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ABSTRACT

The goal of traffic engineers in recent years is trying their best to get the most out
of the systems that they develop. By designing efficient systems, using the
advancement of electronics and Information Technology (IT) the overall costs of

transportation should be easier to manage.

Road Development Authority under the Ministry of Ports and Highways
administrates over fifty traffic signals in the Western Province of Sri Lanka. All
these fixed-time traffic signals are primarily located at major routes of the city of

Colombo and other townships linked with Colombo in the Western Province.

In Sri Lanka, it is anticipated that the prevailing fixed-time traffic signals would
be replaced by modern Vehicle Actuated signals, which would be the next
generation of traffic signals possibly be introduced in near future. This study has
been carried out to evaluate the efficiency of vehicle-actuated signals against

prevailing fixed-time traffic signals, prior to their implementation in Sri Lanka.

This study was carried out to compare the efficiency of Vehicle Actuated Signals
against prevailing fixed-time traffic signals in an urban area. Several signalised
intersections were carefully studied with their geometric and traffic turning
movements especially in Colombo (the capital of Sri Lanka) region and a
simulation was programmed in Microsoft Excel in such a way to represent traffic
turning movements of typical intersection in urban area. Various traffic volume
combinations were selected among North-South and East-West through traffic
and other turning movements (Left-turns, Right-turns & Heavy vehicles) were
randomised within their permissible limits (found from the analysis of existing
junctions) to characterise a real dynamic situation at an urban intersection.
Numerous calculations for Cycle time, Vehicle-delay, Pedestrian-delay and
Critical movements of different traffic combinations were computed with the
help of a well-known Australian Software called SIDRA [Signalised (and
unsignalised) Intersection Design and Research Aid, developed by Akcelik &
Associates Pty Ltd].

vi



The outcomes of analysis were tabulated against each different traffic
combinations produced by Excel simulation and were compared in graphical and
tabular forms for the efficiency of fully-Actuated Signals against fixed-time
Signals.

It is found that the replacement of fixed-time traffic signals with fully actuated
signals for stand-alone intersections shall not produce any major enhancement
(reduction in delay) to the existing at grade four-legged intersections, which have
three standard-approach lanes including right turn-bays with optimum length and

two standard-exit lanes.

Moreover, it is sensible that semi-actuated signals would be a better alternative
for signalised intersections, where major roads (continuous high demand) meet

with minor roads (very stochastic or very low traffic demand).
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INTRODUCTION

Traffic signal operations have been well developed and refined over the years as
part of traffic engineering. The problem of interrupted traffic flow has been a
major concern as it affects not only flow rates and delay but also safety for the
travelling public. In recent times, traffic signals have developed from simple
fixed-time control using electro-mechanical time clocks, which was the major
method of traffic control up to 30 years ago, to highly sophisticated computerized

traffic actuated controllers.

The main advantage of traffic-actuated control is the ability to be responsive to
highly fluctuating traffic patterns thereby reducing the overall delay to traffic at
an intersection. The advantages obtained from the efficient operation of a traffic
signal come in several forms. At a properly controlled intersection accident rates
will be lower, the traffic flow will be increased, and delays will be minimised all
of which have direct economic benefits to a country. Additionally, environmental
benefits will be realised such as lower air pollution, which is directly related
idling and accelerating vehicles, and lower noise pollution caused by braking,

accelerating and idling of heavy vehicles.

In Sri Lanka, traffic signal control of junctions is a major technique used to
manage traffic on the National Road Network other than roundabouts. Therefore,
it is important that traffic signals operate as efficient as possible. Last couple of
decades, Road Development Authority under the Ministry of Ports and Highways
administrates over fifty traffic signals in the Western Province of Sri Lanka, other
than the signals maintained by Colombo Municipal Council. All these traffic
signals are fixed-time traffic signals and primarily located at entrances and exits
points of the capital city of Sri Lanka and other townships linked with Colombo.
Outside the Colombo district, there is far less use of traffic signal systems to

control daily traffic.

One of the major development in traffic engineering signal is the advancement of
vehicle-actuated signals, which is spread popularly in developed countries and
being adopted in other developing countries as well. Sri Lanka is in an era to
switch from traditional fixed-time signals to vehicle-actuated signals. Adopting

actuated signals for Sri Lankan intersections has carefully been examined and
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proved rationally. Suitability of a particular type of traffic signal, either fixed or
actuated for a particular junction depends on several parameters such as

environmental conditions, traffic conditions, geometry of intersection, etc.

In this study, several at grade intersections in the Colombo district have been
analysed to verify the appropriateness of vehicle actuated signals. The main idea
of this research is to compare the efficiency of vehicle-actuated signals based on

their performance against the traditional fixed-time traffic signals.

The analysis of actuated signals in the absence of real-time data would not be
possible without the assistance of reliable licensed software. Road Development
Authority has recently purchased an Australian software called SIDRA, which is
purely used for the analysis of fixed-time and vehicle-actuated signals. A lengthy
analysis was carried out with the help of Microsoft Excel to generate traffic
turning movements and their possible combinations to represent generalised
traffic in urban area such as Colombo, the capital city of Sri Lanka. Numerous
traffic turning-movement combinations were generated and unrealistic
combinations were eliminated. After filtering, a set of 110 combinations of left-
turns, through and right-turns for all four legs of intersection were selected for the
detailed analysis. All these traffic combinations were carefully entered in
graphical user interface of SIDRA, and processed for detailed analysis. Outcomes
of cycle times, critical movements, vehicle delays and pedestrian delays were
tabulated against respective turning movement combinations. Various graphs
were plotted for performance comparisons of fixed and actuated traffic signals to

compare the efficiency of these systems.

2| Page



INTRODUCTION

Traffic signal operations have been well developed and refined over the years as
part of traffic engineering. The problem of interrupted traffic flow has been a
major concern as it affects not only flow rates and delay but also safety for the
travelling public. In recent times, traffic signals have developed from simple
fixed-time control using electro-mechanical time clocks, which was the major
method of traffic control up to 30 years ago, to highly sophisticated computerized

traffic actuated controllers.

The main advantage of traffic-actuated control is the ability to be responsive to
highly fluctuating traffic patterns thereby reducing the overall delay to traffic at
an intersection. The advantages obtained from the efficient operation of a traffic
signal come in several forms. At a properly controlled intersection accident rates
will be lower, the traffic flow will be increased, and delays will be minimised all
of which have direct economic benefits to a country. Additionally, environmental
benefits will be realised such as lower air pollution, which is directly related
idling and accelerating vehicles, and lower noise pollution caused by braking,

accelerating and idling of heavy vehicles.

In Sri Lanka, traffic signal control of junctions is a major technique used to
manage traffic on the National Road Network other than roundabouts. Therefore,
it is important that traffic signals operate as efficient as possible. Last couple of
decades, Road Development Authority under the Ministry of Ports and Highways
administrates over fifty traffic signals in the Western Province of Sri Lanka, other
than the signals maintained by Colombo Municipal Council. All these traffic
signals are fixed-time traffic signals and primarily located at entrances and exits
points of the capital city of Sri Lanka and other townships linked with Colombo.
Outside the Colombo district, there is far less use of traffic signal systems to

control daily traffic.

One of the major development in traffic engineering signal is the advancement of
vehicle-actuated signals, which is spread popularly in developed countries and
being adopted in other developing countries as well. Sri Lanka is in an era to
switch from traditional fixed-time signals to vehicle-actuated signals. Adopting

actuated signals for Sri Lankan intersections has carefully been examined and

1| Page



proved rationally. Suitability of a particular type of traffic signal, either fixed or
actuated for a particular junction depends on several parameters such as

environmental conditions, traffic conditions, geometry of intersection, etc.

In this study, several at grade intersections in the Colombo district have been
analysed to verify the appropriateness of vehicle actuated signals. The main idea
of this research is to compare the efficiency of vehicle-actuated signals based on

their performance against the traditional fixed-time traffic signals.

The analysis of actuated signals in the absence of real-time data would not be
possible without the assistance of reliable licensed software. Road Development
Authority has recently purchased an Australian software called SIDRA, which is
purely used for the analysis of fixed-time and vehicle-actuated signals. A lengthy
analysis was carried out with the help of Microsoft Excel to generate traffic
turning movements and their possible combinations to represent generalised
traffic in urban area such as Colombo, the capital city of Sri Lanka. Numerous
traffic turning-movement combinations were generated and unrealistic
combinations were eliminated. After filtering, a set of 110 combinations of left-
turns, through and right-turns for all four legs of intersection were selected for the
detailed analysis. All these traffic combinations were carefully entered in
graphical user interface of SIDRA, and processed for detailed analysis. Outcomes
of cycle times, critical movements, vehicle delays and pedestrian delays were
tabulated against respective turning movement combinations. Various graphs
were plotted for performance comparisons of fixed and actuated traffic signals to

compare the efficiency of these systems.

2| Page



2.

2.1.

2.2.

REVIEW OF LITERATURE

Introduction to Traffic Signal

There are basically, two modes of operation for traffic signals, fixed-time and
actuated. Both fixed-time signals and actuated signals are controlled by
microprocessors called controllers. These controllers are the brains of a signalised

intersection.

Fixed-time, also known as pre-timed, controllers are of limited use for isolated
intersections and require no traffic detection. Pre-timed intersections provide a
specified amount of time for every traffic movement whether there are vehicles at
an intersection or not. Different cycles can be set throughout the day to
accommodate for peak hour traffic, but the cycle will always service every
movement with a predetermined amount of time. These singles are usually found
where traffic signals are closely spaced and the traffic flow patterns are evenly

distributed with high pedestrian traffic, such as in urban areas.

Actuated signalised intersections, on the other hand, are more common control
method used for isolated intersections and widespread throughout in major cities
of popular countries. These traffic-actuated controllers can range from semi-
actuated, to fully traffic actuated, to traffic responsive volume-density. These
signals are capable of varying the amount of time; they give to a movement based
on the traffic they service. This is the case because actuated intersections have
sensors that detect the presence or passage of vehicles. This feature allows any
unused green time to go to the movement that needs it. In theory, actuated signals

are more efficient because the signals can adapt to different traffic patterns.

Signal Control Strategies

Several different strategies are employed for the control of traffic signals ranging
from non-actuated fixed timed to fully traffic responsive volume-density control.

