DESIGN OF INTERSECTION



INTERSECTION

* An intersection Is defined as the general area where
two or more highways join or cross

* This area is designated for the vehicles to turn to
different directions to reach their desired
destinations.

* This is because vehicles moving in different direction
want to occupy same space at the same time.



INTERSECTIONS

Definitions and key elements

Intersection Terminology

Gray area = FUNCTION AREA OF

INTERSECTION

asiliary lanes 7

channehzing island
turning roadway -/ /

z
t

anglo of

Sidewalks,

|

Intersection ‘/*1. crosswalks and

departure
~ pavement / intersection leg D@ within the

cormer radiug
- crosswalk

i

{ T pedestrian eurb

| cut ramps are
considered to

Intersection.

The pavement

~edge corner [s
Major Street (/1€ CUIVE

.

connecting the
edges of pavement
of the intersecting
intersection streets,

fimits



Elements of intersection

 Each roadway extending from the intersection
is referred to as a leg.

* The intersection of two roadways has usually
four legs (or three if there one of the roadway
is ended).

 The leg used by traffic approaching the
intersection is the approach leg, and that used
by traffic leaving is the departure leg.



 The major street is typically the intersecting
street with greater traffic volume, larger cross-
section, and higher functional class.

* The minor street is the intersecting street
likely to have less traffic volume, smaller cross-
section and lower functional classification
than the major street.



* Channelization is the separation or regulation
of conflicting traffic movements into definite
paths of travel by traffic islands or pavement
markings (regulation of traffic).



The following principles should be followed for
a good design of intersection

The number of intersection should be kept minimum

The geometric layout should be so selected that
hazardous movement by drivers are eliminated

The design should permit the driver to find
distinguish quickly either from the lay out or from
traffic signs the path he should follow and the actions
of merging and diverging

The layout should follow the natural vehicle path . It
must be smooth avoid abrupt and sharp corners



* The number of conflicts point should be minimised
by separating some of the many cuttings, merging or
diverging movement

* \ehicles that are forced to wait in order to cross a
traffic should be provided with adequate space at the
junction



Types of intersection

 There are two main types of intersection of
roads.

 Grade — separated intersections or
interchanges.

* At —grade intersections.



Grade separated

An intersection were where roads cross at different level

It is a bridge that eliminates crossing conflicts at
intersections by vertical separation of roadways in space.

Route transfer at grade separations is accommodated by
interchange facilities consisting of ramps.

The interchange configurations are designed in such a way
to accommodate economically the traffic requirements of
flow, operation on the crossing facilities, physical
requirements of the topography, adjoining land use, type of
controls, right-of-way and direction of movements.



At grade intersection

At-grade intersections in which all the
exchanges between the roads take place on
the same plane.

These are of two types
Standard at-grade intersections
Round about at-grade intersections.



Choice of intersection

* The choice between an at grade and grade
separated junctions at a particular sites
depends upon various factors such as traffic,
economy, safety, aesthetic, delay etc.

* Grade separated junctions are generally are

more expensive initially and are justified in
certain situations



On high type facilities such as expressways,
freeways and motor ways

Certain at grade intersection which have reached
the maximum capacity

At certain locations which have a proven record
of bad accidents history when functioning as at
grade junction

At junctions where the traffic volume is heavy
and delays and loss caused justify economically



* At certain specific topographical situations
where it is logical to provide grade separated
rather than at grade



Types of grade separated intersection

Underpass

Overpass

Trumpet Interchange
Diamond Interchange
Cloverleaf Interchange

Partial cloverleaf Interchange
Directional Interchange
Bridged Rotary
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Overpass




Diamond interchange




Cloverleaf interchange




Partlal cloverleaf interchange




GRADE SEPARATED INTERSECTION



AN

GRADE SEPERATED INTERSECTION

Highest form of intersection treatment.

Much superior to intersection at grade from the point of view of traffic safety and
efficient operation.

Highway grade separation is achieved by means of vertical level.
The grade separation may be either by bridge or under pass.

Transform of rout at grade separation is provided by interchange facilities
consisting of ramp.

Ramps classified in to:

d.

Direct interchange ramp involves diverging to right side and merging from the
right.

Semi-direct interchange ramp allows diverging to left but merging from right
side.

Indirect interchange ramp allows a simple diverging to left and merging from left
side.



ADVANTAGES OF GRADE SEPARATION

Maximum facility given to the crossing traffic.

There is increased safety for turning traffic and by indirect interchange ramp right
turn movement is made safe.

Overall increase in comfort and convenience to motorists and saving travel time
and vehicle operation cost.

Capacity of grade operated intersection can pratical ly approach that of two cross
roads.

Grade separation is an essential part of controlled access highway like expressway
and freeway.

It is possible to adopt grade separation for all likely angles and layout of
intersecting roads.

Stage construction of additional ramp are possible after grade separation structure
b/n main roads are constructed.



DISADVANTAGES OF GRADE SEPERATION

v" Itis costly to provide complete grade separation and interchange facilities.

v" Where there is limited right of way like build up or urban areas or where
topography is not favourable, construction of grade separation is costly, difficult
and undesirable.

v In flat or plain terrain , grade separation may introduce undesirable crests and sags
in the vertical alignment.



GRADE SEPARATION STRUCTURES

v Bridge structure used to separate the grades of 2 intersecting highway may be T-
beam bridge,rigid frame type and prestressed concrete bridges.

v" There should be vertical clearance of atleast 4.3m.

v Type of bridge structure should be selected depending on design ,construction and
other consideration like site condition etc.

v Grade separated intersection are classified as over-pass and under —pass.

Over-pass

v" Major highway is taken above by rising its profile above the general grond level
by embankment and an overbridge across another highway

Advantage

v" Drainage problem may be reduced

v Cost of bridge structure is less.

v Future expansion or lateral expansion or construction of separate bridge structure
IS possible.



Disadvantages

v Inrolling terrain ,vertical profile will also have rolling grade line.

v By constructing high embankment and by providing steep gradient will result in
increased grade resistance

v Restriction to sight distance
Under pass

v If the highway is taken by depressing it below the ground level to cross another
road by means of an under-bridge ,it is known as under-pass.

Advantages

v" There is a warning to traffic in advance due to the presence of under pass

v" When the major highway is taken below , it is advantageous to the turning traffic.
v It may be of advantage when main highway is taken along the existing grade
Disadvantage

v Drainage problem

v The over head structure may resist the vertical sight

v No possibility of stage construction for bridge structure



INTER CHANGE

Grade separated intersection with complete interchange facilities is essential to develop
a highway with full control of access.

Some types of interchanges are
1. Diamond

2. Rotary interchange

3. Partial clover leaf

4. Full clover leaf






CLOVER LEAF INTERCHANGE



\:“:’f*
s

PARTIAL CLOVER INTERCHANGE



INTER SECTION AT GRADE
All road intersections which meet at about the same level allowing
traffic manoeuvres like merging, diverging, crossing, and weaving
are called intersections at grade.

Requirements are,
e Area of conflict should be small

* Relative speed and angle of approach of vehicle should be small
* Adequate visibility

e Sudden change should be avoided

* Geometric features should be provided

* Proper sign should be provided

* Good lighting

*If no. Of pedestrians and cyclists are large, Separate provisions
should be made for safe passage



Examples foe channelized and unchannellized intersection




Various forms of intersections




Intersections may be Classified into two

®» Unchannelized intersections

®» Channelized intersection



UNCHANNNELIZED INTERSECTION (all paved)

The intersection area is paved and there is no restriction to
vehicles to use of any part of intersection area.

hence the unchannelized intersection are the

» Lowest class of intersection

» Easiest in design

» Most complex in traffic operation

» Resulting maximum conflict area

» When no additional pavement width for turning movement —

called plain intersection



» when pavement is widened at intersection — called flared

intersection

» |In fig arrows indicate — path of traffic flow, turning,

crossing and through movements



CHANNELIZED INTERSECTIONS

*» Achieved by — introducing islands into intersectional area

*»* Reducing the total conflict area available in the unchannelized

intersection

+* To accommodate the channelizing islands- radius of the entrance, exit

curves and area are suitably designed

+** islands helps- channelized turning traffic, to control their speed and

angle of approach to decrease the conflict area

**Thes intersections are may be partial or complete with divisional and

directional islands and medians

** here better control of traffic on the traffic entering and leaving



Advantages of channelized intersection
Vehicles can be confined to definite paths

Cause minimum disruption

Angle between intersecting streams of traffic may be kept as

desired in favourable way
Speed control can be established
Points of conflicts can be separated

Provide proper place for installation of signs and traffic

control devices



Advantages of channelized intersection

Vehicles can be confined to definite paths

Angle of merging streams can be forced to be flat Cause minimum

disruption

Angle between intersecting streams of traffic may be kept as

desired in favourable way
Speed control can be established
Points of conflicts can be separated

Provide proper place for installation of signs and traffic control

devices

Both major and minor conflict area within the intersection

considerably decreased









ROTARY INTERSECTION

Enlarged road intersection.

All the converging vehicles are forced to move round a
large central island in one direction.

direction- clock wise direction
Objective:
o eliminate the stopping of vehicle
o Reduce area of conflict.
Crossing of vehicle is avoided by
o vehicles merge into the stream
o Then to diverge out to the desired radiating road

Crossing conflict is eliminated.



