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(54) Frame members for curtain walls

(57)  Abuilding curtain wallis formed by vertical frame
members (10) carrying panels (11) of glass bridging the
space between the members so that edges of the panels
are mounted on the members. Each frame member is a
hollow pultruded member defined by a thermo-set resin
(37) reinforced by reinforcing fibers including longitudinal
rovings and a mat located at an exposed surface of the

inner wall (30) and the side walls (31,32) of the generally
rectangular member. The exterior surface is defined by
the resin (37) which is pigmented but uncoated. In order
to provide a required finish to the exterior surfaces, the
innerwall (30) and the side walls (31,32) have a thickness
of at least 2,3 mm with a difference in thickness there-
between which is less than 20%.
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Description

[0001] This invention relates to a pultruded part ar-
ranged for use as a frame member for an exterior wall
construction for a building where the construction in-
cludes a plurality of side by side parallel vertical frame
members defining spaces therebetween and a plurality
of panels each bridging the space between two of the
frame members and each having side edges thereof con-
nected to and mounted on a mounting structure of two
adjacent ones of the frame members such that the panels
cooperate to form an exterior sheet of the wall structure
with the frame members mounted inwardly of the exterior
sheet to support the exterior sheet. Such exterior wall
construction can be of the type known as a curtain wall
where the frame members bridge more than one storey
of a multi-storey building or of the type known as a store-
front where the frame members span only a single storey
and define a frame arrangement inserted into an opening
in a wall of the building.

BACKGROUND OF THE INVENTION

[0002] Pultrusion is a technique in which longitudinally
continuous fibrous structures are used to pull a resin
through a die so that the resin sets and produces a rigid
part downstream of the die to which the pulling force is
applied.

[0003] Originally the longitudinal fibres consisted of
simply longitudinal in the extending rovings and the parts
were of a relatively simple cross section such as rods,
T-bars and the like. However developments have been
introduced to reduce the wall thickness of the parts so
that complex cross sections including hollow cross sec-
tions could be manufactured. In order to achieve the nec-
essary strength of the parts, it was necessary to introduce
transverse fibers to provide strength in the transverse
direction. Such transverse fibers are conventionally ap-
plied using a mat of a woven or non woven material. In
many cases the fibers in the mat are generally random
so that the number of fibers extending in the transverse
direction is relatively small. One major problem with the
mat is that it is relatively expensive and can be very ex-
pensive so that it is more than double per pound of the
cost of the simple conventional rovings. One direction of
development has been to provide improved mats which
apply more of the fibers in the transverse direction thus
allowing the mat to be of reduced thickness to provide
the required strength or toughness in the finished part.
An example of a mat tailored for pultrusion is shown in
published International application PCT/WQO78529A1
published 28th December 2000 and assigned to Pella.
[0004] An alternative approach to the expense of the
mat is to attempt to attach to the longitudinal rovings
some transverse fibers which are simply chopped roving
material. One example of an arrangement of this type is
shown in US Patent 5,324,377 of the present inventor
Davies. This method of pultrusion attempted to attach
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transverse fibers to the outside of a body of longitudinal
rovings so as to be carried through the die with the rov-
ings. This method has to date not achieved commercial
success.

[0005] Inorderto minimize material costs, commercial
pultrusion is normally carried out using polyester as the
resin which is a simple thermo-set resin material so that
it can be applied to the fibers from a bath and is thermo-
set within the heated die. However other resins can be
used.

[0006] Mats for reinforcing pultruded parts are provid-
ed to add structural strength and in order to provide the
required or expected amount of strength have a weight
of fibers greater than 0.5 ounces per square foot and
generally 0.75 to 1.0 ounces per square foot.

[0007] Veils, which are used to provide surface char-
acteristics and not to provide any structural strength are
lighter, generally less than 0.5 ounces per square foot
and typically of the order of 0.1 ounces per square foot.
Conventional veils are used outside rovings or outside
mats at the surface to increase the amount of resin lo-
cated outside the mat and locate generally finer fibers at
the surface to provide an improved surface appearance
or to retain the stiffer glass fibers within the resin to pre-
vent fiber "bloom" or projecting fibers which can act as
slivers. This latter requirement to prevent slivers is par-
ticularly important in tool handles or similar products. The
retention of fibers to prevent weathering or bloom is par-
ticularly important in fenestration or similar products.
Veils are well known and well used, when required for
the part concerned, by persons skilled in this art and are
not intended to form part of and are not considered as
part of the fiber reinforcement.