Here different vehicle actuated controllers are discussed in detail.
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2.2.1 Vehicle Actuated Controllers

The following describes the general operation of traffic-actuated controllers as

stated in the research report ARR No.123 by Akcelik (1981).

At vehicle-actuated signals, the green times, and hence the cycle time, are
determined according to the vehicle demands registered by detectors. Phase
sequence may be fixed or variable. In the case of fixed-sequence phasing, a phase
can be skipped when there is no demand for it. The running phase waits in the
rest position when no conflicting demand is present unless there is an automatic

call for another phase.

For a given phasing system, efficient operation of vehicle-actuated signals
depends on the values of various controller settings. The three basic controller
settings which determine the length of the green period are minimum green,
vehicle interval (the terms gap time, vehicle extension, unit extension, etc. are
also used) and maximum extension (or maximum green) settings. Modern
controllers have additional settings which differ according to the type of
controller (Pak-Poy et al 1975; Staunton 1976). The location, number and other
characteristics of detectors affect the choice of vehicle-actuated settings also. It is
therefore difficult to give general-purpose rules for choosing the values of
vehicle-actuated controller settings, which can be used for any controller and
location. However, some suggestions are presented below which are based on a
limited amount of research published in the literature (Grace, Morris and Pak Poy
1964; Webster and Cobbe 1966; Morris and Pak-Poy 1967; Pak-Poy et al 1975;
Staunton 1976).

The green period allocated to a movement comprises a minimum green period
and a green extension period which is subject to an upper limit (maximum green
setting). In modern controllers, the minimum green period comprises a fixed
period and an additional variable period which is determined by the number of
vehicle actuations (after the first vehicle) during the red period. The fixed
minimum green and vehicle increment settings must be chosen to be sufficiently
long for the clearance of vehicles waiting in one lane between the detection point
and the stop line. These settings must be chosen with care so as to avoid unduly

long green times which result in loss of efficiency, especially when detections in
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more than one lane contribute to the length of the variable minimum green

period.

As illustrated in Figure 2-1 and Figure 2-5 (Staunton 1976), detection of each
additional vehicle extends the green period by the vehicle interval setting. The
controller starts timing a new vehicle interval at each vehicle actuation. The green
period terminates when the time between successive vehicle actuations exceeds
the vehicle interval setting (gap change) or the total green extension time equals

the maximum extension setting (maximum change).

The choice of the vehicle interval setting is critical in determining the length of
the green period and hence the efficiency of operation. A basic control mode uses
a fixed vehicle interval setting whereas modern controllers provide facilities for
automatic reduction of vehicle interval (gap reduction) according to the traffic
flow rate on the running phase (inappropriately called 'density'), the number of
vehicles waiting on the red phase, waiting time on the red phase, or combinations
and variations of these algorithms (e.g. 'volume-density' and 'headway-density’
controllers). A summary of various gap reduction and other vehicle-actuated
controller types can be found in Staunton (1976). Various recommendations for
controller settings in simple (basic), volume-density, headway-density, and a
'variable-maximum' controller are given by Pak-Poy et al (1975). These are based
on the use of delay criterion only. In an earlier publication, Morris and Pak-Poy
(1967) considered the effect of vehicle interval on the percentage of stopped
vehicles also. Some of the findings of this and other published work (referred to

above) on the effect of vehicle interval setting are as follows.
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Figure 2-1: Vehicle-actuated control by vehicle interval
(Staunton 1976)
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Figure 2-2: Extension sequence in a basic vehicle-actuated controller
(Staunton 1976)

There is an optimum value of the vehicle interval setting which minimises delay.

The optimum vehicle interval becomes smaller and its effect becomes more
critical as traffic flows increase (Figure 2-3 and Figure 2-4); hence for relatively
high flows, it is important that the vehicle interval setting chosen is not too large.

The effect of increasing the vehicle interval is to increase the cycle time and to
reduce the percentage of vehicles stopped (Figure 2-5); using large values of
vehicle interval setting is advantageous from this viewpoint especially for low
flows, where delays are not very sensitive to the value of the vehicle interval as
seen in Figure 2-4 (note that the results in Figure 2-3 to Figure 2-5 were obtained

with no maximum setting control).
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Based on these findings, and considering the importance of vehicle stops in
relation to fuel consumption, cost and safety, in particular at high speed locations
as emphasised by Staunton (1976), a compromise value of 3 or 4s appears to be a
good choice as a fixed vehicle interval setting. However, the effect on the actual
number of stops rather than the proportion stopped, especially under heavy flow
conditions, needs to be assessed. In practice, the intersection geometry and traffic
composition as well as the number and type of lanes (turning or through) per
phase at a particular site (and at different times) must also be taken into account

in choosing the value of vehicle interval setting.

It is apparent that basic vehicle-actuated control with a fixed vehicle interval
setting will not produce efficient operating conditions (delays and stops) during
both light and heavy flow periods. Gap reduction features of modern controllers
are useful for this reason. However, there are difficulties in finding and
maintaining optimum adjustment Figure 2-3 of sophisticated equipment in
practice as pointed out by Staunton (1976). Some modern controllers, which has
'waste' and 'headway' settings in addition to the normal 'gap' (vehicle interval)
setting. With this controller, when the time between successive vehicle actuations
exceeds the headway setting, the excess time (waste increment) is accumulated,

in addition to normal gap.

Some variations in the operation of specific types of traffic-actuated controllers

are described as follows:

Sat. flow per phase = 1800 — 5400 vph
Lost time per phase =5 s

s

g
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0 500 1000 1500 2000

Average traffic flow per phase (veh/h)

Figure 2-3: Vehicle interval with average traffic flow per phase
(Morris and Pak-Poy 1967)
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Percentage vehicles stopped

Sat. flow per phase = 1800 veh/h
Lost time per phase =5 s
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Figure 2-5: Vehicles stoppage with Figure 2-4: Average delay with
vehicle interval vehicle interval
(Morris and Pak-Poy 1967) (Morris and Pak-Poy 1967)

2.2.2 Semi-Actuated Controllers

Semi-actuated controllers are used at intersections where the minor road has
traffic volumes significantly lower than the major road. The priority of operation
is to minimize the interruption of traffic on the major road while still providing

adequate service to the minor road.

Vehicle detectors are required only on the minor road. The detectors will input a
call for green time as well as calls for vehicle interval extensions up to a pre-set

maximum limit.

The major road has a pre-set recall to its green phase. No detector call is required
and the green will always revert to major phase when the minor road has been
serviced. The major road will have a pre-set minimum green time, and will
continue to rest in green on that phase until a call has been placed by the minor

road.
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2.2.3 Fully-Actuated Controllers

Fully actuated controllers are used where both roads at an intersection have
relatively equal volumes. These controllers are particularly efficient where the
traffic flows are random and uneven. The priority of operation is to minimize the

total delay by minimizing stops on all phases.

Vehicle detectors are required on all legs of the intersection. These detectors will

input calls for initial minimum green time as well as vehicle interval extensions.

Any or all phases of the signal can be set for automatic recall to green which will
give the corresponding phase the minimum green time without a vehicle
actuation. If all phases have automatic recall set, then the signal will cycle
through all the phases, giving each phase a minimum green time, even if no
traffic is present on a particular leg. If recall is not set on any phase then the
signal will service only those phases that have traffic actuations and skip the
others. In the absence of any traffic, such as in night-time operation, the
controller can either rest on the last served green phase or rest on red on all
phases. If recall is set on only one phase, the signal will revert to green on that
phase once during every cycle. In the absence of traffic, the signal will rest on
green on this phase. This is a common setting for many intersections, as one of

the legs is usually considered slightly more major than the others.

2.2.4 Volume-Density Controllers

Volume-density controllers are similar in operation to fully actuated controllers;
however, contain more advance features for analysing the traffic volumes on the
green phase being served and the traffic density on the red phase being held.
This information is then processed and the timing patterns altered for a more
efficient operation. These controllers are the most efficient means of operation

signals at isolated intersections.

e The most important feature of volume-density controllers is the ability to reduce
the green vehicle extension interval depending on the density of opposing
traffic. As the measured density of the opposing traffic increases the vehicle

extension interval for green time is reduced linearly (known as gap reduction) to
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some pre-set minimum extension time. Figure 2-6 illustrates the gap reduction

process.
— Time Before Reduction
Vehicle
Passage [
Time | |
| |
Vehicle |
Interval I
Extension | |
| |
Minimum
Gap - _: _____ -
| Time to Reduce
L— Serviceable Conflicting Call
——— Start of Green Phase

Green Time, seconds

Figure 2-6: Gap reduction process (Shaflik 1995)

The controller has the ability to increase the minimum green time depending on
the number of vehicles queued behind the stop line. Figure 2-7 illustrates the
variable initial timing process.

In order to function properly these controllers must obtain information early
enough to react to the fluctuating traffic patterns. Detectors must be place well

in advance of the stop lines for such information to be useful.

Maximum Initial

______ (m——————————
Initial Added Initial
Timing, Range
seconds
Minimum Green
L _]
- . |
F—d Seconds per Actuation |
- Beginning of Green —!

AN ANAN A ANAN AN A
Vehicle Actuations on Yellow or Red

Figure 2-7: Variable initial timing process (Shaflik 1995)
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A special version of the volume-density controller, known as a ‘Modified-
Density Controller’, has many of its features but requires less information from
the intersection. Traffic flow statistics are obtained from the detector actuations
of the previous cycle with the assumption that the present cycle being served has
the same characteristics as the cycle preceding it. This may be acceptable for
situation where traffic flow is relatively deterministic, however, is not efficient

where intersection have highly unpredictable and random flows.

2.3. Detectors

One of the advantages to actuated control is the ability to adjust timing
parameters based on actual vehicle or pedestrian demand. Since this vehicle or
pedestrian demand varies at different times of the day, a detector is placed in the
path of approaching vehicles or at a convenient location for the use of

pedestrians.

