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Abstract 

All roundabouts are effectively a series of “reverse curves” that vehicles are required to negotiate.  

These curves limit the speeds that can be achieved by vehicles through the roundabout, which is the 

predominant reason that this form of intersection control is often considered the safest.  However, there 

are significant differences between the performance and capabilities of cars and heavy vehicles. This 

research project investigates the differences in roundabout geometry required to safely cater for heavy 

vehicles as well as cars, and aims to improve the design standards and guidance for designers of such 

roundabouts. 

 

Roundabout usage as a form of intersection control is becoming more common every day, and they are 

increasingly being used in high speed areas on major roads, with a wide variety of traffic composition, 

including heavy vehicles.  This is in contrast to their more traditional usage in low speed urban 

environments, which the commonly available standards and guidelines currently reflect.  It is important 

that roundabout designers understand the differences between truck and car capabilities if they are to 

ensure safe and effective geometry for both vehicle types. 

 

A case study of an actual roundabout with perceived heavy vehicle issues is carried out.  An as-

constructed 3D model of the roundabout is obtained, speed data collected and analysis of car vs truck 

speeds performed.  The travelled path of a semi-trailer through the roundabout is analysed via video, 

and simulated using Autoturn software.  12D road design software is then used to model and measure 

the actual radii and crossfalls that the vehicle encountered.  Combined with the speed data, the side 

friction being generated by the vehicles and the rate of rotation of crossfalls is then calculated and 

compared to relevant design standards.  

 

An in-depth critical review of the current roundabout standards, national and international, is also 

carried out, and tested against known heavy-vehicle specific requirements.  It is found that cars can 

tolerate a much higher value of side friction at roundabouts than trucks.  Additionally, a cars margin for 

error re side friction is much higher than a trucks, ie, if a car generates side friction in excess of what it 

can tolerate, it will typically slide, whereas a truck will typically roll.  Therefore, trucks need to negotiate 

roundabouts at significantly lower speeds than cars, and unique geometric considerations need to be 

made to facilitate this.  A supplementary set of standards is developed, combining recommend 

combinations of geometry, signage, and linemarking to safely cater for heavy vehicles at roundabouts, 

and the recommendations are tested and confirmed as successful using TMR’s A Roundabout 

Numerical Design Tool (ARNDT) 
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Chapter 1 - Introduction & Background 

1.1 Roundabouts – A brief history 

Modern roundabouts are commonplace for road users all over Australia, and indeed the world; but 

where, why, and how did they originate?  

According to “Roundabouts: An informational guide” (Robinson et al. 2000) roundabouts began as 

“traffic circles”. Figure 1 depicts the first known such intersection, dubbed the “Columbus Circle”, 

designed by William Phelps Eno, and opened in 1905 in New York City. 

 

Figure 1 – First known roundabout “Columbus Circle”  

Source: (Geo. P. Hall & Son c1907) 

 

The original traffic circles gave priority to entering vehicles, facilitating high-speed entries; however, 

they soon fell out of favour due to high numbers of crashes. Circulating vehicles were also required to 

give-way to entering vehicles, resulting in high congestion rates. 

The modern roundabout as we know it today, was developed in the United Kingdom in the mid-1960’s.  

In 1966, the UK road and traffic authorities implemented a compulsory “give-way” traffic rule at all 

existing circular intersections, requiring that all entering traffic give-way to circulating traffic already 

on the roundabout. This eased the congestion issues, as it did not allow a vehicle to enter the intersection 

until there was a sufficient gap in the circulating traffic.  Additionally, geometric standards that 

introduced horizontal curvature prior to the roundabout, known as the entry curve, were adopted, which 

reduced approach speeds and subsequently resulted in fewer crashes.  The entry curve and other typical 

geometric elements of a roundabout are shown in Figure 2.  
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Figure 2 – Geometric Elements of a Roundabout  

Source: Austroads (2015a), Figure 2.1 

1.2 Roundabouts from a traffic efficiency perspective 

In Australia, intersection efficiency is defined by Level Of Service (LOS), which is a function of traffic 

volume, density, and speed (Austroads 2015b).  High LOS is achieved by those intersections that provide 

uncongested free flow conditions, and low LOS is produced by those intersections where the traffic flow 

conditions can be described as unstable and congested. Figure 3 shows the density and occupancy Level 

of Service indicators. 

 

 

Figure 3 – Density and occupancy Level of Service indicators  

Source: Austroads (2015b), Table 7.1 
 

For road environments with low-to-moderate traffic demand, unsignalised roundabouts generally 

provide a higher LOS compared to other forms of unsignalised at-grade intersections.   
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Roundabouts can be particularly useful where there is a high proportion of right-turning traffic. 

Unsignalised roundabouts perform best when the traffic flows on each approach leg are balanced, 

however signalisation can be utilised to help manage dominant flows on one or more approaches. 

The reason that roundabouts perform efficiently under the above-mentioned conditions is due to the 

Australian and New Zealand practice for roundabouts to operate under the headway acceptance theory, 

which is defined as traffic entering the roundabout giving way to, and accepting gaps in the circulating 

traffic stream (Austroads 2015b). The different flow types, involving circulating, entry and exiting flow, 

at a typical roundabout are shown in  

Figure 4. 

 

 

Figure 4 – Major and Minor Flows at a roundabout  

Source: Austroads (2017a), Figure 6.6 
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1.3 Roundabouts from a safety perspective 

It is widely acknowledged in the road design and traffic management industry that “a well-designed 

roundabout is the safest form of intersection control” (Austroads 2015a). As mentioned in the Austroads 

guide, numerous “before and after” type studies have shown that, in general, there are fewer vehicle 

crashes at well-designed roundabouts, compared to other types of intersections utilising control 

measures such as traffic signals, stop signs and give way signs.  The exception to the above however, is 

the safety performance of roundabouts and their interaction with pedestrians and cyclists. 

The nature of modern roundabouts, with adequate approach geometry, and the afore-mentioned “give-

way” rule for entering traffic, effectively results in lower vehicle speeds compared to other types of 

intersections, and this is the primary reason for the improved safety record of roundabouts. 

The safety performance as described above is more often associated with lower speed environments in 

urban areas.  In such environments, as opposed to high-speed rural environments, the influence on safety 

of design elements such as pavement crossfall and vertical geometry are not as sensitive, and it is the 

purpose of this dissertation to prove that there are additional critical factors to be considered in the 

design of high-speed roundabouts, particularly those where a large percentage of the traffic is heavy 

vehicles. 

1.4 Low-speed vs High-speed roundabouts 

In Australia, “high speed” roundabouts are generally considered to be those with posted approach speeds 

of 70 kilometres per hour (km/h) (80 km/h design speed) and above.  It is recommended that at this 

speed reverse approach curves are to be implemented on the roundabout approach, to minimise the speed 

at which vehicles enter the roundabouts circulating carriageway.   

All roundabouts require approach vehicles to decrease their speed prior to entering the circulating 

carriageway.  This is due to the limitations on the speed that can be travelled by a right-turning vehicle 

navigating the central island radius of the roundabout, which in turn is limited in size due to the 

practicalities of available space and construction costs. 

The desirable maximum decrease in speed between the entry curve and a right-turn on the circulating 

carriageway is 20km/h, with the absolute maximum decrease being 30km/h (Austroads 2015a). Use of 

the desirable values will generally produce lower overall crash rates than the absolute values will.  

In order to prevent an excessive decrease in speed at the start of the entry curve, “reverse curves” are 

typically used at large high-speed roundabouts, to gradually reduce the speed of vehicles. Curve radii 

are selected that limit the speed decrease to 20km/h between successive curves, as depicted in Figure 5. 
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Figure 5 – Example high speed roundabout with reverse curves 

Source: Austroads (2015a), Figure 4.4 

 

It is when reverse curves are implemented that an increase in single vehicle crashes becomes more 

prominent at roundabouts, as opposed to multi-vehicle crashes. 

The reasons for this are: 

 Limited time for drivers to react to successive curves, resulting in sudden steering movements, 

leading to vehicle instability if the short horizontal straights are not implemented between each 

curve 

 Insufficient deceleration lengths if the curves are not of sufficient length 

 Increase in vehicle instability, particularly heavy vehicles, if the curves are super-elevated, and 

the super-elevations are not properly transitioned 
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1.5 Heavy Vehicles and roundabouts 

Heavy vehicles, particularly articulated heavy vehicles, as commonly found on Australian highways, 

require a higher driver work-load than other smaller, non-articulated vehicles.  This is due to the tracking 

of the trailers when negotiating curves, requiring longer and wider areas for the drivers to steer the 

vehicles from one direction to another.  Two typical articulated heavy vehicles; a 19m Semi-Trailer and 

25m B-Double are shown below in Figure 6. 

 

 

Figure 6 – Typical 19m Semi-Trailer & Typical 25m B-Double 

Source: AutoTURN-Pro (2018) 
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Furthermore, heavy vehicles are inherently less stable than light vehicles.  Figure 7 tabulates the 

desirable and absolute maximum values of side friction for cars and trucks. Side friction (f) is a measure 

of the frictional force between the pavement surface and the vehicle tyre, and the tabulated values are 

the maximum values to be used in design before drivers will experience discomfort. As shown below in 

Figure 7, the values at which heavy vehicle drivers experience discomfort is lower than that of cars, and 

ARRB research shows that the least stable vehicles may roll over at side friction values as high as 0.35. 

 

Figure 7 – Recommended side friction factors for cars and trucks  

Source: Austroads (2016), Table 7.5 
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1.6 Austroads Vehicle Classifications 

Throughout this dissertation, vehicle types are referred to in alignment with the Austroads 

classification system.  Figure 8 below shows the 12 different vehicle classifications. In accordance 

with the Austroads classification system, heavy vehicles are considered those greater than Class 3. 

 

Figure 8 – Austroads Vehicle Classification  

Source: Austroads (2018), Appendix B 
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1.7 Problem Statement 

1.7.1 General 

The problem in general is that there is insufficient clear and comprehensive guidance in the current 

Australian road design standards regarding the required standards for safe operation of high-speed 

roundabouts by heavy vehicles. 

The guidance relies upon the mantra that roundabouts are “the safest form of intersection control”, and 

is focused on the design elements that contribute to intersection control, for example, the interaction of 

vehicles with each other when negotiating roundabouts.  This is acceptable for the most common form 

of roundabouts, such as in low-speed, urban environments, however it is potentially hazardous for high-

speed areas, where more focus is required on the horizontal and vertical geometry considerations to 

minimise single vehicle crashes. 

In the case of the Austroads Guide to Road Design publications, it can be argued that all necessary and 

relevant heavy vehicle standards and criteria are provided in the various chapters, and that a competent 

designer is able to locate and use best judgement to apply the concepts to roundabout design.  However, 

as is shown by this dissertation, the guidance appears to be inadequately collated, referenced and 

integrated into the roundabout chapter, lacking specific examples and combinations of how the unique 

heavy vehicle criteria should be applied to roundabout design. 

Specifically, the areas that require further investigation, analysis, and documentation, are detailed below 

in sections 1.7.2 to 1.7.6. 

1.7.2 Approach Reverse Curve Geometry 

The primary document for Australian roundabout design standards, Austroads (2015a), outlines the 

general intention of reverse curve geometry, provides brief guidance on when to use them, and warns 

designers of some of the negative elements, however does not provide recommended combinations of 

radii, super-elevation, and separating tangent lengths to suit heavy-vehicle operation.  

The document does not give specific roundabout approach advice, and/or clear details on the unique 

scenario of using reverse curves as a speed reduction device. 

1.7.3 Circulating Carriageway Crossfall 

The circulating carriageway of a roundabout may feature super-elevation (crossfall towards the centre 

of the roundabout).  In this instance, the crossfall grades in the same direction as the turning vehicle, for 

example, the crossfall is grading to the right, and the vehicle is turning to the right. Therefore, the 

crossfall acts in the opposite direction to the centrifugal forces acting on the vehicle, and the cross fall 

contributes to the vehicles stability on the curve. 
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Alternatively, a roundabout may feature adverse crossfall in the opposite direction to the turning vehicle.  

In this instance, the crossfall does not contribute to the stability of the vehicle as it negotiates the curve. 

There are advantages and disadvantages to each method, however the current standards do not clarify in 

sufficient detail what these pros and cons are, and do not sufficiently highlight the consequences of 

choosing incorrectly, particularly in relation to heavy vehicles. 

1.7.4 Rate of Rotation 

The current standard outlines the general intention of reverse curve geometry, gives brief guidance on 

when to use them, and vaguely warns designers of some of the pit-falls, however stops short of providing 

recommended combinations of radii, super-elevation, and separating tangent lengths. 

1.7.5 Side Friction 

The Austroads (2015a) guidance does not go into sufficient detail on the maximum side-friction values 

to be adopted, and does not sufficiently highlight the consequences of road geometry that generates 

excessive side-friction demand, particularly in relation to heavy vehicles. 

1.7.6 Problem Example – Case Study Introduction – RB1 and RB2 

Two recently designed and constructed roundabouts on a major highway exemplify the problems 

described above.  These roundabouts, shown below in Figure 9 and Figure 10, will be investigated and 

analysed as case-studies in this dissertation. 

 

Figure 9 – Roundabout 1 (RB1)  

Source: Road Authority 
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Figure 10 – Roundabout 2 (RB2) 

Source: Road Authority 

 

Both roundabouts feature: 

 80km/h posted speeds on the approach legs 

 Reverse curve approach geometry 

 Large radius, super-elevated circulating carriageways 

 B-Double heavy vehicles 

 Both have had several instances of heavy vehicle rollovers (single vehicle)  

Experienced senior road designers at the relevant Road Authority have developed the roundabouts in 

question using the relevant afore-mentioned AGRD and relevant Road Authority supplement design 

guidelines, and the roundabouts underwent comprehensive design reviews prior to approval and 

construction. 

In operation however, the roundabouts have not performed satisfactorily for heavy vehicles, with three 

crashes having transpired at RB1, and two crashes at RB2, over a 5 year period. 

An initial review of the crashes, and subsequent assessment of the roundabout geometry, has revealed 

the following perceived problems, common to both roundabouts: 

 Approach geometry featuring insufficiently sized horizontal curve radii, resulting in excessive 

side-friction demand for heavy vehicles, which can cause rollovers in the least stable vehicles 

 Lack of / or insufficient length horizontal straights between reverse curves, namely between the 

last reverse curve just prior to the circulating carriageway (entry curve), and the circulating 

carriageway 
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 Incorrectly applied super-elevation transitions, resulting in excessive rate-rotation values, 

amplifying instability in the heavy vehicles 

 Super-elevated circulating carriageway.  In this initial review, it is perceived that the design 

unnecessarily incorporates super-elevation, ie crossfall to the inside of the roundabout, on the 

circulating carriageway.  This, combined with the lack of tangent between the approach reverse 

curve, has produced a scenario that has proven difficult to correctly apply the necessary super-

elevation transition, and has resulted in a “diagonal crown”, ie an almost instant super-elevation 

transition from -3% to 3%, as the vehicles enter the circulating carriageway. 

RB2 has undergone a review and amendment by the Road Authority following the crashes, which were 

considered by the Road Authority to be attributed to excessive speed by heavy vehicles. As part of the 

review, speed surveys were undertaken prior to and following the amendments.  The speed surveys, and 

the Road Authority’s assessment of the roundabout will be further investigated in this dissertation. 

1.8 Aims and Objectives 

1.8.1 Overall Aims 

In Australia, particularly in lower speed environments where the design vehicle is a light vehicle, 

roundabouts are a commonplace form of intersection control, and the relevant geometric design 

standards reflect this.  In higher speed environments however, and/or those with significant heavy 

vehicle usage, the standards appear to be relatively inadequate. 

Therefore, the overall aims of this dissertation are to: 

 Analyse and evaluate the commonly available standards and guidelines for high-speed 

roundabouts 

 Identify where improvement in the standards may be required 

 Develop a document that clearly and comprehensively details the design standards and 

guidelines specifically catering to heavy vehicles on high speed roundabouts, in the format of 

a supplement to current Austroads Guide to Road Design (AGRD) standards. 
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1.8.2 Objectives 

The objectives required to achieve the above-mentioned aims are: 

1. Investigate, research and understand the unique geometric requirements necessary for safe 

operation of high-speed roundabouts by heavy vehicles 

2. Identify, develop and collate examples of best-practise combinations of geometric elements to 

suit high speed roundabouts 

3. Collect and document recommended geometric combinations 

4. Produce a document that clearly and comprehensively details the design standards and 

guidelines specifically catering to heavy vehicles on high speed roundabouts, in the format of 

an appendix to current AGRD Design Standards. 