[0008] In US Patent No: 6,746,747 (Davies) of the
present Applicants issued June 8!, 2004 is disclosed
using a resin which can include non-linear resins such
as urethane or polyester material and reinforcing fiber
layers including at least one first layer of fibers having
fibers extending only in the longitudinal pultrusion direc-
tion and one or more second layers, where the second
layer consist of a pre-formed mat or veil having a total
quantity of fibers in the layer which is of the order of or
less than 0. 5 ounces per square foot. The mat layer can
be located in the pultruded wall so that it is on the inside
surface of a hollow or in a central position between two
layers of unidirectional rovings. The disclosure of the
above Davies patent is incorporated herein by reference
to provide details of pultrusion methods.

[0009] Curtainwallis aterm used todescribe abuilding
fagade which does not carry any dead load from the build-
ing other than its own dead load. These loads are trans-
ferred to the main building structure through connections
at floors or columns of the building. A curtain wall is de-
signed to resist air and water infiltration, wind forces act-
ing on the building, seismic forces (usually only those
imposed by the inertia of the curtain wall), and its own
dead load forces.

[0010] Curtain walls differ from storefront systems in
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that they are designed to span multiple floors, and take
into consideration design requirements such as: thermal
expansion and contraction; building sway and move-
ment; water diversion; and thermal efficiency for cost-
effective heating, cooling, and lighting in the building.
[0011] The first curtain walls were made with steel mul-
lions, and the plate glass was attached to the mullions
with asbestos or fiberglass modified glazing compound.
Later silicone sealants or glazing tape were substituted.
Some designs included an outer cap to hold the glass in
place and to protect the integrity of the seals. The 1970’s
began the widespread use of aluminum extrusions for
mullions. Aluminum offers the unique advantage of being
able to be easily extruded into nearly any shape required
for design and aesthetic purposes.

[0012] Similarly, sealing methods and types have
evolved over the years, and as a result, today’s curtain
walls are high performance systems which require little
maintenance.

[0013] In addition to providing an aesthetic appear-
ance for the sides of a modern multi-story building, some
of the major performance objectives of a curtain wall sys-
tem of supported panels are as follows:

to provide abarrier or at least resistance to excessive
amounts of exterior air infiltrating around the edges
of panels into one or more interior environments with-
in the building;

to provide abarrier or atleast resistance to excessive
amounts of exterior rain or other exterior liquids/par-
ticles infiltrating around the panel edges into one or
more interior spaces within the building, typically
when the liquids or particles tend to infiltrate in con-
junction with air infiltration;

to provide a coefficient of expansion which is close
to that of glass so as to reduce or remove the ne-
cessity to provide the expansion joints which are nec-
essary with aluminum bearing in mind that the frame
members can span several floors of a building.

to provide resistance to structural loads, specifically
including supporting the weight of the panels and
resisting seismic loads, wind loads, and thermal ex-
pansion/contraction loads, if any; and

to provide a thermal barrier or at least resistance to
excessive heat transfer between the exterior air and
one or more interior environments.

[0014] Typically therefore current frame members for
the curtains walls are manufactured of extruded alumi-
num. This can be coated with a paint or can be simply
anodized to provide a suitable finish. The frame members
are typically rectangular in cross section with an inner
wall and side walls inside the outer sheathing of the build-
ing and the outer sheathing attached to an outer mounting
portion of the frame member

[0015] However aluminum has many disadvantages
in that it is susceptible to scratching and marring whether
anodized or painted, it has high heat conductivity and its
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coefficient of thermal expansion is very different from that
of glass.

SUMMARY OF THE INVENTION

[0016] It is one object of the present invention, there-
fore, to provide a frame member for an exterior wall con-
struction for a building which is manufactured as a pul-
truded part.

[0017] According to a first aspect of the invention,
therefore, there is provided an exterior wall construction
for a building comprising:

a plurality of side by side parallel vertical frame mem-
bers defining spaces therebetween;

each frame member being shaped to define a hollow
structural member having an inner wall facing in-
wardly of the building, two side walls and an outer
mounting structure facing outwardly of the building;
aplurality of panels each bridging the space between
two of the frame members and each having side edg-
es thereof connected to and mounted on the mount-
ing structure of two adjacent ones of the frame mem-
bers such that the panels cooperate to form an ex-
terior sheet of the wall structure with the frame mem-
bers mounted inwardly of the exterior sheet to sup-
port the exterior sheet;

each frame member comprising a pultruded member
defined by a thermo-set resin reinforced by reinforc-
ing fibers;