The actual operation of the signal is highly dependent on the operation of these

detectors. Some of the more common detector types are briefly described below.

e Loop Detector

This is the most common detector type. It is a loop of wire imbedded in the
pavement carrying a small electrical current. When a large mass of metal passes
over the loop, it senses a change in inductance of its inductive loop sensor by the

passage or presence of a vehicle near the sensor.

o Microwave Radar Detector

A detector that is capable of sensing the passage of a vehicle through its field of
emitted microwave energy. The principles of operation involve microwave
energy being beamed on an area of roadway from an overhead antenna, and the

vehicle's effect on the energy detected.

e Video Detection

A detector that is responds the Video image or changes in the Video image of a

vehicle.
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e  Magnetic Detector
A detector that senses changes in the earth's magnetic field caused by the
movement of a vehicle near its sensor.

e  Magnetometer Detector
A detector that measures the difference in the level of the earth's magnetic forces
caused by the passage or presence of a vehicle near its sensor.

e Infrared Detector

A detector that senses radiation in the infrared spectrum.

e Light-Sensitive Detector
A detector that utilizes a light-sensitive device for sensing the passage of an
object interrupting a beam of light directed at the sensor.

e Pneumatic Detector
A pressure-sensitive detector that uses a pneumatic tube as a sensor.

2.4. Overview of Traffic Signal Design

2.4.1 Definitions and notations
A number of definitions and notations need to be understood in signal design.
They are discussed below.

24.2 Cycle
A signal cycle is one complete rotation through all of the indications provided in
a traffic signal.

2.4.3 Phase (P or 9)

A part of a signal cycle, that is allocated to selected traffic movement(s) receiving
the right-of-way simultaneously. Furthermore, a phase is the green interval plus
the change and clearance intervals that follow it. Thus, during green interval,

non-conflicting movements are assigned into each phase. It allows a set of
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movements to flow and safely stops the flow before the phase of another set of

movements start.

2.44 Cycle length/time (C)

Cycle length is the time in seconds that it takes a signal to complete one full cycle
of indications. It indicates the time interval between the starting of green for one

approach until the next time the green starts. It is generally denoted by C.

2.4.5 Interval

It indicates the change from one stage to another. There are two types of intervals
change interval and clearance interval. Change interval is also called the amber
(yellow) time (A) indicates the interval between the green and red signal
indications for an approach. Clearance interval is also called all red (AR) is
included after each amber (yellow) interval indicating a period during which all
signal faces show red and is used for clearing the vehicles off the intersection

(common right-of-way).

2.4.6 Amber time (A4)

This is the time allocated for drivers to stop safely or to proceed safely depending

on the location of the vehicle with respect to the stop line.
A=1+ 7o) (Equation 2-1)
Where, 7 - reaction time, J' — speed of a vehicle, f(v) — Deceleration rate

2.4.7 Allred time (AR)

The time required for a vehicle that enters the intersection at the end of amber

period to clear the intersection. This period is considered one of the lost times.

_ W+l
14

AR (Equation 2-2)

Where W — Total width of intersection, / — Length of vehicle, V' — speed of a

vehicle

2.4.8 Red Amber (RA)
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The indication shows that, the green signal indication is going to start next.
This period is considered one of the lost times.
2.4.9 Green interval or Display Green (Gj)

It is the green indication for a particular movement or set of movements and is
generally denoted by G; This is the actual duration the green light of a traffic

signal is turned on.
Gi=gi+i+A (Equation 2-3)

Where, i — starting delay (generally 1.0 s)

2.4.10 Effective Green time ( g; )

This is the time during which a given traffic movement or set of movements may

proceed; it is equal to the cycle length minus the effective red time

gi=C—rm; (Equation 2-4)

2.4.11 Red interval ( r;)

It is the red indication for a particular movement or set of movements and is
denoted by r;. This is the actual duration the red light of a traffic signal is turned

on.

2.4.12 Lost time (/)

It indicates the time during which the intersection is not electively utilised for any
movement. For example, when the signal for an approach turns from red to green,
the driver of the vehicle, who is in the front of the queue, will take some time to
perceive the signal (usually called as reaction time) and some time will be lost

here before he moves.

2.4.13 Inter Green Period (/)

This is the time between the end of green indication to a phase and the beginning
of the green period of the following phase. Inter Green period is generally

denoted by I. This time can be calculated using the following formula;
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I=4+ AR + RA (Equation 2-5)

2.4.14 Signal design procedure

The signal design procedure involves six major steps. They include:

Phase design
Determination of amber (yellow) time and clearance time (all red)
Determination of cycle length/time

Apportioning of green time

A o e

Pedestrian crossing requirements
6. The performance evaluation of the above design

2.4.14.1 Phase design
The objective of phase design is to separate the conflicting movements in an
intersection into various phases, so that movements in a phase should have no
conflicts. If all the movements are to be separated with no conflicts, then a large
number of phases are required. In such a situation, the objective is to design

phases with minimum conflicts or with less severe conflicts.

There is no precise methodology for the design of phases. This is often guided by
the geometry of the intersection, flow pattern especially the turning movements,
the relative magnitudes of flow. Therefore, a trial and error procedure is often
adopted. Even though, there are methods given in the class note of PCEC 34:
Traffic & Highway Capacity Design-Traffic Signal Design (University of
Moratuwa) and guidelines given in chapter-16 of HCM (2000). However, phase

design is very important because it affects the further design steps.

2.4.14.2 Determination of cycle length
An optimum cycle time that minimises mean delay to critical lanes can be found
using the following empirical relationship proposed by Webster and Cobbe
(1966) based on stochastic delay analysis.

1.5L+5

n
1_2,::1 ql
S

C = (Equation 2-6)

Where, L — Total lost time per cycle, qi — Critical lane flows, S — Saturation flow,

n — number of phases
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2.4.14.3 Apportioning of green time
Portion of effective green time for a particular phase can be calculated using the

following formula.

gi =(C—1L). nCIi (Equation 2-7)

i=1 qi

Where, qi — Critical lane flow for a particular phase, C — Cycle time, L. — Total

lost time (s)

2.4.14.4 Pedestrian crossing requirements
If there is a pedestrian demand, it is necessary to ensure that sufficient time is

offered for pedestrian to cross the appropriate approach.

The time required in seconds for a pedestrian to cross a particular approach, ¢;

could be calculated assuming a walking speed of 1.0 — 1.5 m/s

€ — Seconds need to be allowed for pedestrians to enter the crossing depending on
the pedestrian demand and space available for pedestrian.
&€ = 4s,if pedestrian demand per cycle < 10ped

e =7s,if pedestrian demand per cycle > 10ped
Also a checking has to be done, that € + t; < G; + 4;

If this is not satisfied increase G; to G; such that & + t; = G; + 4;
Finally, the adjusted cycle time C' (increased) has to be recalculated based on G,/

as mentioned above.

It is a general practice that the pedestrians shall not be allowed against an arrow

signal and the minimum pedestrian green time shall be 4s.

2.4.14.5 The performance evaluation
In general, vehicle delay is used to measure the performance of a signalised
intersection. If the signalised intersection is considered a stationary incident of

duration T with no filtering then the delay is given by the following formula;

72 .9:1.9 .
d; = quj (Equation 2-8)

Where q;- arrival rate, q; — departure rate.
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At a traffic signal T = C. (1 — %), g;=qandg; =S

62(1—%)245

P -0) (Equation 2-9)

Therefore, delay per cycle lane =

Total arrival per cycle = qC

c(1-2)

(Equation 2-10)
21-9)

Therefore, the mean delay per vehicle for a given lane is d; =

Where, C — Cycle time, S — Saturation flow, g — Effective green time

2.5. Introduction to SIDRA software

The SIDRA INTERSECTION software is an advanced micro-analytical tool for
evaluation of alternative intersection designs in terms of capacity, level of service
and a wide range of performance measures including delay, queue length and
stops for vehicles and pedestrians, as well as fuel consumption, pollutant

emissions and operating cost.

Akcelik & Associates Pty Ltd spent over 30 years developing SIDRA
INTERSECTION software to provide a powerful tool that helps to save time and

effort, and enables production of effective solutions for local traffic conditions.

For the last 30 years, this company has been contributing to intersection
modelling for traffic engineers and planners through the many unique
innovations delivered in powerful and world-renowned software =~ SIDRA
INTERSECTION. Detailed information could be obtained by visiting

www.sidrasolutions.com.

Original version SIDRA I was developed by Rahmi Akgelik during 1975-1979
(Akgelik 1979). The word SIDRA is an acronym for Signalised (and unsignalised)
Intersection Design and Research Aid. The first released of SIDRA
INTERSECTION was in 1984 and it is a popular professional tool for traffic

engineers and planners worldwide currently.

2.5.1 Traffic signal timing concept in SIDRA
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Determine signal timings using fixed-time / pre-timed and actuated signal
analysis methods for any intersection geometry allowing for simple as well as
complex phasing arrangements involving overlap movements by selecting one of
many cycle time options available. Use advanced signal timing options such as
green split priority for coordinated movements, equal and unequal target degrees
of saturation, cycle time optimisation for fixed-time / pre-timed signals or
coordinated actuated signals, and maximum green optimisation for actuated

signals.

2.5.2 Signal model features available in SIDRA

Analyse the effects of turn on red and semi-actuated signals. Make use of features
such as undetected movements, dummy movements and phase transition data.
Use the graphical input method for easy specification of phasing and timing data

including known phase times.

2.5.3 Cycle Time and Green Split Options

SIDRA INTERSECTION ofters different options to specify the desired method of
cycle time calculation (subject to minimum and maximum cycle time

constraints):

Practical Cycle Time: A cycle time and green times that satisfy the practical

(target) degree of saturation for critical movements are determined.

Optimum Cycle Time: A cycle time that optimises a selected performance
measure is determined for fixed-time/ pre-timed or coordinated actuated signals.
One of a large number of options can be chosen as the performance function to

determine the best cycle time.

User-Given Cycle Time: The green times using the given cycle time are

determined for fixed-time/ pre-timed or coordinated actuated signals.

User Given Phase Times: The phase times given for the selected sequence are

used. In this case, the phase times are added to determine the cycle time.
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The Green Split Priority option is available for the allocation of longer green
times to coordinated movements while keeping other movements at their target

practical degree of saturation levels.

Parameters for Actuated Signal timing analysis include Maximum Green Setting,
Gap Setting and Effective Detection Zone Length. Actuated signal timings can be

optimised by varying the Maximum Green Settings.

