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Dynamic behavior of horizontally curved twin I-girder
bridges under moving vehicle
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Horizontally curved bridges have been increasingly adopted in complex highway inter-
changes and river crossing to meet growing traffic capacity'demands in urban highways.
Recently, rationalized curved bridges, such as simple twin I-girder curved bridges, are be-
coming a most preferred choice for short and medium span highway bridges, because of
its simplicity of fabrication and construction, economy, erection technology and serviceabil-
ity performance. However, due to the horizontal curvature, the bridge and its component
members are subjected to coupled torsion and bending. For that reason the behavior of hor-
izontally curved bridges are more complex and its analysis is more difficult than straight
bridge. In particular, curved twin I-girder bridges have significantly low torsional stiffness
that makes unexpected excessive vibration to dynamic loads which may cause fatigue dam-
age to the bridge members and also the degradation of the serviceability. At the same time,
the low torsional stiffness of the twin I-girder bridges makes them difficult to be applied into
highly curved sections, where eccentric traffic loads that are critical for torsional motion of
the superstructure are concerned. Therefore, this research is aimed at discussing the dynamic
characteristics, finding effective countermeasures to improve their dynamic performance and
the human response to traffic-induced vibration of the curved twin I-girder bridges.

To this end, extended three-dimensional finite element models of horizontally curved twin
I-girder bridges and AASHTO HS20-44 vehicle are developed for bridge-vehicle interaction
analyses by using commercially available ANSYS code. Super-elevation is incorporated into
the bridge model. Vehicle model consisting of several lumped masses connected by rigid
beams and supported by spring dampers. Gap and actuator elements are incorporated into the
tire models to simulate the separation between the tires and road surface, and road surface
roughness, respectively. Correlated road surface roughness profiles are generated form power
spectral density and cross spectral functions. By using the bridge-vehicle interaction models,
natural vibration and forced vibration analyses carried out in parametric study, were exten-
sively investigated. The analytical results are significant and give some useful information
regarding the impact factor of the studied bridge which could be much helpful for practical
designer.

As these types of bridge have low torsional stiffness, therefore this study is extended to
investigate the effects of bottom bracings on torsional dynamic characteristics of curved twin
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I-girder bridges under running vehicles, using a developed analytical approach. Five types
of bottom bracings are designed to investigate their effects on the dynamic characteristics
of curved twin I-girder bridges with different curvatures under free and forced vibrations
analyses. Parametric studies are carried out to investigate the effects of bottom bracings on the
dynamic characteristics of curved bridge-vehicle interaction system. The numerical results
show that torsional frequencies increase significantly after providing bottom bracings, and the
increasing rate depends on bottom bracing types and their locations of installation. Bottom
bracings can act as load transmitting members from one main girder to others. Large negative
bearing forces that occurred in the bridges with small radii of curvatures can be remarkably
reduced by providing bottom bracing systems. It is found that the performances of several
bottom bracing systems are effective in improving the torsional dynamic characteristics of
the studied bridges.

Although not related to issues of safety, human response to traffic-induced vibration may
have the psychological effect of impairing public confidence in curved twin I-girder bridges
and, therefore, demands consideration at the design stage. The objective of this investiga-
tion was to study the vibration of curved twin I-girder bridges due to moving vehicles and
the effect of vibrations on bridge users. A parametric study is performed to identify the ef-
fect of various parameters on the vibration of the bridge, such as vehicle speeds, curvatures,
road roughness conditions, vehicle length and bumps at expansion joint. The results have
been expressed in the form of human perceptibility curves (graphs of perceptible vibration
acceleration versus vibration frequency). This investigation finds that the bridge response
is significantly influenced by the road roughness conditions and bump height at expansion
joint. Based on the parametric study results, simple design guidelines for the serviceability
pcrformanceS of steel curved twin I-girder bridges are presented.
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Dynamic behavior of horizontally curved twin I-girder
bridges under moving vehicle
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