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continuation-in-part of co- pending application Serial No. 08/887,879,
filed on July 3, 1997 and entitled Air Loop Wndow System The prior

filed co-pending application is incorporated hereinin its entirety by
reference. Field of the Invention This invention relates to curtain wall
systens, specifically an inprovenent on curtain wall systens utilizing

mul tiple franmed panels with various facing naterials, mm“mmmmmﬁmwn bed
by Ting in US. Patents 5,452,552 and 5,598,671. The st | osed
in U S Patent No. 5,452,552 is also known as an exposed f&qgme airloop
curtain wall systemand the structure disclosed in U S. Patent No.

5,598,671 is also known as a hidden frame airloop curtai mm"mmﬂlm
Background of the Invention In addition to providing an agm I
appear ance Consol i dated Specification 07 10 2004 2 for the sidggeaf a

nodern nulti-story building, sone of the nmajor performance objectives of a
curtain wall system of supported panefd-are as foll ows:

Specification
ENHANCED CURTAIN WALL SYSTEM
Prior Application
This application is a Eontinuation-in-part of co-
pending application Serial No. 08/887,879, filed on July
3, 1997 and entitled Air Loop Window System. The prior

5 filed co-pending application is incorporated herein in its

entirety by reference.

Field of the Invention

e e LA AT AT LT )

This invention relates to curtain wall gystems,

1 specifically an improvement on curtain wall systems
utilizing multiple framed panels with various facing
~materials, e.g., as described by Ting in U.S. Patents
5,452,552 and 5,598,671. The structure disclosed in U. S.
Patent No. 5,452,552 is also known as an exposed £frame

1 airloop curtain wall systém and the structure disclosed in

U.S. Patent No. 5,598,671 is also known as a hidden frame

airloop curtain wall system.

Background of the Invention

2 In addition to providing an aesthetic appearance



(1) to provide a barrier or at least 5 resistance to excessive anmounts of
exterior air 10 15 20 25 infiltrating arougdnidielagdiofseciffcafianed 1020040ne
or nore interior environnents within the building; (2) to provide a
barrier or at least resistance to excessive anopunts of exterior rain or
other exterior liquids /particles infiltrating around the panel edges
into one or nore interior spaces wthiyn the building, typically when the
liquids or particles.tend to infiltrate in conjunction with air
infiltration; (3% to provide resistance to structural |oads, specifically
i ncl udi ng sﬂﬁﬁbr hegsideswaighe spdera wakul sstony residding, seicsms cof oads,
w nd | oads, and thermal expansion/contraction |oads, if any; and (4) to
provi de a tﬁ%ﬁnﬂalﬂﬁrQ%ﬁfQﬁm%Hc¢e%§Iecté§¢§tQﬁcé corbades Walkl hepstem
transfer between the exterior, air and one or nore interior environnents.
The two af orendiEFSHEEUPSN R4 &H af £PriamFily directed to sol ving
probl ems with excessive Hf aqg water ,infiltration or |eakage using an
airloop system Previous desi Ghs REAYTRG wht h Rwey eaREge atypi keasty

requiged a npeawl fect. _seal st.op excessive air_and water ,
infiltration. %ﬁ%aa gren%ﬁtioﬁéggﬁséngataﬂPgntﬁesc?#be SXpPELQYr e 21X

equal i zed aijnlFAQR 3GV d |i dat ed Specification 07 10 2004 3
that separate the funé%?oﬁ%ﬂgﬁfggg F%ga%gtg YT, 1P oPRG A St abl e

air and wat @htiefiid:! eahiPdri@its Q4L IREI{RY, seals. In addition,
one enbodi nent of the '

(2) to provide a barrier or at least
resistance to excessive amounts of exterior rain or other
10 exterior liquids/particles infiltrating around the panel
edges into one or more interior spaces within the
building, typically when the liquids or particles tend to

infiltrate in conjunction with air infiltration;
(3) to provide resistance to structural
15 loads, specifically including supporting the weight of the
panels and resisting seismic loads, wind 1loads, and

thermal expansion/contraction loads, if any; and
(4) to provide'a thermal barrier or at least
resistance to excessive heat transfer between the exterior

20 air and one or more interior environments.

| The two aforementioned U.S. Patents are primarily
directed to solving problems with excessive air and water
infiltration or leakage wusing an airloop gystem,
Previous designs dealing with water leakage typically
25 required a nearly perfect seal to stop excessgive ailr and

water infiltration. The aforementioned U.S. Patents

describe a pressure equalized airloop having two seals



airl oop systemallows panels to be shop assenbled with perineter panel

franme extrusions so that a nore reliable geabolfRifedspdciiiationt 82 18boa
pressure equalized inner airloop is forned along the facing panel franme

edges. A pressure equalized outer airloop is fornmed after field erection
of the panels with bordering panel franmes. However, the prior airloop
systens described can still allow, e.g., under extrene dynam c w nd
conditions, rain water to get to tfe air seal. Since the air seal in the
ai rl oop system can be assuned to be inperfect, water |eakage can occur. In
addition, the panel securing fasteners in the airloop systens described in

U.S. Pat ent sthds 4%%5b4 120 dt Re 59B8ubdili ¥Ry Q)fbeszlﬁ.ihﬁ dt 'Pnag@gétigd anay

negative wind |load conditions (e.g., wnds and/or w oads

from the buipebrDdingest@spOibDACastd8ndOkathe DHEL OEPgY)iSHCRatBAL ol/hg
connection strength and seal conpression may be reduced. Still further,

repeated negithvémpenfletoadeatsoul d AUkl oS eGéd NSmbSELRYELt 8f baeone
| oosened or stretched, causing the danger of one or nore panels to fal

of f the buil@inkoopn sathtieni oallowe pansdld r aoedoamphopt gysmtisieed h@ith

desired thermal insulation for some applications. Still further, seismc

and ot her | cegisimayerepdned diracle cextioastens pacelthaand danrgersddbdlief t he

bui | di ng structure Consolidated Specification 07 10 2004 4 5 1c 15 20 25 is

even sl i ght | §e¥kf stafedPeThirbrigatedgens gai fpressuradeanediemsad hanerbeen

made in achigy}fgosogg %%@%gg\g¥gng the facing panel frame edges. A
pressure equalized outer airloop is formed after field
erection of the panels with bordering panel frames.

However, the prior airloop systems described can
still allow, e.g., under extreme dynamic wind conditions,
rain water to get to the air seal. Since the air seal in
the airloop system can be assumed to be imperfect, water
leakage .can occur. In addition, the panel securing
fasteners in the airloop systems described in U.S. Patents
5,452,552 and 5,598,671 would be put in tension under
negative wind load conditions (e.g., winds and/or wind
loads directed away from the building interior on one side
of the building) such that the connection strength and
seal compression may be reduced. Still further, repeated
negative wind loads could cause the securing screws to
become loosened or stretched, causing the danger.of one or
more panels to fall off the building.

In addition, the panel frames may not provide the
desired thermal insulation for some applications. Still

further, seismic and other loads may tend to crack or

loosen panels and damage seals if the building structure



for a curtain wall system specifically including the two aforenentioned

patents, an inproved systemis still needebnsSlidarad $pédifiediRnl Oyert 2004 The
obj ective of the enhanced curtain wall system is to Inprove the
performance of airloop curtain wall systens in one of nore of the

following areas: air/water infiltration resistance, structural performance
under negative wind |load conditions,gand thermal insulation performance.
The enhanced curtain.wall system achieves the objective by providing one
or nore of the following features: an inner airloop and an outer airloop

that separsit evemat eLigRElQl [defRAmddnCt i DASs , Wal1®hdH NsRgnikyRghHEONS and
sealing functions, a circuitous path at an air entry opening to limt

wat er ent radvancementeabhvenbeerf tdde ainl ceps.cvEm@l domdt b¥jeRERBE
sufficiently large to equalize the pressure in an airloop with the

exterior %wWiaoanehainawald pyistiensuppedififcaidoh peckldBsseahby tweonbi ned
with sliding seals and a clearance dinmension to allow interfloor side sway
def | ecti orS-QiffefeeNEEPRAdc patenther hoadsmpndved cowsteny signi Bcdaat
stres’s in the anel assenbly, a structural engagenent with a nmullion for
resi sting ¥R d wnd | oads on panels |imting outward | oads on
fasteners, a splitter in a drainage cavity in the Consoli dated
Specification 07 10 2004 5 5 outer airloop that creates a dual drai nage

pat h and surface.upon which droplets can collect, thermal breaks in the
panel_fra%%ggggpﬁé?%ag%§+$ﬁx$%%¥%¥ance to heat transfer between the
o 1 Laser R SSeSHAE' B BR AOTA Alhils "eel BSLLa
Lc is to improve the performance of airloop curtain wall
systems in one of more of the following areas: air/water
infiltration resistance, structural performance under
.negative wind load conditions, and thermal insulation
performance. The enhanced curtain wall system achieves
5 the objective by providing one or more of the following
features: an inner airloop and an outer airloop that
separates water and air seal functions, water draining
functions and sealing functidns, a circuitous path at an
air entry opening to limit water entry into at least one
% qf the airloops, an air entry opening sufficiently large
to equalize the pressure in an airloop with the exterior
environment, a two point support of each panel asgembly
combined with sliding seals and a clearance dimension to
allow interfloor side sway deflections under seismic or
25 other 1loads without causing significant stress in the
panel assembly, a structural engagement with a mullion for

resisting outward wind loads on panels limiting outward

loads on fasteners, a splitter in a drainage cavity in the



Brief Description of the Drawings Figure 1 is an isonetric view of an
exterior wall 10 system portion includi ng@ms6ra8i Spedificdidnne7i mPiqy£d
airloop wall system Figure 2 is a partial cross-sectional view taken

along line 2-2 of Figure 1 showing a horizontal wall joint of an

enbodi ment of the inproved airloop wall system 15 Figure 3 is a parti al
cross-sectional view taken along lige 3-3 of Figure 1 showing a vertical
wall joint of an enbodiment of the 1nproved airloop wall system In these
Figures, it is to be understood that |like reference nunerals refer to Iike
el ements orofieaturesrlady 25 hRescdidti s of &hgl Prafam Rt Ephedi i of the
Invention In order to better explain the working principles of the
invention, shefhekl apbngwheeH Bebpltwi thnbeoclsedt henkirhianlabedbkal Anvnal |
panel or panel assenbly: one of a plurality of panels or panel assenblies
havi ng a buthdi ngankaci figaee cubt aifcwehkeel el@nt rekiathuckdi R saewred and
Consol i dated Specification 07 10 2004 6 10 15 20 25 nomnally sealed to a
panel franetrappifeal |betwemsn i hkeebuidditiconintetherf agidng:led emmteriivrshop
secured and sealed to segnents of the panel franme; an inner airloop: an
air 3pace sGBY¥LEADMgNLY &t nthip aohodmasmundenberacdo tdkl ger eastier edges

of the facin ﬁlenents and generally within the panel frane;
pahel asgembly installation and removal.

Brief Deggription of the Drawings

Figure 1 is an isometric view of an exterior wall

10 system portion .including an embodiment of the improved
airloop wall system.

Figure 2 is a partial cross-sectional view taken
along line 2-2 of Figure 1 showing a horizontal wall joint
of an embodiment of the improved airloop wall system.

15 Figure 3 is a partial cross-sectional view taken
along line 3-3 of Figure 1 showing a vertical wall joint
of an embodiment of the improved airloop wall system.

In these_Figures, it is to be understood that like

reference numerals refer to like elements or features.

20
Description of the Preferred Embodiment of the Invention
In orxrder to better explain the working principles
of the invention, the following terminology will be used
herein:
25 a curtain wall panel or panel assembly: one of a

plurality of panels or panel assemblies having a building

facing or curtain wall element of a building secured and



an outer airloop: an air space substantially formng a |oop around each
facing el enent proximate to the inner air(Coapslidatahsgécificdion 6736l coxt
line in an exterior water path towards an interior space within the
building that is wused to restrict water infiltration when little or no

differential air pressure is present across the sealant line; and an air.
seal: a sealant line inboard and awaygéfrom an exterior water path that is
used to restrict air . infiltration into the building. Figure 1 illustrates

an enbodi rent of the enhanced airloop curtain wall system 10 conprising an
assenbly of bl ' I sde.qa, panels l1la_throuygh 11f)
that are supggtd%'ggmgg gst%%lg%r%? %reﬁggrgg gl(’raé%dce 1Pty var ﬁet,raﬁ“eﬁnﬁrl i ons
14 of a buil dhpgiERo oLl ak ] Al_t Figure.l shows _an
b9916ﬂ toﬁw Egélni %Hne\é}xt t.'l.esm I nsaﬁiﬁﬁﬁdaafq C'Sﬁaa“(ﬁ’d

enbodi nent of an enhanced curtal Sys |

curtain wal | el eeghienels e#ChneUpbhakd Waklepanel Ila through 11f is
conposed of insulated, dual gl aSs segnents, the enhanced curtain wall

system can al so conpainse ighaer gaRsebpdat g Sggff I iﬁg;%téeon s%sjc%nl?:l%gé@el ]

solid materials as facing elenments. And altho curtarn wa

11la ghrough Ebfming shawdp rafduid Gkl fa:genes abb¥i fEVALE eqgRs bantdd | v
fl at panel assenblies, other assenbly shapes of panels nay al so be used.