the reinforcing fibers including at least one first layer
of fibers having fibers extending only in a direction
longitudinal of the members;

the reinforcing fibers including at least one second
layer of fibers having fibers with at least portions
thereof extending transverse to the longitudinal di-
rection and located in the member so as to be posi-
tioned at or adjacent an exposed surface of the inner
wall and the side walls;

each frame member having an exterior surface de-
fined by the resin so as to be free from coating ma-
terial;

wherein the inner wall and the side walls each have a
thickness of at least 0.090 inch;

and wherein the inner wall and the side walls have thick-
nesses selected such that a difference in thickness ther-
ebetween is less than 20%.

[0018] Typically the panels are arranged perpendicu-
lar to the frame members so as to span the frame mem-
bers and form a front surface for the building. The panels
are typically formed of a UV reflecting or absorbing glass.
However other material scan be used and particularly
panels of aluminum or other non-transparent material are
used to cover part of the face of the building particularly
at the space between the ceiling and floor.

[0019] Preferably the resin contains a pigment to pro-
vide a coloring thereto.
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[0020] Preferably theinnerwall and the side walls have
thicknesses selected such that a difference in thickness
therebetweenisless than 15% and preferably of the order
of or less than 10%. Thus the inner wall and the side
walls are substantially of the same thickness with the
variation being only that which is typical in normal toler-
ances obtainable in pultrusion where the thickness can-
not be maintained highly accurately due to the floating
movement of the mandrel used in forming the interior
shape of a hollow. Typically 10% variation is the best that
can be achieved and variations as much as 20% can be
accepted in some constructions.

[0021] The use of thicker walls in the pultrusion proc-
ess provides enhanced surface finish characteristics
since the mat fibers which can mar the appearance by
providing visible fiber lines

[0022] In one construction the exterior wall construc-
tion forms a curtain wall of a multi-storey building in which
the frame members span more than one storey.

[0023] In another construction the same frame mem-
bers can be used in an arrangement where the frame
members span only a single storey and define a frame
arrangement inserted into an opening in a wall of the
building, such as in the construction known as "store-
front". The frame members described herein can be used
in either arrangement.

[0024] Preferably the thickness of the inner wall and
the side walls lies in the range 0.090 inch to 0.50 inch.
More preferably the thickness is in the range 0.17 to 0.25
inch and particularly a specific thickness of 0.20 inch has
been found to be effective in certain embodiments
[0025] Inone preferred arrangement, the second layer
of fibers at or adjacent the exposed surface of the inner
wall and the side walls consists of a single preformed mat.
[0026] In this arrangement, the mat typically has a
weight in the range 0.125 to 3.0 oz/sq ft. More preferably
the weight is in the range 0.75 to 1.5 oz/sq ft.

[0027] In another preferred arrangement, the second
layer of fibers at or adjacent the exposed surface of the
inner wall and the side walls consists of a preformed mat
and a preformed veil located externally of the mat.
[0028] In this arrangement, the mat typically has a
weight in the range above and the veil has a weight in
the range 0.06 to 0.75 oz/sq ft.

[0029] Preferably each ofthe members is substantially
rectangular in cross section so the sides are parallel and
the inner wall is at right angles thereto.

[0030] There may be provided a cross wall at right an-
gles to the side walls between the inner wall and the
mounting structure.

[0031] Preferably for low cost the resin is polyester.
[0032] However other resins can be used for example
the poly-urethane described in the above Davies patent.
[0033] Typically the reinforcing fibers will include a
third layer of mat fibers, that is those having fibers with
at least portions thereof extending transverse to the lon-
gitudinal direction, which is located in the member so as
to be positioned at or adjacent an inner surface of the
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inner wall and the side walls.

[0034] The advantage of the present invention is that
it provides a low cost corrosion resistant part using the
known process of pultrusion where the exterior surface
is defined by the pigmented resin itself without any ad-
ditional coating or paint layer. Such coatings can be
scratched or marred leading to a poor appearance. The
resin itself has been found to provide an effective exterior
layer provided the wall thicknesses are of the minimum
defined and are of substantially equal thickness as de-
fined since uniform wall thickness gives a uniform mat
print through or visibility of the fibers at the surface. Thus
the mat or reinforcing fibers at the surface takes up an
appearance at the outer resin surface which is attractive
and consistent thus avoiding the necessity of the appli-
cation of a coating, which requires additional cost and
can be scratched.

