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EXECUTIVE SUMMARY 

In the last decade, more than a quarter of a million serious injuries and approximately 

17,000 fatalities have occurred on the roads in Australia. Intersection crashes account for 

around half of these. To help combat this persistent safety concern, a multi-tasked, multi-

year research study was developed to review intersection safety in Victoria from a 

fundamental angle, with the aim of identifying or generating countermeasures that are 

aligned with Safe System philosophies, are innovative, and hold promise to effect 

substantial reductions in intersection crashes. 

A targetted literature review was undertaken in the initial stages of the study to ascertain 

current work in the area and to extract innovative, Safe System compatible designs and 

countermeasures that can produce significant wide scale improvements in intersection 

safety, providing direction for the next stages of the study. The review specifically 

focussed on findings that were different from standard treatment, with an emphasis on 

innovation, and the scope to produce large reductions in serious casualties. 

International intersection studies in progress 

Key road safety institutes, and in particular, SWOV (the Dutch research organisation), and 

Swedish Road Administration (SRA) identify intersections as an area of concern. The 

following section describes briefly current studies relating to research on innovative 

intersection designs. 

SWOV currently holds one PhD student that focusses on observing behaviour patterns at 

intersections, with the aim of understanding behaviour at intersections, in order to modify 

infrastructure to accommodate behaviour at intersections. The PhD is linked to a larger 

study where driver behaviour is monitored while on the road network, including at 

intersections. Interaction with in-vehicle technology is also recorded. At the time of review 

SWOV was undertaking a specific study relating to seeking innovative designs to improve 

intersection safety. SWOV is currently a collaborator on the present study. 

SRA research relating to intersection safety focussed on investigating variable speed limit 

trials at intersections. VTI (Sweden’s research institute) completed a review on intersection 

safety with a key finding suggesting a large-scale shift towards the installation of 

roundabouts. STA is currently a collaborator on this study. 

Literature review revealed numerous intersection-related projects in progress in the US. 

The majority of the projects focussed on using standard designs and treatments. Projects 

such as INTERSAFE look at in-vehicle technology to address concerns at intersections, 

increasing communication between the various road users and components to ensure 

imminent conflict is conveyed to the relevant road users.  

A workshop on intersection safety in the US employed an innovative format and approach 

to discover new ideas: lay people and road safety experts representing various road user 

groups were invited to a workshop to improve road safety through the application of 

intersection design knowledge. Several intersection sites were visited, and the workshop 

delegates rated safety of the intersection based on specific criteria. Modified designs were 

generated to effect safer interactions at these intersections. 
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Completed Studies 

The research available on intersection safety is expansive. In particular, there is a heavy 

study emphasis on behaviour at intersections. Studies on infrastructure safety measures 

were considerably less, and studies on innovative infrastructure designs that seek to 

fundamentally remove elements of intersection design associated with serious injury were 

found to be minimal. There appeared to be no current studies with the specific objectives 

of generating designs more aligned with the Safe Systems approach. The review of 

literature revealed many designs that could be investigated further for potential trial here in 

Victoria. In addition to the below, the literature reviewed revealed many findings on driver 

behaviour at red lights and on approach to signals; driver influences on speed choice; and 

influences of age and experience and level of aggressiveness on behaviour. These have not 

been presented here, maintaining the study focus on infrastructure measures. 

Design - The underlying aim of this study was to identify means of minimising fatal and 

serious injury at intersections. The human body has a certain biomechanical tolerance over 

which serious injury is almost certain. At intersections, it is estimated that this tolerance is 

reached in crashes where impact speeds exceed 50 km/h, (Tingvall & Haworth, 1999). The 

Kinetic Energy Management Model, KEMM, (BF Corben, 2005)  utilises five steps 

through which road safety can be targetted: reducing exposure to crashes, reducing crash 

risk given exposure, reducing kinetic energy transfer to the road user, reducing kinetic 

energy per crash, and maintaining awareness of the biomechanical tolerance of the human. 

The literature review findings are structured under these headings in the main body of the 

report to provide a context for the findings. 

Listed below are unusual or new designs that were either assessed at having positive 

effects on safety, or are designs that have not been trialled yet in Australia, and were 

considered important to note. Some standard designs that adhere comprehensively to the 

principles of Safe System have also been presented here to reinforce existing designs that 

can produce significant road safety benefits were they implemented on a large scale. 

Jug Handle (and variations) – Describes a looped right turn instead of the traditional 

manoeuvre; compared to conventional design evaluation results estimated lower proportion 

of right-turn crashes (between 3.7% and 11.8% reduction) and head-on crashes but a 

higher rear-end crash proportion (56.6% compared to 42.7%) (Jagannathan, 2006). Jug 

Handles were also found to produce less delay (FHWA, 2008). 

Bowtie Intersection – Describes an intersection where no right turn is permitted at the 

intersection but where two roundabouts downstream and upstream of the intersection 

provide facilities for u-turning, (Furtado, et al., 2003).  

Super Street – Intricate intersection layout designed to minimise right-turn conflict; a 

simulator study of three variations of the Super Street in relation to safety aspects found 

that the design which included only the one U-turn lane produced significantly fewer 

conflicts than with the conventional design, (Kim, Edara, & Bared, 2007). 

J-Turns – J-turns consist of U-turning through a median; a three-year study of a J-turn 

intersection in Maryland, saw a reduction of crashes from around eight per year to less than 

one per year after the installation of the new design (NCHRP, 2010). 

Diverging Diamond Interchange (DDI) – Describes an intersection geometry where 

traffic is diverted to the opposite side of the road to allow rights turns to be completed 

without conflict after which through-traffic is diverted back to the original side of the road. 

Trials conducted on this design suggest an overall reduction in speed associated with the 

design, and resultant increase in safety compared to the conventional design. The DDI 
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constructed in France, Versailles, over 25 years ago, experienced around 50% reduction in 

crashes, (FHWA (b), 2007). 

Gap Selection Support – Time-to-arrival estimates of approaching vehicles or painted 

spots on road provide gap selection assistance to driver. A 60% drop in crashes was 

recorded one year post installation of “dots on road”, (Latham & Trombly, 2003). Much 

in-vehicle technology is available to assist drivers negotiate intersection and avoid 

conflicts. These have not been explored in detail given the study emphasis on infrastructure 

measures. 

All-Way Stops – All vehicles are required to stop upon reaching the intersection prior to 

proceeding through intersection on a first-come basis. Conversion from two-way stop to 

four-way stop produced crash reductions in urban areas of 71% for injury crashes of all 

types, 72% reductions in right-turn crashes of all severity levels and 39% in pedestrian 

crash types of all severity levels (FHWA (a), 2007) though its effects on speed reduction 

have been challenged in earlier research (Bretherton Jr, 1999). 

Stop Line Hump – A gradual hump is introduced just beyond the Stop line to manage 

intersection speeds. These are in common use in the Netherlands. No evaluations of 

effectiveness were available at time of study. Humps on slip lanes have also been utilised. 

Raised Intersections – Installed on occasion at sites in Victoria, raised intersections or 

raised platforms create a vertical deflection to induce slower speeds through the 

intersection. Mixed results on the effectiveness in reducing speed. 

Rumble Strip Speed Zones – Rumble strips are placed on approach to a reduced speed 

zone to alert drivers of speed limit change, (FHWA (a), 2007). 

Peripheral Lines – Peripheral lines have been used to alter the perceived travel speeds of 

the driver. Studies have found the peripheral lines to effect lower speeds though longevity 

of the results is questionable, (Fildes & Jarvis, 1994; Mulvihill, Candappa, & Corben, 

2008). 

Virtual Wall – A laser, virtual barrier is created at the intersection approach stop line to 

perceptually prevent vehicles crossing on a red light at traffic signals, (Hanyoung, 2009). 

Roundabout Variations – Roundabouts have proven to embody all the key principles for 

Safe System design: producing reduced speeds through the intersection, producing smaller 

conflict angles and physically preventing the most severe of crash types. For this reason, it 

is a recommendation of this study to explore means of including roundabouts where 

possible. The following are variations of the traditional roundabout design: 

Turbo Roundabouts – Used in the Netherlands, Turbo roundabouts are multi-lane 

roundabouts with a three distinctive design features: raised lane separators, perpendicular 

lane approach, and a spiral central island. Casualty crashes are estimated to reduce by 80% 

when compared to pre-installation circumstances; capacity is estimated to increase by 20%, 

(Fortuijn L. G. H., 2009). 

Hamburger and Hot Cross bun roundabouts – Used in the U.K., these 

roundabout designs are aimed at improving traffic flow for the main flow of traffic. There 

is potential for the safety aspects of the design to be compromised as a result of the design 

modifications, though no data have been collected to verify the safety consequences of 

these. 

Safe Speed – Safe intersection design relies heavily on creating the correct speed 

environment. One study found a 10 km/h reduction in speed, produced a 44% reduction in 

crash occurrence (Ragnøy, 2007). For this reason, it is necessary to ensure speed limits at 

intersections are appropriate and credible.  
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1. BACKGROUND 

A well-functioning road-transport system is vital to the well-being and prosperity of 

Australia. In the last decade, more than a quarter of a million serious injuries and 

approximately 17,000 fatalities have occurred on the roads in Australia. In 2008, there 

were 1,342 fatal crashes resulting in 1,464 road fatalities in Australia. The statistics for 

Victoria indicate 278 fatal crashes resulting in 303 fatalities. The crash data suggest that 

intersections are associated with a higher level of crash risk than other types of facilities in 

the road network.(Department of Infrastructure Transport Regional Development and 

Local Government, 2009) The crash data suggest that approximately 100,000 Australians 

have been seriously injured or killed in intersection crashes in the last decade. The data for 

Victoria suggest that slightly fewer than 50 per cent of all serious injury crashes occur at 

intersections (E. Hoareau, N. Candappa, & B. Corben, 2009). Intersection safety is now 

recognised as a major road safety concern not just in Australia but also worldwide.  

To help combat this persistent safety concern, a multi-tasked, multi-year research study 

was developed to review intersection safety in Victoria from a fundamental angle, with the 

aim of generating countermeasures that are innovative and effect more substantial 

reductions in intersection crashes. It is believed that if the focus is placed on the physics of 

intersection crashes: that is, the kinetic energy generated, the angles produced through 

existing geometries, the biomechanical tolerances of the road user - aspects that are 

universally consistent - a deeper understanding of intersection crashes, consequences and 

potential solutions can be achieved. The study consists of ten tasks, and this report 

constitutes findings from Task 2 of the Intersection Study: Literature Review. 

A review of recently completed research and work-in-progress reports was undertaken to 

gain a better understanding of the status of intersection safety work both nationally and 

internationally. The aim of the literature review was to learn from relevant research already 

completed, establish the current practice in intersection design, and identify existing 

studies (current and recently completed) that address the issue of intersection safety, to 

create more tangible research directives in the context of existing work. Any 

countermeasures identified through the review that were innovative or promised great 

potential will then be explored further through trials and evaluation techniques during the 

latter parts of the study. 

1.1. AIMS 

The following specific aims were defined for Task 2 of the study: 

1. Identification of existing intersection designs that are uncommon to Victorian roads 

and discussion of any safety performance evaluations of these; 

2. Identification of any innovative designs, and new technology that are used to address 

safety concerns at intersections; 

3. Discussion of behaviour traits at intersections; 

4. Definition of the demands of different road-user groups at intersection; 

5. Discussion of the tools for performance measurement. 
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1.2. SCOPE AND STRUCTURE OF THE REPORT 

The literature review is completed in two parts: the initial part addresses aims 1 – 2; that is, 

focus will be on literature that provides a better understanding of current intersection safety 

research and presents any existing innovative approaches and treatments that can be 

immediately explored further. Depending on findings and the progress of the study 

subsequently, aims 3 - 5 will be completed midway through the study when the feasibility 

of selected intersection designs and performance measures need to be established. 

The scope of this literature review is potentially immense as a simple “Google” search on 

“Intersection Safety” produced over 50,000 articles. In order to keep the review 

manageable and within the required timeline, a targetted review was undertaken on 

literature specifically relating to innovative or unusual treatments and behaviour traits at 

intersections only. This report is not an attempt to summarise the various approaches to 

intersection safety internationally, or to provide a report on all intersection treatments and 

their performance. The review was aimed at answering two key questions: are there any 

current or recently completed research studies on intersection safety that we could learn 

from; and are there any existing intersection designs or treatments unknown to Victorian 

road authorities that can potentially have a large impact on intersection safety? Note 

however, the focus even still remains on innovative treatments that are expected to have a 

large impact on crash levels and consequences rather than incremental improvements, and 

so this review may not be exhaustive in presenting all treatments that are tagged 

“innovative”. As the client of this study is the Victorian road authority, literature on road 

and road infrastructure and policy measures has been the primary focus; where treatments 

involving vehicles and behaviour measures are referred to in the literature, only a brief 

overview of any helpful aspects has been presented. 

