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CHAPTER 1
INTRODUCTION

OBJECTIVE OF THE RESEARCH

This research was tasked with exploringgbeond Strategic Highway Research Program

(SHRP2 Naturalistic Driving StudyNDS) database for the potential to identify finesy
entrance and exitramps andteen i ver s behavior while travelin
advance of a future task dfational Cooperative Highway Research ProjaiSiHRP) Project

15-56, the objective of which is to review current practices for selecting design speed on freeway
ramps angif beneficial, recommend changes to those practices. The NCHRP project nsider
whether our current practices produce ramp design speeds that are consistent with the operating
speeds that drivers actually choose, and if not, what changes should b&@ heaN€EHRP 156
research team idenied a selection of freeway ramps as possible study sites at which to collect
data. That tearalsocollecied speed dat@ndother variable®n those ramps to compare actual
speeds with the design elements of the rarapittiluence the selection of a design speed.

By exploring the features of the NDS dataset, researchers can a) consider a new tool for study
site selection based on roadway characteristics and b) identify a potential new source of data that
can either see as a basis for analysis or serve as a comparison or validation of field data that
researchers will collect through other methdtsill also provide a potential resource for

research on other projects to explore driver behavior, especially teentdringarnior, and its
relationships to roadway characteristics and other external influences.

REPORT ORGANIZATION
This report is organized wittour chapters andnappendxk, which are described as follows:

Chapter 1 is this introductory chapter

Chapter 2 ontainsa discussion of the approach used by the research team to explore the

datasets related to the SHRRRS and identify variables of potential relevance.

T Chapter 3 describes the results of the res
occuring on freeway ramps.

T Chapter 4 contains the r esearocuseoftsedNDE oncl u
dataset for further research on freeway ramps.

1 The appendix lists the variables contained in the SHRP2 database that were reviewed and

explored byle research team.

il
il



CHAPTER 2
RESEARCH APPROACH AND METHODS

INITIAL EXPLORATION OF NDS DATASET

The first task in this projegrovided the research team the opportunity to familiarize themselves
with the contents and supporting information of the ND@ludeThe researchers began with
establishing user accounts on the InSight Data Access Wdli$jtienageof homepagshown

in Figurel) and gaining access to thata, forums, and background information on the website.
The research team also conducted a review of relevant literature to provide context to the
researchquesto and the researchersé activities.

Already Registered?

InSight Data Access Website

SHRP2 Naturalistic Driving Study Passwor
Learn More About SHRP2 NDS...

“| Remember me - Forgot Password?

Need an Account?

TRANSPORTATION % VirginiaTech or
RESEARCH BOARD S H R P 2 leANSI'oRTATlON
‘OF THE NATIONAL ACADEMIES STRATEGIC HIGHWAY RESEARCH PROGRAM INSTITUTE
What Is Available on This Website What You Can Do on This Website

Information describing the 3,400+ drivers and vehicles that participated 5,400,000+ Trip summary records that describe individual trips View Background information about the SHRP2 NDS

n the naturalistic driving stud recorded during the stud

. 9 L 9 Y View detailed data collected from driver assessments, vehicles, trip
SHRP2 NDS status information including data collection and processing 36,000+ Crash, near crash, and baseline driving events. (More coming summaries, and critical driving events

Progress; $000) Query the database of detailed data, create cross tabulations, and assess
Background information about the project and data being collected Discussion forums for questions about the project and available data NDS database content

Contact Us - Privacy Policy - Terms of Service - © 2016 Virginia Tech Transportation Institute - v1.0.8

Figure 1. Screenshot of SHRP2 NDS InSight Home Pagg).
Literature Review
GeometridDesign

Because the research question involves a comparison with the existing AASHTO policy on ramp
design speed, it is appropriate to begin with a review of that guiddacton 2.3.6 of the 2011
Green BooK?2) staes that:

Design speed is a selected speed used to determine the various geometric design
features of the roadway. The selected design speed should be a logical one with
respect to the anticipated operating speed, topography, the adjacent land use, and
the function&classification of the highway. In selection of design speed, every
effort should be made to attain a desired combination of safety, mobility, and
efficiency within the constraints of environmental quality, economics, aesthetics,
and social or politicalmpacts. Once the design speed is selected, all of the
pertinent highway features should be related to it to obtain a balanced design.
Above-minimum design criteria for specific design elements should be used,
where practical, particularly on higdpeed faitities. On lower speed facilities,



use of aboveminimum design criteria may encourage travel at speeds higher than
the design speed. Some design features, such as curvature, superelevation, and
sight distance, are directly related to, and vary apprecveility design speed.