5. Using tools and software such as AutoTURN vehicle analysis and 12D Road Design software, 

analyse the perceived issues with RB1 (As per Section 1.7.6 Case Study Introduction), 

including: 

a. Crash History Analysis 

b. Speed Survey Analysis (including carrying out a speed survey using various physical 

methods on site) 

c. Analyse rate of rotation 

d. Analyse coefficients of side friction 

e. Develop mitigating treatment recommendations 

6. Analyse the original perceived issues and confirmed successful amendments to RB2, to 

determine if learnings from RB2 can and/or should be implemented at RB1, including: 

a. Analyse speed survey prior to signage amendments  

b. Carry out a speed survey post signage amendments, and compare to previous results 

c. Analyse crash history before and after signage amendments 

7. Test recommended treatments by using DTMR-QLS’s “A Roundabout Numerical Design Tool” 

(ARNDT) software 
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Chapter 2  – Literature Review 

2.1 Introduction 

This literature review seeks to demonstrate how relevant prevailing information, data, and ideas supports 

or does not support the specific high-speed roundabout topics presented as problem statements in 

Chapter 1, Section 1.7, including a review of: 

 Approach Reverse Curve Geometry 

 Circulating Carriageway Crossfall 

 Rate of Rotation 

 Side Friction 

When reviewing the subsequently mentioned relevant texts, the focus has been on how the above-

mentioned topics relate to heavy vehicles in particular. 

In Australia, the primary national reference for geometric road design standards is the Austroads Guide 

to Road Design (AGRD) documents.  With some exceptions, each state’s transport authority then 

produces a supplementary document to the AGRD.  The supplements either: accept the AGRD standards 

without modifications, provide additional guidance to the standards, or modify the standards to suit the 

relevant state’s preferences and requirements. 

The relevant state authority supplements are as follows: 

 Queensland – Queensland Department of Transport and Main Roads - Road Planning and 

Design Manual (RPDM) – 2nd Edition (DTMR-QLD 2017) 

 New South Wales – Roads and Maritime Services Austroads Guide Supplement (RMS-NSW 

2016) 

 Victoria – VicRoads Supplement to the Austroads Guide to Road Design (VicRoads 2011) 

 South Australia – N/A – Refer to AGRD without supplement 

 Western Australia – Main Roads Western Australia (MRWA) Supplement to Austroads Guide 

to Road Design (MRWA 2019a) 

 Northern Territory – N/A – Refer to AGRD without supplement 

 Australian Capital Territory - N/A – Refer to AGRD without supplement 

 Tasmania - N/A – Refer to AGRD without supplement  

Additionally, various other texts and sources have been reviewed, including United Kingdom and United 

States of America road design standards. 



Improved theory for the design of high-speed roundabouts to suit heavy vehicles – USQ Dissertation - 2019 

 

15 

Mark Tomarchio - USQ Student #   

 

2.2 Austroads Guide to Road Design (AGRD) 

2.2.1 Approach Reverse Curve Geometry 

The primary document for Australian roundabout design standards, Austroads (2015a), refers designers 

to the main Austroads (2016) Geometric Design document for approach reverse curve geometry 

requirements, however does not give specific roundabout approach advice, and/or clear details on the 

unique scenario of using reverse curves as a speed reduction device. 

As the approach geometry is influenced largely by the central island size, Figure 11 gives the first 

indication of when speed reduction treatments are required prior to the entry curve. 

 

Figure 11 – Guide for selecting the minimum central island radius for a circular roundabout 

Source: Austroads (2015a), Table 4.1  

 

The document then outlines the general roundabout Approach and Entry Geometry requirements, 

including reverse curve geometry as a form of speed reduction treatment.   

As per Austroads (2015a) Section 4.5.2 Approach treatments for high-speed areas, this treatment is 

usually only required in areas with high desired speeds (greater than or equal to 80 km/h posted speed) 

on the approach leg.  It is important to note that the AGRD suggests that successive reverse curves are 

just one of many speed reduction treatments that can be used in such scenarios, including rumble strips, 

dense plantings to give the impression of restriction to the driver, large advance warning signs, and 

flashing lights etc. 

Approach reverse curves are however the most common form of treatment, as is evidenced by the 

continuing text in Section 4.5.2 – Use of approach reverse curves.  This section provides an additional 

two pages of information relating to approach reverse curves, whereas no further information is provided 

for the other types of speed reduction treatments.   
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Section 4.5.2 of Austroads (2015a) outlines the reasons for using reverse curves on approaches, gives 

examples of where they may and may not be used, and gives some advice as to the reduction in speeds 

that should be achieved on successive curves.   

The text goes on to further state “Speeds generated by the Operating Speed Model will often show that 

excessive superelevation and/or rates of rotation on one or more curves will result, if strictly using the 

design criteria in accordance with the Guide to Road Design Part 3”, however, it fails to high-light the 

criticality of this issue, particularly for less stable heay-vehicles, and it fails to provide guidance on how 

to avoid this situation. 

Section 4.5 of this document provides one example of a roundabout in a high speed rural environment, 

using reverse curves, shown in Figure 5. 

The example is particularly devoid of several critical elements, for example: 

 Crossfall of the circulating carriageway 

 Lengths of straights between the reverse curves 

 Location and lengths of super-elevation transitions 

The guide does refer designers to Austroads (2016) Geometric Design document for further details of 

the critical relationships between the above mentioned elements, and it does mention that some 

treatments “may reduce the stability of heavy vehicles and so consideration should be given to the use 

of alternative (sic) in these cases”.  The document does not however give specific examples of 

alternatives to be used in these cases. 

2.2.2 Circulating Carriageway Crossfall 

Circulating carriageway requirements are covered by Austroads (2015a) Section 4.6.  However, much 

of the information presented is related to the two-dimensional elements of roundabouts, with respect to 

different design vehicle requirements, and the size and width of the circulating carriageway required to 

cater for the swept paths of said vehicles. 

Circulating carriageway crossfall requirements are covered by Austroads (2015a) Section 4.10 – 

Superelevation, Gradient and Drainage. 

This section mentions that many roundabouts operate satisfactorily with an adverse crossfall of 2.5 to 3 

%, however then mentions that a disadvantage of adverse crossfall is that it results in higher single 

vehicles crashes for trucks, when compared to superelevated carriageways.   

It is mentioned that a safe roundabout can be designed with either adverse crossfall or positive crossfall, 

if the use of approach entry curvature is provided in accordance with Austroads (2015a) Section 4.5, as 

this will slow the motorists before the roundabout so that the negative effects of the adverse crossfall 

and/or superelevation are minimised. 
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Further truck specific advice is provided in this section under the heading – Roundabout radius, crossfall 

and heavy vehicle stability.  This advice outlines the critical relationship between these elements, and 

does specifically mention a truck stability factor to consider, that being the advice to avoid rapid changes 

in crossfall, which can cause instability for high heavy vehicles and their loads.  The document however 

does not provide specific examples of geometry to avoid the situation mentioned. 

2.2.3 Rate of Rotation 

Rate of rotation is not specifically referenced in the Austroads (2015a) Roundabout document, and again 

designers are referred to the Austroads (2016) Geometric Design document. 

In this document, rate of rotation is covered in Section 7.7.7 Rate of Rotation. 

For speeds under 80km/h, maximum rate of rotation is specified as 3.5% per second, and for 80km/h 

and above, maximum rate of rotation is 2.5% per second. 

Further information is provided in Commentary 18 (Austroads 2016), and Figure 12 shows rate of 

rotation and superelevation development length criteria for various operating speeds. 

 

Figure 12 –Rate of rotation criteria 

Source: Austroads (2016), Table C18.1 

 

As shown in Figure 12, no differentiation is provided between light and heavy vehicle requirements, 

and there is no information provided with respect to why the rate of rotation is important, and/or the 

consequences if exceeded. 
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2.2.4 Side Friction 

Side friction is first mentioned in the Austroads (2015a) Roundabout document in Section 3.2.2, where 

it is noted that “one study has shown that side friction used by the 85th percentile driver can be as high 

as 0.48 on smaller to moderate radii curves at roundabouts in higher speed areas”. 

Aside from the above, side friction is scarcely mentioned in the Austroads (2015a) Roundabout 

document, and again designers are referred to the Austroads (2016) Geometric Design document. 

Figure 7 in Section 1.5 lists the recommended side friction factors for cars and trucks. 

2.3 Queensland Department of Transport and Main Roads – Road 

Planning and Design Manual (RPDM) – 2nd Edition 

2.3.1 Approach Reverse Curve Geometry 

The DTMR-QLD (2017) supplement accepts all Austroads (2015a) design advice regarding reverse 

curve approaches, and provides the following additional relevant advice: 

 Vertical curves in conjunction with approach horizontal curves are discouraged, and designers 

are encouraged to consider an alternative treatment to the reverse curves if vertical curves cannot 

be avoided 

 If superelevation is incorporated into the approach curves, short horizontal straights between 

each curve is recommended 

 Superelevation on approach curves is discouraged, and the alternative of using adverse crossfall 

on one or more of the reverse approach curves is encouraged, to keep the crossfall in the same 

direction through the approach curves and entry curve  

2.3.2 Circulating Carriageway Crossfall 

The QLD supplement does not provide any relevant additional advice on the subject of circulating 

carriageway crossfall. 

2.3.3 Rate of Rotation 

The QLD supplement does not provide any relevant additional advice on the subject of rate of rotation. 

2.3.4 Side Friction 

The DTMR-QLD (2017) supplement does not provide any relevant additional advice on the subject of 

side friction, except to note in Section 4.10.4 that drivers generally use high values of side friction on 

all geometric elements of a roundabout, and that appropriate consideration should be given to pavement 

surfacing treatments to cater for this requirement. 
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2.4 New South Wales – Roads and Maritime Services Austroads Guide 

Supplement 

2.4.1 Design Principles & Approach Reverse Curve Geometry 

The RMS-NSW (2016) supplement to Austroads (2015a), at only 4 pages in length, is relatively scarce 

on additional information for designers of high speed roundabouts. 

In contrast to other states guidelines, Section 2.3 – Design Principles, states that in NSW, roundabouts 

are not recommended where the posted speed limit is greater than 80km/h. 

Section 4.5.2 – Approach and Entry Treatments, states that reverse curve approaches are not preferred 

in NSW. 

2.5 Victoria – VicRoads Supplement to the Austroads Guide to Road 

Design 

The VicRoads (2011) supplement to Austroads (2015a) does not provide any supplementary comments 

to the relevant Austroads standards. 

2.6 Western Australia – Main Roads Western Australia (MRWA) 

Supplement to Austroads Guide to Road Design 

In general, the MRWA (2019a) supplement appears to provide the most detailed and comprehensive 

supplementary information relating to high speed roundabouts, and roundabouts in general, when 

compared to the other available supplements. 

This is immediately evident in the provision of detailed example drawings, under Section 4.1.1 – Design 

Steps, of the MRWA supplement, describing and providing examples of the initial steps of the geometric 

design of a roundabout, in accordance with the Austroads (2015a) method.  Figure 13 shows an excerpt 

of the example, and the full-size drawing is attached as Appendix D. 
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Figure 13 –Roundabout design steps example 

Source: MRWA (2019a), Drawing No. 200331-199-4 

2.6.1 Approach Reverse Curve Geometry 

A particularly useful and interesting additional piece of advice is provided in the MRWA Supplements 

Section 4.5.2 - Approach and Entry Treatments.  In this section it is advised that for rural and high speed 

roundabouts which have posted approach speeds of 80km/h and higher, it is mandatory to include 

supplementary geometric devices on the approaches to encourage drivers to slow to an appropriate speed 

before entering the roundabout. The document states that the MRWA preferred treatment is successive 

reverse curves, and a detailed example is shown below in Figure 14, with full-size drawing attached as 

Appendix E. 
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Figure 14 – MRWA Approach Reverse Curve Geometry 

Source: MRWA (2019a), Drawing No. 200331-0203-7 

 

Included in the example drawing is the specific curve radii, arc length, and separating tangent lengths 

required to achieve the desirable approach geometry, for both 90km/h and 80km/h design approach 

speeds (80km/h and 70km/h posted speeds).   

2.6.2 Circulating Carriageway & Approach Curve Crossfall 

A specific item that is missing from the drawing is the specification of the circulating carriageway 

crossfall, ie whether it is to be super-elevated, or adverse crossfall.  However, MRWA’s preference for 

adverse crossfall is stated in the subsequent Section 4.10 – Superelevation, Gradient and Drainage, and 

it is noted that this is to avoid the need for a superelevation rollover at the entry curve. 

In this section, there is more emphasis placed on the affects that roundabout geometry has on heavy 

vehicle stability than any other widely available Australian road design standards.   
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Figure 15, shown below, is an excerpt from the MRWA document that highlights design features that 

contribute to destabilisation of high centre of gravity (HCoG) trucks, and a risk reduction methodology 

for each relevant design feature.  This exemplifies the additional guidance provided in the MRWA 

document. 

 

Figure 15 – Example Design Features Affecting HCoG Truck Stability 

Source: MRWA (2019a), Table 4.10.1 

 

Further supplementary advice, over and above that of the Austroads and all other states supplements, is 

the advice for designers to assess truck stability at roundabouts by use of simulation software such as 

TruckSim, HVE, and UM Truck and Trailer. 

The MRWA supplement mandates that all roundabouts meeting the following criteria should be assessed 

for stability using simulation software:  

 Freeway and highway exit ramp approaches to roundabouts where the approach posted speed is 

80km/h or greater, especially where the crossing road is under the main alignment. For these 

assessments the high speed roundabout approach treatment must also be assessed if adopted. 
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 Rural roundabouts where the approach posted speed is 80km/h or greater. The approach 

treatment should also be included in the assessment if adopted. 

 All roundabout approaches where the posted speed is 70 km/h and no approach treatment has 

been provided. 

Specific vehicle characteristics to be used in the assessment are provided in the supplement, such as 

payload heights, payload density specifications, and trailer deck heights, and a specific Load Transfer 

Ratio (LTR) of 0.6 is provided as the maximum value for trucks to not exceed when negotiating a 

roundabout at 30km/h.  

As per the MRWA guidance, the assessment is based on estimating the Load Transfer Ratio (LTR), 

which is a measure of the proportion of the vehicle’s load carried by the tyres on the outside of a curve. 

An LTR of 1.0 implies that 100% of the load is carried by the outside tyres and the vehicle will tip over. 

It is recommended that simulation outputs including LTR values should be plotted against a vehicle path 

profile, so that designers and reviewers can identify any geometric features that are governing the design. 

2.6.3 Main Roads Western Australia – Guidelines for Vehicle Stability Analysis – 

Main Roads Internal Process 

Included in the MRWA (2019a) document is reference to an additional stand-alone document (MRWA 

2019b) that provides specific guidance to designers for vehicle stability analysis. 

As per Section 1 of the document: The purpose of this document is to provide guidance on the process 

to be followed to assess the stability of heavy vehicles on the approach to and through roundabouts as 

well as on loop ramps and other tight geometric elements. 

The document outlines the process to be undertaken by designers to carry out the assessment, which can 

be summarised as follows: 

1. Create vehicle centreline alignments using AutoTurn or AutoTrack CAD software 

– example shown in Figure 16 

2. Create 3D vehicle alignment and camber strings using 3D model of the 

roundabout, ie in 12D Civil Design Software 

3. Report XYZ points of the vehicle centreline and camber strings and export to 

Excel spreadsheet – example shown in Figure 17 

4. Determine design vehicle – typically the highest risk vehicle permitted to operate 

on the relevant section of road 

5. Carry out the stability analysis using “Universal Mechanism” simulation software 
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6. Export the results and graph the LTR relative to the vehicle location – example 

output shown in Figure 18 

7. Identify locations where LTR > 0.6 

           

Figure 16 – Centreline path through a roundabout with swept paths 

Source: MRWA (2019b), Figure 1 

 

         

Figure 17 – Sample output from stability analysis software showing LTR 

Source: MRWA (2019b), Figure 3 
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Figure 18 – Graphical output from stability analysis software for various vehicle types 

Source: MRWA (2019b), Figure 4 

 

The process guideline concludes by outlining potential mitigation strategies to reduce the risk of vehicle 

rollover, if required.  These range from modifying the intersection geometry to increase vehicle turn 

path radii, reducing rapid changes in grade, and installing truck rollover warning signs, however it is 

noted that installing warning signs should be a last resort, with other high hierarchy methods taking 

preference. 
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2.7 Florida Department of Transport Design Manual – 213 Modern 

Roundabouts 

2.7.1 Approach Reverse Curve Geometry 

The FDOT (2019) standard features reasonably detailed guidance on approach reverse-curve geometry 

in Section 213.3.1: High-Speed Approach Geometry.  Examples for various approach speeds of 50mph 

(80km/h) and up are provided, shown below in Figure 19: 

 

Figure 19 – FDOT roundabout high-speed approach examples 

Source: FDOT (2019) Exhibit 213-2 

 

Arc radii and tangent lengths are specified on the example, as are circulating carriageway radii and 

widths. 

 

 

 



Improved theory for the design of high-speed roundabouts to suit heavy vehicles – USQ Dissertation - 2019 

 

27 

Mark Tomarchio - USQ Student #   

 

2.7.2 Circulating Carriageway Crossfall 

The FDOT (2019) standard specifies that the circulating carriageway crossfall slopes away from the 

central island, ie adverse crossfall, at 2%. 

2.7.3 Rate of Rotation 

FDOT (2019) Section 213.3.1 specifies that adverse crossfall is used for curves AR2, and the circulating 

carriageway, therefore no superelevation transitions are required, negating the need for guidance on 

rates of rotation. 

2.7.4 Side Friction 

Specific roundabout considerations regarding side friction factors are not provided in the FDOT (2019) 

standards, and designers are referred to the general AASHTO (2011) standards, which are generally in 

line with Australian standards. 

