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Previously on Traffic Engineering

Consider a signal at junction and assume a fundamental diagram as shown.
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How does the density change along the highlighted cross section and where
are these points on the fundamental diagram? Can we derive the RH
condition using the speed of the shock wave.
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3 Design of a Single Intersection
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Lecture Outline

Traffic Control
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Traffic Control
Introduction

Traffic control at junctions is usually achieved using stop/yield signs or by
signals.
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Traffic Control
Introduction

Consider the following 4-way junction. For the unsignalized version, there
are 8 merge and 8 diverge conflicts and 16 crossing conflicts.

These reduce the capacity and also make navigating through the junction

less safe.
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Traffic Control
Warrants

When traffic volumes are low, the intersection can be left unsignalized. The
Indian Road Congress (IRC) 93-1985 guidelines prescribe when a junction
must be signalized based on a few conditions.

I Minimum vehicular volume

IRC : 93-1985

Warrant 1 — Minimum vehicular volume

Warrant 2 — Interruption of continuous traffic

Warrant 3 — Minimum pedestrian volume

Warrant 4 — Accident experience

Warrant 5 — Combination of warrants

3 WARRANT 1 — MINIMUM VEHICULAR VOLUME

3.1. The minimum vehicular volume warrant is intended
for application where the volume of intersecting traffic is the

principal reason for consideration of signal installation. The
warrant is satisfied when for each of any 8 hours of an average
day, the traffic volume given in Table 2 exist on major street and
on the higher volume, minor street approach to the intersection.

3.2. These major street and minor street volumes are for

the same 8 hours. Each traffic lane marked at the intersection,

shall be minimum 2.8 metre wide. During the 8 hours mentioned
above, the direction of higher volume on the minor street may be
on one approach during same hours and the opposite approach
during other hours.

3.3. When the 85th percentile speed of major street traffic

(or average approach speed) exceeds 50 kmph or when the inter-

section lies within the built-up area of an isolated community having
a population of less than 2.5 lakhs the minimum vehicular warrant
is 70 per cent of the requirements above (in recognition of diffe-

rences in the nature and operational characteristics of traffic in

urban and rural environments and small municipalities).

Table 2. Minimum Vehicular Volume for Warrant-1

Number of lanes for moving traffic

on each approach
Motor vehicles per
hour on major
street (total both

Motor vehicles per
hour on higher
volume minor

Major Street Minor Street

approaches) street approach
(one direction only)

1 1 650 200

2 or more 1 800 200

2 or more 2 or more 800 250

1 2 or more 650 250

25

I Interruption of continuous traffic

IRC : 93- J 985

4. WARRANT 2 — INTERRUPTION OF
CONTINUOUS TRAFFIC

4.1. The interruption of continuous traffic warrant applied
to operating conditions where the traffic volume on a major street

is so heavy that traffic on a minor intersecting street suffers exces-

sive delay or hazard in entering or crossing the major street. The
warrant is satisfied when, for each of any 8 hours of an average
day, the traffic volume given in Table 3 exist on the major street

and on the higher volume minor street approaching the intersec-

tion, and the signal installation will not seriously disrupt progressive

traffic flow.

Table 3. Minimum Vehicular Volume for Warrant 2

Number of lanes* for moving traffic

on each approach

Major Street Minor Street

Motor vehicles per
hour on major
street (total of both
approaches)

Motor vehicles per
hour on higher
volume minor
street approach
(one direction only)

1

2 or more
2 or more
1

2 or more

2 or more

1000

1200

1200

1000

100

100

150

150

These traffic lanes at intersection shall be minimum 2.8 metre wide.

4.2. During the 8 hours, the direction of higher volume on
the minor street may be on one approach during some hours and
on the opposite approach during other hours. When the 85th

percentile speed (or average approach speed) of major street

traffic exceeds 60 kmph or when the intersection lies within the

built-up area of an isolated community, having a population of less

than 2.5 lakhs, the interruption of continuous traffic warrant is

70 per cent of the requirements above (in recognition of difference

in the nature and operational characteristics of traffic in urban
and rural environments and smaller municipalities).

5. WARRANT 3—MINIMUM PEDESTRAIN VOLUME
5.1. The minimum pedestrain volume warrant is satisfied

when for each of any 8 hours of an average day, the following

traffic volumes exist

:

(i) On the major street, 600 or more vehicles per hour enter the intersection

(total of both approaches) or where there is a raised median island 1.5

metre or more in width, 1000 or more vehicles per hour (total of both
approaches) enter the intersection on major street, and

26

I Minimum pedestrian volume

I Accident experience
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Traffic Control
Types of Signals

Signals can also be pre-timed or actuated. Pre-timed plans are usually
fixed by time-of-day.

Actuated signals on the other hand can be semi-actuated where sensors
are used on minor streets with less traffic or fully-actuated where sensors
from all approaches are used to determine green times.

