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EXECUTIVE SUMMARY 

Crash data suggest that intersections are associated with a higher level of crash risk than 
with other parts of the road network, largely due to the threatening angles of impact and 
high collision speeds which they accommodate.  In the last decade, approximately 100,000 
Australians have been seriously injured or killed in intersection crashes in Victoria alone.  
Intersection safety, therefore, is now recognised as a major road safety concern in Australia 
and worldwide. This Victorian Government-funded study focusses on improving intersection 
safety through infrastructural design. This report constitutes the fifth task of the ten-task 
study.  

This Task 5 report explores the various intersection design options available were the Safe 
System principles the only drivers of intersection design: that is, for this task having safety as 
the exclusive focus, disregarding convention, practicality, traffic movement, cost – aspects 
that have traditionally played a significant role in road design.  In essence, looking “outside 
the square”, brainstorming design ideas clear of any real or imposed restrictions.  

Safe System Design Principles 
Task 3 of the project analysed crash dynamics and defined four Safe System design principles 
necessary for focus on safety: 1 limiting vehicle volumes; 2 minimising intersection numbers; 
3 minimising conflict points per intersection; and 4 constraining impact speeds and impact 
angles to biomechanically tolerable levels. That is, where intersection angles remain at 90 
degrees, impact speeds need to be 50 km/h or less for potential vehicle collisions, and 30 
km/h for potential pedestrian collisions; where speeds need to be greater than 50 km/h, 
intersection angles need to be less than 90 degrees (Corben, et al 2010). 

Intersection Categories of Focus 
Through detailed crash analysis three categories of intersections were identified as being 
particular problem intersection types in Victoria, Australia, either due to sustaining high 
crash rates, or high absolute crash numbers due to the prevalence of the particular 
intersection type across the network. These are: the intersections of urban to urban 
signalised arterial roads; the sign-controlled intersections of urban arterial roads with local 
access roads; and the sign-controlled intersections of rural highways and low-volume side 
roads. 

Generated Designs 
A collection of designs/approaches were produced in collaboration with well-regarded 
experts in the field of road safety, as well as with the Arts and Design Faculty of Monash 
Caulfield, to better facilitate non-conventional, creative thinking. To be true to the Task 5 aim 
of considering all new design possibilities unrestricted, designs ranged from the obvious 
(physical barriers to prevent crashes), to the creative (cut through roundabouts) to the more 
ambitious (LED roundabouts) and non-conventional (reverse roundabouts). Criteria was then 
included to select from these designs a short-list of designs that could either be trialled 
immediately, or be investigated further through simulation. Designs were also assessed 
against the Kinetic Energy Management Model (KEMM) (Corben et. al., 2010) to determine 
the potential impact of the created design on the risk of a fatality or serious injury relative to 
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the existing intersection design of a cross intersection, relative risk (RR) with 60 km/h speed 
limit (the default design).  
Presented below are designs that indicate at least 50% reductions in risk of fatal injury at 
intersections (when compared to the default design). The body and appendix of the report 
contain all the designs considered.  

Reducing speed of travel (and hence impact speed) as expected proved to be the most 
effective means of reducing risk of fatal or serious injury. The default intersection speed 
limits (50km/h) along with turbo roundabout variations are suggested to reduce the relative 
risk generated from a crash by up to 90% (RR 0.1). Next most effective were other forms of 
roundabouts with reductions of up to 80%. 

 The following is a table of measures that adhere to Safe of the more immediate prospects of 
design investigation.  
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Table 1 Intersection designs & Solutions which address intersection problem Types 1, 2 and 3. 

 Option Figure No. KEMM-X rating Design 
principles 
addressed 

KEMM 
Layers 

involved 

Notes relating to 
KEMM-X ratings for 
vehicle occupants 

Solution applicable 
to: 

Fatal S.I.2     

Sp
ee

d
 r

ed
u

ct
io

n
 

30 km/h intersection/route speed 
limits on pedestrian and cycle routes 

Figure 5 0.1 0.3 #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90°. 

Arterial – Arterial  
 

50 km/h intersection/route speed 
limit 

- 1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and 90° angle 

Arterial – Arterial  
Arterial - Local 
Access  

60 km/h intersection/route speed 
limit 

Figure 6 1.3 1.4 #4 4 Based on 60 km/h vs 
60 km/h, 90° impact 
angle 

Arterial - Local 
Access 
Rural – Local 
Access 

70 km/h intersection/route speed 
limit 

- 4.6 2.4 #4 4 Based on 70 km/h vs 
60 km/h, 90° impact 
angle 

Rural – Local 
Access 

R
o

u
n

d
ab

o
u

ts
 

Standard Figure 7 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 
120° angle. 

Arterial – Arterial  
Arterial - Local 
Access  

Standard with part-time signals (on 
all or selected approaches) 

Figure 8 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 
120° angle.  

Arterial – Arterial  
 

Roundabout with approach 
metering 

Figure 9 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 

Arterial – Arterial  
 



X  INTERSECTION STUDY - TASK 5 REPORT 

120° angle. 

Turbo roundabout Figure 10 0.1 0.3 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at a 
90° angle.  

Arterial – Arterial  
 

‘Squircle’ Figure 11 1.0 1.0 #4 2, 3 Assuming 50 km/h and 
a 90° impact angle 

Arterial – Arterial  
 

Cut-through roundabout Figure 12 1.0 1.0 #4 2, 3 Assuming 50 km/h and 
90° impact angle 

Arterial – Arterial  
 

Roundabout with unimpeded flow 
in one direction 

 

 

Figure 13 

2.3 1.5 #3, #4 2, 3, 4 Based on 60 km/h vs 
40 km/h, 90° impact 
angle 

Rural – Local 
Access 

Double-bulb roundabout Figure 14 2.3 1.5 #3, #4 2, 3, 4 Based on 60 km/h vs 
40 km/h impact at 90°. 

Rural – Local 
Access 

 0.1 0.3 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90°. 

Arterial - Local 
Access 
 

Elliptical Roundabout 
 

Figure 15 1.0 1.0 #3, #4 2, 3, 4 Assuming a 50 km/hr 
route speed limit, then 
this gives no worse 
performance than a 
50 km/h impact at at 
90°. 

Arterial - Local 
Access 
 

 4.5 2.4 #3, #4 2, 3, 4 Based on 80 km/h vs 
40 km/h, 120° impact 
angle 

Rural – Local 
Access 

Sp
ee

d
 

cu
sh

io
n

s 
 

50 km/h profile Figure 16 1.0 1.0 #3, #4 2, 3, 4 Speed to give no worse 
performance than 
50 km/h @ right 

Arterial – Arterial  
Arterial - Local 
Access 
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angles 

30 km/h profile for pedestrians  1.0 1.0 #3, #4 2, 3, 4 Based on pedestrian 
risk curve 

Arterial – Arterial  
Arterial - Local 
Access 

Sp
ee

d
 p

la
tf

o
rm

s 

50 km/h profile Figure 17 1.0 1.0 #3, #4 2, 3, 4 Speed to give no worse 
performance than 
50 km/h @ right 
angles 

Arterial – Arterial  
Arterial - Local 
Access 

30 km/h profile for pedestrians  1.0 1.0 #3, #4 2, 3, 4 Based on pedestrian 
risk curve 

Arterial – Arterial  
Arterial - Local 
Access 

In
te

rc
h

an
ge

s 

Double cross-over diamond 
interchange 

Figure 18 0.5 0.8 #4 2, 3, 4 Based on a worst 
impact of 60 km/h at 
30°. 

Arterial – Arterial  
 

‘Dog-bone’ turbo roundabout pair Figure 19 0.1 0.26 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90 °. 

Arterial – Arterial  
 

G
ra

d
e 

Se
p

t'
n

 

Grade separation for major flow 
direction with roundabout on 
minor direction. 

Figure 20 0.4 0.6 #3, #4 2, 3, 4 Based on a worst 
impact of 40 km/h at 
90° for the roundabout 
conflicts.   

Arterial – Arterial  
 

Le
ft

-i
n

/l
ef

t-
o

u
t 

o
p

ti
o

n
s 

Channelisation                                                           
(Michigan Left or Median U-turn) 

Figure 21 2.4 1.7 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h vs 
70 km/h at 60°. 

Arterial - Local 
Access 
 Median closure                                                          

(Michigan Left or Median U-turn) 

Other separation barriers                                                                
(Michigan Left or Median U-turn) 

Turn bans                                                             
(Michigan Left or Median U-turn) 

Closure of intersection                                        
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(Michigan Left or Median U-turn) 
M

is
ce

lla

n
eo

u
s 

 
On-demand speed reduction Figure 22 8.5 3.3 #4 4 Based on 80 km/h vs 

60 km/h impact at 90°. 
Rural – Local 
Access 

O
th

er
s 

 

Gap select assist Figure 23 10 3.3 #4 4 Based on 100 km/h vs 
60 km/h impact at 90°. 

Rural – Local 
Access 

Dwell on Red (all drivers 
approaching an intersection face a 
red traffic signal)  

 -  1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and at a 90° angle 

Arterial – Arterial  
Arterial - Local 
Access 

Regulatory intersection speed 
limits for entry to the intersection 
on a green signal 

A4  1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and at a 90° angle 

 

Circular Island Figure 24       
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1 INTRODUCTION 

1.1 Study 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 Australian roads (Department of Infrastructure 2010).  Crash data 
suggests that intersections in particular, are associated with a higher level of crash risk than 
other types of facilities on the road network, largely due to the threatening angles of impact 
and high collision speeds which they accommodate.  In the last decade, approximately 
100,000 Australians have been seriously injured or killed in intersection crashes in Victoria 
alone.  Intersection safety, therefore, is now recognised as a major road safety concern in 
Australia and worldwide. 

An intersection is, by definition, the area in which two or more roads or streets join or cross.  
While the main goal of intersection design is to facilitate the safe and efficient movement of 
vehicles and road-users through the intersection, in highly motorised countries, intersection 
design is often driven primarily by capacity and performance considerations that prioritise 
vehicular traffic.  Other objectives such as safety, the conservation of transport energy, the 
minimisation of harmful emissions and the needs of pedestrians and other vulnerable road-
users are often given a lower priority. 

Many of Victoria’s long-standing Black Spot sites are intersections with a high standard of 
traffic signal hardware and operational software.  This type of safety solution is often costly.  
Affording a higher priority to safe intersection design and operation at the outset would not 
only save lives and injuries, but would avoid the need to invest large amounts of public 
resources into accident Black Spot programs or other countermeasure strategies and 
programmes to rectify initial design deficiencies.  Clearly there is a case for an urgent, 
fundamental review of safety in intersection design and operation. 

