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In this paper, a novel strengthening technique is applied using new fibre reinforced polymer
(FRP) section bonded to the steel plate to resist shear buckling and the consequent secondary
bending stresses in the web panel in addition to prolonging the fatigue life of steel plate girders.
The presented method differs from the majority of strengthening applications using FRP which
depends mostly on the high tensile properties of the fibres.

A significant increase in the stiffness of the strengthened specimens was clearly demonstrated
by the reduction in the out-of-plane displacement (buckling). The stiffness of the strengthened
specimens was 3 to 9 times that of the unstrengthened ones depending upon the type of the
fibres used and the size and aspect ratio of the tested steel plates. The breathing phenomenon
(an out-of-plane buckling displacement due to cyclic loading in bridge like structures) was also
significantly reduced in the web steel plate which consequently led to reduction in the surface,
membrane and secondary bending stresses. The 45° strengthening system succeeded the best
among other trialled strengthening configurations in reducing the breathing stresses and
increasing the shear resisting capacity by 88%.

Fatigue analysis showed that the proposed strengthening technique is capable of increasing the
designed service life of the plate girders by a factor ranging between 2.5 and 7 times depending
on the amplitude of the applied cyclic loading. In addition, the proposed strengthening
technique showed neither delamination nor loss in bonding capacity between the FRP
laminates and the steel plate under both static and cyclic loading making it a good candidate
for strengthening thin-walled structural members especially when ductility is of concern. As a
matter of fact, the proposed strengthening technigue succeeded in enhancing the toughness or
the energy needed for the specimen to fail by a factor ranging between 1.5 and 2.5 times that
of the unstrengthened specimens. This means that the typical ductile failure type associated
with shear buckling of steel plate girders was not only maintained but also improved. This
ductile failure type resulting from the proposed strengthening technique is not common when
using other available FRP strengthening techniques.
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