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TRAFFIC ENGINEERING AND )
REGULATIONS =

SIA GROUP

PART-A

SHORT QUESTIONS WITH 50LUTIONS
ai. Define traffic volume angd traffic density and speed

Apswer
! Moy 17 (YY), YD
(s) Traffic Volume

Trafficy

rolume is the b
I ‘ d i num&r (‘f\ cthl(‘s P:\.&.\lns a sl\m ;\\nﬂ OF Cross section of m ul per it fenet st any e lec! | seriond
t1s expressed as vehicles per hour or vehicles per day

@)  Traffic Density

Itis the number of vehicles occupying a length of roadway in miles or kilometres at 4 given mstant. Traffic density &
expressed as vehicles per kilometre.

The highest traffic density will occur when the vehicles are not mov ing on a given lane.
For remaining answer refer Unit-111, Q9.

Q2. Define the following,
(a) Traffic capacity

(b) Practical capacity.
Answer : Modsl Pager-41, Q1(s)
(2) Traffic Capacirty

It is defined as the ability of a roadway to accommodate traffic volume. It is expressed as the maximum number of vehucles
that can pass a given point during one hour i.e., vehicles per hour per lane on roadway. The capacity of 1 roadway depends
on the number of prevailing roadways and traffic conditions.

(b)  Practical Capacity

Itis defined as the maximum number of vehicles passing a given point or roadways during one hour without tratfic density.
The practical capacity does not have effect of unreasonable delay, hazards or restnction to the dnivers.

Practical capacity is also called design capacity since it is used in designing the road ways.

Q3. What are the objectives and uses of volume study?

Answer : Mogel Paper-l, Ql(s)

The different objectives and uses of volume study are as follows,

stifying the priority for improvement and expansion, raffic volume is generally considered as true

. For the purpose of ju

measure with reference to the relative significance of roads.
2 It is generally utilized in planning, waffic operation and volunteering the existing facilitics. ln cortain cases, it 15 also used
for planning and designing of upcoming facilities.

3 In the analysis of different patterns and trends of traffic, the volume study is bencficial.
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3.2 | TRANSPORTATION ENGINEERING [UNTU-HYDERAR AD)

4, For-the purpose of structural design of pavements, | Q6. What are the various types of accidents; —
geometnc design and for estimating roadway capacity, | answer : Modol Papery -

d
classified volume study is used. . o The various types of traffic accidents are as follows,
a to plan one-way streets and other regulatory

’ I:c}?;?:;esov;:)lmne dist!ibyution study is ndvnmnggcmls 1 A moving vehicle colliding with a parked vehicle

6.  For the purpose of intersection design, planning of 2. Collision of ‘WOITCthg::Sd:r:JO1C:In§ from opposite
signal timings, channelization and other different control directions generally consi as head-on-collisjon
equipments, turning movement study is used. 3. Vehicles coming from various directions collide at 5,

7. -~ For the safety of pedestrians, side walks, cross walks Intersection
subways and pedestrian signals are planned using | 4. Collision of moving vehicle with a stationary objecy
pedestrian traffic volume study. such as electric pole, tree or a rigid structure,

Q4. What are the varlous traffic studies design for | Q7. What are the applications of location files ang
future traffic control for safe and efficient traffic spot maps?
movements? Answer :

Answer : | Model Paper, @1(n) | Location File

The various studies that have been carried out for future
traffic control for safe and efficient traffic movement includes.

-« Traffic characteristics
% Regulation of traffic
< Planning and
<  Geometric design of streets ﬁnd highways.

Surveys have been conducted to analyse the data
prov1ded by the traffic features and the data collected is known
as “traffic census”.

Traffic Characterisﬁcs

" Thisinclude,
oo Traﬁié volume
¢ Traffic density
< Traffic capacity

<+ Practical capacity.

Q5. Listthe various types of on streetand off street
parking facilities.
Answer : May-17, (R13), Q1(h)

The following are the different types of on-street parking
facilities: '

1. Angle parking
2. Parallel parking

The following are the different types of ofT street parking
facilities:

1. Ramp type parking garages
(a) Clear way systems
(b) Adjacent parking system.

Elevator tybe parking garages
Parking lots.

Location files are used for checking location of accident
and to identify zones of high accident incidence.

For each police station, location fields should be
maintained for the respective jurisdiction.
Spot Maps
" Accident spot maps is one, which shows accident by
symbols, posted spots or pins on the map at the location of
accidents. The various shapes and sizes of spots are used

to indicate different types and severity of accidents. The
commonly used legend is as follows,

Fatal | Non-fata]

O O
@ o

Different types of spot maps used are,

Type of Accident

Motor vehicle Vs pedestrian

Motor vehicle Vs motor vehicle

(a) = Night accident spot map
(b)  Pedestrian accident spot map

(¢)  School child accident spot map.

Q8. Whatare the advantages and disadvantages of
‘traffic signals?

Answer. : Model Paper-ll, Q1(e)

Advantages of Traffic Signals

. Heavy flow of traffic can move safely and orderly
through an intersection

2. It increases the traffic handling capacity of intersection.
Reduces various type of accidents such as right angle
collisions

4, These are more economical than manually operated
signals due to its automatic control operations

5. Coordination of signals provide continuous moment and
casy to cross the road

6. Increases the confidence of driver due to definite ﬂO‘V

of traffic.

—

[ R

Look for the SIA GROUP LOGO'@ on the TITLE COVER ' before you buy

Scanned with CamScanner

A AN

= =



r

|T'3 Traffic Engineering and Regulationg

UN’dV antages o_f Traffic Signals

i$ it creates lot of confusion due to failure of poer in
[ncreases rear end accidents

3.3

automatic system

p
I
/2 ffic violation occurs d i .

ue to ig i
3 Tra improper design and location
4

jt causes the road us-ers o Increase the use of altemate routes to avoid signals
Increases the travelling time b

5
% e traffic speed and write the inter-relationship between traffic density, speed and volume.
wwel’ : Model Paper-ill, Q1(1)
frafic Speed

' Traffic speed is defined as the number of veh;
eed of a vehicle can be expressed in the following

S

i=]

y adding stop signals,

. . ! i v lhc
cles moving at an average speed. In a stream of ‘N number of vehicles

ways,

Time mean speed, Usis=

N i
3.6d.
Space mean speed, Ug, - = y

!
_ i=l , )

Inter-relationship between Traffic Dénsity, Speed and Volume

(a) Fora specified avérage speed, the traffic volume increases with an increase in traffic density.

()  Ifthe density of traffic is low, then its volume is approximately proportional to density.

(¢) Foraroadway capacity, the traffic volume increases with a decrease in traffic speed, when there is an increase in traffic
density.

Q10. Define : Spot speed, Running speed, Space-mean speed and ﬁme-méan speed.
Answer : ' April-18, (R15), Q1(f)
Spot Speed '
For answer refer Unit-ITI, Q15, Topic: (a).
Running Speed

The average speed that is maintained while the vehicle is in motion is called running speed.

Time Mean Speed

The average of spot speeds of observed vehicles at point over a period of time is known as time mean speed. It is given
by the equation. -

T~

u.

i

]

- — i=l
Ums= TN .

N — Number of vehicles observed.

u, - Observed speed of /" vehicle
Space Mean Speed '

The average of spot speeds of observed vehicles at any instant of time with respect to space is known as space mean
Speed. It is given by the equation.

— e ———

o 1

Usys = " 1] /y
S[%/
i=1

—— »
Q1. Draw a neat sketch of Condition and Collision diagram.
Answer ; N

May-17, (R13), Q1(e)
For answer refer Unit-I1I, Q34, Topics: Figure (1), (2), 3) and (4).
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, &
3.4 — (! ,f(ﬂﬁ-‘
— "
- PART-B , 10°
ESSAY QUESTIONS WITH SOLUTIONS 40 "
. o ’ P
. : - ENSITY - TRAFFIC VOLUME yoop
METERS OF TRAFFIC - VOLUME, SPEED AND D
3.1 BASIC PR A YUDIES ~ DATA COLLECTION AND PRESENTATION b gel
’ 4,
Q12. Write a short notes on: . . . w‘“e ;‘
‘(a) Desire lines o f p 5 2
(b) PCU ' .
I.of service. : L
(c) Levelof serv , y fo\‘o
Answer ': ' 615 of
(b)  Desire Lines - . ' . i o gsi¢
Desire lines are drawn after the preparation of tables. These lines are the strai.g‘ht lines, Wt;'d’f 001‘.:::;;}: P°“":)0f ::pgm , St
and destination of vehicles and are presented in to different area groups. :I'he width of the desire e desi:?l i;:lre p;: ‘lonal qhi
to the number of trips made by a vehicle while it moves in both directions. The map showm‘g e o5 Sctvt ps to X The
locate the route which is desired by the road users. These maps hence, can be employed to plan a o withrcll : Oﬂl(', a &
diversion, a bypass, a bridge etc based on the need of traffic flow. The existing routes can be comp esire line (;g‘h' .
map with the help of tracing sheets, yisi¢
(b) PCU (Passenger Car Unit) MY ofV
) ; . R
Passenger car unit is a common type of vehicle unit which is generally used to measure the l_nghway é:apigltg. [?igﬂmt A glar
types of vehicles possess differents speeds, dimensions etc.. Which creates a problem to dfztermmc the PCU. Under different ’ ity (
traffic and geometric conditions, the equivalent factors for various vehicles are determined as follows. :j,psdri\"
Vehicle : : - Equivalent Factor of PCU ick o
Car, Tempo and Auto-Rikshaw 1.0 § A
e ‘ ; g )
Bike, Cycle 0.5 T
Car, truck. ' 3.0 '@\\'\ef
A single lane road should possess a capacity of 2,500 PCU and double lane road should possess a capacity of 10,000 PUC ad, v
per day as per IRC recommendations. s
(¢)  Level of Service ‘ _ et
As per highway capacity manual (HCM), Level of service is defined as the design service volumes which are related to ndt
certain operating specifications. A curve is drawn between operating speed and volume/capacity ratio as shown in figure. i)
ey
)
Th
Speed N