1.2 Aims 

This project titled, “Intersection Safety:  Meeting Victoria’s Intersection Safety Challenge”, 
has the following main objectives: 

 To improve intersection safety through innovation and modification of existing 
infrastructure design and operation, using a multifaceted and multidisciplinary 
approach to find new, sustainable solutions to existing problems; 

 To critically review,  and analyse the operation principles and hence, identify 
key road safety problems at existing intersections;  

 To develop, test, demonstrate and evaluate new intersection designs based on 
valid design principles, concepts and philosophies; and integrate these into 
existing practices; 

 To achieve sustainability: All transport system objectives must be considered 
(safety, traffic system performance and environmental impact); 

 To help facilitate the National Road Safety Strategy, Victorian Arrive Alive Safety 
Strategy and Safe System Approach. 
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1.3 Project Structure 

In order to satisfy the aims of this project, the study was separated into ten key tasks 
(described in three main stages).  The tasks are intended to advance knowledge in ways that 
will assist VicRoads in achieving early implementation of the findings.  The tasks within each 
stage have been described sequentially (in Table 2) but have been, in some cases, carried out 
in parallel. 

Table 2  Outline of Intersection Safety project 

Stage 1 

Task 1 Problem definition 

Task 2 Review of literature 

Task 3 Development and definition of design principles for safe intersections 

Task 4 Practitioner and stakeholder workshop 1 

Stage 2 

Task 5 Incorporate principles into practical intersection designs  

Task 6 Feasibility assessment and prioritisation 

Task 7 Practitioner and stakeholder workshop 2  

Stage 3 

Task 8 Performance Assessment of Design Principles 

Task 9 Trial Implementation, Demonstration and Evaluation 

Task 10 Information Dissemination 

 

This report presents and discusses mainly Safe System compliant intersection designs which 
have been generated to satisfy the aims of this project. The most viable intersection designs 
and modifications were evaluated using KEMM-X ratings (as discussed in Task 3), to present 
the likelihood of a fatality occurring at the worst-possible crash scenario at any given 
intersection.  Intersection designs which are non-compliant with the Safe Systems principles 
are also presented by the client.  It is anticipated that the majority of the proposed 
intersections are likely to reduce intersection-related road trauma significantly and assist in 
achieving Victoria’s road safety target. 

1.4 Background: Guiding Principles of Safer Roads – Safe System Vision and Principles 

Australasia’s Safe System road safety philosophy requires a profound shift in thinking and 
insight into society’s efforts to curb road trauma.  Translating the Safe Systems philosophy 
and principles into real-world practice has the potential to deliver major advances in road 
trauma reduction and improve the overall safety performance of Australia’s road-transport 
system. 

Of the highly motorised countries, Sweden and the Netherlands lead the world in road safety 
performance.  During the mid to late 1990s both countries created and adopted 
fundamentally new and ambitious approaches to reducing road trauma.  Vision Zero, the 
Swedish strategy, and Sustainable Safety, the Dutch approach while differing in their relative 
emphases, are both founded on a strong ethical platform and acknowledge the limitations 
and vulnerability of humans in the road-transport setting.  The Swedish and Dutch 
philosophies also place substantial responsibility and accountability with the system 
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designers and operators such as traffic planning, design, construction, operation, traffic 
management and maintenance personnel as well as authorities involved in vehicle 
registration and licensing. 

The Australasian formulation of the Safe System combines the best elements of Sweden’s 
Vision Zero and the Netherlands’ Sustainable Safety road safety philosophies.  While Vision 
Zero sets the highly ambitious long-term goal of achieving no deaths and no serious injuries 
within the Swedish road-transport system, the Sustainable Safety approach seeks to avoid 
future generations of Dutch people inheriting a poor road transport system characterised by 
a large number of road trauma-related injuries and loss of life.  While translating this to an 
Australian setting may be regarded as unrealistic by some, it is noteworthy that: 

 Designing and utilising a road-transport network that tolerates high-levels of serious 
trauma, as is currently done, is unethical.  Further, it continues to perpetuate the 
acceptance of a poor road transport system by road designers, operators and users; 

 New and fundamentally safe designs will result from viewing road safety in the Safe 
Systems context, and so, this may be a significant step forward compared to the 
incremental progress in road safety achieved using traditional approaches. 

The Safe System comprises four key principles: 

1. The limits of human performance. Approaches to road safety so far, have focussed heavily 
on preventing poor human behaviour such as drink-driving, speeding, and restraint use. 
Despite the partial success of such initiatives, these and other forms of human behaviour 
that often rely on good judgment, such as choosing appropriate travel speeds, safe gap 
selection at intersections, staying within travel lanes, or not driving while fatigued, have not 
been possible to target using behaviour change programs.  Therefore, a guiding philosophy 
that acknowledges and accommodates for poor human behaviour and judgment is essential 
for future road safety success.   

2. The limits of human tolerance to violent forces. Humans have a limited biomechanical 
tolerance to excessive forces and energy exchanges such as those which occur in a traffic 
crash.  This not only applies to vehicle occupants, but more so to vulnerable road users such 
as pedestrians, bicyclists and motorcyclists whose biomechanical limits are more aggressively 
tested during an impact. When tolerance limits are exceeded, serious injury or death results.  
Acknowledging this, the Safe System seeks to create a road-transport system where ideally, 
only tolerable forces are generated during a foreseeable collision, thereby increasing a 
human’s chance of survival in the event of a crash.  To achieve this, the ability of a vehicle to 
protect its occupants must be known and taken into account during road system design and 
operation. 

3. Shared responsibility.  Traditionally, the responsibility of using the road system safely has 
been placed upon the individual road user.  The Safe Systems approach aims to distribute the 
responsibility for safety performance of the road-transport system with the system designers 
and operators.  In the long-term, however, the Vision Zero target (of no deaths or serious 
injuries) can only be achieved if road users themselves comply with key behaviours such as: 
speed limit observance, restraint use, driving unimpaired and selecting vehicles with good 
safety features. 
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4. A forgiving road-transport system. The road-transport system is, fundamentally, a real-
world illustration of the basic laws of nature governing the movement of objects, be they 
vehicles or humans, relative to the physical environment.  How these objects interact is, 
ultimately, a matter of physics varied in time and space according to human intervention, 
which is particularly difficult to predict or control.  It is therefore important that when 
structuring a road-transport system, it is made to be forgiving of road-user errors.  The 
transport system should be such that, the energies created during the event of an impact, 
can be dissipated conservatively between either the vehicle or environment, with minimal 
transfer to the human(s) involved.  

There are four ‘cornerstones’ within the Safe Systems framework, namely: 

 Safe Roads and Roadsides 

 Safe Speeds 

 Safe Vehicles  

 Safe Road Use 

While the main focus of this study is largely on Safe Roads and Roadsides as well as Safe 
Speeds, the limitations that are implicit in the latter two corner stones – Safe Vehicles and 
Safe Road Use, have constantly been recognised.  That is, this study was aimed at examining 
the opportunities presented through design improvements to roads and roadsides, and 
through better targetted speed management, to create a road-transport network that 
operates at low risk, in accordance with the Safe Systems principle.  While crashworthiness 
limitations of vehicles and the biomechanical tolerances of human are constantly 
acknowledged, the study was largely focussed on presenting interventions and designs that 
affect the infrastructure and operations of the road-transport system so that it is ultimately, 
Safe Systems compliant.   

1.5 Methodology  

A ‘clean-slate’ approach was used to generate intersection designs which would incorporate 
the aforementioned design principles.  Ideas generated initially were unrestrained by 
practical, economical and acceptability considerations. Several interdependent steps were 
undertaken as part of this task: 

 Innovative designs identified in the literature review were considered and assessed 

with respect to the safety principles that were established in Task 3.  The main 

intersection control types considered included roundabouts, traffic signal controls, 

and the give way and stop sign controls. 

 Aspects of existing designs that are aligned with the established safety principles 

were identified and incorporated into designs (i.e. speed reduction on approach, 

reduced conflict points, more favourable interacting angles, simplified decision 

making, and physical obstacle). 

The second phase of Task 5 involved generating ‘free-style’ designs that entail the guiding 
design principles of road safety.  Several tools/frameworks were employed to extend thought 
processes on design aspects and complete the above steps. These were: 
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 Three stakeholder (overnight) workshops involving a wide range of road safety 

experts, art and design professionals (to assist in the creative thinking process), road 

engineers and technical specialists.  Invited experts included Professor Peter Vulcan 

(founding director of MUARC), Professor Rod McClure (Director of MUARC), Professor 

Ian Johnston (past Director of MUARC), Professor Fred Wegman (Director of SWOV), 

Mr David Healy (General Manager of Road safety at TAC) and key VicRoads staff. 

 Internal weekly workshops were held with the MUARC research group to extend and 

explore the outcomes of the stakeholder workshops.  Means of making the 

intersection designs compatible with the design principles of Safe System were 

discussed.  All potential intersection designs generated during the stakeholder 

workshops were assessed using KEMM-X.  

1.6 Report Structure 

The following report is largely a summary of the efforts undertaken by MUARC to generate 
Safe System compliant intersection improvements and designs.  Given that the work of Task 
5 cannot stand alone without being placed in the context of the previous tasks, the following 
Sections (Sections 2.1, 2.2 and 2.3) of this report are devoted to providing a brief summary of 
Task 1, Task 2 and Task 3 respectively.  The designs generated as part of Task 5 are presented 
in tabulated form in Section 3 with appropriate KEMM-X ratings accompanying the designs.  
These intersection designs attempt to address the previously identified problematic 
intersection types (e.g. signalised intersections of urban arterials, sign-controlled 
intersections of urban arterials and local access roads, and sign-controlled intersections 
between rural highways and low-volume side roads). Images of the designs, where 
necessary, are supplied.  Intersection designs that were generated as potential solutions but 
were not included in Table 1 for practicality, acceptability or poor Safe System compliance 
reasons, have been included in Appendix A for referral.  A summary of findings and 
discussion of future work are presented at the conclusion of this report.   
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2 SUMMARY OF PREVIOUS TASKS 

2.1 Summary of Task 1 

Intersection crashes in Australia are a significant problem, often resulting in death or 
debilitating injuries to those involved and consequently, costing society millions of dollars 
(Bureau of Infrastructure, 2009). Given this knowledge, the primary aim of Task One was to 
identify the problems associated with intersection crashes in Victoria and to quantify their 
extent.  This involved identifying the distribution of serious casualties at intersections using 
several variables including intersection type, existing traffic control type, road class and 
speed zone.  Victorian crash data (2000-2005), comprising all (fatal and non-fatal) police-
attended crashes, were acquired from VicRoads for this study.  For the purposes of this 
investigation, serious casualties were defined as those individuals who, according to the 
attending police officers, required overnight hospitalisation.  

