Brigham Young University
BYU ScholarsArchive

All Theses and Dissertations

2008-03-13

Evaluation of the Applicability of the Interactive
Highway Safety Design Model to Safety Audit of
Two-Lane Rural Hig%ways

Kaitlin Chuo
Brigham Young University - Provo

Follow this and additional works at: https://scholarsarchive.byu.edu/etd

b Part of the Civil and Environmental Engineering Commons

BYU ScholarsArchive Citation

Chuo, Kaitlin, "Evaluation of the Applicability of the Interactive Highway Safety Design Model to Safety Audit of Two-Lane Rural
Highways" (2008). All Theses and Dissertations. 1322.
https://scholarsarchive.byu.edu/etd/1322

This Thesis is brought to you for free and open access by BYU ScholarsArchive. It has been accepted for inclusion in All Theses and Dissertations by an

authorized administrator of BYU ScholarsArchive. For more information, please contact scholarsarchive@byu.edu, ellen_amatangelo@byu.edu.


http://home.byu.edu/home/?utm_source=scholarsarchive.byu.edu%2Fetd%2F1322&utm_medium=PDF&utm_campaign=PDFCoverPages
http://home.byu.edu/home/?utm_source=scholarsarchive.byu.edu%2Fetd%2F1322&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu?utm_source=scholarsarchive.byu.edu%2Fetd%2F1322&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu/etd?utm_source=scholarsarchive.byu.edu%2Fetd%2F1322&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu/etd?utm_source=scholarsarchive.byu.edu%2Fetd%2F1322&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/251?utm_source=scholarsarchive.byu.edu%2Fetd%2F1322&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu/etd/1322?utm_source=scholarsarchive.byu.edu%2Fetd%2F1322&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsarchive@byu.edu,%20ellen_amatangelo@byu.edu

EVALUATION OF THE APPLICABILITY OF THE INTERACTIVE
HIGHWAY SAFETY DESIGN MODEL TO SAFETY AUDITS OF

TWO-LANE RURAL HIGHWAYS

by

Kaitlin Chuo

A thesis submitted to the faculty of
Brigham Young University

in partial fulfilment of the requirements for thegree of

Master of Science

Department of Civil and Environmental Engineering
Brigham Young University

April 2008






BRIGHAM YOUNG UNIVERSITY

GRADUATE COMMITTEE APPROVAL

of a thesis submitted by

Kaitlin Chuo

This thesis has been read by each member of tleevinfy graduate committee and by
majority vote has been found to be satisfactory.

Date Mitsuru Saito, Chair

Date Grant G. Schultz

Date E. James Nelson






BRIGHAM YOUNG UNIVERSITY

As chair of the candidate’s graduate committe@vielread the thesis of Kaitlin Chuo
in its final form and have found that (1) its forineitations, and bibliographical style
are consistent and acceptable and fulfill univgraitd department style requirements;
(2) its illustrative materials including figureshles, and charts are in place; and (3)
the final manuscript is satisfactory to the gradumimmittee and is ready for
submission to the university library.

Date Mitsuru Saito
Chair, Graduate Committee

Accepted for the Department

E. James Nelson
Graduate Coordinator

Accepted for the College

Alan R. Parkinson
Dean, Ira A. Fulton College of Engineering
and Technology






ABSTRACT

EVALUATION OF THE APPLICABILITY OF THE INTERACTIVE
HIGHWAY SAFETY DESIGN MODEL TO SAFETY AUDITS OF

TWO-LANE RURAL HIGHWAYS

Kaitlin Chuo
Department of Civil and Environmental Engineering

Master of Science

The Interactive Highway Safety Design Model (IHSDiglp suite of software
developed by the Federal Highway Administration {¥A) for monitoring and
analyzing two-lane rural highways in the Unitedt&a As IHSDM is a fairly “young”
program a limited amount of research has been ateduo evaluate its practicability
and reliability. To determine if IHSDM can be atkeginto the engineering decision
making process in Utah, a study was conducted uhdesupervision of the Utah
Department of Transportation (UDOT) to evaluatajglicability to audit safety of two-
lane rural highways in Utah.

IHSDM consists of six modules: Policy Review Mod(lRRM), Crash Prediction
Module (CPM), Design Consistency Module (DCM), Ti@Analysis Module (TAM),
Intersection Review Module (IRM), and Driver/Vel@dlodule (DVM) (still under
construction). Among the six modules, two weresgmofor evaluation because of their
applicability to audit safety of the two-lane ruraghways in Utah, namely CPM and
IRM.






For the evaluation of the CPM, three two-lane riarghway sections were
selected. The results of this evaluation showttiatCPM can produce reasonably
reliable crash predictions if appropriate inputeda&specially alignment data, reflect the
existing conditions at reasonable accuracy ancheeging judgment is used. Using
crash records available from UDOT'’s crash databaseCPM'’s crash prediction
capability, UDOT’s traffic and safety engineers ¢acate “hot spots” for detailed safety
audit, thus making the safety audit task more fedwemnd effective.

Unlike the CPM, the outputs of the IRM are quaiMatand include primarily
suggestions and recommendations. They will hedgrffic and safety engineers
identify what to look for as they visit the sitasich as a lack of stopping sight distance
and a lack of passing sight distance. The inteaficet of the IRM requires knowledge of
various aspects of highway design, familiarity wAttPolicy on Geometric Design of
Highways and Streetsy the American Association of State Highway andrnBportation
Officials (AASHTO), and experience in traffic engering.

Based on the findings of the study, it is concludleat the CPM and IRM of
IHSDM could be a useful tool for engineering demmsmaking during safety audits of
two-lane rural highways. But the outputs from thesodules demand knowledge and
experience in highway design. It is recommended ttie other modules of IHSDM be
tested to fully appreciate the capability of IHSDIWVhe software can be a knowledge-
based program that can help novice engineers to leawv to design safe two-lane rural

highways.
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1 Introduction

Due to the importance of rural highways and the tbey play in state’s highway
network, monitoring their safety has been a majsk for transportation engineers in the
United States. Throughout time, transportationrezgys have been using different
methods available to them to conduct safety awditaral highways. As the population
grows and as the trips made on rural highways asa@® a more advanced, systematic
method of monitoring the safety of rural highwaysirgently needed. The Federal
Highway Administration (FHWA) recognized this nemad developed a suite of software
programs called the Interactive Highway Safety Bed$ilodel (IHSDM) in order to
provide digital assistance for analyzing safetybpems of existing and planned rural

two-lane highways.

1.1 Purpose and Scope of the Study

Reducing crashes on highways has always been dhe afost important tasks
for transportation engineers while they are inghmess of planning, design,
construction, and maintenance. Providing a satendrenvironment is indeed not only a
responsibility, but also the highest priority fdirtaghway projects.

Traditionally transportation engineers have to nadigicheck their design to see
if all the values used for design are in compliawdé all the federal, state, and local
policies, or if average drivers and pedestriandccoamprehend their design. FHWA
recognized the deficiency of the traditional metlaod the need for a more systematic
method that assists transportation engineers usougrn technologies, and began
developing IHSDM in 1995. A concise descriptionldSDM is posted in its official

website, “IHSDM is a decision-support tool. It cke@xisting or proposed two-lane rural



highway designs against relevant design policyeskand provides estimates of a
design’s expected safety and operational performditSDM results support decision
making in the highway design process,” (FHWA 2008 IHSDM was further
developed, the Utah Department of Transportatidd@U) decided to evaluate IHSDM
to see if it could be incorporated in their safatyglit program for two-lane rural
highways.

A Road Safety Audit (RSA) is “the formal safety fsemance examination of an
existing or future road or intersection by an inelegent, multidisciplinary team. It
gualitatively estimates and reports on potentiabireafety issues and identifies
opportunities for improvements in safety for akhdousers,” (FHWA 2008). The goal of
an RSA is to answer the following two questions \({tA 2008):

* What elements of the road may present a safetyeconto what extent, to

which road users, and under what circumstances?

* What opportunities exist to eliminate or mitigadentified safety concerns?

The purpose for this research is to evaluate tpatmbty of IHSDM in helping
transportation engineers to locate highway segmeitiishigh crash rates and to predict
crash rates for improvement alternatives. Aftecdssing the research with the members
of the Technical Advisory Committee (TAC), whichswset up for the study and
consisted of selected UDOT engineers, two IHSDM nteslwere selected for
evaluation: the Crash Prediction Module (CPM) aralintersection Review Module
(IRM).

The scope of this study includes the analysis i&etliwo-lane rural highway
sections by CPM and two intersections by IRM ineori test their applicability to
UDOT's safety audit process. Some of the selelsigiaway segments have had
significantly high crash rates; therefore, thidstalso provides UDOT engineers an

evaluation of these problematic highway sections.

1.2 The Current Application of IHSDM

UDOT is not the first public agency to recognize gotential use of IHSDM.
There have been several engineering projects &vw &dopted IHSDM in their safety



evaluations. Mike Dimaiuta, the IHSDM developmprdject manager at the Turner-

Fairbank Highway Research Center in McLean, Viaifidimaiuta 2006), provided the

author of this thesis a list of state DOTs and iotirganizations that have already utilized

IHSDM to enhance the safety of two-lane rural hige: Table 1-1 lists some of the

engineering projects that have used IHSDM.

Table 1-1: Engineering Projects that Adopted IHSDM

Project Name

Organization(s)

Web Address

US 119 Pine Mountain
Improvements

Fernan Lake Road FHWA Western http://www.wfl.fhwa.dot.gov/pro
Improvement Project Federal Land jects/fernan/
Kentucky

Transportation Cente
for the Kentucky
Transportation
Cabinet

f http://www.ktc.uky.edu/Reports
KTC_04 31 FR121 02_2l.pdf

Statewide Projects

Washington
Department of
Transportation

http://www.wsdot.wa.gov/eesc/(
esign/ihsdm/

=

Indian Reservation Road
(IRR) Database and
Model Development,
Task 7

S
Mountain-Plains
Consortium (MPC)

http://www.mountain-
plains.org/research/2006proj/in
ex.php?proj=MPC-3

=

Road Safety Audits: The
FHWA Case Study
Program

Hamilton Associates,
BMI and FHWA

http://www.gdhamilton.com/resc
urces/TRBO6.pdf

Application of the
IHSDM: A Case Study

Kittelson &
Associates, Inc.

http://pubsindex.trb.org/docume
t/view/default.asp?lbid=760602

n

Highway 26 Road Safety
and Operational Review

Delphi-MRC

hpro/index.php?g=IHSDM&sea

http://www.delphimrc.com/sear¢

r

ch=Search

In these projects, IHSDM was used mostly to evaluead geometric design and

perform crash prediction analysis. For example,U%-119 Pine Mountain

Improvements Project used IHSDM to evaluate thetgadf the road after implementing

changes in alignments, and the road safety auoiitducted by the FHWA Case Study

Program also utilized the features of IHSDM to asctcsafety audits.



1.3 Organization of the Thesis

Chapter 1 introduces the objectives and procedakes in the study. Chapter 2
presents the findings from the literature reviewdwcted as part of the study to provide
readers with some background knowledge and thetsteiof IHSDM. Chapter 3
discusses the analysis procedures developed sadlgifior the study. Chapter 4 records
the findings from the CPM evaluation of the thr@e4ane rural highway sections,
followed by Chapter 5 which presents the resultthefapplication of the IRM module
for two rural intersections. Finally, Chapter @gpents conclusions and recommendations.



2 Literature Research

IHSDM was developed by the Safety Research and |Dgweent Program of
FHWA. The purpose of IHSDM is to evaluate existangl proposed two-lane rural
highways by providing quantitative information tigiway designers and safety
engineers. Two-lane rural highways comprise 7 ¢guarof the nation’s highway
systems and they account for 44 percent of thematfatal crashes (FHWA 2006).
FHWA has developed IHSDM in an attempt to help higi engineers design safe two-
lane highways and to help safety engineers effiiemalyze safety impacts of
alternative designs (FHWA 2006). The latest versiblHSDM was released in
December 2007 and is available for download ortlinghe public free-of-charge.
However, the version used for this study was a 2@d8ion, which was available at the
time this study began.

During the literature search, it was recognized tivare was a lack of studies
that had been conducted for evaluating the applibabf IHSDM to safety audit,
partially because IHSDM was relatively new to ttensportation engineering
community. The articles that were written abouSIPM were mainly to introduce the
features of the software or validate the methodsaadules contained in the program.
These are undoubtedly important topics to be ptedehowever, for the transportation
engineering community to recognize the usefulnésd DM more practical

applications of ISHDM are needed.



2.1 The Overview of IHSDM

The overview of the IHSDM cannot be better presgthan by Raymond
Krammes, the highway research engineer in the ©&icSafety Research &
Development of FHWA (FHWA 2006):

“IHSDM is a suite of software analysis tools faaéuating safety and

operational effects of geometric design decisiansam-lane rural highways.

Figure 2-1 shows a screenshot of IHSDM. IHSDM’slgse to provide
transportation engineers a tool that will help thasign safe two-lane rural highways.
IHSDM requires proper training and the understagadihhighway geometric design and
traffic safety issues related to two-lane rurahlvgys. Also, IHSDM supports all major
highway design software programs such as GEOPAKGHKIEE, and the engineering
programs that are developed Bentley and Autoddgikiraent data can be transferred

directly from these software programs into IHSDNH{#A 2006).

| e S e I T
Bar Yt crash (Crash Prediction) Haizar 4 i

B Thressvear WUt Srash (Crash Frediction) I Efemer Type L Start Sta
| ) Cross Slope -1 5 (Cresh Prediation) i
B T IHSDM Pike Praject

| [Simple Curve:
| Tangert

These elements are used by all modulos,

Heumenverson i fewanuey Ve m

| Hew Evaluation... |

AU

Cops Network

Export Wetwork:

Broperties

|
|
I Vi Haginay.
|
|

Loading ighuray LS 40

Figure 2-1: IHSDM Screenshot
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The design of two-lane rural highways can be evatliy the six modules of
IHSDM: Policy Review Module, Crash Prediction ModuDesign Consistency Module,
Traffic Analysis Module, Intersection Review Moduénd Driver/Vehicle Module. The
user does not need to use all of these moduleperigiing on the objective of evaluation,
the user can select the modules he or she needt$ niodule is briefly discussed in the

following subsections.

2.1.1 Policy Review Module (PRM)

The PRM module reviews the roadway design by cimgcttie design values with
the standard policies specifiedAnPolicy on Geometric Design of Highway and Streets
by the American Association of State Highway andrBportation Officials (AASHTO)
(AASHTO 2004). The module checks four highway desiategories: cross sections,
horizontal alignment, vertical alignment, and sigistance. The cross section category
checks the traveled way width and its cross slapgiliary lane width and its cross slope,
shoulder width and its cross slope, cross slopewat on curves, and bridge width. The
horizontal alignment category evaluates radiusuo¥ature, superelevation, compound
curve ratio, and length of horizontal curve. Tlegtical alignment category verifies
tangent grade length and vertical curve lengthe Jight distance category checks
stopping sight distance, passing sight distanad dacision sight distance. Additional
checks are done for clear zone, roadside slopejalatitch design, and superelevation
transition.

The PRM module is a digitized policy review thaecks 1990, 1994, 2001, and
2004 versions of AASHTO’a Policyon Geometric Design of Highway and Streets
The module also allows users to modify some ofpibley tables to reflect unique
policies that differ from the AASHTO policies. Hewer, policies that are not

guantitative are not yet translated into this etedt policy check.

2.1.2 Crash Predication Module (CPM)

The CPM estimates the number and rate of crashesdiyating the geometric

design and traffic flow characteristics of two-lameal highways. The crash prediction



algorithm consists of three components: base modalibration factor, and accident
modification factors (AMFs).

In CPM, the equations 2-1 and 2-2 are used to gré&a number of crashes for
highway segments (FHWA 2006):

N,. = N,,C, AMF, AMF, AMF,AMF, AMF, AMF, AMF, AMF,AMF, (2-1)

N, =(ADT,)(L)(365)(10®) exp(-0.4865 2-2)

Where:

N, = predicted number of total highway segment crapeeyear,

N,, = predicted number of total highway segment cragee year for nominal or

base conditions,

C, = calibration factor for highway segments,

AMEF,,...,AMF, = accident modification factors for highway segmsen
ADT, = average daily traffic volume for specified yeafveh/day),

L = length of highway segment (mi).

The crash rate is obtained by dividing bl the exposure value expressed by
(ADT,)(L)(10°), resulting in crashes per million vehicle mildgravel (MVMT).
Detailed discussions of the prediction models aumd in the on-line Help Documents
included in the IHSDM software (FHWA 2006).

Each base model was developed and calibrated withabllected from one or
two states. The AMFs further adjust the outcomeasfe models taking into account
particular road design and traffic characteristiEsr an existing highway, the empirical
Bayes method is used to combine model estimatiatistiae crash history data of the
highway section under study. For further inforraaton the specific equations and
procedural guideline of CPM the reader is suggetstedfer to the Engineering Manual
accessed through the Help feature of the IHSDMasoft (FHWA 2006).

As safety is the number one priority in highwayigesCPM is the most often
used module, and at the same time the most comsia’enodule of IHSDM. This

concern is reflected in the bulletin board of tifiigec@l support center; the majority of
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concerns the center has received is about CPM (Dien2006). One of the most
important pieces of advice for CPM users, giverthey]HSDM program manager, is that
users recognize the fact that there is no cragfigiren method, model, system, or
program that can ever be 100 percent perfect. élé@iéM users must be capable of
properly interpreting the outcome of CPM analy$aisn@iuta 2006).

In the field of transportation planning several hoets have been used over time
in an attempt to predict crash rates. Exampldkisttype of usage includes an analysis
of historical data of road segments with similaaratteristics, before-and-after studies,
regression analyses of crash rates, and so onlikkuany other prediction methods,
crash prediction models have its strengths and mesges. The CPM is based on the
well-known approaches of the past, and they inblytaherited the strengths and
weaknesses of these methods. Kinney (2005) sark ‘©f the author’s professors used
to say, ‘all models are wrong, some are usefllSIDM appears to satisfy both parts of
this statement.”

Crash prediction models used in CPM are basednmgative binomial regression
analysis that ensures sensitivity to site-spegéiometric design and traffic control
features. The CPM is more useful in identifyingthcrash locations than estimating
specific crash frequency or rates. The abilityhaf CPM in predicting crash occurrences
increases if both historic crash data of eitha@nalar site or the target road itself and
correct geometric design data of the highway seatitder study are available as long as
geometric conditions remain the same in the fu(Dimaiuta 2006).

One major complaint that the IHSDM support centes feceived is the large
amount of input data required by the CPM modulpertmuce reliable estimates. Another
complaint by many engineers is that IHSDM only usesnplified module of roadside
information, which they consider inefficient in repenting realistic roadside conditions.
Also, the interaction among roadway geometric desgtures is neglected. This issue
was pointed out by the expert panel that develdgdés but the problem has not been
resolved (Dimaiuta 2006).

The bottom line is that engineers need to be attateCPM outputs should be

used as a reference instead of being used as &bgalues. Kinney (2005) stated, “It is



important that we recognize that IHSDM is a decigimol which is not meant to be a

substitute for engineering judgment.”

2.1.3 Design Consistency Module (DCM)

The Design Consistency Module (DCM) provides thaleation of potential
speed inconsistencies. The module uses a speéld-pnodel to perform the task and
estimates 85 percentile, free-flow, and passenger vehicle speedifferent points along
aroadway. The speed-profile model checks estiir88 percentile speeds on curves
(horizontal, vertical, and horizontal-vertical coimdtions), desired speeds on long
tangents, acceleration and deceleration ratesiteriag and exiting curves, and an
algorithm for estimating speeds on vertical gra@é$WA 2006).

The major strength of DCM is that it provides quiatitze measures for
evaluating the consistency of traveling speed albhgghway and takes into account the
effect of both horizontal and vertical alignmentsaperating speed. However, because
the equations used in the module were derived flamata collected in a few selected
states — Texas, Washington, Oregon, Michigan, Nevk,yand Pennsylvania — the
applicability of the equations to highways in ttibey states is still under scrutiny.
Another concern about the DCM is that it is onlplagable to highways with relatively
higher speeds. For highways with speed limit taas 50 mph the module may not be

appropriate (Dimaiuta 2006).

2.1.4 Traffic Analysis Module (TAM)

The Traffic Analysis Module (TAM) contains TWOPASa-microscopic traffic
simulation model for two-lane rural highways. TWA&Shas the capability to simulate
any combinations of passing and climbing laneassing zones, sight restrictions,
curves, and grades and takes into account thetefi&coad geometry, driver
characteristics and their driving preferences, delsize and performance characteristics,
and the presence of oncoming and same-directioiclestthat are in sight at any given
time (FHWA 2006).
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However, the TAM takes no considerations for tugriemes, intersections,
shoulders, or any other forms of interruption to#ane highway operation. Thus, for
the TAM to work on a two-lane highway that contaimrludes, the highway needs to
be split into segments that do not have any inpgiwoas within them (FHWA 2006).

