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1 Introduction 

This document defines the design and infrastructure requirements for entry ramp signalling on 

Queensland’s managed motorways. 

This guideline is issued under the authority of Section 166 of the Transport Operations (Road Use 

Management) Act 1995. The contents of this guideline are issued as an 'approved notice' under 

Section 166(2) of said Act. 

1.1 Definition of terms 

Table 1.1 – Definition of terms 

Term Definition 

Algorithm Programmed logic sequence within the ramp signalling system which transforms 
traffic data and operator input into traffic control commands 

Capacity The maximum sustainable flow rate at which vehicles can reasonably be expected 
to traverse a point or uniform segment or a lane or roadway during a specified time 
period in a specified direction under prevailing roadway, geometric, traffic, 
environmental and control conditions 

Cycle A complete sequence of signal phases 

Downstream In the direction of the movement of traffic 

Flow The number of vehicles passing a given point on a lane, carriageway or road per 
unit of time 

Flow 
breakdown 

The condition where free-flowing traffic experiences significant and sudden 
reduction in speed, with a sustained loss of throughput 

Mainline The main through carriageway as distinct from ramps and collector-distributor 
roads, this is the carriageway carrying the main flow of traffic and generally passes 
straight through at an interchange 

Managed 
motorway 

The managed motorway is one that has the necessary infrastructure and Intelligent 
Transport Systems (ITS) which enable upstream demand and operations to be 
managed to meet downstream capacity; the managed motorway standard allows 
the road operator to dynamically manage operations to minimise congestion due to 
flow breakdown 

QPS Queensland Police Service 

Throughput The maximum volume that is achieved at a given point during a given time period 

Upstream In the direction opposite to the movement of traffic 

VMS Variable message sign 

VSL Variable speed limits 

VSLS Variable speed limits sign 

Wait time The period of time a vehicle must wait on an entry ramp when ramp signals are 
operational 
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1.2 Related documents 

Table 1.2 – Related documents 

Document ID Document name/description 

Austroads Guidelines • Guide to Road Design 

― Part 4C Interchanges 

― Part 4A Unsignalized and Signalized Intersections 

• Guide to Smart Motorways 

Austroads Report Freeway Design Parameters for Fully Managed Operations 

MUTCD Queensland Manual of Uniform Traffic Control Devices 

RPDM Road Planning and Design Manual Volume 5 Intelligent Transport 
Systems 

TRUM Traffic and Road Use Management manual Volume 4 Intelligent Transport 
Systems and Electrical Technology Part 5 Configuration and placement of 
vehicle detection 

MRTS Transport and Main Roads Technical Specifications: 

• MRTS202 Variable Message Signs 

• MRTS227 Changeable Message Signs 

• MRTS204 Vehicle Detector 

• MRTS229 Electronic Traffic Control Signs 

VicRoads Guidelines Managed Freeways: Freeway Ramp Signals Handbook 

2 Background 

Motorway ramp signals are used to control the rate at which traffic enters the motorway. They are 

installed to improve the operation of the mainline motorway and improve the merging movement onto 

the motorway. Motorway ramp signals are traffic signals as defined by the Road Rules and, hence, the 

ramp signalling design relies on compliance by drivers. 

The objective of the system is to use signals to release vehicles at a variable calculated rate that is 

based on the mainline traffic flow conditions. This reduces the probability of flow breakdown and 

congestion occurring and enables smoother and safer merging of vehicles at entry ramps. This 

enables traffic flow along the mainline to be optimised at or just below capacity during periods of high 

traffic demand. Additionally, the control of vehicles entering the mainline reduces turbulence as fewer 

drivers upstream of the merge change lanes to avoid platoons of traffic that would otherwise attempt 

to enter the motorway. 

https://austroads.com.au/safety-and-design/road-design/guide-to-road-design
https://austroads.com.au/network-operations/network-management/guide-to-smart-motorways
https://austroads.com.au/publications/traffic-management/ap-r341-09
https://www.tmr.qld.gov.au/business-industry/Technical-standards-publications/Manual-of-uniform-traffic-control-devices
https://www.tmr.qld.gov.au/business-industry/Technical-standards-publications/Road-planning-and-design-manual-2nd-edition
https://www.tmr.qld.gov.au/business-industry/Technical-standards-publications/Traffic-and-Road-Use-Management-manual/Volume-4
https://www.tmr.qld.gov.au/business-industry/Technical-standards-publications/Traffic-and-Road-Use-Management-manual/Volume-4
https://www.tmr.qld.gov.au/business-industry/Technical-standards-publications/Specifications/Specifications-Index
https://www.vgls.vic.gov.au/client/en_AU/VGLS-public/search/detailnonmodal/ent:$002f$002fSD_ILS$002f0$002fSD_ILS:256862/one?qu=Burley%2C+Maurice.&ic=true&ps=300&h=0#contentTag
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2.1 Traffic flow breakdown 

Traffic flow breakdown is the condition where free-flowing traffic experiences a significant and sudden 

reduction in speed, with a sustained loss of throughput. Traffic flow breakdown occurs within a section 

of a motorway where the mainline arrival flow exceeds the operational capacity. This may be due to: 

• merging traffic from entry ramp/s 

• merging traffic at a lane drop 

• high numbers of lane changing manoeuvres over a short distance, typically due to weaving, 

prior to a high-flow exit or an increase in the number of lanes 

• loss of lane capacity that, for example, traffic queuing onto the freeway from an exit ramp, 

and/or 

• geometry of the road – grade, radii of curves, sight distance, and so on. 

