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made of multi-axial fabrics, continuous strand rovings,
woven cloth and chopped or continuous strand mats. The
fiber content is selected to attain high strength and stiffness
properties with good fiber wet-out. The present invention
uses different fiber types according to a specific application.
In the preferred embodiment, the fiber types are carbon,
- glass, and aramid which are typically used for heavy load
applications, and the natural fiber type, jute, is used for
lower load applications. In addition, fiber reinforcement can
be made of one type of fibers or by a suitable combination
of fiber types. Fibers, fabrics, and mats are well known in the
relevant art and are commercially available. It would be
readily apparent for one or ordinary skill in the relevant art
to use the needed fiber types and fiber architecture for the
deck system of the present invention and according to a
specific decking application.

Also in the preferred embodiment, the resin matrix hold-
ing the fabric layers together is determined by the specific
application of the resulting FRP composite deck system. For
example, vinyl ester resin is used for exposure to harsh
environments such as for a highway bridge. A polyester resin
is used for buildings and other internal wall/flooring struc-
tures. Phenolic resin is used for applications with strict fire
specifications. Fire retardant additives, ultra violet
inhibitors, as well as other additives and fillers may also be
added to the resin. Vinyl ester, polyester, and phenolic resin
systems are commercially available and are well known in
the relevant arts. It would be readily apparent for one of
ordinary skill in the relevant art to use these, or comparable,
resins for a specific application of the FRP composite deck
system.

In an alternative embodiment, the first trapezoid 310, the
second trapezoid 312 and the hexagonal component 304 are
internally filled with a filling material for the purpose of
noise reduction, thermal insulation, strength enhancement,
or for a comparable purpose. It would be readily apparent to
one of ordinary skill in the relevant art to select an appro-
priate filling material and fill the double trapezoidal com-
ponent 302 and the hexagonal component 304.

FIG. 4 illustrates the interlocking of a double trapezoidal
component 302 and a hexagonal component 304, wherein
the hexagonal component 304 is used as a key for
interlocking, or joining, two double trapezoidal components
302. In the preferred embodiment, a double trapezoidal
component 302 and a hexagonal component 304 are joined
by a shear key method and an adhesive bonding along the
extensive bonding surface 324 between the components 302,
304. In an alternative embodiment, the double trapezoidal
component 302 and the hexagonal component 304 can be
secured together with a mechanical fastener, e.g. nuts and
bolts or blind bolts. A mechanical fastener can be used in
addition to, or in place of, the adhesive bonding. In the
preferred embodiment, blind bolts are used to achieve the
best performance. Mechanical fasteners are well known in
the relevant art. It would be readily apparent to one of
ordinary skill in the relevant art to use a mechanical fastener.

FIG. § illustrates a plurality of double trapezoidal com-
ponents 302 joined with a plurality of hexagonal compo-
nents 304, thereby forming a FRP composite deck module
500 of the present invention. A FRP composite deck module
500 is prefabricated to any desired width.

FIG. 6 illustrates two FRP composite deck modules 500a,
500b supported on two beams 602, 604. In operation on a
highway or bridge, the FRP composite deck modules 5004,
500b can be placed traversal or parallel to the automobile
traffic direction. The use of beams 602, 604 are optional and
are required only if the specific application of the FRP
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composite deck modules 500a, 5005 require such additional
support. In the preferred embodiment of the present
invention, the beams are spaced up to nine (9) feet apart. It
would be readily apparent to one of ordinary skill in the
relevant art to use steel, concrete, wood, FRP composite or
comparable support, beams and to space the beams at other
distances.

FIG. 7 illustrates a cross section of FRP composite deck
system 500 used as a bridge deck 700. The bridge deck 700
comprises one or more FRP composite deck modules 500
interlocked together via the extensive bonding surface 324
and optional mechanical fasteners. The preferred embodi-
ment of the present invention places a suitable overlay 702,
or wearing surface, e.g., concrete, asphalt, thin polymer
concrete, or bonded grid anti-skid surface, on top of the FRP
composite deck modules 500, thereby creating a uniform
and contiguous top surface. The resin binder for a polymer
concrete overlay 702 can be polyester or epoxy resin sys-
tems.

Alternatively, the overlay 702 may be made of asphalt
concrete or Portland cement concrete with appropriate addi-
tives or modifiers. The bond between the FRP composite
deck modules 500 and the overlay 702 can be enhanced by
surface treatment, e.g. sandblasting, and the use of a primer
material. In addition, other surface enhancers can be placed
over the top side of the bridge deck 700 prior to the overly
to improve the bridge deck’s 700 strength and durability. For
example, one or more of the following may be used: exterior
FRP composite laminates, plates, or fabrics bonded continu-
ously to the top side.