Other features, such as widths of lanes and shoulders and clearances to walls and
rails, are not directly related to design speed, but they do affect vehicle speeds.
Thus, when a change is made in design speed, many elements ohthayhig

design will change accordingly.

Supplementing this basic text, tAenerican Association of State Highway and Transportation
Officials (AASHTO) policy also explains that the selected design speed should be consistent
with the speeds that drivers areelly to expect on a given highway facility and should fit the
travel desires and habits of all drivers expected to use the particular facility. It is also desirable
that the running speed of a large proportion of drivers be lower than the design speed.

Referring specifically to guidance on selecting a design speed for ramps, Section 10.9.6 of the
Green BooK?2) states that it is desirable for ramgsign speeds to approximate the-dmiume
running speed on the intersecting highways, but that this is not always practical. Thus, lower
design speeds may be selected but should not be less than the lower range of speeds shown in
Green Book able 101 (seeTablel). AASHTO policy provides further guidance on selecting
appropriate design speed values frl@neen Booklable 101 based on various conditi® and

ramp types.

Table 1. Guide Values for Ramp Design Speed as Related to Highway Design Spedd (

U.S. Customary

Highway design speed (mph) | 30 | 35 | 40 | 45 | 50 | 55| 60 | 65 | 70 | 75
Ramp design speed (mph)

Upper range (85%) 25 (30| 35| 40| 45| 48 | 50 | 55 | 60 | 65
Middle range (70%) 201 251 30| 33| 35|40 | 45| 45| 50| 55
Lower range (50%) 15|18 | 20| 23 | 25| 28 | 30| 30| 35| 40
(C]zt(;rrespondlng minimum radiu SeeGreen Bookrable 37

The Green Boolalso states that the guide values for ramp design spé&aeém Bookl able 10

1 only apply to the sharpest or controlling ramp cuwigch is usually on the ramp proper, and
the speed values @reen Bookrable 101 do not pertain to the ramp terminals. The ramp
terminals are to be properly transitioned and provided with sglesalge facilities adequate for
the speed of the highway being considered.

In NCHRP Project 1-45, Bonneson et al.3] developed cigh prediction methodologies for
freeways and interchanges. These methodologies were recently incorporated kb eieey
Safety Manuahs a supplemend) to the original thre@olume edition published in 2018)(

The general form of the safety predictifactor (SPF) for estimating the crash frequency for a
ramp is shown in Equation 1



N = L; x exp [a + bx In(c AADT) + d (c xAADT;)] (2)

Where N = crash frequency per year on the ramp
L = ramp length (mi)
AADT, = average annual daily traffimlume on the ramp (veh/day)
ab,cd = regression coefficients

The SPF uses different regression coefficients forlane and twdane ramps, for fatednd

injury and property damage only crashes, and for mulapte singlevehicle crashes. Theash
modification factors (CMFs) developed for use with the SPFs account for the following factors
on ramp segments:

Horizontal curvature
Lane width

Right shoulder width
Left shoulder width
Right side barrier

Left side barrier

Lane addition or drap
Ramp speedhange lane

= =4 =4 -8 _98_9_°5_-2°

For horizontal curvature, the base condition is a tangent ramp proper, and the CMF value is a
function of the radius of curvature, the average entry speed for the curve, and the proportion of
the ramp proper with a curvilinear alipent. The CMF value predicts an increase in crashes as
the radius of curvature decreases, the average entry speed increases, and the proportion of the
ramp proper with a curvilinear alignment increases.

Several previous studies have investigated theigakitip of geometric design elements and the
safety performance of ramps. Selected relevant findings from those studies are summarized as
follows:

1 Exit ramps have higher crash rates than entrance r&nps (
1 Ramps show increasing crash rates with inéngedegrees of curvaturé)(
1 When comparing four types of exit ramps (Type 1: parallel from a tangent-&ngle
exit ramp; Type 2: singhane it ramp without a taper; Type 3: twane exit ramp with
an optional lane; and Type 4: tlane exit ramp without an optional lane), the Type 1
exit ramp had the best safety performance in terms of lowest crash frequency and crash
rate @).

Key geometriovzariables and site characteristics that contribute to the safety performance of
interchange ramps and spedthnge lanes includ&,(9, 10):

Freewaywolume

Ramp volume

Speed of right freeway lane
Area type (urban or rural)

= =4 -8 -9



Ramp type (entrance or exit ramp)
Ramp configuration

Length of ramp

Length ofspeedchange laneSCL).

= =4 =4 -4

Recent studies have developed safety prediction models reldtedways and ramps.