The rigour with which the crash reduction factors have been determined through the 

studies varies, some crash reduction factors are highlighted as emerging from studies with 

rigorous methodologies and others from simple before-and-after study designs. The 

intention of this literature review is to raise reader awareness of potential intersection 

countermeasures that could be worth considering in more detail during the course of the 

study, or to be implemented as trials. Discussion therefore, on the reliability of the crash 

reduction factors presented in the publication has not been entered into and no distinction 

has been made between methodologies when crash reduction factors have been presented. 

However, countermeasures that have particularly high standard errors quoted on the crash 

reductions are generally not presented here. Full detail can be obtained in the original 

publication. 

Where a publication refers to left-hand turns - equivalent to right-hand turns in Australia – 

generally only right-hand turns have been mentioned. 

Layout of Literature Findings 

As described more fully in the study proposal, the basis for the review of intersection 

design in this study is the Kinetic Energy Management Model (KEM model) which 

provides a systematic means of defining and understanding the factors that constitute 

safety risk to the road user at an intersection.  
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Given this basis, reporting of the literature review will be presented in relation to this 

model. This approach provides a two-fold benefit, placing the review findings in a context 

that is consistent with the rest of the study and also providing a foundation for Task 3. 

This KEM Model has been described in great detail in Corben, 2005 but a brief overview 

of the model has been included in Section Four, to enable the reader to understand the 

context in which the literature findings have been presented. As there appears to be very 

little literature related to some protective layers, such as layers one and two, and 

intersection design aspects, examples of the type of countermeasures that might fall under 

these categories have been provided to enable the reader a greater understanding of the 

model and its concepts. 

1.3. METHODOLOGY 

Review of literature 

A targetted literature review was undertaken with following sources searched: 

Road safety institutions’ and organisations’ websites, including the Transportation 

Research Laboratory (TRL Crowthorne, England); Swedish Road Administration (SRA); 

SWOV Institute for Road Safety Research (Netherlands); Insurance Institute for Highway 

Safety (IIHS) (US); Federal Highway Administration (FHWA) (US). 

Databases, including: 

 Engineering village 

 TRIS online 

 ATRI 

 Compendex 

 Transport 

 TRB research in progress (RIP) 

 Science Direct 

Journals, including:   

 Accident Analysis & Prevention 

 Elsevier 

 Journal of the Australasian College of Road Safety 

 Journal of Safety Research 

 Pergamon journal 

Keywords included:   

Intersection (design, practices, crashes, safety and design, fundamentals, new designs, 

countermeasures, treatments, geometry and safety, road user needs, driver needs, cyclist 

needs, pedestrian needs, road user behavio(u)r, driver behavio(u)r, cyclist behavio(u)r, 

pedestrian behavio(u)r) 

Innovation (signals and intersection, intersections), cross intersection innovation 

Overseas experience 

As part of a TAC study, relevant staff from MUARC and VicRoads travelled to Sweden, 

The Netherlands, the UK and Denmark, to review and learn from road safety practices in 

these countries reputed to be leading road safety initiatives. These countries are regarded as 

the best four countries to visit for leadership, philosophy and innovation in road safety and 



 

4 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

have introduced innovative changes to the road network with a view to promoting a safer 

traffic environment.  They are also countries that are top global performers in terms of 

death rate per 100,000 population.  Discussions on the tour confirmed that the Dutch 

Sustainable Safety and Swedish Vision Zero continue to be regarded as soundly based in 

terms of scientific evidence and society values.  Australia’s Safe System was established 

by combining the best elements of the Dutch and Swedish visions and, so, can continue to 

be relied upon to guide future investment in road safety in Victoria, including in the area of 

safe infrastructure. 

This tour is referred to in this report as the “Overseas Tour” and findings from this tour 

have been summarised in to a report, which is referenced (B. F. Corben, 2008).   
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2. KINETIC ENERGY MANAGEMENT MODEL  

A full description of this model can be found in the report “Development of the Visionary 

Research Model - application to the car/pedestrian conflict”, (B Corben, Senserrick, 

Cameron, & Rechnitzer, 2004; Fortuijn L. G. H., 2009). Below is a summary of the key 

features of the model and its relevance in the context of this study. 

The model aims to provide a systematic means of analysing any crash problem, and in this 

case intersection crashes, by defining the various aspects that need to be addressed, in 

order to prevent fatal or serious injuries to the road user. The model was defined, both 

conceptually and symbolically, such that the human is positioned at the very centre of the 

KEM model, where it is protected from death or serious injury, by either prevention of a 

crash or the management of the transfer of the kinetic energy of impact. A key feature of 

the model is this notion of “protective layers” surrounding the human. These layers address 

individual events, phenomena or circumstances in a potential collision.  A diagrammatic 

representation of the model is shown in Figure 1. Layers 1, 2 and 3 mainly address injury 

risk (providing protection during the crash phase), while layers 4 and 5 aim to reduce crash 

risk (affording protection in the pre-crash phase). 

                                                         

Figure 1 - The five layers of protection in the KEM model 

 

2.1. INJURY AND CRASH RISK  

The inner three layers comprise physical attenuators of kinetic energy, affecting injury risk, 

and the outer two layers involve probability functions defining events preceding or 

precipitating a crash, thereby affecting crash risk.   

Put in other words, in order to prevent serious injury to the road user at an intersection (the 

overarching goal of the study), the likelihood of a serious injury intersection crash can be 

reduced through exposure reduction (Layer 5) – that is, reduce the potential of a road user 

being involved in a specific intersection crash by reducing the need for the road user to be 

in that situation in the first place. For example, should a particular intersection pose a high 

Crash risk  

Injury risk (energy) 
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risk of crashes, detour the traffic, where possible, through a safer intersection. However, if 

the road user is already in the situation, then reduce the potential of a serious injury 

intersection crash by reducing crash risk (Layer 4) in general. As an example, if the risk at 

the aforementioned intersection was of a right-turn-against crash, then consider introducing 

a fully controlled right-turn to reduce the risk of such a crash. Despite these measures, if 

the crash cannot be prevented, then limit the quantity of kinetic energy (Layer 3) of the 

crash. A key means of achieving this is to limit the impact speed of a crash, which often 

suggests limiting travel speeds. While this is important, it is the actual transfer of the 

kinetic energy on to the road user that eventually causes the damage, so given a certain 

level of kinetic energy, means of preventing kinetic energy transfer (Layer 2) to the road 

user needs to be utilised; and through all this, the biomechanical tolerances of individual 

road users (Layer 1) influences the eventual crash outcome and need to be recognised. 

Within each main layer of the model lie more specific forms of protection, categorised on 

the basis of crash and/or injury risk factors, namely; human, vehicle design, road 

infrastructure (including roadsides) and system operation risk factors.  It is conventional to 

focus on human, vehicle and road infrastructure factors in assessing crash and injury risk. 

However, it is less common to focus explicitly on system operation risk factors, which tend 

to be addressed implicitly as part of human, vehicle or infrastructure factors, or otherwise 

overlooked. System operation risk factors were viewed within the KEM model as 

characterising the formal policies, practices and decisions on, for example, the setting and 

enforcement of speed limits, the design, location, timing and operational strategies of 

traffic signals, guidelines for using traffic-calming measures on high volume roads, and the 

priority afforded to various road user categories such as pedestrians, public transport users 

and cyclists. 

Drawing upon the framework of the Haddon’s Matrix (Haddon, 1980), the initial focus of 

model development was on the crash phase, when energy exchange occurs between vehicle 

and pedestrian. Thus, the KEM model operates in reverse direction to specify the crash and 

pre-crash conditions to produce an acceptable outcome. 

 

Additionally this correlates well with Victoria’s Road Safety strategy focus of reducing 

serious casualty crashes. 

 

The section 6 – 10 present findings from the literature reviewed in context of this model. 
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3. OVERALL CURRENT INTERSECTION SAFETY RESEARCH 
AND INNOVATIVE COUNTERMEASURES 

The strongest finding on intersection safety through the Overseas Tour is the absolute 

focus on achieving safe travel speeds through intersections.  It is evident that intersections 

are designed to secure travel speeds at not more than 50 km/h, as at impacts above this 

speed, the risk of severe injury to the occupants of vehicles rises rapidly with increasing 

impact speed (RWG Anderson, McLean, Farmer, Lee, & Brooks, 1997).  In pedestrian 

environments, intersections are designed to achieve travel speeds of not more than 30 

km/h, once again because at impacts speeds above this level, the risk of severe injury to the 

pedestrian rises very rapidly.  In a limited set of cases (e.g., low conflicting traffic 

volumes), design speeds of 70 km/h may be used. 

The main means by which these maximum tolerable travel speeds are achieved are 

through: 

 roundabouts (of various forms); 

 raised platforms within intersections; 

 lower speed limits at intersections, through either conventional static signing or 

dynamic speed limits primarily in rural settings. 

Specific research being undertaken in various pertinent countries are listed below. 

3.1. SWEDEN 

Among recent publications in the area of intersection safety by the Swedish Road 

Administration (SRA) are aspects such as variable speed limit trials at intersections, 

guidelines for existing road designs; collisions as a result of skidding at intersections; and 

traffic calming impacts on accessibility. Studies on fatal crashes; speed and consequences; 

and general cost effective measures on rural roads were other general areas of research that 

have been undertaken recently. 

VTI, Sweden’s research institute, has recently completed a review of “junction” safety, in 

order to establish current knowledge with respect to safety at intersections. The review was 

based on personal contact with Nordic organisations and VTI’s database and the 

International Transport Research Documentation Database. The main findings of this work 

were that many intersections are now being converted to roundabouts due to their high 

safety levels. The study indicates that roundabouts are considered as safe a measure for 

pedestrians as other intersection controls, but produced conflicting views on the safety of 

current roundabout designs for cyclists. Right-turn as well as left-turn lanes were seen to 

be beneficial safety measures, and the safest geometrical angle between the primary and 

secondary roads was found to be 90 degrees, for optimum sight distance and turning radii. 

The study also presented findings from studies that recommended staggered-T 

intersections over cross intersections. Other findings included lighting at junctions 

predicted to reduce night-time crashes by 30% and Stop signs being more suitable at rural 

intersection rather than Give Way signs (Vadeby & Brude, 2006). The study did not 

discuss any innovative or unusual measures to intersection safety. 

A review of publications was undertaken from the Nordic Road and Transport Research 

website, which involves publications from six public research organisations from Denmark 

(Danish Road Directorate and Danish Road Institute), Sweden (VTI), Norway (Institute of 
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Transport Economics and Norwegian Public Roads Administration), Iceland (Icelandic 

Road Administration), and Finland (Technical Research Centre of Finland). Some of the 

publications included aspects such as reducing speed limits to reduce speed; and a forum to 

address roadside environment safety. The latter report will be reviewed in detail to gain 

guidance when undertaking Task 4 – Workshop of Stakeholders - on the best way to 

conduct such a forum to obtain the desired results. 

Other than these, based on website searches and personal contact, there does not appear to 

be any current research by SRA on developments of innovative intersection treatments.  As 

SRA is a current collaborator on this study, it is considered unlikely that previous work on 

this specific topic area would have been undertaken by SRA without MUARC being made 

aware of such studies. 

3.2. THE NETHERLANDS  

Currently, a PhD is being completed through SWOV on intersection safety. The scope of 

the study is more on aspects and influences of behaviour on the prevalence of intersection 

crashes and was initially anticipated to have a finish date in 2010. The thesis has now been 

extended beyond this date. 

Other than this, based on website searches and personal contact, there does not appear to 

be any current research on developments of specific innovative intersection treatments. 

Recent intersection-focussed publications appear to be more on aspects such as intersection 

planning principles to fit in with existing policies and frameworks; analysis and 

comparisons of existing intersection designs; vehicle technology to improve road safety for 

older drivers; and improving existing designs, such as roundabouts, with concepts like 

“Turbo” roundabouts.  

Specifically a comparison study of four main groups of intersections was undertaken by 

SWOV. However, at the time of review, (November 2008), the Fact Sheet publication on 

these findings was yet unavailable, though a general summary of the findings is presented 

later. 

