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Dissertation Abstract 

 

Although formal Road Safety Audits (RSA) have become a common review process for 

large-scale highway development projects throughout Canada, there is a limited 

understanding of the net safety benefits that they provide. Government entities, with 

restricted infrastructure budgets, continue to seek evidence that collision reduction 

methodologies have a significant, economically efficient influence on the safety of 

highways within their jurisdictions. 

 

This study attempted to identify and quantify the impacts that RSAs have had on the 

design/development of three large, mainly rural freeway projects, with similar fundamental 

characteristics (e.g., functional classification, cross-sectional geometry, RSA Team, and 

project budget). This research involved examining and quantifying RSA findings from 

different project stages (Design, Pre-Opening, and Post-Opening), as well as comparing 

observed and predicted collision frequencies, in order to develop a better understanding 

of the safety impacts that may be attributed to the review process.  

 

The results of this study indicate that including RSAs in the development process for large 

Public-Private-Partnership (P-3) projects has significantly reduced the overall frequency 

of collisions on these types of facilities. It was found that the New Brunswick projects 

experienced approximately 15% fewer collisions overall (effectively producing a collision 

modification factor (CMF) of 0.85 for rural freeways), or a reduction of 0.12 collisions per 

kilometre per year. When the safety benefits were contrasted with the audit costs for each 

of the three freeway projects, the estimated Benefit-Cost (B/C) ratios ranged from 50:1 to 

65:1, and yielded an average ratio of 55:1. Following a sensitivity analysis of discount 
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rates and collision costs, the most conservative overall average B/C estimate was found 

to be 20:1.  

 

The study findings indicate that the savings attributable to RSAs far outweigh the 

associated costs, confirming that the RSA process is one of the most cost-efficient 

investments in road safety that a road authority can make. The overall finding of this study, 

that RSAs can have a significant, economically efficient impact on the safety performance 

of highway facilities, provides evidence to support increased employment of audit 

programs in order to develop the safest road networks possible.  
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CHAPTER 1: INTRODUCTION 

 

 
 
1.1 Background 

In 1973, the number of traffic fatalities on Canadian roadways reached an all-time high of 

6,706 persons. Since that year, the number of deaths experienced on Canadian roads 

has, for the most part, gradually declined (Transport Canada 2008). This reduction in 

fatalities is contrasted by the steady increase in motor vehicle registrations throughout 

Canada; in fact, since the early 1970s, the number of vehicles on Canada’s roads has 

almost doubled, while the number of traffic fatalities has been reduced by half. This 

remarkable accomplishment is attributed to a combination of factors, including 

interventions that focused on getting motorists to wear seatbelts and to refrain from driving 

impaired, more stringent vehicle safety standards, and improvements in road 

infrastructure and emergency medical services. (Transport Canada 2001). 

 

Improvements to road infrastructure have resulted from engineering advances in many 

facets including more robust design methods, better understanding of crash-worthiness of 

road devices, and improved techniques to identify problematic areas through network 

screening. “Blackspot” analyses, where collision events are “marked” on a map of an area, 

have been for many years, a common methodology of identifying problematic areas within 

a roadway network. For these analyses, locations which have experienced a higher 

relative number of collision events end up with a darker “spot” as the individual collision 

events eventually congregate and overlap at the problematic locations. Collision modeling, 

using traffic data and the appropriate geometric characteristics of the roadway facilities, 

has become a more common and reliable method for identifying locations where collision 

frequencies are higher than “predicted”. Using these models, including Safety 
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Performance Functions (SPFs) and Collision Modification Factors (CMFs), allows 

transportation engineers and analysts to compare actual collision frequencies with the 

predicted frequencies to identify whether the number of observed collisions are relatively 

problematic in order to better address safety issues in priority. The current study utilizes 

collision prediction models, otherwise known as Safety Performance Functions (SPFs) to 

assess and better understand the impact of Road Safety Audits on Canadian highways. 

1.1.1 What are Road Safety Audits? 

The definition for Road Safety Audits (RSAs) found in in the Austroads Road Safety Audit 

guidelines (Austroads, 2001) is: “A formal examination of a future road or traffic project, 

or an existing road, in which an independent, qualified team reports on the project’s crash 

potential and safety performance”. The central principle that solidifies the integrity and 

value of an RSA is the independence of the auditors, as these professionals exclusively 

audit the safety-related aspects of highway projects, (independently of those responsible 

for planning, design, and construction of the project itself) with project budgets and 

schedules only distant priorities (ITE 2004). 

 

The Transportation Association of Canada (TAC) defines an RSA as “a formal and 

independent safety performance review of a road transportation project by an experienced 

team of safety specialists, addressing the safety of all road users” (TAC 2001). TAC has 

recently modified that definition by only prescribing the RSA label to projects where new, 

“greenfield” facilities, are being constructed (i.e., where no roadway facility existed before). 

TAC refers to safety audits of existing facilities as “In-service Road Safety Reviews” 

(IRSRs), for which they published a separate guide, The Canadian Guide to In-service 

Road Safety Reviews (TAC 2004). As discussed in Section 1.2 of this dissertation, the 

definition of a Road Safety Audit varies from one jurisdiction to the next, with many 
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worldwide literature sources referring to safety review processes as RSAs when they are 

actually discussing IRSRs (based on the TAC definition). 

1.1.2 The History of Road Safety Audits and In-service Safety Reviews 

IRSRs were first introduced in Europe in the early 1980’s, and were formally adopted in 

the United Kingdom by the late 1980's. The first IRSRs came about as a result of common 

concerns among highway management officials that newly upgraded roadways often 

experienced high collision frequencies and severities where measures could have been 

taken during the design and reconstruction phases to improve the future safety of these 

facilities. The following timelines are also important to consider in the history of IRSRs and 

RSAs throughout the world (TAC 2001): 

 

 1991: The United Kingdom made IRSRs mandatory for all national trunk roads and 

freeways with reconstruction costs over a specified threshold.  

 Early 1990's: IRSRs were being used in Australia and New Zealand.  

 Late 1990's: IRSRs and RSAs had been introduced in Australia and New Zealand 

as well as countries such as Canada, the United States, Denmark, the 

Netherlands, Singapore, and South Africa. 

 In India, in 2012, the World Bank and Asian Development Bank funded road safety 

initiatives including IRSRs at the design and construction stages for several 

upgrades of national highways (in the Punjab, Madhya Pradesh, Marashtra, 

Orissa, and Rajastha states), for the National Highways Authority of India (NHAI). 

 Other countries which now employ IRSRs and RSAs include Norway, Ireland, Italy, 

Thailand, China, Malaysia, and several counties in the Middle East (ITE 2004) 

(RSA 2012). 
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RSAs were being incorporated into Canadian roadway projects by the mid to late 1990's, 

with the first RSA in Canada “believed to have been undertaken in British Columbia in 

early 1997” (Macaulay et al. 2002). Since that time, IRSRs and RSAs have been 

conducted across Canada in various forms. Some examples of recent major Canadian 

projects employing the RSA process include: 

 

 See-to-Sky Highway Improvement Project (British Columbia); 

 Port Mann/Highway 1 Improvement Project (British Columbia); 

 Anthony Henday Drive Project (Alberta); 

 Calgary Ring Road (Alberta);  

 Highway 407 East (Ontario); and 

 Autoroute 20/30 (Quebec). 

 

It is noteworthy that the large Canadian highway projects listed above were each 

completed with RSAs included in the Design-Build process without any established proof 

that the benefits of RSAs outweigh the associated costs. 

 

The following are the four most common stages of the design and construction processes 

of a new highway project where RSAs are employed:  

 

 Feasibility stage: Feasibility stage audits consider route options, layout options, 

and safety treatment options. They allow an assessment of the relative safety 

performance of each option and identify the specific safety needs of various road 

users.  
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 Preliminary Design stage: At the preliminary design stage, issues such as 

preliminary alignment, intersection/interchange layout, and the chosen design 

standards are evaluated. 

 Detailed design stage: At this stage, the more specific design issues are 

addressed; for example, refined highway alignment, cross-sections, signage 

plans, pavement marking plans, and illumination are examined in relation to the 

safety of all road users.  

 Pre-Opening stage: Prior to the facility opening to the public, a site inspection is 

made to ensure previous concerns have been addressed and to identify any 

hazardous conditions that may not have been apparent from the design plans.  

 

Hildebrand et al., in 2012, found that, “from a frequency perspective, the majority of audit 

findings are generated during the Pre-Opening stage”. They go on to state that “the more 

profound changes generated through the RSA process tend to be made earlier in the 

design stages rather than later as the project nears completion” (Hildebrand et al. 2012). 

1.1.3 Public-Private-Partnership (P-3) Highway Projects 

The P-3 model involves a co-relationship between government (public) entity/entities and 

contractor (private) company/companies where the public entity tends to oversee the work 

and the private company performs the majority of design and construction tasks. P-3 

highway projects have become increasingly common for accomplishing larger scale (and 

many smaller scale) projects in Canada as these models are considered effective ways to 

“expedite delivery of the facilities” (Hildebrand et al. 2012).  
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1.1.4 Road Safety Audits in New Brunswick 

The first P-3 freeway project completed in New Brunswick was a 195 km section of the 

Trans-Canada Highway (which included “greenfield” and upgraded sections), between 

Fredericton and Moncton that was fully opened by 2001 (Project #1 for the current study). 

For this project, the Province entered into a contractual agreement with the private 

company, Maritime Road Development Corporation (MRDC) for the design, construction, 

and operation of the facility. This was the “first major road project in Canada to incorporate 

the RSA process throughout all stages of development (Planning, Preliminary Design, 

Detailed Design, Pre-Opening, and Post-Opening)” (Hildebrand et al. 2012). Subsequent 

to the completion of the Fredericton to Moncton Highway Project, the province went on to 

develop two more P-3 freeway projects, the Trans-Canada Highway Project and the Route 

#1 Gateway Project (Projects #2 and #3 for the current study) in an effort to refurbish and 

upgrade the provincial arterial system in an accelerated and economically viable way. 

 

1.2 Problem Statement 

The general assumption of highway researchers, planners, and designers who have 

pondered the relationship between the benefits and costs of safety audits is that the 

benefits (quantitative and qualitative) outweigh the costs. Despite this widespread 

confidence in the positive value of RSAs, there is little supporting research that has been 

published in the past 20-years to confirm this assumption quantitatively.  

 

The problem to be addressed by the current study is the lack of understanding of the 

benefits (safety and economic) relative to costs attributable to these audit programs. It is 

important for road authorities to understand the relationship between the benefits and 

costs associated with RSAs so that they can justify their inclusion in the road development 
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process. Demonstrating a substantial return on investment through an RSA process will 

ensure its continued and/or increased application by road authorities. The net result will 

be improved road safety and fewer collisions. 

 

Throughout this study, it was found that many worldwide jurisdictions, including Canada 

(national and provincial), the United States, Australia, Great Brittan, and other European 

and African countries have published Road Safety Audit guidelines (although some pertain 

more to IRSRs, as previously mentioned). While some of these publications list RSA 

benefits qualitatively (e.g., general savings in collision frequencies and severities and 

improved highway design practices) none of them provide specific quantitative benefits of 

RSAs, nor do they provide methodologies for estimating the benefits of future projects 

employing RSAs. 

 

Most research conducted to date regarding RSAs have actually focused on In-service 

Road Safety Reviews (IRSRs), which concern existing roadways being upgraded rather 

than greenfield projects (which is the focus of this dissertation). The following are two 

examples of publications where the authors state the topic of discussion as “Road Safety 

Audits”; in each case, the actual topic being discussed is In-service Road Safety Reviews 

(IRSRs): 

 

 Evaluating Road Safety Audit Procedures: Some questions and a new method of 

study (Pietrantonio and Bornsztein 2015). 

 The Handbook of Road Safety Measures (Lvik, Hoye, and Vaa 2009). 

 

In the following examples, the authors actually combine the definitions of RSAs and IRSRs 

by stating that RSAs are applicable to future road or existing roads. 
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 Institute of Transportation Engineers, ITE, Road Safety Audits: An Emerging and 

Effective Tool for Improved Safety, Washington, DC, 2004.  

 Austroads Guide to Road Safety (2009). 

 Evaluation of the Proposed Actions Emanating from Road Safety Audits (Macaulay 

and McInerney 2002). 

 What went wrong with road safety auditing? (Morgan 2014).  

 

The literature review conducted as part of this study included a search of major 

transportation databases, including Transportation Research Information Services (TRIS), 

International Transport Research Documentation (ITRD), Ei Compendex, and Elsevier, as 

well as conference proceedings and published technical reports from professional 

organizations such as the Transportation Research Board (TRB), Transportation 

Association of Canada (TAC), American Association of State Highway and Transportation 

Officials (AASHTO), Institute of Transportation Engineers (ITE), Austroads, International 

Road Federation (IRF), New Zealand (NZ) Transport Agency, Institution of Highways and 

Transportation (IHT), and Federal Highway Administration (FHWA). This review found 

that, although a substantial amount of research has been conducted regarding improving 

the RSA process and its effectiveness, studies attempting to quantify the benefits of RSAs 

have been limited. The FHWA stated that “the benefits of RSAs are substantial, but largely 

immeasurable” (FHWA 2014). A research project conducted in England in 2008 regarding 

RSAs concluded that “The monetary benefits of Road Safety Audit are more difficult to 

quantify. The scheme is either built or not built. Evaluation of the recommendations cannot 

therefore take place in a conventional before/after manner” (IHT 2008). A study conducted 

in Sydney, Australia that included a survey of world-wide government representatives 
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found that “the lack of information in relation to the quantification of the benefits of (safety 

audits) is a major impediment to their implementation within local government” (Macaulay 

et al. 2002). These and most other studies of RSAs conducted in North America and 

countries around the world conclude that further efforts are needed to better understand 

and quantify the benefits of RSAs, and that little information is known to the public 

regarding official audit reports, recommendations, and responses from clients.  

 

The following are examples of Benefit-Cost studies conducted in the past 15-years 

regarding IRSRs: 

 

 A study conducted by the New Zealand Transit Authority estimated that the 

Benefit-Cost ratio for IRSRs is approximately 20:1 (ITE 2004).  

 A similar study conducted by ARRB Transport Research for Australia and New 

Zealand found that, of the nine upgrade design stage IRSRs assessed, the Benefit-

Cost ratio of implementing the overall IRSR recommendations ranged from 3:1 to 

242:1 (Macaulay et al. 2002). 

 A study commissioned by the Lothian Regional Council (a former local highway 

authority in Scotland) estimated that a 1% reduction in collision frequency could 

be achieved through the implementation of an IRSR program for all future roadway 

projects in the region. This would result in an estimated Benefit-Cost ratio of 

approximately 14:1 to 15:1 (ETSC 2005). 

 

The following are examples of additional road safety studies where the benefits of IRSRs, 

rather than RSAs, were quantified: 
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 Churchill (2011) quoted quantified safety audit benefits from Austroads (Macaulay 

and McInerney 2002) and Gunter (2005). 

 Pikūnas and Pumputis (2005) also quoted quantified safety audit benefits from 

Austroads (Macaulay and McInerney 2002). 

 The Road Safety Audit Design Manual for Roads and Bridges (RSA 2015) states 

general, qualitative benefits, but not specifics. 

 Wilson and Lipinski (2000 and 2004) list the general benefits of RSAs, stating that 

“A study is needed to establish the benefits of audits based on U.S. practice. This 

could include a quantitative evaluation to establish the economic benefits of 

audits.” 

 Elvik (2009) quotes the results of a Denmark analysis (IRSRs) of 13 projects which 

provided “a first-year rate of return of 146%”.  

 The Institute of Transportation Engineers (ITE 2004) states that “It is difficult to 

quantify the benefits of road safety audits.” 

 The African Development Bank Group (ADBG 2014), which conducted a true study 

of RSAs (greenfield projects), incorrectly quotes the benefits of IRSRs from 

Austroads (Macaulay and McInerney 2002).  

 

Gunter (2005) undertook a retrospective case study of how RSAs have impacted the 

safety of the Fredericton-Moncton Trans-Canada Highway. That study compared the 

safety record of the old Trans-Canada Highway and the new Highway and found that “the 

new facility contributed to an estimated net reduction in the collision rate of 0.259 collisions 

per million-vehicle-kilometres (or 41 percent) and an estimated safety-related collision cost 

savings of over $25,500,000 per year”. Gunter’s results indicated that, although the 

improved safety performance of the Fredericton-Moncton Highway cannot be solely 
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attributed to the inclusion of RSAs in the Design-Build-Operate process, the results of this 

study “would suggest it has made a substantial contribution” (Gunter 2005).  

 

There has been research conducted attempting to quantify the benefits of “Road Safety 

Audits”, although most of what is discussed in the results of those studies is actually 

collision reductions attributable to IRSRs. Gunter’s research appears to be the only 

comprehensive study of RSAs that strictly focused on new, greenfield sections of highway. 

The limitation of Gunter’s research is that it evaluated the impacts of RSAs for only one 

freeway facility and, while their methodology included the use of four different Safety 

Performance Functions (SPFs), no Collision Modification Factors (CMFs) or calibration 

factors were employed to account for the differences between the environments (including 

topography, driver characteristics, and weather conditions) where the SPFs were 

developed and local conditions in New Brunswick. Despite these limitations, the 

mythodology undertaken for Gunter’s study was used as a starting point for the current 

study, with the scope expanded to three large freeway facilities.  

 

Unlike the current study, no previous RSA research appears to have benefited from 

access to actual RSA audit reports and contractor responses. In fact, no previous RSA or 

IRSR studies explain how the researchers quantified and categorized the auditors’ 

findings in order to evaluate the effectiveness of the safety audit process. The current 

study was also unique as it included an evaluation of the contractors’ responses to the 

auditors’ recommendations, which helped in the identification of the physical highway 

attributes that were modified based on the RSA recommendations. The current study, 

unlike most which have been cited in this dissertation, also involved hundreds of 

kilometres of similar highway facilities, with similar construction delivery systems (i.e., P-

3 contracts), local environments and driver characteristics, and project clients, scopes, 
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and budgets. All of these factors indicate that the current study provides, to date, the most 

extensive, robust research regarding the costs and benefits of RSAs. 

 

1.3 Hypothesis 

The hypothesis for this research is that the benefits related to RSAs included during the 

design and construction phases of the three recent P-3 freeway projects in New Brunswick 

outweigh the costs associated with these safety audit programs. 

 

1.4 Thesis Goal  

The overreaching goal of this dissertation is to develop a better understanding of the 

incremental safety benefits that result from the incorporation of an RSA process into the 

design and construction phases of new freeway projects.  

 

1.5 Objectives  

The specific objectives pursued to achieve the Thesis Goal included: 

 

1. Completion of an analysis of previous audit outcomes from past major highway 

projects in order to better understand audit outcomes at different developmental 

stages of Design-Build-Operate projects. 

2. Quantification of the safety benefits of RSAs as they pertain to freeway 

construction projects such as the recent P-3 projects completed in New Brunswick.  

