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Abstract 

Two-lane highways in rural Australia perform an important task of conveying traffic across long 

distances. Some sections of rural two-lane highway are under ever increasing strain due to increasing 

traffic demand. Not all two-lane highways can be upgraded to a four lane carriageway due to cost. 

The conventional way of optimising a two-lane highway in Australia is ensuring that there is a 

desirable amount of overtaking opportunities on the section of road. However, on some sections of 

road the traffic exceeds the capacity of the road but doesn’t warrant the implementation of 

duplication.  

The 2 plus 1 (2+1) treatment can be used on the busier sections of road that contain large percentages 

of heavy or slow vehicles. This treatment is essentially providing continual overtaking lanes in both 

directions. The use of a 2+1 treatment has generally been used in Europe to improve safety, but little 

research reported the traffic performance improvements or disadvantages. 

A literature review was performed including the compilation of existing literature on 2+1 treatments 

to provide insight into how the treatment was implemented differently in each case. A concept design 

& strategy on a typical section of road was created. Analysis in HCS2010, which is endorsed by the 

Transportation Research Board (2010a), was then performed to find the existing segment of road 

performance and then the 2+1 treatment was analysed to find the improvement in performance over 

the section of road. 

From research it was obvious that no case study had implemented the 2+1 treatment the same. No 

guideline for this treatment has been detailed. The 2+1 treatment is an effective alternative to 

duplication.  
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Chapter 1 

1. Introduction 

1.1 Project Background 

The Bruce Highway is one of many rural highways in Australia struggling with capacity issues due to 

economic activity associated with the mining industry and tourism. Congestion and lack of capacity is 

a concern for the Department of Transport and Main Roads (2012) as stated in the Bruce Highway 

Action Plan (BHAP) (2012), specifically around town centres including Rockhampton, Sarina, 

Mackay, Townsville and Cairns. This is all due to extension of residential and industrial development 

(Department of Transport and Main Roads 2012). 

The capacity initiatives provided in the BHAP are overtaking lanes, two to four lane upgrades and 

possibly even six lane upgrades. However, Austroads Limited (2016) Guide to Road Design shows 

that an excellent standard of overtaking lane provision ranges from 4330-5670 AADT whilst 12,000 

vpd is the triggering factor for four lanes in the BHAP (Department of Transport and Main Roads 

2012). 

This gap in traffic volumes causes a challenge for a decision on the appropriate treatment – whether to 

maintain existing road or progress to four lanes – for the section of road. It also poses ‘gold plating’ 

concerns in regards to the funding of the project. Is this of most benefit to the community? Or could it 

have been spent elsewhere with more benefit? 

The 2+1 treatment has been successful in several countries in Europe as discussed in the literature 

review. The facilities of rural highways in Europe differ to those in rural Australia. Europe have 

access control and major intersections such as interchanges which will optimise the 2+1 treatment. 

The implementation of the 2+1 treatment in Australia may present the communities with small 

inconveniences – such as access control of properties and intersection control on minor intersections – 

but can provide a great benefit to the wider community. 

1.2 Project Aim  

The project seeks to research and deliver results on how the 2+1 treatment operates under realistic 

conditions on a rural two-lane highway using Queensland industry standards. The project will also 

provide a case study into how a typical, desirable rural two-lane highway in Queensland will change 

with a 2+1 treatment implemented. The project aims to give an indicative guide on where and how a 

2+1 treatment should be implemented in regards to traffic performance and level of service. 
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1.3 Specific Objectives 

The objective of this project is to provide an assessment of how the 2+1 treatment provides benefit 

when for different traffic parameters, particularly when parameters don’t warrant the implementation 

of four lane duplication. The main objective for a site based analysis is: 

1.3.1.1 Compare a section of desirable tow-lane rural highway with the same section upgraded to a 

2+1 treatment. The comparison will be based on the following scope: 

 The comparison will be based on traffic performance parameters. 

 There will be no benefit cost analysis undertaken. 

1.3.1.2 Further refinement of the 2+1 configuration by adjusting input parameter to find the limits 

of the treatment. 

This will allow fair comparison and a decision to be made about whether the 2+1 treatment is suitable 

for use on this type of two-lane highway section in Queensland.  

1.4 Expected Outcomes 

This analysis will provide will provide a real world analysis of the 2+1 treatment. This project should 

provide general parameters about when the 2+1 treatment can be implemented. 

The main outcome for this project is providing the situation where the 2+1 treatment parameters and 

inputs have been compiled together from previous studies and having a discussion about how it may 

be implemented and how it performs in Queensland. 

The expected outcome for the comparison is that the 2+1 treatment will have a range of traffic 

parameters that it will perform well under with rural highways in Australia.  
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Chapter 2 

2. Literature Review  
This literature review was undertaken to consolidate on knowledge on two-lane highways and also 

provide findings in relation to the 2+1 treatment implemented around the world.  

Two-lane highways are conventional transport project solutions which have had substantive research 

over time and standards have gathered this information and compiled what is appropriate for different 

road environments. Two-lane highways are not the focus of the dissertation, however, they must be 

investigated to provide criteria for analysis.  

2.1 Roadway System Elements 

2.1.1 Points 

Points are places within a facility that provide one of the following points of interest. A point may be 

where traffic streams cross, a merge or diverge; a single traffic stream is controlled by a device, i.e. 

signals; there is a significant change in the segment capacity i.e. a lane drop or addition, narrow 

bridge, significant upgrade or start or end of a ramp influence area (Transportation Research Board 

2010a) . 

