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MODULAR FIBER REINFORCED PLASTIC 
ENCLOSED BRIDGE 

This application claims the benefit of U.S. Provisional 
No. 60/039,759 filed Mar. 3, 1997. 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured and 
used by or for the Government of the United States for all 
governmental purposes without the payment of any royalty. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to structure and 
manufacture of modular bridges, and more particularly to 
modular bridge Structures comprising fiber reinforced plas 
tic (FRP) composite. 

Conventional pedestrian bridges have typically been fab 
ricated of Steel, concrete, and wood. Some composite bridge 
Structures have been proposed but use truss designs in which 
pultruded composite members are linked together So that 
each member takes compression or tension similarly to 
comparable Steel construction. Certain composite vehicular 
bridge Structures utilize non-winding fabrication techniques, 
each Structure consisting of many individual parts all 
adhered or fastened together, which is very labor intensive 
during the fabrication phase. One Such Structure requires that 
truss-built Sides be transported to the site and connected with 
composite members that comprise the floor deck. The bridge 
is built on Site using Standard assembly techniques, which 
may be Satisfactory for Standard building materials, but is 
marginal for composites. Because the Structures can be 
fabricated only in part at a factory and must be assembled at 
the bridge site, substantial disruption of traffic flow may 
result. Assembly techniques for the structures use mechani 
cal fasteners which create points of StreSS concentration. 

The invention described herein solves or substantially 
reduces in critical importance problems with previously 
existing bridge Structures and fabrication methods by pro 
viding an enclosed FRP composite bridge structure that 
exploits the high specific strength and stiffness of FRP 
materials, has low fabrication costs, omits nonstructural wall 
and roof members that add unnecessary weight, has a 
minimum number of mechanical fasteners and fewer Sites 
for structural failure, is fabricated in modules with various 
croSS Sectional configurations, can be factory fabricated and 
assembled, thereby avoiding site weather conditions that 
hamper installation or compromise tolerances, and can be 
transported to the Site completely assembled or in modules 
and installed with minimal disruption of traffic flow. 

It is therefore a principal object of the invention to provide 
an FRP bridge structure and fabrication method. 

It is a further object of the invention to provide an 
inexpensive, Strong, lightweight and corrosion resistant 
bridge Structure. 

It is yet another object of the invention to provide an FRP 
bridge Structure that can be fabricated in modular form and 
assembled to a desired length. 

It is another object of the invention to provide a factory 
fabricated and assembled bridge Structure for installation at 
a bridge site with minimal interruption of traffic flow. 

It is yet another object of the invention to provide a bridge 
Structure requiring Substantially lower maintenance during 
bridge lifetime as compared to previously existing bridge 
StructureS. 

These and other objects of the invention will become 
apparent as a detailed description of representative embodi 
ments proceeds. 
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2 
SUMMARY OF THE INVENTION 

In accordance with the foregoing principles and objects of 
the invention, a method for fabricating a fiber reinforced 
composite bridge module is described which in one pre 
ferred embodiment includes the Steps of Selecting a croSS 
Sectional shape for the bridge module defined by an outer 
Substantially tubular shell having a top side and a bottom 
Side, and a floor deck near the bottom Side and at least one 
keel beam beneath the floor deck and extending lengthwise 
of the outer shell, the outer shell, floor deck and keel beams 
defining a plurality of passageways along the length of the 
module, winding fiber and impregnating material on man 
drels in a plurality tubular Sections defining the plurality of 
passageways, joining the plurality of tubular Sections in 
Side-by-side relationship in an assembly Substantially defin 
ing in croSS Section the croSS-Sectional shape of the module, 
winding fiber and impregnating material around the assem 
bly to a preselected thickness for the outer shell, and curing 
the fiber and impregnating material. 

