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(57) ABSTRACT 
A modular ?ber reinforced polymer (FRP) composite deck 
module having one or more hexagonal components and one 
or more double trapezoidal components. A hexagonal com 
ponent is a hexagonal cell With all sides being of equal 
length and forming a hexagonal space. Adouble trapezoidal 
component has a top side, a bottom side, a ?rst trapezoid 
having a ?rst top and a ?rst bottom, and a second trapezoid 
having a second top and a second bottom. The ?rst and 
second trapezoidal components are of equal dimensions and 
con?gured such that the ?rst trapezoid is inverted resulting 
in the ?rst top of the ?rst trapezoid is adjacent to the second 
top of the second trapezoid, thereby creating a center seam 
and an extensive bonding surface. The double trapezoidal 
and hexagonal components are made of multiple layers of 
multi-axial ?ber reinforcement and a resin matrix, the layers 
being continuous throughout the entire shape of the com 
ponents. A double trapezoidal component is manufactured 
using the Vacuum Assisted Resin Transfer Molding or 
pultrusion process. A composite deck module is made by 
joining a hexagonal component With a double trapezoidal 
component such that the hexagonal component interlocks 
Within the double trapezoidal component and the tWo com 
ponents are bonded together With adhesive. A mechanical 
fastener also may be used to hold tWo components together. 
An overlay may be placed over the top side of one or more 
double trapezoidal components joined together via hexago 
nal components, thereby providing a uniform surface. In 
addition, one or more exterior FRP composite laminates, 
grids, plates or fabrics may be bonded continuously to the 
top side. In certain embodiments, one or more of the 
hexagonal components and trapezoids of a composite deck 
module may be ?lled With a ?ller, e.g., thermal insulation, 
noise reduction insulation, or a strength enhancement. 
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MODULAR FIBER REINFORCED POLYMER 
COMPOSITE DECK SYSTEM 

CONTRACTUAL ORIGIN OF THE INVENTION 

[0001] The United States Government has rights in this 
invention pursuant to Contract No. CPAR/CRDA, OSP 
Reference No. 93-551A betWeen the United States Army 
Corps of Engineers Construction Engineering Research 
Laboratories (USACERL) and West Virginia University 
Research Corporation. 

REFERENCE 

[0002] This application is a conversion of provisional 
patent application No. 60/048,360, ?led Jun. 2, 1997, 
entitled “Modular Fiber Reinforced Polymer (FRP) Com 
posite Deck System”. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] This invention relates to ?ber reinforced polymer 
(FRP), and more speci?cally, to lightWeight ?ber reinforced 
polymer composite decks for structural support systems and 
to a method of manufacturing said FRP composite decks. 
The lightWeight FRP composite decks are composed of 
reinforced ?bers and matrix resin, con?gured for infrastruc 
ture and constructed facilities such as elevated highWay 
structures and Wall and decking systems. 

[0005] 2. Related Art 

[0006] Structural panels are continually needed in con 
structing and repairing Walls, ?oors, decking, bridges, roofs, 
and the like. In the prior art, conventional construction 
materials, e.g., steel, concrete, and Wood, are used for high 
performance deck and Wall structures because such materi 
als typically have a high load bearing capacity. 

[0007] There are several disadvantages associated With 
using such conventional construction materials in structural 
panels. First, such structural panels have a short service life 
in that they degrade over time: steel panels corrode, concrete 
panels spall, and Wood panels rot. Second, such structural 
panels tend to be very heavy in order to achieve the required 
load bearing capacity for the speci?c application. Third, 
such structural panels require a long time for creation and 
erection because they are typically built and installed on site. 

[0008] To accommodate some of the disadvantages With 
conventional construction materials, the prior art includes 
?ber reinforced polymer (FRP) composite materials made 
With a honeycomb core and an outer skin. In addition, panels 
made of conventional FRP composite materials have lineal 
pro?les mainly reinforced With continuous ?bers in the aXial 
direction. 

[0009] There are several disadvantages associated With 
using such conventional FRP materials in structural panels. 
First, although conventional FRP composite materials are 
lightWeight, they lack the required load-bearing capacity to 
handle high performance deck and Wall structures. There 
fore, conventional FRP composite materials are used only 
for light duty ?oor systems and building panels. Second, 
conventional FRP composite panels often develop moisture 
ingress and resin-dominated failure With respect to the 
honeycomb core and an outer skin. Third, the lineal pro?le 
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and use of continuous ?bers in the aXial direction result in 
a reduced load bearing capacity. 