A statistical analysis of the VicRoads data set (2000-2005) showed that 45% of all individuals 
involved in crashes on Victorian roads were either killed or seriously injured at an 
intersection.  Of this group of casualties, 48% of individuals were injured at traditional, cross-
traffic-intersections and another 48% were injured at T-intersections. It is noteworthy that 
over the investigated time period, fewer than 2% of all serious casualty crashes occurred at 
Y-intersections or multiple-leg intersections. With regard to serious casualty rates at 
intersections by speed zone, it was found that the largest proportion of serious casualties 
(52%) occurred in 60 km/h speed zones (Figure 1). While it should be acknowledged that the 
typical 60 km/h speed limit in urban settings is one of the most common limits (in terms of 
vehicle-kilometres travelled) and hence, is likely to be associated with a high proportion of 
crashes, it presents itself as an easy target for speed reduction campaigns that may result in 
a significant decrease in fatalities and/or serious injuries.  This, combined with the finding 
that approximately half of the crashes analysed occurred at uncontrolled intersections (i.e. 
presumably where no roundabouts or traffic signal were present) while approximately 25% 
of serious casualties occurred at traffic signal-controlled intersections, provides opportunities 
for future infrastructure redesigns that may lead to a vast improvement in road safety. 
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Figure 1 Percentage distribution of serious casualties at intersections in Victoria at various speed 
zones. Source: VicRoads crash data, 2000-2005. 

 

When crashes were categorised according to the day-of-week on which they occurred, 
Sundays had the least incidence of serious injury-causing crashes.  These crashes appeared 
to increase during the week, with the greatest number of serious causalities being noted on 
a Friday (40% more casualties occurred on a Friday compared to a Sunday) and greatest 
during the afternoon peak-hour period (4pm-7pm), independent of intersection geometry 
(Figure 2). 
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Figure 2 The distribution of serious casualty crashes at intersections on Victorian roads, according to 
the time of day. Source: VicRoads crash data, 2000-2005. 

 

Task 1 also involved investigating the most frequently occurring injurious crash type on 
Victorian roads according to the currently used Definition for Classifying Accidents (DCA) 
codes.  The DCA codes, as assigned by the attending police officers at each crash, were used 
to determine the distribution of various crash types.  It was found that vehicles travelling 
from adjacent directions were most frequently involved in crashes (approximately 32% of all 
analysed crashes).  This included right-angle, or cross-traffic, crashes, as well as drivers who 
were struck by through- traffic while performing a right hand turn from a side road.  
Approximately one fifth of the crashes analysed involved vehicles travelling in opposite 
directions, often involving one driver performing a right-hand turn across the path of a 
through vehicle.  The distribution of crashes according to DCA codes is presented in Figure 3 
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Figure 3 The distribution of serious casualties according to DCA codes Source: VicRoads crash data, 
2000-2005. 

 

Following this largely statistical analysis of crash types and configurations within Victoria over 
the six-year period investigated, it was concluded that this study should focus on reducing 
the number and severity of specific, problematic intersection crash types.  In particular, these 
were deemed to be: 

 cross-traffic crashes, (including collisions involving at least one turning vehicle), DCA 
110 and DCA 113; 

 right-turn-against on coming traffic, DCA 121; 

 off-path on straight-alignment at an intersection, DCA 171; 

 rear-end crashes, DCA 130; and 

 pedestrian crashes (although not prominent in number are considered important). 
 

It was indicative from the quantitative analysis performed, that significant reductions in road 
trauma could potentially be achieved by aiming to reduce intersection crashes which occur in 
60 km/h speed zones.  Where possible, improving the safety standards (including re-
designing) of typical cross-traffic intersections and T-intersections, particularly those 
controlled by traffic signals, stop signs or give way signs, could enable road safety targets to 
be achieved.  This however, required an extensive review of national and international 
literature in order to study the best current practices of intersection designs. 
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2.2 Summary of Task 2 

Task 2 involved conducting a targetted review of literature pertaining to current intersection 
designs. Intersection safety has been targetted using speed reduction measures, 
infrastructural changes, crash prevention technology, interventions to improve road-user 
behaviour and policy changes.  While most treatments discussed in the literature were not 
viewed by the authors to be especially innovative, they were presented as examples of 
current treatments. 

2.2.1 Speed Limits 

The role of regulatory speed limits and driver speed choice has been addressed in multiple 
articles.  Kronqvist (2005) considered several scenarios for promoting lower driving speeds 
and found that the placement of rumble strips, in conjunction with posted reduced speed 
limits, may be effective.  Hirst and colleagues (2005), using a mathematical model, found that 
vertical deflections (i.e. rumble strips, speed humps) were more effective in mean speed 
reduction compared to horizontal measures ( i.e. chicanes, road narrowing ) or speed 
cameras.  Fildes and Jarvis (1994), and more recently, Mulvihill et al., (2008), found that 
transverse lines bordering traffic lanes could perceptually influence drivers into believing 
travel speeds were higher than actual, though the longevity of this effect was questioned.  A 
study by Ragnøy (2007) on a particularly notorious stretch of Nordic road found that 
reducing the speed limit by 10 km/h (from 80 km/h to 70 km/h) reduced mean travel speeds 
(by up to 4.1 km/h), crash occurrence (by 16%) and hence fatality rate (by 42%).  

The use of ‘Intersection Speed Limits’, where the driver is prompted to reduce speeds (by 
adhering to signage placed at appropriate distances before the intersection) were also 
considered  (Candappa & Corben, 2006).  While this has come into practice at certain 
Victorian locations, its effects are yet to be evaluated (ABC News Online 2010).  A more 
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).  

2.2.2 Infrastructural changes 

A more novel and counter-intuitive approach to speed reduction pioneered by the Dutch civil 
engineer, Hans Monderman, called the Shared Space concept, (often dubbed ‘Naked 
Streets’) is a common feature in various European countries (Framework of the Interreg IIIB 
Project Shared Space 2008; Monderman & Clarke, 2008). Shared Space involves removing 
traditional line markings, signage and traffic control signals from public spaces which would 
otherwise have a separate ‘road’ and ‘pavement’ component.  The concept, which relies 
largely on behavioural and environmental psychology, takes advantage of the fact that road 
user behaviour can be influenced and controlled by human interactions instead of artificial 
regulation and contrasts with the conventional operation that one stream of traffic has right-
of-way, which has the effect of legitimising the behaviour of drivers who proceed through an 
intersection without appropriate care.  These redesigns, which are reported to generate 
more pedestrian and cyclist activity, have been noted to have significant decreases in 
pedestrian fatalities and injuries, traffic travel times, while increasing traffic volumes and 
liveability (Guardian News and Media Limited 2006; McNichol, 2004; Webster, 2007 ). 
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Roundabouts tend to align well with the Safe System principles due to the few points of 
conflict they inherently contain.  In Europe, roundabouts are frequently complemented by 
raised platforms and “Elevated Stop-Lines”, which create reduced speeds at intersections. A 
Dutch variant of the traditional roundabout is the Turbo roundabout which addresses 
concerns that capacity and traffic movement can be affected detrimentally by roundabout 
construction.  Turbo roundabouts are characterised by raise lane separators, restricting lane 
changing while traversing the roundabout.  When seven of the 70 turbo roundabouts 
installed throughout the Netherlands, were analysed for accident reduction rate last year, an 
approximately 80% reduction in injurious crashes was noted three years after installation 
(Fortuijn, 2009).  Within Victoria (City of Port Phillip), provision of zebra crossings on speed 
humps and providing right-of-way to pedestrians at roundabouts, increased pedestrian 
safety and convenience at roundabouts (Candappa et al., 2005). 

Crashes involving right-turning vehicles (equivalent to left-turns in countries where driving 
occurs on the right-hand side of the road) are a significant problem because of the high 
frequency with which they occur in Victoria as well as the severity of these crashes. Several 
designs have been explored to minimise the risk of these crashes occurring.  Designs that 
eliminate the right-turn conflict are ideal but often unpopular with the public. Some of these 
designs include displaced right-turn lanes, diverging ‘diamond’ interchange as well as ‘Jug 
Handle’, ‘Bow Street’ and J-Turn intersection setups.  These designs however, often require 
significant road space and intersection remodelling which can impede their use in urban 
settings.  Some of them including the Super Street and the Jug Handle were estimated to 
produce positive safety impacts. The literature review also indicated that staggered-T 
intersections were preferable to cross-intersections (Vadeby & Brude, 2006), though it 
should be noted that the staggered-T designs are not ideal from the viewpoint of Safe 
System principles, as at high speed, side impact crashes are still possible with this geometric 
configuration. Other means of minimising crash risk involves creating one-way roads or 
providing gap choice guidance by placing markers at evenly spaced intervals to provide 
guidance on the approach speeds of vehicles.   

2.2.3 In-car and On-road Technology 

In-vehicle technology is gradually expanding the means by which drivers are provided with 
information that can better alert them to potential or imminent collisions, and assist drivers 
with negotiating an intersection or road length.  The EU INTERSAFE Project, IP PreVent, has 
considered a number of technologies, including driver warning systems, traffic light 
assistance, turning assistance and right-of-way warnings (Fürstenberg & Rössler, 2006).  No 
evaluations had been published at the time of the review.  By alerting the drivers of hazards 
ahead, increased reaction time is provided allowing extended stopping distances or evasive 
action to be taken or, at worst, resulting in reduced crash impact speeds.  Intersection 
Collision Warning Systems and Driver Safety Support Systems are other examples of this form 
of technology. 

On-road driver warning systems have also been found to be an effective means of addressing 
excessive speed. A study by Winnet and Wheeler (2002), provided an overview of a number 
of trials with fixed and Vehicle-Activated Signs (VAS). The VAS, which often convey a simple 
message such as “Slow Down”, was found to reduce speeds by about 4 mph (~6-7 km/h), 
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where previously there had been no change with the fixed speed signs.  The findings did not 
suggest that the effect would diminish over time (over the three-year period studied).   

2.2.4 Conclusions 

While this review has discussed a number of potential designs which could be applied to 
Victoria, many designs appear impractical because they either require large areas of space 
for successful implementation or, because of the need for extensive remodelling of the 
intersection.  A few standout signs however, have been extracted. It is however, anticipated 
that by using the principles of safe intersection designs as well as innovative thinking, new 
intersections more aligned with the Safe Systems principles can be created.  
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2.3 Summary of Task 3 

The primary aim of Task 3 was to provide an understanding of the Kinetic Energy 
Management Model and its potential to assist in evaluating fundamentally safer forms of 
intersection design, with injury prevention being the primary concern. 

2.3.1 The Kinetic Energy Management Model 

The Kinetic Energy Management Model (KEMM) was introduced as a conceptual model to 
study the transfer of kinetic energy to a human during a crash and ensure that the energy 
levels transferred are non-injurious.  According to the KEMM (Figure 4) there are five layers 
of protection which can be used to either prevent the crash (by deflecting energy), or 
mitigate its effects (by absorbing energy).  

 

Figure 4  The Kinetic Energy Management Model (KEMM) & the five layers of protection 

 Layer 1, human biomechanical tolerance:  injury risk can be minimised by 
understanding the tolerance of the human body to absorb energy.  Intrinsic 
human tolerance levels vary primarily with age, health status, gender and 
stature. 