It would be readily apparent for one of ordinary skill in
the relevant art to use comparable overlays 702, wearing
surfaces or layers on top of FRP composite deck modules
500.

c. Fabrication of FRP Composite Panel Components and
Deck Modules

The modular FRP composite component 100 and FRP
composite deck module 500 of the present invention are
designed to be manufacturing transparent. The panels are
made using a fiber architecture having a plurality of layers
of multi-axial fiber reinforcement in a polymeric resin
matrix. A specific fiber architecture is designed according to
the needed performance requirements of the structural pan-
els and the cells therein. Fiber architecture, and the design
thereof, is well known in the art and there are many
commercially available multi-axial fiber reinforcements and
polymeric resin matrices. It would be readily apparent to one
of ordinary skill in the relevant art to design and manufac-
ture a fiber architecture for a FRP composite component 100
and FRP composite deck module 500 of the present inven-
tion to handle a specific application.

In the preferred embodiment, the FRP composite compo-
nents 100 and deck modules 500 are fabricated by pultru-
sion. Pultrusion is a continuous process for making a lineal
composite profile with a constant cross section. The advan-
tages of pultrusion for mass-production are: (1) low labor
cost (the process requires little operator input other than to
maintain materials supply), (2) low operating costs, (3)
minimal material wastage, and (4) high production rate.

Pultrusion is well known in the relevant art, however
conventional uses of pultrusion involve only lightweight
fabrics and mats for transverse reinforcement, whereas the
FRP composite components 100 and deck modules 500 of
the present invention may comprise heavy fabrics. Further,
the present invention uses pultrusion for using fabrics con-
tinuously throughout the entire -cells 102a—c of the FRP
composite component 100 and throughout the entire double
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trapezoidal components 302 and the hexagonal components
304 of the FRP composite deck module 500. This continuous
use of fabrics eliminates the use of multiple seams thereby
improving and strengthening the joints and intersections of
the components.

The conventional pultruded panels have been reinforced
with unidirectional continuous rovings (a group of untwisted
parallel strands). Although, continuous or chopped strand
mats (CSM) are used in the conventional pultruded panels to
provide a minimum transverse reinforcement, these conven-
tional panels typically lack in transverse fiber reinforcement
to provide continuity between the sides of the cells that
comprise the panels. '

In the preferred embodiment for heavy duty highway
applications, the double trapezoidal component 302 and the
hexagonal component 304 are made of continuous strand
rovings, continuous strand mats and multiaxial stitched
fabrics. The fabric with reinforcement in (+/—45/90) direc-
tions is commercially available from Brunswick
Technologies, Inc. The triaxial fabric weighs 135.6 g/m2 (40
oz/sq.yd.). The profiles were also reinforced in the axial
direction with Type 30 (R) continuous roving from Owens
Corning. This use of heavy stitch fabric has efficiently
contributed to reinforce the double trapezoidal component
302 and the hexagonal component 304. The resin system of
the preferred embodiment is vinyl ester 580N from Reich-
hold Chemicals.

The double trapezoidal components 302 and the hexago-
nal components 304 are bonded along the extensive bonding
surface 324 using an adhesive that satisfies the following
properties: good elongation, high peel and energy absorbing
properties, fatigue resistance, environmental resistance
(humidity, salt spray, —20F to 140F temperatures), working
time of at least 30 minutes, minimum surface preparation,
acceptance of variable bond line thickness (30-120 mils),
good gap filling capabilities (to compensate fabrication
tolerances), and ease of application for field conditions.
Based on the foregoing, the preferred adhesive for heavy
load, highway applications is two part urethane, PLIOGRIP
6600 from Ashland Chemicals.

Also in the preferred embodiment, the double trapezoidal
components 302 and the hexagonal components 304 are
assembled into a FRP composite deck module 500 up to
eight (8) feet wide, which is based on shipping restrictions
only, and weighing approximately 106 kg/m2 (22 lbs/sq.ft.).
The length of the FRP composite deck module 500 corre-
sponds to a bridge width.

The preferred embodiment of the FRP composite deck
module 500 are described in these terms for convenience

purpose only. It would be readily apparent for one of 3

ordinary skill in the relevant art to manufacture double
trapezoidal components 302 and the hexagonal components
304 of a comparable fabric architecture, using a comparable
resin matrix and adhesive, and to create a FRP composite
deck module 500 of different dimensions.