Design factors of Rotary

1. Speed

» \ehicles have to slow down their speed than design speed ,
even if in the NH design speed is considered.

» No need of dead stop
» Speed at rotary in India:
a. 40kmph in rural area.
b. 30kmph in urban area and other cases.



2. Shape of central island

» Depends on the number and the layout of the intersecting
roads

» Different shapes adopted are
1. Circular
2. Elliptical
3. Turbine
4. Tangent

» Circular shape: When 2 equally imp roads cross at roughly
right angle.



» Island may be elongated

« To accommodate in the layout 4 or more intersecting
roads

« To allow for the greater traffic flow along the direction
of elongation

» Too much elongation and tangent shape : not desirable bcz
there will be tendency for the traffic to move much faster.

» Turbine shape:

 reduction the vehicle speed at the entering of the rotary
and enables speeding up of the vehicles going out

 the headlight glare is a limitation of the design at night.



3. Radius of rotary roadway

» One way rotary road round the island has different radii at
different points depending on the shape of the island

» Adequate super elevation cannot be provided and hence it
IS safer to neglect the super elevation and to take friction
only into consideration and hence the radius of curvation

R=V*V/(127*f)
» f=0.43 and design speed: 20-35m for 40kmph
» 1=0.47 and design speed:15-25m for 30kmph
» Factor of safety :1.5

» Recommended min radii of central island: 1.33 times the
radius of entry curves.



4 \Weaving angle and weaving distance

>

YV VY

YV VY

Weaving angle: angle b\w the path of a vehicle entering
the rotary and that of another vehicle leaving the rotary in
adjacent road.

weaving length: length of rotary roadway

For smooth flow of traffic, weaving angle should not less
than 15degree as the dia of central island required is too
large.

For any design speed, the freedom of movement on a
rotary depends on the size of weaving area.

Weaving length:at least (4 X width of the weaving section)
Recommended value:

 Weaving length: 45 to 90m for 40kmph

 Weaving length: 30 to 60m for 30kmph



5. Width of carriageway at entry and exit

» It is governed by amount of traffic entering and leaving the
rotary.

» Minimum width of carriageway at entrance and exit : 5m

» Entry width (el1) may inc.ed to 6.5,7 & 8 when width of

approaching road is 7,10.5 & 14 and radius at entry is 25 to
3o5m.



6. Width of rotary roadway

» All the traffic go round the one way roadway aleast for a short
distance.

> Outer kerb line follow the entrance and exit-sides of roads.
» Actual width of roadway varies section to section.

» Effective width of rotary roadway: minimum width of the roadway
b/w edge of the central island and adjoining kerb.

» It determines the capacity of rotary.
» Width of the non-weaving section (e2)=widest single entry
» e2< the width of the weaving section(W).

» W of the rotary : one traffic wider than the mean width of entry and
non-weaving section i.e.

W =(el+e2)+3.5
2



7/.Entrance and exit curves

» Curve traced by the inner rear wheel determines the radius and
shapes of the kerb to be set.

> Radius of entrance curve= minimum recommended radius of
central island.

» Radius at entry curve= 20 to 35m for 40kmph
=15 to 25m for 30kmph
» Easy for bus to take right angle turn at curve in design speed.

» EXxit curve should have larger dia as the speed inc.ed in
radiating roads.

» Reasonable radius of exit curves is one and a half to 2 times
radius of entry.

» Extra widening at entry and entrance curve is provided.

» Pavement width at entrance curve > than at exit curve as the
radius of former is less than the later.



8.Capacity of the rotary:

Practical capacity depends on the minimum capacity of the
Individual weaving section.

Practical capacity Qp =280W(1+e/w)(1-p/3)
(1+WI/L)
Where, Qp = practical capacity of the weaving section of a rotary
In pcu per hour.
W = width of weaving section(6to 18m)
e = avg width of entry el& width of non-weaving s/c e2
for the range e/W =0.4 t0 1.0
L = length of the weaving s/c btw the ends of
channelizing islands in metre for the range of W/L=
0.12t0.4.
p = proportion of weaving traffic given by




p=Db+c  Intherange 0.4t0 1.0

a+b+c+d
a = left turning traffic moving along left extreme lane.
d= right turning traffic moving along right extreme lane.

b= crossing traffic turning towards rgt while entering the
rotary.

c= crossing traffic turning towards left while leaving the
rotary.

The IRC has recommended the following PCU(Passenger car
unit) values for finding the capacity of the rotary :

Cars, light commercial vehicles and three-wheelers = 1.0
Buses and heavy commercial vehicles = 2.8
Motor cycles ,scooters =0.75
Pedal cycles =0.50
Animal drawn vehicles=41t0 6



9.Channelizing islands:

Provided at the entrance & exit of the rotary to
prevent undesirable weaving,& turning & to reduce
area of conflict.

Helps vehicles to reduce speed to the design speed.

Serve as convenient place for erecting traffic signs &
as a pedestrian refuge.

Shape & size governed by:

1.Radius of the rotary

2. Radii of the entrance & exit curves

3.Angles & layout of the radial road &rotary.
Generally provided with kerbs 15 t0 21cm high.



10. Camber & Superelevation:

* \ehicle passing along rotary traverses a reverse
curve while changing from one-path of roadway to
the exit of the radial road.

 Cross slope should be min at the point of change In
direction.

* Inward slope of camber serves as superelevation,
though design of the curve made assuming no
superelevation.

« Quter slope helps vehicles turning left towards the
exit curve to the radiating road.



11. Sight distance, grade:
« Sight distance should be large as possible.

« Should not be less than safe stopping distance for the
design speed.

* min sight distance= 45-30m for design speed of 40-
30kmph resp.

* J|ocate rotary on level ground or with slope not
exceeding 1 in 50 with the hzl.



12. Lighting :
« Min lighting-one each on the edge of island facing
each radiating road.

« Additional lights when the central island is larger than
60m dia.

* |f pedestrians are more, then lighting Is provided at
the entrance curve.



13. Traffic Signs:
 Should be installed at all approaching roads .

* Red reflector Is placed at 1m abv road level on
the nose of each directional i1sland & on the
kerb of the central island.

 Vertical balck&white strips of width 25-30cm
painted on kerb of central island &
channelizing islands improve visibility.



14. Provision for cyclists and pedestrians:

« As far as possible pedestrians & cyclists should be
Isolated from the general traffic utilizing the rotary.

 |f the cyclists are less than 50per hour they may be
permitted to mix up with the other traffic.

* |f they are more, a separate cycle track Is provided.

* If a large no of pedestrians, separate foot path with
guard rails should be provided around the rotary.

* Provision of crossing facilities to pedestrian by
subway or over bridge Is possible solution for
pedestrian crossing in rotary.



DESIGN OF INTERSECTION



Design factors of Rotary

1. Speed
a. 40kmph in rural area.

b. 30kmph in urban area and other cases.



2. Shape of central island

Different shapes adopted are

B~ Wb

Circular
Elliptical
Turbine
Tangent



3. Radius of rotary roadway
Radius at entry
» 20-35m for 40kmph
» 1=0.47 and design speed:15-25m for 30kmph

Radius at exit=1.5 to 2 timesradius at entry curve

Radius at entry curve=1.33xradius at entry



weaving length

» weaving length: length of rotary roadway
» \Weaving length:at least (4 X width of the weaving section)
» Recommended value:

1 Weaving length: 45 to 90m for 40kmph

1 Weaving length: 30 to 60m for 30kmph



\Width of carriageway at entry and exit

AGIIACT LL"VU%

Width of Carriageway at Entrance and Exit

(Source : Ref. 26)

cay width of

L..’
approach road

Carr

Radius at entry

Width of carriageway at

(m) entry and exit {m)
7 m (2 lanes) 6-5
10-5 m (3 lanes) | 25-35 7-0
14 m (4 lanes) 8.0
21 m (6 lanes) 13-0
7 m (2 lanes) 7.0
10-5 m (3 lanes) L 75
14 m (4 lanes) 15-25 10-0
150

21 m (6 lanes)




Width of rotary roadway
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8.Capacity of the rotary:
Practical capacity Qp =280W(1+e/w)(1-p/3)
(1+WI/L)
Where, Qp = practical capacity of the weaving section of a rotary
In pcu per hour.

W = width of weaving section(6to 18m)
W =(el+e2)+3.5
2
e=(el+e2)
2
L = length of the weaving s/c btw the ends of

channelizing islands in metre for the range of
W/L=0.1210.4.
p = proportion of weaving traffic given by




p=b+c iIntherange 0.41t0 1.0
a+b+c+d
a = left turning traffic moving along left extreme lane.
d= right turning traffic moving along right extreme lane.
b= crossing traffic turning towards rgt while entering the rotary.
c= crossing traffic turning towards left while leaving the rotary.




p=b+c  intherange 0.41t01.0
a+b+c+d

The IRC has recommended the following PCU(Passenger car unit)
values for finding the capacity of the rotary :

Cars, light commercial vehicles and three-wheelers = 1.0
Buses and heavy commercial vehicles = 2.8
Motor cycles ,scooters =0.75
Pedal cycles =0.50
Animal drawn vehicles =4 to 6



o — -

—————

Problem 11.1. Traffic flow in an urban sections at the intersec-
tion of two highways in the design year are given below :

Left turning ~ Straight ahead Right turning
Appro- | Cars |Commer- | Scoo- Car;s Commer-| Scoo-| Cars| Com- Scoo-
ach cial ters cial | ters merical| ters
N 200 |~ 50 100 | 250 | 100 | 150 | 150 | '50 80
E |180| 60 | 8| 20| 50 |120)|200]| 40 | 120
S - 250 80 100 | 150 | 50 90 | 160 70 90
4 220 50 120 | 180 60 100 | 250 | 60 | 100

The highways at present intersect at right angles and have a

carnageway width of 15 m. Design a ratary Lntersectwn making
suitable assumptions.