3. Completion of a Benefit-Cost analysis comparing quantified RSA benefits with the 

costs associated with conducting these audits and implementing the mitigative 

measures they suggest. 
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1.6 Scope and Limitations 

This study involved estimating the effect RSAs have had on collision frequencies on three 

New Brunswick P-3 freeway projects. Included in this study were the Fredericton to 

Moncton Highway Project (Project #1), the Trans-Canada Highway Project (Project #2), 

and the Route 1 Gateway Project (Project #3). All three of these projects (which are 

summarized in Table 1), are P-3 Projects that were developed in New Brunswick within 

the last 20-years.  

 

The locations of the three New Brunswick P-3 freeway projects are presented in Figure 

1. Project #1 was located in south-central New Brunswick; Project #2 was located along 

the western edge of New Brunswick; and Project #3 was located along the south coast of 

New Brunswick. 

Table 1 – New Brunswick P-3 Freeway Projects 

Project # Project Title Completed 
Project 

Cost* 

Control 

Sections 

CS 

Lengths 

(km) 

Inter-

changes 

Total 

Length 

Greenfield 

(km) 

1 

Fredericton 

to Moncton 

Highway 

Project 

2001 
$584 

million 
17 3.2 - 18.8 20 169.7 

2 

Trans-

Canada 

Highway 

Project 

2007 
$544 

million 
8 3.8 - 18.5 9 95.6 

3 

Route 1 

Gateway 

Project 

2012 
$580 

million 
6 1.9 - 13.6 5 41.3 
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Note* : These “Project Costs” include both the “greenfield” and upgraded sections of 

each project. 

 

This study presented a unique opportunity to examine and compare three large-scale P-

3 freeway projects with similar fundamental characteristics, including: 

 

1. All New Brunswick Department of Transportation and infrastructure (NBDTI) 

freeway projects; 

2. Managed by the same provincial governmental Project Group; 

3. Similar Design-Build-Operate contracts (approximately 30 years of operation, 

each); 

4. Similar overall project budgets (although audits only applied to greenfield sections 

which vary by proportion between the three projects); 

5. Majority of scope being the Trans-Canada Highway; 

6. Same Road Safety Audit team; and 

7. Completed within a 15-year overall timeframe, from the beginning of Project #1 to 

the end of Project #3 (no overlap between project schedules). 
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Figure 1 – New Brunswick P-3 Freeway Projects 

(Base map provided by https://www.google.ca/maps) 

 

In this study, safety performance was measured by reported collisions that were entered 

into the NBDTI provincial data system; therefore, the data sample for this study excludes 

non-reported collisions and incidences of near-misses. This study also used the actual 

RSA reports from the three New Brunswick P-3 projects, which allowed for the 

quantification of RSA finding characteristics and the contractors’ responsiveness. 

 

1.7 Methodology 

The primary task when attempting to assess the economic efficiency of RSAs is to 

establish quantifiable components of both the benefits and costs related to the audits. The 

overall benefits and costs attributable to RSA programs include both quantitative and 

qualitative elements. Qualitative factors are often difficult to analyze and compare. In 
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general, it is a much easier and more straightforward task to identify the costs related to 

RSAs than the benefits.  

 

Benefits attributable to RSAs are most commonly expressed as reductions in collision 

frequencies and/or severities. In some cases, collision events may not have been 

completely avoided; however, a collision that may have otherwise resulted in a serious 

injury or fatality may have been mitigated, ultimately resulting in property damages only. 

When evaluating the proposed remedial actions listed in safety audit reports, a significant 

level of estimation is required to predict the collision savings attributable to these actions. 

Individual audits also vary considerably, from one case to the next, in their potential for 

reducing collision frequency and severity based on similar recommendations (i.e., a 

remedial action may help in one case and have little effect in another case) (Macaulay et 

al. 2002). 

 

To assign a dollar value to a collision outcome, the impacts the collision event has had on 

those involved, and society as a whole, must be evaluated and quantified. A common 

methodology employed by private and public entities has been to divide collision outcomes 

in terms of Direct Costs (e.g., lost wages of victim, emergency services), Indirect Costs 

(e.g., losses experienced by caregivers, society), and Willingness-to-Pay Costs (i.e., 

societies’ willingness to accept pain/loss of life).  

 

The costs associated with RSAs generally include the auditors’ fees, the costs of 

implementing the recommended design and construction changes, and any additional 

costs associated with project delays or other expenses resulting from the audits, all of 

which depend on how early in the design process the problems have been identified. The 

actual costs related to particular RSAs “depends greatly on the size and complexity of the 
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project and composition of the required audit team”, and “will vary on a project-to-project 

basis” (Hildebrand et al. 1999).  

1.7.1 Task #1: Review RSA reports 

The first task involved in this study was to obtain and review each RSA report for the three 

New Brunswick P-3 freeway projects in order to identify, categorize, and quantify the RSA 

comments (sample RSA reports from the three New Brunswick P-3 freeways are 

presented in the Appendix of this dissertation). This review process included identifying 

the frequency of RSA entries relating to particular safety concerns, such as roadside 

safety (i.e., clear zones), geometric design, signage, sight distances, vulnerable road 

users, etc. The audit report information was also delineated by audit stage (i.e., Design, 

Pre-Opening, and Post-Opening) in order to better understand when RSA 

recommendations of specific categories were being received and addressed during the 

Design-Build process.  

 

Note: The Planning stage of each the three New Brunswick P-3 projects was completed 

by NBDTI (not the project contractors) and was not subject to Road Safety Audits. 

The preliminary and detailed design stages of each project, which often overlapped 

(and both involved RSA reviews), were combined for this study. 

 

Contractor responses were also examined and quantified, as part of this review, in order 

to identify which comment categories tended to be accepted or rejected by the contractors, 

as well as the basis for these decisions. The results of this analysis aided in the 

quantification of the costs associated with the mitigative measures implemented to 

address specific RSA comments; this information was used in the Benefit-Cost analysis 

completed in Task #5 of this Dissertation (see Section 1.7.5). 
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1.7.2 Task #2: Calculate observed collision frequencies 

The second task of this Dissertation was to calculate annual collision frequencies for the 

three P-3 freeway Projects. Using data provided by NBDTI, collisions involving fatalities, 

injuries, and property damage only (PDO) were separately identified and quantified for 

each year that the facilities have been open. The Project #3 collision data were limited 

(the facility opened in in 2013), which necessitated the use of the Empirical Bayes (EB) 

statistical method, providing a mechanism for integrating limited observed collision data 

with expected collision frequencies thereby resulting in more reliable estimate of adjusted, 

observed collision frequencies. 

1.7.3 Task #3: Estimate expected collision frequencies 

The expected collision frequencies for each P-3 facility were modelled using Safety 

Performance Functions (SPFs), multiple Collision Modification Factors (CMFs), and local, 

calculated calibrating factors for both open freeway and interchange segments. The use 

of these mathematical functions was based on geometric configurations, safety features 

(such as guiderail and rumble strips), recent traffic volumes, and collision frequencies for 

similar highway segments outside of the P-3 facilities. The overall process to derive 

collision estimates is quite involved; however, Figure 2 provides a graphical overview of 

the process undertaken as prescribed by the 2014 Highway Safety Manual (AASHTO 

2014). 
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Figure 2 – The HSM Predictive Model  

[Source: AASHTO, 2014] 
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1.7.4 Task #4: Compare observed and expected collision frequencies 

The next step of this process was to compare the observed collision frequencies for the 

three P-3 freeways with those generated using SPFs, CMFs, and calibration factors. The 

differences between the observed and expected collision frequencies were assumed to 

be attributable to the presence of RSAs as all other known contributing factors were 

considered or normalized. The differences translate to collision reductions which 

constitute the benefit attributed to the RSA process. 

 

1.7.5 Task #5: Compare the benefits and costs of RSAs 

The benefits and costs associated with the RSAs included in each freeway project were 

calculated using the data produced in Tasks #1 through #4. These values were then 

compared directly to produce Benefit-Cost ratios for the RSAs involved in each P-3 facility.  

 

Sensitivity Analysis 

 

The B/C analyses included in this study were completed based on certain assumptions, 

including a discount rate of 1%, which, for this study was a “real” interest rate, accounting 

for Canadian national lending rates and a 2% inflation rate. A sensitivity analysis was 

conducted using 0%, 1%, 2%, 5%, and 10% discount rates to determine what effect 

alternate discount rates may have on the calculated B/C ratios. A second sensitivity 

analysis was conducted based on varying estimates of costs associated with fatality, 

injury, and PDO collisions as estimated in recent studies conducted by both public and 

private entities.  
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1.8 Reader’s Guide 

The five Tasks outlined in Section 1.7 of this chapter were completed during three 

separate yet overlapping phases of the overall Dissertation. The following is a brief 

summary of the primary goals and objectives for each of three research phases. 

1.8.1 Phase #1: RSA Outcomes 

Phase #1 involved exploring and quantifying more than 650 RSA findings from three New 

Brunswick P-3 freeway projects based on specified RSA finding categories including, but 

not limited to, clear zones, alignments, signage, and illumination (Task #1) (Note: These 

and many other safety features are not always assessed in standard design reviews). RSA 

findings from different project stages (including Pre-design, Design, Pre-Opening, and 

Post-Opening) were synthesized and contrasted in order to develop a better 

understanding of the safety impacts being generated by the RSA review process and to 

identify areas commonly overlooked through traditional approaches.  

 

Goals and Objectives 

 

The primary goal of Phase #1 of the overall study was to present a synthesis of RSA 

findings (and responses by the contractors) that were documented throughout the three 

freeway projects.  

 

The specific objectives undertaken to achieve the above goal included: 
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 Analyzing the RSA findings from three freeway projects in order to better 

understand the audit outcomes at different developmental stages of Design-Build-

Operate projects. 

 Synthesizing all RSA audit reports and contractor responses to produce data that 

could be categorized, quantified, and contrasted. 

 Analyzing the overall nature of these findings to better understand how safety 

issues related to these P-3 projects evolved throughout the Design-Build process. 

 Separating the results of this analysis into two main components, mainline-related 

issues and interchange-related issues, producing data that could be effectively 

used in future phases of the overall study. 

1.8.2 Phase #2: RSA Collision Reductions 

Phase #2 of this study involved comparing observed and predicted collision performance 

from the three freeway projects (Tasks #2, #3, and #4). Collision reductions related to 

RSAs were estimated in order to develop a better understanding of the safety impacts that 

may be attributed to the review process.  

 

Goals and Objectives 

 

The primary goal of Phase #2 was to estimate the level of collision reduction attributable 

to the RSA process. This goal was met by comparing the observed collision performance 

of the three P-3 freeway projects (which were subjected to the RSA process) with the 

expected performance had they not been audited.  

 

The specific objectives undertaken to achieve the above goal included: 
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1. Applying recently developed Safety Performance Functions (SPFs), Collision 

Modification Factors (CMFs), Calibration Factors, and the Empirical Bayes Method 

to predict the expected frequency and severity of collisions which have occurred 

on the three P-3 freeway projects.  

2. Comparing the predicted collision frequencies with the observed collision 

frequencies on record for these freeways to determine if RSAs have influenced the 

safety performance of these facilities. 

3. Isolating and quantifying the influence RSAs have had on the reduction of collision 

frequencies and severities on the three P-3 freeways. 

1.8.3 Phase #3: Benefit-Cost Analysis of RSAs 

Phase #3 of this study involved synthesizing an economic analysis that evaluated the 

safety benefits derived from the RSA reviews undertaken for the three New Brunswick P-

3 freeway projects. This Phase involved a detailed accounting of the audit findings for all 

project phases to estimate the incremental costs that were borne by the project 

developers. In this Phase, the benefits (in the form of reduced collision outcomes) were 

contrasted with the costs associated with conducting the RSAs and implementing the 

mitigative measures proposed. It is important to consider that the benefits related to these 

audits are a combination of reductions in both collision frequency and severity.  

 

Goals and Objectives 

 

The primary goal of Phase #3 was to develop a better understanding of the magnitude of 

economic efficiency of the RSA process. 

 

The specific objectives undertaken to achieve the above goal included: 



 

24 

 

 

1. Identifying and estimating the benefits and costs associated with the RSA process 

as they pertain to the recent P-3 highway projects in New Brunswick. 

2. Completing a Benefit-Cost analysis, including a sensitivity analysis of the inputs, 

comparing estimated RSA benefits against the costs associated with conducting 

these audits and implementing the mitigative counter-measures that resulted from 

the process. 

1.8.4 Conclusion 

The results of this research program indicate that RSAs have had a positive impact on 

improving the safety performance of the three New Brunswick P-3 highways compared to 

those facilities being constructed without RSAs included in the Design-Build process. The 

final chapter of this Dissertation summarizes the results of all three Phases of the overall 

study confirming that each study goal and its associated objectives (as outlined in this 

introduction), were achieved. The final chapter also discusses the potential impacts of this 

research and present options for future research in the area of RSAs as they relate to both 

P-3 and non-P-3 projects.  
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CHAPTER 2: ROAD SAFETY AUDITS AND MAJOR P-3 FREEWAY PROJECTS: QUANTIFYING THE 

FINDINGS* 

 

 

Abstract 

Road Safety Audits (RSAs) provide an independent review process that has increasingly 

been incorporated into the development process for (typically) large-scale highway 

construction projects throughout Canada. While RSAs are thought to be a cost-effective 

means to improve safety, little is known empirically about the net outcome.  

 

This study involved comparing the RSA findings from three large-scale Public-Private-

Partnership (P-3) freeway projects with similar fundamental characteristics (e.g., 

functional classification, rural setting, RSA Team, and project budget). RSA findings from 

different project stages (Design, Pre-Opening, and Post-Opening) were synthesized and 

contrasted in order to develop a better understanding of the safety impacts being 

generated by the review process. These findings provide a benchmark that will eventually 

allow for the estimation of the net benefits of RSAs considering both costs and savings 

derived from collision mitigation. 

 

The results of the study indicate that the RSA process evolved from stage to stage, and 

from project to project. 

 

Keywords: Road Safety Audits, Highway Design, Freeway Design, Public-Private-

Projects, Highway Safety 

http://www.nrcresearchpress.com/toc/cjce/42/12
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2.1 Introduction 

This article summarizes the first stage of an overall study of the benefits and costs related 

to Road Safety Audits (RSAs) as they pertain to major Public-Private-Partnership (P-3) 

Design-Build-Operate freeway projects. Other study components include the estimation 

of reduced collisions (including severities) attributable to RSAs, and a comparison of the 

benefits and costs related to RSAs. The overall research project provides a 

comprehensive assessment of the impacts related to RSAs, specifically, as they relate to 

P-3 freeway projects in New Brunswick. 

 

The locations of the three New Brunswick P-3 freeway projects are presented in Figure 

2. Project #1 was located in south-central New Brunswick; Project #2 was located along 

the western edge of New Brunswick; and Project #3 was located along the south coast of 

New Brunswick. 

 

RSAs have only recently gained a foothold in North America despite being commonplace 

in other countries for the past few decades. Many Public-Private-Partnership (P-3) 

projects, which are currently underway or completed in several Canadian provinces have 

included RSAs as vital components of their design/build/operate structure. This trend 

towards a safety-first culture in roadway design and construction is hoped to result in safer 

roads for those driving on Canadian highways. 
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Figure 3 – New Brunswick P-3 Freeway Projects  

(Base map provided by https://www.google.ca/maps) 

There is a limited understanding of the net safety benefits of RSAs. Incorporating these 

reviews into large highway projects incurs significant costs; therefore, it is necessary for 

the jurisdictions undertaking these projects to better understand the benefits associated 

with the RSA process. The costs associated with RSAs are usually easily assessed (e.g., 

design/construction changes and the auditor fees); however, the benefits related to RSAs 

(e.g., reductions in fatalities, injuries, and property damage collisions) are not as easily 

estimated. Although previous studies have examined RSAs and P-3 projects, no previous 
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research has done a complete analysis and comparison of RSA findings, including their 

net safety benefits, for several P-3 projects with similar scope and nature. 

 

The primary goal of this research was to develop a better understanding of the incremental 

safety benefits that result from the incorporation of a Road Safety Audit process in the 

design and construction phases of a new roadway project.  

 

This study involved an analysis of the incremental benefits of RSAs as they apply to new 

highway construction. RSAs have been an important component of P-3 Design-Build-

Operate freeway projects completed in New Brunswick over the last 15-years.  

 

The scope of this study included the Fredericton to Moncton Highway Project (Project #1), 

the Trans-Canada Highway Project (Project #2), and the Route 1 Gateway Project (Project 

#3). All three of these projects, which are summarized in Table 2, were Public-Private-

Partnership, or P-3 Projects.  

 

These projects provided a unique opportunity to compare the RSA process from three 

large-scale P-3 freeway projects where many of their fundamental characteristics were 

the same, including: 

 

 All New Brunswick (NBDTI) freeway projects; 

 Managed by the same governmental Project Group; 

 Similar Design-Build-Operate contracts; 



 

 
 
 
 

 
 
 

31 

 
 

 Similar project budgets; 

 Majority of scope being the Trans-Canada highway, including interchanges; 

 Same Road Safety Audit team; 

 No overlap between project schedules; and 

 Completed within a 15-year overall timeframe, from the beginning of Project #1 to 

the end of Project #3. 

 

Table 2 – New Brunswick P-3 Freeway Projects 

Project # 
Project 

Title 
Completed 

Project 

Cost 

Control 

Sections 

CS 

Lengths 

(km) 

Inter-

changes 

Total 

Length 

Greenfield 

(km) 

1 

Fredericton 

to Moncton 

Highway 

Project 

2001 
$584 

million 
17 

3.2 - 

18.8 
20 169.7 

2 

Trans-

Canada 

Highway 

Project 

2007 
$544 

million 
8 

3.8 - 

18.5 
9 95.6 

3 

Route 1 

Gateway 

Project 

2012 
$580 

million 
6 

1.9 - 

13.6 
5 41.3 

 

 

The primary goal of this phase of the overall study was to present a synthesis of RSA 

findings (and responses by the contractors) that were documented throughout the three 

recent P-3 freeway projects in New Brunswick.  

 

Tasks undertaken to meet the study goal included: 
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 Analyzing previous audit outcomes from past major P-3 freeway projects in order 

to better understand audit outcomes at different developmental stages of Design-

Build-Operate projects. 

 Synthesizing all RSA audit reports and contractor responses to produce data that 

could be categorized, quantified, and compared. 

 Analyzing the overall nature of these findings to better understand how safety 

issues related to these P-3 projects evolved throughout the Design-Build process. 

 Separating the results of this analysis into two main components, mainline-related 

issues and interchange-related issues, which produced data that could be 

effectively used in future phases of the overall study of RSAs. 

 

2.2 Previous RSA Studies 

This study attempted to expand on previous research relating to RSAs and P-3 projects 

in order to better understand the impact attributable to these audit programs. The following 

section synthesizes previous work that provided a baseline. 

2.2.1 Literature Review 

The definition for Road Safety Audits (RSAs) found in the Guide to Road Safety Part 6: 

Road Safety Audit (Austroads, 2009) is: “A formal examination of a future road or traffic 

project, or an existing road, in which an independent, qualified team reports on the 

project’s crash potential and safety performance” (Macaulay et al. 2002). The central 

principle that solidifies the integrity and value of an RSA is the independence of the 
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auditors. These professionals exclusively audit the safety-related aspects of roadway 

projects, (independently of those responsible for planning, design, and construction of the 

project itself) with project budgets and schedules only distant priorities (ITE 2004). 