2.1.5 Intersection Review Module (IRM)

The IRM performs a diagnostic review to systeméiicavaluate an intersection
design for typical safety concerns. The modulduatas intersections from four
perspectives: intersection configuration, horizbatgnment, vertical alignment, and
intersection sight distance (FHWA 2006).

The IRM provides a comprehensive review of an sgetion design to diagnose
geometric factors, identify potential concerns alsafety and possible solutions for
these concerns, and consider the overall outcora# géometric design elements
(FHWA 2006).

Because of its unique nature, the IRM stands inaieget from all other modules.

The IRM requires a different set of data, file, @wadluation settings.

2.1.6 Driver/Vehicle Module (DVM)

The DVM evaluates how a driver would react and oesjto the roadway design
while operating a vehicle and also identifies & tlhadway condition may increase the
potential for the driver to lose control. This nudelconsists of two models: the driver
performance model (DPM) and the vehicle dynamicdeh¢/DM). The DPM estimates
elements such as perception, speed decision, patsiah, attention, speed control, path
control, and other elements that affect driverdqgrenance while the VDM estimates
elements such as lateral acceleration, frictionateimand rolling moments (FHWA
2006)..

The DPM was not available at the time of this theg\ccording to the program
developer, the DPM can closely mimic the effectswie radius and curve deflection on
driver’'s speed choice, but how “close” the model oamic the driver’s decision making

will remain to be seen until the model is releasred tested with real-life situations. For
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instance, different types of drivers still need®represented, but the current module
does not consider such diversity, and the assumhit a given driver negotiates all
curves is not realistic (FHWA 2006).

2.2 Literature Research

As mentioned at the beginning of this chapter, IINBlas been on the market
only for a relatively short period of time; hentge amount of literature on IHSDM'’s
applications is yet small. Most of the literataneilable are reviews of the reliability of
the mathematical equations used in the modelsntael logic, or the consistency of the
modules of IHSDM (Levison et al. 2002, Louisella&t2006, Oh et al. 2003). There is a
lack of literature that discusses the applicatigpeat of IHSDM. Only a small number
of reports were available for the study. For exi@miginney gave descriptions of his
encounter with IHSDM on a 3R (Resurfacing, Restoratand Rehabilitation) project in
Anchorage, Alaska (Kinney 2005). He used IHSDMvaluate the comparison made
between the traditional 3R methods and 3R altereatiethods. Kinney (2005) stated
that “IHSDM is a good tool for evaluating two-lajraral highway] alternatives. It is
relatively easy to use and comes with a compldtefsmaanuals to assist the user in
preparing models. The IHSDM model is applicablee¢ar and 3R analysisthe Policy
Review Module and the Design Consistency Modulesacellent tools in evaluating
new designs or multiple alternatives.”

Figure 2-2 is a summary of the functions of therabdules of IHSDM.

2.3 Chapter Summary

In Chapter 2 a brief summary of the six moduleBH8DM and findings from the
literature search were presented. Due to its gfeviod of existence in the highway
design related software market there is a lackerfature concerning the practical
application of IHSDM. Of the six modules (PRM, CPDICM, TAF, IRM, and DVM)
the scope of the study included only CPM and IRMadose the objective of the study is
to evaluate the applicability of IHSDM to safetydéts of two-lane rural highways.
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3 Analysis Procedure

The study used the IHSDM 2006 version, which wadlakest version available
at the time the study began. The study focuseiti®@evaluation of two modules of
IHSDM: CPM and IRM. These two modules require hontal and vertical alignments
of the highway section under study. However, maorlane rural highways in Utah
were built more than 20 years ago and the origlealgn and construction plans were
unavailable. Furthermore, these two-lane rurahiiys have undergone repairs and
reconstruction whose geometric design data weravaitable either. Therefore, in order
to meet the data requirements of CPM and IRM, aaggvoach was used to obtain
alignment data. This chapter discusses the proeadied to prepare necessary data for
using the IHSDM.

Figure 3-1 displays the flowchart that outlines éimalysis steps followed in this
study. Highway sections were first chosen, and the GPS data for each section were
collected. The next step was to convert the GR&idto the format that were accepted
by highway geometric design software. Then, sat®genterline alignments for each
study section were created. These alignment data then entered into IHSDM. This
chapter describes how these steps were carried out.

The analysis procedure presented in this reporteaadopted for similar studies
where crash prone segments within highway sectiwed to be identified and crash
predictions are required for comparing improvemaitérnatives. Also, the method to
produce surrogate horizontal and vertical alignmédat two-way rural highways using
GPS data will be useful for highway and safety eegrs who desire to analyze the
safety level of such highways but have not beer &bldo so because of the lack of

design plans and/or as-built plans to extract lootizl and vertical alignments.
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Obtain GPS Data from .
X : Convert the data into Load the data
the Roadview Program ; ; : o
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Obtain CPM result
with and without
crash history

Analyze the

| Make comments and
result recommendations

Figure 3-1: Flowchart of Analysis Steps

3.1 Data Collection

As mentioned in the introduction section of thisyter, IHSDM requires
horizontal and vertical alignment data of the cdime of the highway section under
study. Without these data no module of IHSDM rulmsorder to compensate the lack of
design plans and documents that might show alighuofea a new approach for
producing centerline alignments was needed. Té&mareh team found that UDOT had a
photolog program for its highways and the imagethethighways and GPS data of the
data collection vehicle were available to publieothe Internet, through the Roadview
Explorer website (UDOT 2007a). The data providedhis website included milepost,
latitude, longitude, altitude, and photo logs. 1@uatly over half of the 50 states in the
United States have adopted the method and constitioeir own local route database
(Mandli 2007).

Figure 3-2 shows an illustration of a photologguadpicle. The digital camera
attached to the front windshield area of the vehinds a resolution of 1600 pixels by
1200 pixels. It is positioned at the driver’'s éygght. From this position majority of

travel lanes, street signs, guide signs, mile markg@vement markings, and overhead
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signs can be captured by the camera. The camsithdaapacity to take from100 up to

500 images per mile. A similar method was usedJi0OT’s photolog program.

High Irtarsity Light Souros

o= U - o -
U-EIIEJEBI‘I'IEI'II-E
I_I
LF =

Figure 3-2: lllustration of a Data-Collecting Vehide (Mandli 2007)

3.2 Obtaining Geometric Data

In this study, the GPS data of a selected highwatian were used to create a
surrogate centerline alignment for the selectetiwiay section instead of its original
road plans, which were basically non-existent.eAthe GPS data (longitude, latitude,
and altitude) were obtained from the photolog paogof UDOT, they were converted
into coordinate data (northing, easting, and elemausing the Watershed Modeling
System (WMS) developed by Brigham Young UniverégyU), and the converted
coordinate data were then imported into InRoadteielop a surrogate centerline
alignment. This particular procedure to obtairegate alignment data of two-lane rural
highways was developed for this research and theepiure is discussed in detail in
Appendix. (Note: This particular procedure wasiatly developed by Mike Mosley at
BYU. The author of this thesis modified the prasedas needed.)

3.3 Other Required Data for CPM

To run CPM several other types of data are requinetlding speed limit,
Annual Average Daily Traffic (AADT), lane width, deway density, cross slope,
superelevation, crash history, etc. For someeddaldata, CPM uses default values if the
user does not provide alternative values. Inghisicular study, the selected highways
sections had their crash history available from21@92005 (UDOT 2006). However,
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considering that the road condition might have geanover such a long period of time,
only the crash history from 2003 to 2005 was us&do the AADT of corresponding
years were obtained from UDOT (UDOT 2006). Likesyior CPM, it would be
unrealistic to expect a high accuracy in the ouifilte prediction period is too long.
Hence, the prediction period was set to the sanggheof time, that is three years from
2006 to 2008.

3.4 Entering Data into IHSDM

After all the required data are obtained, the rs¢ap is to enter or import these
data into IHSDM. Among the types of required dhatt the user enters into IHSDM,
entering alignment data is the one that would takdongest time if entered manually.
To solve this problem, IHSDM provides several sgskeets that were designed
specifically to transform the raw alignment datithe format that is accepted by
IHSDM. The spreadsheets can be accessed by sglé€bols > Data Entry Assistant”
in the main menu of IHSDM. Figure 3-3 shows hovoitate the spreadsheets and
Figure 3-4 shows the pop-up window after Data EASgistant is selected.

Gl U] HSDM Pike Praject
B uss
Tlustso

Figure 3-3: Screen Shot Showing the Location of theeometric Alignment Assistant Spreadsheets
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Figure 3-4: Data Entry Assistant Pop-Up Window

With the Data Entry Assistant the process of entgalignment data is greatly
simplified. As to the rest of the data entry, tiser only needs to use the Highway
Editor, which is quite self-explanatory. A screleoisof the Highway Editor is shown in
Figure 3-5. In the Highway Editor the user cantsiwbetween the different types of data
by selecting appropriate tabs. The figure showsatimdow that contains several
different tabs, labeled as General, Horizontal ti¢al, Cross Section, Lane, etc. Each
tab gives the user data entry fields that are erdgpired or optional. As mentioned
previously, each module varies in its data requéets, and an easy way to tell which
module uses certain types of data is to look atdwer left corner of the data entry area,
where a statement in bold font states which modugesthe particular data the user is
entering. For example, in Figure 3-5 the text sayss element is used by PRM, CPM
and IRM.” This indicates that the daily trafficlume is used by the Policy Review
Module, Crash Prediction Module, and Intersecti@viBw Module. If there is any
guestion about data entry, the Help button ondhet right has brief yet adequate

explanations for the particular type of data sh@nrthe current page.
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Figure 3-5: Screenshot of the Highway Editor of IH®M

3.5 Chapter Summary

This chapter presented the procedure for prepalatg to run the CPM and IRM
module of IHSDM. To compensate the lack of theratignt data for two-lane rural
highway a method that takes advantage of the ajraaailable UDOT's GPS data of
two-lane rural highways was developed. GPS date wenverted to the data format that
could be read by InRoads and surrogate alignmeatraacessary for the two modules
were created using the alignment creation featfrésRoads. The surrogate alignments
and other data were then entered into IHSDM totihenCPM or IRM modules.
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4 Application of CPM to Selected Highway Sections

Three sections of two-lane rural highways in Utarenselected for analysis. To
make the selections, the traffic and safety enggekUDOT's four regions, who were
members of the TAC of the study, were asked toigeotheir preference on specific
highway sections that have experienced a high nuofogrushes. From their lists of
potential study sites three sections shown in Taklewvere selected. There was no

appropriate study section available in Region 1.

Table 4-1: Three Highway Sections Selected for Angdis

Highway Milepost Region
US-40 From MP35 to MP45 3
US-6 From MP22 to MP28 4

SR-150 From MPO0.6 to MP16.4 2

The three study sections selected for analysis aletero-lane rural highways,
which were the target study type of roads for IHSDMso, they were all of reasonable
length, and most importantly, the three study sestwere listed as one of the most crash
prone highway sections on their lists.

In using the prediction models of the CPM, no ahient was made for the
calibration factor which can be used to adjustrtioglel to the local conditions for two
reasons: 1) it was desired to test if the CPM coeldised as is, and 2) the calibration
task was, therefore, outside the scope of thisystitds advantageous if the calibration
task could be eliminated.

Figure 4-1 shows the general locations of the teedected highway sections on a
Utah highway map (UDOT 2008). As shown in the fegthe three study sections are

located on the northern and middle part of theestat
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Figure 4-1: Locations of the Three Selected Two-LanRural Highway Sections (UDOT 2008)
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4.1 US-40 Study Section

Located in UDOT Region 3, the US-40 Study Sectioom MP 35 to MP 45, was
selected for its undesirable crash history. Thrtipular section became an ideal section
for the study for its length and its proximity t&/B, where the author studied.

4.1.1 Current Conditions of the US-40 Study Section

A field visit was made to the study section. Tleaeral conditions of the study
section were found to be good. The pavement wasdeptable condition, the lane
markings were clearly visible, and the traffic S@ppeared to be properly installed and
properly functioning.

Figure 4-2 and Figure 4-3 are the photos takeh@t1S-40 study section during
two different seasons. They are shown to helpehders understand the general setting
of this study section. Figure 4-4 shows the |lasabf the US-40 study section from MP
35 to MP 45. The surrogate centerline horizonighanent of the study section shown in
Figure 4-5 was created by InRoads using the GPSsigiplied by UDOT'’s photolog
specialists. As shown in Figure 4-4 and Figure & surrogate centerline alignment

appears practically identical to the highway secshown in Figure 4-4.

(a) MP37, Eastbound (b) MP38, Westbound

Figure 4-2: Photos of the US-40 Study Section in 8umer 2005 (UDOT 2007a)

23



(a) MP38, Westbound 7 (b) MP37, Eastbound

Figure 4-3: Photos of the US-40 Study Section in \Wier 2006 (UDOT 2008) (Taken by Kaitlin Chuo)

Figure 4-4: Location of the US-40 Study Section (UDT 2008)
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Figure 4-5: Surrogate Horizontal Alignment of the U5-40 Study Section with Mileposts

4.1.2 Centerline Alignments of the US-40 Study section

As mentioned previously, GPS data (longitude,dtt and altitude) were
obtained from UDOT’s photolog specialists and cotecinto appropriate data
(northing, easting, and elevation) to import im&bads. The centerline horizontal and
vertical alignments were then manually createdhRdads (see Appendix for the details
of creating surrogate alignments). When creaturgogiate alignments, it is important to
keep them closely follow the geometry, yet alsg stiareasonable details instead of
excessively trying to match all the details, whichy waste time.

The resulting horizontal and vertical alignments aresented in Table 4-2 and
Table 4-3.
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Table 4-2: The Horizontal Alignment of the US-40 Sitdy Section (MP 35 to MP 45)

Milepost .
Segment From To Radius
Tangent 35.00 35.06
Simple Curve 35.06 35.43 450
Tangent 35.43 35.91
Simple Curve 35.91 36.13 230
Tangent 36.13 36.30
Simple Curve 36.30 36.53 700
Tangent 36.53 36.94
Simple Curve 36.94 37.44 290
Tangent 37.44 37.91
Simple Curve 37.91 38.37 550
Tangent 38.37 40.12
Simple Curve 40.12 40.54 180
Tangent 40.54 41.06
Simple Curve 41.06 41.47 290
Tangent 41.47 42.84
Simple Curve 42.84 43.09 170
Tangent 43.09 43.11
Simple Curve 43.11 43.26 250
Tangent 43.26 43.27
Simple Curve 43.27 43.54 180
Tangent 43.54 43.64
Simple Curve 43.64 43.89 277"
Tangent 43.89 4457
Simple Curve 44,57 45.10 295
Tangent 45.10 45.23
Simple Curve 45.23 45.39 450
Tangent 45.39 45.50
Simple Curve 45.50 45.50 500
Tangent 45.50 45.50
Simple Curve 45.50 45.76 193
Tangent 45.76 45.84
Simple Curve 45.84 45.99 350
Tangent 45.99 46.04
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Table 4-3: Vertical Alignment of the US-40 Study Setion (MP 35 to MP 45)

Milepost Back Grade | Back Length | Forward Grade | Forward Length
(%) (ft) (%) (ft)
35.21 -4.08 600 -1.20 600
35.89 -1.20 250 -1.45 250
36.17 -1.45 500 -0.95 500
36.61 -0.95 500 0.15 500
37.19 0.15 500 -1.57 500
38.02 -1.57 1250 -0.55 1250
39.29 -0.55 500 -0.70 500
39.99 -0.70 1500 0.51 1500
41.11 0.51 500 -0.72 500
41.41 -0.72 500 0.69 500
41.98 0.69 1625 -0.61 1625
42.90 -0.61 800 3.48 800
43.41 3.48 875 -2.64 875
43.75 -2.64 600 -0.28 600
44.13 -0.28 750 -1.78 750
44.62 -1.78 600 0.35 600
45.51 0.35 500 -0.35 500

4.1.3 Crash Prediction Results of the US-40 Study Section

The purpose of this study was to evaluate the chfyatt CPM for identifying
“hot spots” in a safety audit where crash ratesld/ibe higher than other parts of the
section. In order to evaluate the sensitivity @\Cresults two alternative tests were
made: one evaluated with crash history and ther @tfibout crash history. The
comparison of their results can be made to cheClPi¥1 is capable of making
appropriate crash predictions independently witlopash history. This capability
becomes important when the effectiveness of meliiplprovement alternatives is tested
in terms of crash reduction. In comparing multipigrovement alternatives crash
histories of such alternatives are not availalblence, being able to produce crash
predictions along the highway section without craistory is important. To ensure the
accuracy and reliability of the prediction resutisly the crash data from 2003 to 2005
were used and the three year prediction was madble 4-4 presents the prediction
results in number of crashes for the US-40 studfi@efrom MP 35 to MP 45.
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Figure 4-6, Figure 4-7, and Figure 4-8 are graphlooesentations of the crash

prediction results shown in Table 4-4, prepareletip the readers visually compare the

difference in the number of crashes along the ciemtealignments of the study section,

while Figure 4-9shows the differences between tA#Cesults analyzed with and

without crash history.

Table 4-4: Crash Prediction Results for the US-40t8dy section (Number of Crashes)

Milepost No. of Crashes (2006-2008) No. of Crashg¥)03-2005)
From [ To with Crashes | w/o Crashes Diff. Crash History
35.00| 35.06 0.55 0.182 0.37 1.00
35.06| 35.43 2.65 1.26 1.39 4.00
35.43| 35.91 2.18 1.40 0.77 3.00
35.91] 36.13 0.97 0.83 0.15 1.00
36.13] 36.30 0.73 0.48 0.25 1.00
36.30| 36.53 1.36 0.74 0.62 2.00
36.53| 36.94 1.15 1.15 0.00 1.00
36.94| 37.44 3.43 1.74 1.68 5.00
37.44] 37.91 1.72 1.36 0.36 2.00
37.91]| 38.37 1.81 1.48 0.33 2.00
38.37] 40.12 6.56 4.98 1.58 8.00
40.12( 40.54 2.89 1.55 1.34 4.00
40.54( 41.06 1.36 1.48 0.12 1.00
41.06( 41.47 2.29 1.44 0.85 3.00
41.47|( 42.84 5.03 3.90 1.13 6.00
42.84| 43.09 1.62 1.02 0.60 2.00
43.09] 43.11 0.06 0.06 0.02 0.00
43.11| 43.26 0.34 0.62 0.28 0.00
43.26 | 43.27 0.01 0.02 0.01 0.00
43.27| 43.54 1.65 1.10 0.55 2.00
43.54 | 43.64 0.17 0.27 0.10 0.00
43.64 | 43.89 2.00 0.93 1.07 3.00
43.89( 44.57 1.66 1.94 0.29 1.00
44,57 45.10 2.51 1.84 0.68 3.00
45.10]| 45.23 0.23 0.37 0.14 0.00
35.00| 35.06 0.55 0.182 0.37 1.00
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Table 4-4: Crash Prediction Results for the US-40t8dy section (Number of Crashes) (continued)

Milepost No. of Crashes (2006-2008) No. of Crashgx)03-2005)
From | To with Crashes | w/o Crashes Diff. Crash History
35.06( 35.43 2.65 1.26 1.39 4.00
35.43] 35.91 2.18 1.40 0.77 3.00
35.91( 36.13 0.97 0.83 0.15 1.00
36.13| 36.30 0.73 0.48 0.25 1.00
36.30( 36.53 1.36 0.74 0.62 2.00
36.53| 36.94 1.15 1.15 0.00 1.00
36.94| 37.44 3.43 1.74 1.68 5.00
37.44| 37.91 1.72 1.36 0.36 2.00
37.91| 38.37 1.81 1.48 0.33 2.00
38.37| 40.12 6.56 4.98 1.58 8.00
40.12| 40.54 2.89 1.55 1.34 4.00
40.54] 41.06 1.36 1.48 0.12 1.00
41.06| 41.47 2.29 1.44 0.85 3.00
41.47|( 42.84 5.03 3.90 1.13 6.00
42.84( 43.09 1.62 1.02 0.60 2.00
43.09( 43.11 0.06 0.06 0.02 0.00
43.11( 43.26 0.34 0.62 0.28 0.00
43.26 | 43.27 0.01 0.02 0.01 0.00
43.27| 43.54 1.65 1.10 0.55 2.00
43.54| 43.64 0.17 0.27 0.10 0.00
43.64| 43.89 2.00 0.93 1.07 3.00
43.89| 44.57 1.66 1.94 0.29 1.00
44,571 45.10 2.51 1.84 0.68 3.00
45.10] 45.23 0.23 0.37 0.14 0.00
45.23| 45.39 0.32 0.54 0.22 0.00
45.39] 45.50 0.19 0.30 0.11 0.00
45.50| 45.50 0.01 0.02 0.01 0.00
45.50| 45.50 0.00 0.00 0.00 0.00
45.50| 45.76 0.56 0.10 0.44 0.00
45.76 | 45.84 0.13 0.21 0.08 0.00
45.84] 45.99 0.31 0.54 0.23 0.00
45.991| 46.04 0.09 0.14 0.05 0.00
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Figure 4-6: Plot of CPM Prediction Results of the 1$-40 Study Section (Number of Crashes), MP 35-
MP 45 (2006-2008), Analyzed with Crash History
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Figure 4-7: Plot of CPM Prediction Results of US-4@Btudy Section (Number of Crashes), MP 35-MP
45 (2006-2008), Analyzed without Crash History
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Figure 4-8: Plot of Crash History of US-40 Study Sation (Number of Crashes), MP 35-MP 45 (2003-

2005)
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Figure 4-9: Plot of the Difference Between the CPNResults of US-40 Study Section in Number of
Crashes Analyzed With and Without Crash History

31



Figure 4-6 and Figure 4-7 show that the two prgaticresults from CPM have
trends similar to Figure 4-8, the actual crashonyst All three plots show high peaks
around MP 35.7, MP 37.1, MP 42.6, and MP 44.4, withhighest peak at MP 40.3.
There is one thing worth noticing: Figure 4-7, whghows the crash prediction results
without crash history exhibits a trend similar lbe bnes in Figure 4-6 and Figure 4-7.
Figure 4-9 was created to show the difference mlmer of crashes between the CPM
results with and without crash history. Table ghbws a summary of statistics of the
differences shown in Figure 4-9. It shows thatrttean difference in the number of
crashes between the two methods is less thanrlSha standard error of the mean is
very small (0.085), resulting in the confidenceemtl of 0.312 and 0.646 at the 95
percent confidence level. From the statisticsgmtsd in Table 4-5 it can be said that the
crash prediction without crash history is able toduce crash predictions that are similar

to the crash prediction with crash history.

