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(57) ABSTRACT 

Amethod of reinforcing a structural support, includes apply 
ing a reinforcement system comprising an AR-glass ?brous 
layer embedded in an inorganic matrix to the structural 
support. The AR-glass ?brous layer has a sizing applied 
thereon, and a resinous coating applied is applied over the 
sizing. The inorganic matrix is adherent to the resinous 
coating and the resinous coating is adherent to the sizing. 
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INORGANIC MATRIX-FABRIC SYSTEM AND 
METHOD 

[0001] This application is a division of US. patent appli 
cation Ser. No. 10/209,471, ?led Jul. 30, 2002, the entire 
disclosure of Which is incorporated by reference herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to structural supports, and 
more particularly to a method and reinforcement system for 
strengthening of such structural supports. 

BACKGROUND OF THE INVENTION 

[0003] Walls, columns and other structures constructed of 
materials such as concrete or cement paste, brick or masonry 
units, and the like are Widely used as support structures. 
Tunnels, building structural supports, bridge supports, free 
Way overpass supports and parking structure supports are 
just a feW of the many uses for these cementitious structural 
supports. These supports may exist in a Wide variety of 
shapes With circular, square and rectangular cross-sections 
being the most common. HoWever, numerous other cross 
sectional shapes have been used, including regular polygo 
nal shapes and irregular cross-sections. The siZe of structural 
supports also varies greatly depending upon the intended 
use. Structural supports having heights and lengths exceed 
ing 50 feet are commonly used in various applications. 

[0004] It is common practice to reinforce concrete struc 
tural supports With steel rods, mesh, or bars. The steel 
reinforcement provides a great deal of added structural 
strength (e.g., compression, tensile, ?exural and/or shear 
resistance) to the support, but there have been numerous 
incidents of structural failure of these supports When sub 
jected to asymmetric loads and horiZontal displacement 
generated during earthquakes or explosions. Concrete struc 
tures, While adequate in compression, are subject to crack 
ing, collapse, and partial loss due to stresses associated With 
earthquakes, explosions, land subsidence and overloading. 
Structural failure of such structures can have devastating 
consequences. Accordingly, there is a continuing need to 
enhance the ability of reinforced and unreinforced concrete 
and cement structural supports to Withstand the asymmetric 
loads and horiZontal displacements Which are applied during 
an earthquake or explosion. 

[0005] One Way of increasing the structural integrity of 
support structures is to include additional metal reinforce 
ment prior to forming the structural support. Other design 
features may be incorporated into the support structure 
fabrication in order to increase its resistance to asymmetric 
loading or horiZontal displacement. HoWever, there are 
hundreds of thousands of existing structural supports located 
in earthquake prone areas, Which do not have adequate metal 
reinforcement or structural design to Withstand high degrees 
of asymmetric loading or horiZontal displacement. Accord 
ingly, there is a need to provide a simple, ef?cient and 
relatively inexpensive system for reinforcing such existing 
structural supports to prevent or reduce the likelihood of 
failure during an earthquake or explosion. 

[0006] One approach to reinforcing cementitious struc 
tures, such as concrete columns, is to Wrap the exterior 
surface of the structure With a composite reinforcement 
layer, or fabric reinforced plastic (FRP). In US. Pat. No. 
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5,607,527 to Isley, Jr., a composite reinforcement layer 
having at least one fabric layer located Within a resin matrix 
is Wrapped around the exterior surface of a concrete column. 
The fabric layer has ?rst and second parallel selvedges that 
extend around the circumferential outer surface of the col 
umn in a direction substantially perpendicular to the column 
axis. Preferred ?bers disclosed by Isley include ones made 
from glass, polyaramid, graphite, silica, quartZ, carbon, 
ceramic and polyethylene. Suitable resins suggested by this 
patent include polyester, epoxy, polyamide, bismaleimide, 
vinylester, urethanes, and polyurea, With epoxy-based resins 
being preferred. 

