they
could even qualify as panel construction. I mention this because I think that
although we are concentrating on metal today, we have many aspects of this
picture that spread across all the facets of the building industry. The iron
clads of the 19th century ships, the corrugated sheets of factory buildings of
the 1880 and 1890's, the metal panels in shop fronts of the last few decades,
the wood and metal panels in prefabricated houses of World Wars I and II,
and the precast concrete panels of today are all in the same category.

I admit that today's technology and industry has pushed this thinking into
the world of newer metals, plastics, and glass and were not considered much
at home in the building world until recently. And with the research developed
by the pressure of war technology and the aviation world we are now in the
process of pushing it further.

The architect has been an ally in this research because he cannot shut
his eyes to the world around him. We all are different. We do the kinds of
things we do because we enjoy them. Some of us like to build, some like to
do new things, and some of us like to express our own personalities. I think
the architect in this picture is probably just another egoists who wants to
express himself in some satisfying way. Somehow he has found his roots in
the building industry and he is going to try to be the person that is expressing
his method to society. The musician has his own method and the sculptor
still another. The architect is challenged, in his attempt to express his
world today, by the genius displayed in the aviation, automotive, and mechan-
ical world, as well as by that part of yesterday which is a part of us today.
He is interested also in new ideas to build quicker and more permanently and
with fewer of the headaches control of the elements present. If he can find
walls which can produce attractive finishes, have properties to satisfy human
requirements, and impose no limitations on his creativeness,; need he ask for
more?

Accepting the fact that intangible creative directions will vary with each
individual, there are many factors of a technical nature which are appealing
to the architect and will effect his creations aesthetically and practically.
The main factors are:

1. The dry wall. This is to supplant the wet wall to enable us to work in
cold and wet weather and give us more actual and usable building time.

2. Light weight. This'is to permit ease of erecting and thereby requiring
less construction manpower and less load to support.

3. Larger units. Larger units mean fewer field joints, improve speed
of erection, and mean fewer trouble spots. Movement of buildings
caused by winds and temperature changes give the architect his
biggest headache - the uncontrolled joint. I am sure that every archi-
tect has had more clients come back to him with complaints about
leaks of one kind or another than probably any other complaint.
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4. Non-corrosive and fire-resistant materials. These produce safe,
fireproof buildings. Generally these materials have been hard to
tool, but today the tooling advances of the metal age have overcome
this difficulty to an unusual degree.

5. Prefabrication. This may mean entire buildings or building parts
built under controlled conditions and with a possibility of continuous
production and better construction. We will get more construction
for our money.

Some of this may be contrary to what you may have heard and what you
may hear. I am merely pointing out my own personal reactions. I think
there is a great deal of good in panel construction but I have found it very
hard to get a cheap panel that does all the things I think it ought to do. I feel
sincerely that such a panel can be made, but there are a great number of
panels coming on the market, trying to meet competition, that are overlooking
those elements and thus doing harm to your potential industry.

Now, during this conference and in the discussions of papers you will
absorb a great deal of technical information on the curtain wall. I have read
some of the pre-conference material and there is much of interest. I note
that surveys have been made of the views of architects, builders, and owners.
There is great interest and, as is to be expected, a greater agreement on the
potential use of this newer development in commercial, educational, and
industrial buildings. There are reports on the reactions - economical, aes-
thetic, and technical - brought out in an interesting fashion by the A.L.A,
Survey of Architects and the BRAB Survey of Owners and Contractors.

One comment was of special interest to me: '"The panel available today
which meets the aesthetic and the technical requirements does not meet
economic requirements.'" And I may add that those which may be economical
will not necessarily meet the aesthetic and/or the technical requirements.
This may or may not be true of all systems developed to date or in process of
development, but this statement leads me to carry this discussion to what I
consider its most vital aspect. It is this: we must always remember that the
sum of the parts do not make the whole in architecture, nor is the whole the
sum of all its physical parts. There are the intangibles of the aesthetic, the
emotional, and the physical reactions which combine to make a satisfying
building. Technicians must never develop systems that will limit their search
for their qualities by the creative architect. He is and always will be the
leader in his field. He must remain flexible and free to adjust to the aspira-
tions of our society, a society that respects the freedom of expression of the
individual, a society that will resist, I feel certain, imposition of an inflexible
expression on our architecture; that is, one unable to adjust to the constant
and healthy change for better living and better building.

A few of my colleagues believe that we are now in the golden age of archi-
tectural expression, that all the answers lie therein, and that now we should
perfect the details. I don't agree. I don't believe that we have developed an
architecture that permits man's moods, man's complex life, and man's indi-
viduality to reach his full scope and potential and, therefore, we must continue
to be open minded for any advance. Some are so positive that the answer lies
in this pattern of architecture that they are now ready to warp the individual
to this pattern. I do not see how that attitude can survive for long because it
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runs counter to the basic philosophy of this country and is for this reason
doomed to failure.

Do not let panel or curtain wall construction fall into this trap of over-
self-confidence. I am worried when I see so many organizations getting on
the band wagon and attempting to sell panel construction to architects and
potential clients like so much wall paper and regard it as the cure-all. You
can kill the good that is in it.

And what is the good in it? Well, if you constantly improve its techni-
cally weak points, if you can so tool up for production that it can be adjusted
to the imagination of the creative people of the construction world, if you can
make it economically possible for small as well as large buildings to benefit
by it, and if you can give it as much variation as wood construction has per-
mitted in the past, and still does, it will be good and I feel it will survive.
From my own experience I find that the panel fabricators and the people who
make materials seem to be developing more flexibility in the use of the
material and using more imagination than the technicians who are behind the
rollers, the dies, and the molds. They are still using ancient, antiquated
methods and have not found a way to give us flexibility to fit new ideas. Often
we have had people come to us and say you can't do a particular thing because
of this or because of that, or because of something, but mostly because the die
costs so many thousand dollars. And when we ask a few questions, we find
that there is room for research and there is opportunity to take advantage of
new methods in industry to overcome the rigidity of this tool. This means
that methods of tooling, be they dies, rollers, or molds, must be devised so
cheaply that they do not hamper new ideas nor result in excessive or unrea-
sonable standardization. If we do not solve this problem we will force curtain
wall construction into a high price bracket. The benefits of mass production,
dry wall construction, speed, freedom from weather problems coincident with
- wet construction, and simplified techniques can then be passed on to the small
building as well as the large building.