But 5 howevefathegi edievietital apdngeacaatlyhanedinMihid Rlatdlafdame ;TUst be
joined together to forma portion of the curtain wall of the building. Two
types of wall jointsaareougsircakliylbopredanbetdeen spdice e piubeit=miialiaf |
panel s, nanely nomnally 10 horizontal wall joints 12 (e.g., between

faci ng pane|§orm&ng a loop around each facing element proximate to the

inner airloop;

10 a water seal: a sealant line in an exterior water )
path towards an interior space within the building that is (
used to restrict water infiltration when 1little or no
differential air pressure is present across thé sealant
line; and

15 an air seal: a sealant line inboard and away ffom
an exterior water path that is used to restrict air
infiltration into the building.

Figure 1 illustrates an embodiment of the enhanced
airloop curtain wall system 10 comprising an assembly of

20 multiple curtain wall panels (e.g., panels 1la through
11f) that are supported by structural members or spaced-
apart vertical mullions 14 ‘of a building (not shown for
clarity). Although Figure 1 shows an embodiment of an
enhanced curtain wall system 10 in which a facing or

25 curtain wall element of each curtain wall panel 1la
through 11f is composed of insulated, dual glass segments,

the enhanced curtain wall system can also comprise other



15 and lib) and nomnally vertical wall joints 13 (e.g., between facing

panels Ila and 11c). However, nany other Cypesliddted\8pécifi@itivhsorzan 1un4
formed and used, e.g., non- linear joints, linear joints oriented at a

di agonal or other direction, or joints nmade to accommodate wall

protrusions or irregular panel boundary geonetries. Figure 2 shows a

typical fragnmentary cross-section of one enbodi nent of a horizontal wall

joint 12 |ocated between panels 1la and lib, the cross section taken al ong
20 line 2-2 as shown i'n Figure 1. The upper facing panel 15 25 is

at t ached it : | f t 16 i ti
of the gl e AEIEIE® 38 A B BRRRERN 1 and oanchiugl, T "
o vcen e o HETE SSROPEL1 19 SRR A0HBHE LR SR I8, onpectc

to the upper portion of acl ng pane | ower
panel assemdgyy déherdNe t Rapel ;L [l n | tvpically

| ocated on the ééjonslc-)l ig%t ggusggbi ?Fgg'??gg%?iilo %@%4%%% Za{rsleso?'&gfrlea%’
associ at ed loutel ngsaabedc baidached banetilke pu! di | 1 dLog stryglure
using a pair of fasteners? 34 such thaF ggch 6&%%|QF5323%%0€%§ 'bylﬁ&%

spacesdi- apar thowesrer ciethe Mh8i0D8ud#. pdHE1E0WRE fghaRsR & eIt phG |
typically shop assenbled to the uppgr facing pane?ﬁié and J#ﬁé J%%gélﬁrane

segnent 18 imiatypghealbynsopogrshetl ed tform he peweiocha@mamanalrdain
Al t hough frame segnents such as |ower frane segnent 16 are preferably
al unmi num extWadsh otfs, the theildinge. 10; frane segnents may al so be fabricated
using different fabricating neans and from many ot her materials. O her
fabrication nmeans artf@r tobes @t evalbl s jefirdmnserect typically formed
between adjacent curtain wall panels, namely nominally
10 horizontal wall joints 12 (e.g., between facing panels 11la
and 11b) and nominally vertical wall Jjoints 13 (e.g.; '
between facing panels 11la and 1lc). However, many other
types of wall joints can be formed and used, e.g., non-
linear joints, linear joints oriented at a diagonal or
15 other direction, or joints made to accommodate wall
protrusions or irregular panel boundary geometries.

Figure 2 shows a typical fragmentary cross-section
of one embodiment of a horizontal wall joint 12 located
between panels 1la and 11b, the cross section taken along

20 line 2-2 as shown in Figure 1. The upper facing panel 15
is attached near its lower edge to a lower frame segment
16 forming a portion of the glass panel 1la. The
horizontal wall joint 12 shown is formed between the lower
frame segment 16 and an upper frame segment 18 connected
25 to the upper portion of lower facing panel 17 forming a

portion of a lower panel asgembly 11b. The two panel

assemblies 1la and 11b are typically 1located on the



can include other nmetals, elastonerics, injection nolded plastics, and

conposi tes. 15 The upper frame segnent 18 iConsblddted Sp&tificdtRn? 02s10 26dached
to one or nore vertical mullions 14 or other supporting structure

associated with a building using one or nore screws 34, but rivets, nuts
and bolts, hooks and slots, clanps, or other neans for attaching can al so
be 20 used. The screws 34 preferably 8orma 2 "point" attachnent attaching
each end (or locations/points near each end) of the upper. frane segnent 18
to two different L-shaped attaching flanges 14a (a portion of one flange

l4a is shOV\/réﬂﬁﬁst’riBfFiaﬂﬂr%é’o@ﬂQt@dfbﬁﬂgﬁiﬂaéabérﬁi abgen2y e n b gure

3) that protrude generally outward froma maiin box-shaped supporting

structure lathefblibdimyrbebldingl btetdctdre CuBehgS WPRM {1 NSE SELLELNE B
shapes are al so Consol i dated Specification 07 10 2004 9 5 10 15 20 25

possi bl e i nAdddsughathashapet paielisionsupportehaped vl OspaGe@PahSre. |
where outwardly directed | oads would put a fastener in shear instead of in

tensi on), nogrtotcalki omllisner eld.f astTrer lowekd Heamét anfedkrti rest | ysto
the box- shaped supporting structure or other shaped supporting
strucdure), ﬁ&rmaliganﬁmgndsaembéeﬁeaqs th&heppeef diacdthg wampesdl nts f asd ener
attachnent of the upper frame segnent 18 to the protrudi ng L-shaped
flanges 14407 WPRRE Srauabesgoenbedsf ilss tydiimed laacthomhrassedolédstener

hol e 34a in the protruding flange 14a does not penetrate into an interior
air space of“BheRY Faging panel 17.

Although frame segments such as lower frame
segment 16.are preferably aluminum extrusions, alternative

103 frame segments may also be fabricated using different
fabricating means and from many other materials. Other
fabrication means and/or other materials of construction
can include other metals, elastomerics, injéction molded
plastics, and composites.

15 The upper frame segment 18 is shown in Figure 2 as
attached to one or more vertical mullions 14 or other
supporting structure associated with a building using one
or more screws 34, but rivets, nuts and bolts, hooks and
slots, clamps, or other means for attaching can also be

20 used. The screws 34 preferably form a 2 ‘'point®"

| attachment attaching each end (or locations/points near
each end) of the upper frame segment 18 to two different
L-shaped attaching flanges 1l4a (a portion of one flange
l4a is shown dotted in Figure 2 and a flange 1l4a is also

25 shown in Figure 3) that protrude generally outward from a

main box-shaped supporting structure 14b of the vertical

mullion 14. Other supporting structure shapes are also



(Figure 3 shows one interior air space |S), a separate air seal for each

fastener 34 is not required and air | eakag@&onseli@ited SpaRiHiERIAX0PI10°2004
environment E to an interior space 1S (e.g., an air conditioned space)

fromthis potential |eakage source is elimnated. The |lack of a pressure
differential across the threaded fastener hole 34a also mnimzes water

| eakage to an interior space IS and any attendant corrosion problens.
Anot her benefit of the preferred twog9point fastener attachment is when

ot her | ater-described clip-on or otherw se renovabl e conponents (€.g.
such as a water seal nenber 26 and a rain screen nenber 27) are detached,

the screws Jpssibbasiinclactiexsed f arshagedal f)raai;ﬁggaﬁpceanorl_shaped
repai r/replacemrent of a panel. Initial installation of the screws 34 prior

to installir@Feiypsion cotqmnertsers owtwardlymplifeéeeted aldodd ngoie wnhanced
curtain wall system Consol i dated Specification 07 10 2004 10 to be

subst anti al |§ eeeRrer f #BnFhAasrdénskeaupifdiimg temsiolt, soafprditiusior. g. ,
reachi ng frog1interior sEace IS shown in Figure 3 through uninstalled
upper panel SRR%R 2t §2phenex: aiqwdd ks tabhachedt Béreppdy toarthesdgments 18
to 5 be attgched.to the mullions 14. Still another benefit of the

pref &rred t viERHSTht SUPRSEEAEY aPEELREBRE M OtderansbappfengierrlEinhown

in Figure 3).J t,the orientation of the t screws 34 allows the
attached fragn%ﬁgce%%%)t’s O%\%e%’%sa Ht n‘”e’ao%\r%)%@“?i nkage under ‘i nterfl oor
flectipg seismc

oL T PSS Sl pd Ry MLl R e B ST P e
e Carel Lot DEEAREL UG £81Rb VAT o . SUABRY PELOLS,
direction befa#®eprovides a number of benefits. Since each threaded
10 fastener hole 34a in the protruding flange 1l4a does not
benetrate into an interior air space of the building
(Figure 3 shows one interior air space IS), a separate air
geal for each fastener 34 is not required and air leakage
to or from the exterior environment E tolan interior space
15 IS (e.g., an air conditioned space) from this potential
| leakage source is eliminated. The lack of a pressure
differential across the threaded fastener hole 34a also
minimizes water leakage to an interior space IS and any
attendant corrosion problems.
20 Another Dbenefit of the preferred two-point
fastener attachment is when other later-described clip-on
or otherwise removable components (e.g., such as a water
geal member 26 and a rain screen member 27) are detached,
the screws 34 are easily accessed for removal, maintenance
25 or repair/replacement of a panel. Initial installation of
the screws 34 prior to instailing clip-on components is

also simplified, allowing the enhanced curtain wall system



mul l'ions 14 are accommodated by the |lower franme segnent 16 sliding on

air/water seals 24 and 25 wi thout signific@i¥nsoRddtes Spé¢ifisdtiod 0700 Jdws
gl ass facing elenent 15 or other panel conponents. Sone relative notion of

bot h support 20 points in a horizontal direction perpendicular to the
direction between vertical nullions 14 can al so sonewhat be accommopdat ed
wi t hout undue stress or strain onqphe panels, e.g., the lower portion of

t he panel assenbly 1lla can pivot on seals 24 and 25 and/or swing slightly .
i nwar.d 25 and outward to or away fromthe vertical nullions 14. Conpared

t o ot her secwd n@eat isa®arRmi iFRIROdSrecticgni Fi-egnt s qduc I .1 he
facing el enent 15 and Consol ildat 2,3 Sggci f?lcagf%rgﬂ O%M?%agoogﬂilog?$}§\g?ér

seal s (e.g., WhiI5)s e ff ST0NP) I Sh@d, dbkd A nFLF Lo S8 SH| S t pat
cause | ateral deflections in nulligﬁs 14. Andsiecause of t eraﬁﬁg??yhgf

the enhanced staiwil obp Fyguem (3e.ihrowsh deathEbLY] B8N RighedNhd e L 055z 88RI NY
US Patent Application No. 08/887, 879) to function as a water barrier to

the exterior Ehvih®ewrarivt hoott iqes fefttisealspet eramsi séaqnese o1 patgr

| eakage tends to be nmmintained after a seismc event even if the air/water
seal © 24 and % afrtachathdeel. th® nulltenpreferred enbodi nent, the design
clearance D of the invention (shown in Figure 3) allows relative panel
noti on during hori zofitell} neeethesobeteffidctobdnsher prifter iyt wot pohnt
e.g., due townd or seismc |loads on the building. Design clearance Dis
provi ded bet Rers AbFprBRenk aAnd t Aéessrprealdidansisi aDpaisdiowreaint he
hot t om of a&ain%lr. A\Howabl i nterfloor, |lateral or _side- sway notion (e.g.,
during a sei smetdvent) ¥ortB2ty PG origptaticr afi Itdheagtrve igruaws obder

O Gabout L/ 2001 iiThd- ad eadiifs 4 A4R0 EeShelld U REVL°ED L' 00050 0hx
10 linkage under interfloor deformation loads, e.g., to move
without damage under a deflecting seismic load in a

lateral direction having a horizontal component in the

plane of the panel 1la. In other words, relative motion

of the support points (or motion of screw holes 34a in

15 protruding flanges 14a) in a horizontal direction between
mu}lions 14 are accommodated by the lower frame segment 16

sliding on air/water seals 24 and 25 without significant

Stress or strain on the glass facing element 15 or other

panel components. Some relative motion of both support

20 points in a horizontal direction perpendicular to the
direction between vertical mullions 14 can also somewhat

be accommodated without undue stress or strain on the

panels, e.g., the lower portion of.the panel assembly lla

can pivot on seals 24 and 25 and/or swing slightly inward

25 and outward to or away from the vertical mullions 14.

