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Abstract

The single element which distinguishes a toll facility from a publicly financed road, bridge,
or tunnel is a toll plaza. The toll plaza is defined as the area where tolls are collected using
different methods. With the introduction of electronic toll collection (ETC), management and
surveillance technologies at the traditional toll plaza, it has been termed as Modern Toll
plaza. National Transport Safety Board 2006, USA, noted that no scientific toll plaza design
standards exist till date. The only standards are those developed by individual toll operators,
based on their years of experience through improvements or expansion of their facilities.
There is a clear-cut conflict between effective management vs. safety performance The
present Indian Roads Congress guidelines to design toll plazas in India are based on the
operational efficiency standards, i.e. service time at a toll plaza, which means, more the

traffic, greater the number of toll lanes.

A literature review revealed that three main toll plaza design standards available in USA, UK,
and India are the compiled wisdom of the best practices being followed by different toll
agencies globally without any rational method of diagnosing or designing using road safety
as one of the variables. Introduction and use of electronic toll collection (ETC) are two
decades old (Ding and Xiang 2004), but a few recent studies have reported that use of ETC
with manual lane have an impact on road safety. Another important study by Abdelwahab

and Abdel-Aty also established that modern toll plaza does contribute to road accidents.

The present study identifies significant contributory factors to traffic crashes at modern toll
plaza areas in India based on crash incidences and traffic volume at the toll plaza areas of 14
tolled roads, covering various State and National Highways. Data was obtained from the
traffic accident database system and annual traffic census from the concerned toll operators
and police departments for the period between years 2013 to 2015. This data together with

the geometric and operational characteristics, including a number of toll plaza lanes and

Vi



length of the toll plaza, carriageway width, classified traffic volume and annual average daily
traffic (AADT), were incorporated into safety performance function for different traffic
directions of toll plaza areas vs. rest of the road corridor. Different probability distribution
models, like Poisson and Negative Binomial (NB), are discussed and after checking over
dispersion, mean versus variance criteria, a final Negative Binomial distribution model is

selected to develop a Safety Performance Function (SPF).

A total 4,600 road crashes cases, including 450 fatal, 617 non-fatal and 3,565 minor crashes,
were studied for modeling, covering the 346.55 km length of various types of highways
having toll plazas with different lane configuration varying from four lanes to 32 lanes.
Considering Poisson, Negative Binomial and Zero-Inflated Negative Binomial, due to over
dispersion and difference between mean and variance, finally, a safety performance function
using negative binomial distribution function has been developed to predict the average
number of crashes per year at a toll plaza location as a function of traffic and width of the toll
plaza. The predicted number of crashes at toll plaza calculated using SPF will be used as an
instrument for better design configuration selection or the comparison or checking between
two or more toll plazas as well. The study concludes that the probability of crash at toll plaza
increases by adding a number of lanes beyond optimum numbers via overall increased width
and length of toll plazas. The study includes analysis on approach zone crashes vs. exit zone
crashes, their types, and victim group. Approach zones of all the large size toll plazas and
user wise non-tollable traffic, like pedestrians, cyclists, and two-wheelers, are found to be the

most vulnerable.

Further, the revised suggestive guidelines for the modern toll plaza for Indian conditions have
been developed with Safety performance function, including the guidelines developed for
entry and exit zone lengths, length of the toll plaza and width of the toll plazas. This part is

based upon the existing Indian Roads Congress guidelines.
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