Though not targeting intersection safety in particular, a recent publication discusses an 

approach to “credible speed limits”, and discusses speed choice influences, and producing 

“recognisable road designs”. 

As with SRA, SWOV is a current collaborator on this study. It is unlikely therefore that 

previous work on this particular topic area would have been undertaken by SWOV without 

this being made known to MUARC. 

3.3. UNITED STATES 

A recently completed project on intersection safety is the “INTERSAFE PROJECT” – 

subproject of the IP PReVENT, a framework program funded by the European 

Commission. PreVENT has a number of subprojects of which INTERSAFE is one. The 

INTERSAFE project was undertaken in parts between 2004 and 2007 and had as its 

objective the ultimate elimination of fatal crashes at intersections.  

INTERSAFE, a driver assistance system uses German originated advanced warning 

technology to alert drivers of upcoming hazards and can also monitor speeds to alert 

drivers if approach speeds are too high to avoid collision. In particular, the technology 
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addresses two causes of collisions: not giving way to vehicles that have right of way and 

accidentally proceeding through a red traffic signal.  

The project commenced in February 2004 and was estimated to be completed at the end of 

2006. A demonstration of the warning system was planned for early 2007. 

The focus of the subproject was on creating driver support systems through vehicle-

infrastructure communication at intersections, to provide accurate localisation of the driver, 

vehicle, and path prediction of other road users. It appears to deal mainly with providing 

Stop sign assistance, traffic light assistance, turning assistance and right of way assistance. 

“Right of way warning” – alerts the driver of upcoming hazards (vehicles on collision 

course). A series of risk levels in the form of green, yellow and red bars are displayed to 

the driver depending on the level of risk perceived (red – danger ahead). If the driver does 

not take responsive action then an audio signal alerts the driver to an imminent collision.  

“Traffic light assistant”: Information from the traffic light is transmitted to the vehicle via a 

wireless communication link. Another aspect of this project is the use of a Telematics 

function to warn drivers of an upcoming red light when approach speeds are deemed too 

fast to stop; as well as informing the driver about the state of the traffic phase, potentially 

addressing the dilemma zone aspect 

The project involved a test vehicle with Laserscanner and video systems as the first part of 

the project; the second part involved simulation of dangerous situations. Speed ranges are 

provided to the driver for safe crossing once in the dilemma zone (M Schulze, Noecker, & 

Boehm, 2005). 

Extensive research in the area of intersection safety has been undertaken in the U.S. 

However, much of this covers intersection research on existing countermeasures, and in 

some cases, countermeasures that are not aligned with Victoria’s Safe System approaches 

to road safety, and so have not been covered here. 

In 2003, a novel intersection design project was conducted just outside of Washington D.C. 

The aim of the project was to improve intersection design via a discussion of the 

application of intersection design knowledge.  A workshop was held that consisted of lay 

people and road safety experts who represented the primary road user groups; pedestrians, 

cyclists, drivers, pedestrians with limited mobility and pedestrians with limited sight. 

Participants were required to visit the intersection site and to rate the site according to 

specific criteria. Each group also developed a set of recommendations based upon existing 

data concerning traffic volume and crashes.  The groups came together, debated their ideas, 

and noted their similarities with the aim of installing the recommendations that benefited 

all user groups. The work attempted to provide a thorough investigation of some of the key 

problems at intersections. The aim of the project did not appear to be about creating 

innovative designs, but using existing ones to their advantage. (Metropolitan Washington 

Council of Governments, 2003) 

Canada – Edmonton. Though specific focus was not placed on Canadian literature, it 

appears the City of Edmonton have undertaken a number of behavioural approaches to 

improve safety including  the “red means stop” campaign, as well as standard red light 

camera program, speed enforcement and other driver behaviour incentives (Cebryk & Bell, 

2004) 
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3.4. AUSTRALIA 

Of the states of Australia, Victoria leads the way in road safety measures and generally 

maintains the lowest fatality rates nationally.  

Searches of the Road Traffic Authority, NSW, Main Roads, and CARRS-Q in QLD, and 

road safety websites of Western Australia did not reveal any current research in relation to 

intersection safety though a source from NSW suggested any existing studies may not be 

disclosed until completion. 

3.5. CURRENT PRACTICES 

Based on Bennet’s Guide to Traffic Management at Intersections, Interchanges and 

Crossings, 2006, (Bennett et al., 2007) AustRoads standards and VicRoads design 

guidelines provide some basis for defining current practice in intersection design. While 

the details of these can be obtained from the relevant standards, overall design for 

intersections in Victoria with cross-intersection geometry generally include guidelines on 

aspects such as lane widths, line marking, sight distance, recommended clear widths to the 

nearest roadside object, lighting, vertical and horizontal alignments, curvature.  

At intersections controlled by traffic signals, roundabouts, and Give Way and Stop signs, 

further guidelines are provided in terms of signal timings, deflections and permitted 

vegetation on roundabouts, conditions on when and where Give Way and Stop signs are 

required. 

Where pedestrian facilities are implemented, guidelines suggest means of catering for the 

average pedestrian through appropriate walk times, pedestrian fencing measures to steer 

the pedestrian to an upcoming facility, line marking and sign conspicuity. 

 

 

 

 

 

 

 

  



 

INTERSECTION SAFETY - MEETING VICTORIA’S INTERSECTION CHALLENGE – TASK 2 11 

3 LAYER ONE – INCREASED BIOMECHANICAL TOLERANCE 
OF THE HUMAN TO VIOLENT FORCES (OR KINETIC 
ENERGY) 

In a collision between a pedestrian and a car, the most fundamental of threats comes when 

the kinetic energy of the car exceeds the level that can be tolerated by the human.  The 

tolerable level will vary with factors such as age, health status and physical stature.  In a 

pedestrian crash, the orientation of the pedestrian relative to the car has the potential to 

affect injury outcomes, partly because of the differential vulnerability of various body parts 

of the human and their different physical abilities to share in the energy exchange.  

Pedestrians commonly suffer severe leg, thorax and head injuries resulting from contact 

with car body parts, such as bumpers, bonnet edges, windscreens, roof pillars (A-pillars), 

scuttle and even windscreen wiper spindles sitting above the surrounding surfaces of the 

car, (Jarrett & Saul, 1998). 

In reality, few readily available countermeasures can enhance the biomechanical tolerance 

levels of a human to violent forces. As expected, no research emerged through the review 

on any current research on the topic. 

As a result of secular trends in body weight and height, the average person , on the whole, 

is likely to be taller in the coming generations (Cole, 2003) and presumably 

proportionately larger. It could be speculated that this might have a correlation to the 

resultant biomechanical tolerance of the road user of the future. Campaigns encouraging 

healthier living such as no smoking, and “Life. Be In It”, are also likely to result in less 

fragile bodies that can possibly withstand higher levels of kinetic energy before sustaining 

severe injury. It is however, believed unlikely that these will produce dramatic increases to 

the current tolerance levels. 

One specific means of increasing the current tolerance of the body to violent forces is to 

explore the potential to produce more energy absorbing clothing, particularly for all 

vulnerable road users, such as helmets or other head protection, padded protective vests, 

padded pants and gloves. That is, while this is not a direct impact on the tolerance levels, 

some of the forces are absorbed prior to contact with the road user. 

It is still believed important to identify and retain this layer as a very real factor in crash 

consequence to encourage further discussion and thinking within this context. As solutions 

to this aspect are not obvious, lateral and innovative thinking is vital to address this area. 
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4. LAYER TWO – ATTENUATION OF THE TRANSFER OF KINETIC 
ENERGY TO THE HUMAN 

The critical aspect of the crash event sequence is in this layer: the transfer to the road user 

of the kinetic energy amassed in the lead up to the crash. Crash risk levels are created 

through road geometries, road systems, driver behaviour, and some of these “potential 

crashes” eventuate into actual crashes, producing certain amounts of kinetic energy 

generated by speed and vehicle mass. Through the crumpling of the vehicle in an impact, 

this kinetic energy acting as a force is then transferred to the vehicle occupant (or 

transferred directly on to the pedestrian), creating  injury.  

 

Vehicle stiffness therefore plays a significant role in how kinetic energy is shared between 

vehicle and environment, particularly with respect to the concentration of forces on the 

human.  Vehicles with stiff design features affect the kinetic energy exchange during the 

crash phase by resisting some of the impact forces, thereby protecting the occupant by 

reducing the overall of transfer of energy. While it appears then that the stiffer the vehicle 

the greater the safety, the issue is not simple, as a very stiff vehicle impacting a vehicle 

with reduced stiffness can result in the less stiff vehicle absorbing some of this energy or 

two stiff vehicles can result in increased ricocheting potential. Similarly, stiff vehicles are 

not a positive when pedestrians are involved, as the vehicle will act very much as a rigid 

object in a collision between a vehicle and a pedestrian, with the full force of the impact 

transferring on to the pedestrian.  

 

The literature searched within Task 2 – Part 1 did not include reports specifically on 

vehicle safety improvements. To maintain study focus on aspects of intersection safety that 

can be improved through the client – VicRoads’ – intervention, only aspects dealing within 

the context of road infrastructure and system operations were reviewed. 

4.1. HUMAN 

One aspect of human behaviour that can be targetted within this layer is to inform vehicle 

owners of the importance of a safe vehicle, providing incentives if necessary to influence 

sales of the safer vehicles.  Vehicle manufacturers can also be influenced to provide, as 

standard, a greater level of safety.  A specific behaviour already successfully targetted in 

Victoria is the use of seat belts. Other such aspects include the selection and use of 

appropriate baby seats; helmets for cyclists; and protective gear for motorcyclists.  

4.2. VEHICLE 

Some of the vehicle safety devices that can help reduce the transfer of kinetic energy on to 

the vehicle occupants are air bags, side protection, seat belts, stiffer vehicle. No literature 

emerged in the current review on any new techniques that were employed specifically to 

reduce the transfer of energy. 

4.3. ROAD/ROADSIDE 

No specific aspect of road infrastructure engineering that reduces the transfer of energy to 

the occupant was found in the literature reviewed. Potential means of reducing energy 

transfer could include cushioning around road furniture such as traffic signal poles and 

utility poles and trees. Consideration could be given to developing materials used on the 

road network that are more energy absorbing. 
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4.4. SYSTEMS OPERATION 

Policies on inclusion of vehicles in corporate fleets that only meet a certain level of safety 

for example can address risk of a road user surviving a side impact crash. Similarly, 

policies on the type and location of road furniture, the accepted standards and the use of 

impact attenuators with respect to these, can all play a major role in minimising energy 

transfer.  
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4 LAYER THREE – REDUCED LEVEL OF KINETIC ENERGY TO 
BE MANAGED IN A CRASH 

The targetted literature produced in the search generally falls within the next three layers, 

with the majority focussing on reducing kinetic energy levels, specifically, impact speed 

(Layer Three) and reducing crash risk (Layer Four). 

Quantity of kinetic energy is influenced mostly by velocity so measures on reducing speed 

are presented in this section.  Guidelines for maximum vehicle mass for routes of certain 

road functions can also be considered within this layer, although this has not been 

specifically considered in the literature review.  

Much literature is available on the complexities of driver speed choice based on individual 

driver characteristics, vehicle type and road design. Little was found on speed choice 

specifically at the intersection. Some of the general factors influencing speed choice are 

presented briefly here and the reader is directed towards articles in the reference list for 

further detail. 

HUMAN 

Driver Speed Choice 

Much research present factors associated with driver speed choice; (Cruzado & Donnell, 

2010; Haglund & Åberg, 2000; Letirand & Delhomme, 2005; Oxley & Corben, 2002; 

Quimby, Maycock, Palmer, & Grayson, 1999; SWOV - Dutch Institute for Road Safety 

Research, 2007). These include presence of traffic signals, approach to intersection, road 

geometry, roadside vegetation, vehicle type, weather, length of non-stop driving. 

 

A number of factors can influence the approach speed choice at an intersection. Generally, 

the approaching of an intersection can produce a reduction in speed.(Miyaghi & Hassan, 

2005) If the intersection is signalised however, the status of the traffic light phase was 

considered the most dominant factor in determining approach speed. Video observations of 

over 1500 drivers at a signalised urban intersection in China estimate partial effects of 

green and amber lights on average speed of around 24 and 10 km/h, respectively. Site 

location, peak-hour-status, vehicle type, and driver gender (Liu, 2007) as well as road 

layout (Haglund & Åberg, 2008)  were all recorded to have some influence.  