Assume design speed =30kmph (urban area)
Assume a circular central island
Assume radius of entry =20 m
Assume radius of exit =2x radius of entry =2x20=40m
Radius of central island =1.33xradius of entry =1.33x20=28 m
Weaving length =30m
Width of carriageway at entry and exit =10m

« e=(el+e2) =10m el=10m & e2=10m

2



« Width of weaving section ,\W =(el+e2)+3.5 =13.5m

weaving length 4 2
weaving width 1
fow = 447
ho2 MR- 22 AN
W (X5



Left turning Straight ahead LRight turning
Appro- | Cars |Commer- | Scoo- Cafs Commer-|Scoo-| Cars| Com- {Scoo-
ach cial | ters cial | ters merical| ters
N 200 | 50 | 100 | 250 100 {150 | 150| 50 | 80
E s 60 | 80| 2| 50 |120]|20| 40 | 120
S |20 | 80 |100| 150 50 | 90|160{ 70 | 90
W 20| 50 | 120 | 180| 60 | 100|250| 60 | 100




Vehicle type

PCT
1. Cars and light commercial vehicles, including
3-wheelers 1-0
2. Buses and medium heavy commercial vehicles 2-8
3. Motorcycles and scooters 0.-75
4. Pedal cycles 0-5
5. Animal drawn vehicles

4to6
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The traffic is assigned to the network in Fig. 11-70.

1210 1408

1331 1544
S

Weaving traffic in each direction
N-E=643+350+423+424=1840
E-S=643+493+450+402=1988
S-W=1331+54981582
W-N=358+402+423+493=1672









DESIGN OF INTERSECTION



Design factors of Rotary

1. Speed
a. 40kmph in rural area.

b. 30kmph in urban area and other cases.



2. Shape of central island

Different shapes adopted are

B~ Wb

Circular
Elliptical
Turbine
Tangent



3. Radius of rotary roadway
Radius at entry
» 20-35m for 40kmph
» 1=0.47 and design speed:15-25m for 30kmph

Radius at exit=1.5 to 2 timesradius at entry curve

Radius at entry curve=1.33xradius at entry



weaving length

» weaving length: length of rotary roadway
» \Weaving length:at least (4 X width of the weaving section)
» Recommended value:

1 Weaving length: 45 to 90m for 40kmph

1 Weaving length: 30 to 60m for 30kmph



\Width of carriageway at entry and exit

AGIIACT LL"VU%

Width of Carriageway at Entrance and Exit

(Source : Ref. 26)
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approach road
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Radius at entry

Width of carriageway at

(m) entry and exit {m)
7 m (2 lanes) 6-5
10-5 m (3 lanes) | 25-35 7-0
14 m (4 lanes) 8.0
21 m (6 lanes) 13-0
7 m (2 lanes) 7.0
10-5 m (3 lanes) L 75
14 m (4 lanes) 15-25 10-0
150

21 m (6 lanes)




Width of rotary roadway
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8.Capacity of the rotary:
Practical capacity Qp =280W(1+e/w)(1-p/3)
(1+WI/L)
Where, Qp = practical capacity of the weaving section of a rotary
In pcu per hour.

W = width of weaving section(6to 18m)
W =(el+e2)+3.5
2
e=(el+e2)
2
L = length of the weaving s/c btw the ends of

channelizing islands in metre for the range of
W/L=0.1210.4.
p = proportion of weaving traffic given by




p=b+c iIntherange 0.41t0 1.0
a+b+c+d
a = left turning traffic moving along left extreme lane.
d= right turning traffic moving along right extreme lane.
b= crossing traffic turning towards rgt while entering the rotary.
c= crossing traffic turning towards left while leaving the rotary.




p=b+c  intherange 0.41t01.0
a+b+c+d

The IRC has recommended the following PCU(Passenger car unit)
values for finding the capacity of the rotary :

Cars, light commercial vehicles and three-wheelers = 1.0
Buses and heavy commercial vehicles = 2.8
Motor cycles ,scooters =0.75
Pedal cycles =0.50
Animal drawn vehicles =4 to 6



o — -

—————

Problem 11.1. Traffic flow in an urban sections at the intersec-
tion of two highways in the design year are given below :

Left turning ~ Straight ahead Right turning
Appro- | Cars |Commer- | Scoo- Car;s Commer-| Scoo-| Cars| Com- Scoo-
ach cial ters cial | ters merical| ters
N 200 |~ 50 100 | 250 | 100 | 150 | 150 | '50 80
E |180| 60 | 8| 20| 50 |120)|200]| 40 | 120
S - 250 80 100 | 150 | 50 90 | 160 70 90
4 220 50 120 | 180 60 100 | 250 | 60 | 100

The highways at present intersect at right angles and have a

carnageway width of 15 m. Design a ratary Lntersectwn making
suitable assumptions.




Assume design speed =30kmph (urban area)
Assume a circular central island
Assume radius of entry =20 m
Assume radius of exit =2x radius of entry =2x20=40m
Radius of central island =1.33xradius of entry =1.33x20=28 m
Weaving length =30m
Width of carriageway at entry and exit =10m

« e=(el+e2) =10m el=10m & e2=10m

2



« Width of weaving section ,\W =(el+e2)+3.5 =13.5m

weaving length 4 2
weaving width 1
fow = 447
ho2 MR- 22 AN
W (X5



Left turning Straight ahead LRight turning
Appro- | Cars |Commer- | Scoo- Cafs Commer-|Scoo-| Cars| Com- {Scoo-
ach cial | ters cial | ters merical| ters
N 200 | 50 | 100 | 250 100 {150 | 150| 50 | 80
E s 60 | 80| 2| 50 |120]|20| 40 | 120
S |20 | 80 |100| 150 50 | 90|160{ 70 | 90
W 20| 50 | 120 | 180| 60 | 100|250| 60 | 100




Vehicle type

PCT
1. Cars and light commercial vehicles, including
3-wheelers 1-0
2. Buses and medium heavy commercial vehicles 2-8
3. Motorcycles and scooters 0.-75
4. Pedal cycles 0-5
5. Animal drawn vehicles

4to6
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The traffic is assigned to the network in Fig. 11-70.

1210 1408

1331 1544
S

Weaving traffic in each direction
N-E=643+350+423+424=1840
E-S=643+493+450+402=1988
S-W=1331+54981582
W-N=358+402+423+493=1672









TRAFFIC SIGNAL DESIGN-
WEBSTER’S METHOD




Terminology

)

Cycle: One complete sequence of the operation of traffic
signals.

Cycle Time/ Cycle length : The time taken to complete one
cycle or it is the period of time required for one complete
sequence of signal indication.

Phase of signal: Part of cycle allocated to any combination of
traffic movement receiving right of way simultaneously.

Interval: The path of signal cycle during which signal indications
don't change

Offset: It is the time lag in seconds between the beginning of
green phase at intersection and green phase at next
intersection

Intergreen period: The time between end of right of way for a
phase and the start of the right of way for the next phase.



Terminology
» All red interval: Time during which the indication is red
for all the approaches.

» Lost time: Time not effectively used for vehicle movement

All-red ume

PHASE 1

PHASE 2

Inter-green time
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Figure 41:2: Two phase signal

Figure 41:3: One way of providing four phase signals
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Figure 41:5: Third possible way of providing a four-phase signal



Design of isolated fixed time signal

» Obijectives of signalised intersection design
To provide sufficient intersection capacity

To minimise overall delay

» General principles of 2-phase signal design
R, =G, +A,
Red- amber or initial-amber may be provided to end of red
phase
Clearance time or clearance-amber just after green phase
Go time or green time is decided based on approach volume



Signal design methods

» Trial cycle method

» Approximate method based on pedestrian crossing
requirement

» Webster’s method
» Design as per IRC guidelines



Webster’s method of traffic signal design

» Analytical approach of determining the optimum cycle
time, C_ corresponding to minimum total delay to all the
vehicles at the approach roads of the intersection.

» The field work consist of determining
Normal flow, q during design hour
Saturation flow, S,

Saturation flow rate is the number of vehicles that can be
moved in one lane in one hour assuming the signal to be
green always. If not given, take as 160 PCU per 0.3 m width
of road or

S=525w PCU/hr; w- width of approach, m



Webster’s method of traffic signal design contd...
» Design steps:

Find ratios y:% for given approach roads.

Find Y=y, +YV,

Find total lost time per cycle insec, L=nl+R

n- no of phases; R- All-red time

|=initial delay/lost time per phase ;if not given take as 2 sec;

then L=2n+R



Webster’s method of traffic signal design contd...

