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	1. Traffic Engineering
(For PSC  Highway
Engineer)
 


	2. Traffic engineering and  scope
 “ Traffic engineering is the branch of engineering which deals
with the planning and design of streets and abutting land with
respect to traffic operation so as to provide a safe convenient
and economic flow of traffic (people and goods)”
 Scope of traffic engineering
1. Traffic(road user) characteristics
2. Traffic flow study and analysis
 Volume study
 Speed study . Speed and delay study
 Origin and destination study
 Capacity and level of service study
 Accident study
 Congestion , delay , queing , shockwaves etc. (Not a part of
our syllabis)
3. Traffic operation and regulation
 Traffic control
 Traffic regulation
 


	3. 4. Design
 Intersection
  Street lightning
 Parking (Not a part of our syllabis)
 Terminal (Not a part of our syllabis)
5. Traffic planning (Not a part of our syllabus)
6. Traffic administration and management (Not a part
of our syllabus)
7. Traffic research
 


	4. Traffic(road user) characteristics
Human  Vehicle and Environment system
 A highway (or transportation) system comprises of three
different elements
1. The Road users (The driver and pedestrians )
2. The Vehicle
3. The road environment
 The road user takes information form the environment and acts
so as to successfully complete the travel objective using the
vehicle
 The vehicle executes the command of the user against all the
resistance and in turn is depleting the environment
 The environment provides the information to user and air
resistance etc. to the vehicle while itself is subjected to the
action of the user and the vehicle
 


	5. Traffic(road user) characteristics
  For a highway system to successfully operate there must is a
very reasonable balance in between all these elements. For a
proper balance
 The user shall be well aware of the environment , the vehicle and
the effect of their actions on the environment and the vehicle
 The vehicle shall be in good conditions whereby it can execute the
commands efficiently and also cause lesser damage to the
environment
 The environment shall be less punishing and confusing in nature also
less demanding for the vehicle
 To ensure this proper engineering judgement and consideration
shall be given during
 Alignment selection
 Facility design
 Vehicle manufacture
 Transportation Planning
 


	6. Traffic(road user) characteristics
Road  User Characteristics
Driving Task model (Components and Processes)
 In order to understand what characters of the user influence
the operation of the transportation system the process of the
driving taks and their interrelationships shall be understood
 In order to execute the travel demand successfully the driver
performs the following taks
1. Control : It is the process of keeping the vehicle in the desired
track
2. Guidance : It is the process of interacting with other vehicles
like merging diverging , following , passing etc. maintaining
safe distances
3. Navigation : It is the process of following the best suited path
by use of maps signals signs etc.
 


	7. Traffic(road user) characteristics
Road  User Characteristics
Driving Task model (Components and Processes)
 Among these three navigation is the most important and
most demanding task , followed by guidance and control.
Since each task requires full attention so the driver
switches actively between theses to accomplish the
travel demand. The efficiency of this switching is limited
by the characteristics of the users and thus system shall
be designed considering these characters as far as
possible and the characters which are not embedded
into the system shall be limited through regulation
 


	8. Traffic(road user) characteristics
Road  User Characteristics
 The different road user characters are
 Physical Characteristics
1. Sensitivity/ Perception reaction
 (PIEV Theory)
2. Age
3. Vision
 Visual activity : What sized object can the user see
 Contrast sensitivity : What is effect of this size due to lack
of sufficient light
 Peripheral Vision :
 Visual search
4. Alcoholic and drug effect
 


	9. Traffic(road user) characteristics
Road  User Characteristics
 Mental Characteristics : Related to mental computations
during the driving task
1. Information processing capacity / Intelligence
2. Speed choice
1. Perpetual cues
2. Road environment cues
3. Driver experience and expectation
 Psychological Characteristics : Related to state of mind of
the user
1. Anxiety / Impatience
2. Overconfidence
3. Anger and frustration
4. Attentiveness
 


	10. Vehicle Characteristics
Static Characteristics  :
 The size of the design vehicle for a highway is an important
factor in the determination of design standards for several
physical components of the highway.
 These include lane width, shoulder width, length and width
of parking bays, and lengths of vertical curves. The axle
weights of the vehicles expected on the highway
Kinematic Characteristics :
Related to the motion characters of the vehicle
Speed
Acceleration
Breaking
 


	11. Traffic Management
 Traffic  management is the process of ensuring safe
comfortable , economical and efficient traffic flow through
use of set of accepted methodologies and elements. It can
be achieved by
1. Traffic Regulation/Control : These are set of rules which
are made to guide the vehicular traffic into proper flow .
The different methods of traffic regulation/controls are
 Road user control :
 Driver test before licensing
 Regular test before renewal licesing
 Financial liability
 Road user training
 Vehicle control :
 Regular maintenance check
 Maximum weight check
 Environment compatibility check
 Age check
 


	12. Traffic Management
 Flow  control :
 One way street
 Dedicated lane
 Speed limit
 General control :
 Obstruction clearance
 Tidal flow lane
 Speed limit
2. Traffic control devices :
These are physical elements that are used to implement the
traffic regulations and controls and also to guide the vehicle
into the desired streams and channels
A traffic control device shall satisfy the following
requirements
 


	13.  The control  device should fulfill a need: Each device must have
a specific purpose for the safe and efficient operation of traffic
flow. The superfluous devices should not be used.
 It should command attention from the road users: This affects
the design of signs. For commanding attention, proper visibility
should be there. Also the sign should be distinctive and clear. The
sign should be placed in such a way that the driver requires no
extra effort to see the sign.
 It should convey a clear, simple meaning: Clarity and simplicity
of message is essential for the driver to properly understand the
meaning in short time. The use of color, shape and legend as
codes becomes important in this regard. The legend should be
kept short and simple so that even a less educated driver could
understand the message in less time.
 Road users must respect the signs: Respect is commanded only
when the drivers are conditioned to expect that all devices carry
meaningful and important messages. Overuse, misuse and
confusing messages of devices tends the drivers to ignore them.
 The control device should provide adequate time for proper
response from the road users: This is again related to the design
aspect of traffic control devices. The sign boards should be placed
at a distance such that the driver could see it and gets sufficient
time to respond to the situation. For example, the STOP sign
which is always placed at the stop line of the intersection should
be visible for at least one safe stopping sight distance away from
the stop line.
 


	14. The different traffic  control devices are
A. Traffic sign
 They are graphical symbols placed on road or near the road
bearing information , requirement , restriction , prohibition
etc.
 They shall be such that they are easily understood and shall
be placed such that they are seen easily
 They are of following types
1. Regulatory sign
 These signs are also called mandatory signs because it is
mandatory that the drivers must obey these signs
 These signs are primarily meant for the safety of other road
users. These signs have generally black legend on a white
background. They are circular in shape with red borders
 Stop/ Yield sign (Right of way series)
 Speed limit sign
 Turn , do not turn (Movement series )
 No parking sign
 Pedestrian sign etc
 


	15. 2. Warning sign
  Warning signs or cautionary signs give information to the
driver about the impending road condition.
 These signs are meant for the own safety of drivers. They call
for extra vigilance from the part of drivers.
 color convention used for this type of signs is that the legend
will be black in color with a white background. The shape
used is upward triangular or diamond shape with red borders.
 Example : Landslide prone zone , High grade , Shaprp curve
etc
3. Informatory sign
 Informative signs also called guide signs, are provided to
assist the drivers to reach their desired destinations.
 These are predominantly meant for the drivers who are
unfamiliar to the place.
 For e.g. route markers, destination signs, mile posts, service
information, recreational and cultural interest area signing
etc.
 They are written black letters on yellow background.
 


	16. The different traffic  control devices are
B. Traffic marking
 They are markings or symbols made on the pavement or
objects near it in order to give clue about the nature of
the road alignment and surrounding
 The different types of road marking are
1. Longitudinal markings
 Longitudinal markings are placed along the direction of
traffic on the roadway surface, for the purpose of
indicating to the driver, his proper position on the roadway.
 Longitudinal markings are provided for separating traffic
flow in the same or different direction and the
predominant color used is white.
 



	18. 2. Transverse markings
  Transverse markings are marked across the direction of
traffic. They are marked at intersections etc.
 For e.g. Stop sign , Zebra crossing sign
3. Object marking
 Used to adequately mark physical obstructions in a
carriageway like traffic island or obstructions near
carriageway like signal posts, pier etc. which can cause
serious hazard to the flow of traffic
 For e.g. Kerb marking , island marking etc.
 


