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ABSTRACT

Steel plate girders are used in bridge construction and as long-span floor

beams in buildings, as well as in industrial structures.

Openings in steel plate girders may be required to provide access for ducts,
cables and other services or just to reduce the weight. However, the presence of
such openings in web plate leads to change in stress distribution at the web panel
and decreases the ultimate shear load. Therefore, strengthening the circular
opening within the web using CFRP laminates can reduce the stress

concentration around the opening and helps to increase the ultimate shear load.

The experimental work includes testing of five plate girders that were
designed to be loaded in shear. Each plate girder has two panels. The first plate
girder is without opening in the web panel, the second girder is with central
circular opening at one of the two panels, these two girders are reference girders.
The third, fourth and fifth girders have the same dimensions and web opening of
the reference perforated girder, however, the perforated webs in these plate
girders are reinforced with CFRP laminates in different patterns. The diameter

of the circle opening is 300 mm , which is 60% of the web depth.

The experimental results show that the major effect of the CFRP laminates
is to enhance the stiffness of the plate girder. The ultimate shear loads obtained
from strengthened perforated plate girders have been compared with that
obtained from the reference perforated plate girder. The comparison indicates
that the increase in the ultimate shear loads ranges between 100% to
134%,comparing to the reference unperforated plate girders, one of the
strengthened perforated plate girder has a higher ultimate shear load by 5.17%.
Through the experimental results, it used formulas to predict the ultimate shear

load of perforated strengthened steel girders by CFEP laminates.
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ANSYS (version 14.5) computer program has been used to conduct
numerical investigation for the structural behavior and to find the web
distribution for the all plate girders. Four- nodes shell element (SHELL 181)
was used to represent the steel and non-linear large structural shell (SHELL 281)
was used to represent the CFRP composed while two Interface elements
(CONTA174 and TARGE170) were used to simulate the bond between CFRP
strips and steel surface. The maximum difference between finite element and

experimental results for ultimate loads was between (0.96- 1.07).
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