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SUMMARY  

 

When project sites consist of substandard design elements according to standards 

set by the Federal Highway 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 exceptions approved in Georgia from 1995 ï 2012. Crash data were 

obtained at the locations of each of these design exceptions three years before the let date 

and three years after the construction end date.  

To compensate for causal factors other than the design exception on the roadway, 

similar information from a range of control sites were also obtained. These control 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 same district. The potential safety impacts of the 

design exceptions were evaluated by comparing the before and after crash rates of 

projects before and after crash rates at these control sites 

Based on these data, no statistically significant relationship between the existence 

of a design exception and crash rates was identified. Despite this finding, a future 

Empirical Bayesian (EB) before and after analysis is recommended to compensate for 

any potential regression to the mean bias. This study also describes a method to 

incorporate this analysis along with predictive methods provided by the Highway Safety 

Manual (HSM) towards developing a functional design exception in-service monitoring 

program.
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CHAPTER 1 

INTRODUCTION  

In the design of roadways and related infrastructure, 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 that different features of the system will have on 

its users. There are various organizations that help to provide guidance to engineers and 

designers in this design process including, but not limited to, the Federal Highway 

Administration (FHWA), the American Association of State Highway and Transportation 

Officials (AASHTO), and the Department of Transportation (DOT) of each state.  

A Policy on Geometric Design of Highways and Streets published by AASHTO, 

also known as the AASHTO Green Book, is the primary and most frequently used 

reference by highway designers and engineers for guidance on critical highway 

dimensions [1]. The Code of Federal Regulations (23 CFR 625) adopts this document as 

the design standard for roadways within the National Highway System (NHS) under the 

authority of the Federal Highway Administration (FHWA) [2]. When a roadway is not on 

the NHS, the of the AASHTO Green Book is left up to the discretion of the Department of 

Transportation (DOT) in each state. That being said, most states have also chosen to 

adopt the AASHTO Green Book as the standard for highways and roads within their 

jurisdiction.  

Shortly after adopting the AASHTO Green Book in 1985, the FHWA established 

13 controlling criteria from the document to guide the decisions of highway engineers 

and designers to achieve a balance between cost, safety, mobility, social, and 
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environmental impacts [3]. These controlling criteria, shown in Table 1, are expressed as 

minimum, maximum, or ranges of values that have been determined acceptable through 

previous experience and research. However, during the design process engineers 

occasionally encounter conditions where they are unable to meet these design values for a 

variety of reasons. In these cases, designers will typically attempt to incorporate 

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 

documented and a decision, known as a design exception, must be made and approved to 

construct a highway or project with criteria below the minimum values. For projects on 

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

are no federal requirements for design exceptions on projects that are not on the NHS, 

ñStates are encouraged to analyze situations and document exceptions on non-NHS 

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

criteria.ò [1]  

Table 1. Thirteen Controlling Criteria  for Geometric Features in Roadway Design 

as Defined by Federal Highway Administration (FHWA) 

 

 Controlling Criteria  

1  Design Speed 

2 Lane Width 

3 Shoulder Width 

4 Bridge Width 

5 Horizontal Alignment 

6 Superelevation 

7 Vertical Alignment 

8 Grade 

9 Stopping Sight Distance 

10 Cross Slope 

11 Vertical Clearance 

12 Lateral Offset to Obstruction 

13 Structural Capacity 
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 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 from 1995 ï 2012. 

Crash data were obtained at the locations of each of these design exceptions three years 

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 causal factors other than the 

design exception on the roadway. By comparing the before and after crash rates of 

projects with design exceptions to the before and after crash rates at these control sites, 

the potential safety impacts of the design exceptions were evaluated. 