 

In The Canadian Road Safety Audit Guide, The Transportation Association of Canada 

(TAC) defines an RSA as “a formal and independent safety performance review of a road 

transportation project by an experienced team of safety specialists, addressing the safety 

of all road users” (TAC 2001); however, TAC has recently modified that definition by only 

prescribing the RSA label to projects where new, “greenfield” facilities, are being 

constructed (i.e., where no roadway facility existed before). TAC refers to safety audits of 

existing facilities as “In-service Road Safety Reviews” (IRSRs), for which they published 

a separate guide, The Canadian Guide to In-service Road Safety Reviews, in 2004 (TAC 

2004).  

 

By the mid to late 1990's, RSAs were being incorporated into Canadian roadway projects, 

with the first audit in Canada “believed to have been undertaken in British Columbia in 

early 1997”. Since that time, RSAs have been conducted across Canada in various forms 

(Macaulay et al. 2002). 

 

Many highway safety professionals and researchers agree that the need to quantify the 

benefits of RSAs, and determine their cost-effectiveness is a primary concern for highway 

owners and governing agencies. A survey of world-wide government representatives 

found that “the lack of information in relation to the quantification of the benefits of (safety 
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audits) is a major impediment to their implementation within local government” (Macaulay 

et al. 2002). 

 

Gunter (2005) undertook a retrospective case study of how RSAs have impacted the 

safety of the Fredericton-Moncton Trans-Canada Highway. They compared the safety 

record of the old Trans-Canada Highway and the new Highway and found that “the new 

facility contributed to an estimated net reduction in the collision rate of 0.259 collisions per 

million-vehicle-kilometres (or 41 percent) and an estimated safety-related collision cost 

savings of over $25,500,000 per year”. In an attempt to isolate the impacts of RSAs, 

Gunter compared the Fredericton-Moncton Highway’s safety performance to the safety 

performances of five similar facilities and the output of six different Safety Performance 

Functions (SPFs). The comparison of average collision rates for the six facilities, (including 

the Fredericton-Moncton Highway) indicated that “applying RSAs contributed to an 

estimated reduction in the overall collision rate of 0.144 collisions per million-vehicle-

kilometres (or 42%) and a total collision cost savings of nearly $1,800,000 per year”. The 

comparison of collision rates generated by the six SPFs and the collision rates 

experienced on the Fredericton-Moncton Highway indicated that “applying RSAs 

contributed to an estimated total reduction in collision rate of 0.084 collisions per million-

vehicle-kilometres (or 24%) and a total collision cost savings of over $3,000,000 per year”. 

Although the improved safety performance of the Fredericton-Moncton Highway cannot 

be solely attributed to the inclusion of RSAs in the Design-Build-Operate process, the 

results of this study “would suggest it has made a substantial contribution” (Gunter 2005). 
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Traditional highway safety studies (including the study discussed above undertaken by 

Gunter in 2005), tend to use collision rates (i.e., number of collisions as a function of traffic 

flows) rather than collision frequencies (i.e., number of collision events). For the current 

study, using traffic rates was deemed not appropriate as the relationship of collision events 

and traffic volumes is non-linear (i.e., the number of collision events does not necessarily 

increase in proportion to increases in traffic volumes). 

2.2.2 Road Safety Audits in New Brunswick 

The RSA process, which is “a natural fit for highway projects developed under a P-3 

arrangement”, has become “a key ingredient” in these projects, as they help “ensure that 

safety levels are not compromised by profit-conscious developers”. The inclusion of a 

team of non-partisan professional safety auditors places issues such as project budget 

and schedule further down the priority list when determining if and how safety issues are 

addressed (Hildebrand et al. 2012). 

 

The first P-3 freeway project completed in New Brunswick was a 195 km section of the 

Trans-Canada Highway (which included “greenfield” and upgraded sections), between 

Fredericton and Moncton that was fully opened by 2001 (Project #1 for the current study). 

For this project, the Province entered into a contractual agreement with the private 

company, Maritime Road Development Corporation (MRDC) for the design, construction, 

and operation of the facility. This was the “first major road project in Canada to incorporate 

the RSA process throughout all stages of development (Planning, Preliminary Design, 

Detailed Design, Pre-Opening and Post-Opening)” (Hildebrand et al. 2012). Subsequent 



 

 
 
 
 

 
 
 

36 

 
 

to the completion of the Fredericton to Moncton Highway Project, the province went on to 

develop two more P-3 freeway projects in an effort to refurbish and upgrade the provincial 

arterial system in and accelerated and economically viable way. 

 

2.3 Methodology 

The following is a description of the methodology included in this phase of the overall 

study: 

2.3.1 New Brunswick P-3 Project RSA Data 

RSA reports and contractor responses were obtained from the Team who conducted all 

of the RSAs for Project #1, Project #2, and Project #3. Permission was given by New 

Brunswick Department of Transportation and Infrastructure (NBDTI) representatives, as 

well as the project developers, for this information to be used for this particular study. 

 

Each RSA report (including responses from the contractor) was reviewed in order to 

identify, categorize, quantify, and compare the RSA findings and their respective 

responses. This included identifying the frequency of RSA entries relating to particular 

safety concerns, such as Clear Zones, Signage, Illumination, and Structures (see full RSA 

finding category descriptions in Section 2.3.2, below). The findings were further 

delineated by audit stage (i.e., Design, Pre-Opening, and Post-Opening Phase) in order 

to better understand what type of safety-related concerns were reported by the RSA Team 

and at what point in the Design-Build process these issues were being received and 

addressed by the contractor. The timing of the findings is particularly important as many 
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of these issues are more effectively addressed early in the Design Phase (rather than 

during construction), as there is more flexibility prior to construction to address the 

auditors’ concerns (e.g., alignment changes, additional right-of-way acquisition, etc.).  

2.3.2 Categories of RSA Findings 

The following is a description of the various RSA finding categories used throughout this 

study. In many cases, particular issues may fall into more than one category; however, to 

avoid counting individual concerns several times in the overall totals, each finding has 

been included only once in the RSA category that most pertains to the primary nature of 

the safety issue. An example would be the identification of insufficient guiderail in front of 

a structural abutment. In this case, the finding is included in the “Structures and Culverts” 

category, only, as the original safety issue, the reason for the placement of guiderail, is a 

structural component. 

 

Alignment 

The findings included in this category include fundamental geometric issues such as 

concerns with the horizontal and/or vertical alignment of the mainlines. Issues such as 

acute roadway curvature and steep vertical grades (and poor coordination of either) are 

among the findings that have been included in this category. 

 

Clear Zones and Guiderail 

This category includes RSA concerns that are related to Clear Zones (CZs) and guiderail 

placement that do not fall into particular categories such as “Structures and Culverts” or 
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“Sign/Light Poles”. This category includes issues related to the lack of provision of 

traversable roadsides (e.g., steep foreslopes and backslopes), or the design/placement of 

guiderail that does not properly protect a roadside hazard (or has been placed where it is 

not required).  

 

Illumination 

The findings included in this category pertain to the provision of roadway illumination, 

particularly in areas such as interchanges and high-speed connectors where nighttime 

visibility is a primary concern. 

 

Median Cross-overs 

The findings included in this category relate exclusively to safety issues related to median 

cross-overs (paved connections between the two sets of mainlines, used by emergency 

and maintenance vehicles, only). These findings might include sight distance issues, CZ 

violations due to side-slopes, or signage requirements. 

 

Pavement Markings and Delineators 

The issues included in this category primarily concern the colour, width, pattern, and 

placement of pavement markings located within the freeway facility. These concerns tend 

to mainly arise within interchange sections of the freeway where pavement marking 

designs are more complex.  
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This category also includes concerns related to the mounting of reflective delineators on 

median barriers, bridge rails, and guiderail, as well as roadside delineator posts and snow 

plow markers on guiderail or structures. Findings related to the placement of rumble strips 

were also included in this category. 

 

Signage 

The concerns included in this category pertain to the lateral, longitudinal, and vertical 

placement of signs; the surface treatment and colour of sign faces; and the information 

(words, symbols, and images) presented by the signs to motorists. These issues may 

include the omission, over-use, or incorrect use of individual signs and signage messages. 

Any findings related to the protection of the sign poles and bases would fall under the 

“Sign/Light Poles” category described below. 

 

Sign/Light Poles 

This category includes issues related to sign or light posts and concrete bases which are 

located within the roadway’s CZ. In some cases, this category also includes situations 

where overhead power lines present safety issues, such as towers located within the CZ 

that require protection. 

 

Structures and Culverts 

RSA findings categorized as Structures and Culverts include safety issues related to the 

approaches, abutments, and barriers included in underpass and overpass structures 

along the mainlines of the three subject P-3 projects. In some cases, these issues 
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pertained to underpasses where one or both of the abutments on either side of the 

mainlines (or piers between the two sets of lanes) created a CZ violation and, therefore, 

a significant safety concern. For overpassing structures, such as structures carrying the 

mainlines over a watercourse or another roadway, potential safety issues included, but 

were not limited to, unprotected approach sideslopes or longitudinal barriers. 

 

This category also includes findings related to round or box drainage and watercourse 

(WC) culverts not considered “bridges” by NBDTI standards (i.e., less than 3 m in 

diameter/span). These concerns usually related to culvert inlets and outlets being located 

within the roadway CZ that may have required further guiderail protection or relocation 

outside of the CZ (or even farther away, in some cases). 

 

Other 

Findings that did not accurately fit into one of the categories listed above were classified 

in the “Other” category. These issues most often related to unique, specific safety 

concerns at particular sections of the freeways (e.g., road surface drainage, headlight 

glare, etc.). 

 

2.4 Data Analysis 

The following is a description of the analysis conducted using the New Brunswick P-3 

project data. 
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2.4.1 Overall Issues 

The following section provides an analysis of RSA findings that pertained to both 

interchange and mainline sections, combined, for the three New Brunswick P-3 freeway 

projects. Table 3 illustrates the general trends (expressed as percentages of the total RSA 

comments for each project) throughout the three freeway projects. 

 

The data represented in Table 3 (Note: For Tables 3, 4, 5, and 8, cells with no data 

indicate that no RSA comments were issued for these categories) indicate that Clear 

Zones/Guiderail, Signage, and Structures/Culverts-related findings were prominent for all 

three P-3 projects during the Design Phase, and that Median Cross-over issues were also 

prominent during the Design Phase of Projects #2 and #3. Clear Zones/Guiderail issues 

were the most prominent during the Pre-Opening Phase for all three P-3 projects; while, 

Structures/Culverts and Signage were also common RSA topics throughout this Phase of 

each of the three projects. 

 

During the Post-Opening Phases of Project #1 and Project #3, Clear Zones/Guiderail 

issues were prominent for both projects; although, Sign/Light Post issues were the most 

common for Project #3. Signage-related findings were also relatively common in the Post-

Opening RSA reports for both Project #1 and Project #3. 
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Table 3 – Overall Audit Findings 

 

Project #1 Project #2 Project #3 

Design 
Pre-

Opening 

Post-

Opening 
Design 

Pre-

Opening 

Post-

Opening 
Design 

Pre-

Opening 

Post-

Opening 

Structures/Culverts 13% 14% 7% 33% 10% - 11% 18% 7% 

Clear 

Zones/Guiderail 
25% 23% 27% 9% 31% - 40% 48% 15% 

Sign/Light Poles 6% 1% - 8% 3% - 5% 12% 59% 

Alignment 6% - 7% 14% - - 1% - - 

Illumination - - - - 3% - - 2% - 

Median Cross-overs 3% 7% 7% 14% 13% - 20% 6% - 

Signage 28% 29% 20% 9% 12% - 11% 12% 11% 

Pavement 

Markings/Delineators 
- 23% 20% 3% 19% - 3% - 4% 

Other 19% 3% 12% 10% 9% - 9% 2% 4% 
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2.4.2 RSA Findings: Mainlines 

The following section provides a synthesis of audit findings that related exclusively to the 

mainline sections of the three P-3 projects, as presented in the individual RSA reports. 

Issues pertaining to interchange sections are presented and discussed in Section 2.4.3 of 

this report. 

 

The data presented in Table 4 indicate that “Clear Zones/Guiderail” was the most common 

topic of mainline findings during the Design Phase of Project #1 and Project #3, while the 

most common topic for Project #2 during this Phase was “Structures/Culverts”. Other 

common mainline categories included “Median Cross-overs” and “Alignment”, both issues 

that are most efficiently and effectively addressed during the Design process.  

 

Clear Zones/Guiderail continued to be the most common topic of findings for all three 

projects during the Pre-Opening Phase. These issues often arise during this Phase of 

large-scale freeway construction projects as guiderail placement is usually not completed 

until just prior to (and sometimes after) the facility is opened to the public.  

 

Pavement Markings/Delineators and Structures/Culverts-related issues were also 

prevalent during the Pre-Opening Phase of all three projects; Signage was also a common 

issue for Project #1 and Median Cross-overs was a common topic for Project #2. These 

Pre-Opening issues commonly require “field fitting” which is often overlooked by the 

contractors.   
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Table 4 – Audit Findings: Mainlines 

 

Project #1 Project #2 Project #3 

Design 
Pre-

Opening 

Post-

Opening 
Design 

Pre-

Opening 

Post-

Opening 
Design 

Pre-

Opening 

Post-

Opening 

Structures/Culverts 16% 20% 10% 37% 13% - 17% 21% 25% 

Clear 

Zones/Guiderail 
32% 28% 40% 11% 36% - 40% 37% 17% 

Sign/Light Poles 4% 1% - 7% 4% - 5% 5% 33% 

Alignment 8% - - 14% - - 1% - - 

Illumination - - - - - - - 2% - 

Median Cross-overs 4% 10% 10% 16% 18% - 21% 5% - 

Signage 12% 17% 20% 3% 6% - 5% 5% 25% 

Pavement 

Markings/Delineators 
- 22% 10% - 16% - 1% 23% - 

Other 24% 2% 10% 12% 7% - 10% 2% - 
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Post-Opening findings for new sections of mainlines and interchanges were only found in 

the Project #1 and Project #3 RSA reports. Project #2 and Project #3 included Post- 

Opening RSAs for upgraded sections, but these were not included in the analysis for this 

study. The lack of Post-Opening findings for new sections of Project #2 was due to the 

fact that the contractor for this project did not request the RSA Team to conduct Post-

Opening reviews. 

 

During the Post-Opening Phase of Project #1, Clear Zones/Guiderail was clearly the 

common safety issue category followed by the Signage category. Sign/Light Poles, 

Signage, and Structures/Culverts were the top three categories of findings for Project #3.  

2.4.3 RSA Findings: Interchanges 

The following section provides an analysis of RSA report findings that pertained 

exclusively to the interchange sections of the three New Brunswick P-3 freeway projects.  

 

The data presented in Table 5 illustrate that “Signage” was the most common category of 

RSA findings for all three P-3 projects during their Design Phases. Sign/Light Pole issues 

were also raised in the Design Phase for Project #1 and Project #2, while Pavement 

Marking issues were raised during the Design Phase of Project #2 and Project #3. 
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Table 5 – Audit Findings: Interchanges 

 

Project #1 Project #2 Project #3 

Design 
Pre-

Opening 

Post-

Opening 
Design 

Pre-

Opening 

Post-

Opening 
Design 

Pre-

Opening 

Post-

Opening 

Structures/Culverts - 3% - 9% - - - 8% - 

Clear 

Zones/Guiderail 
- 12% - - 17% - - 23% 13% 

Sign/Light Poles 14% 3% - 13% - - - 23% 75% 

Alignment - - 20% 17% - - - - - 

Illumination - 1% - - 10% - - - - 

Median Cross-overs - - - - - - - - - 

Signage 86% 54% 20% 48% 27% - 71% 23% - 

Pavement 

Markings/Delineators 
- 26% 40% 13% 27% - 29% 23% 6% 

Other - 1% 20% - 19% - - - 6% 
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Signage and Pavement Markings were the most common interchange-related RSA 

categories during the Pre-Opening Phase of all three projects, followed by Clear 

Zones/Guiderail. The prevalence of Signage-related comments made during the Pre-

Opening Phases of these projects was likely a result of the signage design plans not being 

followed, with no “field-fitting” of signs occurring during placement. This was likely related 

to the contractors’ lack of signage design and installation experience. 

 

A variety of safety-related categories dominated the RSA reports during the Post-Opening 

Phases of Project #1 and Project #3. Pavement Markings/Delineator-related issues were 

the most common for Project #1, followed by Alignment and Signage concerns. Sign/Light 

Poles was the most common safety issue category during Project #3, followed distantly 

by Clear Zones/Guiderail and Pavement Markings. 

  

2.5 Trends in RSA Findings 

The analysis results presented in this article indicate that the nature and quantity of RSA 

findings varied from project to project, phase to phase (Design vs. Pre-Opening vs. Post-

Opening), and between the mainlines and interchange sections. Clear Zones/Guiderail 

remained a prominent concern in the RSA reports for all three projects, in all phases, for 

both the mainlines and interchange sections. Structures/Culverts, Pavement 

Markings/Delineators, Signage, and Sign/Light Poles were also predominate RSA finding 

categories, especially in the Pre and Post-Opening Phases.  
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2.5.1 Mainline Sections 

The following section examines the quantity of mainline-related RSA findings for each of 

the three project phases for each of the P-3 projects (although there were no Post-

Opening Phase findings for Project #2). Table 6 presents a comparison of the rates of 

RSA findings which have been normalized by the number of kilometres of mainlines per 

project. 

 

The data presented in Table 6 indicate that for Project #2 and Project #3, the quantity of 

mainline-related RSA findings decreased as these projects transitioned through the 

Design, Pre-Opening, and Post-Opening Phases. This reflects a general trend of auditor 

findings being more focused on interchange-related issues as the projects near 

completion (see Section 2.5.2, below). 

Table 6 – Mainlines Findings (per km) 

 Project #1 Project #2 Project #3 

Design 0.1 1.4 1.7 

Pre-opening 0.8 0.8 1.0 

Post-opening 0.1 - 0.2 

 

 

The data illustrated in Table 6 also indicate that there were significantly more Pre-Opening 

findings presented in the RSA reports for Project #1 than in either the Design of Post-

Opening audit reports. This may be a bit misleading when compared to the trends 

presented for Project #2 and Project #3, as Project #1 was the first major New Brunswick 

freeway project to incorporate RSAs in the Design-Build process, and the majority of the 

Road Safety Audits for that project were conducted during the Pre-Opening Phase. Once 

Project #1 was completed (and lessons were learned throughout and after that project), 
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RSAs become more common in other project phases during the subsequent Project #2 

and Project #3. 

 

It is interesting to note that the number of mainline-related Design Phase findings 

increased from one P-3 project to the next. The basis for this apparent trend is not clear, 

but it could be that the auditors, themselves, became more aware of the safety issues 

related to these large-scale projects and tended to address them earlier in the project (i.e., 

in the Design Phase) rather than in later phases. This evolution indicates that the RSA 

process became more pre-emptive as the RSA team moved from one project to the next. 