[0035] Many standards are available for fenestration
parts including standards provide by ASTM which are
Government generated standards, and by AAMA which
is the American Architectural Manufacturers Association.
It has been found that the surface provide by the present
invention can have better qualities than other available
materials in tests such as:

The Pencil Hardness where the present invention
provides values of at least 4H and up to 6H (ASTM
D3363);

Adhesion of 5B (ASTM-03359-90)

Chemical resistance of 100 double rubs (ASTM
D4752)

Taber Abrasion less than 100 mg loss in 1000 cycles
(ASTM D4060).

[0036] Other more extensive tests of the AAMA can
also be met by the arrangement of the present invention.
[0037] Typically the product according to the present
invention has a cost approximately equal to that of alu-
minum.

[0038] Typically uncoated pultruded parts cannot be
used for fenestration products and are specifically stated
to be unacceptable for such uses according to Codes in
view of the inability of pultruded parts to withstand UV
degradation unless properly coated. It has been realized
that the present arrangement is acceptable even though
it forms a typical fenestration part since the partis in face
wholly internal and does not present an externally ex-
posed portion because that portionis covered by the clad-
ding panels.

[0039] According to a second aspect of the invention
there is provided an exterior wall construction for a build-
ing comprising:

a plurality of side by side parallel vertical frame mem-
bers defining spaces therebetween;

each frame member being shaped to define a hollow
structural member having an inner wall facing in-
wardly of the building, two side walls and an outer
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mounting structure facing outwardly of the building;
aplurality of panels each bridging the space between
two of the frame members and each having side edg-
es thereof connected to and mounted on the mount-
ing structure of two adjacent ones of the frame mem-
bers such that the panels cooperate to form an ex-
terior sheet of the wall structure with the frame mem-
bers mounted inwardly of the exterior sheet to sup-
port the exterior sheet;

each frame member comprising a pultruded member
defined by a thermo-set resin reinforced by reinforc-
ing fibers;

each frame member having an exterior surface de-
fined by the resin so as to be free from coating ma-
terial;

wherein the inner wall and the side walls each have a
thickness of at least 0.090 inch.

[0040] In this arrangement, preferably the reinforcing
fibers include at least one first layer of fibers located at
an exposed surface of the side walls and the inner wall
having fibers extending only in a direction longitudinal of
the members.

[0041] Preferably the reinforcing fibers also include at
least one second mat layer of fibers having fibers with at
least portions thereof extending transverse to the longi-
tudinal direction and located in the member so as to be
positioned at a position spaced from the exposed surface
of the inner wall and the side walls.

[0042] The second layer of mat fibers can be located
at a position spaced from the exterior surface and from
an inner surface of the inner wall and the side walls or
the second mat layer can be located at a position at an
inner surface of the inner wall and the side walls.
[0043] Accordingtoathirdaspectoftheinventionthere
is provided a pultruded lineal for use in an exterior wall
construction for a building comprising:

a pultruded member defined by a thermo-set resin
reinforced by reinforcing fibers;

the pultruded member being a hollow structural
member having an inner wall for facing inwardly of
the building, two side walls and an outer mounting
structure for facing outwardly of the building;

the reinforcing fibers including at least one first layer
of fibers having fibers extending only in a direction
longitudinal of the member;

the reinforcing fibers including at least one second
layer of fibers having fibers with at least portions
thereof extending transverse to the longitudinal di-
rection and located in the member so as to be posi-
tioned at or adjacent an exposed surface of the inner
wall and the side walls;

the frame member having an exterior surface defined
by the resin so as to be free from coating material;

wherein the inner wall and the side walls each have a
thickness of at least 0.090 inch;
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and wherein the inner wall and the side walls have thick-
nesses selected such that a difference in thickness ther-
ebetween is less than 20%.

[0044] The transverse layer thus may be a scrim or
mesh having openings for penetration of the resin be-
tween the fibers so as to allow effective cross-linking of
the resin. It has also been found that surprisingly a veil
of staple polyester fibers having a weight of as low as
0.1 oz/square foot can provide the required additional
strength and/or toughness to the product.

[0045] The mat layer may be formed of any suitable
fibers including but not limited to glass fibers, carbon fib-
ers polymer fibers such as polyester or aramids, metal
strands such as aluminum or steel or natural fibers such
as cotton, jute, hemp or flax.

[0046] Natural fibers such as flax have the advantage
that they are inexpensive and are to some extent porous
thus allowing the resin to enter the interstices in the fibers
and providing an increased bond between the fibers and
the resin which can lead to reduced de-lamination and
thus increased strength.

