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WALL SYSTEM Prior Application This application is a continuation-in-part
of co- pewdobngieappl i cati on Serial No. 08/887,879, filed onciukgo/11892 1997
and entitled Air Loop Wndow System The prior 5 filed co-pending
application is incorporated herein inits entirety by reference. Field of
the Invention This invention relates to curtain wall systens, 1
specifically an inprovenent on curtain wall systens utilizing nmultiple
franmed 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 franme 1 airloop curtain
wal | system and the structure disclosed in U S. Patent No. 5,598,671 is

al so known as a hidden frame airloop curtain wall system Background of
the Invention 2 In addition to providing an aesthetic appearance

SUBSTI TUTE SHEET (RULE 26) WO 01/81686 PCT/ US00/11692 2 for the sides of a
nodern nulti-story building, some of the najor performance objectives of a
curtain wall system of supported panels are as follows: (1) to provide a
barrier or at |east

Specification
ENHANCED CURTAIN WALL SYSTEM

Prior Application

This application is a éontinuation—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

This invention relates to curtain wall systems,

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 system and the structure disclosed in
U.8. Patent No. 5,598,671 is also known as a hidden frame

airloop curtain wall sgystem.

Background of the Invention

2 In addition to providing an aesthetic appearance
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5 resistance to excessive anounts of exterior air infiltrating around the
edges of panels into one or nore interior environnments within the

bui | di ng;w@2)/81686 provi de a barrier or at |east resistancCECT/OSEXOERS| Ve
amounts of exterior rain or other 10 exterior |iquids/particles
infiltrating around the panel edges into one or nore interior spaces wthin
the building, typically when the liqRids or particles tend to infiltrate
in conjunction with air infiltration; (3) to provide resistance to

structural - 5 | oads. . 8ecidy cal Ly aL0al yahig SRRYy thgr e vel gt of the

panel s and resisting sersmc¢ |oa oads, erna

expansi on/ QB aRHAN Ao N5 800LEA) b8 BT eVida s hanmaly b er

or at least resistance to excessive heat transfer between t erior 20

air and one o FRHR rHtRlE e IRNUAOHEHS.1oe two af orementioned U. S
Patents are primarily directed to solving problens with excessive air and

water infiltration or |eakagedisipgodiddai r hoomapSitedm ofr ewious] £asd gns
dealing with water | eakage typically 25 required a nearly perfect seal to
st op Excessiresismitanaed wat er exntektivat i camodhes af oo Enendsttomeibd). S.aiBat ent s
describe a pressure equalized airloop having two seals SUBSTI TUTE SHEET
(RULE 26) WOnGilgregd neCH198006] 1u892edgeshatlt sepmiat eltthe Hunacioiromsomod
sealing water and air, providing acceptable air and water infiltration
rates even IRtERlofp&fvdcongests wikhdadithicokuidsensvbodi nent of the

(2) to provide a Dbarrier 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 alr 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 1leakage wusing an airloop system.
Previous designs dealing with water leakage typically

25 required a nearly perfect seal to stop excessive air and
water infiltration. The aforementioned U.S. Patents

describe a pressure equalized airloop having two seals
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airl oop systemallows panels to be shop assenbled with perineter panel
frame extrusions so that a nore reliable seal can be fabricated and a
pressur e veguasicged i nner airloop is formed al ong the facPayupemabo2f r ane
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 allowg3se.g., under extrene dynam c w nd
conditions, rain water to get to the air seal. Since the air seal in the
ai rl oop system can be assuned to be inperfect, water |eakage can occur. In

addi tion, theaspangbpgestei Nthe f FHERAACH T Nothesd 11109 P weitehrenBndesei+ ped in
U S Patents 5,452,552 and 5,598,671 would be put in tension under
negative W peovaad repriiddpisol(e.iyn aMd e rd/iarf Midiht ladsaith s estad away
fromthe building interior on one side of the building) such that the
connecti on stiténgtipeantkcts esdaonpr é8sadditdpnbe oned eodebdiBterid diurtiner,
repeated negative wind |oads could cause the securing screws to becone
| oosened or agmieghedystausialg awie Hangée dfo ohe cthomppespakéed twithl |
off the building. In addition, the panel frames may not provide the
desired t hePEiMetaN R7em! f SFaBsmeExAppISHiORS ¢its. tBE | B mOoga Heeliakiani ¢
and ot her | oad magt tend to crack or |qQosen panels and dafa%e seals if the
ns

bui | di ng st FFéttur € TIEPOTE CSHEET PROLE 28 SABUSE 83648 USE Y1692
£k Sven gLy, defoF e ThY SOl T LA SRS BREEET 5 Pve

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 conditionsg,
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 1loads may tend  to crack or

loosen panels and damage seals if the building structure
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for a curtain wall system specifically including the two aforenentioned

patents, an inproved systemis still 5 needed. Summary of the Invention
The obj esvoveswss t he enhanced curtain wall system is to Papusselisize
performance of airloop curtain wall 1C systens in one of nore of the

foll owi ng areas: air/water infiltraiion resi stance, structural performance
under negative wind |oad conditions,”and thernmal insulation perfornance.
The enhanced curtain wall system achieves the objective by providing one

or more of; I he Lol | oM (g 145 e He8S: a H%}eg?ficﬁl:ﬂ&ﬂ aé‘ldgrg'?%i)é‘ér?tr

airloop that separates water and air sea nctions, “water I Ning

functions @R ReMditE FHAGET BBEn difdd Cih T QUAI BRI HGALAR A &M Ty OPENi Ng
tolimt water entry into at | east one of the alr?oops,_an air entry

openi ng sufdr ci enityalarggll 29yb@eﬁqU%béé@fﬁbalm?eiﬁl@l%d!i@lgart}% rdy@op Wi th
the exterior environnent, a two point support of each panel assenbly

conmbi ned \ifidresierdi ingresbal satoetk @, cl @ar aneprdi-eansisgtiem ald owdinerfl oor
si de3sway defl ections under seismc or other |oads wthout causing _
significameestadess in the 25 panel assenbly, a structural engagement with
a mullion for resisting outward wi nd | oads on panels limting outward

| oads on fasteners, a splitter in a drainage cavity in the

Summary of the Invention

The objective of the enhanced curtain wall system

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

the objective by providing one or more of the following

= features: an dinner airloop and an outer airloop that
separates water and air seal functions, water draining
functions and sealing functions, a circuitous path at an

air entry opening to limit water entry into at least one

of the airloops, an air entry opening sufficiently large

20 to equalize the pressure in an airloop with the exterior
environment, a two point support of each panel assembly
combined with sliding seals and a clearance dimension to
allow interfloor side sway deflections under seismic or
other loads without causing significant stress in the

25 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
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SUBSTI TUTE SHEET (RULE 26) WD 01/81686 PCT/US00/ 11692 5 outer airloop that
creates a dual drainage path and a surface upon which droplets can

col | ect, whner/smbe breaks in the panel frane to increase thernssigtance to
heat transfer between the building interior and the exterior 5
environment, and clip-on insert nenbers to allow easier panel assenbly
installation and renoval. Brief Desc?iption of the Drawings Figure 1 is an
isonetric view of an exterior wall 10 system portion including an

enbodi nent of the |rrproved alrloop wal | system Figure 2 is a p i al
cross- sect | FHEFT videk DR nt DA ofF 4355S 222 C}SH e]F Sﬁtagnfg?hd% rﬁ’t[)r fzont al

wall joint _of

3is a part?%lff%?%s*ép%%c‘?ﬁbﬁa PRIt AKER &P DN TT nEharaRL B %Fi%ﬁ aure
e e ol g ot . i e o1 o i

wal | system gures it 1s erence

numeral s referndpet| If)%t%)e%@ienﬁﬁe Obuﬁﬁaﬁﬂbe%n@&l%scéhet ot OéxEQf-lor

Preferred Enbodi ment of the Invention 1In order to better explain the

worlg ng prideyPresmeRt , t BRd NVEIYien, ihBertoldavdiss t epMaA1alRgyeukhbrbe
used herein: 25 a curtain wall panel or panel assenbly: one of a

plurality ofapenesssenbbanthsasseablofsahaviagoaabuil ding facing or
curtain wall elenent of a building secured and

Brief Description 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 1is 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 i1s to be understood that like

reference numerals refer to like elements or features.

20
Description of the Preferred Embodiment of the Invention
In order 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
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SUBSTI TUTE SHEET (RULE 26) WD 01/81686 PCT/US00/11692 6 nomnally seal ed
to a panel frane, typically a perinmeter portion of the facing elenent is
shop secwedi/swees seal ed to segnments of the panel frame; POT/UREr6® rl oop:
an air space substantially 5 formng a | oop around and near the perineter
edges of the facing elenents and gengrally within the panel frame; an

outer airloop: an air space substantially formng a |oop around each

facing el enent -proximate to the inner airloop 10 a water seal: a seal ant

line in an ext wat er th to 1@ erl h
bui l di ng tha Iﬁgngil%dnglgestrlé%wﬁég ?r trat o‘Paﬁg%w% E??e%ogeﬁo
differential é&ﬁ B eSFULS 'Elé%%ﬁ@s Lhens mé%HurédrﬁhdaQQaiéda”

air. seal: sea ant ?I ne |rslfboar§ and away rom gn exterior water

that is used-40g&&ndhtStofli fhei Phhbiratigo;into the building. Flgure 1
illustrates an enbodi nent of the enhanced airloop curtain wall system 10

conprising an assenbhy ofnngP NMaLtiedbs: cushai iwal bppasel subet@ntipangl s
1la through 11f) that are supported by structural nenbers or spaced- apart
vertical mlfoonsng4aof capbuirbdindg apdotneslrowhd qer Dhetret yedgds t adughe
Figure 1 shows an enbodi mrent of an enhanced curtain wall system 10 in
whi ch a faci fgcing 26lewents nandl gerteakhy weitkachtber panalwakbmpanel 1la
through 11f is conposed of insulated, dual glass segnents,
an outer airloop: an air space substantlally
forming 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 1is present across the sealant
line; and

15 an alir.seal: a gealant line inboard and away from
an exterior water path that is wused 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
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t he enhanced curtain wall systemcan al so conprise other SUBSTI TUTE SHEET
(RULE 26) WD 01/81686 PCT/ US00/ 11692 7 solid materials as facing el enents.
And al t howghi/gtses curtain wall panels Ila through |if arerehosso/iim2Fi gure 1
as generally square, substantially flat panel assenblies, other assenbly

shapes of panels may al so be used. t 5 however the individual panels are
shaped, nultiple panels nust be joined together to forma portion of the
curtain wall of the building. Two types of wall joints are typically

formed between adjacent curtajn_wall | | inally 10
nor i zontal FAFL OIRFEE 13 e %5 | ERGLAGer IHREMGE panel ol |24 dRFSH b Pnd

nom nal |y veriash vehh Lnbs, 194 g el aeen, Laghng pagels tia and

lic). However, y othe _ s of oi nt's Can rorned a used,
e.0.. Non- hkNgRhoh QLS oAl dildimordeniesat 8ka00dlendh ;13 Ot her
direction, or joints de 10 accommobdate wa protrusions or irregular

panel boundatMegeiBddnS, EhaPes 2fS e@st)ﬁairycaélééaggeniﬁ& But
cross-section of one enbodi ment of a horizontal wall joint 12 |ocated

bet wgen panmbselba amd lindidikRiQr qgemalactdnn trkgadal augt2P1ki pand1s as
shown in Figure 1. The upper facing panel 15 is attached near its |ower
edge to a | owet beanpiseghendgetlitef otal figra porgémiiad dhetgkassirpaniel 1l a.
The horizontal wall joint 12 shown is formed between the lower frame
segnent 16 wadlanfupper bfiiddengegnent 18 connected 25 to the upper portion
of |lower facing panel 17 formng a .

