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SUMMARY

When project sites consist of substandard design elements according to standards
set by the Federal Highay Administration (FHWA), design exceptions are implemented.
The goal of this thesis is to analyze a sample set of 18 design exceptions taken from a
total of 467 design exceptioapproved in Georgia from 19952012.Crash datavere
obtainedat the locatins of each of these design exceptions three years beforedatelet
andthree yearsifter the construction end date

To compensate forausalffactors other thathe design exception on the roadway,
similar information from a range ebntrol sites weralso obtainedThese ontrol sites
consisted of projects without design exceptions that occurred within the same time
constraints as the design exception projects, were of the same work type, and were either
located on the same route or within the sars#idt. The potential safety impacts of the
design exceptions were evaluib®y comparing the before and after crash rates of
projectsbefore and after crash rates at these control sites

Based on theedata, ncstatisticallysignificant relationship betweehe existence
of a design exception and crasites was identifiedespite this finding, a future
Empirical Bayesian (EB) before and after analysis is recommended to compensate for
any potentiategression to the mean bidis study also describesrethod to
incorporate this analysalongwith predictive methods provided by the Highway Safety
Manual (HSM) towards developing a functional design exceptis@ivice monitoring

program.

XVi



CHAPTER 1

INTRODUCTION

In the design of roadways and relateftagructure it is important to consider the
relationship between design vehicles, users of the system, and the surrounding
environment when making engineering decisions. An important part of maintaining this
balance is considering the safety effects thdediht features of the system will have on
its users. There are various organizations that help to provide guidance to engineers and
designersin this design process including, but not limited tee Federal Highway
Administration (FHWA), the American Assiation of State Highway and Transportation
Officials (AASHTO), and the Department of Transportation (DOT) of each state.

A Policy on Geometric Design of Highways and Streetdished by AASHTO,
also known as theAASHTO Green Book is the primary and n®b frequently used
reference by highway designers and enginders guidance on critical highway
dimensiond1]. The Code of Federal Regulations (23 CFR 625) adopts this document as
the design standarfdr roadways withirthe National Highway System (NH&hder the
authority of the Ederal Highway Administration HWA) [2]. Whena roadways not on
the NHS the of theAASHTO Green Bodk left up to the discretioaf the Department of
Transportation (DOT) in each stat€hat being said, most states haveo athosen to
adopt theAASHTOGreen Bookas thestandard for highways and roadsthin their
jurisdiction

Shortly after adopting thAASHTOGreenBook in 1985, th&HWA established
13 controlling criteria from the document to guide the decisions of higlemgineers

and designers to achieve a balance between cost, safety, mobility), soad



environmental impactg3]. These controlling criteria, shown in Table 1, are expressed as

minimum, maximum,or ranges of values that have been determined accephablegh

previous experience and research. However, during the design precgseers

occasionally encounter conditions where they are unable to meetdsige valueor a

variety of reasonsin these cases, designers will typically attempt to incateo

additional elements or to adjust other design features to compensate for the potential

safety impact of the element outside of the standard range. These efforts are formally

documentecdnda decision, known as a design exception, must be raadeyppovedto

constructa highway or project with criteribelow theminimum vdues. For projects on

the NHS,formal design exception approval from the FHWA is required. Though there

areno federal requirements for design exceptions on projects that are ot dIHS,

NSt at es ar e

encouraged to

anal yze-NHSi tuat: i

routes in a similar fashion when design values are used that do not meet their adopted

critf@ria.o

Table 1.Thirteen Controlling Criteria for Geometric Features inRoadway Design
as Defined by Federal Highway Administration (FHWA)

Controlling Criteria

Design Speed

Lane Width

Shoulder Width

Bridge Width

Horizontal Alignment

Superelevation

Vertical Alignment

Grade

OO |NO|OPRIWIN|F

Stopping Sight Distance

[EEN
o

Cross Slope

[EEN
=

Vertical Clearance

[EEN
N

Lateral Offset to Obstructio

[N
w

Structural Capacity




This study analyzes a sample set of 18 design exceptions approved from 2003
2006 taken from a total of 467 design exceptions approved in Georgia froni 2093.
Crash data were obtained at the locations of each of these design esdbpsieryears
before the let date and three years after the construction date. Similar information from a
range of control sites were also obtained to compensate for caogakfother than the
design exception on the roadway. By comparing the before and after crash rates of
projects with design exceptions tiee before and after crash rates at these control sites,

the potential safety impacts of the design exceptions wataated.



CHAPTER 2

DESIGN EXCEPTION PROCESS

In the design of roadways and supporting infrastructure, engineers and designers
must balance several key factansluding cost, safety, mobility, as well as social and
environment impactg3]. The FHWA provdes guidance on how to make flexible design
decisions when trying to satisfy the minimum, maximum, or range of values set aside for
the design criteria mentioned in Table 1 above. When these values are not met, a
documented decision known as a design etmepnust be approved. There has been
little research done on how these design exceptions affect safety due limitbe
availability of crash data and resources to complete the analysedollowing section
summarizes information on both the procetéilmg for a design exception as well as

previous research done concerning the safety effects of design exceptions.

2.1 FHWA Design Exception Process

FHWA is responsible by federal regulation to establish design standards applied
to the NHS. Regardless the funding source of the project, FHWA requires a formal
process to be completed for a design exception when the design values do not meet the
established minimum 13 controlling criteria values or ranges of v@Bjesn order to
help guide state DG through this process, FHWA publishedguidance document,
Mitigation Strategies for Design Exceptioms 2007 offering additional information and
important strategies to mitigate potential negagéffects that may be caused as the result

of design excgtions. Figure 1 below taken from this publication illustrates this process.