[0010] Therefore, there is a need for a FRP composite 
panel that is lightWeight, yet has a high load rating due to 
high strength to Weight ratio. There is a further need for a 
FRP composite panel that has a long service life due to its 
resistance to corrosion. There is still a further need for a FRP 
composite panel that is easy and quick to erect and become 
operational. 
[0011] There is also a need for a FRP composite deck 
system that is lightWeight, yet can Withstand the heavy loads 
associated With highWay bridges and decking systems. The 
FRP composite deck systems must also have a long service 
life and be prefabricated to alloW for easy and quick instal 
lation. 

SUMMARY OF THE INVENTION 

[0012] The present invention solves the problems associ 
ated With conventional structural panels by providing a ?ber 
reinforced polymer (FRP) composite panel. A FRP compos 
ite panel comprises a plurality of components, joined 
through a shear key system that provides an extensive 
bonding surface and a mechanical interlock. Each compo 
nent is further comprised of a plurality of cells, each cell 
having four or more sides Wherein at least tWo adj acent sides 
intersect at an obtuse angle, offset from ninety (90) degrees. 

[0013] The ?ber architecture of the components comprises 
multiple layers of multi-aXial stitched fabrics, unidirectional 
rovings, Woven cloth, and mats used as reinforcements. The 
?ber architecture develops ?ber continuity betWeen the cell 
components and provides adequate ?ber reinforcement 
along main stress paths. 

[0014] The cross sectional cellular shape and ?ber archi 
tecture of the FRP composite panels of the present invention 
provide distinct advantages over the prior art. First, the FRP 
composite panels of the present invention provide a light 
Weight, strong and durable structure that Will not corrode 
like steel, spall like concrete, or rot like Wood. Therefore, the 
panels of the present invention have a long service life and 
a reduced maintenance cost due to these fatigue and corro 
sion resistant properties. 

[0015] Second, the FRP composite panels of the present 
invention have enhanced load bearing and interlocking 
capacity as compared to conventional FRP ?oor systems and 
building panels. The high load ratings are due to the high 
strength to Weight ratio of the panels, resulting in a panel of 
the present invention having 3 to 4 times the load capacity 
of a reinforced concrete deck With only tWenty percent 
(20%) of the Weight. Further, stiffness of an FRP composite 
panel in the direction perpendicular to traffic is adequate to 
provide the transverse load distribution to supporting beams. 

[0016] Third, the ?ber architecture of the present inven 
tion is reinforced With heavy multi-aXial stitched fabrics, 
continuous rovings, Woven cloth and mats resulting in 
superior mechanical properties as compared to eXisting FRP 
composite lineal pro?les. In addition, the composite ?ber 
architecture overcomes the problems associated to moisture 
ingress and resin-dominated failure observed in panels With 
honeycomb core and outer skins. 

[0017] In a speci?c application of FRP composite panels 
of the present invention, FRP composite deck system com 
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prise a plurality of cells having a double trapezoidal com 
ponent and a hexagonal component for highway bridges and 
other decking applications. These components are prefabri 
cated and joined together With an adhesive to form a 
modular FRP composite deck system. In addition to the 
extensive bonding surface, a mechanical connector may be 
used to increase the shear transfer capacity of the panel. 

[0018] FRP composite panels of the present invention can 
be properly designed, fabricated, and installed very ef? 
ciently. Such FRP composite panels can be used to replace 
deteriorated concrete or timber decks or to build neW decks. 

Further, such panels can be assembled With composite 
stiffening beams to develop an all-composite short-span 
bridge superstructure. Construction and replacement appli 
cations of the modular FRP composite structural panels and 
decks include, but are not limited to: highWay bridge decks, 
short span highWay bridge structures, pedestrian bridges, 
?oor systems, retaining Walls, pilings, Waterfront piers, 
platforms, launch bridges, utility poles, pipes, blast resistant 
structures, shock absorber structures, framing structures (for 
tunnels, buildings, mines, and the like), and alternative 
comparable applications. 

BRIEF DESCRIPTION OF THE FIGURES 

[0019] The present invention is described With reference 
to the accompanying draWings. In the draWings, like refer 
ence numbers indicate identical or functionally similar ele 
ments. Additionally, the left-most digit(s) of a reference 
number identi?es the draWing in Which the reference num 
ber ?rst appears. 

[0020] FIG. 1 is a planar vieW shoWing a cross section of 
a ?ber reinforced polymer (FRP) composite structural panel 
component of the present invention; 

[0021] FIG. 2 is a planar vieW shoWing a cross section of 
a plurality of FRP composite structural panel components 
joined together, thereby forming a FRP composite structural 
panel; 

[0022] FIG. 3 is a planar vieW shoWing a composite 
double trapeZoidal component and a composite hexagonal 
component of a FRP composite deck system of the present 
invention; 

[0023] FIG. 4 is a planar vieW shoWing the joining of the 
composite double trapeZoidal component and the composite 
hexagonal component; 

[0024] FIG. 5 is a planar vieW shoWing a plurality of 
joined composite double trapeZoidal components and com 
posite hexagonal components, thereby forming a FRP com 
posite deck system of the present invention; 

[0025] FIG. 6 is a isometric vieW of a plurality of FRP 
composite deck components assembled into tWo FRP com 
posite deck modules and supported on beams; and 

[0026] FIG. 7 is a planar vieW shoWing a cross section of 
a FRP composite deck module connected to a beam and used 
as a bridge deck. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] 
[0028] The preferred embodiment of the present invention 
is a modular structural panel system comprised of a plurality 
of components, Wherein each component is constructed of 
?ber reinforced polymer composite materials. The compo 
nents are connected together through interlocking to form a 
modular structural panel of varying Width. 