Table 4-5: Statistical Summary of the Difference baveen the CPM Results in Number of Crashes
Analyzed With and Without Crash History of US-40 Stdy Section

Mean 0.479
Standard Error 0.085
Median 0.285
Standard Deviation 0.490
Sample Variance 0.240
Kurtosis 0.304
Skewness 1.151
Range 1.683
Minimum 0.002
Maximum 1.684
Confidence Interval of the Mean ( at the 95% Cagrficke Level) 0.312 - 0.646

Now that the similarity between the CPM resultdwéhd without crash history in
number of crashes was found, crash rates per MVMiewompared for the with and
without crash history cases. From equation 2-i2 évident that the computation of
number of crashes considers the exposure asperdsifes. Hence, looking at the crashes
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per MVMT is basically removing this exposure effé@egments in the study section are
defined as elements of horizontal alignment sudamagent or curve segment of the
horizontal alignment. The computed crash ratepesented in Table 4-6 and Figure
4-10, Figure 4-11, and Figure 4-12 were preparedstaalize the trends in the prediction
results. And the differences between the two CB8dilts were shown in Table 4-6 and

plotted in Figure 4-13.

Table 4-6: Crash Prediction Results for the US-40t8dy Section (Crashes/MVMT)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
'—‘(er?]%th (MVMT) (MVMT)

From | To C\r,:;?]es Cr\gé?]es Diff. Crash History
35.00| 35.06 0.06 2.06 0.68 1.38 3.99
35.06| 35.43 0.37 1.61 0.77 0.84 2.61
35.43| 35.91 0.48 1.01 0.65 0.36 1.50
35.91| 36.13 0.22 1.02 0.86 0.16 1.12
36.13| 36.300 0.17 0.98 0.65 0.38 1.44
36.30| 36.53 0.23 1.31 0.71 0.60 0.00
36.53| 36.94f 0.41 0.64 0.64 0.00 0.59
36.94| 37.44, 0.50 1.53 0.78 0.7 2.40
37.44| 3791 0.47 0.82 0.65 0.17 1.03
37.91| 38.37 0.47 0.88 0.71 0.17 1.04
38.37| 40.12l 1.75 0.84 0.64 0.20 1.10
40.12| 40.54f 0.42 1.56 0.84 0.72 2.32
40.54| 41.06 0.52 0.59 0.64 0.0% 0.46
41.06| 41.47 041 1.25 0.78 0.4Y 1.75
41.47| 42.84 1.37 0.83 0.64 0.19 1.05
42.84| 43.09 0.25 1.46 0.92 0.54 1.94
43.09| 43.11 0.02 0.42 0.67 0.25 0.00
43.11| 43.26 0.15 0.50 0.91 0.41 0.00
43.26| 43.27 0.01 0.42 0.67 0.2 0.00
43.27| 43.54 0.27 1.36 0.91 0.4% 1.76
43.54| 43.64f 0.09 0.41 0.66 0.2 0.00
43.64| 43.89] 0.25 1.76 0.82 0.94 2.83
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Table 4-6: Crash Prediction Results for the US-40t8dy Section (Crashes/MVMT) (continued)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
L((eng)th (MVMT) (MVMT)
mi
with w/o . :
From | To Crashes| Crashes Diff. Crash History
43.89| 44.57| 0.68 0.55 0.65 0.10 0.36
44.57| 45.100 0.53 1.06 0.77 0.29 1.35
45.10| 45.23 0.13 0.40 0.64 0.24 0.00
45.23| 45.39] 0.16 0.45 0.76 0.31 0.00
45.39| 45.50 0.11 0.40 0.64 0.24 0.00
45.50| 45.500 0.00 0.55 1.09 0.54 0.00
45.50| 45.500 0.00 0.40 0.64 0.24 0.00
4550| 45.76| 0.26 0.48 0.86 0.38 0.00
45.76| 45.84, 0.07 0.40 0.64 0.24 0.00
45.84| 45.99] 0.15 0.47 0.80 0.38 0.00
45.99| 46.04f 0.05 0.40 0.64 0.24 0.00
4.5
4.0 -
3.5
= 3.0
=
2 251
2
< 2.0
2]
s
O 1.5
1.0~
0.5
0.0 -
35.06 36.30 3791 41.06 43.11 43.64 4523 4550 46.04
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Figure 4-10: Plot of CPM Prediction Results of théJS-40 Study Section (Crashes/MVMT), MP 35-
MP 45 (2006-2008), Analyzed with Crash History
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Figure 4-11: Plot of CPM Prediction Results of thdJS-40 Study Section (Crashes/MVMT), MP 35-
MP 45 (2006-2008), Analyzed without Crash History
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Figure 4-12: Plot of Crash History of US-40 Study &ction (Crashes/MVMT), MP 35-MP 45 (2003-

2005)
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Figure 4-13: Plot of the Difference Between the CPNResults of US-40 Study Section in
Crashes/MVMT Analyzed With and Without Crash History

A summary of statistics of the difference betweasn €PM results analyzed with
and without crash history in crashes/MVMT is shawiTable 4-7. It shows that the
mean difference in the number of crashes per MVMiiveen the two methods is less
than 0.5, and the standard error of the mean issraall (0.050), resulting in the
confidence interval of 0.285 and 0.481 at the 9%¥fidence level. Compared with the
number of crashes, the relative difference in tn@lper of crashes per MVMT between
the prediction with and without crash history résdllarger the number of crashes per
segment.

Table 4-7: Statistics Summary of the Difference beteen the CPM Results in Crashes/MVMT
Analyzed With and Without Crash History of US-40 Stdy Section

Mean 0.383
Standard Error 0.050
Median 0.290
Standard Deviation 0.285
Sample Variance 0.081
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Table 4-7: Statistics Summary of the Difference beteen the CPM Results in Crashes/MVMT
Analyzed With and Without Crash History of US-40 Stdy Section (continued)

Kurtosis 3.670
Skewness 1.708
Range 1.380
Minimum 0.000
Maximum 1.380
Confidence Interval of the Mean ( at the 95% Caariice Level) 0.285 - 0.48[1

4.1.4 Analysis of Crash Prediction Results of the US-40t&dy Section

Before analyzing the crash prediction results, thiney needs to be kept in mind,
that is, it is unrealistic to expect the CPM to édlve capacity to predict the exact number
of crashes in the future. The users must useethdts to read a general trend in the
output and determine the locations where a highbeuraf crashes are likely to occur,
instead of using the particular numbers of cragiesented by the CPM as “real”
number of crashes that may occur.

Figure 4-6 and Figure 4-7, which show the numbearashes per segment,
display similar trends but Figure 4-10 and Figw®14 which show the number of
crashes per MVMT appear distinct to each otherough the mean difference was small
(less than 0.5 crashes), the relative amount ofris&n difference is larger for the latter
case. In the latter case, segments with similatcrates per MVMT had similar physical
characteristics; for instance, tangent segments kiawilar numbers of crashes per
MVMT.

Based on the given prediction results and the dnesthry, two different
interpretations can be made: either the CPM ig/abteliable to be used for this type of
analysis, or the crash history of the US-40 stuabtien is different from the ones used
for the development of CPM. This finding promptedin-depth analysis of the crash
history used for the analysis before making angiment.

Table 4-8 shows the detailed crash history dataefJS-40 study section. It
turned out that 60 percent of the crashes on thd@&§udy section were caused by
collisions with wild animals. This could becomeatential problem because this factor
is not fundamentally controlled by the engineemsgects of highway design. Surely,

there can be a way to herd domestic animals taicentghway crossing points, but it is
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difficult to guide wild animals to certain crossipgints. Figure 4-14 shows where
crashes with wild animals took place in the threarycrash analysis period. As seen in

the figure, they are scattered throughout the stadyion.

Table 4-8: Crash History Summary of the US-40 Studyection, MP 35-MP 45 (2003-2005)

Year | Direction | Milepost | Severity ATC;;)CLGT ATC;F')iegt ATC;;)deegt
2003| E 35.17 | No Injury Anim'\g\ll(g,v” g | NULL NULL
2003 E 35.27 | No Injury Animl\g\I/(;Nild) NULL NULL
Bruises Ran Off .
2003 E 36.18 | And Roadway- Mgi)F-éXC?d NULL
Abrasions Right )
2003| E 36.49 | No Injury Animl\g\IgNil g| NULL | NULL
2003| E 36.76 | No Injury Animl\g\IgNil g| NULL | NULL
Ran Off
2003 E 38.05 No Injury| Roadway- | Overturned NULL
Left
. MV-
2003 W 3875 | Nolnjury| \ ooiwigy | NULL NULL
Ran Off .
2003| E 39.25 | Nolnjury| Roadway- Mgg?g::etd NULL
Right )
. MV-
2003 W 3954 | Nolnjury| ooy | NULL NULL
2003 E 40.73 | No Injury Animl\g\I/(;Nild) NULL NULL
. Ran Off
2003 W 41.13 | No Injury Mg'tf'e’gd Roadway-| NULL
) Right
. MV-
2003 W 41.86 | Nonjury | \ .o wiigy| NULL NULL
. MV-
2003| E 35.17 | Nolnjury| pioiwiigy | NULL NULL
. MV-
2003| E 3527 | Nolnjury| pioiwiigy | NULL NULL
Bruises Ran Off .
2003| E 36.18 | And Roadway- Mgg?gftd NULL
Abrasions Right )
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Table 4-8: Crash History Summary of the US-40 Studyection, MP 35-MP 45 (2003-2005)
(continued)

Year | Direction | Milepost | Severity Af;é)dee?t Af;é)deegt Af;é)deegt
2003 E 36.49 | No Injury Anim'\g\l/(m d) NULL NULL
2003 E 36.76 | No Injury Anim'\g\lémd) NULL NULL
Ran Off
2003 E 38.05 No Injury] Roadway- | Overturned NULL
Left
. MV-
2003 W 38.75 No Injury Animal(Wild) NULL NULL
Ran Off .
2003| E 39.25 | Nolnjury Roadway- Mgf.g::etd NULL
Right )
. MV-
2003 W 39.54 | No Injury Animal(Wild) NULL NULL
2003 E 40.73 | No Injury Anim'\g\lémd) NULL NULL
. Ran Off
2003 W 41.13 | No Injury Mgiﬁd Roadway-| NULL
) Right
. MV-
2003 W 41.86 No Injury Animal(Wild) NULL NULL
Ran Off . Ran Off
2003 W 42.06 | No Injury| Roadway- Mg-ng:;etd Roadway-
Right ) Left
2003 W 44.55 | No Injury Anim'\g\l/(m d) NULL NULL
2003 W 44.75 | No Injury Anim'\g\l/(m d) NULL NULL
Bruises Ran Off
2004 W 35.07 And Roadway- | Overturned  NULL
Abrasions Left
2004 E 35.27 No Injury]  Overturned NULL NULL
Ran Off
2004 W 35.67 No Injury| Roadway- Mgboézte " | Overturned
Right )
2004 E 35.68 Fatal MV-MV NULL NULL
. MV-
2004 E 35.76 No Injury Animal(Wild) NULL NULL
2004 W 36.45 | No Injury Octg‘ﬁirs'i\(')?]”' Mgquézter NULL
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Table 4-8: Crash History Summary of the US-40 Studyection, MP 35-MP 45 (2003-2005)
(continued)

Year | Direction | Milepost | Severity ATC;;)dee?t ATC;;)deegt ATC;;)deegt
Bruises Ran Off Ran Off
2004 E 37.01 And Roadway- | Roadway-| NULL
Abrasions Right Left
2004| E 37.36 | No Injury Anim'v;\l/(w" g| NULL NULL
Broken Ran Off
bones or MV-
2004 E 37.95 . . . Roadway- | Overturned
bleeding | Animal(Wild) Right
wounds 9
2004 W 38.85 | No Injury Anim'v;\l/(w" g| NULL NULL
2004| E 38.95 | No Injury Anim'v;\l/(w" G| MV-MV | Mv-mv
2004| E 39.24 | No Injury Anim'v;\l/(w"d) NULL NULL
2004 W 40.03 | No Injury Anim'v;\l/(w" g| NULL NULL
Ran Off .
2004| N 40.34 | Nolnjury] MV-MV | Roadway- Mgg?gftd
Right )
Ran Off
2004 W 40.44 No Injury| Roadway- | Overturned  NULL
Right
. MV-
2004| W 43.00 | Nolnjury| MV NULL NULL
Ran Off .
2004 W 43.76 | No Injury| Roadway- Mg'ng::etd Overturned
Right )
Ran Off
2004 W 44.65 No Injury| Roadway- | Overturned Mgboézte '
Right )
Bruises .
2004| E 44.65 | And MV-MV  |Overturned Mgig‘c‘id
Abrasions )
2005| W 35.00 | No Injury Anim'v;\l/(w" g| NULL NULL
2005| W 35.97 | No Injury Anim'v;\l/(w"d) NULL NULL
2005| W 37.00 | No Injury Anim'v;\l/(w" g| NULL NULL
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Table 4-8: Crash History Summary of the US-40 Studyection, MP 35-MP 45 (2003-2005)
(continued)

Year | Direction | Milepost | Severity A.lg;;)dee?t A_?;Fl)deegt A_?;Fl)deegt
Ran Off Ran Off
2005 W 37.43 Fatal Roadway- | Overturned Roadway-
Right Left
2005 W 37.60 | No Injury Anim'\g/&vn g| NULL NULL
b?)rr?gsrér Ran Off Ran Off
2005 E 37.90 bleedin Roadway- | Roadway- | Overturned
9 Right Left
wounds
Ran Off
2005| W 40.00 | No Injury| Roadway- Mgf;zter NULL
Left )
. Ran Off
2005 W 40.30 Possible Roadway- | Overturned MV-Other
Injury Right Object
Ran Off .
2005| W 40.30 | No Injury| Roadway- Mgi)F-éXC?d NULL
Right )
. MV-
2005| E 41.30 | NoInjury| oo Ve | NULL NULL
2005| E 41.90 | No Injury Anim'v;\l/(w" g| NULL NULL
2005| E 41.90 | No Injury Anim'v;\l/(w" g| NULL NULL
2005| W 43.00 | No Injury Animl\gl&vn g | NULL NULL
2005 W 43.40 | No Injury Animl\gl&vn g| NULL NULL
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Figure 4-14: Plot of Crashes with Wild Animals in he US-40 Study Section from 2003 to 2005

In Figure 4-14 it is apparent that the crasheseattered randomly throughout
the study section, which makes it difficult to detene if any specific locations are more
problematic than the others.

In order to identify locations with a high numbércoashes caused by highway
design it is necessary to focus on non-animal esskrigure 4-15 shows the locations
with non-animal crashes. These crashes consiglotle collision, running-off roads,
collision with static objects, etc. These non-aalicrashes were plotted separately by the
direction of travel, westbound and eastbound, agvehn Figure 4-16. Two locations
seemed to have more crashes than other locatidhe study section and their vertical

alignments were subsequently examined for safety.
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Figure 4-15: Plot of Non-Animal Crashes in the US-@ Study Section, From 2003 to 2005

@ Westbound

Eastbound @

Figure 4-16: Plot of Non-Animal Crashes by Directio in the US-40 Study Section, 2003 to 2005
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In Figure 4-15 one can immediately identify locagdhat could be problematic,
such as the small curve at the mid location ofstiidy section. Figure 4-16 gives
another view of crash occurrence trend in the stadyion. The westbound has
significantly more crashes than the eastbound, wimakes one to think the approach to
this small curve might have some geometric designas. At this segment in the
westbound direction, the highway’'s upslope begitsch may give a compound effect
on crash occurrence. Figure 4-17 provides additioriormation regarding the vertical
alignment of the section. Around MP 40, there &ag vertical curve where horizontal
curve change from a curve to a tangent. This coatimn of horizontal and vertical curve

may have contributed to a higher number of craghésis segment of the study section.

7900
7850
78001
77501
7700+
76501
7600
7550 1 1 1 1 1 1 1 1

34.9 35.9 36.9 37.9 38.9 40.9 41.9 42.9 43.9 44.9 45.9

Milepost (ft)

39.9
Altitude

Figure 4-17: Vertical Alignment of the US-40 StudySection

Based on the discussions given so far, one catifigéoscations that can be “hot
spots,” as shown in Figure 4-18. Figure 4-18 shpessible four “hot spots” that are
located approximately at MP 37, MP 38, MP 40, arfl41. These spots are all related
to tangent-to-curve transition points or on a tigitve. Other factors also need to be
considered because the alignment may not be teecaake for these crashes, including
the obstacles along the highway (such as high diits pavement condition), inefficient
traffic signs, and so forth.
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Hot Spots

Figure 4-18: “Hot Spots" of US-40 Study Section

In conclusion, the crash prediction by CPM with thash history appeared very
dissimilar because 60 percent of the crashesasit@ were caused by wild animals,
while the crash prediction model without crashdmgiassumes only 30 percent animal-
related crashes.” Because the CPM does not pravidash history input option for wild
animal-related collisions, crash predictions by C&tMuld be used with caution for

highway sections with a large number of crashek witd animals.

4.2 US-6 Study Section

Located in UDOT Region 4, the US-6 study sectioomf MP 22 to MP 28 was
selected for its high number of crashes. Severptovements have been made on this
section over the years, and the most recent andrmet)abilitation took place in 2005.
Because the GPS data used for this study werectadldefore this major rehabilitation,
the changes that were made by the rehabilitatiotk was not considered in the analysis.
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4.2.1 Current Condition of the US-6 Study Section

Two sets of photographs of the study section arergin Figure 4-19 and Figure
4-20 to help the readers visualize the sectiore fdiotos in Figure 4-19 were copied
from the Roadview Explorer website (UDOT 2007a).géneral the road conditions of
the study section are good; the pavement markiregslear, and the pavement is in good
condition. Figure 4-20 shows two photos takenheyauthor during fall 2007.

Compared to the US-40 study section the valleyarsawer at this study section and the
cuts are closer to the travel way. Figure 4-24 iisap extracted from the UDOT database
and it shows the location of the US-6 study secfidDOT 2008). Refer back to Figure
4-1 for the location of the US-6 study section, erhshows the relative locations of the
three highway sections selected for this study.

In addition, a stretch of this portion of US-6 imding the study section was
reconstructed in summer 2007. However, becausehttieges made to the study section
had not been updated in the GPS database kept @TUDthe time this study was
conducted, the GPS data extracted from the phottdtgpase still reflected the road
alignments before the reconstruction. Hence, tfexebdf the reconstruction was not
considered in the study.

(a) MP 26, Eastbound )

(b) MP 23, Westbound

Figure 4-19: Photos of the US-6 Study Section in Suner 2005 (UDOT 2007a)
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(b) MP 26, Eastbound

(a) MP 27, Westbound
Figure 4-20: Photos of the US-40 Study Section inaf 2007 (Taken by Kaitlin Chuo)
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Figure 4-21: Location of the US-6 Study Section (UDT 2008)

4.2.2 Centerline Alignments of the US-6 Study Section
Following the same method outlined previously arsgwkssed in detail in

Appendix, the centerline alignments of the studstiea were obtained and are
summarized in Table 4-9 and Table 4-10 . As meetiopreviously, the study section

had major improvement work underway when the GR& ware collected; therefore, the

outputs for this study section need to be integatstith caution.