Determine the Costs
and Impacts of Meeting
Design Criteria

Develop and Evaluate
Multiple Alternatives

Evaluate Risk

Evaluate Mitigation
Measures

Document, Review,

and Approve
Monitor and
Evaluate In-Service
Performance

Figure 1. lllustration of the Federal Highway Administration Design Exception
ProcessAdopted from Mitigation Strategies for Design Exception2007

The focus of this researchill be on the final step in this process: Monitor and
Evaluation InService Performanceln practice, the current extent of -senice
evaluation varies due to limited budgets, human resources, or other fadimsis
expected, as the rare and randature of crashes implies that several years of crash data
must be collected before any correlations can be made between design exceptions and

their impacts on safefy].

2.2 Naninal vs. Substantive Safety

Considering how safety is affected by desiguneptions is arguably thgreatest
concern when making the decision to accepeg@cta design exception. Nominal safety
i's an-ofi®i tchoenrdi ti on t hat states whether or
design element meets the minimwn maximumdesign criteria[3]. If the design
features of a project meet the minimwalues, maximunvalues or ranges of the 13
controlling criteria, it is considered nominally safe. By definition, roadways, design
alternatives, or design elements that requiregtheekceptions and do not satisfy at least

the minimum degn criteria cannot be classified as nominally s&fés does not mean

5



that the road is unsafesince the actual safety performance of a highway must be
observed over timdut rather that it doesohfully meet accepted design criteria.
Substantive safety i s defined as t he
performance of aoadwayo [3] andcan be measured quantitatively by observing crash
frequency, crash type, and crash seveS8iypce the cocept of substantive safety reflects
Areal worl do performance of the system, i
safety impacts when making sound decisions to accept or approve design exceptions [3].
By formally c¢compar i adgashgrofileomthafaciitiesvithor hi g
similar characteristics, judgments about substantive safety and whethertioe design
exception will meet safety expectations can be mates formal comparison generally
involves applying statistical models of shaexperience from broader data sources, such
as from sites in the same juristion as the site being studig?].
The key to understanding the concepts of nominal and substantive satety is
recognizethat they are not necessarily dependent upon oohem Although a roadway
that meetsall minimum design criterigs nominally safe, it may demonstrate high crash
statistics that make it substantively unsa@mnversely a roadway that is nominally
unsafe may function at a high level of substantive galdte reason for this discrepancy
is due to the fact that the 13 controlling criteria are based on simplified models and are
broadly applied to situations that in reality depend on a multitude of other fastorsl|
[1]. Figure 2 belowillustratesthe mncept of nominal and substantive safety with respect
to their crash risk models. It can be seen that small changes in the design dimensions of a

project result in small changes to crash risks. What designers and engineers should seek



to do is achieve théighest level of substantive safety while striving to meet design

criteria to the extent to which they app8}.

Nominal Safety is

an Absolute

Greater sl

CRSH RISK

Substantive Safety
is a Continuum

DESIGN DIMENSIONS
(Lane Width, Radius of Curve, Stopping Sight Distance, etc.)

Greater sl

Figure 2. Relationship between Nominal and Substantive Concepts of Safetyth
Respect to Design Dimensions and their Effects on Crash Riskslopted from
Mitigation Strategies for Design Exception2007

2.3 Georga Department of Transportation Design Exception Process

Similar to other states, €rgia Department of Transportation (GDCQAJopted
the 13 controlling criteria identified by FHWAs having substantial importance in
highway design, as well as the corresponding minimum values set in place by AASHTO
as its primary road design standad.[In addition, GDOT maintains a publication
entitled GDOT Plan Development Proce$BDP) that assts project managers when
carrying out their duties and responsibilities for project development, including outlining
the process of filing for a design eeption and/or design varian¢6]. When these

minimum values are not met, the design exception psooatlined in both the PDP and



by FHWA is followed. GDOT has identified 12 additional design elements, known as
AStandard Criteriao, which should also be
criteria of these design elements are not met, a desigance must be approved by the

GDOT Chief Engineer and the procedures outlined in the PDP must be folloAved.

design variance must also be approved for projects not on the NHS that do not meet the

13 controlling <criteri aGD@r6s GOQT O0asd dd tt a rodchaar
elements are listed in Table 2 below.

Table 2. Additional Standard DesignCriteria as Defined by Georgia Department of
Transportation to Consider In Roadway Design

Standard Criteria

Access Control

Intersection Sight Distae
Intersection Skew Angle

Later Offset to Obstruction
Rumble Strips

Safety Edge

Median Usage

Roundabout lllumination Levels
Pedestrian and Bicycle Warrants
GDOT Construction Standards
GDOT Drainage Manual

GDOT Bridge & Stuctural Manual

|
RiB|o|loNou| s wNe

[EnN
N

Approval of a design exceptiorfvalues outside the 13 AASHTO controlling
criteria) as outlined by the GDOT PDiiegins with theEngineer of Recorgreparing a
design exception requeshd forwarding it to the GDOProject Manageassignedo the
project Upon receiving and reviewing the requdse Project Manageforwards the
package and his/her recommendations toQffeee of Design Policy and Suppoithe
Office of Design Policy and Suppolikewise conducts a review and forwards the

information and its recommendations to the GDOT Director of Engineering, and the



GDOT Chief Engineer, and the facility islocated on the NHS, to the FHWA for final
approval or disapprovah similar process is followed ken filing for a design variance
(deviation from the 12 GDOT Standard Design Criteria). After appr@&@DT does not
specifically require a monitoring process for evaluating theemvice performance and
impact of design exceptions after the completion of the prdegtre 3 shows a bw

chart of this process.