2.1.2 Segments 

A segment of road comprises of a start and end point, traffic volumes and typical characteristics are 

similar along the segment, although small variations may occur. Segments may be directional if they 

do not affect one another, i.e. freeway facilities (Transportation Research Board 2010a). 

2.1.3 Facilities 

Facilities are a connected series of points and segments which may be a roadway, bicycle paths and 

pedestrian paths. The HCM separately defines freeway facilities, multilane highways, two-lane 

highways, urban street, pedestrian and bicycle facilities (Transportation Research Board 2010a). 

2.1.4 Corridors 

A corridor is generally a set of parallel transportation facilities intended to provide transportation in 

possible multiple modes between two locations (Transportation Research Board 2010a). For example, 

a corridor for a two-lane highway in rural Queensland would generally convey automobiles and 

bicycle activities.  

2.2 Uninterrupted Facilities 

An uninterrupted flow facility is ‘uninterrupted’ in that there are no external impacts on the traffic 

stream (Transportation Research Board 2010a). Facilities such as freeways under the purest 

uninterrupted flow condition with no intersections, access control and limited ramp locations. 
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Multilane and two-lane highways also operate under uninterrupted conditions between points of fixed 

interruptions, i.e. roundabouts and traffic signals. 

2.3  Traffic Concepts for Uninterrupted Facilities 

2.3.1 Volume 

Volume is the total number of vehicle to pass a given point on a section of road per interval of time. 

Volumes are generally expressed in terms of annual, daily, hourly or sub-hourly periods 

(Transportation Research Board 2010a). The analysis of two-lane highways requires directional 

volumes in hourly terms. The directional volume for a two-lane highway facility is simply a split of 

the entire volume depending on the directional split – the percentage of vehicles travelling in each 

direction. 

2.3.2 Flow Rate 

The flow rate of traffic is distinctly different than volume as the flow rate is measured as vehicles pass 

a given point in a time interval less than an hour and is expressed as an equivalent hourly rate. The 

Transportation Research Board (2010a) explains ‘For example, a volume of 100 veh observed in a 15‐

min period implies a flow rate of 100 veh divided by 0.25 h, or 400 veh/h’. 

2.3.3 Peak Hour Factor (PHF) 

The peak hour factor is used by the Highway Capacity Manual (Transportation Research Board 

2010a) to convert hourly demands into a peak 15 minute flow rate. The PHF is a ratio of the hourly 

volume and peak flow rate as shown in Equation 2-1 and can be used to find peak or off-peak 15 

minute periods. 

Equation 2-1 - Peak Hour Factor (PHF) (Transportation Research Board 2010a) 

( )

Hourly volume
PHF

Peak flow rate within an hour


 

2.3.4 Base Conditions 

The Transportation Research Board (2010b) explains that base conditions for two-lane highways 

represent the ideal, unrestricted geometric, traffic or environmental conditions which is different to 

the typical or default conditions of a specific site. Base conditions are universal for any two-lane 

highways and are defined by geometric conditions as follows: 

2.3.4.1 Traffic lane width of  3.66m (12ft) 

2.3.4.2 Clear shoulders equal to or greater than 1.83m (6ft) 

2.3.4.3 No no-passing zones 

2.3.4.4 All vehicles are passenger cars 

2.3.4.5 Level terrain 
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2.3.4.6 No hindrance to through traffic (intersection, turning vehicles etc.) 

The above points are all factors that affect the operation of two-lane highways. Lane widths and 

shoulder narrow than specified has been shown to reduce speed sand increase percent time spent 

following (PTSF). 

2.3.5 Level of Service (LOS) 

Austroads Limited (2013a) describes level of service (LOS) as a qualitative measure of operational 

conditions in a traffic stream, and their perception by motorists. LOS is generally measured, 

depending on the environment, as speed and travel time, delay density, freedom to manoeuvre, traffic 

interruptions, comfort, convenience and safety. There are six levels of service ranging from A to F 

which are described for uninterrupted flow in Table 2-1. 

For appropriate analysis and comparison there are quantitative measures that vary from jurisdiction 

that need to be applied to determine LOS and performance, depending on the road flow and type. 

Austroads Limited (2013a) has summarised that measures recommended for use to adequately assess 

roads in Table 2-2.  
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2.3.6 Access Management 

Access management, or access control, is related to access-point density. Access control is 

management of all access points onto a roadway. It is necessary to ensure safe access and to allow the 

road to perform well. The current practice for access management may include the following 

measures to optimise and improve safety on particular segment.  

Regulatory bodies can plan to provide access management to control access to abutting developments. 

These may partly or fully restrict driveways, local roads and paths from having access to the major 

roadway. A common measure provided by regulatory bodies is land zoning controls, i.e. planning for 

a vegetation reserve adjacent to the road corridor (Austroads Limited 2017). Conditions in planning 

permits can also prove effective for planning authorities. 

Geometric design can incorporate access management using elements such as service roads, raised 

medians, or by providing constrained vertical geometry, i.e. a road in a cutting. This method of 

management focuses the access at major intersections and governs more suitable locations for access 

by service roads or local roads (Austroads Limited 2017). 

Traffic regulation is also an effective way of managing access control by erecting road furniture, i.e. 

signs, islands and barriers (Austroads Limited 2017). This may be a common way of rectifying an 

access management concern after the fact of implementation of a project. 