2.5.4 What can SIDRA INTERSECTION Do?

Using SIDRA, various analyses can be performed and the information shall be

obtained as follows;

e Analyse a large number of intersection types including signalised intersections
(fixed-time / pre-timed and actuated), signalised pedestrian crossings, single point
interchanges (signalised), roundabouts, roundabout metering, two-way stop sign
control, all-way stop sign control, and give-way / yield sign-control

e Obtain estimates of capacity and performance characteristics such as delay, queue
length, stop rate as well as operating cost, fuel consumption and pollutant
emissions for all intersection types

e Analyse many design alternatives to optimise the intersection geometry, signal
phasing and timings specifying different strategies for optimisation;

e Handle intersections with up to eight (8) legs, each with one-way or two-way
traffic, one-lane or multi- lane approaches, and short lanes, slip lanes, continuous
lanes and turn bans as relevant

e Determine signal timings (fixed-time / pre-timed and actuated) for any
intersection geometry allowing for simple as well as complex phasing
arrangements

e Carry out a design life analysis to assess impact of traffic growth

e Carry out a parameter sensitivity analysis for calibration, optimisation, evaluation
and geometric design purposes

e Design intersection geometry including lane use arrangements taking advantage of
the unique lane-by-lane analysis method of SIDRA INTERSECTION

e Design short lane lengths (turn bays, lanes with parking upstream, and loss of a

lane at the exit side)
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e Analyse effects of heavy vehicles on intersection performance
e Analyse complicated cases of shared lanes and opposed turns (e.g. permissive and

protected phases, slip lanes, turns on red)

e Analyse oversaturated conditions making use of the time-dependent delay, queue
length and stop rate models used in SIDRA INTERSECTION.
2.5.5 How Does SIDRA Intersection Work

The operation of the SIDRA INTERSECTION system is shown in the Figure 2-8

as a Flow diagram.

SIDRA INTERSECTION
Main Functions

Models e File and run management Layout picture
¢ Projects (New, Open, Save, Save As) Data Summary
« Sites (New, Template, Import)

Standard . ¢ Volume Summary
Models * Options >+ Movement IDs
(LH, RH, e User Guide and Help ¢ Input Report
NZ, NSW, e Licence Management
UM, US) e
Printing
l 4
Input Pif:tu.re, te).(t and graph
Customised printing (direct or copy to
Model other applications;
> Prepare input data in input dialogs — PP )
Output
A Ol Detailed Output report;

Intersection, Movement,
”| Lane and Phasing
Summary reports; Floe

* Process Site
« Compute and generate output

Displays; Movement
Displays; Graphs

Figure 2-8: Operation of the SIDRA INTERSECTION system
(SIDRA Akeelik & Associates 2010)

2.5.6 Actuated signals-method used in SIDRA

The methods used in SIDRA INTERSECTION for actuated signal timing and
performance estimation are based on results of research reported by Akcelik
(1994b, 1995a-d), Akgelik and Chung (1995a,b), Courage, et al (1996), Akgelik,
Chung and Besley (1997a) and TRB (2000).

Basic parameters in actuated signal operations are summarised in Figure 2-9
(Akgelik, Besley and Roper 1999, AUSTROADS 2003). The relationships among

basic parameters with presence detection can be summarised as follows:
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h=t,+t;=3.6 L,/ v=3.6(Ly+ L)/ vs (Equation 2-11)

to=h—-t,=3.6 (L, +Ly)/v (Equation 2-12)
ti=h—t,=3.6 (Ls—Ly) /v (Equation 2-13)
Ln=Ly+Li=hv/3.6 (Equation 2-14)
Where;

h = headway (seconds)

L, = vehicle length (m)

Ly = vehicle spacing (m)

L = space (gap) length between vehicles (m)
L, = detection zone length (m)

t, = occupancy time (seconds)

ts = space (non-occupancy) time (seconds)

v = vehicle speed (km/h)

The performance models for actuated signals use the same general modelling
framework used in SIDRA INTERSECTION for all intersection types.

For Fully Actuated Signals, i.e. when all movements have been specified as
Non-coordinated (isolated) and no movement has been specified as Non-

Actuated, the equations for actuated signals are used with no platooned arrival

effects.

If the program determines that some movements have been specified as Non-
actuated or Signal Coordination data (non-isolated) have been given for some
movements in the Movement Data dialog (refer sample input data in annex), it
will decide that this intersection is a case of Coordinated-Actuated Signals or
Isolated Semi-Actuated Signals. If some movements have been specified as
Coordinated, this is likely to be a case of Coordinated-Actuated Signals. If all
movements have been specified as Non-coordinated, this is a case of Isolated
Semi-Actuated Signals. The method assumes that coordination can be specified
for some movements at semi-actuated signals in order to model the effects of

platooned arrivals. In these cases:
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e the equations for fixed-time (pretimed) signals will be used for Non-actuated
movements,

e the equations for actuated signals will be used for actuated movements (i.e.
the movements not specified as Non-actuated), and

e For coordinated movements (Non-actuated or not), platooned arrival effects
will apply to performance calculations (parameters PF;, PF,, f;,; and fj») as

well as opposed turn and short lane models.

The HCM Delay and HCM Queue options are used for the HCM versions of
SIDRA INTERSECTION. These can be accessed by cloning a model (Model
tab) and using Model Defaults - Model General for the cloned model.

23 | Page



Vehicle
positions

Vehicle
length (L,)

Vehicle
positions

Vehicle
positions
at time t,

at time t3

Vehicle
positions
at time t,

Leading (front) end
of Vehicle A enters
the detection zone

Leading (front) end
of Vehicle B enters
the detection zone

Space (gap)
length (L;)
[ €«—Spacing (Ly)—>|_ N Detector
Effective sensor
detection ‘
zone Electrical
length output
(Lp)
<«<—— Headway (h) —>/
Occupanc Space
y time (to) | time (ts)
Presence : > ; Detector
: output
detection n
A A
t1 T t t3 T ta >
time

Trailing (rear) end
of Vehicle A exits
the detection zone

Trailing (rear) end
of Vehicle B exits
the detection zone

Figure 2-9: Basic parameters in actuated signal operation
(SIDRA AKkcelik & Associates 2010)
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For pedestrian movement performance calculations, the same method as for
fixed-time / pre-timed signals is used. However, pedestrian green times are
different for actuated and fixed-time / pre-timed signals. In the case of actuated
signals, pedestrian movements are allocated the minimum pedestrian time
whereas full vehicle green time is available for pedestrians (except clearance time

losses) in the case of fixed-time / pre-timed signals.

SIDRA INTERSECTION uses maximum green setting (Gmax), gap setting (e;) and
effective detection zone length (L,) parameters for actuated signal control timing
and performance estimation purposes. These parameters can be specified as
global parameters (i.e. to apply to all actuated movements in the Site) in the
Sequence Data dialog (refer sample input in annex). Standard default values of

these parameters are given in Table 2-2.

Table 2-1: Default values of actuated signal settings in SIDRA(Akcelik & Associates 2010)

Max. Green Gap Effective Detection

Setting (s) Setting (s) Zone Length (m or ft)
Major movement 50 25 4.5m (15 ft)
Minor movement (1) 20 2.0 4.5m (15 ft)

(1) Applies to arrow-controlled (protected) turns only.

For driving on the left-hand side of the road (Australia, New Zealand, Japan, UK,
etc):

e Major movements are the through and left-turn movements, and

e Minor movements are arrow-controlled (protected) right-turn movements

For the purpose of actuated signal timing calculations in SIDRA
INTERSECTION, the term "minor movement" refers to arrow-controlled turn
(protected) movements, and does not include opposed (filter, or permitted) turn
movements. The through ("major") movement settings are used for opposed
(filter, or permitted) turn movements in shared or exclusive lanes. In the case of
permitted and protected turns (green circle and green arrow), the through
movement parameters are used for the permitted (green circle) period and the

minor movement parameters are used for the protected (green arrow) period.
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In some signal controllers, a maximum green extension setting (Gemax) 1S used.
For the purpose of SIDRA INTERSECTION, the maximum green setting
represents the sum of minimum green time and the maximum green extension

setting (Gmax = Gemax + Gmin)'

In accordance with the general definition, a right-turn movement in the case of
driving on the left-hand side of the road from the stem of a 7-junction or from a
one-way street may also be treated as a "minor movement", resulting in a default
maximum green setting, which is too short. Where this is not desirable due to the
nature of this movement, the maximum green setting should be set for this

movement in the Movement Timing dialog.

The maximum green setting, gap setting and effective detection zone length
parameters can be specified in the Sequence Data dialog (refer sample input in
annex). Any maximum green times given in the Movement Timing dialog for
individual movements will override the values given in the Sequence Data

dialog.

The gap setting and effective detection zone length parameters are used as global
values only. The gap setting is a space-time value (es) as used with presence
detection, i.e. headway time less detector occupancy time. For the purpose of
signal timing and performance calculations, SIDRA INTERSECTION will convert
this setting to a headway time value (ey) for each movement. The corresponding
parameters in Figure 2-11 are headway (h) and space-time

(ts = h - t, where t, = occupancy time).

In the Detailed Output report, the Progression and Actuated Signal Parameters

table lists the space-time and headway time values of gap settings.

SIDRA INTERSECTION converts the gap settings from space-time values to

headway values using the following formula:
en=6 ttou=e+3.6(Ly+L,)/va (Equation 2-15)

where t,, is the detector occupancy time (s/veh) during the unsaturated part of the
green period (i.e. after queue clearance), Ly is the average vehicle length (m/veh),

L, is the effective detection zone length (m) which is typically withinr + 0.5 m of
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the detector loop length, and v, is the approach speed (km/h) which is used as the

departure speed of vehicles after queue clearance.

SIDRA INTERSECTION calculates the average vehicle length from:

Ly=Ly-2.0 (Equation 2-16)

Where Ly is the average spacing in a stationary queue, or jam spacing (m/veh),
which is calculated as an average value considering all lanes used by the subject

movement.

Equation 2-6 assumes a jam space length (gap distance between vehicles) of Ls;j
=2.0 m. The average jam spacing is calculated as a flow-weighted average of the
jam spacing values of light vehicles (LVs) and heavy vehicles (HVs) considering

all lanes used by the subject movement:

Luj = (1 -pnv) Lijrv + prv Lajnv (Equation 2-17)

where puy = proportion of heavy vehicles, Lyjiv and Lyjuy are the average jam
spacing per vehicle (m/veh) for light and heavy vehicles, respectively (parameters

Lijiv and Ly are specified as input in the Movement Data dialog).