[ Engineer of Record ]

(1) Engineer of Record
Prepares a DE Eequest to send
to the Project Manager (PM)

[ijec‘r Manager (PM)]

(5) Office distributes the
approval or disapproval for
filing to the PM

Office of Design
Policy and Support

(3) Office reviews and submits (4) A decision is sent back to the
copies for a decision to the Director Office for distribution

of Engineering, the Chief Engineer,

and the FHWA if on the NHS (if on the NHS, FHWA is included in the process)

Director of
Engineering Administration
(FHWA)

1
[ Chief Engineer ] Federal Highway

Figure 3. Flow Chart of the Georgia Department of Transportation Design
Exception Filing ProcessAdopted from Georgia Department of Transportation
Design Policy Manual 2010

2. 4 Ot her Statesd Design Excepti
All other states have adoptéd Policy on Geometric Design of Highways and
Streetspublished by AASHTO as their primary reference in roadway design. As part of
their design manuals, State DOTs include sections on their specific design exception
processes when ifiig for projects that are both located on and off the NHS. Manuals
usually begin by establishing their adopt |
standards in their own department. When designs deviate from these standards, the

approval of a desigexception is required and is recommended to be identified as early in

10



the process as possible to allow time to research alternatives and begin amalyss
potential effects of the design exception implantafin

In addition to the 13 controlling iteria, several State DOTs have developed their
own criteria that must also be approved if design criteria of a project deviate from the
minimum value or range of values. The documented decision to accept miroamum
maximum values outside the ranges stated DOT-specific manuals are generally
referred to as design variances or design waivers. Design exception information can
usually be found in manuals on roadway design, highway design, geometric design, or
controlling criteria standards. Like the stateGsorgia, criteria that falls out of the 13
controlling criteria is referred to by many other states as standard criteria. Most states call
deviations from standard criteria as design variances. In a review of road design manuals,
the only differences inetminology appeared in Alaska and Minnesota, where they are
called design waivers and informal design exceptions respectéjely

In order to provide guidance to highway designers and engineers, most states
produce their own roadway design manuals or uabln on processes when design
exceptions are necessary. As part of thisew of previous researcthese manuals were
found and observed to find similarities in the process and documentation of design
exceptions. The majority of manuals begin by statinge i r adopt i Gmeenof AAS
Book and highway designers areln g i nresponssbility to meet the 13 controlling
criteria that FHWA has set aside. Though the deviation from these criteria is usually
discouraged, manuals usually provide steps on comgldie process in a similar format

that can be represented by six questions:

11



(1) When is a design exception required?

(2) When should the need for a design exception be identified?

(3) How should the design exception be documeritéd&t data/forms are

necessary?

(4) Who is responsible for approving the design exception?

(5) Where should the design exception be filed?

(6) What is the process if the design exception is defgd?

In reference to 23 CFR 625.3, most manuals state that the pragectising
design exceptions are (1) new highway construction, (2) existing highway reconstruction
for lane addition, acceleration and deceleration lanes, and pavement replacement, (3) total
bridge replacements on the NHS, and (4) bridge widening prd@ct$herestorations
of locations where design exceptions have already been filed usually do not require an
additional design exception process to be completed. Each state haspB€)ic forms
for filing for design exceptions, but they generally contagdame required information.
Engineers must provide the reason for approval, the alternatives considered, mitigation
processes explored, and sometimes crash analyses to accompany their forms. Approval is
typically required of both th€hief Engineer anche Road Egineer responsible for the
project. For those projects on the NHS, FHWA approval must be obtihe#ifter the
process is completed, the design exception forms and approval signatures are kept on file
with the respective offices and agenciescirarge of the project. The only states that
currently offer a standalone manual on design gtkaes are New Jersey and Utah,
which were published in 2012n Appendix A of this report, two tables summarizing

what is contained in each state DOT manualwdnailable is providefb].

12



In the review of design manuals, a major component missing from guidance is the
process required when a design exception process is denied. Many state DOT manuals
mention that the process must be filed regardless of whethesta design exception
request is approved. They do not mention whether or not the chief engineer will explain
whether or not it is approved, or what can be done to gain approval if a request has been
denied. Just by referring to the manuals providedise DOTS, it igenerally not clear
whether or not there is an appeal process for denied design exception requests. It is
assumed that designers must find an alternative or determine additional reasons to file for

the design exception again.

13



CHAPTER 3

PREVIOUS RESEARCH

Relativelylittle research has been done on design exceptions and their impacts on
safety and operations. In addition, limited budgets and human resources have limited the
extent to which state DOTs have monitored the design exceptioioltcagst their open
dates. That being said, there has been a move recently towards studying the effects of
design exceptions on safety, as well as on the efficiency of the existing controlling

criteria.

