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HIGHWAY GEOMETRIC DESIGN = g"
State the factors that govern the length of summit curve How is it decided 9 _?_ ‘.
Discuss the requirement of summit Curves and its shape ﬁ . fj_[;_
Explain how the vertical curves on : hump formed due to the presence of a cuiﬁ:f.:ﬁ.;
slightly above the profile may be designed. o
Explain the factors based on which the length of valley curve is designed., J ;:f-"
Discuss the problems in highway valley curves and the best shape of a valley Ellrve.,’

A vertical summit curve is formed when an ascending gradient of 1 in 25
another ascending gradient of 1 in 100. Find the length of the summit EUWE:I;H,
provide the required stopping sight distance for a design speed of 80 kmph. B

The deviation angle at a summit curve is 0.05 and the overtaking sight distance j5 :
300 m. Find the length of summit curve required. e

An ascending gradient of 1 in 50 meets a descending gradient of 1 in 80,

Determine the length of summit curve to provide (a) ISD (b) OSD, for design speed
of 80 kmph. Assume all other data. - =2

™

A valley curve is formed by a descending gradient of 1 in 40 which meets "':-_-
ascending gradient of 1 in 30. |

(i) Design the total length of valley curve if the design speed is 100 kmph so as '-.:_ |
fulfil both comfort condition and head light sight distance for night driving, after |
calculating the SSD required.

(ii) Find the position of the lowest point of the valley curve to locate a culvert.
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@ Chapter 5

Iraffic Engineering

5.1 INTRODUCTION

51.1 General

: eerino is that branch of engineering which deals with the improvement ::*.f
trﬂfrfrir:fs:r;;ﬁ;iiﬂ Ef road networks and terminals. This is achieved by systematic
raffic studies. Scientific analysis and engineering appllr,:a;mna The method MEI;I:EE
nlanning and geometric design on one hand and .rﬂg_uiatmn a{ld ::':nntru]‘ on ’:.hl: 0 ?r
Traffic Engineering therefore deals with the application of si:le_nnﬁt: princip :st_. mnir.,
techniques and findings for safe, rapid, convenient and economic movement of people

and goods.

ffic is composed of various categories of vehicular traffic and the
pe;::ﬁ;r? a:ﬁt;_; Each r.atzgury of vehicular traffic has two components, t:Ie hum::
element as the driver and his machine as vehicles. T]'aﬁ‘n: engineering ha.s ?u t::ﬂ’i ,
recognized -and governed by social and physical science. The pmit]‘?siimnnz S
engineering as known today has evolved with the advent of motor ve :;3 E-; et :siun
Izat few decades significant advances have been made in many phases 0 :3 p iz
Advanced study and training facilities have been made available :t sawn: :?;Ie R
and institution notably in the U.S.A. Traffic engineering has now been recog

essential tool in the improvement of traffic operations in metropolitan cities like Bombay,
Delhi, Calcutta and Madras.

Definition

Institute of Traffic Engineers, U-E;h' defines, “T mfw ;
engineering which deals with planning’ and geome their use
ﬂhuﬂiﬂg Iﬂﬂdﬁ.-: and with mfﬁ: Dp#l'ﬂtlﬂﬂ merﬁﬂﬂﬂ.n:i
convenient and economic transportation Of persors T2

* » modified definition,
Professor Ress Blunden of California University has proposed a modiil

lraffic engin flic v Y basic
: and travel, the study of the
) ic engineering is the science of measuring tratil o _ l A

laws relating to traffic flow and gﬂljﬂrﬂlﬁﬂ“ 'Ti prstmg traffic systems to achieve safe
professional practice of planning, dﬂs"@mﬁ;n g
and efficient movement of persons and goocs -
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§1.2 Scope of Traffic Engineering

- E..I_-

o e

The basic object of taffic engineering is to achieve efficient’ free and rapid f H
wraffic. with least number of traflic accidents. Factual studies of traffic ¢ OW g

i

provide the foundation for developing methods for improvement in general Hnd“&lr:"
solving specific problems. fnfj
The study of traffic engineering may be divided into six major sections, viz.: ‘i |

h "|:._‘_ :

(i) Traflic characteristics 5

R
A 1

(ii) Traffic studies and analysis A
(iii) Traffic operation-control and regulation | J
(iv) Planning and analysis ; g

(v) Geometric design

B
(vi) Administration and management e 3

Study of traffic characteristics is the most essential prerequisite for any impmve o
of traffic facilities. The traffic characteristics are quite complex with various types of
road users in the roads moving with different motives. The human psychology is to e
given particular attention. The study of vehicular characteristics is an essential J
Apart from these the various <tudies to be carried out on the actual traffic include speed,
volume, capacity, travel pattems, origin and destination, traffic flow characteristics;

parking and accident studies.

Various aspects that are covered under traffic operations are regulations, control and ¥
the warrants for application of controls. Regulations may be in the form of laws and
ordinances or other traffic regulatory measures such as speed limit etc. Installation of
wraffic control devices like signs, signals and islands are most common means to regulate .
and control the traffic. Actual adoption of traffic management measures, such as traffic ©

regulations and control need adequate attention. :

s :ar hi ; arterial roads,
Traffic planning is a separate phase for major highways like express-ways,
Mmass n'ans:I': facilities, and parking facilities. All the aspccts SI.!CI‘I as cross section and smlilnﬂ 3
details, sight distance requirement, horizontal and ‘H’E!'llI:EI] alignment, manoeuvre areas &g
intersections and parking Facilities are to be suitably designed for better performance.

aadl 5
RS,

i -4

The various phases of traffic engineering are implemented with the help

~ : ‘ «3_Es”, Enforcement is usually mad&ss
Engineering, Enforcement .:Ernd Education orF ‘ bl :
through traffic laws, regulations and control. Education may be pussthI:m :ﬂ o

e L : the h
ublicity and through schools and television. It aims at improving th &
E‘ﬂfﬁc Eﬂrfnnnance. Engineering phase is the one which is constructive. I:::ﬁ::m {
improvement of road geometrics, providing additional road facilities and in e
suitably designed traffic control devices. St
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5.2.1 Road User Characteristics

3 ﬂ g R
& . . - 35 s i
The human element is involved in all actions of the road users either & Pﬁdﬁsﬂ of

- - c
cyclist, cart driver or motorist. The physical, mental and emotional charat

-plane. However in the vertical plane the field of clear vision may be ghout two thirds ol

TRAFFIC CHARACT ERISTICS 6]

human beInNgs affect their ability

Pgdcstriun. Hence it is important ¢
imitations of the road users.

Lﬂl }?pcral: motor vehicle safely or 10 service as a
¢ traflic engincer 1o study the characteristics and

The various factors which affect road user characteristi - '
7w . eade stics may broadly be classified

Physical
Mental
Psychological and

Environmental
Physical characteristics

The physical characteristics of the road users may be either permanent or temporary

The pavement characteristics are the vision, hearing, strength and the general reaction o
traffic situations.

Vision plays the most important role of all these. These include the acuity of visson,
peripheral vision and eye movement; glare vision, glare recovery and depth judgement.
Minimum standards for acuity of vision are often laid down by licensing authormes.
Eiald of clearest and acute vision is within a cone whose angle is only 3 degrees, though

the vision is fairly satisfactory up to 10° in general and even upto 20° in the horizontal

that in the horizontal plane. These factors are particularly taken care of while designing
and installing control devices. As the field of clear vision is limited, the road users have
to often shift their eyes within the peripheral field to obtain clear vision. The total tume
taken for the eye movement depends on some of the physical characteristics including the
response to stimuli. The effects of glare, adoptability to changes of light i.e., darkness 1
light and bright light to darkness. should also be studied. The depth judgement 15
important for a driver in judging distance and speed of vehicles and other objects ahcad

Hearing helps drivers in a way, though it is more imperiant for pedestrians and

- iy .I - -I1 el ]
3 - - ] | Ll oy - I E l.. 1 d = | B .I.ll '_'
m BIER - Ll = i = =5 B G o i I ) i
- Y - i i -._ E -l .' .II = L.- ' L 4
i . e L N S L R L B e AW R (LT .

=
-
_1
E,
- —
s
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cyclists. Though strength is not an important factor in general, lack of strength may E
make parking maneouvers difficult, particularly for heavy vehicles. The reaction 1o g
raffic situations depends on the time required 10 perceive and understand the Tafiic 1
situation and to take the appropriate action. This depends on many factors such :.: g
permanent and temporary physical factors mental and psychological sct up. $peeC § 3
environmental factors. Also the time required 10 take an appropriate action depends on : i ;
the type of the problem and the familiarity. The PIEV theory cipiaining O e %J}

lime has already been discussed in Ar. 4,3.2.

' isti affecting their efliciency are
The temporary physical characteristics of the road users : i _
fatigue, alcohol or drugs and iliness. All these reduce alertness and increase 1he FEICTION

lime and also affect the quality of judgement in some SIU3HEE

Mental characteristics

: ceracy can affect the road user

Knowledge, skill, intellipence experience :m:l h:uﬂ'i;: hehaviour, driving practice,
characteristics. Knowledge of vehicle :harn':y:nsuc:i“ ! el for safe tailic opcrations.
rules of roads and psychology of road users wili zwn rancous With €xperienie.
Reactions to certain traffic_situations b2com® ruction and timely action depends on

Inteiligence and literacy.
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. : 4
vehicular characteristics affecting the road design may be classified as static and d}mﬂﬂ?‘Ej
characteristic of the vehicles. g

maximum turning angle. The height of vehicle affects the clearance of the © : A #—
structures. The height of driver seat affects the visibility distance and the height © =
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Psychological factors A
; . . N 2

These affect reaction to traffic situations of rond users to a great extent. Tw.
emotional factors such as attentiveness, fear anger, superstition impatience g6 ‘#f
attitude towards traffic and regulations and maturity also come under this, Di T

. . Stractiong
by non-traffic events and worries reduce attentiveness to traffic situations, Dﬂnga::i-

actions are likely due to impatience. Some road users do not pay due regard to the traffj,
regulations and do not have the right attitude towards the traffic. "-'

Environmental factors = %

The various environmental conditions affecting the behaviour of road user are traﬁl; &
stream characteristics, facilities to the traffic, atmospheric conditions and the locality. Th:"'? |
traffic stream may consist of mixed traffic or heavy traffic whereas the facilities to ﬂ‘u"ﬂ]‘takg-.;'
for faster vehicles may be limited. The adoptability to different traffic stream E
characteristics depends on the driver's characteristics as well as the motivation. The T
purpose of entering the traffic stream can be social, recreational, business, routine B
movement or an emergency dash. The time, place and route are fundamentally chosen hy.: 1
the road user based on the needs. Whatever be the motive of movement, once the
individual enters the traffic stream, the road user, is usually motivated by the desire for

time-distance economy on one hand, and comfort and safety on the other. Together with N3
modifying factors of motivation, there is a great variation among road users and their
behaviour in every traffic stream. The locality may be a shopping centre or a place with
other distractions to the road users, thus affecting their behaviour. The other environmental
factors of importance are the weather visibility and other atmospheric conditions.

- y :

The total reaction time or the “PIEV” time of the drivers vary considerably from
driver to driver based on the above road users characteristics. But the reaction time of a
particular driver may vary depending on the type of the problem and also environmental
and modifying factors.

Driver characteristics such as the simple, reaction time, depth judgement, field of =
vision. visual acuity, glare recovery etc. may be measured in the laboratory using Driver &

Testing Equipment. ¥

5.2.2 Vehicular Characteristics ‘1

It is quite important 10 study the various vehicular characteristics which affect th:_:'.fl
design and traffic performance, because it is possible to design a road for any vehicle hu;g It J
ot for an indefinite vehicle. The basic criterion of highway engineering is to cater for i
the needs of existing and anticipated traffic. It will not be economically feasible te keep 3
on increasing the geometric standards and thickness of pavements from time to time 102
meet the needs of a few vehicles whose dimensions and weight are increased. Hence _lhﬂ_s:.,
vehicle standards should be uniform at least within a country, keeping in view the Jarge

e

percentage of existing vehicles and those likely to be manufactured in the near future. =

.

The standards for the dimensions and weights of vehicles should be consistent wilh_ N
road facilities now available or could be made available in the near future. The .;L-;; i

e

4

e m—h
—

-
" L, | "
UL el e

Sratic characteristics of vehicles affecting road design are the dimensions, weight a0%

L e
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- affects the head light sight di;rlam:e al valley curves. The fiel I8t

:;fdri"'ﬂr also depends on the design of wind shield and the front :;E:’;ﬂ uﬂfﬁ !E:
body. The clearance below th:: chassis, approach, departure and ramp angles of the
yﬂhiﬂlﬂ affecls the design l?f verticle p!‘ﬂﬁ]f‘..nf drive ways, humpﬁ and dips. The Jength of
Jehicles ﬂﬁﬂﬂl? the ca}pamty, overtaking distance and maneuverability of vehicles. The
minimum (Urnings radius depends on the length of wheel base and the features of the
steering SyStemm and this affects design of sharp curves for the manoeuwre of vehicles at

slow speeds. Gross weight, axle and wheel loads of vehicle govern the structural design
of pavements and cross drainage structures,

Dynamic ~haracteristics of vehicles affecting road design are speed, acceleration and
hraking characteristics and some aspects of vehicle body design. The speed and
acceleration depends upon the power of the engine and the resistances to be overcome
and are important in all the geometric design elements. The deceleration and braking
characteristics guide safe vehicle operation. The stability of vehicle and 1ts safe
movement on horizontal curves are affected by the width of wheel base and the height of
centre of gravity. The riding comfort on vertical curves depends on the design of
suspension system of the vehicle. The impact characteristics on collision and the injuries
o the occupants depends on the design of the bumper and body of vehicle. Some of the
vehicle characteristics have been discussed below in detail.

Vehicle dimensions

The dimensions to be mainly considered are the overall width, height, and length of
different vehicles, particularly of the largest ones. The width of the vehicle affects th=
width of the traffic lanes, shoulders and parking facilities. 1f the width of the lanes are
not adequate in view of the widest vehicles using the roads, the capacity of road will
decrease. Height of the vehicle affects the clearance to be provided under structures such

as overbridges underbridges, electric and other service lines. Length of the vehicle is an

important factor in the design of horizontal alignment as it effects the exta m:i;d:h of
pavement and minimum turning cadius. Length affects the safe overtaking distance.

| ‘ Iso be considered in the
capacity of a road and parking facilities. 'I:he length should 2 :
design of valley curves and dips. The maximum allowable width, beight and length of

vehicles have been standardized by the Indian Roads Congress and are ;:: ﬁ;g:m ;;E
Table 5.1 (a). The configurations of different types of transport vehicles ir

arrangement are given in Fig. 3.1.

Table 5.1 (a) Maximum Dimensions of Road Vehicles
Maximum dim., m

i (excluding front &
s rear bumpers)
Vehicle

e = e
22—
Height |(a) Single-decked vehicle for normal application ——

T R
(13 J200T=%

b) Double-decked vehicle -
le-unit truck with two or mare axles (Types &

IEEdE“ or unladen is allowed to have an overall leng
dimensions to be considered are th
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TYPE - 2 TYPE - 3 IYPE 2-S1  TYPE 2-5)
TYPE 3-5) TYPE 3-52 TYPE 3-2 T
TYPE 2-2 IYPE 2-3 TYPE 3-3 T

Fig. 5.1 Types of Road Transport Vehicles

radius and extra widening required) the front, rear and centre clearances and *.'T-!f-.'-t-_

approach, departure and ramp angles (which affect the design of vertical profile
highways and driveways).

Weight of loaded vehicle g

. 2l
|

e g 1 |

! 'I.j-r-
:‘ 'I !
R i !
] . y i

L :I
The maximum weight of loaded vehicle affects the design of pavement thickness and

gradients. In fact the limiting gradients are governed by both the weight and power of the.

heavy vehicles. The maximum permissible gross weights and axle weights have been
standardized by IRC as per Table 5.1 (b). | 'i

Table 5.1 (b) Maximum Permissible Gross Weight
* Maximum Maximum axle weight, tonnes
_ Gross weight, | Truck/Tractor Trailer =
Vehicle type Tl

and Axle Weight of Transport Vehicles

ol als
I.

L -

i
=

2l iEiIIE
Reepeeen | |

- -
g - o

=
tJ
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= ]
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FAW = Weight on Front Axle; RAW = Weight on Rear Axle
TA = Tandem axle, fitted with 8 tyres.

SR .
Hod Lk
"'_"LI:-'i
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power of vehicle

The power of the ht‘:ﬂ.‘lr’il*:‘ﬁl vehicles and their loaded weights govemn the permissible

W limiting values of gll'adu:nll on rnﬂda_. In this regard the total resistances 1o traction
m"ﬁjgtiﬂﬂ of inertia, rolling resistance, air resistance and grade resistance are considered.
::r[rnlll the total hauling capacity and the power required to overcome the total tractive

esistance, it 18 possible to determine the speed and acceleration of the vehicle which in
:urn s useful in traffic regulation, planning, and design.

gpeed of vehicle

The vehicle speed affects, (i) sight distances (ii) superelevation, length of transition
curve and limiting radius on horizontal curves (iii) length of transition curves on vertical
valley curves and on humps (iv) width of pavement and shoulders on straight and on

horizontal curves (V) design eradient (vi) capacity of traffic lane (vii) design and control
measures on intersections.

Thus the design speed controls most of the geometric features of highways.

Braking characteristics

The deceleration and braking characteristics of vehicles depend on the design and type
of braking system (such as mechanical, fluid or air hr#:] and its efficiency. The Hfﬂi
of vehicle operation, stopping distance and the spacing hchlr:f:n the two consecutive
vehicles in a traffic stream are affected ]:1.' the hmkm_g capacity. Thus the highway
capacity and overtaking sight distance requifements also indirectly get affected.

Braking Tesl

It is possible to measure the skid resistance of pavement sqrfm:e: under the wﬁlzﬁ
conditions by conducting braking tests on the rm}d at the desired m&mihs;-:d.m ooy
brakes are applied till the vehicle comes to stop, it may be assumed B s
locked and the brake efficiency is 100 percent. Atl_:ast two of the D‘nmﬂi i
measurements are needed during the braking tests in order to determme

resistance of the pavement :
(i) Braking distance, L. metre
(ii) Initial speed, u m/sec.

(ili) Actual duration of brake application, t second

: : mg two of
The method of calculating the average skid rﬂsismnc::. ::a ﬁ; ]zgtﬂéigﬂjj
the above three values has been illustrated with the help 0

Example 5.1

In a braking test, a vehicle traveling at speed
brakes fully and the skid marks were 58 m o
resistance of the pavement surface.

