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Dynamic behaviors due to vehicles moving across rough surface deck have been long recognized one
of the primary concerns in designing and rating of bridges. In spite of its important role, the bridge-
vehicle interaction dynamic analysis is hardly taken into consideration in bridge designs because of its
considerable complexity. This complex dynamic phenomenon depends on many parameters including
type of bridges, dynamic properties of bridge, vehicle characteristics, vehicle speed and moving path,
number of vehicles, road surface roughness etc. that prevent the interaction analysis from carrying out.
In design practice, to account for the dynamic effect, the static response is increased by a single known
as impact factor which has been related to a single parameter of the bridge such as span length or
first flexural natural frequency. Therefore, these approaches are certainly an oversimplification and, in
many cases, misrepresentation of the sophisticated phenomena involved in the bridge-vehicle interac-
tions, especially, those of horizontally curved bridges which have become an important component in
modern highway systems as a viable option at complicated interchanges or river crossings where geo-
metric restrictions and constraints of limited site space make extremely complicated to adopt standard
straight superstructures.

The primary objective of the present study is to obtain a better understanding of the dynamic behaviors
of horizontally curved twin I-girder bridges subjected to moving vehicles. The successfully accom-
plishment of this objective is achieved in three successive stages as follows:

Since an overall understanding of normal modes analysis as well as knowledgé of the natural frequen-
cies and mode shapes is important for all types of dynamic analysis. The first stage concentrates on
the changes of natural frequencies and corresponding mode shapes with the varying of bridge’ s cur-
vatures. Five different bridge’ s radii are investigated, namely R = 100m, 200m, 400m, 800m and oo
(straight) to take into account the effect of initial curvatures. Intermediate plate diaphragms and lat-
eral bfacings are investigated parametrically both individually and conjointly. From this study, several
ways to enhance the free vibration characteristics of curved bridges are recommended for designing of
bridges.

For the main objective of the present study, convenient and reliable three-dimensional finite element
models using within commercially available codes that are familiar with practical bridge engineers are

developed to parametrically study the bridge-vehicle interaction of the chosen bridge in the second
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stage. The studied vehicle is idealized as 3D non-linear model consisting of several lumped masses

connected by rigid beams and supported by spring-dampers. Gap and actuator elements are incor-

porated 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 from power
spectral density and cross spectral functions. The models are capable to consider both bridge and vehi-
cle responses with virtually no limitation on the complexity of the vehicle and bridge. By using these
models, the dynamic responses of the straight twin I-girder bridge are extensively investigated under
various conditions. Effects of vehicle lengths, damping ratios, roughness profiles, as well as bumps at
expansion joints are considered in details. From numerous calculated results, some useful information
regarding to the impact factor of the studied bridge is presented.

Contrary to straight bridges, very limited documentations on the study of horizontally curved bridges
have been made available. The last stage of this research extends the studies of the bridge-vehicle
interaction dynamic from straight to horizontally curved configurations by using above mentioned
models. Two loading positions of one truck are chosen to analyze to know the influence of transverse
loading positions; four different radii are evaluated to learn effects of curvatures; two lateral bracings
which are analyzed in the first stage are also investigated to estimate their stiffening effects. These
investigations provide better knowledge of the dynamic behaviors of horizontally curved twin I-girder

bridges subjected to moving vehicles.
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