For example, LyjLy = 7.0 m, Lyjuy = 13.0 m, and ppy = 0.05 (5% HVs) gives Ly =
7.3 m. The average vehicle lengthis L, = 7.3 -2.0 =53 m. Fore; =25 s, L, =
4.5 m and v,, = 60 km/h, the occupancy time is to, = 3.6 X (5.3 +4.5)/ 60 = 0.6 s,
therefore e, = 2.5+ 0.6 = 3.1 s.

2.5.7 Actuated Signal Timing Method

For traditional vehicle-actuated control, unequal degrees of saturation are likely
to result with lower degrees of saturation allocated to the minor movements as
seen in the example given in Figure 2-10 (Akgelik 1994b, 1995a,d, 1997a;
Akgelik, Chung and Besley 1997a; Courage, et al 1996).

SIDRA INTERSECTION uses a simple method for calculating average green and
cycle times at actuated signals, making use of estimates of degrees of saturation
at actuated signals (x,) as target degrees of saturation in the practical cycle time

and green split equations. The method is similar to the method for the analysis of
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fixed-time (pre-timed) signals, and is consistent with the method described in

HCM 2000 (TRB 2000).

An iterative timing calculation method is used by calculating the target degree of

saturation for actuated signals (x,) from the following equations:
(1) For initial calculations when the red time (r) is not known:

Xa = 1.5 y*%¢, ! subject to 0.40 <x, <0.95 (Equation 2-18)
(i) For subsequent iterations when the red time (r) is known:

Xa = 0.78 y “%e, 1 18 subject to 0.40 <x,<0.95 (Equation 2-19)

Where y = flow ratio (arrival flow rate / saturation flow rate), e, = gap setting as a

headway value (seconds), and r = effective red time (seconds).

The use of actuated signal degrees of saturation (x,) from the above equations
results in unequal degrees of saturation for critical movements reflecting the
results of real-life actuated signal operations, and contrasts with the equal degree

of saturation (EQUISAT) method used for fixed-time (pre-timed) signals.
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Figure 2-10: Degrees of saturation at vehicle-actuated signals
(SIDRA Akcelik & Associates 2010)

The actuated signal timings are very sensitive to the maximum green time
settings particularly under heavy demand conditions. Very long cycle times may

result if large values of maximum green time settings are used, resulting in
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significant capacity losses due to short lane, permitted (filter) turn and lane
blockage effects. Optimisation can be done by trying to optimise maximum
green time settings using the Sensitivity Analysis option in the Demand &

Sensitivity dialog.

The actuated signal timing calculations use the same method as for fixed-time

signals with the following differences:

For Fully-Actuated Signals, i.e. when all movements have been specified as
Actuated and Non-coordinated, the actuated signal degrees of saturation (X,) are
used for all movements instead of the practical degree of saturation (x,) in
calculating the required green time. In this case:

The maximum cycle time constraint is not used, and maximum green times
determine the value of largest possible cycle time.

Green split priority method will not apply

Cycle time cannot be specified by the user unless green splits are also user-
specified

Optimum cycle time calculations cannot be carried out.

With some movements specified as Non-Actuated (Fixed-Time / Pretimed) for
Coordinated-Actuated or Isolated Semi-Actuated signals:

User-specified target degrees of saturation (x,) will be used for Non-Actuated
movements, and the actuated signal degrees of saturation (x,) will be used for
Actuated movements.

The maximum cycle time constraint applies

Green split priority method applies. Priority movements should be specified as the
coordinated movements in the case of Coordinated Actuated Signals, and as the
Non-Actuated movements in the case of Semi-actuated Signal Control

Cycle time can be specified for the program to determine green splits

Optimum cycle time calculations can be carried out (Optimum Cycle Time

facility)
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3. If all movements are specified as Actuated with some or all movements specified
as Coordinated, all aspects of case (2) apply with the exception that:
e Actuated signal degrees of saturation (X,) are used for all movements.

e The maximum cycle time constraint does not apply.
In cases (i) to (iii) above:

e The cycle time increment is forced to 1 second (the user-specified value will be
ignored). The calculated cycle time is rounded to the nearest integer value (not
rounded up).

e No green time adjustments are applied to balance movement degrees of saturation

e Allowance is made for occasional pedestrian calls using a simple method, which
reduces the pedestrian minimum green time used in timing calculations according

to the probability of no pedestrian arrivals (Akgelik 1995a).

2.5.8 Delay

SIDRA INTERSECTION output includes estimates of average delay and the
corresponding Levels of Service (LOS) for movements, lanes, approaches and the
intersection in Detailed Output, Intersection Summary, Movement Summary, and

Lane Summary reports, Movement Displays and Graphs as appropriate.

Delay to a vehicle is the difference between interrupted and uninterrupted travel
times through the intersection as seen in Figure 2-11 which shows the delay
experienced by a through vehicle stopping and starting at traffic signals (time-
distance and speed-time diagrams representing the acceleration and deceleration

manoeuvres of the vehicle are shown).

The average delay predicted by SIDRA INTERSECTION is for all vehicles,
queued and unqueued. Based on this definition, the total (aggregate) delay
(vehicle-hours per hour) is the product of average delay and the total demand
flow rate. The total delay for a movement (or lane group) is the sum of total
delays for all lanes that are used by the movement (or belong to the lane group)

allowing for the proportion of movement demand flow in each lane.
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Figure 2-11: Delay definition, experienced by vehicles at traffic signals
(SIDRA Akcelik & Associates 2010)

SIDRA INTERSECTION also gives the total delay in terms of person delays
(person-hours per hour) using the Vehicle Occupancy (persons/vehicle) factor.

Total delay values are given for vehicles, pedestrians and all persons separately.

The total vehicle delay (veh-h/h) and the total pedestrian delay (ped-h/h) are not
added together directly, and the total intersection delay (including delay
experienced by vehicles and pedestrians) is given in terms of total person delay

(pers-h/h) only.

The average intersection delay is based on persons, i.e. determined by dividing
the total intersection delay (pers-h/h) by the total flow in persons/h. Since
different level of service criteria are used for vehicles and pedestrians, the
intersection level of service is provided separately for vehicles and pedestrians
based on their respective average delays, and an intersection level of service
based on person delay is not provided. Similarly, the average delay used in
Optimum Cycle Time, Demand Analysis (Design Life / Flow Scale) and

Sensitivity Analysis runs is based on person delay.
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2.5.9 Delay Measurement

SIDRA INTERSECTION delay is the average delay to vehicles arriving during a
given flow period including the delay experienced after the end of the flow period
which is possible under heavy (especially oversaturated) traffic conditions. This
corresponds to the path-trace (instrumented car) method of measuring delays. An
alternative delay measurement method is the queue-sampling method, which
involves counting the number of vehicles in the queue at regular intervals, e.g.

every 5 seconds.

Delays obtained using the path-trace method agree with the queue sampling
method of measurement for low to medium degrees of saturation (v/c ratios), but
the difference between the two methods is significant for oversaturated
conditions (degree of saturation > 1). More detailed information is found in
Akgelik (1981, 1988b, 1990a,b, 1996a,b); Akgelik and Chung (1994b); Akgelik
and Rouphail (1993, 1994); Brilon and Wu (1990); Rouphail and Akgelik (1992).

Figure 2-12 shows the delays experienced by individual vehicles (horizontal
lines) and the queue counts (vertical lines) for a deterministic oversaturation
model to explain the concepts involved. The delay experienced by the last
vehicle departing during the current flow period, which arrives at point C (time
T1) and departs at point E (time Ty) is d;. The delay experienced by the last
vehicle arriving during the current flow period, which arrives at point C (time Ty)

and departs at point D (time T>) is d».

In Figure 2-12, the total delay for vehicles arriving during the current flow period
(duration Ty) is represented by the triangular area ACD. This includes the total
delay experienced after the current flow period (area CDE). End of oversaturation

is at point F (achieved due to a lower arrival rate after the current flow period).
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Figure 2-12: Delays experienced by vehicles in oversaturated conditions
(SIDRA AKkcelik & Associates 2010)

The queue sampling method counts the number of vehicles in the queue during
Tt. The corresponding total delay is represented by the area ACE. The average
delays are obtained by dividing the total delays (arecas ACD and ACE) by the
number of vehicles arriving during the current flow period (q, T¢). This shows the
significant difference in delays accounted for by the path-trace and queue-
sampling methods in the case of oversaturation (queue build up with a residual

queue at the end of the current flow period).

2.5.10 Delay definitions

The following are useful delay definitions, which form the basis of the SIDRA
INTERSECTION method. The definitions are presented with the help of Figure
2-13 which depicts a vehicle turning left at an intersection where the approach
and exit cruise speeds are the same (v, = V), and the approach and exit

negotiation speeds are the same (Van = Vep):

(1) Intersection control delay (d;c): This is sum of stop-line and geometric delays
(dic = dgi, + dig), thus it includes all deceleration and acceleration delays
experienced in negotiating the intersection. In earlier versions of SIDRA
INTERSECTION, this was referred to as the overall delay with geometric
delay.
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Figure 2-13: Graphical representation of various delays used in SIDRA
(SIDRA AKkcelik & Associates 2010)

The delay to a vehicle, which decelerates from the approach cruise speed to a full
stop (due to a reason such as a red signal, a queue ahead, or lack of an acceptable
gap), waits and then accelerates to the exit cruise speed is considered to include
the delay due to a deceleration from the approach cruise speed down to an
approach negotiation speed and then to zero speed, idling time, acceleration to an
exit negotiation speed along the negotiation distance, travelling the rest of the
negotiation distance (if any) at the constant exit negotiation speed, and then
acceleration to the exit cruise speed. As seen in Figure 2-13, this delay is the

intersection control delay.

(ii) Stop-line delay (ds;): This is calculated by projecting the time-distance
trajectory of a queued vehicle from the approach and exit negotiation speeds
to the stop line (or give-way / yield line), which is shown as the time from C
to F in Figure 2-13. The stopline delay is equivalent to queuing delay plus
main stop-start delay, and is represented by the first two terms of the delay

model (dSL = dq +d,=d; + dz)
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(iii) Geometric delay (dip): This is the delay experienced by a vehicle going
through (negotiating) the intersection in the absence of any other vehicles,
which is of particular interest for satisfactory modelling of the performance of
roundabouts and sign controlled intersections. Intersection geometric delay is
due to a deceleration from the approach cruise speed down to an approach
negotiation speed (V,c—Van), travel at that speed (v,,), acceleration to an exit
negotiation speed (Van—Ven), travel the rest of exit negotiation distance at
constant exit negotiation speed (ve,) and then acceleration to the exit cruise
speed (Ven—Vee). Thus, this delay includes the effects of the physical
(geometric) characteristics of the intersection (negotiation radius and
distance, and the associated speeds), as well as the effects of basic control
features (e.g. a stop sign vs a give-way / yield sign).