The curtain wall which is made of a homogeneous material or is wedded
to other materials to solve technical requirements and is prepared to be bolted,
welded, or fused on the job may be, made of metals, glass, compositions, or
plastics. This wall panel can also become a structural element with fillers of
metals, glass, masonry compositions, and plastics. We have examples of all
of these either in use or in a stage of development. There are endless possi-
bilities. The wall panel should not be limited to exterior wall construction.
Do not overlook the possibilities for their use in interior walls and partitions
‘and in floor and ceiling construction, with their general requirements of
flexibility, demountability, sound isolation, and appearance.

My plea is: don't jell! If you do jell temporarily, be certain that your
research is carrying you on the next step. I feel that there are two or three
companies in the United States that have maintained something of a corner on
the interior wall and that they are now not flexible enough and are not keeping
up with exterior metal wall developments and advances. There is much room
for improvement in this respect. I think there is opportunity here for some-
one to give those companies a shaking up so that we can get more than we have
today. We architects will always be looking for something better and more
attractive with which to do our work.
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What else do we want? We want color. Color cannot be neglected in the
aesthetic consideration of the direction the curtain wall may go. True, each
of the metals have their own quality or tone, and this is satisfactory to some
people. Yet many people may desire colors other than the natural color of
the material. One cannot tell which direction will dominate, but if the past is
a guide philosophies will develop to justify either. In metals this may mean
coatings of one kind or another; in glass, whether of the normal strength or
of the tempered or semi-tempered kind, it can mean color applied or color
maintained within the glass; and in the plastics it may mean a combination of
methods that will produce materials that are either opaque or translucent.

Since color in one form or another has appeared as part of our aesthetics
in the past, appears in the present, and will appear in the future, we must be
prepared to provide it. If you have been a student of art, you know that our
philosophies about art are very fickle. They change very, very often to satisfy
the popular thing we are doing, so we can't tell what to expect in the future.

Of course, building construction will have rigid requirements: it will demand
colors that are unaffected by the weather and the sun; and if the color is an
enamel or an applique, it will demand that it must not chip or break in erec-
tion and must not permit any corrosive action from within or without.

And we want texture of a variety in size and appearance. Texture, pat-
tern, and relief are also to be considered seriously. This is a designer's tool
as well as a technician's tool, and for some materials it is a technical neces-
sity. The breaking of surfaces is done for artistic relief - for variation. It
also is done as a method of allow for movement, increase the strength of
metals in a controlled form, and absorb imperfections in an acceptable visible
pattern. When Mr. Scheick said that only about 18 percent questioned the aes-
thetics of the metal wall, I felt that perhaps the reason for that was that some
of the architects were not setting their sights high enough. I feel that there
are great aesthetic potentials in the panel wall. I think also that we have too
few attractive solutions and that we have a long way to go.

There are arguments as to the use of the plain unbroken surface as
opposed to the textured and patterned surface. Here again I am certain that
in time the philosophies of art will justify both. I believe that the technical
limitations of most materials will force the use of texture and pattern, unless
very small units are used. But small units are contrary to our trend to
larger units and fewer joints.

My personal experience has convinced me that if metals are used patterns
must be developed to work with, and adjust to, the qualities and limitations
of the metals. Aesthetically it can be pleasing, provide accents and contrast,
and also zive our structure a life of light and shade and relief that the move-
ment of the sun is ever ready to provide.

Since the breaking up of surfaces will of necessity play an important part
in the technology and design of the curtain wall, I feel that it is incumbent on
manufacturers and researchers to learn more about their materials and to
disseminate to architects and fabricators the proper technical information
about movement and flow of materials and any specific limitations of their
materials, and thus enable proper design to be developed. I hope you will
hear more about that before this conference is over. In the last 4 or 5 years,
I have had several fabricators and material producers admit to me that they
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didn't know enough about their materials; that they hadn't asked enough
questions; that they hadn't had problems imposed on them; and that they had
much to discover. This knowledge should be developed against the back-
ground of building construction requirements of climate and rough handling
in field installations. We see solutions coming out of certain laboratories
that do not recognize that there is a certain way to fill in, that there is a
certain roughness, and that there is a certain way of handling that everyone
must be aware of.

Finally, we want materials and systems we can use for the different
climatic requirements of the tropical, temperate, and cold zones. In the
United States we have a great variation in climate. We have people coming
to us with a solution for the South and trying to tell us that it is also the
solution for the North. They don't even attempt to think past the fact that we
must solve our problems in relation to our specific climatic situations. Since
it is so easy to distribute material in this country, there is a tendency to think
that distribution overcomes temperature. We would like to see walls which
can deflect heat, heat itself by thermostatic and electronic control, as well as
keep heat in.

We (and I include building owners) want freedom for space disposition
within buildings, for we are annoyed by the complications which we must put
up with now, such as the present method of climate conditioning within build-
ings, which forces us to use a complicated network of ducts and piping and
wastes space. We want space we can use and space we can live in. We spend
too much time worrying about all the methods of creating this climate, and I
feel the methods are too complicated. Sometimes it seems the researchers
must say, ''Let's see how complicated we can make the solution' instead of
"How simple can we make the solution? "

Do you realize that much of the problem is created by the fact that our
walls are not doing a full job for us? They are letting in much of what we
must then, in our present complicated way, get rid of or change to our needs.
It seems all wrong. Perhaps our walls should do for us what biotics are
beginning to do today in the science of preventive medicine.

It is ridiculous to accept without complaint that today it takes 9 months
to a year to create a substantial building, with its hundreds of drawings for
pPlans and details. The span of 2 to 2-1/2 years from conception to execution
is too much of one's life to devote to one building. If we can discover how to
shorten that substantially it will give us all an opportunity to do more exciting
things and provide more shelter for all. Perhaps then some of us could more
easily solve the greater problems of our country and build or rebuild more
rapidly to make life in our cities, towns, suburbs and rural areas more com-
fortable and joyful.