2.5.2 Interchange Sections 

The following section examines the quantity of interchange-related RSA findings for each 

of the three project phases for each of the three P-3 projects. Table 7 presents a 

comparison of the rates of RSA findings normalized by number of interchanges per 

project. 

Table 7 – Interchange Findings (per Interchange) 

 Project #1 Project #2 Project #3 

Design 0.4 2.6 1.4 

Pre-opening 3.7 3.3 2.6 

Post-opening 0.3 0.0 3.2 

 

 

The data presented in Table 7 indicate that the quantity of interchange-related findings 

presented in RSA reports for Project #2 and Project #3 increased as these two projects 

transitioned through the Design, Pre-Opening, and Post-Opening Phases. The data 

illustrated in Table 7, similar to Table 6 (in Section 2.5.1), indicate that the majority of 

Project #1 RSA findings were reported during the Pre-Opening Phase of that project.  
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It is interesting to note that the number of Pre-Opening findings decreased from one P-3 

project to the next. This may be attributable to interchange-related issues being raised by 

the RSA team earlier in the Design Phase, further illustrating the audit process became 

more pre-emptive as the RSA team moved from one project to the next. 

 

Overall, there were more Design-related RSA findings generated during Project #2 than 

during the other two projects. Project #2 also generated more Pre-Opening Phase findings 

than Project #3, but Project #1 had more Pre-Opening findings than the other two projects. 

Project #3 generated the most Post-Opening findings. Based on these observations, a 

clear pattern of increases or decreases in interchange-related Design, Pre-Opening, and 

Post-Opening Phase findings was not observed. 

 

2.6 Contractor Responses 

In every RSA report, for each of the three New Brunswick P-3 freeway projects, space 

was provided next to each auditor finding allowing the contractors to respond “Yes” or 

“No”, denoting that they either agreed or disagreed with the adjacent safety issue. For 

each of the 650+ mainlines and interchange RSA findings generated amongst the three 

projects, the contractors provided a corresponding positive response (accepting the 

finding), negative response (not accepting the finding) or an "N/A" or blank response 

indicating that the contractor had no response at that time or considered the issue not 

relevant. The contractors were given additional space to elaborate on their answers, 

especially if a “No” response was given. In some cases, the contractors agreed with the 

RSA findings, and no further explanation was given. In other cases, the contractors agreed 

with the auditors, but presented different solutions to the issues raised. In most cases, 
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when a “No” response was entered, the contractors explained their rationales for not 

accepting the findings. In only a few instances did a “No” response not include any 

explanation, which was a standard requirement for the contractors in their respective 

Design-Build-Operate contracts. 

 

All of the contractor responses for each of the P-3 projects were examined and 

summarized as part of this study. This allowed for the identification of specific findings and 

categories which were more likely to be rejected by the contractors, including the basis for 

these decisions. The contractors' willingness to implement suggestions made by the RSA 

Team directly impacted the benefits and associated costs of the overall RSA processes. 

This information will be used in the benefit/cost analysis which will be completed in 

subsequent phases of the overall study of RSAs. 

 

The following are common examples gleaned from the RSA reports of contractor 

responses where they did not accept particular RSA findings: 

 

 The change suggested in the RSA report was “not a requirement of the Design-

Build contract”. This was a common response for all three projects. 

 The suggested upgrade was “not an NBDTI standard requirement”. This common 

response, for example, was given by one contractor regarding an RSA suggestion 

to add delineator tabs on bridge structure barriers. 

 The “No” response included an explanation. Example:  

o RSA Finding: Move utility pole outside of Clear Zone. 

o Contractor Response: A geometric change to the alignment resulted in the 

utility pole being situated outside of the Clear Zone.  
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2.6.1 Overall Acceptance Rates 

The overall contractor response rates for all RSA findings are presented in Table 8. The 

contractors’ acceptance rates for RSA concerns were generally high for all three P-3 

projects, although the following observations can be made: 

 

 The Design Phase issues were not as favourably accepted during Project #1 

compared to the Pre-Opening and Post-Opening Phases. 

 The contractor’s acceptance rates during Project #2 were generally between 60% 

and 80%, with none below 60%. 

 Design and Post-Opening findings were not as favourably accepted during Project 

#3, compared to the Pre-Opening Phase. 

 Interchange-related findings had a higher rate of contractor acceptance, in general, 

for all three projects. 

Table 8 – Project #1 – Contractor-Accepted Findings: Overall 

 Phase Mainlines Interchanges Total 

Project #1 

Design 43% 0% 38% 

Pre-opening 90% 97% 92% 

Post-opening 100% 100% 100% 

Project #2 

Design 79% 65% 77% 

Pre-opening 83% 97% 87% 

Post-opening - - - 

Project #3 

Design 56% 80% 58% 

Pre-opening 93% 92% 93% 

Post-opening 27% 57% 44% 
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2.6.2 Design Phase Acceptance Rates 

Contractor response rates for all three projects during the Design Phase were generally 

favourable, although there were some categories where the contractors accepted fewer 

than 50% of the RSA findings.  

 

Some specific observations include: 

 The average acceptance rates for all three projects were very similar. 

 The acceptance rate for Clear Zones/Guiderail findings was approximately 50% 

amongst all three projects.  

 Amongst all of the categories, Structures/Culverts, Alignment, and Pavement 

Markings/Delineator-related findings generally had higher rates of contractor 

acceptance.  

2.6.3 Pre-Opening Phase Acceptance Rates 

The Pre-Opening RSA findings were often minor or “quick fixes” that were relatively 

inexpensive and not time consuming, therefore, making them relatively straightforward for 

the contractors to implement. The majority of Pre-Opening findings were accepted by the 

contractors for all three projects. This was likely due to the fact that the Pre-Opening RSA 

reports, and the corresponding contractor responses, were critical to the Province's 

permission to open the facilities to the travelling public. A penalty was paid by the 

contractors for each day that the facilities remained closed beyond the scheduled opening 

dates. In most cases, an opening date was set (and well publicized) for the new facilities 

to open to the public, which put pressure on the contractors to make the changes 

suggested in the Pre-Opening RSA reports. 
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There were some categories where not all of the RSA findings were accepted, although a 

clear pattern was not evident amongst the three projects.  

2.6.4 Post-Opening Phase Acceptance Rates 

The contractor response rates for RSA findings related to the Post-Opening Phases were 

examined for all three projects. Based on this review the following observations can be 

made: 

 

 All of the Project #1 mainline and interchange RSA findings were accepted by the 

contractor during the Post-Opening phase.  

 On average, only half of the Post-Opening findings were accepted by the 

contractor during Project #3.  

 

It is possible that the low contractor acceptance rates for the Project #3 post-opening 

findings were related to contract scope negotiations between the contractor and NBDTI. 

It is likely that these issues were properly resolved once the responsibility for the related 

costs was negotiated. 

 

2.7 Discussion and Conclusions 

2.7.1 Discussion 

The results of this study indicate a direct connection between project stages and particular 

RSA categories for major P-3 Freeway projects. For instance, fundamental issues, such 

as those related to Clear Zones, Structures/Culverts, and Alignment were most often first 

identified by the auditors during the Design Phase of each of the three projects. Issues 

related to Signage and Pavement Markings/Delineators most often arose during the Pre-
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Opening Phases, as this is where the auditors were first exposed to these project 

components.  

 

It was found that the number of mainline-related Design Phase issues increased, while 

the number of interchange-related Pre-Opening findings decreased from one P-3 project 

to the next. This suggests that the audit process became more pre-emptive as the RSA 

team moved from one project to the next. 

 

The contractor acceptance rates indicate that, for the most part, the contractors agreed 

with the findings and made the changes suggested by the auditors (the overall acceptance 

rate for the three projects was approximately 73%). In many cases where particular 

findings were deemed “not within the contract scope” or “not an NBDTI requirement” the 

issue was more related to extra incurred costs, and were subsequently dealt with via 

contract “Change Requests” agreed upon by NBDTI and the contractors. In these cases, 

the RSA findings were ultimately accepted and implemented by the contractors. 

2.7.2 Conclusions 

This Report synthesized RSA findings for these large New Brunswick P-3 freeway 

projects. The RSA findings presented by the RSA Team throughout all three projects were 

presented in terms of categories and contractor acceptance rates. Although there was a 

high rate of variability amongst the three projects, some specific and more general trends 

were observed and discussed. Overall, there were some commonalties identified when 

comparing the proportion of specific RSA finding categories throughout the Design, Pre-

Opening, and Post-Opening Phases of the three projects. This confirms the results of 

similar research conducted by Hildebrand et al. in 1999 and 2012. Contractor acceptance 

rates were found to be generally high for all three projects (approximately 73%, overall), 
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with interchange-related findings receiving the most favourable rates of contractor 

acceptance. 

 

The three freeways projects included in this study were located in rolling hills and valleys, 

for the most part, with many major watercourses passing under the roadways; this has 

resulted in many cut-and-fill alignment components typical of highway construction 

projects in these environments. In these situations, safety devices such as rumble strips 

and guiderail, along with the provision of adequate Clear Zones, where possible, are 

essential as they contribute to increased benefits for motorists by mitigating the severity 

of run-off-road collisions where grade separations are at a maximum (where motorists are 

more likely to encounter unforgiving roadside environments). Further research in different 

topographical environments, such as the mountainous Canadian Rockies or the flat 

countrysides of the Canadian prairies would be useful in future research endeavours so 

that the benefits and costs of RSAs on freeway projects in these environments can be 

compared to the results of the current study in order to further isolate and understand the 

impacts RSAs on major highway projects located throughout different topographical 

environments. Undivided arterial, collector, and local roadways should also be examined 

to provide a more inclusive overall study sample. By including roadway construction 

projects of varying terrain types, highway classifications, access controls, and 

environmental and climate conditions, the impacts related to RSAs, in general, can be 

better understood.  

2.7.3 Moving Forward 

The data analyses presented in this article provides the groundwork for the overall 

assessment of the benefits and costs related to RSAs, specifically when they are 

incorporated in P-3 freeway projects. By better understanding the nature of RSA audits, 
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and their individual components and contractor acceptance rates, issues such as 

implementation costs and collision reductions can be further addressed. Future research 

related to RSAs and P-3 freeway projects will involve estimating the reduction of collisions, 

and their severities, attributable to the RSA findings. This will further allow the 

quantification of the benefits of these collision reductions and allow comparing them to 

estimated costs attributable to the RSA process. An ultimate research goal is to analyze 

RSA findings (their nature and contractor acceptance), the effect they have had on 

improving the safety of the three P-3 freeways, and the relative costs to implement the 

RSA recommendations. 
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CHAPTER 3: ROAD SAFETY AUDITS AND MAJOR P-3 FREEWAY PROJECTS: ESTIMATING THE 

REDUCTION IN COLLISION FREQUENCIES* 

 

 

 

Abstract 

Road Safety Audits (RSAs) include an independent review process that has increasingly 

been incorporated into the Design-Build-Operate model for (typically) large-scale freeway 

construction projects throughout Canada. While recent research has suggested that RSAs 

are a cost-effective means to improve safety on freeway (and other road) facilities, 

empirical evidence is lacking.  

 

This study undertook a comparison of observed and predicted collision frequencies from 

three large-scale Public-Private-Partnership (P-3) rural freeway projects with similar 

fundamental characteristics (e.g., functional classification, cross-sectional geometry, RSA 

Team, and project budget). Collision reductions associated with the RSA process were 

estimated to develop a better understanding of the net safety impacts that may be 

attributed to the review process.  

 

The study results indicate that including RSAs in the development process of the freeway 

projects has reduced the overall frequency of collisions by 15%, which is equivalent to a 

reduction of 0.12 collisions per kilometre per year. 

 

Keywords: Road Safety Audits, Highway Design, Freeway Design, Public-Private-

Partnerships, Highway Safety 
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3.1 Introduction 

Road Safety Audits (RSAs) have only recently gained a foothold in North America despite 

being commonplace in other countries for the past few decades. Many Public-Private-

Partnership (P-3) projects, which are currently underway or completed in several 

Canadian provinces have included RSAs as integral components of their Design-Build-

Operate structure. This trend towards a safety-first culture in roadway design and 

construction is assumed to result in safer facilities for motorists. 

3.1.1 Problem Statement 

There is a limited understanding of the net safety benefits of RSAs. Incorporating these 

reviews into large freeway projects incurs significant costs; therefore, it is necessary for 

the jurisdictions undertaking these projects to better understand the benefits associated 

with the RSA process. The costs associated with RSAs are often easily estimated (e.g., 

design/construction changes and the auditor fees); however, the benefits related to RSAs 

(e.g., reductions in fatalities, injuries, and property damage collisions) are not as easily 

quantified.  

3.1.2 Study Scope 

This study involved estimating the impact RSAs have had on the collision performance of 

three separate but similar P-3 freeway projects developed in the province of New 

Brunswick. Previous work by Lougheed and Hildebrand (2015) synthesized the types of 

audit findings at different stages of the RSA process for the same three P-3 projects 
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Included in this study were the Fredericton to Moncton Highway Project (Project #1), the 

Trans-Canada Highway Project (Project #2), and the Route 1 Gateway Project (Project 

#3). All three of these projects (which are summarized in Table 9), were developed within 

the last 15-years. 

Table 9 – New Brunswick P-3 Freeway Projects 

 Project # 
Project 

Title 
Completed 

Project 

Cost* 

Control 

Sections 

CS 

Lengths 

(km) 

Inter-

changes 

Total 

Length 

Greenfield 

(km) 

1 

Fredericton 

to Moncton 

Highway 

Project 

2001 
$584 

million 
17 

3.2 - 

18.8 
20 169.7 

2 

Trans-

Canada 

Highway 

Project 

2007 
$544 

million 
8 

3.8 - 

18.5 
9 95.6 

3 

Route 1 

Gateway 

Project 

2012 
$580 

million 
6 

1.9 - 

13.6 
5 41.3 

 

Note* : These Project Costs include both the “greenfield” and upgraded sections of each 

project. 

 

This study presented a unique opportunity to examine and compare three large-scale P-

3 freeway projects with similar fundamental characteristics, including: 

 

 All New Brunswick (NBDTI) freeway projects; 

 Managed by the same provincial governmental Project Group; 

 Similar Design-Build-Operate contracts; 

 Similar overall project budgets (although audits only applied to greenfield sections 

which vary by proportion between the three projects); 

 Majority of scope being the Trans-Canada Highway; 

 Same core Road Safety Audit team; and 
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 Completed within a 15-year overall timeframe, from the beginning of Project #1 to 

the end of Project #3 (no overlap between project schedules). 

3.1.3 Goals and Objectives 

The primary goal of this study was to estimate the level of collision reduction attributed to 

the RSA process for P-3 freeway projects. This goal was met by comparing the observed 

collision performance of freeway projects subjected to the RSA process with the expected 

performance had they not been audited.  

 

Study Objectives 

The specific objectives undertaken to achieve the above goal included: 

  

1. The application of recently developed Safety Performance Functions (SPFs), 

Collision Modification Factors (CMFs), Calibration Factors, and the Empirical 

Bayes Method to predict the expected frequency and severity of collisions which 

have occurred on the three P-3 freeway projects in New Brunswick.  

2. To compare the predicted collision frequencies with the observed collision 

frequencies on record for these freeways to determine if RSAs have influenced the 

safety performance of these facilities. 

3. To isolate and quantify the influence RSAs have had on the reduction of collision 

frequencies and severities on the three P-3 freeways. 
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3.2 Previous RSA Studies 

This study attempted to expand on previous research relating to RSAs and P-3 projects 

in order to better understand the net costs and benefits attributable to these audit 

programs. 

3.2.1 Literature Review 

The definition for Road Safety Audits (RSAs) found in the Austroads Road Safety Audit 

guidelines (Austroads, 2001) is: “A formal examination of a future road or traffic project, 

or an existing road, in which an independent, qualified team reports on the project’s crash 

potential and safety performance”. The central principle that solidifies the integrity and 

value of an RSA is the independence of the auditors. These professionals exclusively 

audit the safety-related aspects of roadway projects, (independently of those responsible 

for planning, design, and construction of the project itself) with project budgets and 

schedules only distant priorities (ITE 2004). 

 

In The Canadian Road Safety Audit Guide, The Transportation Association of Canada 

(TAC) defines an RSA as “a formal and independent safety performance review of a road 

transportation project by an experienced team of safety specialists, addressing the safety 

of all road users” (TAC 2001); however, TAC has recently modified that definition by only 

prescribing the RSA label to projects where new, “greenfield” facilities, are being 

constructed (i.e., where no roadway facility existed before). TAC refers to safety audits of 

existing facilities as “In-service Road Safety Reviews” (IRSRs), for which they published 

a separate guide, The Canadian Guide to In-service Road Safety Reviews, in 2004 (TAC 

2004).  
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By the mid to late 1990's, RSAs were being incorporated into Canadian roadway projects, 

with the first audit in Canada “believed to have been undertaken in British Columbia in 

early 1997”. Since that time, RSAs have been conducted across Canada in various forms 

(Macaulay et al. 2002). 

 

Many highway safety professionals and researchers agree that the need to quantify the 

benefits of RSAs, and determine their cost-effectiveness is a primary concern for highway 

owners and governing agencies. A survey of world-wide government representatives 

found that “the lack of information in relation to the quantification of the benefits of (safety 

audits) is a major impediment to their implementation within local government” (Macaulay 

et al. 2002). 

 

Gunter (2005) undertook a retrospective case study of how RSAs have impacted the 

safety of the Fredericton-Moncton Trans-Canada Highway. They compared the safety 

record of the old Trans-Canada Highway and the new Highway and found that “the new 

facility contributed to an estimated net reduction in the collision rate of 0.259 collisions per 

million-vehicle-kilometres (or 41 percent) and an estimated safety-related collision cost 

savings of over $25,500,000 per year”. In an attempt to isolate the impacts of RSAs, 

Gunter compared the Fredericton-Moncton Highway’s safety performance to the safety 

performances of five similar facilities and the output of six different Safety Performance 

Functions (SPFs). The comparison of average collision rates for the six facilities, (including 

the Fredericton-Moncton Highway) indicated that “applying RSAs contributed to an 

estimated reduction in the overall collision rate of 0.144 collisions per million-vehicle-

kilometres (or 42%) and a total collision cost savings of nearly $1,800,000 per year”. The 

comparison of collision rates generated by the six SPFs and the collision rates 

experienced on the Fredericton-Moncton Highway indicated that “applying RSAs 
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contributed to an estimated total reduction in collision rate of 0.084 collisions per million-

vehicle-kilometres (or 24%) and a total collision cost savings of over $3,000,000 per year”. 

Although the improved safety performance of the Fredericton-Moncton Highway cannot 

be solely attributed to the inclusion of RSAs in the Design-Build-Operate process, the 

results of this study “would suggest it has made a substantial contribution” (Gunter 2005). 

 

Traditional highway safety studies (including the study discussed above undertaken by 

Gunter in 2005), tend to use collision rates (i.e., number of collisions as a function of traffic 

flows) rather than collision frequencies (i.e., number of collision events). For the current 

study, using traffic rates was deemed not appropriate as the relationship of collision events 

and traffic volumes is non-linear (i.e., the number of collision events does not necessarily 

increase in proportion to increases in traffic volumes). 