[0007] Another approach to reinforcing a cementitious 
structural support is disclosed in US. Pat. No. 6,017,588 to 
Watanabe, et al. This patent discloses using an FRP to 
reinforce a structural support by forming a primer layer on 
the surface of the support structure, forming, if necessary, a 
putty layer on the primer layer, applying an impregnating 
resin on the primer layer (or putty layer) before, after or, 
before and after, cladding With ?ber sheets to alloW the resin 
to penetrate into the spaces in the ?ber sheets, folloWed by 
curing the resin, the primer, putty and impregnating resin. 
The primer, putty and impregnating resin of this reference all 
include a resin composition. The disclosed ?ber sheets may 
include carbon, aramid or glass ?bers. The asserted advan 
tage of the reinforcement structure of this patent is increased 
adherence of the reinforcement to the surface of the struc 
tural support. 

[0008] Reinforcing FRP systems such as those described 
above can often be ?ammable, toxic and difficult to handle 
during application. They also provide, after curing, poor ?re 
resistance, poor bonding to the concrete or brick being 
reinforced, and poor Water/air permeability, resulting in the 
creation of moisture accumulation. Additionally, they are 
fairly expensive and tend to delaminate upon failure. 

[0009] A repair or reinforcement system for existing sup 
port structures or for neW construction support structures is 
needed. 

SUMMARY OF THE INVENTION 

[0010] In accordance With a ?rst preferred embodiment of 
the present invention, a method for reinforcing a structural 
support is provided. This method comprises applying a 
reinforcement system having an alkali-resistant ?brous layer 
embedded in an inorganic matrix to a structural support. 

[0011] The preferred alkali-resistant ?brous layer is com 
prised of AR-glass having a siZing applied thereon, and a 
resinous coating applied over the siZing, the inorganic 
matrix being adherent to the resinous coating and the 
resinous coating being adherent to the siZing. Unlike other 
types of glass ?bers, such as E-glass, AR-glass has a high 
degree of resistance to alkali attack and higher strength 
retention over time. This is due to the presence of an 
optimum level of Zirconia (ZrO2) in the glass ?bers. This 
type of glass exhibits a high degree of chemical resistance, 
resisting the very high alkalinity produced by the hydration 
of conventional cementitious materials such as ordinary 
Portland cement. 

[0012] The preferred inorganic matrix is comprised of 
cementitious material such as cement, concrete or mortar. 
More preferably the inorganic matrix comprises ordinary 
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Portland cement having chopped reinforcing ?bers dis 
persed throughout the cement. Such ?bers may include those 
made from carbon, AR-glass, cellulose, rayon or polymeric 
materials, such as aramids, polyole?ns, polyester, or hybrids 
thereof, for example. 

[0013] According to another embodiment of the present 
invention, a method of reinforcing a structural support 
comprises a) applying a ?rst layer of an inorganic matrix to 
the structural support, b) embedding a ?rst AR-glass open 
?brous layer into the matrix, said AR-glass ?brous layer 
having a siZing applied thereon, and a resinous coating 
applied over the siZing, the inorganic matrix being adherent 
to the resinous coating, and the resinous coating being 
adherent to the siZing, and c) applying a second layer of the 
inorganic matrix to the ?rst AR-glass open ?brous layer. 
Additional ?brous layers and layers of inorganic matrix may 
also be added. 

[0014] According to another embodiment of the present 
invention, a structural support system is provided including 
a structural support, and a reinforcement system adhered to 
the structural support, the reinforcement system comprising 
an AR-glass ?brous layer embedded in an inorganic matrix, 
Wherein the AR-glass ?brous layer has a siZing applied 
thereon, and a resinous coating applied over the siZing, the 
inorganic matrix being adherent to the resinous coating, and 
the resinous coating being adherent to the siZing. 

[0015] According to a further embodiment of the present 
invention, a method of reinforcing a structural support is 
provided comprising applying a reinforcement system hav 
ing a ?brous layer embedded in an inorganic matrix to the 
structural support. The ?brous layer comprises PVA ?bers, 
carbon ?bers, aramid ?bers, or a combination thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective cross-sectional vieW of a 
support structure having an exemplary reinforcement system 
according to the present invention. 

[0017] FIG. 2 is a partial cross-sectional vieW of a support 
structure having one embodiment of the reinforcement sys 
tem of the present invention. 

[0018] FIG. 3 is a front vieW of a concrete masonry unit 
(CMU) Wall sample used in testing alternative embodiments 
of the reinforcement system of the present invention. 

[0019] FIG. 4 is a front vieW of a Wall sample mounted in 
a test frame. 

[0020] FIG. 5 is a diagram of a Wall sample and test frame 
shoWing locations of displacement measurements and direc 
tions of horiZontal and vertical forces. 

