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In recent years, curtain waH has becgame pppuhr. It is built’
) of" using variety of new and thtwe1ght mater1a1 P - °
. r - -
C In this report 1t will be attempted to give a genera1 descrlp- ..
» ¢ -. w
. tion of types; function, mater1a1 etc., of curta'ln wa]l Then, a more -,
T detailed research will inciude"Eomparison of its different systeme,
" their apincation, design criteria, and_special features. L -
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-CHAPTER 1

INTRODUCTION ©

[ .
L] ~ - [y

" The beginning of curtain wall development loqically but some--

what tardily followed after the'dnvention of the skeleton frame. Itr
replaced the masonry facing and infillinq with a light prefabricated )
exterior skin sqspended in front of strueture-like curtain Massaproduc-
tion can- rovidevmodugar components thaf kan be combined into imagina-
tive designs by varying form, colour, textyre, and basic materials u

‘ There 15 no doubt about the technical progress that has been
made in recent’ years. By spread of prefabrication techniques the reflpe-
ment of components has been accompanied by a sreduction in the number of
site operations The industry has" developed new, light insulating :
materials better sealants and oriqinal surface -treatments. Curtain wall

is largely free of major stresses and built of a variety of lightweight

/

material each with 1ts own SPElelC properties

'/’ Curtain walls are designed either as custow products or on‘the
Gbasis of one of the nanyvstandard wall systems available The custom cur-
tain wald is {ntended for one particular building. Its material composi-\-«’
tion and design characteristics are partly predetermined, partly arrived -
Iat during development in the light of the spec1fic conditions applicable

to the building in quesi:ion\7 Sﬁpndard wall systems can be usegsfor a

b
variety of buildings. Within certain limits such systems must be flexible

. .
' . , - <
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enough to permit the use of different mater{a]s and some variation 1n .
N ddesign. &

L4

.CHAPTER 2°

' GEWERAL CONGEPT

Curt’ain w'aﬁs are exterior waﬂs'_with the following character-

fstics: - S ) o ,},'F S T
- they are’ suspended m front of the structura'l frame

- their own dead weight and ‘the ‘wind 'Ioads are transferred to the struc-.

k ..
tural frame through point amchorages L.

v 3

- the des*lgn of the points between curtain waﬂ elements and the fasten-

% X r
size : L T

. ing technioue permit the erecti%ontinuous wa]l surface of any ’

N \

J Curtain, walls may be di lv nguished from’;'l’nfﬂﬁng'.wans by the

fjr:s,t and second of the abdve ch ‘racter1st1c_sv, namely erection in front
of the strqctural frame and the point transfer of dead and wind'loads.
R Inf-i’ﬂi‘ng ha11s are fixed to the structural frame on all four sides or
:t least on two opposite’sides; ‘the dead weight of such walls and the

T~

wi nd ]oads are transfetred to the frame through continuous connections. °

i E1ther the entire structura] ske]eton or just the spandrel beams or col- ~

1}

umns are directly visible in elevation. o . L -
w1th curtain,walls, the structural. ske]eton 13 set back behind
the facade 1t is not an explicit element in the design, though the |
L co]umns may be discernib'le beh1nd a transparent skin.’ In n%st cases cur-
tain wallg are composed of eleménts of uniform size but there are also

possibﬂ'lties of achi®ving other effects. By adding different elements

.
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'<QEJ1t witn the Greeks and Romahs used post-and-]inted construction, filéd -
41n ‘nth br1ck, stone, or concrete, for, enc10$ure

-?walls were used in the Mm&dieval cathedrals with arches supnorted upon

'ploneered the use' of exterior stainTess steel 1s actuai]y enc]osed by a’

- a1l the Idégs, the wall of the past has no,logica] place, and 2) the

we can 1nd1rect1y express the spandre1 beams or the columns or the entire
hy W-

G

structural grLd.
, .

2.1 YRISTORY

The curtain'naﬂ1 actualtj has existed for centuries.

'Theydere

¢ ’

" Stained glass curtaig B

-

columns. The early skyscrapers'ut111zing~ske1eton construction had cur- i

tain wa]]s of glass and meta1 or masonry The Chrys]er\Bui1ding which

curtain wall, composed of tons of masonry set into place piece by piece.
‘Tremendous progress has been made in wall construction since Chicago S
Monadnock Building was built in 1893 with bearinq walls of masonry 6 ft.

thick Instead of such massive wa11s requiring months to build we now o

~/

haye a very thin wa11 that can be ergcted in a few days.

‘Today, the resu]ts of new techno]ogy and‘des1gn are apparent: ,° -

+ -

from the time of the ear]y prototype skyscripers, the ' need has existed

fo; «the type of wall available today But .only 1n the Jast several years
the designer has had a protecfnve coveriﬂﬁ’for the manr stracture of the

i

building that exploits dur present-day manufacturing, prefabrication,

and erection methods. There are two main reasons for the development

~

of the new curtain walls: (1) 15 a 'building in‘which 4the frame.carries

new walls make use of the technological advances made in building mater- -

ials and methods.

-
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2.2 TYPES ng WALLS
-~ . -

- ——— ~ > ; ' i

'2.2.1 Grid Construction - o oo :

1

_ a1 Tﬁey consists of a rectangu]ar grid of vertioél)and'hor1zonfa1
members, framing openings filled with inserts or g]ass The 1nserts‘and
glazing are rthe Space-enclos1ng elements ofﬁthe grid curtain wa11 whi]e
°the grid 1tse1f form“\the framework w1ht1n wh1ch these are 1nsta11ed
Norma]1y on]y the grid is att&ched to the supporting structuré to which
it then tran;fers the entire weight of the curtain %o11 p]us possib1e wind -
Toads.

w ~2.2.2 qupl Construction

-

. The term pane1‘construct1on' is applied to wall.assemblies -

i \‘ consisting of large story-high " or half story-high panels fastened. either

VIR d1rect1y or indirect1y by means of second framing to- the supporting struc-
ture. e \"f"' T "’, !
— ) * Thé only componenﬂg of ponel curtain walls are the{pangs

themsélves, which“bombine the twin functioﬁé’of’enc?os1ng space and trans-

ferring the~déad and Tive loads to the supporting,structure The most

-

1mportant structLra1 characteristic of such panels is their joint]ess,

~
-

continuous™outdr surface.

——

/2.3 " FUNCTION - @

\
,Jﬁn' The curtain wall fuﬁoéﬂ né as a f11ter for the elements, fire,

3]

peopTe, an1mals, sounds odors, and anything else that mfght pass into or -

. out of a bui]ding The main problems in its design are those elements -
«that resist the passage of these 1tems. or concurrently, allow thgir,passage‘
when desired. The wall must be ®@barrier but a flexible one. It is called

* e ?

) ) o . . ° . : ' !
i - . R
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upon to filter .pr:imari 1y .the following: precipitation, wind.. fit'e, temper-

: -
ature, condensation, view, 1ight, sound.

«

2.4 ASSEMBLY

- ’

Curtain wall components are assembled in many d'lfferent ways
'The major part, of the assemb]y of curtain walls is generally done in the

shop, since this procedure is usually less expensive, fasteri mon'e accurate,
~and better"controned. For wa‘l'lsassembled from standardized parts., much
of‘the assembly is also done in the ‘sho? but s%metimes the insertion of the'
panels is accomplished in the field. Industria] ‘wans may be assembled |
by either method or. they may be assembled as they‘ are erected. The choice
between the three methods for 1ndustria1 wans depends primarily on the

type of wan un1ts emp]oyed and the conditions at, the job site.

._"'* ——

. . .
. ‘ »
9 b
;) .

2 5 ERECTION . | ) | -
lt 1s hard to overstate the adyantages of erect‘ing curtain walls

from inside the buﬂding There are the obvious savings in cohstructmn

ﬁsts dué to the elimination of scaffplding and to the greater efficiency .

possib'le in working from the floor to floor’ of a building rather than -

from scafﬁolds But beyond that, inside erection can be accomp'ljshed

much faster, wjthout the cbstly deldys caused ‘by the weather. The 1mport-

_sance of such erection increases as the height of. the building increases.