Flow breakdown may also be caused by factors which are unrelated to geometric layout and traffic 

interaction such as an accident, weather, object or other incident on the carriageway. 

When used within an active managed motorway system incorporating various traffic management 

tools, managing the entering traffic with coordinated ramp signals is the most effective tool to assist in 

managing flow to prevent (or delay) the onset of traffic flow breakdown on the mainline. 

3 Ramp design 

3.1 General 

The key features of the motorway that are affected by the installation of ramp signals include: 

1. ramp nose – the geometry and position of the ramp nose may affect the location of the 

STOP line and ramp signal and subsequent provision of adequate acceleration length for 

vehicles; reference to the ramp nose in this guideline refers to the physical ‘hard’ nose (not the 

‘soft’ nose defined by the pavement marking) 

2. ramp width – the width of the ramp at the signals is determined by the number of lanes at the 

STOP line required to serve the needs of ramp traffic (that is, for maximum ramp discharge 

and a priority access (bypass) lane where a need has been identified); the width of the ramp is 

critical for the provision of bypass lanes for priority vehicles, and 

3. ramp and storage length – the ramp will be used for storing vehicles at the ramp signal. As 

such, the length of the ramp and the number of lanes on the ramp determines the amount of 

storage. The amount of storage on a ramp is related to the ramp flow and the system’s ability 

to build a queue when flexibility is needed to vary cycle times to manage the mainline flow. 

The specific requirements for these features on a managed motorway ramp design with ramp 

signalling (new ramp or retrofitting of an existing ramp) shall comply with the following sections. The 

design principles outlined are to ensure safe and efficient operation when the signals are operating as 

well as when the signals are not operating. 
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The general principles are: 

• provide operational safety: 

− when ramp signals are on; this is based on acceleration from a stationary position at the 

STOP line to a speed that will provide suitable merging with the mainline traffic 

− when ramp signals are off; this is based on merging within the entire ramp to the ramp 

nose prior to entering the mainline (for example, a two-lane to one-lane merge prior to the 

ramp nose – that is, reverts to a standard on-ramp merge) 

• maximise ramp storage for queuing vehicles to provide control of demand and ramp flow when 

needed to manage the mainline flow, and 

• maximise operational effectiveness to prevent flow breakdown on the mainline. 

Where existing ramps of a higher geometric standard are being retrofitted with ramp signals – for 

example, standards consistent with the Austroads Guide to Road Design – the ramp layout may be 

modified to provide the managed motorway standard relating to storage and STOP line location for 

merging prior to the ramp nose. This may require the shifting of the hard nose down the ramp to 

achieve a STOP line to start of final merge taper, refer Figure 3.2.1 to meet the managed motorway 

standard. This will help maximise the available ramp storage and minimise the effect of civil works. 

While longer distances for acceleration may be retained if the storage and STOP line location 

standards meet the managed motorway requirements, consideration should be given to low-cost 

solutions (for example, line marking) to achieve these geometrics. 

The general layout and geometrics for managed motorway ramp signals for various entry ramp 

configurations are indicated in the Transport and Main Roads Typical layouts in Appendix A. 

3.2 STOP line location and acceleration length 

The STOP line should be located to provide adequate merging and acceleration length while 

maximising available storage length. 

The acceleration length and merging distances downstream of the STOP line need to be satisfactory 

to enable the entry ramp to function both when the signals are operational and when they are not. 

Note: Some existing ramps on the motorway network may have substandard layouts that do not provide the 

required storage and acceleration capability. Designers should take all practical measures to increase the ramp 

length and storage as well as ensure merging standards meet required needs for acceleration and merging. 

Where practical, budgets for ramp signal retrofitting projects on existing ramps should allow for the provision of 

additional ramp length and/or widening as required. 

Where the provision of additional ramp length or width to meet the managed motorway ramp 

standards are not practical, designers should refer to the Austroads Guide to Road Design. Plans and 

design exception documentation for entrance ramps in this category should be referred to the 

Hydraulics, Design and Spatial Directorate, Transport and Main Roads for review / acceptance. 

3.2.1 Two-lane single-entry lane ramps (single lane at ramp nose) 

When determining the acceleration length and location of the STOP line, the design standards for 

two-lane single-entry lane ramps (single lane at ramp nose) are based on the following principles: 

• When ramp signals are off, the merging to a single lane is to be completed prior to the ramp 

nose at a design speed of 80 km/h. The two-lane to one-lane merge within the ramp is based 
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on an acceleration lane lateral movement merge rate of 1.0 m/s. These results in an 80 m 

minimum merge length from the STOP line to the ramp nose. 

− Other provisions are: 

▪ the motorway shoulder is fully developed at the ramp nose as a run-out area, and 

▪ speed limit signs for the motorway entry are located after leaving the STOP line, 

typically 20-40 metres upstream of the nose. 

• When ramp signals are on, the design is based on the acceleration distance from the 

STOP line to merging with the mainline traffic as follows: 

− adopt a mainline operating speed in the left lane of 10 km/h less than the operating speed, 

that is, 90 km/h in a 100 km/h posted speed motorway (this is consistent with free-flow 

operational data and operating speeds when ramp signals would be operating), and 

− adopt a 10 km/h speed differential for merging relative to the motorway left lane operating 

speed (that is, acceleration from zero to an 80 km/h merging speed in a 100 km/h posted 

speed motorway). 