[0029] FIG. 1 illustrates a cross section of a ?ber rein 
forced polymer (FRP) composite component 100 of the 
present invention. The shape of a component 100 is a 
stiffened trapeZoid having a top side 108, a bottom side 110, 
a ?rst edge side 112 and a second edge side 114. In the 
preferred embodiment, a component 100 comprises three 
cells 102a-c, each cell 102a-c having the same hexagonal 
shape, thereby creating a ?rst internal cell Wall 120a and a 
second internal cell Wall 120b. 

a. Structure of FRP Composite Structural Panels 

[0030] For convenience purpose only, cell 102a Will be 
described in more detail, hoWever, the remaining cells 
102b-c are identical in composition and shape to cell 102a. 
Cell 102a is a hexagon being of triangular shape With the 
corners chopped off, resulting in three long sides 116a-c and 
three short sides 118a-c. 

[0031] The important feature of the cell 102a shape is that 
the projection of the center lines of tWo adjacent sides of a 
cell 102a intersect With the middle line of the top and bottom 
sides at speci?c key points that de?ne a triangular mesh 
template. The structural panel con?guration based on a 
triangular mesh template results in transfer of forces through 
membrane action similarly to a truss system, Which 
increases the transverse strength and stiffness of the struc 
tural panel system. 

[0032] A second important feature is that no more than 
three sides of said cells converge to a given point. This 
avoids problems of ?ber placement as Well as increases the 
strength and load bearing capacity of the component 100. 

[0033] Another feature of the cell 102a shape is that tWo 
adjacent sides of a cell 102a intersect at an obtuse angle 
offset from ninety (90) degrees. For example, With the 
illustrated cell 102a shape, each long side 116a-c intersects 
a short side 118a-c at an obtuse angle. In the preferred 
embodiment, this feature of the cells 102a-c results in the 
?rst edge side 112 intersecting the top side 108 and the 
bottom side 110 at an obtuse angle 122 offset from ninety 
(90) degrees, as Well as the second edge side 114 intersecting 
the top side 108 and the bottom side 110 at an obtuse angle 
124 offset from ninety (90) degrees. This use of obtuse 
angles alloWs the component 100 to have greater load 
bearing capacity. 

[0034] In operation, When building a composite structural 
panel of the present invention, tWo components 100 are 
placed next to each other With one component 100 being 
inverted such that the ?rst edge side 112 of the ?rst com 
ponent 100 is adjacent to the second edge side 114 of the 
second component 100. This matching of the ?rst edge side 
112 and the second edge side 114, of tWo components 100, 
creates an interlocking, or joining, shear key system With an 
extensive bonding surface. The bonding surface is extensive 
in that, as discussed above, the ?rst edge side 112 and the 



US 2001/0036535 A1 

second edge side 114 are offset from ninety (90) degrees. In 
contrast, if the ?rst edge side 112 and the second edge side 
114 Were perpendicular, or at ninety (90) degrees, joining, or 
interlocking, Would not be attained and a minimum bonding 
surface results because the ?rst edge side 112 and second 
edge side 114 are the shortest possible lengths betWeen the 
top side 108 and the bottom side 110. 

[0035] In joining tWo components 100, an adhesive is used 
such that the bonding surface of the tWo components 100 
and the adhesive carry shear force of the component 100, 
thereby contributing to the interlocking, or joining, system. 
In the preferred embodiment, the adhesive is a commercially 
available polymer system for bonding FRP to FRP With 
proven properties. It Would be readily apparent for one of 
ordinary skill in the art to select and use the appropriate 
adhesive bonding system. 

[0036] The preferred embodiment of the component 100 
also comprises tWo top mechanical interlocking stubs 
104a-b and tWo bottom mechanical interlocking stubs 
106a-b to provide a reserve transfer shear strength and to 
facilitate the ?eld installation of the components 100. The 
top mechanical interlocking stubs 104a-b and the bottom 
mechanical interlocking stubs 106a-b are described in 
greater detail beloW. 