* In single-story buﬂdings, outside erection 1s both practica] and often

-

1

employ‘edt For multi-story bu'i 1dings (other than those with structura}
R

cantilevers grojecting outside t%e Face of the wall), ther‘e/ is virtually ‘

no factor in favour of ‘odt"s'lde erection. It is~1mportant ‘to_provide for

the.removal and replacement of udits after erection, ‘since it 1s almost




Fad

. ' _1ng components to the structure should be applied in the field.

.

_{mpossible to erect a large wall without damaged units or surfiaces. To

- 3

insure closer control and more accurate placement, fasterners for attach-

”
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T CHAPTER 3 | \ L .
S " MATERIAL ’ -

~
[ 3

»It 1is hard to jmagine a bﬁ?]ding material that has not been

used or at least considered for curtain walls. Stainless steel led the . .

A

gQay'in some of the earliest installation. Aluminum was used in spectacular

walls for the Alcoa Bui]ding in Pittsburgh’ and 1ts successors. The designer .

who wishes to use a curta1n wall today is confronted by a wide var1ety of

available materials. In the;fina] selectfon of any curtain wall system, -

material, or component, the end desired and the funttion to benperformed

must be keptefirmly in mind.?2*3 T {,
3.1 STEEL AND STAINLESS STEEL o . . |
R g The stee] usually takes the form of structura1 shapes and sheets,

particu]arTy thin sheets. Structural shapes and sheets are hot-rglled

products. Most of the structural shapes used in curtain walls are‘

T~

standard window sections. In some instances T-sections, angles, channels,

tees and zees are employed. 4

Steel sections exposed to the weather are liable to rust un]ess
their: surfaces a;e very thoroughly protected. Corrosion not pnly short-
ens thellife of 'such members, it ;150 spoils the appearance of the fecade.
Among the many chemical and mechanfca] surface t;éﬁtmehts available the |

following have p;oved particularly suitable for-steel curtain wall compon-~




5 AT,

~‘*g; : Stainiess/steeis can be worked in the same way as ordtnary

ents: - R - L . //// | B
a) hot qalvani ing by dipping in molten zinc. The zinc combined with |

5
thexpick] degreased Sqrface of the steei parts, forming a.‘

dense, corrosion- resisting coating“
% t

b) electrogaivanizing,
roe) phosphatizing as a rust-proofing process

d) paint in combination with one of the three processes mentioned .

+

above.

.

Stainiess steels are low-carbon.alloy steeis with a chromium content of

at least 12%. Other aiio§s aiso'confain 8-12% nickel and abolt 2% molyb- .
denum. Stdinless steels are resistant to atmospheric weathering, water, |
and most acids. They do not require additional surface protecidon,'reguiar4

cleaning to remove adhering particies of dirt is sufficient.

~

steels. In principie they are also suitabie forqextrusion
A ]

3.2 ALUMINUM ° D

-
3 %oday the word ‘aluminum' is commonly app]ied not only to the
chemical elements but alfo to the numerous alloys of aluminum with other
metals. For building in general and curtain wall construction in part-
icular the most important of these alloys are those with minganese (Mn),
magnesium (Mg) and silicon (5i), the alloys with copper being unsuitable
for curtain walls. ‘When exposed to air, aluminum and its alloys become -
coated with a natural 1ayer of oxide. Under normal atmospheric condi—
tions anodization is an excellent means of protecting aluminum surface
In industrial areas or in cities with\serious air po]iution problems there

A 4

. ~
is a danger that metallic impurities in the air may combineé;ith moisttze

¢




:‘of copber and tin var&ing only slightly from a 90% copper and;10% tin
compos?éqon. Brasses, on the other hand, are alloys with at leéast 50% copper.
and zinc ao ﬁhe mgiﬁ di1o§ing constituent. - - ’

Like all copper alloys they have good resistance to corrosion.
Like aluminum -a1l coppe: alloys form a surfa&e layer of oxide, the patina.

The natural process of exidation can be anticipated by chemical treatipent.

4

In thislﬂay a uniform surface is obtainedx\

3.4 ¥00D

'

@

" Since wood has a re]atively 10W~coef%1cient of expansion, the

-

thermal stresses can be 1gnored and the joints between, wooden frames made
A
permanently fixed. This is 1n keeping with the 11m1ted possibilities of
" working and. shaping wood, which permit only the simplest of solid cross
1y A

»

sections. . .

—~%

Combinations of weod and aluminum is also possible. The dlum-

fnum forms a weatherproof skin, whilé the’ wood has a structural fuht;ion._

3.5 CONCRETE AND ARTIFICIAL STONE

N

True ouspehded curtain wall Qrids in concrete or artificial
otohe are perfectly feasible. 0f“c0urse, concrete and artificia] stone
sections are considerab]y heav1er than the corresponding sections 1f metal.
or wood. Moreover, the to]erances are greater and the joints with spandrel

panels, fixed glazing and windows are harder to design. In most concrete

f \




. o/} . .
. L3 1 ' -
. [ - f
- S "10 '
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.. or-artificial-stone curtain wall systems the spandrels are poured at the

. same time as the frame. Such units are more. correctly described as
panels even though the finished facade ma bg characterized by\a.rectang- )
1“\ar pattern of” 1ntersect1ng ribs.

Pl

' 3.6 PORCELAIN EMMEL . - | ' w

t .

'Porcglain enamel which might more properly be called vifreous

“enamel, in order to distinguish it fron-paints is a complefe]y inorganic

substance. Closely akln to g]ass, 1ts primary function 1n curtain wall

des1gn 1s the cbating of other materials to 1mpart qua11t1es these -do . s

not nofma]]y 0ssess. Among such properties are highly permanent color
\ .

“in a wide range, eather resistance, ease of c]éaning,-and long life.

-

3,7 gAss - - ' SR

Glass in its usual forms is a plastic, noncrystalline high-

viscosity ]1quid. Composed of a‘complex mixture of oxides of silicon and *
. ' . P
metals with a]k;;;nésearth oxides, glass is workable only at high tempera-
tures. Most processes are contindnus from raw materials to the finished
products. For these reasona the manufacturer ordinarily acts also as the

,
[

fabricator, This procedure makes more coordinated control of th products _

_possible than with most other materials, but itAmay serve to‘stultify '

n‘\?UCtS

- They enJoy a -wide spread vogue: 1n curtain walls and are used a g]a21nq,

'creativeness and 1mag1nation iﬁ the deve]opment and use of glas

curtain wall spandrels and panels. c N

3.8 PLASTIC

Plastics are largely made from cgm n elements sugch as oxyéen,‘



.able Snd virtually .inexhasutible.

- The p1astics

wa1ls as panel facings. adhesives\nqg/gea1ers. '

i

7

AY

:g». ]
al

« «" The fo]1owing table shows the typica1 physical -and mechan

’ €
. -ﬁ
properti s of curtain wall materials.? O
- ¥ ’ .
[ - / 4
N : Alvumi Stainl Porcelai Capper alloys * Carbon steel Reinforced
Property (3003) steel (302} encomel (Muntz metal) @opper 7 (SAE 1020) Glass plosties 1
- )
Density, Ib per cv in. 0.09¢9 0.29 0.09-0.11 0.303 0.322 ) 0.284 0.09 0046
Hardness (Brinell) 28~-5% 160-400 462 " 80-145 42-100] 130-205 5-72 $0-120 *
Tensile yield strength -
(0.2 per cent offset), - !
1,000 psi &-27 30-165 18-324 18-60 10-48 40-62 1-4 5 25 vp
Tensile ultimote strength, ) ’ °
1,000 psi Q—?P 90-190 38484 52-80 32-52 60-104 6-7 * 35 vao
Young’s modulus of ’
elosticity, 109 psi 10 28 —_ 13 16 30 Pvp 2.5up
Modulus of rigidity, R . L .
104 psj - 12.3 - &-— — 1.6 430 | 2.5up
Elongation in 2 in. -, € ) .
per cent 4-30 535 to 48 4 1043 5-45 6-35 -— _ -
, Fatigue strength ' -
1.000 psi 7-10 30-55 - B — 1 - —
Impact strength ’ . .
(1zod value), fi-1b — 115-140 —_— — —_— . 8-460 % 5-25
Melting paint, 1,190~ 2,550~ *  1,200-
deg F 1,210 2,590, 1,9G0 1,660 1,980 2,760 230-430 7 250
ermol exponsion coef., h
%{n. per in, perdeg F X ’ »
0—5(32°1212°F) 129 9.6 -2 0.8 9.3 67 4.5-3.0 16
Thermol conductivity, . ' ]
Bty per in. per 3q ft . { —
per deg F per hr 1,070~ . : ’
(32° 10 212° F) 1,340, n3 3-9 870 2.7C0 360 3-9 1.5
Resistance to obrasion ®  C . AL 3-C - c Cc (] A o ’
¢ s .‘ ’ . , -
L]
- - < l
@
I J
’ ; N -
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.basis for des1gn

CHAPTER g

DESIGN CRITERIA"””’“

4,1 LoapS

) y . s ‘ - ® ‘“ '} ' a ‘ .
u‘%urtain walls are loaded horizontally by the’w1nd\Q<; vertically

by their own deéﬁ weight. As distinct from the varlable dead eiaﬂt of~“u

the.curtain wall which depends on the type of construction and mater1a1s

»

]
‘emp]oyed, the w1nd loads are fixed by\natdonal and 1bca1 bui]dtng codes.