1.5L +5
1-Y

» Green time for each phase is obtained by:

» Cycle length, Co =

Gl :%(Co _L)

GZ :%(CO_L)



Problem 1

» Two roads A and B meet at right-angles. The normal flow and
saturated flow on road A are 750PCU/hr and 3600 PCU/hr
respectively. On road B normal flow is 550 PCU/hr and
saturated flow is 2700PCU/hr.The all red time is 10sec. Design
a two-phase isolated traffic signal for the intersection and
sketch the phase diagram. (KTU DEC 2019, 10 marks)



Solution

ya= 750/3600 =0.208, yb= 550/2700 = 0.204
Y=yat+yb = 0.412

n=2;R=10sec

L=2n+R=14sec

Co = (1.5L+5)/(1-Y) =44.2 sec

GA=(ya/Y )x(Co-L) =15.2sec

GB =(yb/Y )x(Co-L) =14.95sec say| 5sec

Phase Diagram

[5.2 sec ereen 2 sec amber 27 see red

27.2 sec red 15 sec green 2 sec amber




Problem 2

» The average normal flow of traffic on cross roads A and B
during design period are 400 and 250 PCU per hour
respectively. The saturation flow values on these roads are
estimated as 1850 and 1400 PCU per hour respectively. The all
red time required for pedestrian crossing is 16 seconds.

Design a two-phase traffic signal by Webster’s method. (KTU
MAY 2019, 10 marks)



Solution

ya =qa/sa =0.216 ; yb =qb/sb =0.178
Y =ya+yb=0.395
n=2;R=16sec
L= 2n+R = 20 sec
Co = (I.5L+5)/(1 -Y) = 58 sec
Ga = ya(Co-L)/Y = 21 sec
Gb = yb(Co-L)/Y = 17 sec
Phase Diagram

21 sec oresn 2 sec amber 35 gee pod

39 sec red 17 sec green 2 sec amber

| || [ ]




Problem 3

» A fixed time 2-phase signal is to be provided at an intersection
having four arms. The design hour traffic and saturation flow

are

Time lost per phase due to starting delay is 2 sec and all red
period is 4 sec. Design two phase traffic signal using VWebster’s
method. Draw the phase diagram also. (KTU APRIL 2018,

North | South |East | West
Design hour flow (pew/hr) | 800 400 [ 750 | 600
Saturation flow (pewhr) 2400 | 2000 {3000 | 3000

12 marks)




SO

ution
North South East West
q 300 400 750 600
5 2400 2000 3000 3000
y=g/s 0.33 0.20 0.25 0.20
¥max 0.33 0.25

Y=0.33+025=0.58
Losttime, L=nl+R=2*24+4=8sec
1.5L+5

Optimum cycle length, Co =

¥ys(Co — L) 033+ (40 — 8)

¥ 0.58

. ¥ 0.58

ENS =

= 18 sec

= 14 sec

= H(1.5*8+5)(1-0.58)}= 40 sec




Phase Diagram

|8 sec preen 2 sec amber 20 sec red

l

24 sec red 14 sec green 2 sec
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IRAFFIC SIGNALS
OBJECTO OF TRAFFICOIGNALS

At intersections where there are a large number of crossing and right-turn traffic, there
possibility of several accidents as there cannot be orderly movements.

On cross roads with two-lane two-way traffic, there are 16 crossing conflicts as illustrated in
Fig. 5.20.

The problem of such conflicts at the intersections gains more significance as the traffic
volume increases.

In such situations the earlier practice has been to control the traffic with the help of
traffic police who stops the vehicles on one of the roads alternately and allows the traffic
stream of the other road to cross or take right turn.

Thus the crossing streams of traffic flow are separated by ‘time-segregation’.

In bigger cities, a large number of police personnel are required simultaneously to
control the traffic during peak hours at most of the junctions with heavy traffic flow.

Therefore traffic signals are made use of to perform this function of traffic control at
road intersections.

Traffic signals are automatic traffic control devices which could alternately direct the
traffic to stop and proceed at intersections using red and green traffic light signals as per
the pre-determined time settings.

The main requirements of traffic signal are to:

(i) Draw attention of the road users

(i1) Enable them to understand the meaning of the light signal
(iii) Provide sufficient time to respond and

(iv) Ensure minimum waste of time.




ADVANTAGES OF TRAFFICOIGNALS

( Properly designed traffic signals at intersections )
Provide orderly movement of traffic at the intersection.
The quality of traffic flow is improved by forming compact platoons of vehicles, provided
all the vehicles move at approximately the same speed.
Reduction in accidents due to crossing conflict, notably the right angled collisions.
Traffic handling capacity is highest among the different types of intersections at-grade.
Provide a chance to traffic of minor road to cross the continuous traffic flow of the main
road at reasonable intervals of time.
Pedestrians can cross the roads safely at the signalized intersection.
When the signal system is properly co-ordinate, there is a reasonable speed along the
major road traffic.
Automatic traffic signal may work out to be more economical when compared to manual
control.

DISADVANTAGES OF TRAFFICOIGNALS

The rear-end collisions may increase.

Improper design and location of signals may lead to violations of the control system.
Failure of the signal due to electric power failure or any other defect may cause
confusion to the road users.

The variation in vehicle arrivals on the approach roads may cause increase in waiting
time on one of the roads and unused green signal time on other road, when fixed time
Lraffic signals are used,

Excessive delay of vehicle may be caused particularly during off-peak hours.

Drivers may be induced to use less adequate and less safe routes to avoid delays at
signals.
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DEFINITION OF TERMS USED IN TRAFFIC SIGNAL DESIGN
The period of time required for one complete sequence of signal indications is called

‘signal cycle’.

The part of the signal cycle time that is allocated to stop the traffic or to allow traffic
movement is called ‘signal phase’

The duration of ‘stop’ phase is the red phase and

The duration of ‘go’ phase is the green phase.

Any of the division of the signal cycle during which signal indications do not change
Is called the “interval’.

The engineer has to design the signal with the sequence and duration of individual
phases to serve all approaching traffic at a desired ‘level of service’.

The level of service is measured by the vehicle delay, the queue length or the number
of vehicle backed up and the probability of a vehicle entering the intersection during
the first green phase after arrival.

The capacity of a signalized intersection depends on physical factors of the roads
such as roadway width, number of lanes, geometric design features of intersection
and also the green and red phases of the traffic signal.

The capacity is also affected by operational and control factors such as number of
turning movement, number and size of commercial vehicles, pedestrian traffic signal
characteristics and abutting land use.




TYPES OF TRAFFIC SIGNALS

The signals are classified into the following types:
Traffic control signals

Pedestrian signal

Special traffic signal

THE TRAFFIC CONTROLSIGNAL

= The traffic control signals have three coloured lights which glow facing each direction
of traffic flow namely, red, amber and green.

= The red light is meant for ‘stop’,
= The green light for_‘go’and

* The amber or yellow light allows the ‘clearance time’ for the vehicles which enter the
Intersection area by the end of green time to clear off the intersection, before the

change-over to red signal light.
= Atypical traffic signal head is shown in Fig. 5.27.

= Additional signals showing green lights for separate movements of turning traffic
movements may also be provided, where necessary.
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- Fig. 5.27 Traffic signal head



PEDESTRIAN SIGNALS

>

>

>

Pedestrian signals may be installed at the intersections controlled by traffic signals
to enable the pedestrians to safely cross the specified roads;

In such cases, the pedestrian signals and their timings are interlinked to operate
along with the traffic control signal.

At certain locations of mid-block stretches of urban roads with high demand for
pedestrian crossing, separate pedestrian signals may be installed along with
appropriate warning and informatory signs.

SPECIAL TRAFFIC SIGNALS

d

d

Special traffic signals such as “flashing beacons’ may be installed at certain locations
in order to warn the traffic of certain situations.

At flashing red signals, the drivers of vehicles shall stop before entering the nearest
cross walk at an intersection or at a stop line.

Flashing yellow signals are cautionary signals meant to signify that drivers may
proceed with caution.
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TRAFFI NTROL SIGNAL
Different types of traffic signals are in use in India namely,
(i) Manually operated signals
(i1) Fixed time automatic signals and
(ii1) Automatic traffic-actuated signals.
) MANUALLY OPERATED SIGNALS
Each of manually signals is operated from a salient point at or near the intersection
raffi I n le:
The signal phases may be varied depending on the traffic demand at that point of
time.
(11 FIXED TIME AUTOMATIC SIGNALS
The fixed time automatic traffic signal keeps repeating the same set of signal phases
and the signal cycle time that has been set in the signal controller.
This type of traffic signal may function satisfactorily at locations where there is no
significant variation in traffic flow on different approach roads.
U.S.A. fixed time signals are far more numerous than vehicle-actuated types.
The timing of each phase of the cycle is predetermined based on the traffic studies and
they are the simplest and cheapest type of automatic traffic signals which are
electrically operated.
The main drawback is that when the traffic flow on one road may be almost nil and
traffic on the cross road may be quite heavy, yet the traffic in the heavy stream will
have to keep waiting at red phase.
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(111) AUTOMATIC TRAFFIC- ACTUATED SIGNALS.
Traffic actuated signals are those in which the timings of the phase and cycle are
changed according to traffic demand.
\ehicle actuated signals, in which the green periods vary and are related to the actual
demands made by traffic.
This is made possible by installing detectors on all the traffic.
Vehicle-actuated signals are very popular in U.K.
SEMI-ACTUATED TRAFFIC SIGNALS

mi-actuated traffic signals the normal green phase of an approach may be
extended up to a certain period of time for allowing a few more vehicles approaching
closely, to clear off the intersection with the help of detectors installed at the
approaches.
Semi-vehicle-actuated signals, in which the right of way normally rests with the main
road and detectors are located only on the side roads.