3.1 National Cooperative Highway Research ProgramEvaluation of the 13
Controlling Criteria for Geometric Design

The National Cooperative Highway Research Program (NCHRPgurrently
studying howthe 13 controlling criteria established by FHWA in 198%ve affected
safety and operatiorss part of agevaluation of these criterids the design for future
projects must be customized to fit particular situations more and more, the
appropriateness of the cant controlling criteria is beingvaluated based on new
knowledge that has been gained sincdr tingplementation. Whether or not the existing
criteria are still necessary or new criteria need to be developed will be deddrhyi the
end of the project. Additionatesearch is also being done on whether or not the
controlling criteria should be stifd according to roadway type, or whether or not they
suffice for all roadway types. This NCHRP projéstscheduled to be finishad year

2013and should provide recommendatidasfurther actiong7].
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3.2 Washington State Department of Transportaton: In-Service Evaluation of
Major Urban Arterials with Landscaped Medians 1 Phasell

One example of how new critetteavedeveloped in the field wasrovidedby the
Washington State Department of Transportation (WSDOT) in 2004, whensamvice
evaludion was done on major urban arterialsthwlandscaped median8]. While
attempting to redevelop some of the arterials, such as State Route (SR) 99 north and
south of Seattle, developers considered increasing road safety, creating aesthetically
pleasing avironments, and enhancing the attractiveness of the region and communities.
In the process, the criteria that WSDOT set for clear zone width on streets was not always
achieved due to trees placed in curleedians. In order tgupport aesthetic designs,
WSDOT chose to implement angervice evaluation of landscaped medians to study and
determine that the safety impacts were insignificant. Though clear zone width is not one
of the current 13 controlling criteria implemented by FHWA, future studies dotieeon

impacts in relation to safety could pave the way for its implementation.

3.3 Kentucky Transportation Center: Safety Implications from Design Exceptions

The Kentucky Transportation Center conducted a study by observing crash data
evaluating the egative safety implications that occur from design exceptions. During the
eight year period from 1993 to 2000, there were 319 design exceptions filed for. After
narrowing down project sites, 65 sampled project sites were analyzed based on the
availability of crash data. It was concluded that for all but six of the sampled sites that
implementeddesign specifications other than those typically used did not negatively
affect thelevel of safety of the proje¢f]. When more data is available, furthresearch

wasrecommended on (1) safety consequences for specific crash types, (2) analyzing the
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severity of crashes, and (3) the comparison of relatively similar roadways constructed

with and without design exceptioff.

3.4 Indiana Department of Transportation: Safety Effects of Design Exceptions

The Indiana Department of TransportatigiNDOT) stratifies their design
exceptions into three levels of highway design criteria by how severe their effect on
safety and serviceability is. Level One includes 14 desigeria that are believed by
INDOT to have the most effect on highway safety and serviceability: design speed, lane
widths, shoulder widths, bridge width, bridge structural capacity, horizontal curvature,
superelevation transition lengths, stoppsight distance on horizontal and vertical
curves, maximum grade, superelevation rate, minimum vertical clearance, accessibility
for the handiapped, and bridge rail safdgty0]. In order to observe the safety impacts of
design exceptions)NDOT performed a statical analysis on crash severity and
frequency on roadway segments that had both received and not received design
exceptions that fell into the Level One category.

INDOT analyzed 36 Level One design exceptions that they had granted in
between 1998 anddP3, as well as 71 control sites containing no design exceptions. The
control sites were chosen according to their location and similarities relative to the 36
design exception project sites. By observing accidents that occurred during a five year
period fom January 1, 2003 to December 31, 2007 at the project sites, the impact that
design exceptions, if any, had on crash frequency and severity could be determined.
Using a negative binomial regression and multinomial logit model, INDOT concluded
thatthedsi gn exceptions did not have a nAstati

frequency or severity of acciden$0].0 It is recognized that researching the extent to
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which different types of design exceptions affect safety is limited by the amouataof d

but should be considered in the future.

3.5 Utah Department of Transportation: Safety Impacts of Design Exceptions in

Utah

Similar to the methodology used by INDOT, the Utah Department of

Transportation (UDOT) also quantified crash frequency sexkrity on road segments

where design exceptions had been approved and compared them to relatively similar road

segments without exceptions in order to compare safety impacts. Between 2001 and

2006, there were a total of 63 projects that were built waigh exceptionspgrovedby

UDOT, a majority of which were on road segments. Bridges, intersections, and

interchanges that had been built with design exceptions were left out of the analysis

because there were not enough of them represented in the sAmpleesult, a total of

48 road segment projects were studied that averaged 1.77 design exceptions per road

segment with a maximum of five design exceptions aridimmum of one design

exception[11]. Figure 4 f r om UDOT 6 s final r e p oton
frequencies of their study.
Critenia Count Criteria Count
Design Speed 3 Cross Slope 6
Lane Width 7 Stopping Sight Distance 7
Shoulder Width 24 Structural Capacity 0
Superelevation 7 Bridge Width 0
Homzontal Alignment 8 Vertical Clearance 2
Vertical Alignment 9 Horizontal Clearance 7
Grade ] Total Exceptions 86

Figure 4. Distribution of the Sample Set of Design Exceptions Used in thetdh
Department of Transportation Study on the Safetyympacts of Design Exceptions

For each project site chosen in the study, a minimum of at tes control

show

locations with relatively similar geometric designs were chosen for comparison. In order
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to evaluate the adequacy of the comparison sites, propensity scores were generated to
eliminate bias from the selection process. This resulted in thetisa of 132 control
segments that were used in the modeling processes for crash severity and frequency. In
addition, UDOT provided crash data from the years 2006 to 2008 to analyze the safety
impacts of the design exceptions. For crash frequency asalysnegative binomial
regression model was used, which takes into account highway geometric design variables
that are left out by traditionally ad Poisson regression analygey. Crash severity was
analyzed using three methods in order to prevent &mas over or underestimating

safety impacts: (1) computing severity distributions at locations with or without design
exceptions, (2) producing separate negative binomial regression models by crash severity
levels, and (3) using a multinomial logit mod&he first two methods are explained in

the Highway Safety Manudll2] while the multinomial logit model is a discrete choice
model that is widely used in the field. It was concluded that a significant difference in the
distribution of crashes along thegments constructed from 2001 to 2006 with design

exceptions and those without design exceptions was not found.
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CHAPTER 4

METHODOLOGY

4.1 Raw Design Exceptions Data

A comprehensive list 067 design exceptions andl4 design variancefrom
years 198 1 2011 wasused in this study This list was used to evaluate design
exceptions based on exception type and erefesenced with other sources to check for
accuracy.Figure 5 below shows the relevant fields used in this list and what they
representA quality control and quality assurance (QA/QC) was performed to make sure
there were no duplicates representedh@data. The focus of this study is on design
exceptions, so the 714 design variances were not incluslddll list with detailed

informationof these raw design exceptions can be found in Appendix B.