[0021] FIG. 6 is a front vieW of Wall sample 1 shoWing 
crack groWth during in-plane shear testing. 

[0022] FIG. 7 is a graph shoWing a backbone curve of 
load versus displacement for the Wall sample 1 and the 
backbone curve for the control sample. 

[0023] FIG. 8 is a front vieW of Wall sample 2 shoWing 
crack groWth during in-plane shear testing. 

[0024] FIG. 9 is a graph shoWing a backbone curve of 
load versus displacement for the Wall sample 2 and the 
backbone curve for the control sample. 
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[0025] FIG. 10 is a front vieW of Wall sample 3 shoWing 
crack groWth during in-plane shear testing. 

[0026] FIG. 11 is a graph shoWing a backbone curve of 
load versus displacement for the Wall sample 3 and the 
backbone curve for the control sample. 

[0027] FIG. 12 is a perspective vieW of a triplet sample 
having an exemplary reinforcement system according to the 
present invention. 

[0028] FIG. 13 is a graph shoWing a plot of load versus 
crosshead displacement for the triplet tests. 

[0029] FIG. 14 illustrates different con?gurations of ?ber 
reinforced-polymer (FRP) reinforcement systems applied to 
Wall samples tested under conditions similar to those 
employed in testing Walls 1-3. 

[0030] FIG. 15 is a graph comparing the engineering load 
increases for Wall samples 1-3 to Wall samples having FRP 
reinforcement systems applied in the different con?gura 
tions shoWn in FIG. 14, versus the control sample having no 
reinforcement. 

[0031] FIG. 16 is a graph comparing the Wall displace 
ments for Wall samples 1-3 With each other and also to 
previously tested FRP reinforced Wall samples. 

DETAILED DESCRIPTION 

[0032] A reinforcement system and a method of reinforc 
ing a structural support using the reinforcement system of 
the present invention are provided. The reinforcement sys 
tem has improved bonding With a cementitious support 
structure and is less likely to delaminate from the structural 
support than existing reinforcement systems. 

[0033] In accordance With the present invention, the fol 
loWing terms are de?ned: 

[0034] Adhesive bonded crossed laid ?bers/mesh. Woven 
fabrics consisting of layers of parallel textile yarns super 
imposed on each other at acute or right angles. These layers 
are bonded at the intersections of the yarns by an adhesive, 
glue or by thermal bonding. 

[0035] Cementitious material/composite. An inorganic 
hydraulically setting material, such as those containing 
portland cement, mortar, plaster, ?y ash, slag, silica fume, 
metakaolin, gypsum, geopolymer and/or other ingredients, 
such as aggregate, including sand or gravel, additives or 
admixtures, such as foaming agents, resins, including acrylic 
forti?ers, moisture resistant additives, shrinkage reducing 
admixtures (SRA), air-entraining admixtures, ?re 
retardants, and chopped ?bers, including glass, PVA, 
polypropylene, cellulose, graphite, or hybrids thereof. 

[0036] Coatings/binders/?nishes. Compounds, generally 
organic, applied to fabrics after processing (e.g., Weaving or 
knitting) to protect the ?bers and give the fabric stability. 

[0037] Fiber. A general term used to refer to ?lamentary 
materials. Often, ?ber is used synonymously With ?lament. 
It is generally accepted that a ?lament routinely has a ?nite 
length that is at least 100 times its diameter. In most cases, 
it is prepared by draWing from a molten bath, spinning, or by 
deposition on a substrate. 

[0038] Filament. The smallest unit of a ?brous material. 
The basic units formed during draWing and spinning, Which 
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are gathered into strands of ?ber for use in composites. 
Filaments usually are of extreme length and very small 
diameter. Some textile ?laments can function as a yarn When 
they are of suf?cient strength and ?exibility. 

[0039] Glass ?ber. A?ber spun from an inorganic product 
of fusion that has cooled to a rigid condition Without 
crystalliZing. 
[0040] Glass Filament. A form of glass that has been 
draWn to a small diameter and long lengths. 

[0041] Inorganic Matrix. A matrix material comprising 
mostly inorganic ingredients, such as ceramics, glasses, 
cementitious materials, and geopolymers (inorganic resins), 
for example. 