Table 4-9: Horizontal Alignment of the US-6 Study 8ction
Segment Milepost Radius
From To (ft)
Tangent 22.00 22.01
Simple Curve 22.01 22.10 3500
Tangent 22.10 23.27
Simple Curve 23.27 23.50 12000
Tangent 23.50 24.35
Simple Curve 24.35 24.64 2800
Tangent 24.64 24.87
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Table 4-9: Horizontal Alignment of the US-6 Study $ction (continued)

Segment Milepost Radius
From To (ft)
Simple Curve 24.87 25.04 1600
Tangent 25.04 25.05
Simple Curve 25.05 25.22 2800
Tangent 25.22 25.47
Simple Curve 25.47 25.55 1050
Tangent 25.55 25.57
Simple Curve 25.57 25.67 700
Tangent 25.67 25.71
Simple Curve 25.71 25.86 1950
Tangent 25.86 26.05
Simple Curve 26.05 26.14 5000
Tangent 26.14 26.17
Simple Curve 26.17 26.32 635
Tangent 26.32 26.40
Simple Curve 26.40 26.58 1200
Tangent 26.58 26.70
Simple Curve 26.70 26.79 550
Tangent 26.79 26.91
Simple Curve 26.91 27.06 520
Tangent 27.06 27.21
Simple Curve 27.21 27.47 1450
Tangent 27.47 27.63
Simple Curve 27.63 27.94 2900
Tangent 27.94 27.98

Table 4-10: Vertical Alignments of US-6 Study Seabin

Milepost Back Grade | Back Length | Forward Grade | Forward Length
(%) (ft) (%) (ft)
22.08 3.09 0.62 2.47 0.62
22.28 2.47 2.01 3.27 2.01
22.48 3.27 225.31 1.02 225.31
22.80 1.02 465.12 -3.64 465.12
23.25 -3.64 138.97 -2.25 138.97
23.47 -2.25 63.43 -2.88 63.43
23.71 -2.88 67.73 -2.43 67.73
24.06 -2.43 886.67 -4.97 886.67
24.31 -4.97 259.02 -3.24 259.02
24.55 -3.24 105.63 -3.47 105.63
25.00 -3.47 1.29 -3.04 1.29
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Table 4-10: Vertical Alignments of US-6 Study Seabh (continued)

Back Grade | Back Length | Forward Grade | Forward Length

Milepost (%) (t) (%) (M)
25.69 -3.04 1226.00 -5.09 1226.00
26.07 -5.09 44 .61 -3.60 44 .61
26.19 -3.60 52.14 -4.91 52.14
26.44 -4.91 62.65 -6.48 62.65
26.59 -6.48 22.22 -5.92 22.22
27.14 -5.92 47.61 -4.56 47.61
27.68 -4.56 12.64 -4.98 12.64

From the alignment data obtained from InRoadshasvs in Table 4-9 and Table
4-10, the graphical result is also displayed inuFegd-22. Figure 4-22 shows the
surrogate centerline alignment of the US-6 studyise with mileposts for tangent and
curve segments. Compare Figure 4-21 and Figui2férXSimilarity of the actual and

surrogate horizontal alignments.

Figure 4-22: Surrogate Horizontal Alignment of theUS-6 Study Section with Mileposts

4.2.3 Crash Prediction Results of the US-6 Study Section

To ensure the level of accuracy and minimize tffier@dinces in crash prediction
estimates among the study sections, the samesegdor the US-40 study section was
used for the US-6 study section. Table 4-11 shtwsrash prediction results by the
CPM in number of crashes from 2006 to 2008 and @wespthe crash history extracted
from 2003 to 2005 (UDOT 2007b) against the predict@lues. The three graphs shown
in Figure 4-23, Figure 4-24, and Figure 4-25 vigupiesent the data in Table 4-11. One
must be cautious of the vertical scales used igtaphs when viewing them.
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Table 4-11: Crash Prediction Results for the US-6t8dy Section (Number of Crashes)

Milepost No. of Crashes (2006-2008) No. of Crashg¥)03-2005)
From | To [ with Crashes| w/o Crashes| Diff. Crash History
22.00] 22.01 0.00 0.00 0.00 0.00
22.01] 22.10 0.03 0.03 0.00 0.00
22.10| 23.27 0.38 0.28 0.09 2.00
23.27] 23.50 0.05 0.06 0.00 0.00
23.50| 24.35 0.20 0.28 0.01 0.00
24.35| 24.64 0.08 0.09 0.01 0.00
24.64| 24.87 0.05 0.05 0.00 0.00
24.87| 25.04 0.06 0.06 0.00 0.00
25.04| 25.05 0.00 0.00 0.00 0.00
25.05| 25.22 0.05 0.05 0.00 0.00
25.22| 25.47 0.06 0.06 0.00 0.00
25.47| 25.55 0.03 0.04 0.00 0.00
25.55| 25.57 0.01 0.01 0.00 0.00
25.57| 25.67 0.16 0.05 0.11 1.00
25.67] 25.71 0.01 0.01 0.00 0.00
25.71] 25.86 0.05 0.05 0.00 0.00
25.86| 26.05 0.04 0.05 0.00 1.00
26.05| 26.14 0.09 0.03 0.06 0.00
26.14| 26.17 0.01 0.01 0.00 0.00
26.17| 26.32 0.07 0.07 0.01 0.00
26.32| 26.40 0.02 0.02 0.00 0.00
26.40| 26.58 0.06 0.07 0.01 0.00
26.58( 26.70 0.03 0.03 0.00 0.00
26.7 | 26.79 0.18 0.06 0.12 1.00
26.79] 26.91 0.20 0.03 0.17 2.00
26.91| 27.06 0.52 0.08 0.44 4.00
27.06| 27.21 0.04 0.04 0.00 0.00
27.21| 27.47 0.08 0.09 0.01 0.00
27.47| 27.63 0.04 0.04 0.00 0.00
27.63| 27.94 0.09 0.09 0.01 0.00
27.94( 27.98 0.01 0.01 0.00 0.00
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Figure 4-23: Plot of CPM Prediction Results of théJS-6 Study Section (Number of Crashes),
MP 22-MP 28 (2006-2008), Analyzed with Crash Histgr
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Figure 4-24: Plot of CPM Prediction Results of thdJS-6 Study Section (Number of Crashes), MP 22-
MP 28 (2006-2008), Analyzed without Crash History
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Figure 4-25: Plot of Crash History of US-6 Study Sation (Number of Crashes), MP 22-MP 28 (2003-
2005)
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Figure 4-26: Plot of the Difference Between the CPNResults of US-6 Study Section in Number of
Crashes Analyzed With and Without Crash History
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A summary of statistics of the difference betwesn €PM results analyzed with
and without crash history is shown in Table 4-12hbws that the mean difference in the
number of crashes between the two methods ishess®.035, and the standard error of
the mean is very small (0.016), resulting in thefoence interval of 0.004 and 0.066 at
the 95 percent confidence level. From the staigiresented in Table 4-12 it can be said
that the crash prediction without crash historgh¢e to produce crash predictions that are
similar to the crash prediction with crash history.

Again, graphical plots of the crash rate predictiesults presented in Table 4-13
are also presented graphically in Figure 4-27, l@gia28, and Figure 4-29. Figure 4-27
shows higher crash rates near the beginning pbihtecstudy section and toward the end
portion of the study section. This trend is simiathe actual crash history shown in
Figure 4-28 and Figure 4-29.

Table 4-12: Statistics Summary of the Difference hereen the CPM Results in Number of Crashes
Analyzed With and Without Crash History of US-6 Stuly Section

Mean 0.035
Standard Error 0.016
Median 0.004
Standard Deviation 0.086
Sample Variance 0.007
Kurtosis 16.569
Skewness 3.817
Range 0.440
Minimum 0.000
Maximum 0.440
Confidence Interval of the Mean ( at the 95% Caariice Level) | 0.004 — 0.066

Table 4-13: Crash Prediction Results for US-6 Studgections, MP 22-MP 28 (crashes/MVMT)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
Length (MVMT) (MVMT)
(i)

From To with wlo Diff Crash Histor
Crashes| Crashes ' y

22.00 | 22.01 0.01 0.49 0.52 0.08 0.00
22.01 | 22.10 0.09 0.64 0.68 0.04 0.00
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Table 4-13: Crash Prediction Results for US-6 Stud$ections,

MP 22- MP 28 (crashes/MVMT) (continued)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
Length (MVMT) (MVMT)
(i)
From To with wlo Diff. Crash History
Crashes| Crashes

23.27 | 23.50 0.23 0.50 0.53 0.08 0.00
23.50 | 24.35 0.85 0.49 0.52 0.08 0.00
24.35 | 24.64 0.29 0.60 0.65 0.0% 0.00
24.64 | 24.87 0.22 0.49 0.52 0.08 0.00
24.87 | 25.04 0.17 0.70 0.76 0.06 0.00
25.04 | 25.05 0.01 0.49 0.51 0.02 0.00
25.05 | 25.22 0.17 0.62 0.67 0.0% 0.00
25.22 | 25.47 0.25 0.49 0.51 0.02 0.00
25.47 | 25.55 0.08 0.95 1.06 0.11 0.00
25.55 | 25.57 0.03 0.49 0.51 0.02 0.00
25,57 | 25.67 0.09 3.65 1.16 2.49 22.84
25.67 | 25.71 0.04 0.49 0.52 0.08 0.00
25.71 25.86 0.15 0.71 0.77 0.06 0.00
25.86 | 26.05 0.19 0.50 0.53 0.08 11.3
26.05 | 26.14 0.09 2.09 0.64 1.4% 0.00
26.14 | 26.17 0.03 0.49 0.52 0.08 0.00
26.17 | 26.32 0.15 0.92 1.02 0.10 0.00
26.32 | 26.40 0.08 0.50 0.53 0.08 0.00
26.4 26.58 0.18 0.77 0.84 0.07 0.00
26.58 | 26.70 0.12 0.51 0.54 0.08 0.00
26.70 | 26.79 0.09 4.24 1.37 2.8Y 22.99
26.79 | 26.91 0.11 3.65 0.54 3.11 37.10
26.91 | 27.06 0.15 7.42 1.14 6.28 57.13
27.06 | 27.21 0.16 0.5 0.53 0.03 0.00
27.21 | 27.47 0.25 0.69 0.75 0.06 0.00
27.47 | 27.63 0.16 0.50 0.53 0.08 0.00
27.63 | 27.94 0.31 0.61 0.66 0.0% 0.00
2794 | 27.98 0.04 0.50 0.53 0.08 0.00

54




Crashes/MVMT
N

04

22.01 24.35 25.05 25.57 26.05 26.40 26.91 27.63
Milepost

Figure 4-27: Plot of CPM Prediction Results of thdJS-6 Study Section (Crashes/MVMT), MP 22-MP
28 (2006-2008), Analyzed with Crash History
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Figure 4-28: Plot of CPM Prediction Results of thdJS-6 Study Section (Crashes/MVMT), MP 22-MP
28 (2006-2008), Analyzed without Crash History
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Figure 4-29: Plot of Crash History of US-6 Study Sation (Crashes/MVMT), MP 22-MP 28 (2003-
2005)
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Figure 4-30: Plot of the Difference Between the CPNResults of US-6 Study Section in
Crashes/MVMT Analyzed With and Without Crash History
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A summary of statistics of the difference betwesn €PM results analyzed with
and without crash history is shown in Table 4-14hbws that the mean difference in the
number of crashes between the two methods ishess®.563, and the standard error of
the mean is very small (0.245), resulting in thefoence interval of 0.083 and 1.043 at
the 95 percent confidence level. Unlike the US#@ly section, these differences are

more distinct. A large number of crashes near Mitnay have skewed the results.

Table 4-14: Statistics Summary of the Difference liereen the CPM Results in Crashes/MVMT
Analyzed With and Without Crash History of US-6 Stuly Section

Mean 0.563
Standard Error 0.245
Median 0.040
Standard Deviation 1.365
Sample Variance 1.864
Kurtosis 10.212
Skewness 3.080
Range 6.260
Minimum 0.020
Maximum 6.280
Confidence Interval of the Mean ( at the 95% Cagrfice Level) 0.083 —1.043

4.2.4 Analysis of Crash Prediction Results of the US-6 8tly Section

As mentioned previously, the crash prediction rssalle not expected to perfectly
match the crash history; they are predicted vdoethe future. What is important to the
user is to identify if the trend presented by CBMimilar to the crash history in general,
thus identifying potential “hot spots” for safetydits before sending out a group of
experts to the field.

Unlike the US-40 study section, the US-6 studyisaaoes not have any wild-
animal related collisions. Table 4-15 gives a samynof the crash history of the US-6
study section. Only one domestic-animal relatdtisoan was reported during the study

period while the others are either run-off-roadixed-object-collisions.
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Table 4-15: Crash History Summary of the US-6 Studyection, MP 22-MP28 (2003-2005)

o , . Accident | Accident | Accident
Year | Direction | Milepost | Severity Type 1 Type 2 Type 3
Ran Off Other .
2003| E 26.72 | NoInjury Roadway-| Non- | MV:Fixed
: - Object
Right Collision
Broken
Ran Off .
2004| E 2561 | PONeS O poadway-| MY-FXed | o ertymed
bleeding ) Object
Right
wounds
Bruises | Ran Off .
2004| W 26.92 | And | Roadway-| MY:FX€d | 5 ertumed
. : Object
Abrasions| Right
Bruises | Ran Off
2004 W 26.98 And Roadway-| Overturned, NULL
Abrasions| Right
Broken
: Ran Off .
2004 W 27 bones_ or MV-Elxed Roadway- MV-Elxed
bleeding Object ) Object
Right
wounds
Broken
. Ran Off
2004 w 27.01 bones or| MV-Fixed Roadway- | Overturned
bleeding Object )
Right
wounds
Ran Off
2005 E 23 No Injury| Roadway-| MV-MV NULL
Right
Bruises | Ran Off .
2005| E 269 | And | Roadway- M(\gggd NULL
Abrasions Left )
MV-
2005 W 22.2 No Injury| Animal NULL NULL
(Domestic)
Bruises . Ran Off
2005 W 26.1 And Mg'ng::etd Roadway- | Overturned
Abrasions ) Right
Possible Ran Off
2005 W 26.9 Ini Roadway-| Overturned, NULL
nury Right

The US-6 study section has provided a better platto evaluate the

effectiveness of the CPM of IHSDM since the majoat the crashes in the study period
did not contain any wild animal related collisiorlBecause most of the reported crashes

were non-animal crashes, this study section se¢oleel more related to highway design
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issues. The CPM prediction results are therefotergially more relevant and reliable
for the type of use of this module, which is finglithot spots” without every time
collecting crash data.

By observing Figure 4-23 through Figure 4-28 one &2 a pattern. At the
beginning of the study section there appears t® $mall increase in crash occurrence
and rate, around MP 22 to MP 24, followed by a éase up to approximately MP 26
where the crash occurrence and rate reach thegtigbmt and decrease abruptly after
that point. Only Figure 4-24 contradicts this gahéendency, in which the crash
prediction result is presented in number of cragi@segment without crash history.
This difference raised concern that CPM’s predict=alilts obtained without the crash
history might be unreliable. Referring to Figur@&, which is the CPM crash prediction
results analyzed without crash history but preseimerashes per MVMT, one can see
that the trend in Figure 4-28 fits the general &y, though weakly, that the plots

shown in the other figures.

4.3 SR-150 Study Section

The SR-150 study section is located in UDOT Rediowhich is a portion of a

highway called the “Mirror Lake Highway.” It israral, recreational, and scenic route.

4.3.1 Current Condition of the SR-150 Study Section

The overall condition of the study section is gotbd pavement markings are
clearly visible, and the pavement is still in exeet condition. Two sets of photos are
shown to help acquaint the reader with the studtiae Figure 4-31 shows the photos
taken during summer 2006 by UDOT's photolog speti@UDOT 2007a). From Figure
4-31 one can see the road is in good conditiore pHotos in Figure 4-32, on the other
hand, were taken in fall 2007 on a rainy day. Hoeement weather actually provided
the author an opportunity to inspect the road feodifferent perspective, where the
driver visibility was lower as well as lower friotn between the tires and the pavement
existed. Although the pavement appeared to be siimeery and dangerous to drive on,
the author did not feel particularly unsafe drivimgthis stretch.
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(a) MP 1, Eastbound (b) MP 13, Westbound

Figure 4-31: Photos of the SR-150 Study Section Bummer 2005 (UDOT 2007a)

(a) MP 2, Eastbound | (b) MP 14, Westbound

Figure 4-32: Photos of the SR-150 Study Section kall 2007 (Taken by Kaitlin Chuo)

The section of SR-150 selected for the study coatkications where high crash

rates occurred. Figure 4-33 shows the locatiah®fSR-150 study section.
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Figure 4-33: Location of the SR-150 Study Sectioy DOT 2008)
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4.3.2 Centerline Alignments of SR-150 Study Section

To be consistent with the other two study sectitims same method described in
Appendix was used for obtaining surrogate horizicamta vertical alignments of the SR-
150 study section. Table 4-16 shows the horizalighment and Table 4-17 shows the
vertical alignment of the centerline of the studgteon. Figure 4-34 shows a plot of the
surrogate centerline alignment of the study seatith mileposts. Comparing Figure
4-33 and Figure 4-34 shows the similarity of theuakand surrogate horizontal

alignments.
Table 4-16: Horizontal Alignment of the SR-150 Stug Section
Segment Milepost Radius
From To (ft)

Tangent 0.70 0.71

Simple Curve 0.71 0.78 800
Tangent 0.78 0.81

Simple Curve 0.81 0.88 1250
Tangent 0.88 0.97

Simple Curve 0.97 1.05 1500
Tangent 1.05 1.13

Simple Curve 1.13 1.27 2000
Tangent 1.27 1.38

Simple Curve 1.38 1.44 2500
Tangent 1.44 1.47

Simple Curve 1.47 1.54 1500
Tangent 1.54 1.59

Simple Curve 1.59 1.66 2200
Tangent 1.66 1.72

Simple Curve 1.72 1.81 1050
Tangent 1.81 2.09

Simple Curve 2.09 2.17 6300
Tangent 2.18 2.50

Simple Curve 2.50 2.60 1100
Tangent 2.60 2.69

Simple Curve 2.69 2.79 2000
Tangent 2.79 2.85

Simple Curve 2.85 2.94 1800
Tangent 2.94 3.04

Simple Curve 3.04 3.09 2500
Tangent 3.09 3.23
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Table 4-16: Horizontal Alignment of the SR-150 Stug Section (continued)

Segment Milepost Radius
From To (ft)

Simple Curve 3.23 3.32 900
Tangent 3.32 3.54

Simple Curve 3.54 3.64 2300
Tangent 3.64 3.78

Simple Curve 3.78 3.82 5000
Tangent 3.82 3.94

Simple Curve 3.94 4.08 6000
Tangent 4.08 4.13

Simple Curve 4.13 4.34 980
Tangent 4.34 4.40

Simple Curve 4.40 4.49 1100
Tangent 4.49 4.56

Simple Curve 4.56 4.61 1500
Tangent 4.61 4.62

Simple Curve 4.62 4.68 1500
Tangent 4.68 4.86

Simple Curve 4.86 5.04 1600
Tangent 5.04 5.18

Simple Curve 5.18 5.32 1120
Tangent 5.32 5.37

Simple Curve 5.37 5.50 800
Tangent 5.50 5.55

Simple Curve 5.55 5.69 1150
Tangent 5.69 5.71

Simple Curve 5.71 6.08 3700
Tangent 6.08 7.24

Simple Curve 7.24 7.46 2400
Tangent 7.46 7.51

Simple Curve 7.51 8.12 4600
Tangent 8.12 8.52

Simple Curve 8.52 8.94 2300
Tangent 8.94 9.14

Simple Curve 9.14 9.29 5000
Tangent 9.29 9.89

Simple Curve 9.89 10.09 2800
Tangent 10.09 10.21

Simple Curve 10.21 10.73 2850
Tangent 10.73 11.13

Simple Curve 11.13 11.29 3300
Tangent 11.29 12.00

Simple Curve 12.00 12.24 1900
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Table 4-16: Horizontal Alignment of the SR-150 Stug Section (continued)

Segment Milepost Radius
From To (ft)

Tangent 12.24 12.60

Simple Curve 12.60 12.74 1190
Tangent 12.74 12.91

Simple Curve 12.91 13.00 1500
Tangent 13.00 13.19

Simple Curve 13.19 13.32 12000
Tangent 13.32 13.59

Simple Curve 13.59 13.73 1650
Tangent 13.73 13.89

Simple Curve 13.89 14.21 3300
Tangent 14.21 14.27
Tangent 15.20 1541

Simple Curve 15.41 15.54 1700
Tangent 15.54 15.65

Simple Curve 15.65 15.92 5500
Tangent 15.92 16.08

Simple Curve 16.08 16.24 1450
Tangent 16.24 16.33

Simple Curve 16.33 16.38 1300
Tangent 16.38 16.39

Table 4-17: Vertical Alignment of the SR-150 Studysection

Milepost Back Grade | Back Length | Forward Grade | Forward Length
(%) (1) (%) (1)
0.83 6.36 434.33 0.75 434.33
0.95 0.75 11.00 1.85 11.00
0.97 1.85 21.84 1.22 21.84
1.08 1.22 330.51 -0.52 330.51
1.27 -0.52 484.40 0.62 484.40
1.68 0.62 349.31 3.12 349.31
2.07 3.12 437.72 -1.26 437.72
2.25 -1.26 209.54 0.59 209.54
2.56 1.21 362.01 5.47 362.01
2.78 5.47 425.15 -0.61 425.15
2.96 -0.61 252.35 4.44 252.35
3.07 4.44 216.49 1.55 216.49
4.33 2.84 50.00 3.86 50.00
4.37 3.86 10.00 1.98 10.00
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Table 4-17: Vertical Alignment of the SR-150 Studysection (continued)