In an alternative method of manufacturing, the FRP
composite panel component 100 and the FRP composite
deck module 500 are manufactured by Vacuum Assisted
Resin Transfer Molding (VARTM), e.g. Seeman Composites
Resin Infusion Molding Process (SCRIMP™). VARTM is
well known in the relevant art and can be used to fabricate
large deck panels with minimum tooling.

The fiber architecture of the FRP deck system fabricated
by VARTM is made of bi-, tri-, and quadri-axial fabrics,
designed to develop fiber continuity between all of the sides
of the double trapezoid component 302, e.g., the top side 306
and the sides of the first trapezoid 310, and to provide
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adequate fiber reinforcement along main stress paths. In the
preferred embodiment for heavy duty systems, the fabric
architecture of the top side 306 and the bottom side 308 of
a double trapezoid component 302 comprise the following
layers: 2 plies QM6408 (warp in x), 2 plies CM5005 (warp
in y), 3 plies QM6408 (warp in x), and 2 plies CM5005
(warp in y). The first trapezoid 310, second trapezoid 312,
and the hexagonal component 304 comprise layers of 2 plies
QMS608 (warp in y). Further, the center seam 322 com-
prises layers of 2 plies TVM3408 (warp in y). The different
fiber architecture is used in the double trapezoidal compo-
nent 302 and the hexagonal component 304 according to the
different performance requirements of each component.
Multi-axial fabrics are well known in the relevant art and are
commercially available. In addition, fiber material, such as
glass, carbon, and aramid, are also well known and are
typically used for heavy duty loads, whereas the natural
fiber, jute, is well known in the art and is typically used for
smaller load applications.

d. Field Installation of FRP Composite Deck System

1. Laurel Lick Bridge

Laurel Lick Bridge, located in Lewis County, West
Virginia, made of timber deck on steel stringers, was in
critical condition and needed to be replaced. In April-May
1997, a new bridge was constructed using FRP composite
deck modules 500 and supported by wide flange pultruded
beams. Therefore, the final bridge is an all composite
superstructure. The length of the new bridge is twenty (20)
feet and the width is. sixteen (16) feet. In addition, the new
bridge used abutments made of wide flange pultruded
column/piles (12"x12"x0.5") and multi-cellular panels with
a reinforced concrete cap beam. »

The FRP composite deck modules 500 are placed trans-
versely to traffic direction and are supported by longitudinal
beams. The FRP composite deck modules 500 are eight (8)
inches in depth which is the average thickness of concrete
decks. The enhanced fiber architecture of the FRP composite
deck modules 500 incorporates E-glass fibers in the form of
multi-axial stitched fabrics, continuous rovings, continuous
strand mats and chopped strand mats. The matrix for binding
the fiber layers together is a vinyl ester resin with good
weatherability and resistance to harsh environments.

The FRP composite deck modules 500 are joined through
a shear key system that provides mechanical interlock and
an extensive bonding surface 324. High performance poly-
urethane adhesive is used to assemble the double trapezoidal
components 302 and the hexagonal components 304 into
FRP composite deck modules 500 that were then shipped to
the bridge site.

The FRP composite deck modules 500 are connected to

. the support beams using an adhesive and engineered 2 inch
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blind fasteners from Huck International, Inc. Further, a thin
polymer concrete overlay or wearing surface is applied on
the FRP composite deck modules 500. First, a urethane-
based primer is applied to enhance adhesion to the FRP
composite deck modules 500. Then, the polymer concrete is
applied by the broom and seed, or broadcast, method. The
thickness of the polymer concrete overlay is approximately
% inch. The polymer concrete binder is isophthalic unsat-
urated polyester resin.

FRP composite deck modules 500 were used to develop
a modular bridge deck that has high strength and stiffness to
weight ratios, that is non-corrosive, and that has good
fatigue resistance. The FRP composite deck modules 500
and the fiber architecture were designed to provide optimal
structural performance for highway bridge loads and fabri-
cated by pultrusion.
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2. Wickwire Run Bridge

The Wickwire Run Bridge, located in Taylor County,
West Virginia, was in critical condition and needed to be
replaced. In July-August 1997, a new bridge was con-
structed using FRP composite deck modules 500 and sup-
ported by wide flange steel beams. The length of the new
bridge is twenty (30) feet and the width is sixteen (21.7) feet.