[0042] Knitted fabrics. Fabrics produced by interlooping 
chains of ?laments, roving or yarn. 

[0043] Mat. A ?brous material consisting of randomly 
oriented chopped ?laments, short ?bers, or sWirled ?laments 
loosely held together With a binder. 

[0044] Roving. Anumber of continuous ?laments, strands, 
or collected into a parallel bundle. 

[0045] SiZing. Compounds, generally organic, applied as a 
?ne coating to rovings after draWing of glass ?laments in 
order to bind the individual ?laments together and stiffen 
them to provide abrasion resistance during processing (e.g., 
Weaving or knitting). 

[0046] Tensile strength. The maximum load or force per 
unit cross-sectional area, Within the gage length, of the 
specimen. The pulling stress required to break a given 
specimen. 

[0047] Tex. Aunit for expressing linear density (or gauge) 
equal to the Weight in grams of 1 kilometer of yarn, ?lament, 
?ber or other textile strand. 

[0048] Warp. The yarn, ?ber or roving running lengthWise 
in a Woven fabric. A group of yarns, ?bers or roving in long 
lengths and approximately parallel. 

[0049] Warp knit. Warp knitting is a type of knitting in 
Which the yarns generally run lengthWise in the fabric. 

[0050] Weave. The particular manner in Which a fabric is 
formed by interlacing yarns, ?bers or roving. Weave can be 
further de?ned by “type of Weave”, such as leno Weave, for 
example. 
[0051] Weft. The transverse threads or ?bers in a Woven 
fabric. Those ?bers running perpendicular to the Warp. Also 
called ?ll, ?lling yarn or Woof. 

[0052] Woven fabric. A material (usually a planar struc 
ture) constructed by interlacing yarns, ?bers, roving or 
?laments, to form such fabric patterns as plain, harness satin, 
or leno Weaves. 

[0053] Yarn. An assemblage of ?laments, ?bers, or 
strands, either natural or manufactured, to form a continuous 
length that is suitable for use in knitting, Weaving or 
interWeaving into textile materials. The assemblage of ?la 
ments, ?bers or strands may have some or no tWist. 

[0054] Referring to FIG. 1, a reinforcement system 10 is 
shoWn reinforcing a support structure 20. The present inven 
tion may be used to reinforce a Wide variety of support 
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structures. Such support structures may include, for 
example, Walls, beams, exterior insulation fabric systems 
(“EIFS”) slabs, chimneys, stacks, tanks, columns, silos, 
shafts, pipes, conduits, tunnels and the like. The support 
structure may be planar, circular, or any other shape. The 
invention is especially Well suited for reinforcing support 
structures comprised of cementitious or masonry materials 
such as cement, concrete, brick, and cinder block, Which 
may be reinforced or unreinforced. One structural support 
especially suited for the reinforcement system of the present 
invention is unreinforced masonry (URM) Walls. 

[0055] The reinforcement system 10 comprises at least 
one alkali-resistant open ?brous layer 12 (tWo ?brous layers 
are shoWn in FIG. 1) and an inorganic matrix 14. The ?brous 
layers 12 are embedded Within the matrix 14. The system 10 
is applied to a surface of the support structure 20. 

[0056] The folloWing detailed description and examples 
describe use of the present invention to support a structure 
through application to one surface of the structure; hoWever, 
it Will be understood by those skilled in the art that the 
present invention is not limited thereto, but may be applied 
to any number of surfaces depending on the shape or type of 
support structure. Thus, for example, the reinforcement 
system of the present invention may be applied to an outside 
surface and an inside surface of a Wall of a building, pipe, 
Wall or other structure. 

[0057] The inorganic matrix 14 preferably comprises a 
cementitious material, such as cement paste, mortar or 
concrete, and/or other types of materials such as gypsum and 
geopolymers (inorganic resins). More preferably the inor 
ganic matrix comprises Portland cement having chopped 
?bers dispersed throughout the cement. Preferably the ?bers 
are AR-glass ?bers but may also include, for example, other 
types of glass ?bers, aramids, polyole?ns, carbon, graphite, 
polyester, PVA, polypropylene, natural ?bers, cellulosic 
?bers, rayon, and hybrids thereof. The inorganic matrix may 
include other ingredients or additives such as ?y ash, latex, 
slag and metakaolin, resins, such as acrylics, polyvinyl 
acetate, or the like, ceramics, including silicon oxide, tita 
nium oxide, and silicon nitrite, setting accelerators, Water 
and/or ?re resistant additives, such as silioxane, borax, 
?llers, setting retardants, dispersing agents, dyes and colo 
rants, light stabiliZers and heat stabiliZers, shrinkage reduc 
ing admixtures, air entraining agents, or combinations 
thereof, for example. In a preferred embodiment, the inor 
ganic matrix includes a resin that may form an adhesive 
bond With a resinous coating applied to the alkali-resistant 
open ?brous layer. 