Two types of wall Jjoints are typically formed

between adjacent curtain wall panels, namely nominally
10 horizontal wall joints 12 (e.g., between facing panels 1lla
and 11b) and nominally wvertical wall joints 13 (e.g.,
between facing panels 1la and 1lc). However, many other
types of wall joints can be formed and used, e.g., non-
linear Jjoints, linear joints oriented at a diagonal or
15 other direction, or Jjoints 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 assembly 11b. The two panel

assemblies 1la and 11b are typically located on the

SUBSTITUTE SHEET (RULE 26)



portion of a | ower panel assenbly lib. The two panel assenblies 1la and
lib are typically | ocated on the SUBSTI TUTE SHEET (RULE 26) WO 01/816
PCT/ USOOMI0 6021688 exterior of an associated buil ding and paetsertiexzhed to

t he buil ding/building structure using a pair of fasteners
each pane

is supported by two spaceg-apart vertical mullions 14. The

86

34 such that

| oner frane segnent 16 is 5 typically shop assenbled to the upper facing

panel

2 as

15 and the upper frame segnent 18 is typically shop assenbled t
the | ower facin
segment 16 &F
segnents na
many ot her
constructio
pl asti cs,

17. Althou nent s .such as

¥h{§e“ alﬁé%l%%?%hﬁﬁ%ggﬁ”%t%c@&feerﬁg %3‘? gr;gﬂ' 8@ FBARS A

rication neans ot her materials

@é G rtq{étdeegéﬂ Tgaﬂs&all% £l %']&3{5 i8] ephi-eq -apkded

conmposi t es. e upper frame segnment 18 is shown in F

structure associated with a building using one or nore screws 34, but
rivetgs,
attaching can al so be 20 used. The screws 34 preferably forma 2 "point"

attachnent ahtachipeg dEacmeermbdn@nmt dcationsypbcalsynehop eackmbidld ¢ t he
upper franme segnment 18 to two different L-shaped attaching flanges 14
portion of bthe fbasrgefatdagi paskdwiA7dotted in Figure 2 and a flange 14a is

al so

107

15

20

25

nut syahdabolt shdpoelsseritd eds|td sshel @pfpsy  Dac Dhhepaneanssf and

Although frame segments such as lower frame
segment 16 are preferably aluminum extrusions, alternative
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, injection molded
plastics, and composites.

The upper frame segment 18 is shown in Figure 2 as
attached to one or more vertical mullions 14 or other
supporting structure asgsociated 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
used. The screws 34 preferably form a 2 T"point"
attachment attaching each end (or locations/points near
each end) of the upper frame segment 18 to two different
L-shaped attaching flanges 14a (a portion of one flange
l4a is shown dotted in Figure 2 and a flange 1l4a is also
shown in Figure 3) that protrude generally outward from a
main box-shaped supporting structure 14b of the wvertical

mullion 14. Other supporting structure shapes are also

SUBSTITUTE SHEET (RULE 26)
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25 shown in Figure 3) that protrude generally outward froma nain

box- shaped supporting structure 14b of the vertical nmullion 14. O her
supporti mgoet/s1e8¢ ur e shapes are al so SUBSTI TUTE SHEET ( RRCEUR@)11612

01/ 81686 PCT/ USO0/ 11692 9 possible including a T-shaped protrusion, an

| -shaped protrusion (e.g., where outwardly directed | oads would put a
fastener in shear instead of in tensPon), no protrusion (where a fastener
woul d be attached directly to the box 5 shaped supporting structure or

ot her shaped supporting structure), floor beans, and cross beans. The
preferred twesSsdinte f dsrcdmeingt t achFeahapedt herotppetonr amm segrempPed to
t he protrudi ng L-shaped flanges 14a provides a nunber of benefits. Since
each t hr ead ®F FFFHSTENG - Shol RS [ W EWRE Protd i Fed | orfts mrlgbedithot
penetrate intao an interjor _air sgace of the. buildin (Figure 3 shows one

interior ai @ 19 11y SROAT afBS5RRY SEaftlf GPREIOR)frade RSO M 1O ot
ired i I k t f th teri i nnent tq an

nterior opseBire 18 %‘%Sgéflé’aﬁ%gpﬁl%ﬁd?ﬁtéah%ééo@La%%%é%f%ﬁmt?epﬁm-ti al

| eak i i.m T r re iffer i Cr 0SS

Lhe Bhr eaded PRt e BRaRt iy, BPrtbie sl d PLERR Pepdbed il S AR 000

space | S andatiAtd)endanio X HdLs o QUL pihAnot her benefit of the
preferred two-point fastener attachnent is when other |ater-described

clip-on or otherw sgd gramie s aROIIIE (R tenSHEL BN Ff 882
menber 26 and a rain screen nmenber 27) are detached,
upper frame segment 18 to the protruding L-shaped flanges
l4a provides a number of benefits. Since each threaded

10 fastener hole 34a in the protruding flange 14a does not
penetrate into an interior air space of the building
(Figure 3 shows one interior air space IS), a separate air
seal for each fastener 34 is not required and air leakage
to or from the exterior environment E to an 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 benefit of the preferred two-point
fastener attachment is when other later-described clip-on
or otherwise removable components (e.g., such as a water
seal member 26 and a rain screen member 27) are detached,
the screws 34 are easily accessed for removal, maintenance

25 or repalr/replacement of a panel. Initial installation of
the screws 34 prior to installing clip-on components is

also simplified, allowing the enhanced curtain wall system
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the screws 34 are easily accessed for renoval, naintenance 25 or
repair/replacenent of a panel. Initial installation of the screws 34 prior
to i nstaWwongswBé p-on conponents is also sinplified, allpai/mgowheszenhanced
curtain wall system SUBSTI TUTE SHEET (RULE 26) WO 01/81686 PCT/ US00/ 11692
10 to be substantially erected frominside the building wthout
scaffolding, e.g., reaching frominterior space IS shown in Figure 3
through uninstall ed upper panel spaces to the exterior portions of the
upper frame segnments 18 to 5 be attached_to the nullions 14. Still another

benefit of th® prefeTrREFIMotpbint ehedishef ot admrente aﬁ?eclh@bhiéﬁ]éélg

di i D i I 3) is that the.orientation of the two screws

50" a1 ows tHEC ST P ECREREF PN dbohett o F6oRBYEas A pk AEA 64T SRO%Ri Hfage
d interf d | | A o) e . Wi t hout danmage_under

ot Tecting seighm (THOEIRLAL 3 PRRouEnS B B Ml SRET 8 pates

conponent intéh€hepé§9%r$grt 8r9§8§5 Bkaththggggaf%QﬁgsEe%ﬁgﬁkgvg8n%%iOn

of the support points (or notion of screw ainl ot ruding

flanges 1l4a)bénag:hentdopbatndi hetligAcbehween mullions 14 are
accommodat ed by the | ower frame segnent 16 sliding on air/water seals 24

and 25 wi thout signi$t€ant ansthess Kenstiwi afprwehepngéﬁ@lsré@cmg-gbeﬂem 15
or other panel conponents. Sone relative notion of both support 20 points
in a horizonfasteheectittacheependicd| al ebaankhe dimecsion bDet pEeswvethi cal
mul | ions 14 can al so sonewhat be accommobdated w thout undue stress or
strain on theigure 3) is that the orientation of the two screws 34
allows the attached frame segments to move as a pinned bar
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 11a. In other words, relative motion
of the support points (or motion of screw holes 34a in
15 protruding flanges 1l4a) in a horizontal direction between
mullions 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 wundue stress or strain on the
panels, e.g., the lower portion of the panel assembly 1la
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,

significantly reduced loads on the facing element 15 and
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panels, e.g., the lower portion of the panel assenbly Ila can pivot on
seals 24 and 25 and/or swing slightly inward 25 and outward to or away from
t he vertiweabi/snéBé i ons 14. Conpared to ot her securing/ attpchusewiinet hods,
significantly reduced | oads on the facing el enent 15 and SUBSTI TUTE SHEET
(RULE 26) WD 01/81686 PCT/US00/ 11692 11 air/water seals (e.g., 24 & 25)
are acconplished during strong seismc |oads that cause | ateral

deflections in mullions 14. And because of the ability of the enhanced
airloop system(e.g., as described herein and in co 5 pending US Patent

Appl i cat i ORI ROY2DBF88EA1S795e tD- f uRét i on25 hs aFenaeromat Fsked t duriag
exterior environnent_mﬁthoikﬁ perfect seals, the resistance to water

| eakage t eRECES FELISRI Nt 2PRES FRRF S£VESsnidtevaht WEEsEiane afr / wat er
seal s 24 and,25 are_damaged, 10 In the_preferred .enbodinent, the design
cl ear ance mlblg?o{lﬁell nve%rf%nb?g?\%ﬁﬁ Pﬁplg%u@@g)leté’l I%“%Nstﬂ‘él Sf¢8<Spanel

y. ot i on

oL ON o A8 BORT ZOPkely Mg [ 00k BLEECEORS BhreBh SRR IOLLON s

e.g., due to wn seil sm ads “on arlding.

pr ovi ded bﬁéM@?H?aUé5PHEéh%OﬂF%ﬂié?PiBHeFK?rbb?éb??d9?99ft@ gaR%kiB%ar the

bottom of ‘a panel. Allowable Thterfloor lateral or side- sway notion (e.g.,

during a sgismi CygVent piafid t¥Bi Gale BkgBribge MMMl RchRgror der
of about L/200, where L is the distance or height between floors. For

exampl e, 2fefbecanséalerftperrbsightnet 43 figebr 1hekhykl defgs sbrueture is
designed to allow an interfloor side-sway

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 (shown 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 vertical edge of a panel near the
bottom of a panel. Allowable interfloor lateral or side-
sway motion (e.g., during a seismic event) 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 building
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 gide-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.
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(under extrene | oads) 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
cl earancav@oi/gie®® typically selected to accommbpdat e the erCT/Es®/Ued2 ecti on
of a panel, in this exanple at | east about 3/8 inch, but design clearance
D may be as nuch as 3/4 inch or norga SUBSTI TUTE SHEET (RULE 26) WO
01/ 81686 PCT/ US00/ 11692 12 Design clearance D may also be as little as 1/4
inch or less if a stiffer building structure is designed, or sone danmage
at these extrene defl ections can be accepted, -Qr ey spanels, a5 used
5 I n addi DesHIo ?%%aﬂ%%?%nDcWEﬁ?é§5%3EPge%%hjgﬁﬁgﬁpq%%ané is fastened to
the nmulliqns 14 near_the_two top..car LReURREIg S El eEendordd) W th
ﬁéﬁﬁ% an%?fgﬁ?ﬁcbul di8 ??%@ﬁgh 3 ?e.g.,néast

not i on- caf _ ceptrng-a ment eners) and seal s.
As shown in Flaures 2,and 3., fenl owRl 1 bERABSEEERNt LA 6 abkcparediver

relative to% joirnt spline 50 1n the horizontal direction within the
design cl egy ng@rwaﬁéﬁguér@iﬁgé@g the mullion 14 during side sway events.
Therefore, the building side sway notion (within clearance "D' limts) is

absogbed by the sysiesnaitheut téausiengeddmmgidigastaressds, 1&a¢m paredurtain
wal | panels. To maintain an acceptable sealing function over tinme while

al | ow ng soreend r eedofasfenedl atd vehaoverdddonset Weemerite pafeltWy ak@Pand t he
support frame (e.g., mullion 14), it is preferred to use a dr type of
seal or ot¢mwnan$e(ia]upgernéram@eale@QQEih@)Zvlﬁht@©Fthf6?P§éé? 26, such

as aresilient foam an
motion-accepting attachment (e.g., fasteners) and seals.