Compared to other securing/attachment methods,

gignificantly reduced loads on the facing element 15 and



20 for an interfloor height of 12 feet, the building structure is designed

to allow an interfloor side-sway (under extdreoRdateddpaciftataiir ey 1) doosch.
Thus, a 6-foot square panel could be exposed to side-sway support

defl ecti ons of about 3/8 inch. The design clearance Dis 25 typically
selected to accommpdate the extrene deflection of a panel, in this exanple
at | east about 3/8 inch, but desidgn clearance D may be as nuch as 3/4 inch
or nore. Consolidated SpeC|f|cat|on 07 10 2004 12 5 10 Design cl earance D
~may also be as little as 1/4 inch or less if a stiffer building structure

I s designe one d at these extreme deflections can be accepted,
or small e%lﬁ‘?’%ﬁ e%rae ?e| ‘Rraddfdi 6n2[5§ t#ee dasrgmpéiehednciungach

anel fra a edt | i ons 14nar the two to corners (in
Epper frarrer&%&lr% ? E%Sﬂlﬁn ﬁhoa?fi? ngha&ap%%"ll%e a%ﬁlondﬁé%%gtP-ﬁ@satltlacgrrent
e.g., fas sea shown 2 an the | ower_ frane
geg?rent 16@2’n%r§10%29rel a%‘ggebtegaﬁ%’ Ooﬁ n[_[ p?]Ph ) Pﬁ ttIIF@ el

di h I h | 14
irection ‘Mltx’fl'dbﬁ %%,g,%glmgn g ar angghe evgo 5*%%493%5 rru_ i on :

during side sway ev Thereé ofe rm’t?och('vmthi n o

cl eabance 'Pendiidy t Paﬁ:er&béﬁf&%%%yls&{‘?qo'SY%ae v.\;t ol ccaustt g damagl ng

stresses 15 in the curtai n wal'l 0 nal ai'd an cce t

seal i ng fumetian wamsdr t baerybil Q:@' ERW NG SANR, rSﬁGQ%R en{:elv?fﬂ cﬁl

nmovenent between the panel franme and the support lon 14),

it is pref peneiedn sed s dhe regiatindealo Gatdhale di?ég%"t%nciha‘ﬂcﬂ%é‘ seal

coating .
maintained after a seismic event even if the air/water

seals 24 and 25 are damaged.
10 In the preferred embodiment, the design clearance
D of the invention (gshown in Figure 3) allows relative
Panel motion during horizontal inter-floor deflections or
side sway motion, e.g., due to wind or seismic loads on
the building. Design clearance D is provided between a
15 mullion 14 and the wvertical edge of a panel near the
bottom of a panel. Allowable interfloor lateral or side-
sway motion (e.g., during a seismiclevent)‘for a typical
high rise building is in the order of about L/200, where L
is the distance or height between floors. For example,
20 for an interfloor height of 12 feet, the bﬁilding
structure is designed to allow an interfloor side-sway
(under extreme loads) of about 3/4 inch. Thus, a 6-foot
square panel could be exposed to side-sway support
deflections of about 3/8 inch. The design clearance D is
25 typically selected to accommodate the extreme deflection
of a panel, in this example at least about 3/8 inch, but

design clearance D may be as much as 3/4 inch or more.



material for seal 46, such as a resilient foam an elastoner such as

Tefl on, or a nol ybdenum disul fide powder. (dnseléited SpBEficatidre®70f0 2004
not i on- capabl e or notion- accepting seals nmay al so be used such as

| ubricated elastoneric seals, grease, putty or other gap fillers, and
resilient adhesives. As shown in Figure 2, an air space 20 is forned
generally within bottompanel lib arl@ is generally Consol i dated
‘Specification 07 10 2004 13 5 adjacent to. an upper -edge of the bottom
facing elenment 17. The air space 20 is the top segnent of an inner airloop

around t hey ol (M ARGl JJeP-p) They! QRebl Yo SLOTBDE1L 8! 1 d1eihgh! o panel

[lais sim the top frane Segnent of panel 1lla (not shown in Figure

2 for clariin, agd.l Seiolen pinakly olidelrd o8 Need ogesal  age sonarent
enas o

16, allowng mtere f each protrusion or portion of the top frane

segnent togRRagkt agheehs fe ORG tHemdD! e CUFDILN S| d8nf RMEacegPEsEs 30 or 38
(as shown in Frgure 3) to forma substantially continuous inner airloop

around eacBmalpafeban@l® @fremsedai r holes or openings 23 in the | ower
frame segnent 16 serve a primary purpose of air entry, but may al so.
'sere ot her purpodes.adiieian tapethergdesigmwpebéarsn@d By eetyghi garel si zed
to allowa flowof air into the inner airloop such that pressure within

t he i nner faiameoops (ifectetdiedy tondheai mibbposegidntsedsd &ing 20W0i $op
substantially equal to the air pressure of the exterior or building

ext ernal eAPrReHferiinEupperotiramavelementhd 8di witbpawtign-Zanakele Wi cal |y
si zed such that a "worst, case" flow of air through the air qpenings wll
not cause BOtdpgmACceRHing caatirehmerp derfss tirst@nerienthgs 58 )p . a

As shown in Figures 2 and 3, the lower frame segment 16
10 can move relative to the joint spline 50 in the horizontal
direction within the design clearance D without hitting
‘the mullion 14 during side sway events. Therefore, the
building side sway motion (Within clearance "D" limits) .is
absorbed by the system without causing damaging stresses
15 in the curtain wall panels. To maintain an acceptable
sealing function over time while allowing some freedom of
relative movement between the panel frame and the support
frame (e.g., mullion 14), it is preferred to use a dry
type of seal or other material having a seal coating
20 material for seal 46, such as a resilient foam, an
elastomer such as Teflon, or a molybdenum disulfide
powder. However, other types of motion-capable or motion-
accepting seals may also be used such as lubricated
elastomeric seals, grease, putty or other gap fillers, and

25  resilient adhesives.
As shown in Figure 2, an air space 20 is formed

generally within bottom panel 11b and is generally



maxi mum pressure drop across the air openings of about 0.1 inches of

water, nore typically Iess than 0.05 i nchesCédsolidated Spedifidatidreioer ebbyogven
| ess than 0.03 inches of water under worst case flow of air. A worst case

flow of air into the inner airloop Consolidated Specification 07 10 2004 14
5 10 15 through air openings 23 is typically caused by a conbination of
~environnental, design, and sealing fgctors, the nost inportant of which is
typically air | eakage past an inperfect facing elenent air seal 31. The
nost likely area of seal inperfectionis at the mtered corners of the

,alr seal 3&,and vari ous estinatgs (Oé gﬁtugl Eest datag ian b% ged to
appr oxi mat 3aRFeREak2gB alPPRE §PPC CLaFPBaRBl R SAGIYYI GFRNPR ug er

' iti f__di .ent,.al i f ' | .
Aot hor pobe P Shacs o 2hoif i, BHEOSHReAF] 8% A0 LIREL BikBop S

. o . q i .4
ohal “dea shERUER e Hieddd Badt] Al mil AR OeEaePattineE HLE 2L e

18 and the | fzj t rsfacgt end] u LTl into
t he inner t-aﬁlfgl %?gti%r?ﬁlﬁge lwg%g% %%oggﬁ%ﬁ'?&i %ﬁ u |%18t8€oﬁggﬁ%atsib§&n§aa‘gr ai ni ng

out org t heoEnpaheal rinoep, (RéPebhoffaknl MQuLRCHd ofisy &2REOEY) | BaAEAS NY
barongtric pressure in the exterior environnment, and rapid thernal

expansi on adbot h«e};ﬁﬂaa_l_lyi rdiaBRarAStan Er@mMlowedf Siraingg saéghr@rtt 2@ 69peni ng
23, auxiliary and/or air seal ends or 25 inperfections at the four mtered
end j oi nt sataowheg editiereidednde efckakh phetegwival et poirtdiohcdfathepeni ngs

- top frame segment to be attached to one or more common

gide frame segments 36 or 38 (as shown in Figure 3) to

form a substantially continuous inner airloop around each

. panel.

One or more air holes or openings 23 in the lower

frame segment 16 serve a primary purpose of air entry, but

may also ‘serve other purposes. The air opening or

openings 23 are typically sized to allow a flow of air

into the inner airloop such that pressure within the inner

airloop (including inner airloop segments 19 and 20) is

substantially equal to the air pressure of the exterior or

building external environment E. In other words, the air

openings 23 are typically sized such that a "worst case"

flow of air through the air openings will not cause a

significant pressure drop across the air openings, e.d., a

maximum pregsure drop across the air openings of about 0.1

inches of water, more typically less than 0.05 inches of

water, and preferably even less than 0.03 inches of water

under worst case flow of air.

A worst case flow of air into the inner airloop



about 5 square mllimeters and that air | eakage past these sea

i nperfections or corners is the major causeaCdHsoRdited SpkefitatbrP07 ERYOOW t he
air openings 23. In order to mnimze any pressure drop across the air
openings, one nethod is to size the air openings at |east about 20 tines

. Consol i dated Specification 07 10 2004 15 as |arge as than the equival ent
seal inperfections, or having at leﬁ@{ about 100 square mllineters or one
air opening preferably having a diantter of at |east about 3/8 inch, nore
preferably having a dianmeter of at |east about 5 1/2 inch. In order to
provi de fog aiys flo C. S, nqWater - | Nage;, an urf,per _assure
t hat press{lijlrﬂééllE b sal g{y efe%%rgjégéed \2M3t h%’% th(ﬁ'}lnner %i r?%%%?ét h%gm)sat
preferred eghodhapaba BE iR ABRALAN! ARRAINOS o NGy Fadcumi er of
at | east about 3/8 inch. 10,. Because another purpose of at” | east one of
the air oprai ABEL23 rportrdl | OV Wi dh 0{ 5 OLDBL BT §F ali® dLakBgRUpasH
(perhaps concurrently with air entering) the inner” airloop, at least one
of the ai raﬁpembegtfeﬂtolﬁatibﬁgbiéuérﬁ@m | per géganer1segmpet nbetag iawn in
Figure 2 and be at 15 | east about 1/8 inch in dianmeter, preferably at |east
abouts 1/ 4 aped bff diealetitperifiestdien ilshatpreleemnitrdd cirdmirofofmitHeast
one air opening 23 is near the center of the {ower frane segnent 16 to
provi de foeirheesl ndty andl rvdtboupuepbimatiese. (ocmwaythabmedsai datg)wat er
pat hs 20 proximate to side frame segnents 36 and 38 shown in Figure 3).
Qther air 6pBni Rgs Z®egan tise prPHdcdddaite otier fleakagesegitenttheor dioctati ons
to further assure that air pressure wthin the inner airloop is
subst ant | aPP3légamelt oasperuRLyir €amnense wrderi slawimus opprditEonsn afh

aIternativﬁ,%? enbodi ment, one or nore of the portions of the inner
ifferentia pressure across an imperfect air seal.

10 Another potential leakage path is around the glazing stops
GS. As an option to reduce air infiltration around
_glaZing stops GS, an auxiliary seal 46a such as caulking
is placed between the panel frame segments.ls & 18 and the
glazing stops. Other factors tending to cause air inflow

15 into the inner airloop include water (possibly including
condensation) draining out on the inner airloop, other
seal imperfections, rapidly increasing barometric pressure
in the exterior environment, and rapid thermal expansion
of the inner airloop. As an example of sizing an air

20 opening 23, auxiliary and/or air seal ends or
imperfections at the four mitered end joints can be
estimated to each be the equivalent of circular openings
about 5 square millimeters and that air leakage past these
seal imperfections or corners is the major cause of air

25 éntering or 1eaviﬁg the air openings 23. In order to
minimize any pressure drop across the air openings, one

method is to size the air openings at least about 20 times



ai rl oop may be discontinuous (e.g., for lower building edge panels) and

additional air openings (e.g., |ocated Consohnsdéitie@d gifichGat 11 ® 2000
2004 16 near the |lower portion of the side segnments of the inner airloop)

may be needed for air entry and/or to drain water fromthe inner airloop.
In an alternative enbodinent, at |east two of the air holes are located in
the lower frame 5 segnent 16 near. ggch mitered corner of the panel. This

, dual corner |ocation of air openings 23 allows water to 1c 1_ 2( 2! easily
drain fromat |east one air opening 23 at one end and air to enter the

other air opgniNgrss. ABULEREY RhePlEHPIVELLAL hadl I 1QPERELG Zhdet ween the

i
dual corner |ocated air openings in“|ower frane segdgﬁt 16 or on another

| ower framehsegagntatal Lewstwaleiutt 0L @RSkiYass il 1 fiBdiat bengse (84g-
water entering frominperfect water seals in the side or vertical

segnents) aogeatihti preferaibly Ha@Wnico sedliametrirowEh ddha daitr dboutniydl e air
opening 23 to substantially equalize the air pressure within the 1Inner

airloop to dhoht tereiprefeshie havidye £xdianetered¥i agnieabtEabdugo in
the preferred enbodinent, air from the exterior environnent Eis forced
arourl an eit/@rilach.pr dir usidEr dro frinestideaffolre ctimr @it ifil.oon faaitwrscr een
or baffle nenber 27, and the second or L-shaped baffle or protrusion 16b
prior to enwWatery dheinfgeopamnchgte3 fagtheowasbyreorthsuspoessure uiiisous
path arrow "Al|l in Figure 2. The rain screen nenber 27 and protrusions 16a

and 16b foPf&l¥er faMAIG 70t h widitrines thieat ipnest uddlanmai fie  most

preferred embodiment includes three air openings 23 having

a diameter of at least about 3/8 inch.

