
he Texas Department of
Transportation (TxDOT)
decided to investigate the feasi-
bility of using fiber-reinforced
polymer (FRP) composite

materials for new highway structures.
Primary FRP structural beams for short
span bridges near the Gulf Coast were
identified as a promising application.
These bridges span bayous, drainage
ditches, and salt water inlets. The instal-
lations are subject to severe corrosion
attack due to factors such as high
humidity, salt air, salt and brackish
water, and poor drainage. Steel, timber,
and concrete have all exhibited corro-
sion induced degradation in this envi-
ronment. In addition to investigating

the feasibility of different structural sys-
tems, the project addressed cost-effec-
tive methods of implementing FRP in
bridge structural elements.

Early in the project, TxDOT identi-
fied a key limiting aspect of FRP mate-
rials: their relatively low modulus of
elasticity. To address this issue, the test-
ing program focused on developing a
system combining FRP beams and a
conventionally reinforced concrete deck
that could effectively sustain traffic
loading by means of composite action.
Composite action, when the beam and
the deck form a high-performance inter-
active system, is desirable to limit over-
all deflections. An additional advantage
of using a conventionally reinforced

concrete deck is that it reduces cost and
aids in the distribution of wheel loads
across several beams.

At the forefront of the project’s tech-
nical and research effort was Sib
Banerjee, Manager: Structural
Applications, MFG Construction
Products Company, a division of
Molded Fiber Glass Companies
(www.mfgcp.com), who stated, “Our
challenge and goal was to change and
improve the cross section of the original
beam so it would be easier to manufac-
ture and designed to eliminate any pos-
sibility of movement in the connection.
This is vitally important to ensure the
effectiveness of the composite action
between the concrete and the beam.”
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A unique design effort by the Texas Department of Transportation.
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End-on view of U-shaped beams being positioned. The brace bars are visible spanning the open top of the beams.
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Cooperative Design
MFG teamed with TxDOT to

research and develop this “first of
its kind” beam. This mutual coop-
eration of widely experienced
material engineers led to the pro-
duction of the 26 beams needed
for the San Patricio County
bridge. All testing was done in-
house at the MFG research lab
and the beams were produced at
the manufacturer’s 68,000-sq ft
facility in Adelanto, CA.

The following criteria describe
the successful completion of the
job.
■ Manufacturing and Quality

Control were required to meet
ASME RTP-1 specifications.

■ Qualification was required of
both the manufacturing facili-
ty and of the individuals lami-
nating the parts.

■ A change was made in regard to the
original cross-section of the beam.
MFG preferred a uniform cross sec-
tion. Detailed Finite Element Aalysis
and hand calculations were made for
TxDOT approval.

■ Tests were made to produce the
desired uniform thickness from a
combination of bi-axial stitched fab-
ric with 1.5-oz chopped glass archi-
tecture, as compared to a woven or
otherwise continuous glass fiber
reinforcement. Chopped glass, in
general, provides the same strength
for all directions in the laminate.
woven rovings can provide strength
in bi-, tri-, or multi-axial orienta-
tions. Uni-directional “tapes” have
almost all the fibers running in one
direction.

■ For laminate properties, a represen-
tative architecture was used for pro-
ducing laminate thickness to derive
tensile modulus, tensile strength, in-
plane shear, and bearing strength as
required by TxDOT specifications.

■ Connection of the brace bars, which
transfer loads from the concrete deck
to the composite beam, was critically
addressed and an insert was designed
for embedment in the laminate with
the inside diameter accepting the
outer diameter of the brace bar.

■ MFG produced 26 beams. TxDOT
personnel tested and passed four of
the beams using the Acoustic
Emission procedure per sections V
and X of ASME Code. Based on this
sampling and the ASME RTP-1 pro-
cedures, all 26 beams were accepted
with 24 required for the installation.

■ During load testing, measured
deflection was about 0.048 in. at
design HS-20 loading. This was
barely 11 percent of 0.435 in., the
L/800 maximum for a 29-ft span
bridge—demonstrating the high
level of composite action that was
achieved.

Banerjee noted the process strategy
stating, “We achieved our goal through
Finite Element Analysis between the
geometric shape and material properties
to prove that the low deflection require-
ment was met (L/800=normal). This is
done hand in hand with analyzing the
glass ply schedule to optimize the mod-
ulus.”

Conclusions
The Texas Department of

Transportation initiated research to
explore the potential for use of FRP as an
alternative structural material. The San
Patricio County bridge was designed and
built as a step toward optimizing the

potential of FRP in bridge structures. It is
not only the first of its kind, but is also an
important step in the successful imple-
mentation of FRP materials in future
infrastructure applications.

Ronnie Medlock, TxDOT Bridge
Technical Services Director, indicated
they had explored FRP use in bridges
and other transport applications for
many years, recognizing it as an excel-
lent structural material for corrosion
and durability, yet were concerned
about its deflection under load.
Medlock noted the projects success in
overcoming the deflection issue in stat-
ing, “Load tests performed showed
deflections of less than a 1/16 in. on 30
ft span beams, far exceeding our require-
ments.”

In summation, Banerjee said, “MFG
and TxDOT combined forces and
designed a connection that properly
transmitted the horizontal shear from
the concrete deck to the composite
beam; eliminating any possibility of
movement in the connection.” He
added, “MFG not only matched the
deflection requirement that was in the
original plan, it exceeded it. This project
and process proves to be a great stepping
stone for future duplication and
advancement within the infrastructure
business.”
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Twelve of the 30-ft beams could be transported on a single trailer. Lightweight foam fills the
bottom of the beam's included volume to conserve concrete.
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