2.3.7 Intersection Treatments 

A variety of turn treatments are used on Australian roads. These include basic, auxiliary and 

channelized turn treatments, all of these types have both left and right turn options. The basic turn 

treatments implement pavement widening that allows through vehicles to slow but pass the propped 

vehicle that wishes to turn (Austroads Limited 2016). The axillary treatment provides pavement 

widening and delineation to improve safety further from the basic turn treatments. Whilst auxiliary 

turn treatments are common and used widely, they are not as safe as a channelized turn treatment. A 

channelized turn treatment is considered the safest at grade turn treatment in use on two-lane 

highways in Australia. The use of a median island – painted or raised concrete – is generally used and 

deflects the trough traffic away from turning vehicles (Austroads Limited 2016). 
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A turn treatment is warranted for implementation on a road based on the traffic volumes the 

intersection experiences (Austroads Limited 2016). High speed rural roads (>100km/hr design speed) 

and lower speed or urban roads have different warrants due to the increase in accident severity. It is 

recommended that an adoption of a higher order turn treatment is used to prevent compounding 

design minima.  

 

Figure 2-2 - Turn Warrants for High Speed Environments 

2.4 Two-Lane Highways 

Two-Lane highways are roads which provide one carriageway with a lane in each direction for 

vehicles. The principal characteristics that separates two-lane highways from other uninterrupted flow 

facilities – such as freeway and multilane facilities - is that vehicles utilise the opposing lane to pass 

slower vehicles (Transportation Research Board 2010b). 

Two-lane highways are utilised all over the world and serve an integral part in transportation networks 

by connecting major trip generators and primary links to state and national highway networks. Mainly 

long distance commercial and recreational travellers, particularly in less built up, rural areas. Some 

rural two-lane highways also provide a scenic route for tourists which are meant to enjoyed by traffic 

without interruption by traffic or delays(Transportation Research Board 2010b). 

2.4.1 Classification of Two-Lane Highways 

There are three classes of two-lane highways that differentiate the purpose of the route, for example, 

long distance trips, commuter trips, scenic routes etc. Class I and II address rural two-lane highways 

and class III address two-lane highways in developed areas. The analysis approach differs between 

class I, II and III (Transportation Research Board 2010b). 

2.4.1.1 Class I Two-Lane Highways 

2.4.1.2 Class I two-lane highways are assigned to major commuter, major intercity routes, major 

links in state and national highway networks or primary connectors of major traffic 
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generators, mainly for long distance trips or providing connections between facilities that 

provide long distance trips. Driver expectation for this classification is to travel at relatively 

high speeds(Transportation Research Board 2010b). 

2.4.1.3 . Class II Two-Lane Highways 

2.4.1.4 Class II two-lane highways are assigned to scenic or recreational routes where the 

expectation of high speed is not possible due to mountainous terrain. Trip length is short in 

comparison to class I facilities and class II facilities may provide connection to Class I 

facilities(Transportation Research Board 2010b).  

2.4.1.5 Class III Two-Lane Highways 

2.4.1.6 Class III two-lane highways serve as moderately developed areas class III may contain 

portions of class I and II when passing through small towns and developed recreational 

areas. In these segments through traffic may interact with local traffic and there is a higher 

density of un-signalised roadside access points which are noticeably higher than in a purely 

rural area. Class III segments may be longer passing through spread-out recreational areas 

and may be accompanied by reduced speed limits due to the high activity level 

(Transportation Research Board 2010b).  

The definition of two-lane highways is based on their function or network priority. Arterials or trunk 

roads and generally class I highways, whilst collectors or local roads are generally Class II or III 

highways. However, the determination of a facility is the motorist’s expectation of the facility 

(Transportation Research Board 2010b).  

Transportation Research Board (2010b)  provides an example of this conflicting situation ‘For 

example, a major intercity route passing through a rugged mountainous area might be described as 

Class II if drivers recognize that high‐speed operation is not feasible due to the terrain, but the route 

could still be considered to be in Class I’. 

2.4.2 Passing Lanes  

A passing lane is an additional lane provided in one (or two, simultaneously) directions of travel on a 

typical two-lane highway to definite passing opportunities to motorists (Hardwood 1987). The 

common definition of a passing lane is recognised by the HCM (Transportation Research Board 

2010a) and Hardwood (1987) includes passing lanes in rolling or level terrain, short four lane sections 

and climbing lanes in mountainous terrain. 

Most of the problems associated with two-lane highways result from a lack of passing opportunities. 

The can be due to limited sight distance of the oncoming traffic, and also heavy oncoming traffic 

volumes. Passing lanes are an effective solution to providing definite passing opportunities for 
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motorists to reduce congestion and driver frustration without having to implement a four-lane 

highway (Hardwood 1987). 

Passing lanes perform two functions which are reduction in delays at specific bottleneck locations 

such as mountainous terrain and slow vehicles; and improvement of overall traffic operations cause 

by insufficient passing opportunities on longer segments of  two-lane highways (Hardwood 1987). 

Hardwood (1987) stated that the original use of passing lanes were as climbing lanes in the bottleneck 

type locations. This then evolved into passing lanes due to a lack of funds for improvements and 

major upgrades. In practice, passing lanes may provide both functions and it may be difficult to draw 

a distinct line between which function a specific passing lane may be serving (Hardwood 1987).  

The analysis of a climbing lane considers only the bottle neck location which, once a passing lane is 

implemented, shoulder provide the same level of service as the adjacent two-lane highway. A passing 

lane should consider an extensive length of highway in which improvements will be made, typically 

from five to 50 miles (Hardwood 1987). 