|
Volume/capacity ratio ll 0

Figure: HCM Classification of Level of Service -

Look for the SIA GROUP LOGO Q} on the TITLE COVER before you buy

Scanned with CamScanner



4 Traffic Engineering and Regulations

3.5

I Under different operating characteristics ang traffic
. LOS can be determined as follows,
ume : s
ol ; Speed and travel time during travelling over a
section of roadway

2

“Traffic restrictions and interruptions i.c., delay due
to change in speed and number of stops per Km

;3. To maintain the desired operating speeds
4. Driving with comfort and convenience

5. Economy.

f3. Write a note on various road user characteris-
tics affecting the traffic. ‘

May-17, (R13), Q7(a)
Following are the road user characteristics that influence
he traffic on roads,

An’wer :

i Physical Characteristics

This type of characteristics may be temporary or per-
manent. The pavement characteristics are hearing, vision and
srength.

Vision is very important in all of these. It includes the
activity of vision, glare vision, peripheral vision and eye move-
ment, glare recovery and depth judgment, Minimum stardards
for acuity of vision are given by licensing authorities. Hearing
helps drivers and is more important for cyclists and pedestrians.
Lack of strength may make the parking maneouvers difficult.

(i) Mental Characterisﬁcs

The road user characteristics are also affected by skill,
knowledge, literacy and intelligence. Knowledge of rules of
road, vehicle characteristics, driving practice, traffic behaviour
and psychology of road users will be useful for.safe traffic
operations. Understanding the instruction, regulation of traffic
and timely action is based on literacy and intelligence.

(iii) i’sychological Characteristics

The emotional factors such as superstition impatience,
Alentiveness, fear anger, general attitude towards traffic and
fegulations affect reaction to traffic situations 6f road users.
The attentiveness to traffic situations are reduced by non-traffic

events and worries impatience can likely result to dangerous
actions, ’

(iv) Environmental Factors
The behaviour of road user is affected by the various
envj P isti
r""_" onmental conditions such as traffic stream characteristics,
:;cnlmes to traffic,, locality and atmospheric conditions. The
a cqe . . .

OPtability to various traffic stream characteristics are based on

the dr; . ae P i

e driver characteristics and motivation. The reason of entering

o tral_'ﬁc stream can be business, social, routine movement,
Teational or an emergency clash.

llected
Q14. Indicato how tha traffic volume ::::wlst ::msu!u
(mechanical) and presented an

are used In traffic engineering?

Model paper-ill, QT7(a)
Answer 1

fm i assing
TrafTic volume is the number of vc?;:clz:(f!d g

4t e A
point of road per unit ime at any selected p

h-
Traffic volume counts can be done DY
counters or manually.

agiven

mechanical

Mechanical Counters [
Generally, these are either fixed type or pf;ﬂ::zt;'{P:/
The mechanical counters record the total number 0 :; 1 m: pid
the effect of impulse or stimuli caused by traffic T‘;V:T:wgiéh
a flexible pneumatic hose strctc.hed across the road ove
the vehicle passes or by providing sensor.
The other methods of working the mech:mic:l‘l detectors
are by radar detector, photo electric cells and magnetic detector.

Advantage

Mechanical counters can work throughout day and mght
for desired period, recording total hourly volume.

Disadvantages

L The impulse caused by vehicles of light weight may nct
be enough to actuate the counters

R It is not possible to record pedestrian traffic by this
method.

Presentation of Traffic Volume Data

The traffic volume data is presented in the following
form,

1. Average Annual Daily Traffic (AADT) is the average of
24 hour counts collected every day of the year. -
AADTS are used in traffic analysis for,

(a) Establishment of traffic volume trends

(b) Estimation of highway user revenues.

Average Daily Traffic (ADT) is the average of 24 hours
collected over number of days.

ADTS is used in analysis for,

()  Measurement of current demand
(b) Planning future expansion

(¢) Designand regulation.

Peak hour volume is the maximum number of vehicles

0 h] y L\a\;’s
0 ~

(@) Capacity analysis
(b)  Development of parking regulation
Vehicle classification records the v
to the type of vehicles.
Vehicle miles of tr; is

avel is a measure

. - v of travel alo

s.ccuon. ofroad. VMT’s are used for allocatin e
for maintenance and i i

olume with respect

s
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3.6 . TRANSPORTATION ENGINEERING [JNTU-HYDERABAD

Result Analysis
" The design hourly volume is found from the plot between hourly volume and the number of hours in an year ag shown ;
' n

" figure.

10

=)
/

4 MKE*!&* HouR

Hourly traffic volume

‘0. ‘!3 1‘ oo'oo 100 120 uo W0 100

Numbcr of hours in one year

Figure: Hourly Traffic Volumes

The 30" highest hourly volume or design volume will be exceeded only 29 times in a year and all the volumes of year wil]
be less than this value. If the highest or peak hourly volume is too high then it is not economical to design the facilities according
to this volume. Thus the design should be based upon the 30* highest hourly volume.

Q15.. Discuss briefly the various factors affecting the practical capacity of road.

Answer :
The various factors affecting the practical capacity of x;bad are as follows,
1. Width of lane :
Lateral clearance

Shoulders width

Alignment

2

3

4. Commercial vehicles
5

6. Existence of intersections at grade
7

Other factors.

1. WidthofLane SR :
The capacity of road gets reduced with the reduction in the width of lane.

2. Lateral Clearance |

'/ The effective width of the road gets reduced due to the vertical obstructions like retaining walls or vehicles parked near
.+ the lane. This reduction in lane width decreases the capacity of the road. The driving comfort is highly influenced due to

the limited lateral clearance.

3. Shoulders Width
When the shoulders are narrow, the effective width of traffic lanes get reduced due to which the vehicles tend to travel
towards the pavement centre. Thus, reducing the capacnty of the road.

'

4. Commercial Vehicles ‘ ' i
. Maximum space of the road is occupied by large commercial vehicles. These vehicles affects the other traffic coming in
the same lane and also the vehicles in the adjoining lane. : S
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.3 1eaffic Engineering and Regulations

Mjgnment
n the requirements

¢ capacity of the road decreases if the alignment metri i i
and standards. Whe .
geometrics are of inappropriate the capacity-

0 n-espfmd'"g to sight distance are restricted, the capacity is reduced. Steep and tong grades highly influences
Existence of Intersections at Grade
The free flow of traffic is highly restricted by the presence of intersections at grade, causing reduction in capacity of road.
Other Factors'
' . ) . - ‘
The other important factors which influences the practical capacity of road are as follows,
(@) Speed of stream
(b) Traffic movement of one or two way '
© ‘Traffic lanes in large numbers

(d) Driver and vehicles features

(€) Volume and composition of traffic.

What are the different vehicular characteristics which affect the road design? Briefly explain.

Model Paper-, G8(a)

OR

|dentify and explain by grouping the vehicular characteristics which affect the various elements of road

design.
May-17, (R13), Q8(a)

Answer :

Vehicular Characteristics

Vehicular Characteristics — Maximum Dimension

While designing a road, it is required to know the vehicular characteristics before implementing,
The vehicular characteristics includes, s+ v
%  Axle loads
%  Axle spacings
-+ Wheel bases
& Overall lengths, widths and heights.

These standards must be flexible wjth the present roads.

IRC has specified some standards to design a road as follows, .

1. Width "_ 244m
2. Height ' : .
% Single decked vehicle - 380m
% Double decked vehicle - 470m
3. Length
% Single unit with 2 axles - 107m
% Single unit with 2 or more axles = 122 m
&  Tractor semi-trailer combination - 152m
Emﬂ .’:’ . Tractor trailer combination - 183m
ﬂlL—I!lTQﬂg ?OURHRL FOR ENGINFEI!I[’F $TC")ENTS SIA GROUP @}
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3.8 . TRANSPORTATION ENGINEERING [JNTU-HYDERA
Width of Vehicle BAD]

The width of a vehicle affects the following,
% Lane width '
<  Width of shoulders and parking lots.
Length of Vehiﬁe .
It affects the following,
% Horizontal alignment
»  Passing sight distance
% Road capacity
< Parking facility.
Height of Vehicle
It affects the following, -
< ‘ Clemnce ‘provided under the structure such as electrié or telephone lines, underbridge, overbridge etc.
Weight of Vehicle |
It affects the following,
3 7Thi_ck_ness of pavement
%  Ruling and limiting gradient
» . ‘Bridge designs.