Mr. ORR (The Moderator): Thank you very much, Mr.
Abramovitz. The next speaker is also well-known to you,
Mr. Robert W. McLaughlin.
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ARCHITECTURAL DESIGN

By Robert W. McLaughlin
Director
School of Architecture
Princeton University

Mr. ORR (The Moderator): Mr. McLaughlin was educated
at Princeton University, is a Fellow of the American Insti-
tute of Architects, a former partner in the firm of Hogan,
McLaughlin & Associates, and is now the Director of the
School of Architecture of Princeton University.

I am glad that this part of the program has been devoted to architectural
design in the broadest sense, since I believe it to be the fundamental core of
the curtain wall problem. It is too easy for us to become overly involved in
the technical details of the problem, what we might term the nuts and bolts
phase of architecture and building. The details are important, but not in
themselves. The important objective that all of us in the building industry
sense is designing, fabricating, and constructing the finest possible buildings
in order to satisfy human needs and aspirations.

When the Stainless Steel Producers Committee of the American Iron and
Stcel Institute asked us, some two years ago, to study curtain walls with
special regard for the uses of stainless steel, we were happy to do so on the
very broad premises which they outlined. Two years ago we felt we had to
answer the question as to whether this concept of building, which involves
the hanging of light, rigid curtains from a skeletal structural frame, was a
stylistic fancy of the moment, or whether it was a fundamental method quite
basic in the architecture of our times. Our earliest explorations at that time -
here, in Europe, and in Latin America - convinced us of the truth of the latter.
Incidentally, we have a feeling that it is possible to prognosticate architectural
trends on the basis of what the economists would call leading indexes. At any
rate, it is interesting to note that what was a question only two years ago is an
accepted fact today - an indication of the accelerating tempo of architectural
developments. Where we used to date architectural developments in terms of
centuries, a decade now is none too brief a period for measuring architectural
changes. So much for the broader aspects of the curtain wall problem.

Within the broad area, we accepted the particular challenge of investigating
and developing the capacities of a specific material, in this case, stainless
steel. Architecture is much more than technology, but if we had to try to state
one particular characteristic that dlstmgmshes the building of our own times
from others, I think we could agree that it is the impact of technology on the
art of architecture. The inherent technical possibilities of a material can lead
to striking developments in architecture; witness, for example, reinforced
concrete. Stainless steel, as you know, was discovered in the laboratories of
Sheffield during the first World War, and its properties as a building material

~were first exploited in this country in the late twenties. It is, of course, one
of three materials most widely used in curtain wall construction, along with
aluminum and carbon steel, which is often enameled. The exploration and
exploitation of the particular characteristics of stainless steel, as with any
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material, gives us our cue as to its architectural expression. John Hancock
Callender will talk this afternoon about some of the more detailed work that
we did at Princeton. I merely want to point out now a basic premise on which
we worked.

Stainless steel is a high quality material, uniquely strong and durable.
It is also, as building materials go, expensive. The relative poundage cost of
fabricated building materials is a fascinating study, going from concrete
blocks at half a cent a pound on up. Obviously, if poundage cost were the sole
determining factor we would not be meeting here. A combination of high
quality along with comparatively high cost per pound leads to a whole new
design approach. The strength and durability of stainless steel are such that
alone among building materials it can be used throughout permanent, com-
plete, exterior wall systems in thicknesses measurable in several hundredths
of an inch. Quality and price set the technical stage.

Our problem then becomes a little like that of the airplane manufacturers,
who, working with aluminum alloys, under great pressure to reduce weight,
find that their chief problem is how to design airplanes using as small a
poundage of aluminum as is possible, and still get the greatest ultimate
strength. The use of stainless steel in buildings is a rather similar situation
and equally stimulating design possibilities develop.

Here is an analysis of what we believe are the requirements of the curtain
wall.

The traditional ways (Figufes 2.1 and 2.2) of looking at walls no longer
hold, in the sense that walls have ceased to be fundamentally elements to carry
roofs and secondarily to keep out weather.

Figure 2.3 shows the concept of a wall as a filter, which is what it really
is. Certain factors, such as rain, dirt, insects, vermin, and burglars need to
be kept out completely. There are other factors, which we filter either in or
out of the building, depending on how favorable or unfavorable they are. We
naturally want light to come in, but not to an undue extent. We want air to come
in, but not so as to create drafts; and so it is with heat, cold, wind, vision, and
sound. We are not trying to sound-proof buildings so that they are dead, but
we want objectionable sound levels reduced by the filtering process.

We approached the subject fundamentally as architects, not only because
we are architects, but because this is a problem in architecture, and every--
thing that anyone of us does in this area is part of the solution of an architec-
tural problem. One of the first things we did was to conduct a visual analysis
of the various design alternatives involved. Figure 2.4 has to do with basic
curtain wall units. The analysis of the basic types possible and the design
considerations is, generally speaking, broken up into two areas. First, walls
that essentially are on a single plane and, secondarily, walls that have visual
depth. Figure 2.5 is an analysis of the design alternatives involved in certain
types of curtain walls basically consisting of a single plane. Now that is the
type of most of the curtain-wall buildings in this country, and it is our own
belief that over the coming years we will see a marked departure from this
fetish for flatness. This will happen not only on aesthetic grounds, because
there is certainly a dreariness in flatness when repeated without relief, but
also on human grounds, since the flat walls do not accomplish as filters the
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best results in filtering in and out desirable and undesirable environmental
factors.

Figures 2.6, 2.7 and 2.8 facades with depth which tie in with work with
climate in architecture. The work in that area of Professors Victor and
Aladar Olgyay at Princeton is well-known. There are basically three types.
The first type is expressed by the Melrose Building in Houston (Figure 2.6)
where we have horizontal sun shades. These are generally applicable to the
south side of a building where we want to keep the sun off the walls, and off
the glass in particular, during hot weather and to let sunlight in during cool
weather.

The Pan-American Life Insurance Building, New Orleans, La. is shown
in Figure 2.7. The vertical louvre is generally applicable to east and west
facades, where the sun is low.

