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On two-lane highways, a combination of the high percentage of slow-moving vehicles and the
low number of passing opportunities results in the formation of lengthy platoons. Faster
vehicles trapped in a platoon sometimes choose to pass more than one vehicle at a time (multiple
passing) which, of course, is an extremely dangerous maneuver. Current design policies
establish requirements for the length of passing-zones for single passing maneuvers. Hence, as
the rate of multiple passing maneuvers increases, the level of road safety will deteriorate. This
study is aimed at predicting the rate of multiple passing maneuvers in the passing zone and
determining the effects of significant variables.

Using a drone, seven passing zones on 3 two-lane rural highways were selected to collect data
on passing maneuvers with video data gathered from 38, 15 min-duration flights (Figure 1).
Passing zones were between 164 and 345 m in length, highway lane widths were 3 t0 3.75 m
and the absolute vertical grade varied from 0.58 to 9.5%. Regarding the dataset, since the
characteristics of a suitable statistical count model are: (i) overdispersion in the data,
(ii) correlations among observations in each passing zone, and (iii) variance inflation due to
excess zero, several count data models were estimated (Poisson, Negative Binomial,
Zero-inflated Poisson, Poisson random-effects). Of these, the one selected for the study was the
Poisson regression with its prediction capability supported by goodness-of-fit measurements.
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Figure 1: Aerial image of one of the passing zones
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Results showed that both geometry- and traffic-related variables were statistically significant.
As shown in Figure 2, an increase in both the two-way traffic flow rate and the directional split
of the traffic volume resulted in an increase in the number of multiple passing maneuvers up to
a peak value; the peak rate of multiple passing maneuvers occurred at a traffic flow rate of
815 veh/h and a directional split of 66%, irrespective of each other.

The multiple passing rates were significantly affected by the percentage of heavy-duty vehicles
in the subject direction, lane width, and absolute vertical grade. The effect of this percentage
(of heavy vehicles) on the passing rate depended on lane width and absolute vertical grade and
the sign of interaction terms imply that an increase in lane width and absolute vertical grade
will reduce and raise the effects of the percentage of heavy-duty vehicles on the multiple passing
rate respectively. An increase in the absolute vertical grade causes heavy vehicles to slow down
leading to longer platoons and a higher incidence of multiple passing maneuvers. However, the
average independent effect of lane width and absolute vertical grade on the multiple passing
rate is positive.

The difference between the 85" percentile of free-flow and average speeds but the length of
passing zones was not statistically significant. When it is not possible to overtake, longer
platoons are formed which eventually results in multiple passing maneuvers. Hence, the
difference between the 85" percentile of free-flow and average speeds can consider the effects
of other unobserved variables in the model. A probability model was developed as a tool to
predict the rate of multiple passing maneuvers and evaluate the best values for independent
variables that could promote greater safety on two-lane rural highways. A prediction model for
the rate of multiple passing maneuvers helps road designers to control the minimum rate. For
instance, in passing zones which are expected to have higher rates, the designer can dedicate a
passing lane for both directions (the so called “2+1” road section type). At the design stage, the
rate of multiple passing maneuvers can also be influenced and even determined by the vertical
grade.
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Figure 2: The predicted rate of multiple passing maneuvers in the subject direction respect to
(a) Two-way traffic flow rate, V, and (b) Directional split of traffic volume, Ds.