10+ | Because aﬁother purpose of at least one of the air
openings 23 is to allow rain or other water to drain out
of (perhaps concurrently with air entering) the inner
airloop, at least one of the air openings should bé in the
lower frame segment 16 as shown in Figure 2 and be at
15 least aboutmml/a inch  in diameter, preferably at least
about 1/4 inch in diameter. = However, the preferred
location of at least one air opening 23 is near the center
of the lower frame segment 16 to provide for the primary
air flow purpose (i.e., away from draining water paths
20 proximate to side frame segments 36 and 38 shown in Figure
3). Other air openings 23 can be provided in other frame
segments or locations to further assure ﬁhat air pressure
within the dinner airloop is substantially equal to
pressure in the exterior environment E. In an alternative
25 embodiment, one or more of the portions of the inner
airloop may be discontinuous (e.g., for lowér' building

edge panels) and additional air openings (e.g., located



path flow of air (with possibly entrained water) fromthe exterior

environment E to the air opening 23. |In CorcNsbl@dted Speafitdtigrn7om $304.0
2004 17 addition, the alternating path baffles provide surfaces on which

entrai ned water or particulates tend to inpact since the |ess dense air
can change flow direction nore easily around the baffles than the nore
dense water droplets . and 5 particujgtes which tend to be "thrown" outward
onto the 10 15 20 alternating path baffles and collect thereon. The baffle-
coll ected water droplets tend to coal esce and drain outward (e.g., on
drain surface 27a) towards the exterior environnment E and/or downward

t owar ds ralnﬁad%tt%l%ﬁs Feer BPEbiEr Ofi tdopatideuragrentpet ALt fF&edrihifithg

t Al th h t haped b t 16b d at
one of thea%r%w@n.wi 2 tnedarbibpr (0% She qnds)%etp AR FTERT ease
th t f__th th “A") L- d t [ [
escont |l | HOL Y MRS oA GLePae « 7Bs Mo LemFiasd oo SOLI IRRE 3 and
ib trud f th t 18 .whi ch t
shown as L- Sﬁ%asgtéﬁﬂo”ps%f?méia”%ﬁ BRLCE eRapaa et E‘Sa”gmelébovh%at Frgne
Space% ap%@gﬁé&!“f@ ﬁé&ro%ﬁyﬂmhfg%ng Q8&n % é§1 di %ReEEI'Tﬁ ped

sinceTlittle™r no alr IS enter a space ance fromthe air

openi ng. A id i Gbimuppy cae&%r%fogl#%eifﬁ%% eifrsﬁ!mwar& 165 is

preferred ' enbodi nent. only a portion | ower protrusion
L- shaped negfgil f%e @fén@pﬁﬂbﬁg ag3 12Gt! ehd eaBt ”Qﬁéngﬁﬁ( 2BaGRd ApArdndrom
s

any air opening Is straight, draining water fromthe building outward

side of themrddweir to enter the other air opening 23. Putting a

preferred third air opening 23 between the dual corner

1c located air openings in lower frame segment 16 or on

another lower frame segment allows water to easily drain

from both ends (e.g., water entéi:i‘.ng from imperfect water

seals in the side or vertical segments) and sufficient air

flow to enter through the third or middle air opening 23

1t to substantially equalize the air pressure within the

inner airloop to about the air pressure in the exterior
environment E. |

Also in the preferred embodiment, air £from the

exterior environment E is forced around ah exterior

2 protrusion or first baffle 1l6a, a clip-on rain screen or

baffle member 27, and the second or L-shaped baffle or

protrusion 16b prior to entering the air opening 23 as

shown by tortuous or circuitous path arrow "A" in Figure

2. The rain screen member 27 and protrusions 16a and 16b

2t form alternating path baffles that preclude a straight

path flow of air (with possibly entrained water) from the

exterior environment E to the air opening 23. In



protrusion 16b will tend to be diverted to the straight. Consolidated

Specification 07 10 2004 18 protrusion portdgmsliddteespssifiEatidnher 10 Paed zi ng
wat er/ particul ate re-entrai nnent problens near the air opening 23. In the

preferred enbodi nent, the portion of baffle protrusion 16b that is

L- shaped extends at least 5 1/16 inch on either side of air opening 23 and
alternating path baffles/protrusionsqpare spaced apart by at |east about
1/16 inch, nore preferably at |east about 1/8 inch, but preferably
spaced-apart by no nore-than about 1/2 inch, and typically protrude into

he fi | Ol 110 b | b [4 inch f bl
| east  about OGF5EORncHhe ey o ERRLingaprFE BG5S LRERAGerSahateRobPui ng
I th [ | t [ ' if th
sl | or opatiRgt SRt hndncTAt8t HE 8RR AR TRt Sa neliS, FE ElodEt LEQLETL
entering thepaihe QPeiiia 23 J SodeskhgflaeD U J1e1 ARRASIdE HBYe PEades|red i f
| ower costs and a cl oser approach to prgssure equal 1 zation 1s ge3|r¥d.

Al t hough thsraﬁﬁaerchedbam@'gn%fan Zcﬁgeperga%é L@&%@lméfnagggléés gRperi or

protrusion 16a, the 20 second or L- protrusion 16b, the rain

scregn 25 ”?&P_Eﬁ.cﬁiategev@ﬁd@r@eﬂ’cﬁ BeRe COPRPHRAT S oMWaF S oEo  €BBPOSed
of other materials, such as other netals, wire screen, porous materials,

and el ast ongLtegnaCihgr patiht BaE@lesmaydhave1advaghagesni.n tthe daggseof
i ncreased retaining/draining of inpacted water and reducing

wat er/ parti colaeetrd- enatarnndpbppeabl efrendTheor acpalieseen madbedrainand
the rain seal holder Consolidated Specification 07 10 2004 19
outward (e.g., on drain surface 27a) towards the exterior
environment E and/or downward towards rain gutters 35,
10 also carrying particulates with the draining water.
Although the L-shaped baffle protrusion 16b is
preferred at or near one of the air openings 23 as shown
(e.g., the L-shape tends to increase the circuitousness of
the air path "A"), the L-shaped baffle protrusion is
15 esgsentially a continuation of side ribs 36a and 38a (see
Figure 3) and upper rib 18a protruding from the upper
frame segment 18 which are not shown asg L-shaped.
Portions of the L-shaped protrusion 16éb that are spaced-
apart from an air opening 23 may not be required to be L-
20 shaped since little or no air is entering at a spaced-
apart distance from the air opening. A straight upper
protrusion 18a is therefore shown in the preferred
embodiment. If only a portion of the lower protrusion 16b
is L-shaped near the air opening 23 and the remainaer
25 (spaced apart from any air openings) is straight, draining

water from the building outward side of the lower

protrusion 16b will tend to be diverted to the straight



26 are clipped or otherw se renovably attached to tabs 18b and 18c on

upper frame segnment 18. This clip-on confi@HsalidgedEbkeicat®ss\07 10 2004
installation and renoval of the rain screen nenber 27 and rain seal hol der

26 as well as easy access to screws 34 or other attachment neans for
installation or renoval of an entire panel. Although clipped attachnent is
‘the preferred attachment neans, altefBative enmbodinents can attach screens
or seal holders by neans of pinned connections, hooks and slots,

adhesi ves, or fasteners. Air openings 23 in an alternative enbodi nent may

have differeng and sj . g., eral. openi_ngs rimarily. sized
for air fl owﬁﬁg\é?ﬁgga%npr ef é?ggﬁgngi'gmt gggrﬁsyat pl%%%%gut ‘@@%%ﬁf‘ﬁ‘%l us
a separate dkgai (I F e . about _1/4 inch in

di arrgt er or E”I@Lg%gb%ggrt IStf%;&rlr'iatt%re EC%P ﬁglrarln&%ﬁgr %??gr?%‘iﬁ VESBhhodtfet can

i ncl ude an aioheh@he 23 Nostrhf t b I, sl.ots
i u obeh@heg i2 StihftRe pﬁé%e&%ﬁﬁeeEBSHEHEﬁth %Pﬁ%ﬂﬁ%ﬁi%ﬁ o

I nstead of the circular air opening 2 shown, a scree aced

over the air bafi€liencoAtri@idnir LBBr vHAY N g€ ahabedNd ¥ o Y ?qdifeja(g@l
baffles placed in or near the air opening 23 or Inside ?omer oop segnent

or spdce 19 tld1st ilinichf ont kdit hemistidee oftalr HeingOMSifR td8: 290 4 9P
segnent 20 and | ower | oop segnent 19 of the inner airloops, the air space
or outer ai PRSBp bafflea/prohinstbashosai&onimicattl bpp@itht b2 46 least
essentially separated into two sections of an outer airloop, nanely the
first or wet 3Peust l¢Pécdrch ampbraeptefisnablint atl Spastf abatiton /A&7 ikkR2004
205 10 15 Z%ht breferably spaced-apart by no more than about 1/2
inch, and typically protrude into the first joint space 21
10 by at least about 1/4 inch, more preferably at least about
| 9/16 inch. ' (
Many other baffle shapes, spacings, and protruding
lengths are  possible in alternative embodiments.
Increased baffle 1lengths, smaller spacing, and thickef
15 shapes may be needed when even_less water entering the air
opening 23 is desired, but the opposite may be desired if
lower costs and a closer approach to pressure equalization
' is' desired. Although the preferréd embodiment uses
extruded aluminum for the exterior protrusion 16a, the
20 second or L-shaped protrusion 16b, and the rain screen
member 27, one or more of these components may also be
composed of other materials, such as other métals, wire
screen, porous materials, and elastomerics.. Other
materials may have advantages in the areas of increased
25. retaining/draining of impacted water and reducing

water/particulate re-entrainment problems.

The rain screen member 27 and the rain seal holder



25 second or dry joint space 22. The first joint space 21 serves
concurrently as a drain path (as the bottoi@gghested Spécifib&idn 10511 B20G4 ON
of the outer airloop of the top panel 1la) and as the top segnment of the
first section of the outer airloop of the bottom panel |ib. The second
joint space 22 serves concurrently as the bottom segnent of the second
section of the outer . airloop of the tt9 panel 1lla and the top segnent of

t he second section of the outer airloop of the bottom panel |lb.. The rain
or water seal 24 is placed between third protrusion 16¢c of the | ower frame

segment 16 85dalral @lihedddl! benirvidle) raiRlvaBal I8t a8 AN NRLRE 88 24

Is preferably attached to the rain seal hol der ext

di st ance frandthaaend&npf1gﬂn§§ fffgﬁésegggﬂé d8 1@nd toward t .center of
the panel 1la or |IIb, but the water seal 24 %ay %oi be ?@% inggﬁg §ber t he

entire wi dt bondfigarpaieh. allaoa@iééé%g,iﬁélﬂaﬁéﬂ?i&ﬁ'ﬂ e ] af?ﬁ@?él%ft HGe

interior baffle 26 to a protrusion c of the upper pane rame segnment 18

may not be Tadhedcagmmsteniar 1TNfahér ghianseEhe HXIRY Ofs ais ganithgrefore
enter into first and second joint spaces 21 and 22 and are both pressure
equal i zed WPRRY!t Hecegas i hot lemmuter Bor orenvt h@AMatt abhmen® | meah® ERe upper
| oop segnment 20 and |ower |oop segnment 19 of the inner airloop. In other
words, air tBAtBElAtdRsf ¥ ederemadenofheanueeart iaier | papel and hiehbogar
airloop, equalizing the pressure between the inner airloop pressure and
the exteriof~aPPehr e85hRERMBDE Chasdihelatrrefgand | eattiachm@htl0m2aA4,21 5
nted fromentering the second joint space 22. In

water is effegctivel rev
an aIternat%fgﬁSBEFﬁgﬁtFm§89F9F8ﬁ§Ican attach screens or seal holders
by means of pinned connections, hooks and slots,

adhesives, or fasteners.