DESCRIPTION OF THE DRAWINGS 

FIGS. 1a–1e show representative cross sections of bridge 
structures illustrative of the invention; 

FIG. 2 shows the representative bridge cross section of 
FIG. 1e in illustration of typical fabrication steps for bridge 
Structures according to the invention; 

FIGS. 3a and 3b show two representative joint configu 
rations for the FIG 1a-e structures; 

FIG. 4 shows a side view in section of a bridge of the 
invention with representative transitioning Structure to 
buildings, and 

FIGS. 5a and 5b illustrate in cross-section two represen 
tative column Support and Saddle Structures for anchoring a 
representative bridge of the invention. 

DETAILED DESCRIPTION 

Referring now to the drawings, FIGS. 1a-e show repre 
Sentative croSS Sections of Substantially axisymmetric bridge 
structures 11, 13, 15, 17, 19 illustrative of the invention. 
FIG. 2 shows the representative bridge cross section of FIG. 
1e in illustration of typical fabrication Steps for bridge 
Structures according to the invention. AS Suggested in FIGS. 
1a–1e, the croSS Section of the bridge Structure may be 
substantially round or oval in shape (FIGS. 1a, 1d) or 
rectangular in shape (FIGS. 1b, 1e), or a combined shape 
(FIG. 1c). A bridge structure of the invention may have any 
Suitable croSS Section, the invention not considered limited 
by the representative shapes shown in FIGS. 1a-1e, 
although the Selected shape should be amenable to fabrica 
tion by winding methods appropriate for composite fabri 
cation Suggested below. The Structures may have diameters 
or widths in the range of about 8 to 15 feet, and may be 
fabricated in modular sections of lengths limited only by the 
fabrication method and winding facility used for fabrication. 
Typical maximum modular lengths may be 60 to 70 feet. As 
is discussed in more detail below in relation to Suggested 
fabrication and assembly methods, multiple modular Sec 
tions may be joined together to achieve a longer span. 

Referring now specifically to FIG. 2, the structures of the 
invention may preferably comprise an outer Substantially 
tubular shaped modular shell 21, a floor deck 22, and one or 
more keel beams 23 extending lengthwise of structure 19. 
Keel beams 23 lend Substantial lengthwise (axial) bending 
and buckling strength to structure 19. A ceiling panel (not 
shown in FIG. 2, but see, e.g., FIGS. 1a, 1c, 1d) may also 
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be included if desired. The channels 24 extending length 
wise of structure 19 thus defined by the lower side of outer 
shell 21, deck 22 and beams 23 may be conveniently used 
to enclose heating, electrical, ventilation and air condition 
ing and other utilities. Likewise, the Space above any ceiling 
panel may be used to enclose lighting, electrical or other 
Services. The Space in the ceiling area as well as the Space 
defined by deck 22 and the lower portion of outer shell 21 
may be filled with rigid foam, honeycomb, or balsa wood 
material to enhance rigidity to the deck and ceiling should 
heating and electrical utilities not be required. Handrails 25 
may be attached to the interior of structure 19 using 
mechanical fastenerS or adhesives. 

Structure 19 may be fabricated utilizing filament winding 
or tow placement (the term “winding herein refers to 
filament winding, tow placement or other method that yields 
an enclosed shape). FIG. 2 shows Schematically a System for 
filament winding a structure such as structure 19. The 
System includes filament winding machine 27, a Source 28 
of filament or tow, and means 29 for applying impregnating 
material 30 to the filament or tow. In the winding operation, 
structure 19 may be wound on a suitable mandrel compris 
ing an element of winding machine 27 at Selected filament 
winding Speed and winding angle relative to the axial 
direction of structure 19 by drawing filament or tow 32 from 
Source 28 through impregnating material 30 and onto the 
wound Structure on the mandrel. In filament winding, the 
fiber and/or towS are held under constant tangential tension 
during winding. In tow placement, the towS are applied 
under radial pressure, resulting in tight material consolida 
tion. The resulting wound structure 19 may then be cured, 
and necessary finishing operations performed on the Struc 
ture. 