Solution

10 kmph was stopped by applying
l::f'lgth gtmninc the average skid

30 - m/ses
Initial speed v = ¢ 8.33

= ,.,_I'.IE— (Erﬂ E’Q'd'l)
Braking distance L = 5.8m 2¢l
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S
8.33%

Averageskidf = — —— =).
& 2x9.8x5.8 L

Example 5.2

A vehicle travelling at 40 kmph was stopped within 1.8

seconds i :
of the brakes. Determine the average skid resistance. s HFP

Solution

o _ 40 _ ) ) : L"
nitial speed u = —== = 11.11 m/sec; Braking time t = 1.8 sec. Using the fun¢

relation of motion for uniform acceleration/retardation,

.I'l
N =
I.I
1L4l
1=

L
-*I

Yy=u-T a'I'L'l V= ﬂ. Fﬂtﬂrdﬂtiﬂn a = E = = 5'1? m:iIISE':I ’..." .
t &' e,

From the relation, force F = ma Wf= Wa

1

-2l . 0.63

Average skid resistance f = =
g 9.88

Example 5.3 -
A vehicle was stopped in 1.4 second by fully jamming the brakes and the skid ms
measured 7.0 m. Determine the average skid resistance. I

Solution

Using the fundamental relations of motion for uniform acceleration/retardation

(i) v = u + at, as the final velocity v=0,u=—at
(11) v -u‘=2as
= u? . a’ t? 258

and thereforea= —
2a 2a t

Given braking distanceL = 7.0m=s
and braking timet = 1.4 sec

a 2x7.0
id resi f = —=—-—0r =0.729
Average skid resistance T

Example 5.4
- ~ ing the brake
A vehicle moving at 40 kmph speed was stopped by applying :
of skid mark was 12.2 m. If the average skid resistance of the pavement IS knﬂ“‘“_- g
0.70, determine the brake efficiency of the test vehicle. - O

Solution

v = 2 _ 1111 misec, L =122 m, f=0.70

3.6
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Average skid resistance developed

oo v? 11,112

28l 2x98x127

=0.516

Brake efficiency, % = 1T—E = .Iﬂ.:?;._lf_i =73.7%

Off Tracking

when a four or six wheeled vehicle, such as car or bus (vehicle other than two and
three wheelers) negotiates a horizontal curve at relatively slow speed, the rear wheels do
not race the same path as the corresponding front wheels, as explained in Art. 4.4.6 under
‘Mechanical Widening’. At relatively slow speeds when the centrifugal force developed
i« lesser than the counteracting forces due to the superelevation and transverse friction,
the rear wheels follow paths on the inner side of the horizontal curve as compared with
the path followed by the corresponding set of front wheels. This difference in distance
between the curved wheel paths of a particular set of front and rear wheels (i.e., either the
<ot of front and rear wheels on the outer side of the horizontal curve or the set on the
inner side) is called off-tracking or the mechanical widening for a vehicle which is equal

to F12R (see Eq. 4.15). Thus the off tracking depends on two factors :

(i) the length of wheel base or the distance between the front and real axles of the
vehicle and

(ii) the turning angle or the mean radius of the horizontal curve traversed.

Example 5.5

A vehicle has a wheel base of 6.5 m. What is the oft tracking while negotiating a
curved path with a mean radius 32 m.

Solution
| = 65m:R=32m

tracki = i = 6.5" = (.66 m
oft - 2R 2x32

5.2.3 Traffic Studies

Traffic studies or surveys are carried out 10 HTU: l::dﬂcﬂhcfumﬁﬁc and
studies help in deciding the geometric ceng ti;a llecting traffic data are also called
efficient traffic movements. The traffic surveys 107 €0 |

traffic census.
; i are :
The various traffic studies generally carried out

(a) Traffic volume study
(b) Speed studies
(i) spot speed study
(ii) speed and delay study



: ﬁ!‘;ﬁ

'

168 TRAFFIC ENGINEERING S

(¢) Origin a.d destination (O & D) study | :5‘ -
-« CEE R

(d) Traffic flow characteristics e

(e) Traffic capacity studh %E |

(D) P: 'ing study 1-1
(g) Accident studies or the traffic flop a.i-
b 4

Traffic volume study

1
=

Traffic volume 1s the number of vehicles crossing a section of road PET unit time = o
any selected period. Traffic volume is used as a quantity measure of flow casy

used units are vehicles per day and vehicles per hour. A complete traffic volume
may include the classified volume study by recording the volume of various I}'pcmi;'-
classes of traffic, the distribution by direction and turning movements and the di“’ihuﬂm{-.‘ Y

on different lanes per unit time. The objects and uses of traffic volume studies are piven
below : =

(a)

; lhE Eﬂmﬂlﬂn]& Ir . ! ':

Traffic volume is generally accepted as a true measure of the relative importance of =
roads and in deciding the priority for improvement and expansion. g

(b)

Tra_fTiF volume study is used in planning, traffic operation and control of existing
facilities and also for planning and designing the new facilities. =

(c)
(d)

This study is used in the analysis of traffic patterns and trends.

Classified volume study is useful in structural design of pavements, in geometric ki
design and in computing roadway capacity.

(e)

Volume distribution study is used in planning one-way streets and other regulatory
measures.

(f)

Turning movement study is used in the design of intersections, in planning signal
timings. channelization and other control devices.

Pedestrian traffic volume study is used for planning side walks, cross walks =
subways and pedestrian signals.

(2)

There are variations in traffic flow from time to time. Hourly traffic volume varies
considerably during a day, the peak hourly volume may be much higher than average |
hourly volume. Daily traffic volumes vary considerably in a week and there are
variations with season. Hence if a true picture is to be obtained, the hourly tratfic volume =
should be known along with the patterns of hourly, daily and seasonal variations. In
classified traffic volume study, the traffic is classified and the_ volume of each c]assnf';. _
traffic viz.. buses. truck. passenger-cars, other light vehir.:les, .nf.:kshaws, tongas, hull_n-l:k:_.:.
carts. cveles and pedestrians is found separately. The direr:n:fn nf each class f:f u'aff.ic
flow is also noted. At intersections the traffic flow in each direction of flow mr:lﬂ@% B

turning movements are recorded.

i e e e

Counting of trallic volume
Traffic volume counts may be done by mechanical counters or manually.

Mechanical counters

These may be either fixed (permanent) type or portable type. The mec i 8 s i
can automatically record the total number of vehicles crossing a section © {

desired period. The working may be by the effect of impulses or stimuli caused by

- 1 ---
J': -
= L

a WM Y

H . s I
§ :..'I .- I'II x g
rr = : AR ol ¥ rr £ ke B |I-
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ovements on a pneumatic hose placed across the road
<psor. Traffic count is recorded by electrically operate

ording the impulses. The impulses caused by vehicles of light we: :

ﬁ:ugh in some cases 10 actuale the counter. Also it is not F]f:ﬁihlc ﬂu::};l) ﬂﬂimbc
P“dﬁm{m bratie oy this method. Other methods of working the mechanical detectors are
by ijm-eh*r:lrlc EE:H‘E' magnelic detector and radar detectors. The main advantage of
mechanical counter is that it can work throughout the day and night for the desired period.
acording the total hourly ?ﬂllfmt,_Whi:h may not be practicable in manual counting. The
main drawback of the mect]anmﬂl counter is that it is not possible to get the traffic volumes
of various classes of traffic in the stream and the details of turning mo |

d counters and recorders capable of

afanual counts

This method employs a field team to record traffic volume on the prescribed record

cheets. By this method it is possible to obtain data which can not be collected by
mechanical counters, such as vehicle classification, tuming movements and counts where
the loading conditions or number of occupants are required. However it is not practicable
o have manual count for all the 24 hours of the day and on all days round the vear.

Hence it is necessary to resort to statistical sampling techniques in order to cut down the
manual hours involved in taking complete counts, First the fluctuations of traffic volume
during the hours of the day and the daily variations are observed. Then by selecting
typical short count periods, the traffic volume study is made by manual counting. Then
by statistical analysis the peak hourly traffic volumes as well as the average daily waffic
volumes are calculated. This method is very commonly adopted due to the specific

advantages over other methods.

Presentation of traffic volume data

The data colleted during the traffic volume studies are sorted out and are presented in
any of the following forms depending upon the requirements.

(a) Annual average daily traffic (AADT or ADT) of lhfl: tnfal mraffic as well as
classified traffic are calculated. This helps in deciding the relative importance of a route

and in phasing the road development programme. In order to convert the different
vehicle classes to one class such as passenger car, conversion factors known as Passenger

Car Units (PCU) are used. (see Tables 5.2 and 5.3).

(b) Trend charts showing volume trends over period of years are prepared. These
data are useful for planning future expansion, design and regulation.

(¢) Variation charts showing hourly, daily and seasonal variations are also E;pan:d.
These help in deciding the facilities and regulation needed during peak traffic periods.

es, (the thickness of the lines representing the

i
50 Traidle few taps Siteg Bk Foe drawn. These help to find the traffic volume

raffic volume to any desired scale), are

distribution at a glance. | ihis
: \ns either drawn to a certain scale or indicating

pared. thus showing the details of crossing and

Wming traffic. These data are needed for intersection design.

. . is found from the plot
() Thirtieth highest hourly volume or the desiga hourly v:rlu;:; Ifh i
between hourly volume and the number of b

ours in an )«
EEEEEdEd,, Sep FEE.. 513. The Eﬂm hlghﬂil hﬂl.lﬂ}’ \’[}]UITIIE !

i the hourly volume that will be
of the vear will be less
®Xceeded only 29 times in a year and all
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TREFFIC GOING OUT = 200 +590+370+7e9
s 1 ¥S0

TRAFFIC COMING IN=1B80+400+370+800
a 1950

Fig. 5.2 Traffic Flow at Intersection
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Fig. 5.3 Hourly Traffic Volumes

than this value. The highest or peak hourly volume of the year will be too high | -'II
will not be economical to design the facilities according to this volume. :The ar '"1
average hourly volume (AAHV) found frnn? AA[?T w:lll not be .sufﬁmenﬂti :ﬁ;
considerable period of an year. The high facilities designed ‘Wllth capacity for 30 g 4
hourly traffic volume in the assumed year is found to h-:E satisfactory from h:;id --_I.?.;_,-;I \
and economic considerations. This is because the cost Imll be less wiien comp g a2 K
peak hourly volume and hence reasonable. There will be congestion only .,,
hours in the year. Thus the thirtieth highest hnu_rly volume is generally taﬁ::im
hourly volume for design. However the actual design hourly volume may hﬂmd'e# goy
drawing the diagram as shown in Fig. 5.3, after carrying out traffic volume Studies =8 4

s
-'EI

desired location of the road. The design hm:lrl}f volume thus arrived at.m :
necessarily be the thirtieth highest hourly volume in all the cases. A

|
i | i
-"'-Il-:: .L‘l-l_ ) ;| .I

Speed studies | . “
The actual speed of vehicles over a particular route may fluctuate widely @47~
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on several factors such as geometric features, traffic conditions, time, place, AR
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Trtﬂlﬂf [ime i:‘,i.lhﬂ I'El.':lprﬂt:ﬂl of ﬁpﬂgd and s
qetwork is operating.
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a simple measure of how all well a road

Spot speed 1s the instantaneous speed of a vehicle at a specified section or Jocation.

Average speed is the average of the spot s
on the highway. |

There are two definitions for the average of a series of spot speed measurements viz -
space-mean speed aqd {ime-mean speed. Space-mean speed represents the average 5p¢cd
of vehicles in a certain road length at any time. This is obtained from the observed { ravel

rime of the vehicles over a relatively long stretch of the road. Space-mean speed 15
calculated from :

peeds of all vehicles passing a given point

3.6dn
n

PR

=1

where Vs = space-mean speed, kmph

Vs =

d = length of road, considered, m
n = number of individual vehicle observations
t; = observed travel time (sec) for ith vehicle to travel distance d, m

The average travel time of all the vehicles is obtained from the reciprocal of space-
mean speed.

Time-mean speed represents the speed distribution of vehicles at a point on the
roadway and it is the average of instantaneous speeds of observed vehicles at the spot.
Time-mean speed is calculated from :

Vi

M-

Vi = i=]
; n

where V, = time-mean speed, kmph
V; = observed instantaneous speed of ith vehicles, kmph
n = number of vehicles observed

The space-mean speed is slightly lower than time-mean s
conditions on rural highways.

Running speed is the average EPFEd m?ir{l.ain#ﬂ +hz;b;ezji
of road, while the vehicle is in motion, s ?hml:tiun
by the time during which the vehicle 1s actually in motion.

; : W :
Overall speed or travel speed is the eflective 5Pe§nd:d oy dividing the total distance
Particular route between two termin
travelled by the total time taken includ

Speed studies carried out occasionally give the gen
types of speed studies carried out,

peed under typical speed

cle over a particular stretch
viding the distance covered
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(i) Spot speed study, and
(i) Speed and delay study {:;
Spot speed study ﬁ,

s =t
1 ™. 'l'%

Spot speed study may be useful in any of the following aspects of traffic E“gi“ﬁriﬁéi

ikl

L1

(a) to use in planning traflic control and in traffic regulations.

(b) 1o use in geometric design-for redesigning existing highways or for deciding dcsiﬁ_.}'ﬁﬁ

speed for new facilities. 5 j;_

, & " I"' "'
(¢) touse in acaident studies -
7

(d) to study the traffic capacity
(¢) to decide the speed trends

e i nFH'.:;i+--:11_
AR SR e

(f) to compare diverse types of drivers and vehicles under specified conditions.

The spot speeds are affected by physical features of the road like pavement width, curve,
sight distance, gradient, pavement unevenness intersections and road side developments,
Other factors affecting spot speeds are environmental conditions (like weather, visibility),
enforcement, traffic conditions, driver, vehicle and motive of travel. :

hta

There are a number of methods to measure spot speed. The spot speed may be
obtained either by finding the running speed of vehicles over a short distance of less than
50 metre or by finding the instantaneous speed while crossing a section, depending on the
method used. The spot speeds of a few typical sample of vehicles are found during the

sampling periods of the day, days of the week and months of the year. . '!ll

One of the simplest methods of finding spot speed is by using enoscope which is just a
mirror box supported on a tripod stand, In its simplest principle, the observer is stationed
on one side of the road and starts a stopwatch when a vehicle crosses that section. An
enoscope is placed at a convenient distance of say 30 m in such a way lha-_t the image of
the vehicle is seen by the observer when the vehicle crosses the section where the =
enoscope is fixed (see Fig. 5.4) and at this instant the stop waltch is ;tnpped. Thus the 7
time required for the vehicle to cross the known length is found and |5Tr:unvem:d tothe =
speed in kmph. The main advantage of this method is that it is a simple and :h:ap___
equipment and is easy to use. The greatesl disadvantage is that the progress 1S 50 slowas =
it is difficult to spot out typical vehicles and the number of samples observed will be !e:ss.'_r k3

o

There is also a possibility of human error.

jo—————— 50m ———— ] STRAIGHT

! : ROAD %.

' !

T

L "I‘;

v $
LIGHT SOURCE OF LIEWT "
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POLF STUDIES 3

Fig. 5.4 Spot Speed by Enoscope
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=
Other equipment used for spot speed Mmeasurements are graphic recorder. electronic
neter. photo electric meler, radar, speed meter and by photographic methods. Of all
these methods. the radar speed meter method seems 10 be the most efficient one as it is

capable of mﬂﬁ“rh?g the spot speeds instantaneously and also record them automaticatly.
'[?:U! this Equipmfﬂl 15 Eﬂ'E“}". J

presentation of spot speed data

(a) Averdage SFF'-’H' of vehicles : From the spot speed data of the selected samples,
frequency distribution tables are prepared by arranging the data in groups covering
various speed ranges and the number of vehicles in such range. The arithmetic mean is

iaken as the average speed. The table gives the general information of the speeds
mﬂinminﬂd on the section, and also regarding the speed distribution pattern.

(b) C umulative speed of vehicles : A graph is plotted with the average values of each
speed group on the X-axis and the cumulative percent of vehicles travelled at or below
the different speeds on the Y-axis. From this graph, the 85" percentile speed is found out
which gives that Speed at or below 85 percent of the vehicles are passing the point on the
highway or only 15 per cent of the vehicles exceed the speed at that spot. See Fig. 3.5.
The drivers exceeding 85th percentile speed are usually considered to drive faster than
the safe speed under existing conditions and hence this speed is adqpted for the safe
speed limit at this zone. However for the purpose of highway geometric design, the 98%

percentile speed is taken.
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The 15" percentile speed represents th

slow moving vehicles to decrease delay and €
the stream travel at speeds higher than this Va

Opportunities. _ .
, speeds 1S lotted with
(¢) Modal average : A frequency distribution :T:fﬁv.i;?;:i on the H:!Lis and the
speed of vehicles or average values of each ipeeC gAY This graph is called the

.axis. See Fig. 3.6
Percentage of vehicles in that group 0n the Y m; cnite peak value of travel speed across
the section and this speed 1S denoted as mode proportion of vehicles move, given

: st
helpful in determining the speed at which the greal
by the model speed.

| { the vehicles to
d congestion, as 83 percent @ :
: lye and therefore need overtaking
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"

: _iﬁ_: _ Table 5.2 Frequency Distribution of Spot Speed Data (Example 5.6)
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Fig. 5.6 Frequency Distribution Curve of.the Spot Speeds

All vehicles do not travel at the same speed at a location along a road. The amount nf',il- )
speed dispersion or the spread from the average speed affects both capacity and safety,
For free flow of vehicles, the speed distribution follows a normal distribution curve. The
quality of flow of vehicles in a stream therefore depends on the speed dispersion. This =

may be judged by several methods such as (85" minus 15" percentile speeds); Standard "

Using the values of mid-speed and cumulative frequency % column 2 and 35 of

Table 5.2, cumulative speed distribution curve is plotted (see Fig. 5.5); from this graph
the following results are obtained :

(i) Upper speed limit for regulation = 85" percentile speed

= 60 kmph
deviation of speeds, or the coefficient of variation in speed. ] ' K : _
£ g (i) Lower speed limit for regulation= 15 percentile speed
Example 5.6 = 30 kmph
Rt G collecmd e givenbolow, certain stretch of a highway and the “Sl8l (i) Speed to check design elements = 98" percentile speed
consolidated data collected are g1 : 2 = 84 kmph

Speed range, | No. of vehicles

kmph observed Example 5.7

255

The table below gives the consolidated data of spot speed studies on 3 section of a

road. Determine the most preferred speed at which maximum proportion of vehicles
ravels,

Determine (i) the upper and lower values or speed limits for regulation of mixed traffic =

flow and (ii) the design speed for checking the geometric design elements of thﬂi
highway. K

Solution |

The problem may be solved in three stages. First a frequency distribution tnhlcﬂ::_:-.'_- Solution * i of vehicles travel is the
prepared, next the cumulative frequency distribution curve is drawn and finally _ﬂ: The most preferred speed at which -maximum proporit sth curve. The
appropriate values are obtained from the curve. Refer table 5.2. Column no.2 represenis =

. distribution :
modal speed which can be obtained by plotting the frequency Gt o e 53,

‘ 50 i "
Irequency distribution table of spot speeds prepared for ';h:]m:: i speed and the
, o §.6) usi mean _
The frequency distribution cuﬁﬂ;_:gllf“;fl F“?I::H modal speed corresponds 1o the

Percent frequency values of the : : . eaual to 47 kmph.
Maximum \:luﬂ nj;' percentage frequency in Fig. 5.6 e

the average values of the different speed ranges. The number of vehicles uhscrﬂ::
cach speed range is represented as the frequency f in column no.3. The Pﬂﬁﬁ:icl 4
frequency values given in Column no. 4 are based on the total number of ""2? ey
observed in all the speed ranges. The cumulative values of percentage frequer i
given in column no.5.
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Table 5.3 Frequency Distribution of Spot Speed Data (Example 5 " ': _:.
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[ ~ 80-90
Total : 687
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Speed and delay study Sl

The speed and delay studies give the running speeds, overall speeds, fluctuations fn
speeds and the delay between two stations of a road spaced far apart. They also give the
information such as the amount, location, duration frequency and causes of the delayin
the tratfic stream: The results of the speed and delay studies are useful in detecting'ﬁ:
spots of congestion, the causes and in arriving at a suitable remedial measures. '--'_ili
studies are also utilised in finding the travel time and in benefit-cost analysis. In ge '5.'";.!

the efficiency of the roadway be judged from the travel time. 5 3]

The delay or the time lost by traffic during the travel period may be either due to --:1
delays or operational delays. Fixed delay occurs primarily at intersections due to traffi¢
signals and at level crossings. Operational delays are caused by the interference of traffi¢
movements, such as turmning vehicles, parking and imparking vehicles, pedestrians et
and by internal friction in the traffic stream due to high traffic volume, insufficiepf’
capacity and by accidents. Therefore the overall travel speed between the origin and
destination points of travel is invariably lower than the desired running speed. |

sk

—

d agid R

Fll.