Bonneson and Pratt{) examined freeway safety trends using data from Texas to develop safety
prediction models for freeway segments, including CMFs that accounted for the presence of
ramp entrances and weaving sections. The ramp ept@MF is described by Equation 2

CMFeanagg = (1_ Penr)+ P, €% e (2

enr

Where CMPFenrjagg= aggregated ramp entrance CMF
Penr proportion of freeway segment length adjacent to a ramp entrance
Lenr average ramp entrance length (ft).

Equation 2 is applied to a freeway segment that may have one or more ramp entrances along its
length, and yields an aggregated CMF value based on all ramp entrances on the segment. The
CMF is illustrated irFigure2. As shown, the presence of a ramp entrance always increases crash
frequency, and the magnitude of the increase is greater if the ramp entrance length is shorter. A
similar CMF was developed for weaving sections.
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Figure 2. Aggregated Ramp Entrance CMF (1).



Driver Behavior

Pradhan et a[12) studied the differences in various aspects of driving behaviors between young
andexperienced drivers, using data from the Naturalistic Teen Driving Study freselaeed

complex driving environments including left turns at signalized-feay intersections and

merges onto freeways. The researchers sought to explore the differesafesdriving behavior
between teenagers and adults in complex driving situations using a naturalistic driving approach
and to explore the evolution over time (18 mo
situations. Both safe driving behaviors an€lithirajectories over time were assessed by a

measure derived from multiple data sources and nameditbeffe Driving Index, which was

designed to reflect safety error, such that safe driving behavior would score fewer points and
unsafe driving would resuin more points. The researchers fotinat teenagers scored lower

than adults on the Unsafe Driving Index for most of the study period, and the difference in scores

was statistically significant for the first two thre®nth periods in the studyeenage s 6 | nd e x

score increased at both intersections and fre
to or worse than adults during the third and fourth tneent h per i ods, the teer
were al ways | ower t ha wergrgdaodthe scoressnche finalswof or f r e

quarters were similar to the first two quarters (Sigeire3).
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Figure 3. Unsafe Driving Index Scores from Teens and Adults over Six Quarterd ?).

Anothere cent study investigated drivers6é actual 1
passing through freeway ramps merging areas. Kondyli and Elefteria8ode{/eloped a ramp

merging model that considered the merging process as perceived by diingrsonducted a

series of focus group meetings -eehide observed d
experimentsin-ve hi cl e data included consideration of
merging turbulence due to vehicle interactions, both of which ineheded as components in

the resulting modellhe gapacceptance component of the model considered effects of different
merging conditions, while the component that focused on driver behavior predicted vehicle
interactions on the freeway with merging w&&s, considering different driver typésmerging

turbulence model that evaluated the effect of vehicle interactions on traffic flow was also

developed.



In a related study, Kondyli and Elefteriaddi#} concluded that younger drivers were more
aggressivelrivers compared to older age groupke steps involved in the observed merging
process were similar to those described in the focus groups in the previous study. In merge
maneuvers with subjects as both freeway drivers and as merging drivers, moratogoper

merges took place when the freeway drivers changed lanes instead of decelerating. Kondyli and
Elefteriadou also concluded that drivers make more use of the acceleration lane at tapered on
ramps that parallel eramps, with higher merging speeds.

A study by Brewelet al.(15) reviewed existing design guidelines and practices, as well as
modern driver behavior and vehicle performance, to develop improved design guidance for
freeway ramp terminals. Based on the findings from that study, they concludetaweng:

1 The assumption in the AASHTGreen Bookhat drivers decelerate in gear (i.e., coast)
for 3 s was not applicable to the drivers in this study, unless it includes the time to
remove the driverds foot from the accel era

1 In uncongestedrdightly congested conditions, a typical glance into a mirror or over the
shoulder by a driver merging onto the freeway was about 2.5 to 3.0 s, and drivers
typically made three glances on entrance ramps.

1 TheGreen Boolprocedure for calculating the recomanded length of SCL on freeway
exit ramps may be recommending lengths that are too short for the behavior of subject
drivers and their performance in the contemporary vehicles if all deceleration is to be
completed within the taper and SCL.

1 TheGreen Bod& procedure for calculating the recommended length of SCLs on freeway
entrance ramps provided sufficient lengths for merging by subject drivers under
uncongested and lightly congested conditions when the taper area was used to complete
the maneuver.

Basedon the findings of the aforementioned studies, additional research would be beneficial to
identify factors related to interactions of f
An example of such a future study would equip cameras in thelegbicteen drivers to

facilitate data collection of their behaviors on ramps.