Figure 3.2.1 shows the typical geometric arrangement for a managed motorway on-ramp. Appendix A: 

Dwg. 1 provides a typical layout for ramps with two metered lanes at the STOP line. 

Figure 3.2.1 – Typical geometric arrangement 

Note X and Y need to be adjusted for upgrades >2% in accordance with the graph shown in 

Appendix B Typical acceleration graph for changing gradients. 

* At mainline operating speed under light traffic conditions. 

# or 1.0 m/s lateral shift for motorway mean free speed. 

∅ For motorway posted at 100 km/h, 320 m allows vehicles to accelerate to a mean free speed of 

90 km/h approximately. 
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The following matters may also need to be considered: 

1. The STOP line distance to the ramp nose may need to be increased for site-specific 

conditions (for example, to 100 m or 120 m) with consideration given to the type of vehicle 

which needs to accelerate from a stopped position. Where a high proportion of heavy vehicles 

use the entry ramp and no unmetered bypass facility is provided, the distance from the 

STOP line to the ramp nose may be increased if adequate storage is available. The speed 

reached by a heavy vehicle at the start of the final merge taper should desirably be no more 

than 20 km/h below the mean speed reached by cars starting from the STOP line. In very 

constrained circumstances involving up-grades, a minimum truck speed of 60 km/h may need 

to be accepted. Use Figure 3.9 in Part 3 of the Austroads Guide to Road Design to determine 

the appropriate truck speed at the final merge taper. 

2. Merging may need to be undertaken on the ramp itself after the STOP line: for example, 

where there are sight distance concerns to the merge location on the ramp, such as on a 

curved ramp or where there are vertical or horizontal alignment restrictions that affect sight 

distance. 

3. The STOP line distance to the ramp nose may need to be increased on long, high, standard 

ramps that may operate at speeds higher than 80 km/h. 

4. The length of an existing ramp may need to be increased by extending the ramp nose and/or 

the overall merge distance, for example, where existing acceleration length is longer than the 

typical length 420 m allowing the ramp nose to be extended. 

Note: Acceleration distances for vehicles to accelerate from 0 to a merge speed of 80 km/h on various grades is 

based on Austroads Guide to Road Design Part 4A: Unsignalized and Signalized Intersections, modified to 

increase the 80 m merge taper to 100 m taper (1 in 28.6) for motorway merging. 

3.2.2 Three-lane ramps 

Ramp layouts with three lanes at the STOP line require greater distances between the STOP line and 

the nose for the merging movements, particularly if three lanes merge to a single lane at the nose. 

When considering the operation of the ramp when the signals are on and off, the distance also varies 

according to whether the third lane along the ramp is continuous (full-time use) or an auxiliary lane at 

the STOP line (part-time use when the signals are on). 

If two lanes are provided at the nose, that is, two-lane merge onto the motorway or a single-lane 

merge plus an added lane, the merge distance for vehicles leaving the STOP line is similar to the 

two-lane layout. 

The typical layouts for ramps with three metered lanes at the STOP line are shown in Appendix A. 

3.2.3 Four-lane ramps 

Ramp layouts with four lanes at the STOP line require greater distances between the STOP line and 

the nose for the merging movements. The layouts generally involve two, two-to-one lane merges 

alongside each other so a distance of 120 m between the STOP line and ramp nose is desirable in 

view of the complexity of the decision-making involved with a larger number of vehicles being released 

at the same time. 

The typical layouts for ramps with four metered lanes at the STOP line are shown in Appendix A. 
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3.2.4 Lane merging on the ramp 

Where the number of lanes at the STOP line of the ramp signal exceeds the number of lanes merging 

with the mainline motorway at the entry ramp merge, any merging of the stand-up lanes at the ramp 

signals should be completed prior to the ramp nose (exception applies for non-signalised bypass 

lanes, refer Section 3.3.1 for merge requirements). 

For ramp layouts (including motorway-to-motorway interchanges), merge arrangements on the ramp 

should use a zip merge (no line marking) to enable vehicles with faster acceleration to move ahead of 

slower vehicles. Where a staggered STOP line is provided, a continuity line should be used to require 

a lane change manoeuvre for the vehicle entering from the set-back STOP line. Merging into the 

left lane of the motorway would then use a continuity line (lane change manoeuvre), with all vehicles 

merging from the left. 

Where there is a difference of two or more in the number of lanes at the ramp signals compared to at 

the ramp nose, the merge should be designed so that: 

• from three lanes to one lane, it may occur in sequential steps with a transition provided 

between each subsequent merge, or simultaneously if a staggered STOP line is used – refer 

Appendix A: Merge Layouts Motorway Ramp Signals 3 Lanes Dwg. 5 

• from four lanes to two lanes or one lane, two pairs of merges occur simultaneously – an 

extended merge length of 120 metres shall be adopted to overcome any issues arising from 

potential driver confusion due to an increased number of vehicles being released per signal 

cycle – refer Appendix A: Merge Layouts Motorway Ramp Signals 4 Lanes Dwg. 6, and 

• where bypass lanes are provided, refer to Section 3.3.1 for merge requirements. 

