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A Stochastic Capacity Analysis in Freeway Merge Areas
Student: Chin-Yi Liao Advisor: Ka lo Wong
Department of Transportation and Logistics Management

College of Management

National Chiao Tung University

Abstract

The bottleneck of a freeway usually happens at the on-ramp merge areas when the
incoming flows from the upstream and on ramp exceeds the capacity of the ramp merge area.
The maximum flow rate that can pass through a facility can be seen as the capacity of the facility.
The traditional analysis sets the capacity as a fixed value. However, recent studies found that
such maximum flow rates observed in each day could be quite different, subject to stochasticity,
instead of a deterministic value. This is known as the stochastic capacity in traffic flow. This
study investigates the stochastic capacity of the ramp merge areas of the freeway system. The
aim is to find out the effects of geometric and external environments on the capacity of merging
areas. We analyze the maximum pre-breakdown flow rates for the probability functions of
traffic breakdown using Product Limit Method and Weibull distribution method. Using the
vehicle detector data of National Freeway No. 1 and No. 3, we explore the effects of congestion
periods, raining, shoulder lane opening, and on-ramp flow rate on the capacity. It is found that
the capacity is significantly different in the weekday mornings, weekday afternoons, and
holidays, and the order of the capacity values of the three time-periods varies by locations. The
capacity during rainy days is lower than the capacity on sunny days by 250 veh/hr at three-lane
sites. Opening shoulder lane can increase the capacity by 700 ~1,000 veh/hr. When the on-ramp
flow rate is higher, the capacity value will be higher. Higher the ramp flows result in a higher
traffic breakdown probability. The results of this study will be able to obtain capacity values in
various scenarios in addition to the geometric parameters, which can be used as a reference by
the freeway traffic operators in evaluating their traffic control and operation strategies for the
freeway ramp merge areas.

Keywords: Freeway, Merge influence area, Traffic breakdown, Stochastic capacity,
Weibull distribution
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