[0037] The component 100 of the present invention is 
described With this cellular structure for convenience pur 
pose only. It Would be readily apparent to one of ordinary 
skill in the art to design and manufacture a component 100 
using a different overall shape from the stiffened trapeZoidal 
shape, comprised of a different number of cells, and the cells 
having a different cell shape While maintaining the offset 
from ninety (90) degrees betWeen adjacent cell sides. For 
example, an alternative embodiment of a component 100 
may comprise one or more cells, each cell being trapeZoidal 
in shape. The number and shape of the cells of a component 
100 is determined according to the needed dimensions of the 
?nal composite structural panel, the installation equipment, 
and the fabrication constraints. It Would be readily apparent 
to one of ordinary skill in the art to determine the number of 
cells and the cell shape of a component 100 for a particular 
application of a component of the present invention. 

[0038] In the preferred embodiment, the component 100 
of the present invention is made of a plurality of commer 
cially available ?ber layers in the form of rovings, unidi 
rectional rovings, multi-axial fabrics, Woven cloth and 
chopped or continuous strand mats. The resin matrix holding 
the ?ber layers together is a commercially available poly 
ester, vinyl ester, epoxy or phenolic resin. It Would be readily 
apparent to one or ordinary skill in the relevant art to design 
and manufacture a component 100 composite ?ber archi 
tecture suitable for a particular application. 

[0039] FIG. 2 illustrates a plurality of FRP composite 
component 100 joined together, thereby forming a FRP 
composite structural panel 200. FIG. 2 shoWs three com 
ponents 202, 204, 206 joined together, Wherein each pair of 
components 202, 204 and 204, 206 are joined by the same 
shear key method. The joining of tWo components 202, 204 
Will be discussed in greater detail beloW as an illustration of 
joining any tWo components 100 of the present invention. It 
Would be readily apparent to one of ordinary skill in the art 
to join together any number of components 100 to reach a 
FRP composite structural panel of any siZe. 
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[0040] As discussed above, When joining a ?rst compo 
nent 202 to a second component 204, one of the components 
202, 204 is inverted thereby creating a joining or interlock 
ing shear key system and an extensive bonding surface 208 
With the ?rst edge side 210 of the ?rst component 202 and 
the second edge side 212 of the second component 204 When 
the tWo components 202, 204 are bonded together With 
adhesive. In addition to the adhesive, the ?rst component 
202 and the second component 204 are mechanically joined 
in the preferred embodiment. More speci?cally, the top 
mechanical interlocking stub 214 of the ?rst component 202 
is connected to the bottom mechanical interlocking stub 216 
of the second component 202 via a ?rst fastener, a doWel or 
an exterior interlocking channel 222, and the bottom 
mechanical interlocking stub 218 of the ?rst component 202 
is connected to the top mechanical interlocking stub 220 of 
the second component 202 via a second fastener, a second 
doWel or an exterior interlocking channel 224. The fasteners, 
doWels or exterior interlocking channels 222, 224 comprise 
nuts and bolts, a piece of metal slipped over the mechanical 
interlocking stubs, an exterior channel clamping the 
mechanical interlocking stubs or comparable means for 
securing a top mechanical interlocking connection 214 With 
a bottom mechanical interlocking connection 216. 

[0041] Once a FRP composite structural panel system 200 
is assembled using one or more components 100, one or 
more exterior FRP composite laminates, grids, plates or 
fabrics can be bonded continuously to the top face or to the 
top face and the bottom face of the FRP composite panel 
system 200 to increase strength and stiffness. Once a FRP 
composite structural panel 200 is assembled using one or 
more components 100, one or more exterior layers can be 
overlaid on top of the FRP composite panel system 200. 
Example exterior layers include concrete, polymer concrete, 
asphalt, dryWall, paneling, sheet metal, grating, or the like, 
depending on the speci?c application of the FRP composite 
structural panel 200. It Would be readily apparent to one of 
ordinary skill in the relevant art to add an exterior layer or 
overlay on top of the FRP composite structural panels 200. 

[0042] b. Structure of FRP Composite Deck System 
[0043] FIG. 3 illustrates a double trapeZoidal component 
302 and a hexagonal component 304 of a FRP composite 
deck system of the present invention. The FRP composite 
deck system of the present invention is a speci?c application 
of the FRP composite structural panel 200 described above 
Wherein the cell shape is not uniform throughout a panel, but 
comprises tWo separate shapes, a composite double trap 
eZoidal component 302 and a composite hexagonal compo 
nent 304, Which are designed especially for deck con?gu 
rations, e.g., highWay bridges. The hexagonal component 
304 acts as a “key”, or a key component, for joining tWo 
double trapeZoidal components 302. Therefore, the double 
trapeZoidal components 302 acts as receiving components 
for the hexagonal component 304. 