Once the vehicles at the stand-up lanes of the ramp signals have merged into the lanes provided at 

the ramp nose, a standard length of auxiliary lane and merge taper in accordance with Section 3.2.1 

applies. See Appendix A for various configurations of merge layouts. 

To facilitate merging downstream of the STOP line and minimise the merging distance within the 

ramp, the STOP line for the outer lane(s) may be offset (staggered) by a distance of 

three metres (upstream) with appropriate line marking to facilitate and reinforce lane changing 

requirements (refer to Appendix A for drawings in three and four lane arrangements at the STOP line). 

3.3 Number of general traffic lanes required at STOP line 

Table 3.3(a) – Number of general traffic lanes required at STOP line 

Ramp arrival demand flow (veh/hr) No. of traffic lanes required at STOP line 

Fewer than 500 1 

500 ≥ 1100 2 

1100 ≥ 1800 3 

More than 1800 4 
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The number of traffic lanes is based on Equation 3.3, assuming an average 7.5 second cycle time and 

1 veh/g/l. 

Equation 3.3 – Number of traffic lanes required at STOP line 

No. of Traffic lanes required at stop line =  
7.5 × Ramp Arrival Demand Flow

3600 × 1
 

Localised flaring can be used to increase the number of lanes at the STOP line and enable the 

required number of vehicles to be released per green at the ramp signals; for example, to increase the 

number of vehicles being released per green from two to three, while maintaining a release rate of 

one vehicle per green per lane, an additional short lane could be provided. Generally, the flaring would 

consist of a 30 metres (maximum) storage length and a 30 metres (maximum) taper as shown in 

Table 3.3(b). 

Table 3.3(b) – Localised flaring to increase the number of lanes at the STOP line 

Three lanes at the STOP line Four lanes at the STOP line 

 
 

Three vehicles / green 

(One vehicle / green / lane) 

Four vehicles / green 

(One vehicle / green / lane) 

Where two or more lanes are provided along an entry ramp, shoulders may not be required where 

geometric constrictions are costly to design – for example, where resumptions and/or extensive 

cut / fill earthworks or larger drainage structures might be needed to provide sufficient width to provide 

a full width shoulder. This will generally enable: 

• minimising of overall ramp and formation width 

• retrofitting of existing ramps (with single-lane and shoulder) within the existing ramp width 

without widening – kerb and channel may need to be constructed, and 

• traffic signals to be located close to the edges of the ramp to facilitate drivers' view of the 

signals. 

Where only one lane is provided at the STOP line, shoulders should be provided on the entry ramp to 

ensure traffic flow can be maintained if a vehicle breaks down on the entry ramp. 

Lane widths adopted should generally be consistent with lane widths required for non-signalised entry 

ramps (that is, 3.5 m); however, where retrofitting of existing ramps is being implemented (for 

example, replacing a single lane and shoulder with two traffic lanes), narrow lane widths may be 

acceptable to avoid minor widening (typically 3.2 m minimum). 

3.3.1 Priority access (bypass) lanes 

The need for priority access (bypass) lanes at the ramp signals may be considered at the design 

stage, based on demand and the operational strategy for the motorway. 
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Bypass lanes are provided at motorway ramp signals to enable priority vehicles to bypass the general 

traffic queues at the signals. Bypass lanes can be an effective method of providing priority (in the form 

of a queue jump lane) to specific vehicles without designating lane space on the motorway mainline. 

Generally, priority access lanes involve greater cost and should only be provided if there is a strategic 

need: for example, the ramp services an industrial area. 

Priority access lanes may be provided for: 

• heavy vehicles in recognition of their economic importance, or 

• public transport and high occupancy vehicles (typically T2) to provide an incentive for people 

to use public transport or to share vehicles. 

Lane widths adopted for bypass lanes should be consistent with lane widths required for 

non-signalised entry ramps. 

A delineated clearance zone, minimum of 0.7 m, between the general-purpose lane/s and bypass lane 

shall be provided to overcome potential safety issues associated with moving bypass vehicles past 

stationary general traffic. This delineation will also assist in defining the bypass lane. 

See Appendix A, Dwgs 2 and 3 for examples of bypass lanes. 

Preference should be given to providing metered priority access lanes or partially-controlled bypass 

lanes rather than full-time free-flow access. This improves motorway control and maximises the 

potential for sustaining acceptable motorway performance. 

Generally, storage for general traffic should not be compromised when providing a priority access 

lane. Where bypass lanes are to be provided, the following design guidelines shall be followed to 

ensure bypassing vehicles are able to safely merge with other vehicles on the entry ramp and with the 

mainline motorway traffic: 

• controlled bypass lanes – where more than one general purpose lane is provided, merging of 

the general-purpose traffic should occur prior to the bypass vehicles merging with general 

purpose vehicles –entry ramp traffic shall then merge with the mainline motorway traffic 

excluding add lane designs; where the bypass lane is controlled, the ability to close the lane 

during periods when the ramp signals are not in operation needs to be considered, and 

• partially controlled / free-flow bypass lanes – merging of the bypass vehicles with the general 

traffic should occur over an extended length by means of an auxiliary lane as the speed of the 

bypassing vehicle may be high and the speed differential between the controlled and 

uncontrolled vehicles may also be high. As such, partially-controlled / free-flow bypass lanes 

require additional pavement for an extended length in comparison to controlled bypass lanes. 