Figure 2.8 shows the Georgia Baptist Hospital, Atlanta, Ga. An egg-
crate device is generally used where the sun's path changes rapidly in its
altitude and its azimuth, working best toward the south-west and in hot
climates also toward the south-east.

The economic factors are strong. The Olgyays have demonstrated that
on economic grounds an expenditure of from $4.00 to $9.00 per square foot
for shading devices will pay its way through savings in air -conditioning costs
alone. It is our conviction that we will be building many more buildings having
facades with depth than we did in the past, with of course a great effect on
curtain-wall design and fabrication.

I want to mention here the importance of color. In our early efforts in
designing curtain walls, we have been so enamored of the technical problems
involved in joints and materials that we have tended to neglect color. This
cannot last. Mr. Callender will discuss tomorrow Princeton's developments
in the application of color to stainless steel. As first this seemed like some-
thing of a lily-gilding operation, but permanent color has been applied without
destroying the inherent characteristics of stainless steel.

Contemporary architecture is inextricably woven with modern technology.
Modern architecture has breadth and variety, but it sorely needs the depth that
comes from the understanding of the processes behind it. What starts as
technology becomes architecture, good, bad or indifferent, when frozen into
physical environment. For this reason we believe that architects must dig
deeply into the technical areas and possibilities of their time, understand
them, and then through the design process mold them in the light of values
other than technical or material.
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Figure 2.4
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Figure 2.5

- 54 -



Figure 2.6

Figure 2.7
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DISCUSSION

DOUGLAS W. ORR (Moderator): If the panel will move over
to the table now, we will have a question-and-answer period.
I am sure there are going to be a great many questions now
from the stimulating papers that were presented by Mr.
Abramovitz ard Mr. McLaughlin. Mr. Scheick has asked
that you write out your questions, as there are no floor
microphones. Please direct your question to whomever you
would like to have answer it, either Mr. Abramovitz or Mr.
McLaughlin.

/

QUESTION: As an architect, what do you consider to be the greatest prob-
lems or disadvantages in using curtain wall construction?

MR. ABRAMOVITZ: This is a little difficult to answer in a simple way.
I believe we spent a little time this morning talking about advantages and
disadvantages. I can't think of any serious disadvantage in using curtain wall
construction. I am mentioning this on a theoretical basis. Of course, when
we take a specific problem about budget or availability or individual plant
problems we may run into some disadvantages, but I would say, in theory,
that there aren't any that cannot be solved from the point of view of the
information available.

One problem that has worried me a little bit more than the other —I think
I mentioned it before—is that I have some pretty strong convictions about
what a curtain wall should do, both as to joint and texture and in meeting the
technical problems, but quite often I find that the price I have to pay for it is
too high. This is a problem for some of the people in this room or for the
organizations they represent. Their problem is largely a matter of finding
an economic approach to the competitive materials they must deal with.

There are competitive panel walls--not all of them, but some of them -
that I sincerely believe are not doing the job properly. Some of the manufac-
turers have approached the economic problem by omitting the solution to
some of the problems. I must say that, in theory, there are no disadvantages.
I believe that there are greater advantages to the panel wall construction than
almost any other kind.

QUESTION: What tooling did you find inadequate in panel design?

MR. ABRAMOVITZ: On this question I can talk much more easily. When
you want to design a molding in a very hard material, you will find that the
metals used to make roller dies are now so expensive that you may have to
fall back on what somebody else has developed somewhere.

I am not an expert in this field but I have heard innuendoes, in talking to
people about plastics and other materials, that some people are working on
the problem in the back room, and that they can make some of the guides
much more quickly and cheaper. I have tried to run some of them down but I
haven't had any success.
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You also run into difficulties when you want to use stamping in a panel.
Generally you can't afford to wait for someone to make a steel die. I some-
times wonder why it can't be done almost as easily as one makes a mold out
of plastic. I wonder why there aren't methods for speeding this up, perhaps
by having workmen take a shape and get some quick strength in an improvised
guide to stamp some form out, rather than waiting two, three, or four months
while it goes through some complicated machining process. The long
processing time itself knocks it out of consideration. I believe that if you
don't solve this question of stamping, rolling and molding, you are going to
slow up the whole process and stop some people from exploring and exploit-
ing your materials.

QUESTION: Your examples, of the use of metal curtain walls in Mexican
architecture, Mr. McLaughlin, seem to be predominantly government work.
Do you care to comment upon the contrasting attitude in the United States?

MR. McLAUGHLIN: Well, certainly we have in this country what almost
no other country has, this terrific strength and vitality in industry, as wit-
nessed by the presence of all of us here. Out of it should come developments
in the curtain wall area that will exceed anything done anywhere else. I used
those examples merely to show that a little, poor country, that has feeling,
can do. We ought to do infinitely better things here.

QUESTION: You mentioned larger panels and less joints, Mr. Abramovitz.
Does this present other technical problems due to expansion and contraction,
distortion, etc., and possibly leakage?

MR. ABRAMOVITZ: These problems that exist are problems of expan-
sion, contraction, etc., but my whole point with respect to the large panels
is that all of these problems exist all the time and they can be solved in the
shop. In other words, I am inclined to feel that we should make panels as
large as the workmen in the field can handle, as large as can easily be shipped
without any problems of trans-shipment.

If you have material that may have to be broken up in pieces, put it
together in the shop under controlled conditions, whether it is welding, fusing,
or any other method that has to be used, and then under controlled conditions,
protect and solder your joints. In this way you will have the fewest number
of joints subject to the rough handling in the field.

QUESTION: When you say you want color in panels, do you mean that
standard colors would be usable? By ''standard' I mean, for instance, the
colors that might be offered by a manufacturer of enamel.

MR. McLAUGHLIN: My impression is that the enamel manufacturers
quite adequately are able to provide any range of color that the designer has
in mind, broadly speaking. Would you say that was so, Max?

MR. ABRAMOVITZ: Yes, I think so.

MR. McLAUGHLIN: Great flexibility is possible there.