19



Field

Description

PROJ_CNTY_PRO
J_EXT PROJ_ID

GDOT Project 1D

Ds

GDOT Project Title

ROUTE_COUNTY

County of design exception location

EXCEPTION_TYP
E_CD

Code (1 — 13) indicating the GDOT design exception type:

Design Speed

Lane Width

Shoulder Width

Bridge Width

Structural Capacity

Horizontal Clearance / Lateral Offset
Vertical Clearance

Horizontal Alignment / Intersection Skew
. Vertical Alignment

10. Cross Slope

11. Grade

12. Superelevation

13. Stopping Sight Distance

WO 0E =] LA s Ll e =

Design Variance is indicated by number 30.

APPROVED_DT

Date of design exception approval

COMNT

Detailed comments from GDOT on design exception

RC_LINK

A combination of {County Code. Route Type, and Route
Number}

(SR=1, CR=2, C5=3, PR=8)
Ex: 1212000400 (121 2 000400
County Code = 121 (Fulton)
Route Type =2 (CR)

Route Number = 000400 (4)
[16]

MPOINT_ROUTE

GDOT-assigned route number

MPOINT_BEG

Beginning mile post of design exception location

MPOINT_END

Ending mile post of design exception location

Figure 5. Georgia Department of Transportation-Assigned kelds in RawDesign
Exception Data Used in This Study(Sim, 2012

The beginning and ending mile posts of the design exceptaatidns werenot

provided for all of the projects. Since the exact location of where design exceptions are
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located is anindispensible factor in the accura©f this study, those ppects not
containing valuesvere not analyzedThe mileposts that were prnoed were double
checked for accuracy usinghe Critical Analysis Reporting Environment (CARE)
software developed by the University of Alabai&]. Mileposts can beisedin this
softwareto generate a map visualizing the extents defined by the mileddstsmap
provided by CARE wasompared to the design plan documents to make sure the
mileposts reflected the correct locatidfor example, project 12244@vas awidening
project located in Habersham County on SR 17. This project contained a vertical
alignment design exception from GD@iefined mileposts 9.02 10.02. Figures below
shows a screenshot of the CARE output once the mileposts are defined, and the map can
be viewed in the top right.

CARE 9.2.0.13 - [User-Specified - Filter: None (All records)] - 2=

o File Fiers Analysis Locations Search Window Continuous Teols Help

Defauit Data Source | 2000-2005 Georgia Crash Dsta v Default Filter |4l recoeds (do notagoly afilter ] Fiter Logic -

Corr e e - e Coier = s % |
Fdenixy B LL o L o rshes | Repots | betspots  Creste Fiter

Prew Holspot  New Holapet  Fre Hotspot  Last Hotsoot

TatCrs 1066 Expand View | ® Mep (O Road Images () None

=]

32

y Beg MP End WP
26465 429 Hebersem Habersham Flral am2 1002

Figure 6. Screenshot of CARE Output After Defining County, Route ID, and
Milepost Values for Project 122440 0n State Route 17 in Habersham County,
Georgia.
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CARE provides an option to expand the provided map from Google Maps. When the
option to expand the map is selected, an internet browser opens up with actirger
map. Figure 7below shows a screenshot of the expanded map for this project with red

markers where the mileposts begin and end.

Figure7. Screenshot of I nternet Browser when
Critical Analysis Reporting Environment Output with Milepost Markers Shown

Using this map, the mileposts can be compared to the design plan documents in order to
double check whether or not crashes are being obtained from the correct location. The
following figure shows a drawing of the projeatiapted from the cover sheet in the

design plan documents. It can be seen that these two locations are reflective of one
another. Furthermore, coordinates are also provided if an additional step is needed to be

taken in order to verify the relative loaati of mileposts.
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Figure 8. Project Drawing Adapted from GDOT -Project 122440 Cover Sheet of the
Design Plan Documents Used to Verify Milepost Locations i@ritical Analysis
Reporting Environment Software

4.2 Design Plan Documents and Construction Repts

Trangortation Project Information (TransR§) a databasenaintained by GDOT
to look up project documents and informat[dd]. Projects can be searched for through
multiple parameters such as project type prmjectstatus. This database was used t
obtain design plan documents and construction reports for those projects containing
design exceptions. The design plan documents provided information symtojest
mileposts, AADT, road classificatioetc.,and helped to visualize the location of desi
exceptions on the entirety of a project. Construction reports were used to gather project
let dates and to verify construction end dates with those provided by GD@3e dates
were needed in order to perform the three year before and after Btgdye 9 below

showsa screenshot of the TransPi Interface
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Project Search (TransPlI) TRANS

Please use the search options listed below to customize your search for information on transportation

| ]
projects in Georgia. P. ]

The results of your search will display in a table below the form. Click on the appropriate project to view more information.