Air openings 23 in an alternative embodiment may
have different shapes and sizes, e.g., several openings
primarily sized for air flow having a preferable diameter
of at least about 3/8 inch plus a separate drain hole near
a water path, e.g., a hole about 1/4 inch in diameter or
less near a mitered corner. Other alternative embodiments
can include an air hole in most if not all frame segments,
air opening slots instead of the circular air opening 23
shown, a screen'or filter placed over the air opening 23
to further miniﬁize water entry, and additional baffles
placed in or near the air opening 23 or inside lower loop

- segment or space 19 to still further minimize water entry.
| Outside the top loop segment 20 and lower loop
segment 19 of the inner airloops, the air space or outer
airloop portion within the horizontal wall joint 12 1is
essentially separated into two sections of an outer

airloop, namely the first or wet joint space 21 and the



air passageways can be provided between the first and section joint spaces

21 and 22 in locations away from drai nage Qetdasidated Spedifica€sh d710 2604
preferred enbodi nent of the enhanced curtain wall system the panel or

facing glass element 17 of the bottompanel lib is nomnally sealed to the
upper franme segnent 18 by a panel water seal 32 and a panel air 1( seal
33. The wall joint 12 between the pdfels 1la and 1lb 1! 2 2 is nomnally
seal ed by a frame water seal 24 and a frane air seal 25. Since sone or al
of the air and water seals may be discontinuous and/or field or site

aakage mhy DERracen G THRAT, RRRPRCAZ carhe ohbRgt: e geRaRerY

| eakage may be present a sea

present on | gLgessbubhdly Qénﬁmgeég Eyﬁkgﬁhléat % Fentbzggﬁﬁvggpm%%t

di scussed herein and as |scus I n Cco-pe

08/ 887, 879, ofhﬁhelEY?EE'Q@Ch%OhOB?r@HE BEté 55%88 SS?'Ehe'Eogl apel

preferred enbodi nent, panel water seal e closed ¢ oam

seal i ng tapes1&)chn@s MOrERa th p%%g%ié@id abf erhe O MRkt Ab REfd:0r BNEGe
Pl astics, now Saint-Gobain Performance Plastics, |ocated in Wayne, New

Jersey. Homemteralahellmbl \f efthodboBpdE pafelsa1®f.herthd yaesonl seahs or
water flow restrictors. The preferred panel air seals 33 and 31 are

i nsertabl e- t ypacgagReteswalss canmiraaintyl ye epodasd et BhPVssahent abs Hewever,
alternati ve Consol i dated Specification 07 10 2004 22 10 15 20
second section of the outer airloop of the top panel 1la
and the top segment of the second section of the outer
alrloop of the bottom panel 11b..

10 The rain or water seal 24 is placed between third
protrusion 1léc o£ the lower frame segment 16 and interior (
baffle or rain seal holder 26? The water seal 24 is
preferably attached to the rain seal holder 26 and extends
for some distance from the ends of upper frame segment 18

15 and toward the center of the panel 1lla or 11b, but the
water seal 24 may not be continuous over the entire width
of a panel. In addition, the clipped attachment of the

_interior baffle 26 to a protrusion 18c of the upper panel

frame segment 18 may not be sealed against air

20 infiltration. The exterior air can therefore enter into
first and second joint spaces 21 and 22 and are both
'pressure equalized with the air in the exteiior
environment E, similar to the upper loop segment 20 and

lower loop segment 19 of the inner airloop. In other

25 words, air can be transferred between the outer airloop
and the inner airloop, equalizing the pressure between the

inner airloop pressure and the exterior air pressure, but



enbodi nents can use other types of seals or airflow restrictors. In the
preferred enmbodi ment, franme water seal 24 Gomdolidised SpaEfigations 12064 €
closed cell foamsealing tapes, such as Norton tapes simlar to panel
water seals 30 and 32. However, alternative enbodi nents can use ot her
types of seals or flowrestrictors. In the preferred enbodi nent, the | ower
‘frame segnment 16 has a femal e jointyqgroove 51 that engages a male joint
spline 50 protruding fromthe upper frame segnent 18. The mating surfaces
of the joint groove 51 ‘and joint spline 50 provide the opposing sealing
surfaces of the franme air seal 25. Simlarly, the mating surfaces of

wat er seal Yiek®®r %65 afifeativiely dreNaensedsechrompesterdngn s eecend | over
frame segment, 16 provide the sealing_surfaces for the frame water seal 24.
In alternalP¥RCeMRifiSetts oflt ndlecARisEBateurembodipent , spddimionaer
joint elenents and natingﬁsurfaces can be _provided. The gutter spaces 35

within the P stPRIRIIONEYF ORe Bt diryiidesbpbetwees (kbe tfdxHand®d any
water (e.g. | ashed, over_the rajn screen nenber 27) ,to one or hoth
mtered endge%ﬁg?ﬁ 4R Wat EP3EER gﬂe{]cﬁ‘gﬂneg%d’d’o RERELIPRS (INAX) e FEPHI
franme.segne : a SS b. .,The 25 gutter protrusion 18a al so
serveé ag a§£§ géggsggkggé gg?k§ﬁﬁ%ﬁe ter drgplets gre thrown into as

entering air is forged iR t?%ﬁﬁ%z%&dmd gf oaé%{éief)g-n?ig%?gd | ower

Consol i dated Specification 0 rame segnmen ead of
bei ng t hr owsuagak ASwalfll aRR LML e e Harpd By ' PhB1 5625100508 T

gutter .protrusion 18a also serves t?asplﬁlt ]'?he J(')\/\gr'!;']p'orgétai o%egl ntt E? first
segnent 21 of the Moo paeD LIbOiEVWRHiRNAlly sealed to the upper

frame segment 18 by a panel water seal 32 and a panel air

1 seal 33. The wall joint 12 between the panels 1la and 11b
.is noﬁinally sealed by a frame water seal 24 and a frame
air seal 25. Since some or all of the air and water seals
may be discontinuous and/or field or site assembled, the
chance for bypass, misalignment, dirt, or other causes of

1! leakage may be present and some imperfect seals among the
many pane;s present on larger buildings should typically
be assumed. However, as discussed herein and as discussed
in co-pending .Patent Application 08/887, 879, the
invention is tolerant of imperfect seals.

2 _ In the preferred embodiment, panel water seals 32
and 30 are closed cell foam sealing tapes such as Norton
tapes avaiiable from Norton Performance Plastics, now
Sa?nt-Gobain Performance Plastics, located in Wayne, New
Jersey. However, alternative embodiments can use other

2 types of seals or water flow restrictors. The preferred

| panel air seals 33 and 31 are insertable-type gasket seals

typically composed of EPDM material. However, alternative



5 channel s or gutter spaces 35. The creation of two drain 10 15 channels 35

tends to reduce water splash/re-entrai nmentCorsblidited Spewifiesicyo IR OOPT €
outwardly contained paths for water to drain. Alternative enbodi nents of
the enhanced curtain wall systemmay delete the gutter protrusion 18a
creating dual gutter spaces 35 or provide other drain paths. As an option
to i nprove thermal insulation perfor#fnce of the inventive curtain wal |
system one or nore thernmal breaks (e.g., the |ower thermal break 28
shown in the lower. frane segnment 16 and the upper thermal break 29 shown

in upper fram BBty 1 an, e in al|l nel frape_segnents
(16, 18, 36, and 38)_§%d3i§f g?ﬁ%rgiggéiingggilgﬁouéﬁaggloﬂFth@?ﬁB ©
conducti Vit pegthiasideg material is preferred for the thermal breaks, 20

other substantially rigid materials with sufficient structural strength and

linited thermal conduet tubt preFrriequsathdinddte, t henpa!l hygs 28
and 29. 25 addition, the aIE%inun}plastic i nterfaces @gtmg%ﬁﬂ¥%§§£§h%€nal

breaks 28 &l atHet Hrdneangisegmnt 24 8azad dfbsdd@ncBe1r qughengd 14 goat ed
to further reduce thermal conductivity. The thermal breaks 28 ana B are

preferfabl y tapes acsuckdaer Nehraprassads edindl frt Be padid SEW®@Rt SedBs
Consol i dated Specification 07 10 2004 24 and 16 using a pour-and-debridge

process, but3®tanet 33ranHewe et ngpbremssete yemipsdidsn 6 ecah SAs@066héL€,
i ncludi ng manual insertion. The process of erecting or installing panels on
5 the buil ditippest disenty or riltowrreatypicadty. starts with
In the preferred embodiment, the lower frame
segment 16 has a female joint groove 51 that engages a
10 male joint spline 50 protruding from the upper frame
segment 18, The mating surfaces of the joint groove 51
and joint spline 50 providé the opposing sealing surfaces
of the frame air seal 25. Similarly, the mating surfaces
of water seal member 26 and a third or water seal
15 protrusion 16c of the lower frame segment 16 provide the
sealing surfaces for the frame water seal 24. In
alternative embodiments of the enhanced curtain wall
system, ‘other joint elements and mating surfaces can be
provided.
20 The gutter spaces 35 within the first section of
the outer airloop 21 are used to channel any water (e.g.,
splashed over the rain.screen member 27) to one or both
mitered ends where the water can be channeled.downwafd in
the vertical frame segments of panel assembly 11b. The
25 gutter protrusion 18a also serves as an added surface on

which water droplets are thrown into as entering air is

forced to turn around the L-shaped protrusion 16b of lower



panel s near the bottomof. the building and continues with adjacent

panel s. The water seal support nenbers 26 qnﬁmon@ﬁedgP@mﬁggQﬁnoqupgm@427
are typically shipped-separated fromthe remai nder of the panel assenbl es.

A preferred 10 process requires three major steps to install a panel,

e.g., first placing the |lower portion of the panel into an engaged spline
50/slot 51 position with the previously installed panel bel ow (not shown
for clarity in Figure 2), secondly2Bastening only the upper frame segnent
18 to 15 secure the panel (e.g., panel lib) to tw adjacent nullions 14
using, fasteners 34, and then thirdly placing/engaging/clipping water

seal /rain straem segment D6, &23F.| ntinsgteade o beengpPRirdwranBgseasent 18.
After the three nmjor steps, an adjoining panel (e.g:, panel 20 1la) is
ready to befyamgewatero sdwl e2djaged rpdsi tdeml dsoldsehops.i n Fhgugettdexr Fi gure
3 shows a typical fragnentary cross-section of a vertical wall joint 13
bet ween pare¥etupgiendliBpc altsskeveratamgtdi apl 8t 3the Shemey ipoftipn lof The
vertical 25 wall ;joint 13 is formed when the left side panel 1la and the
ri ght side PR@efiFeE #egmepsi cHl 19f i hheabhbdri mitfeor il (twe. drattached
to the buildin qg building's 1' Consolidated Specification 07 10 2004 25
st ructur al T5F. OFh&UHT G SRaGRS mhber The cxedtdon gt twoe t drain

segnent of the el fra egments qof panel assenbly 1la. The right air
AT BT oPERasl Sogherves

space 37 i s tHE ht gh® f WRteFe PRABPhAYer 8BprainnaBt panel

assenbly 11§hd1@8 ﬁ%&%i&g %gméghat more outwardly contained paths for

water to drain. Alternative embodiments of the enhanced
curtain wall system may delete the gutter protrusion 18a

10 creating dual gutter spaces 35 or provide other drain
paths. |

As an option to improve thermal insulation

performance of the inventive curtain wall system, one or

mpre thermal breaks (e.g., the lower thermal break 28

15 shown in the lower frame segment 16 and the upper thermal
break 29 shown in upper frame segment 18) can be used in

some or all panel frame segments (16, 18, 36, and 38) and

at other'locations. Although a low thermal conductivity,
plastic material is preferred for the thermal breaks,

- 20 other substantially rigid méterials with sufficient
- structural strength and limited thermal conductivity can

be used for the thermal breaks such as 28 and 29. In
addition, the aluminum-plastic interfaces between the
thermal breaks 28 & 29 and the frame segments 18 and 16

25 can be roughened or coated to further reduce thermal
conductivity. The thermal breaks 28 and 29 are preferably

manufactured or shop assembled into the frame segments 18



25. franme nenber 38 is the left vertical segnent of the panel frane of the
ri ght panel assenbly 11c. The left air spag®nsdfddted Speciti€itionv erticcdos
segnent of the inner airloop of the panel assenbly Il1c. The left vertical
segnent of the panel frame of the panel assenbly 1la is typically
identical to the left frame nmenber 3.8 and the right vertical segnent of
the panel. frane of the panel asserggly 1lc is typically identical to the
right franme nenber 36. However, alternative enbodi nents of the enhanced
curtain wall system can use non-identical or other franme nmenbers. Although
the follow ng discussion is substantially directed to the left side panel
assenbly. |iantdo avoi thgisicgnia i wﬁr%J&@;ﬂi%M%dgé&llssig%t hegd ght
side panel assenbly ila, the space inside the vertical ]oint 'S

typi cal ly symapufiaciiirgnsepaat etbdanisl y effetivdld | Gite GOrERS tﬁ@g%fg
sections, nanmely, the first vertical joint space 40 and the secon '
vertical joiAncdpddaglmanfizd ifrisrexttjorint space 40 serves as the right
vertical segnent of the first section of the outer airloop of the panel

- vertical assenbly 11FheTtproeessdoferereatingi ot shosea¥lingepuaslias dhe

ri ghtsvertical segnment of the second section of the outer airloop of the
panel > assenblthe] R FHaaoas obudddémoSpeniidtoate otyPTc4D1 2084226 v aftical
wat er seal 42 portion is attached to the vertical water seal nmenber 43 and
is placed topﬁ‘g‘?ﬁrﬁanﬁ@trer?th%lIP‘?/tt%n@f.ntlbastﬂéingeahd( srnthimes? witth
anot her portign of _water seal 24?. In an alternative enbodi ment, the 5
vertical seaf“rnEWBEF 2RU%LS: pr sYRFE¥ r 6RAAUISURRPYLS mendpees 26t et i ve

enbodi nent s the.yertical water seal_ 42 are al sqQ possjble. Because of
the circui togéepggﬁ\évsc%.ﬁ&ﬁn “\er’fﬁﬁrg%%g RIS HRYG shalaRachiseparaiad

take a from the remainder of the panel assembles. A preferred

10 ~pbrocess requires three major steps to install a panel, (
e.g., first placing the lower portion of the panel into an
engaged spline 50/slot 51 position with the previously
_installed panel below (not shown for clarity in Figure 2),
secondly fast’ehing only the upper frame segment ie to

15 secure the panel_ (e.g., panel 11b) tc; two adjacent
mullions 14 wusing. fasteners 34, and then thirdly
placing/engaging/clipping water seal/rain screen members
26 & 27 into place on the upper frame segment 18. After
the three major steps, an adjoining panel (e.g., panel

20 1la) is ready to be placed into the engaged position as
. shown in Figure 1.