There are various methods of carrying out speed and delay study, namely :

- -

Floating car or riding check method

i
[
ke e — =

License plate or vehicle number method

il &
e B A

Interview technique

Elevated cbservations, and o

Photographic technique T

#

1
In the floating car method a test vehicle is driven over a given course of ravel s
approximately the average speed of the stream, thus trying to float with the traffic o
A number of test runs are made along the study stretch and a group of observers et
the various details. One observer is seated in the floating car with two stop \Tatchﬂﬁ-." f ‘£
of the stop watches is used to record the time at various control points like mters -*“"1;__.-__ e
bridges or any other fixed points in each trip. The other stop watch is used 0
duration of individual delays. The time, location and cause of these delays are i
by the second observer either on suitable tabular forms or by voice recording eqy o5
The number of vehicle overtaking the test vehicle and that overtaken by the test Veiista

are noted in each trip by a third observer. The number of vehic s L

:

r1'

]

|
oo
1
|

|
II1
3
ﬁ
1
|
A
i |

il
= ..'
J

i

1

|
o |

JI-.I

les travelling ' S

)
-
o] |

e

o :Iir | =

& ..J < i o I

- 1 |- —l!._ § :.'-
L

L
. .I. g
il

TRAFFIC CHARACTERISTICS 177

ite direction in each trip is noted by a f
opposite ) Y a lourth observer. However in mixed
flow, more number of observers will be required to count the vehicles of different :Iisr:f.

in this method the d_:taited information is obtained —
jelay including location, duration and causes of deliy: eming all phases of speed and

The average journey time t (minute) for all the vehicles i -
direction of flow q is given by : in a traffic stream in the

b= wenyg (5.1)
Dy +n,
q = L+t (5.2)
where
q = flow of vehicles (volume per min), in one direction of the stream
ny = average number of vehicles counted in the direction of the stream when the
test vehicle travels in the opposite direction
ny = the average number of vehicles overtaking the test vehicle minus the
number of vehicles overtaken when the test is in the direction of g
lw = average journey time, in minute when the test vehicle is travelling with the

siream q

ta = average journey time, in minute when test vehicle is running against the
siream q

In the license plate or vehicle number method, synchronized stop watches or voice
recording equipment are used. Observers are stationed at the entrance and exit of a test
section where information of travel time is required. The timings and the vehicle
numbers are noted by the observers of the selected sample. From the office
computations, travel time of each vehicles could be found. But the method does not give
important details such as causes of delays and the duration and number of delays within
the test section.

In the interview technique, the work can be completed in a short time by interviewing
and collecting details from the road users on the spot. However the data collected may
not provide with all the details correctly.

Elevated observation and photographic technique are useful for studying short test
sections like intersection etc.

Intersection delays studies need special attention as this poses a maj!:r problem o the
raffic engineer. Such studies at each intersection will help in evaluating the efficiency

and effectiveness of the control device like signal system, the remedial measures for
accidents etc,

Example 5.8

The consolidated data collected from speed and d;la}*
N a stretch of urban road of length 3.5 km, nmmr:ig
Determine the average values of volume, journey A

stream along either direction.

studies by floating car method

North-South are given below.
d running speed of the traffic
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overtaking
Average stopped delay = |5 min
Averngc ﬂlﬂniﬂﬂ timeg = J‘.\’Emﬂ.ﬁ juum:}r time - average stopped dﬂ;y
* 6.621 ~ 1,50 = 5.12 min
1.5 6()
rage running speed = -
E Averiag B sp 513 41.0 kmph
“ (ii) Hllﬂlh-ﬂﬂl‘"lﬂh‘ﬂllﬂn
= 302010
Solution tw = 7.6 min
| - 't d delay, number of '
mean values of jﬂumf} Elmﬁ, stoppe Ol vy . = 6.5 min
u*-'r:Tl:lt:itn and in opposite direction for North-South and South '
obtained from Table 5.4. 2 ny = (from N - § strips) = 272
Table 5.4 Mean values of speed and Delay Data (Example 5.8) __:,* q = %?::; : = 19.36 veh/min
) Journey time | Stopped delay Number of vehicles e
F Min. Sec. Min, Sec. t = 7.6- —I V. 7.55 min \pj '
q 6 - 32 | —40 268 19.36 \
S e T T N 1 - e X~
d | 6-10 Journey speed = T 27.8 kmph
| 628 L B ool 290 | .
I Total - 2% — 00 1088+ | Average stopped delay = 1.8 min
6 - 30 | - 30 3.3 - InEes Average running time = 7.55 - 1,80 = 5.75 min

t =
2-00

2 =22

7-14
7-40

!
wh -—
— =

(.
Lad

- -]
I
=
=

| - 40 _
Total: | 30-24 7-12 2| 8 | .68

Mean ; 736
(i) North-South direction

Ny = average no. of vehicles overtaking minus overtaken =3.5-3.0=7
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3.5x60

= 36.5 kmph
5.75

Average running speed

= Origin and Destination Studies
The origin and destination (O & D) study is carried out mainly to (i) plan the road

network and other facilities for vehicular traffic and (ii) plan the schedule of different
modes of transportation for the trip demand of commuters.

The O & D studies of vehicular traffic determines their number, their ongin and
destination in each zone under study. The data may also be supplemented by the number

1L N |
4 I—'.I?'

e oo b s :
i N: ol of passengers in each vehicle, purpose of each trip, Iﬂt'{ﬂ“fdlﬂtf Slops ““'d': and t}"-‘“““:
: Ma = average no. of vehicles during trips in opposite direction (from 5 =% S8 ete. Origin and destination study gives informations like the actua d‘m'f"t“!‘ e
| - _ ! .,_.,,,.:n selection of routes and length of the trip. These 5md1:5' are mn.st H&tnt: in p rr:E
w = average journey time = 6 min. 30 sec. = 6.5 min e new highway facilities and in improving some of th existing s:.;lmucd hr: an :ﬁm.
: S ‘ L apse there can be a high percentage of through traffic which may hth;ﬂ ET D study
1~ dverage joumey time during trips against the stream = 7 mifl: “EEEIEE by-pass and thus considerable saving in distance and time €4 7 ' ox it et e
et provides the basic data for determining the desired dlr::'[lﬂﬂ;i?;d od 1o solve many traffic
] - a. +n 179-1.5 te - el ®  This i ; [ the important traffic studies ' ' :
q = average volu L Sy T 2~ 12.59 veh/min - SHes sy 5 15 considered to be one of the 1mp the highway system in a region,
i e - = e =14, e problems in a zone and the most important study to plan £ '
i ta+t,  7.6+6. e zon | 4 mass transit facilitics in cities should
1 i e Scientific planning of transportation sysiem 3 fyture traffic needs may by estimated by
[ =averape ; n -1.5) in. e . be based on O & D data of passenger trips. Also future ~ ic studies. (See
1' A€ journey time = Yy _ (=1.9) _ ¢ 62 min i SIS n P eoether With socio-cconom
Wb~ 1260 o oA eXtrapolating the data from O & D study, 10F¢
: \ : - Art. 5.2.5 for estimation of future traffic).
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The various applications of O & D studies may be summed up as follows

Pkl
75

. organisation can also be trained

: : visting routes and to use in planning new network o ) :
(i) to judge the adequacy of existing ﬁrlc i:cr.lr : O putations in tracing the
roads. | - | * ‘:_ et wﬂl'k of stations 1o take ﬂh’m‘fﬂlmm
(i) to plan transportation system and mass transit facilities in cities including routes and. et the information of the routes followed
schedules of operation, : Hence a large number of teams are

(iii) to locate expressway or major routes along the desire lines. .. large area 15 10 be surveyed. Howeve

v aia : [ v nsideration is small, like a : :
(iv) to establish preferential routes for various categories of vehicle including by-pass- under €0 large intersection or
g ]I{:.iurﬂ Pﬂﬁt 'Eﬂrd I'Ilﬂhﬂd

Pre-paid business reply post cards with retum address are i

(v) to locate terminals and to plan terminal facilities.

(vi) to locate new bridge as per traffic demands. i ,:‘: At some sl.'..lﬂl:tﬂl:.l points along thlt: route or the cards are mailulﬂt:i:ﬂd 0 ﬂmuf;:::m: mi:
S S—— ; The questionnaire to be filled in by the road user js printed on

request for Eﬂ-ﬂ]:‘.lﬂl'ﬂﬂﬂn and purpose of the E'.':i.ldj', The dmmmﬂl# eaad, along with a

(viii) to establish design standards for the road, bridges and culverts along the route. :":':}. may be selected where vehicles have to stop as in case of 3 tol} E stations for the cards

There are a number of methods for collecting the O & D data. Some of the mtmndg..-i. |

| The method is suitable where the traffic is heavy. The personnel need not be skilled
commonly adopted are : :

or trained just for distributing the cards. Only a part of the road: users mav
cards promptly after filling in the desired details properly and correctly. m;}ﬂ::"““ the
are drawn in such cases, it is likely that these may not give a true picture.

Road-side interview method, License plate method
Retumn post card method, Tag-on-car method and

Tag on car method
Home interview method. In this method a pre-coded card is stuck on the vehicle as it enters the area under
- , 5 sy : T e study. When the car leaves the cordon area the other observations are recorded on the
The choice of the method is made judiciously depending on the objective and tﬂﬂ“ﬂﬂr. &3 ag. This method is usefil where the traffic is heavy and moves continuously. But the
Road side interview method o, method gives only information regarding the points of entry and exit and the time taken
: * e e : .. e to traverse the area.
The vehicles are stopped at previously decided interview stations, by a group of
persons and the answers to prescribed questionnaire are collected on the spot. TIEJ Home interview method

information collected include the place and time of origin and destination, route,
locations of stoppages, the purpose of the trip, type of vehicle and numbers of passengers
in each vehicle. The traffic may be filtered through a prescribed lane by prﬂmh!,
waming signs and with the help of police so that each driver of the selected sample of
vehicles is interviewed. The percentage of sample interviewed out of the total trafficin
each selected period should also be noted from appropriate traffic volume study taken

A random sample of 0.5 to 10 percent of the population it selected and the residences
are visited by the trained personal who collect the travel data from each member of the

house hold. Detailed information regarding the trips made by the members is obtained on
the spot. The data collected may be useful either for planning the road net work nd
other roadway facilities for the vehicular traffic or for planning the mass transportation
requirements of the passengers. The problem of stopping vehicle and consequent

S multsneousty. T difficulties are avoided altogether. The present l:rnﬂ:! needs are clear l!r"hh‘“:'ﬂ “1:] the
In this method the data is collected quickly in short duration and the field organisation analysis is also simple. Additional data including socio-economic r:l"'ﬂ: I B

is simple and the team can be trained quickly. The main drawback of the method is that be collected so as to be useful for forecasting traffic and EHIIJSFO islv:rﬁl e

the vehicles are stopped for interview, and there is delay to the vehicular mw:mg'ﬁ_t:'_ haye complete coverage of the entire cross section of the population

Also resentment is likely from the road users. Further, unless there is enough 5par:l._'=1'.':_l"-';_

place, it is necessary 10 decide the method of
undue congestion may result due to stopped vehicles.

sctive and the location. The
traffic demand should be

While planning for O and D studies at a b
' : study. The selection of the method is dependent on the E "
License plate method T nfluence of year and dates of study on the type and amo

f data collection.
Ll own, : . | method of sampling and mode &
The entire area under study is cordoned out and the observers are simultaneously The gm;Zr:;; ::ifddt:: ;:Lﬂﬁ:mgm view the desired accuracy and cost
stationed at all points of entry and exit on all the routes leading to and out of the aréd. W
IE,azu.':l-l part;_r at the E;L;Eitl':ﬂﬁﬂﬂ station is given synchronized time pieces and they note ﬁ'-" t5 ork spot interview method ianned by collecting the O & D data i
icense plate numbers (registration numbers) of the vehicles entering and leaving the The ¢ : tri :;anbﬂlﬂ'f'" . pcrsnMJW
cordoned area and the time. Separate recording sheets are maintainedgﬁzr each direction work 5p;1n;i1:r::2:g;::5 f::;nwﬁnﬂt edﬂs:ﬂliﬂnnl institutions, €1 o
of movement for a specified time interval. After collecting the field data major work Pr :
remains of the office computations and analysis, by tracking each vehicle number and 5. ids *Seéntation of O and D data

time of entering and leaving the cordoned area. The data are presented in the following form: :

r e Lo Pyl iyl 19 - - ] ) = " T T e e ! '
ey el 1 = 7R (= - . a N I L=l

- . _BE L



182

(i) Origin and

(11}

TRAFFIC ENGINEERING

destination tables are prepared showing number of trips between
3 . |
difterent zONgs.

Desire lines are plott

such desire lines is drawn proportional to the number of trips in both directions,
e M

s , IS ide the actual desire of the road
‘s line density map easily enable to deci | ik S
Lh:rﬁd:::l l;hu;helps to find the necessity of a new road link, a diversion, a by-pass =

or a new bridge. These desire lines may be compared with the existing tlow pattemn
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Fig. 5.7 Desire Lines

S
- - "..:.*_I_

od which is a graphical representation prepared i!‘l almostallg . §
4 D surveys, Desire lings are straight lines connecting the origin points with: =
?:’cn-rslinati-:'-ns “cummarized into different area groups (See Fig. 5.7). The widthof  §

qlong the eXisting routes by superim
racing shects.

oy The relative magnitude of the generated traffic : hd
(iii) sones involved may be represented by pie :hm.::d gcometrical relationships of the

Jdiameter being proportional to the number of tn'ps_* in which circles are drawn, the

(iy) Contour lines may be plotted similar 1o topograph

contours would indicate the general traffic p e contours. The shape of the

ced of the area.

Traffic ow characteristics and studies

Traffic stream generally has flow and counter flow along a common route, unless the
cream 1 separated into pair of one-way flows by proper design or regulation.

The basic traffic MAaNOeuvres are diverging, merging and crossing as shewn i
Fie 5 8. Ofall tha:se. dwm:glpg on the left is the ﬂ_sicst movement causing least problem
of the traffic conflicts. This 15 because the traffic is regulated on the left side. Merging
from the left side also du:es not cause much of conflict. But diverging to the right and
Jlso merging from the right create conflicts and hazard 1o the traffic moving in the

straight path. Transfer of a vehicle from one traffic lane to the next adjacent waffic lane
. called lane change and this involves diverging and merging.

oSN

LEFT RIGHT
DIVERGING
LEFT RIGHT
MERGIMG
LEFT RIGHT
CROSSING
3
LEF T HEH
WE BVING

: win reduces to that
“ecause vehicles on one road have to stop £ 1o r08 roads practically T |
‘0 Cross their path, Thus the traffic capactty ﬂr at t
ofany ane of the crossing roads or even lesser 8t ¥

: movIng win
l:h“q““l}’ across the path of another vehicle ing- The wed

. # wfﬂ".
amﬂ“ angle of crossing, the action 1% Iﬂﬂ“:!d diﬂ: erging operations:
"0 be considered to consist of merging an
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Ia tweaway movements there may e crossing and over taking manoeuvres. The 5

ratfic stream characteriatics are aftected by the wide range of vehicles and roag usery f

geometric featune of the road and intersections and other regulatory measures, Furthe

e onyironmental conditions also affect the traflic stream flow,

The paints to be partrcutart) studiad in mathic Now are the transverse and i"-“l.l;imdh;]‘

Siceribution of vehicles on the various routes.  The gaps ahead of each vehicle determine the
longitudinal dismibution of vehicles in one-way stream. See Fig. 3.9. The time interyy)
hetween the passage of suecessive vehicles moving in the same lane and measured from

head to head as they pass a point on the road is known as the time Aeadway, The distanes
hetween suceessive vehicles moving in the same line measured from head at any instance is

the e Aeaduay or the spacing of the vehicles in the stream.  The variations in head\\'uy

show the longitudinal distnbution of the stream.  The number of headways per unit time is

dependent on the rate of maffic flow and is theretore a direct measure ot traffic volume. |

With increase it spead of the maflic stream, the minimum space headway increases where

as the minimum tme headway first decreases and after reaching a minimum value at

optimum speed on the stream, increases as shown in Fig. 5.9. Maximum flow or capacity
flow 15 amainad at this spead when the time headway is minimun.

1
:'ﬂ. L
ik
-
[ >
.
- 4
i
: -
- - 3
= 1 =2
2 — E
2 | | |—+—tT :
= :
S EEREREEERNE
o 0
o 20 ap 40 B8O 100

CBSERVED SPEED OF PAIRS OF VEHICLES kmph
Fig. 5.9 Variation of Minimum Space and Time Headways with Speed

Another important factor to be studied in traffic flow characteristics is lane change in the
traffic stream. When the headway of the lane changing vehicle rapidly decreases to almost

zero, the lane change is forced; in all other cases the lane change may be optional. The

i

frequency of demand for lane change will be high when the speed range of vehicles in the

traffic stream is high. The lane change manoeuvres and characteristics would very much

depend on the number of lanes and whether it is one-way or two-way movement. The .

merging, diverging, weaving and overtaking operations, all come under lane changes.

Study of maffic flow characteristics includes both transverse and longitudinal

distribution of vehicles in the traffic stream and this is useful in geometric design features
such as traffic capacity, volume, number of lanes and width of carriageway. The study is
also very much needed to decide traffic regulatory measure like one-way movements and

for the design of traffic control methods. Traffic flow study is particularly essential t‘ur__‘

large intersections.

Traffic capacity studies

Before studying details of traffic capacity, it may be worth while to define some of the :

related terms which are often used.

A

Traflic density is the number of vehicles
q piven instant, usually expressed

Eth of lane of roadw
aroduct of the trafTic density and trafrie wpeed 2y al

Tr.fﬁ: 'H'ﬂluﬂ'lt 1 ‘hﬂ

roadway and traffic conditions.

Basic capacity is the maximum number of passenger cars that can : \
on a lane or roadway during one hour under the mast nearly ideal Pﬁi:g;;n pont
conditions which can possibly be attained. Two roads having the same physical features

will have the same basic capacity irrespective of traffic conditions, as they are
be ideal. Thus basic capacity is the theoretical capacity. VY M Mommad to

Possible capacity is the maximum number of vehicles that can pass a given point on 2
lane or roadway during one hour under prevailing roadway and traffic conditions. The
passible capacity of a road is generally much lower than the basic capacity as the
prevailing roadway and traffic conditions are seldom ideal. In a worst case when the
prevailing traffic condition is so bad that due to traffic congestion, the traffic may come
to a stand still, the possible capacity of the road may approach zero.