} Search

Go! B Reset B Close

County Equals -Select One- -

Keyword Contains

Project ID Contains

Congressional Equals -Select One- «

District

State Senate Equals -Select One- -

Districts

State House Equals -Select One- -

Districts

Project Status Equals -Select One- -

Project Contains

Accounting

Number

ROW Contains

Accounting

Number

Project Type Equals -Select One- -

Work Type Equals -Select One- -

Route Contains

Beginning Contains

Milepoint

Ending Contains

Milepoint

Go! EReset E Close

ProjectI  Project Accounting No. Project Title Counties
Please enter the search criteria and click the GO! button.

Figure 9. Screenshot ofTransportation Project Information (TransPi) Interface

The fields used for this research were limited to county, project ID, project status,
work type, and route. All otheields were left in their default state. Since there is no
option to search by district, counties were individually searcmedby ondn order to
gather districtwide data. The only project status value usedhe search filtewas

i C o mp ISmde ¢éhidstudy is a three year befeadter safety study, only projects where
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construction has been completed were considaigatk type and route values varied

depending upon the location of the projects containing design exceptions.

4.3 Construction Dates

A list of all federally and stateinded projects completed between 1992 and 2012
was used to gather construction end dates that would be used astzolnm the safety
analysis.Table 3shows the columns provided in this list and what they repreS&@T
verified that the ATi me Charges Stop Datebo

Table 3. Description of Fields in List of Construction Dates for All Federally and
State Funded Projects in the State of Georgia

Field Description

Contract Id GDOT-Assigned Contract number

Federal/State Project No FHWA-Assigned Project number
GDOT-Assigned Project number

GDOT PINO GDOT-Assigned Project
Identification number

Project Description 1 Brief description of the project

Construction Begin Date Constructiorstart date

Time Charges Stop Date Construction end date

In previous analysesf the raw design exception data for the state of Georgia
specific construction dates were unavailablpproval dates were solely used in a before
and after crash data ansily[15]. By using actual construction start and end dates when
gathering crash data, effects of tbenstruction of the design exception can be more
accuratelyobserved In addition, those crashes that occur during construction can be
filtered out of thestudy to limit thenumberof crashe®ccurringdue to reasons other than
the design exception. For the befafter study in this document, construction end dates

were used from this lis€Construction end dates could also be foand verifiedin both
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the design plan documents and construction reports providebramsPi. However, the
construction start dates provided in this list were not used because they could not be
verified by another source. Insteael tlatesvere used because they could be verifred

both the preconstruction report and design plan documents found on TiEmesffore,
crashesoccurring three years before the project let date and three years after the

construction end date were used in this study.

4.4 Design Variance and DesigrException Reports

A total of 134 reportsvere identifiedout of the 467 degh exceptions approved
from 19% 7 2011.All reportswere only for projects from 20082012.Crash data wa o
only available for years 20002009 and limited the befow&fter stug. Thus, theprojects
from 20081 2012were not included in the sample set analyzed in this study. Therefore,

none of the design variance and design exception regrentsferenced in thisesearch.

4.5 Control Sites

The TransPidatabase was also useéd select control sites without design
exceptions based on different parameters to serve as comparisons to those projects
containing design exceptionSrash rates on projects with design exceptions would be
compared to crash rates without design excaptto analyze whether or not the presence
of a design exception affected the occurrence of cra8liemntrol sites must have had a
let date and construction end date between 200306, an available construction report,
available design plan documentse the same work type as the project with the design
exception, ane@ither be located on the same route or in the same district to be used in this
study.
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Controlsiteswerefound on TransPi using the same query used to find the project
containing the degn exceptionln other words, all search fields that result in the project
with the design exception being shown as a result must be also the same for the control
sites. For example, in order to find project 333202TransPi without searching directly
by project ID number, the following search fields must have this value:

1 Project Status: Complete

1 Work Type: Bridges
In order to filter the results that are presented after entering those values into TransPi, a
county value was ab provided. For Project33202, the county value is Meriwether.
Since Meriwether County is located in District 3, all other counties located in District 3
were selected one by one in TransPi in order to filter the results with a project status of

ACompl et ed and ad ewlo rak thiyBpd ddyessiog n

45.1 Control Sites by Route IDand Work Type

In order to compare crash rates at design exception locations to locations without
design exceptions, control sites were needed. Ideally, control sites should be at locations
where road @ssification and characteristics axy similarin order to representr@ad
condition reflective of theoute whereadesign exceptioarelocated. By using TransPi,
all similar work type projects were found on the same routes where projects with design
exceptions were found. For example, if there was a bridge replacement project occurring
with a design exception on Route 17, TransPi would be used to find all other bridge
replacement projects occurring on Route 17 throughout the state. If the let date and
construction end dates fell between 2003006, then they would serve as a cohsite

designated by route and work type.
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4.5.2 Control Sites by District and Work Type

As control sites by route ID were searched for, it became evident that there was
not a sufficient amount of projects found on identical routes. Instead of finding control
sites only by identical routes, control sites were then found by district. Since there is no
field to specify district on TransPi, a GDOT district n&pwn in Figure 10 below was
used to identify which counties were contained in which GBpdcified districtEach
individual countyin each respective distriskas thenselectedin TransPi to gather
districtwide data. Br example, if a design exception was found omidgle replacement
projects in Habersham County, the district was identified frogre 10 below. All other
counties in that same district were searched for completed, bridge replacement projects
regardless of route ID. If the let date and constructiondaes fell between 20032006,

then they would serve as a control site designated by district and work type.
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Figure 10. Map of GDOT-Defined Districts in the State of Georgia with District
Office Locations Shown Georgia Department of Transportation Website)

453 HSM Area Type, HSM Facility Type, and AADT

When gathering control sites, HSM area type, HSM facility type, and AADT
values were also recorded. Often times, routes travel across county and district borders
and the road characteristics chanFor example, a rural tatane portion of a route may
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turn into an urban arterial as it traverses through another county. By gathering these
values, it can be determined how reflective a control site is of a location where a design
exception is locatedlt is especially important that AADT values are relatively close
when comparing crash rates. While a control site might experience more or less crashes
than a project with a design exception, if the AADT is significantly different, then there
is little vdue to comparing those two sites. Future efforts will be made to compare
whether or not HSM area and facility types affect the predicted number of crashes with
respect to a design exception.