	19. C. Traffic signal
  In busy intersections the conflict points are reduced using
phase operation of traffic so as to ensure smooth flow
 A traffic signal is an electronic device used to replace the
manual switching of the phases at a busy intersection
 It contains 3 lights namely the Green Amber and Red which
have timings and run in a cycle the timing of the individual
colors may be
1. Fixed time
2. Variable time / Traffic actuated
 


	20. Traffic Studies
Traffic studies  are carried out to analyze the traffic characteristics.
It has the following objectives
 Managing for physical system including inventories of control
devices (signs, signals, markings), lighting fixtures, repair and
maintenance activities, decisions and authorizations, permits,
street maps, condition assessments
 Investigating trends over time including volume, speeds,
accidents and needs assessments so that actions can be
anticipated, identified and taken.
 Understanding the needs and choices of the public and industry
for mobility including mode choice, routings, parking, trip
making by time of day, goods delivery, space utilization and
motivation for ride sharing.
 Calibrating basic parameters or relations such as the perception
reaction time, friction coefficients, discharge headways, lane
utilization
 Assessing potential impacts including traffic and environmental
impact assessments, site developments and access requests.
 Evaluating performance of systems or sub systems specially
focused on how well mobility is being delivered.
 


	21. Traffic Studies
The different  types of traffic studies are as follows
 Traffic volume study
 Speed studies (spot speed study, speed and delay study)
 Origin and destination study
 Traffic flow characteristics
 Traffic capacity study
 Parking study
 Accident study
 


	22. Traffic Studies
Traffic Volume  Studies
 Traffic volume is deﬁned as the number of vehicles per unit
time traversing the given highway section for a specified
unit of time
 A complete traffic volume study includes the classified
volume study by recording the volume of various types and
classes of traffic, directional distribution and turning
movements and the distribution on different lanes per unit
time. The objectives and uses of traffic volume studies are:
 Trafﬁc volume study is generally accepted as true
measure of the relative importance of roads and in
deciding the priority for improvement and expansion.
 Trafﬁc volume study is used in planning, trafﬁc
operation and control of existing facilities and also for
planning and designing the new facilities.
 Trafﬁc volume study is used in the analysis of traffic
patterns and trends.
 


	23.  Classified traffic  volume study is useful in structural
design of pavements, in geometric design and in
computing roadway capacity.
 Volume distribution study is used in planning one way
streets and other regulatory measures.
 Turning movement study is used in the design of
intersections, in planning signal timings,
channelization and other control devices.
 Pedestrian traffic volume study is used for planning
sidewalks, cross walks, subways and pedestrian
signals.
 


	24. Terminology
 Demand :  It is the number of vehicles (or persons) that
desire to travel past a point during a specified period (also
usually one hour).
 Capacity : It is the maximum rate at which vehicles can
traverse a point or short segment during a specified time
period. It is a characteristic of the roadway. Actual volume
can never be observed at levels higher than the true
capacity of the section.
 Volume : It is the number of vehicles (or persons) passing a
point per unit time during a specified time period, which is
usually one hour, but need not be.
 Rate of flow : It is the rate at which vehicles (or persons)
pass a point during a specified time period less than one
hour, expressed as an equivalent hourly rate.
 


	25. Types of Volume  counts
Based on purpose
1. Cordon Count:
 These are made at the perimeter of an enclosed area (CBD,
shopping center etc.). Vehicles or persons entering and leaving
the area during a specified time period are counted.
2. Screen Line Count:
 these are classified counts taken at all streets intersecting an
imaginary line (screen line) bisecting the area. These counts are
used to determine trends, expand urban travel data, traffic
assignment etc.
3. Pedestrian Count:
 These are used in evaluating sidewalk and crosswalk needs,
justifying pedestrian signals, traffic signal timings etc.
4. Intersection Count:
 These are measured at the intersections and are used in
planning turn prohibitions, designing channelization, computing
capacity, analyzing high accident intersections etc.
 


	26. Types of Volume  counts
Based on period of study
1. Daily volume counts
 It is the study of the volume of vehicles per day. It is of the
following types
 Annual Average Daily Traffic (AADT): expressed in vehicles per
day. It is (1/365)th of the total annual traffic flow. Total number
of vehicles passing in a year is divided by 365 days. All vehicles
are converted into passenger car unit.
 Average Daily traffic (ADT): If the flow is not measured for all
the 365 days, but only for few days (less than one year) the
average flow is known as Average Daily Traffic (ADT).
 Average Annual Weekday Traffic (AAWT): is the average 24
hour traffic volume occurring on weekdays over a full year.
 Average weekday traffic: is an average 24 hour traffic volume
occurring on weekdays for some period less than one year, such
as one month or one season.
 This kind of survey is used for design of pavements , for
palnning traffic etc.
 


	27. Short term counts  variations in Daily count
 If ADT is used due to lack of time and fund etc. then it shall be
understood that the average for a short period varies
considerably than the average all over the year
 Thus a number of variations have to be considered. These are
 Daily variation
 Weekly variation
 Monthly Variation/ Seasonal Variation
2. HOURLY volume counts
 It is the study of the volume of vehicles per hour . The actual
hourly volume varies widely from that calculated by using AADT
the hourly flow of vehicles is required for many engineering
purposes for e.g. rotary design
 The maximum value of the hourly flow is most important this is
called DDHV flow and can be calculated from AADT using
following formula
DDHV = AADT * K * D
 


	28. 3. Sub hourly  count and rate of flow
 In some cases like signal design the hourly volume might be
insufficient as the sub hourly volumes are different than
averages obtained from the hourly volumes , in these cases a
system based on the average values might lead to congestion
and queuing that might not be clear for even the whole hour
itself therefore a sub hourly count usually that of peak 15 min
is required
 This 15 minute count expanded to 1 hour is known as the rate
of flow
 In order to relate the actual flow in the hour to the
anticipated flow using the sub hourly volume a term called the
peak hour factor is used which is given by
𝑃𝐻𝐹 =
𝐻𝑜𝑢𝑟𝑙𝑦 𝑣𝑜𝑙𝑢𝑚𝑒
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑓𝑙𝑜𝑤
 


	29. Methods of traffic  flow measurement
1. Manual counting:
 In its simplest form an observer counts the numbers of
vehicles along with its type, passing through the section for
a definite time interval.
 Surveyors with adequate knowledge of the methods are
equipped with all necessary tools and counts are taken
 For light volumes, tally marks on a form are adequate.
Mechanical or electrical counters are used for heavy traffic.
Advantages
 This method provides with data that other methods are not
able to give for example
1. Turning and through movement studies
2. Classification and occupancy studies
3. Pedestrian activity and interaction
 


	30. Advantages
 No sophisticated  equipments are required at max a
mechanical counter will be required
 Low chances of data damage
Disadvantages
 Method is costly
 Not suitable for very high traffic flow
 Suitable for long periods as manpower availability for short
time is difficult to manage
 




	33. Methods of traffic  flow measurement
2. Mechanical counting:
 This method utilized sensors for counting vehicles.It is of two
types
A. Intrusive methods :
 These methods use intrusive sensors i.e. sensors placed on the
surface of the road itself
 The most common type of sensor is the pneumatic sensor , it
consists of a tube embedded in the road which is activated and
counts the axles when they pass over them.
 It is to be noted that this sensor counts axles not vehicles so a
sample count shall be taken and these axles have to be
converted into the vehicles
B. Non Intrusive methods :
 These methods use advanced sensors like microwave , radar
wave , ultrasonic wave , videography technique etc. to detect
the vehicle
 These methods can detect the vehicle as well as their speeds
 




	36. Presentation and analysis  of traffic volume data
 





	40. Traffic Studies
Speed Study
  Evaluation of different types of speed related parameters in a highway
section are termed as the speed study
 Requirements
 Traffic operation like sign location and timings, establishing speed zones
etc.
 Geometric design of elements like curvatures, super elevation, stopping
sight distance etc.
Terminology
1. Spot speed
 It is the speed of the vehicle calculated at a point
 Spot speed is affected by physical of road like pavement width, curve,
sight distance and grade.
2. Running speed
 It is the speed calculated based on the actual running time. It is useful
for assessing traffic capacity of roads.
Running Speed =
Length of Route
Running Time
=
Length of Route
Journey time − delay time
 


	41. 3. Journey speed  : It is the speed calculated based on the actual
journey time i.e.
Journey Speed =
Length of Route
Joutney time
4. Average speed:
 It is the average speed of several vehicles passing a specific section .
There are two types of average speed
 Space mean speed : Average speed of vehicles over a certain road
length at any time. It is the harmonic mean of speeds observed at a
point. It is calculated using the average travel time and length of the
roadway.
𝑣𝑠 =
𝐿
𝑖=1
𝑛
𝑡𝑖
𝑛
=
𝑛
𝑖=1
𝑛 1
𝑣𝑖
• n - Number of individual vehicle observation;
• L- Length of the road section;
• ti - observed travel time in sec for the i th vehicle to travel L m.
 