4 

 

CHAPTER 2 

DESIGN EXCEPTION PROCESS 

 In the design of roadways and supporting infrastructure, engineers and designers 

must balance several key factors including cost, safety, mobility, as well as social and 

environment impacts [3]. The FHWA provides 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 exception must be approved. There has been 

little research done on how these design exceptions affect safety due to the limited 

availability of crash data and resources to complete the analyses. The following section 

summarizes information on both the process of filing 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 of 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 values [3]. In order to 

help guide state DOTs through this process, FHWA published a guidance document, 

Mitigation Strategies for Design Exceptions, in 2007 offering additional information and 

important strategies to mitigate potential negative effects that may be caused as the result 

of design exceptions. Figure 1 below taken from this publication illustrates this process.  
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Figure 1. Illustration of the Federal Highway Administration Design Exception 

Process Adopted from Mitigation Strategies for Design Exceptions, 2007 

 

The focus of this research will be on the final step in this process: Monitor and 

Evaluation In-Service Performance. In practice, the current extent of in-service 

evaluation varies due to limited budgets, human resources, or other factors. This is 

expected, as the rare and random nature 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 safety [3].  

2.2   Nominal vs. Substantive Safety 

 Considering how safety is affected by design exceptions is arguably the greatest 

concern when making the decision to accept or reject a design exception. Nominal safety 

is an ñeither-orò condition that states whether or not a roadway, design alternative, or 

design element meets the minimum or maximum design criteria [3].  If the design 

features of a project meet the minimum values, maximum values, or ranges of the 13 

controlling criteria, it is considered nominally safe. By definition, roadways, design 

alternatives, or design elements that require design exceptions and do not satisfy at least 

the minimum design criteria cannot be classified as nominally safe. This does not mean 
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that the road is unsafe, since the actual safety performance of a highway must be 

observed over time, but rather that it does not fully meet accepted design criteria.  

 Substantive safety is defined as the ñactual long term or expected safety 

performance of a roadway,ò [3] and can be measured quantitatively by observing crash 

frequency, crash type, and crash severity. Since the concept of substantive safety reflects 

ñreal worldò performance of the system, it is criteria that should be used in assessing 

safety impacts when making sound decisions to accept or approve design exceptions [3]. 

By formally comparing a location or highwayôs crash profile with facilities with 

similar characteristics, judgments about substantive safety and whether or not the design 

exception will meet safety expectations can be made. This formal comparison generally 

involves applying statistical models of crash experience from broader data sources, such 

as from sites in the same jurisdiction as the site being studied [3]. 

 The key to understanding the concepts of nominal and substantive safety is to 

recognize that they are not necessarily dependent upon one another. Although a roadway 

that meets all minimum design criteria is nominally safe, it may demonstrate high crash 

statistics that make it substantively unsafe. Conversely, a roadway that is nominally 

unsafe may function at a high level of substantive safety. The 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 factors as well 

[1]. Figure 2 below illustrates the concept 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 
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to do is achieve the highest level of substantive safety while striving to meet design 

criteria to the extent to which they apply [3]. 

 

Figure 2. Relationship between Nominal and Substantive Concepts of Safety with 

Respect to Design Dimensions and their Effects on Crash Risks Adopted from 

Mitigation Strategies for Design Exceptions, 2007 

2.3   Georgia Department of Transportation Design Exception Process 

Similar to other states, Georgia Department of Transportation (GDOT) adopted 

the 13 controlling criteria identified by FHWA as having substantial importance in 

highway design, as well as the corresponding minimum values set in place by AASHTO 

as its primary road design standard [4]. In addition, GDOT maintains a publication 

entitled GDOT Plan Development Process (PDP) that assists project managers when 

carrying out their duties and responsibilities for project development, including outlining 

the process of filing for a design exception and/or design variance [5]. When these 

minimum values are not met, the design exception process outlined in both the PDP and 
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by FHWA is followed. GDOT has identified 12 additional design elements, known as 

ñStandard Criteriaò, which should also be reviewed during the design process. When the 

criteria of these design elements are not met, a design variance must be approved by the 

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

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

13 controlling criteria or GDOTôs standard criteria. GDOTôs 12 additional design 

elements are listed in Table 2 below. 