 

Speed limit infringement may not always be intentional. Drivers were found to 

overestimate their speeds influenced by many environmental factors: vehicles driving out 

of a curve can impact approach speed perception (Candappa, Corben, & Fotheringham, 

2006); and vertical to horizontal ratios such as cuttings, where the vertical elements of the 

road geometry can be higher than the width of the road (ETSC, 1995, cited in (SWOV - 

Dutch Institute for Road Safety Research, 2007)) were seen to impact inaccurate speed 

estimates of oncoming vehicles. Fog was associated with affecting peripheral vision (and 

therefore speed perception) (M. Green, 2009) as well as affecting driver response capacity 

to leading vehicle speed variations (Kang, 2008). Vehicle type such as four-wheel drives 

and SUVs (Sports Utility Vehicles), where the driver is seated at a considerable height 

above the road surface, was also likely to give the driver an inaccurate perception of the 

speed at which they are travelling, one study indicating two- thirds of SUV drivers were 

not aware that they were driving faster than when in a sports car, with some thinking they 

were driving slower ((Rudin-Brown, 2004) cited in (SWOV - Dutch Institute for Road 
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Safety Research, 2007)). Drivers may also increase or underestimate speed after long, 

unbroken period of driving (SWOV -  Dutch Institute for Road Safety Research, 2008) A 

recent study  investigating drivers’ speed choice when travelling through a roundabout in 

Baltic regions, found that the inscribed circle diameter of the roundabout was the single 

most influential factor for drivers when choosing speed, (Antov, Abel, Sürje, Rõuk, & 

Rõivas, 2009) 

Estimated speed of other vehicles can also influence drivers (Haglund & Åberg, 2000) as 

can the presence of a passenger though this appears to be more influential on young male 

drivers. (SWOV -  Dutch Institute for Road Safety Research, 2008) 

VEHICLE  

As mentioned, vehicle type can influence the perceived travel speed, producing 

unintentionally faster travel speeds. Additionally, the more powerful the vehicle, the easier 

and quicker h speeds can be reached. Large wheels were also found to distort perceived 

speed (Rudin-Brown, 2004) cited in (SWOV - Dutch Institute for Road Safety Research, 

2007). As vehicle technology develops vehicles are quieter and smoother, eliminating 

general indicators of fast driving, such as, noise and vibrations, affecting perceived travel 

speed.   

Vehicle type also influences eventual impact speed through braking potential and 

providing the driver with adequate warning and time to react. Described briefly below are 

driver warning systems to assist the driver to react more quickly to an upcoming dangerous 

event. Most are variations of an approach that uses Telematics technology to locate 

vehicles within the road network and coordinate movements to afford safer interaction. 

These are listed here and are discussed in more detail in Section Nine. 

INTERSAFE communication system provides a means of alerting drivers through 

subsystems (Fuerstenberg & Roessler, 2006) such as, Traffic Signal Assistance, Stop Sign 

Assistance, Turning Assistance and Right-of-way Assistance. Intersection Collision 

Warning Systems. Intersection Design Support (IDS) Systems (Neale et al., 2006) and 

Driver Safety Support Systems (Sugimoto, Aoyama, Shimizu, & Maekawa, 2000) are 

other such technology systems. 

ROAD/ROADSIDE 

Road infrastructure plays a significant part in the eventual impact speed of a crash: a 

higher friction road surface allows greater braking, warning signs on roads alert drivers to 

reduce speed prior to hazardous situations and therefore any resulting impacts are at slower 

speeds and so less likely to be injurious. 

Road and roadside design can also heavily impact the driver speed choice, with peripheral 

cues providing stationary objects by which a driver can gauge speed, curves influencing 

perceived speed, excessive vegetation on the roadside creating a tunnelled effect and 

potentially influencing travel speed, as does driving through cuttings (SWOV - Dutch 

Institute for Road Safety Research, 2007). Factors such as level of urbanisation can affect 

speed profiles (Liu, 2007), and appropriate narrowing and channelling in road design can 

effect traffic calming (Kronqvist, 2005). Rural roads were found to be more likely to 

produce consistent driver speed choice as the environment tended to be more 

homogeneous, more changes in the urban environment such as traffic signals and 
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pedestrians requiring drivers to make more adjustments to their speeds, (Haglund & Åberg, 

2008). 

Some factors found to lead to higher speed choices included a high number of lanes, wide 

lanes, presence of emergency or bike lanes, straight roads, level road surface, less 

vegetation, les bends in road (SWOV -  Dutch Institute for Road Safety Research, 2008). It 

is therefore important to set speed limits that are aligned with road layout and so are 

readily considered credible.  

Speed can also be associated with traffic signal crashes. Traffic signals rely totally on the 

driver’s adherence to the signal, especially the red light. Should the driver deliberately, or 

otherwise, enter the intersection during the red phase, a high-speed crash could result as the 

vehicle travelling through the green phase will likely be travelling at the posted speed 

limit.  
 

As a consequence, “red-light running” either deliberate or inadvertent, can be a serious 

concern at signalised intersections. In the U.S., red-light running is generally estimated to 

cause between 16% and 30% of all crashes at intersections,(Mohamedshah, Chen, & 

Council, 2000);  (Schattler & Datta, 2004), Retting, 1994 cited in (F. Green, 2000), and in 

Australia (Croft, 1980 cited in (F. Green, 2000)). (Bonneson & Zimmerman, 2004) cited in 

(Kennedy & Sexton, 2009) list factors associated with red-light running, including traffic 

volume, cycle time, delay, approach speed, gradient. In 2009, of 7,043 intersection related 

fatalities 676 were red-light running related, just under 10 % (FHWA, 2010). While no 

recent studies appeared to be available for the Victorian situation, a 1995 Melbourne study 

of red-light running at three intersections found the incidence of red-light running 

relatively rare, often occurred during the all-red period when risk of conflict was lower, 

and a higher frequency of right-turn movement, than through movements were involved 

turning through a red light, (Kent, Corben, Fildes, & Dyte, 1995). The gap in the years in 

which the studies were undertaken may be one explanation in understanding the different 

conclusions reached in the two studies; different driving cultures could be another. 

Infrastructure Measures to Influence Driver Speed Choice - Induced 

As mentioned above, a highly effective means of reducing impact speeds is through road 

design. This section provides innovative measures that provide psychological and 

perceptual means of slowing vehicles through infrastructure. 

A study by Kronqvist (2005) in Sweden looked at alternate means of reducing speed on 

approach to intersections, including placing a gantry with directional signage; rumble strips 

on the approach; reduced speed limits; narrowing of the approach from two lanes to one; 

and adding trees and fencing on the approach. The study found that the reduced speed limit 

signs were the most likely to effect speed reductions. While narrowing the road increased 

the willingness of the driver to reduce speed, it was concluded that accommodating traffic 

flow may prove difficult. Rumble strips instigated more active braking than any of the 

other measures but then tended to be followed by immediate increased speed, resulting in 

no direct speed reductions. A recommendation was made that speed limits in conjunction 

with the rumble strips may produce the necessary braking and eventual speed reductions. 

A more recent review was undertaken on the different aspects of the road environment that 

influenced driver speed (Edquist, Rudin-Brown, & Lenné, 2009) . The review focussed on 

the role of road geometry, driver mental capacity and workload, driver expectations, the 

presence of other road users, and weather conditions on driver speed. The road geometry 

includes features such as the road surface, the road width and the road curvature. The way 
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in which the driver perceives the road width can influence driver speed. Typically, the 

wider the road, the fast the travel speed. Furthermore, road curvature is thought to 

contribute to speed reduction due to limited sight distance which creates greater 

uncertainty for the driver about the upcoming road environment.  

In a study on countermeasures for rural roads, Oxley et al (2004) cited studies that found 

warning signs an effective means of lowering travel speed: LED warning signs flashed 

when vehicle headways were too small, or when approach speeds were too high and were 

reported to be effective in reducing travel speed (Winnett & Farmer, 2003). 

Road elements can also then be used to positively influence speed choice with peripheral 

transverse lines bordering the road lane being found to psychologically bring about short 

term reductions in speed limits (Fildes & Jarvis, 1994; Mulvihill, et al., 2008) though the 

effect may not be long term. 
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Shared Space - At selected intersections in The Netherlands, a counterintuitive measure 

has been in use where all traffic engineering measures such as intersection control, 

signage, road and footpath demarcation, line marking, have been removed, placing the 

onus on the driver to proceed through the intersection safely. This can encourage drivers to 

have eye contact, to reduce speed and be more aware of the road space, in order to 

negotiate safely through the intersection. Personal correspondence and a tour of some 

typical sites with one of the originators of the concept, Peter Haan, during a visit to The 

Netherlands provided insight in to the application of the concept and some photos of case 

study examples are presented in Figure 2. Interim studies of the concept effectiveness 

suggest positive effects in terms of safety, pedestrian and cyclist mobility, environment and 

aesthetics with mixed results for traffic mobility and accessibility (Swinburne, 2006). A 

similar concept of Shared Space is employed in Denmark as well.  

 

Figure 2 - Examples of Shared Space Photo: Candappa, 2010 

Infrastructure Measures to Influence Driver Speed Choice - Physical 

Roundabouts are a typical example of negotiating safely through the intersection by, 

physically modifying the road design. Roundabouts through their very design bring about 

reduced travel speed, drivers being required to slow down to proceed through the deflected   

pathway. Roundabouts are regarded as one of the safest forms of intersection control, and a 

study done by MUARC for VicRoads, (Candappa & Corben, 2006) on the status of 

roundabout usage overseas suggests that roundabouts are rapidly increasing in number - 

roundabouts, along with staggered-T intersections and splitter islands promoted as the 

answer to intersection safety in one report (Oursten, 2006 cited in (Candappa & Corben, 

2006)). It is noted though that the use of staggered-T intersections and splitter islands fail 

to meet the principle of being forgiving of driver error with respect to gap choice, if travel 

speeds exceed 50 km/h.  
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The U.S road authorities are also being encouraged to introduce more roundabouts, and a 

working party in The Netherlands recommended considering roundabouts rather than cross 

roads for intersection geometries (Oursten, 2006 cited in (Candappa & Corben, 2006)). 

Case studies on roundabouts on high-speed approaches (Ritchie, 2005) indicate that 

statistically, roundabouts were found to be the most appropriate intersection control along 

high-speed roads although the importance of a well-designed roundabout in creating a safe 

intersection was emphasised.  

 

Findings from the Overseas Tour and Dutch contacts indicate a more recent modification 

to the standard roundabout designs, in the form of “Turbo” roundabouts (Figure 3) These 

have been constructed and trialled in The Netherlands at large volume intersections for 

some time to reduce the incidence of entering and existing conflict (Engelsman & Uken, 

2007), and lane changing conflicts within roundabouts. Double lane roundabouts tend to 

lose some of the benefits of roundabouts as the two lanes create wider area to manoeuvre 

and hence create greater conflict angles, and speed. Turbo roundabouts attempt to raise the 

safety levels of two-lane roundabouts to those of single-lane roundabouts by creating two 

single-lane roundabouts through the use of raised lane separators. Clear signage and line 

marking are provided so drivers and riders can select in advance the required approach lane 

for their intended movement through the intersection. Safety is reported to increase at 

Turbo roundabouts, a reduction of 80% in casualty crashes estimated after the introduction 

of seven two-lane Turbo roundabouts, similar to well established reductions in single lane 

roundabouts, (Fortuijn L. G. H., 2009). Turbo roundabouts are also expected to increase 

capacity through the intersection, (Engelsman & Uken, 2007; Yperman & Immers, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 3 - Examples of the Turbo roundabout in The Netherlands. Photo: Candappa, 2009.  
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Figure 5 - Speed bump and speed hump usage in The Netherlands. (Candappa, 2009) 

 

Another less traditional roundabout design was employed at the South Melbourne Market in 

in Melbourne, Australia. In order to create a more pedestrian focussed environment, zebra crossings 

crossings were placed directly at the entrance to the roundabout, a top speed bumps, reversing 

reversing traditional right of way rules at roundabouts from vehicles to pedestrians ( 

Figure 4). Evaluations of the design indicated greater safety and convenience for the 

pedestrians (Candappa et al., 2005). 

 

 

 

 

 

 

 

Figure 4 – Innovative pedestrian treatment at roundabout Source: (Candappa, et al., 2005) 

Employing the same principle, in The Netherlands, speed bumps
1
 have been used just 

beyond the stop line and designed to accommodate drivers travelling within the speed 

limits (Figure 5), akin to ‘elevated stop lines’. Design standards can be modified to suit the 

desired reductions in speed. No evaluations of effectiveness were available at time of 

study. 