Figure 3 shows a typical fragmentary cross-section
of a vertical wall joint 13 between panels 1lla and 1lc
taken along line 3-3 as shown in Fig. .1. The vertical

25 wall joint 13 is formed when the left side panel 1lla and
the right side panel 1lc are typically installed in the

field (i.e., attached to the building or building's



tortuous path to reach the vertical water seal 42 and the 10 |ack of a

significant pressure- differential across asdfdated SpeaficaRine 071922604
resi stance to water | eakage is inproved even if the water seals are

di sconti nuous or inperfect. The glass facing elenent 15 of the panel 1la
Is sealed to the vertical frame,gegnent 36 by vertical panel water seal
44 (sealing against the vertical panel frame segnent 36) and vertical

panel air seal 45 (sealing against a glazing stop GS attached to the
vertical panel frame 36), nominally form ng continuous air and water 20
panel seal sgpttiBehiba1aimempRgsWat er panel seals 30-33 shown 25 in Fig 2. The
panel seals (e.g., vertical panel water and air seals 44 & 45) and gl azi ng

stops GS are typi cairhy fiﬁﬁ@rfrAmét%éM%értfwdiagﬂﬂggff ﬁ@S%e§%§Fa1
0

i mperfections due to uncontrolled field conditions. an option

i nprove air sagdenat of thii bahall Framesissbieats 8F pawsil! hdkkmbey 1462 iS

pl aced between the vertical panel franme 36 and the clipped-on gl azing stop
GS. As anotfibe @dugd] i alit edpSpeciFi chéi 0Re0FitRit20 il 4leSEegmenti &F t 0

i mprove thermal insulation performance, vertical thermal break 47 can be
manuPact ur efher iawesnbaddloop tdfe pheclpahednmgmmisly 36asi niThe tLefthe
thermal breaks 28 & 29 shown in Figure 2, e.g. by the pour-and 5 debridge
process. Asfzamesmgmbem iZdh io the t heft | vproleal t hegwmahti nfukaki panel

. performance, the nmullion 14 can be_ assenbled fromtwo extrusions (14 and
43) separat 3B QF ther Fdohhr Pamels assenidyanier nafthee lefbodiimewpacehe

mul lion 14 Ls essentially a single extrusion (having a 10 shape simlar to
ext I usi ons ég éﬁjéhﬁs Séﬁ)gﬁﬁ; cal segment of the inner airloop of

: the panel assembly llc. The left vertical segment of the
10 panel frame of the panel assembly 1la is tYpically
identical to the left frame member 38 and the right
vertical segment of the ﬁanel frame of the panel assembly

llc is typically identical to the right frame member 36.
However, alternative embodiments of.the enhanced curtain

15 wall system can use non-identical or other frame members.
Although the following discuesion is substantially
directed to the left side panel assembly. 1llc to avoid
significant duplication when discussing the right side
panel assembly 1la, the space inside the vertical joint 13
20 is typically symmetrically gseparated into left and right
compartments or sections, namely, the first vertical joint
spacé 40 and the second vertical joint space 41. The
first joint space 40 serves as the right vertical segment
of the first section of the outer alrloop of the panel
25 vertical aésembly lla. The second vertical joint space 41
gerves as the right vertical segment of the second section

of the outer airloop of the panel assembly 1la. The



i ncorporating a thermal break (simlar to thermal break 43) manufactured

by the pour-and-debridge process. In a pr&esokdated8pétifieaifon botio zoaes of
t he panel -supporting flange 49 of the nullion 14 are within the outer

airl oop 15 space 41 as shown. In this arrangenent, the opening 20 25
created by the fastener 34 will not Eroduce air | eakage since it does not
penetrate into the building interi o space. This lack of penetration

i nproves the airtightness of the enhanced curtain wall, which also

| nproves the thermal insulation and water |eakage performance. The

Figure 2 And ot s o akat? Bareih 08 ¢ faftieg PEE ope 0P el oo
t f | I ' h ' | f.th
ol amont S of CVert eart) anpegsh endPlr, BaR8 ehl Rert R Re £2210°

simlar to tdenwliraesssi paserekabad (o OFnRr apl § ' - | figation
07 10 2004 28 horizontal joint el err(tents. And ggg?n, %tig}gh%f ,‘f;?:_%lﬁﬁybf

airl oop systwatsersepsdgal es24he funchi ogs of1vetesic fd addbod ﬁflg SHfIQ t hat
the inventive curtain wall systemis nore tolerant of 1 npertfect seals. 5

As shBwn i n VeEgfuresl 2saall Bembepr eferieda erbeduEEBL Fadmd MOl BLH eve .t he
followi ng performance inprovenents: The invention sinplifies the formation
of conti nudishey r adbprnatiues emdlimeertml obr enksvebeiesdl wleasseakial |y
continuous airloops and nonminally continuous seals can be easily forned by
m ter- mat chi4®y 3F&i PASO \Roagidkile and Besausentelf thameizegdeous. gath v
addi tion, shown in Figure 3, exterior environment air must take a
tortuous path to reach the vertical water seal 42 and the
10 lack of a significant pressure differential across the
| vertical water seal, resistance to water leakage i=s
improved even if the water seals are discontinuous or
imperfect.
The glass facing element 15 of the panel 1la is
15 ~sealed to the vertical frame segment 36 by vertical panel
water seal 44 (sealing against the vertical panel frame
‘ segment 36) and vertical panel air seal 45 (sealing
against a glazing stop GS attached to the vertical panel
frame 36), nominally forming continuous air and water
20 ‘panel seals with the air and water panel seals 30-33 shown
Iin Fig 2. The panel seals (e.g., vertical panel water and
air seals 44 & 45) and glazing stops GS are typically
factory installed, tending to decrease seal imperfeGtions
due to uncontrolled field conditions. As an option to
25 improve alr and water infiltration resistance, an

auxiliary seal 46a is placed between the vertical panel

frame 36 and the 'clipped-on glazing stop GS. As another



thermal breaks can also be mter-matched to maintain the continuity of the

thermal break function. Al though 15 protrudiorgolpdutéd Spscifitationa 07 19eZ0®Nt S
can have different functions (or little or no function) at different

| ocations around the airloop, the simlar structure for each segnent
simplifies erection, sealing, and the formation of essentially continuous
pressure equalized. 20 airloops aro&hd the panels. The invention all'ows

i nproved resistance to negative wind loads. In prior art curtain wall _
systens, the primary structural resistance against a negative wind | oad

was provi deds DynortAlonES PABSLvE e EHdRd 1l a8t SNELSt aﬁ%&@%&mhﬂcéemi on

or in shear resulting-in the possibility of fastener ure or Tobsening

due to repeatredcaycthermhoadgearen 7t tER BAdnaRakabalibuaCor TS sRRBLER' €d
Consol i dat ed Specification 07 10 2004 29 enbodi nent of the invention

provi des aiprithes y retraict Grahe eohiséescad oghrgabi-ver o nthd OadePhatl he
structural engagenent of leg 52 (see Figure 3) of vertical frame 36 wth

the vertichFeaaser8seal 23upporn nEntigue apt aehed ty Sthal pbam-hédsepar at e

fromthe tw-screw fastener 34 attachnment. Therefore, the negative w nd or

ot her5 out debridgsi paccess.oadhonapdeelignl loptdmt [te Enetheredpyove

transferred to the mullion 14 (through vertical water seal support nenber

43) wi t houbhptralnglasyhrkieanrantormanasessithe | vattion the fast eber 34.

In an alternativiﬁgegpodinent, a separate | oad bearing surface can be added
wate

to the verFFEEHP o8y | twq pper Fusdkeer (34 pRdaddit ivgparatedhebyepti cal
b et A PO AN R JLCUE
reduced Cyﬁll.lf.l.figﬂadli.fgiganedsé)é)r?tsii.ab]l.ley a single extrusion (having a
10 shape simiiar to extrusions 14 and 43 shown) and
inqorporating a thermal break (similar to thermal break
43) wmanufactured by the pour-and-debridge process. 1In a
preferred embodiment, both sides of the panel-supporting
flange 49 of the mullion 14 are within the outer airloop
15 space 41 as shown. In this arrangement, the opening
created by the fastener 34 will not produce air leakage
since it does not penetrate into the building interior
space. This lack of penetration improves the airtightness
of the enhanced curtain wall, which also improves the
20 thermal insulation and water leakage performance.
The functions of vertical air seal 46 are similar
‘to air seal 25 shown in Figure 2. And similar to air seal
25, the vertical air seal 46 is spaced apart from vertical
water seal 42.
25 Spacing and other dimensions of the elements of
vertical joint 13 can be altered in other embodiments,

similar to the discussions related to comparable



fastener | oosening) with inproved long termsealing, structural, and

thermal performance. In alternative enbodigmebisdaéd Specificiinc o 1QUFEG N
wal | system a panel 20..., frame protrusion or portion of a panel frane

segnent hooks on the building interior side of a support structure
protrusion or surface, e.g., a panel franme protrusion hooking to the
interior surfaces provided for the vef8ical thermal barrier 48 shown in
Figure 3. Many ot her hooked 25 or panel retaining shapes and mating
surfaces that allow fasteners or other attachnent nmeans to function

primarily t upport.the . weig of the panels are also possible in

Consol i dat edﬁ)‘élf)’e%g?’f%%\t ij&‘]'\{'\’%7 %‘E‘E%ESS 10And agaip,althe nmulvé-cavity
enbodi nents. _:The invention al so _allows inproved water tightness of the
hori zont al ﬁmfi%éﬁi%gﬁtfgﬁnﬁfpﬁf%§eﬁitggengFHlogér@@nWFFQﬁuﬁn@tsirsem

menbers 26 S | O & 3) are.utilized to repel nost of the
exterior \/va'?é(‘agrja'fli;’rrléoss(%ltdofl rg%%% %&e\/\aféye§5éf’§ LRI A he sHRNI9M afsuNt

of incidentqﬁngiﬁglépéﬁghgg)ﬁ¥§é¥ﬁgégvéggigglnenber 27 wll flowin the

gutter spaces 35 (see joint and drain downward

wi thi® the space 40.a5(Sggokhd- i3 ) | ai page_accuyrs within the
pressure equalized out er girlo&é tﬁggéﬁége,athgp will B nBYeSPYRPEi cant

wat er accumdmiodiméntt he guhter s s 35 he drgj nage action,is
nearly instantaneous. The horizonta mateP%QEEVE24 (éﬁ%ﬁn in??ﬁ59wé?gnay

be continuqerfvthaftee gimproréhedts90) the vertical water seal 42 (shown
in Fig. 3). These seals restrict wind driven )

The invention simplifies the formation of
continuous airloops, seals, and thermal breaks. Several
10 essentially continuous airloops and nominally continuous
seals can be easily formed by miter-matching similar
vertical and horizontal framé' segments. In addition,
thermal breaks can also be miter-matched to maintain the
continuity of the thermal break function. Although
15 protruding portions of frame segments can have different
functions (or 1little or no function) at different
locations around the airloop, the similar.structure for
each segment simplifies erection, @sealing, and the
formation of essentially continuous pressure equalized
20 airloops around the panels.

The dinvention allows improved resistaﬁce to
negative wind loads. In prior art curtain wall systems,
the primary structural resistance against a negative wind
load was provided by one or more panel securihg fasﬁeners

25 either in tension or in shear resulting in the possibility

of fastener failure or loosening due to repeated cyclic

loads over time and seal failure. The preferred



rai nwater from penetrating into the second air sections 22 (shown in Fig.