NDS Data

Theinitial exploration of the NDS data and the associated InSight website wasla\egh
review to determine what kinds of data were available within the informartemided through
InSight and what additional information might be available through access to the full NDS
databaseThe InSight website provides access to four categories of\deliécles Drivers,

Trips, andEvents

The Vehicle dataset contaifie variables on the characteristics of the vehicles that NDS

participants used during the studyese variables include characteristics sudhbhse v e hi c | e 6 ¢
make and model year, status of tires and battery, and technology items (e.g., factory navigation
system}hat were part of the vehicle.

The Drivers dataset contains variables from 16 data diction@hese data dictionaries
document the drivers6 demographi cs-beinghysi cal



medical conditions, and feedback fromph@ r t i ci pant s6 e Atalofi5&nce i n
variables are contained within the following 16 data dictionaries

Driver Demographic Questionnaire
Driving History Questionnaire

Driving Knowledge Survey

Visual and Cognitive Tests

C o n n Eant;dous Performance Test
Clock Drawing Assessment

Physical Strength Tests

Barkl eyds ADHD Screening Test
Risk Perception Questionnaire

Risk Taking Questionnaire

Sensation Seeking Scale Survey
Driver Behavior Questionnaire

Medical Conditions and kdiations
Sleep Habits Questionnaire

Medical Conditions and MediatiofisExit.
Driver Exit Interview

=2 =A2=2_-0_9_9_9_9_42_2_49_2_-2_2°_2._--2-

The Trips dataset contains 247 variables from two data dictionaries: Trip Summary and Time
SeriesThe Trip Summary variables summarize the charaatesiet continuous data files
collected during the SHRP2 NDS for each trip taken during the ;siidydataset provides
information about the types of trips that exist in the continuous time series database (e.g., trip
duration, day of weekime of day, naximum speed The Time Seriedata are a set of variables
collected from vehicles by the SHRP2 NDShward data acquisition system; these data are
collected continuously while the vehicle is running from the vehicle data networkaands
Sensors

TheEvents dataset provides documentation about the conditions present when aineevant (

crash occurred A PostCrash Interview is administered after a crash has occurred, and there are

226 variables in the Pae§lrash Interview data dictionaryhis datadictionary documents items

such as number and position of vehicle occupants; status of vehicle steering, brake, accelerator,
and other components; driveroés condition (i mp
injury severity.The Event Detailable lists all crashes, near crashes, and baseline events that

have been identified and analyzed using the event analysis prdtbisotiata dictionary

contains 76 variables on the conditions surrounding each crash, such as roadway alignment,

lighting, weather, and proximal events.

The initial review of the listings of these variables showed very little that could be directly tied to
freeway rampsBecause the Trips dataset on the ghSwebsite summarizes the data for each

trip, it is not possible toetermine exactly where the participating vehicles were during the
entirety of the trifpased on the data available through ¢iSiHowever, additional options may
exist to provide a means of identifying freeway ramps within the data; those options will be
discussed within the detailed exploration of the data.



NDS Forum Inquiry

Il n an attempt to streamline the search and ex

efforts on developing usable strategies, researchers also explored the Forum contiaiimélclewi

InSight website.There was no existing discussion string that appeared relatedttpithef data

on freeway ramps, so researchers started a new discussion to ask the administrators for advice on
how to identify data that were recorded dinegeway rampThe response received was that for
crashes, nearashes, and baselines, the Relation to Junction variable might have paofential.

look for a wider set of trips that included travel on ramps, the administrator suggested starting

with the Roaway Inventory Database (RID) to identify ramps; once locations of interest were
selected, a query in NDS could find trips that traverse those locations.

DETAILED EXPLORATION OF NDS AND RID DATASETS

Using the information obtained through the initial exatam of the NDS dataset on the Igki
website, the researchers then focused on exploring the more promising data dictionaries and
variables of the dataset, in conjunction with the supplemental RID dataset.

Exploration of Design-Related Variables
Descrigion of Variables

The most critical element in conducting a comparison between the NDS data and the site
characteristics is being able to identify ramps in the NDS Wéth.that in mind, a review of
each of the variables in each data dictionary was aeduo assess the potential for using it to
identify ramps, along with key geometric and related variables that could be associated with
design speed.he data variables available through the gin®website are categorized into 19
data dictionaries withi four dataset: Vehicles, Drivers, Trips, and Events.