[0058] Preferably the inorganic matrix has good bonding 
With the support structure. Portland cement, for example, 
has excellent bonding to concrete, bricks and concrete 
masonry units (CMUs). The inorganic matrix may contain 
curing agents or other additives such as coloring agents, 
light stabiliZers and heat stabiliZers, for example. 

[0059] One inner surface 16 of the inorganic matrix is 
preferably in direct contact With a surface 22 of the support 
structure. Due to the preferred compatibility of the inorganic 
matrix 14 With the support structure 20, there is no require 
ment that any adhesive material be applied betWeen the tWo 
materials, hoWever the addition of an adhesive betWeen, or 
among, the inorganic matrix and the support structure is not 
precluded. 
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[0060] The alkali-resistant ?brous layers 12 are a rein 
forcement material for the inorganic matrix 14. The ?brous 
layers 12 preferably provide long term durability to the 
reinforcement system 10 in the highly alkaline environment 
of the inorganic matrix Where the matrix is comprised of 
materials such as cement paste, mortar, or concrete or 
geopolymers. The ?brous layers may be comprised of glass 
?bers, PVA ?bers, carbon ?bers or aramid ?bers, for 
example, or any combination thereof. Most preferably, the 
?brous layers are comprised of AR-glass (alkali-resistant 
glass), such as that manufactured by Saint Gobain Vetrotex 
under the trademark Cem-FIL®. Unlike other types of glass 
?bers, such as E-glass, AR-glass has a high degree of 
resistance to alkali attack and a higher strength retention 
over time. This is due to the presence of an optimum level 
of Zirconia (ZrOZ), e.g. preferably about 10% to about 25% 
ZrO2, in the glass ?bers. This type of glass exhibits a high 
degree of chemical resistance, resisting the very high alka 
linity produced by the hydration of cementitious materials 
such as ordinary Portland cement. In addition, AR-glass has 
superior strengthening properties necessary for use in earth 
quake and explosion-resistant applications. It has high ten 
sile strength and modulus and does not rust. Although less 
preferred, other glass ?bers may be employed, such as 
E-glass, ECR-glass, C-glass, S-glass and A-glass, Which are 
not inherently alkali-resistant, When such ?bers are coated 
With an alkali-resistant material, such as polyvinyl chloride 
resinous coating. 

[0061] The preferred AR-glass ?bers are preferably pro 
duced as rovings or yarns. The linear density of the AR-glass 
?bers preferably ranges from about 76 Tex Where yarns are 
employed to 2,500 tex Where rovings are employed. Where 
carbon ?bers are used, they are preferably provided as toWs, 
With the ?lament count preferably ranging from about 3,000 
to 24,000. Preferred properties of the AR-glass include a 
virgin ?lament tensile strength of at least about 185,000 psi 
or higher, Young’s modulus of elasticity of about 10-12 
million psi, strain at breaking point of at least about 1.5% or 
higher, Water uptake at less than about 0.1%, and softening 
temperature of about 860° C. 

[0062] The ?brous layers 12 may be formed, for example, 
by various methods of Weaving, such as plain or leno Weave, 
or by knitting or laying of continuous ?bers. The ?brous 
layers may also be laid scrim or be formed from discon 
tinuous or continuous ?bers randomly oriented in a non 
Woven mat. Referring to FIG. 2, in one preferred embodi 
ment, the ?brous layers 12a and 12b are glass ?ber 
bi-directional ?brous layers having tWo rovings per inch of 
?bers in one direction (e. g., the Weft or ?ll direction) and one 
roving per inch of ?ber in a direction 90 degrees from the 
other direction (e.g., the Warp direction). (In another pre 
ferred embodiment, the glass ?ber bidirectional ?brous 
layers have one roving per inch in each direction.) Varying 
?ber orientation, concentration, and ?ber type permits tai 
loring of strength to a speci?c application. Using different 
methods of knitting, braiding or Weaving of the fabric may 
also be employed to produce a stronger reinforcement. The 
openings 18 in the ?brous layer 12 (see FIG. 1) should be 
sufficient to alloW interfacing betWeen the layers 14a-c of 
the inorganic matrix 14 disposed on each side of the ?brous 
layers 12a and 12b. 