As per IRC recommendations, maximum permissible single legal axle load should be less than 8165 kg and maximum
tandem axle load is 14.5 tonnes.:

The.gross load of any vehiéle should be less than the weight, which is given as, .
W=465 (24 +3.28L) — 14.6L? ,
‘Where,
W— Gross weight of vehicle (kg)
L — Distance between extreme axles.
L>244m
Vehicle Speed
It affects the following,

< Super elevation

‘0

% Horizontal and vertical alignment
X3 Li}nitixxg radius

%  Sight distances

% Grades

%  Pavement width

< Lane capacity

% Skid resistance

< Length of transition curve

< Intersection design and control

Look for the SIA GROUP LOGO {J on the TITLE COVER before you buy
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\e
It aﬁ'ects the fO"OWing’ .

.

Braking distance

»,
o

& Ruling and limiting gradieﬁt

o vehicle speed.

power of the vehicle is expressed as its acceleration abil
‘ n ability.
yisio?
This affects the following,

,
o

Obstacle’s perception time

&  Glare.
graking Capacity
[t affects the following,
&  Stopping distance
& Q\'/ertaking‘sight distance
&  Traffic capacity.
Head Light

It affects the following,

& Night operation

dents during night time. v
|ationships among various traffic stream P

etch.

&  Number of acci
arameters with neat sk

L alr. Describe the basic re

Answer @
traffic

e operation and planning of

meters -
ables is important in th

Traffic Stream Para
etween the fundame

The relationship b ntal stream flow vart
facilities.

. Travel Time Vs Speed
inversely prOponional to the speed:

Per unit length of road travel ime is

Let ‘¥ be the speed ( time b .T‘.

kmph) and travel

Then,

1
Timeo 5 dq
Speed

1
To—

V

g 60
T (min/km) = 'I‘;
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It is seen that, with low speed of traffic the volume will also be low.

B

3.10 ' e
e ‘ TRANSPORTATION ENGINEERING [JNTU-HYDE
%0 RABAD]
I 504
g 401
g 30+
:
T 20+
[
=
10+
o f——F————F
20 40 60 80 100
Speed-C kmph —
Figure
- Density Vs Speed
‘The relation between traffic volume, density and speed is given by the general equation of traffic.
q =kV,
Here & —Average density (veh./km)
V/s — Space mean speed of vehicles in a unit roadway length (kmph).r
q — Average volume of vehicles passing a point. -
70 .
\‘ -(.
60T ‘\ \'.I-—Actua] trend of observations
E‘ 504 ‘\‘\-;;\-—Hypolhetical case
£ wof
3
& 304
204
lO--
0 20 40 60 80 . 100
Density (k) (vehicle/km)
Figure .
In an unit roadway length with increase in speed of vehicle the decrease in density is seen.
Speed Vs Yolume :
. In general density cannot be measured directly and the relation between volume, density and speed is taken.
k (vehicle /km) = V(kmv/hr)
i
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/" ypatfc Engincering 2nd Regulations ‘ -
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3
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20+
10+
+ + ' ——
o 200 400 g0 800 1000
Volume q vehicle/hour .

4 Explain the manual method of conducting traffic volume studies.
ote- \ i
w[‘ﬂf : &

pul Method of Conducting Traffic Volume Studies
M In this method, the calculation of quantity of vehicles and their types moving on the road is ¢ e Otne complete day.
 quantity of manpower is required for this purpose. These studies are complicate.d' to be confiucte o eraffic P me in
manual method is used due to its specific advantage over other methods. Initially the dlﬂ"erclnal o periods.
ific hour of the day and the daily difference of traffic volume are noticed. Th?n b): selectmg_t)l'plccan o orded by o
. fic volume study can be estimated. With the help of this method, the type and direction-of vehicles
g involved in the field. : ,

A field sheet sample used for manual counting of traffic is listed below,

arried out by individuals.

faumelators Form
(i) = Place of function

(ii) Classification of road
(i) Approach name

(iv) Kilometeeage

(v) Date

(vi) Number of route
(vii) Starting hour -
(viii) Ending hour

(ix) District

(x) State

Vehicles

Turning left . Moving straight Turning right
Enumeration Total " Enumeration Total. Enumeration Total

Buses
Cars
Cycles
Jeeps

Motorcycles
Scooters -

Trucks

Three wheelers

| Vans

Vehicles for animals
Others

1

Table: Field Sheet Sample
S— -
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3.12

TRANSPORTATION ENGINEERING [UNTU-HYp

3.2 SPEED STUDIES - DATA COLLECTION
AND PRESENTATION - ORIGIN AND
DESTINATION STUDIES, PARKING
STUDIES - ON STREET AND OFF
STREET PARKING

Q19. Explain the various types of speed studies.

Answer : Model Paper-il, Q8(b)

Two types of speed studies are generally carried out,
they are,

(a) Spot speed study
(b)  Speed and delay study.
(a)  Spot Speed Study

S.pot speed is defined as the speed of a moving vehicle
at a particular section over the surface of the road. Spot speed
studies are carried out to fulfill any one use of the traffic
engineering problems listed below,

Q)
(i) Calculating the design speed

Traffic control and regulation

(i11) Re-designing of existing highways

(iv) Accident studies

(v) Traffic capacity studies

(vi) Comparision of drivers and vehicles.

Spot speed can be measured by many methods, the
simplest method being the use of “enoscope”. It consists of a

mirror box positioned over a tripod stand. The procedure of
calculating spot speed is as follows,

1. The observer is initially positioned at one side of
“the road while the enoscope is fixed at a distance
of about 30 m from the observer

2.  Enoscope is positioned in such a way that when
the vehicle passes through the section, its image
is clearly visible to the observer

3.  The observer starts a stop watch just after a vehicle
passes the section. The stop-watch is stopped as
soon as the as the vehicle reaches the section,

where the enoscope is placed

4.  The time difference between these points is noted
down.

5. ' The spot speed of the vehicle is then obtained
by dividing the distance between the observer
and enoscope (30 m) by the time required by the
vehicle to travel that distance.

The various other equipments that can be employed to
calculate the spot speed are, ‘

(1
(i)

(iii)

(iv)

Graphic recorder
Electr9nic meter
Radar speed meter -
Electric meter and
Phoiograph method.

——aeny,
The various factors which afTect the POt speeq ar
(1)

(i)
(iii)
(iv)
(v)
(vi)

(vii)

Factors affecting Spot Speed
Width of pavement %
Type of curve

Sight distance

Gradient along the road surface

Unevennéss of pavement surface
Developments along the road side
Environmental conditions

(viii) Traffic characteristics

(ix) Efficiency of driver and vehicle

(x)
Speed and Delay Study

Fuel used in vehicle.

(b)

The speed and delay studies are carried out to calculate
the running speeds of vehicles, overall speeds of vehicjes
variation in speeds of different vehicles and also to obtain thg;
delay time between two sections of a road, placed at 3 certain
distance apart, These studies are also employed to determine
the amount, position, duration, frequency and cause of delay
of the moving traffic. The uses of speed and delay studies are,

1. To find out the exact location of the points of
congestion

2. To calculate the time of travel
3. To carry out the benefit cost analysis
4. To determine the roadway efficiency.

There are two types of traffic delay over a specified
period of time, they are,

(i) Fixed delays
(i) Operational delays.

- Fixed delays are caused because of the traffic signals
available at the intersections. Operational delays may be caused
by various factors such as turning vehicles, parked vehicles,
pedestrians, inadequate road width, unexpected accidents,
internal friction in the traffic stream etc.

The various methods used for carrying out the speed
and delay studies are,

1.  Floating car method

2. License plate method

3. Interview method

4.  Elevated reading method
5. Photographic method.

The most commonly used method is the floating ¢af
method which is described below.

——

(v)
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3 Traffic Engi'neéring and Regulafions

3.13

T
UN 1ing Car
fiot s method requires a test vehicle/floating car, group of

ors and WO stop watches. The procedure is as foljows

Method

a5 o test vehicle is made to travel along the inspection

I jength andis mail)tained ata speed equal to the ayer
p peed of the floating stream. -

observer is made to sit in the vehicle and is provided
ith two Stop watchf.ts. One stop watch is employed to
obtain the time at different fixed points. The second
stop watch is employed to record the duration of delay
at each pOlnt.

Anomcrobsewermcords the given data in preprepared tabular
i forms or may record the data through voice recording,

nge

Py

The third observer records the number of vehicles which
are overtaken by the test vehicle and also the vehicles
which overtake the test vehicle.

Fourth observer notes the number of vehicles moving in
the direction opposite to the direction of the test vehicle.