	42. Time mean speed(spot  speed): Average speed at a point over a
period of time. It is the arithmetic mean of the speeds observed
at a point. It represents speed distribution of vehicles at a
point.
𝑣𝑡 =
𝑖=1
𝑛
𝑣𝑛
𝑛
The space mean speed and time mean speeds can be related
using
𝑣𝑡 = 𝑣𝑠 +
σ𝑠
2
𝑣𝑠
 


	43. NUMERICAL EXAMPLE
26 spot  speed observations were taken as
50 , 45 ,47 , 60 , 55 , 58 , 61 , 42 , 40 , 52 , 54 , 42 , 40 ,
52 , 53 , 43 , 57 , 60 , 62 , 40 , 42 , 43 , 50 , 49 , 60 , 59
Calculate :
(i) Time mean speed
(ii) Space mean speed
(iii) Verify their relation
 



	45. Traffic Studies
Types Speed  Study
1. Spot speed study
It is the analysis of the speed of the vehicle at a point. It is
used in
 Geometric design of roads
 Regulation and control of traffic operation;
 Analyzing the causes of accidents;
 Before and after study of improvement projects;
 Determining the problems of congestion in the road section;
 Capacity study
Spot Speed Measurement
General consideration for the site selection for spot speed
measurement:
 Location selection should be according to the specific purpose;
 Minimum influence to the traffic flow and their speed by the
survey team and equipments;
Generally straight, level and open section should be selected.
 


	46. Traffic Studies
Spot Speed  Measurement
Methods of spot speed measurement
1. Direct timing procedure
 Simple method
 Two reference points are marked on the pavement at a
suitable distance apart and an observer starts and stops an
accurate stopwatch as a vehicle crosses these two marks.
 One observer stands at the first reference point and gives
signal to the observer standing at last reference point (with
stopwatch).
 From the known distance and measured time intervals spot
speed is calculated;
 Large effects may occur due to the parallax effect;
 Reaction of individual observer may affect the result.
 


	47. Traffic Studies
Spot Speed  Measurement
Methods of spot speed measurement
2. Enoscope method
 It is a simple device consisting of L-shaped mirror box, open
at both ends. It has a mirror set fixed at 45 degree to the
arms of the instrument as in figure
 Vehicle can be observed from the same point as it passes
through both the start and end location
 


	48. Traffic Studies
Spot Speed  Measurement
Methods of spot speed measurement
3. Pressure contact tubes
 In this method detectors are used to indicate the time of
entering and leaving the base length by the vehicle.
4. Radar speed meter
 This automatic device works on the Doppler principle that the
speed of a moving body is proportional to the change in
frequency between the radio wave transmitted to the moving
body and the radio wave received back.
 It directly measures speed.
5. Photographic and video camera method
 Time-lapse camera photography has been used to determine the
speed of the vehicles.
 In this method, photographs are taken By projecting the film on
the screen, the passage of any vehicle can be traced with
reference to time.
 Video camera also can be used to measure the speed of the
vehicle
 


	49. Presentation and analysis  of spot speed data
1. Tabular presentation: Grouping of spot speeds into speed ranges to
facilitate easy computation.
2. Graphical presentation: (Histogram and cumulative frequency
curves)
I. Histogram : It is the plot of the speed value vs the frequency. It is
used to find
 Modal speed: peak of the frequency curve. (Mode of the distribution)
II. Cumulative frequency curves : They provide with
 Median Speed: 50th percentile speed
 98th percentile speed: below this speed 98% of vehicles move, and it is
taken as design speed for the geometric design.
 85th percentile speed: 85% of the vehicles move below this speed. It is
used to establish upper speed limit for traffic management. It is taken as
limit of safe speed in the road.
 15th percentile speed: 15% of vehicles move below this speed. It is used
for determining minimum speed limit for major highways.
3. Arithmetic mean or average spot speed: Summation of all variable
speed divided by the number of observations.
 




	52. Solution
  



	54. Traffic Studies
Types of  Speed Study
2. Travel time study (Speed and Delay Study)
 It is the study of the Travel time and is conducted for significant
lengths of a facility or group of facilities forming a route.
 The information on the travel time between key points within a
study area is found and is used to identify those segments in
need of improvements.
 Travel time studies are often coordinated with delay
observations at points of congestion along the study route.
Use of speed and delay study
 To identify problem locations on facilities
 To measure arterial level of service
 To provide necessary input to travel assignment models, which
focus on link travel time
 To provide travel time data for economic evaluation
 To develop time contour maps and other depictions of traffic
congestion in an area
 


	55. Traffic Studies
Use of  speed and delay study
 Running speed is useful for highway planner, where as a
passenger is more concerned to journey time.
 Journey time that considers both speed and delays, gives
measure of traffic congestion and adequacy of road system
including basis for transportation economic studies.
 It gives running speed, overall speed, and delays between
two terminals.
 


	56. Traffic Studies
Methods of  speed and delay studies
1. Registration number plate method
• In this method the whole area cordoned and entry and
exits are defines
• License plate number of all vehicles entering and
leaving and then matched to know the total travel
time
• This method gives only the travel time and is
applicable when the entering vehicles leave
2. Elevated observer method
 In this method an observer is placed on a high building
or a camera is placed
 From the analysis of the motion of vehicles the travel
time , the running time and the delay time/ delay
points can be eveluated
 


	57. Traffic Studies
Methods of  speed and delay studies
3. Moving car observer method
 Three observers on a test vehicle:
 First observer: counts opposite traffic using hand tallies.
 Second observer: with two stopwatches records time for each individual
delays (at intersections or on bridges) and total time duration for the
trip of predefined route.
 Third observer: records the number of overtaking and overtaken
vehicles.
Calculations
𝑞 =
𝑋 + 𝑌
𝑡𝑎 + 𝑡𝑤
 q- flow of vehicles in one direction of the stream
 X - average number of vehicles met in the section when the test vehicle
travelling against the stream
 Y - average number of vehicles overtaking the test vehicle minus the
number of vehicles overtaken when the test vehicle travelling with the
stream
 ta - average journey time in minute when the test vehicle is travelling
against the stream q
 tw - average journey time in minute when the test vehicle is travelling
with the stream
 


	58. mean travel time  𝑡 = 𝑡𝑤 −
𝑌
𝑞
mean journey speed 𝑡 =
Travel distance (d)
Average time (t)
mean travel time 𝑡 =
Travel distance (d)
Average time t − 𝐷𝑒𝑙𝑎𝑦 𝑡𝑖𝑚𝑒
 






	63. Traffic Studies
Delay and  its types
Any access time than that due to normal travel is called delay
Delay studies along routes are best done by the moving observer
method described earlier.
Types of Delay
1. Fixed delays (stopped delay): delays at the intersections,
traffic signals, stop signs, railway crossings, etc. that exists due
to fixed roadway conditions and does not depend on the traffic
density.
2. Operational delay (congestion delay): they are caused by the
interference of traffic movements, such as crossing and turning
vehicles, parking and pedestrians, accidents etc. Uncontrolled
intersections adjacent to each other and carrying heavy turning
movements can be the cause of a considerable amount of
weaving within the stream as vehicle attempt to enter and
leave the main road.
 


	64. Traffic Studies
Origin and  Destination (OD) Study
 Study on the attributes of trip
 In a transportation study, it is often necessary to know the exact origin
and destination of the trips.
 Origin and Destination (O-D) surveys provide a detailed picture of the
trip patterns and travel choices of a city’s or region’s residents.
Objectives
 To determine the amount of bypassable traffic that enters a town
and thus justify the need for a bypass
 To develop trip generation and trip distribution models in transport
planning process
 To determine the extent to which the present highway system is
adequate and to plan for new facilities
 To assess the adequacy of parking facilities and to plan for future
 To judge adequacy of existing route
 To locate express way or major route along desire.
 To locate the terminal facilities
 To locate new bridge as per traffic demand
 To locate intermediate stops for public transport
 


	65. Information collected by  O-D study
 An OD Survey provides with the following data
 Travel mode
 Travel time of day & duration
 Point of origin
 Point of destination
 Route of journey
 Purpose of journey
Methods of O-D study
 An OD Survey provides with the following data
1. Road side interview method
2. License plate method
3. Return post card method
4. Tag-on-car method
5. Home interview method
 


	66. Road side interview  method
 The site for the interview is located , and vehicles
are stopped taking help of Traffic Police
 While selecting the site it shall be noted that the
selected site has space enough to stop the vehicle
and also there is no significant effect of the parking
of the vehicle on the traffic flow
 After vehicles are stopped the prescribed forms and
questionnaire are filled by interviewing the road
users
 The information collected include : place & time of
O-D; route location, stoppages, purpose, vehicle and
number of passengers.
 This is quick method, but it may cause the delay for
traffic flow and it needs sufficient space to stop
vehicles & take interviews.
 