QUESTION: What is your opinion of the merits of porcelain enamel
versus colored aluminum as a decorative and practical outside surface?
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MR. ABRAMOVITZ: This question may get me into trouble. Number
one, if the end result in color is the same, I would say, from appearance,
the merits are the same. .

VOICE FROM THE FLOOR: Get off the fence!

MR. ABRAMOVITZ: Number two, if the porcelain enamel people can
solve their problem--and it is their problem, which sometimes they have
solved and sometimes they haven't--then I see little difference. It is a han-
dling problem in the field, and, sincerely, it is one that disturbs me. I have
seen cases where porcelain enamel is chipped in transit or on the job, or it
is chipped and broken by the workman jimmying something into place in a
tight position.

As soon as you break the surface, you have a material subject to cor-
rosion. If the same thing happens to aluminum, unless you have a material
that is affected by corrosion (there are one or two, we know, and if you are
designing for aluminum, you certainly don't use those materials) you break
the color but you still have a non-corrosive or relatively non-corrosive
material, and that is really about where it stands as far as I am concerned.

I know that the porcelain enamel people are able to produce a product
in color presently much cheaper than the aluminum. Now if they can find a
way of being assuring that the panel gets in place without damage, and cannot
be damaged, they will overcome in the minds of many of us any reluctance
to use porcelain enamel, unless there is a budget problem.

QUESTION: Did your study point up the specific technical shortcomings
of panels, like joints (leaks, calking, gaskets), condensation, sound trans-
mission, corrosion, and so forth?

MR. McLAUGHLIN: The answer is yes.
QUESTION: Where can the report be obtained?

MR. McLAUGHLIN: Mr. Richard Paret, American Iron and Steel
Institute, Empire State Building, New York.

QUESTION: How does curtain wall construction compare with other
types of construction in withstanding atomic blast?

MR. ABRAMOVITZ: That's a technical question I can't answer and 1
won't attempt to hazard a guess. I would say that a question like that ought
to be addressed to the governmental agencies that have done research in the
various atomic testing areas and get an answer from them. I haven't any
information of that kind.

MR. ORR (The Moderator): I would like to say we are not going to con-
sider questions which are too technical in nature, so I am setting those aside.
These have particularly to do with design.

QUESTION: A Congressman from Massachusetts, in discussing the Air
Force Academy Building, stated that glass and metal and curtain walls are
un-American materials. Any comments? [Laughter]
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MR. McLAUGHLIN: I think you have commented.

QUESTION: Is it your opinion that metal or other curtain walls are just
another component which should be developed, or do you believe that they
will take over the field as a superior component?

MR. ABRAMOVITZ: I think that time will answer that. It is just another
development now, but I am sincerely reluctant to accept the idea that it will
take over, because I think we have to be satisfied aesthetically by many
things. Some of us for some reason feel happier with wood, feel happier with
earth materials in certain areas, with stone, with marble, or with metals.

I believe that as long as we have human beings with these diverse feelings,
no one material, whether it is metal or something else, will take over the
entire field. There is room for all of them.

I do feel that the odds for advanced development right now are in the
metal field because we are really in a Metal Age and there has been a great
deal of development in the masonry materials. Maybe this development in
the Metal Age will stimulate the people in the masonry field to concern
themselves more withhow to tune up their materials to take advantage of
some of the things that are being developed and used in the metal world, and
work the two together. I can't say that one is going to be superior to the
other, but I think time will answer that one.

QUESTION: Coming back to the question about color and your answer
regarding the fact that manufacturers would provide any desired color,
wouldn't this prevent complete factory production and stocking of standard-
ized units, and, consequently, affect economics?

MR. McLAUGHLIN: I can't believe that anybody is going to stock panels
for major buildings in this country.

QUESTION: If a unit of metal pan-insulation and other -than-metal facing
were to be prefabricated at plant for simple installation, would this not aid
flexibility in design?

MR. ABRAMOVITZ: I would say yes. I feel that there are two things
coming out of this metal curtain wall development. One is the entire package
(you have seen some indications of this today) where the entire panel has its
own joint and is brought to the job either with an interior facing or insulation
to be applied or is brought to the job with everything as a unit.

But with it there also has developed another method, which is seen in
some buildings, a method using a prefabricated framework that is capable of
being set on the job and glass placed in the frame. I can visualize that you
can place glass in it and I can visualize that you can place plastic, metal,
masonry, and wood panels in it. Apparently there is going to come out of this
the possibility of having a framework put up on the site very quickly, taking
advantage of prefabricated and pre-set methods, to push building in some
directions we haven't fully developed yet.

QUESTION: Has your project explored the interaction of some dimen-
sional standardization or coordination system, latitude for development of
character, and design development?
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MR. McLAUGHLIN: Of course, the use of a module is fundamental in
any kind of factory-fabncated work and it is my conviction—and I think most
people working in this area will agree with me—that the acceptance of tlns
module doesn't inhibit freedom of design, basically.

QUESTION: You speak of the need for complete flexibility. Will you be
content to use standard designs which can be arranged with flexibility and,
therefore, allow for cost improvement due to standardized production, or
will panels always be best produced on a job-shop basis?

MR. ABRAMOVITZ: Well, I wouldn't be content to be limited to standard
designs. I feel there is room for both. There will be a great number, I am
sure, of standard designs developed that can be arranged with flexibility,
with a great deal of creative energy, and that also will allow for cost improve-
ment. There will be certain areas where you will have work done on a job
basis. I am sure many of the architects here have done large buildings where
they could walk into almost any factory and have special windows and special
elements designed. The slight charge for retooling or setting up jigs is so
small compared to the entire cost that it is infinitesimal.

I believe that costs and economies, although they are quite a governing
factor in this economic world we live in, are not always the prime consider-
ations behind building a building. As long as we have human beings and egos
and personalities, and as long as a great number of buildings are built as
monuments to people, we will have people in our society —and I hope they
continue to exist--who want something done personally and creatively and
completely new. We have had them all through society and they are still
being born. I think you will still have them.