2.4.3 Average Travel Speed 

Average travel speed (ATS) is length of a segment of road divided by the time it takes all vehicles to 

traverse the segment. Average travel speed is a level of service indicator for Class I and II two-lane 

highways, it represents the mobility (Transportation Research Board 2010b). The closer the ATS is to 

the operating speed of the segment the better level of service. 

2.4.4 Percent Time Spent Following 

Percent time spent following (PTSF) is the average percentage of time vehicles platoon behind a 

vehicle before performing a passing manoeuvre. In regards to level of service, PTSF represents the 

freedom to manoeuvre, the comfort and convenience of travel. Due to the difficulty to measure in the 

field PTSF is measured as the percentage of vehicles travelling with less than three seconds headway. 

PTSF also represents the percentage of vehicles travelling in platoons (Transportation Research Board 

2010b). 

The 2+1 treatment is a series of overtaking lanes and PTSF is changed when an overtaking lane is 

implemented on a section of road. The effective length of the passing lane is considered as the passing 

lane as well as the downstream section which has an improved PTSF(Transportation Research Board 

2010b).  

The concept of effective length is required for analysis purposes to determine the downstream benefits 

of the passing lane. The effective length may vary from 3-8 miles depending on length, traffic flow 

and downstream passing opportunities (Hardwood 1987). The effective length of passing lanes may 

be constrained by downstream features such as small towns, four lane sections, or additional passing 
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lanes. In this case the effective length will be reduced to the start point of the downstream constraint if 

it continues past that start point (Hardwood 1987). 

2.4.5 Relationships between Flow Rate, PTSF & ATS 

2.4.5.1 Passing Capacity 

Due to the need of vehicles to pass in the opposing direction of flow on two-lane highways the 

opposing flow rate and distribution of gaps limits the passing capacity (Transportation Research 

Board 2010b) 

2.4.5.2  Passing Demand 

An increase in passing demand is due to vehicles platooning behind slower vehicles in a given 

direction. As more drivers add to the platoon the passing demand increases (Transportation Research 

Board 2010b). 

2.4.5.3 Capacity 

Base conditions result in a capacity of 1700 passenger cars per hour (pc/h) in one direction. However, 

this capacity cannot be maintained in both directions. For one direction to maintain capacity the 

opposing lane must stay below 1500pc/h. This is due to passing capacity and demand. From this 

theory Figure 2-3 illustrates the effect on LOS parameters below. 
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Figure 2-3 - Speed-flow and PTSF Relationships for Directional Segments with Base 

Conditions 



24 

 

2.5 2+1 Treatment 

The 2+1 treatment is a three lane highway design where the centre lane is used as a passing lane, or 

overtaking lane as it’s referred to in Australia. The 2+1 treatment is an attractive alternative to rural 

highways in Europe but is yet to gain traction in Australia. The treatment has been shown to provide 

significant safety improvements and brief section of the literature has shown improvements in the 

level of service on the roads (Derr 2003). 

 

2.5.1 Cross Section 

Table 2-3 shows the different cross sections adopted across the literature and any additional 

commentary shown below. Refer to Figure 2-4 for an illustration on cross sectional dimensions. 

 

Figure 2-4 - Cross Section Dimensions 
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scheme was made in an aim to reduce fatal head-on accidents on single carriageway roads and 

the construction of the two provided cross sections was green field design. 

3. Derr (2003) Discusses Germany’s previous adopted two-lane highway was also a wide 

carriageway configuration similar to Ireland’s conventional highway. The safety performance 

was not satisfactory as many drivers did not use them in accordance with the intended use. 

Driver’s used the roadway as a four lane configuration with slower vehicles used the shoulder 

and passenger cars used the through lanes. Simple re-configuration of pavement marking was 

required due to sufficient pavement width. 

4. Derr (2003) reports that Finland had to provide pavement widening on some sections and 

strip pavement marking to implement the 2+1 treatment. The Finnish Road Administration 

considered this as a relatively inexpensive way of address the need to improve traffic flows 

without providing four lanes. 

5. The issue that arises with the use of median barriers use is the available width of the median 

and deflection for the barrier product. The vehicle may enter the opposing lane if errant and 

come to stop in the opposing traffic lane (Derr 2003). This creates a higher maintenance cost 

while the barrier doesn’t provide the solution intended. There may be some associated 

deterrence or shy line that may keep drivers alert. Another issue is the provision for 

maintenance and emergency vehicle access at intervals. 

2.5.2 Segment Configuration & Performance 

The significant elements of pavement marking of a 2+1 treatment are the changeovers. This is where a 

lane is dropped or gained. The two types are known as critical and non-critical (Derr 2003). A non-

critical changeover is a lane-gaining situation where both directions are diverging. A critical transition 

is where both directions of traffic are merging, this is known as critical due to the risk of the 

manoeuvre.  

Derr (2003) reported that the desirable length of 2+1 treatment is from 4-6km, however, sections up to 

15km have been considered successful. Consideration needs to be made on the length of overtaking 

segments as the then traffic increases the passing lane will need to increase. Optimal passing lane 

length is reliant on the flow rate of vehicles. 

  





28 

 

 

Figure 2-5 - End of Passing Lane Configurations 

 

2.5.3 Intersection Treatments 

Germany, Finland and Sweden adopt the use of grade separated intersections for new construction to 

optimise efficiency of the 2+1 treatment. Finland adopts a loop turn for any at grade intersections. A 

loop turn is a facility where to turn right the vehicle leaves the through carriageway via a left turn 

lane, then loops around and cross the major road perpendicularly which provides no disturbance to the 

through traffic and provide optimal sight distance to the major road (Derr 2003). 