The merging of general entry ramp vehicles and the bypass vehicles to the mainline motorway 

should be undertaken in steps with a transition provided between each merge. 

3.4 Total storage requirements 

Provision of adequate storage is critical to the effective operation of ramp signals. The total length of 

storage on a ramp is the sum of the storage of each lane for the length along the ramp between the 

ramp signal stop line and the arterial road intersection. The total storage length could also include 

dedicated left or right turns from the arterial road intersection. 
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The desired total storage (LrDes) to adequately store vehicles can be calculated from Equation 3.4: 

Equation 3.4 – Desired total storage 

𝐿𝑟𝐷𝑒𝑠 =
𝑡𝑚𝑎𝑥−𝑤𝑎𝑖𝑡 × 𝑞𝑟𝑎 × 𝐿𝑣𝑠

60
 

LrDes = desired total storage in metres 

tmax-wait = maximum wait time permitted in minutes 

Lvs = storage space required to store an average vehicle – this depends 

on the traffic characteristics of the site and the average vehicle 

using the ramp, but 8.5 m could generally be adopted for a car 

qra = peak ramp arrival demand flow in vehicles per hour. 

The wait time considered reasonable for ramp signal design is four minutes. It is desirable that the 

designer attempts to maximise storage to a six-minute wait time but it is recognised that this may not 

be achievable on existing on-ramps connecting to the arterial network. 

In locations where modifying the ramp to provide the desirable storage (four-minute wait time between 

the ramp entrance and the ramp signals STOP line) is not feasible, a lower storage value may need to 

be considered. In these situations, typically a minimum three-minute wait time queue 

length (25% reduction compared with the desirable) may need to be adopted for design. This amount 

of storage will generally be sufficient to accommodate storage for turning vehicles arriving in a platoon 

from the arterial road / ramp intersection signals; however, it would restrict the system’s ability to build 

a queue in order to manage mainline traffic. 

Where ramp storage at a particular site is compromised in design, other upstream ramps must be 

provided with at least the desirable standard or more, to compensate for the loss of overall system 

storage. Where a short ramp is to be provided (for example three-minutes storage) due to physical site 

constraints, the sum of the ramp storage provided by the adjacent two or three upstream ramps 

should still average the four-minute ramp storage (for example 3 + 4.5 + 4 + 4.5) / 4 = 4 min). This 

enables the coordinated system to provide equitable access while still maintaining control of the 

motorway. In some cases, it may not be possible to provide adequate storage. In this instance, the 

vehicle queue emanating from the ramp signal may extend beyond the ramp and onto the arterial road 

network. To address this, queue management strategies shall be developed in conjunction with the 

arterial road operator. Such strategies will need to outline what traffic management measures (passive 

or active) are to be implemented to minimise the effects of this queuing (see Section 5). 

The basic principle is to maximise the storage on the ramp upstream of the ramp signals. Where 

inadequate storage is provided, operational experience indicates that traffic queues will generally be 

problematic. In other instances, it may not adversely affect the arterial road; for example, queues 

extending back within a left-turn lane of the arterial road may not impede through traffic lanes. 

4 Infrastructure placement 

4.1 General ramp layout 

The general layout for motorway ramp signal infrastructure is shown in Appendix A. For the placement 

of vehicle sensors, refer to the Transport and Main Roads Traffic and Road Use Management (TRUM) 

manual Volume 4 Part 5 Configuration and placement of vehicle detection systems. 
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4.2 Signal cabinet 

The signal cabinet should be positioned so that: 

• it is easy to access for maintenance (an all-weather area is to be provided for the maintenance 

vehicles and access to the site) 

• maintenance personnel can see the displayed signals from the signal cabinet 

• it does not affect a driver’s sight lines 

• it is protected from or out of the way of a potential errant vehicle, and 

• it is protected against vandalism and other damage caused by regular maintenance activities 

in the area, for example, slashing / mowing. 

To achieve this, it is recommended that the signal cabinet be located on the outer verge of the ramp 

near the ramp entrance. Alternatively, it may be located between the STOP line and the signal display 

with safety barrier used to shield maintenance personnel; the maintenance vehicle and the 

pedestal (see Section 4.3). If an enforcement bay is provided, consideration should be given to 

locating the signal cabinet near the enforcement bay for maintenance and access to the cabinet. 

4.3 Signal posts or overhead structures 

The signal posts / pedestals or overhead structures should be located downstream of the STOP line 

as outlined following to enable a driver in a stopped vehicle to observe the signals, taking into 

consideration the necessary viewing angle. A signal pole at the STOP line is not required (refer 

Section 4.4). 

Signals may be installed on pedestals or overhead structures, depending on the number of stand-up 

lanes based on the following (refer Appendix A for more detail): 

• one to four general purpose stand-up lanes – signal lanterns shall be installed on pedestals on 

both sides of the ramp or an overhead structure at a distance of 10 metres downstream of the 

STOP line to maximise visibility to the signals for drivers waiting at the STOP line 

• general purpose stand-up lanes plus a bypass lane – signal lanterns shall be installed on an 

overhead structure above the centre of each lane and on each structure’s leg either side of the 

ramp (the overhead structure shall be positioned 10 metres downstream of the STOP line to 

maximise visibility to the signals for drivers waiting at the STOP line), and 

• consideration of maintenance of the ramp signal lanterns. 