The wind pressure maps and tab]es have been generally accepted as a sound

-

' . -

1 .
winds produce suction as well as pressure on the face of a build-

1n§. These neuat1Ve forces are 1mportant in dimensioning anchors, fast- '

_eners and glazing beads instal]ed from the outside. In hurricanes .far

more glass is blown out of bu11d1ngs than into them..

]
~

\ 400 dindload ‘

The Wind loads acting on @ curtain waH are transferred

t

thro gh fasteners to the supporting structure. Thus, the purtaln wall

¢

is stressed in bending. Its own weight acts as a vertical force. Accord--

jneg, the elements of a curtaint wall must be designed for direct stress,'

and beinding combined. The dead weight of the wall restlts either in

ten511e stress (1f units.are suspended) or 1n compressive stresses (if




: ' ) R
i °
the.units stand on theirabottom edge, 1In design for combined bending

-

E? . . and tension there is .no need to provide for buckling, but buckling is a
distinct poss%biiity where bending and cpapression are invoived Both :
. ways of attaching curtain wall units to‘the structure: suspending them
i. ‘ frém tne top and supporting’them at the bottom‘are possibie and used in
practice, aithough suspension from the top is generaiiy‘preferred In
- ~ this case, if the construction.is relatively light (max. 15.5 ib/sq.'ft.
of wall surfacez, the uni;s are customari]y designed only for bending and
" the #irect tensile stresses neglected. -

The fact that the curtain‘wafi is stressed in bending means

o -

o that all the'components sque;;eg/directiy or indirectiy to w1nd ioading
must be made of materiai capable of residting bending action.

\ - v
)

\\» " ' : It. is known from aircraft construction. tzpt in certain areas of

L

Must be precisely determined. A slab- shaped muiti-Storey buil

, bearing faces so caiied peak stress may occur whose 1ocation and size
1{/; in a

3 e n“ . 4 .. ‘ ]3

Y

/

. .windstorm is nothing but a bearing wing, stressed bx\cdhpression and suction.

‘. -At the edges of the bearing face (sides of the buiiding) the strongest
r suetion will occur. This«knowiedgeiis of major importance in designing

. ‘iightweight'curtain wall elements. For economic’ reasons it is, therefore,

-advisabie to specify wind tunnei tests for buildings 1n exposed positions, '

in groups ‘and of S}er average size, An order to grasp the criticai areas

exactiy and to dimension the crossbracino and mea of fixing correctiy

.- 4.1.2 Resistgnce to Bending

— e — — —

This is an important aspect of designing a curtain wai\ and

o

. the ways of making curtain wall construction capabie of resisting-bending

must be considered C _ . [

N -
‘ .
N 1
.

PR ey
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. In grid constroction the'windkloads acting on thg spandrels,
ttxed g1ézinglandiuindows are trans?erred to the qrid and from the qrid \
to the structural frame. Usua11y the verticaIﬁnenbers of the grid, “or
mullions, span between floors\\n\ile the horizontal members span between :
mullions. Vert1ca1 members spanning fran floor to floor must be designed

for axial stresses. and bending, the bending genera)]y be1ng cr1t1ca1

since the axial stresses are due only to the wall loads, which, of course,
» are relatively light. In this case, the Bending is in one direct1on on1y
and it is in this direction that the mullion must have its greatest stiff-
The best mu1110n sections, therefore, are hose with

* /

" their éreétest depth at right angles to-the face{of ¢he wa]] fo examp]e

ness -and strength.

rectangular box sections with’ thick flanges and ‘thin webs or qha nels

»

and T-sections agajn with heavy flanges and thjn webs. -

Onoant s
[N
V¥

Members spanningfhorizontally, are stressed in bending in two
directions, both by the wind loads aﬁging_horizonta1ly and‘by the dead .
loads acting vertically. In this case the best section is one with approx~
- imately the same strength and stiffness about “both axes, a ho]]ow member
with a square cross section for example. ) -
| _ Curtain wall panel units have thin,. cont1nuous and jo1nt1ess

outs1de fac1nq with a limited ab111ty to resigt bending so that some
form of st1ffen1ng mist be introduced. There are various weys of do]ng
th1s such as: the outside facing may be fluted or eorrugated,.on it | ’
_may be given three-dimensionq1 rigidity by being stanped jnto convex or

concave shhpes: The effect is 51m11arﬁto that obtained with'the thin
sheet used in building automobiie bodies or the span of the panels may -
be reduced b& means of a secondary skeleton fastened to the main struc-
The rigidity of panels faced with_sheet netalndepenzs primartly on

[y

ture.




’

the rigidity Bf tl;ie facing i£;e1f. .Thin, .flat facing has,.a]most'nlo resist-
\ ance to t;:ending. Lightweight and r;gulér ,r"einforjced concrete, panels, on !‘.he
| other hand, can be nge vér}; thin and still rgmafn sérong epoqg’no. .r‘es'is‘t'
berding. T - > . @

'} /
< A

v

"4.1.3 Elastic Deformation . ) o

S o— ——— — —n — — — —

The elastic deformation of curtain walls is a consequence of |

the bending due to win&'l_og; A]] the elements exposed/ to the wind deflect
in the directwn 1n wh:ch the wind loads act. The”degree of elastic deform- -
§t10n 1s variable. It depends o the 5t1ffness and the modulus of elas-
/ticity of the cémponents. An effort should pe made to balance thesdeflec-
tions, ;lh'iC‘h to a l'érge extent dete\‘r'mine the tﬁgr;tness'and prope?‘ fynction-

_'fné'of the joi,nts . AN . e e

)

F1x1ng the theoretically penmss'\b]e d\ﬂect‘ion is both a struc-
tural and a cost problem. Because of the extreme precision of the Jomts ,

excessive deflection may easily spoil the fit betﬁeeq parts and this in

. turn may result in leaks. Deflections can only be kept small by using.-
. heavier members o\r' by introducing_\additiona'l fasteners and supports to

2

shorten the span.

@: 2 THERMAL INSULATION

An iniportént fe’ature of'c;thai'n-waH consjc(;yction is the use
: of highly efficient thermal insulation, the 1lightness of which is of ,
: gréat assi'stance to the designer in his .g’fforts to 'reduce the weight oft
" the wall to a minimum. The materials used for thermal insulation are of

“Tow density and to fsome _extent porous and sensitive to moisture and the

weather, moreover, they have Httle strength in tension or compression




« Accardingly, they need t6 . be weather-proofed, and both. faces must be

protected from mechanica] shock.

The insulation zone.of a curtain wall is typically composed of
< AN .
the fol1ow1ng parts: . .