When the prevailing roadway and traffic conditions approach the ideal conditions, the
possible capacity would also approach the basic capacity, Thus the value of possible
capacity varies from zero to basic capacity. For the purpose of design, neither basic
capacity nor possible capacity can be adopted as they represent two extreme cases of
roadway and traffic conditions.

Practical capacity is the maximum number of vehicle that can pass a given i
“ne or roadway during one hour, without traffic density being so greas “:;:::
Unreasonable delay, hazard or restriction to the driver's freedom to manGeuyre f primary
Pievailing roadway and traffic conditions. It is the Fm"icfﬂ e “M;Lﬂ: this
erest to the designers who strive to provide adequate highway i
" also called design capacity.

Dﬂ"mhatinn of theoretical maximum capacity

3
o 1000 i
S
H
" C = capacity of a single lane vehicle per houf
V' = speed, kmph
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. _ average centre o centre spacing of vehicles, when they fo)|gy One oy
: :-"‘-I:f'.
. : the spEEd V and spacing S. The av ek
anacity depends upon Crage gpazo il
Thus the capacit; - of vehicles is equal to the average length of ?Ehinlephmg-g =

. 'I_ w W b |
veen centre 10 Cen . ~ - Plug g,
b;e[;.r spacing between the vehicles in the stream. The minimum clear SPacing b “th
s £

; ing of the rear vehicle in case the ven: et
. tac are allowed for sale SIOPPIIS - I vehicle at.
;:2;1:; stops. It is alwavs found that drivers follow the vehicle ahead at a E]ﬂm_%é:f

1 lower speeds and the ¢
rraffic stream (Fig. 3.9).

Thus the space gap allowed by the driver of a followed vehicle depends ““Ewni
factors such as , r
(i) speeds of leading and following vehicles . ,1:;

(i) type and characteristics of the two vehicles = u.,
(iii) driver characteristics of the following vehicle i ﬁ“j
(iv) traffic volume to capacity ratio of the road section at the instant or the !m.r'éi'_l." ':;F
service S0, Y 1

(v) The proportion of vehicle classes in the stream F .ér

(vi) road seometrics and " ': ’%

(vil) environmental factors ek,

The assumption that space gap increases in direct proportion with the speed of the
vehicle or that of the traffic stream is therefore a very much simplified one and gives onlf
an approximate average value of the space gap between vehicles in the traffic sﬂﬁ
The space gap allowed by the following vehicle in a traffic stream is some time assumed.
to be equal to the distance travelled during the reaction time of the driver, El.s'-surnll‘-igﬂﬂligﬁ

the braking distances of the lead and the following vehicles are approximately eqmlLI?

the reaction time is t sec., the minimum space gap Sg IS given by : SIS
Sg = vt=0278Vitm . | -_ -E
where v and V are average speeds in m/sec and kmph _ T;,!.;; |
The minimum space headway S in a traffic stream is therefore equal to the m'“'mEFh
space gap plus average length of vehicle L in the stream :' :{ ;gﬁ,
S = S;+L=0278Vt+L | “"‘IH

In a stream flow, as the driver of the following vehicle is quite Etem'm?'aﬁ';'

reaction time is found to be low; this value is often assumed to be 0.70 to 0.75 iﬁi:*ﬁﬁ

1
h

this analysis of overtaking sight distance (An. 4.3.3) the value of reaction time has be

assumed as 0.7 sec. in the empirical relation for spacing, i.e. 218 ‘ﬁﬂ? |
S = (07v+L)=(02V+L),m A

Thus a suitable value of S ma ; reticd
. - }'hﬂadﬂ ted In Eq. - tﬂthﬂthen-_,'--,
Capacity oi a traffic lane with hnmagenenustriﬁic ﬂqu 5.3 to estima ¥

] -
--l-J..r.:_-. i

lear spacing is increased instinctively at higher speeds o {8

‘B
e
- L

the traffi¢
creases and after reaching a minimum value at an ﬂpt:?irlﬁ ‘%
* ic lanc.

I
RAFFIC EHAHA(.TEHISTIL'E
H,

here C 15 the capacity, vehicles per

headway in second.

; pE;:':I-. As the speed is increased fur er.
jecreasing due to increase in headway at the

2500

mMAXIMUM CAPACITY OF DNE
LANE vehicles f hour

o

o

o

SPEED kmph
Fig. 5.10 Speed and Capacity

Factor affecting practical capacity

Some of the important factors that affect the practical capacity of a traffic lane are
listed below :

(1) Lane width : As the lane width decreases, the capacity also decreases. The practical

capacity of 3.0 m wide lane in a two-lane rural road may decrease to 76 percent of
the capacity of'a 3.5 m lane.

W) Lateral clearance : Vertical obstructions such as retaining walls, or parked vehicles
near the traffic lane reduce the effective width of a lane and thus result in reduction
n the capacity of lane. Further, restricted lateral clearance effects driving comfort
and increases rates. A minimum clearance of 1.85 m from the pavement edge to the
obstruction is considered desirable so that capacity is not affected adversely. When
the distance from pavement edge to an obstruction decreases to 0.73 m on one side

only, the capacity decreases to 96% and when this obstruction is on both sides. the
Percentage further decreases to 80% of the standard design capacity.

(i) s T ffic lanes as
) Width of shoulders : Narrow shoulders reduce the effective WIdETi:;iﬂﬁ i

the vehs yement.
. chicles travel towards the centre of the p@ ) has to park on the

(iv) i
hicles like
wlhe same lane s We!

B - 100, .
Ommercigl vehicles : Large ool
cummﬂr:iai vehicles may travel at

Elﬂa'ter space and influence the other traffic in
Im: § the adjoining lanes. Also these hea¥y

°r Speeds especially on grades.
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If the alignment and geometrics are not upto the desireq

(v) _-[h_fﬂﬂiﬂﬂ'ff ~rease F;{ﬂifulﬂﬂ}', restrictions to SEEht ﬂiﬁlﬂnﬂﬂ
E s

l::lp;ll:it}l W IH d

o

I-:.Jr-:.l.l—-.!'_"l-i.'lq '::- : .

- l .
E?u:;crii:;n:i?mth has sub-standard OSD, the capacity decreases tq ﬁi%mﬁ?%:
0 i THAF a1 2 '
ctandard design capacity. _ | ol
(vi) Presence of intersections al grade : Intersections restrict free flow of Hﬁfﬁt@
Vi ‘ :

thus adversely affect the capacity. The capacity of an intersection of two

| ill be
crossing at grade will | .
At signalized intersections as the vehicles have to stop alternately to aljow

raffic. the capacity of the intersection will be further decreased. In order ¢q

slightly less than the road with lower capacity of R

I'1,‘ ;|

iy

||'-.

:

'.'h' :
| |

consistent traffic flow and maximum capm:it_}f on important higi.]wﬁ},_s‘ s |
to plan them as controlled access highways with grade separated intersections. n_‘ﬁ;ﬁ_ﬂ:

g 3
N
i)
|_'
==

(vii) Other factors which affect the capacity are the stream speed, one or two way “’ﬂﬂh

~ovement. number of traffic lanes, vehicular and driver characteristics, COmPposition

of trafTic and the traffic volume.

Design capacity and level of service

attained at particular optimum speed, the flow decreases at higher as well as lower speed

I. I-.I‘I'-

The capacity flow or the maximum possible flow on a roadway or a traffic l&nﬁg

values as shown in Fig. 5.11 and Fig. 3.18. Capacity flow is TFEEhEd when alllh&
vehicles flow as a stream at this optimum speed with no opportunity for overtaking; at

this speed the level of service is considered to be fairly low when the volume of the road
reaches the capacity or the volume to capacity ratio approaches a maximum ,-

value of 1.0,
VOLUME TO CAPACITY RATIO, *j‘t —
o0 (= | O o8 Ol i B
{1 L= T}
L
I
d
L m o e =% 6 E § woE b I
i : 1 5
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i i L
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Fig. 5.11 General concept of level of service

Factors to be considered for the evaluation of level of service of a roadway

comprehensive manner include the operating speed, travel time, traffic int
freedom of manoeuvre, driving comfort, safety, economy etc. However, o

simplify the level of service concept, two fact ; o hway
Manual (HCM) are : P ors considered by the High _

ke,
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reqQuiran, ¥
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. io of service *
(i) the ratio * ¢€ volume to capacity 9/qc and
(i) the operating or travel speed,
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evels of service fall to decreasing values of B, C.D nities mFuvm decrease a0d the
arrivals causes_furm':; ﬂﬁﬂﬁﬂﬂt In stream speed as wel] as in urther, increase in vehicle
undue congestion and the lowest level of service F when forced flow conditi ;

The stream speed Hnd+lhf: flow decrease to values much lower than ﬂ;ﬂ nditions :;ﬁ:.
condition and there will be practically no flow dye 10 . capacity flow

density attains the highest value or the ‘jam density" as at a *traffic jam’.

While desigming the roadway facilities, care should be taken 1o adopt an appropriate

value of design capacity, keeping in view the desired level of service. While plenning

and designing higher categories of highways, it is o0 3onm: desd g
values corresponding to high levels of service. —— opt design capacity

passenger car unit (PCU)

Different classes of vehicles such as cars, vans, buses, trucks, auto rickshaw. motor
cycles, pedal cycles, bullock carts, etc. are found to use the common roadway facilities
without segregation on most of the roads in developing countries like India. The flow of
traffic with unrestricted mixing of different vehicle classes on the roadways forms the

heterogeneous traffic flow or the mixed traffic flow. The different vehicle classes have a
wide range of static characteristics such as length, width etc. and dynamic characteristics

such as speed, acceleration, etc. Apart from these, the driver behaviour of the different
vehicle classes is also found to vary considerably, Therefore the mixed traffic flow
characteristics are very much complex when compared to homogeneous traffic consisting
of passenger cars only. It is rather difficult to estimate the traffic volume and capacity of
roadway facilities under mixed traffic flow, unless the different vehicle classes are
converted to one common standard vehicle unit. 1t is a common practice 1o ':““Eid_ﬂ ﬂ“
passenger car as the standard vehicle unit to convert the other vehicle classes and this unit
is called Passenger Car Unit or PCU. Thus in mixed traffic flow, the traffic volume and
Capacity are generally expressed as PCU per hour or PCU/lane/hour and the traffic

density as PCU per kilometre length of lane.

The PCU may be considered as a measure of the r:laﬁt.ﬂ: space ;n;u;drirzml of a
Vehicle class compared to that of a passenger car under a specified set 0 y, traffic

m A | . narticular class in the traffic
“nd other conditions. If the addition of one vzhlciﬂ_ ?:nﬂu‘t'unﬂ passenger car, then that

| - ith a PCU value equal to 1.0.
ﬁh‘ﬂﬂ class is considered equivalent to the passenger ¢ar W . of the capacity of 3

. ] ! rat
1' ¢ PCU value of a vehicle class may be considered al‘.*mﬂ.;nt‘ the same roadway when
Y3dWay when there are passenger cars only (0 the capacty

there are vehicles of that class only.

ictors affecting PCU values |

lthhE PCU values of different vehicle classes depe
Y are listed below :

1 upon several {actors: Some of

'-"_I—I—.- : - ._._. |.I - H
i bl B e ™ . ol =l .
& e |- - ' i -,
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LIS such A8 diﬂ‘lﬂl’lﬁitﬂ'lﬂ.. pawer, SF'\"E‘IL H-Efclmﬂun i g
- _i.n 5 ¥

L \’Ehir;lﬁ- o

I 1
r
o
.-._;_. L 1
L

u.f-umdnml gaps ot n:h.‘.'qlmnf'{s between movin
Transverss 3N e l%rwdi. driver characteristics and the vehicle Classeg
- N

i) . _
l Jepends UpNa % L the
adioming SPRE ""3

as composition of different vehicle ;;hsﬁ‘. g
werion of the mixed traffic stream, volume to Capacity fatig etg

Lerictics such as road geometrics including gradient, EW'- £

o = |
e f .
-
rI -l
!
- =
-:-
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& :

(iv) Roadway chas

aooess controls, ~ral or urban road, presence of intersections and the WPBE-

i;::‘:;i-:ﬂiﬂﬁi- . - :7% :
vy Regulation and control of traffic such as speed limit, one way traffic, M%

3 Yarent traffic control devices, eIt B
(vi) Environmental and climatic conditions. -:&_h

e the PCU value of a particular vehicle class may not remain a constant yajye

as g::::;‘:tzssumaﬂ The important factors taken into account for a simple Wﬁ_ﬁ |
Plﬂ] values of different vehicle classes are . . ?_q
(a) average speed of the vehicle class under the prevailing roadway and Inﬁ i
conditions within the desired speed range. 15 |
(b) average length and width of the vehicle class. ;:h

-
wwerace transverse gap and longitudinal gap allowed between the vehicles of the

(<) . | | > of e
same class in the speed range under consideration, during compact stream flow.

u.“:} .il;.ﬂ,"' "

Rased on the above factors, three different sets of PCU values have been wm'kn&_g .

.:--: |
S )
I-._ E i

for :

(i) urban roads, mid block sections
(1) signalized intersections and
(11i) kerb parking.
These are presented in Table 5.5 (See Ref. 24).
Table 5.5 Suggested PCU value for urban roads

| PCU values of vehicle classes at .

] ..i Vehicles class |(i) Urban roads, (ii) Signalised | (iil
* mid-block sections intersection

: [

ERCTETITE M s T
. W—

|

| Auto rickshaw

. ' Two wheeler
Lautomaobile

da a1 ]| —

H: :

| 02758

pedal eyl |07 o4 [0l
6 Bulockean |46 35 |12

G lfadan |46 | 37— =
The Indian Roads Congress has given set of tentative PCU values of Eﬂ“f_ .:_ ” :

Factors for rural road in even sections of plain terrain (Ref, 22) and these areé P* Factofs
Table 5.6. However the IRC has suggested the set same of tentative Equivalency * 'f—';;i

" T -

for use on urban roads also (Ref, 23). Bickr - L)

Y o010
e AF

iy B !"- ] :_ .'-...-'.
..FJ:'.I. [

/]

oo O

T8

< o
NO. 4 —— Vehicte class 3 Baurvaiangy |
_1._| PasSenger car. tempo, autotickyhaw, aeriialio oy o b LAY
Bus, truck. sgricultural tracor 1 fer “fl’ Cultural vacte |
_Moe ‘MME{;]; N ho
Cycle rltﬁhﬂ“‘r e e e ; ] rf a

| 4.
r z Horse drawn vehicles
t

Sl - ___-h"-__'-'__-"'---—-—-.__._____"______'___l - ’ b - l..— S

| Small bullock cart and hand can e e A
—eandcan _L

7 ¢ bullock cart e ———— O ]

- e, [ Sl

practical Capacity Values

The pmclitai Eﬂp:ili:it}-' values suggesied by the IRC for the
different types of roads in rural areas are given in Table .7

Tentative capacity values of urban roads (mid-block sections
suggested by the Indian Road Congress are given in Table €8 between miervestiess

Putpose of denige of

Table 5.7 Capacity of different types of roads in rural areas

A —— S ———————— e S —
Capacity PCU per day

Types of road

: (both directions )
Single lane with 3.75 m wide carriageway and T S
normal earthen shoulders |
Single lane roads with 3.75 m wide carriageway Wy :

and 1.0 m wide hard shoulders

it
Roads with intermediate lanes of width 5.5 m and S000 |
normal earthen shoulders |

Two lane roads with 7.0 m wide carmageway and 10,000
earthen shoulders. i
Four lanes divided highway (depending on traffic. 20,000 to 30,000

access control, ete.

Table 5.8 Capacity of Urban Roads

Na. ol
Trathic lanes and wadth

Twalane |70 - 7.5

Twn lane (7.0 - 7.5)
Three lane (10,5 m)
Four lane (14.0 m)
Four lane (14.0 m)
Example 5.9 i i 34 3 strERM
' X ok oe Wi Ha .
Estimate the theoretical capacity of a traffic MH:‘::! vehicles to folive O ﬂh‘i

;ptm of'40 kmph. Assume the average space g3p ¢ is the .'\w ecactsim e = D
¢ = 0.278 vy where V is the stream speed in kmph.

6 assume average length of vehicles = 3.0 m.
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Salution = db ket 0,7 sec; L=50m e
5 = [LE?E Vit+L= ﬂ-l?ﬂ = 4[} » ﬂ.? + 5lu 2 Ié :._‘ _:-
. looov _1000xd0 . Ty,
Theoretical capacity € = S 1278 30 thIE!Eyhnur ]
Parking Studies

The demand by automobile users of parl’-:in_g space s one of the m j
highway transportation, especially in metropolitan cities, In industriaL

residential places with multi-storeyed I::uihfli_n:g,s, pm_*l-:.ing demand is pargiot
Parking studies are useful to evaluate the facilities available. c“"'f‘ys ;

Various aspects to be investigated during parking studies are : -
i

(i) Parking demand : The parking demand may be evaluate by different m¢ﬂ1- e
of the methods 15 by making cordon counts of l!‘!ﬁ selected area and n ::ﬂﬂl;k!...:
accumulation of vehicles during the peak hours by subtracting the ““tﬂﬂim:

from the traffic volume entering the cordoned area. e
—~H]'s
One other method is by counting the number of vehicles parked in the mﬁi
study during different periods of the day; this method is useful when lhﬁpﬂi‘
demand is less than the space available for parking. By noting the r:gm}ﬁh
number of each parked vehicle at any desired time interval (such as 30 minute, oge
hour, etc.) it is possible to estimate the duration of parking of each vehicle athe
parking area. Another useful method of field study is by interviewing the driversof
!Jarked vehicles, shop owners and other vehicle owners in the locality. This method
Is very useful when the parking demand in the study area is higher than the pﬂﬁ ':

space available. - 1a
i, |

(1) Parking characteristics : The study is directed to note the present parking practicts
En‘vﬂlcmifn Ihn; area under consideration and the general problems in parking. !ﬂﬂﬂ?
erb parking, it is also necessary to study the parking pattern, interference to smooh

=

flow of traffic and the accidents involved during parking and unparking operations.
(W) Parking space inventory : The area under study is fully surveyed and a mapi-

prepared showing all places where kerb parking and off-street parking facilities 41

may involve property damape |
r" i sl & . I
objectives of trafTie EnginefrinEpFrsnnﬂr Tiuries or even casualities. One of the
cannot be 1 -
measures, m:i::li'hdeﬁﬁ;?md’ but by suitable traffic engineering and m
€ can be decreaseq considerably. Therefore the traffic

) ystematic accident stud; : . : |
.[ak'? Preventive measures in terms of dedsli; 'O investigate the causes of accidents

tively decrease the accident rates.

(ii1)
(iv)

(vi)

' and control, [t js essential to analyse £
IS¢ accident records. The statistical ’:i
ritical locations or road stretches of Zﬂ“

TRAFFIC CHARpQr ERISTICS
he various objectives of the Bccident stugies it 193
I .
(i) 1o 5“']{!}' the causes of accidenty gng o isted ::1.
ocation, GBEst corrective reatment at potentia!

(i) 1o evaluate existing designs,

(o support proposed designs_
(v) tomake computations of financial Joss. ang

Causes of accidents
There are four basic elements in a traffic acciden: -

(i) the road users

(ii) the vehicles

(iii) the road and its condition, and

(iv) environmental factors-traffic, weather etc.