4.4 Signal lanterns 

Standard 200 mm three-aspect signal lanterns shall be used for ramp signals. The signals perform the 

following functions for motorists: 

• warning – to alert the approaching drivers to the presence of traffic signal control 

• stopping – to inform approaching drivers sufficiently in advance of the STOP line that they are 

required to stop, and 

• starting – to inform drivers stopped at the STOP line when they may proceed. 

The signals for warning and stopping motorists are aimed towards the ramp entrance, or in the case of 

a curved ramp, to maximise sight distance. 



Design guidelines for the provision of managed motorway ramp signalling 

Guideline, Transport and Main Roads, November 2021 12 

The signals for starting / releasing vehicles from the STOP line are aimed 3 m upstream of the 

STOP line at the centre of the metered lanes. 

Signals installed on pedestals shall be mounted at a height of 2.4 metres (to the bottom of the target 

board), with ONE VEHICLE ONLY ON GREEN SIGNAL (GE9-Q03) for single-lane ramp or 

ONE VEHICLE PER LANE ON GREEN SIGNAL (GE9-Q04) signs installed underneath. 

For signals mounted overhead on a gantry-type structure, the minimum height clearance to the signals 

shall be 6.1 metres unless stated otherwise. The signals installed on each overhead structure’s leg 

shall be mounted at a height of 2.4 metres (to the bottom of the target board). 

ONE VEHICLE PER LANE ON GREEN SIGNAL (GE9-Q04) signs shall be installed on the signal 

posts or overhead structure as shown on the drawings in Appendix A. 

4.5 Supplementary signs and line marking 

Ramp signals are part-time traffic control devices; therefore, drivers need to be advised when the 

signals are operating. The following electronic advisory and warning signs, driven by the ramp signal 

system, form a part of the ramp signal design. The placement of supplementary signs and line 

marking is shown in Appendix A. Alternative ramp signal and arterial traveller information signs as 

shown in Appendix C may be used where motorway operations warrant their use. 

4.5.1 Signal warning sign 

Where sight distance on the ramp from the ramp entrance to the ramp signals is restricted, the static 

TC1784 sign, as shown in Figure 4.5.1, shall be installed on the entry ramp. 

Figure 4.5.1 – Ramp signal warning sign with flashing lights 

4.5.2 Arterial advance warning 

Static MOTORWAY ENTRY RESTRICTED WHEN FLASHING signs with flashing yellow lights, as 

shown in Figure 4.5.2, shall be provided prior to the connection to the local road network (that is, on 

approaches to a signalized / unsignalized intersection, roundabout and so on) to alert motorists on the 

adjacent arterial road when the ramp signals are active. 

https://www.tmr.qld.gov.au/business-industry/Technical-standards-publications/TC-signs
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Figure 4.5.2 – Advance warning sign 

4.5.3 Advance queue warning sign 

The QUEUED VEHICLES, PREPARE TO STOP sign with flashing yellow lights (refer to TC1784), as 

shown in Figure 4.5.3, shall be used on the adjacent arterial road where entry ramp queues are 

expected and visibility to the potential back of the queue/s is poor. 

Figure 4.5.3 – Advance queue warning sign 

4.5.4 Other signs 

Other static signs that shall be included as a part of the ramp signals installation are shown in 

Appendix A. Care should be taken to separate signage according to the requirements of the 

Queensland Manual of Uniform Traffic Control Devices (MUTCD). 
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4.5.5 Line marking 

The line marking and retroreflective pavement marking (RRPM) associated with the ramp signalling 

designs as shown in Appendix A shall be provided in accordance with the Queensland MUTCD and 

the following principles: 

• longitudinal line marking shall include a 30-metre continuous lane line on the approach to the 

STOP line 

• edge lines are to be provided on both sides of the ramp – downstream of the STOP line, the 

left edge line provides guidance for merging traffic 

• continuity lines shall be used to indicate a lane diverge (increase in the number of lanes) 

upstream of the STOP line 

• where bypass lanes are provided, a delineated clearance zone of at least 0.7 metres shall be 

provided between the bypass lane/s and general-purpose lane/s 

• the two-to-one-lane merging downstream of the STOP line shall be a zip merge, with line 

marking from the STOP line to the FORM 1 LANE sign 

• the merging downstream of a lane with a staggered STOP line shall be provided through the 

use of a continuity line 

• the STOP line shall be located 10 metres upstream of traffic signals (for pedestals and 

overhead on gantries), and 

• pavement marking shall be provided for any priority vehicles. 

4.6 Variable speed limit signs 

Where the motorway is operating under variable speed limits (VSL), pole-mounted variable speed limit 

signs (VSLS) are provided on the entry ramp to inform entry ramp traffic of the prevailing speed on the 

motorway to which they are entering. 

On entry ramps where a ramp signalling system is to be installed, the VSLS shall be located 

downstream of the ramp signal but prior to the ramp nose. The location of the VSLS should provide 

vehicles entering the motorway with sufficient acceleration distance to merge with mainline traffic both 

when the ramp signals are operational and when they are not. 

4.7 Closed circuit television 

The provision of closed circuit television (CCTV) cameras with pan, tilt and zoom capability shall be 

included in the ramp design to ensure full coverage of arterial road approaches, areas of the arterial 

network expected to store ramp traffic, the length of the ramp and the motorway merge. 