It is noted that the wound structure (such as 19) may be 
fabricated in alternative ways. First, outer modular shell 21 
may be wound to any desired finished thickneSS consistent 
with anticipated load levels to be carried by the bridge. Floor 
deck 22 and keel beams 23 are attached within shell 21 by 
mechanical or adhesive means. Alternatively, the Structure 
may be fabricated by winding the Structure in Sections and 
assembling the Sections to form the finished Structure. In this 
procedure, a number of Separate Sections defined by, for 
example, Outer shell 21 and deck 22, and Sections defined by 
deck 22, the lower Surface of shell 21 and keel beams 23 
may be separately wound to partial finished thickness, 
assembled together by mechanical or adhesive means, and 
the assembly wound to finished thickness as Suggested in 
FIG. 2. In either structure, the resulting skin could either be 
monolithic FRP or a sandwich of FRP and core material. 

Typical filament materials include carbon, graphite, 
boron, KEVLAR (an aromatic polyamide), glass, aluminum 
or others as would occur to the skilled artisan practicing the 
invention. The filaments may be impregnated with Suitable 
materials. Such as any thermosetting polymers, thermoplastic 
polymers, polyimide materials or combinations thereof to 
form the desired FRP. The structure may be made substan 
tially fire retardant by using glass, carbon or graphite fibers 
in phenolic polyimide or furan impregnating material, or 
other combinations as would occur to the skilled artisan 
guided by these teachings. Structural rigidity could be 
enhanced through the use of Sandwich core material Such as 
aluminum or polymeric honeycomb, polymeric foams, car 
bon foams, plywood or balsa wood. 

Other composite fabrication methods may be applicable 
to the invention as would occur to the skilled artisan guided 
by these teachings, Such as hand lay-up, pultrusion and 
vacuum assisted resin transfer molding (VARTM). Hand 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
lay-up involves the placement of resin impregnated fabric or 
unidirectional tape onto a mold or tool, followed by heat 
treatment under preSSure of the tool and plies of fabric to 
cure the FRP. In the pultrusion method, tows of fibers are 
pulled through a heated die of the desired product shape. In 
the VARTM method, dry fabric or fibers are placed onto a 
mold, the whole System is enclosed in a Sealed bag, and a 
Vacuum is pulled on the bagged part while resin is infused 
into the fibers or fabric of the part. 
Windows may be incorporated into the bridge structure by 

cutting openings in the wound structure and attaching 
frames in the openings to transfer load and hold the windows 
in place, or by winding the Structure around Specially 
configured blank tooling inserts to define window openings 
and then attaching frames to hold the windows in place, or 
by using window material as the inserts and integrally 
winding the window into the Structure. Load requirements 
on the finished Structure primarily control the filament 
winding angle and the resulting window size, shape and 
placement. 

Thermal insulation may be incorporated into the Structure 
by applying a foam, honeycomb or other rigid insulative 
material during the winding process to produce a multi 
layered Structure of winding and insulation. The interior 
walls of the structure may be coated with a fire retardant 
material or the Structure may be wound using fire retardant 
FRP. 

FIGS. 3a and 3b illustrate two ways of joining modules. 
One end of a module 31 may be inserted into a flared end 32 
of an axially adjacent module 33, or a prefabricated coupling 
36 may be slipped over the ends of two abutting modules 
37.38. Both methods provide a strong stable joint when 
adhesive is applied to the joint region before connection. 
The distance coupling 36 over laps each module 37,38 is 
preferably at least one-half the diameter of each module. The 
distance the flared end 32 should slip over module 31 is 
preferably at least one-half the diameter of module 31. 

Multiple modules can be joined at the Site by placing the 
modules and couplings in-line with each other, applying 
adhesive to the inside of the couplings, and then sliding the 
modules and coupling together. 

Referring now to FIG. 4, a collar coupling 41 or flexible 
bellows coupling 43 may be used to transition between 
buildings and a modular bridge structure 45 and suitable 
Supports Such as columns 47 may be used to provide any 
needed support between the ends of structure 45. In the case 
of use of collar coupling 41, first inserted onto Structure 45, 
and, once the module (structure 45) is in place, the collar is 
Slid against the building or through the building opening for 
permanent Sealing attachment utilizing attachment means 
well known in the building art. Sealants may be used to 
create a water tight coupling at the collar module end while 
not inhibiting expansion movements. 