Milepost Back Grade | Back Length | Forward Grade | Forward Length
(%) (ft) (%) (ft)
4.46 1.98 28.80 0.83 28.80
4.49 0.83 19.02 2.73 19.02
4.50 2.73 2.93 1.56 2.93
4.51 1.56 6.93 2.25 6.93
4.53 2.25 75.12 1.25 75.12
4.81 1.25 93.82 2.82 93.82
4.91 2.82 26.99 3.49 26.99
4.96 3.49 180.00 1.09 180.00
5.09 1.09 4.39 1.53 4.39
5.35 1.53 5.67 1.72 5.67
5.98 1.72 38.01 3.24 38.01
6.32 3.24 49.77 4.90 49.77
6.69 4.90 504.33 -2.31 504.33
6.88 -2.31 130.32 0.30 130.32
6.94 0.30 144.07 2.22 144.07
7.25 2.22 37.85 0.96 37.85
7.43 0.96 71.57 1.80 71.57
7.66 1.80 124.42 3.88 124.42
7.81 3.88 53.81 2.08 53.81
7.93 2.08 94.68 3.35 94.68
8.25 3.35 231.43 5.36 231.43
8.38 5.36 379.42 0.30 379.42
8.47 0.30 45.77 1.82 45.77
8.57 1.82 82.85 3.90 82.85
8.63 3.90 179.65 2.46 179.65
8.75 2.46 117.92 0.10 117.92
8.86 0.10 108.81 1.31 108.81
8.98 1.31 197.76 4.35 197.76
9.13 4.35 5.00 3.04 5.00
9.20 3.04 30.00 4.44 30.00
9.23 4.44 95.00 2.36 95.00
9.27 2.36 65.00 3.27 65.00
9.32 3.27 15.00 3.82 15.00
9.42 3.82 75.00 2.94 75.00
9.48 2.94 50.00 4.54 50.00
9.50 4.54 5.00 3.26 5.00
9.50 3.26 2.50 4.22 2.50
9.52 4.22 50.00 3.82 50.00
9.60 3.82 125.00 6.01 125.00
9.93 6.01 500.00 -1.99 500.00
10.13 -1.99 300.00 -0.88 300.00
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Table 4-17: Vertical Alignment of the SR-150 Studysection (continued)

Milepost Back Grade | Back Length | Forward Grade | Forward Length
(%) (ft) (%) (ft)
10.26 -0.88 350.00 -2.30 350.00
10.42 -2.30 40.00 -1.80 40.00
10.56 -1.80 100.00 -5.17 100.00
10.61 -5.17 135.00 -3.43 135.00
10.66 -3.43 25.00 -4.12 25.00
10.72 -4.12 50.00 -1.93 50.00
10.77 -1.93 175.00 -0.43 175.00
11.12 -1.57 50.00 -0.71 50.00
11.19 -0.71 200.00 -3.03 200.00
11.31 -3.03 175.00 0.99 175.00
11.47 0.99 100.00 -1.03 100.00
11.61 -1.03 150.00 4.51 150.00
11.80 4.51 200.00 5.78 200.00
11.92 5.78 200.00 3.59 200.00
12.04 3.59 190.00 5.77 190.00
12.16 5.77 50.00 4.84 50.00
12.24 4.84 250.00 0.55 250.00
12.33 0.55 200.00 1.24 200.00
12.38 1.24 15.00 0.68 15.00
12.55 0.68 150.00 2.74 150.00
12.63 2.74 50.00 -1.80 50.00
12.73 -1.80 40.00 -5.79 40.00
12.76 -5.79 100.00 -2.98 100.00
12.82 -2.98 50.00 1.84 50.00
12.89 1.84 100.00 3.84 100.00
12.92 3.84 10.00 0.53 10.00
12.94 0.53 35.00 -1.28 35.00
12.95 -1.28 0.50 0.32 0.50
12.95 0.32 7.50 -0.25 7.50
12.96 -0.25 2.50 -0.83 2.50
12.96 -0.83 2.50 -1.17 2.50
12.96 -1.17 0.50 1.30 0.50
12.96 1.30 5.00 0.80 5.00
12.97 0.80 0.01 1.10 0.01
12.97 1.10 5.00 0.51 5.00
12.97 0.51 1.50 0.20 1.50
12.97 0.20 0.25 2.12 0.25
12.97 2.12 12.50 0.94 12.50
12.98 0.94 5.00 0.36 5.00
12.98 0.36 0.10 1.66 0.10
12.99 1.66 15.00 0.50 15.00
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Table 4-17: Vertical Alignment of the SR-150 Studysection (continued)

Milepost Back Grade | Back Length | Forward Grade | Forward Length
(%) (ft) (%) (ft)
12.99 0.50 2.50 1.77 2.50
13.00 1.77 15.00 0.68 15.00
13.00 0.68 5.00 1.46 5.00
13.01 1.46 2.50 2.28 2.50
13.02 2.28 2.50 1.97 2.50
13.04 1.97 40.00 3.32 40.00
13.16 3.32 140.00 0.50 140.00
13.34 0.50 50.00 1.59 50.00
13.57 1.59 150.00 1.38 150.00
13.75 1.38 100.00 2.73 100.00
13.82 2.73 50.00 0.44 50.00
13.85 0.44 25.00 1.48 25.00
13.89 1.48 50.00 -0.70 50.00
13.93 -0.70 100.00 0.84 100.00
14.03 0.84 100.00 0.25 100.00
14.13 0.25 50.00 -0.43 50.00
14.15 -0.43 10.00 0.45 10.00
14.16 0.45 16.00 -0.59 16.00
14.18 -0.59 30.00 0.56 30.00
14.26 0.56 20.00 -0.01 20.00
14.37 -0.01 50.00 1.21 50.00
14.50 1.21 50.00 2.26 50.00
14.64 2.26 150.00 3.50 150.00
14.71 3.50 105.00 0.47 105.00
14.76 0.47 50.00 -0.81 50.00
14.85 -0.81 150.00 1.88 150.00
14.92 1.88 5.00 0.75 5.00
14.93 0.75 10.00 1.69 10.00
14.93 1.69 1.00 0.00 1.00
14.94 0.00 15.00 1.38 15.00
14.94 1.38 7.50 -0.72 7.50
14.95 -0.72 10.00 0.32 10.00
14.95 0.32 15.00 -0.47 15.00
14.96 -0.47 12.00 0.81 12.00
14.96 0.81 1.50 1.42 1.50
14.96 1.42 0.50 0.33 0.50
14.97 0.33 10.00 1.82 10.00
14.97 1.82 0.40 2.18 0.40
14.97 2.18 0.40 2.48 0.40
14.97 2.48 0.50 1.02 0.50
14.98 1.01 7.50 1.73 7.50
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Table 4-17: Vertical Alignment of the SR-150 Studysection (continued)

Milepost Back Grade | Back Length | Forward Grade | Forward Length
(%) (ft) (%) (ft)
14.98 1.73 5.00 2.58 5.00
14.98 2.58 0.10 2.95 0.10
14.98 2.95 0.50 3.28 0.50
14.98 3.28 0.10 1.83 0.10
14.99 1.83 0.50 1.97 0.50
14.99 1.97 1.00 2.89 1.00
14.99 2.89 0.10 1.45 0.10
15.00 1.45 0.10 1.99 0.10
15.00 1.99 0.05 1.29 0.05
15.01 1.29 0.10 2.08 0.10
15.01 2.08 0.01 1.54 0.01
15.02 1.54 0.25 2.40 0.25
15.02 2.40 0.25 2.08 0.25
15.25 2.08 15.00 1.49 15.00
15.29 1.49 100.00 2.33 100.00
15.32 2.33 2.50 2.74 2.50
15.35 2.74 50.00 2.04 50.00
15.37 2.04 10.00 2.54 10.00
15.39 2.54 5.00 1.83 5.00
15.42 1.83 10.00 3.27 10.00
15.46 3.27 2.50 2.83 2.50
15.48 2.83 2.50 -1.35 2.50
15.53 -1.35 10.00 7.73 10.00
15.56 7.73 2.50 4.48 2.50
15.60 4.48 5.00 1.37 5.00
15.66 1.37 20.00 2.15 20.00
15.76 2.15 25.00 0.35 25.00
15.80 0.35 50.00 2.28 50.00
15.85 2.28 50.00 1.15 50.00
15.91 1.15 50.00 2.83 50.00
16.01 2.83 25.00 2.25 25.00
16.06 2.25 10.00 0.99 10.00
16.10 0.99 100.00 4.08 100.00
16.17 4.08 100.00 1.12 100.00
16.20 1.12 50.00 5.26 50.00
16.25 5.26 10.00 3.21 10.00
16.29 3.21 20.00 -2.35 20.00
16.30 -2.35 5.00 3.90 5.00
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Figure 4-34: Surrogate horizontal Alignment of theSR-150 Study Section with Mileposts

4.3.3 Crash Prediction Results of the SR-150 Study Sectio

The centerline alignments of the SR-150 study sratiere entered into the CPM

together with necessary data. The results of queestiiction in number of crashes are

shown in Table 4-18. The results shown in Tabl84re graphically presented in
Figure 4-35 and Figure 4-36, and Figure 4-37. &hbeee figures show that segments
near MP 5.7 seem to have a very high occurrenceashes. Figure 4-38 is the graph
that shows the difference between the CPM resnli/aed with and without crash

history.
Table 4-18: Crash Prediction Results for SR-150 Stly Section,
MP 0.7-MP 16.4 (Number of Crashes)
Milepost No. of Crashes (2006-2008) No. of Crashg€03-2005)
with w/o

From To Crashes | Crashes Diff. Crash History

0.7 0.71 0.00 0.01 0.01 0.00
0.71 0.78 0.10 0.14 0.04 0.00
0.78 0.81 0.02 0.02 0.00 0.00
0.81 0.88 0.09 0.12 0.03 0.00
0.88 0.97 0.21 0.06 0.15 2.00
0.97 1.05 0.33 0.11 0.22 0.00
1.05 1.13 0.06 0.07 0.01 0.00
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Table 4-18: Crash Prediction Results for SR-150 Stly Section,
MP 0.7-MP 16.4 (Number of Crashes) (continued)

Milepost No. of Crashes (2006-2008) No. of Crash@003-2005)
with w/o
From To Crashes | Crashes Diff. Crash History
1.13 1.27 0.12 0.15 0.03 0.00
1.27 1.38 0.07 0.09 0.02 0.00
1.38 1.44 0.06 0.08 0.02 0.00
1.44 1.47 0.02 0.02 0.00 1.00
1.47 1.54 0.33 0.10 0.23 0.00
1.54 1.59 0.03 0.04 0.01 0.00
1.59 1.66 0.07 0.09 0.02 0.00
1.66 1.72 0.20 0.05 0.15 1.00
1.72 1.81 0.11 0.14 0.03 0.00
1.81 2.09 0.34 0.22 0.12 1.00
2.09 2.17 0.06 0.08 0.02 0.00
2.18 2.50 0.37 0.25 0.12 1.00
2.50 2.60 0.10 0.14 0.04 0.00
2.60 2.69 0.06 0.08 0.02 0.00
2.69 2.79 0.33 0.13 0.20 1.00
2.79 2.85 0.03 0.04 0.01 0.00
2.85 2.94 0.08 0.11 0.03 0.00
2.94 3.04 0.23 0.08 0.15 1.00
3.04 3.09 0.06 0.07 0.01 0.00
3.09 3.23 0.09 0.11 0.02 0.00
3.23 3.32 0.10 0.14 0.04 0.00
3.32 3.54 0.14 0.17 0.03 0.00
3.54 3.64 0.09 0.11 0.02 0.00
3.64 3.78 0.09 0.11 0.02 0.00
3.78 3.82 0.24 0.04 0.20 1.00
3.82 3.94 0.08 0.10 0.02 0.00
3.94 4.08 0.28 0.13 0.15 1.00
4.08 4.13 0.03 0.04 0.01 0.00
4.13 4.34 0.43 0.26 0.17 1.00
4.34 4.40 0.04 0.04 0.00 0.00
4.4 4.49 0.36 0.14 0.22 1.00
4.49 4.56 0.04 0.05 0.01 0.00
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Table 4-18: Crash Prediction Results for SR-150 Stly Section,
MP 0.7-MP 16.4 (Number of Crashes) (continued)

Milepost No. of Crashes (2006-2008) No. of Crash@003-2005)
with w/o
From To Crashes | Crashes Diff. Crash History
4.62 4.68 0.07 0.1 0.03 0.00
468 | 4.86 0.12 0.14 0.02 0.00
4.86 5.04 0.38 0.21 0.17 0.00
5.04 5.18 0.09 0.10 0.01 1.00
5.18 5.32 0.14 0.18 0.04 0.00
5.32 5.37 0.03 0.04 0.01 0.00
5.37 5.5 0.14 0.19 0.05 0.00
5.5 5.55 0.03 0.04 0.01 0.00
5.55 5.69 0.14 0.19 0.05 0.00
5.69 5.71 0.01 0.01 0.00 0.00
5.71 6.08 0.47 0.35 0.12 1.00
6.08 7.24 1.42 0.92 0.50 4.00
7.24 7.46 0.18 0.22 0.04 0.00
7.46 7.51 0.04 0.05 0.01 0.00
7.51 8.12 0.45 0.55 0.10 0.00
8.12 8.52 0.42 0.31 0.11 1.00
8.52 8.94 0.53 0.42 0.11 1.00
8.94 9.14 0.14 0.16 0.02 0.00
9.14 9.29 0.12 0.14 0.02 0.00
9.29 9.89 0.58 0.49 0.09 1.00
9.89 | 10.09 0.16 0.20 0.04 0.00
10.09 | 10.21] 0.08 0.10 0.02 0.00
10.21 | 10.73 0.59 0.50 0.09 1.00
10.73 | 11.13 0.42 0.31 0.11 1.00
11.13 | 11.29 0.13 0.16 0.03 0.00
11.29 | 12.00 0.95 0.56 0.39 3.00
12.00 | 12.24 0.42 0.28 0.14 1.00
12.24 | 12.6 0.23 0.27 0.04 0.00
12.60 | 12.74 0.14 0.19 0.05 0.00
12.74 | 12.91 0.11 0.13 0.02 0.00
1291 | 13.00 0.09 0.12 0.03 0.00
13.00 | 13.19 0.13 0.15 0.02 0.00
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Table 4-18: Crash Prediction Results for SR-150 Stly Section,
MP 0.7-MP 16.4 (Number of Crashes) (continued)

Milepost No. of Crashes (2006-2008) No. of Crash@003-2005)
with w/o

From To Crashes | Crashes Diff. Crash History
13.19 | 13.38 0.09 0.11 0.02 0.00
13.32 | 13.59 0.17 0.21 0.04 0.00
1359 | 13.73 0.13 0.17 0.04 0.00
13.73 | 13.89 0.10 0.12 0.02 0.00
13.89 | 14.21 0.42 0.30 0.12 1.00
14.21 | 14.27 0.04 0.05 0.01 0.00
14.27 | 14.4] 0.10 0.12 0.02 0.00
14.41 | 14.83 0.44 0.33 0.11 1.00
1483 | 1499 0.14 0.17 0.03 0.00
1499 | 15.03 0.03 0.03 0.00 0.00
15.03 | 15.2 0.13 0.16 0.03 0.00
15.20 | 15.41] 0.14 0.16 0.02 0.00
1541 | 1554 0.35 0.16 0.19 1.00
1554 | 15.6 0.07 0.08 0.01 0.00
15.65 | 15.92 0.20 0.24 0.04 0.00
1592 | 16.04 0.10 0.12 0.02 0.00
16.08 | 16.24 0.15 0.19 0.04 0.00
16.24 | 16.33 0.06 0.07 0.01 0.00
16.33 | 16.34 0.07 0.10 0.03 0.00
16.38 | 16.39 0.01 0.01 0.00 0.00
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Figure 4-35: Plot of CPM Prediction Results of the&sR-150 Study Section (Number of Crashes), MP
0.7-MP 16.4 (2006-2008), Analyzed with Crash Histgr
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Figure 4-36: Plot of CPM Prediction Results of the&SR-150 Study Section (Number of Crashes), MP
0.7-MP 16.4 (2006-2008), Analyzed without Crash Hizry
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Figure 4-37: Plot of Crash History of SR-150 Studyection (Number of Crashes), MP 0.7-MP 16.4
(2003-2005)
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Figure 4-38: Plot of the Difference Between the CPNResults of SR-150 Study Section in Number of
Crashes Analyzed With and Without Crash History
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A summary statistics of the difference betweenG@RM results analyzed with
and without crash history is shown in Table 4-18hbws that the mean difference in the
number of crashes between the two methods is Ozbtt4the standard error of the mean
is very small (0.009), resulting in the confidemuterval of 0.046 and 0.082 at the 95
percent confidence level. These differences arehnsmaller than the differences found
at the US 40 and US 6 study sections.

Table 4-19: Statistics Summary of the Difference hereen the CPM Results in Number of Crashes
Analyzed With and Without Crash History of SR-150 $udy Section

Mean 0.064
Standard Error 0.009
Standard Deviation 0.083
Sample Variance 0.007
Kurtosis 9.379
Skewness 2.659
Range 0.500
Minimum 0.000
Maximum 0.500
Confidence Interval of the Mean ( at the 95% Cagriice Level) 0.046 — 0.082

Again, the prediction results are presented infgs@MVMT for comparison.
Table 4-20 displays the prediction results, alorittp whe crash history, also in crashes per
MVMT. Figure 4-39 and Figure 4-40, show graphigdfie prediction results with and
without crash history and Figure 4-41 shows thslttastory itself. Figure 4-42 shows
the differences in crashes/MVMT between the CPMiltesvith and without crash

history.