3.2.2 Road Safety Audits in New Brunswick 

The RSA process, which is “a natural fit for highway projects developed under a P-3 

arrangement”, has become “a key ingredient” in these projects, as they help “ensure that 

safety levels are not compromised by profit-conscious developers”. The inclusion of a 

team of non-partisan professional safety auditors places issues such as project budget 

and schedule further down the priority list when determining if and how safety issues are 

addressed (Hildebrand et al. 2012). 

 

The first P-3 freeway project completed in New Brunswick was a 195 km section of the 

Trans-Canada Highway (which included “greenfield” and upgraded sections), between 

Fredericton and Moncton that was fully opened by 2001 (Project #1 for the current study). 

For this project, the Province entered into a contractual agreement with the private 

company, Maritime Road Development Corporation (MRDC) for the design, construction, 
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and operation of the facility. This was the “first major road project in Canada to incorporate 

the RSA process throughout all stages of development (Planning, Preliminary Design, 

Detailed Design, Pre-Opening and Post-Opening)” (Hildebrand et al. 2012). Subsequent 

to the completion of the Fredericton to Moncton Highway Project, the province went on to 

develop two more P-3 freeway projects in an effort to refurbish and upgrade the provincial 

arterial system in an accelerated and economically viable way. 

 

3.3 Methodology 

The following sections provide an overview of the methodology followed in this study. The 

flowchart depicted in Figure 4 provides an outline of the process described in subsequent 

sections. 

3.3.1 Information Gathering 

New Brunswick Highway Control Sections 

The 2014 HSM suggests using relatively short segment lengths for safety performance 

assessments as geometric and traffic flow homogeneity is more likely provided in shorter 

rather than longer analysis segments. The New Brunswick Department of Transportation 

and Infrastructure (NBDTI) regularly publishes updates to its Highway Control Section 

Manual which contains information relating to all highways located within New Brunswick. 

In this manual, each highway alignment is divided into smaller segments and provides 

specific local details such as intersecting roads and watercourses, as well as jurisdictional 

boundaries. These control sections were used to divide the overall project lengths in order 

to more easily estimate the frequencies of collisions for the three P-3 freeways; this also 

allowed for the compartmentalization of the available collision data for a more specific and 
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Figure 4 – Methodology Flow Chart 

focused comparison of predicted and observed collision frequencies within these control 

sections.  

Collision and Traffic Data 

NBDTI produced Road-Life Diagrams (until 2009) of most provincial highway sections, 

which provided information including traffic volumes (Average Annual Daily Traffic - 

AADT), horizontal curvature, collision locations, and a history of roadway construction and 

upgrades. These publications, as well as additional historic, geometric, and traffic-related 

data related to the three P-3 freeways were provided, for this study, by NBDTI, with 
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additional data provided by the three P-3 freeway operators. These data were obtained 

for the entire alignments of the three New Brunswick P-3 freeways as well as various other 

sections of New Brunswick freeways for use during the calibration procedures included in 

this study.  

3.3.2 Predicted Collision Frequencies 

When assessing the relative safety of an existing or proposed highway, it is usually 

necessary to estimate the predicted collision frequencies for that facility based on 

geometric configuration, safety features (such as guardrail and rumble strips), and recent 

or projected traffic volumes. Calculated, predicted collision frequencies for existing 

facilities, including roadway segments and interchanges, can then be compared to actual 

observed collision frequencies for the same facilities. This comparison helps to assess 

whether the facility is experiencing more or fewer collisions than would be expected, given 

its traffic flows, geometry, and other features.  

3.3.2.1 Freeway Segments and Speed-Change Lanes on P-3 Freeways 

The sections of freeway included in this study involved both “freeway segments” and 

“speed-change lanes”. Freeway segments, for the current study, are defined as divided 

four-lane sections of major highways which do not include interchanges, scales, or ramps 

of any kind. Speed-change lanes include sections of freeway where an entrance ramp, 

exit ramp, and/or weaving lanes are connected to a section of four-lane freeway on either 

one or both sides of the highway.  

3.3.2.2 Safety Performance Functions 

In order to understand the impact of RSA’s on roadway safety, a metric must be employed 

to assess the safety performance of highways which have included RSAs during their 

planning, design, and construction phases. The American Association of State Highway 
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and Transportation Officials (AASHTO) Highway Safety Manual, 1st Edition Supplement, 

published in 2014 (HSM 2014), is a supplement to previous HSM versions and provides 

an extensive process for using SPFs, CMFs, calibration factors, and the Empirical Bayes 

Method to predict collision frequencies on new and existing freeways, based on numerous 

traffic, geometric, and safety-related features of the subject freeway facilities. The SPFs 

developed by AASHTO, which were employed for this study, generate predicted collision 

frequencies (thereby overcoming the inadequacies of using collision rates), resulting in a 

direct comparison of predicted with observed frequencies. 

 

Separate methodologies are presented in the 2014 HSM for single-vehicle and multi-

vehicle collisions, as well as collisions resulting in property damage only (PDO), and 

injuries and/or fatalities. These methodologies are further categorized by “freeway 

segments” and “speed-change lanes” thereby accounting for the significant geometric and 

functional differences between basic freeway segments and interchange environments. 

 

The collision prediction models presented in the 2014 HSM were established assuming 

that PDO collisions below a certain dollar value are commonly not reported. This accounts 

for observed collision frequencies which also do not include collision data for non-reported, 

low dollar-value collisions. 
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The following is an example of the basic form of an SPF as presented in the 2014 HSM. 

 

Equation 1 

Nspf = L* x exp(a + b x ln[c x AADT])            

Where,  

Nspf = Predicted collision frequency generated using an SPF under base conditions 

L* = Effective length of freeway segment 

a, b = Regression coefficients  

c = Constant coefficient (c = 0.001 for this study) 

AADT = AADT volume of freeway segment 

3.3.2.3 Collision Modification Factors  

A Collision Modification Factor, or CMF, is a numerical representation of “the ratio of 

expected collision frequencies associated with two different conditions that may serve as 

an estimate of the effectiveness of a specific type of design, control feature, or treatment” 

(Schultz et al. 2010). It is important, when using SPFs, to incorporate CMFs to adjust the 

base models to better suit local conditions, such as horizontal curvature, median width, 

and the presence of guardrail and rumble strips.  

 

A complete list of the CMFs employed for this study is provided in Table 10. These factors 

are presented based on collision severity (property damage only or fatality/injury), the 

number of vehicles involved (single vehicle or multi-vehicle), and highway section type 

(freeway segment or speed-change lane).  
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Table 10 – Collision Modification Factors (CMFs) 

  Property Damage Only (PDO) Fatality/Injury (F/I) 

  
SV-

Freeway 
Segment 

SV-Speed 
Lane 

Change 

MV-
Freeway 
Segment 

MV-Speed 
Lane Change 

SV-Freeway 
Segment 

SV-Speed 
Lane 

Change 

MV-Freeway 
Segment 

MV-Speed 
Lane 

Change 

CMF 1 
Horizontal 

Curves 
X X X X X X X X 

CMF 2 Lane Widths     X X X X 

CMF 3 
Inside 

Shoulder 
Widths 

X X X X X X X X 

CMF 4 Median Widths X X X X X X X X 

CMF 5 Median Barrier X X X X X X X X 

CMF 6 
High Traffic 

Volumes 
X X X X X X X X 

CMF 7 Lane Changes   X    X  

CMF 8 
Outside 

Shoulder 
Widths 

X    X    

CMF 9 
Shoulder 

Rumble Strips 
    X    

CMF 10 
Outside 

Clearances 
    X    

CMF 11 
Outside 
Barriers 

X    X    

CMF 12 
Ramp 

Entrance 
 X  X  X  X 

CMF 13 Ramp Exit  X  X  X  X 
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3.3.2.4 SPF calibration 

Although most freeways and interchanges have features similar to many other facilities, 

some factors, such as climate, driver demographics, and collision-reporting methods can 

vary widely from one jurisdiction to another; as a result, collision frequencies for similar 

facilities can vary from one location to another. 

 

Calibration factors function in a similar fashion to CMFs. Combining local calibration 

factors with collision frequencies calculated using SPFs and CMFs can account, to some 

degree of reliability, for differences between the conditions of the facilities being assessed 

and those involved with the establishment of the SPF models. Facilities that have 

experienced collision frequencies higher than those upon which the SPFs are based will 

have calibration factors greater than one; whereas, roadways that have experienced lower 

collision frequencies will have calibration factors less than one. For example, in situations 

where the collision frequencies experienced in the local calibration sections were lower 

than those predicted using SPFs and CMFs (i.e., where the calculated calibration factors 

were less than one), the predicted values for the study highway sections are reduced by 

the calibration factor to account for lower-than-expected collision frequencies on similar 

highways in the vicinity. 

 

The AASHTO Highway Safety Manual (HSM 2014) presents a methodology for calibrating 

SPFs based on local conditions. This process involves identifying a significantly large 

sample of relatively uniform, local, divided freeway sections where collision data for at 

least three years are available. For this study, predicted collision frequencies were 

calculated, and observed collision frequencies were tabulated for six independent sections 

of divided freeway (a total of 38 km) located within New Brunswick. These six calibration 
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sections of freeway, where RSAs were not included in the design or construction 

processes, were located within close proximity of the three P-3 freeways that were the 

primary subject of this study. Five years of collision data were available for all six 

calibration segments, which exceeds the minimum calibration data requirements 

presented in the 2014 HSM. The calibration process involved a numerical comparison of 

total observed collision frequencies and total predicted collision frequencies for each of 

the four configuration/severity categories (i.e., single-vehicle PDO, multi-vehicle PDO, 

single-vehicle fatality/injury, and multi-vehicle fatality/injury). These calibration factors 

were then applied to the original, predicted collision frequencies that were generated using 

the appropriate SPFs and CMFs. 

 

The following is an illustration of a SPF-generated collision frequency that has been 

adjusted using multiple CMFs and calibration factors (Schultz et al. 2010).  

 

Equation 2 

NPredicted = Nspf x (CMF1 x CMF2 x ... x CMFn) x Ci            

Where,  

NPredicted = Adjusted, predicted collision frequency 

Nspf = Predicted collision frequency generated using an SPF under base conditions 

CMFi = Collision Modification Factors 

Ci = Local calibration factor 

 

3.3.2.5 Empirical Bayes Method 

The Empirical Bayes (EB) Method has become a popular statistical tool often used by 

transportation analysts (in conjunction with prediction models such as SPFs), to better 
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estimate collision frequencies for roadway segments, intersections, and other roadway 

facilities (Hauer et al. 2001). The EB Method addresses two of the primary concerns with 

standard safety estimations (e.g., using SPFs alone):  

 

1. It increases the precision of collision estimates beyond what is possible when using 

only a few years’ worth of collision data, and  

2. It compensates for the Regression-to-the-Mean (RTM) Bias. 

 

The EB Method uses two data components to estimate the safety of a particular roadway 

facility: 

 

1. The collision record of that facility, and 

2. The collision frequency predicted using SPFs, CMFs, and calibration factors.  

 

These data are combined by weighting each component based on the confidence in its 

accuracy.  

 

The EB Method was used for this study as the collision data available for Project #3 were 

limited (i.e., this facility was only in operation for two years at the time of this study). The 

EB Method was used to incorporate both the limited collision data available and the 

predicted collision frequencies calculated using SPFs combined with CMFs and local 

calibration factors. Using the EB Method in this way, it is presumed that the adjusted, 

predicted collision frequencies better reflect the actual safety performances of the Project 

#3 freeway. 

 

The basic EB Method is expressed by the following equation: 
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Equation 3 

Adjusted predicted collision frequency = 

[Weight × collisions predicted] + [(1 - Weight) × collisions observed]   

 

“The strength of the EB Method is in the use of a ‘weight’ that is based on sound logic and 

on real data.” This “weight” depends on the strength of the collision record (i.e., the 

quantity of collision data available), and the reliability of the SPF (i.e., how the safety of 

the subject facility differs from that of similar facilities) (Hauer et al. 2001).  

 

The following is an illustration of the EB Method’s basic procedure (Schultz et al. 2010): 

 

Equation 4 

Adjusted predicted collision frequency:  

Nadjusted = w x Npredicted + (1 – w) x Nobserved              

Where,  

w = Weighting factor 

Nadjusted = Adjusted predicted collision frequency 

Npredicted = Predicted collision frequency using SPF, CMFs, and calibration factors  

Nobserved = Observed collision frequency  

 

The Weighting Factor is calculated as follows: 

 

Equation 5 

w = 1/(1+ k x ∑ (all study years) Npredicted)             

Where,  
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k = Overdispersion parameter associated with the SPF (provided in the 2014 HSM) 

 

An “overdispersion parameter” (OP), which is estimated per-unit-length for roadway 

segments (per-km or per-mile), is applied to compensate for the natural dispersion of 

collision data. The OP provides an indication of the statistical reliability of the SPF; the 

closer the OP is to zero, the more statistically reliable is the SPF. “As the value of the 

overdispersion parameter increases, the value of the weighted adjustment factor 

decreases. Thus, more emphasis is placed on the observed rather than the predicted 

collision frequency. When the data used to develop a model are greatly dispersed, the 

reliability of the resulting predicted collision frequency is likely to be lower” (HSM 2010). 

3.3.3 Observed Collision Frequencies 

Annual collision frequencies for the three subject freeways were calculated for each year 

that the facilities had been operational. Using data provided by NBDTI and the P-3 freeway 

contractors, collisions were sorted into two separate categories: 1. Collisions involving 

fatalities and/or injuries, and 2. Collisions involving property damage only (PDO). These 

collision data were further separated into collisions involving single vehicles and collisions 

with multiple vehicles. 

3.3.4 Study Caveat 

The methodology used in this study, to predict expected collisions (i.e., employing SPFs, 

CMFs, calibration factors, and the EB method), is assumed to have accounted for all 

significant factors related to the safety performance of the subject freeways except for the 

utilization of RSAs. In doing so, it is assumed that the calculated differences between 

predicted and observed collision frequencies on these facilities can be fully attributed to 

the application of RSAs. Every attempt has been made to normalize for other external 
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influencing factors (e.g., inclusion of similar non-audited projects for model calibration), 

but it is possible that some portion of the differences estimated may be attributed to some 

unknown factor. 

 

3.4 Collision Frequency Analysis 

The observed collision frequencies and predicted collision frequencies (calculated using 

SPFs, CMFs, calibration factors, and the EB Method, where appropriate) were compared 

for each of the three P-3 projects in order to determine if these facilities have been 

experiencing more or fewer collisions than expected. Tables 11 through 16 synthesize the 

calculated differences between observed frequencies and predicted frequencies for 

Project #1, Project #2, and Project #3. Tables 11, 13, and 15 present the differences in 

total collisions normalized per year of data available; while, Tables 12, 14, and 16 present 

the reduction in collision frequencies as a percentage difference between observed and 

predicted frequencies.  
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Table 11 – Project #1: Total Collision Difference per Year (Observed – Predicted) [2001 – 2012] 

Control Section 
PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

CS 2-21 1.6 0.7 2.3 -1.7 0.0 -1.7 -0.1 0.7 0.6 

CS 2-22 1.8 0.4 2.2 -0.5 0.0 -0.5 1.3 0.4 1.7 

CS 2-23 1.0 1.1 2.1 -1.4 0.4 -1.0 -0.3 1.5 1.1 

CS 2-24 -0.3 -1.7 -2.0 -2.3 -0.2 -2.5 -2.6 -1.9 -4.5 

CS 2-25 1.1 0.6 1.7 0.2 0.3 0.5 1.3 0.8 2.2 

CS 2-26 1.0 0.1 1.1 -1.4 -0.1 -1.5 -0.5 0.0 -0.4 

CS 2-27 -0.4 0.0 -0.4 -1.6 -0.1 -1.7 -1.9 -0.2 -2.1 

CS 2-28 0.0 0.1 0.0 -0.9 -0.1 -1.0 -0.9 0.0 -0.9 

CS 2-29 -0.9 -0.9 -1.9 -0.8 -0.1 -0.9 -1.7 -1.1 -2.8 

CS 2-30 1.3 0.1 1.4 -0.3 -0.1 -0.4 1.0 0.1 1.0 

CS 2-31 0.4 0.3 0.7 -0.4 0.0 -0.4 0.0 0.3 0.3 

CS 2-32 -1.2 0.0 -1.2 -1.9 0.1 -1.8 -3.1 0.0 -3.1 

CS 2-33 -0.5 -0.1 -0.6 -1.1 0.0 -1.1 -1.7 0.0 -1.7 

CS 2-34 0.2 0.0 0.2 -0.5 0.0 -0.4 -0.3 0.0 -0.3 

CS 2-35 0.3 -0.1 0.2 -0.5 0.0 -0.5 -0.1 -0.1 -0.3 

CS 2-36 0.4 0.0 0.4 0.0 0.0 0.0 0.4 0.0 0.4 

CS 2-37 -2.3 -3.1 -5.4 -3.7 -0.8 -4.5 -5.9 -3.9 -9.9 

Overall Total 

Collisions/yr. 
3.6 -2.7 0.9 -18.6 -0.8 -19.4 -15.1 -3.5 -18.6 

Overall Total 

Collisions/ 

km·yr. 

0.02 -0.02 0.01 -0.11 0.00 -0.11 -0.09 -0.02 -0.11 
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Table 12 – Project #1: Percent Difference of Total Collisions (Observed – Predicted) [2001 – 2012] 

Control Section 
PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

CS 2-21 33% 95% 41% -48% -11% -46% -1% 72% 6% 

CS 2-22 158% 326% 175% -51% -100% -53% 63% 226% 76% 

CS 2-23 43% 303% 77% -68% 413% -48% -8% 325% 23% 

CS 2-24 -6% -65% -29% -84% -42% -77% -37% -62% -44% 

CS 2-25 70% 163% 86% 20% 368% 44% 50% 201% 71% 

CS 2-26 22% 17% 21% -41% -43% -41% -6% 2% -5% 

CS 2-27 -9% -12% -9% -59% -100% -61% -29% -33% -30% 

CS 2-28 -1% 15% 2% -51% -100% -54% -23% -7% -21% 

CS 2-29 -53% -100% -70% -68% -100% -72% -59% -100% -70% 

CS 2-30 71% 63% 70% -21% -100% -24% 29% 22% 29% 

CS 2-31 24% 142% 38% -30% 37% -27% -1% 118% 10% 

CS 2-32 -35% -1% -32% -65% 42% -61% -49% 10% -44% 

CS 2-33 -25% -23% -25% -76% 7% -71% -46% -15% -44% 

CS 2-34 18% -23% 14% -56% 113% -48% -14% 13% -12% 

CS 2-35 13% -37% 8% -23% -13% -23% -3% -31% -5% 

CS 2-36 48% -13% 41% 6% -100% 1% 30% -33% 24% 

CS 2-37 -35% -81% -52% -70% -100% -74% -51% -84% -60% 

Overall Percent 

Difference 
5% -23% 1% -37% -10% -33% -13% -18% -13% 
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Table 13 – Project #2: Total Collision Difference per Year (Observed – Predicted) [2008 – 2012] 

Control 

Section 

PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

CS 2-08 -2.1 0.0 -2.1 -1.4 0.1 -1.4 -3.5 0.0 -3.5 

CS 2-09 1.8 0.7 2.5 -1.0 -0.1 -1.1 0.9 0.6 1.5 

CS 2-10 0.3 0.3 0.6 -0.3 0.0 -0.3 0.1 0.3 0.3 

CS 2-11 -0.8 -0.3 -1.0 -2.6 0.1 -2.5 -3.4 -0.2 -3.5 

CS 2-12 -0.6 0.1 -0.5 -0.9 0.0 -1.0 -1.6 0.1 -1.5 

CS 2-13 0.1 0.1 0.3 -1.7 -0.1 -1.8 -1.6 0.0 -1.6 

CS 2-14 -0.2 0.1 -0.1 -1.6 -0.1 -1.7 -1.8 0.0 -1.8 

CS 2-15 0.9 0.0 0.9 -1.5 0.2 -1.2 -0.6 0.2 -0.3 

Overall Total 

Coll./yr. 
-0.5 1.1 0.6 -10.9 0.0 -10.9 -11.4 1.1 -10.3 

Overall Total 

Collisions/ 

km·yr. 