	67. License plate method
  Entire study area is cordoned and observers are stationed at all
points of entry and exit on all routes.
 Each party at the station notes the registration number of the
vehicles entering and leaving the cordoned area and the time.
 Separate sheets are maintained for each direction. After
collecting field data office computation is done by tracking the
vehicle number and its time of entering and leaving the cordoned
area.
 This method is quite easy and quick in field, but it involves a lot
of office work.
Return Post card method
 Prepaid business reply post cards with return address are
distributed to the road users.
 Questionnaire to be filled is printed on the card along with the
request for the cooperation.
 The received cards are analyzed and conclusions are drawn
 It is not effective in developing countries due to poor postal
system.
 


	68. Tag on vehicle  method
 Pre-coded card/tag is stuck on the vehicle as it enters the
study area.
 When the car leaves the cordon area tags are removed and
recorded.
 Time of entering and leaving are recorded on the tag.
 Tags may be of different colour and shape for different
routes.
 The vehicle movement could be tracked at the office
Home Interview Method
 0.5 to 10 % of the household is randomly selected for the
home interview survey.
 Specific questionnaire is designed for the interview.
 Travel related data of household and socioeconomic data is
collected.
 


	69. Presentation of O-D  data
 O-D matrix: tables/matrix is prepared showing the
number of trips between different zones.
 Desired lines are plotted which is graphical
representation of O-D survey. Density of the desire
lines shows actual desire of the road user.
 


	70. Presentation of O-D  data
Desire Line
 


	71. Presentation of O-D  data
 Pie chart the relative magnitude of the generated
traffic and geometrical relationship of the zones
involved represented by pie chart.
 


	72. Hourly Trip Generation  by Purpose
 


	73. Traffic Studies
Parking Studies
  It is the study of the traffic demand its supply and the balance making
between these two
Parking policy
 It is the plan which guides how the parking needs will be
fostered i.e. what part will be addressed and what part will be
managed alternatively
 Forming a parking policy is a difficult task as it requires co-
ordination with different organization , deals with lack of
resources , deals with error in estimation of demand and supply
 The main considerations that shall be done during the formation
of parking policy are
1. Proper compromise between space for parking vehicle and movement
of vehicles
2. Separate treatment of short and long term parkers
3. To manage off street parking and their approaches
4. To ensure compliance with the overall transport policy
5. To ensure the interests of all concerned sectors like business industry
etc.
6. To protect the locality beauty/ aesthetics and environment
 


	74. Traffic Studies
Negative Effects  of Parking
 Congestion:
Parking takes considerable street space leading to the
lowering of the road capacity. Hence, speed will be
reduced; journey time and delay will also subsequently
increase. The operational cost of the vehicle increases
leading to great economical loss to the community.
 Accidents:
Careless maneuvering of parking and unparking leads to
accidents which are referred to as parking accidents.
Common type of parking accidents occur while driving
out a car from the parking area, careless opening of the
doors of parked cars, and while bringing in the vehicle to
the parking lot for parking.
 


	75. Traffic Studies
Negative Effects  of Parking
 Environmental pollution:
They also cause pollution to the environment because
stopping and starting of vehicles while parking and
unparking results in noise and fumes. They also affect
the aesthetic beauty of the buildings because cars parked
at every available space create a feeling that building
rises from a plinth of cars.
 Obstruction to fire fighting operations:
Parked vehicles may obstruct the movement of
firefighting vehicles. Sometimes they block access to
buildings.
 


	76. Prohibited Parking
It is  desirable to prohibit parking at certain locations to ensure safety
and convenience. Such locations are:
1. Near intersection
It is the general practice to prohibit parking for a distance of about
50m on the approaches to a major intersection.
2. Narrow streets
It is generally desirable to prohibit parking on two-way streets less
than 5.75 m wide and one way-streets less than 4.0m wide.
3. Pedestrian crossings
It is desirable to prohibit parking within about 8m from the pedestrian
crossing.
4. Structures
Structures such as bridges, tunnels and underpasses generally have a
roadway width less than the highway and for this reason it is desirable
to prohibit parking on them.
5. Entrance driveways
Vehicles should be prohibited from parking in front of entrance
driveways leading to house and buildings.
 


	77. Parking analysis/studies
It is  the process of analysis of the supply and demand of the traffic.
Purpose of parking studies
 To determine the congestion in the city or town areas
 To assess the suppressed parking demand
 To estimate the desires and demands of the public for parking facility
 To decide the capacity, location and type of future parking facilities
It contains two parts
1. Parking Supply Analysis
This part aims to evaluate the total number of parking facilities that are
available under the current scenario. It aims to provide assessment of on-
street and off-street parking facilities available.
2. Parking Demand Analysis
This part aims to provide the existing demand of parking facilities so that
the existing facilities might be analyzed, compared and corrected if
necessary
Demand shall be determined based on the following
i. Growth of population
ii. Trends of growth
iii. Policies
 


	78. Parking Survey
They are  studies carried out for the parking supply and demand analysis
 For Parking supply analysis
1. Parking space inventory
In parking space inventory we observe the number of bays , prevailing parking
practices , their interaction with existing traffic flow and problems associated
with parking. Some of the main things observed are
 Total length of kerb, and lengths governed by no waiting and limited waiting
restrictions.
 Number of parking space provided in the street
 Street width
 Location of bus stops, Bus bays, pedestrian crossings, loading
 zones, taxi stands and other features that are likely to affect the use of the
street for parking.
 Traffic management measures in force, such as prohibited turns, one way
streets etc.
 Number and type of traffic signs for regulation of parking
 Private streets
 Vacant or unused land suitable for temporary or permanent parking space
 


	79. For Parking Demand  Analysis
1. Parking usage survey by patrol
 This method consists of making periodic observations of parked
vehicle on each patrol (covering both the morning and evening
peak period) , the parking accumulation and turn over.
 The survey can be for on-street and off-street parking.
 the purpose of parking usage survey is to obtain data on the extent
of usage of parking spaces.
STEPS
i. Mapping the street system:
The first step is to prepare a map of the street system that will be
covered by the patrol, showing therein its sub-division into sections.
Street junctions make convenient points for determining the sections.
The map and the forms should clearly show the direction of travel by
the patrol man and the side or sides where observations are to be
recorded (by arrows).
 


	80. 1. Parking usage  survey by patrol
i. Mapping the street system:
 


	81. 1. Parking usage  survey by patrol
ii. Frequency of patrol:
A frequency of half an hour is considered to be satisfactory for
on-street parking, while a frequency of one hour could be used
for offstreet parking.
A frequency of half an hour is likely to miss short term parkers
(up to 29 minutes duration) and this makes it necessary to have
more frequent patrols in selected areas where short term parking
may be significant e.g. near banks, post offices etc.
iii. Method of observation:
Usually patrols are by foot, but too close to one another a
moving car may also be used. As an aid a tape recorder may be
used to record the registration numbers of vehicles.
iv. Timing of survey:
The survey should be done on a typical week day, free from
factors likely to result in non representative characteristics. The
period of the survey is usually 10 to 12 hours, so as to cover the
arrival and departure of commuters and shoppers.
 


	82. 1. Parking usage  survey by patrol
v. Equipment and form of recording
Each observer will be equipped with a watch, a pencil, a supply
of forms, a map of the street and a board.
 