The Vehicles dataset is a collection of variables that describe each vehicle that was instrumented
for data collection in the SHRP2 N[pBoject Each row of the dataset provides descriptive
informationabout the type and condition of the vehicle. Information about integrated

technologies on the vehicle is also included. Individual vehicle records may be linked to multiple
participants if more than one member of a household participated in the progeB0

variablesin the Vehicles datasate listed in the appendix

The Drivers dataset contains 16 data dictionaries, documenting a wide variety of characteristics
on the subject drivers participating in the stullye data dictionaries alisted below;the

variables in each data dictionary are summarized in the following discussion, while complete
lists of Drivers datasetariables are provided in the appendix

Driver Demographic

Driving History Questionnaire
Driving Knowledge Survey

Visual andCognitive Tests
Connets Continuous Performance
Clock Drawing Assessment

E



Physical Strength Tests

Barkleyss ADHD Screening Test

Risk Perception Questionnaire

Risk Taking Questionnaire

Sensation Seeking Scale Survey

Driver Behavior Questionnaire

Medical ConditionandMedications
Sleep Habits

Medical ConditionandMedications Exit.
Driver Exit Interview

=4 =448 -5_45_9_9_9_2°_-2

The Driver Demographic Questionnaire is an instrument designed to investgates

demographic information about the participant suctaasly life, years driving, and education.
According to the InSight websit&)( this questionnairezas administered to participants as they

were inducted into the SHRPIRDS. The questionnaire was administered electronically along

with a battery of other driver assessments while the particgpaehiclewas being installed with

data collection equipmerithere are 48 variables in the Driver Demquiria Questionnaire,

which largely describe characteristics of the participant driver and household as well as the
gender, age, and driving ability of any addit

The Driving History Questionnaire is an instrument designed to obtain information from
participantsabouttheir driving record. The questions assess amount of driving experience,
violations, crashes, and training receiy&y There arel8 variables in th Driving History
Questionnaire.

The Driving Knowledge Survey contains 21 variables (19 questions, plus participant ID and
score) for a questionmai compiled from a number of DMV driving knowledge tests that
attempts to focus on nationally accepted laws/interpretations rather thaspsteifec onegl).

Visual and Cognitive Tests document the results of a battery of vision tests conducted on drivers
during the induction process. Contrast sensitivity, color perception, visual acuity, and peripheral
vision were tested using a mpltirpose vion-testing apparatus. Specialized software programs
were also used to asseksuseful field of view and ability to visualize missing informatidi (

There arel22 variables from the tests

T h e C e Gomtmuods Performance Test is described as ataskted computerized
assessment of attention disorders and neurological functioning. Results indicate the likelihood
that an individual has antantion disorderX). There are 15 variables from that test

The Clock Drawing Assessment is used as a screening tool to help identify possible signs of
dementia or other neurological disorddrse participantvas presented with pencil and paper;

on the paper was a circle and nothing else. The participant was asked to draw numbers in the
circle to make the circle look like the face of a clock and then draw the hands of the clock to read
Al0 af Thedockdrdwing was scored based on apgoint scoring system. Higher scores
reflect a greater number of errors and more impairment. A scoi® rejpresents a cognitive

deficit, while a score of 1 or 2 is considered normal Three variables included the participant

ID, the score, and additional details of the test.
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The Physical Strengths dataset contains the results of several tests of physical stcdodjtng

left and right hand grip strength and a rapid pace walkSestn variables included the

participant ID, strength of the right and left hands after first and second attempts, a declaration of
dominant hand, and time it took for the participncomplete a 2 rapid pace walK1).

B a r kslABHDGScreening Test operationalizes ADHD symptoms in terms of specific
behaviors. Each ofgtsix items is scored as either: Never or Rarely (0), Sometimes (1), Often
(2), or Very Often (3). If the sum across all six items for an individual is greater than or equal to
7, then this is an indication that further clinical evaluation may be warréttethe sum is a
separate vari abl ed naaneghtiavafiaBla codinedyhe pasticipamt ¥ for
documentation.

The Risk Perception Questionnaire was designed to gaugertiogopats perception of

dangerous or unsafe driving behaviors or scenatjo3 e 34 variables explorarious
situations a driverwould encoure r and esti mates the participan
situation.

The Risk Taking Questionnaire was related to the Risk Perception Questionnaire, intended to
measure how often the participant engages in unsafe or dangerous driving actjvilibe 85
Risk Takingvariablesare very similar tahe Risk Perception variables.

The Sensation Seeking Scale Survey was compiled of questions talyadggree to which the
participant engages in sensation seeking behavior. The 46 variables in the test measure the
participanés sensory stimulation preferencés (

The modified Manchester Driver Behavior Questionnaire is argptirted driver behavior
survey. The participant is asked to indicate how often he/she commitefahe24described
errors (accidental) or violatios(deliberate) 1).

The Medical Conditions and Medications Questionnaire is an instrument designed to obtain
information from participantsbouttheir selfreported medical history. The 39 questions are
focused on the identification of conditions that could affect driving performance and &afety (

The Sleep Habits Questionnaire was a questionnaire @edignt o det er misne t he p:
sleeping patterns, habits, and level of fatiglle@ne hundred variables documentedious
sleeprelated behaviors and characteristics.