Table 2. Additional Standard Design Criteria as Defined by Georgia Department of 

Transportation  to Consider In Roadway Design 

 

 Standard Criteria 

1  Access Control 

2 Intersection Sight Distance 

3 Intersection Skew Angle 

4 Later Offset to Obstruction 

5 Rumble Strips 

6 Safety Edge 

7 Median Usage 

8 Roundabout Illumination Levels 

9 Pedestrian and Bicycle Warrants 

10 GDOT Construction Standards 

11 GDOT Drainage Manual 

12 GDOT Bridge & Structural Manual 

 

 Approval of a design exception (values outside the 13 AASHTO controlling 

criteria) as outlined by the GDOT PDP begins with the Engineer of Record preparing a 

design exception request and forwarding it to the GDOT Project Manager assigned to the 

project. Upon receiving and reviewing the request, the Project Manager forwards the 

package and his/her recommendations to the Office of Design Policy and Support. The 

Office of Design Policy and Support likewise conducts a review and forwards the 

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



9 

 

GDOT Chief Engineer, and if the facility is located on the NHS, to the FHWA for final 

approval or disapproval. A similar process is followed when filing for a design variance 

(deviation from the 12 GDOT Standard Design Criteria). After approval, GDOT does not 

specifically require a monitoring process for evaluating the in-service performance and 

impact of design exceptions after the completion of the project. Figure 3 shows a flow 

chart of this process. 
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Figure 3. Flow Chart of the Georgia Department of Transportation Design 

Exception Filing Process Adopted from Georgia Department of Transportation 

Design Policy Manual, 2010 

2.4   Other Statesô Design Exception Processes 

All  other states have adopted A Policy on Geometric Design of Highways and 

Streets published 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 filing for projects that are both located on and off the NHS. Manuals 

usually begin by establishing their adoption of the FHWAôs 13 controlling criteria as 

standards in their own department. When designs deviate from these standards, the 

approval of a design exception is required and is recommended to be identified as early in 
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the process as possible to allow time to research alternatives and begin analysis on the 

potential effects of the design exception implantation [2].  

In addition to the 13 controlling criteria, 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 minimum or 

maximum values outside the ranges stated in 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 state of Georgia, 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 in terminology appeared in Alaska and Minnesota, where they are 

called design waivers and informal design exceptions respectively [6].  

In order to provide guidance to highway designers and engineers, most states 

produce their own roadway design manuals or manuals on processes when design 

exceptions are necessary. As part of this review of previous research, these manuals were 

found and observed to find similarities in the process and documentation of design 

exceptions. The majority of manuals begin by stating their adoption of AASHTOôs Green 

Book and highway designers and engineersô responsibility 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 completing the process in a similar format 

that can be represented by six questions:  
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(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 documented? What 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 denied? [6] 

 In reference to 23 CFR 625.3, most manuals state that the projects requiring 

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 projects [2]. The restorations 

of locations where design exceptions have already been filed usually do not require an 

additional design exception process to be completed. Each state has DOT-specific forms 

for filing for design exceptions, but they generally contain the same 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 the Chief Engineer and the Road Engineer responsible for the 

project. For those projects on the NHS, FHWA approval must be obtained [2]. After the 

process is completed, the design exception forms and approval signatures are kept on file 

with the respective offices and agencies in charge of the project. The only states that 

currently offer a standalone manual on design exceptions are New Jersey and Utah, 

which were published in 2012. In Appendix A of this report, two tables summarizing 

what is contained in each state DOT manual when available is provided [6]. 
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 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 whether or not a 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 provided by state DOTs, it is generally 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. 
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CHAPTER 3 

PREVIOUS RESEARCH 

Relatively little 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 exception locations past 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 Program: Evaluation of the 13 

Controlling Criteria for Geometric Design 

 

 The National Cooperative Highway Research Program (NCHRP) is currently 

studying how the 13 controlling criteria established by FHWA in 1985 have affected 

safety and operations as part of a reevaluation of these criteria. As the design for future 

projects must be customized to fit particular situations more and more, the 

appropriateness of the current controlling criteria is being evaluated based on new 

knowledge that has been gained since their implementation. Whether or not the existing 

criteria are still necessary or new criteria need to be developed will be determined by the 

end of the project. Additional research is also being done on whether or not the 

controlling criteria should be stratified according to roadway type, or whether or not they 

suffice for all roadway types. This NCHRP project is scheduled to be finished in year 

2013 and should provide recommendations for further actions [7]. 
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3.2   Washington State Department of Transportation: In -Service Evaluation of 

Major Urban Arterials with Landscaped Medians ï Phase II  

 

 One example of how new criteria have developed in the field was provided by the 

Washington State Department of Transportation (WSDOT) in 2004, when an in-service 

evaluation was done on major urban arterials with landscaped medians [8]. 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 environments, 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 curbed medians. In order to support aesthetic designs, 

WSDOT chose to implement an in-service 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 done on their 

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 negative 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 

implemented design specifications other than those typically used did not negatively 

affect the level of safety of the project [9]. When more data is available, further research 

was recommended 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 exceptions [9]. 