- an exterior weather-proof skin oy
- the thermal insulation

- inside facing to protect the insulation from mechanical damaée

’

In some form or other, these three elements are to be found in every 1nsu1-

“Ted curtain wall. The standard solution is emp]oying therma]ly insulated

<

spandréls with glazing in between: \
. .. . . ;: ‘
4.3 PROTECTION FROM PRECIPITATION : . : t

The primary problem in eea1jng with precipitation is what to do
with rain. If it can be excluded from the building by the curtain wall,
as it must be, then other forms of precipitation will cause 1ittle troub]e
_ Ordinairy, if rain is kept out 1ittle trouble may be expected with dust,
dirt, smog, or other forE1gn matters. It may be necessary in Certain-areas,\
on the other hand, to pay more attention to the problem of smog ﬁ{ dust .
than to that of precipitation. But the basic problem remains the same.
. :/ Te provide a ejght covering for the building that will preventroutside"
o foreign matter from penetratiﬁg to the fnside surface. ‘
‘The question of prevention of moisture penetretion through the.
r,,wa]l breaks itself into two parts l)'water'entering the interior through
~ the wall surface, andf 2) water enterf@g the 1nteriorrthrough the joint.
The more poroys.materials, 1ike stone or masonry, allow water
to be siphoned through their surfaceé to the inside. Furthermore the
prob]em of waterproofing the Joint in this type “of construction is great1§“\

muItiplied because of the vast number of joints.




! ) . . o . .17
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" In the new types of curtain wa11s. on the other hand the exclu-
“sion o;\\}ec1p1tation can be cdmp]ete and absolute over nearly a11 of the )
exposed surface. The Jjoint then becomes,the critical element in th;

-~ Srotection that must be afforded from precipitation. —

A

4.4 FIRE PROTECTION ‘ ' e

1

_* The first principles in designing a curtain wall for fire pro-

-

tection are'these: _ .

1) Fire must be b}evented from entering building from outside.
2) Fire must be prevented from spreading from the 1nside to other

nea{by structure -

r,

3) Fire must be nrevented from spreadinq from one floor to another
--or from one room to another by passing thrcug;:;pe exterior wall and back
into the adjofning sphce. ' ‘ _ /

-

4) Smoke and gases must be cantrolled. .
v ' ' [ 4
Fire protection requirements are based on the national codes. _
Th codes are extremely 1nf1uent1a1 and_almost all hav! included perform—'

ance-type provisions in their latest revisions. ' o o

- - ‘ "‘}h .
. ) ) . -
} :
4.5 CONTROL OF CONDENSATION ' '
0 : .

) aﬁ//,é- Basically, the wall must be leakproof. Its design must prov1de1m'
me

s for preventing moisture in all 1ts forms from entering the bu11d1ng

interior. ~ Water enter1ng the wa11‘can negate the effect of ipsulation and

L 2

. eventually will destroy many types. It can cause corrosjon of metal sur;

face. Alternate freezing and thawinq of water within the wall can cause
Q

buckling and deformation of the assemblies.. Moreover, the building ererior
- . ; .

o : . \\
» . ‘- d N .Y



facing can be §treaked and discolored by the flow from within the wall

of water containing foreign matter. During certain seasons, the interior
- fase of the wall may be subject to cdondensation that will strike the ?

plaster or other finishes. . ' -

The major method of control1ing condensation (and rain) consists

of vapor barriers placed within the wa11& These barriers are quite effec-

‘tive if properly 1nstal1ed and watertight.x‘P1umbihg may be provided w1th1n o~
the wall ﬁpr collection and disposal of the ¢ondensed water, ‘
" s .' , (; ‘ \ . .
" 4.6 SOUNDPROOFING | | ‘
According to the law of mass, 11ght curtain walls, with their “a

" relatively lTow dead weight, have sound-proof1ng propert1e51%uch 1nferior

to those of heavy load-bearing walls, the. weiaht of which is cons1derab1y

greater, if only for structural reasons '

-

\ The various parts‘of a curtain wall, metal, glass, iiﬁ.. are goed ”

conductors of sound. Airborne noise originating from sources inside a

room {s transmitteq through solids and pértially retradiated into adjacent -

| rooms. In the same way, 1mpact'noise is communicated to the curtain wall
through fasteners and connectors transmit edy through the curtain wall
and re-radiated into the 1nterior of the bﬁfﬁﬁing at some other point.

' The transfer of sound energy to the curta1n wall can be prevented by -suit-

able acoustical measures, such. as 11n1ng rooms with sound-absorbing mater-

- »

1als and 1ay1ng floating f]oors

4.7 JOINT
' " Whether a curtain wall funétions properly largely depends on the

design of the joints between itségomponents. The joint—nos multiple ghnc-

/




) /w’ S 4 . . . .
tions to perform. A good joint design must a) prevent air and water
° leakage B) pror%de flexibility,for’1erge toieraoces in Bniidinglconstruc-

.tioh, for expansion and concraction due to temperature 599nges. and for. .

removal of components c) control moisSture by drainagé’and by*?Ent%%ationa\\\\
and d) prevent through conduct1v1ty of meta]s. It should provide for )

simp]e fabrication and effic1ent erection.

4.7.1 Types = ; L
4.7.1.1 ng.Joints -

The use of Jap joint 1s restricted a1most entirely'to

4
»

systems employing metal wa1l c1add1ng The over1a§5inq of the pane1s is
1nconspfcuous and-the scaly sxructure of the wall hardly notiseable. If
thicker panels, flat slabs of concrete for example. are used, the scaliness

3 s ©

of the surface will be much morejprdnounced.

2.7.1.2 Mating . Joints . 3 ' ,

-~ -

They are used to connecf‘brefaﬁr;éoted mechanically "

~fastened panels. the metal edges of which have been bent to form'vertical,
interlocjd g’jaws. .Simple nating Joints can also be formed ‘at the edqes

w © (3 . 0
Y -

P

d
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of concrete panels. -Metal is the best material‘in‘which to dgsign‘hating ]

»
kt

- joints of complicated .shape.

. “n ' Co They are used in connecting frames and panel units and
| are particularly suitable for vertica& joints, less so for horizonta1
joints since in "this case the top of the joint frgmed“!!tuaen batten and
frame ‘or panel is hard to seal and offers no-sure gdarantee.againkt the
" penetration o?:moisthré.\ Batfeﬁsﬂare fitted over the joints betwee¢n

frames and panels and elamped. in place.

- N -’
e

¢
s
-
"



. i
4.7.1.4 Spline Joints , ~ 7

——  ——
i

Spline_joints are suitable for connectﬁ?g'frames: Ex-
trusion is the only process capable of turning out sectioné"wfth a suff%-

ciently c]ose fit. They can be' introduced in both horizontal;gna vertical
directions. . . = -

-~

4

4.8 SEALANTS

o

\Squaqts prevent Qéter,;Wf;g, and Hu;t from penétrating the
joiptsi If the joints éren't‘properly“ségled, extensive structural and
‘.aés;hetic damage will be caused. Sealants should have the following cri-
teria: a) have long 1ife b) resist drying out or becoming brittle | )
é) readily and pennapently adher to materfals of wall d) stretch'to comp-
ensate for expansion andhcontractioﬁ of the wal]_ e) have an extreme]}
low shrinkage f?ctof f)'non staining g)dbf uniform consistency .
h) Qeatherproofj . i) simple to apply lj)”ﬁdn-corrgsive 'k) attractive .

H
in appearance, 1) easy to replace.

v

)

-
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.Any sealant isﬁcompounded o€ a base plastic polymer and those
additives,ehat enhance or:suppress its inherent properties towards a
desired end (such as fillers, plasticizers, curing agents, so1;ents pig-

\\eents. etc.) Base polymers establish the general sealant performance. How
a sealant e1onqates, compresses, recovers, ages, weathers, and reacts with
water, solvents, acids and alkalies, electricity, and temperature is
lergely the responsibiity of the base gg1yﬁer. o
‘ Some principa] sealants 1nc1gde:‘ oil-basec caulks, butyl caulks,
lq;ex.caulks, acrylic‘sealaq;s, po1ysdeide sealants;, urethane sealants,
polymercaptan sealants, and silicon sealants. Ths¢;111con sealant costs
more than _many other quality e1astomer1c sea]ants, but it is a superb seal-
ant for use in curtain walls. Its shrinkaae is insignificant. It fis, accom-
pinied by f1ne gunnability and workab111ty, very stable viscosity, and
excellent resistance to weathering and moisture. The fo11ow1ng table

N shows the cﬁaractenﬁstjgg and properties of sea1idg compounds.®

o
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CHAPTER 5

DIFFERENT SYSTEMS, THEIR USE, APPLICATIONS & DESIGN FEATURES

h,jg;; different systems have been used in different places of the

world with their special” features. Fere we try to d1scuss the mo:k\CUr-
Qently used systems. S , K
5.1 IN CANADA : S S v

In Caqeda, some,éysfems aue introduced by Pittco, At1§s;‘lndal,
etc., which will be first diseusssed in more detail.
5.1.1: Pitteo's 26K Curtain Hall ~ °
This ‘system employs coﬁtinuous outdoor aluminum retainer
with snap-on cover mouldings for both veﬁt;ga] and horizontal mullions.