Table 4-20: Crash Prediction Results for SR-150 MPB.7-MP 16.4 (Crashes/MVMT)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
Length (MVMT) (MVMT)
(i)
with w/o , :
From To crashes| Crashes Diff. Crash History
0.70 0.71 0.01 0.48 0.58 0.1( 0.00
0.71 0.78 0.07 0.95 1.40 0.45 0.00
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Table 4-20: Crash Prediction Results for SR-150 MPB.7-MP 16.4 (Crashes/MVMT) (continued)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
Length (MVMT) (MVMT)
(mi) -

From To C;Iz\;lgr:es Cr\gé?]es Diff. Crash History
0.78 0.81 0.03 0.48 0.58 0.1( 0.00
0.81 0.88 0.08 0.77 1.05 0.29 0.00
0.88 0.97 0.08 1.73 0.53 1.2( 16.82
0.97 1.05 0.08 2.89 0.95 1.94 0.00
1.05 1.13 0.09 0.45 0.53 0.09 0.00
1.13 1.27 0.13 0.61 0.77 0.16 0.00
1.27 1.38 0.11 0.45 0.53 0.09 0.00
1.38 1.44 0.06 0.66 0.84 0.1§ 0.00
1.44 1.47 0.03 0.45 0.53 0.08 24.75
1.47 1.54 0.07 3.13 0.97 2.16 0.00
1.54 1.59 0.05 0.45 0.53 0.09 0.00
1.59 1.66 0.07 0.66 0.85 0.14 0.00
1.66 1.72 0.06 2.37 0.54 1.83 12.11
1.72 1.81 0.09 0.77 1.05 0.29 0.00
1.81 2.09 0.27 0.86 0.55 0.3] 2.54
2.09 2.17 0.09 0.52 0.63 0.11 0.00
2.18 2.5 0.33 0.77 0.53 0.24 2.12
2.50 2.60 0.09 0.76 1.02 0.26 0.00
2.60 2.69 0.09 0.48 0.57 0.09 0.00
2.69 2.79 0.10 2.19 0.86 1.33 6.68
2.79 2.85 0.05 0.45 0.53 0.09 0.00
2.85 2.94 0.09 0.67 0.87 0.2( 0.00
2.94 3.04 0.10 1.59 0.56 1.03 6.98
3.04 3.09 0.06 0.69 0.90 0.2] 0.00
3.09 3.23 0.14 0.45 0.54 0.04 0.00
3.23 3.32 0.09 0.80 1.09 0.24 0.00
3.32 3.54 0.22 0.45 0.53 0.09 0.00
3.54 3.64 0.10 0.62 0.78 0.16 0.00
3.64 3.78 0.14 0.45 0.53 0.09 0.00
3.78 3.82 0.04 4.36 0.76 3.6( 18.30
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Table 4-20: Crash Prediction Results for SR-150 MPB.7-MP 16.4 (Crashes/MVMT) (continued)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
Length (MVMT) (MVMT)
(mi) -

From To C;Iz\;lgr:es Cr\gé?]es Diff. Crash History
3.82 3.94 0.12 0.46 0.55 0.04 0.00
3.94 4.08 0.14 1.33 0.61 0.72 4.80
4.08 4.13 0.05 0.45 0.53 0.09 0.00
4.13 4.34 0.21 1.40 0.85 0.55 3.32
4.34 4.40 0.05 0.46 0.55 0.09 0.00
4.40 4.49 0.10 2.55 1.00 1.55 7.10
4.49 4.56 0.06 0.46 0.54 0.09 0.00
4.56 4.61 0.05 0.79 1.08 0.2 0.00
4.61 4.62 0.01 0.45 0.54 0.09 0.00
4.62 4.68 0.07 0.75 1.01 0.26 0.00
4.68 4.86 0.18 0.46 0.54 0.09 0.00
4.86 5.04 0.18 1.41 0.79 0.62 0.00
5.04 5.18 0.13 0.45 0.54 0.04 5.17
5.18 5.32 0.14 0.68 0.89 0.2] 0.00
5.32 5.37 0.05 0.46 0.54 0.09 0.00
5.37 5.50 0.13 0.75 1.01 0.26 0.00
5.50 5.55 0.04 0.46 0.54 0.09 0.00
5.55 5.69 0.15 0.68 0.88 0.2( 0.00
5.69 571 0.01 0.46 0.54 0.09 0.00
5.71 6.08 0.38 0.86 0.64 0.22 1.84
6.08 7.24 1.16 0.85 0.55 0.3( 2.40
7.24 7.46 0.21 0.57 0.70 0.13 0.00
7.46 7.51 0.06 0.46 0.54 0.09 0.00
7.51 8.12 0.61 0.51 0.62 0.11 0.00
8.12 8.52 0.39 0.74 0.55 0.14 1.78
8.52 8.94 0.42 0.87 0.68 0.14 1.64
8.94 9.14 0.20 0.47 0.56 0.04 0.00
9.14 9.29 0.15 0.53 0.65 0.14 0.00
9.29 9.89 0.60 0.66 0.57 0.09 1.16
9.89 10.09 0.20 0.57 0.70 0.13 0.00
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Table 4-20: Crash Prediction Results for SR-150 MPB.7-MP 16.4 (Crashes/MVMT) (continued)

Expected Crash Rate Crash Rate
Milepost (2006-2008) (2003-2005)
Length (MVMT) (MVMT)
(mi) -

From To C;Iz\;lgr:es Cr\gé?]es Diff. Crash History
10.09 | 10.21 0.13 0.45 0.54 0.09 0.00
10.21 | 10.73 0.52 0.79 0.66 0.13 1.34
10.73 | 11.13 0.40 0.72 0.54 0.18 1.74
11.13 | 11.29 0.16 0.56 0.69 0.13 0.00
11.29 | 12.00 0.71 0.93 0.55 0.38 2.96
12.00 | 12.24 0.25 1.19 0.77 0.42 2.82
12.24 12.6 0.35 0.45 0.53 0.08 0.00
12.6 12.74 0.15 0.68 0.88 0.2( 0.00
12.74 12.91 0.17 0.46 0.55 0.09 0.00
1291 | 13.00 0.09 0.70 0.92 0.22 0.00
13.00 | 13.19 0.19 0.46 0.55 0.09 0.00
13.19 | 13.32 0.14 0.47 0.56 0.09 0.00
13.32 | 13.59 0.26 0.45 0.54 0.09 0.00
13.59 | 13.73 0.14 0.63 0.81 0.18 0.00
13.73 | 13.89 0.15 0.46 0.54 0.08 0.00
13.89 | 14.21 0.32 0.91 0.64 0.27 2.17
14.21 | 14.27 0.06 0.45 0.53 0.08 0.00
14.27 14.41 0.14 0.50 0.6 0.1( 0.00
14.41 14.83 0.43 0.71 0.54 0.17 1.64
14.83 | 14.99 0.15 0.62 0.79 0.17 0.00
14.99 | 15.03 0.04 0.46 0.54 0.08 0.00
15.03 | 15.20 0.18 0.51 0.61 0.10 0.00
15.20 | 15.41 0.21 0.46 0.54 0.08 0.00
15.41 | 15.54 0.13 1.83 0.84 0.99 5.30
15.54 | 15.65 0.10 0.47 0.56 0.09 0.00
15.65 | 15.92 0.28 0.50 0.61 0.11 0.00
15.92 | 16.08 0.16 0.46 0.55 0.09 0.00
16.08 | 16.24 0.16 0.65 0.84 0.19 0.00
16.24 | 16.33 0.09 0.47 0.56 0.09 0.00
16.33 | 16.38 0.06 0.85 1.19 0.34 0.00
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Figure 4-39: Plot of CPM Prediction Results of the&sR-150 Study Section (Crashes/MVMT), MP 0.7-
MP 16.4 (2006-2008), Analyzed with Crash History
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Figure 4-40: Plot of CPM Prediction Results of the&sR-150 Study Section (Crashes/MVMT), MP 0.7-
MP 16.4 (2006-2008), Analyzed without Crash History
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Figure 4-41: Plot of Crash History of SR-150 Studysection (Crashes/MVMT), MP 0.7-MP 16.4
(2003-2005)
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Figure 4-42: Plot of the Difference Between the CPNResults of SR-150 Study Section in
Crashes/MVMT Analyzed With and Without Crash History
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The statistical summary of the difference betwdwn@PM result analyzed with
and without crash history is shown in Table 4-25hbws that the mean difference in the
number of crashes between the two methods is OzB2bthe standard error of the mean
is very small (0.056), resulting in the confidemuterval of 0.215 and 0.435 at the 95
percent confidence level. These differences andagito the differences found at the US

40 study section.

Table 4-21: Statistics Summary of the Difference liereen the CPM Results in Crashes/MVMT
Analyzed With and Without Crash History of SR-150 Sudy Section

Mean 0.325
Standard Error 0.056
Standard Deviation 0.539
Sample Variance 0.290
Kurtosis 16.773
Skewness 3.772
Range 3.520
Minimum 0.080
Maximum 3.600
Confidence Interval of the Mean ( at the 95% Cagriice Level) 0.215-0.435

4.3.4 Analysis of Crash Prediction Results of the SR-158tudy Section

The SR-150 study section, just like the US-40 s&eltion, contains a large
number of animal related crashes as shown in a2 Fifty-seven percent of the
crashes from 2003 to 2005 were animal related. ¢¥ew many of these crashes were
domestic-animal collisions, which is unique to teéxtion. Non-animal crashes in this
study section were run-off-the-road and multi-vé&haollisions, which indicate that the
alignments may be potentially problematic.

The high percentage of animal-related crashes appehave affected the crash
prediction results. The crash prediction resultsumber of crashes, shown in Figure
4-35, Figure 4-36, and Figure 4-37, display simitands, whereas the prediction results
in crash rate (crashes/MVMT), shown in Figure 43gure 4-40, and Figure 4-41, do
not have the same level of similarity found in grediction results in number of crashes.
Similar to the US-40 study section, when the citastory contains many animal-related
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crashes, the analysis results may be skewed. IBRA250 study section, the crashes

distributed evenly between the two directions aswshin Table 4-22.

Table 4-22: Crash History Summary of the US-150 Say Section, MP 0.7-MP 16.4 (2003-2005)

Year | Milepost | Direction Severity Accident Type

. MV-Animal
2003| 11.00 E No Injury (Domestic)

. MV-Animal
2004| 14.64 E No Injury (Domestic)
2003| 1.99 E Possible Injury MV-Animal(Wild
2004| 5.04 E No Injury MV-Animal(Wild)
2004| 7.01 E No Injury MV-Animal(Wild)
2004| 114 E No Injury MV-Animal(Wild)
2003| 6.22 E No Injury MV-MV
2003| 14.00 E No Injury MV-MV
2004 | 2.29 E No Injury MV-MV

. Ran Off Roadway-
2004| 6.32 E No Injury Right
2005 090 L Broken bones or bleeding| Ran Off_Roadway—

wounds Right
2005| 6.03 E Bruises And Abrasions | 2" Ogi;{r:)tadway-

. MV-Animal
2003| 6.62 No Injury (Domestic)

. MV-Animal
2004| 9.62 No Injury (Domestic)

, MV-Animal
2005 4.21 W No Injury (Domestic)

, MV-Animal
2005| 8.61 W No Injury (Domestic)

. MV-Animal
2005| 10.32 W No Injury (Domestic)
2003| 11.63 W No Injury MV-Animal(Wild)
2003| 12.03 W No Injury MV-Animal(Wild)
2004| 4.41 W No Injury MV-Animal(Wild)
2004| 8.50 W No Injury MV-Animal(Wild)
2004 | 11.65 W No Injury MV-Animal(Wild)
2005| 3.80 W No Injury MV-Animal(Wild)
2005| 1.47 W No Injury MV-MV
2005| 4.07 W No Injury MV-MV
2004| 1.69 W No Injury Ran Ofieitoadway'
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Table 4-22: Crash History Summary of the US-150 Sty Section,
MP 0.7-MP 16.4 (2003-2005) (continued)

Year | Milepost | Direction Severity Accident Type

2003| 3.00 W Bruises And Abrasions | <& O;fingiadway-

2005| 0.97 W Broken bones or bleeding| Ran Off Roadway-
wounds Right

2005| 2.70 W Bruises And Abrasions | <& O;fingiadway-

2005| 15.44 W Possible Injury Ran O;fi;ﬁadway-

4.4 Chapter Summary

In this chapter the results of the evaluation ef@PM were presented using three
two-lane rural highway study sections selectedigyTAC members. The evaluation
provided some insights in the capability of the CPMhe CPM comes with various input
assistance tools and some of the input data cothedefault values. When site specific
data required for the module are not available GR& provides default values. The
analysis was performed with the goal of determinfrige CPM could be used as a tool
for safety audits of two-lane rural highways. Timelings from the analysis of the three
study sections are summarized.

From the analysis of the US-40 study section, fMB35 to MP 45, it was
learned that the content of the input data cantlgraéfect the quality of the prediction
outputs. In the case of the US-40 study sectinimal-related collisions comprised the
majority of the crashes (about 60 percent) andexqumsntly this affected the crash
prediction outputs. The default prediction modmigiders animal-related crashes to be
about 30 percent of the total number of crashdse US-6 study section, from MP 22 to
MP 28, had only one animal-related crash; hencauiadysis results began to show the
capability of the CPM. With the data from this stusction the CPM produced
reasonably accurate crash prediction values arglrittamifested the potential for CPM in
assisting transportation engineers in identifyirgsh prone segments within the study
section. As for the SR-150 study section, jus like US-40 study section, the large

number of animal-related crashes skewed the outadnie analysis.
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From these findings, it can be concluded that tR&Can be used in safety
audits of two-lane rural highways in identifyingtpotial “hot spots” that require special
attention as a function of crash numbers, with soawgion when using crash rates. In all
cases, the general trends of predicted crash @mes along the study sections with and
without showed some similarity. The statisticshad tifference in number of crashes
with and without crash history turned out to be Bntlaus indicating the possibility of
using the CPM without crash history to predict tluenber of crashes for alternative
alignments.

What is important is that users need to make $waedppropriate surrogate
alignments reflecting the existing alignments asanable accuracy are used and be able
to interpret the analysis results carefully usimgit knowledge in highway design and

engineering experience.
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5 Application of IRM to Selected Intersections

As mentioned in Section 2.1.5, the IRM is a seganabdule that requires a
different set of data and an independent file@etih. This chapter discusses the
findings obtained from the application of IRM todwelected intersections on two-lane
rural highways that were recommended by the TAC besof the study.

5.1 Need for IRM

Generally speaking, UDOT does not have many fogirdeal highway
intersections consisting of two two-lane rural higlys that are suitable for analysis by
the IRM of IHSDM. There are, however, many threg-T-intersections consisting of
two two-lane rural highways. Although the analygiquired four-leg intersections to
identify the applicability of IRM to safety audityree-leg intersections were used for

this analysis.

5.2 Application of IRM to the Intersections of US-6, SR174, and SR-136

After discussing with the TAC members of the statput this portion of the
study, two intersections were chosen to apply BR.l Unlike the study sections used
for the CPM evaluation which were selected becafisieeir high crash rates, these two
intersections were chosen for their ideal charattes required for the analysis.

The two intersections are located in central Ugdtgut 50 miles west of the City
of Elberta. Figure 5-1 shows the location of the tntersections (UDOT 2008) and
Figure 5-2 shows a schematic drawing of the ratatigp between the two intersections.
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Figure 5-1: Location of the Intersections of US-65R-174, and SR-136 (UDOT 2008)
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U8-6 MP 99.71
SR-174 MT' 8.12

TUS-6 DMIP 93.84
SR-136 MP 3.059

9¢€1-US

108-6 MP 30

Figure 5-2: Plot of the Intersections of US-6, SR74, and SR-136

5.2.1 Current Conditions of the Intersections

A trip was made to investigate the conditions @fititersections. Figure 5-3
shows two photos obtained from the Roadview wel§sil2OT 2007a) and Figure 5-4
shows two photos taken during the author’s fiekituo the site in December 2007.

These two figures were prepared for comparisonqaey.
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(a) Intersection of US-6 and SR-174 (b) IntersectibUS-6 and R—136

Figure 5-3: Photos of the Intersections, during sumer 2005 (UDOT 2007a)

(a) Intersection of US-6 and SR-136

(b) Intergactf US-6 and SR-174

Figure 5-4: Photos of the Intersections, during witer 2007 (Taken by Kaitlin Chuo)

From these photos it can be seen that the qudlityegpavement appears to be
declining. Apart from this decline in their paverhgnality, the general conditions of the
intersections appeared relatively good.

5.2.2 Alignments of US-6, SR-174, and SR-136

The biggest difference in data entry between IRM @®M is that IRM requires
multiple highway alignments be entered separatetlythey are connected with the
IHSDM function “New Intersection” to form intersémbs. IRM users only need to
provide the stations of the roads where they dtos®ther road(s) to build an
intersection. Table 5-1 presents the surrogateedere horizontal alignments of all three
road sections and Table 5-2 gives the verticahalignts. These alignments were
prepared in the manners presented in Appendixratiteisame manner that the
centerline alignments were created for the CPMyainal
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Table 5-1: Alignments of US-6 MP 90-MP 108, SR-1MP 0-MP 8.1, and SR-136 MP 0-MP 3.1

Milepost :
Segment From To Radius
US-6

Tangent 93.57 97.09

Simple Curve| 97.09 97.22
Tangent 97.22 98.21 800(

Simple Curve| 98.21 98.30
Tangent 98.30 107.16 700(

Simple Curve| 107.16| 107.3%
Tangent 107.35] 108.03 500

Simple Curve| 108.03] 108.36
Tangent 108.36] 108.5% 200

SR-174

Tangent 0.00 0.45

Simple Curve 0.45 0.67 2000
Tangent 0.67 7.56

Simple Curve 7.56 7.82 300(
Tangent 7.82 8.10

SR-136

Tangent 0.00 0.01

Simple Curve 0.01 0.01 400
Tangent 0.01 0.03

Simple Curve 0.03 0.05 150(
Tangent 0.05 0.05

Simple Curve 0.05 0.09 100(
Tangent 0.09 0.10

Simple Curve 0.10 0.14 130¢
Tangent 0.14 0.74

Simple Curve 0.74 1.05 550(
Tangent 1.05 1.12

Simple Curve 1.12 1.13 100(
Tangent 1.13 3.06
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Table 5-2: Vertical Alignments of US-6 MP 90-MP 108SR-174 MP 0-MP 8.1,
and SR-136 MP 0-MP 3.1

VPI Back Back Forward Forward
Station Grade Length Grade Length
US-6
93.73 -0.20 125 2.17 125
93.94 2.17 100 0.55 100
94.05 0.55 200 1.59 200
94.22 1.59 100 0.82 100
94.37 0.82 75 0.00 75
94.42 0.00 50 0.31 50
94.46 0.31 50 1.34 50
94.74 1.34 200 -0.15 200
94.89 -0.15 150 1.20 150
94.98 1.20 125 -0.12 125
95.05 -0.12 75 0.71 75
95.12 0.71 75 0.37 75
95.15 0.37 50 1.30 50
95.23 1.30 100 1.59 100
95.29 1.59 150 0.07 150
95.35 0.07 50 -0.49 50
95.38 -0.49 50 -0.11 50
95.43 -0.11 25 -0.65 25
95.46 -0.65 100 0.25 100
95.51 0.25 25 0.69 25
95.58 0.69 50 1.18 50
95.69 1.18 75 0.36 75
95.73 0.36 25 0.59 25
95.98 0.59 500 0.05 500
96.19 0.05 250 0.97 250
96.58 0.97 350 -0.51 350
96.68 -0.51 175 0.02 175
97.20 0.02 250 -4.05 250
97.57 -4.05 100 -2.89 100
97.78 -2.89 450 3.37 450
97.92 3.37 140 6.17 140
98.12 6.17 400 0.28 400
98.29 0.28 100 0.72 100
98.38 0.72 50 -0.10 50
98.54 -0.10 150 0.82 150
98.68 0.82 100 2.76 100
98.82 2.76 500 -0.22 500
99.02 -0.22 50 0.70 50
99.10 0.70 100 0.11 100
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Table 5-2: Vertical Alignments of US-6 MP 90-MP 108SR-174 MP 0-MP 8.1,
and SR-136 MP 0-MP 3.1 (continued)

VPI Back Back Forward Forward
Station Grade Length Grade Length
99.32 0.11 175 -1.29 175
99.47 -1.29 100 -0.24 100
99.56 -0.24 175 -2.99 175
99.69 -2.99 150 0.28 150
99.82 0.28 150 2.05 150
99.96 2.05 200 0.16 200
100.24 0.16 100 1.24 100
100.42 1.24 150 0.15 150
101.18 0.15 150 -0.77 150
101.40 -0.77 600 0.45 600
101.85 0.45 350 -0.10 350
102.14 -0.10 250 0.29 250
102.47 0.29 350 0.12 350
102.73 0.12 150 0.00 150
102.92 0.00 45 0.25 45
103.18 0.25 150 -0.03 150
103.69 -0.03 750 0.14 750
104.17 0.14 200 -0.17 200
104.33 -0.17 500 0.05 500
105.87 0.05 150 -0.49 150
106.30 -0.4 200 -1.61 200
106.50 -1.61 400 0.35 400
106.96 0.35 250 0.15 250
107.24 0.15 150 0.79 150
107.38 0.79 100 0.00 100
107.45 0.00 50 1.10 50
107.57 1.10 150 -0.65 150
107.66 -0.65 200 0.00 200
107.77 0.00 50 0.81 50
107.84 0.81 50 0.22 50
107.95 0.22 100 0.57 100
108.00 0.57 50 -0.39 50
108.04 -0.39 75 0.55 75
108.08 0.55 100 0.07 100
108.29 0.07 25 -0.77 25
108.35 -0.77 75 0.41 75
108.38 0.41 25 -0.60 25
108.40 -0.60 40 0.08 40
SR-174
011 | 016 | 200 | -0.06 | 200
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Table 5-2: Vertical Alignments of US-6 MP 90-MP 108SR-174 MP 0-MP 8.1,
and SR-136 MP 0-MP 3.1 (continued)

VPI Back Back Forward Forward
Station Grade Length Grade Length
0.29 -0.06 25 0.06 25
0.72 0.06 550 1.26 550
0.97 1.26 500 2.95 500
1.28 2.95 1000 0.13 1000
1.99 0.13 500 0.34 500
2.34 0.34 250 -0.48 250
2.58 -0.48 1000 0.65 1000
2.92 0.65 750 -0.29 750
3.38 -0.29 600 0.40 600
3.78 0.40 500 -0.09 500
4.40 -0.09 1000 0.63 1000
5.02 0.63 1000 -0.80 1000
5.38 -0.80 850 0.87 850
5.71 0.87 400 0.09 400
5.88 0.09 450 0.57 450
6.14 0.57 250 0.27 250
6.52 0.27 450 0.06 450
7.07 0.06 500 -0.15 500
7.37 -0.15 500 0.33 500
7.60 0.33 50 -0.56 50
7.64 -0.56 50 0.22 50
7.83 0.22 100 -0.69 100
7.90 -0.69 100 -0.02 100
SR-136
0.06 0.39 125 1.86 125
0.12 1.86 50 2.65 50
0.28 2.65 50 2.00 50
0.49 2.00 900 -1.03 900
0.84 -1.03 450 0.64 450
1.00 0.64 200 -0.08 200
1.12 -0.08 50 -0.90 50
1.27 -0.90 450 1.24 450
1.54 1.24 475 -1.19 475
1.66 -1.19 150 -2.25 150
1.83 -2.25 400 0.09 400
2.03 0.09 150 -0.39 150
2.25 -0.39 400 0.55 400
2.59 0.55 1150 -1.41 1150
2.91 -1.41 400 -0.41 400
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5.2.3 Analysis of the IRM Results

In the IRM, the output results are in a differemtmhat compared to the outputs of
the CPM. IRM'’s goal is to “emulate the knowleddeadhuman expert” (FHWA 2006).