	83. Parking Survey
 For  parking demand analysis
2. Questionnaire type parking usage survey
 The questionnaire type parking usage survey involves interviews
with the drivers who use the parking facilities.
 The survey can either be made by making enquiries among the
car owners living in the vicinity of the survey area, or by making
enquiries among the drivers of cars seen to park in the area at
the time of survey.
 In this interview of actual parkers, the information collected
should include:
◦ Address of origin of the trip
◦ Address of destination of the trip
◦ Trip purpose
◦ Time of arrival at the parked place
◦ Time of departure from the parked place
◦ Type of parking space used
◦ Type of vehicle
 


	84.  Normally one  interviewer is required to cover about fifteen
spaces. All the parkers in 8 or 10 hours period are interviewed.
The duration of the survey may be a single day or may be
spread over a number of days
3. Cordon count
 In this method, the area to be surveyed is demarcated by a
cordon line which is crossed by the roads originate from the
area.
 Counting stations are established at these crossing points and a
count is made of all the vehicles entering and leaving the area.
 The difference between the top traffic gives the number of
vehicles parked or in motion in the area.
4. License plate method
 In license plate method , the license plate of vehicles occupying
different bays are noted at regular interval and based on these
the different parameters are evaluated
 


	85. Types of Parking  Facilities
1. On Street Parking :
Under this type of parking , the space near to the kerb Is used for
parking , while that in the center is used for vehicular movement.
This type of parking has an advantage that the people can park
nearby to the places that they are going to. Despite this if the road
is not made considering the parking then it is bound to cause
congestion and jam.
Based on orientation it is of following type
i. Parallel parking
This type of parking is used in streets with limited space , but the
process of parking is little bit long.
ii. Angle parking
It may be
30о Parking , 45о Parkin , 60о Parkin ,90о Parking (Perpendicular
parking)
Generally 45 о Parking is more preffered
 


	86. 2. Off street  Parking
i. Vacant Land
ii. Multistory car park
iii. Rooftop Car park
iv. Mechanized car parking etc.
 


	87. Traffic Studies
Accident Studies  and analysis
 These are systematic studies to investigate the causes of
accidents and preventive measures in terms of designs and
control which may decrease the rate of accidents.
 Consequence of traffic accident may include property damages,
personal injuries, fatal cases as well as social and moral effect
of a community.
 The most effected group are the youths who have great
potential for the country thus proper accident study and
analysis is of great importance for the country economy as well
as the society
Objective of Accident Study
 To study the causes of accidents and to suggest corrective
treatment at potential locations.
 To evaluate performance of existing facilities in terms of safety
 To support proposed design. (Road Safety Audit)
 To carry out before and after studies of improvement schemes.
 To make computations of financial loss during accidents.
 To give economic justification for improvement schemes.
 To define and identify high-accident locations.
 


	88. Causes of Accidents
1.  Road User
I. Driver
 Perceptuel error : Failure to understand the underlying traffic
condition and giving the wrong decision
 Lack of skill : Unskilled and unexperienced drivers require more
visibility and perception reaction time which is not always
available/
 Temporary alcholic effect
 Behaviour : Agression , frustration , excessive speeding etc.
 Violating traffic rules : Lane Bycotting , Unauthorized
overtaking etc.
II. Prdestrians :
 Improper crossing , walking on carriageway etc.
 


	89. Traffic Studies
2. Vehicle  related
 Defective steering , tires , brakes etc.
 Lack of regular maintenance
3. Roadway and Environment related
I. Road way related
 Adverse design : Unsuitable layout causing lack of
visibility , too many bends ,
 Surface Defects : slippery surface, potholes ruts ,
unwarned holes etc.
 Inadequate road marking
 Unexpected road obstruction
II. Road environment related
 Weather conditions like fog , heavy rainfall , landslide
etc.
 Animals on the roadway
 


	90. Accidental study :
  It is the method of collecting storing managing and
dissipating detailed date regarding the accidents.
 The various steps of accidental study are
1. Collection of accident data
 As soon as the accident occurs a number of data
about it are recorded this can be done by the police
or by the witness as well
 In Nepal it is done by police
 The date to be collected are as follows
• General: Date, time, persons involved in the
accident, classification of accident (fatal, serious,
minor etc.)
• Location: Description and details of the location site
of accident.
 


	91. • Details of  vehicles involved: Registration number, description of vehicle,
loading details, vehicles details, vehicular defects etc.
• Nature of accident: Condition of vehicles, details of collisions,
pedestrians or objects involved damages etc.
• Road and traffic conditions: Details of road geometry, surface
characteristics, traffic condition (density etc.)
• Primary causes of accident: Various possible cause and primary causes.
• Accident costs: Property damages, personal injuries and casualties.
2. Accidental Reporting
 The recorded data is now routed to the traffic police offices
which then make hard copies of the data and then transfers it
to the directorate and then to headquarter through Summary
sheets
 Nowadays with the improvement of IT the Road Accident
Information Management System(RAIMS) is implemented from
2075 Mangsir 25th which allows the police stations to record the
data digitally and transfer it directly to central system
 It is under test and is applied to Kathmandu valley and
Kathmandu Burgunj corridor
 


	92. 3. Accidental Record
  These are detailed records which gives all the data about the
accidents. They may be in one or more of these formats
 Location Files : Location based records
 Spot Maps : Shows accidents spot wise
 Collision Diagram : Shows different collisions in a black spot
 Condition Diagram : Shows the physical condition of the black spot
4. Accidental Statistics
 These are different statistical parameters that are used to
describe the accidents and their effects
 They give details about :
 Occurrence(in terms of type of accident i.e. fatal serious injury
, non serious and no injury ) , Involvement (Number of vehicles
and involvement) and severity (No of fatality and serious
accidents)
 


	93. There are many  types of accidental statistics some of the most
common ones are
I. Accidental Rates
 Simple statistics citing total numbers of accidents, involvements,
injuries, and/or deaths per unit of a particular base. They are
1. Population-based accident rates
Some common bases for population-based rates include:
• Area population (Accidents per 100000 area population)
• Number of registered vehicle (Accidents per 10000 registered
vehicle )
• Number of licensed drivers (Accidents per 10000 licensed drivers )
• Highway mileage (Accidents per 1000 km highway)
 


	94. 2. Exposure-based accident  rates
Exposure based accident rates attempt to measure the amount
of travel as a replacement for the individual’s exposure to
potential accident situations.
The two most common bases for exposure-based rates are:
• Vehicle miles traveled (Accidents per 100000000 vehicle miles
travelled)
• Vehicle hours traveled (Accidents per 10000000 vehicle hours
travelled)
II. Severity Index:
A widely used statistic for the description of relative accident severity
is the severity index (SI), defined as the number of fatalities per
accident .
 


	95. Application of Crash  Data
Out of all the applications the most important is the calculation of
velocity from the skid distances and the site investigation and
treatment
A. Calculation of velocity from the skid distances
There are two cases
1. Moving vehicle Colliding with Stationary vehicle
A vehicle of weight 2.5 tonnes skids through a distance equal to 38 m before
colliding with another parked vehicle 1.5 tonne. After collision both the
vehicles skid through a distance of 15m before stopping. Compute the initial
speed of the moving vehicle. Assume coefficient of friction as 0.48.
1. Moving vehicle colliding with another moving vehicle
Two vehicles A and B approaching at right angles, A from West and B from
South, collide with each other. After the collision, vehicle A skids in a direction
47o North of West and vehicle B, 56o East of North. The initial skid distances of
the vehicles A and B are 32 and 18 m respectively before collision. The skid
distances after collision are 14m and 33 m respectively. If the weights of
vehicles A and B are 4 and 6 tones respectively, calculate the original speeds of
vehicles. The average skid resistance of the pavement is found to be 0.52.
 



	97. B. Site investigation  and treatment
It is the process of analyzing nature and cause of
accidents in the accident prone zone a determining
the solution to them. The steps of site investigation
are as follows
 Obtain adequate vehicle accident records
 Select site with high accident frequency of that of
severe accidents
 Prepare collision diagram and collision diagram for
these
 Summarize facts and determine causes of
accidents
 Supplement the conclusion with field observation
 Analyze the causes and select suitable
countermeasure
 


	98. 1. Engineering Measures
•  Road design:
– The geometric design features: sight distances, width of
pavement, horizontal and vertical alignment and intersection
design elements are checked and corrected if necessary.
– The pavement surface characteristics are checked and suitable
maintenance steps taken to bring them up to the design
standards.
• Maintenance of vehicle:
– The braking system, steering and lighting arrangements on
vehicle may be checked.
 


	99. 1. Engineering Measures
•  Before and after studies:
– After making the necessary improvement in design and
enforcing regulation, it is again collect and maintain the
record of accidents “before and after” the introduction of
preventive measures to study their efficiency.
• Road lighting:
– Lighting is particularly desirable at intersections, bridge
sites and at places where there are restrictions to traffic
movements.
 