 Layer 2, transfer of kinetic energy to human:  by managing the transfer of 
kinetic energy to the human during a crash, injury risk can be minimised.  In-
vehicle energy-absorption characteristics and safety features will affect the 
transfer of energy to a vehicle occupant. 

 Layer 3, kinetic energy per crash:  magnitude of kinetic energy of the vehicle at 
impact.  Lower travel speeds and reduced vehicle mass offer the greatest 
potential for minimising the kinetic energy generated during a crash.  Other 



14  INTERSECTION STUDY - TASK 5 REPORT 

relevant vehicle factors include braking effectiveness, crash-avoidance systems, 
ABS-braking, brake-assist systems, and intelligent speed adaptation (ISA). 

 Layer 4, crash risk given exposure:  This layer and Layer 5 are targeted at 
reducing the risk of a crash occurring.  Vehicle safety features such as ISA and 
crash-avoidance systems as well as infrastructural changes (which enhance 
visibility, reduce complexity or reduce approach speeds), can reduce crash risk. 

 Layer 5, exposure:  reduction in crash risk through reduced exposure to 
conflicts.  Alternative intersection designs (or initiatives at a system level such 
as reductions in the number of intersections, or mode shifts from private 
motor vehicles to public transport) influence the performance of this layer.  
The use of advanced traffic control and management systems or traveller 
information systems can also be used to direct traffic along safer routes. 

Layers 4 and 5 were not addressed in detail as they were beyond the scope of Task 3, which 
considered the inherent safety of an intersection rather than its role in the overall system. 

The KEMM concept described above was then integrated with the four major risk areas in 
the Safe System:  the human, the vehicle, the road and roadside, and system operation. 

The inner three layers of the KEMM that relate to the risk of serious injury or death have 
been modelled mathematically in order to provide a tool for objectively quantifying the 
safety of individual conflicts within any given intersection.  The model, known as KEMM-X, 
was introduced as part of Task 3 and aimed to provide a quantitative measure of the intrinsic 
safety of an intersection as a whole. 

2.3.2 Design principles 

The design principles were developed within the context of the Dutch Sustainable Safety and 
Swedish Vision Zero philosophies and applied to three intersection scenarios based on the 
Victorian crash analysis and discussions drawn from Task 1. The three intersection scenarios 
selected were:   

a) signalised intersections of urban arterials; 

b) sign-controlled intersections of urban arterials and local access roads and; 

c) sign-controlled intersections between rural highways and low-volume side 
roads. 

Four design principles were formulated: 

1. Fewer vehicles – by reducing the number of vehicles in use, fewer 
opportunities for collisions will arise; 

2. Fewer intersections – by minimising the number of intersections within the 
road network, and concentrating more traffic movements at intersections 
which incorporate best-practice safety standards, fewer opportunities for high-
risk conflict should arise; 

3. Fewer conflict points per intersection – by simplifying intersections to produce 
fewer conflict points, the opportunities for crashes at a given intersection 
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should fall.  The resultant reduction in complexity should also have a positive 
effect on safety; 

4. Impact speeds and impact angles constrained to biomechanically tolerable 
levels – by designing intersections so that speed and angle combinations 
generated consistently results in a low risk of serious injury in the event of a 
crash.  Analysis of the kinematics of traffic collisions shows that: 

 For 90° collisions, impact (and, therefore, travel) speeds should not 
exceed 50 km/h for vehicle-to-vehicle collisions.  For conflicts between 
vehicles and unprotected road users (i.e.  pedestrians, cyclists and 
motorcyclists), impact (and, therefore, travel) speeds should not exceed 
30 km/h; 

 For intersections which accommodate speed limits greater than 50 
km/h and not greater than 70 km/h, vehicle-to-vehicle conflicts must 
occur at less severe angles than 90° to ensure that the biomechanical 
tolerances of humans are not exceeded.  Regardless of geometric layout 
to influence impact angles, travel speeds should not exceed 30 km/h if 
pedestrian and cyclist risks of death are to remain below the nominated 
level of 10%. 

2.3.3 Conclusions 

The aforementioned principles will be applied in this Task 5 report to guide the development 
of new intersection designs and assess current designs.  Designs will also be evaluated using 
the KEMM-X model to provide an objective level of safety for each. 
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3 INTERSECTION DESIGN MATRIX 

Intersection designs or intersection solutions which address the pre-identified problematic intersection types are presented in Table 3.  

Table 3 Intersection designs & Solutions which address intersection problem types 1, 2 and 3. 

 Option Figure No. KEMM-X rating Design 
principles 
addressed 

KEMM 
Layers 

involved 

Notes relating to 
KEMM-X ratings for 
vehicle occupants 

Solution applicable 
to: 

Fatal S.I.2     

Sp
ee

d
 r

ed
u

ct
io

n
 

30 km/h intersection/route speed 
limits on pedestrian and cycle routes 

Figure 5 0.1 0.3 #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90°. 

Arterial – Arterial  
 

50 km/h intersection/route speed 
limit 

- 1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and 90° angle 

Arterial – Arterial  
Arterial - Local 
Access  

60 km/h intersection/route speed 
limit 

Figure 6 1.3 1.4 #4 4 Based on 60 km/h vs 
60 km/h, 90° impact 
angle 

Arterial - Local 
Access 
Rural – Local 
Access 

70 km/h intersection/route speed 
limit 

- 4.6 2.4 #4 4 Based on 70 km/h vs 
60 km/h, 90° impact 
angle 

Rural – Local 
Access 

R
o

u
n

d
ab

o
u

ts
 

Standard Figure 7 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 
120° angle. 

Arterial – Arterial  
Arterial - Local 
Access  

Standard with part-time signals (on 
all or selected approaches) 

Figure 8 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 

Arterial – Arterial  
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120° angle.  

Roundabout with approach 
metering 

Figure 9 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 
120° angle. 

Arterial – Arterial  
 

Turbo roundabout Figure 10 0.1 0.3 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at a 
90° angle.  

Arterial – Arterial  
 

‘Squircle’ Figure 11 1.0 1.0 #4 2, 3 Assuming 50 km/h and 
a 90° impact angle 

Arterial – Arterial  
 

Cut-through roundabout Figure 12 1.0 1.0 #4 2, 3 Assuming 50 km/h and 
90° impact angle 

Arterial – Arterial  
 

Roundabout with unimpeded flow 
in one direction 

 
 

Figure 13 

2.3 1.5 #3, #4 2, 3, 4 Based on 60 km/h vs 
40 km/h, 90° impact 
angle 

Rural – Local 
Access 

Double-bulb roundabout Figure 14 2.3 1.5 #3, #4 2, 3, 4 Based on 60 km/h vs 
40 km/h impact at 90°. 

Rural – Local 
Access 

 0.1 0.3 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90°. 

Arterial - Local 
Access 
 

Elliptical Roundabout 
 

Figure 15 1.0 1.0 #3, #4 2, 3, 4 Assuming a 50 km/hr 
route speed limit, then 
this gives no worse 
performance than a 
50 km/h impact at at 
90°. 

Arterial - Local 
Access 
 

 4.5 2.4 #3, #4 2, 3, 4 Based on 80 km/h vs 
40 km/h, 120° impact 
angle 

Rural – Local 
Access 
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Sp
ee

d
 c

u
sh

io
n

s 
 

50 km/h profile Figure 16 1.0 1.0 #3, #4 2, 3, 4 Speed to give no worse 
performance than 
50 km/h @ right 
angles 

Arterial – Arterial  
Arterial - Local 
Access 

30 km/h profile for pedestrians  1.0 1.0 #3, #4 2, 3, 4 Based on pedestrian 
risk curve 

Arterial – Arterial  
Arterial - Local 
Access 

Sp
ee

d
 p

la
tf

o
rm

s 

50 km/h profile Figure 17 1.0 1.0 #3, #4 2, 3, 4 Speed to give no worse 
performance than 
50 km/h @ right 
angles 

Arterial – Arterial  
Arterial - Local 
Access 

30 km/h profile for pedestrians  1.0 1.0 #3, #4 2, 3, 4 Based on pedestrian 
risk curve 

Arterial – Arterial  
Arterial - Local 
Access 

In
te

rc
h

an
ge

s 

Double cross-over diamond 
interchange 

Figure 18 0.5 0.8 #4 2, 3, 4 Based on a worst 
impact of 60 km/h at 
30°. 

Arterial – Arterial  
 

‘Dog-bone’ turbo roundabout pair Figure 19 0.1 0.26 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90 °. 

Arterial – Arterial  
 

G
ra

d
e 

Se
p

t'
n

 

Grade separation for major flow 
direction with roundabout on 
minor direction. 

Figure 20 0.4 0.6 #3, #4 2, 3, 4 Based on a worst 
impact of 40 km/h at 
90° for the roundabout 
conflicts.   

Arterial – Arterial  
 

Le
ft

-i
n

/l
ef

t-
o

u
t 

o
p

ti
o

n
s 

Channelisation                                                           
(Michigan Left or Median U-turn) 

Figure 21 2.4 1.7 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h vs 
70 km/h at 60°. 

Arterial - Local 
Access 
 Median closure                                                          

(Michigan Left or Median U-turn) 

Other separation barriers                                                                
(Michigan Left or Median U-turn) 
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Turn bans                                                             
(Michigan Left or Median U-turn) 

Closure of intersection                                        
(Michigan Left or Median U-turn) 

M
is

ce
lla

n
eo

u
s 

 

On-demand speed reduction Figure 22 8.5 3.3 #4 4 Based on 80 km/h vs 
60 km/h impact at 90°. 

Rural – Local 
Access 

O
th

er
s 

 

Gap select assist Figure 23 10 3.3 #4 4 Based on 100 km/h vs 
60 km/h impact at 90°. 

Rural – Local 
Access 

Dwell on Red (all drivers 
approaching an intersection face a 
red traffic signal)  

 -  1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and at a 90° angle 

Arterial – Arterial  
Arterial - Local 
Access 

Regulatory intersection speed 
limits for entry to the intersection 
on a green signal 

A4 1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and at a 90° angle 

 

Circular Island Figure 24       
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A description of these three problem types follows.  

3.1  Signalised urban arterials (referred to as arterial-arterial in Table 3) 

Traffic signals were identified in the crash analysis as being involved in at least 25% of the serious 
casualties at intersections. One of the key factors in traffic signal intersection design contributing 
towards a significant proportion of serious casualties is incompatible or non-homogeneous 
speeds at intersections. Signals operate by allowing one stream of traffic to proceed through the 
intersection at speeds no faster than the posted speed, but with no requirement to reduce 
speed. Should an error occur, there is limited opportunity to avoid collision and even less 
potential for the crash outcome to be non-injurious. It is necessary then to define design 
principles for this particular context, as a large proportion of controlled intersection in Victoria 
utilise traffic signals as the main form of control. Intersection design solutions for signalised 
urban arterials have been referred to as “Arterial – arterial” in Table 3. 