The HSM categorizes roadways with respect to their physical atbastics
which include but are not limited totheir area type and facility typ&he raw list of
design exceptions contains fields for HSM Area and Facility Type. Area type is defined
by three different values in the HSM: rural, suburban, or urbariewhere are many
facility types that the HSM identified §]. These two values, along with AADT, can also
be found on the cover Ssheet of the GDOT
classificati onFor exampletih ¢he gam@DO&-praject 122440
referenced above, the project had a funct.i
When the number of lanes is not specified, street view used in Google Maps® could be
used to locate the area to verify the number of lahasle4 below lids which area and
facility types are discussed by the HSWhis study is only concerned with general

facility types, but detailed facility types are listed for reference.
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Area Type

Facility Type

Detailed Facility Type by
Roadway or Intersection

Type

Rural

Rural twolane roads

Two-lane undivided
segments

Threeleg intersections with
minor-road STOP control

Fourleg intersections with
minor-road STOP control

Fourleg signalized
intersections

Rural multtlane highways

Undivided segments

Divided segments

Threeleg intersections with
minor-road STOP control

Fourleg intersections with
minor-road STOP control

Fourleg signalized
intersections

Suburban

Urban

Urban and suburban
arterials

Two-lane undivided
segments

Threelane segments with
center TWLTL

Fourlane undivided
segments

Fourlane divided segment]

Five-lane segments with
center TWLTL

Threeleg intersections with
minor-road STOP control

Threeleg signalized
intersections

Fourleg intersections with
minor-roadSTOP control

Fourleg signalized
intersections

Table 4. List of Area and Facility Types Adapted from theHighway Safety Manual

2010
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4.6 Crash Data Collection

In order to obtain before and after crash data for the design exception projects in
Georga, the CriticalAnalysis Reporting Environment (CAREoftwarewas used. The
University of Al abamaods Center of Advance
Aproblem identification and countermeasure
[13]. Both thesoftware and crash data for years 200009 were downloaded from the
centerods website ®aabefores 2060 andnaftet 2009swere hot d vy .
available.In order to obtain crash data for asgecific milepostocation using CARE,
the following \ariables must be knowwpunty, route type, route ID, start milepost, and
end milepostMilepostl ocati ons are referred to as fnhot

Though there is &eld in the raw design exception data provided for county data,
all of the valuesfor evey design exceptiorwere not provided. For thosestances
without values infield for county the county information wagathered from the
correspondinglesign plan documents. The route type was identified from the project title
and could be one of thelfowing valuesin CARE: Interstates, &-400, State Routes,

County Roads, City Streets, Public Roads, or Collector/Distributor. The route ID could be
identified from the project title, in the design plan documents, or in the
MPOINT_ROUTEfield of the raw @sign exceptions data provided by GD@tart and

end mileposts were found in the MP_BEG and MP_Efidds of the raw design
excepion datarespectively.Examples of how the MPOINT_ROUTE, MP_BEG, and
MP_END fields look can be reviewed in Appendix Bheselocations werechecked
using Google Ma to ensure that mileposts generally reflected the location of design

exceptionsThe following figure is an adaptation of the cover sheet for Project 122440
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which shows where each of these values can be locHtedheginning and end milepost
data of each design exception walsodoublechecked to ensure that they fell within the
limits of the entire project lengtheginning and endhileposts foud on the design plan
documents. For example, Project 12244llown lelow starts at Milepost 8.89 and ends

at Milepost 10.23. The vertical alignment design exception on this project is located from

Milepost 9.02 to 10.02.
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In some cases, the design plan documents designate where the exception begins
and ends and these values could be verified. Future effiaysnclude gathering those
design exception reports thateanot electronically available in ondéo verify the
milepost dataFigure 12below shows the interface of CARE software when entering

these necessary values todicrash data between mileptustations.

User-Specified Step Two

Route 1D Route Suffix

|ﬂppling

To add a hotspet, fill in the ) ]
boxes above and click “Add™. Start Milepost End Milepost
\when you are done, click
“Finish® to view the results. If
Include Intersections is not
checked, intersection
crashes will be excluded.

Remove Selected
Hotspot From List

Route Suffix

Figure 12. Screenshot ofCritical Analysis Reporting Environment (CARE)
Interface

Another important piece of information neededtdlect crash dataas the time
in which the design exception was being constructed. Crashes occurring during
construction were notonsidered as part ahis study.Out of the 467 original design

exceptionsoccurringfrom 19951 2012 in the state of Georgia99 of them werdisted
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with only approval dates analithout let dates and construction end ddked could not
be found in other sourceShesel99 design exceptionvgereexcluded from this study.