[0044] The FRP composite deck system of the present 
invention is described in terms of a hexagonal component 
304 and a double trapeZoidal component 302 for conve 
nience purpose only. It Would be readily apparent to one of 
ordinary skill in the relevant arts to design and implement a 
key component and a receiving component using different 
shapes. 
[0045] The double trapeZoidal component 302 comprises 
a top side 306, a bottom side 308, a ?rst trapeZoid 310 
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having a ?rst top 316 and a ?rst bottom 318, and a second 
trapezoid 312 having a second top 318 and a second bottom 
320, Wherein the ?rst trapezoid 310 and the second trapezoid 
312 are of equal dimensions. In addition, the ?rst trapezoid 
310 and the second trapezoid 312 are arranged such that the 
?rst top 316 is adjacent to the second top 318, thereby 
creating a center seam 322. Further, the ?rst bottom 314 is 
incorporated into the top side 306 and the second bottom 320 
is incorporated into the bottom side 308. An extensive 
bonding surface 324 is located on the side of the double 
trapezoidal component 302. Also, the extension of the top 
side 306 and the bottom side 308 beyond the ?rst trapezoid 
310 and the second trapezoid 312 are for convenience 
purpose only. An alternative embodiment of the present 
invention, the top side 306 and the bottom side 308 may not 
have such an extension. 

[0046] The hexagonal component 304 is a pure hexagon 
Wherein all sides are of equal length and a hexagonal space 
326 is created. The hexagonal component 304 is sized such 
that it ?ts Within the extensive bonding surface 324 of the 
double trapezoidal component 302 as shoWn in FIG. 4. 

[0047] Similar to the FRP composite panel component 100 
described above, an important feature of the double trap 
ezoidal component 302 and the hexagonal component 304 is 
that each component has tWo adjacent sides that intersect at 
an angle offset from ninety (90) degrees. For example, 
regarding the double trapezoidal component 302, tWo sides 
intersect at obtuse angles and tWo sides intersect at acute 
angles. Regarding the hexagonal component 304, each side 
intersects With its neighboring side at an obtuse angle. Also 
similar to the FRP composite panel component 100 
described above, the occurrence of such obtuse angles 
results in an interlocking shear key system With an extensive 
bonding surface 324 betWeen the double trapezoidal com 
ponent 302 and the hexagonal component 304. In the 
preferred embodiment, the internal angles of the hexagonal 
component 304 is 136 degrees, hoWever, this angle is for 
convenience purpose only. It Would be readily apparent to 
one of ordinary skill in the art to use a comparable angle. 

[0048] The double trapezoidal component 302 and the 
hexagonal component 304 comprise an optimum ?ber archi 
tecture made of multi-axial fabrics, continuous strand rov 
ings, Woven cloth and chopped or continuous strand mats. 
The ?ber content is selected to attain high strength and 
stiffness properties With good ?ber Wet-out. The present 
invention uses different ?ber types according to a speci?c 
application. In the preferred embodiment, the ?ber types are 
carbon, glass, and aramid Which are typically used for heavy 
load applications, and the natural ?ber type, jute, is used for 
loWer load applications. In addition, ?ber reinforcement can 
be made of one type of ?bers or by a suitable combination 
of ?ber 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 ?ber types and ?ber architecture for the 
deck system of the present invention and according to a 
speci?c decking application. 

[0049] Also in the preferred embodiment, the resin matrix 
holding the fabric layers together is determined by the 
speci?c 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 
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polyester resin is used for buildings and other internal 
Wall/?ooring structures. Phenolic resin is used for applica 
tions With strict ?re speci?cations. Fire retardant additives, 
ultra violet inhibitors, as Well as other additives and ?llers 
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 speci?c application of the FRP 
composite deck system. 

[0050] In an alternative embodiment, the ?rst trapezoid 
310, the second trapezoid 312 and the hexagonal component 
304 are internally ?lled With a ?lling 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 appropriate ?lling material and ?ll the double 
trapezoidal component 302 and the hexagonal component 
304. 

[0051] 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. 

[0052] FIG. 5 illustrates a plurality of double trapezoidal 
components 302 joined With a plurality of hexagonal com 
ponents 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. 

[0053] FIG. 6 illustrates tWo FRP composite deck mod 
ules 500a, 500b supported on tWo beams 602, 604. In 
operation on a highWay or bridge, the FRP composite deck 
modules 500a, 500b can be placed traversal or parallel to the 
automobile traf?c direction. The use of beams 602, 604 are 
optional and are required only if the speci?c application of 
the FRP composite deck modules 500a, 500b 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 com 
posite or comparable support, beams and to space the beams 
at other distances. 

[0054] 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 
embodiment of the present invention places a suitable over 
lay 702, or Wearing surface, e.g., concrete, asphalt, thin 
polymer concrete, or bonded grid anti-skid surface, on top of 
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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 systems. 