Instead of giving predicted numbers of crashes, iiWés a “Diagnostic
Summary.” The diagnostic summary has two compangaticy review (not available
in the version of IHSDM used for the study); andgiostic review, the focus of the
analysis in this study. When IRM is run, four ets of the intersection are checked:
corner radius, turn lane design, intersection gragld intersection sight triangle. In the
IRM diagnostic summary, Level 1 refers to the consehat could “indicate a potential
safety issue” and Level 2 refers to the concerasdbuld “indicate potential for
significant design improvement” (FHWA 2006). Tabl8 shows the diagnostic
summary of the intersection at US-6 and SR-174Taide 5-4 shows the diagnostic

summary of the intersection at US-6 and SR-136.

Table 5-3: Diagnostic Summary of the IntersectiontalJS-6 and SR-174

Scope Status Concern EEiliTe Comment BhEARTED]
P Category | Road |Threshold Design Mitigation
Intersection| Mot a |Large intersection
concern | concern |pavement area
Leg#1 - Mot a  |Approach
ME US-6 | concern [alignment differs
Insufficient 350
Leg # - Mot g [on vertical curve Crest vertical curee
SW USE | concern Insufficient DSD
Approach
alignment differs
1. Remave
roadside
e obstacles
ro.adside within sight
obstacles within tr|an.gle. .
. ) 2. Signalize
sight triangle. | )
3 Close intersection.
4055 The required tirme for the maneuwer a- roach 3. Corvert to
Level 1 Insufficient 150 to t=1n] 4' G477 |used in the 13D calculations are for Sp%eloca.te all-way
right (Case B1) [wertical) fat feet passenger cars only | crest vertical a- roach STOP.
curve PP ) 4. Post
Leg#5 - 4. Make leg one- &
MY LIS- way away fram 8 wsdory
174 intersection. Speed on
5. Lengthen rajor road.
- 5. Review
vertical curve. -
speed limit an
rrajor road.
B. Install

The required tirme for the maneuwer
used in the IS0 calculations are for
passenger cars only

Insufficient 150 to
Mot a |left (Case B2)
concern

Approach
alignment differs
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Table 5-4: Diagnostic Summary of the IntersectiontalJS-6 and SR-136

Feature Treatment
Scope Status Concern Category | Road | Threshold Comment Design Mitigation
Improvement | Measures
Acceptable approach volume for
Mo speed 55 milesfhour, opposing
Intersection| policy volume 1,026 vehiclesfhour, left turn
concern percent 17.65 percent
Mot & |Large intersection
CONCEm |pavernent area
Insufficient 150 for The required tirme for the maneweer
left turn fram rmajor used in the 150 calculations are for
road (Case F) passenger carg only
Insufficient SSD g
; Horizontal curve
on horizontal curve
Insufficient S50 )
. Crest vertical curve
on vertical curve
Insufficient DSD Harizantal curve
Leg #1 - Mot a |on horizontal cure
ME US-6 | concern [Insufiicient DSD .
. Crest vertical curve
an vertical curne
Warranted left turn
lane is not present
Loss of contral )
) Harizantal curve
potential due to
Approach
alignment differs
betwaen opposing
1. Remove
roadside
obstacles
:D'ifsir;;"e within sight
obstacles within t2r|aé1.gle. i
sight triangle. | \gnalize
2 Close intersection.
The required time for the maneuwver a. vaach 3. Conwert to
Insufficient 15D to ISD 3281 | B47.17 |used in the 13D calculations are for |2F0 ) allway
Lewvel 1 | ; ) . 3. Relocate
right (Case B1) (vertical) | feet feet passenger cars only ; crest vertical approach STOP.
cure 4. Make leg one- 4HF.|DSt
way away from a wsdory
intersection. spee Dnd
9. Lengthen majar foad.
: 5. Review
vertical curve. e
speed limit on
rajar road.
6. Install
Could not calculate actual
haorizontal stopping sight distance
Mo data C.oulcl rjot calculate actual stopping
sight distance
Actual horizontal sight distance
unavailable
Leg #2 - - -
SE US136 Insuficient 15D o The rgqmred time far the. maneuver
used in the IS0 calculations are for
left (Case B2
passenger cars only
Insufficient S50
on horizontal curve
Harizantal curve
Insufficient DSD
on horizontal curve
Insufficient =D
\I'I.Slbl|lt}" to stop (horizontal) 559,96 fest
Nota [od0
concern 8787
Increased crossing|Skewed {053 |50.00000
distance angle degre (degrees
es
Approach
alignment differs
betwaen opposing
approaches
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Table 5-4: Diagnostic Summary of the IntersectiontaUS-6 and SR-136 (continued)

Feature Treatment

S Stat C C t i itigati
cope atus oncern Category | Road | Threshold ommen Design Mitigation
Improvement | Measures

Uneven,
discontinuous
minorroad profile
through
intersection

1. Provide right-

turn lane. 1. Restripe aor
181 2. Provide reallocate
YWarranted right . |4a channelized approach lane
- vehicl . . .
Lewal 1 (turn lane is not " vehicles/hao right-turn configuration.
Leg #3 - present Ef O lur roadway. 2. Install
oV US-6 3. Provide r|ght- advance .
turn acceleration [warning sign.
lane.
Approach

Mot & |alignrment differs
concern (between opposing
approaches

In Table 5-3 and Table 5-4, the terms ISD, SSD,[28® are defined as
intersection sight distance, stopping sight distaand decision sight distance. It is
advised that the reader referAdPolicy on Geometric Design of Highways and Sgrbgt
AASHTO for detailed definitions and equations foese terms (AASHTO 2004).

As these two tables show, the software gives distim@concern), comments,
design improvement, and mitigation measures foettauated intersections based on the
data entered by the user. For the intersectidhS6 and SR-174, the IRM results
showed that the northwest (NW) leg had some safatgerns and suggested a few steps
for improvements. The other two legs did not hang concerns.

As for the other intersection, at US-6 and SR-186,southeast (SE) and
southwest (SW) legs were evaluated as potentiatiiglpmatic and mitigation measures
were recommended accordingly. Also, the north@i) leg has eight concerns about
various issues, although no suggestion for imprargmwas given.

These comments and suggestions are useful for higlkesign engineers and
traffic safety engineers and provide them with sadeas of the safety conditions of the
study sites prior to visiting the sites.

Again, the user needs to remember that none ahthgules in IHSDM are meant
to substitute professional, engineering judgmeiit.the outputs and results from the
IHSDM modules are to be interpreted and used wvdtition.
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5.3 Chapter Summary

This chapter presented the results of the anabydis0 intersections of two-way
rural highways on US-6. In its output reports, IR& provides comments and suggested
solutions to the legs of the intersections andrtersection itself that may have potential
concerns. In the two specific cases presented theréntersections were not
experiencing high crash rates or driver confusituns to the roadway designs; therefore,
it is difficult to determine if the given recommeatibns are valid and practical. The items
diagnosed by the IRM need to be verified by a figgit. Nevertheless, these comments
and suggested treatments given in the diagnosterguy of the IRM can be used as the

guidelines for identifying possible improvements.

96



6 Conclusions and Recommendation

Two-lane rural highways comprise 77 percent ofrtagon’s highway systems
and they account for 44 percent of the nation'alfatashes (FHWA 2006). Keeping
two-way rural highways safe is an important tasknahy state departments of
transportation. As one method to proactively idgrgotential problems on highway
sections and intersections, roadway safety autbts@ducted. However, sending
several experts to the study sites without cleaasds simply costly and time consuming.
Hence, a method that will help transportation eegis set a clear goal for inspection
prior to field inspections has been sought.

FHWA has worked on the development of IHSDM inaétiempt to help highway
engineers design safe two-lane highways and todagfiy engineers efficiently analyze
safety impacts of alternative designs (FHWA 20085DM is a suite of software
developed by FHWA for monitoring and analyzing ti@ae rural highways in the United
States. IHSDM consists of six modules: PRM, CPNEM) TAM, IRM, and DVM, with
DVM being still under development at present (skaper 2 for the descriptions of these
six modules of IHSDM).

As IHSDM is a fairly “young” program a limited amouof research has been
conducted to evaluate its practicability and religb This study was conducted to
determine if IHSDM can be adopted into the engimgedecision making process during
safety audits of two-way rural highways in Utah. émg the six modules, two modules,
CPM and IRM, were chosen for evaluation becaugbedf applicability to safety audits.

Both CPM and IRM require, at minimum, horizontatlarertical alignments.
However, plans of two-way rural highways were pcadly nonexistent because they
were constructed many years ago. Furthermore, sértmtion and/or rehabilitation

works that might have taken place to these highwagmsce, finding their alignments was
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practically impossible. Hence, a new method walbged for this study to create
surrogate alignments using GPS data collected b UBee Appendix). This method
helps the engineers to create surrogate alignnoémisy two-way rural highways under
study as long as GPS data for each direction oligjievay sections are available. This
new method for creating surrogate alignments isrartable contribution of this study for
expanding the use of IHSDM to safety audits of tmepy rural highways.

In the following subsections conclusions basedhenfindings from the
evaluation of the CPM and IRM are presented andmeeendations for applying these
modules to safety audits of two-way rural highwayes presented together with

recommended future research topics on IHSDM.

6.1 Conclusions

Two modules of IHSDM, CPM and IRM, were evaluatedhis study because of
their applicability to safety audits of two-laneauhighways in Utah. Three sections of
two-lane rural highways were selected by the TAGnters for the CPM evaluation, due
to their undesirable crash histories. Two adjag#etsections on US-6 were then chosen
for the IRM evaluation.

As for CPM, the outputs for the three study sedisaggest that the CPM has the
ability to duplicate similar trends in number oéshes, if the quality of the input data is
maintained. Crashes per MVMT of each segmentateftee characteristics of the
segments in the study section. Hence, similar crat&s are expected for tangent
segments and different crash rates are determarezifve segments depending on their
radii. A large number of crashes involving wildraals negatively affect the ability of
the CPM as demonstrated by the US-40. Howevemanhéysis of the SR-150 study
section showed that the CPM was able to produc®nadbly reliable outputs despite a
large number of wild or domestic animal relatecshes. As for the IRM, the outputs of
the module include suggestions and recommendaitioingprove the intersections and
they require engineering judgment in interpretingn and in selecting improvements

presented.
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Based on the comparison of the trends in the numiberashes with and without
crash history along the highway segments of theettudy sections and the mean
difference between the number of crashes with atttbwt crash history, the CPM is
found to be a capable and useful tool for the hephand safety engineers as they
prepare for safety audits of two-way rural highwalise finding on the differences in
number of crashes with and without crash histoignigortant. This means the CPM can
be used to estimate crash occurrences for alteeniatiprovements to the existing
sections. The IRM, on the other hand, can fundil@a knowledge-based safety
inspection assistant by providing diagnostic statetsand offering potential crash
mitigation measures. As mentioned in Chapter 4Gimabter 5, however, interpreting the
outputs from these modules of IHSDM requires knolgkeand experience in highway
design and familiarity witlA Policy on Geometric Design of Highway and Strégts
AASHTO (2004).

6.2 Recommendations

The Users’ Manual of IHSDM states, “IHSDM is intedas a supplementary
tool to augment the design process...This tool is NGTbstitute for engineering
judgment...” (FHWA 2006). IHSDM is not to be usedaaeplacement to engineering
experience and decision-making. This notion ieesly important when using the
CPM, where future crash rates are predicted fofuthee; the crash rates predicted by
the CPM should never be taken as specific numbasashes that may take place but
they should be taken as indicators of trends islcocurrence. Also, since the outputs
of the IRM are suggestions and recommendationsuygeatiby the equations and pre-
defined procedures in the program, they need taskd with caution and should not be
accepted blindly. Study sites must be visited thieitt suggestions and recommendations
be evaluated for their appropriateness.

Traffic safety engineers at UDOT can incorporate@M and IRM modules of
IHSDM into their safety audit routine. Running skeenodules will help them identify
potential “hot spots” that require special attentiefore they send a group of experts to

the field. This will help them use their time amdources efficiently and effectively.
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Because IHSDM can be downloaded free of chargezdbefor the UDOT
engineers to utilize the software is practicallyeo The software is self-explanatory and
relatively easy to learn; however, receiving traghon the software provided by FHWA
will certainly help the engineer become confidenthe use of the software. Since only
the CPM and IRM modules of IHSDM were evaluatethis study, the capability and
usefulness of the other modules are yet unknows.récommended that UDOT
engineers explore all six modules of IHSDM to fudiypreciate the power of the software
and identify how this software can be used to inaprilve conditions of two-way rural
highways.

As for the features of the CPM, the crash predictimdels implicitly include the
effect of animal-related crashes. There is no fediw adjust the situation for highway
sections with over-represented occurrences of dfmelagted crashes. Therefore, it is
recommended to investigate if animal-related crasla® be excluded in order to analyze
the highway sections purely from the geometric domas of the highways.

IHSDM allows the users to calibrate prediction mede the CPM to better
reflect the local conditions. This issue was owstte scope of this study; however, such
calibration efforts may increase the module’s cqagdiction capability. It is
recommended to conduct a study to determine theegsaif the calibration factor
included in the crash prediction model to makeG@Rd more responsive to the drivers

on Utah'’s two-way rural highways.
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Appendix

Creating Centerline Alignments for Two-Lane Rural
Highways Using UDOT’s GPS Data

by Michael Mosley

Spring 2007

Note: Although written by Michael Mosley, this Apgix was included in the thesis
because the procedure described in this Appends<amantegral part of the research
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A. 1 How to Import GPS Survey Data Into Bentley’s hRoads

The discussions included in this report are basetthe assumption that the user
uses the Computer Aided Engineering Design and fatwing(CAEDM) computing
system, which is a computer network system in tbikeGe of Engineering and
Technology of Brigham Young University (BYU). Pleasote that what is important is
to find out how to convert Geographical PositionBystem (GPS) data into InRoads
readable data for creating centerline alignmentsvoflane rural highways and what kind
of data manipulation must be done to achieve tha& gf creating a surrogate centerline
alignment for two-lane rural highways, whose degitgms are hard to obtain, already
lost in the archive, or destroyed. Depending orhigbway design software the user
employs to create surrogate centerline alignmextsial steps that the user has to go
through may be different from what are describee hdence, the user of this manual

should focus on what has to be done instead ofihmwlone.

A.1.1 Convert the GPS Data into InRoads Readable D&

Two steps are involved in the data conversiontfine GPS data (latitude,
longitude, and altitude) provided by the photologgram of the Utah Department of
Transportation (UDOT) in an Excel file must be certed into a text file. Then, the GPS
data must be converted into survey data (eastonghing, and elevation) that can be read
by Bentley’s InRoads. In this example we use thédréhed Modeling System (WMS)
developed by BYU to convert the GPS data into sudatda. As mentioned in the
introduction part of this section, a software peogrthat needs to be used for data
conversion does not have to be WMS.

In order to use WMS, GPS data must be saved ad &léeso that WMS can read
them, that is, GPS data given in an Excel files).ilom UDOT’s photo-logging must be
saved as a text file (.txt). Within the Excel fitglect the Save As... option and save it as
a text file. Figure A-1 shows a screenshots of areEfile containing GPS data (latitude,
longitude, and altitude).
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Figure A-1: Screenshot of the Latitude, Longitudeand Altitude Data

When the user selects the Save As... option andttrisave it as a text file, two
warning messages will come up, as shown in Figuahd Figure A-3. Answer OK to
the first message and YES to the second messagaugzwe use only one worksheet
the first warning is irrelevant so press OK. Bysh®perations, the GPS data were now
written in text format in a new file. The data aeved as a text file with a space

delimiter.

(Wicrosoft Excel

=

This selected file type does not suppart: workbooks that contaln mulkiple sheets,

l:;

» Tosave only the active shest, dlick Ok
o To saveall shests, sava them Individially/using & diffarent file name For sach, or chooss & file type that supparts miltinle shests.

[ ok | Eancel ]

Figure A-2: Screenshot of the Warning Sign
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‘Microsoft Excel
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L) = Tokeeo thisformat which e out any Incormpatible features, dlck Yes.

--n_{_ el atures, click Mo, Then: copy 0 the latest Excal format:

- To'seeul

¥is;

Figure A-3: Screenshot of the Warning Sign

After this operation, the user now uses the WM®8ngsnk through the CAEDM

Citrix server (see Figure A-4 for WMS'’s user intaré). Once the program is loaded
open the text file that the user saved in the previstep.
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EE = I Il O B
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07 20 Grd Diata-
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O 20 $atter lista

/TR W '

Sebert Vethe: Toe| Selectad

Figure A-4: Screenshot of the WMS software

When opening the text file that was saved in tleipius operation, the Import
Wizard of WMS will automatically start. Fill in éhinformation as specified. See Figures

A-5 and A-6 for the proper setting of the two stegguired in the File Import Wizard
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Figure A-5: Screenshot of the File Import Wizard, $ep 1
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Figure A-6: Screenshot of the File Import Wizard, $ep 2

Next, under the EDIT Menu of WMS, select the Cooatie Conversion menu.
This will bring up the Coordinate Conversion windtvat is shown below. Enter the
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Utah, the information shown in the screen shot\welmrks.

correct information for the site and the data. therUS- 40 study section near Heber,

‘Coordinate Conversion (%
CI.‘JI‘IVE“ Fftjn"i’.._z * Eﬂh‘v’eflTl:!.
Project Coardinate Sistam Project Cocedinate Systern
l fw Edit proiect conrdinate system I

i Horizantal - Hrfzontal
Harizantal Systen) | Grogiaphic NAD B3 (US| = Hatfearital Sysiem | State Plane MAD B3 (US| =
Ellipgoid: I =] *Elipsoid: | =
Uitz | =l Urite |18 Survey Feel |
o= | || | St Plen=Zane |Ljtal Canball 430 =
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Help. 0K | Coneal |

Figure A-7: Screenshot of the Coordinate ConversiolVindow

Once the conversion is complete, the data are rigably saved and imported into
InRoads. Save the WMS project into a folder whiaeedata for the study section are

kept, as shown Figure A-8.
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Figure A-8: Screenshot of Save As Window

Once the file is saved, close the file and go e&Windows Explorer. WMS saves
multiple files for each of its projects as illused in Figure A-9.