	100. 2. Enforcement measures
•  Speed control:
– Checking of spot speed of all fast moving vehicles should
be done at selected locations and timings and legal actions
on those who violate the speed limits should be taken
• Traffic control devices:
– Signals may be re-designed or signal system be introduce if
necessary. Proper traffic control device like signs, markings
or channelizing island may be installed if necessary.
• Training and supervision:
– the transport authorities should be strict in testing and
issuing license to driver.
• Medical check:
– The drivers should be tested for vision and reaction time at
prescribed intervals.
 


	101. • Special precautions  for commercial vehicles:
– having attendant to help and give proper direction to
drivers of heavy vehicles.
• Observance of law and regulations:
– Traffic authorities should send study groups of trained
personal, to different locations to check whether the traffic
regulations are being followed by the road users and also to
enforce the essential regulations.
3. Educational measures
• Education of road users:
– The passengers and pedestrians should be taught the rules
of the road, correct manner of crossing etc.
• Safety drive:
– Imposing traffic safety week when the road users are
properly directed by the help of traffic police and transport
staff is a common means of training the public these days.
 


	102. Road Safety Audit
  Formal, systematic check to identify road safety
 hazards
 Desk-top study and/or site inspection
 Commissioned by the project sponsor/client
 Audit team independent from design
Road Safety Inspection
 Similar to road safety audit but done on operational
roads to inspect safety and suggest remedial
measures
 




	105. Traffic Studies
Capacity Studies
Determination  of the capacity of transportation systems and facilities is
a major issue in the analysis of transportation flow.
The Highway Capacity Manual defines the capacity of a facility as ‘‘the
maximum hourly rate at which persons or vehicles can be reasonably
expected to traverse a point or uniform segment of a lane or roadway
during a given time period under prevailing roadway, traffic, nd
roadway conditions. ’’
Factors affecting Capacity and LOS
Roadway Factors
• Lane width: According to HCM a lane width of 3.6 is
considered as ideal. As lane width decreases capacity also
decreases.
• Lateral clearance: Such as retaining walls, abutments, sign
posts, light posts, parked cars etc. located closer than 1.8m
from the edge of traffic lane reduce the capacity.
• Width of shoulder: Narrow shoulders reduce the effective
width of traffic lanes as the vehicle travel towards the center of
the pavement.
 


	106. Traffic Studies
Factors affecting  Capacity and LOS
Roadway Factors (Continued…..)
• Grades: Grade adversely affects the speed of the vehicles, especially
trucks and thus influence the capacity.
• Presence of intersections: intersections restrict free flow of traffic
and thus adversely affect the capacity.
• Alignment: Alignment and geometric (particularly sight distance) are
not of design standards, the capacity will decreases.
• Surface condition: A deteriorated and poorly maintained pavement
adversely affects the capacity
Traffic factors
• Percentage of commercial vehicles: Large commercial vehicles like
truck and buses influence the traffic stream in two ways;
-They occupy more space than passenger cars
-They have poor operating capabilities than passenger cars, particularly
with respect to acceleration, deceleration and ability to maintain speed
in upgrades
• Directional distribution :This is an important factor in case of two lane
highway facility.
 


	107. Traffic Studies
 Types  of capacities:
 Basic capacity- the maximum volume of vehicles per hour that
can pass a certain point or section of a road in a given time
under the ideal condition ( most ideal road way, traffic and
control conditions that can possibly be attained)
 Theoretically ,
C =
1000𝑣
𝑆
 C = Theoritical capacity , v = design capacity S = Spacing
between vehicles
 Possible capacity -The maximum number of vehicles that can
pass a given section during a given period of time under
prevailing (most frequent roadway, traffic and control condition)
 Practical capacity - Capacity without the traffic density
being so great as to cause unreasonable delays, hazard or
restrictions to the driver’s freedom under the prevailing
condition of roadway, traffic and control.
 


	108. NUMERICAL EXAMPLE
 Determine  the capacity of lane in
terms of vehicle per hour when f= 0.5
T = 1 Sec and speed 30 km/hr
 


	109. Traffic Studies
Traffic flow  studies
 Traffic flow studies deals with the studies of models which
describe the nature of the traffic movement.
Terminology
 Flow (q) is the equivalent hourly rate at which vehicles pass
a point on a highway during a time period more than 1 hour.
 Density (k) [also referred to as concentration] is the number
of vehicles traveling over a unit length of highway at an
instant in time. The unit length is usually 1 mile (mi) thereby
making vehicles per mile (veh/mi) the unit of density.
 Speed (u) is the distance traveled by a vehicle during a unit
of time. It can be expressed in miles per hour (mi/h),
kilometers per hour (km/h), or feet per second (ft /sec).
 Time headway (h) is the difference between the time the
front of a vehicle arrives at a point on the highway and the
time the front of the next vehicle arrives at that same point.
Time headway is usually expressed in seconds.
 


	110. Traffic Studies
Terminology
 Space  headway (S) is the distance between the front of a vehicle and
the front of the following vehicle and is usually expressed in feet.
 Clearance (c) and gap (g) are related to the spacing parameter and
headway. These four measurements are shown in figure below. The
difference between spacing and clearance is obviously the average
length of a vehicle in m. Similarly the difference between headway and
gap is the time equivalence of average length of a vehicle (L/v)
 Mathematically
𝑔 = ℎ −
𝐿
𝑣
 Where, g is the gap, sec; L is the mean length of vehicle, m; c is the
mean clearance, m; h is the mean headway, sec; v is the mean speed,
m/sec.
 


	111. Traffic Studies
Microscopic model
  Microscopic models describe the motion of individual
vehicles and their interactions with one another
 Microscopic models capture the movement of every
vehicle.
 Microscopic behavior includes acceleration, deceleration,
lane changes, passing maneuvers, turning movement
execution, and gap acceptance.
 Microscopic models are:
Car-following Models
Lane Changing Models
Gap-acceptance Models
 


	112. Traffic Studies
Macroscopic Simulation  Model
Macroscopic models tend to employ flow rate variables
speed, flow and density to describe traffic flow
Different flow models are
 Greenshields's Model
 Greenberg’s logarithmic model
 Underwood’s exponential model
 Stoke’s Shock wave model
 


	113. Traffic Studies
Greenshields's Equation  (Refer Notes)
NUMERICAL
For a roadway the maximum velocity is 90kmph ,
and the jan density is 80veh/km , determine
(i) The Greenshields equation of motion
(ii) The maximum flow
 


	114. Traffic Studies
Level of  Service studies
Level of service is a qualitative measure of the highway’s
operating conditions under a given demand within a traffic
stream and their perception by motorists and/or passengers.
LOS intends to relate the quality of traffic service to given
volumes (or flow rates) of traffic.
The parameters selected to define LOS for each facility type
are called measures of effectiveness (MOE).
These parameters can be based on various criteria, such as
travel times, speeds, total delay, probability of delay,
comfort, and safety.
 


	115.  Freeway/Highways
  









	123. Traffic Signal
 It  is an electronic device that is used to control various
phases in a busy intersection and is a replacement to the
manual control by traffic police
 Advantages
The installation of traffic signals is justified by the need to:
 Reduce delay to motorists and pedestrians moving through the
junction
 Reduce accidents at the junction
 Improve the control of traffic flow into and through the junction in
particular and the area in general, thereby minimizing journey times
 Impose certain choosen traffic management policies.
 Disadvantages:
 They must undergo frequent maintenance along with frequent
monitoring to ensure their maximum effectiveness
 There can be inefficiencies during off-peak times leading to
increases in delay and disruption during these periods
 Increases in rear-end collisions can result
 Signal breakdown due to mechanical/electrical failure can cause
serious interruption in traffic flow.
 


	124. Traffic Signal
Types of  Traffic Signal
 Based on Control
1. Signals for the control of vehicles:
 Conflict at a junction is manifest as an increase in delay
and an increase in the accident rate. Thereby demanding
for proper management
 The primary purpose of a traffic signal installation at a
road junction is to reduce conflict between traffic
streams.
 Traffic control is by means of red, amber and green light signals
i. Red light - Denotes that traffic is prohibited from proceeding
beyond the stop line.
ii. Green light - Indicates that vehicular traffic may proceed
beyond the stop line, and may turn in any direction, subject to
the normal priority rules being observed and provided that the
turn is not prohibited by a supplementary light signal (red arrow)
or a regulatory traffic sign.
 