2.5.4 Safety 

The accident rates are all reportedly significantly lower than conventional two-lane highways (Derr 

2003). Germany was found to have a reduction in accidents of 36% on their 2+1 treatments over 

360km. Finland has estimated that the two-lane highways with the 2+1 treatment (48km) 

implemented resulted in a 22-46% reduction in accident rates. Sweden observed a 55% reduction in 

fatal and injury accidents after implementation of 400km worth of 2+1 treatments (Derr 2003). 

2.5.5 Speed Environment 

The posted speed limit adopted in Germany, Finland and Sweden on 2+1 roads is 100km/hr. Finland 

enforce an 80km/hr speed limit for trucks (Derr 2003). Germany also reduces the speed limit down to 

70km/hr at intersection and interchanges. 

Derr (2003) mentions that before and after studies concluded in Finland that the amount of passing 

increased 20-40% in day time traffic and more than doubled in the weekend period. However, the 

passing at the downstream ends of the 2+1 decreased which is positive from a safety point of view. 

2.5.6 Community Acceptance 

A survey was conducted in Germany between 1983 and 1988 Figure 8 shows the results of driver’s 

opinions. A survey in Finland also yielded positive results indicating 80% of drivers prefer the 2+1 

treatment over a two lane road. Police in Finland and Sweden report that drivers adapted quickly to 

the 2+1 roads (Derr 2003). 
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The use of heavy vehicles is briefly discussed by Derr (2003) in that the 2+1 treatment has a wide 

range of uses and is considered effective even with a high percentage of heavy vehicles. Derr (2003) 

reports that Danish drivers had positive experiences. Heavy vehicle usage in Denmark was up to 12% 

heavy vehicles on the route. 

 

Figure 2-6 - Denmark survey results (Derr 2003) 

2.6 Highway Analysis Methods 

2.6.1 Two-Lane Highway Analysis 

The HCM (Transportation Research Board 2010b) states that the methodology for operational 

analysis of two-lane highways is mostly directed at finding a LOS of uniform directional segments of 

two-lane highways by estimating PTSF and ATS. Whilst the two directions of flow interact with 

passing manoeuvres in the opposing traffic lane, analysis must be made in each direction separately. 

The HCM states that all segments in mountainous terrain and any grades steep than 3% must be 

analysed independently due to the nature of a climbing lane (Transportation Research Board 2010b). 

Limitations of the methodology as described in the HCM (Transportation Research Board 2010b) 

does not have the capability to analyse any signalized intersections or any segments between 

signalised sections less than 2 miles long. These segments are classified as urban streets and shoulder 

be analysed as such. 

Figure 2-7 Illustrates the computational steps required to complete analysis as described in the HCM 

(Transportation Research Board 2010b). 
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2.6.2 Passing Lane Analysis 

The HCM (Transportation Research Board 2010b) describes a procedure to estimate the effect that a 

passing lane will have on a two-lane highway in level and rolling terrain. On specific grades, passing 

lanes are considered as climbing lanes which are addressed differently. Figure 2-8 illustrates the effect 

Figure 2-7 - Two-Lane Analysis Methodology (Transportation Research Board 2010b) 
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a passing lane will have on a passing lane. It is important to note that the length of segment is critical 

in that an analysis segment that only contains the passing lane will have seemingly larger benefits 

than a segment that runs between two points of similar characteristics (Transportation Research Board 

2010b). It is critical to choose start and end points of the analysis segment correctly and sensibly. The 

HCM discussed that the four regions of a passing lane – the upstream length, passing lane length, 

effective downstream length and the downstream length must add up to the total length of the 

segment. Refer to Figure 2-8 for illustration of the four regions. 

 

Figure 2-8 shows the solid lines is the PTSF on the segment of road before a passing lane was added, 

the dashed line shows the PTSF changing when the passing lane is added. The addition of a passing 

lane reduces the PTSF by allowing vehicles to safely carrying out a passing manoeuvre. It falls 

dramatically over the length of the passing lane and also has an effective length downstream of the 

passing lane. Installation of passing lane can affect the whole segment, depending on the length of the 

segment (Hardwood 1987). 

To undertake an analysis of a passing lane the analysis of the segment must be conducted without the 

passing lane to get the base PTSF and ATS. The HCM (Transportation Research Board 2010b) that 

the downstream effective length of a passing lane may be required to return to region four at the 

following locations: 

 The highway environment radically changes, such as entering a small town 

 A major unsignalised intersection 

 A signalised intersection affects the performance of the two-lane segment 

 The terrain changes significantly 

 Lane or shoulder widths change dramatically 

Figure 2-8 - Effect of Passing Lanes on PTSF (Transportation Research Board 2010b) 
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Hardwood (1987) agrees with the above definition of extents for the effective length of the passing 

lane with one addition, that the effective length of the passing lane returns to region four values when 

another passing lane is encountered. This is especially important when the 2+1 treatment has multiple 

passing lanes close together within a segment. 

The limitations of the HCM is that for the purpose of analysis the effective length of downstream 

benefit from passing lanes is not seen as the passing lane analysis requires the effective length to be 

cropped to the start of the obstruction, in this case the passing lane. The benefit of the 2+1 treatment 

isn’t seen using this methodology. 