[0055] Alternatively, the overlay 702 may be made of 
asphalt concrete or Portland cement concrete With appropri 
ate additives or modi?ers. 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 continuously to the top side. 

[0056] 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. 

[0057] c. Fabrication of FRP Composite Panel Compo 
nents and Deck Modules 

[0058] 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 ?ber architecture having a plurality of layers 
of multi-axial ?ber reinforcement in a polymeric resin 
matrix. A speci?c ?ber 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 ?ber 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 ?ber architecture for a FRP composite component 100 
and FRP composite deck module 500 of the present inven 
tion to handle a speci?c application. 

[0059] In the preferred embodiment, the FRP composite 
components 100 and deck modules 500 are fabricated by 
pultrusion. Pultrusion is a continuous process for making a 
lineal composite pro?le With a constant cross section. The 
advantages 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. 

[0060] Pultrusion is Well knoWn in the relevant art, hoW 
ever conventional uses of pultrusion involve only light 
Weight 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 continuously throughout the entire cells 102a-c 
of the FRP composite component 100 and throughout the 
entire double 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. 

[0061] The conventional pultruded panels have been rein 
forced With unidirectional continuous rovings (a group of 
untWisted parallel strands). Although, continuous or 
chopped strand mats (CSM) are used in the conventional 
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pultruded panels to provide a minimum transverse reinforce 
ment, these conventional panels typically lack in transverse 
?ber reinforcement to provide continuity betWeen the sides 
of the cells that comprise the panels. 

[0062] In the preferred embodiment for heavy duty high 
Way 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 Technolo 
gies, Inc. The triaxial fabric Weighs 1356 g/m2 (40 
oZ/sq.yd.). The pro?les Were also reinforced in the axial 
direction With Type 30 (R) continuous roving from OWens 
Corning. This use of heavy stitch fabric has ef?ciently 
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. 

[0063] The double trapeZoidal components 302 and the 
hexagonal components 304 are bonded along the extensive 
bonding surface 324 using an adhesive that satis?es the 
folloWing properties: good elongation, high peel and energy 
absorbing properties, fatigue resistance, environmental 
resistance (humidity, salt spray, —20 F. to 140 F. tempera 
tures), Working time of at least 30 minutes, minimum 
surface preparation, acceptance of variable bond line thick 
ness (30-120 mils), good gap ?lling capabilities (to com 
pensate fabrication tolerances), and ease of application for 
?eld conditions. Based on the foregoing, the preferred 
adhesive for heavy load, highWay applications is tWo part 
urethane, PLIOGRIP 6600 from Ashland Chemicals. 

[0064] 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 corresponds to a bridge Width. 

[0065] The preferred embodiment of the FRP composite 
deck module 500 are described in these terms for conve 
nience purpose only. It Would be readily apparent for one of 
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. 

[0066] 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 (SCRIMPTM). VARTM is 
Well knoWn in the relevant art and can be used to fabricate 
large deck panels With minimum tooling. 

[0067] The ?ber architecture of the FRP deck system 
fabricated by VARTM is made of bi-, tri-, and quadri-axial 
fabrics, designed to develop ?ber continuity betWeen all of 
the sides of the double trapeZoid component 302, e.g., the 
top side 306 and the sides of the ?rst trapeZoid 310, and to 
provide adequate ?ber reinforcement along main stress 
paths. In the preferred embodiment for heavy duty systems, 
the fabric architecture of the top side 306 and the bottom 
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side 308 of a double trapezoid component 302 comprise the 
following layers: 2 plies QM6408 (Warp in x), 2 plies 
CMSOOS (Warp in y), 3 plies QM6408 (Warp in x), and 2 
plies CMSOOS (Warp in y). The ?rst trapezoid 310, second 
trapeZoid 312, and the hexagonal component 304 comprise 
layers of 2 plies QM5608 (Warp in y). Further, the center 
seam 322 comprises layers of 2 plies TVM3408 (Warp in y). 
The different ?ber architecture is used in the double trap 
eZoidal component 302 and the hexagonal component 304 
according to the different performance requirements of each 
component. Multi-axial fabrics are Well knoWn in the rel 
evant art and are commercially available. In addition, ?ber 
material, such as glass, carbon, and aramid, are also Well 
knoWn and are typically used for heavy duty loads, Whereas 
the natural ?ber, jute, is Well knoWn in the art and is typically 
used for smaller load applications. 

[0068] d. Field Installation of FRP Composite Deck Sys 
tem 

[0069] 1. Laurel Lick Bridge 

[0070] Laurel Lick Bridge, located in LeWis County, W. 
Va., 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 ?ange pultruded beams. 
Therefore, the ?nal 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 ?ange pultruded column/piles 
(12“><12“><0.5“) and multi-cellular panels With a reinforced 
concrete cap beam. 