(iv) Queuing delay (dq): This is part of the stop-line delay that includes stopped
delay and queue move-up delay but does not include the main stop-start delay
(dq = ds + dgm = dsi. - dn). The queue move-up delay is not shown in the
example given in Figure 2-13.

(v) Stopped delay (d; or d;): This is the stopped (idling) time at near-zero speed.
It is the delay excluding all deceleration and acceleration delays (i.e. not
including any geometric, stop-start and queue move-up delays), thus it is
equivalent to queuing delay less queue move-up delay (ds = dq - dgm).

(vi) Queue move-up delay (dqm): This is the delay associated with queue move-
ups, i.e. acceleration from zero speed to queue move-up speed and
deceleration to zero speed (0 — vgm — 0)

(vii) Main stop-start delay (d,): This is associated with deceleration from the
approach negotiation speed to zero speed and acceleration back to the exit
negotiation speed (Vo — 0 — Vep).

A more general method is used in SIDRA INTERSECTION that allows for

different approach and exit cruise speeds (vac # Vee) and different approach and

exit negotiation speeds (Vi # Ven). When the approach and exit cruise speeds are
different, the base condition involves an acceleration (v, < Vec) or deceleration

(Vac > Vee). Similarly, when the approach and exit negotiation speeds are different,

the geometric delay derivation involves an acceleration (v,, < vep) or deceleration

(Van > Ven)-
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The Lane Delays table in the Detailed Output of SIDRA report gives a detailed
breakdown of delay types (i) to (vii).

The delay to a vehicle which decelerates from the approach cruise speed to a full
stop (due to a reason such as a red signal, a queue ahead, or lack of an acceptable
gap), waits and then accelerates to the exit cruise speed is considered to include
the delay due to a deceleration from the approach cruise speed down to an
approach negotiation speed and then to zero speed, idling time, acceleration to an
exit negotiation speed along the negotiation distance, travelling the rest of the
negotiation distance (if any) at the constant exit negotiation speed, and then
acceleration to the exit cruise speed. As seen in Figure 2-13, this delay is the

intersection control delay (overall delay with geometric delay).

A key construct used in developing the SIDRA INTERSECTION delay definitions
given above was a clarification of whether the delay estimated by a traditional
analytical delay model includes any acceleration and deceleration delays. The
SIDRA INTERSECTION method assumes that the analytical model delay is a
stop-line delay that includes the main stop-start delay to queued vehicles, and

does not include the geometric delay.

In Figure 2-13, the main stop-start delay is represented by d, = tcp + tgp, i.e. the
sum of times C to D and E to F, the stopped delay is represented by ds = tpg, and
therefore the stop-line delay is dg;, = tcr (in this example, the stopped delay is the

same as the queuing delay because there is no queue move-up delay).

In determining control delay for individual movements, control delay values for
the lanes used by the movement are not aggregated directly. The stop-line delay
values for the lanes used by the movement are aggregated first, and then the
geometric delay for the movement is added. Geometric delay and other statistics
for movements combined using the same movement number are the flow-

weighted average values for individual origin-destination movements.

The use of control delay (overall delay with geometric delay) is the
recommended method for consistency in comparing alternative intersection
treatments. Stop-line delay given in the Lane Delays table in the Detailed Output
report is recommended only for comparison of SIDRA INTERSECTION results
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with those from software packages that estimate delay without the geometric
delay, or when the survey method used produces a delay that does not include the

geometric delay.

The delay models used by SIDRA INTERSECTION when the HCM Delay option
is applicable (Model Defaults - Model General) differ from the standard SIDRA
INTERSECTION models although the model structures are similar.

For continuous movements, an uninterrupted travel delay (difference between
zero-flow travel time and the uninterrupted travel time at given flow level) is
calculated. The value of this is usually small. However, the geometric delay is
significant for continuous left and right-turn movements (hence, the control delay

will be much higher than the uninterrupted travel delay).

For signal coordination (platooned arrivals), the HCM progression factor method
is used for delay prediction. In SIDRA INTERSECTION, an additional
progression factor is used for the prediction of queue-related performance
statistics. The colour code used for movements in the Control Delay display
under Movement Displays is based on the Level of Service (LOS) values as
indicated by the legend of the display. This varies according to the LOS method
used. For continuous movements, grey colour indicates that LOS is not allocated

to these movements.

2.5.11 PEDESTRIANS

Pedestrians can be modelled at fixed-time (pretimed) or actuated signalised
intersections, mid-block signalised crossings, and single point urban interchange
facilities allowed by SIDRA INTERSECTION. This section explains various
aspects of pedestrian movements at these facilities. Pedestrians at unsignalised

(Zebra) crossings are also discussed below.

Pedestrian movements are defined as crossing in front of the selected approach
road. There will be one pedestrian movement per approach for Full Crossings,
and two pedestrian movements (one for each carriageway) for Staged Crossings.
The user has the option of specifying different volumes for each stage at a staged

crossing
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2.5.11.1 Pedestrian Saturation Flow Rate and Performance Measures
For pedestrian movements, a fixed saturation flow of 12,000 ped/h is used as a
default. This can be changed in the Movement Data dialog. The pedestrian
saturation flow rate represents a number of pedestrians in each row of the queue
(with increasing pedestrian volumes, pedestrians tend to queue side by side in
increasing numbers, thus increasing the saturation flow rate). The pedestrian

saturation flow rate (sp in ped/h) can be estimated from:
sp = 3600 n, / hgyy (Equation 2-20)

Where, n, is the number of pedestrians in a row in the queue, and (hgp is the

queue discharge headway between two pedestrian rows (seconds) :
hgt =08+ Lpp/ 1.5 (Equation 2-21)

Where Ly, 1s the pedestrian queue spacing (default value is 1.0 m, or 3 ft. for the

HCM version).

For pedestrian queue length estimation, SIDRA INTERSECTION estimates the

number of pedestrians in a row ("number of pedestrian lanes") from:
np = sp hgp1 /3600 (Equation 2-22)

For the SIDRA INTERSECTION default values of s, = 12,000 ped/h and Ly, =
1.0 m, hyp1=1.5 s and np, = (12,000 / 3600) x 1.5 = 5 pedestrians in a row.

As a result of the large saturation flow rate value, pedestrian degrees of saturation
and queue clearance times are small. For this reason, SIDRA INTERSECTION
estimates the pedestrian performance measures (delay, queue length and effective
stop rate) ignoring the second term of the performance equations (i.e. no
overflow effect), and sets the flow ratio to zero (equivalent to assuming a very
large saturation flow rate). Therefore, the pedestrian performance measures

include the red time effect only.

In SIDRA INTERSECTION, appropriate values of approach distance, speed,
queue-space parameters are used for pedestrian movements. The approach
distance is 10 m (or 30 ft.), and the walking speed is 1.3 m/s (or 4.3 ft/s) for

pedestrian movements. These parameters are used for the purpose of pedestrian
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travel statistics. For pedestrian green time calculations, a crossing speed of 1.2

m/s (or 4.0 ft/s) is used which is discussed in detail below.

2.5.11.2 Pedestrian Effect on Capacity of Vehicle Movements at Signalised
Intersections
SIDRA INTERSECTION offers two methods of modelling the effect of pedestrian

movements on vehicle capacity at signalised intersections:

e The program can assign increased start loss to the vehicle movement that is
subject to pedestrian interference (the preferred method), or
e Saturation flow rate can be reduced by the program using a factor calculated

as a function of the conflicting pedestrian volume.

To utilise either of these methods, the pedestrian movement must be specified as
an opposing movement in the Priorities dialog. The desired method for modelling

the effect of pedestrians can then be selected in the Movement Data dialog.

2.5.11.3 Pedestrian Performance Measures in SIDRA INTERSECTION Output
Various output produced by SIDRA INTERSECTION give the results according
to approach roads and pedestrians separately. Generally, SIDRA INTERSECTION
text output and movement displays present performance measures (delay, stop

rate, etc) for vehicles, pedestrians and all persons separately.

Various fotal values given in persons per hour combining the results for vehicles
and pedestrians (e.g. total delay, total effective stops, etc.) are calculated using
the Vehicle Occupancy (persons/vehicle) factor specified in the Volumes input
dialog. The total vehicle and total pedestrian values are not added together
directly, and the total values for the intersection (as experienced by both vehicles
and pedestrians) are given in terms of total person values only. The average
intersection values are also based on persons, i.e. determined by dividing the total
intersection value (e.g. total delay in person-hours per hour) by the total

intersection flow in persons/h.

Pedestrian volumes specified as input include pedestrians crossing the road in
both directions (two-way volumes). In calculating the queue length, half the
pedestrian volume is used as relevant to pedestrians waiting to cross in each

direction (equal directional split is assumed). Pedestrian volume is not used in
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equations for calculating the average delay or average effective stop rate. This
assumes that pedestrian queues will always clear. For calculating the total delay
and total stops, flow rates based on original volumes are used so that the delays

and stops experienced by pedestrians in both directions are accounted for.

When Staged Crossings are specified, two pedestrian movements are generated
representing two stages of the crossing. The user has the option of specifying
different volumes for each stage at a staged crossing. The associated average
values of various performance statistics (delay, proportion queued, etc) do not
represent performance of particular pedestrians along the route for the entire
staged crossing. In such cases, summation of the statistics such as total delay,
total cost, etc as statistics corresponding to points in the system is representative
of the system statistics, and the total pedestrian volumes (repeated for two
movements representing a staged crossing) match the associated total

performance statistics. Similar issues arise in network modelling.

In SIDRA INTERSECTION output, practical spare capacity values and lane

information are not given for pedestrian movements.

2.5.11.4 Minimum Green Times for Pedestrian Movements
For pedestrian movements at signalised intersections or signalised mid-block
crossings, "pedestrian minimum green time" represents the minimum time
required for both Walk and Flashing Don't Walk displays, but excluding any
overlaps with terminating intergreen displays (see Figure 2-14). In the case of
parallel pedestrian and vehicle movements at signalised intersections, the
pedestrian minimum green time also represents the minimum green display
required for parallel vehicle movements in order to satisfy the Walk and Flashing

Don't Walk display requirements for the pedestrian movement.
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Figure 2-14: Walk and clearance times for pedestrian movements
(SIDRA AKkcelik & Associates 2010)

Minimum green times required for the purpose of pedestrian movements may be
specified by the user in the Phasing & Timing - Pedestrian Movement Timing
Data dialog, or calculated by the program using the crossing distance data

calculated by the program or specified by the user in the Pedestrians input dialog.