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
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el astoner such as Teflon, or a nol ybdenum di sul fide powder. However, other
types of notion-capable or notion- accepting seals may al so be used such as
| ubri cat &do 0B84 oneri ¢ seal s, grease, putty or other gapp€TiB@rmgI2and 25
resilient adhesives. As shown in Figure 2, an air space 20 is forned

generally within bottom panel 11b amgl is generally SUBSTI TUTE SHEET ( RULE
26) WO 01/81686 PCT/ US00/ 11692 13 adj acent to an upper edge of the bottom
facing elenent 17. The air space 20 is the top segnent of an inner airloop

around the, hot1.om ranel. . T1ea o0, e 5SOMHA ed816f ot bgohet {m pane

llais siMTHTd the 10 anme segnent of panel 1la {not shown in Figure

2 for clarjfy),apd s%%cea'ﬁp jypiggl lhsi dBdidnd Oothanl oMBled ramelsegnent
16, allowng mter ends of each protrusion or portion of the top frame

segnent t Q8,8 t @chedot oANBaAE1MAE . CONTRN topl dradMars@egients 36 or 38
(as shown in Figure 3) to forma substantially continuous inner airloop

around eacihe pasetomopanel mize iad rshnl bsrotoopiri nge 23rame t heghemer
frame segnent 16 serve a prinmary purpose of air entry, but may al so serve
ot her spur poSesandhelabr operi rshom Dpefiggse23 dog tofmnidhtly andedsto
allow a flowof air into the inner airloop such that pressure within the
inner airdbep Cvedlaadilng Panélazi rioophseghevies 1Draprl 2egment 16,
substantially equal to the air pressure of the exterior or,6 building

ext ernal WP EETeR frferohopdeh PRetypsion or portion of theé

top frame segment to be attached to one or wmore 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.9., a
maximum pressure drop across the alir openings of about 0.1
inches of water, more typically less than 0.05 inches of
water, and preferably even less than (.03 inches of water
under worst case flow of air.

A worst case flow of air into the inner airloop
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openings 23 are typically sized such that a "worst case" flow of air
through the air openings wll not cause a significant pressure drop across
the air openi/sgsq e.g., a maximum pressure drop across theraseo/apeni ngs of
about 0.1 inches of water, nore typically |less than 0.05 inches of water,
and preferably even |ess than 0.03 inches of water wunder worst case flow
of air. A worst case flow of air intd4the inner airloop SUBSTITUTE SHEET
(RULE 26) WO 01/81686 PCT/ US00/ 11692 14 through air openings 23 is

typically caused by a conbination f envi r onnent desi and sealing
factors, éhﬁ?qékt ?ﬁﬁor?gﬁPaﬂgﬁMu i5° tygVEéFF;&Xirqa G%heq%é d an
|nperfect fa elenen | L kel al
|nperfect|on AT Phe” n1 %Y%dgﬁﬁﬁﬁé?% $ %ﬁ%ﬁ a%%gséggl ﬁ§£5§?|ous

est i mat es t( r@&éyakm§8§£ ﬂ@t 8k wh3Bnbe USEA, 1l 13RPT DX rrﬁégkégé pgakage at

the air /panel y corners under “various conditions” of

di fferentla&l ﬂﬁﬁéﬁﬂé@ta%e%ﬁ ap1bpBatf gt ddaiseal . lPhAnpbber 1ppéepti al
| eakage path is around the g?a2|ng stops GS. As an option to reduce air

infiktratipraretingeayl aap&gfstéopsn G ah ki hieeyedeabribassdchths

caul king is placed between the panel frane segnents 16 & 18 and the

gl azi ng staps. sehher3if aghdr satréndsngdoircauese &or arfduew liSedsmnt datae i nner
airloop include water (possibly including condensation) draining out on
the inner cin| dop, wsé@r teeadpprpeinatei onsy rhphkagei ngteathag daronetric

pressure in the exterior environnent, and rapid thermal expansion
seal /panel assembly corners under various conditions of

differential 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 16 & 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 gizing an air
20 opening 23, auxiliary and/or air seal ends or
imperfections at the four mitered end Jjoints 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 entering or 1eaviﬁg the air openings 23. In oxrder to
minimize any pressure drop across the air openings, one

method is to size the air openings at least about 20 times
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of the inner airloop. As an exanple of sizing an air 20 opening 23,
auxiliary and/or air seal ends or inperfections at the four mtered end
joints camobesicesti mated to each be the equival ent of cireol/asoopedr ngs
about 5 square mllimeters and that air | eakage past these sea

i nperfections or corners is the major cause of air 25 entering or |eaving
the air openings 23. In order to nimze any pressure drop across the air
openings, one nethod is to size the air openings at Ieast about 20 tinmes
SUBSTI TUTE SHEET RULE 26) WO 01/81686 PCT/ US0Q/ 11692 e t han
the equi val&ht ~§&3i° |‘?rf)er i DRS, 1Y ﬁg\%r# are eas%p Sisufgﬁosgsq%%re
mllimet erspf r(ljne leasfcenétl[é y’Pr ‘ifo%r aé)ilya Vt'nﬂ@l%m {:éggt e Pnat gk past

about 3/8 Theh, Inbre pretera havin aneter o | east a out 51/2

inch. In Ohgg nlﬂg 9¥fgfa£9§ Hé@fﬁgaérdiéﬂ$téfcgﬁr§t l@@é@ragbﬁtn§9§1 and

to further sure at pressure Is “safely equalized wthin the inner

ai rloop, thfnapstmOPéeb%éE%Qagmyoﬂb@&& iaNGliudes dhree a4 ri1epeni APsUR3
having a dianeter of at |east about 378 inch. 10 Because another purpose

of ats | east1pmeigént herai brdepesbngsodddeéscdbe athew aairnfbowofhetowater to

drain out of (perhaps concurrently with air entering) the inner airloop,

at | east omeabért RragirragEpenands tshofibdtheri mdshere | bhet foeswegneat 16

as shown in Figure 2 and be at 15 | east about 1/8 inch in dianeter,

preferably safébuast eqabbiized/ 4winbhni nthHeantneer Hoheverp.t hehpr emepted

| ocation of at |east one air oEening 23 is_near the center ,
preferred embodiment includes three air openings 23 having

a diameter of at least about 3/8 inch.

10 Becausge another 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 be in the
lower frame segment 16 as shown in Figure 2 and be at

15 least about 1/8 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 that air pressure
within the inner airloop 1s 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 lower building

edge panelg) and additional air openings (e.g., located
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of the lower franme segnent 16 to provide for the primary air flow purpose
(i.e., away fromdraining water paths 20 proxinate to side frame segnents
36 and 38a@hoswsé n Figure 3). Other air openings 23 can ber/psaviided in
other frame segnents or |ocations to further assure that air pressure
wWithin the inner airloop is subst €tial|y equal to pressure in the
exterior environnment E. In an alternative 25 enbodi nent, one or nore of the
portions of the inner airloop nay be discontinuous (e.g., for |ower

buil ding edge panels) and additional air openings (e.g., |ocated

SUBSTI TUTEeSHEETh¢ RUDRe26 P OoRDiOn SI6geheCFiS806FTT695S BF e +ReSF over
portion of the side segnents of the inper airloop) needed for air
entry and/aFrlerrir dﬂwgﬁ? dreede@nt P heP TRt &Y r3R Orl’f\; aﬁrﬁjr?e‘?’?ﬂé?fve

enmbodi nrent, at |east two of the alr hol es are located i.,n th wer, . frame 5
segnent 165 7ar tRacAnRETePed 1 08Pner 1B Athe (%H¥$ em%ﬁé S%%?he%t

| t t t t
a0 open NS atvonBLORAS AR AL Fo "Bt AT NE biler o1 1 Ohen b 2a

to"én e ot ai r opening 23
utting a  RLEISLTeg LSO aldy OB?EE?de%oQ?fe‘&e%‘ftBﬁedkﬁheqor nerhig
| ocat®d aif PENT ngs i'iT Tower 1 rane segnent or on another |ower frane

segment al #8&@ YRk ek .t q_c?t%?dléh doai B of réif@rm{gfb epds s(8ots, Wit estering

frominperfect water seals in the side or vertical segnments) and
sufficienteghiiyf howiho reatead raugh she bhir dpenimgddise i rompeandg 23 1°

to substantlally equalize the air pressure within the inner airloop to

about the @h@ Ppriessuse anterheclext echetr air opening 23. Putting a

preferred third air opening 23 between the dual corner

1¢ 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 entering from imperfect water

seals in the side or vertical segments) and sufficient air

flow to enter through the third or middle air opening 23

1E 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 £rom the

exterior environment E 1is forced around an exterior

2 protrusion or first baffle 16a, 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
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environment E. Also in the preferred enbodinent, air fromthe exterior
environnment E is forced around an exterior 2( protrusion or first baffle
16a, a clwo@eosies@i n screen or baffle nenber 27, and the secomdoooried2- shaped
baffle or protrusion 16b prior to entering the air opening 23 as shown by
tortuous or circuitous path arrow "A'44n Figure 2. The rain screen nenber
27 and protrusions 16a and 16b 2! formalternating path baffles that
preclude a straight path flow of air (wth possibly entrained water) from

ROLE 26y VT Hrb o b Deotritibed DalRaF &3 oifes ST ET il R S0R
Ibaff'es Pr o ﬂdf%sé*ﬁﬁéégf egmﬂaaﬂ@fcgrfrag{%ewsﬁ?lﬁ@gegea& par i ﬁmbét gza:nr:gnd to
rrpact si nce ess ense alr ange I rection re easil

around the balfhgsgt @%steh%l@r@aﬁeelasn%\@t e of QI s doRar %gawt es
which tend to be "thrown" outward onto Th alternating path baffles and

col l ect theseomng ThRebBEEEEesCOhbactked Wil JHy erscéendrépleeal asge and
drain outward (e.g., on drain surface 27a) towards the exterior

envi sonment pdr-eheh Dat dowahdth ttowat dsor &en Ythtews" 3butwh@dalsnccathygi ng
particulates with the draining water. Al though the L-shaped baffle
protrusi on dbbersat pnefearedoaffbesnaad onélettthheaépnopeﬁhﬂgbaﬁglas shown
(e.g., the L-shape tends to increase the circuitousness of the air path
"A"), the LcchbpededafWaeepr ofropliensi steBdessent Faplgsgeconnfnudtipdn of

side ribs 36a and 38a (see . ,
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 egssentially a continuation of gide ribs 36a and 38a (see
Figure 3) and upper rib 18a protruding from the upper
frame segment 18 which are not shown as L-shaped.
Portions of the L-shaped protrusion 16b that are spaced-
apart from an air opening 23 may not be required to be L-
20 shaped since little or no ailr is entering at a spaced-
apart distance from the air opening. A straight wupper
protrusion 18a 1is 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 remainder
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
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Figure 3) and upper rib 18a protruding fromthe upper frame segnment 18
which are not shown as L-shaped. Portions of the L-shaped protrusion 16b
that arevwepavedss apart froman air opening 23 may not be PeTjuseeded20 be L
20 shaped since little or no air is entering at a spaced- apart distance
fromthe air opening. A straight uppet8 protrusion 18a is therefore shown
in the preferred enbodinent. If only a portion of the | ower protrusion 16b
is L-shaped near the air opening 23 and the remai nder 25 (spaced apart from

i i i traight,..drainin wat.er fram the building qutward
e of the PRaRtubZoRi] 32&9%%%%%9";‘@- I %fme%sg be‘%aagrﬁ; rec ﬁgtlfﬁgilﬁpai aht
SUBSTI TUTE . .
sortions, ¢ heFeby PEFEhaRLal n%«éf%rggﬁamgﬂé#%a%%%%ifg f%erm rtzaemgarm -

bl i n ) r o 1
probl ens neagpdhengi 53 . Openiy &r&%_éﬁ%&}fﬂ%\%@% éf%g&i;%gﬁ. B@

of baffle protrusion 16b that 1s'L at 1east inch on
either side wifgie @ReRINEid3 alsh athgenatd ng-spabdg bakkkaskprot rushaps are
spaced apart by at [east about 1/16 inch, nore preferably at |east about
1/8 ifch, bullerefiehabhyespheedsapar brbyinoopehenyhan ahauhltbZnatngh, and
typically protrude into the first joint space 21 10 by at |east about 1/4
inch, nore paflr &siflas wastredionts 9 epebedVoayaot heyy baftf | esbapes,
spacings, and protruding |engths are possible in alternative enbgdlnents.