A duplicate Medical Conditions and Medications Exit Questionnaire was administered for
driverscompleting the studylhis questionnaire had the same variables as the version
administered at the beginning of the stuél\Driver Exit Interview was also administered,
designed to gain feedback from the particigaekperience in the stud¥)( The Driver Exit
Interview asked drivers whether they thought the study had affected their driving habits or
whether they wanted to describe incidents titaurred while driving during the studyixteen
variables were part of that interview.

The Trips dataset contains two components: the $tupmary datasetnd the Time Series
datasetThe Trip Summary datassta collection of variables that summarize tharacteristics
of continuous data files collected during the SHRP2 NDS. Variables are organized into a table
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where each row represents a summary record describing the content of an individual trip. The
trip summary recordwere generated after a tngas incorporaéed into the SHRP2 NDS database
and passed quality assurance processes13h variables in thidatase{shown in theappendi)
areintended to provide information about the types of trips that exist in the continuous time
series database (e.g., trip duration, day of wiele, of day, maximum speg(L).

The Time Series datassintainsl15 varables collected from vehicles by the SHRP2 NDS on
board data acquisition system. The data were collected continuously while the vehicle was
running, obtained from the vehicle data netwandvarioussensorsX).

The Events dataset also contains two components: th&CPast Interview and the Event Detail
Table.The PostCrash Inerview is administered after an accident has occ(fifed he dataset

has 226 variables, many of which are similar to the items one would find on a thorough crash
report from a law enforcement officer that documents vehicle maneuvers, passenger positions
and demographics, and roadway conditions; additional ilemmp | or e t he subj ect
activities and potentially relevant medical conditioRise Event Detail Tableonsists of76

variables in tabular form listing all crashes, relashes, and baseline events that have been
identified and analyzed usitige event analysis protocdl). These 76 variables also have many
similarities to those that could be found in an official crash report, alahgteims describing

driver behaviors leading up to the crash.

Consideration of Variables

From a site location and geometric design point of view, 19 of the NDS data dictionaries
(containing 90 variables) appeared to have little value for this effort;glesdata dictionaries

were primarily from the Events and Drivers datasets, along with the Vehicle datesatip
Summary and Time Series data dictionaries contained 36 variables that could have potential for
identifying ramp locations and charactedstialong with driver behaviors or vehicle conditions

on those rampd.he usefulness of those variables, though, would depend on two factors: the
ability to identify ramp locations in RID, and the purchase of detailed NDS data to be able to
analyze correspnding variables on the ramp portions of trips instead of the data from trip
summaries.

To determine whether the available information could be used on ramps, researchers explored
the components of the RID databa%6)( of which there are seven, as showirigure4: Mobile

(a smaller, sample dataset collected by the study administratorsixaeds of state metadata
(Florida, Indiana [route information and assebmfiation], New York [roadway inventory and
pavement data], North Carolina, Pennsylvania, and WashinJtoa)Mobile database has

potential usefulness for its ability to show a representation of the data without purchasing a large
datasetThe 15 variables the Mobile dataset include horizontal curve details, grade,
superelevation, number of lanes, shoulder details, signing details, guardrail/barrier details,
median presence, intersection details, and presence of rumble strips and lidigiagriables

on curves, grade, and superelevation could be especially useful in comparing vehicle speeds to
design speeds.
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In the state metadata lists, the North Carolina and Washington setst tialve any variables

that appeared to be useful in identifying freeway ramps without needing to associate a series of
other variables in a lengthy quefhe Florida metadata, however, contains a variable called
Interchanges that can be used to quickgnidy locations that contain ramps; in order to use that
variable, it would be necessary to then determine the Link ID numbers of each ramp of interest to
develop a list of locations for which specific trip information would be requested for purchase
from NDS. Additional variables of interest in the Florida database include maximum speed

limits, number of lanes, surface width, and annual average daily traffic.