QUESTION: In the use of metal walls, have we progressed very far
beyond the tin ceiling in grandfather's saloon? [Laughter]

MR. McLAUGHLIN: Well, I think the answer is that we have not pro-
gressed as far as we will progress. Certainly I think this, again, leads to
what I referred to as the fetish for flatness. I think we became very much
enamored with the fact that where we used to build a wall 16 inches thick, it
can now be as little as 2 or 3 inches. Although flat surfaces are certainly
important in places, I think that as we develop facade and depth and sculptor
and get back to structural quality, we will go still farther beyond grandfa-
ther's saloon.

MR. ABRAMOVITZ: I think we are getting some of these questions that
reach past this Conference, but they are interesting. Here is one that I think
is very interesting:

QUESTION: Realizing that many of the people responsible for production
of the elements used by the architect have little or no background in art or
design, do you have any thoughts on the means of communication toward the
ultimate goal of better understanding by management and the desire of the
architect?

MR. ABRAMOVITZ: The reason I think it is interesting is that it has
something to do with our whole educational system. I think that the best way
our society can produce the finest buildings is to have the production people
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recognize and feel what the (if you will permit me to use the word) artist of
the period is attempting to do, and the other way around. Let's not live in a
vacuum. The people with creative talents, the artists, should be able to know
what the production people can do, what the technical world can and may be
able to do. I think that in our educational processes we have been kept
separate. I find all this interesting because there is a school, one of our
colleges, right now considering the construction of a building where they want,
in the program of design, to have all their students be subjected to normal
living conditions and activities, to the arts, and to all of the elements (that
the school may be teaching) that make up society, even though particular
students might be interested in only certain phases of the work.

I think that is a very interesting and vital step, and I believe that if this
is done in more schools, and if we start down at an elementary level, we will
probably find that we are working together in more closely knit teams and
producing finer results in our society. It is just a question of education. I
believe that anyone who is seriously interested has to improvise methods for
closing that gap today, but I hope the gap will be closed. I have heard this
subject come up in one way or another at various school conferences, and
some people are beginning to get concerned about it. I think it is a very vital
problem. :

QUESTION: Do you think that the variety of expression in many of the
foreign curtain wall constructions, as in Mexico, is largely due to low labor
costs permitting more hand-made installations? If this is true, will not the
possible variety in America necessarily be of a different nature?

MR, McLAUGHLIN: I think that is a very good question. I feel we want
to avoid, in designing curtain wall units, the natural tendency to think in terms
of great mass production. We love mass production in this country and we
know what it can do, particularly in consumer goods, but I just can't believe
that we as a people are going to be satisfied with putting ourselves in a rigid
frame--which we do when we go into substantial tooling up and die cost for
wall construction. I believe that our efforts ought to be devoted to trying to
find ingenious ways of using the materials that we have without thinking in
terms, essentially, of Detroit and the automotive industry and rolling and
substantial die costs. I believe it can be done and is being done.

QUESTION: If your architectural desires are geared to the technologies
of the times, would not that bring economies?

MR. ABRAMOVITZ: I would say, in principle, yes; but, specifically, not
necessarily yes because sometimes a new idea, the first time, is very expen-
sive. Although technically and theoretically proper, it may not be the cheapest
thing for a long time, but if production methods and other methods are devel-
oped, it could be. So, fundamentally, there are going to be economic solutions,
but sometimes it won't be possible to get the practical solution.

QUESTION: Wall surfaces recessed far back under slabs (as in '""egg-
crate'') may have distinct weathering advantages. How does the architect feel
toward its future in our market? Is this weathering advantage fancied or
real?
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MR. McLAUGHLIN: This question really gives the answer and I think it
is a good one. I think we are going to find some solutions to some of our
weathering problems when we get a little depth.

QUESTION: Will you comment upon the use of joints and curtain walls
in decorative or expressive features?

MR. ABRAMOVITZ: 1 feel that the joint can and will and should, in
many cases, become very decorative. I don't see why it isn't as much an
element of decoration and expression as the deformation of a panel. It can
do many things that we, ourselves, have made it do purposely. We have
exaggerated the joint, played with it to catch light and shadow. It can give
you horizontal, vertical, or variable patterns. It should not be ignored as a
possible element for improving or enhancing the appearance of a building. It
has many, many possibilities.

MR. ORR (The Moderator): I think our time is up, gentlemen. There
are quite a number of unanswered questions. Most of them are of a technical
nature that do not have, particularly, to do with design. We will turn the
meeting back to our Chairman, Mr. Tuttle.

MR. TUTTLE (Chairman): Thank you very much, Mr. Orr, Mr. Abramo-
vitz, and Mr. McLaughlin.
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PART III

PERFORMANCE REQUIREMENTS IN PANEL DESIGN

By Tyler S. Rogers
Technical Consultant
Owens-Corning Fiberglas Corporation

MR. TUTTLE (Chairman): Mr. Rogers is Technical Con-
sultant for the Owens -Corning Fiberglas Corp., Toledo,
Ohio. He is a graduate of the University of Massachusetts
and of Harvard University Graduate School of Design. He
was manager of the design department and acting general
manager for The House Co., Boston; general manager and
manager of The Ballinger Co., New York District office;
and is vice president, treasurer, and a director of Taylor,
Rogers and Bliss, Inc. He is a director of Wells and Rogers.
He has been managing editor and technical editor of Amer-
ican Architect and Architecture and is the author of two
books: '"Plan Your House to Suit Yourself'' and "Design of
Insulated Buildings for Various Climates." He is a member
of the American Society of Refrigerating Engineers; a mem-
ber and past president of the Producers' Council, Inc., and
a past member of the Building Research Advisory Board.

MR. ROGERS: Building walls of any type are constructed to perform
specific functions. The chief functions are to shield the comfortably con-
trolled building interior from wind, rain, hail, snow, sleet, dust, fire, heat,
and cold. Sometimes, but not always, the walls are structural supports for
other parts of the building.

The metal curtain and spandrel walls we are concerned with here have
no structural job to do, beyond supporting themselves and perhaps some
window components that are made a part of the panel assembly. We are
dealing with walls that can literally be hung, like a curtain, upon the struc-
tural frame and are usually made in panel form.