2.8 United Kingdom – Highways England – Design Manual for Roads 

and Bridges – CD 116 – Geometric Design of Roundabouts 

The UK DMRB (2019) does not provide any relevant guidance for the design of high-speed roundabouts 

to suit heavy vehicles. 
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2.9 Critical Roundabout Elements – A holistic review 

Through this literature review, and in line with the Problem Statement in Section 1.7, it has become 

apparent that the following roundabout design elements are critical when it comes to heavy vehicle 

stability: 

 Operating Speed Model & Limiting Curve Speed 

 Side friction demand 

 Operating speed differential to light vehicles 

 Crossfall transitions 

With these elements front-of-mind, and in addition to the above documents, various other texts have 

been reviewed, including international standards and reports, with their findings discussed below. 

2.9.1 Operating Speed Model & Speed Prediction 

In Australia, according to Austroads (2016), the term “Operating Speed” refers to the 85th percentile 

speed of cars, ie the speed at or below which 85% of cars are observed to travel under free flowing 

conditions.   

“Desired Speed” is the speed that drivers want to operate at, and is equal to the speed that drivers will 

adopt on less constrained alignments featuring longer straights and large radius horizontal curves.  On 

high standard roads where speed is expected to be uniform, desired speed will often equal operating 

speed, and on road where operating speeds are expected to be variable, desired speed will often be higher 

than operating speed. 

“Design Speed” is a fixed speed for the design and correlation of geometric features of a carriageway 

that influence vehicle operation.  The design speed should not be less than the expected operating (85th 

percentile) speed. 

When designing restoration or modification of existing road projects, operating speeds should be 

measured from speed studies, where possible.  Where this is not possible, and/or for design of new roads, 

the Operating Speeds should be determined using the “Operating Speed Model”. 

The “Operating Speed Model” is largely determined by the horizontal curves, particularly those less 

than a radius of 600m.  In turn, speed on curves is largely determined by driver behaviour. As per 

Austroads (2016) section 3.6.1, a typical driver travelling on a long straight followed by a curve, will 

travel at the desired speed until within approximately 75m of the curve.  The driver will then decelerate 

to a speed that is considered safe for the curve ahead. Car drivers are likely to enter the curve at a speed 

that is high for the curve, and continue to decelerate within the curve, commonly within the first 80m.  
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Truck drivers will generally decelerate to what they consider the appropriate speed before the start of 

the curve, because of the dangers associated with trucks braking on curves.  

The “Operating Speed Model” employed by Austroads is for cars only, and Austroads (2016) 

recommends that truck speeds should be measured where possible.  Where it is not possible, truck 

operating speeds are to be estimated using the Operating Speed Model for cars, and modify for trucks, 

as per Figure 20: 

 

Figure 20 – Car/Truck Speed Relationship 

Source: Austroads (2016), Table 3.5 

 

The DTMR-QLD (2016) supplement, in section 3.6.1, mentions that the DTMR-QLD freely available 

software package “OSRoad” may be used to assess operating speed.  “OSRoad” automates the process 

described above.  The superseded DTMR-QLD (2007) document explains and outlines in detail the uses 

of the OSRoad software.  In this document, it is explained that on relatively small and short horizontal 

curves, such as those commonly found on roundabouts, vehicles will drive a path that may be 

substantially larger than the horizontal curve radius.  In these cases, it is recommended to use the DTMR-

QLD software “ARNDT” (A Roundabout Numerical Design Tool), as this software includes features 

that calculates vehicle path radii through such curves, as well as operating speed prediction specifically 

for the smaller, slower and shorter curves found at roundabouts. 

2.9.2 Limiting Curve Speed 

A critical concept that all above-mentioned speed prediction methods incorporate is the “Limiting Curve 

Speed” concept.  A useful definition of the Limiting Curve Speed is provided in the superseded DTMR-

QLD (2007), where it is defined as the speed at which a vehicle travelling on a curve of given radius 

and superelevation, will have a side friction demand equal to the absolute maximum recommended value 

for that speed.   

Simply put; drivers will adjust their speed (based on their perception of the curve, as mentioned above 

in section 2.7.1) so that the maximum comfortably tolerable value of side friction is not exceeded. 

The question then becomes, what is the maximum comfortably tolerable value of side friction, and does 

it differ significantly between cars and trucks? 
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2.9.3 Side Friction Demand & Heavy Vehicle Roll Over Threshold 

All roundabouts, even those in lower speed areas without geometric speed reduction elements on the 

approaches, are essentially a series of relatively short reverse curves, ie drivers negotiate a left-hand 

curve on the entry, a right-hand curve on the circulating carriageway, and a left-hand curve as they exit 

the roundabout. The speed at which drivers negotiate these curves is directly related to the Limiting 

Curve Speed concept described above. 

Two critical elements of Australian roundabout design theory are:  

1. Maximum entry path radii criteria, which limits the entry speed to a maximum of 60km/h, and 

2. The desirable values for central island radii shown in Table 4.1 of Austroads (2015a) which are 

based on achieving a maximum decrease in speed between the entry curve and a right-turn on 

the circulating carriageway of 20km/h.   

These criteria are based on the work of Dr Owen Arndt, his software program ARNDT (A Roundabout 

Numerical Design Tool), and his papers Arndt (1998) and Arndt (2001).  

Arndt’s papers further the work of the United Kingdom’s Maycock and Hall (1984), and summarises 

his own studies of relationships between roundabout geometry and accident rates, which analysed 100 

different roundabouts in Australia in the late 1980’s and 1990’s. Arndt (1998) describes the modification 

of Maycock and Halls speed estimation model to suit the smaller radii and speeds at roundabouts, which 

limits the side friction to 0.5, which appeared as a general maximum recorded by Maycock and Hall.   

Therefore, the predicted vehicle speeds associated with complying with the Austroads (2015a) 

“Maximum Entry Path Radius” and central island radius criteria, are based on the assumption that 

vehicles will negotiate these elements at side friction values as high as 0.5.  This is further evidenced in 

Austroads (2015a) Section 3.2.2, where it is mentioned that “one study has shown that the side friction 

used by the 85th percentile driver can be as high as 0.48 on smaller to moderate radii curves at 

roundabouts in higher speed areas”. 

The issue is that cars can tolerate the above mentioned higher coefficients of side friction, however there 

is substantial evidence that trucks can become unstable at much lower values of side friction than 0.5.  

Furthermore, it is known that cars have a larger margin for error regarding side friction than trucks, for 

example, if a car generates more side friction than it is capable of, it will typically slide, whereas a truck 

will typically roll, due to their higher centre of gravity. 

Several studies, including Ervin et al (1985), as mentioned in Austroads (2017b) have correlated critical 

heavy vehicle lateral acceleration (also known as rollover threshold) with heavy vehicle coefficients of 

side friction.  For example, if a given vehicles rollover threshold is 0.24g, f = 0.24 can be construed as 

a friction factor at which the vehicle is likely to overturn. Ervin et al (1985) found that the least stable 
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heavy vehicles will roll at 0.24g / f = 0.24.  Various other heavy vehicle load cases and their roll over 

thresholds are shown below in Figure 21: 

 

Figure 21 – Various heavy vehicle load cases and associated rollover thresholds 

Source: Ervin et al (1985) 

 

Other studies, such as Mai & Sweatman (1984), found that the least stable heavy vehicles are likely to 

roll over at friction factors as low as 0.25, with common forms of heavy vehicles, eg tankers and multi-

level cattle trucks, featuring rollover thresholds of 0.26 and 0.34 respectively. 
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2.9.4 Conclusion 

The speeds at which heavy vehicles can negotiate a given roundabout element needs to be considerably 

less than that of light vehicles, and certain provisions need to be made in order to facilitate this 

requirement: 

 Increased curve radii for a given speed 

 Increased awareness through signage 

 Increased length of straights between curves (to allow for the previously mentioned fact that 

trucks tend to brake only on the straights, compared to cars which can decelerate into the 

curves). 

In general, even considering the Austroads Guide to Road Design standards alone, it could be argued 

that all the relevant information is available and referenced accordingly, and that a very competent 

designer, experienced and proficient in high-speed roundabout design, is able to locate, understand, 

combine and implement the necessary criteria to achieve a satisfactory high-speed roundabout design.   

However, as has been demonstrated by this literature review, and as is evident in the case-studies of 

RB1 and RB2, there is a large margin for error by having the necessary information spread across 

multiple sources and documents. 

In addition, there are insufficient examples provided for combinations of design elements to suit a given 

typical arrangement, and there is insufficient emphasis on the criticality of heavy vehicle stability on 

roundabouts.   

These conclusions of the literature review highlight the need for analysis and critical review of the 

current standards, and for additional guidance to be developed.  These actions are documented in the 

following chapters. 
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Chapter 3  - Methodology 

3.1 Methodology Introduction 

As introduced in Section 1.8, the key aims of this dissertation are to analyse and evaluate the commonly 

available standards for high-speed roundabouts, identify where improvements to the standards may be 

required, and develop a document that clearly and comprehensively details the design standards and 

guidelines specifically catering to heavy vehicles on high-speed roundabouts. 

To achieve the above, two distinct methodologies have been employed: 

1. Analysis and critical review of various current roundabout standards and guidelines to assess 

their appropriateness for the design of high-speed roundabouts to suit heavy vehicles. 

2. Case studies of two separate high-speed roundabouts; one (RB1) with perceived issues with 

heavy vehicles, and another (RB2) with historic perceived issues with heavy vehicles, that have 

since been rectified. 

Based on the learnings of the above mentioned analyses, alternative geometric design criteria has been 

developed to suit the heavy vehicles. 

3.2 Analysis and critical review of current standards 

As identified in the literature review of various state, national, and international road-design standards, 

heavy vehicle capabilities and associated driver behaviours vary significantly to light vehicles.  

Roundabout geometric standards however, are typically based on the capabilities and driver behaviours 

of light vehicles.  Therefore, a potentially significant gap exists between the safety performance of a 

roundabout designed to the current standards, and the capabilities of heavy vehicles. 

As such, a critical review of various current roundabout standards has been undertaken. 

Critical elements to heavy vehicle roundabout design, as identified in the literature review, have been 

focused on during this analysis.  The following elements, and the methods employed to analyse them, 

are described below. 
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3.2.1 Analysis and critical review of current central island radius and circulating 

carriageway width standards (40 – 70 km/h) 

Recommended central island radii and circulating carriageway widths are given in Austroads (2015a) 

Tables 4.1 and 4.3, presented below as Figure 22 and Figure 23: 

 
Figure 22 – Guide for selecting the minimum central island radius for a circular roundabout 

Source: Austroads (2015a), Table 4.1 

 

 
Figure 23 – Initial selection of single lane roundabout circulating carriageway widths 

Source: Austroads (2015a), Table 4.3 
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Together, the values provided dictate the right-turn/circulating carriageway radii. 

The central island radii are associated with desired driver speeds on the fastest leg prior to the 

roundabout, and subtraction of the desirable decrease in speed (20km/h) between the entry curve and a 

right-turn on the circulating carriageway yields the associated right-turn/circulating carriageway radii. 

With the right-turn radii and speeds known, calculation of the required coefficients of side-friction was 

then carried out for both superelevated and adverse crossfall carriageways, using Equation 10 of 

Austroads (2016): 

 

Where: 

f = side friction factor 

V = speed (km/h) 

R = curve radius 

e = carriageway crossfall 

The resulting coefficients of side friction were then compared to the critical coefficients of side friction 

related to heavy vehicle roll overs, as found in the literature review. 

Only the radii and widths for the 40 – 70km/h scenarios were analysed in this way.  For the 80 and 90 

km/h scenarios, where speed reduction treatments are recommended prior to the entry curve, an 

alternative analysis method was employed, described in Section 3.2.3. 

3.2.2 Development of recommended central island radii and circulating carriageway 

widths 

Following the above analysis and review, recommended central island radii and circulating carriageway 

widths were developed for a single lane roundabout to suit a 19m Semi-Trailer. 

The following methodology was employed to develop the recommendations: 

1. Desired driver speeds on fastest leg prior to the roundabout determined in line with Austroads 

(2015a).  

2. Calculated right-turn/circulating speeds, based on Austroads (2015a) desirable 20km/h decrease 

between the entry curve and a right-turn for cars, plus an additional 5 – 10km/h decrease for 

trucks, depending on speed, in line with Austroads (2016) Part 3 Section 3.7 and Table 3.5.   

3. Consideration of two different circulating carriageway crossfalls.  To reduce issues associated 

with grading superelevation transitions between the entry curve and the circulating carriageway, 

it is recommended that adverse crossfall on the circulating carriageway is adopted.  This requires 
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a coefficient of side friction of 2/3 of the absolute maximum recommended, in line with 

Austroads (2016) Part 3 Section 7.8 and Table 7.12, and Part 4B Appendix B, Section B.3.  To 

provide recommendations for scenarios where space is constrained, superelevated carriageways 

have also been considered. 

4. Determination of appropriate coefficients of side friction for circulating carriageway based on 

findings from the literature review. General maximum recommended f = 0.3 for superelevated 

carriageways, f = 0.2 for adverse crossfall carriageways.  Ervin et al (1985) found that the least 

stable heavy vehicles may roll at f = 0.25, where other studies, for example Mai and Sweatman 

(1984) found that the typical roll over threshold was f = 0.35.  Therefore, f = 0.3 was chosen for 

the superelevated scenario, as it provides suitable capability for most heavy vehicles.  Use of 

the roundabouts by vehicles requiring f lower than 0.3 is assumed to be very low likelihood, and 

the drivers of these vehicles are assumed to be aware of the risks and limitations associated, and 

will reduce their speeds further accordingly.  For the adverse crossfall scenario, a coefficient of 

side friction of 2/3 of the absolute maximum is recommended, in line with Austroads (2016) 

Part 3 Section 7.8 and Table 7.12, and Part 4B Appendix B, Section B.3.   

5. With speed, crossfall, and f known, right-turn/circulating radii can be calculated. 

6. AutoTURN vehicle tracking software was then used to determine required central island radius, 

and circulating carriageway width to suit chosen design vehicle, allow 0.5m clearance either 

side of swept path. 

3.2.3 Analysis and critical review of current reverse curve approach geometry 

The geometry of various current examples of reverse curve approaches to high speed roundabouts found 

in the literature review were analysed and critically reviewed: 

 Austroads (2015a) Figure 4.4 

 MRWA (2019a) Drawing No. 200331-0203-7 – Variant 1 – 90km/h 

 FDOT (2019) Exhibit 213-2 – 55mph 

The following methodology was employed to compare the examples to the recommended geometry: 

1. The specified operating speeds, curve radii, crossfalls, and lengths of tangents between curves 

was entered into table. 

2. The corresponding coefficients of side friction were calculated for each curve, and compared to 

the absolute maximum values of Austroads (2015a). 

3. The intended decrease in speeds between curves was calculated, and compared to the desirable 

maximum decrease of 20km/h as per Austroads (2015a) 
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4. Deceleration lengths required between curves were calculated, and compared to the length of 

tangents specified in the examples 

5. Average speeds between curves were calculated, and used to calculate recommended 0.7V 

tangent lengths, which were then compared to the length of tangents specified in the examples 

3.2.4 Development of recommended reverse curve approach geometry 

Recommended reverse curve approach geometry for a single lane roundabout to suit a 19m Semi-Trailer 

in an 80km/h posted speed environment was developed using the following methodology: 

1. Decreasing operating speeds for the successive curves were calculated based on Austroads 

(2015a) maximum desirable 20km/h decrease in speed between successive elements 

2. Recommended curve crossfalls were determined based on findings from the literature review.  

Curve 2 and the circulating carriageway are recommended to be adverse crossfall to avoid the 

issues associated with superelevation transitions. 

3. Recommended coefficients of side friction were determined based on the findings of the 

literature review. For example, f = 0.3 has been chosen for a superelevated scenario, as it will 

provide suitable capability for most heavy vehicles.  Use of the roundabouts by vehicles 

requiring f lower than 0.3 is assumed to be very low likelihood, and the drivers of these vehicles 

are assumed to be aware of the risks and limitations associated, and will reduce their speeds 

further accordingly.  For the adverse crossfall scenario, a coefficient of side friction of 2/3 of 

the absolute maximum is recommended, in line with Austroads (2016) Part 3 Section 7.8 and 

Table 7.12, and Part 4B Appendix B, Section B.3. 

4. Curve radii were then calculated based on the above-mentioned speeds, crossfalls, and side 

friction factors.  These curve radii are the actual travelled path of the heavy vehicles. 

5. The required deceleration distances between curves was calculated, based on the previously 

mentioned operating speeds, using a deceleration equation. 

o The deceleration equation has been derived by modification of the Stopping Sight 

Distance (SSD) Equation 1 of Austroads (2016):  

o The modification to the equation involves the removal of the Reaction Time (RT) 

component, and rearranging the remainder of the equation to subtract the total 

deceleration length of Speed 2 (V2) from the total deceleration length of Speed 1 (V1), 

which gives the resultant deceleration length.   

o The modified equation is: D ൌ
௏ଵమ

ଶହସሺୢା଴.଴ଵ௔ሻ
െ

௏ଶమ

ଶହସሺୢା଴.଴ଵ௔ሻ
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o Where: 

 D = Deceleration Length (m) 

 V1 = Speed 1 / Speed at start of straight 

 V2 = Speed 2 / Speed at end of straight 

 d = deceleration coefficient (0.29) 

 a = longitudinal grade (ignored for simplicity and due to typical flat grades at 

roundabout approaches) 

6. The average speeds between successive curves were calculated, and then lengths of straights 

required were calculated based on the 0.7V criteria, which was found to be critical in the 

literature review. 