2 1/2" wide structural tube members are available.in different depths to

24

"meet required wind and shedr 1oqu.' Facé'modu11ngs permit reveals varying -

from 3/4" to 5 inches. ®

L3

5.1.1.1 Fabrication:

., a) Curtain wall framjna shall be: designed to
accommodate alazing throughout, held in an a]uminum arid system The sys-
tem shall hold the glass firmly and yet be sufficjent?y flexible to,permit
movement of the metal and~glass caused by deflects due €4 wind pressures
and therma) expansion and contractions. . ’

' b) It shall be made water tight W{Ab a miu;;um

erehdence on sealents or caulking materials. , The horizontal assémb]ies

\

. .
A2
<3
~*.

.
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.« shall be perforated to provide drainage and ventilation to the exterior. .

~

Supporting structure sbaﬂ ‘consist of vertical aluminum tubes
which run continuously from floor to floor and secured to the structure
with steel‘ anchors. Horizontal aluminum tubes shall be of sf es'indicatedl, )
= _ but befween the, \rerttca'l and fastened securely there;‘.o by firml seatsd

.screws into- concea]ed brackets )
. L .

. . c) A1l metal to metal joints wh1ch require sealmg to main-

tain water-tightness shal] be designed and assembled with a ribbon of buty
1 tape 3- 301 24, 1/8" x 1/2" thick which shaH be compressed by approximately o
50% of its thickness when the joint is secured. )
&n d) At prdper intervals not over 30" apart, vertical and
hor‘izonta] expansion members must be provided.
: e) Aluminum surfacesthat come in contact with masonry

M ’

materila]s shall be coated with bituminous paint., _ ,
f) At a curtain de% wind Toad, maximum deflection in

both the vertical and horizontal ;auln.i}ns shall not exceed 1/175 of the

span of these members. Maximum~design stress shall not exce@ﬁ,ooo psi..

’ : 5.1.1.2 InstaHat'Ion
' " a) The nominal face of the curtain wall should be plumbed
. ' : and aligned in a single vertical plane and shali or1:ent all horizontal

and vertical elements at right angles. A1l components shall be straight-

¥

« ened so that clazing and expansion rabbets will be, in every case, square,

. g - .
f'lat plumb, and true to dimension. Fixed supporting,connections shall be

drawn up to safe tension to aveid all future shifting of g1¥ss-clad

S wall components SHding connections shall be adJusted to permit necess—
ary relative motion between elements. . . a
t < € _
b) Intersections with other work such as’flashing and coping - S

W . perimeters, shall be carefully fitted and coated to prevent galvanic action Co ’;;.‘i

{ - K . . ' ' - Y
. i B : .
1]

-
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and cautked to establish and maintai.-a watertight framework.

c) Dry glazing shall be accomplﬁshed %ﬁrough the use of ~
, the aluminim retaingr which provides a firm clampiné grip on the glass.
Contact between the retainer and glass shall be cushioned by the applica-

" tion of a viny] gasket. * ’ _ ’ r

H

¥

d) Seal joints must be used bgtween masonry and metal

q

with cau1k1ng material to provide a weathertight installation.

L

5.1. 1 3 Hind Load Consideration

—— — — . — —— - Cm— —— — -

The design load for a partic&lar project should 1nclude '
appropriati(factors for gusts, elevation above grade, surround1ng terrain
or structures,’etc., as well as a reasonable safety factor. -

- . Curves shown below indicate span and .modules Which

can be supportedkbx\mullions, under the designated 1oad with maximum -
def]ection -at\center equa1 to 1/175 of span. - .

1)

For 15 1bs/sq ft wind Toad:

NN T |
\ B "IN | @ty o L .

\ I e S . B
i, \\;::N\\\‘-‘> uu@E ' T
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For 25 1bs/sq ft wind€load:

. o |
» v .
: . B \ /\/ - ' '
- B /// \ : - . ! ]
. 0 . I * v
g ’ \J —— :?N?".Iulll. ! .
3 (. g4 . ——
g 1308
wh g » \ 104
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——9 2 | [ ] ] ] [} M. 1" 1]
B . WIDTH IN FEET
v
\ 4
r
v .‘ .
. - 5.1.1.4 Application

Here are some of 1:!550p11cat10ns in bui]dings

Pacific Centre (Vancouver, B.C.)

This is a 30 storey building. The curtain Wdﬁ1 is made of
aluminum with Kalcolor finish, 1/4" and 3/8" solabronze polished plate -

glass and harmonizing spandrelite. , . 1
\ R Y v, o N

Banque Canadienne Nationa]e,{MontreaI, Ouebec)

~ This is a 30 storey bu11ding The curtain wak} is made of a]u-
minum with duracron finish, 1/8"' solargrey polished plate glass and insul-

. ated aluminum panels as spandrer with duracorn finish,

’ . Place de ViIle, (Dttawa Ontario) b P
! \

. '
N M
.

This is da 29 storey building The curtain wall is made of alum-



1} N ’ ‘ \z tT
j . . . . ‘ - 28

inum with Duracron finish, pennvernon grey1¥te and aluminum duracorn -

finish, as spandrels.

, *

Bentall Centre Tower III

bronze spandre]ite.

Lloyd D. Jackson Square (Office Tower, Hamilton, Ontario) _
This is a 24 storey building. Thecurtain wall is made of alum-

L]

inum with kalcolr finish, 1/4" bronze heat absorbing plate glass, and

12 Gi. steelalloy panels for spandrels.
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5.1.7 Atlas's Mac 700 Turtain.Wall ,

N ot e e e, I s L

F

(0

| l ) These are large size profiled modular units‘weighing a >
| fraction of that:of precast concrete. They are moldea with the normal

L ' smgoth fMineral fiber cement finish which weathers to a 1light grey-bdff tone
L e . ) and doesn‘t'require paint. Exterior f1n1§h of 'stone aggregate or other

| i ’ finishes can be applied locally., ®

1
|
E ) Panels are normally hollow which permits on-site applic-
‘ R ) .
ation of continuous insulation, vapor barrier, and interior finish.
° |

; g The span capability is up to‘14' unsupported spans under 30 psf wind load.

o
18 .

Maximum deflection ess "than L/360 with a safety factor of 3.% \ N E ,
5.1.2.1 Design Features s | N, ’

L4

* ' 4 It has extremely wide scope in design with the .,

\

abi1fty to vary overall panel heights, window dimensions and locations,

:

r ‘ 1nsq1atfbns and finishes and even assembly details: -}t has standard width
; | for 5' or 8' design modules, with height yariable to 14' and depthof 10"

' edge. The hollow dnits'permit foamed-in-place or rigid 1nsu1at19n and con-
N ' tinuous or panei]ee interior fiqish. ‘Windowrpanels accept standard alum-

{ ' | inum, zipper gasket or sealed window units; fremes depressurized and

; vented inside panels. Vented points prevent enteapment of moisture within

r ‘ panels and pumping action of rain water. The heat 1oss throuah-anchorages

L . . is m1q1mizéq.by low mass of paée]s. Therefore, the main advantages of -

the Mac 700 are: 1ightness, non-cembustibility, thermal 1nsu1ati6h, con-

\ densatiqg<contro1, durabflity, attractiveness, design freedom and stand-

ard component economy. ' ] S T . 3
\

5.1.2.2 ‘Assembly - e e

, Using this system, large a}eas are covered quickly
| . b . ]
"~ and economica11y; fixed from inside of the building. Insulation and inter-

¢

.
. S ,
) . .
. r o “ . os “ N e . ognn bt . — s
A L e R s 854 000 1o BREE T AR




1 for finlsh 'is app]ied from the 1nside of the buildipg after panel 1nsta11-

ation. If desired,a mullion may be used to divide the 6' wide wind’ow open—
ing into two \openmgs to specified widths. Window openipg or recess can

be located at will vertically 1n<pane1 but not closer than 1' - 8 3/8" from
top or bo}:tom.' Groove can bg used in vertical edae to receive neoprene ‘

tube for air préssure equilization chamber.