| ncreased badlhdet | 8A§E hinchmalbse fyadiemgblandtt Higdegr about 1/8 inch,

but preferably 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 lengths, smaller spacing, and thicker

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 preferred 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 metals, 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
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15 shapes may be needed when even | ess water entering the air opening 23
is desired, but the opposite may be desired if |ower costs and a cl oser
approachwoopswssure equalization is desired. Al though ther/psaiasred
enbodi nent uses extruded alum numfor the exterior protrusion 16a, the 20
second or L-shaped protrusion 16b, ang the rain screen nenber 27, one or
nore of these conponents may al so be conposed of other materials, such as
other nmetals, wire screen, porous materials, and el astonerics. O her
materials may have advantages in the areas of_increased 25

ret ai ni ng/ d*&i R HIPPRPaCE Bt RBYEE S@nECPedRR I Hgrt hatked phpt Felifal 8P
re-entrai nnen p{gblens. The raiq§§creen nenber 27 and the,rain_seal hol der

SUBSTI TUTE BHMEET P RULE26PRBR01/6T886 BEAMIS00/ t692 18758 aPbiBrPBped or
oufert e repuablcalLachodla Labs 190, 8nd,10g, o poBSt L aTErsETen

18. This clip-'on” contigura Sy i I on €of the

rain screen feber, 2l and fain Sealy B 282 2S iRl 296 ea?ssyw.?fgl?égnto

d oL
screws 34 or other atta@hmant nmeans #IOI’ installation or renobva

entire panelasN bhewgh €bi geed @t tacheeniodin A her phehREned Ridacheept
nmeans, alternative enbodi nents can attach screens or seal holders by

nmeans of piiedhcoanechi ois, rhaeksiansr slet Sent@?@e?a\&ﬁsﬂ. or Aashenghs. A r
openings 23 in an alternative enbodi nent may have different shapes and

si zes, e.(Q.q¢lbeyvedalatopechmgst pird nathd y psiefedrkdr akttathawnbavinegna,
pref erabl e di aneter
alternative embodiments can attach screens or seal holders
by means of pinned connectiong, 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 minimize 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 is

essentially separated into two sections of an outer

airloop, namely the first or wet joint space 21 and the
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of at |east about 3/8 inch plus a separate drain hole near a water path,
e.g. , a hole about 1/4 inch in dianeter or |less near a mtered corner.
O her al tveonsasicse enbodi nents can include an air hol e i nP@DESO/fl6920t al
frame segnents, air opening slots instead of the circular air opening 23
shown, a screen or filter placed o®8r the air opening 23 to further
mnimze water entry, and additional baffles placed in or near the air
opening 23 or inside |lower |oop segnent or space 19 to still further

ot 10 SEEoRR ok YL PERLIELHAR [ 00P SRARPRL LR AKiAOERabeoR,

segnent 19 8?c € inner oops € ai'r’ spacé or out op portion

wthin the QQ&bégnhehc‘&%@rﬂtﬁwhsla ai»alﬁsggew abky tpepgLetef isalmeiino

sections of an outer airl namel irst or wet joint space 21 and

the SUBSTI Z&T Eh@HEE&s&RQIeEt%@h we %@8@@%@#@1&»@5@@ b¥692e 20psererd or

dry joint space 22. The first joint space 21 serves concurrently as a
drain path fas)thedois oahsegmpntsedierdtheof i et Fdatdoreedtide ofit ethe
airloop of the top panel 1l1a) and as the top segnent of the first section
of the 5 oubeteai Hiodpoyf dhechot bontpaneknkilb.11fhe sEoendefondt jospece 22
serves concurrently as the bottom segnent of the second section of the
outer airlospack Lize sy grmmEinditrerdny td4e tlp beghent segmehe odcdie
section of the outer airloop of the bottompanel |Ib. 10 The rain or water
seal 24 is peaced leakdan 1o rehe pputrusPéH1OeP off tHee | BARr PRA&He 19égnent

16 and interior baffle or rain seal holder 26. The materzge 24 is
and the top segment of the second section of the outer

airloop of the bottom panel 11b..

10 The rain or water seal 24 is placed between third
protrusion 16c of 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 1la or 11b, but the
water seal 24 may not be continuous over the entire width
of a panel. In addition, the clipped attachment oJf 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 exterior
environment E, similar to the upper loop segment 20 and
lower loop segment 19 of the inner airloop. In other

25 words, alr 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
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preferably attached to the rain seal holder 26 and extends for sone

di stance fromthe ends of upper frane segnent 18 15 and toward the center
of the pamebigiess or |ib, but the water seal 24 may not bPCT@Rt/TBLRUS over
the entire width of a panel. In addition, the clipped attachnent of the
interior baffle 26 to a protrusion 28c of the upper panel frane segnent 18
may not be seal ed 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 ai.r in the exterior environpent E _simlar to
t he upper %@%ﬁréebﬁe SANE LY TV TRop sgﬁﬁ%hteqiﬁfﬁn?hEEan%?C%?éloop.

| other 25.ordss ALt can berlr ansterf e bel wern i ad! erad (| ook and

t he inner oop,~ equali Zing e pressure between the 1 nner airloop

pressur e and,t N BKLELLALLAl dalll 835 Upeoybliba SHBSTLIMTERSHEETLRUEJE) WO
01/ 81686 PCT/ USDO/ 11692 “21 water is effectively prevented fromentering

the second gd@iidn SPagar2Zpddefnaal ternabve ephodidmitiomddavbgnatrodi r
passageways can be provideéjbetmeen the first and section joint spaces 21
and 22 in leecdienrs mws fricmrdandiraidiage paths, if required. In the
preferred enbodi nent of the enhanced curtain wall system the panel or
faci ng gl ass el eneriin 17cthef phefbotédm pabebihlkehti s afonmtiad | yeskestheddt o t he
upper frame segnent 18 by a panel water seal 32 and a panel air D seal 33.
The wal | j cimttatiz bealleesiy sthempanké spahaland Iflyings Hedsalgmeral Bd by a

frame water seal 24 and a frane _ ,
of the bottom panel 11b is nominally 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 1lla and 11b
is nominally 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/oxr 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 panels 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 available from Norton Performance Plastics, now
Saint-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
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air seal 25. Since sone or all of the air and water seals my be

di scontinuous and/or field or site assenbled, the chance for bypass,

m sal i gnive@d1/8@B6t, or ot her causes of 1! | eakage nay be perwsoiiiedrd sone
i nperfect seals anong the nmany panels present on |arger buildings should
typically be assuned. However, as digcussed herein and as discussed in
co- pendi ng Patent Application 08/ 887, 879, the invention is tolerant of
inperfect seals. 2 In the preferred enbodi nent, panel water seals 32 and
30 are closed cell foam sealing tapes such as Norton tapes available from
Norton Perfembaddmepitgst cen, new Sahet- Coyén Ref f cremite P agtiingd ow

| ocated in Wayne, New Jersey. However, alternative enbodi nents can use
other 2 typ&SSEFi§E8F§-or water flow restrictors. The preferred panel air

seals 33 and 31 are_insertabl e-type_gasket ,seals pically conposed of
EPDM nmaterial . Howevdr,t t%?%%?%/g%d §B§§$F?8?E'sﬁt@é‘ﬁe( Rt’i%e%?‘e &ty 81686

PCT/ US00/ 1169 2 di t th f irf.l
restrictors®?n t_tzrheee ngéﬁ%ﬁse%%%%?%gn%r?e; Sﬁt’ég\%gt gcre]?gg%gi%r S%;?(r}lﬂ%\év
f i 5 | [, t

{ apes oai i | SePpB” et B el £Eah ; tABRRn AR Mhs, el ApESep PUER RS SR
enbodi ment s 3galnkSQ 20t et ¥Res 19k 363k vo W 1Sl TaQr I§,1seI e

preferred enbodi nent, the Iower frame segnent 16 has a female joint groove
51 that engagpssaorl@ealee droiflows Rleise 19@ g0t rudi ng from the upper frane
In the preferred embodiment, the lower frame
segment 16 has a female Jjoint groove 51 that engages a

10 male Jjoint spline 50 protruding from the upper £frame
segment 18. The mating surfaces of the joint groove 51
and joint spline 50 provide 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 downward 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
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segnent 18. The mating surfaces of the joint groove 51 and joint spline 50
provi de the opposing sealing surfaces of the frane air seal 25. Simlarly,
the mati mgosusfeaces of water seal nmenber 26 and a third peTwaterie®eal 15
protrusion 16¢c of the |ower franme segnent 16 provide the sealing surfaces
for the frame water seal 24. In aI%ernative enbodi nents of the enhanced
curtain wall system other joint e ¥ments and mati ng surfaces can be

provi ded. 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 mentERTE7)SeFeRhe 6 b& 1Y i tePeEREn@E WRERS t KRBT REPe PSRN He
channel ed downward in the_vertical frane signe ts of panel  assenbly 11b.
The 25 gut t&PT5r HFLRT ofi®38a 24l F sEriRsS§8 a#éiﬂﬁﬁi%grfag@eo@u th

wat er droplets_are thro into as_enterin i forced to_turn around
Uhe. L- Shap@d Paiies orP6BLot POREFS SOBSHITUTE RPELP ERUPETS PG
01/81686 PCT/ USO0/ 116 f S n in d I t hr own
agai nst f%%ﬁ%gabfé% %%%ngi %?nggiﬁggiaIﬂ%%Td%%g£%?bT%é§§uF$%?Qﬁ%ﬁb rusi on

18a also sefues g S idutfer! gPBL.ROREI ON @le Lhgfibst oEeeRNa: L Of the

outer airloop into two drain 5 channels or gutter spaces 35. The creation
of two draidhaneRannets Id@ndsot adRAUCewwBLer Shlagt/re-eitsainmmy and

to provi de sonewhat nore outwardly contained paths for water to drain.
Al t er nat i verngineed igreitisieofs dnttavieithareed outiwadrailyy widrt Sisice patas delete the

gutter protrusion 18a

water to drain. Alternative embodiments of the enhanced
curtain wall system may delete the gutter protrusion 18a
i0 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
more 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
gsome 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 materials 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
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10 creating dual gutter spaces 35 or provide other drain paths. As an
option to inprove thermal insulation performance of the inventive curtain
wal | systveop1/erses or nore thermal breaks (e.g., the | owerpchesomlicdrr eak 28
15 shown in the lower frame segnent 16 and the upper thermal break 29
shown in upper frame segnent 18) c2h be used in sonme or all panel frane
segnents (16, 18, 36, and 38) and at other |ocations. Al though a | ow
thermal conductivity, plastic material is preferred for the thernal

breaks, 20 other substantially rigid materials with sufficient structural
strength andathdm ted thengal acopductandtgelbandgbe psedetsr thett hethalr
breaks such as 28 and 29. In addition, the alum numplastic interfaces

bet ween t he matiefaetubieaksoR8 &s29mbhy thethedee segnealsol8paadib&e25 can
be roughened or_coated to further reduce thermal conductivity. The therma
breaks 28 anti®budirdpranepiblipserah@fact ured or shop assenbled into the
frame segments 18 SUBSTI TUTE SHEET (RULE 26) WD Q1/81686 PCT/ USQ0/ 11692

24 and 16 using a potreaRF fESS dye FFECELRT R oPRERLLARAURARSHYS n§lor
assenbl y met hods. are .al so possi includin nual i.nsertion. The
procggs of er %tPH@EQFn?n§$ﬁﬁ?¥ﬁ%§8ﬁ%eFgr8ﬁ£uge?%§9&ﬁq g BRI MR
structure typi y r A anel s..near  .t-he botto the buil ding and
conti nues wﬁﬁ%ﬁg%%j%%%%tEggﬁ%FgFo%hg&Malgﬁqé%%(fggﬁﬁ%?ﬁqﬁéﬁ%%?ge§6wé%§ t he

rain screen MRiDELSe 2368 <LYPI6RL! %8R PRRL, SERERALEY members 26 and

the rain screen members 27 are typically shipped separated
from the remainder of the panel assembles. 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 below (not shown for clarity in Figure 2),
secondly fastening only the upper frame segment 18 to

15 secure the panel (e.g., panel 11b) té two adjacent
mullions 14 using. 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 lla) is ready to be placed into the engaged position as
shown in Figure 1.