3.2 Sign-controlled intersections of urban arterials and local access roads (referred to as 
arterial-arterial in Table 3) 

The category of sign-controlled side roads intersecting with urban arterials was considered a 
high priority, as it incorporates several high risk components.  One such component is a likely 
difference in operating speeds, with the side road often being a local road and therefore 
sign-posted at 50 km/h, and the arterial, with its function of transporting traffic, could have a 
speed limit of up to 80 km/h.  Secondly, sign-posted intersection control relies solely on 
appropriate driver gap selection, which is correspondingly reliant on driver “state of 
awareness”, levels of cognitive and physical functioning, intersection design factors such as 
sight distance; with any of these potentially contributing to a crash.  Sign-posted 
intersections are also likely to be cross intersection or T-intersection in geometry, involving 
severe angles should a crash occur. Intersection design solutions for sign-controlled 
intersections of urban arterials and local access roads have been referred to as “Arterial – local 
access” in Table 3. 

3.3 Sign-controlled intersections between rural highways and low-volume side roads 
(referred to as arterial-arterial in Table 3) 

Sign-controlled rural roads intersecting with highways are selected for further focus as they 
again involve interaction at non-homogenous speeds and so can result in high severity 
crashes.  This category is also common in rural areas as the volumes on side-roads are 
insufficient to warrant traffic signals, leaving the driver to select a suitable gap in traffic 
approaching at 100 km/h. Intersection design solutions for sign-controlled intersections 
between rural highways and low-volume side roads have been referred to as “Rural – local 
access” in Table 3. 

This provides some context for exploring the key principles to safe intersection design.   

The following are brief descriptions of intersection designs and images which have been 
listed in Table 3. 

1. Intersections with approach speeds of 30km/hr. 

Prominent signs and road markings delineating a 30 km/h quadrant could be used to inform 
drivers of speed limits which could be enforced using red-light speed cameras.  
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Figure 5 Schematic of an intersection with approach speeds of 30km/hr. Image developed by Liam 
Ferguson and modified by Mike Mills, Faculty of Art and Design, Monash University, Sept. 2010. 

 

2. Major arterials with side-road access to have reduced route speed limits.                                             
Good signage and enforcement of the reduced route speed limit of 60 km/hr on the major 
arterial is likely to ensure a high compliance rate by drivers.   

 

 

 

 

 

 

 

 

 
Figure 6 Image of a major arterial with side-road access and a reduced route speed limit. Image 
generated by Mike Mills, Faculty of Art and Design, Monash University, Sept. 2010.  



22  INTERSECTION STUDY - TASK 5 REPORT 

 

3. Standard Roundabout 
A standard roundabout at the intersection of two roads prompts reductions in speeds and 
improves conflict angles. 
 
 

 

 

  

 

 

 

Figure 7 An aerial view of a typical roundabout. The roundabout is at the intersection of two local 
side roads in suburban Melbourne and is presented as a reminder of existing measures that align well 
with Safe System. (Image obtained from Google Maps, 12th October, 2010) 

 

4. Roundabout with part-time signals                                                                                                                        
The signals can be used to achieve smoother traffic flow by allowing for increased 
traffic flow in a particular direction (depending on traffic volume variations during the 
day). 

 

 

 

 

 

 

 

 

Figure 8 Image of a roundabout with part-time signals. Image generated by Liam Ferguson, June 
2009, and modified by Mike Mills from Art and Design, Monash University, Sept 2010  
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5. Roundabout with approach metering.                                                                                                        
The signals which are set back from the roundabout can be used to ‘drip feed’ traffic to 
the roundabout depending on traffic demands. 

 

 

 

 

 

 

 

 

Figure 9 Image of a roundabout with approach metering. Image generated by Liam Ferguson, June 
2009, and modified by Mike Mills from Art and Design, Monash University, Sept 2010 

 
6. Turbo Roundabouts 

A turbo roundabout is characterised by having two lanes of traffic per direction, often 
separated by raised platforms to physically prevent traffic from changing lanes while 
traversing the roundabout. The design speeds and angles are also less at a turbo roundabout 
compared to a traditional circular roundabout. 

 

 

 

 

 

 

 

 

 

 
Figure 10 Image of a turbo roundabout in use in Europe  
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7. The Squircle 
At a Squircle, the cut-through lanes will allow right turning traffic to proceed through the 
Squircle while through-traffic can proceed with some deflection created by the presence of 
islands.  The Squircle is likely to be complemented by traffic signals to assist traffic flow. 

 

 

 

 

 

 

 

 

Figure 11 Image of a Squircle. An image of a Squircle has been graphically inserted at a typical arterial 
– arterial intersection in Melbourne. Image generated by Mike Mills from Art and Design, Monash 
University, Sept 2010. 

 

8. Cut-through Roundabout.                                  
It is expected that the cut-through roundabout would exist at typical arterial-arterial 
intersections in Melbourne. The cut-through lanes allow right turning traffic to proceed 
through the roundabout while through-traffic proceed with some deflection and at reduced 
speeds. It’s anticipated that traffic signals would be used to control traffic through the 
intersection. 

 

 

 

 

 

 

 

Figure 12 - Cut-through Roundabout. Image of a Cut-through Roundabout graphically 
inserted at a typical arterial-arterial intersection in Melbourne. Image created by Mike Mills 
from Art and Design, Monash University. Sept 2010 
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9. Roundabout with unimpeded flow in one direction 
Vehicles entering the major highway (via side road access) enter at a roundabout, hence are 
at more favourable angles and speeds. One lane of traffic is able to proceed through the 
roundabout unaffected by local traffic entering the major highway. This lane can even have a 
straight alignment. 
 

 

 

 

 

 

 
 
 

Figure 13 Schematic of a roundabout with unimpeded flow in one direction. 
 

10. Sketch of a double-bulb roundabout. 
Traffic would only be able to turn left-into the side road or left-out onto the major highway, 
and be directed to a roundabout on the major route if they wanted to travel in the opposite 
direction. There would be merging-type lanes at the roundabout to allow traffic to merge 
gradually with traffic on the major highway 

Figure 14 Sketch of a double-bulb roundabout. .Image obtained from Papps, Hilary. Project 
Number: Z1802600/3019. ‘Crash Reduction Study: Kapiti Coast’, Prepared for NZ Transport 
Agency, July 2010. 
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11. Elliptical median U-turn (not drawn to scale)  
Traffic travelling on the major highway would have to slow down on approach to the intersection due 
to the deflection caused by the central island. Traffic entering the major highway would enter at more 
favourable angles and speeds.  
 

 

 

 

 

 

 

 

 

 

Figure 15 Image showing the concept of an elliptical median U-turn (not drawn to scale) 
Image created by Liam Ferguson, Faculty of Art and Design, Monash University, June 2010. 
 

12. Speed Hump Measures  

A) Gradual speed hump at the approach of an intersection in the United Kingdom.  B) Image of a 
gradual speed hump for through traffic on a major arterial, including for right-turning traffic in the 
Netherlands.  

 

Figure 16 Images of gradual speed humps on European Roads. (FHWA, 2003) 
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13. Raised Platforms at Intersections 

Raised platforms and accompanying speed reduction signs are countermeasures which encourage 
drivers to adhere to Safe System compliant intersection speeds.   
 

 

 

 

 

 

 

 
 
 
 
 
Figure 17 An image showing raised platforms at an intersection. Image developed by Liam Ferguson 
and modified by Mike Mills, Faculty of Art and Design, Monash University, Sept. 2010 
 

14. Double Crossover Diamond (DCD) interchange  

 

 

 

 

 

 

 

 

 

 

 
Figure 18 Photo of the first U.S. Double Crossover Diamond (DCD) interchange at I-44 and Route 13 in 
Springfield, MO. (FWHA, 2009 )  
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15. ‘Dog-bone’ turbo roundabout 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 Image of a ‘Dog-bone’ turbo roundabout in the Netherlands. (FHWA, 2003) 

16. A grade-separated roundabout 
Grade separated roundabouts would be typically applied at major arterial-arterial intersections. The 
major flow of traffic would be directed through the underpass while traffic turning left or right would 
be directed to the above-ground roundabout.  

 

 

 

 

 

 

 

 
 
 
 

Figure 20 A schematic of a grade-separated roundabout. Image generated by Mike Mills, 
Faculty of Art and Design, Monash University, Sept. 2010 
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17. Economising Intersections 
Once the medians are closed (red lines), only left-in and left-out manoeuvres (into and out of) side 
roads would be permitted, which would minimise the number of conflict points and encourage 
favourable impact angles for drivers entering the major arterial. Roundabouts would need to be 
easily accessible on the major arterial to enable traffic to travel in the opposite direction if necessary. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21 Image showing median closures on a major arterial. 

 
18. ‘On-demand’ speed reduction  

In the case shown, LED speed limit signage is used warn major highway traffic of vehicles waiting to 
enter the main road from side access roads ahead 

 

 

 

 

 

 

 

 

 

Figure 22 An image demonstrating the concept of ‘on-demand’ speed reduction. Image created by 
Liam Ferguson and modified by Mike Mills, Faculty of Art and Design, Monash University, Sept 2010 
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19. Gap Selection Technology 
In the example shown, warning signs and chevron markers could be strategically positioned to advice 
drivers who intend to enter the major highway of approaching cross-traffic or dangerous periods to 
enter the highway.  
 

 

 

 

 

 

 

 

Figure 23 An image demonstrating one example of gap-select assist technology. Image created by 
Liam Ferguson and modified by Mike Mills, Faculty of Art and Design, Monash University. Sept 2010. 

 

20. Circular Island 

Figure 24 (a) shows the presence of a pedestrian crossing within close vicinity to the roundabout 
while ( b) shows speed humps are used as a physical means to reduce a vehicle’s approach speed. 
Similarly this approach can be applied at intersections when space is too limited for a traditional 
roundabout, to include a small circular island (a mini roundabout) with speed humps on the 
approaches.  

   (a)       (b) 
Figure 24 Two photographs (a) and (b) showing the approach to a roundabout in Melbourne. 
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 Option Figure No. KEMM-X rating Design 
principles 
addressed 

KEMM 
Layers 

involved 

Notes relating to 
KEMM-X ratings for 
vehicle occupants 

Solution applicable 
to: 

Fatal S.I.2     

Sp
ee

d
 r

ed
u

ct
io

n
 

30 km/h intersection/route speed 
limits on pedestrian and cycle 
routes 

Figure 5 0.1 0.3 #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90°. 

Arterial – Arterial  
 

50 km/h intersection/route speed 
limit 

- 1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and 90° angle 

Arterial – Arterial  
Arterial - Local 
Access  

60 km/h intersection/route speed 
limit 

Figure 6 1.3 1.4 #4 4 Based on 60 km/h vs 
60 km/h, 90° impact 
angle 

Arterial - Local 
Access 
Rural – Local 
Access 

70 km/h intersection/route speed 
limit 

- 4.6 2.4 #4 4 Based on 70 km/h vs 
60 km/h, 90° impact 
angle 

Rural – Local 
Access 

R
o

u
n

d
ab

o
u

ts
 

Standard Figure 7 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 
120° angle. 