The following method is used in SIDRA INTERSECTION for calculating
pedestrian minimum green times and end gain values (see Figure 2-14). The
parameters used in this method can be specified in the Phasing & Timing -

Pedestrian Movement Timing Data dialog. Default values of these parameters are

listed in Table 2-2.

Table 2-2: Default parameter values for calculating pedestrian timing data

Parameter SIDRA HCM versions

INTERSECTION

standard

Minimum Walk Time, tpwm 5s 7s
Crossing speed, Vpc 1.2m/s 4.0 ft/s (1.2 m/s)
Minimum Clearance Time, toem 5s 5s
Clearance Time Overlap 2s 3s
("Clearance 2" time), toc2
Pedestrian Start Loss, tps 2s 2s
Pedestrian End Gain, tpe 3s 4s
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Firstly, the total pedestrian clearance time (duration of the Flashing Don't Walk

interval), t, (in seconds) is calculated from:

tpe ® max (Lpc / Vpe, tpem) (Equation 2-23)
(approximated up to the nearest integer value)

where

toem = minimum pedestrian clearance time (in seconds),

L,. = pedestrian crossing distance (in metres), and
Vpe = pedestrian crossing speed for signal timing purposes (in metres per
second).

Figure 2-15 shows the distribution of pedestrian crossing speeds at signalised
intersections and midblock signalised crossings in Melbourne, Australia (Akcelik
& Associates 2001, Bennett, Felton and Akgelik 2001). It is seen that the default
crossing speed of 1.2 m/s used in SIDRA INTERSECTION (and widely used in
traffic engineering practice) corresponds to 15" percentile speed (15% of
pedestrians had crossing speeds slower than 1.2 m/s) for midblock crossings and
about 4™ percentile speed for crossings at signalised intersections (when all data
were combined, 1.2 m/s represented 10™ percentile speed). The average crossing
speeds for Melbourne sites were 1.5 m/s for midblock crossings and 1.8 m/s for

crossings at signalised intersections (1.6 m/s for all data combined).

The crossing distance is set to the appropriate pedestrian crossing distance value
(D¢ for full crossing, D¢, or D, for staged crossing) calculated by the program or

specified by the user in the Pedestrians dialog.

As seen in Figure 2-14, the total clearance (Flashing Don't Walk) time consists of
"Clearance 1" and "Clearance 2" times, tyc = tpe1 + tpe2. The "Clearance 1" interval
is the first part of the Flashing Don't Walk interval, which occurs before the
terminating intergreen time. The "Clearance 2" interval is the second part of the
Flashing Don't Walk interval, which follows the "Clearance 1" interval and

overlaps with part of the terminating intergreen time.
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Figure 2-15: Pedestrian crossing speeds at signalised intersections and midblock crossings
(SIDRA Akcelik & Associates 2010)

In the case of parallel pedestrian and vehicle movements at signalised
intersections as seen in Figure 2-14, the "Clearance 1" interval overlaps with the
green display for parallel vehicle movements. In this case, the Clearance 2
interval may overlap with part or all of the vehicle yellow interval, or with the

vehicle yellow and part or all of all-red interval depending on the duration of t,c,.

The "Clearance 1" time is determined from:

Toel = tpe - the2 (Equation 2-24)
Where
toe = total clearance time from (Equation 2-23), and

toee = "Clearance 2" time from Table 2-2.
The pedestrian minimum green time, Gpmin (in seconds) is given by:

Gpmin = towm T pet (Equation 2-25)
Where

towm = minimum Walk time from 7able 2-2, and
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toet = "Clearance 1" time from (Equation 2-24).

SIDRA INTERSECTION uses the following more complicated formula to avoid

possible numerical error cases:

Gm¢ = atemporary value of the minimum displayed green time (vehicle default,
or the minimum green which allows for a minimum effective green time of 3

SeCOl'ldS, Gmt = tps - tpe + tpcl + 3),
tps = start loss for pedestrians (unused part of the Walk time), and

tpe = end gain for pedestrians (the initial part of the Clearance 1 time used by

pedestrians), and
tpe1= Clearance 1 time.

In Figure 2-14, the displayed pedestrian Walk time equals the minimum Walk
time (tpw = towm), and the displayed vehicle green time equals the "pedestrian
minimum green time" (Gy = Gpmin). If the pedestrian Walk display is extended in
line with the parallel vehicle green display (Gy > Gpmin), the displayed pedestrian

Walk time is larger than the minimum walk time:

All parameters in the pedestrian minimum green, negative end gain, lost time and
effective green equations above are in seconds. Parameters tywm, tpc2, tpe and tys
can be specified set in the Phasing & Timing - Pedestrian Movement Timing

Data dialog (see Table 2-2).

If the user specifies the minimum green time for a pedestrian movement, the

Clearance 1 time will be recalculated as follows:
tpet = Gpmin — thwm (Equation 2-28)

User-specified minimum green time must be sufficient to satisfy both (t,wm® tpem)

and (tpwm™ tpe).
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Example: Calculate the pedestrian minimum green time and end gain values for
a crossing distance of L,. = 15 metres using (i) the SIDRA INTERSECTION
standard and (ii) HCM default values.

Using vpe = 1.2 m/s and tyem = 5 s from Table 2-2 (same for the SIDRA
INTERSECTION standard and HCM default cases), the total clearance time
required is t, = max (15/1.2, 5) = 13 s.

(1) Using the SIDRA INTERSECTION standard default values:

From Table 2-2, the minimum Walk time is t,wm = 5 s and the "Clearance 2" time
is tpeo = 2 s. Therefore, "Clearance 1" time is t,ey = 13 - 2 = 11 s, and the

pedestrian minimum green is Gpmin =5 + 11 =16 s.
(i1) Using the HCM default values:

From Table 2-2, the minimum Walk time is t,wm = 7 s and the "Clearance 2" time
is tpeo = 3 s. Therefore, "Clearance 1" time is t,e; = 13 - 3 = 10 s, and the

pedestrian minimum green is Gpmin =7 + 10 =17 s.

2.5.11.5 Minimum Green Time Adjustment for Pedestrian Volume
For actuated signals, SIDRA INTERSECTION uses a method that accounts for the
effect of occasional pedestrian calls. This method reduces the normal minimum
green time required for pedestrians (Gpmin) according to the probability of no
pedestrian demand during the average signal cycle. This may have a significant
effect on the operation of the intersection when the pedestrian volumes are low,
especially for those crossing a major road where the parallel vehicle movement

has a low volume.

For this purpose, the probability of no pedestrian arrivals during the average

signal cycle (pop) is calculated from:

Pop = e'qp(c -t )/3600 (Equation 2-29)

pwm

where q,, is the pedestrian flow rate (ped/h), c is the average cycle time (s), and
towm 1s the minimum duration of the pedestrian Walk signal display (see Table 2-

2).

The adjusted minimum pedestrian green time is calculated as:
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G'pmin =(1 'pop) Gpmin (Equation 2-30)

Where Gpmin i1s the minimum pedestrian green time from (Equation 2-26) or a
user-specified value, and (1 - pop) is the probability of pedestrian arrivals during

the average signal cycle.

(Equation 2-29) is based on the use of a simple negative exponential distribution
of pedestrian arrival headways and the premise that pedestrian calls are not
recorded during the Walk display (Akgelik 1995a). Probabilities of no pedestrian
arrivals during the signal cycle as a function of the pedestrian flow rate and the
average cycle time calculated from (Equation 2-29) for a minimum Walk time of

towm = 6 s are shown in Figure 2-16.

Cycle time (s):
—0—40

0.80 +
—e— 60

—t— 80

0.60 + —0— 120

0.40 +

Probability of no pedestrian arrivals

0.20

0 100 200 300 400 500

Pedestrian flow rate (ped/h)

Figure 2-16: Probabilities of no pedestrian arrivals during the signal cycle
(SIDRA Akcelik & Associates 2010)

2.5.11.6 Effective Green and Red Times for Pedestrian Movements
Estimating pedestrian performance characteristics (delay, queue length, etc.) and
level of service, the general SIDRA INTERSECTION method of determining
effective green and red times is applied to pedestrian movements (see Figure 2-

17). The default values of pedestrian movement parameters used in this method

are given in Table 2-2.
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A pedestrian start loss parameter (t,) is used to represent the pedestrian reaction
(and caution) at the start of the Walk interval. A pedestrian end gain parameter
(tpe) 1s used to represent the pedestrians who arrive after the end of the Walk

interval and continue crossing during the first part of the (Flashing Don't Walk)

interval.
i Phase change point
Phase changeA point Start of (start of vehicle End of
(start of vehicle Phase ! Phase
yellow interval) yellow interval)
Starting Intergreen Vehicle Green Terminating
Time, Is Time, Gy Intergreen Time, |
l
Vehicle
signal Yellow All-Red Yellow All-Red
displays y Time, ty Time, tar v y Time, tyl Time, tar v
l
Start of Start of End of
pedestrian pedestrian pedestrian
movement clearance movement
Total clearance
time, e
1
Pedestrian Clearance 1 Clearance 2
signal Walk, tyy time, tpc time, tye
displays P¥ iMe, "pel > ez
A4 v
Steady Don't Walk Flashing Don't Walk ' Steady Don't Walk
Effective Start loss, End gain,
timings_for tps tpe
pedestrian
movement
>t 1
Effective red Effective green Effective red
time, 1, time, g, time, 1,

Figure 2-17: Effective green and red times for pedestrian movements
(SIDRA Akeelik & Associates 2010)

The lost time for a pedestrian movement is calculated from:

Where I is the starting intergreen time, t, is the pedestrian start loss, tyi is the

Clearance 1 time, and t,. is the pedestrian end gain.

The effective green and red times (g, 1p) for a pedestrian movement is given by:
p = tow - ths T Tpe (Equation 2-32)
p,=C-gp (Equation 2-33)

Where t,, is the pedestrian walk time, ts is the pedestrian start loss, t, is the

pedestrian end gain, and c is the cycle time (¢ =1, + gp).