3.4   Indiana Department of Transportation: Safety Effects of Design Exceptions 

The Indiana Department of Transportation (INDOT) 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 design criteria 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, stopping-sight distance on horizontal and vertical 

curves, maximum grade, superelevation rate, minimum vertical clearance, accessibility 

for the handicapped, and bridge rail safety [10]. In order to observe the safety impacts of 

design exceptions, INDOT performed a statistical 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 and 2003, 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 from 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 

that the design exceptions did not have a ñstatistically significant adverse effect on the 

frequency or severity of accidents [10].ò It is recognized that researching the extent to 
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which different types of design exceptions affect safety is limited by the amount of data, 

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 and severity 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 with design exceptions approved by 

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 sample. As a result, 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 and minimum of one design 

exception [11]. Figure 4 from UDOTôs final report shows the design exception 

frequencies of their study. 

 
Figure 4. Distribution of the Sample Set of Design Exceptions Used in the Utah 

Department of Transportation Study on the Safety Impacts of Design Exceptions 

 

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

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 the selection 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 analysis, a negative binomial 

regression model was used, which takes into account highway geometric design variables 

that are left out by traditionally used Poisson regression analyses [11]. Crash severity was 

analyzed using three methods in order to prevent bias and over- or under-estimating 

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 model. The first two methods are explained in 

the Highway Safety Manual [12] 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 the segments 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 of 467 design exceptions and 714 design variances from 

years 1995 ï 2011 was used in this study.  This list was used to evaluate design 

exceptions based on exception type and cross-referenced with other sources to check for 

accuracy. Figure 5 below shows the relevant fields used in this list and what they 

represent. A quality control and quality assurance (QA/QC) was performed to make sure 

there were no duplicates represented in the data. The focus of this study is on design 

exceptions, so the 714 design variances were not included. A full list with detailed 

information of these raw design exceptions can be found in Appendix B.  
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Figure 5. Georgia Department of Transportation-Assigned Fields in Raw Design 

Exception Data Used in This Study (Sim, 2012) 
 

The beginning and ending mile posts of the design exception locations were not 

provided for all of the projects. Since the exact location of where design exceptions are 
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located is an indispensible factor in the accuracy of this study, those projects not 

containing values were not analyzed. The mileposts that were provided were double-

checked for accuracy using the Critical Analysis Reporting Environment (CARE) 

software developed by the University of Alabama [13]. Mileposts can be used in this 

software to generate a map visualizing the extents defined by the mileposts. The map 

provided by CARE was compared to the design plan documents to make sure the 

mileposts reflected the correct location. For example, project 122440- was a widening 

project located in Habersham County on SR 17. This project contained a vertical 

alignment design exception from GDOT-defined mileposts 9.02 ï 10.02. Figure 6 below 

shows a screenshot of the CARE output once the mileposts are defined, and the map can 

be viewed in the top right.  

 

Figure 6. Screenshot of CARE Output After Defining County, Route ID, and 

Milepost Values for Project 122440- on 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 an interactive 

map. Figure 7 below shows a screenshot of the expanded map for this project with red 

markers where the mileposts begin and end.  

