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Critical panel

Fig. 1.A scene from the center of curve
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Flg 2. Details of finite element model mesh
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Fig. 3. A scene from behind of model
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width(inch) thickness(inch)
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Fig. 6. Bucklihg mode while longitudinal stiffener is at D/2
from compression flange
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Fig. 7. Buckling mode while longitudinal stiffener is at D/3
to compression flange
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Fig. 5. Defining reactions and restrains

El-Khoury  This study dy/D difference

936.2 936.8 0 -0.06%

1974.9 1991.8 0.333333 -0.86%

1236.6 1243 0.5 -0.52%

876.2 878.27 0.8 -0.24%
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Absence of  Presence ds/D difference
residual of
stress Residual
stress
967.3 936.8 0 3.15%
2005.3 1991.8 0.333333 0.67%
1259.4 1243 0.5 1.30%
906.47 878.27 0.8 3.11%
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Table 2. Effect of residual stress on critical force
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Fig. 12. Section configuration for the girder
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Table 6. Critical force of group 3 while longitudinal stiffeners are placed in different depths of web
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Fig. 14. Considering web buckling in G13,G14,G15
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Abstract
The plate girders used in bridges usually have a deep and relatively thin web, therefore, the buckling of the
web is one of the important factors in the design of such girders. While the limit state of web buckling is
dominant in design, longitudinal and transverse stiffeners are used to increase cross-sectional strength. The
location of stiffeners in straight girders has been extensively studied, which has led to the most effective
placement for longitudinal and transverse stiffeners. In the case of curved beams in the plan is not as
extensive as in the case of straight girders, especially in the case of longitudinal stiffeners in the asymmetric
section.
The main objective of this research is to investigate how to increase bending and shear strength of a
horizontally curved plate girder when web local buckling is the controlling limit state. Transverse stiffeners
increase shear strength but have little impact on bending strength in plate girders while longitudinal
stiffeners can increase bending strength and shear strength if properly located. For this purpose, this research
is intended to determine the optimal location of a single longitudinal stiffener along the web of horizontally
curved plate girders to achieve the greatest increase in high moment-low shear strength, when web local
buckling is the controlling limit state. Summarized herein is a study that explored single span, horizontally
curved, plate girders having a yield stress of 50 ksi (345 MPa) to investigate their flexural behavior as a
function of the position of a single longitudinal stiffener at various locations along the depth of the web. The
studies were conducted using ABAQUS with the girder cross-sections under high vertical bending moment
and low shear.
The general-purpose shell element type S4R was used to model all of the plate components of the girders
(i.e. the web, the top and bottom flanges, and the stiffeners). This is a four-node quadrilateral large strain
shell element with reduced integration. The shell element uses five integration points and a trapezoidal
integration rule in the thickness direction. The shell element type S4 has also been used. It is the same shell
element with the same properties but without reduced integration. Based on the results obtained in this
research, some recommendations are made for positioning longitudinal stiffeners on horizontally curved
girders:
-Placement of longitudinal stiffener at distances D/4, D/5, D/6 from the compression flange can control the
flexural buckling of the web.
-The effects of residual stress on buckling mode and critical buckling force also have been studied in this
research that shows less importance in mode and force due to being in elastic range.
-Among the above-mentioned locations, the location of the longitudinal stiffener at a distance of D/4 from
the compression flange has the best shear response in the beam. Therefore, in this study, the optimal location
of the longitudinal stiffener at a distance of D/4 from the compression flange.
For future research in this area, it is also recommended to assess: different ratio of curved plate girder with
asymmetric cross section, different ratio of web slenderness, inelastic effect of longitudinal stiffener on
curved plate girder with asymmetric cross section and cyclic load effects in the same cross section.

Keywords: Horizontally curved plate girders, longitudinal stiffener, local buckling of web, pure bending
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