[0047] Metalstrands have the advantage thatthey pro-
vide the required additional strength and/or toughness in
the intermediate layer, but also they can provide other
functions such as the required ferromagnetic effect for
magnetic coupling as shown for example in US Patent
5,129,184 (Fish) issued July 14, 1992 and/or an electro-
static charging effect for electrostatic deposition of a coat-
ing or paint material.

[0048] In one advantageous arrangement, the trans-
verse fibers are formed of metal strands which provide
both transverse strength and the characteristic of elec-
trical conductivity and/or ferromagnetism for the part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] Embodiments of the invention will now be de-
scribed in conjunction with the accompanying drawings,
in which:

Figure 1 is a cross sectional view of typical curtain
wall construction including a pultruded part defining
the frame member according to the present inven-
tion.

Figure 2 is a cross sectional view on an enlarged
scale of the frame member of Figure 1.

Figure 3 is a cross sectional view on an enlarged
scale of a first embodiment of one wall of the frame
member of Figure 1.

Figure 4 is a cross sectional view on an enlarged
scale of a second embodiment of one wall of the
frame member of Figure 1.

Figure 5 is a cross sectional view on an enlarged
scale of a second embodiment of one wall of the
frame member of Figure 1.
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DETAILED DESCRIPTION

[0050] In Figure 1 is shown in cross section one part
of a curtain wall system including one frame member 10
of a series of such frame members which are arranged
in parallel spaced relationship along an open front face
of a building. Attached across the space between each
frame member 10 and the next adjacent frame member
is a plurality of panels 11. The panels 11 meet at the
frame member 10 so that two such panels 11 and 11 A
have edges which are closely adjacent and overlie the
frame member 10. The panels are arranged perpendic-
ular to the frame members so as to span the frame mem-
bers and form a front surface for the building. The panels
are typically a UV reflecting or absorbing glass with pan-
els of aluminum or other non-transparent material used
to cover part of the face particularly at the space between
the ceiling and floor.

[0051] Many different designs of the frame members
and panels are available in the art and it will be appreci-
ated that the present invention can utilize many such dif-
ferent arrangements.

[0052] The present invention is primarily concerned
with the construction of the frame member 10 as de-
scribed in more detail hereinafter.

[0053] In the embodiment shown, the panel 11A in-
cludes an outer sheet 12 of glass and an inner sheet 13
of glass which are held in spaced position by a central
spacer 14 to form a sealed window unit. The glass sheets
are held against the spacer 14 by a suitable adhesive
materials so that the glass sheets are held at the required
spacing and are held together as a structural member by
the spacer 14.

[0054] A rubber spacer 15 is positioned between the
inner sheet 13 of glass and an outside surface of the
frame member 10. The rubber spacer includes keying
elements 16 which hold the spacer in engagement with
the outer face of the frame member. A setting block 17
is located on a cylindrical protuberance 18 of the outer
face of the frame member and defines a sleeve for re-
ceiving a fastener 19 including a screw thread section
20. A mounting flange 21 engages against a portion of
the panel 12 and holds that portion pressed against the
setting block 17. The mounting flange 21 is clamped in
place by the threaded fastener 19 which extends through
the protuberance 18 and into the structure of the frame
member 10 as described in more detail hereinafter.
[0055] Thus it will be appreciated that the edges of the
panels are clamped against the outer face of the frame
member so that these edges are held in fixed position
against the frame member against movement inwardly
and outwardly of the building and against movement
away from the frame members.

[0056] It will be appreciated that the exterior of the
building is beyond the outer glass sheet 11A as indicated
at E and the interior of the building is inwardly of the
exterior panels as indicated at I. Thus the panels form
the exterior sheet and the frame members 10 are located
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inwardly of that exterior sheet within the building structure
at the opening within the building.

[0057] In the arrangement shown in Figure 1, the
mounting flange 21 applies pressure against only the in-
side sheet 13 of the glass and the outside sheet 12 is
held in position by its attachmentto the inside sheet. How-
ever similar arrangements can be provided which include
a tape on the outside so that the pressure is applied
against the outer sheet 12. In the embodiment shown a
bead 22 of afiller material is located in the space between
the edges 23 and 24 of the outer sheets 12.