(L) FULLYACTUATED TRAFFICSIGNAL
raffic movements on the basis of demand and pre-determined

programming.
But these are very costly to be installed at all intersections.
(c) MODERN FIXED TIME EQUIPMENTS
Modern fixed time equipments are built for operation with different settings at
certain periods of the day, to cover different conditions.
This is achieved by providing time switches




TYPE ADVANTAGES DISADVANTAGES
Fixed time (1) Simple in construction. (1) Inflexible and hence may
cause avoidable delay.
(i) Relatively inexpensive (i) Require careful setting
(i) Most successfully used in
linked systems requiring a fixed
cycle length for a given pattern
and speed of progression
Vehicle-actuated. (i) They are flexible and are able | (i) Require costly equipment
to adjust to changingtraffic such as detectors and
conditions automatically sophisticated controllers
Semi-vehicle- (i) Delay is held to minimumand | (ii) Cannot provide signal
actuated maximum capacity is achieved. co-ordination.

Useful for junction of a side
street having low trafficvolume
with a main street having heavy

flow

They are believed to cause
high accident rates at times
of light traffic.




CO-ORDINATED CONTROL OF SIGNALS

-ordin ignal m

» Co-ordinated signal system on a road net-work of an area is a very complex problem.

» Area traffic control system with co-ordinated signal network is to be implemented
with the help of advanced technology.

Need for co-ordin ntrol

= Need for co-ordinated control of signals arises on a main traffic route when it is
desirable to reduce delays and avoid main traffic from having to stop at every
junction.

= When a signal indicates a stop aspect at a junction, a queue of vehicles is formed
behind the stop line.

= When the signal changes to green, the vehicles start moving in a platoon.

= |f this platoon is made to meet a green aspect at the next junction no delay is caused
to the vehicles.

= This principle of linking adjacent signals so as to secure maximum benefits to the
flow of traffic is called co-ordinated control of signals.

= The co-ordination of signals is bought for with the following objectives in view:

(1) Topass the maximum amount of traffic without enforced halts.

(i) Tohave minimum overall delay to traffic streams, both in the main and side roads.

(i) To prevent the queue of vehicles at one intersection from extending and reaching the
next intersection.



Traffic Safety: causes of road accidents - collection of accident data
- influence of road, the vehicle .the driver, the weather and other
factors on road accident - preventive measures

20




Road Accidents

*Types
eCauses
Preventive Measures



e Near

e AcCIC

y 60,000 people are killed in road
accidents every year.

ents cause damage, loss of property,

Injury or even death.

* Accidents can't be prevented totally but
can be minimized by proper management
of traffic.
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Necessity of Accidents Study

To study the causes and put remedial
measures

To check existing designs and suggest
proposed designs

To carry out surveys for putting causes
and remedies

To calculate financial and manpower loss
and justify the proposal



|. Collision Accidents:
» Collision with pedestrians

 Collision with other moving venhicles
« Collision with fixed objects

l1. Non-Collision Accidents:
* Running off the roadway

* Over-turning

* Any other non-collision.

ippt.com



 Road Users

* Vehicles
 Road pavement
* Environmental factors




* Drivers » Defective Road Design

e Pedestrians « Weather

« Moment of Surprise « Anpimals

» Passenger - Lack of Proper Lighting
* \VVehicle Defects  Other Causes

e Bad Road Condition

— fppt.com



Preventive

— _ \ ‘

* Engineering Measures

« Enforcement of Laws and Regulations
» Public Education of Traffic Laws ,




Engineering Measures

s et o
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* Road Design- Proper Design of Pavement
and traffic factors

* Road Lighting- Proper lllumination during
night

* Maintenance of Defective Roads- reqular
or periodic checking of road for
maintenance

« Maintenance of Defective Vehicles-
Checking Brakes, Chassis, and other parts

fppt.com



ment of Traffic Rules
RIS

;m' N ———— -

« Speed Control- Use of instruments like
tachometers, speed guns, etc., surprise
checking, imposing fine, etc.

» Traffic Control- Application of signals,
signs, markings, etc., Deploying Traffic
Police.

* Training and Supervision- While giving
Driving license, drivers should be trained
strictly. The trained driver should be tested

~ periodically.

9
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* Observance of Law and Regulations-
Traffic Laws enforcement teams should be
sent to different locations to see If public is
following traffic rules properly or not.

* Medical Check up- Alcohol or intoxicating
consumption should be checked regularly.
Public carrier drivers should be checked
for vision and reaction time.

* Education to public- Traffic Education

should be provided to public. o



18-4. Uollection OLACCIEnt ata  aggmes

18-4-1. The usefulness of an accurate and comprehensive syz-
tem of collection and recording accident data cannot be over-empha-
«ized. Such data serve to identify the basic causes of accidents and to
suggest means for overcoming the deficiencies that lead to such
accidents. The data have a number of uses (Ref. 5), enumerated

below :
(a) Engineering uses. 1. In determining the adequacy, size,

shape and legibility of traffic signs.

9. In determining the justification for traffic control devices,
such as traffic signals.

3. In determining and planning pedestrian safety features
such as underpasses, overbridges, pedestrian barriers, refuge 1s-
lands, pedestrian signals and street lighting.

4. Tn determining speed zoning and speed control.
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5. In planning traffic re
: gulation m -
of on-street parking, one-way streets ande;f-gl:?tsnﬂtedumta“ pi':;;bxtxon

6. In designing safe and efficient street lighting.
7. In designing or redesigning intersection.

2
§
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8. In designing and providing channelizing islands, central i

verges and refuge islands.

9. In planning safety measures for traffic during construc-
tion.
10. In 1dent1fymg specific deficiencies in the mamtenance
procedures and specifications.

11. In improving the horizontal and vertical alignment.
12. In providing adequate sight distances.

13. In determining suitable width for pavement, shoulders and
bridges.

14. In understanding the defi ~iem:y of the pavement surfaces

and devising ways and means of improving them.

15. In determining any deficiencies in super-elevation and
camber and rectifying them.

16. In planning safety measures and guard rails.



(b) Enforcement uses. 1. In planning deployment of personnel
for various duties such as manual control and street patrolling
depending upon accident frequency at different locations and during

different hours orf the day.
2. In directing enforcement effort.

3. In controlling pedestrian behaviour.
4. In the safe and efficiont operation of traffic control devices.

6. In enforcing curb parking regulations.
6. In planning and enforcing vehicle inspection measures.

7. In planning and enforcing cycle inspection measures.
8. In aiding prosecution of offenders in courts.
(¢) Administrative and policy issues. 1. In initiating and

administering Traffic Safety programmes.
2. In evaluating the success of Traffic Safety Programmes.

3. In .determining the accident costs.
N :. ;nt identifying the-need t¢c amend the legislative measures in
nd to take appropriate action to amend them.

(d) Educational uses. 1. In planning and organizing school

safety educational Programmes
2. In i iz :
pPlanning and organizing driver safety educational

Programmes.
(e) Uses for the Motor Vehicle Administrator. 1. In review-

ing tﬁ; I;roceduras for licensing drivers
-dn reviewing ¢ ; . 1
g the procedures for registration and licensing of



4. In reviewing the vehicle inspections requirement.
18-4:2, Requirements of aceldent records
(i) If accident records are to e of use, they should be accurate

41l comprehensive, instead of heing vague and misleading.

(ii) Accidents must be reported on a standard form go that
wirilorm procedure 18 followed.

(iif) The terms describing the accidents must be accurately
delinod.

(iv) For facility of being analysed by a computor, the data
Jlimld be coded properly.—



Road accidents



* Road accident

* An accident which occurred or originated on a
road open to public traffic resulting in either
injury or loss of life or damage to property in
which at least one moving vehicle was
involved



Accident studies and report

e Collection of data
* Accident report
e Accident record



Collection of accident data

* |tis the first step in the accident study
* The details to be collected are

1.General( date,time, person, particular,
classification of accident)

2. Location

3.Details of the vehicle involved
4. Nature of accident

5. Road and traffic condition



* 6.primary causes of accident
e 7. accident costs



» Accident report

* Accident records
Location files
Spot maps
Condition diagram
Collision diagram



Uses of collection od data



Causes of road accidents

Vehicle

Driver

Road

Road users other than motorist

Environmental and Weather factors



Road user other than motorist

e Pedestrians
e cyclist



Pedestrian safety

Trends in pedestrian accident pattern
1.age

2. sex

3.social condition

4.Driving experience

5.Familiarity with locality

6. the drunken pedestrian



The road and its influence on the
pedestrian accidents

Geometric features of the road
Design of intersection
Road lighting and vehicle lighting

Pedestrian footway



Measures to increase pedestrian
safety measures



Environmental and other factors

Weather factors
Rain
Snow or ice
fog



Steps to be taken for Preventing Road Accidents

1. Most important method to_bring down accidents is strict enforcement of speed limits. 90
% of accidents can be avoided Dy strict enforcement of speed limits.