. More number of observers may be required in case of
mixed traffic flow.

1 The average journey time,'r, is calculated for all the
vehicles moving in the traffic stream along the direction
of flow and is given by, i

L—n
= 2
q
i o/
n +n
Where, g¢=———>
t,+

g — Flow of vehicles along the direction of stream.

n, — Average number of vehicles recorded when the
vehicle travels opposite to the direction of stream.

n,— Average number of vehicles recorded by
substracting the number of overtaking vehicles
and the number of overtaken vehicles along the
direction of flow.

t, —Average journey time when test vehicle is moving
in opposite direction to flow.

1,—Average journey time when test vehicle is moving

— along the stream.

0. Explain briefly the various aspects investigated

during parking studies. What are the uses of

- these studies?
A"SWer :

Stud; The various aspects that are investigated during parking
163 are as follows,

Model Paper-l, Q6(b)

L. Parking demand

2. Parking characteristics

3. Parking space inventory.

L Parking Demand |
ods by which the parln'cmg.
method, initially
area arc

There are different meth
demand can be determined. In one

the required area is selected and t the volume
counted. The outgoing traffic is subtracted from

. is way. the
of traffic entering the corners of the area. [n ”"‘k ‘l ‘myir_
accumulation of vehicles is recorded during the peak nOUEs:

particular
he corners of the

2. Parking Characteristics

In the parking studies, it is necessary to 'ECO"’kfhc
present parking methods and the common problems of parking

in a specified area. The pattern of parking is to be studied in

the case of kerb parking. Smooth traffic flow and the V“CC"-’C”“
during parking and unparking method are also required 0 be

noted in kerb parking.
3. Parking Space Inventory

In order to satisfy the demands of parking, the arsa under
study is completely surveyed and a map is drawn which includes
all the places where the facilities of kerb parking and off-street
parking can be provided effectively. It is required for a traffic
engineer to design appropriate parking facilities by balancing
the capacity and the parking demands.

Uses
1. These studies are used for estimating the facilities
- available.

2. . These are conducted for evaluating the demand at an
existing or new parking area.

3. The existing parking regulations are safety aspects of
the parking area can be studied casily.

4, These are also conducted for checking whether the
parking facility is according to local jurisdiction zoning
codes or not.

Q21. Describe in detail the parking usage survey by
patrolling method.

Answer :

(i)  Purpose

. The main purpose of parking usage survey is to achieve
the information about extent of usage of parking spaces. [n
this survey, the parked vehicles are counted on peak pcriod; of
morning and evening at regular intervals. The parking accumu-
lation and turnover is also taken into consideration. The survey
can be conducted for both on-street and off-street parking Both
the surveys is similar with minor variations. .

(ii)  Street System Mapping

Initially, the map of the street system is prepared and |-
Ffwcrcd by patrol and their sub-division is shown into w;:uunh
I'he s¢cl|0lus are determined by the street functions, which :xt
as convenient points. The directions of travel shoul:l be st .
clearly on the forms and map by the patrol-man o
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(iii)  Patrol Frequency

The maximum number of continuous patrols provide
accurate data but the analysis and field work becomes com-
plicated. For on-street parking, 30 minutes frequency can be
assumed to be suitable and for off-street parking, 60 minutes
* frequency can be used. The short term parkers may be missed
due to 30 minutes frequency. Thus, maximum number of patrols
are required in specific areas.

(iv) . Observation Method

Patrols are normally carried out by foot, but a moving car
can also be used where the parking of vehicles is far from one
another. The registration numbers of vehicles can be recorded
by using a tape recorder. ~

(v)  Survey Timing

This survey has to be performed on a day that is free
from factors, which results in non-representative features. Nor-

mally, the survey takes 10 to 12 hours of period for covering -

the shopper and commuters.
(vi) Equipments

The equipments given to the observer is to. watch the
street map board, pencil and a supply of forms.

Q22. What are the different types of parking surveys

and explain them in detail? '
Answer : May-16, (R13), Q6(b)
Types of Parking Survey :

The selection of parking survey depends on the area and
its parking plan, data collected and the availability of funds.

Parking surveys are classified into following four types. They

are,
(i) Parking space inventory
(ii) Parking usage survey by patrol
(iii)  Questionnaire type parking wage s’urv'cx v
(iv) Cordon count. :
(i) Parking Space Inventory Survey

For answer refer Unit-III, Q20, Topic: Parking Space
Inventory.

(i)  Parking Usage Survey by Patrol
For answer refer Unit-III, Q21. :

Questionnaire Type Parking Survey

(iii)

In this type of survey the information about the usage
of existing facilities, parking requirements, parking demand at
different prices, etc is collected from the drivers, car owners
by interviewing them. A sample of car owners are selected and
enquires are made. Some of the questions are delivered and
the information collected from the actual parkers includes the
followings:

(iii)

(a)  Address of origin and dcstinationmm\ !
(b)  Purpose of the trip
(¢) Timeofdeparture and arrival at the parking pl,

. ace,

(d) Type of parking space occupied and type of 4
vehicle. ¢

(iv)  Cordon Count

In this type of survey, counting stations are pointed
with the help of cordon line made by the roads in the are, The
number of vehicles leaving and entering that particular areas
are counted and the difference between the gives the number
of parked vehicles in the area. Manual or automatic counting
can be carried out.

Q23. Whatare the various parking parameters aﬁ
which data is collected in a parking study?
Define and explain them. Explain clearly the
method of parking inventory study on a road
section.

Answer :
. The various parking parameters are as follows,
(i) Parking index
" (ii) Parking load
(iii)

(iv) Pafking tum-over

Parking accumulation

(v) Parking volume
(vi) Parking duration.
(i)  Parking Index

It is the ratio between number of bays occupied and
theoretical number of bays available. It is expressed in terms

- of percentages.

Parking Load

During a particular period, the area under the parking
accumulation curve is known as parking load.

(ii)

Parking Accumulation
During a particular period, the total number of vehicles
- parked in an area is known as parking accumulation.
(iv)  Parking Turn-over

The rate of usage of the parking space available is known
as parking turn-over.

(v)  Parking Volume

In a specified area, the number of vehicles parked in 2
given time period is known as parking volume. 7
mally, it is measured in vehicles/day.

(vi)  Parking Duration

Ina pnrking space, the length of spent time i Lot
parking duration,
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Wtory

is SUTVeY the primary step is to collect information
In o mount of spaced for parking area ang its type
",ﬂﬂatj : jnitially the surveying area is to be specified, The
e 0 .e yis required for the area of central district and the
ﬁi"gs'n area is also included in survey. The sub divisions
U area is carried out on the basis of street-by-street ang
: axf" ' on the map. Then, the street plans are prepared with
o appropfiate symbols, the recording of data related
wlP % - ities should be done on sketch 1
¢ g facilities S o SeCh pans, The, pa-
‘pﬂm o be recorded should consists of the following,
m ¥

width of street.

Measures related to traffic management such as exclusive
yus lanes, prohibited turns, one way streets etc.

The alloted length which have no waiting or limited -

waiting restrictions and the total kerb length.

Un used or vacant land, which is appropriate on tempo-
rary space for parking.

Rear-access alleys, private streets and service.
The street should have maximum space for parking.

Location of taxi-stand, pedestrian crossings, loading
zones, fire hydrants, bus stops, bus bays etc.

| Forparking regulation, different traffic signs and number
should be designated appropriately.

4. Enlist the various methods of collecting the O
and D data. Explain any two in detail.

inswer :

The following are the various methods adopted for
wlecting Origin and Destination data (O and D),

. Road side interview method
License plate method
Return post card method

Tag-on car method

M“w!\l

Home interview method
6. Work spot interview method.
Road Sige Interview Method

In this method, the vehicles are stopped at certain
hts:iﬁ“e‘i points on the roads and the drivers are asked §everal
b by a group of members. The questions may include
Positions of origin and destination, route followed, position

e mediate stops, purpose of trip, vehicle type and number
Pass_quers in each vehicle. A particular type of vehicle’s
:Ir :)s ?me“’ie\\'ed once and the vehicles of sin}ilar category

tigng Med to go through different lane by various warning

g the help of police. Traffic volume studies are also

By 'iezl," Simultaneously and the percentage of each sample

Weg, ¢d from the total traffic for a particular period is also

timp -g:l; q me‘ho_d of roadside interview is quick and requlre(sl;

M the o Organisation, However, as the vehicles are stoPpIe

"4y ey glmm' the interview, the movement of other vehicles

\kedresuhing in congestion of traffic. :

License Plate Method

In this method, the area to be studied is dlwd?t(:ol:etz
various parts or routes and a number of observers are p&i Each
at entry, exit and intermediate points of all e rol d time
group of observers are provided with syn_chronflzct ond
machines. The license plate numbers and the time of entry e
exit of each vehicle is noted for different routes. For a partieular
period of time, the recording of data is done In different s eth'
in different directions. After the completion of field work. (l:”
major work is done in office, which involves the spalysia 9
each vehicle by tracking their registration numbers.