2.6.3 2+1 Treatment Analysis 

Luttinen (2001) acknowledges that the HCM (2000) does not have a procedure to analyse the 2+1 

treatment – or three-lane highway. This is still the case with the latest HCM (Transportation Research 

Board 2010b). The results as described by Luttinen (2001) are only tentative and further research is 

required to develop a firm methodology for the analysis of 2+1 treatments. 

The HCM (2000) can be applied with some modifications, to analyse 2+1 highways. The modified 

method is based on previous simulation results acknowledged by (Luttinen 2001).  

The methodology as presented by Luttinen (2001) uses this notation: 

 Flowrate (qd) in observed direction 

 Distance (dU) upstream of the first passing lane 

 Lengths (dL,i) of the passing lanes 

 The effective length (dD,i) downstream of the effective length of each passing lane 

 ATS (vs, U) on a passing lane section outside the effects of the passing lane 

This methodology provides equations for the calculation of the ATS of the downstream effective 

length of the passing lane (Equation 2-2), the ATS between the passing lane and the next passing lane 

(Equation 2-3) and an equation that provides an ATS if the effective length of the passing lane is 

longer than the distance to the next passing lane (Equation 2-4) (Luttinen 2001). The methodology 

also provides an equation to find the ATS across the 2+1 segment (Equation 2-5). 
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Equation 2-2 

 

 

Equation 2-3 

 

 

Equation 2-4 

 

 

Equation 2-5 

 

The methodology also tentatively provides equations for the calculation of PTSF on 2+1 segments. 

The equations provided are for the calculation of PTSF of the downstream effective length of the 

passing lane (Equation 2-6), the PTSF between the passing lane and the next passing lane (Equation 

2-7) and an equation that provides an PTSF if the effective length of the passing lane is longer than 

the distance to the next passing lane (Equation 2-8) (Luttinen 2001). The methodology also provides 

an equation to find the PTSF across the 2+1 segment (Equation 2-9). 

The methodology provided by Luttinen (2001) requires validation as reported, this methodology 

needs to be acknowledged but due to the nature of the methodology not being sound it will not be 

utilised in the calculation of any values for this project. 

  



34 

 

Equation 2-6 

` 

Equation 2-7 

 

Equation 2-8 

 

 

Equation 2-9 

 

  



35 

 

Chapter 3 

3. Methodology 
This project seeks to provide a comparison between a rural two lane highway and a 2+1 treatment 

suited to Australian driver’s expectations. . A comparative analysis of a segment of existing highway 

against a 2+1 treatment will be undertaken using standards discussed in Chapter 2. 

3.1 Research 

The process of gathering information was undertaken in the literature review in Chapter 2. This 

involved gathering literature on 2+1 treatment implementations as well as investigating current 

Australian industry standards for two-lane highways and analysis methods. For the purpose of this 

dissertation the Australian industry standards are not being questioned, assessed or interrogated. 

Conflicts between the findings from foreign literature and Australian industry standards may be a 

point of discussion for the outcomes of this dissertation, however implementation in Australia will 

most likely result in the adoption of industry standards to maintain consistency. However, the 

literature is crucial in forming a knowledge base and how conditions and solutions are different in 

Australia. 

3.2 Data Sources & Current Standards 

The documents considered as industry standards for use in this dissertation are: 

3.2.1.1 Austroads Guide to Road Design (Austroads Limited 2016) 

3.2.1.2 Austroads Guide to Traffic Management (Austroads Limited 2013a)  

3.2.1.3 Highway Capacity Manual (Transportation Research Board 2010a) 

All data sources explored in the literature review will be compiled and considered along with the 

above mentioned industry standards to provide a basis for implementation and guidance in application 

of the 2+1 treatment in Queensland, Australia.  

Traffic and road data has been obtained from the Department of Transport and Main Roads which will 

be used in the computer software Highway Capacity Software (HCS) (McTrans 2010) which is 

endorsed by the Transportation Research Board (2010a) as it performs calculations as specified in the 

Highway Capacity Manual (2010). Austroads Limited (2013a) refers to the HCM in regards to traffic 

analysis and calculations. The data received from TMR is as follows: 

3.2.1.4 AADT segment reports (Appendix A) 

3.2.1.5 Classified vehicle reports (Appendix B) 
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3.2.1.6 Weekly volume reports (Appendix C) 

3.2.1.7 Intersection Traffic Counts (Appendix D) 

3.3 Evaluation of Traffic Performance 

The analysis undertaken as part of this dissertation will provide outcomes of the traffic performance 

when the 2+1 treatment has been implemented (theoretically) compared to the existing highway on a 

segment of road suited to possibly implementation of the 2+1 treatment. 

3.4 Case Study & Analysis Method 

A case study will be undertaken on a segment of road depending on the area of data supplied by 

TMR. The location will be limited by the supply of this data. TMR recommended that the use of data 

from Sarina to Hay Point. This will require use of the Australian industry standards as mentioned 

above.  

A basic desktop survey using publicly available GIS information will be required to establish start and 

end points of segments, intersection locations, existing passing opportunities and private accesses. 

This information will be supplied as a schematic for viewing and use in analysis. 

Using this information the parameters required for input into HCS (McTrans 2010). In order to 

undertake analysis on the segment of highway various parameters need to be adopted and calculated. 

Some further calculation may be required to finalise the values as well as converting into imperial 

measurements for use in the software. The software requires multiples runs to add a passing lane into 

the segment. 