The road user responsible for the accident may be the driver of one or more vehicles
involved, pedestrians or the passengers. Vehicles involved in the accident may also be
defective. The condition of the road surface or other existing geometric features or any
of the environmental conditions of the road may not be upto the expectation causing an
accident. To sum up, an accident may be caused due to a combination of several reasons
and seldom due to one particular reason. Hence it is often not possible to pin point a

particular single cause of an accident.
Various causes of accidents may hence be listed as given below

(@) Drivers : Excessive speed and rash driving, carelessness, violation of rules and
regulations, failure to see or understand the traffic situation, sign or signal,

temporary effects due to fatigue, sleep or alcohol.

() Pedestrians : Violating regulations, carelessness in using the carriageway meant for
vehicular traffic.

(€) Passengers: Alighting from or getting into moving vehicles.

(d) Vehicle defects - Failure of brakes, steering system, or lighting system, fyre burst
ind any other defect in the vehicles.

) Road condition Slippery or skidding road surface,

damﬂged conditions of the road surface.

N Road des; n * Defecti :« design like inadequate
‘ ctive geometric AeSIgN Has EEEEAT
R design, ImMproper ligh

pot holes, ruts and other

Width of shoulders, improper curve
tontrol devices.

8) Weather ; Unfavourable weather '-‘rﬂ“d‘
"eavy rainfall which restrict normal visib

tion I :
Jity and render driving

) Animals . Stray animals on the road
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e el accident studies are collection '-'*H “ FIZ. S 12 Laegena 6o S0l Mo
W ene

SEUEL Lk k- . - o=
anety focation file ana JIARTAMS, And ;'l|"-["|h_‘;|U"*T'|- of [h.!." aﬁﬁfp‘il P N Condition r,a"m,lfr.-.lm A Coftid in o ATTAN 1 PR .

| | 7 ymportant physical conditions (f an e uj;l"r:.t .*fnl: JTM_'T": i-—*‘l_u‘.r-’-::-:, .:ar,,_.- 1:-

et & EE;IIl.lIFE Etncrﬂ:l? I“h‘: Sow n s diagram: WA wvabls A -T,-'-?:q':_-.-;-': ;,!F-HE";:

there in an roadway [imits, curves berk K, BOARRL, cufuerts tmass and o it

'Hr r"-}“d“’ﬂ}" Eﬂn{lﬂinnﬂ* ﬂhﬁh"uiiil,'m in 1'1..!‘““. :'i'rf.ﬂrﬁ'r I':'].L-. Fiis AR Wy~
[here are standard symbols used in ShOWINg varleas deraily T oo i
collision diagrams may be comhined Ogether in 3 singde shesrs o o e

ollecton of secident data is the first step in the acciden Etudy
Nocting the data are prepared, as suggested by the IHC'{EE&&&:

-
3 5 " = T 1™ !
--l!'-— -: '.II -I.- .;.1:! I-il-l.ll-:- L1 FL .l

allected are brietly mentioned here. i

The details to be &

. . ; _ i hl] i*ﬂh'-l-'.qjﬂ" cflﬂﬂfﬂm i Th‘ES'E are d:rﬂg;l"irl‘ﬁ Shmﬂ!g the "’;Fr':f_“ﬂh?!!ﬂ' :ﬂ.!"' poF i it
Date. nme. persons involved in the accident and their by YT

and pedestrians involved in the accidents. Collision diagrams are ot wseful 4
compare the accident pattern before znd after the remedial measures hzve Deen

= i
'S | f_'l“?ll..l'.-ll.llr

F _ ; .
classification of accident like fatal, serious, minor etc. =
r : g f’ I ~ f' 1 : |:-_ ;!I ™ [E]':E-Tl.
(Y [ocarion HESEHFHEH and detatls of the location o accident. AR | - ; :
| L i g A typical collision diagram and symbols are shown in Fig 513,
(2} Details of vehicles imvolved ngistratmn number make and descripﬁnu'vﬁﬁ
-'-'_|:_" ' .

vehicles, loading details. vehicular defects.
— TR vl ] el A

- Shialss
(d) Namre of accidert : Condition of vehicles involved, details of cuiliﬁi&% e e i
" e ‘s we @
[ :_ 3 |

pedesinians or objects involved, damages, injuries casuality etc.

- MDTLTERA

: : N, _IE:I'.. _ ’
(¢} Road and rraffic conditions : Details of road geometrics, whether the road i oo [P Tp—
straight or curved, surface characteristics such as dry, wet or slippery etc. Traff A emo
‘ condition - type of traffic, traffic density, etc. 5 ; | ?:, -" —— AR e (R Lmon
(1) Primary causes of accident - Various possible causes and the primary cause of th | L__ —— = =
accident. - SR, I ATV o 0 Courin

|

i d Symbols
Fig. 5.13 Collision Diagram an T
may be carried out scientifically in the

2 "‘""‘-’f“"ﬂ‘"{" costs . The total cost of the accident computed in terms of mm
various involvements like property damages, personal injuries and casualities.

(i1) Accident report

Accident investigations and studies therefore
following three stages :

Accident Investigations
Analysis of Individual Accidents

Statistical Analysis of Accidents
Accident investigations
The scientific approach for

(1l1) Accident records - Lo d

nme];h Z:t:?[isdtﬂ_!r:cﬂrdsf;r; ibeKined giving all particulars of the accidents, :.!“1 : -’z'*’l-“.-’-f-
o 1€ records may be maintained on files, spot maFS
collision diagrams and condition diagrams, W g ol jpestio L

(#) Location files ; These are useful to Keep a check on the location of acnidﬁﬁﬂdﬁﬁ%

accident investigations
a mobile

Ident) ints of hi i ik
ﬁg ;; - ;:al;:::Ehr;’:;:i:;;:::fk"jlﬂ-‘;;ucalinn fields should be "ﬂ!-.'l,__ s *Ummarized below. It is suggested T?;;tmm:nu (o measure e
Ve Jurisdiction e City. A bus equipped with essential § rics, skid resistancs |
X fFaLnT:P : h ecident location spoy maps show accidents by SO Fﬁuﬁh vreath, reaction time and other dﬁwﬂ!tﬁ::;r fort O e
ot o ot o s ] =00 0 0% Tl | 2 i e s S 1
=0 10r's accidents, The ' gpot map= & Which shoyld e accident spo ic of
piven in Fig. S.12 T e Degeri tived P 9% it g’i | ‘"‘-’tstigatinnsr;:ithhf carried out to enable analys's

- .:EE!'I.F_
|
ary 41 TLE

. *.l | ] ‘* ‘ : s - .I - .I - L ]
m = - i = is
| ; a P T = 59 i
= =

g | e
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weral Observanor 1S

| (e .
(i) Recording ¢ length of skid marks due to partial and full skidgjp,

Measurement - tante |
(3) o the relative positions of vehicles and objects involveg
in

(b) ;ﬁ:ﬁﬂ :ﬁﬂ gram suppltmmtf‘j with phntﬂgraphs.

~cident, injuries and damages A
ment surface, shoulders and other surface (hyqu s o

-
Ly -
el =
oh 1

'] i 1

the accident have moved; environmental condit; unlgl;: r.'i_ JE
lions,  “HEiSe -

(c) Details of 8

4y Condition of pave
& vehicles involved In

j N |,.-:|' _I'I'llll;-_ -"
. .l 1 L
.' ll..

. ] . . Iy 1.
(¢) Conditions diagram of accident locations with relevant meas 5 ’“":-’;*E' 3

| M. B T.i
el T

dimensions. LT T

T
o |;.|..—|..

| 1
F e -l._..'. g i -

(i) Driver Tests
l"".":- L

(3) Analysis of breath of drivers involved In jthe ::'lccident for alcohol :ﬁﬁﬁ;{t[
suitable breathalyzer; if alcohol consumption is indicated above a preseribe: . t
collection of blood sample for further analysis in a forensic laboratory). In ca mit

driver is dead, tests may be conducted on the spinal fluid for estimating the - .
content, if any, VT L

S
B

(b) Tests on driver characteristics such as reaction time, distance judgement '
clear vision etc. If the accident has occurred during night, glare vision and g
recovery tests are to be conducted on the driver in addition to the above tests,

(iif) Skid Resistance of Pavement Surface

The average skid resistance of the road surface along the skid marks

measured under the prevailing condition of the surface soon after the accident,
portable pendulum type skid resistance tester or any other suitable equipment, -

(iv) Vehicle Tests

(a) Tests on the condition of brakes and steering of the vehicles involved.

(b) ;Zs]t;:z: essential accessories and general condition of the vehicles involved in

ll i :.-q o : II. : .. :. a ;. [l : 5
T e e L e
. T. 1-.4 L - | i ¢ e -
"I_u" L i ;- L Te - T o - { = __- B o™ ' T8 _. E

e vehicles and other objects m'mhﬂ
members. 3

(€) Characteristics and details of dents on th
the cross section details of the collapsed

(v) Probable Causes of the A ceident

Assessment of the probable causes

the a:cidem,l Its type, site conditions p
and other existing conditions. |

(vi) Cost Analysis

Estimation of -
e the cost of accident by working out the cost involved for the fn_l oW

B

O ot

R
R

L

i,
S

-
""l-r'.il'll: ? _1
1

L |

’ i _

(Primary, secondary and contributing caus
Osition of the vehicles and other objects mﬂ?«:

i

=

() Injuries and fatalities of persons involyed
(b) Damages to the vehicles s
(¢) Property damages =S '__',"_.__-
(d) Other consequences -

including traffic del
(e) Investigations and legal proceeding ay

TRAFFIC CHARACTERISTICS
Stﬂﬂiliﬂﬂl analysis of accidents

The statistical analysis of road aec;

measures 10 decrease the accident rate ; thys the

The accident rate may either be expressed in terms of the number of vehicles and

pulation of the vehicle movements (in vehicle-km) and the - -
ﬁ:idem rate may also be expressed in terms of various factor nfﬂf""i"'"“' oy

accident-prone stretches of different roads may be assessed by finding the accidem:

The reliability of the statistical analysis of accidents depends mainly on the reliabil;
of the accident data, obtained from the accident records. d ty

Analysis of individual traffic accidents

Each of the road accidents is amalysed by the traffic engineer to draw sound
conclusions. It is necessary to compute the original speeds of the vehicles involved in
various types of accidents. Some of the typical modes of vehicular accidents are -

(i) A moving vehicle collides with a parked vehicle
(i) Two vehicles approaching from different directions collide at an intersection
(iii} Head-on collision of two vehicles approaching from opposite directions

(iv) A moving vehicle collides with a stationary object like an electric pole, tree or a
rigid structure.

The method of analysis for accident type (i) and (i) mentioned above have been given
below, as these are quite common type of accidents.

In order to simplify the analysis, some assumptions are made as discussed below:

(1) When skid marks are present, the skid distances are m amt:'mﬁ;d ?hmﬁﬂ
braking distances and it is assumed that 100 percent skid 'ﬁ“ without the brakes
marks are not at all visible, it may be assumed as a free collision,

being applied.

I : e, if it is
(i) When two vehicles of masses my and rn_h.wlth :; :::;::n:::-:::‘w!‘:th A
assumed that both are perfectly plastic bodies, both W

same speed v* after impact and the relationship is e Y
(M Vg + mpvp) = (ma+ M)V

If both the bodies are perfectly elastic, the
relationship is given by :
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The 1mnact of e shicles ooy be eithed d]n"ﬂ or nh]lqﬂﬂ'. al a knﬂ'\-'ﬂ'l.ﬁn-':"i i' e - AN Ihl Al callision with 'E-Tﬂtl-ﬂ'ﬁﬁ:r? Vihie e n *—'ﬁ"’-'."-!gll,';" u
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vy The fiction coefficient of the pavement surface under the Prevailing condis it e - gpeed v3 M sec. Here a perfectly plastic MRALL It aupmed witk « o A
ditid & _.

pither he determinad from field test or be EUitﬂh!:‘f‘ ﬂﬂﬁumﬂ'd. HﬂWﬂv& . Ili' ! T et e § Eﬂd i 15 Eh’f‘ﬂ h':!’ the maomentum rqu.ﬂ-ﬁﬂr | e Yot
coaffizient is 2ssumed to be uniform throughout the skid. ' ; 8
L W
) ~ . i -—"""u- : 'H"E =x ) w-l. L WE_ : w - w
Anzhvsis of speed from skid distance - g o ¥yorep ~-""w - S
| = . — A
The basic equation for finding the braking distance or skid distances S for a ek YT substituting in Eq. 5.8a
“T.";f';f W o slow down from EpEfd Vi 0w m'sec 15 ﬂhtﬂiﬂﬂ'ﬂ h}, ﬂflllﬂﬁn'ﬁﬂy_-'" I.':'-."i_._.‘_;l
n Kinetic energy with the work done against the frictional force j.e S A 2 Wa + W )
Wy . T ‘,Irl i ) A E b 5
‘ ey W 3T 2ghS (% B3
W 3 2 T A
==y ) = LS
-£

(c) After collision vehicles A and B skid through distance S+ before coming 0 3 sop
(velocity v3 reducing to v4 = 0). The relation of v3 in terms of S; is obtained agxin from
Eq. 5.9

where Tis the average friction factor or skid resistance developed.

vit = 2pfS,
Substituting v3 in Eqg. 5.8b,

Ve -y
S = I =V3
254 f

{35)
i = Vizers In kmph units,
In kmph units.
: Vi (3.18)
Vi= Jvi+2545s
If the vehicle co i
MES 10 2 stop afier the Where WA = weight of moving vehicle, kg

Wg = weight of parked vehicle, kg
[ = average friction coefficient

S| = initial skid distance before collision, metre
together afer collision, MEE
S o Sy

Suppose a vehicle . | |
S A, mov : '
application of the | e :;:?E With speed V1 m/sec skids 3

ides wi th tance Sy afterthe
wcr u"ﬂ’l.lgh 2 distance Ezh::: with H.Pa-rkﬂ'd vehicle WD Crakieg 2! m 5'1 e
initial speed of vehicle v ore coming |

B and the two vehicles K

0 a stop. ‘o 1o octimate W

m/sec or V, kmph P- The problem is to ﬁﬂﬂ'ﬁF i . it
: (4L rEHL S| = 0in Equation 5.9 and 5.

T

1\ LRI B
I|-|

o i L
Tl T i

T s s T g e R o e g g Bl R W | Sy e S e
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s ; |
Erample ¢ eight 20 tomne ckids through a distance equal to 4¢ m } .Jr'-’%’..f‘.--:? < VI ™ 256 misec
ine T‘:Tttmt aqual to 12 m before SIOPPINE. - *hiclg b URPINEA VIR 28 x 258w kmph
thrinad 3 Wi _ ) C T | s el i
| oo . ./ il i) By using Equation 5,10
Compate the initial speed of the moving vehicle. Assume coefMicieny u!'._; ‘Fr-.;;' Z' M.ﬂrhmf (
Solution T
VMethod (i) By Steps . e
This problem may be salved easily in three steps without using the Eq. 5.9 gp gt = [254x0 |1[1]1 +40| =922 kmph
Let the original speed of the vehicle be v m/sec., reduced to v, mfltth? 3 . 2 2
hrakes and skidding through s) = 40 m; just after the collision, let both vehicles | *' | a0
o (ase

start moving together with speed v3 m/sec and finally stop, v4 = 0, after skiddine e,

distance 53 = 12:m, = 0.5. A rwo vehicles approaching from right angles collide

e : . :
s} AF ei T Two vehicles A and B on approaching an intersection are assumed to skid
fal After collision gL application of brakes; they collide with each other and skid further in different directions e=
Loss in kinetic energy of both vehicles together = work done agcinst frictional f&g faa- . illustrated in Fig. 5.14 (a), (b) and (c). The direction of the skidding vehicles after
@ T oy G collision in this case depends on the initial speeds of the two vehicles and their weights,
L2 {._:Ehl “3-_{‘1} = (Wy+ Wyt s i 1‘;':
=K | l
2 3 1 B
LT - |
E "' ﬂj X I.r_ |

or vy = -JEH?'.H::{}.E::II = J117.6 m/sec

Momentum before impact = momentum after impact
(WI+Wh}1lr3 L o
W3+Wh 2+] B -

Le..

|

o
i e—

3
2

5

- (W+W,) 3

V2 = b == JI17.6 misec
|

fc) Before callision

Loss of kinetic energy =

s (vi® = v3h

% T Waxfxs
: | .h_.ﬂ:. L Al
T s +v =298 x0.5 x40 + -i— x 117,65
= 6566 5
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Viy ” J2541 5p2

he vehicles just after collision may be found

um of : 4 USing the
T 4 5.12 and these resolved in the original direct; i

values from Eq. .11 an

i ol 4
he two vehicles. As per the assumplion, the lt‘mmﬂ‘llflm before collision jg t&ku::nﬂuﬂ of
he momentum after collision. For the three cases ﬂ:l“rlght angle collisjop s;quﬂw
Fig. 5.14, the speeds of the vehicles just before collision, but after Ekiﬂding oWn iy
Jistances St and Sgp i.e. Va2 or Vi are obtained by the relations given below for
three cases | [h,
Case (a)

Vaz = m Va3 Sinﬂ—\fm cos A
- i
VB2 = E‘“‘— Vazsin A+ Vgicos B el
Wg (3 Mjﬁ
Case (b) | 74 4
W -
Vaz = Vascos A+ —= Vgjcos B 615
W |
Wy | _
"l'rﬂl e V,ag sin A + vH3 sin B _ (-i]ﬁ:l
Wp : St
Case (c)
Va2 = VascosA+ Mg Vgacos B (5.17)
Wa
W
Va2 = ‘w_: VA3 sin A - Vpy sin B (5.18)

The original speeds of vehicles Vai

using Eq. 5.10 to slow down a vehicle from speed V) to V> in distance S.