[0071] The FRP composite deck modules 500 are placed 
transversely to traf?c direction and are supported by longi 
tudinal beams. The FRP composite deck modules 500 are 
eight (8) inches in depth Which is the average thickness of 
concrete decks. The enhanced ?ber architecture of the FRP 
composite deck modules 500 incorporates E-glass ?bers in 
the form of multi-axial stitched fabrics, continuous rovings, 
continuous strand mats and chopped strand mats. The matrix 
for binding the ?ber layers together is a vinyl ester resin With 
good Weatherability and resistance to harsh environments. 

[0072] The FRP composite deck modules 500 are joined 
through a shear key system that provides mechanical inter 
lock and an extensive bonding surface 324. High perfor 
mance polyurethane 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. 

[0073] The FRP composite deck modules 500 are con 
nected to the support beams using an adhesive and engi 
neered 2 inch 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 con 
crete is applied by the broom and seed, or broadcast, 
method. The thickness of the polymer concrete overlay is 
approximately 3/8 inch. The polymer concrete binder is 
isophthalic unsaturated polyester resin. 

[0074] 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 
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good fatigue resistance. The FRP composite deck modules 
500 and the ?ber architecture Were designed to provide 
optimal structural performance for highWay bridge loads and 
fabricated by pultrusion. 

[0075] 2. WickWire Run Bridge 

[0076] The WickWire Run Bridge, located in Taylor 
County, W. Va., 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 ?ange steel beams. The length of the neW 
bridge is tWenty (30) feet and the Width is sixteen (21.7) feet. 

[0077] 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 
connection 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 engi 
neered 2 inch blind bolts (BOM from Huck International, 
Inc.) and bonded With an adhesive. Composite edge caps 
made of ?at sheets and angles Were used to close the cells 
on both sides of the deck. Finally, the FRP composite deck 
modules Were connected to expansion dams on the abut 
ments. 

Conclusion 

[0078] While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by the Way of example only, and 
not limitation. 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 de?ned in the appended claims. Thus, the 
breadth and scope of the present invention should not be 
limited by any of the above-described exemplary embodi 
ments, but should be de?ned in accordance With the folloW 
ing claims and their equivalents. 

What is claimed is: 
1. A ?ber reinforced polymer (FRP) composite deck 

hexagonal component, comprising: a hexagonal cell having 
a hexagonal space, made of multiple layers of multi-axial 
?ber reinforcement and a resin matrix, said layers being 
continuous throughout the entire shape of said hexagonal 
cell. 

2. The FRP composite deck hexagonal component accord 
ing to claim 1, Wherein each side of said hexagonal cell is 
equal in length. 

3. A ?ber reinforced polymer (FRP) composite double 
trapeZoidal component, comprising: 

a top side; 

a bottom side; 

a ?rst trapeZoid having a ?rst top and a ?rst bottom; and 

a second trapeZoid having a second top and a second 
bottom; 

Wherein said ?rst trapeZoid is inverted such that said ?rst 
top of said ?rst trapeZoid is adjacent to said second top 
of said second trapeZoid, thereby creating a center seam 
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and an extensive bonding surface, and made of multiple 
layers of multi-axial ?ber reinforcement and a resin 
matrix, said layers being continuous throughout the 
entire shape of said double trapezoidal component. 

4. The FRP composite double trapeZoidal component 
according to claim 3, Wherein said ?rst trapeZoid and said 
second trapeZoid are of equal dimensions. 

5. The FRP composite double trapeZoidal component 
according to claim 4, Wherein said ?rst trapeZoid and said 
second trapeZoid are of said equal dimensions that a hex 
agonal component ?ts Within said extensive bonding sur 
face. 

6. The FRP composite double trapeZoidal component 
according to claim 3, Wherein said ?rst bottom of said ?rst 
trapeZoid is incorporated into said top side and said second 
bottom of said second trapeZoid is incorporated into said 
bottom side. 

7. The FRP composite double trapeZoidal component 
according to claim 3, Wherein said top side extends beyond 
said ?rst bottom of said ?rst trapeZoid. 

8. The FRP composite double trapeZoidal component 
according to claim 3, Wherein said bottom side extends 
beyond said second bottom of said second trapeZoid. 