Depending on results a growth factor is to be applied to the traffic for a period into the future, i.e. a 10 

year prediction of traffic demand to see the breakdown in performance of the two-lane highway and 

the performance of the 2+1 treatment. If there is no apparent difference in the traffic performance 

between the two scenarios an inflated traffic volume will be adopted to provide insight into future 

requirements for the segment of road. 
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3.4.1 Location 

The location chosen for the analysis was based on advice from a spokesperson of the Department of 

Transport and Main Roads Queensland. The location was the segment of two-lane highway between 

Sarina and Hay Point situated south of Mackay. Figure 3-1 Figure 3-1 – Sarina to Hay Point Road 

(Bruce Highway)illustrates the segment, the segment starts after Bells Creek as the township of Sarina 

extends to the bridge as well as the intersection of Sarina-Homebush Road. The location between 

major town centres is shown in Figure 3-2. Both Mackay and Sarina are major traffic generators 

which require commuter, heavy vehicles and commercial vehicles to travel on the Bruce Highway for 

a wide range of activities. 

 

Figure 3-1 – Sarina to Hay Point Road (Bruce Highway) 
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Figure 3-2 - Locality - Mackay to Sarina 

 

3.4.2 Input Data 

3.4.2.1 Terrain 

The terrain from Sarina to Hay Point Road is considered as rolling due to slight grades in both 

directions. These grades were observed affect heavy vehicles during several drive throughs. 

Unfortunately exact grades were not attainable in the data provided by TMR. 

3.4.2.2 Shoulder & Lane Width 

Lane width and shoulder width shall be adopted from the Guide to Road Design Part 3 (Austroads 

Limited 2016) as specified in Table 4.5 for single carriageway rural road widths. The guide 

recommends lane width of 3.5m. The same table recommends a total shoulder width of 2.5m which 

satisfies bicycle demand requirements of Table 4.7 of 2.0/3.0m. The width of 2.5m along the whole 

segment will be assumed due to frequent private accesses which will allow a car to stay in its lane to 

manoeuvre around the vehicle entering private property. 
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3.5 Consequential Effects 

The result anticipated by this dissertation is that there will be a greater awareness of the 2+1 treatment 

in Australia and that there are environments where this treatment may be implemented to benefit road 

users in Australia. The comparison between a two-lane highway and the treatment will be able to be 

made.  

The dissertation will determine whether this segment of road will benefit from implementation of the 

2+1 treatment now and into the future. Recommendations of changes to implementation of the 

treatment to potentially optimise will be provided for research in the future.  

Literature has already established that this treatment is also an appropriate safety measure for rural 

highways and that is an aspect that will benefit the community. Generally speaking the public’s 

perception of the implementation of the 2+1 treatment would be positive due to the anticipated 

improvements in traffic performance and likely improvement in safety. 

3.6 Resource Requirements 

This project is predominantly research based, to complete this projects usage of internet and contact 

with industry professionals is required.  The project will require the following resources: 

 Traffic data supplied by TMR 

 Australian industry standards 

 CAD software 

 HCS software (McTrans 2010)  

 General office software 

 Camera 

3.7 Risk Assessment 

A personal and project based risk assessment is produced below aligning with Australian Center of 

Healthcare Governance (2013). The risk matrix used for the assessment is documented below along 

with likelihood descriptions. There a minimal personal safety issues to deal with if due care is taken 

around roads and whilst driving. The major project risk is obtaining relevant standards as well as 

obtaining relevant software for desired analysis, this has a monetary constraint if hazard occurs. 
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Chapter 4 

4. Discussion 
The research and analysis was carried out according to the methodology described in Chapter 3 and 

the following observations, findings, constraints and opportunities were obtained. 

4.1 General Observations 

4.1.1 Literature Review 

The cross section of all nations mentioned in the literature had varied dimensions and methods for 

implementation. Some countries implemented the 2+1 treatment with pavement marking only or 

pavement widening and marking.  

In Australia for the implementation of the 2+1 treatment using typical existing pavement widths 

extended design domain or design exception documentation will most likely be required due to the 

minimal technical advice in prescribed standards. A standard two-lane highway in Queensland is 

typically 13 metres wide consisting of 2m shoulders, 3.5m traffic lanes and a 1m wide centre line 

treatment. The compromise in width when comparing with Australia is generally in the shoulder area. 

This would raise concerns in design for bicycle road users as well as vehicles turning into private 

property being unprotected. 

The segment configurations across all four countries were relatively uniform. It was observed that the 

diverge for all reports were quite short compared to that specified in the Guide to Road Design 

(Austroads Limited 2016). The guide specifies 110m for a diverge in a 110km/hr design speed, it is 

recognised that some nations posted speed limits were lower but the 25-30m diverge tapers reported 

wouldn’t be suitable for implementation in high speed rural applications. The merge tapers reported 

are similar to what is recommended in Austroads Limited (2016). The passing lane lengths found in 

the literature review are similar but longer than generally prescribed in Australia. The desirable length 

of overtaking lane in Australia is 1360m including tapers. 

The intersection treatments implemented throughout the literature are significantly different to what 

Australian road authorities implement. Rural two-lane highways in Australia generally don’t employ 

grade separated interchanges or loop turns. Loop turns may be a viable option in Australia for safety 

purposes and minimal disruption to traffic flow. However, this treatment will require a wider road 

corridor at intersections. The use of grade separated intersections in rural Australia is unrealistic 

unless the ultimate design of a divided carriageway is foreseen within a reasonable time frame. The 

use of interchanges and entry/exit ramps will generally not provide a high benefit-cost ratio. 