LE., vt - "254 f5|+‘t"'§ {ilgj o

I;nd."

the values of original speeds Va

V .
Bl have been presented in the form of nomograms for f = 0.4, by Khannd i

co-authors in Ref | r

Example 5,11

collide with each other.
West and vehicle B, 60°

and Vg before skidding may now be calculated

. ” ﬂf .
' .]?'If:l: A skids in a direction _5ﬂ ,riunhdﬂ

IRAFFIC LTIIhHAEIIiHIE'HE‘i

spectively bef, ish 5
g and 20 m respec ore collision, -

. "l'-l:h - IH'CI‘ sl
E::uulm: the original speeds of the vehjc)ey m"::::r:i mf' A are 61 H*:T afe 14
s (pund 10 he 0.53. 2 $Kid resi it
Hu]uliurl ent

vethod (1 By Steps

B . . ¢ final speed :
::-:m s 10 @ Stop IS Zero; after skidding through further g4 - When the vehicles

c=0.55 (Refer Fig. 5.14 a).
@) After collision

Loss in kinetic energy of each vehicle = work done against skid resistance

. Wy vas®
For vehicle A, 22 = Waf Sp
ve YAS = -.IJZEFEH
= 2x98x055x15 =127 m/sec
Similarly,
Ve: = +/2x938x0.55x36 = 19.7 m/sec

(h) At collision

From Fig. 5.14a, equating momentums before and after impacts after resolving the
momentums along West-East direction,

WA :':"I'M't'n = ﬂsinﬂﬂ\*ﬂ]mﬂ.mh“vﬂ
5 £
VA = ] .sin B vy — VA3 c0s A
W

= % Gn60x19.7-127xcos50=174m'sec
4

P‘““h'i“E- the momentums along South-North direction,

: W B
Eﬂxvﬂl = F—i\’ﬁlﬂ“ﬁﬁ-f‘vm#
g £
VB2 = _E&l?ﬂﬁi“"**'mcﬁﬂ
B
me:lﬁ-;‘w

n :'I_ ” 111E5m5ﬂ+19.
6

ey N I g - ey .
- e - Ty I.. —- - =
- .: Bk ...-.. l.- = = - _.L' L 1I .
= i

e o e
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N R 205
e andbiehue T s =4 9 BInal speeds of |
8 m- to brake application = work done against brake 14«‘&;’ 1|1|1|i¢;-.|mll of brakes are 96 and 79 knyp), Fespectively, Phicles A and 1 before the i
1 ass i kinehe ¢nemd Jie i "’I"P“%'h&_mp ' :
\ e feasures for the reduction in accident rates
W, D want) = Wa.f.Sa | -%" |
- _'?_5_ (va)~ — VA2 ) A :_5" | The various measures to decrease the accident rates may be divided |
- 2 rr'ﬁ:‘ﬁ; - 1'|1r.:~t:rll'lﬂ €U into “'l":'l': Eroups !
yat = 28TSa1+va L R
2 7] I'"%E?{ _ l] Enfﬂr':lsznl I
= Ix98x055x38+174°=7124 g ( : ;
var = 26.7m/sec, Va1 =26.7 x 3.6 = 96 km o i ¢ measures are generally { “IEN . [
ph ut '.!i&;f:;, r ﬂl;iﬁ;l:tﬂ E Y termed “3 EI . The dﬂ:ﬂ.’llﬁ of these m o
Simlarly: © SRR given I
- ERES - o e N
Ve~ = 2efSpr+ '-*El:!: =2x9.8x0.55x20+ 1642 :i Engineering Measures i |
) Vs () Road design : The geometric dﬂsign features of the road such as sicht dist |
484.6 {{‘ «idth of pavement, horizontal and vertical alignmenl design details am?h imun:::;:::. i
vy = 22m/sec, Vg =22 x 3.6 = 79.2 kmph . E—!' design clements Are checked and corrected if necessary. The pavement surface |
e characteristics mf:luﬂlﬂg the skid resistance values are checked and suitable maintenance t
Method (i) By using the equations Fﬁ sieps taken 10 bring mtmlhrzptr.; the f:li_ﬁuf%n standafds, Where necessary by-passes may be s
o PRI ora ~ onstructed to separate through traihic from local traffic. To minimise delay and conflicts i
Vas = (Z41Sy; = VZ54x055x15 =458kmph | J  merectionsorfiyoves | |
e | (h) Preventive mm:nrenanc:tf of vehicles : The braking system, steering and lighting B
Viay = "254 «0.55%x36 =709 kmph : .‘;i; - mmgﬂﬂi‘lﬂ[’l[ﬂ: ﬂf[\"’ﬂ!'ll:l-'lfﬁ E;]}';ﬂg_ﬂﬂ thﬁll'?ﬂdi %ﬂ}" be checked at suitable intervals and i ‘u% -
| o = heavy penalties levied on detective vehicles. These measures are particularly necessary "
Using Eq. 5.13 and 5.14, speeds of vehicles just before collision. "ﬂt’ for public carriers. | ql
Ves = VB _ ; (c) Before and after studies : The record of accidents and their pattems for different l EI‘
Al W. VBasinB-Va3cos A 1,5 A locations are maintained by means of collision and condition diagrams, After making the E
A < i necessary improvements in design and enforcing regulation, it is again necessary to 11
6 _ T f-,?:ii.'- collect and maintain the record of accidents “before and after” the introduction of ¢
T 70.9 xsin 60 ~458 cos 50=92.1-294 © preventive measures to study their efficiency. A typical example of before and after | } |
i i study at an intersection is shown in Fig. 5.15. | i )
= 0l JERS . _ ~ : 4t 1
Fh e e (d) Road lighting : Proper road lighting can decrease the rate of accidents ﬁ“}";ﬂﬂ ’I: -
Ve = A y... A 4V o night, due to poor visibility. Lighting is particularly desirable at Intersections, briége B
Wy 2o B3 cos B - § ‘tesandatplaces where there are restrictions 0 traffic movements. E
4 J*.iﬁ Enforcement Measures i '
= — x458si I . idents at £
6 .30+ 70.9 cos 60 S The various measures of enforcement that may be “ﬁffulﬁ F’::‘::-E from timgT:; il
= 23.4+35.5=58.9 kmph T ., ccidents are enumerated here, The molo YRR B
. o h - T '[n - - 1 Z
Original speeds of vehicles before application of b : 5 IF .?;‘,;f.*' . ake them mors comprehensiys develop corect speed habits o &
N of brakes are obtained using Eq. > ”H.;; tha} Speed control : To enable drivers of husﬂi;tﬂ e Also surprise checks on e
Var = Jasers o3 2 ﬂ_f EPQGTHEIETE may be fitted so as to gIve the mﬂ: ?m at selected \ocations and timings Al '.
AT AT JE:‘T j ' speed of all fast moving vehicles should be do should be taken. |

" legal actions on those who violate the speed limI: re-designed or signal system be

Il
)
L
L
x
=
L
1
x
s
oo
+
o
N
o}
()
i
“..!-ajllt

() Traffic control devices : Signals &Y %€ T, e like signs, markings Of
Viai = ml]'ﬂdu:,:d if nec Simﬂilﬂ}’ proper traffic contro ' .
':'hﬂ-l'lntlizin ' found necesser

g islands may be installed wherever

: y - M _-_.lll__l B ol ¥ i = I
| 1 # iﬁlr|||r'- el T
whaa B
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:tud:r' groups of trained PErsonnel, a
whether the traffic regulations are py;
the essential regulations, The Study

recessity of revision of certain traffc regulat

Ed;,.-;mfanaf Measures

(a) Belore
Stody

ROAD @

ROAD A ‘A

Uncontrolled movements of vehicles and pedestrians
Accidents : Twelve in a period of two months

¥OAD D

5.2.4 Relationship Between Speed, Travel Time, Volume, Density and Capacity

In the operation and planning of traffic facilities = |
fundamental stream flow variables is important, the relationship between the

The travel time per unit length of road is inversely proportional to the speed. If T is

travel time and V is the speed (kmph),
- :;:I
- T (minfkm) = 2
¢ LU ) V (320a)
P =T
) Additional traffic si : Sl 1 {
: nal tr gnals (T.S.) installed and signal timings re-designed or _ 3600 y
Wl Pedestrian signals (P.S ) installed and Pauamm?‘t ma:hl:'irgl;iﬁmad! I‘:r | +(ee/im) -2 V B2 |

Wi
ings and control over other vehicular manoeuvers. Aﬁ-* | .
| Figure 5.16 shows the relationship between travel time and speed. It is s¢en that at

on in a period of two months - higher speeds, the rate of saving in travel time decreases.
The fundamental relationship between traffic volume, density and speed may be given

fc) Trainin o - Ll
Issuing | icense%nﬂ:fi::;f;":ifﬁi; The transport authorities should be strict in testing # % the general equation of traffic flow : -.
Passed the requisite tests should be iﬂwme yehicles and taxis. Even the drivers who q = KVs | e o
defensive driving. Driving | ®Pt under proper supervision and be trained in A
only after con dutt*ing sm:?eﬂt i cense of the driver may be renewed after specified ey _ _ i
515 1o check whether the driver is fit R _ " ing a point during 3 specified period of
(d) Medical check - The drivers shoyld * T ol q the average volume of vehicles pass -
ou Wy el I gl :
prescribed intervals, say, once in three e be tested for vision and reaction t““:,h v ’ time; (vehicles per hour) . e occupying 2 unit length of
- "*. _'-':'-' '-." umbper ©

= the average density or numbt '1_
roadway at a given instant (vehicles’km) '

Vs = space-mean speed of vehicles in
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Fig. 5.16 Travel Time and Speed atie .

o | o | g flow in road corresponding to some optimum yajyec of 8- 3.19. Thus there is a maximum
i " This is “h:t:ii lnlfﬂ ‘:hlgitﬁs Nt lihﬁd?{ g2 gﬂ‘mamﬂ: SYCTage dengiy In Eq. 5.21 if any two of the three stream variap) e

speed as.. discussed in Ar. 3 253 gFiweld nhservati.: mﬂ? 5 With in Teas h tnown, the third may be determine. The traffic :;s;iml Volume, speed and density, are

simu lt‘::’m v. k indi EEI lh ' - . ns-._n SpEf:d ﬂ":'d dﬂlﬁh}!% F easily In the field, whereas it is difficult 1o measure r_'h'llmI= E:mi Speed may be measured

coOusly, nave mdaicat at apprnxlmatel}' straight line r:lallnnshlp bgtwm T values of traffic volume and speed, 1t is possible to ':E;‘II:JEE; ;Im b&’wﬂ;;suﬂngtt:

| - the three

agd density could-be obtained for a good range of speeds, pani:ularly when the w
high. As the speed approaches zero i.e., towards stand-still maximum density is obts perpendicular axes, the surface obtained may be visyalized as the basic traffic
i IC fra stream

Figure 5.17 illustrates a hypothetical case based on the sim fained | ' i in Fi
s _ ple model of m"Bﬂj' ﬁ?l':_ uation as illustrated in Fig. 5.20.
relationship between speed and density. The dashed line shows the actyal rend of B ; >

observations at higher speeds and the extension by the dotted lines is the hypotheti L‘ﬂ%*f’ %

X ‘}‘jir
. :
: : |
> n |
nl ' .I
& [
i
VOLUME . & wehicles/ how J i1
*
It is difficul Fig. 5.18 Speed and Volume ¢
IS ditficult to : Th : affic flow. In 5!
: : i s chi e ¢ above flow ionshi been established for homogeneous (rALIC HOW. -
\"E!L[E'I'I'E. d'E]'I!S][}F ﬂnd speed (Eq. 55 ; ; : : the Case of Mixed t:::f?h?ﬁhlps_:}?;:ﬂﬂm eols traffic, these relationships are likely to i
obtained by rewriting Eq. 5.5 ey be quite entind I HOW Wi gl
K (vehicles’km) = 9 ("-'Ehit:[es,fhr] “Pacity flow i
»d free means speed Vi and g 3

The Maximum speed value in Fig. 5.17 and .18 is call

+ : =N Thcnuxﬁﬁumﬂﬂwqmm
Maximum density at zero speed is called jam densiy K

the by _
V. gnd densiryis - and 5
3 ]

the nr. -
® Sapacity flow q, (see Fig, 5.11) occurs when the speed ¥

IEI‘E -
ore from Eq, 521,
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Maximum flow g = 80x 145 ST
A vehicleshoyy (pet lane)

52.5 Future Traffic

Yenicie s hour

The Existin'g traffic operation may pe m |
Art. 5.2.3. It 15 necessary to know the fytyre traﬂ'ﬁ:d dhf "’ﬂﬂ?: Sudies as described in
facilities adequately. There are different methods for pmmj: ' order 10 design highway

YUILUME

o e =

DENSITY _ K vehicle/um
The analytical methods consider the short term as well s
‘ ; as lo :
estimating the further travel requirements of urban area. |y rﬁiﬁﬁsmﬁ“&ﬁ
expressions to predict travel requirements hy relating the social and economic 5::1&:5 of
 the area with the demand for transport. The first comprehensive traffic and transportation

plan based on such concept has been prepared for Bombay City to solve urban transport
problems, and subsequently studies have been extended to other metropolitan cities of

Calcutta, Delhi, Bangalore and Madras.

Fig. 5.19 Volume and Density
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In order to have safe traffic operations on roads, it is essential to impose adequate traffic
regulations and traffic control devices. It is necessary to impress on the public that these

regulations and controls are imposed on the public interest to ensure safety in general.

b
II B
T

3.3.1 Traffic Regulations

The traffic regulations should cover all aspects of control of vehicles, driver and all
other road users. The regulations should be rational. The fnllm‘iﬂ& are some of the
fegulations that are enforced from the point of view of safe traffic operations.

Traffic regulations and laws give | for strict enforcement. The traffic laws

. give legal coverage for

Mplemented by legislative laws are obligatory on all road users. The laws should however
uniform and clear. Traffic regulations and laws cover the following four phases.

@ Driver Controls : These include driving licenses for light and heayy motor vehicies

i) Vor: . - on vehicles are VRS
(ii) Vehicle Controls : The various regulations and :nnt:ﬁ accessories, maximum

dimensions and weight and fitness and inspection Of VERET=

W R i s 5
'...ll' o L e | L]
ok 2y " 1
' - i ' :

Lol =y

Fig. 5.20 1'u"{i!ul:nz-S::n’:ﬂ:'I

-Density Surface

Free mean speeq Vsi

= 80 kmph
Jam dens; 10 p . ?ﬂw,ﬂfgufaﬁnm . Regulations of traffic ﬂl;;nh:;:wl of vehicle operation in
ensity K; = 1000 _ 'fections, turning and overtaking, eIc. :I:cgula:lﬂn' signs like one-way, speed limil

traffic stream are made using !i@lllill-"mF“'iat

pruhlbitﬂl}f signs* pgdﬁmﬂ,ﬂ Eﬂﬂ'ﬂ'ﬂiﬂr elc.
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2 — o
v eeneral regulations and ' g sl

W eport accidents and recordits o

cle Act of 1939 and the several ordinances appenging p
s tratfic regulatory measures in India. The various items Covereg L8
coversd ‘?Tt‘fﬂﬁf registration of vehicles, transfer of ownerships, distingrjon S8
nT_..:-]rI"n'lﬂbd Ic uh]i.; Cohicles, transport authorities and inter-state COmmissiq ._-L ey :
Pied, weight, parking and haling places, insurance fees, signs, sigrals gpg 84
g B as for punishment of violations and offences. - Reney

prm'isin

Ore-way strects .« (R
_ AR
ln congested streets one of the methods to reduce accidents and to ensure me e
of traffic is by regulating traffic along one-way streets. The traffic is allowed ta'me
only in one specified direction. Such regulations are possible only when thers fext.
work of roads connecting two bigger roads so that additional distance to be traveresis.
some vehicles through these one-way streets i nol excessive. Rl

£ ':-'Il'l 5 5

The main advantages of one-way streets may be greater capacity, increased ;
speed, improved pedestrian movement, and reduction in accident, The various type
conflicts at an intersection are e

Crossing Conflicts
Merging Conflicts
Diverging Conflicts

On a right angled road intersection with two-way traffic the total number nf onflid

T B

pomnts are 24. This consists of 16 crossing conflicts which are the major conflict pois.
The merging and diverging conflicts are considered as minor conflicts, numberi e
each in this case. as shown in Fig. 5.21. If one of the roads is declared as one-Wi o

conflict points decreases to a total of |1, consisting of seven crossing conflicts and 0%

mﬂrging conflicts as shown in Flg. 5.22. Whﬂn hﬂlh roads are dEﬂ]EI'E—d as ﬂﬂE‘Wﬂﬂ !
are only four crossin =

Fig 5.23. g conflicts and two merging conflicts, totaling six as st
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Fig. 5.23 Conflicts with One-way Regulation on Both Roads
332 Traffic Control Devices
‘ ffic may be called
The various aids and devices used to control, regulate and guide (3 Y

raffic control devices. The general requirements O The most common among these

Meaning, time for response and respect of r0ad USCES: T o - oad lights are useful
T2 (2) Signs (b) Signals (<) Markings and (d) Islands. In 20410%

" guiding traffic during night.

Traffic signs make them yseful and effective. '

The traffic =i be backed |'_'|1.I' law in mdﬂ to 1 to Indian Motor Vehicles
affic Eign;thsalf:s bzzzlﬁvidgd into three “ﬁgﬂ!ﬁsﬁrﬁggﬁﬂfm‘m ol
AL These are (i) Regulatory signs (ii) Warning $1&"

- o - -

B i i
iy -.I .I
i
¥ e
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piﬂﬂﬂ'd such that lhﬁy‘ could be !":Ef:n and recogs £
The transverse location of the signs may be sucﬁzz:l by

i o

H i
i rTH
' -y L
|

The signs should be

|

ily and in ime. : : . . ._ '. ";- I
uafcri;:la::?ith kerbs, the edge of the SIEN adjacent to the road is not Jess ﬂ'lanmﬂi'q. 'f 12 -
tt?;ru:arm the edee of the kerb; on -oads without kerbs (as on rural high'-'a’ﬂ}'s \ﬂth""ﬁi -'-- ‘
the nearest edge may be 2.0 m 10 3.0 m from the edge of the ':aniﬂgcwayl'f-ﬁ ( B
chould be mounted on sign posts painted alternately with 25 cm biack and wh i
The size. shape, colour code and the symbols u,'{Ed and the [m::.atinn of the Signg “‘ : o
as 5p£ciﬁrd under each category. The reverse side of ail the S1gn plates Shﬂuld [":

gray. Rk
| 1 H,E'_-- et . -_£.'

RN o GIVE way A
| .

:_..*. =

Regulatory signs

Regulatory or mandatory signs are meant to inform the road users o
regulations and prohibitions; the violation of these signs is a legal
regulatory signs are classified under the following sub-heads :

[ —

.y

TAD 4 I':Ii
f - 1 .- : IE_;-. ' '.F:
Or ¢ )
1 | s

-|I - ¥ i -".l?
s = I._.::-:liil 4

: N -3 s CERF
= U '

' -

¥
I
e
F i Fr e i
L= L R
il R
i T -

(i) Stop and Give-way signs
(ii) Prohibitory signs
(1) No Parking and No Stopping signs
(iv) Speed Limit and Vehicle Control signs
(v) Restriction Ends sign

(vi) Compulsory Direction Control and other signs . :;-,_1 i

| R
.l -ij.'. 'I_-

VEHIC |
LA, Liim:mm RIGHT TURN PROMBITED  U=-TURN PROMIBITED

®@0Q

VIR TAKING PROMIBITED NO PFARKIND NO STOPPING OR STANDING

®09

SPEED Limm WIDTE LIMIT RESTRICTION ExOS SIGN
Fig. 5.24 Regulatory Eign:

The stop sign is intended fo stop the vehicles on a roadway; it is m:tagnnﬂl':-_?;
and red in colour with a white border. This sign may be used in combination Wiz

N

rectangular definition plate with the word *STOP" written in English and other languags
: : r . SR,

> ;E““ﬂ‘?" The give way sign is used to control the vehicles on a road so as to s

LlL’ t of way to I:rat'ﬁ_c on other roadways. This sign is triangular in shape .;F 7

ownwards and white in colour with a red border; this sign may also be. ‘._';

combination with a definition plate. These signs are shown in Fig. 5.24. ' | | %=
| R ,,'+

m;’ﬂ;‘:;ﬁa? Elg::'s Iare meant to prphibit certain traffic movements, use of homs &=
red border -F;E WACEMAD These signs are circular in shape and white in colour With
way, Vehicles oo Prohibitory signs are, Straight Prohibited, No Entry, 0=
» venicles Prohibited ﬂl:d E!Hr:ulhdﬂirectinns. All Motor Vehicles thihi:&-},_?_i
Prohibit ¢ and Cart Prohibited, Bullock Cart Prohibited, 1%
Turn Frjlfilbi}t{;;dl_l?: P;nhllf"&d* Cycle Prohibited, Pedestrian prnhihitﬂd;'- '-;-"
. m Prohibited, Overtaking Prohibited and Horn Prohibited- ==

No parking sign is o .  paig |
plate may inc%i:aﬁ: 1h:|1_-z2§nt; F:;:"_'h‘_‘ parking of vehicles at that place, the G2ZH8 The common controls are Width Limit, Height Limit, Length Limit, Load Limit l“i;:fli"
P.Ell‘l'l.iﬂg Eigl'l IS circular in sha ) ICTIOn with respect to dﬂ}'ﬂ, distance, elc. -... I..If:.- | Lmd Limil. The definition Ftﬂtﬂ' may be used in combination 10 RIVE more : |

o

Fruﬁ?;trittinn Ends sign indicates the point a 5 |
;'\oltory signs for moving vehicles case 0 3pply:

Whlte back ground and a broad diﬂgﬂ'ﬂﬂl black band al 45 degrees. e i %

= & the appropr

E“""Pulsm‘y Direction Control signs indicate by mﬂdiﬁm in which they are

Speed Limit sipns are + a0l Whi on ' &
a particular stretch of a T:;lm t%:“m:f e speed of all or certain classes -;.:1.-: k- P‘E;?ntht yehicics we olligee B pmﬂefd'u]z;';i:sthlz with a blue back S::H dt:: g
ground, red border and black numerals 1o, ¢ Circular in shape and have ¥ Fapgol White ;E::' i 'Elm;iﬂec?:puism Direction Conrols &% 2
* pEET 5 Clion arrows. Some 0
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‘Lamputsory Direction Control Signs)

[nformatory sings

Thmﬂimmuwﬂ!ﬂguﬂtﬂgmmuwmhm -
ynd distance ﬂﬂd Pﬂ“‘ldﬁ with I’HMh tor egla traet casise m&ﬂ::"# #ﬂ*ﬂuii_q:
mivrmation signs are grouped under this following sub-hegs - g

(1) Direction and Place dentification signy
(i) Facility Information signs
(i1} Other Useful Information signs
(iv) Parking sings
(v) Flood Gauge

Ihe Direction and Place ldentification sign are rectangulae with white hsek esrond
black border and black arrows and letters.  The imscriptions sheid be tagiak e
other languages as necessary.  The signs of this group include Destinunon sges
Duection signs, Re-assurance signs, Route Marker und Place Tdentilfication s
Figure § 27 shows some of the Iﬂfﬂlmﬁ MENS.

d

e R S R

: :

T INTERSECTION MAIOR BoAp ANFAD  NARROW BRIDGE .