We will first look at isolated intersections and then graduate to handle
coordination among signals at a corridor level. Most cities now use area-
wide control using optimization or AI-based methods.
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Traffic Control
Introduction

Turn movements at signals can be protected/exclusive or permissive. If
they are protected/exclusive, drivers have to wait for a dedicated signal as
shown in the picture.

If turn movements are permissive, drivers have to take a turn based on the
gap sizes in oncoming traffic.

*Right-Hand Traffic
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Lecture Outline

Terminology
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Terminology
Introduction

Fixed-time traffic signals operate in cycles. The time for one full cycle is
called the cycle length C .

A phase is the set of all traffic movements allowed simultaneously. For
each phase i , let Gi and Ri indicate the green and red times.

In addition, each phase ends with an all-red ARi phase to allow for residual

traffic to clear the intersection. The ARi duration is set to the width of

the intersection/average speed of vehicles clearing the junction.
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Terminology
Lost Time

When signals change from red to green, reaction times of travelers result
in start-up lost time.

Likewise, when the signal turns amber, vehicles avoid entering the inter-
section and some time is lost at the end, called clearance lost time.

The effective green gi = Gi + Yi − tL, where tL is the sum of the above

two lost times.
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Terminology
Saturation Flow and Capacity

When a signal turns green, the time
headways between consecutive vehi-
cles decrease since the vehicles be-
hind the first one will take lesser time
to react.

236     Chapter 7     Traffic Control and Analysis at Signalized Intersections 

 

Figure 7.5  Concept of saturation headway and lost time. 
 

This amount of time remains fixed, regardless of phase or cycle length. Thus, for 
shorter cycle lengths, the lost time will comprise a larger percentage of the cycle 
length and will result in a larger amount of lost time over the course of a day 
compared with longer cycle lengths. However, longer cycle lengths usually have 
more phases than shorter cycle lengths, which may result in similar proportions of 
lost time. 

 
Effective Green and Red Times 
For analysis purposes, the time during a cycle that is effectively (or not effectively) 
utilized by traffic must be used rather than the time for which green, yellow, and red 
signal indications are actually displayed, because they are most likely different. This 
results in two measures of interest: the effective green time and the effective red time. 
The effective green time is the time during which a traffic movement is effectively 
utilizing the intersection. The effective green time for a given movement or phase is 
calculated as 

 Lg G Y AR t= + + −  (7.3) 

where 
 

g = effective green time for a traffic movement in seconds, 
G = displayed green time for a traffic movement in seconds, 
Y = displayed yellow time for a traffic movement in seconds, 

AR = displayed all-red time in seconds, and 
tL = total lost time for a movement during a cycle in seconds. 
 
The effective red time is the time during which a traffic movement is not 

effectively utilizing the intersection. The effective red time for a given movement or 
phase is calculated as 

 Lr R t= +  (7.4) 

where 
 

The saturation flow is the rate of vehicles that can pass through a move-
ment if it receives a green light throughout.

s =
3600

h
s is the saturation flow rate and h is the saturation headway.

Capacity of a lane or approach i can be computed using its saturation flow
and effective green time

ci =
gi
C
si
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Terminology
Delays

Two types of delay—stop delay and control delay are important in signal
design.

270     Chapter 7     Traffic Control and Analysis at Signalized Intersections 

from moderate to a level nearing the capacity of the intersection, the probability of 
having cycle failures, where not all queued vehicles get through during a particular 
cycle, increases substantially. These cycle failures are random occurrences for the 
most part, but must be accounted for in the estimation of overall delay to achieve 
reasonably accurate results under higher flow conditions. Whereas Eq. 7.21 is based 
on a purely theoretical derivation, the need to account for stochastic vehicle arrivals 
which lead to occasional oversaturation adds considerable complexity to the analysis 
of delay at signalized intersections. Numerous researchers over the last several 
decades have proposed delay formulas and refinements to meet this need, based on 
combinations of analytical, empirical, and simulation-based methods. The following 
formulation, denoted as d2, is one that has been adopted by the Highway Capacity 
Manual [Transportation Research Board 2010], given as 
 

 

Figure 7.20  Illustration of control delay for a single vehicle traveling through a 
signalized intersection. 
Adapted from Exhibit 31-5, p. 31-7, Highway Capacity Manual, Transportation Research 
Board 2010. 
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Lecture Outline

Design of a Single Intersection
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Design of a Single Intersection
Steps

The main steps involved in designing an isolated intersection are:

I Decide the phasing scheme

I Calculate the amber times

I Estimate cycle length

I Distribute green times

Lecture 13 Signalized Intersections
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Design of a Single Intersection
Phasing

When designing a signal, different types of phasing schemes can be tested
to either reduce the overall delay, safety, or the number of conflicts.

7.4     Development of a Traffic Signal Phasing and Timing Plan     239 

 
Figure 7.7  Typical phasing configurations and sequencing. 
 