Arterial – Arterial  
Arterial - Local 
Access  

Standard with part-time signals 
(on all or selected approaches) 

Figure 8 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 
120° angle.  

Arterial – Arterial  
 

Roundabout with approach 
metering 

Figure 9 0.2 0.5 #3, #4 2, 3, 4 Based on an impact 
occurring at a design 
speed of 40 km/h at a 
120° angle. 

Arterial – Arterial  
 

Table 4 - Summary of intersection designs & solutions which address intersection problem Types 1, 2 and 3. 
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Turbo roundabout Figure 10 0.1 0.3 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at a 
90° angle.  

Arterial – Arterial  
 

‘Squircle’ Figure 11 1.0 1.0 #4 2, 3 Assuming 50 km/h and 
a 90° impact angle 

Arterial – Arterial  
 

Cut-through roundabout Figure 12 1.0 1.0 #4 2, 3 Assuming 50 km/h and 
90° impact angle 

Arterial – Arterial  
 

Roundabout with unimpeded flow 
in one direction 

 
 

Figure 13 

2.3 1.5 #3, #4 2, 3, 4 Based on 60 km/h vs 
40 km/h, 90° impact 
angle 

Rural – Local 
Access 

Double-bulb roundabout Figure 14 2.3 1.5 #3, #4 2, 3, 4 Based on 60 km/h vs 
40 km/h impact at 90°. 

Rural – Local 
Access 

 0.1 0.3 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90°. 

Arterial - Local 
Access 
 

Elliptical Roundabout 
 

Figure 15 1.0 1.0 #3, #4 2, 3, 4 Assuming a 50 km/hr 
route speed limit, then 
this gives no worse 
performance than a 
50 km/h impact at 90°. 

Arterial - Local 
Access 
 

 4.5 2.4 #3, #4 2, 3, 4 Based on 80 km/h vs 
40 km/h, 120° impact 
angle 

Rural – Local 
Access 

Sp
ee

d
 c

u
sh

io
n

s 
 

50 km/h profile Figure 16 1.0 1.0 #3, #4 2, 3, 4 Speed to give no worse 
performance than 
50 km/h @ right 
angles 

Arterial – Arterial  
Arterial - Local 
Access 

30 km/h profile for pedestrians  1.0 1.0 #3, #4 2, 3, 4 Based on pedestrian 
risk curve 

Arterial – Arterial  
Arterial - Local 
Access 
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Sp
ee

d
 p

la
tf

o
rm

s 
50 km/h profile Figure 17 1.0 1.0 #3, #4 2, 3, 4 Speed to give no worse 

performance than 
50 km/h @ right 
angles 

Arterial – Arterial  
Arterial - Local 
Access 

30 km/h profile for pedestrians  1.0 1.0 #3, #4 2, 3, 4 Based on pedestrian 
risk curve 

Arterial – Arterial  
Arterial - Local 
Access 

In
te

rc
h

an
ge

s 

Double cross-over diamond 
interchange 

Figure 18 0.5 0.8 #4 2, 3, 4 Based on a worst 
impact of 60 km/h at 
30°. 

Arterial – Arterial  
 

‘Dog-bone’ turbo roundabout pair Figure 19 0.1 0.26 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h at 
90 °. 

Arterial – Arterial  
 

G
ra

d
e 

Se
p

t'
n

 

Grade separation for major flow 
direction with roundabout on 
minor direction. 

Figure 20 0.4 0.6 #3, #4 2, 3, 4 Based on a worst 
impact of 40 km/h at 
90° for the roundabout 
conflicts.   

Arterial – Arterial  
 

Le
ft

-i
n

/l
ef

t-
o

u
t 

o
p

ti
o

n
s 

Channelisation                                                           
(Michigan Left or Median U-turn) 

Figure 21 2.4 1.7 #3, #4 2, 3, 4 Based on a worst 
impact of 30 km/h vs 
70 km/h at 60°. 

Arterial - Local 
Access 
 Median closure                                                          

(Michigan Left or Median U-turn) 

Other separation barriers                                                                
(Michigan Left or Median U-turn) 

Turn bans                                                             
(Michigan Left or Median U-turn) 

Closure of intersection                                        
(Michigan Left or Median U-turn) 
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M
is

ce
lla

n
eo

u
s 

 
On-demand speed reduction Figure 22 8.5 3.3 #4 4 Based on 80 km/h vs 

60 km/h impact at 90°. 
Rural – Local 
Access 

O
th

er
s 

Gap select assist Figure 23 10 3.3 #4 4 Based on 100 km/h vs 
60 km/h impact at 90°. 

Rural – Local 
Access 

Dwell on Red (all drivers 
approaching an intersection face a 
red traffic signal)  

 -  1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and at a 90° angle 

Arterial – Arterial  
Arterial - Local 
Access 

Regulatory intersection speed 
limits for entry to the intersection 
on a green signal 

A4 1.0 1.0 #4 2, 3, 4 Based on impact 
occurring at 50 km/h 
and at a 90° angle 

 

Circular Island Figure 24       
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4 CONCLUSIONS 

During the last decade, close to 100,000 Victorians have been seriously injured or killed at an 
intersection and over 17,000 lives have been lost on our roads nationally. These figures 
compare poorly to European road trauma statistics, and this, in turn, has prompted safety on 
Australian roads to be reviewed.  The best elements of the Swedish ‘Vision Zero’ and Dutch, 
‘Sustainable Safety’ philosophies were used in the formulation of the Australasian ‘Safe 
System’ (SS), which has been heavily utilised in order to satisfying the aims of this Task: to 
develop new intersection designs based on valid design principles, concepts and 
philosophies in order to improve road intersection safety in Australia.  Practically, this 
involved identifying new and innovative intersection designs which would reduce trauma 
levels at three pre-identified problematic intersection types. These intersection categories 
were 1) signalised urban arterials intersecting with other signalised urban arterials, 2) sign-
controlled intersections of urban arterials intersecting with local access roads and 3) rural 
highways intersecting with low volume side roads.  

A stakeholder workshop was conducted where individuals with a broad knowledge of road 
safety could contribute ideas towards the conceptual generation of improved intersection 
designs that was likely to increase safety at any of the three problematic intersections. These 
designs were assessed and scrutinised during several in-house weekly workshops for SS 
compliance. That is, all proposed intersection designs were analysed in view of the Kinetic 
Energy Management Model (KEMM), drawing on Layer 1 (human biomechanical tolerance), 
Layer 2 (transfer of kinetic energy to a human) and Layer 3 (kinetic energy per crash) of the 
model to improve crash dynamics and injury outcome. Layer 4 (cash risk per exposure) and 
Layer 5 (exposure) were not considered in the current project as these factors cannot be 
controlled through intersection design. 

The inner three layers of the KEMM, modelled mathematically, are referred to as KEMM-X, 
and they provide an objective measure of the intrinsic safety of any intersection. Since the 
design principles of KEMM-X were developed within the context of Vision Zero and 
Sustainable Safety, it also encompasses the main elements and principles of Safe System. Of 
the four design principles which were formulated for this purpose (i.e. fewer vehicles, fewer 
intersections, fewer conflict points per intersection  and impact speeds and impact angels 
constrained to biomechanical tolerable levels), the last two principles were drawn upon 
when generating the intersection designs. Therefore, by either strategically reducing the 
impact angles, the speeds of vehicles, or the number of conflict points, SS compliance of an 
intersection was considered to be improved. Quantitatively, however, for the purposes of this 
project, the reference level for KEMM-X was set at 1.0, which represented a 50 km/hr impact 
between two vehicles at right angles.  An intersection which provided a KEMM-X score below 
1.0 was considered to be SS compliant.  Each intersection that was generated was provided 
with a KEMM-X score – which provided an objective level of safety at the intersection, which 
represented the likelihood of a fatality and serious injury occurring at the worst possible 
conflict point at each intersection (for the occupant in the struck vehicle). 
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Since speed plays an important role in the event of a crash, reducing the speed at each 
intersection was considered crucial in order to achieve SS compliance. Therefore, one of the 
simplest solutions was to either suggest a speed reduction to accompany any given 
intersection design, or where possible, achieve a speed reduction via the actual design – 
such as with the installation of a roundabout or variations of the roundabout, including a 
metered roundabout, a roundabout with part-time signals, a ‘squircle’ and a cut-through 
roundabout.  Most typical arterial intersections in Victoria are signed at 60 km/hr or 
70 km/hr. A right angle crash at 70 km/hr results in close to a 60% likelihood of the struck 
vehicle driver being fatally injured.  This risk, however, reduces to 20% if the impact speed is 
50 km/hr. One very effective means of improving intersection safety, therefore, is to reduce 
intersection approach speeds to 50 km/hr or less on arterial roads and a maximum of 
80 km/hr on rural roads.  For these reasons, roundabouts featured strongly as solutions to 
problem Type 1 (signalised urban arterials) and problem Type 2 (sign-controlled intersections 
of urban arterials intersecting with local access roads), since speed reductions are forcefully 
achieved using the circular island deflections inherent in the design of a roundabout.  
Achieving favourable impact angles was considered equally important when optimising 
intersection safety.  Given that impact angles lower than 90° are less likely to be injurious to 
vehicle occupants, several intersection solutions incorporated this feature. Again, 
roundabouts and variations of the roundabout, including the Squircle or cut-through 
roundabout, the roundabout with unimpeded flow in one direction, double bulb roundabout 
or elliptical roundabout were viewed as highly desirable since they capitalise on this feature.  

Where speed reductions and favourable angles could not be achieved via the actual design, 
additional interventions were suggested. For example, where the roads were too narrow to 
accommodate a roundabout, the insertion of a smaller circular raised island, complimented 
by speed humps and pedestrian crossings on all approaches could be one means of achieving 
speed reduction. Alternatively, inserting speed humps at the approach to an intersection, or 
use of speed platforms at intersections, are means of physically forcing drivers to reduce 
speeds and achieve more compatible impact speeds.  Providing warnings of approaching 
traffic on minor side access roads which intersect with rural highways, although not SS 
compliant and failing to reduce injury likelihood if not adhered to, were considered to be 
additional interventions which may reduce the chances of a crash occurring or reduce the 
severity of a crash if it occurs. On demand-speed reduction was viewed as such a measure 
and so, although not Safe System compliant, has been proposed in the summary of 
measures.  