 

                                                 

1
  The terms speed “bumps”, “humps” and “tables” refer to slightly different speed profiles and purposes. 

Fazzalaro, J. (2006). Speed Hump and Speed Bumps http://www.cga.ct.gov/2006/rpt/2006-r-0567.htm 
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Figure 6 – Speed bump on a slip lane 

 

 

Another innovative use of the speed bump also in use in the Netherlands, is the placement 

of one on a slip lane (Figure 6) to address the speed of turning vehicles. 

 

A similar physical speed reducer is the raised platform or intersection. While not new in 

concept, raised platforms are not a common sight in Victorian road environments. The 

Overseas Tour found The Netherlands has constructed and trialled raised intersections at 

signalised intersections, with a range of speed profiles, namely, 30, 50 and 70 km/h. One 

study undertaken by the District Department of Transportation, U.S., indicated that raised 

intersections can have moderate influence on speed and conflict reduction, and significant 

impact on emergency response times (Schulthiess, 2006), while another suggested a 

modest 1% reduction of 85 percentile speeds (Traffic Calming website, 2008) through the 

use of raised intersections. Canada also uses raised intersections to reduce speed at 

intersections ((Institute of Transportation Engineers Website) cited in (Candappa & 

Corben, 2006)). 

  

 Figure 7 – Speed table used on local street, at entrance to emergency service (Candappa, 2009) 
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SYSTEM OPERATION 

Speed Limit Reductions 

An alternative to the more expensive infrastructural means of reducing speed is through 

regulation change. Candappa and Corben, (2006) suggest the use of “Intersection Speed 

Limits” where at an agreed distance to the intersections, default intersection speed limits 

are introduced to adhere to the tolerable levels of kinetic energy, specifically, to 50 km/h.  

A study by Ragnøy, in 2007 found that reducing the speed limit from 80 km/h to 70 km/h 

and also from 90 km/h to 80 km/h reduced mean travel speeds from between 2.1 km/h and 

4.1 km/h (80 km/h original speed limit) and between 1.6 km/h and 2.8 km/h (90 km/h 

original speed limit), Table 1. Crash statistics analysed before and after these speed 

reductions indicated a reduction in crash numbers, 211 fatalities over a before period of 

nearly 600,000 days compared to 30 fatalities over an after period of around 150,000 days.  

This can be estimated as 0.036 fatalities per 100 days before speed reductions compared to 

0.020 fatalities after, equating to a 44% reduction in crash incidence, (Ragnøy, 2007). 

Table 1 – (a) Results of speed limit changes on mean travel speeds (b) Mean speed changes and 

projected crash predictions  (Ragnøy, 2007) 

 

 

Policies that emphasise the need for speed limits to be based on safety aspects and not 

traffic flow can produce greater safety benefits by reducing the potential kinetic energy to 

which a road user is exposed. In 2004, the Safety and Speed Management Strategy of the 

Canadian Council of Motor Transport Administrators (CCMTA) highlighted this need to 

have safety-based speed limits and encouraged jurisdictions to use engineering practices to 

reinforce these speed limits through traffic calming. Creating road environments that 

reflect the posted speed limit appears to be important as studies have found that drivers are 

more likely to choose travel speed based on the road environment rather than the posted 

speed. ((FHWA, 2004b) cited in (Candappa & Corben, 2006)); ((Nilsson, 1999) cited in 

(a) Changes in mean speed, followiong changes to speed limits

Group Before After

Treated Roads 80 km/h to 70 km/h 75.3 71.2

Comparison Roads retaining 80 km/h 76.4 74.4

Treated Roads 90 km/h to 80 km/h 85.1 82.2

Comparison Roads retaining 90 km/h 84.6 83.4

Mean Speed

(b) Crash data for treated road sections

Before After

Treated Roads 80 km/h to 70 km/h Total Days Covered 589496 148 403

Injury Crashes 2307 455

Fatalities 211 30

Critically Injured Road Users 537 70

Slightly Injured Road Users 2949 680

Treated Roads 90 km/h to 80 km/h Total Days Covered 1825 1460

Injury Crashes 278 185

Fatalities 45 21

Critically Injured Road Users 28 5

Slightly Injured Road Users Not Reported Not Reported
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(Liu, 2007)) found that 50-55% of drivers exceeded the speed limit on 70 and 90 km/h 

roads.  

The attitude of the relevant jurisdiction to speed and its potential impacts on crash 

consequence appear crucial to the resultant measures used to address speed within the road 

system. While it can be said that most road authorities in Australia would consider 50 km/h 

speed limit a low limit, reserved for local roads only, The Netherlands refer to intersections 

allowing 50 km/h or greater speeds through it, a “high-speed intersection”, and addresses 

them accordingly ((FHWA, 2004b) cited in (Candappa & Corben, 2006)). This attitude is 

likely to be based on the accepted biomechanical tolerances of the human, and recognises 

that a potential side impact at 50 km/h will for some people and some vehicle 

combinations exceed these tolerances (Tingvall & Haworth, 1999). 
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5 LAYER FOUR – REDUCED RISK OF A CRASH FOR A GIVEN 
LEVEL OF EXPOSURE 

ASPECTS OF INTERSECTION CRASHES 

A significant proportion of all injury crashes and serious casualty crashes occur at 

intersections, the risk of a crash influenced both by speed as well as intersection design.  

Multiple-decision requirements and divided attention, multiple conflict points, and visual 

clutter, are some factors that make negotiating an intersection a challenge (Preusser, 

Williams, Ferguson, Ulmer, & Weinstein, 1998). 

Several decisions are made during the driving task at an intersection. One significant 

decision often taken at an intersection is the selection of an appropriate gap. A study on the 

problematic geometric features of intersections suggests drivers had most difficulty 

judging gaps on the far lane, except when the intersection is on a horizontal curve, when 

judging gaps on all lanes prove difficult (Burchett & Maze, 2006). 

 

Another decision made at an intersection is determining what action is to be taken on 

approach to the intersection. Drivers are often “in dilemma” when they approach an amber 

light, unsure if they have time to clear the intersection or if they need to brake heavily to 

stop. A study by Gates et. al. (2007) found that drivers were more likely to stop rather than 

go through the intersection, under the following conditions: greater travel time to the 

intersection at start of yellow; shorter yellow-interval; longer cycle length; which appears 

counter intuitive; if the subject vehicle was a passenger vehicle; presence of 

vehicles/bicycles/pedestrians waiting on the side-street; and absence of vehicles in adjacent 

lanes that go through.  Of these factors, the estimated travel time to the intersection at the 

start of the yellow interval was found to have, by far, the strongest effect on a driver's 

likelihood to stop as opposed to go through the intersection. 

 

A study by Hamdar (Hamdar, Mahmassani, & Chen, 2008), 2008, found that accelerating 

or decelerating when approaching an amber signal appears to be a property of drivers’ 

personality rather than intersection properties. Aggressiveness for example, manifests as 

more lane changing manoeuvres, smaller gap selection, and longer start-up delay. Longer 

start-up delays are also associated with a longer red-light phase. This may be due to driver 

losing attention and focus. This study recommended that yellow light timing should be 

based on desired deceleration rates  (Hamdar, et al., 2008) 

 

Approach to Stop signs can also produce varied behaviour. In a study of intersections in 

four cities in the US (Retting, Weinstein, & Solomon, 2003), it was found that 70% of 

drivers went through Stop signs but two thirds claimed they stopped then went through; of 

those that stopped then proceeded through the intersection, 44% claimed that they failed to 

see the oncoming vehicle, (which corresponds with a study in 1994 which indicated around 

half of those who collided with a vehicle did not see the oncoming vehicle); 16% claimed 

their view was obstructed. Failure to stop was also more common at night time. A much 

larger proportion of Stop sign violations were at cross-intersections (19%) compared with 

T-intersections (4%), though rear-end collisions were more common at T-intersections. 

There was an over involvement of older drivers and younger drivers, particularly males 

under 21 in Stop sign violations and rear-end crashes. Improper looking while at 

intersections, such as looking at one side but not the other, tended to occur more in urban 

areas (48%) than rural (25%), perhaps an indication of over familiarity of urban drivers 
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with routine routes. A 2001 study by Houten and Retting investigating the effectiveness of 

animated eyes looking both ways at a Stop sign intersection, found an increase in drivers 

coming to a stop at the Stop signs and a reduction in cross traffic conflict (Van Houten & 

Retting, 2001). In 2003, Retting et al reports that Light Emitting Diodes (LEDs) were 

found to increase proportion of those looking both ways at Stop-controlled intersections 

(Retting, et al., 2003). Clearing potential vision obstructions such as parked vehicles, fixed 

objects, vegetation and addressing glare can also increase the possibility of the 

approaching vehicle being seen. A solution to address conspicuity of Stop and Give Way 

signs is to remove any obstructing vegetation, and increase retro reflectivity. 

Right-turn crashes at intersections contribute to a significant proportions of overall crash 

numbers at intersection, and in particular those involving older drivers (E. Hoareau, N. 

Candappa, and, & B. Corben, 2009; Preusser, et al., 1998). This is because a number of 

decisions need to be accurately made by the driver to safely negotiate the manoeuvre, such 

as appropriate approach speed choice, placement of the vehicle within the intersection 

when preparing to turn, appropriate gap selection by correctly estimating the speed of the 

oncoming vehicle, acceleration through the turn, while being alert to pedestrians that might 

be crossing. Moreover, there is great potential for the consequences of right-turn-against 

crashes to be severe as the impact often involves an impact with the side of the vehicle, 

generally the vehicle’s most vulnerable location. Speed also plays a part in it as the through 

vehicle will likely be travelling at the speed limit when proceeding through the 

intersection. 

Based on a study by Preusser (1998) older drivers have a higher propensity of being 

involved in a multi-vehicle crash at an intersection with relative risk for drivers aged 85+ 

being 10.62 times greater than those in the 40-49 category (Preusser, et al., 1998). This 

compares to only a 3.74 fold risk increase when considering all crash types. Older drivers 

are also more likely to be involved in a right-turn crash (Preusser, et al., 1998). Of the 

intersection-related fatal crashes studied, 50% were controlled by Stop signs and 23% by 

traffic signals. “Ran control type” was the predominant crash type accounting for more 

than half of fatal intersection crashes for drivers over 75, and 40% of intersection crashes 

involving right-turn crashes. Starting up from  Stop-controlled intersections appears to 

present the greatest risk for older drivers and this results in the vehicle being hit from the 

right side of the vehicle, producing a greater risk of serious injury to the driver (Preusser, et 

al., 1998). 

Praeusser et al also found older drivers have proportionately more low speed crashes at 

intersections during daylight hours only and have proportionately less exposure to night-

time crashes and high-speed situations. It should be noted that some of these findings are 

related to the higher end of aged drivers, some specifically to drivers over the age of 85. 

It appears the dilemma zone for older drivers is narrower and occurs for less time than for 

younger drivers (less than 40 years - 1.85 to 3.9s; older than 70 years - 1.5 to 3.2s) (Rakha, 

El Shawarby, & Setti, 2007). This could be due to experience or more precautious driver 

behaviour. 

 

CRASH TYPES 

As to better understand the interaction and safety issues at intersections, a detailed crash 

analysis was undertaken of Victorian data. A summary of the major crash types have been 
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highlighted below and the reader is referred to the full report for details (E. Hoareau, et al., 

2009). 

The main crash types for the speed zones 50-70 km/h were shown to be vehicles colliding 

from adjacent direction such as cross-traffic crashes, Definition for Classifying Codes 

(DCA) 110 and right-near crashes, DCA 113; crashes involving vehicles from opposite 

directions, such as right-turn-against crashes, DCA 121; and collisions from the same 

directions such as rear-end crashes, DCA, 130. These tend to comprise between 50-80% of 

crashes at intersection within these speed zones. Once the speeds reach 80 and 100 km/h, 

another crash type emerges with some prominence – namely, loss of control crashes, DCA, 

171. 

Literature on this support the above findings suggesting that right-turn against and cross 

traffic crashes (and crashes at traffic signals) (Rössler, Obojski, Stanzel, & Ehmanns, 

2005) are the areas of concern at intersections. Rear end crashes though significant, were 

found to not have the same injury consequences as the above crashes, somewhat contrary 

to the Horeau study. This could be partly depended on the definition of a serious injury. 

Numbers of pedestrian crashes tend to be relatively low compared to the other prominent 

crash types. However, the incompatibility of pedestrians and vehicles poses a high level of 

risk for pedestrians at intersections and so therefore is seen as a key area of concern.  