The Route Information subset of the Indiana metadata contains variables described as
RAMP_CODE RAMP/Y-CONNECTOR and secondary variables describing reference posts
and ramp types within an interchangéese variables would greatly simplify the process of
identifying ramps and their locations to request trip data from NID8&.Indiana data also
contan an Asset Information component with variables including speed limit and degree of
curve for comparison to design speed characteristics.
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The Roadway Inventory component of the New York metadata contains a series of variables on
ramps, which appears to tiee most thorough description of ramps available in RID:

1 Ramp_Entr: A ramp entering/intersecting with the roadway; located at the end milepoint
of the segment.
1 Ramp_Exit: A ramp for traffic exiting/leaving the roadway; located at the end milepoint
of thesegment.
Roadway_Type: A code that describes the site as a ramp on a state system roadway.
Ramp_Interchange_Code: An-tharacter code representing an Interchange to which
ramps are associated.
1 Ramp_Alpha_Suffix: A single letter suffix attached to thedahange code is used for a
ramp designation (total of 12 characters). Each ramp is also assigned a unigigst six
department of transportatioBQT) ID.
Ramp_Orig_DOT_ID: DOT ID for the roadway from which the ramp begins.
Ramp_Orig_Co_Order: County Gadof the roadway segment on the roadway from
which the ramp begins.
1 Ramp_Orig_MP: Milepoint on the roadway from which the ramp begins.
1 Ramp_Dest DOT: DOT ID for the roadway at which the ramp ends.
1 Ramp_Dest _Co_Order: County Order of the roadway segmeéheanadway at which
the ramp ends.
1 Ramp_Dest_MP: Milepoint on the roadway from at the ramp ends.

= =4

E

Taken together, these variables would provide a relatively thorough description of the location of
each ramp within the database and could be used to devbtdf sites to request from the full

NDS dataset-However, the actual roadway inventory data are not available through the RID
website; they must be requested from the RID administrators and then processed for site
identification.After identifying ranps in New York, Indiana, and Florida, a purchase request for

the detailed NDS trip data would provide a rich dataset to look at speeds and other roadway and
vehicle characteristics on specific trips through those ramps, which could be comparbdilio as

plans and other information on the design of the ramps for an evaluation of the similarity

bet ween the rampsdé design speeds as designed

Query of NDS Database

Based on the details described in the previection, the research tegoeried the NDS
database witla selection ofvariables that showed the most promise in identifying locations of
ramps with the associated roadway and trip characteriBecause details of the trips in the
database were unalable, researchers relied on the data in the Trip Summaries.

Using the Query tool provided in the ligBi website researchers looked for all of the crash

events in the NDS database that could have occurred on ramge.that, the query was set up

with the parameters shownTiable2. Site Names were all of the states from RID; the not NULL
value was used to remewany events that were not coded in a particular SteafeDay of Week

was similarly coded to include all seven days of the week but omit any event that was not coded
to a particular dayAll values of Trip ID and Event ID were included in order to sedhe entire

NDS databasd-or Event Severity, only the most severe events wefaded: crash, nearrash,
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and crastrelevant (norconflict and baseline events were excluded, as were NULINahd
Applicablecodes)Finally, in order to focus on trips theok place on ramps, the query

specified that the trip had to have at least 0.5 percent of the trip take place on an urban or rural
freeway; this eliminated any trip that did not include traveling on an entrance and/or exit ramp.

Table 2. Query Parameters Used to Search for Events on Ramps

Data Dictionary Variable Values

Vehicle Site Name [Not NULL]

Trip Summary Trip Day of Week| [Not NULL]

Trip Summary Trip ID All Values

Event > Event Detail Tabl{ Event ID All Values

Event >Event Detail Tablg Event Severity | Crash, NeaCrash, CrastiRelevant
Trip Summary % Urb Frwy >0.5

Trip Summary % Rur Frwy >0.5

The completed query searched for events that contained all of the first five variables listed in
Table?2 that also had either of the last two variablegure5 shows he graphical representation
of this query as shown on the InSight webslje (

~ x Site Name = Florida_Indian. .. x
Trip Day of Week = 1 = Sunday.2 ... x
Trip ID = All Values x
ALL  {+} + Event ID = All Values x
Event Severity 1 = Crash.Near-C. . x
X | 9% UbFrwy>05 x
ANY {+1 +
% Rur Frwy = 0.5 x

Figure 5. Graphical Representation of InSight Query ().

The research team also subdivided this query to search for events within specific states and
specific severitiesAdditional queries using different combinations of variables were condidere
but this combination was the one with the most potential in identifying all of the events of
interest.Chapter Joresents gery results and the findings from analyzing those results.
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Exploration of Behavior-Related Variables

A similar effort to review ariables from a safety and behavioral perspective was also conducted.
In that review, researchers also found that, by itself, theosbNDS data available through the
InSight website was insufficient to identify variables of interest for further analysis, but the trip
summary and driver variables in that dataset indicthat there would be variables of interest in

the detailed data that could be requested for purchass,advancing this project to the next

phase would require purchasing data for future explorations of behavior variables, especially for
drivers in the age range of ilB®, to include:

1 Secondaryasks while driung often.

1 Driving sleepy
1 SpeedindlOi 20 mphoverthe limit.
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CHAPTER 3
RESEARCH RESULTS

INITIAL QUERY RESULT S
The query of the InSight NDS database defined by the paramefeabla? andFigure5

produced a set of results that contained 939 events, as shbéwguiia6, a reproduction afhe
summary displayed on the InSight website (

Query Results

939 Total linked records matched your query cnteria. These records represent:
542 Vehicles 547 Dnivers 917 Trips 939 Events

Figure 6. Results from InSight Query(1).