5 Managing ramp queue overflows 

5.1 Entry ramp queues 

In managing motorway access, the principal consideration is safety by way of preventing flow 

breakdown and optimising efficiency and reliability on the motorway; therefore, the motorway capacity 

is the main factor determining the ramp entry flows, rather than the traffic demands on the ramps 

themselves. 

Ideally, ramps should be designed to accommodate queues as described in Section 3.4. The ramp 

queues should then be managed within the ramp length; however, at locations where high entry ramp 
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demands cannot be satisfied (it may not always be feasible to increase ramp storage), the traffic 

queues may extend onto the arterial road network. In this situation, the additional storage length 

required should be provided in such a way as to avoid interference with arterial road flows. 

Where queues are expected to extend onto the arterial road on a regular basis, the designer shall 

provide for detection of queues on the arterial road and include provisions to accommodate any queue 

overflows. Several strategies that may aid to address the implications of these overflows on the 

arterial road network are listed following. These are examples only and site-specific queue 

management strategies will need to be developed in conjunction with the arterial road operator for 

each entry ramp. 

• Queuing traffic should be separated from local traffic where possible. In some places, 

additional lanes may need to be provided on the arterial network to separate queuing traffic 

from local traffic. 

• In situations where queuing traffic to ramp signals approaches from multiple origins, queues 

might extend back onto a number of local routes. Separation should be maintained on all 

routes expected to experience queuing. 

• In places where the ramp storage requirement is expected to extend back through 

intersections on the arterial network, options to address end-of-queue issues should be 

considered. 

• Where queues extend through signalised intersections or roundabouts, pavement marking, 

and signage should inform motorists not to queue through the intersection. It may be 

necessary to signalise the intersection, particularly if queued vehicles create obstructions to 

visibility for drivers selecting a gap in the traffic stream/s. Where queues extend past property 

accesses, consideration should be given to left-in, left-out-only movements. 

• Unsignalized pedestrian crossings shall not be provided on routes expected to experience 

queuing. 

• Where applicable, signal timings shall be optimised on the upstream signalised intersection to 

ensure the length of the platoon arriving at the ramp signal each cycle does not exceed the 

available storage. 

• Shared lanes, for example, general traffic and bicycle lanes, may result in conflict points 

where people riding bikes need to cross ramp traffic and shall be avoided on routes expected 

to experience queuing. 

• Buses and bus stops should remain separate from ramp queues. 

• It is desirable that queues on the local network do not queue past accesses. Accesses to the 

arterial road network should be controlled in locations where ramp queues are expected. 

• Consideration should be given to the use of line marking, for example, a single continuous 

line, to separate queuing traffic from ramp queues and discourage queue jumping. 

Where ramp signalling is specified as part of a new motorway, motorway upgrade or as a singular 

implementation, funding for the ramp signalling scheme must consider the changes required to the 

local road network in order to manage queue overflows. The ability to store vehicles in such a manner 

that reduces the implications on the local road network is imperative in the success of the ramp 

signalling scheme and, hence, performance of the motorway. 
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5.2 Exit ramp queues 

Traffic flow on the motorway may also be disrupted when queues on an exit ramp extend back to 

block the left lane of the motorway or cause traffic to slow down prior to exiting. This may result in flow 

breakdown under certain conditions and has significant safety implications for both mainline and exit 

ramp traffic. Queuing from the exit ramp back onto the motorway may be a result of: 

• inadequate intersection capacity at the arterial road intersection 

• inadequate lane capacity on the ramp approaching the intersection 

• insufficient ramp length, and/or 

• inappropriate signal timings. 

The following strategies may need to be considered to reduce the likelihood of exit ramp traffic 

queuing back onto the motorway: 

• provision of queue detectors near the exit ramp nose to detect queues extending beyond the 

ramp length 

• modification of arterial road traffic signal phase times to provide an increase in exit ramp traffic 

discharge 

• provision of a left-turn slip lane at the signals to reduce exiting delays 

• increase the ramp storage capacity at the intersection (length or number of lanes) 

• increase the ramp length 

• where a roundabout provides the connection to the local road network, traffic control devices 

may need to be installed to enable exit ramp queues to enter the roundabout, and 

• allow exiting vehicles to queue on the shoulder lane of the motorway. Adequate signs and line 

marking, and additional mainline upstream active signs need to be provided to outline the 

control for this scenario. 

Where ramp signalling is specified as part of a new motorway, motorway upgrade or as a singular 

implementation, funding for the ramp signalling scheme must consider the changes required to the 

arterial / local road intersection or the exit ramp in order to manage queue overflows. The ability to 

store vehicles on the exit ramps in such a manner that reduces the effects on the motorway mainline 

is imperative for the success of the ramp signalling scheme and hence performance of the motorway. 

6 Management of motorway-to-motorway interchanges 

Motorway-to-motorway ramps provide connections between high-speed facilities where drivers may 

not expect to stop or encounter a queue of stopped vehicles. Generally, these ramps are high traffic 

flow environments where it is desirable to provide an uninterrupted motorway journey. 