The accident reductions reported in the literature is substantial. All countries reported large reduction 

in accidents ranging from 22-55%. The types of accidents weren’t discussed in the literature. The key 
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Figure 3- Existing Segment Results 

  





51 

 

 

 

 

 

Figure 4 - 2+1 Segment Results 
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4.1.2.3 Limitations 

A major constraint that may limit the results of the analysis of the results is that the methodology 

generally used when analysing passing lanes as discussed in the literature review was that the 

effective length of passing lane for the purposes of analysis finishes at the start of the next passing 

lane or feature. This may be true for a fixed interruption such as a roundabout or traffic signals, 

however, PTSF and ATS are returning to existing conditions and a passing lane start then there may 

be a compounding effect on the downstream passing lanes. This limits the effectiveness of the 2+1 

treatment when comparing results. 

Chapter 5 

5. Conclusions 
From the literature review and case study the following conclusions can be made. 

Australian industry standards can be used for majority of the design required for implementation of 

the 2+1 treatment. A cross section comprising of common dimensions would be suitable for different 

jurisdictions to keep drivers familiar with the geometry and environment. Some technical direction 

from authorities on elements of the 2+1 treatment is required. The central median usage, 

implementation of a barrier system and the changeovers of passing lanes are the elements that need 

technical advice to provide a uniform configuration for drivers to familiarise themselves with. 

Intersection treatments in Australia will most likely be the standard turn treatments – BA, AU and CH 

– as discussed in the literature review due to the cost of implementation of loop turns, interchanges 

and entry/exit ramps. There is opportunity to use turn treatments as start and termination points of 

passing lanes. The use of loop turns may need to be considered as location specific issues arise from 

the implementation of the 2+1 treatment. 

The safety improvements seen in the reported nations are significant across the board. The reduction 

in crashed in Australia may be significant also but it may be beneficial to provide the 2+1 treatment in 

known black spots across Australia for the most benefit to the community. 

The traffic performance shown in the case study was beneficial. . The existing segment has two 

passing lanes in each direction which provided an overtaking lane provision between 30-70% which is 

regard as ‘Good’ by Austroads Limited (2016). The decision to include them in the analysis was 

beneficial as it let us compare three scenarios – a two-lane rural highway with no overtaking lane 

provision, a two-lane highway with good overtaking lane provision and a 2+1 treatment. Ultimately 

the existing segment was improved by one LOS by the 2+1 treatment. However, the implementation 

of regular overtaking lane provisions may also provide the desired effect. 
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5.1 Recommendations 

The 2+1 treatment is an effective engineering solution to problems seen on two-lane highways all 

around the world. The treatment must be predominantly regarded as a safety improvement treatment 

but also has level of service improvements. If traffic performance is the desired outcome than a 

regular provision of overtaking lanes may solve the problem.  

The use of the treatment for safety improvement is evident and will reduce severe to fatal crashes in 

Australia based on the literature reviewed. Overtaking manoeuvres performed on increasingly busy 

roads is becoming common due to more heavy vehicles and increased driver frustration. 

If road authorities are looking to implement the 2+1 treatment in their jurisdiction than a uniform set 

of standards are required as they are currently not present and even vary across Europe. Each country 

applied relatively uniform cross sections and configurations. 

5.2 Further Work 

Further work is required on many different aspects to create a suitable implementation of the 

treatment by engineering professionals with sufficient knowledge and advice to enable it. 

Investigation into the calculation of traffic performance measures to challenge or validate the use of 

the method specified by the Highway Capacity Manual (Transportation Research Board 2010a) for 

passing lanes in close succession as typical in a 2+1 treatment. 

Development of a meaningful guideline is required, satisfying safety, traffic performance and 

geometric details. The guidelines should advise what safety and accident history would trigger the 

treatment to determine suitable locations for the use of the treatment. 

More specific aspects to develop a guideline are crash types and percent time spent following. Crash 

types are crucial to ensuring the treatment is effective. For example, the 2+1 treatment can address 

head-on crashes where a vehicle is trying to perform a passing manoeuvre and collides with a car 

travelling in opposing traffic lanes. This can be caused out of poor sight distance or driver frustration 

with no passing opportunities along the segment. PTSF may be a good secondary indicator as to 

where the treatment should be implemented; it will relate to driver frustration and become 

measureable as opposed to anecdotal. 

Field surveys could be conducted to challenge or validate HCM’s downstream PTSF and ATS 

predictions. The HCM will most likely be accurate when passing lanes don’t interact with each other 

in regards to PTSF and ATS. However, traffic performance when the traffic has knowledge of passing 

opportunities are coming up may be different. 

An Investigation into the use of an alternative method of modelling the 2+1 treatment may be 

required. The use of HCS2010 may not be accurate due to the simplified nature of the calculation. 
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Validation of alternative models would be beneficial against 2+1 treatments or passing lanes in close 

succession, particularly where the effective length downstream for PTSF and ATS is limited to the 

next passing lane. Alternative modelling software or calculations may include the use of 

microsimulation software such as VISSUM. Validation of the tentative formulas provided by Luttinen 

(2001) may also be beneficial.  

Location specific benefit-cost ratios of relevant locations would be the next major step to providing 

evidence against implementing the 2+1 treatment. The benefits and costs associated with the 

treatment and the community in Australia may be quite different to that in Europe. 
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Appendix B – AADT Segment Report 2016 
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Appendix C – AADT Segment Report 2015 
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Appendix D – Classified Vehicle Report 
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Appendix E – Weekly Volume Report 
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Appendix F – Case Study Schematic 
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Appendix G – Analysis Outputs 
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