Typical causes of these types of crashes are suggested in the above literature as being due 

to: 

1. General complexities of intersection negotiations – driver is required to be alert to 

all movements and points of conflict, determine the safe manoeuvres required to proceed 

through the intersection, while obeying all controls. The demands of these tasks can exceed 

capacity. 

2. Selecting gaps through traffic travelling on collision course – aspects such as 

misjudging speeds of oncoming vehicles, not seeing the other vehicle, improper sight 

distance can lead to errors.  

3. Stop sign and signal violations – drivers proceeding through controls either 

deliberately disobeying regulations or as a result of factors such as distraction, 

inattentiveness, fatigue, sight obstructions, result in collisions with vehicles that have right 

of way. 

HUMAN 

It was found that for older drivers, sight distance issues, particularly at signals, perception 

reaction times, lane width treatments and signal difficulties generally play a role in 

contributing to intersection crashes, suggesting that reducing complexities of intersection 

designs, lowering vehicle approach speeds so that fast processing of data and decision 

making requirements are minimised, and providing more adequate sight distance, can help 

address some of these concerns. 

A 2007 study on driver behaviour when preparing to make a right-turn at an intersection 

found that there appeared to be links between whether a driver is following or being 

followed by another vehicle, or approaching the intersection in isolation: when travelling 

in tandem with another vehicle, or in “platoon conditions”, it was found that the driver 

braked later on and closer to the centre of the intersection but at a slower velocity than 
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when travelling alone. The point at which the turning signal was introduced by the driver 

however did not appear to be affected by the presence of another vehicle. While this may 

not directly impact knowledge on intersection safety design, it suggests that the likelihood 

of rear-end collisions and perhaps even overshooting the appropriate locations when 

selecting a right-turn gap may be impacted not only by aspects such as sight distance and 

accurate gap selection but to an extent also by high traffic volumes and the presence of 

queues (Toshihisa & Motoyuki, 2007). 

VEHICLE 

Warning devices installed in vehicles and integrated into road infrastructure can assist 

drivers in selecting a safe gap through oncoming traffic and also alerts drivers to the 

presence of vehicles, despite any vision obscurity, or inattentiveness. The potential to 

inadvertently violate a Stop sign or traffic signal is also minimised through these measures. 

While some of these warning systems are identified below, extensive reviews of these are 

considered outside the aims of the review. 

INTERSAFE 

The purpose of INTERSAFE as mentioned earlier is to provide as much information to the 

driver on aspects such as upcoming traffic signals, approaching vehicles, and presence of 

pedestrians at the intersection. It attempts to answer questions such as, “Where are we” 

and “Where are we going?” “Who else is on the intersection?”, “What are the others 

doing?” and “Is there any unforeseen risk of collision with our vehicle?” It provides 

assistance specifically in negotiating Stop signs, and traffic signals, and other right-of-way 

negotiations, and in undertaking turns. Results of a simulator evaluation indicated that 

drivers were happy to use such a system and found the Traffic Light Assistant particularly 

helpful (Fuerstenberg & Roessler, 2006). 

As part of the INTERSAFE project, a test vehicle equipped with laser scanners, camera 

and communication systems was used at intersections in conjunction with driver assistance 

schemes at to achieve the goal of improved safety and reduced intersection collisions.  

Figure 8 shows means by which these lasers relay road infrastructure information to the 

driver, such as when signals are ahead, provide lane change assistance by locating all other 

road users in the vicinity, and gap selection by alerting the driver of approaching vehicles 

of the potential of a collision. An indication of risk level on approach to the intersection is 

presented continuously to the driver as indicated in Figure 9 so the driver is not taken by 

surprise when a warning is provided. 
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Figure 8 - Diagrammatic representation of INTERSAFE functionality.  Source: (Fuerstenberg & 

Willhoeft, 2006) 

 

Figure 9 - Continuous risk warning (Fuerstenberg & Willhoeft, 2006) 

Intersection Collision Warning System 

Another such system, where drivers are warned of an imminent collision using ITS 

devices, is the Intersection Collision Warning System, which provides a combination of 

vehicle detection and advanced warning. Evaluation of this system in operation in Virginia, 

U.S., over a two-year period indicated that approach speeds were lower and crash rates 

appeared to decline (Maze, Hawkins, & Burchett, 2004). Similarly, Farraher, 1999, (cited 

in (Jones Jr & Sisiopiku, 2007)) found a 44% reduction in casualty crashes, 73% reduction 

in right angle crashes and 83% in casualty rear-end crashes through the use of advanced 

warning systems. A study by (Lum & Halim, 2006) cited in (Jones Jr & Sisiopiku, 2007) 

however, suggests these effects tend to be short-term. 

A modification to this system provides information on the direction from which the vehicle 

is approaching. This system was trialled in Maine, U.S., and conflicts were estimated to 

reduce by 35-40% (Maze, et al., 2004). 

Intersection Decision Support System 

A similar system is the Intersection Decision Support System, where the time to collision 

is calculated using road infrastructure and vehicle sensors and this relayed to the drivers 

using dynamic signs - Figure 10 (a) shows a warning that a vehicle is arriving from the 

side road on the left, travelling at 65 mph, and from the right at 85 mph. Alternative 

signage is shown in Figure 10 (b) where time to arrival is indicated - for example vehicle is 

estimated to arrive in 1 second from left and 13 seconds from right. It appears that Figure 
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10 (b) is more practical as it can aid gap selection more directly. Figure 10 (a), on the other 

hand, requires the driver to convert the approach speed in terms of available gap. 

 

          (a)   (b) 

Figure 10 - Dynamic signs for the Intersection Decision Support Systems. (Maze, et al., 2004). 

A warning system used in Japan is the Driving Safety Support System (DSSS) with similar 

functions as those above, including phase change information, conflict predictions, in 

vehicle audio warnings particularly for drivers in vehicles on the secondary roads to “Stop” 

when coming to an intersection. An unusual aspect of this system is that it alerts drivers of 

motorcyclists that might be in the blind spot during a turn (Sugimoto, et al., 2000). 

One of the Telematics functions is to warn drivers of an upcoming red light when approach 

speeds are deemed too fast to stop; as well as informing the driver about the state of the 

traffic phase, potentially addressing the dilemma zone aspect. A speed range is provided to 

the driver for safe crossing once in the dilemma zone (Matthias   Schulze, Nocker, & 

Bohm, 2005).  The provision of advanced Dilemma Zone detection is estimated to have a 

crash reduction factor in injury crashes of 39% for all crash types at high-speed rural 

intersection approaches (FHWA (a), 2007).  

 

Reactions to ITS solutions to reduce crash risk through vehicle warning devices appear to 

be mixed based on focus groups run by FHWA (2005). Intersection Collision Warning 

Systems received positive reactions. However, advanced red-light warning devices and 

automatic gap selection devices raised concerns on their ability to provide adequate 

advanced warning, and level of accuracy, with many drivers feeling more comfortable to 

make their own gap selection. 

Countermeasures to target older driver problems need to involve means of reducing or 

simplifying the situations where decision making is based on time-dependent, dynamic 

information coming from the periphery. 

ROAD/ROADSIDE 

Creating a road layout that maximises driver potential to negotiate an approaching 

intersection can assist in reducing the risk of a crash. For example, a US simulator study 

(Classen et al., 2007) comparing improvements at intersections such as a separate right-

turn lane and fully controlled right-turns at signals suggested the driver experienced a  

greater lateral stability while undertaking the manoeuvre than without these additions.  
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Certain intersection geometrical features can be associated with greater crash risk. A TRL 

literature review on traffic signals and intersections, listed geometric features associated 

with increased crash risk: wider approaches (increased risk of right-angle crashes), greater 

number of lanes (increased risk of collision with pedestrians) and staggered intersections 

(lower risk of cross traffic and right-turn-against crashes) (Kennedy & Sexton, 2009). 

The FWHA also completed a study on signalised intersections, where key aspects of 

design were systematically modified and the potential impacts on crash occurrence 

evaluated. (2004) 

As one of the main types of crashes at intersections is the right-turn-against crash, the 

following section presents means of preventing this crash type. In general there are several 

means of doing this: remove the right-turn manoeuvre either by providing an alternative or 

simply prohibiting it, or provide assistance in gap selection. The following section explores 

these options. 

Right-turn avoidance – minimising need for gap selection 

As a result of right-turn crashes being a prominent and serious crash type at intersections, 

many studies on intersection safety place significant emphasis on increasing the safety of 

this manoeuvre or even removing the need for it 

(Furtado, et al., 2003; Hagen, 2004; Hochstein, Maze, 

Welch, Preston, & Storm, 2007; Simmonite & Chick, 

2004).  

Pyke (2006) suggests that right-turn options can be based 

on whether the movement happens before or after the 

intersection; and whether the right-turn occurs from the 

right or the far left lane of the intersection, producing 

four theoretical approaches on which to base right-turn 

configurations, (Figure 11) (Pyke, et al., 2006) . 

   

Several alternative designs that explore these approaches 

are presented in the following section: they include Jug 

Handles including the at-grade loop modification, Bow 

Streets, median openings, Super Streets, and J-

Turns and are compiled from several sources 

(Furtado, et al., 2003; Pyke, et al., 2006). 

Jug Handle 

The jug handle configuration involves diverting right-turning traffic past the intersection, 

and creating a loop manoeuvre to return to the intersection and make a left-turn to progress 

through the intersection. In effect, it is similar to going straight through and then making a 

U-turn through the median, except the U-turn is not undertaken within the existing road 

cross-section. Figure 12 presents this from a right-hand drive perspective. The advantage 

of this layout is that the driver no longer needs to select a gap between vehicles proceeding 

through the intersection; two left turns, which are historically the safer manoeuvre, replace 

the right-turn. The disadvantages of the Jug Handle are that it involves a detour, can be 

costly and is likely to require land acquisition. Variations of this configuration exist 

including approach end Jug Handles that do not necessarily involve a detour but relocate 

the right-turn away from the intersection. 

Figure 11 - General options to providing a 

right turn at the intersection. Source (Pyke, 

Sampson, & Schmid, 2006) 
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A number of versions of the Jug handle are presented in Figure 13 (a to c) - forward (where 

all turning traffic exit on to a ramp and then make their turns); reverse or U-turn ramps 

(where right-turners can loop around the intersection and execute a right-turn); and a 

combination (c) (FHWA, 2008). 

 
Figure 12 - Typical (departure) jug handle design. Source: (FHWA, 2004a) 

(a)        (b)            (c)  

 

Figure 14 – On-site Jug Handle (FHWA, 2004a) 

Figure 13 - Variations of the Jug Handle (a) forward ramp (b) reverse ramp and (c) a 

combination  (FHWA, 2008) 
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Of the three above designs in Figure 12, design (a) appeared to produce the highest rate of 

crashes and design (b) has the lowest rate of angle and right-turn crashes per million 

vehicles entering. Another study (Jagannathan, 2006) comparing conventional intersections 

with Jug Handles found that Jug Handles produced a lower proportion of right-turn (3.7% 

to 11.8%) and head-on crashes but had a higher rear-end crash proportion (56.6% 

compared to 42.7%) (Jagannathan, 2006). The US Tech Brief on the three designs of the 

Jug Handles found that they generally produced less delay when compared to conventional 

intersection designs (FHWA - Tech Brief, #324)  

Experiences of the design in New Jersey and Edmonton, in the U.S., suggest Jug Handles 

generally improve intersection safety capacity and travel time (FHWA, 2008). Few 

complaints have been received regarding the intersections and there have been no notable 

crash experiences at these intersections. Comparison of the Jug Handle with conventional 

design for projected conditions for the year 2038 suggested substantially better level of 

service and travel times despite the design containing two less travel lanes. Additionally, 

signal phasing is simpler and green time is maximised. Most importantly, right-turn 

crashes are removed from the design, potentially increasing safety.  

 

Some of the disadvantages are driver confusion, cost, land acquisition, detour requirements 

and in some cases need to cross the intersection twice are aspects to be given careful 

consideration when using this intersection design (Pyke, et al., 2006).  

Bowtie 

Another possible modification to the standard road geometry is the “Bowtie”: two 

roundabouts are constructed on the non-main road (vertical road in Figure 15) on either 

side of the main intersection. In Victorian driving conditions this involves prohibiting the 

right-turn and requiring the driver travelling on the main road to turn left, U-turn at the 

next roundabout and proceed through the intersection. A “bowtie” is formed when a driver 

wants to make a U-turn on the non-main road rather than a right-turn and so makes a U-

turn at the roundabout at one end and then proceeds through the intersection and makes 

another U-turn at the opposite roundabout. 