	125. Traffic Signal
iii. Amber  light – Conveys same prohibition as red signal except
where vehicles are so close to the stop line that they cannot
safely stop before stop line, they should proceed. This phase is
usually displayed for three seconds.
2. Signals to control pedestrian movements:
 Signal-controlled pedestrian crossings are appropriate at sites
where traffic speeds are high or where pedestrian flow is very
heavy. Crossings with pedestrian signals can also be incorporated
in junctions controlled by traffic lights.
i. Red Standing Man - Denotes that pedestrian are prohibited
from crossing the road.
ii. Green Walking Man - Denotes that pedestrians may cross the
road with care.
iii. Flashing Green Man – Denotes that pedestrian are prohibited
from crossing the road except where they have started to cross
the road, in which case they should continue to cross the road.
 


	126. Terminology
 Cycle: A  signal cycle is one complete rotation through all of the
indications provided.
 Cycle length: 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 of green for one approach
till the next time the green starts. It is denoted by C .
 Interval: Thus it indicates the change from one stage to another.
There are two types of intervals –
 Change interval is also called the yellow time indicates the interval
between the green and red signal indications for an approach.
 Clearance interval is also called all red is included after each yellow
interval indicating a period during which all signal faces show red
and is used for clearing off the vehicles in the intersection.
 Green interval: It is the green indication for a particular
movement or set of movements and is denoted by G. This is the
actual duration the green light of a traffic signal is turned on.
 Red interval: 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.
 


	127. Terminology
 Phase: 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 movements to flow and safely halt the flow
before the phase of another set of movements start.
 Lost time: It indicates the time during which the intersection is
not effectively utilized for any movement. For example, when
the signal for an approach turns from red to green, the driver of
the vehicle which 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.
 Lane group. A lane group consists of one or more lanes on an
intersection approach and having the same green phase.
 Critical lane group. The lane group that requires the longest
green time in a phase. This lane group, therefore, determines
the green time that is allocated to that phase.
 


	128. Signal Design
Three Methods  of Design (Refer Notes)
 Trial cycle method.
The 15 min traffic counts on cross roads 1 and 2 are observed
as 150 and 120 vehicles. If the amber time for the phases are
4 amd 5 seconds , design signal timing by trial cycle method
and draw the phase diagram
 Webster’s Method
The average normal flow of traffic on cross roads 1 and 2
during the design period are 375 and 225 pcu per hour. The
saturation flow on these lanes are estimated as 1050 and 850
pcu per hour If the all red time for clearance and crossing is
10 Sec. Design Two Phase signal by websters method (Try at
home)
 Approximate method
Design a traffic signal considering pedestrian crossing time for
two cross roads P and Q having the following conditions
Road Width Approach
Velocity
Flow
P 14 50 kmph 210 veh/hr
Q 10.5 40 kmph 120 veh/hr
 


	129. Roadway Intersection
 Intersection  is an area shared by two or more roads.
 This area is designated for the vehicles to turn to different directions
to reach their desired destinations.
 Its main function is to guide vehicles to their respective directions.
 Objectives and Considerations of Intersection Design
Objectives
 The main objective of intersection design is to “reduce the severity
of potential conflicts between vehicles”. The other objectives are
 There should be adequate visibility on all the approaching roads
 The width of pavement shall be provided properly so that turning
movement is eased
 Area of conflict shall be decreased as far as possible through
channelization
 The relative speed of vehicles shall be ensured to be small
 Good Lightning , proper signs and signalization is necessary
 Special provision for pedestrians and cyclist shall be taken in urban areas
 


	130. Roadway Intersection
Considerations
 Four  basic elements are generally considered in the design
of at grade intersection.
◦ Human factors: driving habits and decision and reaction times
◦ Traffic considerations: capacities and turning movements,
vehicle speeds and size and distribution of vehicles
◦ Physical elements: Characteristics and use of abutting
property, sight distance and geometric features
◦ Economic factors: cost and benefits and energy consumption
 


	131. Roadway Intersection
Types of  Intersection
1. Intersection at grade
The roads in these types of interchange intersect at the same
RL. The different types of intersection at grade are as follows
I. Unchannelized intersection :
These kind of intersections do not have any kind of island for
directing traffic in definitive path. In some cases the width of
the intersection is increased this is called flared intersection
II. Channelized intersection :
This kind of intersection are provided with raised areas called
islands which provide channelization of traffic
These islands ensure safe and smooth flow of capacity and thus
increase the traffic flow
 


	132. Roadway Intersection
  


	133. Roadway Intersection
Types of  Intersection
III. Rotary Intersection :
Rotary intersections or roundabouts are special form of at grade
intersections laid out for the movement of traffic in one direction
around a central traffic island.
Essentially all the major conflicts at an intersection namely the
collision between through and right-turn movements are converted
into milder conflicts namely merging and diverging.
The vehicles entering the rotary are gently forced to move in a
clockwise direction in orderly fashion. They then weave out of the
rotary to the desired direction.
Advantages and disadvantages of rotary
The key advantages of a rotary intersection are listed below:
1. Traffic flow is regulated to only one direction of movement,
thus eliminating severe conflicts between crossing movements.
 


	134. 2. All the  vehicles entering the rotary are gently forced to reduce
the speed and continue to move at slower speed. Thus, none of the
vehicles need to be stopped, unlike in a signalized intersection.
3. Because of lower speed of negotiation and elimination of severe
conflicts, accidents and their severity are much less in rotaries.
4. Rotaries are self governing and do not need practically any control
by police or traffic signals.
5. They are ideally suited for moderate traffic, especially with
irregular geometry, or intersections with more than three or four
approaches.
Limitations of rotary:
1. All the vehicles are forced to slow down and negotiate the
intersection. Therefore, the cumulative delay will be much higher
than channelized intersection.
2. Even when there is relatively low traffic, the vehicles are forced
to reduce their speed.
3. Rotaries require large area of relatively flat land making them
costly at urban areas.
4. The vehicles do not usually stop at a rotary. They accelerate and
exit the rotary at relatively high speed. Therefore, they are not
suitable when there is high pedestrian movements.
Roadway Intersection
 


	135. Roadway Intersection
Types of  Intersection
2. Grade separated intersections
Methods of grade separations
i. Flyover
If the road having major traffic is elevated to a higher grade
for further movement of traffic, then such structures are
called overpass
Advantages
 No drainage problem
 Cost is less
 No problem for future expansion
Disadvantage
 Increased grades thereby difficult for heavy vehicles
 


	136. Roadway Intersection
i. Underpass
If  the major road is depressed to a lower level to cross another
by means of an under bridge or tunnel, it is called under-pass.
Advantages
 Higher capacity and safety
 Comparatively easy to travel
Disadvantage
 Drainage problem
 


	137. Roadway Intersection
Types of  Grade separated intersections
1. Grade separated intersection without interchange
It includes simple bridge or underpass structure so as to allow
intersecting traffic to cross each other without any sort of
interchange.
These are generally used where major expressway intersects a
minor road
2. Grade separated intersection with interchange
These kind of intersections have two roads separated vertically
along with provisions for interchange of vehicles among the
roads
It is of two types
Three legged interchange
Four legged intercahge
 


	138. 1. Three legged  Interchange
i. Trumpet interchange
 


	139. 1. Three legged  Interchange
ii. Y Shaped interchange
 


	140. 2. Four legged  Interchange
i. Diamond Interchange
 


	141. ii. Cloverleaf Interchange
  


	142. iii. Half Cloverleaf  Interchange
 


	143. iv. Rotary Interchange
  


	144. Design of Roatary  Intersections
Design Criteria
 


	145. Design Criteria
Flow Requirement
  For a rotary to be introduced the minimum flow from each leg
shall be 500 veh/hr , similarly the total flow shall not exceed
3000 veh/hr .
Design speed
 All the vehicles are required to reduce their speed at a rotary.
Therefore, the design speed of a rotary will be much lower
than the roads leading to it. Although it is possible to design
roundabout without much speed reduction, the geometry may
lead to very large size incurring huge cost of construction. The
normal practice is to keep the design speed as 30 and 40 kmph
for urban and rural areas respectively.
Entry, exit and island radius
 The radius at the entry depends on various factors like design
speed, super-elevation, and coefficient of friction. The entry
to the rotary is not straight, but a small curvature is
introduced. This will force the driver to reduce the speed. The
entry radius of about 20 and 25 metres is ideal for an urban
and rural design respectively.
 