 

Figure 7. Screenshot of Internet Browser when ñExpand Mapò is Selected in the 

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 project adapted 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 location 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 in Critical Analysis 

Reporting Environment Software 

 

 

4.2   Design Plan Documents and Construction Reports 

Transportation Project Information (TransPi) is a database maintained by GDOT 

to look up project documents and information [14]. Projects can be searched for through 

multiple parameters such as project type and project status. This database was used to 

obtain design plan documents and construction reports for those projects containing 

design exceptions. The design plan documents provided information such as project 

mileposts, AADT, road classification, etc., and helped to visualize the location of design 

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 GDOT. These dates 

were needed in order to perform the three year before and after study. Figure 9 below 

shows a screenshot of the TransPi Interface. 
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Figure 9. Screenshot of Transportation Project Information  (TransPi) Interface 

The fields used for this research were limited to county, project ID, project status, 

work type, and route. All other fields were left in their default state. Since there is no 

option to search by district, counties were individually searched one by one in order to 

gather district-wide data. The only project status value used in the search filter was 

ñCompleteò. Since this study is a three year before-after safety study, only projects where 
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construction has been completed were considered. Work 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 state funded projects completed between 1992 and 2012 

was used to gather construction end dates that would be used as a limitation in the safety 

analysis. Table 3 shows the columns provided in this list and what they represent. GDOT 

verified that the ñTime Charges Stop Dateò referred to the day construction ended. 

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 PI NO GDOT-Assigned Project 

Identification number  

Project Description 1 Brief description of the project 

Construction Begin Date Construction start date 

Time Charges Stop Date Construction end date 

 

 In previous analyses of the raw design exception data for the state of Georgia, 

specific construction dates were unavailable. Approval dates were solely used in a before 

and after crash data analysis [15]. By using actual construction start and end dates when 

gathering crash data, effects of the construction of the design exception can be more 

accurately observed. In addition, those crashes that occur during construction can be 

filtered out of the study to limit the number of crashes occurring due to reasons other than 

the design exception. For the before-after study in this document, construction end dates 

were used from this list. Construction end dates could also be found and verified in both 
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the design plan documents and construction reports provided on TransPi. However, the 

construction start dates provided in this list were not used because they could not be 

verified by another source. Instead, let dates were used because they could be verified in 

both the preconstruction report and design plan documents found on TransPi. Therefore, 

crashes occurring 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 Design Exception Reports 

A total of 134 reports were identified out of the 467 design exceptions approved 

from 1995 ï 2011. All reports were only for projects from 2008 ï 2012. Crash data wa o 

only available for years 2000 ï 2009 and limited the before-after study. Thus, the projects 

from 2008 ï 2012 were not included in the sample set analyzed in this study. Therefore, 

none of the design variance and design exception reports are referenced in this research.  

4.5   Control Sites 

 The TransPi database was also used to select control sites without design 

exceptions based on different parameters to serve as comparisons to those projects 

containing design exceptions. Crash rates on projects with design exceptions would be 

compared to crash rates without design exceptions to analyze whether or not the presence 

of a design exception affected the occurrence of crashes. All control sites must have had a 

let date and construction end date between 2003 ï 2006, an available construction report, 

available design plan documents, be the same work type as the project with the design 

exception, and either be located on the same route or in the same district to be used in this 

study.  
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Control sites were found on TransPi using the same query used to find the project 

containing the design exception. In 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 333202- in TransPi without searching directly 

by project ID number, the following search fields must have this value: 

¶ Project Status: Complete  

¶ Work Type:  Bridges 

In order to filter the results that are presented after entering those values into TransPi, a 

county value was also provided. For Project 333202-, 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 

ñCompleteò and a work type designated as ñBridgesò. 

4.5.1   Control Sites by Route ID and 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 classification and characteristics are very similar in order to represent a road 

condition reflective of the route where design exceptions are located. 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 2003 ï 2006, then they would serve as a control site 

designated by route and work type.  



28 

 

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 map shown in Figure 10 below was 

used to identify which counties were contained in which GDOT-specified district. Each 

individual county in each respective district was then selected in TransPi to gather 

district-wide data. For example, if a design exception was found on a bridge replacement 

projects in Habersham County, the district was identified from Figure 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 construction end dates fell between 2003 ï 2006, 

then they would serve as a control site designated by district and work type.  



29 

 

 

Figure 10. Map of GDOT-Defined Districts in the State of Georgia with District 

Office Locations Shown (Georgia Department of Transportation Website) 
 

4.5.3   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 change. For example, a rural two-lane 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 located. It 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 value 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 characteristics 

which include, but are not limited to, their area type and facility type. The 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 urban, while there are many 

facility types that the HSM identifies [16]. These two values, along with AADT, can also 

be found on the cover sheet of the GDOT design plan documents under ñfunctional 

classificationò of the project. For example, in the same GDOT-project 122440- 

referenced above, the project had a functional classification as ñrural major collectorò. 