7. The longer of the lengths from Steps 5 and 6 were used as the recommended lengths of straights 

required between successive curves. 

8. The geometry was then constructed in AutoCAD 

9. AutoTURN vehicle tracking software was then used to determine required central island radius, 

and circulating carriageway width to suit chosen design vehicle, allowing 0.5m clearance either 

side of swept path. 

The recommended approach geometry was then assessed using ARNDT software, using the following 

process: 

1. ARNDT model developed for the RB1 roundabout, using the original as-constructed geometry, 

the intended operating speeds, and the measured traffic flow parameters as inputs 

2. Report generated in ARNDT giving predicted speeds, accident types and rates 

3. The original model’s geometry was then modified using the recommended approach geometry; 

all other parameters left as per original 

4. Report generated in ARNDT giving predicted speeds, accident types and rates 

5. The original vs modified reports were then compared, to determine which version provided the 

most appropriate geometry 
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3.2.5 Signage review and recommendations 

It was found in the literature review that the theory of reverse curve approaches acting as speed reduction 

devices relies heavily on drivers:  

 Visually assessing the curve, and determining what speed is considered safe for the curve ahead 

 Decelerating to the appropriate speed for the curve by the start of the curve (unlike car drivers 

going into the curve) 

The limiting curve speed for a given radius can vary significantly dependent upon the superelevation or 

adverse crossfall of the curve, and etermination of the crossfall can be difficult to assess visually from 

the driver’s seat.  

In the literature review, state and national standards were reviewed to determine what signage is 

currently recommended at high speed roundabouts.  It was found that the MUTCD (2018) and TMR 

(2019) provided the most guidance for roundabout signage, and/or the widest range of potential other 

signs that could be used to assist heavy vehicle driver’s decision process at high-speed roundabout 

approaches. 

To develop recommended treatments, the MUTCD (2018) and DTMR-QLD (2019) documents were 

reviewed to determine what other signage may be available and/or appropriate to assist heavy vehicle 

drivers decision process at high-speed roundabout approaches. Empirical recommendations were then 

made based on the advice given in the relevant standards with regards to the warrants for deciding to 

use or not use a given sign in a given scenario. 
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3.3 Case Study – Roundabout 1 (RB1) 

3.3.1 Methodology Introduction 

As introduced in Section 1.7.6, a case study was assessed for a roundabout (RB1) with perceived issues 

with heavy vehicle usage, in an effort to determine if the geometric features of the roundabout were 

contributing to the perceived issue. To assess the roundabout, it was determined that an analysis of heavy 

vehicle stability was required.   

Ideally, this would be carried out in accordance with MRWA (2019a) standards, ie their recommended 

“Load Transfer Ratio” (LTR) analysis.  The LTR method requires complex computer simulation with 

specialised software.  This was investigated and considered, however, it was found that this capability 

is limited in Australia to only a few specialised companies, at a cost that is outside the scope and 

limitations of this project (typically $5000 - $10,000). 

Therefore, an alternative method for analysing vehicle stability was considered.  During the literature 

review, it was found that several studies, including Ervin et al (1984), as mentioned in AGRD (Part 3), 

had correlated critical heavy vehicle lateral acceleration (also known as rollover threshold) with heavy 

vehicle coefficients of side friction.  For example, if a given vehicles rollover threshold is 0.24g, f = 

0.24 can be construed as a friction factor at which the vehicle is likely to overturn. 

Other studies, such as Mai & Sweatman (1984), found that the least stable heavy vehicles are likely to 

roll over at friction factors as low as 0.25, with common forms of heavy vehicles, such as tankers and 

multi-level cattle trucks, featuring rollover thresholds of 0.26 and 0.34 respectively. 

Noting the limitations in obtaining and using the LTR software, the method adopted in this dissertation 

to analyse the heavy vehicle stability was to calculate the actual coefficients of side friction being relied 

upon by heavy vehicles negotiating RB1, and identify if any values above the typical roll over thresholds 

were being generated. 

To allow for this analysis, the following information was required: 

 Crash History Review 

 Speed Survey and Analysis 

 Travelled path analysis – both horizontally for determination of travelled path geometry, 

including lengths of straights and radii of curves, and vertically for determination of crossfalls 

Further detail on the purpose and source of the above information is provided below. 

Collection of the above data also enabled other geometric analyses to be carried out, including crossfall 

rate of rotation, and vehicle deceleration, which were found in the literature review to be important 

elements affecting heavy vehicle stability at roundabouts. 
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3.3.2 Crash History Review 

A review of the available crash history was undertaken, in an effort to determine how, where and why 

the crashes are occurring.  Roundabouts RB1 and RB2 have been in place for less than 10 years, and as 

previously mentioned, the crashes have occurred over a 5 year period.  Therefore, 10 year crash history 

records were obtained. 

The crash history typically consists of reports provided by attending law enforcement officials, via the 

road authority, and also includes relevant news articles and details from online media outlets. 

An example Crash History Report is shown below in Figure 24: 

 

Figure 24 – Crash History Report Example 

Source: Road Authority 

 

The crash history summaries are shown below in Table 1 and Table 2: 

Table 1 – RB1 Crash History Summary 
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Table 2 – RB2 Crash History Summary 
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3.3.3 Speed Survey 

The speed environment at RB1 is posted 80km/h speed limit.  

A speed survey and analysis at RB1 was carried out in 2018 by the road authority, via the MetroCount 

tube method, and speeds and vehicle types were measured over the duration of 7 days at four locations, 

on the northern and southern approach curves 1 and 3. Refer Figure 25 below. 

At these locations, 85th percentile speeds were calculated, and the data was split into 3 vehicle groups: 

1. All vehicles – ie Austroads Vehicle Classes 1 – 12 

2. Medium and Heavy Vehicles only – ie Austroads Vehicle Classes 3 – 12 

3. B-Doubles and Road Trains only – ie Austroads Vehicle Classes 10 – 12 

Refer Section 1.6 for Austroads Vehicle Classification details. 

Due to the relatively large distances between the data collection points, and the lack of data on the 

second approach curves, circulating carriageways and exit curves, preliminary investigations as part of 

this project revealed that additional speed survey data was required at the locations mentioned above, in 

an effort to reduce the amount of linear interpolation required between the initial data points, and allow 

for increased accuracy for future vehicle performance calculations. 

Therefore, an additional speed survey was carried out in 2019, with data points being collected at six 

extra locations. Figure 25 below shows the original 2018 locations (1 – 4) and the 2019 locations (A – 

F) 

 

Figure 25 – RB1 – 2017 & 2019 Speed Survey Sites 
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The 2019 speed survey was carried out via two methods: 

1. MetroCount tube method – generally in accordance with the 2017 speed survey – Example 

output provided below in Figure 26 

2. Radar sensor method by Matrix Traffic and Transport Data - – Example output provided below 

in Figure 27 

The 2019 MetroCount data differed to the 2018 data in that the 2019 survey split the data into the 

following groups, which did not include B-Doubles and Road Trains only, like the 2018 data did: 

1. All vehicles – ie Austroads Vehicle Classes 1 – 12 

2. Medium and Heavy Vehicles only – ie Austroads Vehicle Classes 3 – 12 

3. Heavy Vehicles only – ie Austroads Vehicle Classes 6 – 12 

The radar method varied compared to the MetroCount methods in the following ways: 

 Radar survey conducted over 3 days, compared to 7 days for the MetroCount surveys 

 Radar data split into only two vehicle groups: 

o All vehicles – ie Austroads Vehicle Classes 1 – 12 

o Articulated Heavy Vehicles only – ie Austroads Vehicles Classes 6 – 12 

 

Figure 26 – RB1 – MetroCount Speed Survey Data Example 

Source: Road Authority 
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Figure 27 – RB1 – Matrix Radar Speed Survey Data Example 

Source: Road Authority 

 

Given the different methods employed for the speed surveys, which were out of the control of this 

dissertation, a comparison of the data, and correlation and interpolation was required to determine the 

most likely 85th percentile speeds at each site.  A further complication was that in the 2019 MetroCount 

survey, the tube count hardware failed at Site A, and no data was recorded there. 

A summary of all recorded 85th percentile speeds (both 2018 and 2019) recorded is shown below in 

Table 3: 

Table 3 – All measured 85th percentile speeds 

 
Note: The value of 84.42 km/h at Site B for the Medium and HV (3 – 12) category can be considered 

an outlier and has not been included in further speed analysis calculations.  At Site B, the curve radius 

is 40m, and in line with Operating Speed Model and Limiting Curve Speed criteria as per Austroads 

(2016), it is physically impossible for a heavy vehicle to carry this speed through such a geometric 

element, even if a vehicle cutting across lanes, ie driving a radius larger than 40m, was considered.  It 

is assumed that this value is due to a hardware and/or software malfunction at this site. 
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The four categories initially considered for vehicle performance analysis in this case study are as 

follows: 

1. All Vehicles (Classes 1 – 12) 

2. Medium and Heavy Vehicles (Classes 3 – 12) 

3. Articulated Heavy Vehicles (Classes 6 – 12) 

4. B-Doubles and Road-Trains (Classes 10 – 12) 

As shown in Table 1, the only category to have speeds measured at all sites is All Vehicles (1 – 12).  

Therefore, in lieu of additional speed surveys, speeds were interpolated for the missing sites for the 

relevant categories, by comparison and correlation of known speed differentials between All Vehicles 

and the relevant categories, where a speed was measured for both categories at a given site.  This process 

is described below. 

Firstly, average All Vehicles speeds were determined by comparing the MetroCount data to the Matrix 

Data.  This was deemed necessary due to the inherent variations in the data collection process of each 

method, and in an attempt to reduce the margin for error associated with each method. 

For example; the MetroCount tube method relies on vehicles driving over pneumatic tube sensors laid 

across the traffic lanes.  The tube sensors measure the number and spacing of axles to determine the 

vehicle type, and calculates the speeds by measuring how long each axle takes to cross the sensor.  On 

small radius curves such as roundabout approaches, there is a reasonable margin for error due to the 

angles that vehicles cross the sensors, which can throw out the algorithm used to calculate the speeds 

and vehicle types. 

The radar method, as the name implies, relies on radar technology to “bounce” a signal off the vehicles, 

measuring their lengths and determining their speeds.  Again due to the angles involved at the 

roundabout approach, and high traffic volumes, a reasonable margin for error exists using the radar 

method.  For example, if there are two vehicles travelling through the radar sensor together, the radar 

will not count this, as it cannot classify the vehicle type. 

Table 4 below summaries the calculations performed to determine the average and interpolated All 

Vehicles speeds: 

Table 4 – Comparison of MetroCount speeds versus Matrix Radar speeds for All Vehicles Classes 
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As shown in the table above, the radar method speeds are generally higher than the tube count method, 

however reasonable correlation is achieved (within 10% at any given site) and on average, the radar 

method has measured speeds 1.12 km/h higher than the tube count method.  At sites where speeds were 

measured by both methods, the average speed at that particular site was calculated using the average of 

the two speeds.  At sites where the speed was measured by only one method, the average All Vehicles 

speeds were then interpolated by adding or subtracting the average difference to the original measured 

speed, depending on which measurement method had been used for the sites where speeds were only 

recorded by a single measurement method. 

The same method was then used to determine the average Articulated Heavy Vehicle (6 – 12) speeds, 

as this was the only other category to have speeds measured by both methods. 

Table 5 below summaries the calculations performed to determine the average Articulated Heavy 

Vehicle speeds: 

Table 5 – MetroCount speeds vs Matrix Radar speeds for Articulated Heavy Vehicles 

 
 

In order to determine the Articulated Heavy Vehicle speeds at the sites where no Articulated Heavy 

Vehicle speeds had been measured, interpolation was employed, by comparing the average Articulated 

Heavy Vehicle speeds to the average All Vehicles speeds, at sites where both vehicle categories had 

speeds measured, and subtracting the average difference from the average All Classes speeds. 

Table 6 below summaries the calculations performed to determine the interpolated Articulated Heavy 

Vehicle speeds: 

Table 6 – Comparison of average speeds for Articulated Heavy Vehicles vs All Vehicles  

 

As previously mentioned, B-Double and Road-Train speeds were only measured at some sites, and only 

via the MetroCount tube method. Therefore, the interpolation process differed slightly compared to the 

other vehicle categories.   
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Firstly, comparison of the B-Double and Road-Train speeds to the All Vehicles speeds was carried out, 

where both categories speeds had been measured at a given site, and the average speed difference 

determined.  Then, the average speed difference was subtracted from the average All Vehicles speeds.   

Table 7 below summaries the calculations performed to determine the average and interpolated B-

Double and Road Train speeds: 

Table 7 – Comparison of B-Double and Road-Train speeds vs All Vehicles  

 
 

Similar to the B-Double and Road-Train category, the Medium and Heavy Vehicle (3 – 12) category 

speeds were only measured at some sites, and only via the MetroCount tube method.  Therefore, the 

same process as the B-Double and Road-Train method above was carried out to determine the average 

and interpolated Medium and Heavy Vehicle speeds, which is summarised below in Table 8: 

Table 8 – Comparison of Medium and Heavy Vehicle speeds vs All Vehicles  

 
 

Table 9 below summarises all resulting average and interpolated speeds by vehicle category and site: 

Table 9 – Initial summary of average and interpolated 85th percentile speeds 

 

 

Interestingly, with a few exceptions, it can be seen that the B-Double & Road-Train (10 -12) category 

has typically recorded slightly higher speeds than the Articulated Heavy Vehicle (6 – 12) category.  This 

makes little sense given that the B-Double & Road-Train category should feature a higher proportion of 
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the longer and heavier vehicles than the Articulated Heavy Vehicle category.  However, given that the 

B-Double & Road-Train category was only measured via one method (MetroCount tube method) and 

only at four sites, compared to the Articulated Heavy Vehicle category which was measured via two 

methods, and at six sites, the Articulated Heavy Vehicle data can be considered more accurate.  This, 

combined with the fact that the Articulated Heavy Vehicle category includes the B-Double & Road-

Train vehicles in any case, justifies the decision to disregard the B-Double & Road-Train only data, and 

use the Articulated Heavy Vehicle category data in lieu. 

Table 10 below summarises the vehicle categories and speeds used in the analysis for this case study: 

Table 10 – Final summary of average and interpolated 85th percentile speeds 

 
 

Note: For the purposes of this case study, it would have been beneficial to split the vehicle categories 

into mutually exclusive groups by vehicle type, eg: 

 Light Vehicles (Classes 1 – 2) 

 Rigid Medium Vehicles (Classes 3 – 5) 

 Articulated Heavy Vehicles (Classes 6 – 12) 

However, due to the aforementioned factors outside the control of this project, this data was not 

available.   

Given that the traffic composition at RB1 is predominantly light vehicles (eg approx. 20% of total traffic 

is Classes 3 – 12) it has been assumed that the 85th percentile speeds for the All Vehicles category can 

essentially be construed as Light Vehicles only (Classes 1 – 2). Additionally, given that only approx. 

6% of the traffic composition is Heavy Vehicles (Classes 6 – 12), it has been assumed that the Medium 

and Heavy Vehicles category can essentially be construed as Medium Vehicles only (Classes 3 – 5) 
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3.3.4 Travelled Path Analysis 

The travelled path of a 19m Semi-trailer, travelling northbound in the outside lane, was simulated using 

Autoturn V10 software, in combination with Autocad 2018 drafting software. 

This vehicle was the most common heavy-vehicle type witnessed on the 2019 site visit, and these 

vehicles were mostly witnessed using the outside lane to negotiate the roundabout.   

Video recordings were captured using a “GoPro 5 Session” video camera, mounted to the windscreen 

at driver eye-height in a 2018 Toyota Camry passenger car.  By waiting for a heavy vehicle to approach 

the roundabout, and then driving behind the heavy vehicle, the travelled path of the rear of the trailer 

was able to be clearly captured on video, shown below in Figure 28: 

 

Figure 28 – GoPro screen capture at roundabout entry 

Source: Google Streetview (2018) 
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The Autoturn simulation was calibrated by comparing the Autoturn vehicle paths with the videos 

recorded on site during the 2019 site visit, and adjusting the Autoturn to suit, until a reasonable match 

was achieved (ie within 200mm, by eye) between the videos and the Autoturn, with respect to where the 

rear wheels were in relation to edge lines etc, depicted below in Figure 29: 

 

Figure 29 – AutoTURN path example at roundabout entry 

 

Once the AutoTURN path was complete, the centre of the rear wheel paths were traced in AutoCAD 

using a series of arcs and straights (tangents). This particular approach was chosen because the rear 

wheels of the trailer trace a significantly different path to the cab, for example the cab essentially follows 

the centre of the lane, where-as the rear of the trailer tracks inside of this, on curves. 

The path that the rear wheels travels is therefore “gentler” than the cabs, that is the rear trailer wheels 

typically describe larger arcs through the reverse curves, however it is assumed that a loaded trailer is 

less stable than the cab, therefore this path has been chosen so as to carry out a review of the critical 

path. 