-0.01 0.01 0.01 -0.12 0.001 -0.12 -0.12 0.01 -0.11 
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Table 14 – Project #2: Percent Difference of Total Collisions (Observed – Predicted) [2008 – 2012] 

Control 

Section 

PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

CS 2-08 -61% -8% -56% -59% 43% -54% -60% 6% -55% 

CS 2-09 85% 240% 103% -62% -100% -64% 23% 158% 36% 

CS 2-10 36% 307% 63% -40% -100% -43% 4% 206% 19% 

CS 2-11 -19% -100% -24% -81% 64% -76% -47% -48% -47% 

CS 2-12 -52% 165% -39% -100% -100% -100% -72% 80% -65% 

CS 2-13 5% 54% 8% -81% -100% -82% -31% 11% -28% 

CS 2-14 -6% 48% -3% -57% -100% -58% -27% 2% -26% 

CS 2-15 22% 5% 20% -55% 120% -44% -9% 33% -4% 

Overall 

Percent 

Difference 

-2% 36% 2% -44% -1% -39% -19% 18% -16% 
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Table 15 – Project #3: Total Collision Difference per Year (Observed – Predicted) [2013 – 2014] 

Control Section 
PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

CS 1-03 0.1 0.0 0.1 -0.6 0.0 -0.7 -0.5 0.0 -0.6 

CS 1-04 -0.3 0.0 -0.3 -0.2 0.0 -0.2 -0.5 0.0 -0.6 

CS 1-05 -0.9 -0.1 -1.1 -1.4 0.4 -0.9 -2.3 0.3 -2.0 

CS 1-06 -2.4 -0.1 -2.5 -1.3 -0.1 -1.4 -3.7 -0.2 -3.9 

CS 1-07 -4.3 -0.2 -4.5 -4.9 -0.2 -5.0 -9.1 -0.4 -9.5 

CS 1-08 -0.5 -0.1 -0.6 -0.6 0.0 -0.7 -1.1 -0.1 -1.2 

Overall Total 

Collisions/yr. 
-8.3 -0.6 -8.9 -9.0 0.1 -8.9 -17.3 -0.5 -17.8 

Overall Total 

Collisions/ 

km·yr. 

-0.23 -0.02 -0.24 -0.25 0.001 -0.24 -0.48 -0.01 -0.49 

Table 16 – Project #3: Percent Difference of Total Collisions (Observed – Predicted) [2013 – 2014] 

Control Section 
PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

CS 1-03 11% -100% 9% -100% -100% -100% -35% -100% -36% 

CS 1-04 -100% -100% -100% -100% -100% -100% -100% -100% -100% 

CS 1-05 -48% -100% -52% -100% 482% -65% -69% 134% -57% 

CS 1-06 -100% -100% -100% -71% -100% -73% -88% -100% -88% 

CS 1-07 -63% -100% -64% -91% -100% -91% -75% -100% -76% 

CS 1-08 -33% -100% -36% -55% -100% -57% -42% -100% -45% 

Overall Percent 

Difference 
-60% -100% -61% -86% 12% -82% -71% -50% -70% 
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Project #1 

Project #1 data are expected to be the most stable given the 12 years of observed collision 

data available. While many control sections for Project # 1 were estimated to have higher-

than-expected collision frequencies for specific, individual collision categories, the overall 

“SV (single vehicle) totals”, “MV (multi-vehicle) totals” and “All collisions totals”, were found 

to have observed collision frequencies lower than predicted. The PDO (property damage 

only) total was found to be slightly higher than predicted (0.01 collisions/km∙year); however 

the F/I (fatality/injury) totals were found to be much lower than expected (-0.11 

collisions/km∙year). The “overall” percentage difference for all categories presented in 

Table 12 was found to be negative (-13%); indicating that the overall trend for the Project 

#1 freeway was that observed collision frequencies were lower than those frequencies 

predicted using the appropriate SPFs, CMFs, and calibration factors. 

 

Project #2 

The calculated results for Project #2, similar to Project #1, were that several control 

sections were estimated to have higher-than-expected collision frequencies for individual 

collision categories; however, unlike Project #1, in addition to having a PDO total greater 

than 0 (0.01 collisions/km∙year), the MV total for Project #2 was also positive (0.01 

collisions/km∙year), indicating that more PDO collisions and MV collisions were 

experienced on this freeway than predicted. These results are consistent in Table 13 and 

Table 14; although the total F/I (-0.12 collisions/km∙year), SV (-0.12 collisions/km∙year), 

and overall collisions (-0.11 collisions/km∙year) frequencies were found to be lower than 

those predicted. The overall percentage difference for all categories for Project #2 was 

found to be negative (-16%). 
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Project #3 

For Project #3, unlike Projects #1 and #2, limited available collision data required 

calculating the predicted collision frequencies using the EB Method in addition to 

employing SPFs, CMFs, and calibration factors. Similar to Projects #1 and #2, several of 

the Project #3 control sections were estimated to have higher-than-expected collision 

frequencies for specific collision categories; although none of the control sections for 

Project #3 had “total” observed collision frequencies higher than the corresponding 

predicted frequencies. The only Project #3 collision category where observed collisions 

outnumbered predicted collisions was multi-vehicle, fatality/injury (0.001 

collisions/km∙year), which represented a small fraction of the observed and predicted 

collision events. The overall percentage difference for all categories for Project #3 was 

found to be negative (-70%), which is significantly greater than the overall average 

differences for Projects #1 and #2. 

 

3.5 Comparing the Three P-3 Freeway Projects 

Once the reductions in collision frequencies were estimated individually for each of the 

three P-3 freeways, a comparison of these reductions was made. In order to properly 

account for the variability of the data quantity available for each of the projects (e.g., 12 

years of data were available for Project #1 compared to 2 years of data for Project #3) 

collision reductions for the three projects were weighted as presented in Table 17. The 

calculated ‘Relative Weight’ was used to determine the weighted averages below. 
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Table 17 – Data Availability: Weighting Factors 

 
Years Km 

Product  

(Yrs. x Km) 

Relative 

Weight 

Project #1 12 169.7 2036 79% 

Project #2 5 91.9 460 18% 

Project #3 2 36.4 73 3% 

  Total 2568  

 

 

The data presented in Table 18 indicate that the number of collisions for most categories 

was consistently lower for each of the three projects; although, Project # 1 and Project #2 

each had sub-categories found to have collision increases rather than reductions. Using 

the data influence factors presented in Table 17, the “weighted averages” presented at 

the bottom of Table 18 indicate that the overall estimated average reduction in total 

collisions for the three projects was 0.12 collisions per km, per year. 

 

Table 18 – Difference of Total Collisions (Observed – Predicted) (per km ∙ year) 
 

Project # 
PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

1 0.02 -0.02 0.01 -0.11 0.00 -0.11 -0.09 -0.02 -0.11 

2 -0.01 0.01 0.01 -0.12 0.00 -0.12 -0.12 0.01 -0.11 

3 -0.23 -0.02 -0.24 -0.25 0.00 -0.24 -0.48 -0.01 -0.49 

Weighted 

Average 
0.01 -0.01 0.00 -0.12 0.00 -0.12 -0.11 -0.01 -0.12 

 

 

The calculated differences in total collisions presented in Table 18 are presented again in 

Table 19 as average percentage (%) differences of total collisions. In this table, the PDO 

and Fatal/Injury total weighted averages show decreases of 1% and 36%, respectively, 

with the total overall weighted average reduction calculated to be 15% for all three 
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projects. It is interesting to note that while the average number of PDO collisions for all 

three projects was only slightly lower than predicted, the overall number of collisions 

involving fatalities and/or injuries were consistently, significantly lower when averaged 

across all three facilities. The lack of significant reductions in PDO collisions is likely the 

result of severity mitigation, where collisions that may have resulted in injuries and/or 

fatalities ultimately resulted in property damages only, thereby nullifying any apparent 

reductions in PDO collision frequencies due to the inclusion of RSAs. 

Table 19 – Average Percentage (%) Difference of Total Collisions (Observed – 

Predicted) 

Project # 
PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

1 5% -23% 1% -37% -10% -33% -13% -18% -13% 

2 -2% 36% 2% -44% -1% -39% -19% 18% -16% 

3 -60% -100% -61% -86% 12% -82% -71% -50% -70% 

Weighted 

Average 
2% -15% -1% -39% -8% -36% -15% -12% -15% 

 

 

 

3.6 Accuracy of Analysis Results 

The results presented in Table 18 and Table 19 indicate that the overall total collision 

frequencies experienced on the three New Brunswick P-3 freeways were consistently 

lower than the predicted frequencies generated using the SPFs, CMFs, and calibration 

factors presented in the 2014 HSM. In order to assess the reliability of these results, a 

statistical analysis, using a methodology presented by Hauer (2015), was performed to 

estimate the Standard Errors (SEs) of the values presented in Table 18 and Table 19. 

The results of this analysis are presented in Table 20. 
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Equation 5 – Standard Error: Reduction of Collisions  

 

Standard Error = σ = 
√Observed Collisions (per year)

Length of Project (km)
 

 
 

Table 20 – Standard Error: Difference of Total Collisions (Observed – Predicted) 
(per km ∙ year) 

 

Project # 
PDO Fatal/Injury All Collisions 

SV MV Total SV MV Total SV MV Total 

1 ±0.04 ±0.02 ±0.05 ±0.02 ±0.01 ±0.03 ±0.05 ±0.02 ±0.05 

2 ±0.05 ±0.02 ±0.05 ±0.03 ±0.01 ±0.03 ±0.06 ±0.02 ±0.06 

3 ±0.06 ±0.00 ±0.06 ±0.03 ±0.02 ±0.04 ±0.07 ±0.02 ±0.08 

Total 

Weighted 

Average 

±0.04 ±0.02 ±0.05 ±0.02 ±0.01 ±0.03 ±0.05 ±0.02 ±0.05 

 

 

The total weighted average SEs presented in Table 20 were calculated using the 

weighting factors presented in Table 17 (based on freeway lengths and the number of 

years’ worth of data). These SEs represent the variability of the collision reductions 

presented in Table 18. The HSM (2010) states that a “standard error” is the “estimated 

standard deviation of the difference between estimated values and values from sample 

data”, and that one standard error provides a 65-70% confidence interval (CI) or 

“probability that the true value is within the estimated intervals”. The HSM goes on to 

explain that two SEs provide a 95% CI. Using the “All Collisions” weighted averages from 

Tables 18 and 20, the 95% CI would be -0.12 ± 0.10, or -0.22 to -0.02 collisions, per km, 

per year, and the 95% CI for the total weighted average of Fatality/Injury collisions would 

be -0.12 ± 0.06, or -0.18 to -0.06 collisions, per km, per year. Since these CI ranges are 

all negative, the differences between observed and predicted collision frequencies can be 
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considered statistically significant. This is strong evidence of the positive impact RSAs 

have had on the three New Brunswick P-3 freeways. 

 

3.7 Discussion and Conclusions 

3.7.1 Discussion 

The results of this study indicate that the overall frequencies of collisions, on all three New 

Brunswick P-3 freeways, were consistently lower than the predicted frequencies 

generated using the appropriate SPFs and CMFs, as well as calibrating and weighting the 

data and employing the Empirical Bayes Method. The data presented in Table 19 indicate 

that on average 15% of predicted collisions on freeway facilities can be mitigated by 

including RSAs in the Design-Build-Operate process, with reductions in fatality/injury 

collisions representing the bulk of these improvements. Factors such as collision reporting 

systems, driver characteristics, maintenance practices, and weather conditions were 

accounted for by calibrating the predicted collision frequencies using collision data from 

six similar freeway sections within New Brunswick; the primary difference between the 

calibration sections and the three P-3 freeways being that the calibration sections were 

designed and built without Road Safety Audits. The Standard Errors presented in Table 

20 indicate that the reductions of total overall collisions and, more specially, Fatality/Injury 

collisions are within a 95 % Confidence Interval. This indicates that, with most other causal 

factors apparently accounted for, there is a degree of confidence that the reductions in 

collision frequencies identified in this study are attributable to the presence of RSAs during 

the design and construction phases of the three New Brunswick P-3 freeways. 
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3.7.2 Conclusions 

This article synthesized a collision frequency analysis for three New Brunswick P-3 

freeways. The findings of this study indicate that including RSAs in P-3 freeway projects 

in New Brunswick has resulted in fewer fatalities and injuries, primarily for single-vehicle 

collisions. The P-3 freeway projects included in this study experienced an average 1% 

decrease in PDO collisions (virtually no overall change in PDO collisions per kilometre, 

per year for all three projects), 36% fewer fatalities/injuries (a reduction of 0.12 collisions 

per kilometre per year), and an average 15% fewer collisions overall (also a reduction of 

0.12 collisions per kilometre per year) than predicted using collision prediction models. 

 

The results of this study indicate that including RSAs in the Design-Build-Operate model 

for large P-3 projects may significantly reduce the overall frequency of collisions (including 

collisions with high social costs, such as those involving fatalities and/or injuries), on these 

types of facilities. Further analysis of the benefits of RSAs versus the costs associated 

with these audits (the fees for the auditors, as well as the costs associated with the 

upgrades constructed based on RSA recommendations) is suggested to properly assess 

the overall practicality and effectiveness of the RSA process; however, the collision 

reductions identified during this study confirm that including RSAs as part of major freeway 

projects is a positive investment towards creating safer facilities for the travelling public. 
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CHAPTER 4: ROAD SAFETY AUDITS AND MAJOR P-3 FREEWAY PROJECTS: COMPARING THE 

BENEFITS AND COSTS* 

 

 

Abstract 

Although formal Road Safety Audits (RSA) have become a common feature on large-scale 

highway construction projects throughout Canada, there is a limited understanding of the 

net safety benefits afforded by this oversight process for project design/development. 

Incorporating RSAs into large highway projects incurs significant costs; therefore, it is 

necessary for the highway authorities undertaking these projects to better understand the 

resulting benefits associated with the RSA process.  

 

This paper synthesizes an economic analysis that evaluates the safety benefits derived 

from full RSA reviews undertaken for a series of three separate large Private-Public 

Partnership (P3) highway projects in New Brunswick. All of the projects involved rural 

freeway developments valued at approximately $550 to $600 million each. They were 

subjected to the audit process throughout all planning and design stages, and they have 

been operating for a period of time sufficient to yield stable collision histories. 

 

This paper builds on a previous research phase that estimated the reductions in crash 

severities and frequencies attributed to the inclusion of the RSA process. A detailed 

accounting of the audit findings for all project phases was undertaken to estimate the 

incremental costs that were borne by the project developers. In this current study, the 

benefits (in the form of reduced collision outcome) were contrasted with the costs 

associated with conducting these audits and implementing the mitigative measures 

https://www.cite7.org/
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proposed. It is important to consider that the benefits related to RSAs are a combination 

of reductions in both collision frequency and severity.  

When the safety benefits were contrasted with the audit costs for each of the three freeway 

projects, the estimated Benefit-Cost (B/C) ratios ranged from 50:1 to 65:1, with an average 

B/C ratio of 55:1 for the three P-3 projects. Following a sensitivity analysis of discount 

rates and collision costs, the most conservative overall B/C estimate was found to be 20:1. 

These results indicate that the RSA process is one of the most cost-efficient investments 

in road safety that a road authority can make. The findings of this research provide the 

first strong evidence to support the conduction of RSAs for all project planning/design 

phases from a safety and economic perspective.  

 

Keywords: Road Safety Audits, Highway Design, Freeway Design, Public-Private-

Projects, Highway Safety 

 

4.1 Introduction 

Road Safety Audits (RSAs) have only recently gained a foothold in North America despite 

being commonplace in other countries for the past few decades. Many Public-Private-

Partnership (P-3) projects, which are currently underway or completed in several 

Canadian provinces have included RSAs as integral components of their Design-Build-

Operate structure. This trend towards a safety-first culture in roadway design and 

construction is assumed to result in safer facilities for motorists. 
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There is a limited understanding of the net safety benefits of RSAs. Incorporating these 

reviews into large freeway projects incurs significant costs; therefore, it is necessary for 

the jurisdictions undertaking these projects to better understand the benefits associated 

with the RSA process. The costs associated with RSAs are usually easily assessed (e.g., 

design/construction changes and the auditor fees); however, the benefits related to RSAs 

(e.g., reductions in fatalities, injuries, and property damage collisions) are not as easily 

quantified. Although previous studies have examined RSAs and P-3 projects, no previous 

research has done a complete analysis and comparison of RSA findings, including their 

net safety benefits, for several P-3 freeway projects with similar scope and nature. 

 

This study involved estimating the affect RSAs have had on collision frequencies on three 

New Brunswick P-3 freeway projects. Included in this study were the Fredericton to 

Moncton Highway Project (Project #1), the Trans-Canada Highway Project (Project #2), 

and the Route 1 Gateway Project (Project #3). All three of these projects (which are 

summarized in Table 21), are P-3 Projects that were developed in New Brunswick within 

the last 20-years.  

Table 21 – New Brunswick P-3 Freeway Projects 

 

Project # Project Title Completed 
Project 

Cost* 

Control 

Sections 

CS 

Lengths 

(km) 

Inter-

changes 

Total Length 

Greenfield 

(km) 

1 

Fredericton to 

Moncton 

Highway 

Project 

2001 
$584 

million 
17 3.2 - 18.8 20 169.7 

2 

Trans-Canada 

Highway 

Project 

2007 
$544 

million 
8 3.8 - 18.5 9 95.6 

3 

Route 1 

Gateway 

Project 

2012 
$580 

million 
6 1.9 - 13.6 5 41.3 

 

Note* : These Project Costs include both the “greenfield” and upgraded sections of each 

project. 
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The locations of the three New Brunswick P-3 freeway projects are presented in Figure 

4. Project #1 was located in south-central New Brunswick; Project #2 was located along 

the western edge of New Brunswick; and Project #3 was located along the south coast of 

New Brunswick. 