Note that the above relationships give /, + g, = I + G,.
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Example

If the total duration of the Flashing Don't Walk interval is t,. = 15 seconds,
starting intergreen time is Iy = 5 seconds and the displayed vehicle green time is
Gy = 40 seconds, what are the values of effective green and lost time for the
pedestrian movement using (i) the SIDRA INTERSECTION standard and (ii)
HCM default values? Assume that the pedestrian Walk display is extended in line
with the parallel vehicle green display.

(1) Using the SIDRA INTERSECTION standard default values:

From Table 2-2, the "Clearance 2" time t,» = 2 s, the start loss t,s = 2 s and the
end gain t,. = 3 s. Therefore, "Clearance 1" time is tyc; = 15 - 2 = 13 s, the Walk
time is tyw = 40 - 13 = 27 s. The lost time and effective green time for the
pedestrian movement are 1, = Iy + tps + tpe1 - the =5+ 2+ 13 -3 =17 s, and g, =
tow = tps T tpe =27 -2 +3 =28 s. Check: |, + g, =17+28=45s (= + G, =5+
40).

(i1) Using the HCM default values:

From Table 2-2, the "Clearance 2" time t,» = 3 s, the start loss t,s = 2 s and the
end gain t,. = 4 s. Therefore, "Clearance 1" time is tyc; = 15 - 3 = 12 s, the Walk
time is tyw = 40 - 12 = 28 s. The lost time and effective green time for the
pedestrian movement are l, = Iy + tps + tpe1 - the =5 +2+12-4=15s,and g, =
tow - tps T tpg =28 -2+ 4 =30s. Check: 1, + g, =15+30=45s L+ G, =5+
40).
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3.

3.1.

DATA COLLECTION

Traffic turning movement data (Classified Count) and intersection geometric
drawings were collected from the Planning Division and Highway Designs
Division of Road Development Authority for the following junctions, in order to
scrutinize the prevailing pattern and behaviour of traffic turning movements in

Colombo district.

Most of these classified turning movements data were directly downloaded from
data logger and converted into Microsoft-Excel using an interface software called
KNOwin, for German Classified Counters, available at Planning Division-I
(Traffic Data Collection-Subdivision of the Planning Division of Road
Development Authority). Sample outputs from this software and geometric
drawings are given in appendix as raw data in electronic version on the attached

Compact Disk (CD).

Selected At Grade Intersections in Colombo District

Vehicle-turning movements of about thirty (30) intersections were examined and
the following six (06) intersections were selected for evaluating permissible
limits of different vehicle-turning movements for random traffic generation. All

these intersections have twelve (12) possible vehicle-turning movements.

Orugodawatta Junction
. Kirulapona Junction

. Punchikawatta Junction

1
2
3
4. Thimbirigasyaya Junction
5. Narahenpita Junction

6

Grandpass Junction
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4.

METHODOLOGY

4.1. Selection of Intersection Geometry

B uimsem

Several existing and designed geometric drawings were investigated and a typical
geometry was selected for a four-legged intersection with denoted dimensions as
shown in Figure 4-2 & Figure 4-2, for detailed analysis. Generalised names were
assigned for all four legs in the directions of cardinal points as Northern Leg in
North direction, Eastern Leg in East direction, Southern Leg in South direction

and Western Leg in West direction.

Northern Leg
Northern Leg !
9|8 :7
J b
JIb
] o 10 - L o
=7 s B = S E
=Y E 3 ~ 6 B %
| = i al .. . — 5. ki
\———-—-7 - 4
1 3
4 I:C {1 ’
300 m ’3:‘»,\ 28 03
Southern Leg éouthern Lég
Figure 4-1: Typical four-legged Figure 4-2: Typical four-legged intersection
intersection with right-turn bay with selected dimensions for detailed analysis
(SIDRAAKcelik & Associates 2010) (SIDRA AKkcelik & Associates 2010)

Three approach lanes and two exit lanes were allocated for each legs, based on
the study of prevailing intersections. Most commonly used typical lane width of
3.3m was chosen for Left-turn (LT) and Through (TH) traffic. Right-turn (RT)
pocket (Turn-bay) was selected with 2.8m wide and 50m long for RT as it is most

commonly seen in Sri Lankan urban areas.

A length of 300m was decided on intersection’s leg in cardinal points directions,
to offer minimal effect from other signalised intersections in the immediate

vicinity. Centre median for RT bay was chosen as 0.3m.
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4.2. Selection of Signal Phase Arrangement

Four-phase signal arrangement was selected for the analysis, to avoid any

conflicts among turning movements for a four-legged intersection.

There are two commonly used phasing arrangements in practice, for a four-phase
signal. In order to analyse the performance of signalised intersections, operate
under different phasing arrangements, these two different phasing arrangements
were considered for the analysis and named as Type-A and Type-B as shown in
Figure 4-3 and Figure 4-4 respectively. Allowed turning movements from each
approach legs in a particular phase are represented by lines with arrowheads,
while banned movements are marked with stop-line at the head of each turning
movements. Pedestrians’ movements are also denoted in the same manner but

they are across each approach leg with double arrowhead.

Phase A1 Phase A2 Phase A3 Phase A4
JIL JIL JL JIL
Tom— — I— A
H il lf | fl=d g =L g
=l MRl = isl e iIED IE
| Saad — L
ir r r i
Figure 4-3: Signal Phasing arrangement Type-A for detailed analysis
(SIDRA AKkcelik & Associates 2010)
Phase B1 Phase B2 Phase B3 Phase B4
JL JIL JIL JIL
L] o e ]
g 7| =T i .
TR R = RS C SN = B £ = B
L] Lo ) m—
r Ir r r
T’ Southem Lag e Southem Lag e Southem Lag T Southem Lag

Figure 4-4: Signal Phasing arrangement Type-B for detailed analysis
(SIDRA AKkcelik & Associates 2010)
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4.3. Generation of Random Traffic

Out of about thirty (30) intersections’ turning movement data, around ten
intersections were selected with four legs and different number of approach and
exit lanes. These ten intersections were carefully examined and intersections,
which did not have all twelve (12) vehicle-turning movements, were eliminated.
As shown in Figure 4-3, intersections that have four-legs with all twelve turning

movements, were only chosen for the detailed study.

14 13 12

P

34 31 32 &

Figure 4-5: Four-legged intersection with different traffic demand-flow lines
(KNOwin 1995)

Categorisation of Light-Vehicles (LV) and Heavy-Vehicles (HV) was accepted in
a traditional way as defined in the traffic counter/logger interface software as
(MCL, TWL, CAR, VAN, MBU, LBU, LGV, MG1 & MG2) are LV and (HG3,
AG3, AG4, AG5 & AG6) are HV (Refer Table 10-1).

Where,

(1). MCL — Motor Cycles
(2). TWL — Three Wheelers
(3). CAR-Cars

(4). VAN - Vans
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(5). MBU — Medium Buses

(6). LBU — Large Buses

(7). LGV — Light Goods vehicles

(8). MGI1 — Medium Goods vehicle 1
(9). MG2 - Medium Goods vehicle 2
(10). HG3 — Heavy Goods vehicles 3
(11). AG3 — Articulated Goods vehicles 3
(12). AG4 — Articulated Goods vehicles 4
(13). AGS5 — Articulated Goods vehicles 5
(14). AG6 — Articulated Goods vehicles 6

Categorised Light-Vehicles (LV) and Heavy-Vehicles (HV) for selected
junctions were extracted onto separate spreadsheets, using a recorded Macro-

programme for all twelve turning movements.

Then, turning movements on Left (LT), Through (TH) and Right (RT) directions
were separated in a comprehensive table for all four directions (North, East,
South & West), as shown in Annex Table 10-2. In addition, maximum and
minimum values of turning movements for every individual turns were found

using MAX() and MIN() formulae in Microsoft Excel.

All these maximum and minimum turning movement values were extracted from
selected sites individually and another table was created to compare the
individual turning movement values among all selected intersections as shown in

Annex Table 10-3.

Generalised maximum and minimum values for LT, TH and RT for all four legs
were determined and rounded off. These generalised and approximated traffic
turning-movement values, as given in Table 4-1, Table 4-2 and Table 4-3 were
used to generate random traffic (Light and Heavy vehicles whilst satisfying all

conditions found) at a typical Sri Lankan intersection in urban area.
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Table 4-1: Conditions for turning movements to generate random traffic

Condition-1 to generate Random Traffic

Turning Movement Numbers Min | Max li)o?;lcllg((l) Fg;i?;gg}?
1+7 0 240 300 300 N-SLT
2+8 6| 1846 1900 1900 | N-STH
3+9 4 181 200 200 N-SRT
4+10 6 215 300 300 | E-WLT
5+11 2 801 900 900 | E-WTH
6+12 1 305 400 400 | E-WRT
1+4+7+10 25 427 500 500 | Total LT
2+5+8+11 64 | 1986 2000 2000 | Total TH
3+6+9+12 5 419 500 500 | Total RT

Table 4-2: Conditions for LYV & HV maximum and minimum values and ratios

Condition-2 to generate Random Traffic

Practical Approx.Ratios
Turning Movement LV | HV | Ratio w.r.t rounded up to
TH nearest 5

LT Min 0 0 0.00 0
LT Max 228 | 19 21.83 25
TH Min 0 0 0.02 0
TH Max 1090 | 12 27.83 30
RT Min 0 0 0.00 0
RT Max 272 | 15 25.60 30

Table 4-3: Conditions used in Microsoft Excel to generate random HV

Condition-3 for Heavy Vehicles - HV

N-S E-W
LT |20 | 20-LT <=20 12 | 12-LT <=12
TH 11| <=20 12 | 15-TH <=15
RT 8 | 8&-RT <=8 15 | 15-RT <=15

Applied in RANDBETWEEN() Formula in MsExcel

In order to get possible traffic turning movement combinations; a set of step
values were adopted, i.e 1, 10, 50, 100, 500, 1000, 1100 for Northern TH traffic

and respective Southern through traffic were calculated based on step ratios

(minimum to maximum), which were already computed from real turning

movement data, i.e 0.02, 0.10, 1.00, 5.00, 10.00, 15.00, 20.00, 25.00, 28.00,

30.00. The same procedure was followed for E-W through traffic as shown in
Table 4-4 and Table 4-5.
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