"The license plate method is quick in field work b::;
involves very complex computations In office. The rlouﬂe
followed by the vehicles cannot be judged easily u_nless alarg
number of observations are recorded along a particular routc:
This method also requires a large number of observers and hence
is preferable for small areas such as small business centre Of an
intersection. :

Q25. Explain origin and destination study. W!1at
are the various uses of origin and destination
studies? '

Answer :
Origin and Destination Studies

The two basic and main reasons for carrying out the
origination and destinations studies are,

(a) Toplana typical network of a road for maintenance
of vehicular traffic

(b) To prepare aplan for transportation of various types
of vehicles confirming to commuters demand.

For vehicular traffic, the origin and destination studies
helps in determining the number of vehicles, the origin of each
vehicle and destination of each vehicle for a particular zone.
More data can also be supplemented such as the purpose of trip,
number of passengers travelling in each vehicle, the positions
of intermediate stops etc. Origin and destination studies also
provide information about the direction of movement of
vehicles, route selected and trip length. The studies can be
employed for planning of facilities for new highways or to
improve the already existing highway facilities. The basic data
required for obtaining the desired flow directions (desire lines)
is also acquired from origin and destination studies.

- Origin and destination studies along with the socio-

economic studies can be employed to estimate the traffic-needs
in future.

Uses of Origin a;ld Destination Studies

The uses of origin and destination studies are as follows

I The existing route’s adequacy can be checked and new
road network can be planned _

2. The facilities of transportation systems can be provided
with the proper planning of their routes and operation
schedule

3. The express way and major routes can be located alow;

the desire lines

4. Different routes for different vehicles can be planned

5. Terminals can be planned and located easily

IPE
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6. Origin and de
intermediate stops

7. The design standards for various structures
destination studies. :

Q26. Describe the presenta

stination studies also helps to locate ne

s roads, bridges and culverts €an also be obtained using origj
. n and

—

such a

jon of O and D data.

Answer : 3
The origin and destination data can be represented by the following ways:

L. By preparing tables showing the trips made by the vehicles in different zones.

he preparation of tables. Desire lines are the straight lines, which connect the point of grig;

d in to different area groups. The width of the desire lines is kept proponioﬁm
t moves in both directions. ‘The map showing the desire lines helps tal
can be employed to plan a new road network Z
an be compared with desire “;'m

2. Desire lines are drawn after t
* and destination of vehicles and are presente
" to the number of trips made by a vehicle while i
locate the route which is desired by the road users. These maps hence,
diversion, a bypass, a bridge etc based on the need of traflic flow. The existing routes ¢

. map with the help of tracing sheets.
3. With the help of pie charts, the relative m
~ represented. The circles, drawn in the pie charts h
4. Contour lines similar to the topographic contours
Q27. Discuss the “presentation of spot speed data”.

metrical relationships of various zones can be
| to the number of trips made by the vehicle
ements of respective areas,

agnitude of the traffic and the geo
ave diameters proportiona

are also drawn fo obtain the traffic requir

Answer :

Presentation of Spot Speed Data
The spot speed data can be presented by the following ways,
(i) By average speed of vehicles
(ii) By cumulative speed of vehicles

\ (iii) By modal average method.

(i) By Average Speed of Vehicles
In this type of presentation, a frequency distr
The grouping is done by considering a number of speed ranges and number o

speed is obtained by the arithmetic mean of these speeds. The frequency distri
such as speed maintained at a particular section; distribution pattern of speed etc.

(i) By Cumulative Speed of Vehicles
A graph is drawn between the average values of each speed grou
y axis respectively. The 85% percentile speed is marked over the grap
vehicles moving above or below the safe spee
the safe speed at the section. When geometric

and this speed shows the safe speed at the particular section.
The 15" percentile speed can also be considered if it is required to obtain the number of vehicles that are moving too

_slow. These vehicles may cause delay and congestion. The graph showing the cumulative distribution of speed is given

ibution table is prepared by grouping the spot speed data of certain samples.
fvehicles in each range. The final average

bution table provides various informations

p and cumulative percent of vehicles travelled on x and
h and is noted. This speed acts as a separator between the

in figure(1).
100 e
) 98 Percentile speed
901 g5 porcente speed. ;
- 80 L LA [
. ' ’ ]
701 {ie: o
. ] )
601 - | )
Medan speed | |
§f-== =~ -~ - ; )
| ! !
404 H 0\ 1
!
30 : : )
y 4l '
201 15 Percentile | | !
15 Percentie ; ,
10{ speed : : |
! | !
T 1L ‘, - .
0 10 20 3 4 50 60
Spot speed kmph !
- Figure(1): Cumulative Speed Distribution
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ur‘]f- Modsl Averilge Method .
BY

distribution ¢ i ' )
P pte ue{’c{hat particular t?: 's drawn be“‘{een the average speed values of cach spe
‘;lfi%sl:'ibuﬁm curve Shgows;;;l;:ka;:lly ax;‘s respectively. This graph is known as the
: ue ol'speed over the section. This speed is t fas'
i . . peed 18 termed & '
d represents the speed at which the maxim . . The speed di

f ur:c is shown in the figure (2), um number of vehicles pass through the section. The sp

¢

ed group and the pcrccnm.gc of
“speed distributiorf curve . The
 modal speed”. The mnflnl
stribution

Ve

=o0AL SPEED
s o cecaneabm-

S ——S
020 3 40 0 6w 10 0 90

Figure (2)
since every vehicle, genemlly does not travel with same speed over a certain section, the amount of speed dispersion
affects both the capacity and safety. of vehicles. Hence, for the vehicles to flow freely, the speed distribution should be a
pormal distribution curve. RAIneu po ‘

"023- What are the various types of parking facilities designed for traffic needs? Compare Kerb parking with
off-street parking. ¢ ,

pswer : et e w3 T,
There are two general types of parking facilities designed for traffic needs. They are,
(a) Kerb parking or on-sﬁeet parking '
| (b) Off-street parking. . 09

1

e

On-street Parking 1 i i i Off-street Parking
. 1. | In this type of parking, vehicles are parked : 1. | In this type of parking, the vehicles are parked over
over the Kerb which is already designed for a place, which is at a certain distance from the kerb.
parking. . . | OO . 01 .
2. | Kerb parking needs to be preplanned and L] 2. Off-street parking can be designed or provided at any
predesigned at the time of planning of town. - convenient place with considerable area.
3. | Itcauses congestion of road and decreases its 3. |It does not cause any affect on the width of the road as
width. ool i o s b il it i provided étaseparate place.—
4. | Kerb parking may be of either restricted or- - |- 4. | Off-street parking is mostly of restricted type.
unrestricted type. l : '
5| Kerb parking may cause accidents as the parking | 5. | This parking is free from accidents as it is far away
is on the road. Soddnbatan LA e X from road.
6. | Kerb parking is proved conve'nicm if a person 6. Off-stré;t parking is independent of the person’s need
finds space at the place where he needs to go. , and is fixed.
L | The parking may be done either parallely or with | 7. |The parking is generally done at a 90° angle.
an angle. '
8. Kerb parking is preferred in conditions where the | 8. [The off-street parking is desirable at business centres
Width of the street and that of the kerb parking s as it can be constructed at close intervals.
are limited to a certain extent.
j | The parking and unparking operations are 9. [Due to a large space available and also because of
complicated and require frequent forward systemised parking of vehicles, the unparking of
%ﬂ\a\nm_«, movements of vehicles. : \ vehicles is casy and doesn’t require any efTorts,
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Q29. Spot speed studies were carrled out at a certain stratch of a highway with mix

consolidated data collected are given below.

Speed range, kmph

No of vehiclas obsarved

0-10
10-20
20 - 30
30 -40
40 - 50
50 - 60
60 -70
70 -80
80 -90

80 - 100

12
18
68
89
204
255
119
43
33

Answer :

A table is to be prepared for the distribution of frequency of spot speed from the given data:

—

RABAD
L

Way-17. (R13), amny

0 10 20 30 40 50 60 70 80 9

Speed (V) (kmph)

0 100

Figure: Bumulathpo s_paed Distrlbutlon

Range of Speed Average Speed Frequency Percentage Cumulative %, |
(kmph) . (kmph) f frequency of frequency
M @ 6 (9= 2 x100 B
0-10 5 12 1.41 1.4]
10-20 15 18 2.12 3.53
20-30 25 68 8.00 11.53
30-40 35 89 10.47 22.00
40-50 45 204 - 24.00 46.00
50-60 55 255 33.00 76.00
60-70 65 119 14.00 50.00
70-80 75 43 5.06 95.06
80-90 85 33 3.88 98.94
90-100 95 9 1.06 100.00
Total 850 100.00
100 4 '

2 9 ¢

g 80 1 < 85* percentile speed

z 70 ¢

}é 60 1 <«—— 90" percentile speed

c 50 1

§ 40 ¢

g 30 ¢

N, - 1: 20, % .