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

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

field (i.e., attached to the building or buililding's
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fromthe remai nder of the panel assenbles. A preferred 10 process requires
three major steps to install a panel, e.g., first placing the |ower

porti on ofovheiepanel into an engaged spline 50/slot 51 ppeTAs@ii1ezt h t he
previously installed panel below (not shown for clarity in Figure 2),
secondly fastening only the uppeRSfrane segnent 18 to 15 secure the panel
(e.g., panel lib) to tw adjacent nmullions 14 using. fasteners 34, and
then thirdly placing/engaging/clipping water seal/rain screen nenbers 26
& 27 into place on the upper frane segnent 18. After the three major
steps, an adfErFFHERhaReTOEESY: . panel 20 lia) is ready to be placed into
t he engaged positiop as_.shown.in Figure 1. Figure shows, a typical
fragmentary cross-sﬁ £i 69 EE%%ﬁtﬁﬁﬁﬁeﬁhF¥§jb%nF 3 bt nggﬁgﬁg Il a

and Ilc ta Ngcl j - S j | ert. 5 I

joint 13 is%%%?%%g_%ﬁe%ﬂghéaﬁgitf%?@%b%%ﬁ@%#??aé£n§gﬁ?zeg%%%ﬁ%l§iéggﬁanel
lic are typpgal Lyqhpstal,l e é@et?e ifd el (kight %&ﬁﬂﬁﬂﬁﬂ_tQé%ﬁ@n@ubkd'ng
or building's SUBSTI TUTE SHEET (RULE 26) WO 01/81686 PCI/ US00/11692 25
strugtural pegbenskr THerTdght ofr e nBahel IdemdiRe 1ight veddicalFr
segnent of the panel franme segnents of panel assenbly ila. The right air
space 37 i Sfiégel h@hbeyeBbi Gal tIRYMRIHL Gfeit: idiel | sigedt r bDophef phhelpanel
assenbly Ila. The left franme nenber 38 is the left vertical segnment of the
panel frangrahetbe thghtighnepaasieabkygmblyg. 1The | ®he aeftspacespace

39 is the left vertical segment of the inner airloop of
‘ the panel assembly 1lc. The left vertical segment of the
10 panel frame of the panel assembly 1lla 1s typically
identical to the 1left frame member 38 and the right
vertical segment of the panel frame of the panel assembly
1lc 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 discussion is substantially
directed to the left side panel assembly 1ic to avoid
gignificant duplication when discussing the right side
panel assembly 1la, the space inside the vertical joint 13
20 is typically symmetrically separated into left and right
compartments or sections, namely, the first vertical joint
space 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 airloop of the panel
25 vertical assembly 1la. The second vertical joint space 41
serves as the right vertical segment of the second section

of the outer airloop of the panel assembly 1la. The
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39 is the left vertical segnent of the inner airloop of the panel assenbly
11c. The left vertical segnent of the 10 panel frame of the panel assenbly
lla is twoonrsiegs identical to the left frame nenber 38 apdrake/risgeht
vertical segnment of the panel frame of the panel assenmbly tic is typically
identical to the right frame menber2636. However, alternative enbodi nents
of the enhanced curtain 15 wall system can use non-identical or other frane
menbers. Al though the follow ng discussion is substantially directed to
the left side panel assenbly lic to avoid significant duplication when

di scussi ng vaetirght wetee spadek2apseibbp Heaatthehspate ithei Fertheal
vertical joint 13 20_.is typically symetrically separated into |eft _and
right conpYfrERENES3dr RSO3~ ABfel, pﬂw&eﬂy <t §RFRi gaPotemftialdpace 40

and the second vertical joint space 41. The _first joint space 40 serves as
the right vEPRFLBROUSHEARET diothe F5% sFifec? diRof tHETht BPEELPPOSE of

the panel 25 _vertical ;assepbly 1la. The second_vertical .joi.nt _space.41
serves as tﬁggFthFe\%rt?g&r seg#@nt 25¢ FE C$68ond Sseb Pl(?%lmg %t'he%(%ll?ter

airl qop of I e - Tk S . HEE T ( ' 28)

01/ 8I686 chf?%ggg?%b%%a E@ére{/beér]%i%?él EE\%a_tae%%g;(lagaﬁ-l}%gxgort |%n$§§ét8§ac\4\gd to
the verticabrnhuat ¢ 388la RIS Afchi s Braced tRfofdma ReLept idlhy
continuous water seal (see Fig. 2 for another portion of water seal 24)

In an al terpatizve eqbosdi pBBEibLBE S NEFdd SRl oFedhemimberu Kol S ﬁaBEORWUSiOH
frommullion 14. Oher alternative enbodi nents of the vertical water seal
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 is
improved even if the water seals are discontinuous or
imperfect.
The glass facing element 15 of the panel 1lla 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), mnominally forming continuous air and water
20 panel seals with the air and water panel seals 30-33 shown
in Fig 2. The panel seals (e.g., vertical panel water and
alr seals 44 & 45) and glazing stops GS are typically
factory installed, tending to decrease seal imperfections
due to uncontrolled field conditions. As an option to
25 improve air 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
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42 are al so possible. Because of the circuitous path V shown in Figure 3,
exterior environnent air nust take a tortuous path to reach the verti cal
wat er seavo4psmsel the 10 | ack of a significant pressure dpéfesentib®l across
the wvertical water seal, resistance to water |eakage is inproved even if
the water seals are discontinuous gr inperfect. The glass facing el enent
15 of the panel Ilais 15 sealed to the vertical frame segnent 36 by
vertical panel water seal 44 (sealing against the vertical panel frane

segnent 36) and vertical panel air seal 45 seallng, agai nst a gl azing stop
GS att ach€@sien HPLEPRi Eal IFave frheenab) 1nFeMPRaPRY H%?ﬁﬁ“ﬂ‘gaf%ﬁﬁfvti nuous

o F?Sdzm-tﬁﬁ”%lé%ﬁ% Gt Wk rtme e R S%aslr S’ e
45 d gl. t [ t tall di t
delrggsegggﬁ: %é%ﬁ ra%ey Iecgeﬁécon (r:o‘°1%1r In;sel%g . R3i tetl elrn 1Ag an

t t t t t |
oDl Chon FERshp A Pating At qhe ng‘ﬁt?’c@é}&%;%éi Vg SobVLEUEE p il %& e o
gl azisng styp gzegsp%@éé‘y RUYBIT J LN %§H§§E'_1<§BUE5 26)-WR, 01

PCT/ USOO/ 11692 design option to i nprove thermal insulation perfornmance,

vertical thermrll bragki4¥iean berBAHAAEs Ur ethodr messam eds | 8ahhepganel
frame nenbers 36 simlar to the thermal breaks 28 & 29 shown in Figure 2,

e.g. by theseilandtonlebvbdgatpusiens. (A2 artbesiyn eppbeated fuyrtaer
prove thermal break 48. In an alternative embodiment, the
mullion 14 1ig essentially a single extrusion (having a
10 shape similar to extrusions 14 and 43 shown) and
incorporating a thermal break (similar to thermal break
43) manufactured by the pour-and-debridge process. In 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 sghown 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
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thermal insulation performance, the nullion 14 can be assenbled fromtwo
extrusions (14 and 43) separated by a thernmal break 48. In an alternative
enbodi mewQ ot/gmsse mul lion 14 is essentially a single extruBcDous¢omagizng a 10
shape simlar to extrusions 14 and 43 shown) and incorporating a thernal
break (simlar to thermal break 43) 2sanufactured by the pour-and-debridge
process. In a preferred enbodi nent, both sides of the panel-supporting
flange 49 of the nullion 14 are within the outer airloop 15 space 41 as
shown. In this arrangenent, the opening created by the fastener 34 w ||

not pr oduce haini Aogdiedge] osihc e liemedaes nofAngersedaiat @ theo miket bHutd ding
interior space. This lack of penetration inproves the airtightness of the
enhanced curPt&il®akal $YSh@MehsgPabatapr shes fumectizms hef nebtiers wrat i v and
wat er | eakage performance. The functions of vertical air seal 46 are
simlar to°seli0¢6al SYShsHAWT | ARE direrEivandosrhpriar Walhi FYSEGM 255, the

vertical air seal 46 is spaced a t fromvertical water seal 42. 25
Spaci ng andm(?lrﬁertoﬁ'ier@{’sti ﬁ l&pe?r%cé:l SRS of vertical joint 13 can be
alterged in other en‘%%céi nt s sim %ar to th%gdi scclllss' ons related to
conparabl e SUBSTIT (RULE 26F™WD°01/81688° PCT! USG0/ FY6°*

hori zontal jQilyiglgEnts. .And agahn, the myfiscavity, airl Oaﬁcplfé'ﬁltr?
separates the functions of water and air sealing such that the Tnvemrtive
curtain wal hes¥shelie My dleiant of inperfect seals.

The invention sgimplifies 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 frame . 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 invention 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 securing fasteners

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
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5 As shown in Figures 2 and 3, a preferred enbodinent can al so achi eve the
follow ng performance inprovenents: The invention sinplifies the formation
of cont iwoousiesé rl oops, seals, and thernmal breaks. SeverptT/US@/Es®enti ally
continuous airloops and nom nally continuous seals can be easily fornmed by
mter-matching simlar vertical and hgrizontal frame segments. In
addition, thermal breaks can also be mter-matched to nmaintain the
continuity of the thermal break function. Although 15 protrudi ng portions
of franme segnents can have different functions (or little or no function)
at di f f er entembiqstiarehsofr shadinvenai phoppovibdessiaridmimaty ust tnetdonl each
segnent sinplifies erection, sealing, and _the formation of essentially
conti nuous piessiSTraGRIuATP zeBeI2DI%Er | BaBS aﬂ@@ﬁd e gdirel sstaketuraknt i on
al | ows |nproved reSIStdﬁfe to negatlve wind loads. In prior art curtain

wal | system$nd ﬁﬂﬁ?ﬁﬂq ylggré ﬁﬁergﬁﬁ%ﬁ%n%é SQaWﬁgFléaﬁeﬁﬁﬁmﬁa%@nd
tensi on o M heA rEATIHg T3 The o BTy SOPSTact bt AL or
pr ot o og d%ﬁéé%dﬁ}?%ﬁ‘éﬁ?‘%%f% 2E5500 §ire 1 6l BEF RO LIS 267
ﬁgbod! ment gl dgrdient i O“THéPé!EQﬁ? a QEEmhéﬁ%EE%%t“vﬂgéi resl stghee to
gative wind | oad by the structural engagenent | eg (see |gure 3)
of vertical Jutamrd6 directed load on panels 1la and 1lc are directly
transferred to the mullion 14 (through 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 support member 43 in addition
to the vertical water seal 42.
The primary function of the fasteners 34 is now
15 essentially 1limited to supporting the weight of the
panels, resulting in reduced cyclic loading (and possible
fastener Jloosening) 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 segment 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
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with the vertical water seal support nenber 43 attached to 5 nullion 14
separate fromthe two-screw fastener 34 attachnent. Therefore, the

negat i ve wondswse ot her outwardly directed | oad on panel sp¢t/asended2l ¢ are
directly transferred to the mullion 14 (through vertical water seal

support nmenber 43) w thout putting36ignificant or 10 excessive | oads on the
fastener 34. In an alternative enbodinent, a separate |oad bearing surface
can be added to the vertical water seal support nenber 43 in addition to
the vertical _water seal The grlnary function of the fasteners 34 is now