 

This study presented a unique opportunity to examine and compare three large-scale P-

3 freeway projects with similar fundamental characteristics, including: 

 

 All New Brunswick (NBDTI) freeway projects with the same functional classification 

and design speeds; 

 Managed by the same provincial governmental Project Group; 

 Similar Design-Build-Operate contracts (approximately 30 years of operation, 

each); 

 Similar overall project budgets (although audits only applied to greenfield sections 

which vary by proportion between the three projects); 

 Majority of scope being the Trans-Canada Highway; 

 Same core Road Safety Audit team; and 

 Completed within a 15-year overall timeframe, from the beginning of Project #1 to 

the end of Project #3 (no overlap between project schedules). 

4.1.1 Study Goals and Objectives 

The primary goal of this phase of the overall study was to develop a better understanding 

of the magnitude of the economic efficiency of the RSA process.  
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Figure 5 – New Brunswick P-3 Freeway Projects 

 (Base map provided by https://www.google.ca/maps) 

 

The specific objectives undertaken to achieve this goal included: 

 

1. The identification and quantification of benefits and costs associated with the RSA 

process emanating from the recent P-3 highway projects in New Brunswick. 

2. The completion of a Benefit-Cost analysis, including a sensitivity analysis of the 

inputs, comparing estimated RSA benefits against the costs associated with 

conducting these audits and implementing the mitigative counter-measures that 

resulted from the process. 

 

The overall benefits and costs attributable to RSA programs include both quantitative and 

qualitative elements which are often difficult to assess and compare. The primary task 
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when attempting to assess the economic efficiency of RSAs is to establish quantifiable 

components of both the benefits and costs related to the audits. In general, it is a much 

easier and more straightforward task to identify the costs related to RSAs than it is the 

benefits.  

 

4.2 Literature Review 

This study attempted to expand on previous research relating to RSAs and P-3 projects 

in order to better understand the net costs and benefits attributable to these audit 

programs. The P-3 model has become more and more common for accomplishing larger 

scale, and some smaller scale projects in Canada as these models are considered 

effective ways to “expedite delivery of the facilities” (Hildebrand et al. 2012). 

 

In The Canadian Road Safety Audit Guide, The Transportation Association of Canada 

(TAC) defines an RSA as “a formal and independent safety performance review of a road 

transportation project by an experienced team of safety specialists, addressing the safety 

of all road users” (TAC 2001); however, TAC has recently modified that definition by only 

prescribing the RSA label to projects where new, “greenfield” facilities, are being 

constructed (i.e., where no roadway facility existed before). TAC refers to safety audits of 

existing facilities as “In-service Road Safety Reviews” (IRSRs), for which they published 

a separate guide, The Canadian Guide to In-service Road Safety Reviews, in 2004 (TAC 

2004). The central principle that solidifies the integrity and value of an RSA is the 

independence of the auditors. These professionals exclusively audit the safety-related 

aspects of roadway projects, (independently of those responsible for planning, design, 

and construction of the project itself) with project budgets and schedules only distant 

priorities (ITE 2004). By the mid to late 1990's, RSAs were being incorporated into 
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Canadian roadway projects, with the first audit in Canada “believed to have been 

undertaken in British Columbia in early 1997”. Since that time, RSAs have been conducted 

across Canada in various forms (Macaulay et al. 2002). 

4.2.1 Safety Audit Benefits  

The general assumption of highway researchers, planners, and designers who have 

pondered the relation between the benefits and costs of safety audits is that the benefits 

outweigh the costs; however, there is little supporting research that has been published in 

the past 20-years to confirm this assumption quantitatively. Most studies conducted in 

North America and countries around the world state in their conclusions and 

recommendations that further efforts are needed to better understand and quantify the 

benefits of RSAs, and that little information is available to the public in terms of official 

audit reports, recommendations, and responses from clients. A survey of world-wide 

government representatives found that “the lack of information in relation to the 

quantification of the benefits of (safety audits) is a major impediment to their 

implementation within local government” (Macaulay et al. 2002). It should be noted that 

most studies, to date, related to assessing the benefits and costs of highway “safety 

audits” involved In-service Road Safety Reviews, where existing facilities were being 

audited, rather than true RSAs which relate to new or “greenfield” projects where no 

facilities previously existed. As a result, very little research data is available specifically 

pertaining to RSAs.  

 

Benefits attributable to RSAs are most commonly expressed as reductions in collision 

frequencies and/or severities. In some cases, collision events may not have been 

completely avoided; however, a collision that may have otherwise resulted in a serious 

injury or fatality may have been mitigated, ultimately resulting in property damages only. 
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When evaluating the proposed remedial actions listed in safety audit reports, a significant 

level of estimation is required to predict the collision savings attributable to these actions. 

Individual audits also vary considerably, from one to the next, in their potential for reducing 

collision frequency and severity based on similar recommendations (i.e., a remedial action 

may help in one case and have little effect in another case) (Macaulay et al. 2002). 

 

Gunter (2005) undertook a retrospective case study of how RSAs have impacted the 

safety of the Fredericton-Moncton Trans-Canada Highway. That study compared the 

safety record of the old Trans-Canada Highway and the new Highway and found that “the 

new facility contributed to an estimated net reduction in the collision rate of 0.259 collisions 

per million-vehicle-kilometres (or 41 percent) and an estimated safety-related collision cost 

savings of over $25,500,000 per year”. In an attempt to isolate the impacts of RSAs, 

Gunter compared the Fredericton-Moncton Highway’s safety performance to the safety 

performances of five similar facilities and the output of six different Safety Performance 

Functions (SPFs). The comparison of average collision rates for the six facilities, (including 

the Fredericton-Moncton Highway) indicated that “applying RSAs contributed to an 

estimated reduction in the overall collision rate of 0.144 collisions per million-vehicle-

kilometres (or 42%) and a total collision cost savings of nearly $1,800,000 per year”. The 

comparison of collision rates generated by the six SPFs and the collision rates 

experienced on the Fredericton-Moncton Highway indicated that “applying RSAs 

contributed to an estimated total reduction in collision rate of 0.084 collisions per million-

vehicle-kilometres (or 24%) and a total collision cost savings of over $3,000,000 per year”. 

Although the improved safety performance of the Fredericton-Moncton Highway cannot 

be solely attributed to the inclusion of RSAs in the Design-Build-Operate process, the 

results of this study “would suggest it has made a substantial contribution” (Gunter 2005). 
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To assign a dollar value to a collision outcome, the impacts the collision event has had on 

those involved, and society as a whole, must be evaluated and quantified. A common 

methodology employed by private and public entities has been to divide collision outcomes 

in terms of Direct Costs, Indirect Costs, and Willingness-to-Pay Costs. The following is a 

brief description of each of these cost components. 

 

Direct costs  

De Leur et al. (2010) describe direct costs attributable to collision events as “tangible and 

clearly understood costs that can be directly linked to the collision, including property 

damage costs, emergency services, medical expenses, legal costs, travel delay costs, 

and costs associated with lost time from the workplace.”  

 

Indirect costs 

Indirect costs attributable to collision events include impacts to people related to, 

dependent on, and/or caring for collision victims, including loss of potential income and 

loss of quality of life for caregivers. These costs also include impacts to society as a whole 

such as traffic delays (including additional pollution) and additional taxing of local 

emergency response and health related services (Vodden et al. 2007). 

 

Willingness to Pay (WTP)  

Beyond the direct and indirect costs identified above, there are many other collision-

related costs that are not easily estimated in terms of monetary value. These costs, such 

as grief and loss of life, are often estimated using a “willingness to pay” (WTP) 

methodology. De Leur et al. (2010) explain that estimating costs associated with 

“willingness-to-pay” is “far from straight forward”. They go on to explain that the WTP 

approach “normally involves obtaining estimates from persons within a population and 
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assesses their tradeoffs between wealth/income and the potential for physical risk and 

harm”. These data are usually obtained by administering questionnaires to particular study 

samples within the general population in order to “ascertain how much money an individual 

would be willing to forfeit in order to obtain a small reduction in their own (or another 

person’s) risk. An example of this would be “if an individual or group of respondents (i.e., 

motorists) might reply to a questionnaire by stating that they would be willing to pay, on 

average, $5 to be assured a risk level of 1: 500,000 that they would be killed on a specific 

trip. Then the ‘value of an average life’ in this case would be $2,500,000 ($5 x 500,000).”  

 

Although the WTP methodology may seem somewhat simplistic and objective in its 

approach, “Individuals make choices each day that balance risks of injury or death against 

monetary considerations” (Vodden et al. 2007). Examples of the WTP methodology 

employed in everyday life would be the choice of a more expensive, but safer motor 

vehicle, or the choice to undertake a dangerous, but higher paying career. In each of these 

cases, the individual has weighed risk versus reward based on their own “willingness to 

pay”. 

 

Table 22 illustrates the variability of collision-cost estimates based on numerous studies 

conducted by private and public entities throughout North America. In most cases, these 

costs were determined using a combination of direct, indirect, and WTP costs, with the 

estimation methodologies varying from one jurisdiction to another. In some cases, there 

are several “injury” types; in others, all injuries are grouped into one overall “injury” 

category. The bottom row of Table 22 presents the collision-related costs used to estimate 

RSA benefits for the current study. 
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It should be noted that estimating collision frequencies using the methodologies presented 

in the 2014 HSM results in two categories of collisions: Property Damage Only, and 

Fatality/Injury. With collisions involving fatalities and injuries being combined into one 

category, a cost for collisions in this category was estimated by combining the fatality and 

injury costs presented in Table 22. Using collision data from the three New Brunswick P-

3 highways, it was found that, of the collisions experienced on these highways that 

involved either a fatality or injury (or both), 96% were found to involve injuries only, while 

the remaining 4% involved at least one fatality. Based on this distribution, a combined 

fatality/injury cost was estimated by weighting the injury and fatality costs in Table 22 

based on a 96% to 4% cost combination. 

 

The following definitions apply to the collision categories presented in Table 22 (de Leur 

et al. 2010): 

  

Fatal collision:  

A collision that results in at least one death occurring either at the scene or within 30 days.  

 

Major injury collision:  

A collision that results in at least one injury requiring an individual(s) to be transported in 

an ambulance or other emergency vehicle to a hospital by emergency response 

personnel.  

 



 

 
 

1
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Table 22 – Collision Related Costs 

Source Year 
Fatal 

Collisions 
Major Injury Collisions 

Minor Injury 

Collisions 
PDO Currency 

Ontario  

(Vodden et al. 

1994) 

1990 $5,332,108 $64,860 $15,029 -  Can 

Ontario  

(Vodden et al. 

2007) 

2002 $6,798,438 $82,696 $19,163 -  Can 

HSM  

(First Edition, 

Volume 1, 

2010) 

2010 $4,008,900 $216,000 $44,900 $7,400 US 

Alberta  

(de Leur et al. 

2010) 

2010 $5,543,800 $134,556 $10,900 Can 

National Safety 

Council  

(NSC 2012) 

2012 $4,538,000 $230,000 $58,700 $2,500 US 

Concordia 

University  

(Al-Dulaimi 

2015) 

2015 $5,416,000 $1,385,000 $30,581 $15,000 Can 

Used for 

Current Study 
2015 $5,500,000 $150,000 $15,000 Can 
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Minor injury collision:  

A collision that involves at least one readily apparent injury, or a claim of an injury, that 

does not require the injured individual(s) to be transported vehicle to a hospital by an 

emergency.  

 

Property Damage Only (PDO):  

A collision that involves property damage to a vehicle(s) and/or other property with no 

apparent injuries or deaths. (Note: While most Canadian jurisdictions use a PDO minimum 

threshold of $1,000, including New Brunswick, Alberta Transportation has recently raised 

their PDO minimum to $2,000). 

 

4.3 Calculating Safety Audit Benefits 

When assessing the relative safety of an existing or proposed highway, it is usually 

necessary to estimate the predicted collision frequencies for that facility based on 

geometric configuration, safety features (such as guiderail/guardrail and rumble strips), 

and recent or projected traffic volumes. Calculated, predicted collision frequencies for 

existing facilities, including roadway segments and interchanges, can then be compared 

to actual observed collision frequencies for the same facilities. This comparison helps to 

assess whether the facility is experiencing more or fewer collisions than would be 

expected, given its traffic flows, geometry, and other features.  

 

Safety Performance Functions 

In order to understand the impact of RSA’s on roadway safety, a metric must be employed 

to assess the safety performance of highways which have included RSAs during their 

planning, design, and construction phases. The American Association of State Highway 
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and Transportation Officials (AASHTO) Highway Safety Manual, 1st Edition Supplement, 

published in 2014 (HSM 2014), is a supplement to previous HSM versions (e.g., HSM 

2010) and provides an extensive process for using SPFs, CMFs, calibration factors, and 

the Empirical Bayes Method to predict collision frequencies on new and existing freeways 

based on numerous traffic, geometric, and safety-related features of the subject freeway 

facilities. The SPFs developed by AASHTO, which were employed for this study, generate 

predicted collision frequencies (thereby overcoming the inadequacies of using collision 

rates), resulting in a direct comparison of predicted with observed frequencies. 

 

Collision Modification Factors 

A Collision Modification Factor, or CMF, is a numerical representation of “the ratio of 

expected collision frequencies associated with two different conditions that may serve as 

an estimate of the effectiveness of a specific type of design, control feature, or treatment” 

(Schultz et al. 2010). It is important when using SPFs, to incorporate CMFs to adjust the 

base models to better suit local conditions, such as horizontal curvature, median width, 

and the presence of guardrail and rumble strips. For this study, the CMFs presented in the 

2010 HSM and 2014 HSM were employed where appropriate. 

 

SPF calibration 

Although most freeways and interchanges have features similar to many other facilities, 

some factors, such as climate, driver demographics, and collision-reporting methods can 

vary widely from one jurisdiction to another; as a result, collision frequencies for similar 

facilities can vary from one location to another. 

 

Calibration factors function in a similar fashion to CMFs. Combining local calibration 

factors with collision frequencies calculated using SPFs and CMFs can account, to some 
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degree of reliability, for differences between the conditions of the facilities being assessed 

and those involved with the establishment of the SPF models. Facilities that have 

experienced collision frequencies higher than those upon which the SPFs are based will 

have calibration factors greater than one; whereas, roadways that have experienced lower 

collision frequencies will have calibration factors less than one. For example, in situations 

where the collision frequencies experienced in the local calibration sections were lower 

than those predicted using SPFs and CMFs (i.e., where the calculated calibration factors 

were less than one), the predicted values for the study highway sections are reduced by 

the calibration factor to account for lower-than-expected collision frequencies on similar 

highways in the vicinity.  

 

The AASHTO Highway Safety Manual (HSM 2014) presents a methodology for calibrating 

SPFs based on local conditions. This process involves identifying a significantly large 

sample of relatively uniform, local, divided freeway sections where collision data for at 

least three years are available. For this study, predicted collision frequencies were 

calculated, and observed collision frequencies were tabulated for six independent sections 

of divided freeway (a total of 38 km) located within New Brunswick. These six calibration 

sections of freeway, where RSAs were not included in the planning, design, or 

construction processes, were located within close proximity of the three P-3 freeways that 

were the primary subject of this study. Five years of collision data were available for all six 

calibration segments, which exceeds the minimum calibration data requirements 

presented in the 2014 HSM.  

 

The calibration process involved a numerical comparison of total observed collision 

frequencies and total predicted collision frequencies for each of the four 

configuration/severity categories (i.e., single-vehicle PDO, multi-vehicle PDO, single-
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vehicle fatality/injury, and multi-vehicle fatality/injury). These calibration factors were then 

applied to the original, predicted collision frequencies that were generated using the 

appropriate SPFs and CMFs. 

 

Empirical Bayes Method 

The Empirical Bayes (EB) Method has become a popular statistical tool often used by 

transportation analysts (in conjunction with prediction models such as SPFs), to better 

estimate collision frequencies for roadway segments, intersections, and other roadway 

facilities (Hauer et al. 2001). The EB Method addresses two of the primary concerns with 

standard safety estimations (e.g., using SPFs alone):  

 

1. It increases the precision of collision estimates beyond what is possible when using 

only a few years’ worth of collision data, and  

2. It compensates for the Regression-to-the-Mean (RTM) Bias. 

 

The EB Method uses two data components to estimate the safety of a particular roadway 

facility: 

 

1. The collision record of that facility, and 

2. The collision frequency predicted using SPFs, CMFs, and calibration factors.  

 

These data are combined by weighting each component based on the confidence in its 

accuracy.  

 

The EB Method was used for this study as the collision data available for Project #3 were 

limited (i.e., this facility was only in operation for two years at the time of this study). The 
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EB Method was used to incorporate both the limited collision data available and the 

predicted collision frequencies calculated using SPFs combined with CMFs and local 

calibration factors. Using the EB Method in this way, it is presumed that the adjusted, 

predicted collision frequencies better reflect the actual safety performances of the Project 

#3 freeway. 

 

Collision Frequency Differences 

The differences calculated between the observed and predicted collision frequencies 

(determined to be attributable to RSAs for the three New Brunswick P-3 projects) are 

presented in Table 23. These calculated values (presented and discussed in Phase #2 of 

the overall study) were then multiplied by the collision-related costs provided at the bottom 

of Table 22 of this article (using a combined Fatality/Injury cost) to produce dollar value 

estimates. The final column of this table presents the estimated savings, per year, 

attributed to the RSAs included in these projects.  

 

It should be noted that the observed number of PDO collisions for Projects 1 and 2 were 

found to be slightly higher than the predicted frequencies. This is likely due to some 

fatality/injury collisions being mitigated in severity shifting from the Fatality/Injury category 

to PDO category. 
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Table 23 – Annual Changes in Collision Frequencies Attributable to RSAs 

 

  PDO Collisions Fatality/Injury Collisions Total Collisions 

Project 
Length 

(km) 

Δ 

Collisions 

Value 

($/Year) 

Δ 

Collisions 

Value  

($/Year) 

Δ 

Collisions 

Value  

($/Year) 

1 169.7 +0.9 +$13,182 -19.44 -$7,343,297 -18.57 -$7,330,114 

2   91.9 +0.6   +$9,115 -10.95 -$4,134,857 -10.34 -$4,125,742 

3   36.4  -8.9 -$133,363   -8.90 -$3,362,312 -17.79 -$3,495,676 

 

4.4 Safety Audit Costs 

The costs associated with RSAs generally include: 

 

 The auditors’ fees; 

 The costs to construct additional upgrades based on the RSA recommendations; 

 The costs to maintain any additional infrastructure; and 

 Other engineering costs. 

 

A significant construction cost associated with the RSA recommendations that was 

included in this study involved a policy change during Project #1 regarding in the 

installation of Energy Attenuating Guardrail End Treatments (EAGRTs) on all guardrail 

segments; a decision which was significantly influenced by the road safety auditors. These 

safety devices (which were later used in Project #2, Project #3, and all other divided 

freeways in New Brunswick), are estimated to have cost millions of dollars, which 

significantly affected the B/C estimate for Project #1.  
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The “other engineering costs” for all three P-3 projects included those borne by the 

contractor and road authority to review/address the audit results and additional 

design/engineering fees. Costs such as project delays and contract and construction 

specification amendments (which are difficult to estimate in dollar amounts), were not 

included in this analysis. 