5. 1\2 3 Applications

v : Some applications of this system are: , J. Brock-

A .
. house and Company (Canada) Ltd. (Bramalea, Ontario), L. D. Pitlon, Inc.
(Vat d'Or, Ouebec), and Hurch/Memorial Hospital (Bad Axe, Mich.).

\ -~

L. 0. Pillon Inc.
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5.1.3 Indal Ltd.'s Aluminum Curtain Wall

v e

‘ This system'is appHcaiﬂe 'forjow rise and high r*ls?e_‘
b&ﬂdings. . It has high design flexibility by means of inter-mixing vert;-
cals and horizontals of different depths. Also, combinatior}i of exterior
caps, their material finish and choice of elements, extend the design free-
dom. }he concept of rain screen pressure equalization is used in this sys-~
tem and also airﬂ‘and vapour séal with controlled exp?{rsjon. Fof‘ the.strength
and integrity of tﬁe whole system, tubular members with shearlblock joint
connections \are used. Exterior glazing simplifies construction and optim-

'_ijzed eir. .vapour, and water seal effectiveness. The use of -space-R poly-
mer tapes with ,the pressure plate on the ‘ext_erioi; in combination with the

interior neoprene bulb, eliminates the adverse effect -of tolerances and °

.provides' an extremely weather-proof wall.® >
v N .9 V‘ ~ ‘/ )
v / ) - ' — -
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5 1 4 KALNALL Curtain KWalls

\

Kalwall is a translucent sandwich type structuraI building .
panel formed by permanent]y bonding Filon translucent fiberglass reinforced

po]yester«ﬂlne1s to an aluminum grid core. Filon skins used for Kalwall

‘

paneis have a’ébecia] res%ﬁ-enriche@*surf&ce. The bond }é uniform and has
a greaf strength. The grid core is censtructed of mechanically jhter]ocked‘
extruded I-beams. , N . '

. ,fi!oﬁ panels are manufactured with fiberglass and tough ‘
‘para11e1 nylon strands for extra strength. This special reinfofcement gives

..Filon a uniform thickness.® .- .

- 5.1.4.1 Features T '

- A
.

a) Low U-factors reduce heating and cooljng

expenses. Span gIass fibers 1nserted between facing mater1a1s during many-

i

facture increases insulating eff1c1ency - . .

Iﬂ\\\ b) Filon panels are highly res\stant to damage
.from throwing of falling objects.

“q

’ c) It weighs on]y 1.5 1bs/sq. fiu C e
d) Clamp- tight installation system provides a’

- positive, weathertigﬁt seal. Closures have a continuous screh—clamp action.

L3

along perimeter,
~ .

e) Kalwall insulated opaque panels are available
in many different materials’ such as'fi1on, asbestos-cement of porcelain

enamel. L

f) It has an average loss of 29 to 32 decibles
. ; Y

-

in the normal frequency range for sound transmission.
& g) There is no break in face-material at 90 1b.

. impact.- _ . ST ' )
, -\ v . 1 | ' . X ) . ' v-‘

. )
o N »
.



|
1

h) The éoefﬁc‘ié’nt of expansion {s approximately .

1. 24“ x 107 1n/in/°F dr approximate]y 1/8" 1n g" forv*a temperature change

T of 1oo°r ) _ .o
P ' ' ° . ’ N ¢
i , - . o by
v . . 5.1.4.2 Applications ) .
T : f K ~ Some of its appHcatwns are:. Central Public Schoo]h ‘
. . Gymnasitm, Cornwaﬂ. Ont., and menwood United Church wmdsor, Ontario. '
a
- and New Brunswick Inst1tut%of Technology, Monctdn N B.

b
-
»
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5.1.5 Translucent Panéls (San Pan Inc.) - |

| It is-made of rigid grid core of welded aluminum l-éeépions\
sandwiched between fiberglass re%nforted translucent plastic skins. Alum-
inum {;\Ebnded to b]astié under controlled heat and pressure. It is 1ight
weight with heat insulation, sound‘insulat}on, 1ight diffusion and shatter- .
proof. Dubl-insulated panels are filled with Insul-Hair (spun fiberg]ass)

and has extruded afu@inum framing system. ® - .

’ 5.1.5.1 §pecifications

s

a Exterior skin should be fiberglass reinforced _ik
. plastic sheet of uniformf color and‘thickness Exterior face shall have

x.
a special protect1ve surface, chemica]]y bonded to basic sheet during a

<cure, for maximum resistance to erosion and weather, '
b) Interiorfacing skin shall be fiber-glass re-
inforced polyster skin, of high qualfty with uniform_color and thiskgess.

, c) Adhesives used in thé translucent panels a
shall be black, especially fdrmulated for the’purpdse used, and bond sha11’
be of qniform thickness and width in the finished panel. There shall be
a'minimum bond pané1 ratio‘(square jﬁches/squgre feet) of 13.5. Bond area

times bond strengph at 78%F shall exceed 1450 1bs. per square foot of

panel area. )r : |

\ o

. \ 7‘ d) The requ1rements for adequate strength and

suitable characteristics are as fo11ows

N i
~ ¢ . I

1. Sound transmigsion average shall not exceed 33 decibles. - =
2.. Thermal conductance - "U" factor at 15 MPH wind velocity shall not
exceed 0 52 BTu/;guare foot/hour/F.

3. Panels shall be able to successfully withstand repeated chanqes in

.temperature and humidity, similar to:procedures outlined in ASTM -

- D.1037-55T.

-
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¢ 5.1.5.2 ghgjjggﬁjpgg

-

. < '
- Some of its applications are:

0

Centre L'Apprentissage, (Sherbrooke, Quebec) and Sexton Memorial Gymnasium

e /

(Nova Scotfa Technical College, Halifax).
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5.1. 6 Curtain Wall in Aluminum and Glass Used in Place Ville
Marie (Montreal) I

This is a tall office block in the centre of Montreal. Apart

from the vertical mullions the entire outer skin is flush. The continuous-"
aluminum-sections, the flat aluminum inf111 panels and the flush glazing of
the windows give a light appearance to the building. (The height of the »
turtain wa111ng from pavement level is 185 metres with an area of 55 000

square meters. Special neoprene sealing strips were fixed to the frames

prior to glazing: S ‘ .
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Vertical Section and Plan of Curtain Wall:

a) 6 mm grey tinted glazing b) vinyl sealiﬁa str{ps )
c) profiled §Iuminum sheets d) neoprene spacer e) connecting
panel f) neoprene sealing strip g) 3mm infill panel ;
h) angle stiffener i) stanchion k) 37mm glass fibre slab. fixed
to concrete with adhesive 1) steel edge beam m) sheet steel
casing o) neoprene anti-condehsation'sea1 p) stainless steel
fixing q) aluminum sheet cladding r) sheet steel floor panel
) sprayed asbestos fire protection t) suspended cei]ingl/

»
]
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5.2 0VAER COUNTRIES
5.2.1

— i — - — — gy — — e — — —"

Stainless steel for the curtain wa}]s'were chosen
due to the very high corrosion resistance and durability obtained when using
thin gauge materials and algb for the attractive appearance in using stain-
féss'steel.‘ Thinggr gauges are possible when compared to other materials

less resistant to corrosion and aging. The saving in thickness and low

) maintenapce offsets initial unit cost of stainless steel over the 1ong'.,

term.

Stainless §tee1 qurtain wall panels were provided
continuously below windows at each floor, on the face of the cleaners /
walk protection‘anﬁ above the windows to the double volumé area containing
the suspension framework. .The panels on the projecting faces at the

- 5
cléaners walk are 24 gauge 0.84 mm deep on outer face wjth 10 mm pressed

'aébes;ps cement core and-26 gauge galvanized steel back plate. The froj
and back plates were lTaminated Gnder heat and pressure\to the core.
Panels undar thg windows are 0.5&5'm deep, glazed
1nt6 mullions and consist of 24 gauge st?1;1ess steel with 3 mm témpered
"hardboard, backing, 2 cm polyurethane core injected under pressur¢ to
12 kg per sq m density'and 20 gauge primed steel backplate; is provided
the panels with a thermal transmission value of 0.12 to 0.16 8Tu's. All
stainless steel for the panels had a protective plastic coating to the
polished surface Q ch wag“retained throughout manufacture and erection,

only being'removed‘after completion of the building. !¢

-
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. Vertical section through stain]eks_stee] girder panel.