[0058] Turning now to Figure 2, a cross section of the
frame member is shown in more detail with the exterior
sheathing panels omitted. The frame member 10 is gen-
erally rectangular so as to provide an inner wall 30 and
two side walls 31 and 32. The frame member further in-
cludes the outwardly facing mounting structure 33 which
carries the external sheathing panels. As previously de-
scribed, this includes keying elements 16 which cooper-
ate with the spacer 15 together with the protuberance 18
along the center of the mounting portion 13. Thus basi-
cally the mounting portion 13 includes a wall 34 parallel
to the wall 30 and at right angles to the side walls 31 and
32.

[0059] It will be appreciated that the shape of the frame
members is not necessarily rectangular so that the side
walls 31 and 32 may converge or diverge so that the
width of the inner wall 30 may be different from the width
of the outer wall 33. An additional cross wall 34 parallel
to the walls 30 and 33 is provided at a position therebe-
tween so as to define two hollow chambers 35 and 36
within the frame member.

[0060] The frame member 10 is formed by cutting a
required length from a pultruded lineal. As previously ex-
plained pultrusion is a known technique for manufactur-
ing in effect continuously extending parts which are parts
of a constant cross section which are then cut to length
after the part is set.

[0061] When the system is used in a curtain wall con-
struction, typically the frame members are cut to a length
so that they span a distance greater than one story of
the building on which the curtain wall is applied. Typically
the frame members span two such stories and are con-
nected end to end so that the frame member as connect-
ed extends from the bottom of the building through to the
top of the building or at least through a height of the build-
ing on which the curtain wall is intended to be applied.
Suitable fastening arrangements for connecting the end
of one lineal piece to the next are well known and avail-
able to persons skilled in the art.

[0062] The frame members are fastened to the floor
of each story again using bracket arrangements well
known to a person skilled in the art

[0063] Turning now to Figure 3, a portion of one wall
of the frame member 10 is shown as indicated at 31. This
wall is formed from a resin material 37 which extends
through the whole body of the frame member and thus
extends from an exterior surface 38 through the interior



11 EP 2 186 960 A2 12

of each wall through an interior surface 39 of the frame
member. Thus the outside surfaces 38 and 39 are formed
from resin material. Inside the wall the resin material is
reinforced by reinforcing fibers 40. These reinforcing fib-
ers 40 include a central layer 41 of longitudinally extend-
ing rovings together with an outer layer 42 at the surface
38 and an inner layer 43 at the surface 39. The layers 42
and 43 are formed from a pre-formed mat of fibers which
include fibers which deviate from the longitudinal direc-
tion. Mats of various types can be used including non-
woven and woven mats but in most cases non woven
mats are used where the fibers are in effect randomly
oriented through the structure. This provides strength in
two directions as is well known in the pultrusion tech-
nique.

[0064] In one example as shown in Figure 2, the mat
42 which is located on the inside surface of the hollow
wraps around the whole inside surface with an overlap
at the point 42A to form a continuous inner mat. The mat
43 on the outer surface of the part is formed in separate
pieces 43A, 43B and 43C. This allows the corner 60
where the mat portions 43A and 43B meet and the corner
61 where the mat portions 43B and 43C meet to be sharp-
er than is typical in pultrusion without forming folds of
bends in the mat portions as they enter the pultrusion die.
[0065] Sharp corners that are corners of very small
radius are preferred in this construction to reduce the gap
where the edge of the horizontal frame members meets
the corner of the vertical frame members. This radius and
the gap formed thereby can also be accommodated by
moving the horizontal frame members slightly outwardly
by a distance approximately equal to the radius of cur-
vature and taking up the extra distance caused by this
movement at the outside edge in the compression of the
rubber spacer 15.

[0066] In Figure 1 is shown a metal tube 70 which is
inserted into the hollow 36 to act as a screw retention
member for holding the screws 20 against pulling out of
the pultruded frame member. The tube is inserted in the
hollow 36 only at the screws. However it is still an addi-
tional component which must be inserted as an extra step
and includes additional cost. In Figure 2, the tube is re-
placed by an extra layer of mat 81 in the cross member
34 and an extra layer 81 in the outer cross member 33In
both cases the extra layer is inserted approximately mid
way between the outer an inner surfaces and thus is
spaced from the outer and inner mats.