With the travelled path analysis complete, the horizontal geometry that the heavy vehicles follow, eg 

the straights and curves, could then be recorded and input into the coefficient of side friction analysis. 
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3.3.5 Crossfall analysis 

The travelled centre-line path described above was then bought into 12D V12 Civil Design software 

package. The centre-line was offset left and right 1.25m, which is where the left and right rear wheels 

track in relation to the centre of the axle, for a typical 19m Semi-Trailer. 

The as-constructed 12D model of the roundabout was supplied by the road authority designers, and all 

3 strings mentioned above were draped onto the design tin. 

Figure 30 shows the vertical and horizontal geometry reported in the long section, which is from the 

centre string, and the horizontal geometry in the plan view shows the original design control line. For a 

full size drawing of Figure 30, refer to Appendix G. 

A crossfall report was generated, and super-elevation diagram plotted at the bottom of the long section. 

The crossfall is measured in a straight line between the left and right wheels, ie varying axis, as would 

be experienced by a live axle vehicle. 

 

Figure 30 – RB1 – Geometry Review Plan and Long Section 

 

With the crossfall analysis complete, the crossfalls that the heavy vehicles negotiate could then be 

recorded and input into the coefficient of side friction analysis. 
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3.3.6 Rate of rotation analysis 

The works described above allowed the rate-of-rotation to be analysed and reported, including a plot of 

the values against the road geometry information.  The rate-of-rotation is the rate of change in crossfall, 

expressed as percentage of crossfall per second. This can be viewed diagrammatically on the long 

section plot in Appendix G, with maximum values noted. 

3.3.7 Coefficient of Side Friction analysis 

The measured crossfall, along with the reported radius at 5m chainage intervals, was then output into 

excel, and the speed survey data added. 

With speed, radius, and crossfall known, coefficient of side friction (f) could then be calculated, using 

Equation 10 of Austroads (2016): 

  

Where: 

f = side friction factor 

V = speed (km/h) 

R = curve radius 

e = carriageway crossfall 

The calculated side frictions were then compared to the maximum recommended side frictions as per 

Austroads (2015a).  Maximum recommended values decrease as the speed increases, and maximum 

truck values are typically lower than maximum car values. 

Therefore, a lookup table was created in excel, with linear interpolation employed between known 

values. 

For All Vehicles (Classes 1 -12), absolute maximum car values were used, and for all other vehicle 

categories, absolute maximum truck values were used. 
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3.3.8 ARNDT Analysis 

The roundabout geometry was also analysed using the ARNDT (A Roundabout Numerical Design Tool) 

software, which is freely available from the DTMR-QLD website.  As mentioned in Section 2.9.3, this 

program is based on the work of Dr Owen Arndt, and his papers Arndt (1998) and Arndt (2001). 

The ARNDT software is used to predict vehicle speeds on the various roundabout geometric elements, 

and also predicts crash rates based on relative speeds (eg entering speed vs circulating speed) and 

deceleration rates (ie desirable less than 20km/h deceleration between successive curves). 

In order to carry out this analysis, the following data was required to be entered into the ARNDT 

software: 

 Traffic Volumes 

 Design Speeds on approach legs 

 Roundabout geometry, eg curve radii and lengths, angle of leg separation, number of lanes 

Interestingly, lengths of straights is not able to be entered, nor is crossfall, and neither of these elements 

is considered by the ARNDT software. 

The required data was obtained from the road authority, and entered into the program. 

Examples of the inputs are shown below in Figures 31 to 33: 

 

Figure 31 – ARNDT Example Input – Central Island Details 

Source: ARNDT (2014) 
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Figure 32 – ARNDT Example Input – Leg Details 

Source: ARNDT (2014) 

 

 

Figure 33 – ARNDT Example Input – Speed Environment & Traffic Flow Parameters 

Source: ARNDT (2014) 
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An example of the outputs obtained from ARNDT are shown below in Figure 34: 

 

Figure 34 – ARNDT Example Output – Modelled Roundabout 

Source: ARNDT (2014) 

 

The ARNDT predicted speeds and travelled radii were output to Excel, and the coefficients of side 

friction calculated, in order to understand what criteria the software uses to predict vehicle speeds. 

These calculated coefficients of side friction were also compared to the absolute maximum 

recommended values in Austroads (2015a). 

A summary of the ARNDT predicted travelled radius, speeds, and calculated coefficients of side friction 

are shown below in Table 11: 

Table 11 – RB1 ARNDT predictions and calculated coefficients of side friction 
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3.4 Case Study – Roundabout 2 (RB2) 

3.4.1 Methodology Introduction 

RB2 is very similar to RB1 in terms of its geometry, speed environment, and traffic composition, being 

situated in close proximity to RB1, and, as per the case study introduction in Section 1.7.6, has 

experienced similar issues with heavy vehicle stability.  

The road authority addressed these issues by reviewing the original signage design, in an effort to further 

warn heavy vehicle drivers to reduce their speed prior to entering the roundabout.  Since the installation 

of the new signage, heavy vehicle roll over crashes have ceased. Before and after speed surveys were 

carried out in attempt to document the assumed effectiveness of the additional signage.   

The analysis of the signage revisions, and before and after speed surveys is documented below. 

3.4.2 Original Signage Design 

The original signage design of RB2 consisted of the following signs on each approach: 

 G1-5 Guide sign – approx. 150m before the give-way line 

 W2-7 Roundabout Warning sign, with 50km/h W8-2 Advisory Speed sign – approx. 75m before 

the give-way line 

 R1-3 Roundabout Give-Way sign – at the give-way line 

The original sign types are shown below in Figures 31 – 33: 

 

Figure 35 – RB2 – G1-5 Guide Sign 

Source: MUTCD (2018) 
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Figure 36 – RB2 – W2-7 and W8-2 Roundabout Warning and Advisory Speed signs 

Source: Google Streetview (2019) 

 

 

Figure 37 – RB2 – R1-3 Roundabout Give-way sign 

Source: Google Streetview (2019) 

 

The G1-5 and R1-3 are standard recommended signs at large roundabouts, as per MUTCD (2018). 

The W2-7 and W8-2 signs can be considered supplementary signs, recommended when the presence of 

a roundabout is not readily apparent to an approaching driver, as per MUTCD (2018). 
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3.4.3 2015 Speed Survey and Revised Signage Design 

In 2015, following two heavy vehicle roll-over crashes, which were considered by the road authority to 

be potentially attributed to excess speed, a speed survey was carried out. 

This speed survey was implemented at two locations, shown below in Figure 38, and was carried out 

via MetroCount tube counter method over a duration of ten days, for all vehicle classes (1 – 12). 

 

Figure 38 – RB2 – Speed Survey Locations 

Source: Road Authority 

 

Following a review of the 2015 surveyed speeds by the road authority, it was decided to amend the 

original signage design, by adding additional supplementary warning signage, both static and Vehicle 

Activated Signage (VAS), in advance of the roundabout approaches, to help convey the message that 

heavy vehicles need to reduce their speed before negotiating the roundabout and its approaches. 

The signage revisions made were as follows: 

 The W8-2 50km/h Advisory Speed sign was removed, and the W2-7 relocated further back from 

the give-way line, to approx. 250m before the give-way line 

 Addition of a combined W1-8 Truck Tilting sign, W2-7 Roundabout Warning sign, G9-9 

Reduce Speed sign, and W8-2 30km/h Advisory Speed sign, at approx. 185m before the give-

way line 

 Addition of an electronic Vehicle Activated Sign (VAS) featuring a flashing W2-7 Roundabout 

Warning sign, and a “Slow Down” sign, at approx. 80m before the give-way line 
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The revised and additional signs are shown below in Figures 39 to 41: 

 

Figure 39 – RB2 – Relocated W2-7 Sign 

Source: Google Streetview (2019) 

 

 

Figure 40 – RB2 – Additional W1-8, W2-7, G9-9 and W8-2 signs 

Source: Google Streetview (2019) 
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Figure 41 – RB2 – Additional Vehicle Activated Signage 

Source: Google Streetview (2019) 

 

3.4.4 Post sign installation crash history and 2019 Speed Survey  

Following the installation of this signage, reviewing the available crash history reveals that there have 

been no heavy vehicle crashes at RB2 attributed to vehicle stability and/or roll overs. 

A second speed survey was carried out by the road authority in 2019, in an effort to evaluate and 

document the apparent effectiveness of the supplementary warning signage. 

The 2019 speed survey was carried out at the same two locations as the 2015 survey, over a 7 day period, 

via MetroCount tube counter method, for all vehicle classes (1 – 12). 
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Chapter 4  – Results and Discussion 

4.1 Analysis and critical review of current standards, and development 

of recommendations – Results and Discussion 

4.1.1 Central Island Radius and Circulating Carriageway Widths 

Table 12 summarises the analysis and review of the current Austroads (2015a) central island radii and 
circulating carriageway widths for single lane roundabouts: 

Table 12 – Analysis of Austroads (2015a) central island radii and circulating carriageway widths 

for single lane roundabouts 

 

With respect to the table above, the following are important to note: 

 Data shown in columns 1 – 3 are derived directly from Austroads (2015a) Tables 4.1 and 4.3 

 The right-turn radii in Column 4 were calculated by adding columns 2 and 3, and then 

subtracting 1.75m, which is half the width of a 2.5m wide heavy vehicle, plus a 0.5m clearance.  

This gives the maximum radius that a heavy vehicle can follow when negotiating the roundabout 

 Column 5 is calculated by subtracting 20km/h from Column 1. 20km/h is the desirable decrease 

in speed as per Austroads (2015a) 

 With radii and speeds known, typical crossfalls are assumed, for superelevated and adverse 

crossfall scenarios, and associated side friction factors are calculated, shown in columns 6 and 

7 

 Values in column 8 are based on Austroads (2016) Table 7.5, absolute maximum recommended 

side friction factor for heavy vehicles, for the speeds calculated in column 5  

As shown, for all but the 40km/h approach speed scenario, the coefficients of side friction required for 

a heavy vehicle to negotiate the roundabouts is well above the maximum recommended side friction 

factors. 
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4.1.2 Development of recommended central island radii and circulating carriageway 

widths 

Table 13 summarises the recommended central island radii and circulating carriageway widths for 
single lane roundabouts to suit 19m Semi-Trailer: 

Table 13 – Recommended central island radii and circulating carriageway widths for single lane 

roundabouts to suit 19m Semi-Trailer 

 

With respect to the table above, the following are important to note: 

 Data shown in column 3 is based on desirable 20km/h speed decrease between entry curve and 

right turn, plus an additional heavy vehicle speed decrease in line with Austroads (2016) Part 3 

Section 3.7 and Table 3.5.   

 Recommended crossfall for superelevated scenarios is 2%, to reduce issues associated with 

superelevated transitions between entry curve and circulating carriageway 

 Recommended superelevated side friction factor f = 0.3 as per Section 3.2.2 

 Recommended adverse crossfall is 2%, to provide further distance between heavy vehicle centre 

of gravity and rollover hinge point than 3% crossfall, in line with Austroads (2016) Appendix 

B, Section B.3.   

 Recommended adverse side friction factor f = 0.2 as per Section 3.2.2 

As shown, the resulting desirable central island radii are considerably larger than those of Austroads 

(2015a). 

Direct comparison is shown below in Table 14: 

Table 14 – Comparison of recommended central island and circulating carriageway criteria to 

Austroads (2015a) 
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4.1.3 Current reverse curve approach geometry examples 

Tables 15 and 16 summarise the analysis and critical review of the current Austroads (2015a) reverse 
curve approach geometry example: 

Table 15 – Analysis and critical review of the current Austroads (2015a) reverse curve approach 

geometry example – curve radii 

 

With respect to the table above, the following are important to note: 

 Operating speeds and crossfalls are generally derived straight from Austroads (2015a) Figure 

4.4 

 Operating speed for Curve 4 is assumed, based on desirable maximum 20km/h speed decrease 

from preceding curve 

 Crossfall for Curve 4 is assumed, based on common practise in QLD  

 The actual travelled path radii for curves 1 and 2 is ignored due to negligible effect on results 

due to the large radii of the curves 

 Curve 3 radius is set to R55, which is the maximum entry path radius as per Austroads (2015a) 

 Curve 4 radius is as per Austroads (2015a) Figure 4.4 central island radius, with an additional 

2.0m to allow for tracking of a 19m Semi-Trailer 

As shown, very high coefficients of side friction are required for vehicles to negotiate the geometry at 

the intended operating speeds. 

As shown in the literature review, a critical design element with respect to heavy vehicle operation on 

reverse-curve roundabout approaches is the lengths of straights (tangents) provided between curves, due 

to the tracking of heavy vehicles, and to allow drivers sufficient distance to react and decelerate between 

curves. 
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Table 16 summarises the analysis and critical review of the tangent lengths provided by the Austroads 

(2015a) reverse curve approach geometry example: 

Table 16 – Analysis and critical review of the current Austroads (2015a) reverse curve approach 

geometry example – tangent length 

 

The decrease in speed between curves is 20km/h, which meets the desirable criteria of Austroads (2015a) 

and ARNDT. 

The tangent lengths are not shown or specified on the Austroads (2015a) reverse curve approach 

geometry example, however in the notes below the example, designers are referred to the reverse-curve 

guidelines in the Austroads (2016) document.  In this document, the following guidance is provided: 

“When providing for trucks, the reverse curves should be joined by a tangent at least 0.7 V m long or 

spirals to allow for the tracking of these large vehicles. Where deceleration is required on the approaches 

to a lower radius curve, sufficient distance must be provided to enable the drivers to react and 

decelerate.” 

As shown in Table 16, if the guidance of Austroads (2016) is followed, then tangent lengths of 0.7V 

will be provided, shown in column 7, which are longer than the deceleration lengths calculated in column 

5. 
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Tables 17 and 18 summarise the analysis and critical review of the MRWA (2019a) example: 

Table 17 – Analysis and critical review of the current MRWA (2019a) – curve radii 

 

With respect to the table above, the following are important to note: 

 Operating speeds and crossfalls are generally derived straight from MRWA (2019a) Drawing 

No. 200331-0203-7 

 Operating speed for Curve 4 is assumed, based on desirable maximum 20km/h speed decrease 

from preceding curve 

 Crossfall for Curve 4 is assumed, based on preference of MRWA (2019a) Table 4.10.1  

 The actual travelled path radii for curves 1 and 2 is ignored due to negligible affect on results 

due to the large radii of the curves 

 Curve 3 radius is set to R55, which is the maximum entry path radius as per Austroads (2015a) 

 Curve 4 radius is as per desirable minimum R50 as per MRWA (2019a) Drawing No. 200331-

0203-7 

As shown, a very high coefficient of side friction is required for vehicles to negotiate the entry curve at 

the intended operating speeds. 

Table 18 summarises the analysis and critical review of the tangent lengths provided by the MRWA 

(2019a) example: 

Table 18 – Analysis and critical review of the MRWA (2019a) reverse curve approach geometry 

example – tangent length 

 

The intended decrease in speed between curves is 20km/h, which meets the desirable criteria of 

Austroads (2015a) and ARNDT, however the tangent lengths specified are considerably shorter than 

both the deceleration lengths required, and the 0.7V requirement. 
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Tables 19 and 20 summarise the analysis and critical review of the FDOT (2019) example: 

Table 19 – Analysis and critical review of the current FDOT (2019) – curve radii 

 

Notes: 

 Operating speed for Curve 1 is derived straight from FDOT (2019) Exhibit 213-2 

 Crossfalls are generally derived straight from FDOT (2019) Section 213.3.1 

 Operating speed for Curve 2 is assumed, based on Austroads (2015a) desirable maximum 

20km/h speed decrease from preceding curve 

 Operating speed for Curve 3 is based on the text in FDOT (2019) Section 213.3.1, where it is 

mentioned that it is assumed that for Curve 3, the driver has decelerated to an operating speed 

between 20 and 25mph 

 Operating speed for Curve 4 is assumed, based on Austroads (2015a) desirable maximum 

20km/h speed decrease from preceding curve 

 Crossfall for Curve 4 is assumed, based on FDOT (2019) Section 213.3.7  

 The actual travelled path radii for curves 1 and 2 is ignored due to negligible effect on results 

due to the large radii of the curves 

 Curve 3 radius is set to R55, which is the maximum entry path radius as per Austroads (2015a) 

 Curve 4 radius is based on the upper range of values given on FDOT (2019) Exhibit 213-2 

As shown, the coefficients of side friction are generally equal to or less than the absolute maximum 

values of Austroads (2016). 
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Table 20 summarises the analysis and critical review of the tangent lengths provided by the FDOT 

(2019) example: 

Table 20 – Analysis and critical review of the FDOT (2019) reverse curve approach geometry 

example – tangent length 

 

As shown, the intended decrease in speed between curve 2 and 3 is greater than the desirable criteria of 

Austroads (2015a) and ARNDT.  Additionally, the tangent lengths specified are considerably shorter 

than both the deceleration lengths required, and the 0.7V requirement. 
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4.1.4 Development of recommended reverse curve approach geometry 

Table 21, and Figure 42 below show the recommended reverse curve approach geometry for a 90km/h 
scenario: 

Table 21 – Recommended reverse curve approach geometry – 90km/h 

 

 

Figure 42 – Recommended reverse curve approach geometry – 90km/h 

Table 22 shows the ARNDT predicted accident totals for the original RB1 geometry: 

Table 22 – ARNDT predicted accident totals – Original RB1 Geometry 
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Table 23 shows the ARNDT predicted accident totals for the modified RB1 geometry, using the 
recommended geometry described above: 

Table 23 – ARNDT predicted accident totals – Modified RB1 Geometry 

 

As shown, the accident rates for all accident types apart from the “Approaching Rear-End” type have 

reduced. 