The query results page on the InSight website provides multiple methods of viewing thedbta
results.The default page shows a crdabulation of the first two variables in the query list; in
this case, it showed the 917 trips by day of week and stat€i(gee7). This table can be
redefined to show any combination of two variables that the user desires to digiaynatting
the table with different variables provides an easy way to show thibdligin of basic
parametersTable3 andTable4 show thetwo distributionsby state.

'QE‘Q"_“, Data Forums Background

Trips by Trip Day of Week and Site Name

Site Name

Trip Day of Week

Figure 7. Default CrossTabulation of Query Results ().
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Table 3. Query Results byState.

State Vehicles| Drivers | Trips | Events
Florida 135 134 227 236
Indiana 12 12 17 17
New York 110 111 169 169
North Carolina 81 81 109 109
Pennsylvania 3 3 3 3
Washington 201 206 392 405
Total 542 547 917 939
Table 4. Event Severity by State.
State Crash | Near- | Crash- | Total
Crash | Relevant
Florida 1 234 1 236
Indiana 0 17 0 17
New York 0 168 1 169
North Carolina 0 108 1 109
Pennsylvania 0 3 0 3
Washington 2 401 2 405
Total 3 931 5 939

The results iMable3 show that almost half of the events occurred in Washington, which is
roughly proportional to the number of trips, vehicles, and drivers in the datdlbate4 shows

that the vast majority of events (approximately 99.1 percent) were classified -asastes;

there was not an actual collision in those events, but sevakimtprand/or avoidance maneuvers
had to take place in order to avoid collisions.

The InSight website also shows graphs of query results, using the same default variables with the

option to change variables to show any combination desired by thé&-igaege8 shows in

graphical form the number of events by day of week and state that were sHeiguréav.
Arguably, though, the most useful display of results is in the actual records of each event. The

event

record

shows a

portion

of

vi deo

recorde

smoothed plot ofime series data dfey variables, such as speed, aexalon, brake use, and

distance into trip; and an entry in a table showing the variables used in thelquleis/case, the
variables table showed the Trip ID, Day of Week, Site, Event ID, Event Severity, and % Urban
and Rural Freewaylhe display of tine series data can be substituted with a summary of the

event analysis, containing some information similar to a crash report, such as direction of vehicle
travel, type of event, driver actions, weather/road conditions, and a narrative that describes in
paragraph form the activities that occurréiyure9 shows ascreenshot of a record from a ramp
eventwith time series data, arkligure10 shows he same event with event analysis

1
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Figure 10. Screenshot of Ramp Event with Event Analysis in Query Result&)(
DETAILED QUERY RESULTS

The videos and narratives in the event records allowed a more detailed exploration of the 939
events produced by the query resulise research team viewed the video and read the narrative
for each of the 939 events to determine how many eveméesagéually relevant to the original
problem statement of vehicles traveling at speeds incompatible with the ramp design speed.

A review of the videos and narratives indicated that only 49 of the 939 events (5.2 percent)
actually took place on a freewaymp. This percentage was a bit lower than expected, but still
somewhat intuitive as the query parameters searched for almost every trip that included some
nonzero amount of freeway travélis reasonable to assume that, with those parameters, a
number ofevents will be returned that occurred on city streets and private drives, near the
beginning or end of the recorded trifisshould also be expected that a substantial number of
events would occur on the main lanes of the freeway, simply because mueergs takes place
there than on ramps, which increases the corresponding exposure and likelihood of an event.
Thus, the actual number of events on freeway ramps was quite low.

Based on the records, nine of the events took place each in Florida, Nevaniorth
Carolina.One event occurred in Pennsylvania, and the remaining 21 events happened in
WashingtonThis distribution also roughly corresponds with the proportionality of events found
in the entire set of query resultsTiable3.

Of the 49 events on ramps, only one was labeled as a crash; the remaining 48 events were
described as nearashesNearcrashesverealmost completely populated by of two

scenarios: a driver attempted to change lanes in front of the subject driver, or the subject driver
did not sufficiently brake while approaching slowed or stopped traffic in front of the subject
vehicle.In both scenarios, the subject driver hadise emergency braking or avoidance

maneuver to prevent a collisiofypically the latter scenario was enabled by driver inattention
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