[0067] The shape of the frame member with the inner
wall 30 and the side walls 31 and 32 may be rectangular
as shown or may be curved so that the side walls smooth-
ly converge into the inner wall and form a part cylindrical
shape in the inside facing the interior of the building. In
this case, the horizontal frame members may be manu-
factured of a different pultruded profile having depth from
the outer cross-wall to the inner wall which is only suffi-
cient to reach the area where the side walls of the vertical
frame members are parallel and before the curvature
commences. Thus the horizontal frame members may
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be of reduced dimension in the direction at right angles
to the exterior cladding panels since the strength require-
ment for the horizontal members is significantly less.
[0068] The formation of the part by pultrusion causes
the fibers to be contained within the resin body so that
the fibers are slightly spaced from the surfaces 38 and
39 thus presenting at the exterior surfaces a structure
formed by the resin.

[0069] In Figure 4 is shown an arrangement in which
the reinforcing fibers include a mat 45, 46 and an exterior
veil layer 47, 48. The positioning of a veil outside the mat
at the respective surface 38,39 tends to increase the
amount of resin at the surface and to space the coarse
fibers of the mat layer from the surface.

[0070] The frame member is formed so that the walls
30, 31 and 32 are of substantially the same thickness.
Thus the intention is that these walls have identical thick-
ness. However in the pultrusion technique it is well known
that the mandrel which forms the hollow can move during
the pultrusion process thus changing the thicknesses of
the walls. In some cases the walls may vary in thickness
so that one of the walls is thicker than the other by up to
20%. It is preferred that the process is sufficiently con-
trolled so that the variations and thickness are less than
15% and preferably less than 10%.

[0071] The thickness of the walls is at least 0.090 inch
and more preferably in the range of 0.090 inch to 0.5
inch. This thickness of the pultruded wall is relatively
thick. It has been found by the present inventors that the
selection of the relatively thick wall together with the con-
stant thickness through the walls 30, 31 and 32 provides
asituation where the external surface defined by the resin
is of a constantappearance. Thus all of the exposed outer
surfaces of the walls of the frame member from the edges
50 and 51 at the outer mounting portion through the whole
of the side wall 31, the inner wall 30 and the side wall 32
have a constant processing characteristic leading to a
constant appearance of the outside surface of the resin.
[0072] Yet further the selection of the above charac-
teristics provides for the outside surface of the resin an
attractive appearance in which the fibers of the mat are
slightly visible but are constrained within the resin so their
appearance is of an attractive nature rather than a nature
which detracts from the appearance.

[0073] It has been found therefore that the above
processing characteristics provides a structure in which
the outside surface of the resin when carrying a pigment
indicated at 54 provides an exterior which is resistant to
scratching and yet provides an appearance which is suf-
ficiently attractive to be presented to the public without
the necessity for additional coatings.

[0074] The resin itself thus provides a hard resistant
coating without the possibility of the coating being
scratched away. The resin itself is resistant to chipping,
scratching and abrasion so that it retains the attractive
outside appearance.

[0075] Suitable mats which can be used in the present
invention are available as follows:
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Glass spun-bonded mat with course fiber reinforce-
ment having a weight of 1 0z/ sq ft.

[0076] This can be used with a veil also of glass having
a weight of 0.75 oz/ sq ft. The difference between the
mat and the veil is that the veil is formed of finer fibers
so as to reduce the amount of the appearance of the fiber
at the surface and the location of the veil outside the mat
means that it provides less strength reinforcement and
more resin retention.

[0077] The thickness of the mounting portion wall 33
and the cross wall 34 can vary relative to the walls 30,
31 and 32 since these have no outward visibility and thus
the surface characteristics can change.

[0078] The pultruded member described above pro-
vides better scratch resistance and also better chemical
resistance than conventional coatings or anodized alu-
minium.

[0079] The frame members are located inwardly of the
exterior sheeting. Thus even though the exterior sheeting
may be transparent, typically such transparent sheeting
includes UV resistant layers or reflective layers so that
the frame member is protected against UV degradation
caused by the penetration of UV light. However typical
UV stabilizers and pigments available for pultrusion and
compatible with the resin being used can also be used.
[0080] InFigure 5is shown alternative arrangement in
which the wall is formed again from resin between the
surfaces 38 and 39. Again the wall is reinforced by fiber
layers but in this case the fiber layers include a layer 51
which is formed from longitudinally extending fibers 52.
A second layer of longitudinally extending fibers 53 is
provided at layer 54. An additional reinforcing mat layer
55 is provided to provide structural strength. However
the roving layers 51 and 54 are located at the surfaces
38 and 39 thus providing a different appearance effect
at the surfaces 38 and 39. Such rovings can be provide
awood grain effect in appearance due to the longitudinal
nature of the fibers at the surface where they can be seen
just below the surface within the resin.

