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ABSTRACT

In the year 2005, the monetary cost of injuries related to traffic accidents reached
625 billion USD (U. S. Dollars) in the U.S.A. only. Based on the National Highway
Traffic Safety Agency (NHSTA) studies, 5 accident types of interest can be identified:
1) rear impacts (29.6% of US accidents), 2) angle or side impacts (28.6 % of US
accidents), 3) fixed object crashes (16.1 % of US accidents), rollovers (2.3% of US
accidents), head-on collisions (2 % of US accidents) and collision with
pedestrians/bicyclists (1. 8 % of US accidents). In car-following, the focus is on the
tailgating behavior that may lead to rear-end collisions. However, existing car-
following models are built in an accident-free environment with a structure unsuited
to capture driver behavior during incident scenarios; relaxing the safety constraints
in these models causes breakdowns with an unrealistic number of chain-type
accidents.

In 2008, an acceleration model was formulated by Hamdar et al., so that it
incorporates the risk-taking attitudes of drivers; while using prospect theory to
evaluate the perceived consequences of applying different acceleration rates, a
probability of collision and a crash penalty term are explicitly introduced in the
formulation. The objective is to explore the characteristics of this formulated car-
following model in terms of its ability to capture congestion dynamics and the
collective accident-prone behaviors on a freeway section. After being calibrated
against real-life trajectory data, different incident scenarios are modeled including
rear-end collision and fixed object crashes (Type 1 and Type 3 above). The effect of
both psychological factors and execution/perception errors on the accidents number
and their distribution along a freeway length is studied. Through sensitivity analysis,
correlations between the crash-penalty, the negative coefficient associated with
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losses in speed, the positive coefficient associated with gains in speed, the driver’s

uncertainty, the anticipation time and the reaction time are retrieved. The
formulated model offers a better understanding of driver’s behavior under
extreme/incident conditions with a better insight into the psychological/cognitive
reasoning adopted. Accidents are created as an inherent result of the utility function
without imposing unnecessary safety constraints to prevent them
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