2. Heavy Penalty should be imposed on ALL those who cross speed limits. If this is strictly
Implemented, nobody will dare to go at high speed.

3. Existing speed limits should be brought down further.
4. Heavy penalty should be imposed for those who cause accidents.

5. Tamper proof speed controllers should be made mandatory for all heavy vehicles. New
heavy vehicles should have built in tamper proof speed controllers.

6. Two. wheeler manufacturers should be asked to_design _two wheelers with a desir%)ned
maxjmum possible sgeed of (say) 50/60 kmph. This Iimit may be decided based on the
conditions of each country.

7. New %adgets are to be develo?ed for collision prevention and should be fitted on_ all
vehicle.Research grganizations should be asked to develop such gadgets on a war fo_otln]g.
For example, gadg ts can_be developed to automatically slow down the vehicle, if safe
distance commenstrate wijth the speed of the vehicle in front is not maintained. Gadgets
can be developed for warning the driver, if the driver sleeps.

8. Diving tests for issue of Driving license is to be made more stringent and foolproof.

9. Lower age limit for two wheeler and Heavy Vehicle license should be raised to 21.

10.Helmet should be made compulsory by law in all countries, OR impose a lower speed
limit for those who do not use helmet. Issue of Helmet should be made mandatory with
the sale of each two wheeler.

11.  Helmet should be made compulsory for back seat riders also.



12.Ensure that all Helmet users are fixing the Chinstrap of Helmet.
Otherwise it will not help during an accident.

13.Ensure that ONLY good quality Helmets that meet standard
specifications are available in the market

14.Existing traffic rules should be strictly enforced.

15.Law should be modified such that the person who makes the accident
has to bear (say) 0 to 10 % of the insurance claims, depending on severity
of negligence. Also the compensations should be made very huge, making
accidents unaffordable so that everyone will be very vigilant.

16. All those who do not maintain the safe distance for the speed should be
punished.

17.Safety awareness should begin from childhood, as it is difficult to
Impart awareness to a grown up a human. If safety awareness is imparted
at childhood, safety will be a habit



18. Video and Computer games that simulate Motor Racing should be banned by
Government OR discouraged by parents as it will develop racing habit in children.
19. All sorts of Motor sports, especially racing should be banned by government.

Telecast of Motor Sports and Racing also should be banned.

20.Racing, over speed / highly risky riding, driving by Heroes should not be filmed in
cinemas and TV serials. Children are likely to imitate the same. Statutory warning will
no help. Government should censor such scenes.

21.Advertisements by automobile companies which include scenes of dangerous and

risky riding or driving should be banned. Youngsters are likely to imitate the same

. Statutory warnings will not help. Such ads will result in irreparable character formation

regarding riding and driving in kids and children. Such children may make accidents in

future.

20.  Children below a certain age should not be permitted to do cycling in busy roads

and in roads where heavy vehicles are plying.



23.Refreshment parlors should be made available at every 50 / 100 k.m. on all
highways and important roads. Truck, Heavy vehicle drivers should be
forced to refresh by having a face wash or by having a cup of tea or coffee.
24. The practice of keeping the traffic signals in standby mode during nights
and on holidays is
to be reviewed and discontinued.
25. Advertisement boards and other items that may obstruct visibility at
junctions, curvatures and other parts of the roads should be removed
Immediately.
26 Ensure that the money recovered as Road Tax is fully utilised for the
construction and maintenance of roads.
27. Time Punching of Private buses practiced in some regions should be
discontinued as it is forcing the drivers to go at high speed, after traffic
blocks



28. Newspaper, Television and other media should be effectively used for
Public Safety
29 Major accidents and accident prone areas should be analysed
scientifically.
30 Speed should be restricted at accident prone areas.
31.More stringent traffic rules should be enacted.
32.License of those who are involved in accidents should be suspended
Immediately, at least until they prove that they are not guilty.
35.Health of vehicles should be strictly enforced.
36.Eyes of old aged driving license holders should be checked at regular
Intervals.

37.License of drunkard drivers and riders should be cancelled immediately



38Judicial Commissions should be setup to monitor steps taken to
control road accidents andto monitor the accident rates on a weekly
basis.

390ne way traffic should be implemented in all roads as far as
possible. Roads should be widened wherever required. Curvatures
should be minimised. Medians should be constructed in roads with
two way traffic.

40.Footpaths and medians should be made mandatory for all
Important roads and for all new roads.

41. Zebra crossings should be provided for pedestrians for safe road
crossings at appropriate places.

42.Signals for road crossings should be provided at important and
busy places where a large number of people have to cross the road

everyday.



42.Signals for road crossings should be provided at important and busy places
where a large number of people have to cross the road everyday.

43. Roads should be properly marked. Sign posts should be provided wherever
required.

Humps should be provided at all important places, accident prone areas. Humps
should be made mandatory for all sub roads where it enters a main road.

44Construction, size and shape of the Humps should be scientific. All the
Contractors of the Public Works and other departments should be provided with
the details of scientific Hump construction.

45.Humps should be clearly marked, to avoid accidents. Methods of permanent
nature should be followed in Hump marking. For example white marble pieces /
white colour / fluorescent pigment can be used.

46.  Provision of small pilot humps few meters before humps can also be

considered to ensure that humps are not left unnoticed.



47.0Obstructions on road sides caused by unauthorised construction and road side sales
should be

Eliminated completely

48.Visibility should be increased near curvatures. Sometimes, even cutting of grass to
increase

visibility can help save many lives

50. Road Safety Day / Road Safety Week should be observed in all Schools, every year.
Competitions on Road Safety Tips, Slogans, Essays, Paintings etc. should be conducted
for students of various classes.

51.School Buses should be painted with Bright Yellow color.



51.School Buses should be painted with Bright Yellow color.

52.Let ‘Road Safety’ be a mandatory topic for School Projects for all classes, every year.

53.A small pool of water or a hanging branch of tree on roadsides can cause accidents as such
obstructions will make the pedestrians and drivers to take sudden LATERAL movement and result
in accidents. Hence any obstruction on road sides which can cause a LATERAL movement should
be rectified immediately.

54. Black color should not be permitted for Cycles. Default color for Cycles should be changed to
Yellow.

55. Automobile and cycle manufacturers should be asked to stop producing black and dark
vehicles. Yellow or other bright colored vehicles should be produced instead.

56. Front and Back of Lorries and Trucks should be painted with bright Yellow color to increase
visibility. This will help to prevent collisions while Lorries and Trucks are parked on roadside
without parking lights switched on.

57.Reflectors should be fixed on Front and Back of Trucks and Lorries.

58.Accident statistics should be periodically reviewed to understand the effect of actions taken.

Corrective steps should be taken based on these reviews.



59. Attention distracting Hoardings, banners, posters, advertisements etc
should be banned near roads and highways.

60. Default color of Helmets should be changed to Yellow to reduce accidents by
Increased visibility. Black and dark colors should not be permitted.

61. All automobile manufacturers should be asked to strengthen safety standards of
vehicles by improved design. It is to be noted here that in the series of collisions of
200 plus vehicles at Dubai in 2008, only few people were killed. This is because of
the high safety standards.



62.Parking near curvatures should be strictly prohibited.
63.Road crossing near curvatures should be"'made punishable.

All models of vehicles should be issued a international safety rating number ( say
from 1 t0o100 ) based on their safety features, design, build, colour etc. \Vehicle
manufacturers will compete to improve the safety to get top ranking. This will
ultimately result in saving of many lives. Customers can easily select the safest

vehicle based on safety number.

65. Day light like lighting should be provided in main roads, so that high beam can be
avoided and a lot of accidents caused by high beam of vehicles coming from opposite
direction can be avoided. 66.Drunkard driving should be firmly dealt with.
?7.Apt| drowsy warning gadgets should be made mandatory during night
ravel.
68Street dogs should be eliminated completely. _
89Low cost tamper proof electronic devices t0 record the speed of the vehicle should
e
developed and should be fitted on all heavy vehicles. The devices should be
examined in case of accidents —a minjature version of black box of aero plane..

. Video cameras should be installed at regular intervals on highways by Police
and should be centrally monitored.



Vi

Traftic Flow: theory of traffic flow — scope — definition and basic
diagrams of traffic flow- basic concepts of light hill — Whitham’s
theory — Introduction to Car “following theory and queuing’

20




TRAFFIC FLOW THEORY-INTRODUCTION

=> Mathematical study of the movement of vehicles over
road network.

Speed, flow and density are the basic parameters of
traffic flow.

Scope:
* Traffic engineer can get knowledge of vehicular traffic,

- leading to improved techniques
— for control, regulation and management of traffic



Scope contd.

* |tincludes relation between speed, flow and
concentration(density).

* Approaches to frame relationship includes car
following theory, hydro dynamic analogy etc.

» Different measures of speed are used in traffic flow
analysis like spot speed, time mean speed, space mean
speed etc.

* Knowledge of probability and statistics are needed for
the study of congestion, delay, queuing, headway, gap
between vehicles etc.