Several means of achieving and optimising left-in and left-out options were also presented as 
a way of improving route safety, particularly as a solution to problem Type 2.  Given that 
there are multiple high speed urban arterial roads in Victoria which inadequately 
accommodate the entry of vehicles from minor side roads and driveways, one of the 
alternatives proposed involved only permitting vehicles to enter and exit the minor side 
streets via left turns. That is, a vehicle would not be able to turn right from the side streets 
onto the main arterial by cutting across multiple lanes of traffic – almost eliminating the 
potential of a 90° impact occurring. While this modification has a KEMM-X fatality rating of 
2.4 and hence is not SS compliant, it should be emphasised that while unlikely, this 
represents the worst potential conflict which can occur if left-in/left-out turns are permitted.  
Conversely, grade separation was proposed as a fully SS compliant design (KEMM-X of 0.4), 
where physically dividing the traffic via ground separation should drastically reduce the 
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number of conflict points and with the appropriate infrastructure, reduce the impact angles.  
Given the cost, however, this was only provided as a solution for problem Type 1 - arterial 
roads intersecting with other arterial roads. A feature of grade separated intersection 
involves allowing for relatively high speeds given that the chances that traffic will interact are 
relatively low.  

All intersection design solutions which have been proposed for the three problem types in 
Table 2, if not already Safe System compliant, are intersection designs or are treatments 
which would significantly improve intersection safety over the currently standing designs in 
Victoria.  The KEMM, although only conceptual, has been used to ensure that the energy 
levels transferred in a crash situation at the proposed intersections are non-injurious and are 
tolerant of drivers making mistakes and these mistakes are being received by a forgiving road 
system.  
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6 APPENDIX  

Several creative intersection designs which incorporated the previously identified safety 
principles were generated during a brainstorm session as part of the External workshop.  In 
order to encourage creative thinking, it was emphasised that intersection designs should not 
be restricted or constrained by practical considerations (i.e. feasibility, acceptability, traffic 
movement, costs etc).  This exercise consisted of three interdependent steps: 

1. Examining innovative intersection designs that are currently in practice (as identified 

in Task 2- Literature Review).  

2. Considering how existing intersection designs (that are associated with high crash and 
injury risks) can be modified to be better aligned with the identified safety principles 

3. Generating new Safe System compliant intersection designs that closely align with the 
safety principles. This included integrating positive aspects of existing designs (such 
as induced speed reduction, more favourable interacting angles, physical obstacles 
etc.) into new designs.   

In order to undertake the aforementioned steps, several techniques were employed during 
three overnight-stay stakeholder workshops.  Workshop participants included art and design 
professionals, road engineers, technical specialists, and leading thinkers in the field of road 
safety including Professor Peter Vulcan (Founding director of MUARC), Professor Rod 
McClure and Professor Ian Johnston (the current and past directors of MUARC respectively), 
Professor Fred Wegman (Director of SWOV) and other recognised contributors to the 
increased levels of safety on Victorian roads including Dr Bruce Corben (senior researcher at 
MUARC), Mr David Healy (former General Manager of Road Safety at the TAC) and key 
VicRoads staff.  

Guided by experts in innovative and creative thinking (from the Faculty of Art and Design, 
Monash University), varied and unique intersection designs were sought from all 
participants. With a serene space used to support a creative thinking atmosphere, the 
workshops explored all possibilities of achieving Safe System compatible intersection 
designs. These external workshops were followed by internal, weekly workshops involving 
only MUARC staff which enabled all ideas discussed during the workshops to be further 
developed and filtered according to the project criteria and the key safety principles which 
were developed in Task 3.  

The two photos of the whiteboards present brainstormed ideas of what safety is and the 
various facets involved in achieving inherent safety. The distinction is made between what 
constitutes inherent safety and what constitutes incremental safety (A 1)  
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A 1 - Brainstorm outcomes of means of increasing safety 

The following intersection designs, either in the form which they are currently used, or in a 
modified form were borne from ideas put forward by participants at the external stakeholder 
workshops.  For presentation purposes, these ideas have been categorised according to 
designs that encourage speed reduction, promote favourable angels, reduce conflict points 
and simplify decision making for drivers via the use of physical and physiological measures.   
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 A. Speed Reduction Options 

Several changes to existing intersection designs which would see vehicle approach speeds 
reduced were discussed.  Amongst ideas put forward by the participants were gradual speed 
humps, raised platforms, default intersection speed limits,  the ‘elliptical wide median 
treatment’ and other means by which gradual speed reduction could be achieved.   

Gradual speed humps, placed at the approach to intersections as currently used in The Netherlands, 
(A2) is a simple intervention which can drastically reduce the speed of vehicles entering an 
intersection.  If supplemented by appropriate warning signs and photo enforcement, this was 
predicted by the group to be a highly effective intersection treatment.  Raised platforms (Figure 17) 
another currently utilised feature is based on raising the height of the bitumen at an intersection to 
the level of the footpath, so that vehicles are required to reduce speeds in order to proceed through 
the intersection. This design can accommodate pedestrian crossings but is likely to involve high 
construction/maintenance expenses and potentially face public acceptability issues.  Conversely, the 
introduction of default speed limits of 30km/h or 50 km/h (depending on whether pedestrians and 
cyclists share the environment), (A5) is suggested as a cheaper alternative to achieving reduced 
intersection speeds via the use of effective road signage and prominent road markings even 
delineating a 30 km/h quadrant.  Alternatively where space is severely limited, (such as at 
intersections of local access roads) it was suggested that a small circular island could be physically 
planted centrally at the intersection and be complemented by speed humps at each approach. While 
a traditional roundabout can be costly and require a significant amount of resources including space, 
the circular island would be of a much smaller scale but be an ideal way of achieving the same road 
rules prompted by the presence of a traditional roundabout, hence promoting a reduced number of 
conflict points.  The speed humps at each approach could achieve significant speed reductions which 
may otherwise not be achieved by the relatively insignificant deflections created by the small circular 
island. Two images of a typical roundabout with speed humps on each approach has been presented 
as a demonstration of what this circular island could achieve (A6).  Conversely, where space is readily 
available, an elongated, ellipse-type wide median treatment, with an extensive merging facility was a 
design put suggested by participants as a means of achieving speed reduction at intersections – 
particularly in rural areas (due to space availability).  This treatment (9), involves integrating an 
elliptical island at the intersection of minor roads with major divided rural highways, in order to 
reduce the speed of traffic in the major flow direction while allowing traffic entering from the minor 
road to enter the main road at a more favourable angle. The design possesses the safety features of a 
traditional roundabout without adversely affecting traffic flow in the major flow direction. 
  

Alternatively, it was suggested that a regulation could be passed which would restrict the 
default speed limit to 50 km/hr (A4) for any vehicle entering an intersection on a green 
signal. It was hypothesised that this could see a dramatic reduction in high-speed 
intersection crashes that are currently observed, particularly intersections on arterials signed 
at 80km/hr or 70km/hr.  In addition to this, a ‘Dwell on Red’ concept was discussed where all 
approaches to an intersection during night time could be red by default. A green signal would 
only be activated when a driver is detected stopped at a signal. This would mean that a 
vehicle entering an intersection would do so more cautiously when the signal turns green 
and at a significantly reduced speed.  This would also encourage drivers to stop at an 
intersection by default during the night times, hence reduce potential impact speeds and be 
weary of impaired pedestrians who are more likely to be under the influence of drugs and 
alcohol at night.  

Other means o f achieving speed reduction were also discussed as part of the workshop, 
including encouraging reduced travel speeds along routes rather than just at the approach to 
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intersections.   Various methods of achieving gradual speed reduction were discussed with 
the underpinning concept of all designs being the same, (an example is presented in A7), and 
hence, have not been discussed further in this report. 

    
 

 

A2 - Images of gradual speed humps on European Roads (a) A gradual speed hump at the approach of 
an intersection in the United Kingdom  (b) Image of a gradual speed hump for through traffic on a 
major arterial, including for right-turning traffic in the Netherlands. Images obtained from DOT. (Kopf 
et al., Dec 2003) 

 

 

 
 

 
 

A3 - An image showing raised platforms and accompanying speed reduction signs are countermeasures 
which encourage drivers to adhere to Safe System compliant intersection speeds Image developed by 
Liam Ferguson and modified by Mike Mills, Faculty of Art and Design, Monash University 2010. 
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A4 An image showing regulatory intersection speed limit zone demarcation. Image developed by 
Liam Ferguson and modified by Mike Mills, Faculty of Art and Design, Monash University, Sept. 2010. 

 

 

 

 

A5 - Schematic of an intersection with approach speeds of 30km/hr that would be enforced using 
red-light speed cameras and prominent signs to inform drivers Image developed by Liam 
Ferguson and modified by Mike Mills Faculty of Art and Design, Monash University, Sept 2010 
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A6 - Speed reduction interventions at the approach to a circular island. Two photos showing a speed 
humps and pedestrian crossing at the approach to a typical suburban roundabout. It was proposed 
that this treatment can also be applied to all approaches of an intersection where a small scale 
circular island could be used in place of a roundabout 

A7 - An image demonstrating the concept of gradual speed reduction. This is one potential method of 
encouraging drivers travelling along dangerous road networks and routes to reduce their travel speeds. 
Image generated by Liam Ferguson, Faculty of Art and Design, Monash University, Sept 2010 
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During the workshops, several other means of reducing approach speeds at intersections 
were discussed including the adoption of an ‘All ways stops’ approach as used in Canada 
(where all drivers bring their vehicles to a complete stop prior to entering the intersection 
and vehicles enter the intersection in the order they arrive), zig-zag line markings at the 
approach to intersections (to highlight the heightened crash risk), and the use of rumble 

A8 - Image showing on-demand speed detection technology. In the case shown, LED speed limit signage 
is used warn major highway traffic of vehicles waiting to enter the main road from side access roads 
ahead. Image developed by Liam Ferguson and modified by Mike Mills, Faculty of Art and Design, 
Monash University, Sept 2010 

A9 - A schematic showing the concept of an ellipse-type wide median treatment. Typically, this 
treatment would be applied on a major divided rural highway, so that traffic from the minor side 
roads could enter the major traffic flow direction at a favourable angle. Diagram not drawn to 
scale.  Image developed by Liam Ferguson, Faculty of Art and Design, Monash University, April, 
2009. 
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strips as a physical means of achieving reduced speeds or alerting drivers of an upcoming 
speed limit change. 