15 essentlaﬁi§eFPﬁF9¥8 F@ggﬁbBSP Png the weight of the panels, resulting
in reduced cyclic I@gdlngvgagdo z ?hgllo t?ﬁgEobgﬁs%QEPQ)t L iaproved

| ong tern1seallng, tructura erna ormance ernative
enbodi msnts lcué( c?" Qel‘.‘\@l!:afnézﬁﬁ’csalaa%ellgo Tf’léaﬁ_rﬁln
protrusion or portlon of a panel franme segnent hooks on the buil ding

interior sider@bnasguURRQN tyatd Uy 1€ mdHlFdISEOMN0d 831 f 3g8, Féglresazpanel
frame protrusion hooking to the interior surfaces provided for the

vertiscal theraml ghar nitell Afeshewn idpdl gubet3. ofvaryeotdiefeonkedasror
panel retaining shapes and mating surfaces that allow fasteners or other
attachnent peaos to fkeachian pacear skplst a2sapgort .t heheesghl lobmblietpanel s
are al so possible in. SUBSTI TUTE SHEET (RULE 26) WO 01/ 81686

PCT/ US00/ 11692 irg30 cHrtterInavaver esipddisinedt sovaiheranvemdugeral sembaet oRs

i nproved water tightness

will flow in the gutter spaces 35 (see Fig. 2) to the
vertical joint and drain downward within the space 40.
10 (See Fig. 3.) This drainage occurg within the pressure

equalized outer airloop, therefore, there will be no

significant water accumulation in the gutter spaces 35 and

the drainage action 1is 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

ailrloop. Therefore, the second airloop is a dry loop and
20 alr 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 ig no differential air pressure to
drive the water across even an imperfect seal. In the

case of water seal 30, gravitational force could provide a
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of the horizontal and vertical joints 12 & 13. The rain screen 27 and

wat er seal nenbers 26 and 43 (see Figures 2 5 & 3) are utilized to repel
nost of tWeoegteesi or water prior to reaching water seal spdPusesdiizer. The
smal | amount of incidental water splashed over rain screen nenber 27 wll
flowin the gutter spaces 35 (see Figgq 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 drai nage
action is nedtTiVingt SrtaRebls PUfhe WaisHY ZoMt U IharateEe8P224 30 nownt e

Fig. 2) may be 15, continugus wth (e.g., rried to) the vertjcal ter
cod h2 Cen RS o e kS et B beES R SRR RR KRS ¢ om

penetrati ng. Lfgulie 3eConial 1 aeallans 22 o(oboun i Fi ue2) and,dlo

(shown in Fig. f "the outer erefore, € second arrloop’is a

dry 100D and &b Aldne &as; PP fordds A dfnd g ndla A e her el oL Bk

typically exposed to wat'er cet inner alirloop spaces , 20 (Firg. 2

and 37 (Fig. Rperedr apsihe s&aual i ZeeksPRCesSny e SEASnSOraB2nd FhGen?2)
and 44 Fig. 3) forman effective water seal despite being potentrally 25

i mper fect becausgrddiging iismgea fAdd erenicral sakll pressygheula@ Vi veuibelyat er
across even an inperfect seal. In the case of water seal 30, gravitational
force coul d pimvimsd ainSBSRETJTE tBHEEpH{ddd B3 26 hWOugh/ 8h686 r opening
PCT/ US00/ 11692 31 driving force to push water through water seal 30 if the
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 watexr 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, alr openings
25 would be sgimilarly sized and placed for the primary

purpose of air entry and also for the purpose of water

drainage. In other alternative embodiments, protruding
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opening in the water seal 30 were | arge enough and the anount of water
producing a static head sufficient to overcone capillary forces tending to
hol d the wabesiesd the 5 inperfect water seal. However, anpCwaser11692
penetrating even a grossly inperfect water seal 30 should be quickly
drained into the gutter spaces 35 thr3@ugh an air opening 23. Therefore,
there will be essentially no water accunulation in the space 19 and seal s
31, 33 (see Fig. 10 2), and 45 (see Fig. 3) will typically not be exposed
to water. Since the air s 31 and 25, are space%fﬂgp%rt éﬁOﬁ]the
t

als, e.g.

cor r espondi rif e e aPEMRESEnd ?ﬁ%h PhePd BIGNSNR0 HYPE  tRe HPF and
wat er seal functio are simlarly.sepajated_and the curtal : tem
can 15 tol erdt’e siyni Y7caht °5& Igﬁ&qﬁgkg?ﬁpg??egﬁQ%%§ %é%%ﬁwgégﬁ§¥§g

si gni ficant r. | eakage. prahl . [ I, 1,0 f in nt
air and matéﬁgégéxgangggg% g%%g?ﬂggggﬁgﬁgéﬁﬁthgﬁggﬁ ra%Pgwéggreggggg?ﬁe
|'i kel i hood ééﬁﬂ' i perfecti Pogd uthefnd MRROVReS @ aned: yeh@ent 20
ti ght ness. ?%Sa té?%%g?vgagﬁ%éggﬁents,étEé'sane dgéign Skinciples cgn be
applised to qfdhefs cyd a%@a‘(@'t_‘y Syste8Bing €rdhds! 0 thBerhicddealf r anenaérl oop

systens disclosed in S. Patent No. 5,598,671. For exanple, air openings
25 woul d be sinmilar| Yosizethqindapl afednfiDI i dhe 1@r i yprputfese opanel
entry and al so for the purpose of water drainage. In other alternative
enbodi nent s, sgunt rugli sigru SUBST | ThE SHEETh¢RULEe@6)0 Vi3 04¢81686against
PCT/ USO0/ 11692 32
air and/or water leakage.
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

scope of the appended claims.

20
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structural nenbers, such as an elenent simlar to the vertical water seal
menber 43, can secure panels against negative wind |load (or other building
out war d Ivoads$iesessentially limting |oads on the structupat/vstwaeiznent 5
means to gravity resisting loads. Structural flanges simlar to flange 49
of mullion 14 can provide a panel securing structure that does not need to
be seal ed against air and/or water |e¥kage. Al though the preferred

enbodi ment of the invention 10 has been shown and descri bed, and sone
alternative enbodinents also shown a g% I descri bed, changes and

nodi fications may be nade thereto mﬁtﬁ ? ﬁeparting from the invention.

changed. ot 11 i bnerS6Rl 18+ aPREPREE ML S BLaRERA YR PPk FRPR (e
spiri4y and ope_.of ap i BSTISLY SHERT ( Ecg6) WO
01/ 81686 Pé?%%sogfll 3§Q%£§§ﬁ%?£% 25“2%&5? 'syé%g%ffor suppgykiﬁé a
plurality of papelsnfrom 2 one or nore structural supports, said wall
system 3 conprisingT 4 at |east one nomnally horizontal panel frane 5

el enept attached togpnel ®fssaishpannginnd, 6 hatril-eattalonganeti nglk-bye

vertical panel frame 7 elenment attached to said panel and to at |east one
of sagd 8 dDemgobtatcpenell toasreebeneatid panédsi andubstantially

6 at least one nominally vertical panel frame
7 element attached to said panel and to at least one of said
8 horizontal panel frame elements to form a substantially
9 continuous frame around each panel forming a panel
10 assembly,

11 wherein at least one of gaid horizontal panel
12 frame elements comprises two fastener support points for
13 fasteners that substantially support the welght 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
17 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 screws and said 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
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9 continuous frane around each panel form ng a panel 10 assenbly, 11
wherein at | east one of said horizontal panel 12 frame el enents conpri ses
two fast aneoi/sispport points for 13 fasteners that substancT/akéoyiisazpport
the weight of said 14 panel assenbly fromone or nore of said structural
15 supports and providing a m ni mum cl earance di nension 16 between said
one or nore structural supports and said 7 panel assenbly allow ng notion
of said panel assenbly when 18 one or no of said structural supports are
deflected. 1 2. The wall system of Clain11 wherein said fasteners are 2

scre and sai d cl earance dinension is | at er 3 of at
abou$51/8 i R G ur T h RF ¢ h e HHt T i o?aff% gl%a?ﬁep%%%?gf
assenbly. 1 The,_wa st f aim mhlch Q es

plurdlity of%%eﬁ?§tf%% %Eé ggl%One(%? ¥ ad 10|n|ngqmg%§§$1Tiﬁ%PéﬁﬁiT
(RULE 26) A1/ 81686, PCT/ USO0/ 11692 34 3 portions of said panel assembly
and Said seal's 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 nullions near the top
porthon of saidrhd pedEl asseehl Yogndibhe bot LWwewrpant | onidf seaiethspanes is

4 connected to an adjoi ning panel assenbly using a spline 5 and groove

connection. gttachedatd Bysteral ofiuBlppos tnawr acid wwad | pyriofopant| safdom 2
one or nore structural supports, said wall system

3 panel agsembly and the bottom portion of said panel is
4 connected to an adjoining panel assembly using a spline
5 and groove connection.

1 5. A wall system for supporting a plurality of panels £from
2 one 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 said
8 horizontal 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 portion of said force.

1 6. The wall system of Claim 5 which also comprises a
2 plurality of seals located at one or more adjoining

SUBSTITUTE SHEET (RULE 26)



3 conprising: 4 two nomnally horizontal panel frane el enents each 5
attached to one of said panels; 6 two nomnally vertical panel frane

el enent s waohsi686 att ached to said panel and to at | east operTwlogabe: 8

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

| east one of said panel frane elenents 10 conprises a |oad bearing surface
capable of mating to a 11 structural3ssupport surface for resisting a force
acting on 12 said panel assenbly having a conponent in a building 13

out ward direction and said | oad bearing surface resists a 14 significant

portlon of said force, | 1 o] | I i ses
a 2 pIurall?ﬁrB%oggan F%&g %ne 8ﬁ§¥§%§ &hg%%%ghgﬁgg ggTF%@%%g%LEET
(RULE 26) VIO,01£83808 PCILLEROLLIOD 2,38 dROR! IiNSaOdlibPalieh assend! .
wher éi n sai d”10a earing 4 surface’'Is mated to a protrusion of a mullion
and spid 5 seals af& Céaﬁabﬁeofoﬂ’ E%L&;t@&begn{ﬂ uid:fd ow1akt esrisad dsaldf orce
is applied to sald panel assenbly. . The wall systemof Claim6 wherein
sai d gorotruskgpcbsia adpteeti eal swatil pagan geebeblgtt ached to said nullion
and 3 said |load bearing surface i$ also a sealing surface. 1 S. A wall
system for supporting a plurality of wall panels 2 fromone or nore
bui I ding structural supports, said wall 3 system conprising: 4 two

noni rial | y hovi zBhealapanelyskteanefelCdmint § wheleid setdcpedtiaséen ¢ faid
anel s;
P 2 vertical wall seal member attached to said mullion and

3 said load bearing surface 1s 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 each
5 attached to one of said panels;

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 continuous frame around each panel and substantially
1i forming a panel assembly; and

1 one or more fasteners capable of attaching said
1 panel assembly to sald one or more building structural
1 supports in the absence of a fastener opening providing a
1 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
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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 franme el enents
to form aveubstsanti ally 9 continuous frame around each proBUS@Nd692
substantially 1i form ng a panel assenbly; and 1 one or nore fasteners
capabl e of attaching said 1 panel assggbly to said one or nore building
structural 1 supports in the absence of a fastener opening providing a
potential path. for exterior environnent air to flowto a 1 building
interior space. 1 9. The wall systemof C aim8 wherein said fasteners use