  

 

 

 

 

    

Super Street 

A “Super Street” is also discussed in the literature as an alternative to the conventional 

intersection design. A Superstreet design prevents minor road traffic from crossing the 

major road directly, by providing a U-turn facility. It is similar to the median U-turn 

intersection design but has additional lanes, traffic movements on the major road remain 

the same as for conventional design, Figure 16 (Kim, et al., 2007). The traffic signal 

phasing is simpler to that of the conventional requiring two rather than four phases. 

Potential conflict points are also far fewer than the conventional with 14 conflict points 

compared to 32. A simulator study of three variations of the Super Street in relation to 

Figure 15 - Bowtie intersection design. 

Source:(Furtado, Tencha, & Devos, 2003) 
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safety aspects found that the design which included only the one U-turn lane produced 

significantly fewer conflicts than with the conventional design; almost 80% fewer. Once 

the number of U-turn lanes increased to two, this safety benefit was lost with the Super 

Street found to produce more conflicts than through conventional design. The traffic 

performance of this non-traditional design was also positive, with one design variation 

indicating a 30-40% reduction in travel time and 23% to 43% increase in throughput. 

However, this generally produced an increase in speed, somewhat contrary to Safe System 

ideals as collisions are still a possibility and speed can impact the likely crashes risk and 

consequences of these. 

This design appears to be more suited to high volume roads as the design did not produce 

any increased performance on medium to low volumes routes when compared to 

conventional design. The layout can be considered at traffic signals however could 

minimise large angle crashes. 

 

Figure 16 - Super Street intersection configuration. Source: (FHWA, 2004a) 

J-Turns 

A similar concept to removing the need for a direct right-turn is the “J-turn” manoeuvre, 

which provides an indented turn slot within the median as shown in Figure 17. This allows 

major road traffic to turn in to minor roads utilising this indented turn lane and prevents 

direct turns from the minor road, instead requiring the traffic to turn left (left-hand drive) 

cross to the far lane and then U-turn.  
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Figure 17 - J-Turn configuration for right-hand drive. Source: (Hochstein, Maze, Souleyrette, Preston, 

& Storm, 2008) 

In Maryland U.S., the term J-Turn is used to describe the Superstreet (with no signalisation 

of the U-turns); however it is difficult to establish from literature whether the two designs 

are identical. Maryland’s use of the J-Turn intersections suggests superior safety 

performance. A three-year study of a J-turn intersection in Maryland, saw a reduction of 

crashes from around nine per year to less than one per year after the installation of the new 

design (NCHRP, 2010).  

The J-turn is also referred to as the Directional Median Opening. 

Median opening 

A median opening treatment consists of providing a U-turn facility through a median 

opening, removing the need for a right-turn manoeuvre. Operational and safety 

performance of this treatment is being analysed by TRB but was not complete at time of 

review. A tech brief on the treatment found that the probability of head-on and angle 

crashes are reduced through the median U-turn intersection treatment; conflict points are 

also fewer, with crash reductions estimated between 20% and 50%. An FHWA study 

(FHWA (a), 2007) estimates around 26% reduction in all crash types and crash severity 

levels, at Stop-Controlled intersections of 6 lanes with daily traffic volumes per day of 

over 34,000.  

Displaced right-turn 

Another alternative geometrical design is the “displaced right-turn, DRT” (Simmonite & 

Chick, 2004) which aims to separate right-turns not just by separate lanes, but also through 

a median. A number of designs exist of the displaced right-turn, one of which is shown in 

Figure 18. The designs appear to increase conflict points at the intersection rather than 

minimise them. A conflict study of a DRT design indicated 14 potential conflicts at the 

new design compared to the control’s four. While the study concludes that these might 

simply be teething issues, the overall design appears to be less safety focussed and more 

capacity related and so it has not been explored further within this report. 
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Figure 18 - Displaced right-turn design source (Simmonite & Chick, 2004) 

Diverging Diamond Interchange 

Not relating only to right turns, an interchange design - the Diverging Diamond 

Interchange (DDI) - is considered to be a suitable alternative to conventional interchange 

design and contains fewer conflict points (Figure 19). The design involves drivers being 

directed to the opposite side of the road for a short period of time and then directed back. 

Trials conducted on this design suggest an overall reduction in speed associated with the 

design, indicating increased safety compared to the conventional design given both the 

reduction in speed and the fewer conflict points. France, Versailles, has had a DDI in use 

for over 25 years with only 11 minor crashes compared to the expected 21 – 23 crashes at a 

comparable diamond interchange in the U.S. (FHWA (b), 2007). This intersection design is 

targetted at freeway entry/exits and not the general at-grade road classes. 

 

Figure 19 - Diverging Diamond Interchange. Source: (FHWA (b), 2007) 

A semi-roundabout interchange design also exists but appears to be as a temporary 

measure while the diamond interchange is fully constructed (Maze, et al., 2004). 

Other measures 

An unusual approach that has been emerging in some of the literature is the use of real-

time IT devices and pavement markings to guide drivers in selecting adequate gaps at 

intersections. Road and vehicle sensors accurately identify locations of vehicles within the 

intersection zone and measure time-to-collision. The time required for the stationary driver 

of the side road to start up and proceed through the intersection is calculated and advice is 
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given as to whether this manoeuvre is possible in the time available prior to the main road 

vehicle reaching the point of collision. A similar approach is to provide pavement marking 

to help better judge speeds of the approaching vehicle and so to safely negotiate the 

intersection (FHWA, 2000b). This is discussed in detail in the “Easier Gap” selection 

section. 

Others highlighted in an “Intersection Safety Strategy” brochure by the FHWA (FHWA, 

2008 #327) Toolbox of Countermeasures for Intersection crashes (FHWA (a), 2007) are: 

bypass lanes - although not a novel solution, including a bypass lane on the main road 

shoulders of a T-intersection is highlighted to alleviate rear-end crashes between vehicles 

travelling through on the main road and those turning right in to the side road. Most of the 

other strategies suggested are standard treatments although some of the less common ones 

include converting cross intersections into two T-intersections (Staggered T- 

intersections); staggered T intersections were estimated to have a crash reduction in injury 

crashes of between 25 - 33% at an urban intersection where the major road contained 

between 70-85% of the total traffic. Installing rumble strips on approach to intersections; 

removing unnecessary traffic signals; and restricting turning movements that present 

heightened risk. 

Right-turn bans 

A practice common in some overseas countries is the permitting of left-turns on red – this 

is predicted to increase left-turn injury crashes by 60% (FHWA (a), 2007), and increase 

pedestrian crashes of all severity levels by 43%.  

Prohibiting right-turns on the other hand is predicted to reduce all crash types by 45% and 

rear end crashes by 30%. Restricting parking in the vicinity of the intersection has also 

major impact on crash numbers, estimated to reduce all crash types by 49% (FHWA (a), 

2007).  

Easier Gap Selection 

Once a driver spots an oncoming vehicle, it is a matter of judging the right speed of the 

approaching vehicle and estimating the time for it to reach the point of contact, and 

deciding if there is adequate time to execute the desired manoeuvre prior to the vehicle 

reaching contact point. Judging the speed accurately then becomes a critical aspect of gap 

selection. The following measures aim at assisting the driver in this area, as well as 

creating situations where either approach speeds at intersections are lower, so hasty 

decision-making is not required; or the number of conflict points is reduced so risk of 

collision is minimised. 

DOTS on roads 

Pennsylvania, U.S., has adopted a “dot” tailgating system (Figure 20) to assist drivers to 

maintain safe following distance. The treatment works such that when travelling at the 

posted speed limit, the driver of the second vehicle should be able to see two dots between 

the vehicle and the one ahead. The dots are painted on the road pavement based on the 

two-second rule. Some examples of this exist in Victoria, Australia, but involve bars across 

the lane rather than dots. A simple before and after observation of crash numbers 

immediately north of an area installed with this dot treatment saw a 60% drop in crashes 

the following year. Standards for this treatment are available through the literature (Latham 

& Trombly, 2003). 
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Figure 20 - Dots to address lack of following distance. Source: (Latham & Trombly, 2003) 

A form of this treatment involves placing dots on the roads at intersections to assist with 

gap selection for drivers on the minor road. The dots are placed on the major road such that 

a vehicle sighted on the major road beyond these dots is at a distance that provides 

adequate time for a driver from the minor vehicle to start up from a stationary position and 

execute a turn, as shown in Figure 21. This of course relies on the driver of the 

approaching vehicle to be travelling, as a maximum, at the posted speed limit and 

maintaining the speed. 

 

Figure 21 - Pavement markers to assist in appropriate gap selection.  

Source: (Latham & Trombly, 2003) 

Vehicles approaching on a curve may present further difficulties in accurately judging 

speed. Literature suggests that some drivers, and especially older drivers, may inaccurately 

judge speeds of vehicles approaching from within a curve (Candappa, et al., 2006; Fildes, 
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Leening, & Corrigan, 1989), the curvature of the road potentially misleading the driver in 

to believing that the vehicles are approaching at a slower speed than actual. In these 

circumstances, providing guidance on “actual” approach speeds to challenge inaccurate 

speed perceptions can assist drivers in better selecting the safer gap. 

To ensure good sight distance, literature recommends that the angle between the primary 

and secondary roads is at a minimum of 70-75 degrees (FHWA, 2006), and a Swedish 

study suggesting 90 degree intersections for optimum sight distance (Vadeby & Brude, 

2006). On the other hand, for safer collision angles, more acute intersection angles are 

favoured, raising the fact that safe intersection design is not necessarily simple, a design 

aspect considered safe in terms of one criteria creating reduced safety in another. In such 

cases, it is believed the more critical criteria need to be given priority. 

All-Way Stops 

While not common in Victoria, a number of studies highlight the potential for using four 

way or all-way stops to increase safety at intersections (FHWA (a), 2007; Preusser, et al., 

1998). This ensures that all vehicles have greater opportunity to be aware of vehicles 

travelling in conflicting trajectories as all vehicles in theory will come to a standstill prior 

to proceeding through the intersection. The speed with which the vehicles are travelling 

will also be significantly less, ensuring people have greater reaction time, and any crash 

consequences are minimal. Based on personal observations of Canadian all-way stop 

intersections, the operation appears to be smooth, vehicles from both intersecting roads 

approach the intersection, with the vehicle that reaches the intersection first generally 

proceeding first. If order of arrival is unclear, different countries appear to have specific 

rules such as give way to the right (employed in the U.S.) compared to hand gestures and 

“common sense” in South Africa. The study by FHWA suggests conversions from the 

usual Stop configuration, where the minor road gives way to the major road traffic, to a 

four-way stop configuration was estimated to produce crash reductions in urban areas of 

71% for injury crashes of all types, 72% reductions in right-hand crashes of all severity 

levels and 39% in pedestrian crash types of all severity levels, (FHWA (a), 2007) though 

its effects on speed reduction have been challenged in earlier research (Bretherton Jr, 

1999). 

Experience of this treatment in Ontario, Canada, also suggests that overuse of this can 

potentially lead to driver frustration, loss of credibility of Stop signs and negative 

environmental impacts (Municipality of Ajax, 2008). However, it is believed that a trial of 

this treatment on local streets where traffic flow and journey time are not a concern, can be 

undertaken to ascertain benefits and any negative outcomes. This treatment is 

recommended for streets with similar volumes. 

Installing Stop signs at alternate intersections in residential areas is predicted to reduce all 

severity crashes by 50%. Interestingly, while there is the occasional practice of converting 

Stop-controlled intersections to Give Way control to maintain credibility of the Stop sign, 

study results indicate an estimated increase of 127% in all crash types as a consequence 

(Municipality of Ajax, 2008). 

While no further literature was found on it at the time of review, a municipality in North 

Carolina listed the potential to use T-shaped signal layouts where two red lanterns are 

placed horizontally, and the yellow and green make the stem of the T, presumably to better 

highlight the red lantern, the critical of all three (Latham & Trombly, 2003). 
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One-Way Roads 

Reducing the complexity of an intersection increases the safety of an intersection. As such, 

reducing the need to look both ways when selecting a gap by converting roads to one-way 

roads can reduce the number of conflict points and reduce complexity in decision-making. 

Conversion of a two-way road into a one-way road was estimated to produce a 26% 

reduction in all crash types and severity levels (FHWA (a), 2007).  