') FatrainWaithin's Dato\Try =2\ direction’
Bl Edt Yew Faveritss Toals Help
Qs - ) (T POseuth [ roders | [
Addfress |_} J:'I.Ebraln'l.KaItlin’s-Datai'll'w #24+ direction !y @3
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File and Folder Tasks & ]+ direction LAt 35K Text Document 2iz3l2007 1113 FM
=9 Wik i Irzg]+.djr_ect_mn MEE.sto 1EE STOFile IEEIEO0T 14T BM
_ | =+ direction MEE.tdat: L¥E TOAT Fls Zi2312007 147 FM
|*]+ drection NEE.tin ~ “BE KB TINFile 223007 1547 BN
Other Places 3 :EH direction MEE. wpr 2KE WPRFils Z[23[2007 147 PM
2y Tragz T
j rﬁ'nm:-.la'g iy CR4ES- loF
My retwor: Places | ™

Figure A-9: List of Files Created by WMS

Locate the file that was just saved with the sufitx. (All of the other extra files
can be disregarded to simplify things.) The .tia i in text format. Right click the .tin
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file and rename the file as a .txt, then open ifleeuking a text editor such as Note Pad or
Word Pad. The content of the file should look likgure A-10 below.

o+ direction NEE txt - Notepai:l |ZJ g-?
\Ble Edt Formal Yisw Help
TIN Tl

BEGT

TIMWID 31722

ThaM "+ direction cea”

VERT 1102

1710128, 369982885600000 72758159, 7O0Lagl 77000000 7EG6E. 048568333332700
1710150, 176025004 900000 7275572, 404 598822800000 7865, 6240224 99999000
1710172, 4563703344 00000 7275525, 1103 78250800000 7863, 1830924 900998500
1710195 085414A57300000 7275477 83171693488800000 7860. 5A8268333331600
1710218, 3004300161 00000 7275430, 525592281100000 7858, 0B7958333332600
17102471, BRZ053559900000 7275383, 235L074095400000 7855, 6601416666654 00
1710265, FHOB04 358800000 7275335, 54550585 5600000 7RSI, 3340308333 31800
1710280, 24713411 6700000 F2P5284, 6574914297%00000 FE5L. 0243241 66664900
1710315.429012970100000 7275241, 37153474 5200000 7848, 81504245555958100
1710340951301 286500000 7275197 . 72094 FR1981 00000 7846, 5558251666657 00
1710367, L4967 8078000000 7275150, 44631 3612200000 7844, 6463841 66665500
1710393, 576883224100000 7275106, B06738765900000 7842, 500710166665500
1710420, 7296A3254200000 7275059, 5264 50570700000 7840, 700141 66665200
1710447, 822321076000000 7275005, BBRO7LS81100000 FE3E. 698Z33333331700
171475, GEROR77RLTOUN0T 7274968, 6104604 1 QS0 (IND 7836, BL1LT7541 66665200
1710504, 216582214 500000 P2740204, 97a071 553600000 FE34. 931836060060 5700
1710533.126909823400000 7274881, 344 527066700000 7833.173305555555200
1710562, 23899724 84200000 7274837, T131 37245700000 7831, 5558591 66665900
1710502, 2E6E2704 5500000 7274754, 0835094 60100000 7820, 7007 TO833332300

T B AT S O O U R T S T S K U Ty

Figure A-10: Screenshot of the Text File ContainingConverted Data

Delete the extra information at the top and bottdrthe text file and re-label the
top as Easting, Northing, and Elevation, respeltj\as shown in Figure A-11. This is
the format required for an ASCII (text) file to kead by InRoads.
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a9 direction MEE txt - Nutepaﬂ |__,,j@@
| Ble Edit Farmal  Mew  Hel

;Easting Merthing Elevation ] o o [
1710128, 3A59582880R00000 7275610, 7OOLARL7 7000000 78R8, 048568333332700
1710150 176035004900000 7275572 404598822800000 7865.6240324595585000
1710172 4563703343 00000 7275525 1103782 59800000 7863 183092499903 8600
1710155, 059414657300000 F275477. BL7193689800000 7860, 5A8ZA8333331600
1710218, 3004300081 00000 7275430, 525592381100000 FEEE. OBTOLE333332600
1710241, BE2053 559900000 7275383, 2351074954 00000 7855, 6601416666654 00
1710265, 700604 358800000 7275335, 04 5505855800000 7853, 334 030833331800
17102690 24713411A700000 7275288 6574014287 00000 7851. 024324166604 300
1710315, 425012570100000 7275241, 371534 745200000 7848, 813042455558100
1710340, 051301 286500000 7275197, 7204 7E198100000 7846, 555829160605 700
17105367 14967TRO7R00ANT 7275150 44631361 2200000 7844, 4638416666550
1710393, 576883224100000 7275106, BOGTIETA5900000 7842, 500710166665500
1710420, 739663254 200000 7275059, 5264 50570700000 7840, 6700141 66665200
1710447, BE2221 076000000 7275015, 8897181100000 7B38, A98Z33333331700
1710475, GERORTTELT00000 7274068, 61046941 0500000 7836, BL1754166665200
IFI0504. 216582274 500000 72740824, Q76971 553600000 FE34., Q2183666666 5700
1710533, 12A%0582 3400000 7274881, 344 527066700000 7823, L73308555555200
1710562, 30099724 B4 200000 V274837, T13137245700000 FE3L. 5558591a00605900
1710502, 2R6E2704 S S0UG0T 7274704, QB3 S094 60 GUGTT 7829, TO07TOB33332300
1710622, B71101855500000 P274750.455881308200000 PEIH. F0L2 72499988000
1710654, 282201287300000 7274710, 473424 942200000 7826, 7TO6787455555300
1710686, 177817749600000 72746606, B49568423100000 7825.,1024 59998999200
1710718, 1851261 58800000 7274623, 226068729500000 7823, 724 5095995958200

Figure A-11: Screenshot of the Converted Data afteModification

A.1.2 Import Data Info Using an ACSII File

InRoads 2004 Edition (v.08.07), which was availailéhe time this manual was
developed, on the CAEDM network in the College n§lBeering and Technology of
BYU was used in this study. Hence, the menu selexipresented in this section may
differ from the latest version available to therugdso, due to the peculiar setup of the
CAEDM system, some of the instructions discusséovbapply only to the InRoads
software on CAEDM network. The user of this marsraduld pay attention to the steps
required for the work and consult an InRoads expkttie UDOT main or region office
for specific menu sequences that are requiredrfonpe the tasks described below when
a different version of InRoads is used. The sudata in text format created by WMS
are now imported to InRoads. Follow the menu selestpresented below.

The FILE>SIMPORT>SURFACE menu selection brings up ltmport Surface
window. It has multiple tabs. Since survey datiangorted in text format, select the
ASCII tab. Enter the data as shown in Figure AR@peat this procedure for all other

needed sets of data. The data should be in theatdocation on the surface of the earth;
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therefore, the drawing can be compared with a maap as Google® maps to verify its

location.

P mportsaroce___________ MEEI|

From Graphics ASCIl | DEM | 1GRDS |
Surface: I direction j Apply |
Fence [Mode; I|gn0re ﬂ Bigie. I
— Features .y
. TEviEw. . |
Seed Name: I direction j ﬂ
Feature Style: IBench j Filter... |
Faint Type: IF!andom j Besults... |
[T Ezclude from Triangulation Preferences... |
— Target Help |
Geometry Project: IDefauIt LI
Harizontal Alignment; IDefauIt LI ﬂ
File Marne; Start at Line;
IJ:'\ztlain\KaitIin's Datah Ty #2%- direction'- direction I'I ::I
Dielirniter: I Space LI
Fen Order; IEIne then Zeroes LI
Colurmins
Column 1 Column 2 Column 3 Column 4
IEasting LI INorthing j IEIevatinn LI INLILL LI
2 il
Close |

Figure A-12: Screenshot of the Window of ImportingPoints in InRoad

A.2 Notes on InRoads

Please note that the following descriptions relatecomputer drive names are all
related to the CAEDM system of BYU. When these stae implemented in a different
system, computer drive names are different.

Since InRoads is used through the Citrix serveahefCAEDM network, each
time the program is opened, the Preferences have thanged from the default o:/
server to a local file on your j:/ drive. The Prefieces can be changed by toggling the
PRFERENCES Tab and right clicking and selecting BREhis modification is
peculiar to InRoads on the CAEDM system and the ofsthis manual is recommended
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to get assistance from InRoads specialists avail@bhim/her to know how to deal with
the driver selections.)

There are always two Preference files. The firstjigst an .ini file and the second
is a wysiwyg.ini. See Figure A-13 to find wheregsbd’reference files are listed. Open
both of these files to maintain proper preferentfasis desired to change any of the
preferences in the Preference files, the user oaodt anytime. The preferences can be

saved and used in the next session of Inroads.

" Bentley InRoads 2004 Edition !E

File Surface Geomety Ewvaluation Modeler Drafting Tools Help

eferences Open ﬂ

Ti\ztrainiKaitlin's DatalTry #2 Lok I 2 T 2 j - & ER-
JiztraimiKaitin's Datal Try #2

=]

- direction
+ direction
Boundry

Centerline

Type: Configuration Settings
Size: 1.22 MB

SR

Filez of twpe: ISt_uIes["ini] LI Cancel |

File name:

Help |
d ey 4
% Prefersnces I 1 I »
Skyle File '3, ATry #2wysivyg.ini' Opened v

Figure A-13: Screenshot Showing the Preference Fde

A.3 Laying Out Centerline Horizontal Alignment

Clear the drawing space and make a new level thiabevused for the tangents of
the Horizontal Alignment. Change the color to vevatr is desired and make sure that
the Level color thickness and type are all seBgp fevel.” These buttons can be found at
the top of the main drawing window in Microstatio®nce the survey points are
imported, the point data are presented in the IdRad@awing area as shown in Figure A-
14. Note that the points of the two directionsesgo be a single “line”; however, as the

drawing area is zoomed in, the two “lines” appear.
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"™ SR_40.dgn (2D - V8 DGN) - MicroStation Y& 2004 Edition

Ele Edb Elemert Settings Taols Ubies Workspase Window  Help

Nt
N,
D)
P
E@ A tion Modeler Draftrg  Tool: Help
5
it Sunface Name | Description
@ ,
w5 T =B drection Jiftrain|kakln . mmosiey
Ll =B direction IetrainiKailin,..  mmosley
i Ll 3
s B certerine. Mgtrainleatin,,,  mmosey
@. (=58 ! = efauk minosley
X B = B Centerline

B suface: |

[ =] ]

[E s 1| o 0B lalsslelsl]

= @l rangens ifi i

ﬂnn—‘bj' &S S Wl oo™ S akteanifatins hata ‘: 1) Ho b e 575 st ‘: &Y ahnig) Mall - :' e

Figure A-14: Screenshot of the Plotted Survey Poistin InRoads

Draw in tangents for a guide using the line funttio prepare for drawing a
horizontal alignment, as shown in Figure A-15. &ltttat a good trick for Microstation is

to click both right and left buttons at once tost@aa desired location.
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"™ SR_40.dgn (2 - VA DGN) - MicroStatian Y& 2004 Edition

Fle Edt Element Sebtings  Toolks bs Workspaee Window  Helg

Ei-2o - - B-c-0be|hecd8iad -~@ ?

AE=OMdEI 0t 4

= EEEEEE
e = [ X O []8 rogert B

Figure A-15: Screenshot of Tangents in InRoads

Where these tangents intersect is called the Bbintersection (PI). Continue to
place tangents along the lengths of the curve$ esth curve has point of intersection.

Next, under the Inroads Menu select the TOOL>CUSTZHsequence, which
opens the Customize window as shown in Figure Achtck the box of Horizontal
Curve Set and close the Customize window. Aftes #ation, a tool bar containing
command icons of the Horizontal Curve Set methdadyihg down horizontal
alignments shows up right below the InRoads Maimias shown in Figure A-16.
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Customize

Toolbars |D:|mmand$| Ke_l,ll:ncnaldl Macmsl E:-:pl:nltl Impartl

M |

Toolbars: Flaae |
[ |Cogo Pairts ia| ¥ Show Tool Tips

i Fezet Al |
DDDS.S Section ¥ with Shortcut Keys =
[ |Design Pad -
[ |Deszign Roadway =
[1Design Surface ﬂl
[ 1Drafting
[|Drainage Profile e Delete |
[ |Edit Surface
[ |Feature Help |

[ |Geometry Utilities
[w|Huarizontal Curve Set
[ |Harizantal Element

[ Locate LI

-1

Cloze |

Figure A-16: Screenshot of the Customize Window

TBenl ley InRoads 2004 Edition
Fle Suface Geomehy Evalustion Modeler Draftng Tool Help |
I rPEEE
Slitface Hama | Beseription | File Name | iy i
] =B + diraction Iiztran|Katin',..  mmosley
= Default =2 _ direction T\etrainlKamkin'. . ramoshey
[+ - direction ECenterllne JdztraimkaitlinG . mmosley
[ = + direction =2 pefaul mnosley
[ E Centetling
= Suifaces [ Geametry [ @4 [ v] |4 | b

Figure A-17: Screenshot of the InRoads Main WindowShowing the Horizontal Curve Tool Bar

Toggle over to the Geometry tab in InRoads. Ridglok@ver the main Geometry
tree and click new. Add a new Project and callhatever the road is that you are
working on. Click the Apply button, then, withodbsing out of the new window, use the

drop down menu under type and select Horizontajrhient as shown in Figure A-18.
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Fill in the Name and Description entries. Now y@vé a memory area to put your

alignment data.

New !E

Suface Geometry I Typical Section Library I Fioadway Liblar_l,ll

Type: | Horizontal Alignment ;I

Mame: U5 a0 Styles... |
Description: IHDrizuntaI Help |
Shyle: Idefault ;I

Curve Definition: I'L\”C ;I

Exizting Diezcription

Default

Cloze |

Figure A-18: Screenshot of Geometry Setup Window

When using InRoads, be sure to save your drawniRpads does not save
anything that you have worked up to this point gslthe user explicitly save the work.
After this action is taken, there should be hortabalignment below the Geometry
Project. In the screen shot shown in Figure A-18laae holder for the alignments for the

“US_40" study section was created.
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?Benlley InRoads 2004 Edition !IE
File Siurface. Geomely Evalustion  Modeler [_llr_af:lmg Tonls Help |
e T
Pl e
{Horizontal Events] | Beserigtion | B3 Whom | Lash Aeviced
=, Geometry Projects o . prEsley afzfzo07 )
[ [e= Defaule EUS _4n Hotizomkal TAFCISSY: 3f12f20071
5 B
i Cogo Buffer
[F1us 40
= Sufaces. 2 Geometry. | = 4] » 4] | _‘j
Befines horfzontsl svert poinks 5

Figure A-19: Screenshot of the Geometry Projects Widow

Select the Insert Pl function from the Horizontalr@ Set tool bar to place PI all
along the alignment. Place the PI starting atetie of the alignment and then place at
each intersection that was drawn using the tang&hesuser may want to bring up the
Button Bar in Microstation to help snap to the is&etions of the tangent lines. This
button bar is found by right clicking on the lighitie connected balls on the bottom right
of the Microstation main screen. Then the inteisactnap command will be available
when it is needed. Be sure to left click after cttgy the Pl location to confirm to both
Microstation and Inroads what you want to do. FegAr20 shows the task of inserting
Pls.
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"™ Sk_40.dgn (20 - VEDGN) - MicroStatian VB 2004 Edition
it S Workspiage Window  Hefp

HA-¢-@fe|heus/iad ~~@ 7]

o Modelet | Diafing Tocks Help =t
Wame [ eserption [ &y Whom | Last Revised
Pt mimosiey. 3}t2]en07 1
Aus 40 Horizantal mimasiey 31242007 1

B uraEs (2 Geometty [B0lb

TN 727 158520 E: 171763100 Eivi 0,00

=T T )

o 31| WLl [ S~ © & ~ % = L[]
‘\JJ\E [Tangents |7’77‘ 1

| N 72rSEER0E 1717531 00 El 000

» Ideniify Paint Fiopect

Figure A-20: Screenshot Showing the Task of Insdrtg PI's

Next, view both outer sides of the road way by Wweypthe surface. The user
needs to triangulate to place a surface betweeG Bt data of the east and west
directions. Refer to Section A.4 of this AppenthiXind out how to triangulate between
the two sets of survey points (for the two diregti@f the highway). Figure A-21 shows

the triangulated surface between the two linesitithtate the data points of the two

directions of the highway.
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P SR_40.dgn (2D - V8 DGN) - MicroStatian V8 2004 Edition

Ele Edt Elemert Settngs Took Lbities Workspate \Windew Hefp

sfion Modeler | Dralting Toole Help

flame TTupe | Gescription [ By Whom

%Eurfa('as & ceometty [ v] |4

Sz

[ o<1 o WBalelelelolsl[[F 2 - © & = %~ L =]
-

ey bevirfiort GPS strvey data I to Bentley dac - Microsaft Word

|| (@ [Fangerts

Figure A-21: Screenshot of the Triangulated Surface

Use the Define Horizontal Curve Set window (illaséd in Figure A-22) to adjust
the radius of the curve to fit the curve in betwdantwo lines, which were created by
using the survey data converted from the GPS dadftaei previous step. Figure A-23
shows a curve that are fitted between the two tatisgdf the Horizontal alignment is
placed outside the GPS data on each side it wilshow up on the Profile because it

does not pass through a triangulated surface.
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__.!m[)efine Horizontal Curve Set

Defing Transitions By: % Length © Constant

—Horizontal Pl
Define By IKnl:uwn Fl Coordinates -] o
Direction Back: |5 2"E22E" £ ﬂ Ll
Length Back: |1 14904 ﬂ &l
Paint Name: I Curve Calc... |
Morthing: |?2?4534_35 + Dezign Calc... |
Easting: [1710530.10 Help |
Direchion Ahead: |5 51521 E ﬂ
Length Ahead: |2453_ a3 ﬂ

— Harizontal Curve
Curve Set Type; & 5C5 ¢ SCSCS

Leading Tranzition: I Clathaid

=] |noo

Radius 1: 1000
Compound| Transition: Immhmd j ||:|_|:||:|
Radius 2: 000
Trailing Transition; IEIu:uthu:uil:I j ||:|_|:||:|

Diefine By Radiuz

L+ [+ |+ |+ |+

i~ Tangentto Spiral  Foint Mame; I
" Spiralto Tangent  Morthing:  [7274584.85 e
" Paint on Curve Easting; [1710530.10

Eirat < Brevious Hest > | Last | Select

Figure A-22: Screenshot of the Horizontal Curve S¢ing Window
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TSRJO.dgn (2D - ¥8 DGN) - MicroStation Y8 2004 Edition

File Edt Element Settings Teok Lbiiies Workspace  Window Help
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Figure A-23: Screenshot of a Horizontal Curve

Adjust the radius until the curve fits betweentifve boundaries. If the curve
does not fit with any given radius, adjust thed®idtion by using the Move PI button.
Adjust the radius and the Move PI function unt@ tturve falls right in between the
boundaries as shown in Figure A-24. The boundagglwere created by the survey

point data for the + direction and the - direction.
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Figure A-24: Screenshot of Inserting Pl Station

The finished horizontal alignment can be viewedigkt clicking on the
alignment in InRoads and selecting Review. Thermftion of the alignment is shown.
The user can then save the information as a textofibe used in other software

programs such as IHSDM.

A.4 Triangulating Surface

When triangulating among the data points in the divections, that is, two outer
boundaries, under the SURFACE>TRIANGULATE SURFAQEion, make sure that
the lengths of the triangle do not exceed the gridar distance across the roadway. In
order for this to work, the outer boundary coortirsaneed to be in one .txt file so that

the triangles are formed correctly. Copy and paBtef the coordinates from one of the
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sides of the road into the other and then SAVE A& ieport this surface into the
project.

The ends of this surface should be connected byima@s shown in Figure A-
25. Now this surface can be triangulated. Se¢leeSURFACE>TIANGULATE
SURFACE menu sequence and get the Triangulate Guwiandow.
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Figure A-25: Screenshot of the Triangulated Surface

Make sure that the maximum length is no longer #@oss the road, roughly
200-300 feet. Also make sure the View Trianglesckh®x is selected as shown in the

screenshot in Figure A-26.
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Figure A-26: Screenshot of the Triangulate Surfac&etup Window

A.5 Laying Out Centerline Profile

Once the centerline horizontal alignment is congulethe profile associated with
the horizontal alignment is laid out. Use the EVAATUON>PROFILE>CREATE
PROFILE menu sequence to create a profile. FiguPd Ahows the Create Profile
window of InRoads. Go through each of the tabiseiwome familiar with what goes into
a profile. On the Features tab, make sure thatribesover data is selected just in case
there are any holes, or “gaps,” caused by the bota alignment that went outside the
boundary lines, in the profile.

Once the Apply button is pressed, the profile sadr as shown Figure A-28 (see
the top side of the drawing window for a white eexjular area). The rectangular grey
area is the profile created. The starting poirthefprofile, that is the base point which is
used to draw a profile, can be placed anywherkardtawing. Make sure that the profile
will not overlap with the horizontal alignment. Thetra lines in the Profile can be

deleted to make a cleaner drawing as shown in Eigt29.
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. Create Profile
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Figure A-27: Screenshot of the Create Profile Winda
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Figure A-28: Screenshot of the Created Profile
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Figure A-29: Screenshot of Edited Profile Window

A.6 Laying Out Centerline Vertical Alignment

The vertical alignment can be laid out in the marsmailar to the way that the
horizontal alignment was done. Draw tangents utiegorofile as a guide. If needed, a
second profile can be produced with greater exagiger of the slopes, such as 50 to 1,
so as to help draw the tangents and place theakpints of intersection (VPI). Bring
up the Vertical Curve Tool Bar under the Custoniienu to make it easier to draw
vertical alignments. Figure A-30 shows the GeoynBtoject window where vertical
alignments created by the user will appear.
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Figure A-30: Screenshot of the Geometry Projects

To place these VPIs, follow the instructions that presented in the bottom of the
Mircostation information bar. Click on the locatiof each of the VPI as marked by the
tangents. Always make sure that the left buttamsisd to confirm these locations.

Define the vertical curve using the length of tleetical curve and place it as close as
possible to the existing profile. Go through eaclhve on the alignment. Figure A-31
shows the Define Vertical Curve Set window that Wwélp the user create a vertical

curve with a given vertical curve length.
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Figure A-31: Screenshot of the Define Vertical Curg Set Window
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Data for the vertical curves can also be viewedidpyt clicking on the specific
curve in Inroads and selecting the Review optiogufe A-32 shows the result of
selecting the Review option. This window presertsaf all the vertical curves created
by the user. Save the file as a .txt for use leoprograms like IHSDM.
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B

< |

Last

Figure A-32: Screenshot of Reviewing Vertical Aligment Window

A.7 Stationing

The stationing feature is found under the Geomdignu Select functions that are
desired to be shown in drawing. In the View Stdtigrwindow, enter all necessary
selections. Some of the leaders and minor staigpoam be unchecked to simplify the
information. Figure A-33 shows a screenshot ofMleav Stationing window. An
illustration of the final view of the stationing dime horizontal alignment is shown in
Figure A-34.
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Figure A-33: Screenshot of the View Stationing Windw
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Figure A-34: Screenshot of a Completed Stationing
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