2 f [ ' r ot ' f L1 wh ' t.h UBSTI TUT.
SHEET (RULE 205 0N FhsBe PR Oebor T 3875 S mae o 19y fastunet
openiEgs aretguQ%Hgn%&@éﬁ&&?qgﬁyyioﬁ%e sgi,d exterior environnent air. 1

10. A'wall system for supporting a plurality of wall 2 panels fromone or
nmore structural supports, said wall 3 systemconprising: 4 two nomnally
hori zontal panel frame el enents each 5 attached to one of said panels; 6
two nomnally vertical panel frane elenments each 7 attached to one of said
panel 5 and tooat heaslDneyeitesni dord dhespEening panglurtaieyel eFentl1 o
forma substantially 9 continuous franme around each panel substantially

10 cogpri si ngaacfanefrassemas yonheraien sardcadral nivpuarted, &didsserl i es
conprise an inner airloop and an outer airloop 12 substantially around
each panel; system comprising:

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

6 two nominally vertical panel frame elements each
v 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 assembly 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 portions of said panel assembly; and

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

17 wherein said alr opening is 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
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13 a plurality of seals |ocated at one or nore 14 adjoining portions of
sai d panel assenbly; and 15 at | east one air opening between both of said
air 16 Iwoprssicd« wherein said air opening is sized to naPOl/@sen/w69218
pressure within both airloops that is substantially equal 19 to the
pressure in the exterior environngt when at |east 20 one of said seals is
inperfect. 1 11. The wall systemof C aim 10 wherein said pressure 2

Wi thin both airloops is substantially within 0.1 inches of SUBSTI TUTE
SHEET (RULE 26) WO 01/81686 PCT/US00/ 11692 37 3 water of said pressure in
the exterior environment. 1 12. A wall systemfor supporting a plurality of
wall 32 pa r o} tructural supports, said wall 3 system
corrpr?i si ng:nﬁéﬂif@%% ?g]aggg%n%r%%%ﬁgﬁ%l Ty %%?i ?%ﬁ?ggoﬁaﬁ%Yl:F?%%ntS el enent each
attached to one of said panels; 6 at |east one nomnally vertical panel
frame 7 element each attached to one of said panels and to at 8 |east one
of said horizontal panel frame elenments to form g a substantially
contijnuous ¥z ama awalnd epstepar®lr &0ppubstapt il |@ilﬁ%’ﬂ¥ﬂ i g a,pppel
assenbly wherein 11 adj ol ning panel assenbliés conprise ar inner airrloop
and 212" an paneks aifrbooposeibstranhded | ¥ tateunea0achy s, 13284 | papi one
air opening between both of said air 14 |oops; and 15 baffles attached to
at | ast ory¥fem ggeupaising :

4 at least omne nominally horizontal panel frame
5 element each attached to one of said panels;

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
10 substantially comprising a panel assembly  wherein
11 adjoining panel assemblies comprise an inner airloop and
12 an outer airloop substantially around each panel;

13 at least one air opening between both of gaid air
14 loops; and

15 baffles attached to at least one of said panel
16 frame elements wherein said baffles create a circuitous
17 fluid path between one airloop and said exterior
18 environment.

1 13. A wall system for supporting a plurality of wall
2 panels 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;
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16 frame el enents wherein said baffles create a circuitous 17 fluid path
bet ween one airloop and said exterior 18 environnent. 1 13. A wall system
for suppavobbngiess plurality of wall 2 panels from one or poT/@sSe&vrieet ural
supports, said wall 3 systemconprising: 4 at |east one nomnally
hori zontal panel frame 5 elenment each attached to one of said panels;
SUBSTI TUTE SHEET (RULE 26) WO 01/ 81§86 PCT/ US00/ 11692 38 6 at |east one
nomnally vertical panel frame 7 elenent each attached to one of said
panels and to at 8 |east one of said horizontal panel frane elenents to
form 9 a substantially continuous frame around each panel; and 10 a frane
protrusion formng a plurality of liquid 11 flow paths within at |east one
of sdid airloops. 1 84 Aesatd systemdéninaslibporvéngiaapl upahelly dframs | 2
panel s fromone or nore structural supports, said wall 3 system
conpri si ng: &lamenhgastadhe afsrichad ychoongorehl spafelPdrehe amde| efemt each
attached to one of said panels; 6 at |east one nomnally vertical panel
frand® 7 el ehEAELe LB é{fltoa'%ﬁ"ﬂé%l herbrnigt! seeehahkrEcafidersnaie t9 1T one
of sajd horizont%I %anel frane elements to form 9 a su stantiallra)élgﬂ

S t achi ng

conti‘huous fPaf¥ Bird dddeh SPREUHS Framga & OHRE £ Raneltio
sai d nel 11 assenbly.to said one or re StrUCturf&ranﬂPyrg%? and ildz a

cli p-lg)ﬁ panel frane & eﬁﬁﬁﬁe f%??ﬁh’]rﬁl‘glgs%lorrlal proshgs e b Tidu
11 flow paths within at least one of said airloops.
1 14. A wall system for supporting a plurality of wall
2 panelg 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
~ element each attached to one of said panels and to at
8 least one of gaid horizontal panel frame elements to form
9 a substantially continuous frame around each panel;
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.
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13 screen. 1 15. The wall systemof O aim 14 wherein said clip-on panel 2
frame elenent is |ocated such that it is typically renoved 3 prior to
renovi ng veandstese fasteners. SUBSTI TUTE SHEET (RULE 26) Verous@14888

PCT/ US0O0/ 11692 39 1 16. A process for installing a panel assenbly on a 2
bui |l di ng conprising: 3 placing a panel assenbly elenent at a desired 4

| ocati on adj oi ni ng anot her panel assenbly_elenent on a 5 side of said
bui | di ng; 6 supporting said panel assenblﬁgelenent fromone or 7 nore
structural support nenbers substantially using no 8 nore than two
fasteners; and 9 attaching a water screen elenent to said panel 10

assefbl y ehgieny, ablgresal deSeCUlhifa el ehy 1o llhadb Pl eSS Ly fiptalling 2
panel* assenbly on ui I ding conpr|5|n%: 3 d?a0|ng an upper panel
assenply ekgnent nat Rmgtidesig.ed | ocation adjoining at |east two other

panel® 5 assenbly el enents fastened to a building structure wherein 6 said
upper; panel assenblg selieREnt iSasél UdHAId W ergagrt 7ato @ |verrdanel
assenbly elenent prior to fastening said 8 upper panel assenbly to said
bui | di ng slbuettdoe; adgodniagt emdttheai ganpperapadebl assdrdlantel enerd 10
to said building structure using two fasteners after said 11 placing step.
1 185 The prhdeess ehid dunlUingrer ei n sai d upper pane

6 gsupporting said panel assembly element from one or
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 said securing step.

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

3 placing an upper panel agsembly element at a
4 desired 1location adjoining at least two other panel
5 assembly elements fastened to a building structure wherein
6 said upper panel assembly element is structurally engaged
7 to a lower panel assembly element prior to fastening said
8 upper panel assembly to said building structure; and

9 fastening said upper panel assembly element
10 to said building structure using two fasteners after said

11 placing step.

1 18. The process of Claim 17 wherein said upper panel
2 assembly element 1is also structurally engaged to a
3 supporting structure protrusion that restricts building
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2 assenbly elenent is also structurally engaged to a 3 supporting
structure protrusion that restricts building SUBSTITUTE SHEET (RULE 26) WO
01/ 81686 WRC1/81680/ 11692 40 4 outward notion of said uppepcpars@/iiegsenbly
before and 5 after said fastening of said upper panel assenbly elenent 6
to said building structure. 1 19. A wall systemfor supporting a plurality
of panels 2 fromone or nore structural supports, said wall system 3
conprising: 4 at least one nomnally KOrizontal panel frame 5 elenment each
attached to a first panel wherein said 6 horizontal panel frane el ement
includes a thermal break; 7 at |east one nomnally vertical panel frane 8
el ement eachyatd e i gefi p@%g a a of id
hori Zont al palﬁiel%‘1%;(?]a?fhla()ttglozlameﬁ]:tfsf{aggd]c or ar %%n;eg‘bs%gél‘tglﬁglﬁ‘}’y%ce%enu%ﬁg
frang assenmtliesr asguadraatdnidd bir ghikaRphasaidy adiodnpbng LianEnt
assenblies 12 substantially forman inner airloop and an outer airloop 13
subsganti al ltyo asaiddoentdiag] otnagigupanel ; 14 a plurality of seals |ocated
near one or nore 15 adjoining portions of said panel frane elenents; 16
one or nore fasteners capable of supporting said 17 panel assenbly from
said one or nore building structural 18 supports in the absence of a
fastener opening providing a 19 potential path for exterior environnent
air 1o flowkd a® 202bli BUEAEM et | supBpateng2k apthirpldhyparfel phnate

el ement forrg’nqna rain
rom one or more structural supports, said wall system

2

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 around 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
29 screen;
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22 screen;

SUBSTI TUTE SHEET (RULE 26) WD 01/81686 PCT/ US00/ 11692 41 23 a

frame protrusion formng a plurality of liquid 24 flow paths within at
| east onavobhi/smBal airl oops; 25 at | east one air openi ng bepcweso/tiesh of

said air

26 | oops sufficient to limt differential pressure between an
airloop and an exterior environment to less than 0.1 28 inches of water

when at | east one of said seals is 49 inperfect; and 30 at | east one

baffl e attached to at | east one of 31 said panel frane el ements wherein

said baffle creates a 32 circuitous fluid path between one airl oop and

said 33 exterior environnent, 34 wherein at |east one of said horizontal

27

anel " 35 frame el enen ises, dvo f u ints.a 36 the
aeigﬁ§ of said panergagzgﬁ%rgﬁés sﬁ%gghnﬁ?%f?gg §7Q§8%%§$$%g‘%§ ?ggyéﬁing
sai d_panel agssEbbyche RNELOH gPrﬁeagg_QﬁeS@fdséi&“&i?ié&géypportS at said

fasté er support 39 points and providing a mninmmc

earance di nensi on

betwggn 40 said onea@r 18BEE ShEUGH W dpeSiPROMt it S3hith Peelaidlair
al l owi ng notion of said panel assenbly when one or nore of 42 said

strueggural
el enent s

SsLppos t sufibveieandcd31 whet edlDf férégassl opec 8fusai Beproeh Lrnane
44 conprises a |load bearing surface mated to a structural 45

suppert surfateldop rax stamgekbeaibor cenattomgenn sab d 14l paheh assenbly

havi ng a conponent in a building outward 47 direction and said | oad
bear pag surfHeeh¢esi®fs water when at least one of said seals is

29

30

31

32

33

34

35

36

37

38

39

40

41

a2

43

44

45

46

47

48

imperfect; and

at least one baffle attached to at least one of
said panel frame elements wherein said baffle creates a
circuitous fluid path between one airloop and =said
exterior environment,

wherein at least one of said horizontal panel
frame elements comprises two fastener support points and
the weight of said panel assembly is substantially
supported by fastening said panel assembly to one or more
of said structural supports at said fastener support

points and providing a minimum clearance dimension between

" said one or more structural supports and said panel

allowing motion of said panel assembly when one or more of
said structural supports move, and

wherein at least one of said panel frame elements
comprises a load bearing surface mated to a structural
support surface for resisting to a force acting on said
panel assembly having a component in a building outward
direction and said load bearing surface resists a

significant portion of said force.
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48 significant portion of said force. SUBSTI TUTE SHEET (RULE 26) WD
01/81686 PCT/ US00/ 11692 -42 AMENDED CLAIMS [received by the International
Bur eau ow@O0v8msuary 2001 (30.01.01); original clainms 1-gOrTsgiaced by
anended clains 1-14 (6 pages)] 1 1. A wall systemfor supporting a
plurality of panels 2 fromone or nore ;%ructural supports, said wall
system 3 conprising: 4 a nomnally horiZ6ntal panel frane elenent 5
attached to one of said panels; 6 a noninally vertical panel frame el enent
attached 7 to said one of said p @Jd horlzontal panel 8
frame elenment to fofrma nel fas ing said
panel assenbly to s ?&“mgﬁygﬁ %33 :g??ﬁ P®?%§g wherei n at

| east one of said pafSPRRL RS L eﬁ@ﬁ?%i3ﬁﬁn8' T@% ¥#8)beari ng surface
capable of mating to a 13 surface attached to said one or nore structural
supports 14 and resisting a force acting on said panel assenbly having 15
a conppnent 1i.n azbuwhdilngyeitanar fodi sappoat iagd 3apduredd tyltobepangd s
surface resists a significant portion of said 17 force in addition to any
resi stance piwvi detiebyosaingre]lgstagteneal FUPPOHie wakbkidystehd ofsySitaimm 1
which also comprises a 2 plurality of seals |ocated at one or nore

adj oi N ng FPHREIDHRI of sai d panel assenbly, wherein said | oad bearing 4
surface is mated to a protrusion of a nullion and said

4 a nominally horizontal panel frame element
5 attached to one of saild panels;

6 a nominally vertical panel frame element attached
- to said one of said panels and to said horizontal panel
8 frame element to form a panel assembly; and

9 a fastener securing said panel assembly to said
10 one or more structural supports,

11 wherein at least one of said panel frame elements
12 comprises a load bearing surface capable of mating to a
13 surface attached to said one or more structural supports
14 and resisting a force acting on said panel assembly héving
15~ a component in a building outward direction and said load
16 bearing surface resists a significant portion of said
17 force in addition to any resistance provided by said
18 fastener.