1. 24 gauge stainless steel 2. 10 mm thick cement-asbestos.
core

3. 26 gauge galvanised iron : .
backing sheet ‘4. steel cleat pop riveted

. te galvanised iron.




I ,* . 5.2.2 Mafsons-Laffitte Race Cou;;;\TFrqnqg)<

2 : |

3Stafnle§s steel curtain wall werelused which have a

surface area of about: 4.400 m2

, and is fitted with units either fixed or open-
ing on a swivel, with bases 1n enamelled glass or triplex. The steel fittings
used in the construction of the curta1n walling include spec1a1 profiles and

sills in 15/10 mm stainless steel sheeting Omeda sections with rebated

*f]anges serve as load bearing elements. Fixed to the steel framework by
means of special brackets, they allow the Eurtainlwalling to be adjusted
Vertical profiles in’the form of strips of stainless steel sheet 30/10 mm
thick are used to join ghe frame bands to the loadbearing units.

— Along the facades of each'floo% level, there are Béh]/
orative bands formed by t}ough-type units éonsisting o#\pressed sheets
forméﬁ with a diamond pattern. The'f}ame bands are joineg to the load bear-
ing elements and to the strips by means of squares forming fish joints. ,
xThe frames.can be installed whefher opening on a swivel or outwards, the

so11@ parts béing sandwiched with glass or with stainless steel sheeting. 3

p-

e

kase.sb11d parts are made of stainless steel 15/10 mm thick. !’
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5.2.3 Ecole Po1ytechrﬁgue (Paris) ?

The curtain wall of the central groups of the new build-
ings of the EcO]é Polytechnique at Pa1aise$u (Parisj will/ be discussed here.
The pqst!'éf the supporting framework of the floors‘here assemble& from
anodized aluminum plating, of natural cblour. .These ass mbqf%s, méde up
before oiidatiop, have s?apes which enaB]e them to receiye thel filling ele-
ments of the curtain wall. The aurtain wall.comprises, per section, three
vertical SZCffeﬁeré of extruded aluminum, fixed to the concrete floors at

" their two ends. These mullions dividh the span of 6m, between two posts,

i
4

xnto four divisions almost equal.
_ The fi1ling between the mullions (or, bbtween the latter '

and the main posts) consists 6f-1n§u1at1ng sandwich panels comprjsing;

from the 1htérior to the exterfor: 1) a galvanized steel &h@eting 2) a panel:

of wopd pértic]es 3) a’méss filling of bo]jurbthang_ 4) an enamelled

glass of bronze tint. ) " ) . \ ' ’

Impreviousness between the panels (or the g]azing? and the mul-
1ions is ensured from the outside, by neoprene joints, and fﬁfm the 1nsfde,°
by joints,previpusly beaded, for limiting crushing. The resigtance to fire
of two hours for the curtaincwall was obtained by the fol1o%iag_dev1ces,
thch play the” part 6f a Eulk head betweeq the facade paﬂeIs nd the floors,
hfndering'the spreading of the fire from one store to another:

Ja) a pressed plate 10/10 mm thiéﬁ, we]ded to the lower f1ange of the UPN

' '300 section, which forms a nose-piece over the who]e periphery of the

floors, this plate rests on the other hand, on the jacade panel. It§
internal face received a layer of asbestos.’

b) a plate 30/10 mm'th{¥k welded to the upper flange of the same section

and fixed to the panel, which it must support in case of fire

°



. B ' ¢ 46
“ ‘ i ’ .
c) Between the two plates, the .section and the panel, a packing of "Cafco-

Roxor" 1nsu1ating materia 18/ - o . oL
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Protection against fire-in the edge of thg floors.

1). panel of the curtain wall :
~* floor 3) Section UPN 300 4) Covering 5) Carpeting

:6) Timber plinth 7) projéction of cement-vermiculite

8) steel sheeting 30/10 mm 9) Cafco-Roxor packing

10) pressed plate 10/10 mm 'HQ Asbestos layer. '

i

2) ‘nose-piece of the concrete

" 2
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5.2, 4 Integrated Curta1n'ﬁa11s (J Gartner Company, fest
Gemmmd

)

" These curtain walls, classéo is\"integrated" or nult1-
purpose wai]s are anmno tno‘range of hot-rolled steel sections, i.e. thea
recfan§u1ar hollow section. Tho essential aim has been to cohpine¢1n the
external walls with their mullions ,and beams two distinct groups of func-
t;ons, that is, on the one hand, enc1osure, vent11ation, warming and air-
cqnditioning for occupied internal spaces and on the other hand, the func-
tion of structural support whereby horizontal and vertical loads are trans-
ferred to the foundations A scheme of this kind offers numerous advan-

tages, of which we can mention the fol1ow1ng. | 7
- Windows and infill panels are fixed by‘simple methods directly to the

external wall framing

The whole external wall acts as a space-heater. A large area of insul-

A
’

ated- glazing is warmed by transmfttco and radiated heat. The unpleas-
ant chill usually felt near windows/os o11m1na%ed and the room is per- .
meated by a uniform waronth, giving occupantS\i sense of comfort and
w$11being.

‘ Because of the large heating sur%aco a Tower flow temperature is permis-
sible, hence saving of energy and reduced heatjng cost. '

The external wall framing is prefabnicated by light-weight construc-

tional methods frin[hoilow sections, hence quicker completion, saving

4
of time and expense.

’

One of the many applications of it is a private swimming bath at
' 'Gundelfingen-on-banube To its vertica] members , “thermopane" oouble

glazing or panels filled with foamed polyurethane are fixed by screws (
Eprough profiled plastic coated fillets. The main supporting members are

-~

&
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connected to ﬂot-water feed and return pipes. The feea‘ tf«perature is

re. The return ",

about 50°C and s regulated to suit the external temperat
tem'poerature varies from 40° to Q:SOC. The framework and glazing cannot '

"steam-up" because of their high surface temperature, which never falls

below dew point, so that condensation'i_s impossible. This means that the

moistureé content of the internal atmdsphere may rise above normal, thus

regluc1ng need for air changes and additional ®unning costs entafled.!?
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< 5.2.5 The Hague Office Bujlding (Holland)

The siteds on the.outskirps of the Hague's centre nedr : \
Holland'spoor Station, beside the main six-lane roaﬁ leading to the Amster-

o

-dam-Rotterdam motorway.
!

The curtain wall of the building is made up'of a special
a]uminum éxtrusion; propriéiary solar-reflecting double glazgd units form .

vision panels; and spandrel panels are similar proprietary units consist-

ing of solar-reflecting toughened glass aﬁd inner steel panels. The exter-

nal wall zone contains, within its 250 mn overall thickness, mullions/tran- Y

soms, glazing/spandreIE, thermal insulation,innerleaf, ffrestop panel,

s111 unit/convector housing and power/telephone bérimeter distribution.2?
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"5.2.6 Office Building (Dusseldorf).

N\

, N The reinforced concﬁete structural mullions are at 7.59m

centres and 4-10 ﬁ high. The building is clad with aluminum frames with

fixég/insﬁ{;t1ng élazing. Each storey high unit is 3.75 m wide coupled top
and'bottom with a spandrel, 72 cm deep. - The gpandreI panels éonsisf of amr
external a1um1pum'sHeet 2.5 mm thick, a frame and a 12.50 mm thick internal
piasfer slab and aluminum foil as a moisture barrier. ‘The space between
(40 mm) is filled with an insulatnt. The horizontal edge sections of the
spandrels, 8 cm wide and recessed 4 cm, are designed’ to take wind loads and
provide a weatherproof verticq] expansion joint. The doub]e-gﬁazéd panels
are set almost flush with the aluminum spandrel sheet. to avoid any Horizonl ’

_ ~tal breaks in the elevational treatment. Wind loads are transmitted to
| (K”\)$he frame by the aluminum mullions at top and bottom connections, and all
Znit dunctions are érovided with plastic extrusions to allow for noiseleﬁs

" movement. ®

.. v o .



5.2.7 Castrol House (London) N

The building g‘roup comprises a three-storey Podium and
a fout:teen-storey tower. The curtain walls are constructed in aluminum.