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 lanes. Table 4 below lists which area and 

facility types are discussed by the HSM. This 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 two-lane roads 

Two-lane undivided 

segments 

Three-leg intersections with 

minor-road STOP control 

Four-leg intersections with 

minor-road STOP control 

Four-leg signalized 

intersections 

Rural multi-lane highways 

Undivided segments 

Divided segments 

Three-leg intersections with 

minor-road STOP control 

Four-leg intersections with 

minor-road STOP control 

Four-leg signalized 

intersections 

 

 

Suburban 

 

Urban and suburban 

arterials 

Two-lane undivided 

segments 

Three-lane segments with 

center TWLTL 

Four-lane undivided 

segments 

Four-lane divided segments 

Urban 

Five-lane segments with 

center TWLTL 

Three-leg intersections with 

minor-road STOP control 

Three-leg signalized 

intersections 

Four-leg intersections with 

minor-road STOP control 

Four-leg signalized 

intersections 

Table 4. List of Area and Facility Types Adapted from the Highway 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 

Georgia, the Critical Analysis Reporting Environment (CARE) software was used. The 

University of Alabamaôs Center of Advanced Public Safety developed CARE for 

ñproblem identification and countermeasure development in traffic safety applicationsò 

[13]. Both the software and crash data for years 2000 ï 2009 were downloaded from the 

centerôs website and used in this study. Data before 2000 and after 2009 were not 

available. In order to obtain crash data for any specific milepost location using CARE, 

the following variables must be known: county, route type, route ID, start milepost, and 

end milepost. Milepost locations are referred to as ñhotspotsò in CARE.  

Though there is a field in the raw design exception data provided for county data, 

all of the values for every design exception were not provided. For those instances 

without values in field for county, the county information was gathered from their 

corresponding design plan documents. The route type was identified from the project title 

and could be one of the following values in CARE: Interstates, GA-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_ROUTE field of the raw design exceptions data provided by GDOT. Start and 

end mileposts were found in the MP_BEG and MP_END fields of the raw design 

exception data respectively. Examples of how the MPOINT_ROUTE, MP_BEG, and 

MP_END fields look can be reviewed in Appendix B. These locations were checked 

using Google Maps® to ensure that mileposts generally reflected the location of design 

exceptions. The 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 located. The beginning and end milepost 

data of each design exception were also double-checked to ensure that they fell within the 

limits of the entire project length beginning and end mileposts found on the design plan 

documents. For example, Project 122440- shown below 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.  



 

 

 

3
4 

 

Figure 11. Cover Sheet for Project 122440- with Denoted Locations of Variables Needed for Critical Analysis Reporting 

Environment Analysis (TransPi)

Beginning  

Milepost End  

Milepost 

County 

Route ID 
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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 efforts may include gathering those 

design exception reports that are not electronically available in order to verify the 

milepost data. Figure 12 below shows the interface of CARE software when entering 

these necessary values to find crash data between milepost locations. 

 

Figure 12. Screenshot of Critical Analysis Reporting Environment (CARE) 

Interface 

 

Another important piece of information needed to collect crash data was the time 

in which the design exception was being constructed. Crashes occurring during 

construction were not considered as part of this study. Out of the 467 original design 

exceptions occurring from 1995 ï 2012 in the state of Georgia, 199 of them were listed 
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with only approval dates and without let dates and construction end dates that could not 

be found in other sources. These 199 design exceptions were excluded from this study. 

Again, crash data that is compatible with the CARE interface was only provided 

for years 2000 ï 2009. Since this study requires three years of crash data before and after 

the let date and construction end date respectively, projects used in this study must have 

been started and completed between the years 2003 ï 2006.  Out of the 269 design 

exceptions with provided let dates and construction end dates, 43 of them occurred 

between 2003 ï 2006.  