FIGS. 5a and 5b show representative module Support 
arrangements for a bridge Structure of the invention. Struc 
tures 51.52 are supported in respective saddles 53.54 on one 
or more columns 55.56. As suggested in FIG. 5b, saddle 54 
may be an integral part of structure 52. As shown in FIG.5a, 
an optional Strap 57 may be used to Secure the Structure on 
the saddle. Saddles 53.54 and columns 55.56 may be con 
figured conventionally using Suitable material (Such as 
wood, concrete, FRP, or metal) Selected to accommodate the 
bridge load and design and Site peculiarities. 

The invention therefore provides a fiber reinforced plastic 
bridge Structure and fabrication method. It is understood that 
modifications to the invention may be made as might occur 
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to one with skill in the field of the invention within the scope 
of the appended claims. All embodiments contemplated 
hereunder that achieve the objects of the invention have 
therefore not been shown in complete detail. Other embodi 
ments may be developed without departing from the Spirit of 
the invention or from the Scope of the appended claims. 

I claim: 
1. A method for fabricating a fiber reinforced composite 

bridge module, comprising the Steps of: 
(a) providing a Source of fiber and a Source of impreg 

nating material; 
(b) selecting a cross-sectional shape for the bridge module 

defined by an outer substantially tubular shaped shell 
having a top side and a bottom Side, and a floor deck 
near Said bottom Side, Said outer shell and floor deck 
defining a plurality of passageways along the length of 
Said module; 

(c) winding on mandrels said fiber and impregnating 
material in a plurality tubular Sections defining Said 
plurality of passageways, 

(d) joining said plurality of tubular sections in Side-by 
Side relationship in an assembly Substantially defining 
a croSS Section Said cross-sectional shape of Said mod 
ule, 

(e) winding said fiber and impregnating material around 
Said assembly to a preselected thickness of Said outer 
shell; and 

(f) curing said fiber and impregnating material. 
2. The method of claim 1 wherein said module has a width 

up to about fifteen feet and a length of up to about Seventy 
feet. 

3. The method of claim 1 wherein said fiber comprises a 
material Selected from the group consisting of carbon, 
graphite, boron, an aromatic polyamide, glass, and alumi 
U. 

4. The method of claim 1 wherein Said impregnating 
material is Selected from the group consisting of thermoset 
ting polymers, thermoplastic polymers, and polyimide mate 
rial. 
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5. The method of claim 1 wherein Said impregnating 

material is phenolic polyimide or furan. 
6. The method of claim 1 further comprising the step of 

incorporating thermal insulation into Said outer shell during 
the Step of winding Said fiber and impregnating material 
around Said assembly to produce a multi-layered Structure of 
winding and insulation in Said outer shell. 

7. A method for fabricating a fiber reinforced composite 
bridge module, comprising the Steps of: 

(a) providing a Source of fiber and a Source of impreg 
nating material; 

(b) selecting a cross-sectional shape for the bridge module 
defined by an outer substantially tubular shaped shell 
having a top Side and a bottom Side, and a floor deck 
near Said bottom Side; 

(c) winding said fiber and impregnating material to sepa 
rately form Said outer shell and Said floor deck, 

(d) curing said fiber and impregnating material in each of 
Said outer shell and floor deck, and 

(e) joining said outer shell and floor deck in an assembly 
defining in croSS Section Said cross-sectional shape of 
Said module. 

8. The method of claim 7 wherein said module has a width 
up to about fifteen feet and a length of up to about Seventy 
feet. 

9. The method of claim 7 wherein said fiber comprises a 
material Selected from the group consisting of carbon, 
graphite, boron, an aromatic polyamide, glass, and alumi 
U. 

10. The method of claim 7 wherein said impregnating 
material is a thermosetting resin. 

11. The method of claim 7 wherein said impregnating 
material is phenolic polyimide or furan. 

12. The method of claim 7 further comprising the step of 
incorporating thermal insulation into Said outer shell during 
the Step of winding Said fiber and impregnating material to 
form Said outer Shell to produce a multi-layered Structure of 
winding and insulation in Said outer shell. 
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