[0081] Inall cases the thickness of the part is such that
the fibers beneath the surface of the resin do not provide
significant three dimensional pultrusion through the resin
or vary the smoothness of the resin surface and the ap-
pearance of the fibers is primarily visual rather than hav-
ing any relief effect.

[0082] Since various modifications can be made in my
invention as herein above described, and many appar-
ently widely different embodiments of same made within
the spirit and scope of the claims without departing from
such spirit and scope, it is intended that all matter con-
tained in the accompanying specification shall be inter-
preted as illustrative only and not in a limiting sense.

Claims

1. An exterior wall construction for a building compris-
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ing:

a plurality of side by side parallel vertical frame
members defining spaces therebetween;

each frame member being shaped to define a
hollow structural member having an inner wall
facing inwardly of the building, two side walls
and an outer mounting structure facing outward-
ly of the building;

a plurality of panels each bridging the space be-
tween two of the frame members and each hav-
ing side edges thereof connected to and mount-
ed on the mounting structure of two adjacent
ones of the frame members such that the panels
cooperate to form an exterior sheet of the wall
structure with the frame members mounted in-
wardly of the exterior sheet to support the exte-
rior sheet;

each frame member comprising a pultruded
member defined by a thermo-set resin rein-
forced by reinforcing fibers;

each frame member having an exterior surface
defined by the resin so as to be free from coating
material;

wherein the inner wall and the side walls each have
a thickness of at least 0.090 inch (2.3 mm).

The exterior wall construction according to Claim 1
wherein the reinforcing fibers include at least one
first layer of fibers having fibers extending only in a
direction longitudinal of the members and at least
one second layer of fibers having fibers with at least
portions thereof extending transverse to the longitu-
dinal direction and located in the member so as to
be positioned at or adjacent an exposed surface of
the inner wall and the side walls

The exterior wall construction according to Claim 1
or 2 wherein the inner wall and the side walls have
thicknesses selected such that a difference in thick-
ness therebetween is less than 20% and more pref-
erably less than 15% or les than 10%.

The exterior wall construction according claim 1, 2
or 3 wherein the exterior wall construction forms a
curtain wall of a multi-storey building in which the
frame members span more than one storey.

The exterior wall construction according to Claim 1,
2 or 3 wherein the frame members span only a single
storey and define a frame arrangement inserted into
an opening in a wall of the building.

The exterior wall construction according to any one
of Claims 1 to 5 wherein the thickness of the inner
wall and the side walls lies in the range 0.090 inch
(2.3 mm) to 0.5 inch (13mm).
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The exterior wall construction according to any one
of Claims 1 to 6 wherein the second layer of fibers
at or adjacent the exposed surface of the inner wall
and the side walls consists of a single preformed mat
and the mat has a weight in the range 0.125 to 3.0
oz/sq ft (0.038 to 0.91 kg/m2).

The exterior wall construction according to any one
of Claims 1 to 7 wherein the second layer of fibers
at or adjacent the exposed surface of the inner wall
and the side walls consists of a preformed mat and
a preformed veil located externally of the mat where-
in the veil has a weight in the range 0.06 to 0.75
o0z/sq ft (0.018 to 0.229 kg/ m2).

The exterior wall construction according to any one
of Claims 1 to 8 wherein there is provided a cross
wall at right angles to the side walls between the
inner wall and the mounting structure.

The exterior wall construction according to any one
of Claims 1 to 9 wherein the reinforcing fibers includ-
ing a third layer of fibers having fibers with at least
portions thereof extending transverse to the longitu-
dinal direction and located in the member so as to
be positioned at or adjacent an inner surface of the
inner wall and the side walls.

10

15

20

25

30

35

40

45

50

55

16



EP 2 186 960 A2

=}
A
v
N

0




EP 2 186 960 A2

ol 30N 438 &
e
s
: i e (3

@ | |
(- / 3 f L oy
/] s
S 29
/] s |
=) L
R ﬂ\g
3 j?t/_ ¢
3 5550 b ;
"L )
/ el ™ >
=SS

11



EP 2 186 960 A2

—~
3 / ) / D / T é‘?
N -
4% / X%
M o Lo
— + 4 Fes



EP 2 186 960 A2

]
TS

5
Y

%6 - o — 34

St - ™~
- S
; 0 —

N

N

T
'
o



EP 2 186 960 A2
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« WO 78529A1 A [0003] e US 6746747 B, Davies [0008]
* US 5324377 A [0004] * US 5129184 A, Fish [0047]

14



	bibliography
	description
	claims
	drawings