Basic definitions

* Speed(v):
— Rate of movement of vehicular traffic (km/h)
* Flow (q):
— No. of vehicles passing a specified point (veh/hr)
* Density (k):
— No. of vehicles present in a specified length of road at an
instant (veh/km in one lane)

k= ,where s’ is space headway,

Vehicle 3m mVehucle 2 mvehucle 1
|

1000m | 100 1 100
S .

eg. k- ve— -10 vehicles in 1000m =10 veh/km ;



Basic definitions contd.
Space headway(s):

— Distance between fronts of successive vehicles (m)
Time headway (h):

— Time interval between passage of fronts of successive
vehicles at a specified point (sec)

Time mean speed(V,):

— Average of speed measurements at one point in road
over a period of time.

Space mean speed/ harmonic mean speed(V.,):

— Average of speed measurements at an instant of time
over space.



Eg. to understand V, and V.

Qn. The speeds of 25 cars are given. 10 cars are noted to
travel at 35 km/h, 8 cars at 40 km/h, 2 cars at 50 km/h, 5
cars at 45 km/h. Assume that each cars are travelling at
constant speed, find V, and V..

! - Z?’Txl qivi (10.35)+(8o4o;;(z'50)+(s~45) ~39.8 km/h
D iz Ui
Z?—I qi 25

Jvg = S0 I= =39.26 km/h
2 o | GG E)

* q;is the number of vehicles having speed v,, and n is the
number of such speed categories



Eg. to understand V, and V.

* If the spot speeds are 50,40,60,54 and 45, then find
the time mean speed and space mean speed.

', | =4 . 4 5/ AR
Vp = 21:, = o(.)+40+(;:)+.)4+40 S 2;+9 — 49.8
5 D

= 513 = 43.82

I

)
Vs = 1T — 1 ] I 1
T Zg-  gstactastsitas

o

B | ie, Time mean speed is space mean speed plus
e Note: [t = Vs 77 | | standard deviation of the spot speed divided by
= the space mean speed.




Relationship between variables

Relation between fundamental parameters of traffic
flow:

Space mean speed, flow and density are related by

the following equation: _q or q=kv.
V=
1000
As k=——,V,= i , where ‘s’ is space headway
s 1000

_hxV x1000
= 3600

Space and time headway relation:




Diagrams of traffic flow

* The relation between
~ Density and flow,
~ Flow and speed,
~ Density and speed,

* can be represented with the help of 3 curves.

* They are connected to get fundamental diagram of
traffic flow.



Jamming Concentration

* Note: * Consider one laneofal
* Theoretical maximum km road section with only
k" = kj =jamming Sm long cars. If cars are
concentration (vehicles closely packed one behind
are closely packed) the other, then ‘s’ also
B e el i =5m. And k;
T o =1050n(:m =200veh/km/lane.



1.Density(k)-Flow(q) curve

The relation between the density of vehicles (x axis) and the
corresponding flow (y axis) on a given stretch of road.

1. When ‘K’ is zero, flow will also be
zero, since there is no vehicles on
the road.

2. When number of vehicles
gradually increases, 'k’ & ‘q" also
increases.

The max ‘q" that can be accommodated in 3
road is capacity of road.

3. When more and more vehicles are
added, it reaches a situation
where vehicles can't move. This is
referred to as the jam density.

k-q curve Flow will be zero as vehicles can’t

move.




Density(or concentration)-flow curve contd.

* Slope of line joining ‘O’ &
X0 : point ‘A’ is
- the space mean speed for

the traffic condition with
ks and q,

- ie, VA=%L .
A
— Same for any point on
curve.

* OB - Mean free speed V,;

~ ie, the speed which can be
adopted by a driver when
there are no other
interferences.




2.Flow(q)-Speed(v) curve

Qv 3. when flow is zero, any single
WS . vehicle entering to that road will
be in free flow condition.

Hence speed= Mean free speed
Vs

from zero and flow reached

M E maximum. ie, capacity of road.
—

—
@ s capacity 1. there are too many vehicles so
flow(q) —™ that they cannot move. So flow

g 2. Volume of vehicles increased

- Sial |and speed =0




3.Density(k)-speed(v) curve

Vs * The exact shape depends
on the actual condition of
traffic. It may take
parabolic shape also.

* When k»0, free flow
condition, LOS A,

—SO, Vs = V,,

dcmny (k)—’ llcmo » When k:' k, 2 no
G = movement of vehicles

-SoV,=0

k-v curve




Linear relationship between variables
by Greensheild

|
:
’

' * From k-v linear curve:

V.=V, -(\{ji')x K— 1

| & density (k)—

k-v curve




* Put the basic equation in equation 1

to write it in terms of ‘q’,

V
- ie, =,xk-( )xkxk v 2
qQ=Vy ];f
* |lly, Put the equation In equation 1
and rearrange it to write as:
2
q:V,ij-(!’v—x—kj) "3
s/




Linear relationship contd.

» Differentiating equation 2 wrt. ‘k’ and equating to zero
‘K’ atq,,., can be obtained

oie, Q’Vs;k—_\ﬁL_xKL_,@

Kj
_4_9_'._..'9 - N3 YQK =0
™ B ’Tﬂ{f

> Yhp - Mf 23"

Kj
= |,, = ki
maoax 2




Graph showing ‘k’ at q,.,.,

kj
. km = -2—
qmax
G y
H 2 .
-

density K —»



Linear relationship contd.

» Differentiating 3 wrt. V, and equating to zero
* V, atq,,.,, can be obtained

| e
"1 @ Ve hj— Vs Kj

-3
\/,}
._‘i_i‘;- - K\’ L __K_}_ x Vs = O
ANs Vs t
/ G




Graph showing V. at q,,.,

V
. VS -—2-’1

max ™~

t

Amax  flowlq) —>



Linear relationship contd.

k
* Thus at q,,,,, We gotK,.., = —2! and V; pox = !2‘1

* Put k,,.x and V; .. in basic equation q=kv

" qmax = Kmax X Vsmax Ve
L
2 X2 '
_kj X Vg
= 2 1‘2!

K-v curve




Speed-flow-density Relationship
Greenshield’s linear model

Vy Vy

2 2

=

4 kj Qmax = klx Vi

d max
/ kj
2




Fundamental diagram of traffic flow

* The combined diagram showing relationship between
speed- flow, speed-density, and flow-density are called
the fundamental diagrams of traffic flow.

‘I'unl  J

flowq —»




Lighthill and Whitham’s Theory

23-1. One of the attempts to understand traffic flow has been
to draw an analogy between the flow of fluids and the flow of traffic.
Lighthill and Whitham (Ref. 1) have contributed to tl;xs.togic by
their theory which is is based on kinematic waves. The limitation of
the theory is that it is based on the ‘continuous flow’ approach in
fluid dynamics and it thus represents the limiting behaviour of a
stochastic process for a large ‘population’, which in this case is the
total number of vehicles. Therefore, it is applicable to large-scale
problems only, and principally to the distribution of traffic on long,

crowded roads.




Lighthill and Whitham’s Theory

23-2. The assumptions in the derivation of the equations of
the theory are :

(i) The equation of continuity, i.c., law of the conservation of
vehicles, holds good. Thus :

Inflow = outflow + storage

(if) At any point on the road, the flow Q is a function of the
concentration K,



Lighthill and Whitham’s Theory

23-3. Consider a length of road AB with a stationary observer

O at the mid-point, Fig. 23-1.
* ¢ 8
A :
| N
v
U ' n
1 .
r 4 W. { —f
Fig. 23-1.

There are n number of vehicles in the length OB when the
observer starts counting the number passing him. The count stops
.gm..xpiryoftimtwhcnallthoavehiduhavopundtho

observer.



Lighthill and Whitham’s Theory

At the same instant when the stationary observer starts

mntiu.-wingobm.umuom with the stream 1 ¢ 1
at speed U, which is less than 3, the travels .“ - =( ;
stream, and counts the vehicles passi ' s '

. him. The t stops at the “._.I
mdUMCVMaIlmnnhid:‘hnpuu:‘amm :.QL.' n
ohorvnbumnllodadhumocmumtﬁmbyw-U.t. €y
HhmntﬂllbolmthnntbcmntoﬂhOlume |

the number of vehicles in the length OC. [ —y— t—
Number counted by the moving observer

= Number in length [-Number in length OC “
=Qt-ZR but 2uk ‘

=Qt-K.U-t
Flow relative to the moving observer |
=Q-K.U. l



summmmmmuwu-z
time ¢ apart.

Suppuothonwuodmmuonchupwithum.un
changes being relatively small ; but the observers have been told to
mwrsmvnmnt&evemch‘whﬂmmmm
thcv.hiclu\vbiehuuypcuh.ontboav-np.nnmforuch.
That is :

Q -~ K. U is the same for each.

For observers 1 and 2,

Q-KyU=Q:-KyU
- u.Q‘-Q‘

--A23-1
X - ( )

In the above equation, Q, mdQ,mtboﬂowu.odK..ndxg
the concentration observed by the observers at time ¢ apart.

Calling the changes in flow and concentration as AQ and AK
respectively,

-A23-2)
a



Car-following Theory

_-—'—'—‘_—————_—-—“_
24-1. Principles

In the car-following theory approach the vehicle-driver sys-
tem is visualised as one, where the driver of a following vehicle
responds te the stimuli caused by the motion of the vehicle in front.
The driver adjusts his speed, acceleration and spacing between the
vehicle in front and his own to suit the motion of the vehicle in front.
In this process, a certain time lag between receiving the stimulus
and reacting to it is inevitable and has to be considered. This
interesting theory has been built and enriched by the study of many
researchers in the last 30 years (Ref. 1, 2, 3, 4). It may be noted that
the theory applies to single lane dense traffic with no overtakings.