W ‘ Fi[, 5.26 w.milll Hli]“

Irl“ﬂ: &i'g.l L 1 .iT.I-.;- T 11_
Waming or Cautionary s &
:nnﬂhjumdmm“nﬂmﬂfmmu
of equilateral rangle with iy fal Road Junction Approach u :

Fig. .27 [nformatory SIE%

= i
gl F i
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i ation ﬂi!;"s' are I'IEE'IE]“EUIEI' W_Ith hEUE hﬂ;:k groun .-T i
|¢[;Esf;i:2!t:. EHST::: of these sIgns indicate Public Tl:!EpImnF_ pﬂmf ;::: Wh ..x e
cirst Aid Post, Eating Place and Resting Place. Other us:'ful Information ¢ - O8Pilal
No Through Road, No Through S_Idl: Road, etc. Parking signs are set P pa x _:
rond using square sign board with blue !:lztgk ground and white Coloureq - e]
Additional definition plate may he*used to indicate category of vehicle for Whir;ﬁ' A
space is reserved, direction of parking space etc. e

Flood Gauge sign should be installed at all cause ways and submersib}a -j_ g
culverts 1o indicate to the road users the height of the flood above road Jeye. s

Traffic signals - 3 : I
At intersection where there are a large number of crossing and right-tym l:raiﬁ:," 5

is possibility of several accidents as there cannot be orderly movements The'p
practice has been to control the traffic by means of traffic police by showing stq Alier
aliernately at the cross roads so that one of the traffic streams may be allowed t: omg
while the cross traffic is stopped. Thus the crossing streams of traffic flow are separated
by uime, segaregation. Traffic signals are control devices ‘Which could ﬂlternﬂl*" el
the traffic to stop and proceed at intersections using red and green traffic light sip

automatically. The main requirements of traffic signal are to draw attention, -- .
me. e S

"l._ E
i
e .
|| A

i
Nove

meaning and time to respond and to have minimum waste of ti
Advantages of traffic signals

Properly designed traffic sienals have the following uses :

(1) They provide orderly movement of ;
, traffic and incre
capacity of most of the intersections at grade, rease the traffle

(111) Pedestrians can cross the roads safely at the signalised intersection.

The signals allow crossing of the heavy traffic flow with safety.
(V) When the signal system
the major road traffic.

(vi) Eign_als provide a chance to
continuous flow of traffic sty

. ;EE -
' properly co-ordinated, there is a reasonable speed along.
e

(%S
Lrossing traffic of minor road to cross the Pﬂthﬂf_
©dm at reasonable intervals of time. R

(viii) The quality of traffic flow is i

TRAFFIC OPERATIONG

Type of traffic signals
The signals are classified into the following types :
(i) Traffic control signals

(a) Fixed-time signal

(b) Manually operated signal

(c) Traffic actuated (automatic) signal
(1i)) Pedestrian signal
(i) Special traffic signal

The traffic control signals have three coloured light glows facing each direction of
raffic flow. The red light is meant for Stop, the green light indicates 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, A typical signal head is shown in Fig. 5.28.
Additional signals showing green lights for separate movements of turning traffic may
also be provided where necessary.

CLEARANCE
TIME

-
=
wn
rJ
Qo
|
>
=
L]
L
7=
p— |
-—




220

e
¥

!

- -'I'.- Ir

B wod sionals are set to repeat regularly a cycle of SR
F'ﬁtr_"l.l-,':."-'h_' ."-:__::-"-L;‘ o™ iﬁ'l!ﬂ i I t- lh . {:IE ELE ﬁ:d - [td., :'l-|'|. ‘II.!JI,"-

srudies and Ry A% , : . e | |
] watod. The main draw back of the signal is that some times the traffic floy on gre Y. | Flexible Progressive System

o<t il and traffic on the crass road may be quite heavy. Yet as the Signal aet

221

' be aln '
EL;I fixed timings, the traffic in the heavy stream will have to stop at red phase,

rrafic actuared signals are those in which the timings of the phase and el _rh ¥
changeed according to traffic demand. In semi-actuated trafTic signals the I'lunn‘:;]'h.;-. e

. -_—
= B
—
i
I L

phase of an approach may be extended upto a certain period of time for allnwihg"'t” gl

Pedestrian signal are meant to Rive the ¢
it . W Il g
dJuring the ‘walk period" when the vehicular ¢ Mt of way (o pedestrians (6 crons a road

; _ : raffic shall be F
more vehicles approaching closely, to clear off the intersection with the help of deteere. on the traffic signals of the road, stopped by red or sion visnal

installed at the approaches. In fully actuated traffic signals the detectors and a Comm 8 Flashing beacons are meant to wam the

. i+
assiens the right of way for various traffic movements on the basis of demand and e vehicles shall stop before entering the el

i - : . - AR '.'.-_.'- i . ked Flashi ; Cross walk
determined programming, But these are very costly to be installed at all interse ot o G line, when mar lashing yellow

sy ; . . e drivers may proceed with caution.

In some cities in India the traffic police are assigned the duty to watch the et
demand from suitable observation point during the peak hours on various approaches and 2 Warrants for tralfic control signal installation
to vary the timings of the phases and cycle according to the actual traffic demand. o

e
. : . * I i ] S ienal warrants are met.

When there are series of signalson a city road at each intersection with cross road. t W ) e e necessary cata should be coll
signal system may be operated with only one controller. But it is desirable that a vehiele
moving glunf_: a main road at normal speed should not have to a stop at every signa ."*,_,J_ +

niersection till getting the “go” signal. Hence there should be proper Co-ordina ool cxgit hm!r'.i ;i both approaches should be atleast 650 motor vehicles per hour on nusjor

the signal system to provide a through band.

7 the number of motor vehicles approaching the intersection on minor street (on one

direction only) is atleast 200 vehicles per hour on single lane street and 250 vehicles

hour when there are two or more lanes. However when the average approach m;:- .
the 85th percentile speed on major street exceeds 60 kmph or when the intersection liss :

within built-up area, the vehicular volume warrant may be decreased to 70 percent of the
above requirement.

Type of traffic signal system

hEiThere are four general types of co-ordination of signals for road n:n-.rur[-f:, as listed
oW : .

Simultaneous system

l;ii] Interruption of continuous traffic flow on the major street with 1000 10 1200
vehicles per hour-that there is undue delay or hazard to traffic on minor road with a traffic

;f 100 to 150 vehicles per hour in one direction only during any eight hours of an average
ay.

Alternate system

Simple progressive system, and
Flexible progressive system

(i) Minimum pedestrian volume warrant of 150 or more pedestrians per hour cross a
Mdjor street with over 600 vehicles per hour on both approaches, (1000 vehicles per hour
i the case of main street with raised median). However when the average approach
Speed or the 85th percentile speed exceed 60 kmph, 70 percent of the above requirements
may be adopted.

(Iv) ‘Accident experience warrant showing that other measures have failed to decreass 5
, S the accident frequency or when five or more accidents (invoiving over Rs. 2000 toe' 10 15!
Eroups of signals show opposite indications 3 ury and damage) have occurred within 12 months period. However e g

should noy seriously disrupt the traffic flow. _ |

Simultaneous System

In this system all the signals along a given road always show the same “"d’ I

cen, red - i
EE:’E : E:;._} El‘ the same time. As the division of cycle is also the same at#
rsections, this system does not work satisfactorily :

Alternate System

Mo

ré salisfactory than the simultaneous system- s




assumed cycles in the 15 minutes or 15 % 60 s

G of roads | and 2 are calculated to clear the

seconds) and the length Cy' is calcu
calculated cycle length C;’

2 i,

-

|||||||
| 1

through the intersection on the first given period for most users, Signal “"‘ling; :__1'-1.1'-.,%_:".

-
&
- iy
.I
n

i accordance with traffic flow on intersection. The cycle lengths are Norma||

ceconds for two phase signal. Longer cycie lengths are in use for complex 11:; #‘l tﬁﬁﬁ
and for more than two phases. i ﬂﬂ% |
General Principles of Signal Design .:.-

(i) Stop time or red phase R1 of a signal is the sum of go and clearance e, 11 .

green and amber phases for the cross flow ie., G2 + A; at a " ﬂh o

During this interval, the pedestrian crossing time may also be inco |
i Ll . nra -..I
road, if tuming movements are not permitted. Lk fnr_ﬂﬁ

(1) Towards the end of red phase, there may be a short duration when
ara put-on along with red light signal in order to indicate * get set’ 10 £0. Thic rhass
s the last part of red phase itself and may be called ‘red-amber’ or ‘ginitia! Lﬁ
The vehicles are not supposed to cross the stop line during the red amber period.

(11i) Clearance time or clearance amber phase is provided ; il
just after the 3
before the red phase, to fulfil two requirements : green phase

\a) Stopping time for approaching vehicle to stop at stopline after the signal r.hangn

from green to amber and not to cross the line b : ' T
red phase. y the time the signal changes to

(b) E'.Le.:?ranc:: time for the vehicle which is approaching the stop line at legal w
While the signal changes from ereen to amber, allowing sufficient time fnri':hi';:,-'

:JI'::I!; ;n crzlss the inlterseztiun area as it may not be possible for the vehicle to
: Ore the stop line at that stage i
suitable for the amber phase. ge. Usually 2.0 to 4.0 seconds wnuiﬂ h'

(tv) Go time or green time is decided b X
¢d based on the approach volume during peak hour
and to enable the queued vehicles to clear off in mi::-gt of the cycles. SR

Two approximately design i -
procedures (viz., trial cycle method and approximate
mz:mm:l} and one rational approach (Webster's method) for the design of u—fiFir'i:: signal

simplicity, two phase traffic

peak hour flow. Some suitable

L.e. (900/Cy). Assuming an average time head

traffic during the trial cycle.

E| = Lﬁ;llﬂ_:]ﬂﬂlﬂdﬂz= 1.5“1{:1
900

The amber per ‘
periods Ay and A, are either calculated or assumed suitably (3, 1

roximately equal to the assumed cye'®

| ; IS5 accepted : i
repeated till the trial cycle len s vine dF""EI' cycle. Otherwise the trials 3

TRAFFIC ENGINEERING e

be

the amber [lght-.

&
-

: and nz on road 1 and 2 are noted during the desigt :

rial cycle C; second s assumed and the number nfthE;I: |
econds period is found to be (15 x 60)/CI
way 2.5 seconds, the green periods Gi and

.4'.."I.II :
]Etﬂd... equal to fﬁl - GI + A] + Ay) Eﬂﬂﬂnds' Ifmﬂ

TRAFFIC OPERATYONS

The 15 minute-traffic counts ON Cross
, road -
|78 ?"d 142 vehicles per lane respectively "’P;ﬂ::i:?n : ::”f"ﬁ- Peak hour are observed as
heavier traffic flow. If the amber limes required are 3g p ,:m“““*ﬂﬂ i the direction of
joads based on approach speeds, design the signal ¢  20€ 2 seconds respectively for nva
an average time headway of 2.5 seconde dur; 'MINgS by trial cycle method Assume

uring green phase
Solution
Trial (1)
Assume atrial cycle C; = 50 gecy.
Number of cycles in 15 mins = EE', =18
50
Green time for road 1, allowing an average time headway of 2.5 secs. per vehicle
178x2,
Gy = —-—-:25 =24.7 secs.
18
Green time forroad 2, G; = 1421:;2*5 = 10,7 secs.

Amber times A and Ay are 3 and 2 secs {(given)

Total cycle length = 24.7+197+3.0+2.0=494 sece

As this 1s lower than the assumed trial cycle of 50 secs., another lower cvele length
may be tried. 2

Trial (ii)

Assume trial cycle C; = 40 secs.

Number of ¢ycles in 15 minutes = 7Ty =225
Green time for road 1,G) = 1j8% 2.2 = 19,8 secs.
225
Green time for road 2, G3 = sl = 15.8 secs.
223
Total cycle length = 198+ 15.8 +3 +2 =406 secs.
Triaf (i)
Assume trial cycle C3 = 45 secs.
Nu 900
moer of cycles in 15 min period = a5 =20

ITH“E'S = $0¢S.
Green time forroad 1, G = T pe
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TRAFFIC ENGINEERING Ly
14 sl .
. (3% - i TRAFFIC OPERATIONS oF
"'..I i — . EE:E; ' i _L_:J":_;:'._" !_
Groen time for road 2, O ) e i _”” The values H'l: nll_rtnmlzd are calculated on Percentage basis if the ol it
T + in per cent of cycle. & contr ngs
Total evele length = 225+ 17.75+3 +2 =45.0 secy r. s
Ol €} i |

_, R ey TP obtained are installed ;

| . URE y The timings so ob ed in the controller and the Operations are then
N . may be adopted with the following o 04 M obscrved at the site during peak trafy; . I

Theretore the trial cycle of 435 secs. miy P ll'ﬂ'ﬂng Signal ph. :;::;:i Giit itasadad. ¢ hours. Comections or modifications are

230,A2=2 : length = 45, |
Gy =2225,02= 1715 A4 A =SIMaPR IR =Y i The design of a simple two-phase signal is

D - f RoAD 3 _ '
h"_ .l = FR- 0N .'t-t." _4 i h""_ ." - ."'I—-— r‘ | h‘“ . _ -. - 11. .:-.I;
— e L
PHASE — 1 _ﬂn » [T, :
— e 43.0 3(C}% "_"'_""_'"'l

Lt LT O~ guld.0

—_— nl-llll———-—i.LF'_ﬂ!-ﬂTl——_q?'_ Pis E_'_I

o

T 0 “ | Solution
PHASE - 3 TTEH‘ [ The layout of traffic and pedestrian signals is shown in Fig. 5.30.
.'I :
Bl TED. R TS; - TRAFFIC SIGNAL ON ROAD -
ANBER A T5,-TRAFFIC SIGNAL ON ROAD-2 ROAD A
[ ireen.c PS - PEDESTRIAN SIGNALS
R R.RA — i g
- ED-AMBER, "Sa PS5y

Tin

e
- . . : N | ROAD ©
The following design procedure is suggested for the simple design of a t""EEE

signal unit at cross roads. along with pedestrian signals :

75 TRAFFIC SIGMAL

PS . PEDES TRIAN SICNAL
(1) Minimum red time of traff

plus initjal interval for pe
Mimmum green time us

€ signal is taken as pedestrian clearance time for “‘Ew |
destrians to starq crossing. This red time Is €qUat T

—

amber time for the cross road. gl

wl®

me is calculated based on pedestrian Eﬁfﬁﬁm&gﬁ]ﬂﬂ'
]ﬂﬂ

Fig. 5.30 Placement of Signals (Example 5.14)

Design of traffic signals

(V) The minin St : -
nimum Breen [I:I Hﬂﬂfd on thE prmﬂﬂh Epﬂfd: mh:]" PﬁrlﬂdS.

pedestrian clearanc-

me for cross road plus an initial interval when P2y
E?:u: lanl;;; ~ o MinUS amber period. This is equal to red time for , For road A with 55 kmph, amber period, AA 4 5eC3.
AMBeEr period for the Cross road. T : | S
() with pedestrian signal the initial 4 or road B with 40 kmph, amber period, 2 o clegrance time s
€ initial | ' s _ ch;ﬂ
€55 than sevep seconds, nerval is the WALK pere (i) Based on the pedestrian walking speed of 1.2 e
(b) j#h-‘:r:: no pedes Calculateqd.

