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What is Fiber Reinforced
Polymer (FRP)
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Composition of -~ FRP
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Advantages of QuakeWrap ®

High Tensile Strength (3-5 times stronger than Steel)
Low Weight (no foundation adjustments required)
1 Anisotropic (strength depends on fiber orientation)
Corrosion Resistance & Acid Protection

Excellent Fatigue Behavior

Speed of Construction

1 Versatility

Odorless

Non -Toxic

Low Cost
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' 100% FRP Hull

Materials used in 787 body )
" Fiberglass M Carbon laminate composite . Total materials used
M Aluminum I Carbon sandwich composite : By weight

Other

Aluminum/steel/titanium
Steel 3% Composites

Aluminum
20%

By comparison, the 777 uses 12 percent
composites and 50 percent aluminum.
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Epoxy-bonded glass fiber-reinforced plastic plates
ma* provide a corrosion-ree solution to increasing

the load-carrying capacities of concrete bridges.

Fiber GComposite Plates
B Mo

bout one-half of the ap-

proximately 600,000 high-

way bridges in the United

States are in need of re-
placement or rehabilitation. Many
of these bridges were originally de-
signed for smaller vehicles, lighter
loads, and lower traffic volumes
than are common today.' Conse-
quently, a large number of bridges
in this country have inadequate load
carrying capacities for today’s
traffic. Compounding this problem
is the loss of strength due to corro-
sion of reinforcement and spalling
of concrete.

These bridges must be either re-
placed or rehabilitated if present
and future traffic needs are to be
adequately served. In many cases,
maintenance alone will not bring a
structurally deficient bridge up to
current standards — strengthening
(which costs far less than replace-
ment) must also be considered.

Among the methods used to
strengthen girders in existing bridges
are external post-tensioning and the
addition of epoxy-bonded steel
plates to the tension flange. Exter-
nal post-tensioning by means of
high-strength strands or bars has
been successfully used to increase
the strength of girders in existing
bridges and buildings.?’ This
method does, however, present
some practical difficulties in pro-
viding anchorage for the post-ten-
sioning strands, maintaining the
lateral stability of the girders dur-
ing post-tensioning, and protecting
the strands against corrosion.

Selected for reader interest by the editors

The addition of epoxy-bonded
steel plates to the tension face of
concrete girders has been used ef-
fectively in Europe, South Africa,
and Japan.' This method is primar-
ily used to repair and strengthen
reinforced concrete elements with
insufficient load carrying capacity
due to mechanical damages, func-
tional changes, or corrosion. The
principles of this strengthening
technique are fairly simple: steel
plates are epoxy-bonded to the ten-
sion flange of the beam, increasing
both the strength and stiffness of
the girder; the shear capacity of the
girders can also be increased by at-
taching steel yokes to the web.

The advantages of this structural
system include ease of application
and elimination of the special an-
chorages needed in the post-ten-
sioning method. A shortcoming of
the method is the danger of corro-
sion at the epoxy-steel interface,
which adversely affects the bond
strength. An effective way of elimi-
nating the corrosion problem is to
replace steel plates with corrosion-
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resistant synthetic materials such as
fiber composites. In addition to
corrosion resistance, many fiber
composites have tensile and fatigue
strengths that exceed those of steel.

Previous studies

Much of the work in the United
States has been related to the bond-
ing of steel to steel,*” while in other
countries research has primarily
been related to the bonding of steel
to concrete.' Several researchers
have investigated the strengthening
of existing concrete girders with
epoxy-bonded steel plates.'***
MacDonald and Calder studied
the behavior of concrete beams ex-
ternally reinforced with steel plates
bonded to their tension flanges.'
They tested a series of 11.5-ft (3.5-
m) and 16-ft (4.9-m) long beams in
four-point bending. Each beam had
a rectangular cross secton of 6 x 10
in. (150 x 250 mm). It was con-
cluded that substantial improve-
ments in performance could be
achieved in terms of ultimate load,
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Fig. 1. — Beam test setup.
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