 

As part of the Benefit-Cost analysis, the costs associated with the RSAs involved in each 

project were identified and assessed using a discount rate of 1% for a 20-year timeline 

(see Table 24). This discount rate is a “real” interest rate that accounts for the time-value 

of money and was determined based on prevailing Canadian national economic lending 

rates and a 2% inflation rate. All costs presented in Table 24 were annualized based on 

2015 dollars. 

Table 24 – RSA Annualized Costs (in 2015 dollars)  

(1% Discount Rate) 

Project 
Construction 

Costs 

Auditors’ Fees 

and other 

Engineering Costs 

Additional 

Yearly 

Maintenance 

Costs 

Total 

Annualized 

Costs 

1 $2,522,650 $284,000 $12,600 $147,747 

2   $995,350 $370,000   $5,000   $63,834 

3   $923,500 $330,000   $4,600    $59,094 

 

 

The auditors' fees were straightforward to assess as these costs were recorded 

throughout each project. The cost estimates associated with any upgrades constructed 

based on the RSA recommendations were more difficult to develop. To do this, each RSA 

recommendation was examined to first identify whether it was accepted by the contractor 
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and road authority. If a recommendation was not accepted and no upgrades were 

constructed, then no additional costs were incurred or included in this study. Once all of 

the upgrades related to the RSAs were identified, the costs associated with each one were 

estimated based on current construction costs in New Brunswick.  

 

Recommendations such as installing additional guiderail/guardrail required estimating the 

length of guiderail required based on similar projects. For instance, on 120 km/h high-

speed freeways, the minimum length of additional guiderail installed to protect a point 

hazard such as a bridge pier or a sign base would be between 150 – 200 m based on 

current guiderail design methodologies used within New Brunswick; therefore, if an RSA 

recommendation was to protect a median pier on both sides, the additional guiderail was 

estimated to be 2 x 200 m = 400 m. The current cost to install new guiderail in New 

Brunswick was estimated to be between $70 and $80 per metre based on similar projects; 

therefore, using a current median value for guiderail (at $75 per metre), the cost to add 

the additional guiderail to protect single point hazards was estimated in current dollars. 

This process was repeated for all RSA recommendations including additional or upgraded 

signage, improved roadside grading, adding frangible bases on roadside signs, and any 

other upgrades completed.  

 

For some of the identified upgrades, installing additional infrastructure, such as extra 

guiderail or signage, was determined to incur additional maintenance costs over the life of 

the facility in addition to the original installation costs. These maintenance costs were also 

estimated based on similar costs on other highways projects throughout New Brunswick. 

For instance, it was estimated that guiderail incurs an average maintenance cost of 

approximately 1% of the original installation costs, per year, due to impacts from errant 

vehicles, scraping by snow removal equipment, environmental damages such as rust, etc. 
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By assuming that these maintenance costs can be spread over the expected life of the 

infrastructure, overall yearly costs attributable the RSA recommendations could be 

assessed. 

 

4.5 Comparing the Benefits and Costs of RSAs 

A standard Benefit-Cost analysis includes identifying all benefits and costs related to a 

particular action (e.g., purchasing a new piece of equipment for a factory, or adding new 

staff for a manufacturing facility), or non-action (e.g., not purchasing a newer, more 

energy-efficient delivery vehicle), using a nominal value based on the estimated dollar 

values of the benefits and costs at the time they occur. All identified benefits and costs are 

then compared directly to create a B/C ratio. If the ratio is greater than one, the benefits 

outweigh the costs. If the B/C ratio is less than one, the costs outweigh the benefits. For 

the current Study, inputs and outputs of RSAs occur in the base year (e.g., construction 

and auditor costs) as well as throughout the life of the facility (e.g., collisions mitigated 

benefits and maintenance costs).  

 

Throughout this study, the upgrades implemented by the P-3 contractors based on the 

RSA recommendations were estimated by comparing similar upgrades to other New 

Brunswick highways; furthermore, the maintenance costs associated with these upgrades 

were estimated over a 20-year timeline (i.e., the estimated average lifespan of roadway 

components such as asphalt concrete pavement), which has been used for B/C analyses 

in other Canadian provinces (Howery 2015). These costs, as well as the fees for the 

auditor’s themselves, were amalgamated to produce annualized costs for each of the 

three projects over a 20-year analysis period. The benefits of RSAs were determined by 

estimating collision frequencies for the three freeways using Safety Performance 
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Functions, Collision Modification Factors, calibration factors, and the Empirical Bayes 

method. The calculated and calibrated collision frequencies were then compared to the 

actual collision records for the three P-3 facilities throughout their entire operational lives 

in order to determine the reduction (or increase) in collision frequencies and severities 

attributable to RSAs. The annual benefits and costs calculated for each freeway project 

were then compared directly to produce B/C ratios for each freeway facility. The results of 

the Benefit-Cost analyses conducted during this study (presented in Table 25) indicate 

that the benefits associated with RSAs, most importantly the values of lives saved and 

injuries avoided, far outweigh the auditors’ fees and the costs incurred by the contractors 

to upgrade the facilities based on the RSA comments. 

Table 25 – Comparison of RSA Benefits and Costs 

Project Total Annual Benefits 
Total Annualized 

Costs 

Benefit-Cost  (B/C) 

Ratio 

1 $7,330,115 $147,747 50:1 

2 $4,125,742 $63,834 65:1 

3 $3,495,676 $59,094 59:1 

All $14,951,533 $270,675 55:1 

 

4.5.1 Sensitivity Analysis 

The B/C analyses included in this study were completed based on certain assumptions, 

including a discount rate of 1% based on the current Canadian economic environment. A 

sensitivity analysis was conducted using 0%, 1%, 2%, 5%, and 10% discount rates to 

determine what effect alternate discount rates may have on the calculated B/C ratios. The 

results of these calculations (presented in Table 26), indicate that the calculated overall 

B/C ratios for all five discount rate scenarios were 24:1 or greater, indicating that the 

benefits of RSAs far outweigh the costs whether a 0% or a 10% discount rate is used for 
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the analysis. This indicates that RSAs remain cost-beneficial in various economic 

climates. 

Table 26 – Sensitivity Analysis 1 – Discount Rates 

 B/C Ratio 

Discount Rate Project #1 Project #2 Project #3 Overall 

0% 55:1 74:1 68:1 62:1 

1% 50:1 65:1 59:1 55:1 

2% 44:1 56:1 52:1 49:1 

5% 33:1 40:1 37:1 36:1 

10% 22:1 26:1 24:1 24:1 

 

A second sensitivity analysis was conducted based on the various fatality, injury, and PDO 

dollar values presented in Table 27 of this dissertation. For this sensitivity analysis, the 

highest and lowest dollar values attributed to each category of collision were utilized to 

provide a range of B/C ratios based on estimated collision costs. The results of this 

sensitivity analysis, presented in Table 27, indicate that the benefits related to RSAs 

continue to far outweigh the costs for all of the collision cost profiles identified in this study. 

Table 27 – Sensitivity Analysis 2 – Collision Severity Costs 

Collision 

Costs 
Fatal Injury PDO 

Project 

#1 

Project 

#2 

Project 

#3 
Overall 

Low $4,008,900 $44,900 $2,500 28:1 37:1 33:1 31:1 

Medium $5,500,000 $150,000 $15,000 50:1 65:1 59:1 55:1 

High $6,798,438 
$1,385,00

0 
$15,000 213:1 277:1 246:1 235:1 
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Table 28 presents the overall B/C ratios for the three P-3 freeways (combined) based on 

the identified “high” and “low” cost estimates presented in Table 27. These calculated B/C 

ratios were compared based on the five discount rates presented in Table 26 in order to 

illustrate their tendency to increase as discount rates decrease. The most conservative 

B/C value was found to be 13:1 using the lowest collision costs and a discount rate of 

10%. A 10% discount rate in the current fiscal environment is probably unreasonable, so 

a conservative B/C ratio estimate of 20:1 is appropriate. 

 

These results indicate that the auditors’ fees and the construction and maintenance costs 

associated with the RSA weigh more heavily on the B/C ratio as the discount rate 

increases.  

Table 28 – B/C Sensitivity Matrix: Collision Costs vs. Discount Rates  

(All Projects) 

 Discount Rate 

Collision 

Costs 
0% 1% 2% 5% 10% 

Low 35:1 31:1 28:1 20:1 13:1 

Medium 62:1 55:1 49:1 36:1 24:1 

High 265:1 235:1 208:1 151:1 100:1 

 

 

4.6 Discussion and Conclusions 

Based on the Benefit-Cost analysis results summarized in Tables 25, 26, and 27, it is 

clear that the estimated benefits attributable to RSAs far outweigh the estimated costs of 

the auditors’ fees and the upgrades implemented based on the RSA recommendations. 

The benefits calculated for this study were not simply tangible dollars saved; they 

represent savings attributable to human lives and injuries, as well as personal property. It 
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is interesting to note that all three P-3 projects exhibited similar B/C ratios, indicating the 

RSAs have all clearly had a similar positive impact on all three New Brunswick freeways, 

further reinforcing the positive effects related to RSAs. These results indicate that 

investing in RSAs has effectively mitigated collision frequencies and severities on the 

three New Brunswick P-3 freeways chosen for this study.  

 

This article synthesized B/C analyses for three New Brunswick P-3 freeways. The findings 

of an earlier phase of this study indicated that including RSAs in P-3 freeway projects in 

New Brunswick resulted in fewer fatalities, injuries, and damages to public and private 

property. The B/C ratios calculated for the three P-3 freeway projects ranged from 50:1 to 

65:1, with an average B/C ratio of 55:1. Even using relatively conservative inputs, an 

average B/C ratio of 20:1 was found. These results indicate that including RSAs in the 

Design-Build-Operate model for large P-3 projects is an extremely cost-efficient approach 

to mitigate the number and severity of collisions on high-speed freeways. The B/C ratios 

presented in Table 25 indicated that the savings attributable to RSAs far outweigh the 

associated costs, confirming that including RSAs as part of major freeway projects is a 

positive investment towards creating safer facilities for the travelling public. 
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CHAPTER 5: CONCLUSIONS 

 
5.1 General Conclusions 

The primary goal of this dissertation was to develop a better understanding of the 

incremental safety benefits that result from the incorporation of Road Safety Audit 

programs into the design and construction phases of new roadway projects. The results 

of this thesis indicate that the savings attributable to RSAs far outweigh the associated 

costs, confirming that including RSAs as part of major freeway projects is a positive 

investment towards creating safer facilities for the travelling public. The results of this 

study also indicate that the RSA audit findings, and the resulting modifications made by 

the contractors based on the RSA reports, cover a wide range of highway design aspects, 

including clear zones, horizontal and vertical alignments, signage, lighting, and pavement 

markings. The ultimate accomplishment of this study was the determination that, for each 

of the three New Brunswick P-3 freeway projects, the audit process has had a positive 

impact on the safety performance of these facilities. 

 

5.2 Conclusions Based on Research Objectives 

The following sections provide a brief summary of each Phase of this research including 

the goals, objectives, and results of the research. 

5.2.1 Phase #1: RSA Findings 

The primary goal of this Phase of the overall study was to present a synthesis of RSA 

findings (and responses by the contractors) that were documented throughout the three 

recent P-3 freeway projects in New Brunswick. The audit findings presented by the RSA 
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Team throughout all three projects were identified and quantified both in terms of audit 

categories and contractor acceptance rates.  

 

Although there was a high rate of variability amongst the three projects, some specific and 

more general trends were observed and discussed. Overall, there were some 

commonalties identified when comparing the proportion of specific RSA finding categories 

throughout the Design, Pre-Opening, and Post-Opening Phases of the three projects, and 

contractor acceptance rates were found to be generally high for all three projects 

(approximately 73%, overall), with interchange-related findings (compared to freeway 

segment findings) receiving the most favourable rates of contractor acceptance. This 

Phase of the overall study provided data to be used in Phases 2 and 3 of this Dissertation. 

5.2.2 Phase #2: RSA Collision Reductions 

The primary goal of this Phase was to estimate the level of collision frequency and severity 

reduction attributed to the RSA process for the three freeway projects. This goal was met 

by comparing the observed collision performance of the three projects subjected to the 

RSA process with the expected performance had they not been audited. The findings of 

this Phase indicate that including RSAs in the three P-3 projects has resulted in fewer 

fatalities and injuries, primarily for single-vehicle collisions. The P-3 projects included in 

this study experienced an average 1% decrease in PDO collisions (virtually no overall 

change in PDO collisions per kilometre, per year for all three projects), 36% fewer 

fatalities/injuries (a reduction of 0.12 collisions per kilometre per year), and an average 

15% fewer collisions, overall (also a reduction of 0.12 collisions per kilometre per year) 

than what would be expected as estimated using calibrated Safety Performance 

Functions. The results of this study effectively produce a Collision Modification Factor 

(CMF) of 0.85 for rural freeways. 
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The results of this Phase of the overall study indicate that including RSAs in the Design-

Build-Operate model for large P-3 freeway projects may significantly reduce the overall 

frequency of collisions (including collisions with high social costs, such as those involving 

fatalities and/or injuries), on these types of facilities. These results, along with the results 

of Phase 1 of this study were combined and further developed in Phase 3. 

5.2.3 Phase #3: RSA Benefits and Costs 

The primary goal of this Phase was to develop a better understanding of the magnitude of 

economic efficiency of the RSA process. The Benefit-Cost analysis used to achieve this 

goal was developed using the RSA audit findings and collision reduction data produced in 

Phases 1 and 2 of this dissertation. Several assumptions were made during this Phase, 

including the appropriate discount rate to use, and a relatively robust valuation of 

intangibles such as fatalities and injuries; however, the sensitivity analysis included in this 

Phase confirmed the positive impact of the overall results. 

 

The B/C ratios calculated for the three P-3 freeway projects ranged from 50:1 to 65:1, with 

an average B/C ratio of 55:1. The most conservative estimate of the average B/C ratio 

was found to be 13:1, which incorporates the most conservative estimates for all relevant 

input variables. Based on the results of this analysis, it is clear that the estimated benefits 

attributable to RSAs far outweigh the estimated costs of the auditors’ fees and the 

upgrades implemented based on the RSA recommendations. The benefits calculated for 

this study were not simply tangible dollars saved; they represent savings attributable to 

human lives and injuries, as well as personal property. It is interesting to note that all three 

P-3 projects exhibited similar B/C ratios, indicating the RSAs have all clearly had a similar 

positive impact on all three New Brunswick freeways, further reinforcing the positive 
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effects related to RSAs. These results indicate that investing in RSAs has effectively 

mitigated collision frequencies and severities on the three New Brunswick P-3 freeways 

chosen for this study. 

 

5.3 Limitations and Recommendations 

The scope of this study was limited to three freeway facilities located within New 

Brunswick. By limiting the scope of this research, many factors related to the nature, size, 

and environmental and climatic differences between the study locations could be 

minimized in an effort to account for any variances in the study sample. This study was 

also limited to large-scale projects, with each having a Design-Build budget in the range 

of $500 million. These freeway construction projects were also all Public-Private-

Partnership endeavors with aggressive schedules dictated by similar, extensive 

construction contracts with the Province’s role being limited to design audits and contract 

negotiations. 

5.3.1 Recommendations 

The data analysis presented in this thesis provides the groundwork for the overall 

assessment of the benefits and costs related to RSAs, specifically when these audit 

programs are incorporated into Canadian P-3 freeway projects. The following 

recommendations for future, related research are based on the methodology and results 

of this Dissertation: 

 

 Further research related to the benefits and costs related to RSAs is 

recommended, including the analysis of highway projects of different sizes and 

complexities.  
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 It would also be beneficial to include highway projects in various climatic and 

topographical variations, as this would provide a more well-rounded assessment 

of the incremental benefits of RSAs in various geographic environments.  

 

 Developing a methodology to better account for the uncertainty/variability of SPF 

model outputs (to be compared against observed collision experience) would likely 

lead to better estimates of the impacts of RSAs. 

 

 Alternate collision prediction models/safety performance functions could be 

applied to the three New Brunswick P-3 freeway projects in order to compare those 

prediction models with the functions used for this study. This process would help 

evaluate the accuracy of the SPFs used for this study and perhaps help future 

researchers to decide which prediction models to use in their analysis, specifically 

studies of Canadian roadways. 

 

 The results of this study should be communicated to government agencies for use 

during the planning stages of future highway projects. The estimated collision 

frequency and severity reductions, as well as the calculated B/C ratios could be 

useful tools when deciding if RSAs should be included in future projects. 

 

Future research related to RSAs will improve the accuracy and reliability of quantifying the 

benefits of collision reductions and the estimated costs attributable the RSA process with 

the ultimate goal to better understand the effect that RSAs have had on improving the 

safety roadway facilities. 
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5.4 Research Significance and Contribution 

With new highway facilities continuing to be designed and constructed throughout the 

world, the need for a formal safety audit program that can be implemented in most urban 

and rural jurisdictions is important as these types of facilities continue to grow in scope, 

complexity, and capacity. The results of this study provide tangible proof that RSA 

programs can have a significant impact on large highway facilities, giving jurisdictional 

governments the information they need to implement safety audit programs. While RSAs 

were found to incur significant costs (including auditor fees, design changes, increased 

construction costs, and project delays), this study proved that the benefits of the RSA 

review process far outweigh the costs that these audit programs incur. The calculated 

CMF of 0.85 for implementing RSAs on rural freeway projects is a tool which may help 

future planners when deciding if RSAs are to be included in their projects. 

 

5.5 Future Work 

The scope of this research was limited to three large P-3 projects with similar budgets, 

environments, design components, and expected traffic demands. It is hoped that this field 

of research, in the future, will expand into various environments (both urban and rural 

jurisdictions in and outside of North America) and traffic compositions (e.g., dense traffic 

conditions, mixed vehicle use, and high pedestrian/cyclist traffic volumes) in an effort to 

better understand the costs and benefits related to RSAs for all types of roadway facilities. 

In order to confidently state that RSAs have a positive impact on all such facilities, further 

research, which consistently indicates that RSAs have positive Benefit-Cost ratios, is 

required to further promote the use of these audit programs.   
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5.6 Concluding Remarks 

This study attempted to identify and quantify the impacts that RSAs have had on three 

large, mainly rural freeway projects located in New Brunswick, Canada. Understanding 

the nature of the RSA findings and the impact they have had on the safety performance 

of these facilities were the ultimate goals of this research. The primary finding of this study, 

that RSAs can have a significant, economically efficient impact on the safety performance 

of highway facilities gives hope that these audit programs will continue to gain momentum 

and have an ever-increasing impact on the transportation network that surrounds us.  

 

Government entities, highway designers and contractors, and safety experts each 

continue to play a significant role in improving the safety features and performance of the 

constantly evolving highway systems throughout the world. In this evolving, safety-first 

environment, Road Safety Auditors play an important role in the design and construction 

of highway facilities, adding another layer of inspection as highway facilities continue to 

be initiated and accomplished.  
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