In the Tower building the vertical mulltons are black and the horizontal

rails considered silver, Windows are mostly horizontal sliding. The panels

of the tower block and the north elevation of the three-storey building

are of 1/4 in. colrexglass, elsMere while silian marble.5 .

.,.,,,‘
N J-‘l,l.'
A ‘;:‘y-.:\.” 5

5y
B




38]1N0 UOL]ESUIPUO)
. AA0MyOL4g
- 3leydsy

UD|309S XOQ Papnu3x® wnujwni{e paslpoue [eLdads

. sse|b anbedo 331LyM

. pasitpouR JBA|ILS ‘MOpuilm BuilpLis

! fuLze(b paxid
s|oued |Ltjul 3|q4ew ueldLS 3ILUN
(e3aw 3ybi| pastpoue 48A(ls u} buido)

w—mzma pue |[eM MOpULM 3y} bulAuded sulsy [RILIJBA

ttea jadeded wnupwnie pasipour 43ALLS

OO OD U L~ —

e o & .

T
NN
<

N e LN
OO X

N

AN WA

AN

N\

v v,

2 g
(a4
YA
57

7

’l, .
b /e

k

P
",

’
(Xl




o
o e gy TSR FER LT

'

5.2.8 Warehouses, Offices; and Exhibition Building in Biel

Walls of basement and columns are in reinforced concrete.
For concrete wall construction the prefabricated panels of 37 mm Pavatex
(woodwool) are covered with natural grey 7 rm\asbestos panels leaving a

7 mm gap for ventilation.$ . ’
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Sect%on of the curtain wall: .
b. Timber 50 mm x 100 mm  c. chippings

a. coping

gap, 7 mm
k. Maxidur screed:
screw

ed e. reinforced concrete roof slab
h) Pavatex Panel 37 mm thick
- m, sealing strip

1. cork, 20 mm

o. timber (p) Pavatex tongue

with aluminum flashing. -

1

f. Eternit, 7-8 mm
i. Cominco pressed st

q. sealing at horizonta

w

d. insulating
g. Air
eel section

n. dome-headed

1 point




5.2.9 College of Economics and Social Science, St. Gallen

n

The building 1s of reinforced concrete with steel curtain

The steel cladding frames are inserted between the bays and

wall panels.

To achieve an accurate finish, precise con-

form the external cladding.

trol of the shuttering of the concrete members was essential.’

Pane 2
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§.2.10 Department- Store (Stockho]m)

This group of buildings with a floor area of 84, 000\\
square meters the centre of the residential district. It consists of
eight two-storey( shops and offices. 'The wall 1llustrated 1s'c1ad with

profiled aluminum sheet panels.® '

¢

s ‘s ¢ . . .
0 N E]evation of the curtain wall —.
, Ve a. copper roofing on timber pane]s
! * b. rafter
¢. woodwool
* d. 6 cm concrete topping
. e. Precast prestressed concrete ce111ng
AN ' i slab
' 3 - f. precast prestressed concrete ‘beams
F - g. aluminum ceiling
| . g h. blind box
i. 1-30 cm plaster boards on 3/4"
T ‘ . timber panels

7 cm woodwool - 4
3.20 mm asbestos-cement panels on
; 3/4 in timber panels

- m. Enamelled aluminum sheets o
. 25 cm thick 1ight concrete
. Copper sheet1ng on timber
Pine board1ng
. Fixing for fascia panel. *
Roller-blind box .
Granite plinth ~ . N

a
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°6.2.11 Morley College {Lambeth, London)

.
‘e

- It has a skin of pﬁoWn gia;s and porcelain enamelled,
-+ steel panels.bonded to asbestos-cement sheets. Ali framed. in ga]v;ﬁi;gd .

steel with cover strips of 1ntegra1“anodized'hluminum. 'Curtain wall upright

and horizontals at floor level ‘split for acoustic redsons.

. : "The skin was'specia]1y desiéned becadse standard cur-

»

tain walling, which is all in aluminum, was too expensive. ' A clip on

PR ‘ strip 1n~deep—etchéd anodic g]umiﬁum ancea1s the inner parts of cheap . L

- galvanised steel and overlaps ‘the s§'of the windows or the enamelled

v

. Ta
steel surface of the asbeSots cement panels. 2!
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n. 14-gauge

S. sound-
to floor below.

~ of 14-gauge galva

v [}

o

o
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9. re colunn r. bottom member g
absorbent quilt t
u. re downstard beam

nized pressed steel to

. . ‘ 61
v 5 ° o
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s T Py E
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P N
Detail Section through curtath wall. - '
. . . [}
.. cover strip as on vertical curtain wall;  b. brown vitreous enamel
steel, factory bonded to asbestos/cement sheet c. fiberglass quilt
d. tontinuous steel angle‘® § exposed metal decking as Structural roof -
f.  pre-finihed pressed steel fixed with pop rivets g..top of re beam -
h." 10-gauge cleat to support gutter . 1. Snap-on cover strip in brown
anodized aluminum . k. extruded alumindf bead m. bronze tinted heat
absorbing g14ss

pressed steel 0. concrete block p. fixing
S curtain walling .frame to “floor
member of curtain walling frame
Y. mullion formed of three pieces
give acoustic separation. -
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5.2.12 MWells Fargo Bank Buflding (Oakland, California)

1“ The éurtain w;11 of this building engagés a bronze- .

" tinted gTass and flourocarbon coatgd gorrugatéq sfeel_shéét in an intrié;te
interplay with the sun and fhe building's surroundinés. The main:elevations
fypicale run a horizontal glass bshd flugh with the leading éanel'edge (to
facilitate reflections). Below the glass, the panel p&g;inués.ﬁownwa}d
and c;rvés behind the window sill to intersecg the: floor beam and §nchorl
assembly in a brief vertical passage. straight beveled sur%ace élopeQ
downward. and forward to the window heaJAand glass to repeat the sequence.

hf“the cornersjof~this rectangula; building are 45 degree curtain walls of

fipor;to-ce11ing glass fleh wjfh sp§ndre1 panels. ) .

| ; . Tﬁé metal ﬁanél used for.the Builging's curté}n wall is
warnel; a stamped sheet metal coated with PPG Duranar, a fluorocarbon fin-
' }sh. Warnel panels can be -used involVing questionable imitationof brick,

) fstohe,”andhwood. Hauever? here the sheet metal was used for its own sake, s

. Its panel has simple 1/2 in. wide and 3/16 in. deep corrugqfioﬁs. _Althouéh'
distre}e\corrﬂgations:are ﬁat visible from afar, their ébility to stand

out in relief creates sof%-baf%gred forms, reinforced by the gray-brown

" coloration. 22 |
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- o CHAPTER 6
a | | - CONCLUSIONS

(4]

&

=

¢
i

/ There is no doubt that the T1§ht'curta1n wall is regarded as

the {deal complement to the load bearing struttural frame. Every curtain
wall has to be designed in relatign to local climatic and atmospheric
Eonditions, the particular function of the bui]diﬁb‘ft encloses and céF?
E%in economic factors. A sétisfactory design is only possible if the

. curtafn wall enters into the planning from the very beginning. The recip-
rocal influences are too many and too intricate for the question of thé

, curtain wall to be set aside.for later consideration, The relationships
that have been tréged between the different kinds of curtain wall construc-
tfon ard their design possiblities should enable the designer to evaluate

)

the alternatives and their chances of successful realization.

L

Following are some general considerations which should be 1qoked

/

for in the design and selection of curtain wall systems: structural

1ntegr1t(& resistance to air ana water infiltration and air vapour exfil-

« tration, heat loss and heat gain, resistance to condensation forming on

—

. \ _
inner surface, reduction of glaze and solar heat gain. Thermal comfort in
the window zone, p#ovisions for thermal differential mvoements, sound
insulation, separateion between floors, simplicity of interfacing with

¢

ceflings, floors, partitions, durabilit& of glazing an¥ sealing systems,
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Taken as a who1e3 a property constructed curtain wa11‘offérs a
wealth of 1nterest1£g desian possibilities. Different effects can be
achieved by varying the rate of solid to transparent surfaces, by chobs-
ing different surface treatment.and b& controI]inQ the properi%es of the

s
grid.
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