1 2. The wall system of Claim 1 which also comprises a
2 plurality of seals located at one or more adjoining
3 portions of said panel assembly, wherein said load bearing
4 surface ié mated to a protrusion of a mullion and said
5 seals are capable of restricting fluid flow after said
6 force is applied to said panel assembly.

AMENDED SHEET (ARTICLE 19)



5 seals are capable of restricting fluid flow after said 6 force is
applied to said panel assenbly. AMENDED SHEET (ARTICLE 19) WO 01/ 81686

PCT/ USOOMIQ 6021686 43 1 3. The wall system of C aim 2 wher eP@r/g8d0di1p920t r usi on
is a 2 vertical wall seal nenber attached to said nullion and 3 said |oad
bearing surface is also a sealing surface. 1 4. A wall systemfor
supporting a plurality of wall paneM8- 2 from one or nore building
structural supports, said wall 3 system conprising: 4 one or nore

nom nally horizontal panel frane 5 elenents attached to one of said

panel s; 6 one or nore nomnally vertical panel frame 7 elenents attached
to one of said panels and to at |east 8 one of said horizontal panel frane
el ements to f3°.”"£'hfae &1%“%2}53&%& ald Yo1com | Nugused 11anea bd ophec eashopanel aand
10 subktant i al'ly Tormng panel assenbly; and 11 one or nore fasteners
capabl ¢ of atiaghinig sahtl kiangkmdeserddyaditedaitd oseidr murleidni bdidng
structfiral 13 supports wherein at | east one of said fasteners passes 14

t hrough fast epara apeH Ngssaaith whereide bos haleswlsa ofeshidg d46rfaseener are
substantially exposed to exterior environnent 16 air. 1 S. The wall system
of Claim4 wherein said fasteners use 2 fastener openings in protrusions
of nmullions wherein both 3 sides of said fastener openings are
substantially exposed 4 to said exterior environnment air. AI\/ENE_)ED SHEET

(ARTI GLE 19) 4. A wall system for supporting a plurality of wall panels
2 from one or more building structural supports, said wall
3 system comprising:

4 one or more nominally horizontal panel frame
5 elements attached to one of said panels;

6 one or more nominally vertical panel frame
7 elements attached to one of said panels and to at least
8 one of said horizontal panel frame elements to form a
9 substantially continuous £frame around each panel and
10 substantially forming a panel assembly; and

11 one or more fasteners capable of attaching said
12 panel assembly to said one or more building structural
13 supports wherein at least one of said fasteners passes
14 through fastener openings and wherein both ends of said
15 fastener are substantially exposed to exterior environment
16 air.

1 5. The wall system of Claim 4 wherein said fasteners use
2 fastener openings in protrusions of mullions wherein both
3 sides of said fastener openings are substantially exposed
4 to said exterior environment air.
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WO 01/ 81686 PCT/ US00/ 11692 -44- 1 2 6. A process for installing a panel
assenbly on a 3 building conprising: 4 placing a first panel assenbly

el enent av0a1/8184¢ ocati on adj oi ni ng anot her panel assenbl yPeT/@/ENt16926
previously installed on said building; 7 substantially supporting said
first panel assenbly 8 elenment fromone or nore structural support nenbers
using 9 one or nore fasteners; and 10 substantially restraining building
outward notion 11 of said first panel assenbly by neans in addition to
said fasteners. 1 2 7. A process for installing a panel assenbly on a 3
bui | di ng conprising: 4 placing an upffer panel assenbly element at a 5
desired location adjoining at | east two other panel 6 assenbly elenents
fastdned to a building structure wherein 7 said upper panel assenbly

element is structyrally engaged 8t | ower panel assenbl | ement prior
to fdsteni né'sai %’5%%%%§pgtﬁ%ﬁ éﬁ%%ﬁ‘% i G dBTS ct #'%e; @and
10 fastenin I p F&q | assenbly elenment 11 to said building
structure ugyﬁghgﬁ§ ?gélenga?i%ter said 12 placing step wherein nost of

the end surfaces of s3a8idnsl3 £ astsgngrs £X ab exterior
envi fonment  air prggsurgg.AﬁENDéD SHE TI?%RTB%%%nggy O¥EmbhE eXkerly

5 location adjoining another panel assembly element

6 previously installed on said building;

- substantially supporting said first panel assembly

8 element from one or more structural support members using

9 one or more fasteners; and

10 substantially restraining building outward motion

11 of said first panel assembly by means in addition to said
fasteners.

1

2 7. A process for installing a panel assembly on a

3 building comprising:

4 placing an upper panel assembly element at a

5 desired 1location adjoining at least two other panel

6 assembly elements fastened to a building structure wherein

= said upper panel assembly element is structurally engaged

8 to a lower panel assembly element prior to fastening said

9 upper panel assembly to said building structure; and

10 fastening said upper panel assembly element

11 to said building structure using two fasteners after said

12 placing step wherein most of the end surfaces of said

13 fasteners are exposed to about the exterior environment

ailr pressure.
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WO 01/81686 PCT/ US00/ 11692 -45 1 8. The process of Claim7 wherein said
upper panel 2 assenbly elenent is also structurally engaged to a 3
supporti mgoe1/8168¢ ure protrusion that restricts building BCDUSeare2noti on
of said upper panel assenbly before and 5 after said fastening of said
upper panel assenbly element 6 to said building structure. 1 9. A wall
system for supporting a plurality of pasmels 2 fromone or nore structural
supports, said wall system 3 conprising: 4 at |east one nomnally

hori zontal panel frame 5 elenment each attached to a first panel; 6 at

| eastl one n@mi nahéy peotesal panetliimnme; WiebesBAt £ach a&}B?éPEdpéﬁe§ai d
first panel and to at |l east 8 one of said horizontal panel Trane el enents
to férma 8ssabblanticdldmertontisuocabsdr agerassarallyyar eurgherai d £6rst 10
panel; 11 a plurality of seals |ocated near one or nore 12 adjoining
portizpns of ssppdrpangl $raveterenmmat;rwsibr3 thee orembréctastlentidingpabl e
of supporting said 14 panel assenbly from said one or nore building

strué ural ©4swshgporesiemerthoti@ngprsr spadel astsarmslar befoge and
subst anti all¥ exposed to the air pressure of about 17 exterior environnent
ai r pressureitgrdsadhwferdioning |ehstabheuppesapa@nsanassemdy et baBans 19
conprises a Ioad.ge ri,ng .surface mated to a structural 20 support surface
for resistihg 8+ gBéggl&& EhFUGTUESi-d  AVENDED SHEET ( ARTI CLE 19)

1 9. 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;

6 at least one nominally vertical panel frame
7 element each attached to said first panel and to at least
8 one of said horizontal panel frame elements to form a
9 substantially continuous frame assembly around said first
10 panel;

11 a plurality of seals located near one or more
12 adjoining portions of said panel frame elements; and

13 one or more fasteners capable of supporting said
14 panel assembly from said one or more building structural
15 supports when both ends of said fasteners are
16 substantially exposed to the air pressure of about
17 exterior environment air pressure, and

18 wherein at least one of said panel frame elements
19 comprises a load bearing surface mated to a structural
20 support surface for resisting to a force acting on said

AMENDED SHEET (ARTICLE 19)



WD 01/ 81686 PCT/ US00/ 11692 -46 21 panel assenbly having a conponent in a
buil ding outward 22 direction and said | oad bearing surface resists a 23
signi fi camo opsrssé on of said force. 1 10. A panel assenbl yp¢DUSEupEprti ng a
plurality of 2 panels froma structural support, said panel assenbly 3
conprising: 4 a panel frane elenment attached to one of said 5 panels; 6
means for supporting said panel franme elenent, 7 which said neans for
supporting is attachable to said "8 structural support, and 9 a restraint
frame el enent attachable to said 10 structural support, 11 wherein said
panel frame elenment is substantially 12 restrained fromnoving in a
dirﬁééion having a building 13 outward conponent by said restraint franme
el e t be 248,85t d uppory i gt s e i dspanel
1 Trame ofonem o B A T oo B e 4 B AR, C0u Bty

Cl ai 7210 whgrebr igai d JRRANSsa2df O 3PPULd LS ONBLLEgSa TaSsianes o
attaching said panel 3 frane elenent to said structural support. AMENDED

SHEER3( ARTEELR 1 (9 )-aWl QL8686 RCHADHALEI2 -47 1 12. A panel assenbly
for supporting a plurality of 2 panels froma structural support, said
panel assenbly 3 conprising:

1 10. A panel assembly for supporting a plurality of
2 panels from a structural support, said panel assembly
3 comprising:

4 a panel frame element attached to one of said
> panels;

6 means for supporting said panel frame element,
7 which said means for supporting is attachable to said
8 structural support, and

9 a restraint frame element attachable to said
10 structural support,

u wherein said panel frame element is substantially
12 restrained from moving in a direction having a building
13 outward component by said restraint frame element before
14 and after said means for supporting attaches said panel
14 frame element to said support structure.

! 11. The panel assembly of Claim 10 wherein said means
2 for supporting comprises a fastener attaching said panel
3

frame element to said structural support.

AMENDED SHEET (ARTICLE 19)



4 a panel franme elenent attached to one of said 5 panels; and 6 nmeans for
supporting said panel franme elenent 7 attachable to said structura
support, vBowhgrweé n sai d means for supporting is exposed tPCT/@S@xties2 or
environment air at essentially all exterior 10 surfaces of said neans for
supporting. 1 13. The panel assenbly of C aim 12 wherein said nmeans 2 for
supporting is a fastener. 1 14. The panel assenbly of Caim 13 wherein said
2 fastener is a threaded screw. AMENDED SHEET (ARTI CLE 19)

A7-

1 12. A panel assembly for supporting a plurality of
2 panels from a structural support, said panel assembly
3 comprising:

4 | a panel frame element attached to one of said
5 panels; and

means for supporting said panel frame element

attachable to said structural support,

8 wherein said means for supporting is exposed to
9 exterior environment air at essentially all exterior
10 surfaces of said means for supporting.

1 13. The panel assembly of Claim 12 wherein said means
2 for supporting is a fastener.

1 14. The panel assembly of Claim 13 wherein gaid
2

fastener is a threaded screw.

AMENDED SHEET (ARTICLE 19)