When involved in a crash, some drivers report not having seen the other vehicle even 

though they claim to have looked. Potential reasons for this include: not looking carefully 

enough; vegetation, road furniture, on-road parking potentially obscuring their vision; 

inadequate sight distance to react quickly; and glare. One-way streets, and all-way stops 

are also suggested countermeasures to assist in this aspect (Preusser, et al., 1998). 

While peripheral lines and rumble strips have been suggested earlier as a means of 

reducing the overall kinetic energy of a crash, it is recommended also as a means of 

reducing crash occurrence: the installation of transverse pavement marking was estimated 

to reduce injury crashes by up to 74% at Stop-controlled intersections. Similarly, 

transverse rumble strips were estimated to reduce rear-end crashes of all severity levels by 

90% (FHWA (a), 2007). 

Roundabout options 

Literature from Sweden, U.S., Canada, U.K., and The Netherlands indicate that road safety 

philosophy acknowledges the safety benefits of roundabouts, and their use is generally 

favoured. The literature reviewed indicates a movement in the direction of promoting 

roundabouts as the most suitable intersection control, in particular in Sweden and The 

Netherlands, where roundabouts appear to be favoured over signals. This was not as 

apparent in countries such as the U.S. and Canada. The number of reports undertaken in 

the U.S. exploring the benefits of roundabouts and their various applications however, 

suggest significant interest in this form of intersection control (Candappa & Corben, 2006). 

 

There is extensive research available on the effectiveness of roundabouts as an intersection 

control with up to 85% of serious injury intersection crashes being eliminated after the 

introduction of roundabouts, (Scully, Newstead, Corben, & Candappa, 2006). Another 

study cites effect of conversion to roundabouts for all control types produced an estimated 

reduction in all crash types and severity levels of 35%; from signals to roundabouts, a 

reduction of 48% for all crash types and severity levels; stop-controlled intersections of 

around the same percentages in urban surroundings (44%) and 72% in a rural setting. 

Injury crashes were estimated to reduce by around 78% when a signal-controlled 

intersection was converted in to a roundabout in both urban and rural settings (FHWA (a), 

2007). Unlike in Victoria, property-damage-only crashes have also been included in some 

of the crash reduction estimates, which is worth noting when comparing estimates from 

other sources.  

A recent Dutch study of roundabout effectiveness using all the roundabouts constructed in 

The Netherlands between 1999 and 2005 totalling over 20,000 roundabouts and mini-

roundabouts was completed in 2010 (Churchill, Stipdonk, & Bijleveld, 2010). Aggregate 

results over all the roundabouts indicated reductions of 76% in fatalities and 46% in 

serious casualties. The approach of estimating overall safety benefits rather than individual 

effect of the introduction of a roundabout at a specific intersection makes comparison with 

other studies difficult as many compounding factors and crash and operational history at 

individual sites could affect the overall finding. The study includes mini roundabouts as 
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well as traditional roundabouts in the study, and takes a more conservative approach to 

before crash calculations, both which can affect findings. Table 2 presents results from 

other mainly Dutch studies for comparison. Reductions to serious injuries range from 

(significant only) 86% to 17%. Further investigation would be required to better 

understand these variations. 

Table 2 - Previous roundabout study evaluations
2
 

 

                                                 

2
 Many of the references in Table 2 are in Dutch and so have not been included in the reference list 
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A Queensland study of intersection crashes in Townsville found that the rate of fatal 

crashes per 1000 crashes is 1.46 for roundabouts compared to 4.2 for signalised cross-

intersection, and signalised T-intersection, 3.38. The percentage of fatalities based on 

intersection control varied from 0.191% for a roundabout to 1.05% for an uncontrolled 

cross-intersection (Wadhwa & Thomson, 2006). Similarly, a report on an algorithm used to 

obtain descriptive analysis of black zones concluded that as unconscious errors are often 

associated with right-turn crashes, and environmental aspects such as uneven sight distance 

can exacerbate the problem, the report concludes that signalised intersections could be 

more suitable as a short-term solution, with the use of roundabouts preferred as the long-

term solution (Geurts, Thomas, & Wets, 2005). 

While safety effects of roundabouts are well documented, there could also be 

environmental and amenity benefits. Hyden and Varhelyi (2000) suggest that 

environmentally, converting from traffic signals to a roundabout reduced emissions 

(though converting from an uncontrolled intersection to a roundabout increased emissions); 

noise levels were reduced; crossing times for pedestrians and cyclists were reduced and 

there appeared to be better interaction between main and side road traffic. With respect to 

driver attitude to the installation of roundabouts, interviews suggested that 86% of drivers 

had not taken a detour to avoid the junctions with roundabouts, with some drivers 

preferring to use intersections with roundabouts. As an aside, the study found that cyclists 

often took shortcuts and exhibited low respect for the Give Way regulations at roundabouts 

(Hydén & Várhelyi, 2000). 

Some alternative roundabouts designs were presented in the literature and are provided 

here for information, although the safety benefits of these do not seem well established or 

well publicised. Figure 22 shows a tear drop interchange that allows easier right turns and 

improves capacity, this example in Colorado recorded to save $85,000 a year in traffic 

direction officers as a result of its installation (Candappa & Corben, 2006). Figure 23 

shows alternative means of increasing safety for cyclists through more prominent bike 

tracks.  

 

Figure 22 - Tear Drop roundabout interchange. source: (FHWA, 2000a) cited in (Candappa & Corben, 

2006) 

 



 

42 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

 

Figure 23 - Alternative Roundabout Designs to Increase Cyclist Safety. Source: (Kennedy, 2005) cited 

in (Candappa & Corben, 2006) 

The following roundabout designs – the “hamburger” and “hot cross bun” designs – are 

signalised roundabout designs that are aimed at improving traffic flow by allowing through 

traffic to proceed through the intersection without deflection (Figure 24). Little information 

is provided on these examples in terms of effectiveness or criteria for use and there appears 

to be few known examples of these alternative roundabout layouts in practice. As a result, 

few evaluations have been undertaken. However, as part of a report by MUARC for 

VicRoads in 2006 examining the benefits of roundabouts, TRL was contacted with the aim 

of obtaining more information on the use and benefits of these proposed layouts. 

According to personal correspondence (Kennedy, 2006), three hamburger roundabouts 

exist in Staines, Slough and Bracknell, and have been in operation for over 20 years. 

Anecdotal observations on the layouts are that some traffic turning right from the minor 

road disobey road rules and turn directly on to the major road rather than going around the 

island. No data have been collected to verify safety consequences. A hot-cross bun 

intersection layout has been installed recently near Heathrow. One account of the 

experience driving through this layout was one of apprehension. Further investigation 

would be required to obtain more information on these.  
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Figure 24 - Alternative Roundabout Designs in the U.K. for Improved Traffic Flow Through 

Roundabouts Source: (Kennedy, 2005) cited in (Candappa & Corben, 2006) 

 

It should be noted that the two alternative roundabouts in Figure 24 appear focussed on 

improving traffic flow rather than safety but are presented here as examples of the existing 

alternatives to the current roundabout design and may prompt  further thinking in this area. 

SYSTEMS OPERATION 

An innovative means of reinforcing traffic signals is presented in Figure 25 - Virtual Wall 

to perceptually prevent red-light running. This “virtual wall” creates a perceptual barrier to 

discourage red-light running (Hanyoung, 2009). The concept has not been yet 

implemented. 

 

 

Figure 25 - Virtual Wall to perceptually prevent red-light running. Source:  (Hanyoung, 2009) 
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4. LAYER FIVE – REDUCED EXPOSURE TO CRASH RISK 

While certain aspects of intersection design contribute to the overall risk of a situation, 

increased exposure to these elements can exacerbate the situation. High traffic and 

pedestrian volumes, and repeated travel through an intersection are examples of these. The 

following literature provides ways to reduce unnecessary exposure to design aspects with 

elevated risk. 

HUMAN 

In order to reduce exposure to crash risk, there needs to be present some incentive to the 

driver to not place themselves at risk. People especially safety conscious or those that feel 

their level of skill is challenged when negotiating a particular traffic situation may freely 

divert from a preferred route or behaviour type to reduce risk of a crash. However, many 

tend to place convenience and travel time benefits over safety benefits and therefore are 

not likely to relinquish a more direct route, for example, for the benefit of perceived safety 

enhancements. Behavioural measures that better define safety benefits can be influential in 

encouraging road users to utilise these measures. 

Age and experience can play a role in how well road users adopt measures that can reduce 

exposure to crashes. Crash involvement was associated with lack of driving experience and 

level of recklessness (Catchpole, MacDonald, & Bowland, 1994). Older drivers tend to 

self-regulate better in terms of restricting their driving to situations in which they feel 

comfortable. Convincing younger drivers to choose driving circumstances with less risk 

associated with them is possibly more of a challenge. 

Convenience is also a factor in how well road users adopt measures that can reduce 

exposure to crashes. It will be difficult to encourage drivers to expose themselves less to 

say Stop-controlled intersections by driving through an intersection with a roundabout, 

unless there are options of Stop-controlled intersections in the immediate vicinity. 

Alternatively, if increased safety achieved at an intersection is quite tangible, and also 

produce other benefits such as smoother traffic flow, road users may willingly choose this 

alternative. One survey found that while initially drivers were hesitant about the 

introduction of roundabouts in place of cross intersections, some drivers were now 

choosing to travel through intersections with roundabouts (Hydén & Várhelyi, 2000). 

VEHICLE 

With the increasing introduction of in-vehicle technology, there is scope to include a Safer 

Route option within route selection preferences. That is, in the same way a driver can 

select “fastest” option in preference to “shortest” travel route, there can be the alternative 

to pick the “safer” travel route. The definition of “safer” would require some discussion 

but it could involve aspects such as choosing the intersection with a roundabout rather than 

traffic signals or a Stop sign, intersections that have a lower crash record and lower 

pedestrian movement. Legal liability implication would also need to be considered. No 

literature was identified in the literature and this has been presented only as possible idea. 

ROAD/ROADSIDE 

Reducing exposure through road design can be achieved through at least two measures: as 

discussed earlier, the road network can be utilised to ensure that intersections that are 
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considered safer, or have a better crash record, have more traffic travelling through them; 

or measures that have been proven to be safer are introduced to more intersections, such as 

roundabouts, so that road users are exposed to more safe elements of the road system. 

SYSTEMS OPERATION 

Policies play a big role in creating a road system that reduces road user exposure to high 

risk elements of the network. For example, vehicle polices that prohibit the use of bull bars 

on vehicles on local roads reduces the exposure of pedestrians to a system element that was 

considered “significantly more hazardous for the pedestrian than the front of the vehicle” 

(R  Anderson, Van de Berg, Ponte, & Streeter, 2006). 
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5. SUMMARY OF KEY FINDINGS AND MEASURES 

A targetted review of literature on intersection safety research internationally was 

undertaken to establish current work in the area. Note was made of any potential 

countermeasures that can be considered on Victorian roads surroundings and are seen as 

potentials to alleviate risk of intersection crashes in innovative and significantly effective 

ways. The review aimed at seeking in particular, measures that aligned with Safe Systems 

principles. Countries such as Sweden, The Netherlands, Norway, U.K., and the U.S. were 

included in the review. The review is a thorough one but does not claim to be an 

exhaustive one, owing to the quantity of literature generally on “intersection safety”. 

Overall, it was found that while there is a large number of publications on addressing 

intersection safety, a significant proportion deal with modifying existing measures, or in 

discussing some of the behavioural issues surrounding intersection crashes.  

Listed below is a summary of the main measures presented in the literature that were 

uncommon on Victorian roads and so required a mention; or were highlighted in the 

literature as measures that have been consistently reliable in producing increased safety at 

intersections. 

MEASURES UNCOMMON TO VICTORIAN ROADS: 

 Jug Handle intersection design (and variations) 

 Bowtie intersection design 

 Super Street 

 J-Turns 

 Turbo roundabouts 

 Hamburger and Hot Cross bun roundabouts designs 

 Raised intersections/platforms 

 All-Way stops 

 One-Way Roads 

 Line marking assistance towards better gap selection and speed perception 

 Peripheral lines and rumble strips 

 Speed humps just beyond the Stop line (and prior to the pedestrian cross walk) 

 A speed hump on slip lanes  

 Rumble strips on approach to reduced speed zone 

 Virtual Wall 

MORE STANDARD BUT PROVEN MEASURES 

 Roundabouts 

 Road environments that reflect speed limit/credible speed limits; lower intersection 

speeds 

 Median openings with U-turn facilities (essentially j-turns) 

 Right-turn bans 
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