FRP composite deck modules 500 up to eight (8) feet
wide were connected through a shear key system. A two-part
urethane adhesive was used to bond the double trapezoidal
components 302 and the hexagonal components 304.
Further, self countersinking blind fasteners (Floortight from
Huck International, Inc.) were used to facilitate the connec-
tion of deck modules, and to provide reserve shear strength.
The FRP composite deck modules 500 were tied down to
support beams (steel or composite) using engineered 2 inch
blind bolts (BOM from Huck International, Inc.) and bonded
with an adhesive. Composite edge caps made of flat sheets
and angles were used to close the cells on both sides of the
deck. Finally, the FRP composite deck modules were con-
nected to expansion dams on the abutments.

CONCLUSION

While various embodiments of the present invention have
been described above, it should be understood that they have
been presented by the way of example only, and not limi-
tation. It will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention

as defined in the appended claims. Thus, the breadth and -

scope of the present invention should not be limited by any
of the above-described exemplary embodiments, but should
be defined in accordance with the following claims and their
equivalents.

What is claimed is:

1. A modular fiber reinforced polymer (FRP) composite

deck module, comprising:

a composite cellular key component defining a shape and
having an internal space, made of two or more layers of
multi-axial fiber reinforced fabric adhered together by
a resin matrix, said layers of fabric being continuous
throughout the entire shape of said composite cellular
key component;

a composite cellular receiving component having a top
side, a bottom side, and an extensive bonding surface,
made of two or more layers of multi-axial fiber rein-
forced fabric adhered together by a resin matrix, said
layers of fabric being continuous throughout the entire
shape of said composite cellular receiving component,
wherein said extensive bonding surface corresponds to
said shape of said composite cellular key component;
and

a means for interlocking said composite cellular key
component with said composite cellular receiving com-
ponent along said extensive bonding surface of said
composite cellular receiving component such that said
composite cellular key component fits within said com-
posite cellular receiving component and said top side of
said composite cellular receiving component has an
extension that extends from said composite cellular
receiving component such that when interlocked with
said composite cellular key component, said extension
of said top side is parallel to and in contact with a top
side of said composite cellular key component, and said
bottom side of said composite cellular receiving com-
ponent has an extension that extends from said com-
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posite cellular receiving component such that when
interlocked with said composite cellular key
component, said extension of said bottom side is par-
allel to and in contact with a bottom side of said
composite cellular key component.

2. The modular FRP composite deck module according to
claim 1, wherein said means for interlocking comprises an
adhesive bond along said extensive bonding surface.

3. The modular FRP composite deck module according to
claim 1, wherein said means for interlocking is a mechanical
fastener.

4. The modular FRP composite deck module according to
claim 3, wherein said mechanical fastener is selected from
the group consisting of a bolt with a nut, blind blots, a
threaded stud, a dowel, and an exterior interlocking and
clamping channel.

5. The modular FRP composite deck module according to
claim 1, wherein said internal space of said composite
cellular key component is filled with a filler.

6. The modular FRP composite deck module according to
claim 5, wherein said filler is selected from the group
consisting of thermal insulation, noise reduction, and
strength enhancement.

7. The modular FRP composite deck module according to
claim 1, wherein said composite cellular receiving compo-
nent defines one or more internal spaces.

8. The modular FRP composite deck module according to
claim 7, wherein said one or more internal spaces of said
composite cellular receiving component are filled with a
filler.

9. The modular FRP composite deck module according to
claim 8, wherein said filler is selected from the group
consisting of thermal insulation, noise reduction, and
strength enhancement.

10. The modular FRP composite deck module according
to claim 1, further comprising an overlay placed over the
modular FRP composite deck module, thereby resulting in a
uniform wearing surface.

11. The modular FRP composite deck module according
to claim 10, wherein said overlay is selected from the group
consisting of concrete, asphalt, polymer concrete, and
bonded grid anti-skid surface.

12. The modular FRP composite deck module according
to claim 1, further comprising one or more exterior FRP
composite laminates, grids, plates or fabrics bonded con-
tinuously to said top side of said composite cellular receiv-
ing component.

13. The modular FRP composite deck module according
to claim 1, wherein one said composite cellular key com-
ponent and one said composite cellular receiving component
are integrated into a single modular FRP composite deck
module.

14. The modular FRP composite deck module according
to claim 1, wherein said composite cellular key component
and said composite cellular receiving component are manu-
factured by Vacuum Assisted Resin Transfer Molding.

15. The modular FRP composite deck module according
to claim 1, wherein said composite cellular key component
and said composite cellular receiving component are manu-
factured by a pultrusion process.

16. The modular FRP composite deck module according
to claim 1, wherein one or more of said layers of multi-axial
fiber reinforced fabric is selected from the group consisting
of unidirectional rovings, continuous strand rovings,
chopped strand mats, continuous strand mats, woven cloth
and multiaxial stitched fabrics.