Such panels may be mere sheets of metal, flat, fluted, corrugated or
otherwise preformed; or they may be sandwiches of two metal sheets with
an insulating material or a stiffening material between them; or they may be
ornamental panels with pressed, cast, or molded metal surfaces (often
colored) of infinite variety, sometimes self-insulated and sometimes backed
up by purely functional materials that supplement the partial protection
afforded by the ornamental skin.

In order to design such panels, or to select from those commercially
available the type best suited to a specific building, we must have some
yardstick or criteria for measuring their performance. The essential prop-
erties may be considered under seven topics:
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Temperature Factors

Thermal Transmission

Vapor Transmission or Condensation Control
Weather Stresses

Sound Transmission and Absorption
Appearance Requirements

Erection Requirements

In addition, it would be reasonable to consider the fire resistance of
various types of panels but this subject was exhaustively treated at a prior
conference* and need not be developed here.

Temperature Factors

Building interiors are normally maintained at a temperature of approx-
imately 72° to 80° F., summer and winter. It should be noted that the heat-
ing and air conditioning industry is attempting to agree on standard inside
comfort conditions of 72° +2° F. and 20 to 60% relative humidity, both sum-
mer and winter. The exterior surfaces of building walls are subject to cli-
matic changes in air temperature ranging from perhaps -30° F. in the colder
areas to +1200 F. in hot areas (Figure 3.1). In addition, sun heat may raise
wall surface temperatures to 150° F. or more, sometimes when the air tem-
perature is comparatively low.

These temperature differences, ranging from 70° F. above to perhaps
100° F. below normal interior temperatures, affect the two opposite faces of
relatively thin metal wall panels. Since metals have a considerable coeffi-
cient of thermal expansion, the assemblies are bound to be subject to tem-
perature stresses. Panel exterior surfaces will, unless bound at corners and
edges, become larger than the interior member under hot conditions and
smaller when cold (Figure 3.2). If bound so that such expansion and contrac-
tion can not take place fully, the warm panel will tend to develop a warped
outer face and the cold panel to contract on the outer face causing distortion
of the inner member.

The movements shown in these illustrations are, of course, exaggerated
to make the point clear. Small panels have imperceptible movement. But
large panels may warp visibly. The total metal movement across a steel
building front 100 feet long or perhaps 10 stories high may exceed one inch
from a cold midnight to a sunny mid-day (Figure 3.3). This movement, unless
divided by slip joints, tends to distort panels designed to remain flat.

One significant point should be made in passing. Curtain walls hung over
the exterior of metal or concrete frames have a distinct functional advantage
over those supported by floors extending to the outside: they tend to keep all
parts of the structural frame nearly the same temperature.(Figure 3.4). With
modern heating and cooling adding to high operating costs, plus the tremendous
fly-wheel effect of the building mass, there appears to be a major advantage
in locating the insulating element entirely outside of the structural frame.

*Building Research Advisory Board Conference on "Fire Resistance of Non-
load-bearing Exterior Walls,' November 21, 1950.
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Another temperature factor to be considered by the panel designer is
the effect of temperature changes on hermetically sealed panels. Air
entrapped within a metal case ‘s subject to expansion and contraction with
temperature (Figure 3.5). Dry air, confined in a 2-inch sealed space and
heated through a rise of 100° F., will create a pressure of about 490 pounds
per square foot. If the entrapped air contains moisture, the pressure may
be more than twice as great. Bulging and '"oil canning' is likely to prove
troublesome, especially when the designer is seeking to create with metal
the perfectly plane surfaces associated with glass or polished stones.

Designers should consider fire temperatures in their design as well as
the normal temperature variations stemming from climatic sources. Without
respect to the hourly rating of a panel, it is essential that the design be such
that the panel facing will not fali away from the structure in the event of fire
and create a hazard to fire fighters.

Thermal Transmission Properties

The economic value of a wall assembly is dependent upon its initial cost
in place and its effect on operating and maintenance costs. These are depend-
ent upon its thermal properties, cleanability, and durability.

Heat transmission through a wall represents loss of heat in winter and
gain of heat, at the cost of discomfort or excessive power for cooling, in
summer.

Metals are exceptionally good conductors of heat. Simplifying the facts
slightly, we can call the rate of heat transmission of dry wood as 1 or unity.
Materials which are properly classed as insulating materials transmit less
than 1 heat unit (Btu) per square foot of surface per inch of thickness in one
hour when there is a temperature difference of 1 degree Fahrenheit between
the air on the opposite sides (Figure 3.6). Compared to wood as transmitting
1 Btu, masonry transmits about 12 Btu, steel 314 Btu, and aluminum 1,400
Btu. To offset this high rate of heat transmission, metal wall panels are
normally insulated.

The effectiveness of the insulation employed in the panel depends not
only upon its inherent resistance to heat flow (its '"conductivity'" or "k'' fac-
tor) but upon its thickness and the offsetting effect of metal -to-metal contacts
from one face of the panel to another.

Suppose we consider a metal panel one-foot square with insulation between
two metal faces. If there is no metal connecting the two faces, and the insu-
lation has a "k'' value (thermal conductivity) of 0.27 Btu, the over-all rate of
heat transmission of the panel (its '"U'" value) will be 0.22 Btu for one inch of
thickness; 0.12 Btu for two inches, and 0.084 Btu for three inches. Now
assume a 1/4-inch diameter rivet or bolt is used in the center of this panel
to connect the two metal faces. If the connector is made of steel it transmits
slightly over one-tenth of a Btu (0.11) for one inch of length. If made of alu-
minum, the transmission is more than four times greater, or almost one-half
of a Btu (0.48). Longer connectors transmit less heat.

The result of introducing this very slender connector is shown in Figure
3.7. With steel, a one-inch panel increases in transmission rate from 0.22 Btu
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to 0.33, an increase of 50%. With an aluminum connection, the rate rises to
0.70, an increase of 218%. Increasing the insulation thickness reduces the
impact of the metal. A steel rivet in a 3-inch panel raises the '""U'" value
from 0.084 Btu to 0.12 Btu, a rise of 43%, while an aluminum rivet, under the
same conditions, increase the heat movement to 0.24 Btu, a rise of 186%.
Obviously, panel designers must seek to minimize metal-to-metal heat con-
duction as well as employ an adequate amount of insulation.