	146. Design Criteria
Entry, exit  and island radius
 The exit radius should be higher than the entry radius and the
radius of the rotary island so that the vehicles will discharge from
the rotary at a higher rate. A general practice is to keep the exit
radius as 1.5 to 2 times the entry radius. However, if pedestrian
movement is higher at the exit approach, then the exit radius
could be set as same as that of the entry radius.
 For central island superelevation is not provided in the rotary it
has to nulled and the the radius of the central island depends on
the velocity and the coefficient of friction
𝑅 =
𝑣2
127𝑓
 The value of f is taken as 0.43 for rural and 0.47 for urban roads
 in practice, is given a slightly higher radius so that the movement of
the traffic already in the rotary will have priority.
 The radius of the central island which is about 1.3 times that of the
entry curve is adequate for all practical purposes.
 


	147. Design Criteria
Shape of  central island
 The different shapes of central island are as follows
 


	148. Design Criteria
Suitability
 For  equal volumes on all roads the circular
type is preferred
 For roads with varying volumes the elliptical
type is preferred
 For Rotaries with high speed the turbine and
tangential type is preferred.
Width of the rotary
 The entry width and exit width of the rotary is governed by
the traffic entering and leaving the intersection and the
width of the approaching road. The width of the carriageway
at entry and exit will be lower than the width of the
carriageway at the approaches to enable reduction of speed.
IRC suggests that a two lane road of 7 m width should be kept
as 7 m for urban roads and 6.5 m for rural.
 


	149. Design Criteria
Width of  the rotary
 IRC suggests The following entry width (e1) values
 The exit width (e2) shall be at least equal to the entry width
if possible more than that
 The width of the weaving section should be higher than the
width at entry and exit. Normally this will be one lane more
than the average entry and exit width. Thus weaving width is
given as,
Width of
Approach
Width at entry(e1) for
Urban Roads
Width at entry(e1) for
Rural Roads
7m 7m 6.5m
10.5m 7 7.5
14 8 8
21 13 13
 


	150. Design Criteria
Weaving angle(α)  and weaving length (L)
 The angle between the vehicle leaving the rotary and that entering
the rotary at adjacent roads is called the weaving angle and it shall
not be less than 15 degree.
 The weaving length is the length between two legs where the
merging and diverging actions occurs. It shall be minimum of 4 times
larger than the mean of the entry and exit widths. i.e. L > 4W
Sight distance
 The sight distance shall be as large as possible and in no case be
smaller than the SSD
Channelizing island
 It shall be provided at the approach i.e. the entrance and exits it
helps to force the vehicle systematically into the traffic and thereby
reduce their speed and also provide space for traffic signs and
symbols etc.
 


	151. Design Criteria
Capacity of  rotary
 Transportation road research lab (TRL) proposed the following empirical formula to find
the capacity of the weaving section.
𝑄𝑤 =
280𝑊 ( 1 +
𝑒
𝑤 )(1 −
𝑃
3 )
(1 +
𝑊
𝐿
)
 Where
 W = Width of the the weaving section
 e = average of the entry and exit width
 P = Ratio of weaving to total traffic =
𝑏+𝐶
𝑎+𝑏+𝑐+𝑑
 L = Length of weaving section
 



	153. Numerical Example (Design)
E
S
W
N
  


	154. Try yourself (Use  traffic growth factor of 5% and a
design and construction period of 3 years and service
period of 10 years)
 


	155. Roadway Lighting
Good visibility  under day or night conditions is one of the
fundamental requirements enabling motorists to move along
roadways in a safe and coordinated manner.
Street lighting design aims to produce uniform lighting levels
conforming to industry standards and thus facilitate the visibility
of motorists, pedestrians, and other objects at night or in
situations in which light levels are diminished (i.e., a tunnel).
factors influencing visibility:
• The brightness of an object on or near the roadway.
• Ambient light.
• The size of objects and identifying details.
• The contrast between an object and its surroundings.
• The contrast between pavement and its surroundings as seen by
the observer.
• The time available for seeing the object.
• Glare (both disability glare and discomfort glare).
• The quality of the driver’s vision.
 


	156.  Design factors
1.  Lamps
The different types of lamp are
Filament
Fluorescent- CFL tube light
Sodium or mercury vapor- yellow color, halogen heater
Led lamp [ light emitting diode]- low power consumption
The choice of lamp type depends upon
 Capital cost
 Operating cost
 Maintenance cost
 Appearance requirement
 Life of lamp etc.
 


	157. 2. Size of  lamp
 Shall be choosen for illuminating the pavement area
(Kerb + area 3 to 5 m beyond pavement edge ) sufficiently
 20 to 30 lux= average lux- in urban area
 5 lux- other main road
 


	158. 3. Luminaire distribution
  


	159. 3. Height and  Overhang
The height of mount is generally 8 – 10 m (It shall be 6 meter
above the power lines)
The overhang is 0.6 – 1.8m
Lateral placement from the kerb is 0.6m
 


	160. 4. Layout
i. Single  sided
 Economical but good for narrow roads only
ii. Central mounting :
 Applicable for wider roads with medians
 Footpath is also illuminated
 Not possible if center is allocated for trees
iii. Staggered
 most widely used
 Gives best brightness
 


	161. 4. Spacing
The wider  the spacing of lanterns, the lower the level of
light and the more patchy it becomes.
However, small spacing result in greater cost and are not
always practical.
a ratio of Spacing to Mounting Height is given in codes to
ensure that minimum standards are achieved.
 


	162. 4. Spacing
𝑺𝒑𝒂𝒄𝒊𝒏𝒈 =
𝑳𝒂𝒎𝒑  𝒍𝒖𝒎𝒆𝒏 ∗ 𝑪𝒐𝒆𝒇𝒇 𝒐𝒇 𝒖𝒕𝒊𝒍𝒊𝒛𝒂𝒕𝒊𝒐𝒏 ∗ 𝑴𝒂𝒊𝒏𝒕𝒆𝒏𝒂𝒏𝒄𝒆 𝒇𝒂𝒄𝒕𝒐𝒓
𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑳𝒖𝒙 ∗ 𝑾𝒊𝒅𝒕𝒉
Design a street lighting from the data below
Street width = 15m
Mounting height = 7.5m
Lamp size = 6000 lumen
Luminaire type = II
Average lux = 6
Solution :
Ratio of Width to height ratio = 2
CU from graph = 0.44
Assume MF = 0.8
Spacing = ?????
 


	163. Traffic Forecasting and  Prediction
"Anything can be forecasted but nothing can be predicted"
Prediction implies inferring something from rule of nature
Forecasting implies inferring something from a probabilistic
stand point.
 Forecast is scientific and free from intuition and personal bias,
whereas prediction is subjective and fatalistic in nature.
 Forecasting is an extrapolation of past into the future while
prediction is judgmental and takes into account changes taking
place in the future. Therefore, prediction is utilized more in
business and economics while forecasting takes place in
weather and earthquakes.
 Predicting is saying or telling something before the event while
forecasting is done on the basis of analysis of the past.
 Forecasting is still not a complete science as there are chances
of error.
 


	164. Traffic forecasting
Importance
Why/when traffic  forecasting is important:
▪ Design : Width of pavement is decided based on the traffic
volume(no. of standard axles) it can efficiently accommodate
and needs to be widened when flow exceeds capacity.
▪ Economic analysis : Correct forecasting of future traffic for a
certain highway project points out whether it benefits the
current traffic flow
▪ Toll rate analysis : Forecasting of the likely traffic flow to use
the tolled road so as to estimate the economic benefit of the
tolled road.
 


	165. Traffic forecasting
Factors governing  Forecasting
Economic factors
• Gross Domestic
Product(GDP)
• Agricultural Output
• Industrial Output
Demographic factors
• Population
• Rural/Urban mix of
population
These factors vary from place
to place so traffic growth rates
also vary.
 


	166. Traffic forecasting
STEPS
1. Measurement  of existing traffic flow
▪ 7 day count two times every year(peak and lean season) and
average the two gives rough ADT.
▪ For more accurate value, seasonal factors based on round the
year census data are required for particular month and location.
▪ Measured in Passenger Car Units (PCU) per hour or PCU per day.
Modification of the measured value i.e. Forecasting.
 


	167. 2. Determination of  Growth Rate
Determined from following
indicators
• Traffic census
• Vehicle registration
• Fuel Sales
For establishing reliable
traffic growth rates traffic
flow data from a number
of years is used and
regression analysis is done
to estimate the growth
rate.
𝑃𝑛 = 𝑃0(1 + 𝑟)𝑛
𝐿𝑜𝑔𝑒𝑃𝑛=𝐿𝑜𝑔𝑒𝑃0+n𝐿𝑜𝑔𝑒(1+r)
𝑌 = 𝐴0 + 𝐴1𝑛
For smaller projects, data from 5-10
years is used for projection of traffic,
while for large scale projects, 15-20
years data are used.
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