24-2. Derivation of Equations

In psychological terms, the car-following theory may be ex-
pressed in the form of the equation :

Response = Sensitivity x Stimulus ...(24-1)

Response is taken as the acceleration of the following vehicle,
since this is the quantity directly under the control of that driver.
The stimulus could be taken as the relative speed between the
following vehicle and that ahead. The stimulus can also depend
upon the spacing between the two vehicles.

Mathematically, the stimulus-response equation can be put in
the following form :

Ewo1) (0 +T) = A[ (nt) = Z(nan) (1) ] .(24-2)
where x = acceleration
x = speed
x = position on the road .
t = time

T = time lag of response to stimulus (usually 1 to
2-2 seconds) (Ref. 4)

) = a proportionality coeflicient.



.

In the above equation, the subscript (n) refers to the nth
vehicle, (n + 1) to the (n + 1)th vehicle, the subscript (¢) refers to the
position at time ¢ and the subscript (¢ + T) refers to the position at
timet + T.

The value of the sensitivity, A, in Eq. (24-2) is intended to take
care of the driver’s awareness of the stimuli from the vehicle ahead
and the intensity of his reaction to it. It is unlikely that A is a
constant and, in fact, it may be given a number of values such as -

(i) A = ¢, a constant
(if) X = a, a constant where s < S¢, s being the spacing, defined

as
§ = Xp = Xp,1, and s, is the critical spacing

A = b, a constant, where s > s,
(iit) A = c/s, c being a constant

and
(iv) A= __‘<:,;"

(v) A =c/s?, c being a constant.
The values (iif) to (v) above can be included in a general

expression of the form :
c:'c(';: +1) (t+T)

) [xn(t) = X(n+1) (t)Y

where [ and m are constants and take different values to obtain the

three cases.



Two characteristics of traffic flow are important and need
consideration : stability and the steady state of flow. Stability is
important because of its application to accident studies, but unfor-
tunately these stability criteria are difficult to establish except for

the easiest case of A = C. For this simple case, the car-following law
may be expressed as follows :

%(ne1) (£+T) = C[i(n) (£) = Z(n41) ()] ...(24-3)

In the steady state, let each car be moving with a speed of a, so
that we may write x = «, and since we are in a steady state condition

we may drop T, the timelag of response. This implies that the
stability conditions which involve T have been satisfied.

Eq. (24-3) can be then written as :
du(n +1)

dt
Now, since X(n)X(n+1) = S(n+1)

= C[u(n) - u(n + 1)] ..(24-4)



1

= Fiiod .(24-5)
where K is the concentration.
U(n) = U{ns1) = is(n+l)
dt
___ 1 9Ky .(24-6)
K2,y dt

Omitting subscripts, and combining Eqgs. (24-4) and (24-5)
du C dK

=— .(24-7)
dt K? dt
Integrating Eq. (24-7)
(24-
i .(24-8)
K

However, if it is assumed that all changes of concentration are
governed by this equation and that when the concentration is K;
(jamming concentration), the flow and, therefore, the velocity is
zero, we can evaluate A by using the boundary conditions, u = 0 at
K = K}, giving A = - C/K;;.

1 1
5 e O] s ..(24-9)
Thus, u [K Kj] (
Also, in the steady state,
Q=uK
- K (24-10)
and hence, Q=C|1- E—
J

Ea. (24-10) is the flow-concentration relationship.



and hence, Q= C(l y _K_) ...(24-10)
J

Eq. (24-10) is the flow-concentration relationship.
Now consider the case of reciprocal spacing, when

A ¢
X(n) = X(n+1)
or A= -Q
S

The car-following Eq. (24-2) now becames :

Clim (8) = xen (1) (24:11)
2(n) (t) = X(na1) (1)

i(n#l) (t + T) -

In the steady state, Eq. (24-11) can be written as :



dul(n+1) C[u(n) - “('HI)J

—

dt X(n) = %(n+1)
From Eaq. (24-5), we have
1 9K+

U(n) —¥(ns1) ="

K? dt
and from Eq. (24-6), we have

X(n) = X(n+1) T

K(n+l)
Substituting these in Eq. (24-12), we have
di . C dR
dt K dt

Integrating, and using boundary conditions,
u =0 at K = Kj, we get

K ;
SRR

In the steady state,
Q@ = u K, and hence

K.
Q=CKloge K’

(24-12) 1

...(24-13)

...(24-14)

...(24-15)

Eq. (24-15) is the same as Eq. (23-19), which was derived from

different conditions.

It may be noted that Egs. (24-10) and (24-15) are not valid

near K = 0 and hence they apply only to dense traffic.

Ch o 4l “Fallaw-the leader’
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25:56. Assumptions Made in a Simple Queueing Approach as
Applied to Traffic Flow
follow

The queueing theory will be developed on the basis of the
INg assumptions as applicable to traffic flow

() The system is in a steady state and has “settled down”.
S assum

"o ption is valid only when the arrival and the service

“rns are sustained for indefinitely long periods of time, and not
for “peaking situations” or “transient behav
the traffic intensity (p), which is defined as

lour”, This implies that
Averape rate of arrival (2)

- —— 18 less than 1. Thus
Average rate of service ()

p=—x1
H
(11) The number of customers is “discrete’

(111) The population of potential customers is infinite.
(o)

(v)
(o)

The arrivals are random in nature and Poissonian distri-
bution applies, the mean rate of arrival being .

There will be no simultaneous arrivals.

There will be a single service channel. Separate modifi-
cations of the approach are available for multiple chan-
nels.

(vit)

(vir)
(ix)

(x)

The queue is single and is of infinite capacity.
The order of service is first in first out.

There is a single follow-on service discipline.

The service times vary and follow an exponential Yy
bution, with a mean rate p.



Problem 25-1. A toll booth at the entrance to a bridge can ‘
handle 120 veh/hour, the time to process a vehicle being exponentially
distributed. The flow is 90 vehl/hour with a Poissonian arrival pct
tern. Determine : :

(i) the average number of vehicles in the systerm: : E

(i) the length of the quews ;

(iif) ihe auerage time spc'nt by the vehicle in the system ;
(Giuv) the average time spent by the vehicle in the queue.
Solution. In this problem,

20
A
= 3600
Y veh/second.
40
120 1
= e == h d
Il o
e T3 40
3
-
%
Expected number of customers in the system
== o
i ———e— =3
(1-p)

Average length of the queue, which 1= the number of vehicles
the gqueue =
P2
_1-p
Average time spent by the vehicle in the system
—= 1 1
o = =
p(i-p) L x2X
30 4

2= 3
=3 —_——=2Z25.
g= R

= 120 seconds.
Average time spent by the vehicle in the gqueue

= e
B ) ==
u(1-p)
3
=— 120
4 b4

= 90 seconds.

B



Problem 25-2. The off-peak traffic flow arriving at random at
toll bocth facility is 90 V.P.H. and the peak flow is 180 V.P.H. The
service rate, exponentially distributed, at the booth is 3-5 per minuie.

What is the average number of customers in the queue for each flow ?
Solution. Off-peak flow :

X % = 15 veh/minute

p =35 veh/minutes

A_15_3
k35 7
Average number of vehicles in the queue
=g = p2 =-3- x é % 1
1-¢g 7 7 4
=9
" 28

Peak flow : A= l%?, =30 veh/minute
1 = 3-5 veh/minute
3.6
p=—=—
5 7
Average number of vehicles
2

o

in the queue
- —q- - —p_= 6 6 7
3



Problem 35.3, There is q single toll booth in operation at
motorway where motorists are charged before being allowed to cross
a bridge. The booth can handle 800 V.p.H. and the service times may
be considered exponential. The peak flow is 720 V.P.H., the vehicle
arrivals being random. Caleylate

(&) the average number of vehicles in the system ;
(i) the average time a vehicle is in the system ;
(zii)

the average time q vehicle is in the queue ;

(iv) the chances of there bei
System ;
(v) the percentage of time a toll booth operator is free ;

(vi) the probability that there is no vehicle in the system -
(vit) the probability that the number of vehicles in the system is
three.

ng more than 4 vehicles in the

So!utioh. A= 720

=£Q9___ veh/second .
3600 9
p=}~=—1-)(2='9-
u 5 2 10



Average number of vehicles in the system =

=n= £ -3-2- x -I—Q-G
———————————————————— (l-p) 10 1 B

The average time a vehicle is in the system
= PP I
#(1-p)

= 45 seconds.

1
10

x

7%

The average time a vehicle is in the queue

E-—E—:ﬁ ® i
n{1-p) 10
= 405 seconds

Probability of there being more than 4 vehicles in the gystem

4«1 5
-phtl I(-i?-o-) -(-l%) =059

Percentage of time toll booth operator is free
o 300 - 720

800
Probability that there is no vehicle in the system

=10 per cent.

Pym(l- -.1_. !
( o)-m 01

Probability that there are three vehicles in the system
= Pia) = (1-p)p?

“(35) 3o o
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