17. The modular FRP composite deck module according
to claim 1, wherein said resin matrix is selected from the
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group consisting of a polymeric resin, polyester resin, vinyl
ester resin, epoxy resin, phenolic resin, and vinyl resin.

18. The modular FRP composite deck module according

to claim 1, wherein one or more of said layers of multi-axial
fiber reinforced fabric comprises a fiber material selected
from the group consisting of glass, carbon, aramid, and jute.

19. A modular fiber reinforced polymer (FRP) composite

deck, comprising:

two or more said composite cellular receiving compo-
nents of claim 1 interlocked with one or more said
composite cellular key components of claim 1.

20. A modular fiber reinforced polymer (FRP) composite

deck module, comprising:

a composite cellular key component defining a shape and
having an internal space, made of two or more layers of
multi-axial fiber reinforced fabric adhered together by
a resin matrix, said layers of fabric being continuous
throughout the entire shape of said composite cellular
key component; and

a means for interlocking said composite cellular key

component with a composite cellular receiving com- -

ponent having a top side, a bottom side, and an exten-
sive bonding surface, made of two or more layers of
multi-axial fiber reinforced fabric adhered together by
a resin matrix, said layers of fabric being continuous
throughout the entire shape of said composite cellular
receiving component, wherein said composite cellular
key component interlocks with said composite cellular
receiving component along said extensive bonding
surface of said composite cellular receiving component
such that said extensive bonding surface corresponds to
a shape of said composite cellular key component and
said composite cellular key component fits within said
composite cellular receiving component, and said top
side of said composite cellular receiving component
has an extension that extends from said composite
cellular receiving component such that when inter-
locked with said composite cellular key component,
“said extension of said top side is parallel to and in
contact with a top side of said composite cellular key
component, and said bottom side of said composite
cellular receiving component has an extension that
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extends from said composite cellular receiving com-
ponent such that when interlocked with said composite
cellular key component, said extension of said bottom
side is parallel to and in contact with a bottom side of
said composite cellular key component.

21. A modular fiber reinforced polymer (FRP) composite

deck module, comprising:

a composite cellular receiving component having a top
side, a bottom side, and an extensive bonding surface,
made of two or more layers of multi-axial fiber rein-
forced fabric adhered together by a resin matrix, said
layers of fabric being continuous throughout the entire
shape of said composne cellular receiving component;
and

a means for interlocking said composite cellular receiving
component with a composite cellular key component
defining a shape and having an internal space, made of
two or more layers of multi-axial fiber reinforced fabric
adhered together by a resin matrix, said layers of fabric
being continuous throughout the entire shape of said
composite cellular key component, wherein said com-
posite cellular key component interlocks with said
composite cellular receiving component along said
extensive bonding surface of said composite cellular
receiving component such that said extensive bonding
surface corresponds to a shape of said composite cel-
lular key component and said composite cellular key
component fits within said composite cellular receiving
component, and said top side of said composite cellular
receiving component has an extension that extends
from said composite cellular receiving component such
that when interlocked with said composite cellular key
component, said extension of said top side is parallel to
and in contact with a top side of said composite cellular
key component, and said bottom side of said composite
cellular receiving component has an extension that
extends from said composite cellular receiving com-
ponent such that when interlocked with said composite
cellular key component, said extension of said bottom
side is parallel to and in contact with a bottom side of
said composite cellular key component.

k ok ok ok 3k



The
QUnited
States

Am

erica

The Diréctor of the United States
Patent and Trademark Office

Has received an application for a patent for a
new ang yseful invention. The title and descrip-
tion of the invention are enclosed. The require-
ments of law have been complied with, and it
has been determined that a patent on the in-
vention shall be granted under the law. .

Therefore, this

United States Patent

Grants to the person(s) having title to this patent
the right to exclude others from making, using,
offering for sale, or selling the invention
throughout the United States of America or im-
porting the invention into the United States of
America for the term set forth below, subject
to the payment of maintenance fees as provided
by law.

If this application was filed prior to June 8,
1995, the term of this patent is the longer of
seventeen years from the date of grant of this
patent or twenty years from' the earliest effec-
tive US. filing date of the application, subject
fo any statutory extension.

If this application was filed on or after June 8,
1995, the term of this patent is twenty years from
the US. filing date, subject to any statutory ex-
tension. If the application contains a specific
reference to an earlier filed application or ap-
plications under 35 US.C. 120, 121 or 365(c),
the term of the patent is twenty years from the
date on which the earliest application was filed,
subject to any statutory extensions.

Director of the United States Patent and Trademark Office