2) and 41 (shown in Fig. 3) of the outer adnseRdated BpEQfi€tROn el EeRNd
airloop is a dry loop and air seals 25 (Fig. 2) and 46 (Fig. .3) are

therefore not typically exposed to water. Since the inner airloop spaces
19, 20 (Fig. 2) and 37 (Fig. 3) are pr gsure equal i zed spaces, the seals
30, 32 (Fig. 2) and 44 Fig. 3) formaf effective water seal despite being
potentially inperfect because there is no differential air pressure to
drive the water across even an inperfect seal. In the case of water seal

30, gravitat egBalifenee oF0 AN Edat ed LEI lon 07.10
2004 31 driving férce to pbﬂgﬁa %ﬁ%@rﬁ%:gﬁ vv%?%? ge ?Eg\gk&f %?%élctblﬁgr]ﬁ ng

in the waterresabtafceer ed angeyLNAKIN K t NEoa@MOPpt @ ewag%gu%rtgg.g@i ng a
static head sufficient to overcone capillary forces tending to hol he

wat er at theebgagpmeheciofivdley SBalse&lOWR¥ke QHY<M@1@%rE%§Eirg£5HE ggen 10
15 20 25 a grossly inperfect water seal 30 should be quickly rained into

the gutter spatbstBB vhrtighlamazer epali Bappdt HRALRRLOUS, stRakGW kL be
essentially no water accunulation in the space 19 and seals 31, 33 (see

Fig. °2), an@uibippeelRi g.sepansitd thguncal tlye notwbesexgwsedakpenut ey

- Since the air seals, e.g., 31 and 25, are spaced apart fromthe
correspondi ngthAfBMeBEal s artherefiare, pate s, negative0 waind24ort hetaik and
wat er seal functio are simlarly separated and the curtain wall system

can toIerat8“EW§HB&VCQ&F¢§§&ﬂa%9aﬂiﬁé papediedilieoandnililicoatre ddusicndy

significant @@gggfgggggggopgggl%Egliggrgzvﬁghrough vertical water seal
support member 43) without putting significant or
10 excessive loads on the fastener 34, In an alternative
embodiment, a separate load bearing surface can be added
to the vertical water seal sﬁpport member 43 in addition

to the vertical water seal 42. |
The primary function of the fasteners 34 ig now
15 - essentially 1limited to supporting the weight of the
panels, resulting in reduced cyclic loading (and possible
fastener loosening) with improved long term sealing,
structural, and thermal performance. | In alternative
embodiments of the enhanced curtain wall system, a panel
20. frame protrusion or portion of a panel frame segﬁent hooks
on the building interior side of a support structure
protrusion or surface, e.g., a panel frame. protrusion
hooking to the interior surfaces provided for the vertical
thermal barrier 48 shown in Figure 3. Many other hooked
25 or panel retaining shapes and mating surfaces that allow

fasteners or other attachment means to function primarily

to support the weight of the panels are also possible ih



many of the facing elenent air and water seals may be shop assenbl ed which
general |y decreases the |ikelihood of seal Cdanspkddtesd Spedificaimsh Duritchego4

i nproves air and water tightness. In alternative enbodi nents, the sane
design principles can be applied to other curtain wall systens,. e.g., to
t he hidden franme airloop systens diggclosed in U S. Patent No. 5,598, 671.
For exanple, air openings would be simlarly sized and placed for the
primary purpose of air entry and also for the purpose of water drainage.

I n other alternative enbodi nents, protruding Consolidated Specification 07
10 2004 32 SiiRtatelversmedinentoh. as an elenent sinilar to the vertical
wat er seal nenber 43, can secure panels against negative wnd |oad (or

ot her buil di ng out waiRe | BRRAt 1k ka9 a1 Jows rinprovedadaten tightesst ur al
attachnment 5 fge@ﬂ% f_lo gravi ti resisting |loads., Structural flanges simlar
to flange 4% 'of“Nul PPEAZPACRANPFOVIEFE i€ aniPintecli?i g 18t r udihe eratmt
does not ne%%n;o bﬁ{§ealsd agai nst __air and/or water |eakage. Although the
preferred enbo PR HEATRT eABRONTeTOKEs 25e @ HAwn(saRl Blentreded, and
some alternafi e Lent.,s .al so_ shown and/ or, descri bed, .changes and
nodi flglcat i oflés ?rgy]ag:ee ggggif‘ﬁsfiettoo wrERGat TRYGr PEngte o BXEERd O\ RES BN,

Accordi ngly piitod Sd ntEpsed e i thin I nvgntion | such
changes, no ililitocfa?‘idor:gs, andlé ngéegr%a ??/légme%oﬁ?cﬁrehﬁis a@‘?aﬁnpaffiﬁf??}ulﬁ‘ﬁe

igi 21)54&251 SE0PRcO8ehB812RR2RIC 51 A RES BTeZONS 4 daled  SPeci figation 07

will flow in the guttef spaces 35 (see Fig. 2) to the
vertical joint and drain downWard within the space 40.
10 (See Fig. 3.) This drainage occurs within the pressure
'equalized outer .airloop, therefore, there will be no
significant water accumulation in the gutter spaces 35 and

‘the drainage action is nearly instantaneous. The
horizontal water seal 24 (shown in Fig. 2) may be

15 continuous with (e.g., married to) the vertical water seal
42 (shown in Fig. 3). These seals restrict wind driven
rainwater from penetrating into the second air sections 22

(shown in Fig. 2) and 41 (shown in Fig. 3) of the outer
airloop. Therefore, the second alrloop is a dry ioop and

zg air seals 25 (Fig. 2) and 46 (Fig. 3) are therefore not
typically exposed to water. Since the inner airloop

spaces 19, 20 (Fig. 2) and 37 (Fig. 3) are pressure
equalized spaces, the seals 30, 32 (Fig. 2) and 44 Fig. 3)

form an effective water seal despite being potentially

25 imperfect because there is no differential air piessure to
drive the waﬁer across even an imperfect seal. In the

case of water seal 30, gravitational force could provide a



CLAIMS 1 1. Awall systemfor supporting a plurality of panels from2 one
or nore structural supports, said wall systGonsdlidaiepSpsdifigitiona07!1€830040ne

nom nal ly horizontal panel frame 5 el enent attached to one of said panels;
and 6 7 8 9 10 11 12 13 14 15 16 17 18 at | east one nomnally vertical
panel frame elenment attached to saidspanel and to at |east one of said
hori zontal panel frame elements to forma substantially continuous frane
around -each panel form ng a panel assenbly, wherein at |east one of said
hori zontal panel frame elements conprises two fastener support points for
f ast eners t hadrsubsgafivirglel ycos uppo t waber wehgbtighf wadiedr seaiel3@ssenbhg
fromone or nore of said structural supports and providing a m ninmm
cl earance di "BRSP4RI Bat welen watéroneeak ABr aveste utavgel eswpghr tandindheai d
panel assenbly allow ng notion of said panel assenblg when one or nore of
sai d structur8"O8Bppsth svaterdepreduedng a static head sufficient to
overcome capillary forces tending to hold the water at the

5 imperfect water seal. However, any water penetrating even
a grossly 'imperfect water eseal 30 should be quickly
drained into the gutter spaces 35 through an air opening
23. Therefore, there will be essentially no water
accumulation in the space 19 and seals 31, 33 (see Fig.

10 2), and 45 (see Fig. 3) will typically not be exposed to
water. Since the air seals, e.g., 31 and 25, are spaced
apart from the corresponding water seals around the
panels, e.g., 30 and 24, the air and water seal functions
are similarly separated and the curtain wall system can

15 tolerate significant sealant line imperfections without
causing significant water leakage problems. Moreover,
many of the facing element air and water seals may be shop
assembled which generally decreases the likelihood of seal
imperfections and further improves air and water

20 tightness.

In alternative embodiments, the same design
principles'can_be applied to other curtain wall systems,.

e.g., to the hidden frame airloop systems disclosed in

U.S. Patent No. 5,598,671. For example, air openings

25 would be similarly sized and placed for the primary

purpose of air entry and also for the purpose of water

drainage. In other alternative embodiments, protruding



1 2. The wall systemof Claim1l wherein said fasteners are 2 screws and
said clearance dinmension is a |ateral spaciQuhsolfdfiéd 8pedifesionabgutp 4g@ i nch
as neasured near the bottom 4 portion of said panel assenbly. 1 3. The

wal | systemof Claim2 which also conprises a 2 plurality of seals |ocated
near one or nore adjoi ning Consol i datgﬁd Specification 07 10 2004 34 3
-portions of said panel assenbly and sald seals are capable 4 of
restricting fluid flow after said structural supports 5 are deflected. 1
4. The wall systemof Claim3 wherein said screws are 2 attached to

vertical nul bteastueal triénbeds POlsictn 86 S deldmeditel s258eHL! Yengd e
bottom portion of said panel is 4 connected to an adjoining panel assembly

using a spliwerthcabdwgteaveaNNeehben. 43 ,5.cah Wedusy shafel 8r ag@apRt i ng
a plurality of panels from 2 one or nore structural supports, said wall

system 3 conpgating: Wihdo hoadnaldy hsthewntalilppine) foaverel emerids)each
5 attached to one of said panels; 6 two nomnally vertical panel frane

el ement s eachssgntiadtped initsiaigl pande amd theatsteastupar eftta@ithent

hori zontal panel frane elenents to forma panel assenbly, 9 wherein at

| eastd one of MEANRE pedelgHavaiy elremdmtdingl 0loadpri sesStrucadrdlearfilaggss f ace
capable of mating to a 11 structural support surface for resisting a force
acting on Elg‘égarpér%l fh%%ﬁﬁbl‘]@ hefi Ayld ioonpbhenani providd danpankd
outward direction,and sai oadt%éarl ng surface resists a 14 significant
portion of sﬁFHuFEJPEeStfuﬁtu*Fﬁe t1 dops aptofegtaitp Hanfesi el sgadadit i ses
a 2 pl urallga a a7als I cat d t one or nore adjoining Consolidated

Speci fi cati on T 2’0’021"3 age. '

Although the preferred embodiment. of the invention

10 has been shown and described, and some alternative
embodiments also shown and/or described, | changes and
modifications may be made thereto without departing from

the invention. Accordingly, it is intended to embrace

within the invention all such changes, modifications, and

15 ~alternative embodiments as fall within the spirit and

gcope of the appended claims.

20



35 3 portions of said panel assenbly, wherein said | oad bearing 4
surface is mated to a protrusion of a null iGonsahdatedSgecibcatRam ®7ame2empabl e
of restricting fluid flow after said 6 force is applied to said panel
assenbly. 1 7. The wall systemof. Claim6 wherein said protrusionis a 2
vertical wall seal nenber attached to said nullion and 3 said |oad bearing
surface is also a sealing surface. 1 8 3Awall system for supporting a
plurality of wall panels 2 from one o? nore buil ding structural supports,
said wall 3 systemconprising: 4 two nomnally horizontal panel frane
el ements each 5 attached to one of saggipanels; 6 two nomnally vertical
panel franme elenents each 7 attached to one of said panels and to at | east
one of ksai dl.8Ahwallzosystepafiel buppereiageat plupal oty of pubsiantiahly 9
continuous frame around each panel and substantially if form ng a panel
assendl y; andel owe anormrestasteneal capppbetef atdsdchi ngadai dsydtepanel
assenbly to said one or nore building structural 1 supports in the absence
of a 3astenepmppéaing:providing a 1. potential path. for exterior
environment air to flowto a 1 building interior space. 1 9. The wall
systefn of O ai m 8 waérel@asghi dohastrominalige hordsioatarl opamelgs firame
protrusions of mullions wherein both Consolidated Specification 07 10 2004
36 3 3ides Biewand rhispehed speshmgsofaseidupsnahsianhgd exposed 4 to said
exterior environnment air. 1 2 10. A wal|l systemfor supporting a plurality

of wabl at least one nominally vertica panel frame
7 element attached to said panel and to at least one of said

8 horizontal panel frame elements to form a sﬁbstantially

| 9 . continuous frame around each panel forming a panel

10 assembly,

11 . wherein at least one of said horizontal panel
12 frame elements comprises two fastener support points for
13 fasteners that substantially support the Weight of said
14 panel assembly from one or more of said structural
15' supports and providing a minimum clearance dimension
16  between said one or more structural supports and said
19 panel assembly allowing motion of said panel assembly when
18 one or more of said structural supports are deflected.

1 2. The wall system of Claim 1 wherein said fasteners are
2. gcrews and saild clearance dimension is a lateral spacing
3 of at least about 1/8 inch as measured near the bottom
4 portion of said panel assembly.

1 3. The wall system of Claim 2 which also comprises a

2 plurality of seals located near one or more adjoining



panels fromone or nore structural supports, said wall 3 system conpri sing:
4 two nomnally horizontal panel frame el em@Msslidaed Spbcifitdtrmhed too2ome of
said panels; 6 two nomnally vertical panel frane elenents each 7 attached
to one of said panels and to at |east one of said 8 horizontal panel frane
elements to forma substantially 9 continuous frane around each panel
-substantially 10 conprising a panel assenbly wherein said adjoining panel
- 11 assenblies conprise an I nner airloop anﬂ1an outer airloop 12
substantially around each panel; 13 a plurality of seals |ocated at one or
nore 14 adjoining portions of said panel assenbly; and 15 at |east one air
~ opening bet weey- j 4 ' 6 . erein l,d air
opening i s si ze(15-'11'(te{!)ﬁngfnt%‘laié{l(r%i ?a{npﬁ]iesa;gusrée&vﬁ%?k#% f)s(%f#)%seﬁl‘g;pasxe% hcaafspa%bg'e
substanti al | pyreqeadtri®c{ ureg 4 X kO ' t
| east one of said seals IF% ?Hﬁg%;af ggt#ml&lﬁ{eé% lgggg%sg%gggegu%
wher & n sai d areesaifilectdd .hin both airloops is substantially within 0.1
i nches of Consolidated Specification 07 10 2004 37 3 water of said pressure
in the exterior environnent. 1 12. A wall systemfor supporting a plurality
of wall 2 panels fromone or nore structural supports, said wall 3 system
conprising: 4. The wall system of Claim 3 wherein said screws are

2 attached to vertical mullions near the top pértion of said
3 panel assembly and the bottom portion of said panel is
4 | connected to an adjoining panel assembly using a spline
5 and groove connectioh.