[0063] The ?brous layer also preferably includes a siZing. 
Preferred siZings for use With a ?brous layer comprised of 
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AR-glass include aqueous siZings comprising one of the 
folloWing blends: 1) an epoxy polymer, vinyl and amine 
coupling agents and a non-ionic surfactant; 2) an epoxy 
polymer, amine coupling agent and a non-ionic surfactant; 
3) an epoxy polymer, metacrylic and epoxy coupling agents, 
and cationic and non-ionic surfactants (paraf?n lubricants); 
4) anhydrous polymeriZed acrylate amine (for example, the 
substance disclosed in PCT Patent Application No. WO 
99/31025, Which is incorporated herein by reference), 
metacrylic and epoxy coupling agents and a non-ionic 
surfactant; and 5) anhydrous polymeriZed epoxy amine (for 
example, as disclosed in US. Pat. No. 5,961,684 to Moireau 
et al., Which is incorporated herein by reference), vinyl and 
amine coupling agents, and a non-ionic surfactant, each of 
the above blends being produced by Cem FIL Reinforce 
ments of Saint Gobain Vetrotex Cem-FIL® S.L., a Saint 
Gobain Vertrotex company. Preferably, the non-ionic sur 
factant comprises an organo-silane. These siZings are com 
patible With the preferred coatings for the AR-glass ?brous 
layer as described beloW and the cementitious matrices, and 
improve initial glass strength and ease of fabric forming. 
The siZings preferably comprise not more than 2.5% by 
Weight, and most preferably less than 1.5% by Weight of the 
?brous layer. 

[0064] The ?brous layers may also include an optional 
coating 24. Coatings are preferred Where the ?brous layer is 
comprised of glass; hoWever, coatings are not necessary 
Where the ?brous layer is comprised of AR-glass, PVA, 
carbon or aramid ?bers. The coating 24 provides mechanical 
and chemical protection to the glass ?brous layers 12. The 
coating is preferably an acrylate and/or vinyl chloride con 
taining a polymer or polymers. Coating 24 is preferably 
acrylic or PVC plastisol, but may be poly vinyl alcohol 
(PVA), styrene-butadiene rubber (SBR), polyole?n, acrylic 
acid, unsaturated polyesters, vinyl ester, epoxies, polyacry 
lates, polyurethanes, polyole?ns, phenolics, and the like. 
Examples of preferred coatings include an acrylic coating 
manufactured by Saint-Gobain Technical Fabrics, a Saint 
Gobain company, under the label number 534 and a PVC 
plastisol coating manufactured by Saint-Gobain Technical 
Fabrics under the label number V38. The use of PVC 
plastisol as a coating further improves the alkali resistance 
of the ?brous layer in the inorganic matrix. The use of 
acrylic as a coating promotes adherence of the ?brous layer 
to inorganic matrix, especially Where the matrix includes 
acrylic. 

[0065] The coating can further contain a Water resistant 
additives, such as, paraffin, and combination of paraf?n and 
ammonium salt, ?uoro chemicals designed to impart alcohol 
and Water repellency, such as FC-824 from 3M Co., orga 
nohydrogenpolysiloxanes, silicone oil, Wax-asphalt emul 
sions and poly(vinyl alcohol) With or Without a minor 
amount of poly(vinyl acetate). In addition, the ?ame retar 
dants, such as bromated phosphorous complex, halogenated 
paraffin, colloidal antimony pentoxide, borax, unexpanded 
vermiculate, clay, colloidal silica and colloidal aluminum 
can be added to the coating. Further, optional ingredients, 
such as pigments, preservatives, dispersants, catalysts, ?llers 
and the like may be added to the coating. 

[0066] The coating is preferably applied by dip-coating 
the ?brous layer into the coating, but may applied by any 
other technique knoWn in the art, such as spraying, roll 
coating, and the like. The Wt % of the coating Will depend 


