Signalling the upstream arterial road entry ramps to the motorways, rather than 

motorway-to-motorway ramps, is the preferred initial strategy for managing the motorway-to-motorway 

merge and downstream section of motorway; however, while this management strategy may be 

successful where motorways join or merge together, it is unlikely to be effective where motorways 

meet using motorway-to-motorway on-ramps, as the upstream ramps will generally not provide 

adequate flow conditions for managed motorway merging. 
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As a general principle, all flows entering a managed motorway should be controlled so downstream 

mainline flow can be managed. Where the intersecting motorway does not have upstream entry ramp 

signals or where the upstream ramp signalling is unable to provide the necessary management of 

entering flows, signalling the motorway-to-motorway ramp may be required. Additionally, signalling of 

motorway-to-motorway ramps may also assist in the ability to manage traffic during incidents and 

improve the recovery from flow breakdown following an incident. 

To improve safety associated with signalling high-speed motorway-to-motorway ramps, a TC1784 sign 

is to be located on the ramp at a point prior to the estimated back of queue (subject to sight distance 

requirements). The sign is to be activated when ramp signalling is operational to provide advance 

warning to motorists. For long ramps, two or more TC1784 signs may be needed. These would be 

staggered on each side of the ramp if the ramp has two lanes. 

Additionally, a VSLS at the start of the exit ramp from the departing motorway is to be used to reduce 

the speed to a maximum of 70 km/h when ramp signalling is operational. Repeater VSL signs may be 

needed for a long ramp. In circumstances where it is desirable to further reduce the speed on the 

ramp (for safety reasons), the VSLS may be used to do this, regardless of the posted speed limit on 

the departing motorway at that time. 
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Appendix A –Typical layouts 

NOTE: The general layout and design for managed motorway ramp signals for various entry ramp configurations 

are indicated in the Transport and Main Roads Layouts in Appendix A. Refer to Figure 3.21 Typical geometric 

arrangement for merge taper and parallel section lengths. 

• TYPICAL ENTRY MOTORWAY RAMP SIGNALS 2 LANES Dwg. 1 

• TYPICAL ENTRY MOTORWAY RAMP SIGNALS FOR TWO LANES PLUS METERED PRIORITY 

LANE Dwg. 2. 

• TYPICAL ENTRY MOTORWAY RAMP SIGNALS FOR TWO LANES PLUS FREEFLOW PRIORITY 

LANE Dwg. 3. 

• TYPICAL MOTORWAY RAMP SIGNALS LAYOUT MOTORWAY TO MOTORWAY INTERCHANGE 

Dwg. 4. 

• MERGE LAYOUTS MOTORWAY RAMP SIGNALS 3 LANES Dwg. 5. 

• MERGE LAYOUTS MOTORWAY RAMP SIGNALS 4 LANES Dwg. 6. 
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Appendix B – Typical acceleration graph for changing gradients 
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Appendix C – Optional ramp signal supplementary signs 

RC1: Arterial warning and ramp control sign 

Static MOTORWAY ENTRY RESTRICTED WHEN FLASHING signs with flashing yellow lights, as 

shown in Figure 4.5.2, or RC1 signs shown in Figure C(1), shall be provided prior to the connection to 

the local road network (that is, on approaches to a signalized / unsignalized intersection, roundabout, 

and so on) to alert motorists on the adjacent arterial road when ramp signals are active. The 

RC1 signs can also be activated for operation as part of motorway incident management to display 

MOTORWAY CLOSED or a symbolic No Right / No Left Turn, NO ENTRY or other specified 

messages as appropriate. 

Figure C(1) – RC1 warning and ramp control sign messages 

 

  

TC2273(L) TC2273(R) 

 

 

TC2210  

RC2: Signal warning sign on entry ramps 

Where sight distance on the ramp from the ramp entrance to the ramp signals is restricted, an 

RC2 sign, as shown in Figure C(2), shall be installed on the entry ramp at a location where it will 

provide warning to motorists. 
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Figure C(2) – RC2 entry ramp warning signs with alternating messages 

 

TC2290_1   TC2290_2 

RC3: Arterial advance information and warning signs 

Real time information signs are part of the integrated ramp signalling and traveller information systems 

and are installed in advance of the ramp entrance on the arterial road to provide information to drivers 

before they enter the motorway. 

RC3 signs are generally installed prior to the right and left turn lanes facing each direction of 

approach, Examples of RC3 sign messages are shown in Figure C(3). 

Figure C(3) – RC3 real time information sign example messages 

 

The actual sign locations generally need to be determined on site relative to other infrastructure, for 

example, intersections, driveways, signs, and so on. The desirable sign minimum installation distance 

prior to the decision point to enable a road user to react appropriately and the desirable separation 

distance relative to other signs are provided in Table C(1). 

Table C(1) – Minimum desirable sign installation distance for RC3 signs 

Installation Speed environment (km/h) 

60 and 70 80 

Distance prior to action point 60 to 80 m 80 to 120 m 

Spacing to other signs 50 m 60 m 

Minimum 0.6 V m 

(where ‘V’ is the 85th percentile speed in km/h) 

Based on AS 1742.2-2009 (Appendix D) 
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Traveller information systems are used to provide travel time and other information about the 

motorway’s condition as a service to motorists. They can also influence driver route choice behaviour 

and thereby assist in reducing congestion and improving network efficiency. The early identification 

and effective management of an incident or congestion, as well as initiation of information to drivers 

can reduce motorway demand and assist in minimising the effect on traffic flow. 
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