N 10 4 [ centile speed
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Upper imit of speed for regulation =

[,owﬂ' limit of speed for regulation = | 5

Answer :
|

. = ) \ T
1raffic Engineering and Regulations - 3.19

The following are the results obtained from the prary

85t percentile speed
=60 kmph

percentile speed
=30 kmph

ed of desi -
i Check for spe 1gn elements = 9 percentile speed

=84 kmph |

7 jain the survey pro
f Explain | yp chun for speed studies and present the different forms of representation.

' : 4% 29 May-186, (R13), Q&(a)
or answer refer Unit-111, Q19, Topic: Floating Car Mctho& :
The various methods used for carrying out speed and delay studies are,
Floating car method _
License plate method
Interview method
Elevated reading method ,‘

Photographic method.

m— . -
ot Briefly explain the various objectives and methods of O and D studles.

May-17, (R13), Q7(b)

For answer refer Unit-III, Q24 and Q25.

(32, What are the details collected in origin and destination surveys? Explain the most commonly adopted

methods of O&D survey.
April-18, (R15), Q6

Answer :

3. Explain the various causes of road accidents. :

Answer :

‘P@ning of sign boards and s
"TRUM ALL-N-ONE JOURNAL FOR ENGINE

For answer refer Unit-I11, Q25, Q26 and Q24.

3.3 ROAD ACCIDENTS - CAUSES AND PREVENTIVE MEASURES - ACCIDENT DATA
RECORDING - CONDITION DIAGRAM AND COLLISION DIAGRAMS

" (April-18, (R15), Q1(e) | Model Paper-lll, Q6(b))

The various causes of road accidents are as follows, [
s rash driving and high ﬂaeed driving by drivers. The other reasons may be breaking

alcoholic drinking, stress ete.
other rules which causes acc¢idents. .

The main cause of road accidents i
of rules, violation of traffic signals,
Pedestrians may also break signals and -
The passengers may try to get inside the moving vehicles leading to accident.

Due 1o the defects in vehicle such as brake failuire, failure of steering, tyre puncture etc.

The roads with skidding surface, ruts, pot holes or any other defect may also cause accidents.

Geometri . oot done pro s accidents. Insu.iﬁcfent sight dismnc;. insufficient shoulder width,
impmper‘;i:;tsi‘f; ’a:‘.j':;‘:]wc deslx?gnpc f the factors that indicates the defects in the geometric design.

¢ to the presence of mist,
serve the road ahead.

erly also caus¢
tc., are some 0
Accidents may also occur du fog, dust, smoke, snow and many other factors which affect the

normal eye sight to clearly ob i
The various other causes of road accidents are the presence of stray animals on road, wrong working signals, inadequate

ervice centres, development of ribbons over the road surface etc.
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Q34.

Explain various measures that may be taken to prevent accidents.-Write about condition W
diagrams. \ sig

Answer :

(a) -

(b)

(c)

| 5]
H

(C)

(b)
(©)

3.
()

()"

The various measures to prevent accident rates may be divided into three groups,
1.  Engineering ‘

2. Enforcement

3. Education. ‘

Engineering Meas.urcs

Road Desrign

'“'The geometric design of the road plays a vital role to decrease the accident rates. The geometric design features of roaq

such as sight dlst'mces horizontal and vertical alignment design, width of pavement are checked and maintenance st
should be taken to bring them upto the design standards. Il necessary, bypasses should be constructed to separate thmuf;
traffic from local traffic. To minimize time at the Jjunctions, the fly overs may be constructed depending upon the ﬂow:r
traffic.

Preventive Maintenance of Vehicles

The steering, lighting and braking systems of vehicles should be checked at regular intervals and huge penalties shoyyy
be charged on defective vehicle. These measures are necessary for public carriers.

Road Lighting : .
During night, proper road lighting can decrease the rate of accidents. Propcr lighting is required at desirable places sych
as junctions, bridge sites and the places where flow of vehicle movement is restricted.

Enforcement Measures:

Speed Control -

High speeds are always associated with accidents, Spced limit selected should be rcahstlc so that they are not dnsrcgarded

by drivers. For this purpose, the limits should be appropriate to the conditions at site. The speed of all fast moving vehicles
should be checked at selected locations (check points) and penalties must be imposed on those who violate the speed limit. -

- Traffic Control Devices -. e

Proper traffic control devices like signal systems, s:gns ‘marking should be mstallcd so that therc is a smooth flow of

traffic or vehicles.

'Ikauung and Supervision .
The road transport authorities should be strict in issuing hcense to drivers. The drivers should be kept under supervision

even after they passed the requisite tests and must be trained in proper defensive driving.

Educational Mcasures

Education of Road Users % ‘ .
Road safety education occuples an 1mportant placc in the prevenuon of accndems School children who are particularly

susceptible to acc:dents should be given the necessary training in the school about the rules of road and safety aspects.

Safety Drives
Training courses should be conducted for professional driver of commercial vehicles and buses. Road users should be

properly directed with the help of traf'ﬁc police and transport staff at education places or locations.

Coudmon Diagram

A condition diagram is a plan or drawing to a scale (I 100 or 1:250) indicating all important physical conditions ofan

accident location. It helps to interpret the accndem causation. Some of the :mpommt physncal features shown in condition diagram

are,

PN AL sw N~

9a5 O ¢!

Geometric features of the location, street width, comer radii and curb lines
Property lines : g9 vela vant 129150 1o
”Footways and dnveways o |
; Traffic signs, sngnals and markmgs
Street lighting
Bridges, culverts, overbridges, trees etc
Sight obstruction in roadway o
Parking regulauons -
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UH;T ﬂgrt’jPical condilipn diagram is shown in figure,
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Figure (1): Typical Condition Diagram ' Figure (2): Symbols for Condition Diags

{ collision Diagram

A collision diagram is a schematic representation of all the accidents occurring at a particular location. These diagrams
gow the approximate path of vehicles and pedestrians involved in the accidents. A uniform system of symbols woul dj" ':cc:;‘:;i
widentify the full details and nature of accidents. Hence, collision diagrams are most useful to compare the accicent p ’
wefore and after the preventive measures have been taken.

A typical collision diagram is shown in figure.

proatey
s MOTOR VOUCLT MO ANIAD

e MITOR YEMXLE BACKINS
- = PIDESTRAIN
=8 PARILD YEMICLE

(n} Frld SOUECY
2942 INO COLLrmom

310 swirt

FATAL ~CCrDEnY

———
| ce—
+TU. ©oul OF CONm®L
————
—SOe——  PLTSONAL WNJVAY
-8 =

PROPERTY DAMAZL Om\Y

Figure.(3): Typicali Collision Diagram at a Junction Figure (4) : Symbols Employed in Collision Diagram

The collision diagram are used to,
1.

2,
3.

Study accident patterns

Determine remedial measures

Study the results of application of remedial measures.

—~—— .
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3.22 TRANSPORTATION ENGINEERING [JNTU'HYDERABAD]
Q35. Write explanatory notes on road safety audit. - ——
Answer ='. ' " Model Paper.i; -
Road Safety Audit

‘ Road safety audits are the methods and inu'nlcmcnmlions carricd out for prcvcnling and reducing the road accidentg, This
can be done by examining the road before it is been opened or examining an alrcady existing road. The newly constructeq roads
are checked for any defects in the highway design (geometric design) which may cause accidents. For this purpose, the R i

carried out in three stages as follows,

(1) After the completion of preliminary design
d

(i)  After the finishing of detailed design

(i)  After the structure or road is constructed completely.
. For the already existing roads, the road safety audit is carried as an accident reduction work by inspecting the varigyg

spots of previous accidents and defects in road, if any.

The persons employed for RSA work are qualified scholars in highway design field and those scholars are not related wit,
the project. They locate the areas, which may be hazardous for accidents With their high experience obtained from previously

inspected works and research in the design field.
The road safety audit, when carried out for existing roads is known as Road Safety Audit Review (RSAR).

The Indian government have given certain recommendations for road safety audits. They include,
(a)  Improvement of signs on roads .
(b)  Proper road marking - '
(¢)  Provision of lighting on highways
(d)  Positioning of delineators
(e)  Proper inspection of intersection and
()  Elimination of hazards on roads suqh' as trees and hoardings.

Q36. Present on accident record form and different processing diagrams to analyze accidents.
May-16, (R13), Q7(a)

Answer :

Accident Record Form

Accidents

. Month Non-injury | + Minor Injury Grievously Injured Fatal Total

January
February

March
April.
May
June
July
August
September _ '
- October
November

December

Total '
—
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mﬂng Diagrams to Analyze Accidents

U

Head on collision
(l! ’ \

. Rearand collision
i

A
'

. Brush/side swipe
uﬂ)

@) Right angled collision

) Righttumn collision

S

For remaining answer refer Unit-111, Q34, Topic: Collision Diagram.