Again, crash data that is compatible with the CARE interface was only provided
for years 2000 2009.Since this study requires three years of crash data before and after
the let date and construction end date respectivetyegis used in this study must have
been started and completed between the years RPAB6. Out of the 269 design
exceptions with provided let dates and construction end dates, 43 of them occurred
between 2008 2006.

The Highway Safety Manual (HSMecommends that when performing a crash
analysis, the years of construction should be ignored. For example, for a project occurring
between 2004 2005,three years beforshouldbe considered as all crashes occurring
between 2001 2003, and three yearstaf would be considered as all crashes occurring
between 2006 2009.Those crashes occurring in the calendar year of those construction
years(20047 2005) should be disregarded to account for seasonal changes and driver
adjustment[16]. The only exceptio to this standard in this study is for projects
completed in 2006Due to an unreliability in crash data after August 31, 2009, projects
ending in 2006 would include construction year crashes in their study that occurred after
the construction end dateh& reason for this will be expanded upon in Section 5.2 of this
report.

In addition to the availability of crash data, the specific location of the design
exceptionwas needed to make sure that the crabkéng gathered were occurring where
the design exaption was locatedn previous analysesf this datavhendesign exception

milepost data was unavailable, crashes on the entire roadway segment of a project were
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collected[15]. Often times the design exception location is on a relatively small portion

oft he projectds | ength, and i f crashes are
incorporating crashes nokecessarilyrelevant to the design exceptionherefore, only

projects with GDO7¥specified mileposts of design exception locations were us#us

study. Out of the 43 design exceptions occurring between 208306, only 21 of them

had sgcified mileposts. Threef these 21 projectsere considered maintenance projects

and did not have electronically available design plan documents.&ssilg, a total of 18

design exceptions were considered in this stéayabridged list can be found below in

Table5. A more detailed list of these projects can be found in Appendix E.
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Table 5. Sample Set of Design Exceptiomsnalyzed in this Report (Refer to

Appendix E for a More Detailed Listing)

DE Type /
Project ID Project Title Controlling
Criteria
Vertical
122440 SR 17 FM 3LANE @ BEAVERDAM CK TO SR 115 /
Alignment
232315 SR 77 @ GOOSEPOND CREEK 14.5 MI NE OF LEXINGTON A\lfg:r'f]:'m
Vertical
245370 SR 22 @ LONG CREEK 3.5 MI S OF LEXINGTON /
Alignment
245371 SR 22 @ BIG CLOUDS CREEK 3.8 MI E OF SMITHSONIA Vertical
Alignment
Vertical
333160 SR 27 @ BLADEN CREEK 11 Ml SW OF LUMPKIN /
Alignment
333202 SR 18/US 27 ALT. @ KENDALL CREEK 2 MI S DGREENVILLE A\lfg:lfg:Lt
343365 SR 137 @ CEDAR CREEK 13.3 MI SW OF BUTLER Vertical
Alignment
343365 SR 137 @ CEDAR CREEK 13.3 MI SW OF BUTLER Grade
422250 SR 31/US 441 @ MILL CREEK Cross Slope
Bridge
422250 SR 31/US 441 @ MILL CREEK Width
431670 SR 35/W THOMASVILLE BYP /US 319 FM SR 35BU N TO SR 38/US 84 A\Ifg:r'ﬁ:‘:]t
620399 SR 52 @ CSX RR IN CHATSWORTH Vertical
Alignment
621580 SR 120 FM W OF BUCHANAN BYP TO LAKE OLYMPIA Horizontal
Alignment
631580 | SR 282 BRIDGE REPLACEMENT OVERAILS CREEK WEST OF ELLIJAY A\Ifg;t;ﬁg:]t
631580 | SR 282 BRIDGE REPLACEMENT OVER TAILS CREEK WEST OF ELLIJA  Grade
642160 SR 60 @ COOPERS CREEKBRIDGE REPLACEMENT Horizontal
Alignment
642160 SR 60 @ COOPERS CREEKBRIDGE REPLACEMENT Verticd
Alignment
650460 SR 101 OVER ETOWAH RIVER IN ROME Vertical
Alignment

Figure1l3below shows a visual representation of this process.
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467 Design Exceptins (DEs)occurringbetween 1992012

269 out of 46 /DEs with let dates and construction end dates

. J

43 out of 269DESs on projects starting and ending between 2QI®6 b

N J
( 21 out of 43DEs on projects with specified mileposts

. y

18 out of 21DEs on projectsvith necessary documents available on Tran?

J

| 18 out of 467 usedh this study ]

Figure 13. Flow Chart Showing the Selection Process for the Sample Set Used in
This Study
For each of these 18 design exceptions, crash dataollastedusing CARE by
entering in the mentioned necessary valgesinty, route type, route ID, start milepost,
and end milepostCra$ data for each control siteene also gathered using CARE

software. Figurel4 below shows an example of how CARE presents the crash data.
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Figure 14. Screenshot of Sampl€ritical Analysis Reporting Environment (CARE)

Output
CARE provides an option to export a Microsoft EXxelocument that shows a more
detailedlisting of each crash. All crash datarexported to Microsoft Exc@l for each
respective design exception location and control site in order to analyze the data by
frequency and crash severity. CARE represents crash severity by three distinct types:
fatal, nonfatal injury, and property damage only (PDO) crasliégure 8 also shows
how CARE uses Google Maps to show the relative location of mileposts on the specified
roadways.As stated before, this map was compared to design plan documents to make

surethat crashes were being collected from the correct locations.

4.7 Crash Data Analysis
After the crash data was collected for each design exception and contrahsite,

analysiswas done to determine how crash rates had been affected by the presence of
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