Table 24 shows an additional ARNDT output, specifically for the approaching rear-end accident types, 

for the original RB1 geometry: 

Table 24 – ARNDT approaching rear-end accident output – Original RB1 Geometry 

 

Table 25 shows the same output, for the modified RB1 geometry: 

Table 25 – ARNDT approaching rear-end accident output – Modified RB1 Geometry 

 

As shown, the accident rates are directly related to the predicted speed on the entry curve, which in turn 

is directly related to the entry path radius.  Both versions of the geometry feature entry path radii larger 

than the maximum 55m, and both result in entry speeds above the maximum desirable limit of 60km/h. 

The larger entry path radii of the modified geometry is required due to the heavy vehicle’s lower 

tolerance of side friction.  As shown in Table 21, the actual predicted speed on the entry curve for a 
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heavy vehicle is 50km/h, because the heavy vehicle driver, given appropriate warning and sufficient 

braking distance, will drive the curve at a maximum side friction value of f = 0.25.   

The ARNDT software on the other hand, as shown in the literature review, considers light vehicles only, 

and assumes that a side friction value of f = 0.5 will be generated by drivers on the entry curve, giving 

a significantly higher predicted speed than that of a heavy vehicle. 

Therefore, a unique approach line-marking treatment was developed, based on the principles of the 

maximum entry path radii concept of Austroads (2015a). The development process is described below 

in Figure 43: 

 

Figure 43 – Recommended Approach Line-marking development process 

Notes: 

1. Offset the central island circle at half the width of the circulating carriageway. This is the path 

that a light vehicle will take when circulating the roundabout, in line with Section 4.5.3 

2. Draw a line tangential to the circle from Step 14 and the heavy vehicle path Entry Curve 

3. Fillet the line from Step 15 to the line from Step 8 at a radius of 55m.  This is the path that a 

light vehicle will take on the entry curve, in line with Section 4.5.3 - Maximum Entry Path 

Radius 

4. Offset the arc from Step 16 1.0m to the inside. This will become the left hand edge line/chevron 

outline for the Entry Curve 
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5. Offset the arc from Step 17 3.5m to the outside.  This will become the right hand edge line for 

the Entry Curve 

6. Join the arcs from Steps 17 and 18 to the preceding edge line curves, and the central island and 

circulating carriageway edge using tangential lines 

7. Delete the original right hand edge line of the entry curve, and associated preceding and 

following tangents 

Following the above process gives the resulting line-marking, shown below in Figure 44 which provides 

entry path radii that results in desirable entry speeds for both light and heavy vehicles: 

 

Figure 44 – Recommended Approach Line-marking 

If the above described approach line-marking is adopted within the modified RB1 ARNDT analysis, the 

following accident rates shown in Table 26 can be assumed: 

Table 26 – ARNDT predicted accident rates using recommended geometry including 

recommended approach line-marking 
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4.1.5 Signage review 

A typical signage layout at a large roundabout is shown below in Figure 45: 

 

Figure 45 – Typical signage layout at large roundabout 

Source: MUTCD (2018) Figure 2.7 

 

As shown, additional considerations and recommendations for reverse-curve approaches are not 

provided. 
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Figure 46 shows a supplementary advisory speed information panel recommended in the DTMR-QLD 

(2019) document to be added to the G1-5 sign: 

 

Figure 46 – Supplementary advisory speed information panel added to G1-5 sign 

Source: TMR (2019) Figure 3(C) 

 

As per the advice in the DTMR-QLD (2019) document, the advisory speed for a particular roundabout 

approach is recommended to be determined and displayed as the “safe” speed on the supplementary 

panel. 

In addition to the above signs, and as per the literature review, it was found to be necessary to provide 

advanced warning to heavy vehicle drivers of the reverse-curve approaches to high-speed roundabouts, 

as these curves can be difficult to judge by said drivers, and can be “sub-standard” if inadequately 

judged.  

MUTCD (2019) Section 4.4 outlines the recommended treatments for sub-standard horizontal curves, 

which are defined as horizontal curves where the advisory speed of the curve is at least 15km/h than the 

85th percentile speed on the immediate preceding section of road. 

For the purposes of this review, reverse-curves at roundabout approaches are considered to be sub-

standard for heavy vehicles, and are to be treated in line with MUTCD (2019) Section 4.4, for the 

following reasons: 

 Significant gap in horizontal curve capability of light vehicles vs heavy vehicles  

 Decreased margin for error with respect to driver assessment of appropriate curve speed  

 20km/h speed decrease between curves  

MUTCD (2019) Section 4.4.7 gives various options and warrants for signage treatment of substandard 

horizontal curves. 
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Table 27 summarises the signage options and warrants considered, and provides justification for the 

selection of the recommended sign: 

Table 27 – Recommended Curve Warning Sign decision process summary 

 

As per MUTCD (2019), the recommended Winding Road (W1-5) sign is to be used with an Advisory 

Speed (W8-2) sign, shown below in Figure 47, with the advisory speed to equal the speed value of the 

first curve. 

 

Figure 47 – Advisory Speed (W8-2) sign 

Source: MUTCD (2018) Section 4.4.7.7 
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This is not considered appropriate at reverse-curve roundabout approaches however, as this may give a 

false impression to drivers that one speed is appropriate for all approach curves, whereas in actual fact, 

significant speed reduction is required between all curves. 

Therefore, the following sign, shown below in Figure 48, is recommended to be erected with the 

Winding Road (W1-5) sign: 

 

Figure 48 – Reduce Speed (G9-9) sign 

Source: MUTCD (2018) Section 4.11.2.14 

 

A further review of MUTCD (2019) was carried out, to determine what (if any) other signs may be 

appropriate to provide advanced warning to heavy vehicle drivers of the reverse-curve approaches to 

high-speed roundabouts, 

The below extract, shown below in Figure 49, depicts a potential sign and associated warrants for use: 

 

Figure 49 – Tilting Truck (W1-8) sign and warrants for use 

Source: MUTCD (2018) Section 4.4.7.10 

 

It is recommended to provide this sign prior to the circulating carriageway, with the advisory speed set 
to the safe circulating speed for heavy vehicles. 
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4.2 RB1 – Results and Discussion 

4.2.1 RB1 – Crash History Results and Discussion 

Review of the details in the reports, and anecdotal evidence provided by the relevant road authority 

engineers and designers, reveals that the crashes are exclusively occurring at, or are apparently 

contributed to by, the approach curve geometry. 

4.2.2 RB1 - Calculated Side Friction Values 

The primary focus for the results analysis centres on the calculated values for coefficients of side friction 

shown in the tables below, as it had been identified in the literature review that this criteria is a key 

indicator of heavy vehicle stability. 

Tables 28 – 31 below show the calculated coefficients of side friction for the respective vehicle 

categories, and their comparison to the Austroads (2015a) values. 

4.2.3 RB1 - All Vehicles (Classes 1 – 12) and ARNDT Side Friction Values 

As shown in Table 28, coefficients of side friction being generated at RB1 for the All Vehicles category 

are well above the absolute maximum recommended values as per Austroads (2015a): 
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Table 28 – Calculated coefficients of side friction for All Vehicles (Classes 1 – 12) 
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The highest values (0.522 – 0.552) are calculated on the circulating carriageway, at approx. CH 256 – 

CH 266.  This location is in between the last two speed survey sites, where the vehicles accelerate from 

approximately 53km/h as they circulate, to approximately 63km/h as they exit the roundabout.  As 

mentioned previously, the speeds have been linearly interpolated in between speed survey sites.  As it 

is not known exactly where the vehicles begin to accelerate, the assumed speeds that are generating 

these high values of side friction may not actually be occurring, and can be given less consideration than 

those at other areas where the confidence in the interpolated speeds is higher. 

Elsewhere on RB1, the calculated side friction factors are generally below the Austroads (2015a) 

maximum recommended values, or they are generally equal to or less than the value of f = 0.5, as found 

by Maycock and Hall (1984) to be the maximum recorded value at roundabouts. 

Table 29 shows that the ANRDT software is using a maximum value of f = 0.5 to predict vehicle speeds. 

Comparison of the actual recorded speeds and calculated side friction factors versus the predicted 

ARNDT values shows that, with the exception of the exit curve (which is non-critical element in this 

instance) the actual recorded speeds at RB1 are equal to or less than the ARNDT predicted speeds, and 

the actual calculated values of side friction are generally at or below the values used by ARNDT to 

predict the vehicle speeds. 

Table 29 – Actual vs ARNDT predicted speed and side friction values at RB1 
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4.2.4 RB1 - Medium and Heavy Vehicle (Classes 3 – 12) Side Friction Values 

As shown in Section 3.3.3, and Table 8, the Medium and Heavy Vehicle category travels through RB1 

at an average speed of 2.39km/h less than the All Vehicles category at any given element.  Therefore, 

as shown below in Table 30, the calculated side friction values are slightly lower than those calculated 

for the All Vehicles category.   
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Table 30 – Calculated coefficients of side friction for Medium and Heavy Vehicles (Classes 3 – 

12) 
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However, as per Austroads (2015a), the maximum recommended values of side friction for this vehicle 

category are considerably lower than the All Vehicles category, and as such, a much larger discrepancy 

between the calculated and recommended side friction factors exists at RB1 for this vehicle category. 

4.2.5 RB1 - Heavy Vehicle (Classes 6 – 12) Side Friction Values 

It is this vehicle category that comes under the most scrutiny in this case study, as it is this vehicle 

category that has been identified as having a history of issues at RB1. 

As shown in Section 3.3.3, and Table 6, the Heavy Vehicle category travels through RB1 at an average 

speed of 8.68km/h less than the All Vehicles category. 

As such, and as shown below in Table 31, considerably lower values of side friction are calculated for 

this category.  However, due to the lower recommended absolute maximum values of side friction as 

per Austroads (2015a), a significant discrepancy still exists between the recommended and calculated 

values, and a significant length of the RB1 approach geometry (CH 151 to CH 266) is above the 

absolute maximum recommended value of f = 0.25. 
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Table 31 – Calculated coefficients of side friction for Articulated Heavy Vehicles (Classes 6 – 12) 

 

 



Improved theory for the design of high-speed roundabouts to suit heavy vehicles – USQ Dissertation - 2019 

 

84 

Mark Tomarchio - USQ Student #   

 

As shown in Section 2.9.3, several studies have shown that heavy vehicles may become unstable and 

roll at side friction values of f = 0.25 and up. 

Therefore, further analysis of the speeds travelled by this vehicle category is required, to determine why 

such high coefficients of side friction are being generated.  This analysis is described in the following 

sections. 

4.2.6 RB1 – Rate of Rotation Analysis 

Before the heavy vehicle speeds were analysed further, the crossfall rates of rotation being experienced 

by drivers at the surveyed 85th percentile speeds was analysed. 

As mentioned in Section 2.2.3, and as per Austroads (2016), the maximum rate of crossfall rotation for 

this speed environment (< 80km/h) is 3.5% per second. 

The crossfalls travelled by the heavy vehicles have been determined as previously described using 

AutoTURN and 12D design software.  The crossfall transitions have been entered into Excel, and using 

the average heavy vehicle 85th percentile speeds (measured over the length of each transition) the rates 

of rotation have been calculated. 

The superelevation diagram, and rates of rotation can be viewed diagrammatically below in Figure 50, 

and calculations and results are summarised in Table 32 below: 

 

Figure 50 – RB1 – Superelevation Diagram 

Table 32 – RB1 – Heavy Vehicle (Classes 6 – 12) rates of rotation calculations 
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As shown, the crossfall rotates very quickly between CH 195.176 to 198.926, and CH 289.936 to 

294.166, distances of only 3.75m and 4.23m respectively, which results in very high rates of rotation 

being experienced by the heavy vehicles (10.883 % / second), a value more than 3 times the maximum 

recommended value. 

The very high rates of rotation occur at the transitions of the entry and exit curves with the circulating 

carriageway.  This occurs because the entry and exit curves are left-hand curves with crossfall falling to 

the left, and the circulating carriageway is a right-hand curve with crossfall falling to the right, and 

unlike the preceding reverse curves, insufficient length of straight has been provided, to allow for 

gradual transition of crossfall between the curves.  

The abrupt changes in crossfall can be seen by reviewing the as-constructed surface contours shown 

below in Figure 51: 

 

Figure 51 – RB1 – As-constructed surface contours showing crossfall transitions 
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4.2.7 RB1 - Adverse Crossfall considerations 

The above analysis has also highlighted an additional issue concerning crossfall rotation and heavy 

vehicle stability. 

The lack of straight between the entry curve and circulating carriageway results in the end of the entry 

curve containing crossfall in the wrong direction, ie adverse crossfall. 

As shown below in Figure 52, the last approximately 3.7m of the Radius 57m left hand curve contains 

full 3% super in the wrong direction, ie to the outside of the curve: 

 

Figure 52 – RB1 – Enlarged view of superelevation diagram 

As per Austroads (2016), adverse crossfall may cause problems for trucks, and should be avoided where 

practicable.  The reason that it may cause problems is because as per Austroads (2016) Appendix H, 

Section H.2.3, adverse superelevation reduces the horizontal distance between the centre of gravity and 

the overturning hinge point. The relationship between the centre of gravity and the overturning hinge 

point are shown below in Figure 53: 

 

Figure 53 – Overturning moment on a turning truck 

Source: Austroads (2016) Figure H4 
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4.2.8 RB1 – Vehicle Speeds 

As shown in Section 4.2.2, vehicle speeds and calculated coefficients of side friction are generally in 

line with recommended values for light vehicles, and it can therefore initially be assumed that the RB1 

geometry is sound, considering light vehicles only. 

When considering how and why the heavy vehicles are generating coefficients of side friction much 

higher than their recommended values, as compared to light vehicles, modification of RB1’s geometry, 

eg increasing curve radii and central island diameter to better suit heavy vehicles, could be considered, 

however, this could potentially result in light vehicle speeds significantly higher than those 

recommended by ARNDT and Austroads (2015a), resulting in an unsafe roundabout for the majority of 

vehicles. 

Putting aside geometry modifications for the moment, the only other variable in the side friction equation 

is the speed at which the vehicles travel at. 

4.2.9 RB1 - Operating Speed and Driver Behaviour Considerations 

As mentioned in Section 2.9.1, the reverse curves at high-speed roundabout approaches, and their use 

as a speed reduction treatment, relies on the concept of the Operating Speed Model, the associated 

Limiting Curve Speed theories, and driver behaviour to function as intended. 

Essentially, the high coefficients of side friction being generated at RB1 are a result of heavy vehicle 

drivers “overdriving” the curves. 

As per Austroads (2016) Section 3.6.1, a typical driver travelling on a long straight followed by a curve, 

will travel at the desired speed until within approximately 75m of the curve.  The driver will then 

decelerate to a speed that is considered safe for the curve ahead. Car drivers are likely to enter the curve 

at a speed that is high for the curve, and continue to decelerate within the curve, commonly within the 

first 80m.  Truck drivers will generally decelerate to what they consider the appropriate speed before 

the start of the curve, because of the dangers associated with trucks braking on curves. 
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4.2.10 RB1 - Heavy Vehicle (Classes 6 – 12) Speeds & Deceleration 

Review of the Heavy Vehicle speeds at the 5 known speed survey sites reveals the amount of 

deceleration being performed between curves, shown below in Table 33: 

Table 33 – RB1 – Heavy Vehicle (Classes 6 – 12) deceleration/acceleration between curves 

 

If the heavy vehicle drivers were to drive the curves at speeds which resulted in side friction not being 

greater than absolute maximum recommended values, the required speeds would be lower, and the 

required amount of deceleration would be higher.  These calculations and results are summarised below 

in Table 34: 

Table 34 – RB1 – Heavy Vehicle (Classes 6 – 12) required speeds and deceleration to achieve 

maximum recommended values of side friction 

 

As per Austroads (2016), the deceleration coefficient required by vehicle standards regulations for single 

unit trucks, semi-trailers and B-Doubles on dry sealed roads is 0.29. 

Given that heavy vehicles require straight lengths of road to carry out their braking (Austroads (2016) 

Section 3.6.1), determination of the lengths required for this deceleration has been performed, to 

critically review RB1’s geometry, and assess if sufficient length between curves has been provided. 