037. A vehicle moving at 40 kmph speed was stopped by applying the brake and the
was 12.2 m. If the average skid resistance of the pavement is known to be 0.70, determine the brake

efficiency of the test vehicle.

length cf skid mark

Answer :
Given that, _
Speed of vehicle, u = 40 kmph
Length of skid mark, L=122m
Skid resistance, /= 0.70

Veloci V—ﬂ—llll V/sec
elocity, V=37 = 11 n

Average skid resistance developed,

v?
2px L

By substituting the above value in equation (1), we get,

[ =

. avny’
T 2x9.8x12.2
f1=0516
. 00/’
- Brake efficiency = 10/

S

100x0.516
0.70

S 73.71 %
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3.4 TRAFFIC SIGNS - TYPES AND SPECIFI

Q38. With neat sketches,

CATIONS - ROAD MARKINGS - NEED?
MARKINGS TYPES OF ROAD MARKINGS Roap

show various types ‘of traffi ic signs, classifying them in proper Qroups

appropriate specification. With
OR

. x ! Modol P‘P'Hll, Qq.)

What are the different traffic sighs and their relevance?
May-16, (R13), Q1(y)

Answer H L. .
g three categories,

1.

(i)

(i)

According to Indian Motor Vehicles Act, traffi¢ 51gns are dwnded into the followin

1. . Regulatory sngns
2. Waming signs
3.  Informatory signs.

Regulatory Signs

Regulatory signs are used to inform certain laws, regulations and prohibitions to the public. These signs are also known

* as mandatory signs and are sub-divided into the following regulatory signs,

(i)  Stop and give-way signs

(ii) Prohibitory signs

(iii) No-pérking and No-stopping signs
(iv) Speed limit and vehicle control signs
(v) Restriction ends sign

(vi) Compulsory direction control and other signs.

Stop and Give-way Signs

Stop Sign !
Stopping the vehicle is represented by ‘stop sign’. The shape of stop sign is octagohal and it is in red colour with white
border.
o
=]
Stop B
Figure: Stop Sign
Give-way Sign :
Give-way sign is used to control the vehicles on the roadway. It is in triangular shape having white colour with red borders.
Figure: Give-way Sign
Prohibitory Signs
one-way, vehicles pro-

left turn prohxbllcd’
__._--/

Prohibitory signs are used to prohibit certain traffic moments such as straight prohnb:ted no entry,
hibited in both directions, all motor vehicles prohibited, truck prohibited, cycle prohibited, right and

U-turn prohibited, overtaking prohibited and horn prohibited.

Look for the SIA GROUP LOGO Q} oh ‘the TITLE COVER before you buy”
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U/r Signs

3 Traffic Engineering and Regulations' | ‘ : 3.25

Symbols

Straight prohibited Or no entry

One way sign

Vehicles prohibited in both directions

Right turn prohibited

U-turn prohibited

Over taking prohibited

SISISISIEIS,

(i) No-parking and Noéstop'ping Signs-

Prohibit parking of vehicles is indicated by no-parking or no-stopping signs. It is in circular shape h;wing_blue background

and red border. , i :

Figure: No-Stopping or No-Standing Figure: No-Parking

(ivy Speed Limit and Vehicle Control Signs

These signs are used to restrict the speed of vehicles on a particular stretch of a road.

Speed Limit Height Limit - Width Limit Axle Load Limit

These are in circular shape having white background with red border and black numerals.
) Restriction Ends Sign Kade

The representation of a point at which all prohibitions notified by prohibitory signs for moving vehicles.

Figure: Restriction Ends Sign

v Compulsory Direction Control and other Signs

These signs are represented by arrows, appropriatt? difections in which{vehicles are obliged to proceed, on only that di-

rections on which they have to proceed. These are In circular shape having blue background with white direction arrows,
\E following are the compulsory direction controls, : , L
ECTRUM ALLIN-ONE JOURNAL FOR ENGINEERING STUDENTS SI1A Gnoup'q)}
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Compulsorys Compulsory Keep
Ahead Only Left

Compulsory Turn Compulsory Turn c.'?‘::':‘:""hrty Compulsory Turn
Left. Right . Aheaq Left Ahead )

Compulsory .  Compulsory
Ahead or Turn Ahead or Turn g‘y’z:t;!::'z Compul:::x Sound
Left Right <

2. Warning Signs
Warning signs are used to warn the peoples against hazardous conditions. These signs are placed at sufficient disﬁnceg
such as 120 m, 90 m, 60 m and 40 m on National or State highways, major district roads and village roads etc.

The few warning signs which are commonly used are right hand or left hand curve, right hair pin bend or left hair pin
bend, right or left reverse bend, steep accent or descent, Narrow bridge or road ahead, gap in median, slippery road, cycle

crossing, pedestrian crossing, school zone, men at work, ferry, cross road, side road, T-intersection, Y-intersection, major
road ahead, round about, dangerous dip, hump or rough road, barrier ahead, unguarded railway crossing, guarded railway

crossing and falling rock etc. For of warnings are shown below,

Warnings Traffic Signs

(L&
$) C] 9

M den Wil

S o>

leme SragniAvow WIS Lampe Dusiamoe Wi/

3. Informatory Signs

rs along the routes, inform them about destination, distance and provnde 0
safe and pleasant few informatory signs are shown below.

Q;'\ on the TITLE COVER before you buy

Informatory signs are used to guide road use
information that will make the road travel easier,
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039. ‘l‘)vi:::l;ss road marking? What is the need for road markings? What are the types of road marking?

Model Paper-, Q7(a)
OR
Present different types of road markings, their specifications and their relevance.
Answer : : - May-16, (R13), Q1()
Road Marking '

The provision of lines, patterns, words, symbols or reflectors on the pavement, kerb sides of islands or on the stationary
objects within or near the roadway is referred as road marking or traffic marking.

Need of Road Marking :

()  Road marking is needed to achieve the highér degree of self discipline by road users

(i)  Road marking is necessary to control and regulates the traffic

(iii). Itis also ﬁecessary to attracts the road users, which can be done by using the light reflecting paint on road marking.
Types of Road Marking

Road marking can be catagorized into four groups,

Road marking

Carriage way Object High reflector
marking marking units
Carriage Way Marking : ' '

This type of marking can be done by using white paint carriage way marking includes the marking of centre lines divi-
sion of lane lines, overtaking regions, marking of curves and turns, provision of stop lines at intersections, cros; walk
lines, specifying space limits for parking etc. The lane lines on straight road is made up of 10 cm and thick 5 m long. The
distance between each lane live is 8 m. ’

- Curb Marking

The provision of road curbs on straight road are marked by whit‘e p_aint whereas on curves it is marked by black and whit
~_Colour. The proper marking of road curbs represents the ment limit and very helpful in night time. ite
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3. Object Marking - BAD)

It is used to prevent physical obstruction on or near the roadway. It incl igns, si )
. : ¢ udes the signs, signals, | i
ipused o g s ‘ » signals, level crossing Bates, tray;.

4. Reflector Units

In this case of road r.na;king, the hazardous obstructions can he represented by fixing reflector units ﬁe refl
reﬂect§ the yellow light at night. In streets the curbs are also marked by reflecting units to represents pave ector unj
traffic island, etc. The light should be reflected from a distance of about 150 m. ment limiy,

Q40. What are the objectives of road markings and road signs? Classify road markings and tr B ——
giving two examples in each category. ' 1c signs

Answer : ‘
, , April-18, (R15), o7
For answer refer Unit-111, Q39 and Q38.

3.5 DESIGN OF TRAFFIC SIGNALS - WEBSTER METHOD

Q41. Write short notes on traffic signal system, before and after studies and level of service.

Answer :
Traffic Signal System

The traffic s.ignals are c.ontrp‘l devices used for directing the traffic either to stop or proceed at intersections utilizing red
and green automating traffic light signals. They provide organized movement of traffic and also increases the traffic handling
capacity of interrections at grade. These signals permit safe crossing of the heavy traffic flow.

The different fypes of traffic signal system are as follows,
1 Simultaneous system* ;
2. ' Alternate system

3. Simple prog‘ressiv‘e system
4. - Flexible progressive system. °
Before and After Studies

The collision and condition diagrams
the improvements in design and enforcing regulation is completed, it is
‘before and after’ the application of preventive measures for studying their efficiency.

are utilized for recording the accidents and their patterns at various places. When
essential to collect and maintain, the accident records

Level of Service

Level of service is a qualitative
interruptions, maneuver freedom, safety,
generally measured by delay of vehicles, length o
phase. In order to serve the entire approaching tra
and duration of each phases and design the signal.

Q42. Explain the various types of traffic signals and their functions.

measure of the effect of a number of factors including speed and travel time, traffic
comfort and convenience during driving and operating cost. The level of service is
f queue and the number of vehicles that enter the intersection in the first green
ffic at an expected level of service, an engineer should consider the sequence

How are the signal timings decided?

Answer :
Types of Traffic Signals

The various types of traffic signals are classified as,
1. Manually Operated Light Signals

al posts are fixed on the left side of t
ovided with red, yellow and green lights. The lights are

hed OFF by operating a single common point.

he vehicles at all the entering points to the intersec-

In this type of signals, light sign . et
tion. The light signal posts are pr arranged in such a way

they can be switched ON or switc
2. Fixed-Time Automatic Signals

This automatic signals are also called as p
a specified sequence of signal indication.
Fixed time signals are automatically operate

T ok for the SIA GROUP LoGo {J3 on the

.