(
1 | 5. A wall system for supporting a plurality of panels from
2 cne or more structural supports, said wall system
3 comprising:
4 | two nominally horizontal panel frame elements each
5 attached to one of said panels;
6 two nominally vertical panel frame elements each
7 attached to said panel and to at least one of sgaid
8 horizqntal panel frame elements to form a panel assembly,
9 wherein at least one of said panel frame elements
10 comprises a load bearing surface capable'of mating to a
11 structural support surface for resisting a force acting on
.12 said panel assembly having a component in a building
13 outward direction and said load bearing surface resists a
14 significant portioh'of gaid force.
1 6. The wall system of Claim 5 which also comprises a

2 plurality of'seals located at one or more adjoining.



4 at |l east one nomnally horizontal panel frame 5 elenent each attached to
one of said panels; 6 at |east one nom nal IGon¢elidatediSppéfietidn are 0 2004

el enent each attached to one of said panels and to at 8 .9 10 11 12 13 14
15 16 17 18 1 2 3 4 5 | east one of said horizontal panel frame elenents to
form a substantially continuous franme around each panel substantially
conprising a panel assenbly wherein ggjoining panel assenblies conprise an
inner airloop and .an outer airloop substantially around each panel; at

| east one air opening between both of said air |oops; and baffles attached
to at | east one of said panel frame elenents wherein said baffles create a
circubtous fPeFEieRs ohetabdrpanel aissenplundikeieinxeaid okoadnpéanimgnt .
13. A wall systemfor supporting a plurality of wall panels fromone or
nore §truct ur@rEagpodies natrd Hal la protrusion of a mullion and said

5 seals are capable of restricting fluid flow after said
6 force is applied to gsaid panel assembly.

1 . 7. The wall system of Claim 6 wherein said protrusion is a
2 vertical wall seal member attached to said mullion and
3 said load bearing surface is also a sealing surface.

1 8. A wall system for supporting a plurality of wall panels
2 from one or more building structural supports, said wall
3 system comprising: |

4 two nominally horizontal panel frame elements eaéh
5 attached to one of said panelé;

6 two nominally vertical panel frame elements each
7 attached to one of said panels and to at least one of said
8 horizontal panel frame elements to form a substantially
9 con;inuous frame around each panel and substantially
1 forming a panel assembly; and

i' one or more fasteners capable of attaching said
1 panel assembly to said one or more building structural
1 supports in the absence of a fastener opening providing a
i ' potential path. for exterior environment air to flow to a
1 building interior space.

1 9. The wall system of Claim 8 wherein said fasteners use

2 fastener openings'in protrusions of mullions wherein both



system conprising: at |east one nomnally horizontal panel frame el enent
each attached to one of said panels; CbnsoKhﬂ@bﬁ@u&@gﬁéaﬁ@akﬁp@70&)j@b2004
38 6 at |east one nomnally vertical panel frame 7 elenment each attached
to one of said panels and to at 8 |east one of said horizontal panel frane
elements to form 9 a substantially continuous frane around each panel; and
10 a frame protrusion formng a pluraligy of liquid 11 flow paths within
at | east one of said airloops. 1 2 3456 7 14. Awall systemfor
supporting a plurality of wall panels fromone or nore structural
‘supports, said wall systemconprising: . at |east one noninally hori zont al

panel frame gkgagn %%ﬁ t4.a6h o.one, of said east one

noni nal | y vertlgglE t[‘)Daf?le c?afne qﬁaé ?Reré%%sa?{:ﬁc%&gsfzénﬁ EY §XPPSsshel s
Sbst ol of) Boobagne it erald BAVAEANRERCPANE, 11270 ot Tonst (wo {aotener
substantially continuous franme around e€ach pariel; 10 at | east two fasteners

for attaching said panel 11 assenbly to sald one or nore structural
supports; and 12 a clip-on panel frane elenment formng a rain 13 screen. 1

1 10. A wall system for supporting a plurality of wall
2 panels from one or more structural supports, said wall
3 ‘system comprising:

4 two nominally horizontal panel fréme elements each
5 attached to one of said panels;

6 | two nom;pally vertical panel frame elements each
7 attached to one of said panels and to at least one of said (
8 horizontal panel frame elements to form a substantially
9 continuous frame around each panel substantially
10 comprising a panel agsembly wherein said adjoining panel
11 assemblies comprise an inner airloop and an outer airloop
12 substantially around each panel;

13 ' a plurality of seals located at one or more
14 adjoining portione of said panel assembly; and

15 at least one air opening between both of said air
16 loops,

17 wherein said air opening 1is sized to maintain a
18 pressure within both airloops that is substantially equal
19 to the pressure in the exterior environment when at least
20 one of said seals is imperfect.

1 - 11. The wall system of Claim 10 wherein said pressure

2 within both airloops is substantially within 0.1 inches of



3 15. The wall systemof Caim 14 wherein said clip-on panel frane el enent
is located such that it is typically renpvetbnsplidsed Specife@Rmidm®7sa) gdodao
fasteners. Consolidated Specification 07 10 2004 39 1 16. A process for
installing a panel assenbly on a 2 building conprising: 3 placing a panel
assenbly elenent at a desired 4 5 6,7 8 9 10 | ocati on adj oi ni ng anot her
panel assenbly el enent on a side o said bui | di ng; supporting said panel
assenbly el enent fromone or nore structural support nenbers substantially
using no- nore than two fasteners; and attaching a water screen elenent to
said panel assenbly elenent after said securing step. 1 17. A process for
instagling a panel assenbly on a 2 building conprising: 3 placing an upper
panel “assent3Fe&] Sfempist rressmre 18 thel@xterior environment.

-

12. A wall aystem for supporting a plurality of wall
panels from one or more structural supports, said wall
system comprising:
at least one nominally horizontal panei frame
element each attached to one of said panels;
| at least one nominally vertical panel frame
element each attached to one of said panels and to at

least one of said horizontal panel frame elements to form

W oo N 0w N W N

& substantially continuous frame around each panel

—
o

substantially comprising a panel assembly wherein

adjoining panel assemblies comprise an inmner airloop and

-
N =

-an outer airloop substantially around each panel;

—
[V

at least one air opening between both of gaid air

loops; and

T R
[52 B N

baffles attached to at least one of said panel

—
(&)

frame elements wherein said baffles create a circuitous

s
~J-

fluid path between one airloop and said exterior

ot
0]

_ environment .

1 13. A wall system for supporting a plurality of wall
panels from one or more structural supports, saici wall

system comprising:

at least one nominally horizontal panel frame

b WwN

element each attached to one of said panels;



11 1 2 3 desired location adjoining at | east two other panel assenbly

el ements fastened to a building structure \@skelidated8pecifieiRIN PANG 2004
assenbly elenent is structurally engaged to a | ower panel assenbly el enent
prior to fastening said upper panel assenbly to said building structure;
and fastening said upper panel assenbly elenent to said building structure
using two fasteners after said plaggng step. 18. The process of Caim17
wherein said upper panel assenbly elenent is also structurally engaged to
a supporting structure protrusion that restricts building Consolidated
Specification 07 10 2004 40 4 56 12 3456 789 10 11 12 13

6 at least one nominally vertical panel frame

7 element each attached to one of said panels and to at

8 least one of said horizontal panel frame elements to form

9 a substantially continuous frame around each panel; and

10 | a frame protrusion forming a plurality'of liquid

11 flow paths within at least one of said airloops.

1 B 14. A wall system for supporting a plurality of wall

2 pénels from one or more structural supports, said wall (

3 system comprising: |

4 at least one nominally horizontal panel frame

5 element each attached to one of said panels;

6 at least one nominally vertical panel frame

5 element each atté.ched to one of said panels and to at

8 least one of said horizontal panel frame elements to form

9 a substantially continuous frame around each ﬁanel;

10 at least two fasteners for attaching said pénel

11 assembly to said one or more structural supports; and

12 a clip-on panel frame element forming a rain

13 screen.

1 15. The wall system of Claim 14 wherein said clip-on panel
_2 frame element is located such that it is typically removed

3

prior to removing said two fasteners.



14 15 16 17 18 19 20 21 outward notion of said upper panel assenbly before
and after said fastening of said upper pam®nsabdRadSyesfiedimnt 07110 304
buil di ng structure. 19. A wall systemfor supporting a plurality of panels
fromone or nore structural supports, said wall system conprising: at

| east one nomi nally horizontal panel frane elenent each attached to a
first panel wherein said horizontal panel frame el enent includes a thermal
break; at |east one nominally vertical pangy frane elenment each attached-
to said first panel and to at | east one of said horizontal panel frane
elements to forma substantially continuous franme assenblies around said
first panel wherein adjoining frame assenblies substantially forman inner
airl ogp andlém odit epracessopfosubbnstdl Fhy ar oyathedach sadinilqi N@rpanel ; a
plurality of seals |ocated near one or nore adjoining portions of said
panel 2f r anebuidddngscovprieingore fasteners capabl e of supporting said
panel assenbly from said one or nore building structural supports in the
absenBe of a fastenBiagpegi ng Pavelli mgsambiet calembnpatdt f ar  eelsdmiedr
environnent _air to flowto a building interior space; a clip-on panel
framedel enehPCRBLAINAY 9N 2 angtder panel assembly element on a

5 side of said building;

supporting said panel assembly element from one or

6
7 more structural support members substantially' using no
8 more than two fasteners; and

9

attaching a water screen element to said panel

10 assembly element after saild securing étep.

—t

17. A process for installing a panel assembly on a
building comprising:

placing an upper panel assembly element at a
desired location adjoining at 1least two other panel
assembly elements fastened to a building structure wherein
said upper panel assembly element ig structurally engaged
to a lower panel assembly element prior to fastening said

upper panel assembly to said building structure; and

[To NN« - RN B o N O D - Y Y I

fastening said upper panel assembly element

to said building structure using two fasteners after said

foy
o

placing step.

o
=t

1 18. The procegss of Claim 17 wherein said upper panel
2 asgembly element is also structurally engaged to a

3 supporting structure protrusion that restricts building



Consol i dated Specification 07 10 2004 41 23 24 25 26 27 28 29 30 31 32 33
34 35 36 37 38 39 40 41 42 43 44 45 46 47 4Domoflidaed Specificatioron7f 1y po0y a
plurality of liquid flow paths within at |east one of said airloops; at

| east one air opening between both of said air |oops sufficient to limt
differential pressure between an airloop and an exterior environment to

| ess than 0.1 :

40
4 outward motion of said upper panel assembly before and
5 after said fastening of said upper panel assembly element
6 to said building structure.
1 19. A wall.system for supporting a plurality of panels
2 from one or more structural supports, said wall system
3 comprising:
4 at least one nominally horizontal panel frame
5 element each attached to a first panel wherein said
6 horizontal panel frame element includes a thermal break;
- at least one nominally vertical panel frame
8 element each attached to said first panel and to at least
9 one of said horizontal panel frame elements to form a
10 substantially continuous frame assemblies aroﬁnd said
11 - first panel wherein adjoining frame assemblies
12 substantially form an inner airloop and an outer airloop
13 substantially around each adjoining panel;
14 a plurality of seals located near one or more
15 adjoining portions of said panel frame elements;
16 one or more fasteners capable of supporting said
17 panel assembly from said one or more building structural
18 supports in the absence of a fastener opening providing a
19 potential path for exterior environment air to flow to a
20 building interior space;
21 a clip-on panel frame element forming a rain

22 screen;



I nches of water when at |east one of said seals is inperfect; and at | east
one baffle attached to at |east one of saiGbnpakhddted Spaefiedtivme 0rs 0EI£I N
said baffle creates a circuitous fluid path between one airloop and said
exterior environnent, wherein at |east one of said horizontal panel frane
‘el enents conprises two fastener support points and the weight of said
panel assenbly is substantially supported by fastening said panel assenbly
to one or nore of said structural sdpports at said fastener support

poi nts and providing a m nimum cl earance di nensi on between
more structural supports and said panel allow ng notion of
assenbly when one or nore of said structural supports nove,

sai d one or
sai d pane
and wherein at

| eas®3one of said pafefrPPgnPrataftsion Eonpinges pluad tmaréhgliyufidce
mated to a sgiuctur h SUE prt surface for resisting to a force acting on
g RaVt gl

sai d24panel as%¥nBf B @bnpeashkt ona afbapidi agrbaopard direction

and sgid oad bearing, syrlage 859" Gening betiann tonen e L, 58 4, foree
26 loops sufficient to limit differential pressure between an
27 airloop and an exterior environment to less than 0.1
28 inches of water when at least one of said seals is
29 imperfect; and
30 at least one baffle attached to at least one of
3] said panel frame elements wherein said baffle creates a
32 circuitous f£luid ‘path between one airloop and eaid
33 exterior environment,
34 wherein at least one of said horizontal panel
35 frame elements comprises two fastener support points and
36 the weight of gaid panel assembly is substantially
37 supported by fastening said panel assembly to one or more
38 of said structural supports at said fastener support
39 points and providing a minimum clearance dimension between
40 " said one or more structural supports and said panel
41 allowing motion of said panel assembly when one or more of
42 said structural supports move, and
43 wherein at least one of said panel frame elements
44 comprises a load bearing surface mated to a structural
45 support surface for resisting to a force acting on said
46 panel assembly having a component in a building outward
47 direction and said load bearing surface regists a

48

significant portion of said force.