These changes in heat transmission rates are too often neglected. They
are difficult to calculate. Equally difficult is the estimation, by mathematical
means, of heat transfer by radiation from the edge of one metal stiffener to a
nearby metal surface, such as may exist within certain types of panels. There-
fore, all metal panel wall sections, including typical joints and erection con-
nectors, should be tested in order to give the heating and cooling systems
engineer a correct picture of the heat transmission rates. The tests require
large '""hot box'' apparatus or a room unit like the Penn State Climatometer.
Only a few laboratories are equipped to test whole wall panels and their joints
in this manner.

Condensation Control and Vapor Transmission

The thermal properties of a panel have a considerable effect upon the
accumulation of condensed moisture on its surfaces, or within the panel itself,
when any part of the panel is at a temperature below the dew point temperature
of the ambient air. Surface condensation will occur on the room face of a panel
when that face drops in temperature below the dew point temperature of the
indoor air. Theoretically, a metal connector transmitting heat at from 1,000
to 5,000 times the transmission rate of the insulation, should create a cold spot
on the inner panel when the outdoor temperature drops a few degrees below the
dew point temperature of the indoor air (Figure 3.8). But here the high con-
ductivity of the metal in the panel facing comes into play in a beneficial man-
ner. Heat flows transversely through the metal facing to or from the metal
connector so that the cold spot tends to spread out to become simply a cool
area. Thus spot condensation is much less of a problem than would theoreti-
cally appear probable.

Vapor pressures within heated buildings are invariably higher than con-
current vapor pressures outdoors. This is so because cold air brought into
the building, though possibly near saturation at the time of its entrance,
becomes capable of holding much more water vapor after its temperature
has been raised. Moisture is generated indoors by most types of occupancy.
The corresponding rise in indoor vapor pressure causes the vapor to seek its
way out through any openings or porous building materials.

The absolute impermeability of sheet metals used in metal wall panels
constitutes a perfect vapor barrier, except at joints between panels or where
perforations are deliberately introduced. If the inner face of the panel is an
absolute vapor barrier and its temperature remains above the dew point
temperature of the indoor air, no condensation can take place on or in the
panel (Figure 3.9). However, if the inner member is not a solid sheet of
vapor -impervious material, water vapor will penetrate it and enter any
porous insulation or the joints between blocks of impervious materials. Then,
if the outer face of the panel is a solid metal vapor barrier, condensation will
inevitably occur on the inner face of the outside metal whenever its temperature
drops below the dew point of the air-vapor mixture within the panel.

- 68 -



It is easy to relieve this situation by designing the panel so that the inner
face is a perfect vapor barrier, or if not, the outer face is perforated or
otherwise made several times more permeable to vapor than the inner face
(Figure 3.10). Such perforations, or vents, may be in the edge of the panel or
at the joint line, and if properly located they will serve as weep holes to
drain out any condensate that might form. They also will relieve air pres-
sures that would otherwise be generated by sun heat. Joints between panels
should follow the same principle. Joints at the inner face should be vapor
tight; those at the outer face should be weather -protected, but be vapor
porous. ‘

A vapor barrier somewhere in the wall is highly desirable in air con-
ditioned buildings because it tends to prevent the entrance of water vapor
from outdoors during peak summer cooling loads. Such vapor increases the
latent heat load on the air conditioning equipment.

The question always arises as to whether or not it is necessary to place
the vapor barrier on the outer, or warm-in-summer, side of the air con-
ditioned structure. Where air cooling is for human comfort purposes, the
difference between the outside and inside dry bulb temperatures only occa-
sionally exceeds the normal difference between dry and wet bulb temperatures;
and therefore no condensation occurs. However, in extremely humid climates,
as along the Gulf Coast, exterior vapor pressures may exceed indoor vapor
pressures during cooling cycles, and thus the flow of vapor is transiently
inward. Furthermore, the inner vapor barrier normally specified may be
cooler than the dew point temperature of the outdoor air. Condensation may
appear on the outer face of this barrier. An example of such conditions is:
inside conditions of 75° F. dry bulb and 50% relative humidity combined with
outside conditions of 100° F. dry bulb and 50% relative humidity (78° F. dew
point).

The proper answer is found when climatic conditions are related to indoor
conditions and to time. It will be found that where only comfort cooling (not
refrigerated storage) is involved, the number of hours during the year when
condensation might occur on a vapor barrier placed near the interior of the
wall is substantially less than the number of hours when vapor flow will be
outward. This statement applies to every city in the United States so far
studied by the author, including Galveston, Texas. Hence it is not necessary,
nor even good practice, to provide two vapor barriers in a wall. The proper
position for the single barrier in comfort-conditioned buildings is invariably
near the warm-in-winter surface of the wall.

Weather Stresses

Any curtain wall must be designed to resist wind pressures of the
greatest magnitude likely to occur. The same requirement applies to the
supporting elements. Hurricane-force winds are rarely destructive to metal -
frame or reinforced concrete buildings. Metal curtain walls should be
designed to withstand these winds equally as well. Tornadoes are vastly more
destructive, but they rarely destroy fireproofed steel or reinforced concrete
structures. The question of requisite strength is moot because no one knows
what forces must be resisted.
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Wind force is important with respect to air infiltration, presumably
through the joints between panels. Leakage could seriously upset heating and
cooling load calculations. Every panel assembly wall section should be tested
for infiltration and the values published. Wind force combined with rain may
drive water into, or through, joints that normally will shed water. Ice forming
in such joints containing water may be a destructive force.

Winds that cause the vibration of thin metal edges can sometimes produce
objectional noise ranging from a hum to a howl or a screech. The '""Aeolian-
harp' effect is one the designer should consciously avoid, although its appear-
ance has been rare in practice.

Sound Transmission and Absorption

This suggests further consideration of the sound-control properties of
curtain walls. Walls of solid masonry meet the '""weight law'' governing sound
transmission and are likely to produce a high attenuation of sound. The lighter
mass of metal curtain walls calls for design study, especially where external
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