9. A modular ?ber reinforced polymer (FRP) composite 
deck module, comprising: 

one or more composite hexagonal components, each 
hexagonal component being a hexagonal cell having a 
hexagonal space, made of multiple layers of multi-axial 
?ber reinforcement and a resin matrix, said layers being 
continuous throughout the entire shape of said hexago 
nal cell; 

one or more composite double trapeZoidal components, 
each said composite double trapeZoidal component 
comprising a top side; a bottom side; a ?rst trapeZoid 
having a ?rst top and a ?rst bottom; and a second 
trapeZoid having a second top and a second bottom; 
Wherein said ?rst trapeZoid is inverted such that said 
?rst top of said ?rst trapeZoid is adjacent to said second 
top of said second trapeZoid, thereby creating a center 
seam and an extensive bonding surface, and made of 
multiple layers of multi-axial ?ber reinforcement and a 
resin matrix, said layers being continuous throughout 
the entire shape of said composite double trapeZoid 
component; and 

a means for interlocking one said composite hexagonal 
component and one said composite double-trapeZoidal 
component, Wherein said composite hexagonal compo 
nent ?ts Within said extensive bonding surface of said 
composite double trapeZoid component. 

10. The modular FRP composite deck module according 
to claim 9, Wherein each side of said composite hexagonal 
component is equal in length. 

11. The modular FRP composite deck module according 
to claim 10, Wherein said ?rst trapeZoid and said second 
trapeZoid are of equal dimensions. 

12. The modular FRP composite deck module according 
to claim 9, Wherein said composite hexagonal components 
and said composite double-trapeZoidal components are 
manufactured by Vacuum Assisted Resin Transfer Molding. 

13. The modular FRP composite deck module according 
to claim 9, Wherein said composite hexagonal components 
and said composite double-trapeZoidal components are 
manufactured by the pultrusion process. 
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14. The modular FRP composite deck module according 
to claim 9, Wherein said means for interlocking comprises an 
adhesive bond along said extensive bonding surface. 

15. The modular FRP composite deck module according 
to claim 9, Wherein said means for interlocking is a mechani 
cal fastener. 

16. The modular FRP composite deck module according 
to claim 15, Wherein said mechanical fastener is selected 
from a bolt With a nut, a threaded stud, a doWel, and an 
exterior interlocking and clamping channel. 

17. The modular FRP composite deck module according 
to claim 9, further comprising a ?ller in said hexagonal 
space, said ?rst trapeZoid, or said second trapeZoid. 

18. The modular FRP composite deck module according 
to claim 17, Wherein said ?ller is selected from the group of 
thermal insulation, noise reduction insulation, and strength 
enhancement. 

19. The modular FRP composite deck module according 
to claim 9, further comprising an overlay placed over said 
top side of each said composite double trapeZoidal compo 
nent, thereby resulting in a uniform Wearing surface. 

20. The modular FRP composite deck module according 
to claim 19, Wherein said overlay is selected from the group 
of concrete, asphalt, polymer concrete, and bonded grid 
anti-skid surface. 

21. The modular FRP composite deck module according 
to claim 9, further comprising one or more exterior FRP 
composite laminates, grids, plates or fabrics bonded con 
tinuously to said top side. 

22. The FRP composite double trapeZoidal component 
according to claim 9, Wherein said ?rst bottom of said ?rst 
trapeZoid is incorporated into said top side and said second 
bottom of said second trapeZoid is incorporated into said 
bottom side. 

23. The FRP composite double trapeZoidal component 
according to claim 9, Wherein said top side extends beyond 
said ?rst bottom of said ?rst trapeZoid. 

24. The FRP composite double trapeZoidal component 
according to claim 9, Wherein a said composite hexagonal 
component and a said composite double trapeZoidal com 
ponent are integrated into a single modular FRP composite 
deck module. 

25. A modular ?ber reinforced polymer (FRP) composite 
deck module, comprising: 

a composite cellular key component de?ning an enclosed 
shape, made of multiple layers of multi-axial ?ber 
reinforcement and a resin matrix, said layers being 
continuous throughout the entire shape of said com 
posite cellular key component; 

a composite cellular receiving component having a top 
side, a bottom side, and an extensive bonding surface, 
made of multiple layers of multi-axial ?ber reinforce 
ment and a resin matrix, said layers being continuous 
throughout the entire shape of said composite cellular 
receiving component; and 

a means for interlocking said composite cellular key 
component With said composite cellular receiving com 
ponent, 

26. The modular FRP composite deck module according 
to claim 25, Wherein said means for interlocking comprises 
an adhesive bond along said extensive bonding surface. 
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27. The modular FRP composite deck module according 
to claim 25, Wherein said means for interlocking is a 
mechanical fastener. 

28. The modular FRP composite deck module according 
to claim 25, further comprising a ?ller in said composite 
cellular key component or said composite cellular receiving 
component. 

29. The modular FRP composite deck module according 
to claim 25, further comprising an overlay placed over said 
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top side of said composite cellular receiving component, 
thereby resulting in a uniform Wearing surface. 

30. The modular FRP composite deck module according 
to claim 25, further comprising one or more eXterior FRP 

composite laminates, grids, plates or fabrics bonded con 
tinuously to said top side. 