The Highway Safety Manual (HSM) recommends that when performing a crash 

analysis, the years of construction should be ignored. For example, for a project occurring 

between 2004 ï 2005, three years before should be considered as all crashes occurring 

between 2001 ï 2003, and three years after would be considered as all crashes occurring 

between 2006 ï 2009. Those crashes occurring in the calendar year of those construction 

years (2004 ï 2005) should be disregarded to account for seasonal changes and driver 

adjustment [16]. The only exception to this standard in this study is for projects 

completed in 2006. Due 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 date. The 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 

exception was needed to make sure that the crashes being gathered were occurring where 

the design exception was located. In previous analyses of this data when design exception 

milepost data was unavailable, crashes on the entire roadway segment of a project were 



37 

 

collected [15]. Often times the design exception location is on a relatively small portion 

of the projectôs length, and if crashes are collected along the entire project, they may be 

incorporating crashes not necessarily relevant to the design exception. Therefore, only 

projects with GDOT-specified mileposts of design exception locations were used in this 

study.  Out of the 43 design exceptions occurring between 2003 ï 2006, only 21 of them 

had specified mileposts. Three of these 21 projects were considered maintenance projects 

and did not have electronically available design plan documents. As a result, a total of 18 

design exceptions were considered in this study. An abridged list can be found below in 

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

Appendix E for a More Detailed Listing) 

 

Project ID Project Title 

DE Type / 

Controlling 

Criteria  

122440- SR 17 FM 3-LANE @ BEAVERDAM CK TO SR 115 
Vertical 

Alignment 

232315- SR 77 @ GOOSEPOND CREEK 14.5 MI NE OF LEXINGTON 
Vertical 

Alignment 

245370- SR 22 @ LONG CREEK 3.5 MI S OF LEXINGTON 
Vertical 

Alignment 

245371- SR 22 @ BIG CLOUDS CREEK 3.8 MI E OF SMITHSONIA 
Vertical 

Alignment 

333160- SR 27 @ BLADEN CREEK 11 MI SW OF LUMPKIN 
Vertical 

Alignment 

333202- SR 18/US 27 ALT. @ KENDALL CREEK 2 MI S OF GREENVILLE 
Vertical 

Alignment 

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 

422250- SR 31/US 441 @ MILL CREEK 
Bridge 

Width 

431670- SR 35/W THOMASVILLE BYP /US 319 FM SR 35BU N TO SR 38/US 84 
Vertical 

Alignment 

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 OVER TAILS CREEK WEST OF ELLIJAY 
Vertical 

Alignment 

631580- SR 282 BRIDGE REPLACEMENT OVER TAILS CREEK WEST OF ELLIJAY Grade 

642160- SR 60 @ COOPERS CREEK -  BRIDGE REPLACEMENT 
Horizontal 

Alignment 

642160- SR 60 @ COOPERS CREEK -  BRIDGE REPLACEMENT 
Vertical 

Alignment 

650460- SR 101 OVER ETOWAH RIVER IN ROME 
Vertical 

Alignment 

 

Figure 13 below shows a visual representation of this process.  
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Figure 13. Flow Chart Showing the Selection Process for the Sample Set Used in 

This Study 

 

For each of these 18 design exceptions, crash data was collected using CARE by 

entering in the mentioned necessary values: county, route type, route ID, start milepost, 

and end milepost. Crash data for each control site were also gathered using CARE 

software.  Figure 14 below shows an example of how CARE presents the crash data.  

467 Design Exceptions (DEs) occurring between 1995-2012 

269 out of 467 DEs with let dates and construction end dates 

43 out of 269 DEs on projects starting and ending between 2003 - 2006 

21 out of 43 DEs on projects with specified mileposts 

18 out of 21 DEs on projects with necessary documents available on TransPi 

18 out of 467 used in this study 
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Figure 14. Screenshot of Sample Critical Analysis Reporting Environment (CARE) 

Output  

CARE provides an option to export a Microsoft Excel® document that shows a more 

detailed listing of each crash. All crash data were exported to Microsoft Excel® 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, non-fatal injury, and property damage only (PDO) crashes. Figure 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 

sure that crashes were being collected from the correct locations. 

4.7   Crash Data Analysis 

 

 After the crash data was collected for each design exception and control site, an 

analysis was done to determine how crash rates had been affected by the presence of a 