: ' ' ervalsin
retimed traffic signals. These signals are arranged to repeat at regular mtaval?
the traffic studies

The time of each phase of cycle is computed depending upon
d signals. They can be operated by using an electronic control. ,
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3 fraffic ENGINEring and Regulations ==

+ ted signals, the tim

Io ac?:; signals are place deozf.‘;he}fhase and the cycle can be varied according to the traffic needs. Th
and. If there is no traffic op ach approach which assigns the right way to various traffic movemen

ger? main road, the signal indication will change only one time from the cross street.

Time alloted for yellow signal varies from 3 1o 5 seconds. If the speed is high, high values will be adopted. This time can

1 ined based on t : . .
pe determin N time required fo ; . . : : the intersection
-om the vehicles which are already en r Stopping the vehicle at stop line and the time required to clear

tered before the signal change.
Time allotgd for green signal may be nearly 20 seconds

- f . .
_:_/Elgi‘uowd or red signal is generally less compared to the green signal time.
7. Whatare the different types of traffic signals system? Mention the warrants for the signal installation.

pnswer : . 1 Model Paper-Il, Q6(a)
The various types of traffic signal system are described below,

Simultaneous System

In this coordinate system, all the signals along a given route displays the same coloured lights at the same time. This system
produced high speeds of the vehicle between stops but at the same time it decreases the overall speed of the vehicle.

Alternate Syste:il

[

In alternate system, all t}}e signals change their signs at sometime but adjacent group of signals displays the opposite c?lpur
on a road. This system is mostly suitable on a single road. It is also works effectively for controlling traffic n business
districts. : - : :

1, Limited Progressive System

In this traffic signal system, a common cycle length is maintained but, if provides ‘go’ indication separately at each
* intersection point. Limited progressive system allows the continuous or nearly continuous flow of vehicle groups at a
planned speed. It also allow to discourage the speed between the signals.

i  Flexible Progressive System

In flexible progressive system, the length of the cycle, cycle division and the time schedule at each intersection can be
varied automatically. It is the most economical system among all the systems. The cycle length of whole system can be
increased at peak hours to increase the capacity and decreased at slack traffic timings to decrease delays.

Warrants for Signals Installation
. Reduction in Vehicular Volume Warrant

It indicates that the average traffic volume for eight hours on both approaches should be 650 motor vehicles per hour. On
major street with single lane whereas 800 vehicles on streets with two or more lanes.

1. Interruption of Traffic Flow

If this fact is considered to be continuous on the major street with 1000 to 1200 vehicles per hour then there is under delay
or dangerous to traffic on minor road with a traffic of 100 to 150 vehicles per hour in one direction only.

3. Minimum Pedestrians Volume Warrant

This warrant shows that 150 or more pedestrians per hour crosses a major street with over 600 vehicles per hour on both
approaches. '

Accident Experience Warrant

It shows the failure of other measures which decreases the accident frequency.
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Q44. Describe the phasing diagram and timing diagram used in traffic signal design: w 6
Answer :
Phasing Diagram

A phasing diagram illustrates the complete movements that are made in specified phase within a single block dia
this diagram, a phase consisting of two opposite movements are shown in one block of a phase diagram. The mqsgt cogfam_
used plan is the simple two-phase signalization. The main aim of phase design is to separate the conflicting moVemem
intersection into various phases. Thus, due to the phase design there exists no conflicts in the movements of a phage,

Timing Diagram

When the entire signal parameters are estimated, the timing diagram is produced in which all the numerica| values
displayed. In the later stages, this diagram is applied to the signal controller. . .

Q45. Explain the design procedure of traffic signals according to webster’s method. D
Answer :
The design procedure of traffic signals to be followed by using webster’s method Lare as given below,
1. A proper phasing plan decision is made |
2. The length of the intergreen period for each cycle phase i§ determined
3ol The minimum green time for each approach is calculated which mainly depends upon the érossing time of the pedestrians
4, The saturation ﬁoxv rate (S) for each approach of the water section is measured |
5. The design flow or normal flow (g) for each approach is determined.

6. The critical movements or lanes is to be found out then critical flow ratio’s are calculated using the formula below,

; Normal flow on the approach road 1
L, )= -
Y17 Saturation flow on the approach road1

Normal flow on the approach road 2

and;, Yy Saturation flow on the approach road 2
7, The optimum:signal cycle (C,) is determined and is given by webster’s method as, -
_15L +5
0 l Bt .v

Where, total lost cost time/cycle, L=2n+R
n—number of phase
- R—allred time

and .)v = "1] B -v_‘

Also, green phase, G, = —)‘i [C,-L]

Green phase, G, = 22 [C,-L)

oy :
ty, the cyele 7
_/

ER before yoUbuy '

8 Finally, the intersection capacity approaches is calculated and if necessary, depending on the capaci

scheme- 1s adjusted. : :
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yn!
ds P and
Design the timings of an isolated signal to b led intersection when rod
o4 46 Q cross- The data available are, e installed at a right angle

Road P RoadQ

width, metre - 14.0 10.5
peak hour traffic volume, vehicles per hour per lane 200 120
Approach speed, kmph 50 15
wer ? . ) Model Paper-ill, @7(b)

“The following are the steps for the design of timing of an sngnal

step-1 _
Selection of Amber Periods

r

The ‘?ﬂ}bef period can be assumed based on the approach speed as, with approach speed 50 kmph
Amber pgriod for road A with approach speed 50 kmph, 4 =4 sec
- Amber period for road B, with approach speed 35 kmph 4 ,=3 sec
Step-2
Calculation of Pedestrian Clearance time
Assuming the pedestrian walking speed as 1.2m/s

: g 14
The pedestrian clearance time for road 4 = 12° 11.667s

10.5
The pedestrian clearance time for road B = 12 = 8.75s

Step -3
Calculation of minimum red time of traffic sigﬁal
Assuming the initial walk-period as 7 seconds.
Minimuml red time for road 4 = 11.667 + 7= 18.667 seconds
Minimum red time for road B = 8.75+7 = 15.750 seconds
Step -4 _ ;
Calculation of minimum green time for traffic signal based on pedestrian criterion.
Minimum green time for road 4 = 15.750 4 =11.750 seconds ( .. 4,=4 sec)
Minimum green time for road B = 18.667 —3=15.667 seconds (.4, = 3 sec)
Step -5
Actual green time based on volume of approach.
If G,and G, are the green times, ¥, and ¥, are approach volume per hour per lane then we héve,
Gty
Gy V¥,
Taking G, = 15.667 seconds

G,=UAxGy = 20 15,667 =26.112 seconds
Step - ¢ Vs 12
Calculation of total cycle length
We knOWthat total cycle length=G,+ A4, + R, =G, +4,+G,+ 4,
=26.112 +4 + 15.667 + 3 = 48.779 seconds

o ——
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pting the cycle length of 50 seconds and distributing the additional period (50-48.779 = 1.2215) o Breen 1'ABAD] |

'ming; in

Ado
proportion to approach traffic volume

=26.112 + | ——— [ x 1.221 = 26.875 seconds
G,=26 (200+120J

120 ;
=15.667 + x 1.221 = 16.430 scconds
G, =15.667 ( 10 )

L |

"R =G, +4,=26875 +3 =29.875 seconds

R,=G,+4,=16430+4= 20.430 seconds

Q47. Design a two phase traffic signal by using webster’s method when the average normal HW
cross roads 1 and 2 during design period are 400 and 250 P.C.U/hr respectively. Also the saturations ;on
values are estimated as 1250 and 1000 P.C.U/hr and the all-red time required for crossing of p,d“m::

is 12 seconds.
Modsl Paper., a7y

Answer :
Given that,
q,=400 P.C.U/hr
g,=250 P.C.U/hr
S,=1250 PC.U/r

§,= 1000 P.C.U/hr
n=2 ‘ \
R= 12 seconds

The critical flow ratio at cross-road 1 is given as,

NT 1250

Critical flow ratio at a cross-road 2 is given as,

%7, T1000 T
Ly =y,+y,=032+0255057

0.25

L=2n +R=2(2)+ 12 = 16 seconds

. The optimum signal cycle is given by,

15L+5
1-y

C

0

_ 15(16)+5
1-0.57

‘£—674
0w o7 4 seconds

04! 0.32 :
‘G,=—[C,-L]= —— [67.44 -
G,= 5 [6,-1)= 5 [6744-16]

=28.88 = 29 seconds | .
. ‘ R
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7 Design Phase 4 Details of Signals Timings

ﬂUN

Phase-1
Road A 67.5 sec
| -
VA == ‘
,,,,,,,, A =
G, =29scc A, =2sec R, =365
g —> Green
V — Amber
Z.
E —_— Red
. Phase-2
wr
6.5 | al-
< 1
R=43sec G,=225sec  A=20 Lis
E —> Red u‘,wcf

% — Amber

Q49. Present the design procedure of isolated traffic signal.

¢

Answer :

For answer refer Unit-III, Q45.

A

May-16, (R13), Q7(b)
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