Given this, a point of diminishing returns is reached with the addition of phases 
as the efficiencies gained by separating traffic movements eventually become 
outweighed by the inefficiencies of increased lost time. Thus, a primary concern in 
signal timing is to keep the number of phases to a minimum. Because protected-turn 
phases add to lost time, they should be used only when warranted. Because of 
opposing motor vehicle traffic, left-turn movements typically require a protected-turn 
phase much more often than right turns. There are no nationally established 
guidelines on when protected left-turn phasing should be used, so local policies and 
practices should be consulted before a decision is made about whether to provide a 
protected left-turn phase. In general, decisions on whether to provide a protected left-
turn phase are based on one or more of the following factors: 

 
• Volume (just left turn or combination of left turn and opposing volume) 
• Delay 
• Queuing (spillover) 
• Traffic progression 
• Opposing traffic speeds 
• Geometry (number of left-turn lanes, crossing distance, sight distance) 
• Crash experience (which may also be related to any of the above factors) 

*Right-Hand Traffic

Lecture 13 Signalized Intersections



18/26

Design of a Single Intersection
Ring-Barrier Diagrams

*Right-Hand Traffic
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Design of a Single Intersection
Movement Groups vs. Phases

*Right-Hand Traffic
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Design of a Single Intersection
Amber Time

The standard practice of setting yellow times is to use the ITE formula

Y = t +
v85

2a + 19.6g

where Y is the yellow time in seconds (rounded up to the nearest integer
and is between 3–6 seconds), v85 is the 85th percentile speed of approach-
ing vehicles, a is deceleration, and g is grade in decimal.

7.4     Development of a Traffic Signal Phasing and Timing Plan     251 

where 
 

Y = yellow time (usually rounded up to the nearest 0.5 second), 
tr = driver perception/reaction time, usually taken as 1.0 second, 
V = speed of approaching traffic in ft/s, 
a = deceleration rate for the vehicle, usually taken as 10.0 ft/s2, 
g = acceleration due to gravity [32.2 ft/s2], and 
G = percent grade divided by 100. 
 

Figure 7.12  The dilemma zone for traffic 
approaching a signalized intersection. 
 

 
and 

 w lAR
V
+=  (7.13) 

where 
 

AR = all-red time (usually rounded up to the nearest 0.5 second), 
w = width of the cross street in ft, 
l = length of the vehicle, usually taken as 20 ft, and 

V = speed of approaching traffic in ft/s. 
 
To avoid a dilemma zone and the possibility of a vehicle being in the intersection 

when a conflicting movement receives a green-signal indication, the total of the 
change and clearance intervals (yellow plus all-red times) should always be equal to 
or greater than the sum of Eqs. 7.12 and 7.13. 

 
EXAMPLE 7.7 DETERMINE YELLOW AND ALL-RED TIMES

 Determine the yellow and all-red times for vehicles traveling on Vine and Maple Streets as 
shown in Fig 7.8.  

SOLUTION 

 For the Vine Street phasing (applying Eqs. 7.12 and 7.13), 

Drivers in the dilemma zone can leave the intersection during the AR time.
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Design of a Single Intersection
Cycle Time Estimation

To estimate the cycle time, we first estimate the critical flow ratio v/s
of each phase by considering the maximum flow of a through or turn
movement in that phase using peak-hour traffic counts.

The minimum cycle length recommended by HCM is

C =
NLXc

Xc −
∑

(v/s)ci

Xc is the critical v/c ratio of the intersection and is typically set to 0.9. It
indicates the utilization rate of the intersection.

L is the lost time in seconds, N is the number of phases, (v/s)ci is the
critical flow ratio for phase i .
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Design of a Single Intersection
Cycle Time Estimation

The Webster’s method is similar to this approach and attempts to minimize
the delay at an intersection (under some assumptions of uniform arrivals)

Copt =
1.5L + 5

1 −
∑

(v/s)ci

Xc is the critical v/c ratio of the intersection and is typically set to 0.9.
L is the lost time in seconds, N is the number of phases, (v/s)ci is the
critical flow ratio for phase i .
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Design of a Single Intersection
Green Splits

Finally, the cycle length is apportioned to each phase based on the ratio
of critical lane volumes.

gi =
vci∑
vci

Tg

where vci is the critical lane volume and Tg is the total effective green
time which equals C − NtL.

The actual green time is set to Gi = gi − yi + tL.
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Design of a Single Intersection
Example

Peak-hour traffic volumes at a four-legged intersection are as shown in the
figure. Assuming that the total lost-time per phase is 2.4 s, the saturation
headway to be 2.2 s, amber time of 3 s per phase, find the cycle length
and the green splits.

Repeat this for a three-phased intersection where P2 and P4 in the above
picture are combined.
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Additional Reading

Matthew, T. V. (2009) NPTEL Notes on Traffic Engineering. https://nptel.

ac.in/courses/105/101/105101087/

FHWA (2008) Traffic Signal Timing Manual FHWA-HOP-08-024. https://

ops.fhwa.dot.gov/publications/fhwahop08024/index.htm
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Your Moment of Zen
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