B. Reduced conflict points 

Multiple ways of reducing the number of conflict points at intersections were discussed 
during the workshop. Given that a roundabout capitalises on this concept, most intersection 
design ideas were based on the basic concept of a roundabout, including a signalised 
roundabout with turn slots or a ‘cut-through’ roundabout, a ‘Squircle’, an LED roundabout, a 
grade-separated roundabout and a circular island with speed hump approaches. The 
signalised roundabout with turn slots involves installing a roundabout at a typical cross-
intersection, but with signals to facilitate movement during peak periods and with right turn-
lanes cut out of the roundabout to accommodate right-turning traffic.  Two images of this 
have been presented (A22) including one image of this concept applied to a typical high-
volume Melbourne intersection.  According to the proposed idea, a ‘Squircle’ is a raised 
island that takes the shape of a rounded square with lanes cut through it to accommodate 
turning traffic. The ‘Squircle’ requires little space to be available for implementation but is 
still potentially capable of achieving the necessary deflections which would result in reduced 
speeds for those traversing the site. Both the Squircle and cut-through roundabout would be 
treatments that complement fully-controlled traffic signals. Another idea which was 
generated as a result of the workshop is the Light Emitting Diode (LED) roundabout where 
LEDs are built into the road pavement and approaches have speed humps to reduce speed 
(A11). According to this concept, approaching vehicles still slow down and follow a deflected 
path as they follow the LEDs despite the absence of a physical island, giving right of way to 
vehicles within the roundabout. It was noted that demarcation would need to be designed 
well to ensure compliance by drivers. A design which would physically eliminate multiple 
dangerous impact angles and conflict points, is a grade separated roundabout. This design 
involves physically separating one direction of traffic from a second cross direction using 
grade separation or an over-pass (A23). This is based on the knowledge that most vehicles 
proceed through an intersection yet are compelled to interact with turning vehicles. In this 
design traffic in the major through flow direction would possibly travel at the lower (or 
ground) level with minimal interruption, while those individuals intending to turn left or right 
would be guided to an off-ramp and directed to a grade-separated roundabout.  While this is 
potentially a costly exercise it maybe one of the more efficient ways of separating cross-
traffic and eliminating multiple dangerous conflict points. While appropriate for 
consideration at varying intersection types, it can immediately be considered at freeway 
interchanges where the traffic signals could be replaced by roundabouts. Another option is 
the tear drop roundabout (A12). 



48  INTERSECTION STUDY - TASK 5 REPORT 

 

 

 

 

A10 - An image of a Squircle at a typical arterial – arterial intersection. The concept is based 
on a ‘rounded square’ with cut-through lanes to allow right-turning traffic to proceed 
through the island, hence achieving deflections for vehicles travelling straight through the 
intersection. The Squircle has been graphically inserted for demonstration purposes at a 
typical intersection in Melbourne. Image developed by Mike Mills, Faculty of Art and Design, 
Monash University, Sept. 2010.  

A11 - The concept of a LED roundabout shown schematically.  Cars would follow the LEDs embedded 
in the road and hence be directed to take a deflected path when travelling through the intersection or 
performing a right hand turn.  Image generated by Nimmi Candappa, Monash University Accident 
Research Centre, June 2009. 
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C. Favourable Angles  

Favourable impact angles can be achieved at intersections in multiple ways and amongst the 
ideas discussed, were the tear-drop shaped roundabout (already utilised in America), island 
deflections, a ‘reverse’ roundabout and an ‘X-Factor’-type intersection.   

The tear-drop roundabout (A12) has the unique feature of preventing traffic from mistakenly 
travelling in the wrong direction due to its self-guiding shape and also forces vehicles to enter traffic 
at a more favourable angle. It was acknowledged that space issues may limit the use of a tear-drop 
roundabout. This produced the idea of island deflections where either travel line demarcation (A18) 
or physical island deflectors can be used to direct traffic through an intersection at more favourable 
angles and at reduced speeds without having to alter the geometry of an intersection drastically. 
Similarly, a 'reverse roundabout',  (A21) was derived as an intersection design option for where space 
was limited to still create favourable angles and promote reduced speeds. The concave deflections of 
the reverse roundabout would be capable of generating significant deflections for through traffic and 
reduce the number of conflict points, although right turners would have to perform hook turns at the 
reverse-roundabout. This was viewed as a potentially cost effective means of achieving the safety 
benefits of a roundabout. The 'X-Factor' design (A13), based on realigning roads to achieve a steeper 
‘X’ shape rather than a cross-shape, is possibly a more costly option, but again, evolved as an idea 
which could provide more favourable angles in the event of a crash. The X-factor would be something 
to consider during the road network development of new subdivisions. Another design that was 
suggested as a potentially effective, but costly treatment is a Double Crossover Diamond (DCD) 
interchange (A14).  Most likely to be used at exits and entries onto freeways, the DCD involves 
eliminating the need for a right-hand turn (in Australia) onto freeways and major highways.  While it 
has a sign-controlled intersection, the angle at which the intersection is at, means that more 
favourable impact angles exist than a typical cross-intersection. 

  

A12 - Image of a teardrop roundabout at Interstate 70/Avon Rd, Avon, Colorado. (FHWA, 
2000) (FHWA, 2000) 



50  INTERSECTION STUDY - TASK 5 REPORT 

 

 

 

 

 

  

A13 - An image demonstrating the concept of an X-Factor intersection.  The X-factor describes an 
intersection at which roads are aligned to promote more favourable impact angles in the event of 
a crash, as opposed to a more traditional 90° cross –– intersection. Image developed by Liam 
Ferguson and modified by Mike Mills, Faculty of Art and Design, Monash University, Sept. 2010.  

A14 - Photo of the first U.S. Double Crossover Diamond (DCD) interchange at I-44 and Route 13 in 
Springfield, MO. (FWHA, 2009) 
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D. Physical and psychological barriers 

While physical barriers placed strategically at intersections may be the most effective means 
of preventing dangerous impacts, it is not always practical and tends to be high cost. 
Psychological measures can also be employed to reinforce road rules and promote safer 
driving.  The following designs were considered highly innovative and may challenge the 
traditional views of road design and operation, but were put forward as potential Safe 
System compliant intersection designs which could be considered in future.  These designs 
include roadway gates, a ‘movement valve’, vertical vehicle barriers and as a psychological 
measure and LED-enforced signals.  

Roadway gates (A15) are based on the same principle as boom gates at railway crossing 
which open and close depending on who has right of way.  These gates can complement 
traditional traffic control signals to physically prevent cross directions of traffic from 
interacting.  While consideration will need to be given to how to incorporate these gates at 
more complex intersections where right-hand turns often operate independently of through 
movements, this is one means of avoiding high speed, 90-degree impacts.  A similar concept 
of a ‘Movement valve’ is based on preventing physical interactions between vehicles, but 
involves having a rotating crash worthy barrier (synchronised with traffic signals) being 
placed at the centre of the intersection. Head-on collisions (DCA 110) and right-turn-through 
collisions will be eliminated (DCA 121) with the introduction of the movement valve (A16). 
Further investigations are required to produce rapid movement of the valve through the 
signal phases.  Vertical barriers (A17) are already used in The Netherlands to convert roads 
from standard operation to shared space. The barriers operated quickly and safely, being 
raised to their full height within seconds. The key factor differentiating and potentially 
questioning the use of these barriers in this circumstance to standard use at intersections is 
the need for this device to operate reliably and quickly, with minimal chance of malfunction. 
It was suggested that an alternative to this is could be to have speed humps that rise from 
the ground instead of vertical columns.  Another treatment which is aimed at targeting the 
psychology of a driver is through the use of LED reinforced signals, where rows of LEDs 
embedded in the road would light up for drivers (in sync with the traffic signals) to re-enforce 
either a red or green signal (A18). Other alternatives are the Virtual Wall (A19) or a red beam 
across the approaches. 
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A 15 - An image of roadway gates at a typical cross-intersection. The roadway gates would 
act as a physical barrier to prevent traffic accidently entering the intersection at an incorrect 
time. The use of speed humps could also be beneficial in reducing approach speeds. The 
photo present an on-site example of its use. Image and photo by Nimmi Candappa, Monash 
University Accident Research Centre, June 2009. 

 

 

A16 - Two schematics demonstrating the concept of a ‘Movement valve’ in operation. The movement 
valve would be able to A) prevent head-on collisions and B) right-turn through collisions (DCA 121).  It 
was anticipated that the movement valve could be mounted onto a rotating base and be 
synchronised with the traffic signals 
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A17 - An image demonstrating the concept of vertical barriers. The barriers would be embedded into 
the bitumen but be raised when appropriate (in synchronisation with traffic signals) and would 
physically prevent vehicles from entering an intersection at an incorrect time. Image and photo by 
Nimmi Candappa, Monash University Accident Research Centre, June 2009. 

 

 

 

 

A18 - Showing the use of LEDs at an intersection which re -enforce traffic signals. The appropriate 
coloured LEDs would be activated to convey to drivers whether to enter the intersection or stop 
beforehand. Image developed by Liam Ferguson and modified by Mike Mills, Faculty of Art and 
Design, Monash University, Sept. 2010 
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A19 - Image showing the use of LEDs at an intersection which re -enforce traffic signals (Hanyoung 
Lee, 2008) 

D. Simplified Decision Making 

Several intersection design ideas which were generated during the workshop were based on 
simplifying the decision-making process for drivers in recognition that human error and poor 
judgement are often likely to be responsible for deaths and serious injuries. Gap assist 
technology and variable speed limit signs are some examples of how the stress of making a 
decision could be reduced for drivers. Gap assist technology, for example, may involve 
placing electronic chevron markers at T-intersections to indicate to drivers on the minor road 
of unsuitable gaps to enter the main road. This, in conjunction with an electronically 
activated sign for drivers travelling on the major road warning of a driver potentially entering 
the main road ahead can be used to either avoid a crash or prepare all drivers for the 
potential dangers ahead (Figure 23). A fail-safe mechanism could address liability issues, it 
exists as one means of reducing the dangerous associated with decision making by drivers. 
Similarly, vehicle detection technologies can be employed as a means of activating speed 
reduction signs for drivers travelling on the main road when drivers are approaching from 
side roads (A8). Gap assist technologies and on-demand speed reduction was viewed 
particularly favourably as low-cost intersection treatments where the incidence of traffic 
entering the major highway from the rural road was low, but dangerous given that traffic on 
the major road do not expect them.  
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A20 - Image demonstrating one type of gap select assist technology. Image developed by Liam 
Ferguson and modified by Mike Mills, Faculty of Art and Design, Monash University, Sept. 2010 

 

A21 - A geometric view and an aerial view of a reverse roundabout. This concept was seen to have 
the potential to generate favourable impact angles using concave deflections. Image created by 
Nimmi Candappa using Visio (Version 2003), June 2009. 
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6.1 COMBINATION 

Two of the designs provide a combination of these factors: The Cut-Thru (Figure A22) and the 
Grade Separated Roundabout (A23) have a number of the key principles inherent in their 
design. The Cut Thru is designed to cater for the Fully Controlled Signalised intersection, 
where right turners on a green arrow can cut through the roundabout but through vehicles 
can proceed around the island. 

  

   

 

 

(a) (b) 

A22 - Images demonstrating the concept of a cut-through roundabout. A schematic (A) and a 
graphically modified image (B) of a cut-through roundabout has been applied to a typical high-volume 
Melbourne intersection using graphics to demonstrate the appearance of the roundabout with turn 
slots. Image A) developed by Liam Ferguson, Faculty of Art and Design, Monash University, Sept. 2010. 

A23 - An image of a grade separated intersection. The major traffic flow direction can travel uninterrupted 
through the underpass and only those intending to change travel directions are directed onto a ramp and 
to the grade separated roundabout. 