The deceleration equation has been derived by modification of the Stopping Sight Distance (SSD) 

Equation 1 of Austroads (2016): 

  

The modification to the equation involves the removal of the Reaction Time (RT) component, and 

rearranging the remainder of the equation to subtract the total deceleration length of Speed 2 (V2) from 

the total deceleration length of Speed 1 (V1), which gives the resultant deceleration length.   
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The modified equation is shown below: 

D ൌ
𝑉1ଶ

254ሺd ൅ 0.01𝑎ሻ
െ

𝑉2ଶ

254ሺd ൅ 0.01𝑎ሻ
 

 

Where: 

D = Deceleration Length (m) 

V1 = Speed 1 / Start Speed 

V2 = Speed 2 / End Speed 

d = deceleration coefficient (0.29) 

a = longitudinal grade (ignored for simplicity and due to relatively flat grades at RB1) 

Table 35 below shows the required deceleration distances for Heavy Vehicles: 

Table 35 – RB1 – Heavy Vehicle (Classes 6 – 12) Deceleration Lengths Required 

 

Comparison of the required deceleration lengths to the lengths of straights provided on the RB1 

northbound approach leg reveals that insufficient distance between the curves has been provided to allow 

for sufficient deceleration, as summarised below in Table 36: 

Table 36 – RB1 – Comparison of required deceleration lengths vs lengths of straights provided 

(Control Line) 
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Note: The curve start and end chainages documented above represent the control line of the RB1 

approach geometry only, and do not represent the actual travelled path. 

The actual travelled path by the cab of the heavy vehicle is shown below in Figure 54: 

 

Figure 54 – RB1 – Actual travelled cab path 

Comparison of the required deceleration lengths to the lengths of straights provided on the actual 

travelled path of the heavy vehicle cab on RB1 northbound approach leg reveals that insufficient 

distance between the curves has been provided to allow for sufficient deceleration, as summarised below 

in Table 37: 

Table 37 – RB1 – Comparison of required deceleration lengths vs lengths of straights provided 

(Actual cab travelled path) 

 

In any case, the requirement for length of straight between reverse curves is set by Austroads (2016), 

Section 7.5.3, which states that when providing for trucks, reverse curves should be joined by a tangent 

at least 0.7V m long to allow for the tracking of these large vehicles.  Where deceleration is required on 

the approaches to a lower radius curve, sufficient distance must be provided to enable the drivers to react 

and decelerate. 
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Using the average 85th percentile speeds in between the curves, the lengths of straights based on the 

0.7V requirement are as per Table 38 below: 

Table 38 – RB1 – Distance required between curves based on 0.7V  
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4.3 RB2 – Results & Discussion 

The 2019 speed survey was analysed using the MetroCount software, and reports were generated on 

both All Vehicles (Classes 1 – 12) and Heavy Vehicles (Classes 6 – 12). 

A comparison of the measured speeds in 2015 and 2019 is shown below in Table 39: 

Table 39 – RB2 85th percentile speeds before and after supplementary sign installation 

 

As shown in the table above, the speeds in the northbound direction have decreased between 2.7 to 3.6 

km/h, however in the southbound direction, the speeds appear to have increased anywhere from 0.45 to 

3.15 km/h. 

The increased speeds in the southbound direction are disconcerting because there is strong sentiment 

within the Road Authority that the revised and added signage has definitely reduced the heavy vehicle 

roll over crashes, which is also evident in the approx. 4 years of crash history following the signage 

review. 

There are potentially several factors that could be skewing the southbound direction speed survey 

results: 

 At the time of the 2019 speed survey, roadworks in the area were present, including the closure 

of the western (ie to the right of the southbound leg) side road.  This means that the only 

circulating traffic encountered by southbound approaching vehicles was those doing a u-turn 

from the northbound direction, ie very little. Therefore, with little to no traffic on their right to 

give way to, the southbound vehicles could be entering the roundabout at higher speeds than if 

the side road was operational. 

 There is some doubt as to whether the 2019 speed survey was conducted in the exact same 

location as the 2015 data, which could be affecting the speeds significantly. 
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Chapter 5  – Conclusions & Recommendations 

5.1 Summary of analysis and critical review of current standards 

The current standards do not adequately provide for heavy vehicle usage of roundabouts, and in 

particular, high speed approaches. 

The current curve radii associated with central island radii, circulating carriageway widths, approach 

reverse-curve geometry, and maximum entry path radii are too small for heavy vehicles.  This requires 

the heavy vehicles to perform one of two undesirable actions: 

1. Decelerate significantly more than light vehicles, and at rates outside the maximum 

recommended by Austroads (2015a) and ARNDT to minimise accidents at roundabout. 

2. Overdrive the curves at speeds that generate side friction factors above the heavy vehicle 

rollover threshold. 

Additionally, the current standards do not provide explicit or clear guidance to designers regarding 

sufficient allowance for separating tangents between curves, which are essential to facilitate adequate 

heavy vehicle deceleration between curves. 

Finally, the current signage standards do not adequately consider the additional requirements of heavy 

vehicles at high-speed roundabout approaches.  In particular, there is a need to warn heavy vehicle 

drivers that the intended speed-reduction mechanism most usually employed, ie reverse curves, can 

actually be a hazard to heavy vehicle drivers, and they need to reduce their speed accordingly. 

5.2 Summary of RB1 geometry analysis 

The geometry of RB1 is generally in accordance with the relevant Austroads standards, and performs 

reasonably well for the light vehicle category, as evidenced by the above findings, and lack of crash 

history associated with this vehicle category. 

For the articulated heavy vehicle category however, the following conclusions can be made: 

 Very high coefficients of side friction are being generated, partly contributing to heavy vehicle 

instability, and in some cases, roll over crashes 

 The high coefficients of side friction are a result of excessive speeds by the vehicle category 

 The excessive speeds are a result of insufficient advanced warning to drivers (ie via signage) to 

reduce their speeds, and insufficient length of straights provided between curves to allow for 

heavy vehicle deceleration 

 The lack of straights provided between the entry, circulating, and exit curves also results in: 
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o Very high rates of crossfall rotation, contributing to heavy vehicle instability 

o A portion of the entry and exit curves containing adverse crossfall, contributing to heavy 

vehicle instability 

 At the end of the entry curve, and the start of the exit curve, the above issues coincide. At the 

entry curve in particular, ie CH 201: 

o Coefficient of side friction = 0.311 

o Truck is turning left with crossfall to the right (adverse crossfall) 

o The crossfall has just finished rotating up at a rate (10.88 % / second) more than 3 times 

the maximum recommended value 

5.2.1 Summary of RB2 Signage and Speed Review 

Despite the inconclusive speed survey results, the strong sentiment within the Road Authority regarding 

the effectiveness of the amended signage, and the lack of crash history since, is compelling enough to 

consider the revised signage as effective and warranted.  Further work is required to confirm the speed 

surveys, and document the assumed effectiveness of the signage.  

5.3 Recommendations 

5.3.1 Recommended Supplementary Standards 

It is recommended that the current Austroads (2015a) Roundabout standards are supplemented with a 

specific heavy vehicle guideline, based on the learnings of this dissertation, and drawing on proven and 

documented learnings from other geometric guidelines, including Austroads (2016), DTMR-QLD 

(2016), and MRWA (2019). 

A draft supplement has been produced as part of this dissertation, attached as Appendix H. 

The draft supplement is produced in the same format as Austroads (2015a), and focuses on critical 

elements such as: 

 Central Island Geometry 

 Approach and Entry Geometry 

 Circulating Carriageway Geometry 

 Heavy Vehicle Limiting Curve Speed and the additional considerations required for this vehicle 

category at roundabouts 

 Heavy Vehicle rollover thresholds and how to avoid them 

 Special signage considerations for heavy vehicles at roundabouts 
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The draft supplement includes examples of preferred combinations of geometry and signage to achieve 

the recommended outcomes. 

5.3.2 RB1 Interim Recommendations 

As an interim measure, it is recommended that the signage at RB1 be revised in line with the amended 

RB2 signage, and the recommended signage treatments as per Appendix G.   

This will provide further warning to heavy vehicle drivers that they need to reduce their speed, which 

in turn will lower the coefficients of side friction being generated and reduce the crossfall rate of rotation, 

which will result in fewer heavy vehicle roll over crashes. 

5.3.3 RB1 Ultimate Recommendations 

Significant modification and/or upgrade of the RB1 approach geometry may be impractical and out of 

scope for the Road Authority, however if such upgrades were to be considered, the following 

recommendations are made, in addition to the above signage recommendations: 

 Reconstruction of the northbound and southbound approaches, involving retention of the current 

curve radii, with horizontal straights added between each curve (including exit curves) at lengths 

of 0.7V, as per Table 38.  The added and increased lengths of straights will more effectively 

allow for the tracking of the large heavy vehicles, and give them more time to react and 

decelerate, in line with Austroads (2016) Section 7.5.3. This will help to lower the heavy vehicle 

speeds, which in turn will result in lower coefficients of side friction being generated. 

 The recommended addition of the horizontal straights between the entry, circulating, and exit 

curves will also allow for the correct superelevation transitions to be applied, in line with 

Austroads (2016) Section 7.7.  This will rectify the issues associated with the very high rates of 

crossfall rotation. 
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Chapter 6 - Limitations and Recommended Further Work 

Limitations associated with accuracy of the speed survey data at RB1 Are described in detail in Section 

3.3.3. 

In addition to refining and confirming the speed survey results, recommended further work, outside the 

scope of this dissertation, is summarised below: 

 Additional case-studies 

o This dissertation has analysed the geometry and performance of only one existing 

roundabout in detail, whereas papers such as Arndt (1998) analysed over 100 

roundabouts over a period of more than 10 years. 

o Geometric analysis of an existing high-speed roundabout that is perceived to be 

successfully trafficked by a large percentage of heavy vehicles is also recommended 

 Review of the developed recommended treatments by a road standard authority such as 

Austroads or TMR’s Engineering & Technology branch 

 Trial of recommendations; for example, build a roundabout using the recommended treatments 

and monitor and evaluate its performance 

 Survey of relevant heavy vehicle experts including drivers, in an effort to evaluate the 

recommendations, and confirm driver behaviour assumptions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Improved theory for the design of high-speed roundabouts to suit heavy vehicles – USQ Dissertation - 2019 

 

97 

Mark Tomarchio - USQ Student #   

 

Chapter 7  – References 

12D Model V12 2018, computer software, 12D Solutions, Sydney, New South Wales, Australia, 
accessed 19 August 2019. <https://www.12d.com/index.html> 
 
ARNDT –A Roundabout Numerical Design Tool V1.03.06 2014, computer software, Department of 
Transport and Main Roads, Brisbane, Queensland, Australia, accessed 29th August, 2019. 
<https://www.tmr.qld.gov.au> 
 
Ardnt, O. K. 2001, Geometric design of roundabouts for optimum safety - Use of the software 
program "ARNDT". 
  
Ardnt, O. K. and R. J. Troutbeck 1998, Relationship between roundabout geometry and accident 
rates. 
  
Austroads 2002, Geometric Design for Trucks - When, Where and How?, Sydney, Austroads Inc. 
  
Austroads 2015a, Guide to Road Design Part 4B: Roundabouts. Sydney, Austroads Ltd. 
  
Austroads 2015b, Guide to Traffic Management Part 2: Traffic Theory. Sydney, Austroads Ltd. 
  
Austroads 2016, Guide to Road Design Part 3: Geometric Design. Sydney, Austroads Ltd. 
  
Austroads 2017a, Guide to Road Design Part 4A: Unsignalised and Signalised Intersections. 
Sydney, Austroads Ltd. 
  
Austroads 2017b, Guide to Traffic Management Part 3: Traffic Studies and Analysis. Sydney, 
Austroads Ltd. 
  
Austroads 2018, Guide to Pavement Technology Part 4K. Sydney, Austroads Inc. 
 
Auto-TURN-Pro 2018, computer software, Transoft Solutions, Richmond, British Columbia, 
accessed 12 June 2019. <https://www.transoftsolutions.com/au> 
  
DMRB, U. 2019, Design Manual for Roads and Bridges - CD 116 Geometric design of roundabouts. 
Highways England. United Kingdom. 
  
DTMR-QLD 2007, Road Planning and Design Manual - Chapter 6 - Speed Parameters. Queensland, 
Department of Transport and Main Roads.  
  
DTMR-QLD 2016, Road Planning and Design Manual - Guide to Road Design. Queensland, 
Department of Transport and Main Roads.  
  
DTMR-QLD 2019, Traffic and Road Use Manual - Volume 1 Part 10 - Traffic Control and 
Communication Devices. Queensland, Department of Transport and Main Roads.  
  
Ervin, R. D. et al. 1984, Influence of the Geometric Design of HIghway Ramps on the Stability and 
Control of Heavy-Duty Trucks. Michigan, USA, Transportatin Research Institute, University of 
Michigan. 
  



Improved theory for the design of high-speed roundabouts to suit heavy vehicles – USQ Dissertation - 2019 

 

98 

Mark Tomarchio - USQ Student #   

 

FDOT 2019, Florida Department of Transport - Design Manual - 213 Modern Roundabouts. 
Transport. Florida, Florida Department of Transport. 
  
Geo. P. Hall & Son, c1907, Colombus Circle, New York. https://www.loc.gov/item/2007661252/>. 

  
Mai, L. and P. Sweatman 1984, Articulated vehicles stability: phase 2: tilt tests and computer model. 
Vermont South Victoria, Australian Road Research Board. 
  
Maycock, G. and R. D. Hall 1984, Accidents at Four Arm Roundabouts. United Kingdom, Transport 
& Road Research Laboratory. 
  
MRWA 2019, MRWA Supplement to Austroads Guide to Road Design - Part 4B. Main Roads 
Western Australia. 
  
MUTCD 2018, MUTCD Part 2 Traffic Control Devices for General Use. Queensland, Department 
of Transport and Main Roads. 
  
RMS-NSW 2016, Roads and Maritime Services Supplement to Austroads Guide to Road Design 
Part 4B: Roundabouts. New South Wales, Transport Roads & Maritime Services. 
  
Robinson, B. W. et al. 2000, Roundabouts: An informational guide, United States. Federal Highway 
Administration. 
  
VicRoads 2011, VicRoads Supplement to the Austroads Guide to Road Design - Part 4B. VicRoads. 
Victoria. 

 



Improved theory for the design of high-speed roundabouts to suit heavy vehicles – USQ Dissertation - 2019 

 

99 

Mark Tomarchio - USQ Student #   

 

Appendix A – Project Specification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



ENG4111/4112 Research Project 

Project Specification 
 

For:    Mark Tomarchio, USQ Student #  

Title:  Improved theory for design of high speed roundabouts to suit heavy vehicles 

Major:    Civil Engineering 

Supervisors: Dr Soma Somasundaraswaran (USQ) 

Enrolment:   ENG4111 – EXT S1. 2019 and ENG4112 – EXT S2, 2019 

Project Aim: To develop additional guidance on the correct way to design roundabouts to suit 
high speed approaches, for use by heavy vehicles 

Programme: Version 1 – 20/03/19 

1. Phase 1 – Project Creation, Proposal & Specification 
a. Discuss project origin and perceived problems with potential sponsors and supervisors 
b. Draft Project Proposal 
c. Develop Project Specification  

2. Phase 2 – Research investigation and data collection (sue to the nature of the testing, some of the 
tasks in this phase will run concurrently with Phase 3) 

a. Literature Review 
b. Identify other similar roundabouts for comparison 
c. Crash History Investigation 
d. Approach speed surveys 
e. Ballbank testing 
f. ARRB Dynamic Stability Testing 
g. Interview drivers 

3. Phase 3 – Analysis and Testing (some of the tasks in Phase 3 will be preliminary until Phase 2 testing is 
finalised) 

a. Review data and identify gaps 
b. Desktop design reviews of roundabouts 
c. Analyse Approach Geometry 
d. Analyse rate of rotation 

4. Phase 4 – Advanced Analysis, Problem Identification, and Design 
a. Identify root causes of the issues 
b. Finalise testing and analysis 
c. Develop designs to rectify issues 
d. Develop guideline addendum document 

5. Phase 5 – Peer Review and Dissertation Finalisation 
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Appendix B – RB1 – Working Plan  
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Appendix C – RB2 – Working Plan  
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Appendix D – MRWA (2019a), Drawing No. 200331-199-4 
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Appendix E – MRWA (2019a), Drawing No. 200331-0203-7 
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Appendix F – RB1 & RB2 Crash History Summaries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Date
Travel 

Direction
Entering/E

xiting
Side Rolled 

onto
Location Relative 

to Roundabout
Severity Violation Notes

Aug 2016 South Entering Left
Entering on 

northern side
Unknown Unknown

All details 
derived from 
media report

Sep 2018 North Entering Right
Facing north on 

the southern side
Received Medical 

Treatment
Driving without due 
care and attention

Sep 2018 South Exiting Left
Exiting the 

roundabout
Received Medical 

Treatment
Driving without due 
care and attention

Date
Travel 

Direction
Entering/E

xiting
Side Rolled 

onto
Location Relative 

to Roundabout
Severity Violation Notes

Apr 2015 North Exiting
Right 

(assumed)
Exiting on northern 

side
Admitted to 

hospital
-

B-Double - 
Crash report 

mentions "load 
shift"

Aug 2015 South Entering Right
Entering on 

northern side
Received Medical 

Treatment
-

RB1 - Crash History Summary

RB2 - Crash History Summary

Appendix F - RB1 & RB2 Crash History Summaries
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Appendix G – RB1 Geometry Review Plan and Long Section 
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Appendix H – Supplement to Austroads Part 4B  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction 

1.4 Purpose 

The purpose of this supplement is to provide additional and tailored guidance to designers 

regarding the design of roundabouts to suit heavy vehicles, in particular, high-speed roundabouts.  

In most situations, the currently used standards are sufficient for the design of low-speed 

roundabouts to suit light vehicles with occasional heavy vehicle use.  Where higher speeds, and/or 

significant heavy vehicle, or high-centre-gravity heavy vehicle use is expected, designers are 

encouraged to consider the additional guidance provided in this document. 

In some instances, the specific heavy vehicle recommendations in this document may affect a 

roundabout’s performance for use by light vehicles.  Engineering judgement is required to 

determine if the benefits of improving heavy vehicle performance outweighs the costs, and if this 

is not achievable, alternative designs, and/or potentially alternative intersection types may be 

required. 

For further guidance regarding assessment of warrants for specific heavy vehicle design, refer to 

Austroads document AP-R211: “Geometric Design For Trucks – When, Where, and How?”. 

2. Design Principles and Procedure 

Accepted without amendment 

3. Sight Distance 

Accepted without amendment 

4. Geometric Design 

4.4 Central Island 

4.4.3 Central Island Radius 

Additions: 

The combinations of approach speeds, entering speeds, and central island radii as listed in Table 

4.1 rely on vehicles using coefficients of side friction significantly higher than the capabilities of 

heavy vehicles. 



As per Austroads (2016) Table 7.5, and Austroads (2017) Appendix B, the least stable heavy 

vehicles will become unstable and roll at coefficients of side friction f = 0.25 to f = 0.35. 

Furthermore, the effect of crossfall on the rollover threshold of a heavy vehicle is much prominent 

than that of a light vehicle.  For example, if a circulating carriageway features adverse crossfall 

(as is commonly provided), a significantly larger central island radius is required than if the 

circulating carriageway featured superelevation. 

Therefore, a maximum side friction factor of f = 0.3 is recommended to be used by designers for 

determination of central island radii of roundabouts featuring superelevated circulated 

carriageways. 

For circulating carriageways featuring adverse crossfall, it is recommended to reduce the side 

friction factor to f = 0.2 (ie 2/3 of f = 0.3), in line with Austroads (2016) Table 7.12, and due to 

the factors that affect truck stability, outlined in Austroads (2017) Appendix B.3. 

For determination of heavy vehicle right-turn/circulating speeds, reduced speeds compared to 

light vehicles can be considered, in line with Austroads (2016) Section 3.7 and Table 3.5. 

Table 4.1S provides a guide for the selection of the central island radius and circulating 

carriageway width for a circular roundabout, to suit 19m Semi-trailer design vehicle. 

Table 4.1S:  

 

Notes: 

1. Desired driver speed on the fastest leg prior to the roundabout = 85th percentile operating 

speed. Typically sign-post speed limit at 10km/h less. 

2. Right Turn/Circulating speeds are based on the desirable 20km/h decrease between the 

entry curve and a right-turn for cars, plus an additional 5 – 10km/h decrease for trucks.  

This is based on typical truck driver behaviour and truck capabilities, in line with Part 3 

Section 3.7 and Table 3.5.  Designers need to consider appropriate speed reduction 

treatments (eg signage) to convey the message to truck drivers that they need to slow 

more than cars to negotiate the roundabout. Refer to Section 4.5.2 for the various types 

of speed reduction treatments. 



3. Circulating carriageway crossfall is the recommended 2% adverse scenario.  

Corresponding coefficient of side friction is therefore 2/3 of the absolute maximum 

recommended, in line with Part 3 Section 7.8 and Table 7.12, and Part 4B Appendix B, 

Section B.3. 

4. The circulating carriageway coefficients of side friction are based on f = 0.3.  Research 

(eg Ervin et al 1985) shows that the least stable heavy vehicles may roll at f = 0.25.  

Designers are to consider alternate combinations of speed, radii, crossfalls, and side 

friction factors, if significant volumes of unstable heavy vehicles are expected to use the 

roundabout. Refer to Part 4A, Appendix B for further info. 

5. 2% crossfalls may require high degree of quality control during construction to ensure 

positive drainage, and no ponding of water. 

 

To determine central island radius and carriageway width for alternate combinations of speed, 

crossfall, and design vehicles, designers can refer to the following design process: 

 

Heavy Vehicle Roundabout Geometry Design Process – (Non-reverse curve approach): 

1. Determine desired driver speed on fastest leg prior to the roundabout. Typically equal to 

85th percentile operating speed. 

2. Determine right-turn/circulating speeds, based on desirable 20km/h decrease between 

the entry curve and a right-turn for cars, plus an additional 5 – 10km/h decrease for 

trucks, in line with Part 3 Section 3.7 and Table 3.5.   

3. Determine appropriate circulating carriageway crossfall.  To reduce issues associated 

with grading superelevation transitions between the entry curve and the circulating 

carriageway, it is recommended that adverse crossfall on the circulating carriageway is 

adopted.  This requires a coefficient of side friction of 2/3 of the absolute maximum 

recommended, in line with Part 3 Section 7.8 and Table 7.12, and Part 4B Appendix B, 

Section B.3.  If constrained for space, consider use of superelevated carriageway to 

reduce central island radius, however designers will need to carefully consider 

superelevation transition requirements, in line with Part 3 Section 7.7. Maximum rate of 

rotation to not exceed 3.5% / second. 

6. Determine appropriate coefficient of side friction for circulating carriageway. General 

maximum recommended f = 0.3 for superelevated carriageways, f = 0.2 for adverse 

crossfall carriageways.  Research (eg Ervin et al 1985) shows that the least stable heavy 

vehicles may roll at f = 0.25.  Designers are to consider alternate combinations of speed, 

radii, crossfalls, and side friction factors, if significant volumes of unstable heavy 



vehicles are expected to use the roundabout. Refer to Part 4A, Appendix B for further 

info. 

4. With speed, crossfall, and f known, calculate right-turn/circulating radius. 

5. Use vehicle tracking software to determine required central island radius, and circulating 

carriageway width to suit chosen design vehicle.  Allow 0.5m clearance either side of 

swept path. 

4.5 Approach and Entry Geometry 

4.5.2 Approach and Entry Treatments 

Approach and Entry Treatments 

Additions: 

As per Austroads (2016) Section 3.6.1, truck drivers will generally decelerate to the appropriate 

speed for the curve by the start of the curve (unlike car drivers going into the curve) because of 

the dangers associated with trucks braking on curves. 

Therefore, provision of a horizontal straight of length 0.7V between any curve on the approach 

and departure to a roundabout is required, including the following scenarios; 

 Lower speed roundabouts with single entry curve, ie between the entry curve, circulating 

carriageway, and exit curve 

 Higher-speed roundabouts with reverse curve approaches, between all curves including 

entry/circulating/exit 

This is to allow for the tracking of heavy vehicles, and to provide sufficient distance between 

diminishing reverse curves to enable drivers to react and decelerate, in line with Austroads (2016) 

Section 7.5.3. 

To determine the appropriate speed to use in the calculation of straight required (0.7V) the 

limiting curve speed of each curve is required to be calculated, and the average speed between 

curves is to be utilised. 

Use of approach reverse curves 

Additions: 

When providing for heavy vehicles, designers need to carefully consider their vehicle capabilities 

and driver behaviours compared to light vehicles. 

Reverse curve approaches need to be designed in such a way that does not result in heavy vehicles 

“over-driving” the curves, ie relying on coefficients of side friction that induce instability and 

result in roll-over crashes. 



Appropriately sized curves need to be provided that limit speeds, and sufficient lengths of 

straights need to be provided between each curve to allow for heavy vehicle tracking and 

deceleration. 

Additionally, it is recommended that all approach curves, and the circulating carriageway be 

constructed on a single crossfall away from the centre of the road, ie requiring the use of adverse 

crossfall on some of the approach curves, and on the circulating carriageway.  This is to negate 

the use of superelevation transitions, particularly between the entry curve and the circulating 

carriageway, which can have a de-stabilising effect on heavy vehicles as they rotate crossfall 

from one direction to the other.  Where adverse crossfall curves are utilised, designers need to 

restrict the coefficient of side friction to 2/3 the maximum recommended, in line with Austroads 

(2016) Table 7.12, and due to the factors that affect truck stability, outlined in Austroads (2017) 

Appendix B.3. 

Where space constraints exist, super-elevated curves including the circulating carriageway may 

be considered, which may allow the use of smaller radii, however designers will need to carefully 

consider the superelevation transitions in accordance with Austroads (2016) and ensure that 

maximum rates of rotation are not exceeded. 

Table 4.1.1S and Figure 4.4S below show the recommended geometry of an example roundabout 

approach using reverse curves in a high speed (90km/h design speed/80km/h posted speed) rural 

environment to suit heavy vehicles: 

Table 4.1.1S: 

 

Figure 4.4S: 

 



Note the use of diagonal pavement marking to the inside of the Entry Curve.  This is to allow for 

the tracking of the heavy vehicle as it negotiates the R70.3m entry curve, which is greater than 

the maximum R55 entry path radius as per Section 4.5.3.  The diagonal marking provides a tighter 

left-hand inner edge line for light vehicles to follow, to meet the requirements of Section 4.5.3. 

Heavy Vehicle Roundabout Geometry Design Process – (Reverse curve approach): 

The process used to create the example geometry shown in Table 4.1.1S and Figure 4.4S is 

described below, to be read in conjunction with Figures 4.4.1S – 4.4.3S.   

Designers may use this process to create alternate geometry for different combinations of design 

speeds, crossfalls, coefficients of side friction, and design vehicles. The steps are as follows: 

1. Draw a straight line at 90 degree angle in the X/Y Plane. This will become the right hand 

edge line of the approach road prior to the first reverse curve 

2. Draw a circle with centre at the end of the line, set radius to travelled path radius of curve 

4 (Circulating Carriageway) 

3. Offset the straight line from Step 1 up at 1.75m.  This will become the travelled path of 

the approach road prior to the first reverse curve. 

4. Construct a circle tangential to the circle from Step 2, and the line from Step 3. Set radius 

to travelled path radius of Curve 3 (Entry Curve) from Table 4.1.1S 

5. Move the circle from Step 4 away from the circulating carriageway circle until a tangent 

can be constructed between the two circles that matches the length of the straight required 

from Table 4.1.1S (use trial and error in AutoCAD) 

6. Offset the line from Step 3 up at 7m 

7. Construct a circle tangential to the circle from Step 5 and the line from Step 6. Set radius 

to travelled path radius of Curve 2 from Table 4.1.1S 

8. Move the circle from Step 7 away from the entry curve until a tangent can be constructed 

between the two circles that matches the length of the straight required from Table 4.1.1S 

(use trial and error in AutoCAD) 

9. Construct a circle tangential to the line from Step 3 and the circle from Step 8. Set radius 

to travelled path radius of Curve 1 from Table 4.1.1S 

10. Move the circle from Step 9 away from Curve 2 until a tangent can be constructed 

between the two circles that matches the length of the straight required from Table 4.1.1S 

(use trial and error in AutoCAD) 

11. Trim the circles and join the remaining arcs and tangents to create a centreline path of 

the full approach geometry, to be used for vehicle swept path analysis. Trim the 

circulating carriageway curve to include min 180 degrees of the curve. 



12. Using vehicle swept path software such as AutoTrack or AutoTURN, apply the heavy 

vehicle design vehicle to the path created in Steps 1 – 11. Include 0.5m body clearance  

13. Using a series of arcs and tangents, trace the swept path of the vehicle along the approach 

reverse curves, and determine central island radius and circulating carriageway width. 

These arcs and tangents, with the exception of the outer right hand side of the Entry 

Curve, will become the edge line marking, and the inner left hand side of the Entry Curve 

will become the chevron outline for the heavy vehicle tracking allowance 

14. Offset the central island circle at half the width of the circulating carriageway. This is 

the path that a light vehicle will take when circulating the roundabout, in line with Section 

4.5.3 

15. Draw a line tangential to the circle from Step 14 and the heavy vehicle path Entry Curve 

16. Fillet the line from Step 15 to the line from Step 8 at a radius of 55m.  This is the path 

that a light vehicle will take on the entry curve, in line with Section 4.5.3 - Maximum 

Entry Path Radius 

17. Offset the arc from Step 16 1.0m to the inside. This will become the left hand edge 

line/chevron outline for the Entry Curve 

18. Offset the arc from Step 17 3.5m to the outside.  This will become the right hand edge 

line for the Entry Curve 

19. Join the arcs from Steps 17 and 18 to the preceding edge line curves, and the central 

island and circulating carriageway edge using tangential lines 

20. Delete the original right hand edge line of the entry curve, and associated preceding and 

following tangents 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 4.4.1S: 

 
Figure 4.4.2S: 

 
 

Figure 4.4.3S: 

 



4.5.3 Maximum Entry Path Radius 

Additions: 

Maximum entry path radii criteria is critical to producing lower overall crash rates at 
roundabouts, due to its speed reduction, and relative angles to circulating vehicle properties. 

Due to their lower tolerance of side friction, heavy vehicles typically require larger radii to 
achieve a given speed, compared to light vehicles. 

Heavy Vehicles therefore require larger entry path radii than those listed in Table 4.2, which 
are predominantly based on light vehicle performance, utilising side friction factors up to f = 
0.5. 

The process described above in Section 4.5.2 outlines the method to achieve appropriate entry 
path radii for both light and heavy vehicles. 

4.10 Superelevation, Gradient and Drainage 

4.10.1 Crossfall 

Positive or adverse crossfall 

Additions: 

The recommended crossfall to be used for roundabouts to suit heavy vehicles is 2% adverse, 
due to the following reasons: 

 Adverse crossfall on the second approach curve and the circulating carriageway allows 
for the pavement to be constructed on a single cross-plane (ignoring the effects of 
longitudinal grade). This simplifies the constructability, however the principal benefit 
is that superelevation transitions are not required, which reduces the de-stabilising 
effects on heavy vehicles, as they rotate from one crossfall to another. 

 2% adverse allows for smaller radii than 3% adverse for a given coefficient of side 
friction, and also minimises the reduction in horizontal distance between the vehicle’s 
centre of gravity and the overturning hinge point (Refer Austroads (2017) Appendix B 
for further information) 

 Adverse crossfall on the circulating carriageway provides a higher central island with 
improved visibility compared to superelevated 

 Adverse crossfall on the circulating carriageway allows for simpler drainage 
considerations compared to superelevated 

Factors to consider when providing adverse crossfall include: 

 Where adverse crossfall curves are utilised, designers need to restrict the coefficient of 

side friction to 2/3 the maximum recommended, in line with Austroads (2016) Table 

7.12, and due to the factors that affect truck stability, outlined in Austroads (2017) 

Appendix B.3 



 2% crossfall is generally the absolute minimum crossfall to be utilised for asphalt and 

bitumen sealed pavements, and requires tightly controlled construction tolerances to 

ensure positive drainage 

Where space constraints exist, super-elevated curves including the circulating carriageway may 

be considered, which may allow the use of smaller radii, however factors to consider include: 

 Superelevation transitions, particularly between the entry curve and the circulating 

carriageway, can have a de-stabilising effect on heavy vehicles as they rotate crossfall 

from one direction to the other.   

 Designers will need to carefully consider the superelevation transitions in accordance 

with Austroads (2016) and ensure that maximum rates of rotation are not exceeded. 

6. Pavement Markings and Signing 

Additions: 

6.4 High-Speed Rural Roundabout 

When catering for heavy vehicles, an increased level of signage is required at high-speed 

roundabout approaches, to conspicuously alert drivers that they need to reduce their speed prior 

to negotiating the curves.  Without appropriate signage, the reverse-curve approaches, intended 

to act as speed-reduction devices, can actually become hazardous for heavy vehicles. 

Reverse-curve approaches reduce vehicle speeds in line with the Limiting Curve Speed theory of 

the Operating Speed model. As per Austroads (2016) Section 3.6.1, this model relies heavily on 

appropriate “driver behaviour”, which, regarding heavy vehicle drivers decelerating for curves, 

relies on: 

 Drivers visually assessing the curve, and determining what speed is considered safe for 

the curve ahead 

 Decelerating to the appropriate speed for the curve by the start of the curve (unlike car 

drivers going into the curve) 

The limiting curve speed for a given radius can be significantly different depending on if the 

curve is superelevated, or adverse crossfall.  Determination of the crossfall can be difficult to 

assess visually from the drivers seat.  

Therefore, increased signage is recommended to help alert heavy vehicle drivers of the 

approaching elements and required speeds to negotiate the geometry safely. 



Figure 6.3S shows an example of recommended approach signage for a high-speed roundabout 

where significant heavy vehicle usage is expected: 

Figure 6.3S: 

 

Notes: 

1. Figure 6.3S example signage is based on the recommended example geometry outlined 

in Section 4.5.2 

2. R1-3, D4-1-1 and R2-3 signs are as per MUTCD Part 2 

3. For further information regarding G1-5 sign with supplementary advisory speed plate, 

refer TMR’s TRUM Volume 1 Part 10.  Advisory speed to be set to circulating 

carriageway design speed for light vehicles 

4. W1-8 Truck Tilting sign speed to be set to the circulating carriageway design speed for 

heavy vehicles 

5. W1-5 Winding Road and G9-9 Reduce Speed signs to be installed in advance of the first 

approach curve 

 