18 .
Road A = _ =15 seconds
(V) The actual

1.2
volume for %;’:’TI Ume needed je then increased based on the ratio of 12 . 10 seconds
obtained s ﬂdjust;zv}zitt;mm: Volume per hour per lane Road B = 12
distributed 14 ereen llmlng:inn::;;;lg €r S-second interval. The eX
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226 Ll
: - - RSN
 Adding 7 secs. for initial walk-period, mimimum red time fOr roaq izt
(i) Adding 7 363 ABis (10 + 7) secs. Alsie 227
secs. and that tor rod .? Etg "7[
n - n pedestrian criterion s A
(iv) Minimum green Hmes based on pe ;5
RoadB = 15+7-3=19 secs. 'tt#u
Road A = 10+7-4=13 secs. | "fﬁf
(v) Based on approach volume, the green time calculated is Increased i .- mi-f
higher traffic volume. RM&.“
. G n :"J ;:;ff;: Bl RiD
Use relation —& = -—A el
G B np LT .” TS —I L
’ LH'--:_"':..E"-..: h_‘.-ll'-i -l—-—.....*___-....l "'"“'ﬂ.l o ‘.———.-...
. I:L'I:-”I A wal ki,
GO is taken as 19 seconds as in (iv) above. ; ;+;;_=L I I 10 —""'H'“::;-li - F‘_.—*'JW
TR £-2
Green time for Road A, 1 iy Hﬂ:‘i Fig. 5.31 Traffic and Pedestrian Signal Settings
. Ga = Na s 275 11‘ Table 5.9 Details of Design Timings (Ex. 5.13)
ng 225 <10 232secs, S Time T g ,
7 _Ff,,:f:'- _ Interval | Vehicle | Pedestrian Pedestrnian In{t;-;rﬂ ; e {
(.'I} Toral cle len = _;':*r‘:'* 5 PSa n PS5 '
ISR UA*AATRA=Gp+Ap+Gp + A P i Wiz G =23 §]Kg =275
= = G23.64 - o
= 23.2+4+19+3 =492 secs. e ; C110.00 R 27.64|DW 2764 l
Hence adopt cycle length of 50 Secs, ' e W |
The additional perjog e
, of 50 - = s
Propation to approach traffic vu]um:g.z 0.8 secs. 15 distributed to Ercen IIlIII!I!'IE;JE 4 Gy ™19 S}Fh, e
* &3 | s |R2236|DW2236| |
Gy = 23.2+0.44 = 23.64 secs. ;;:,-u:, i I .
.=;|_‘. - :
GB = 19.0+0.36 = 1936 sece B [(Tow [500 [ [ s00 ] soo [100% T
| 2o - |
Rﬁ. = GH +An = et Traffic signal Pedestrian signal
AB=19.36 + 3,0 = 22.36 secs. Rered (s10p) W-walk | 5
Rg = L-E"I'. A-amber (clearance) Cl-clearance for pedestrians (may be indicated by Mlickenng of walk sigeal W1
Design of B = GA+Ax=2304+ 4.0 = 27.64 secs. . -uxj U-green (go) DW-do not walk g
- 0 - : . AL . | bW TN
Do not Wajj (DW) period ’ L peniods for getting ready to cross. This period, is a part of the re
0 : r , reeaffie |
Signal a1 B O pedestrian signal at road A (PSx) is red period of H'IEP (3) Webster's method Re
RE ._'..'-:?_;";I . : (o km 1o A
For PS,, DW, = g -H’ 25 : 'n this method, the optimum signal cycle Co mmiipznmdm‘%his is a ratonal spproach
For PS L B = 27.64 secs, | z'fj; . T';lh'“ﬂs at the signalized intersection has been .mc g per unit time on cach approach
Pedestri 6 secs e the water section and (ii) the normal flow q on €a¢ and y2 * @S2 T

yi = Q3

Sed on the higher value of normal flow, i~ ratlﬂur mixed traffic. it 8 necessary 10

. lﬂd_‘_:
10 secs. respectively, for ’O‘“ﬁh R

abo : . 5 - :
For s ve. The wai time (W) js calculated from total cycle ll__= e S:fﬂfrmnEd on the approach roads | and 2. In the E?::i e cuitable PCU values
Wa = 50_ (27 %. Whl}::n all the normal flow and saturation flow V2 |
For PSg, Wy = < 64 + 15) = 7.36 secs. -=:;1?§.’}E.{§‘L i Should be determined separately- 1 ield stodics B noting the num:;
. = 50 - | , _ . studies cornespond
Details of g (22.36 + 10) = 17,64 secs. ﬂfyfl:,? Saturation flow is to be obtained from car phases, and the

L ¥ i 4 Eh.r EI!:"
ol Emﬂ .' _:-'_-: : gty
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time intervals precisely. In the absence of data the approximate ya

is estimated assuming 160 pcu per 0.3 metre wi Proac
tl:-: tran;;c is also determined on the approach roads from the field Studies

hII'E nr X

[IE. .
i ||._TIF:5. :u._r-l_.:.
,__I..'.l__._I Y

-'I' L

': - q 4% |
L : | .

]
g

i LL I o |
Pﬂﬁ od {dl!l'iﬂg the Pgak or ﬂﬂ':-pﬂﬂk hours as t!lﬂ Casc may hE] 1‘. _,' "'J", |
The optimum signal cycle is given by : !
_ 1L5L4+5 o
Co 1-Y 3 ‘.'.'?
where L = total lost time per cycle, secs. = 2n + R (n is the number of ppacs L.
all red-time) AR
Y = Vi + y2 | i, el _
Then, G =

y AL
?L{EG—L)EDdGEE-% [En"L] : ..

e
- (5a¢

Similar procedure is followed when there are more number of signal AR

Example 5.15 _ & R

The average normal flow of traffic on cross roads
400 and 250 peu per hour:

1250 and 1000 pcu per hour respectivel i i r pet
Rs - y. The all-red time requ neds
crossing 15 12 secs. Dtslgn two phﬂsg trafhi ired ﬂ_]l" v

Solution

. A and B during dﬁlﬁ et
the saturations flow values on these roads are estima

¢ signal by Webster's method. ~

_ O, 400
}rﬂ - — e e— =
S, 1250 0.32
= 9y _ 250
}'b . e——— =
Sy 1000 23 35
Y =

Ya*¥6=0.324+025=057
2n+R=2x2+ 12 = 16 secs.
C, = LSL+5 _ 15x16+5

1-Y e

|.I
L
g Ay

iRl alt
gl e

I B

L
IR &
P b

I.'.:I r I|

_"i.' ".J

=

- ISR

;l-' -{JT

hr—.rl-"il
ade

il-ll,'r",d-"f- :

TR SR T 5 RS

e
e

1-0.57
Ed_i =67.4 say, 67.5 secs.
G, = Ya 0.32 e
vy el 057 (675 -16)=29secs. L

= Jb
0.57

—= (675~ 16)=22.556cs. -

Note Sketch a phase diagram as shown in Fi

TRAFFIC OPERATIONS "

O ignal phases as given inTable 59 = > 531 Of prepare a table to shaw

(4) Design Method as per IRC Guideline

2 The pedestrian green time required for the ma: :
) based on walking speed of 1.2 m/sec. major and minor roads are calculated

: : and initial walking time of 7.0
the minimum green time required for the vehicular secs. These are
roads respectively. raffic on the minor and major

(i) The green time required for the vehicular traffic on the major road is increased in
proportion to the traffic on the two approach roads.

(i) The cycle time is calculated after allowing amber time of 2.0 secs. each.

Note : The steps mentioned above are similar to the Approximate Method explained
under Method (2) and Example 5.14.

(iy) The minimum green time required for clearing vehicles arriving during a cycle is
determined for each lane of the approach road assuming that the first vehicle will
take 6.0 secs. And the subsequent vehicles (PCU) of the queue will be cleared at a

rate of 2.0 secs. The minimum green time required for the vehicular traffic on any
of the approaches is limited to 16 secs.

(v) The optimum signal cycle time is calculated using Webster's formula (explained
method 3). The saturation flow values may be assumed as 1850, 1890, 1950, 2250,
2550 and 2990 PCU per hour for the approach roadway widths (kerb to median or
centre line) of 3.0, 3.5, 4.0, 4.5, 5.0 and 5.5 m; for widths above 5.5 m, the
saturation flow may be assumed as 525 PCU per hour per metre width. The lost
time is calculated from the amber time, inter-green time and the initial delay of
4.0 secs. for the first vehicle, on each leg.

(vi) The signal cycle time and the phases may be revised keeping in View I gree
required for clearing the vehicles and the optimum cycle length determined it steps
(iv) and (v) above.

The design method is illustrated in Example 5.16.

Example 5.16

At a right angled intersection of two roads, Rowe| hﬁ.fu;r The volume of traffic
120 m and Road 2 has two lanes with a total width ur:td?i?f PCU/our on the two
approaching the intersection during design hour ar¢ Wuthr. two approaches of Road 2.
approaches of Road 1 and 278 and 180 PCU/hour of

Design the signal timings as per IRC guidelines.
Solution

= Design traffic on Road 1 = higher of the two 8PPFE

DESiE“ traffic on road 2 =278 PCUﬂ'lI'

:hvﬂlﬂﬂ‘ltlﬂmlm

. E,_q'”;pﬁm

(1) Pedestrian green time for Road | 1.2
4165 470=1259
Pedestrian green time for Road 2 1.2

i o
el g i e - e !
rd - ‘- - s L}
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' 9 s 3
Green time for vehieles on Road 2, Ga = 17.0 secs.

450

: = — e =g
(i) Green time tor Road 1, Gy = 17 x 578 27.5 secs.

15 ::illli
(i) Adding 2.0 secs. cach towards clearance amber and 2.0 secs. interas
each phase, total cycle time required = (2+ 17 +2) + (2 427,54 2) -n o,
lil'.
Sianal cycle time may be conveniently set in multiples of five secs. u; 3 7
time = 33 secs. I",':i_'h. ._
The extra 2.5 secs. per cycle may be apportioned to the green times of pe. e

as 1.5 and 1.0 secs. and so Gy =27.5 + 1.5 =29.0 secs. and G2 = 17,0 + | b

05 1 gy

o
LA

180

(iv) Vchicle arrivals per lane cycle on Road |
450/55 = 8.2 PCU
Minimum green time for clearing vehicles on Road |

= 6+(82-1.0)2=204 secs.
Vehicle arrivals per cycle on Road 2

= 278/55=5.1 PCU
Minimum green time for clearing vehicles on Road 2 | ,
= 6+(5.1-1.0)2=14.2 secs. YR

As the green time provided for the i
above are higher than these values, the a

(V) Lost time per cycle =

i

p—
< P

bove design values are alright. A

i' : (amber time + inter-green time + time lost for {I:"I f
Irst vehicle) for two phases = (2 + 2 +4) % 2 = 16 sec U

Iwo roads by pedestrian crossing crite: E

[ l_'lia

Saturation flow for Road I = 525x6=13150 PCU/hr : r;’ r_ 4
Saturation flow for Road2 = 1850+ 40x3 W L8
5
900 R
}’I T —— =ﬂ‘2 = E?E, = (). 43 y T ,-L' <
3150 86 and y; o 0.148 . A

¥

5 ﬂ.Eﬂﬁ + 0 | 48 =
[}pumum C}’E!E I.iI'IIE ﬂ434

= LAL+5
Co = ==*0 _ L5x16+5 e

U= 1 —0.434

||
S

|
- e e

Hnun’ muarking

Road or traffic markings are made of ines
e pavement, kerb, sides of islands or on the paliems, words, symbels

. n the fixed ﬂhjm; withi
(raflic markings may be called special signs i o8
1I|1ru raffic. The markings are made usin Es intended 1o control, W&, guide ¢

E pants in contr - .
the pavement or other back ground. L ast with colour and brightness of

: ght reflecting pai
caffic marking. In order 1o ensure that the mii::‘: :: &lso commaonly used for

mngiluﬂi"al lines should be atleast 10 ¢m thick and the lrin;'-r:rn:ilrmﬂ: ﬂa?m s
o such a way that they are visible at sufficient distance in advance 1o give road users

sdequate time to respond.

or reflectors on

The various types of markings may be classified as,
(a) Pavement markings

(b) Kerb markings

(c) Object markings and
(d) Reflector unit markings
Pavement Markings

Pavement or carriageway markings may generally be of white paint. Yellow colour
markings are used to indicate parking restrictions and for the continuous centre line and
barrier line markings. Longitudinal solid lines are used as guiding or regulating lines and
are not meant to be crossed by the driver. Transverse solid lines indicate the position of
stop lines for vehicular traffic.

Some of the common types of pavement markings are given below :

(a) Centre Lines : These are meant to separate the opposing streams of traffic oo
undivided two-way roads. On rural highway with two or three lanes, EH:IEJE hroken hf"ﬁ
of width 0.1 m and length 4.5 segments and 7.5 m gaps may be p?m:rd on straight
stretches of NH and SH, these may be decreased to 3.0 and 6.0 m at horizontal curves and

approaches to intersection. On other roads at straights the segments are 3.0 m in length
and gaps 6.0 m (which are reduced to 3.0 m at curves and appn*n:lc_i‘tﬁ mr:m
On four or six lane undivided roads two solid continuous parallel lines of U.1 m

with 0.05 to 0.10 m space in between are painted.

On urban roads with less than four traffic lanes
o : [ of 45 mtobe
lines of width 0.10 to 0.15 m, length of segment 3.0 mt :;nd ength 'ET | roads with

"duced to 3.0 m at curves and approaches to inte e e chal)
atleast two traffic lanes for each direction of traffic flow, the Cenie line MATRIE

consist of two solid continuous lines.

| (b) Lane Line : Lines are drawn to designate traflic
‘allic and to properly utilize the carriageway.

(€) No Passing Zone Markings : These 8r¢
Permitted % i

the centre ling consists of white broken

ked (o indicate that overtaking 18 Dot
| - (o designale Fw lateral
) Turn Markings : These are useful near 1H= o '

Flacﬂmem of vehicles before tumning to the
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, i icular places where pedects: A
vacs Walk Lines . The particu | ~ie pedestrinn ape o
E:T?m::n;e oroperly marked by the pavement markings, The ;. 1
pat 3 0 and 4.0 m depending on local requireme of

crossing may be bemween nts

() Approach fo Obstructions: These may be indicated by appropriate s |

(h) Parking Space Limits: For proper utilization of parking facility, mariald .! i

(i) Border or edge lines indicate carriageway edges of rural roads '*'f']'lich'hi{-,g"' n
stones along the edges. | i _ &

(i) Route direction arrows are marked by one or more arrows to guide ofhs g
traffic into comrect lanes. ECtivel i

(k) Parking space limits on urban roads are marked to promote Efﬁm -
parking spaces in a systematic manner. .

() Bus Stops : The length of kerb which is reserved for buses to stop are r P -
continuous yellow line on the kerb indicating ‘parking prohibited’. The Davement .
meant for bus stop is also marked by the word ‘BUS". Ve

Kerb Markings
. {hi;: m:y idnclicati certain regulations like parking regulations, Also lI;m it |

¢ Kerb and edges of islands with alternate black and white line i the vishil
Srom'a Josig distance. d white line Increase tha sibilfy

R

Object Markings = _{

Physical obstruction on or near the road e
_ way are hazardous and hence shot ﬁﬁ

E:E;EELI}' marked. T}?mal obstructions are supports for bridge, signs and slgmﬂs,gﬁ |
E gates, traffic islands. narrow bridges, culver head walls etc. | :-i ':'_.-‘ILT
R%ﬂﬂdﬂr Unit Mﬂr&fngs h IE( |

g L =
duni;ﬂz; ma}rizezgsrdarc used as haza*rd markers and guide markers for Sﬂfﬁﬂ{ﬁw
distance of about 150 o "ehiecting yellow light should be visible from

o Deline diors :;’E?' ..

approximately 1.2 m high :::E the drivers about the alignment ahead. Hazard M3
L5

ales on posts, ej - r marke
yellow strips a1 ase Foo cither with three red reflectors 0 tﬁf”d'#i,'

TRAFFIC OPERATIONS

The traffic islands may be classified based on the function &t :
(i) Divisional islands
(i) Channelizing islands
destrian loading islands

23] 1
|
|

Divisional islands are intended to separate opposing flow of traffic on a highwary with
fﬂu.'r or more IEII'IE:E. Bijl' th5 d“’!dlﬂﬂ I-h! high'“"i}" il’:‘lﬂ wo m.wﬂ muj'i. e head-
on collisions are eliminated and in general other accidents are also reduced  The widdh of

the divisional islands should be large if the head light glare is 1o be reduced during might
driving. The kerb should be high enough to prevent vehicles from entering into the

islands.

Channelizing islands are used to guide the traffic into proper channel through the
. tersection area. Channelizing islands are very useful as traffic control devices for
tersection at grade, particularly when the area is large. The size and shipe of the
channelizing islands will very much depend upon the h}'mn.a.m:_t dmmm of the
‘ntersections.  Considerable professional experience and skill is required for the
cuccessful design of channelizing islands. If the islands are not properly designed and
placed, there is a possibility of violation of rules be the ‘traffic resulting in greater

hazards. The various uses of properly designed channelizing islands are listed below -

i [ ' is reduced. This is illustrated
i) The area of possible conflicts bl.-twe?n_mf.ﬁ: stream is reduce _ .
o in Fig. 5.32. By introducing channelizing islands both the major and minor conflict

areas are reduced.
(ii) They establish the desired angles of crossing and merging of

(ili) They are useful when the direction of the flow is to be changed.
ther traffic control devices.

(iii) Pe

traffic streams.

(iv) They serve as convenient locations for o
(v) They serve as refuge islands for pedestrians.
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23 3
The desian and functions of rofary istands, has been discussed jp detail

under traffic rotary. IJ‘.I

Podestrian loading islands are provided at regular bus stops angd similar 1.
protection of passengers. A pedestrian island at or near a cross wal
nedestrian crossing the carriageway may be termed as pedestrian refuge |
crossing multilane highways, pedestrian refuge island after two or thres
desirable. The area in the roadway adjacent to the kerb which is kept re
stopped bus may be called a bus kerb loading zone.

lanes
served fyr 1.

Rotary island is the large central island of a rotary Intersection: this islan:; X
larger than the central island of channelized intersection. The Crossing m h%

ph=

converted to weaving by providing sufficient weaving length. Further details gra
under Rotary Intersection in Art. 5.4.2. aa i

5.3.3 Control of Access on Highways Ay

and encroachments follow, resulting in increase in the number of accidents
considerable reduction in level of service for vehicle o of ace

either be full or partial.  Full control of access

control the access is exercised to give preference to through traffic by vaidf! i

ﬁ'f'“‘“'f":“ﬂ“f' wilh selecied public roads only and by prohibiting crossings at g ":!f
Tecl private drive way connection.  When there may be some private drive W
connections and some crossings at grade. this ;

is called partial control of access. '
ﬂraE;E;iss *.;nys are divided_anerial highways for motor traffic with full or pm'lialj] onirol
s and generally provided with grade separation at intersection. Arterial Ili’ 1

are primarily meant for thr =
: ough traffic, usuall i v
control of access. ¥ on a continuous route and have par

Major corridors of inter-city traffic are
protected from unregulated road side developm

ent by exercising limited access contro

Grade separation across hishwav : =i T
highways. if the AADT of :‘!;:f:—l Ways may be provided at intersections of divided Ut

| vehicles only ith t five years -
exceeds $ _ v on the cross road within nex et Lok
s 2000 Grade separation should be provided across existing H’I“w"lﬁ%

v

bye

B . II-
, ) _ 1_ o
ln:reasmg In iFﬂPUT’[ﬂﬂEE and ﬂimﬁ

crossings, if the product - ' |
exceeds 50,000 If.vi!hin ;‘L ‘d:tJ:ET of fast road vehicles and the number of trains per

PAsses. [ve years; in the case of new construction ]ik#_,‘f:

even if this figure ey - - i
BlTE exceeds 25,000 the grade separation may be justified. E

>4 DESIGN OF INTERSECTION R
S.4.1 General |

|

&
- ..-__

At the intersection the

movements may be handled ming and crossing traffic and thes®

s design.  Gepe v i ) “""T“-‘“fm Ways depending on the type of intersection
" : fally intersection
EXpressways or problem

- 2 -n :HS-E::E;:I
freeway syste , S are unavoidable except 11 ==
separated intersection ,;1:55;"1:3 1IrlIlrlhfjn;} such problems are avoided by Pruw:‘ﬂﬂ st ©
| Ofled access, Th : speed, ok
. : iy ﬂr ra ? - c Eml‘.’.':I.EI.']E}". SﬂrE[}"; P . i’ I
‘ ' ¢ System Yery much depend on the iﬂtﬂrir.’!ﬂlﬂﬂ dﬁiﬂ-"

dure increased produce hazards and d - *-ﬁ e

DESIGN OF INT ERSECTION

(i) Intersection at grade : These include all roads
level. The traffic manoeuvres like mergi
‘he intersections at grade.

' eparated intersection © The | ;
i) (Frade sepa ated in - he Intersecting roads are separated . .
{ level, thus eliminating the crossing manoeuvres DA

gome of the traffic factors to be considered in intersection design are relative speed
and maneuver arcas.

Relative spaed_ is an im]:-n_rt_anl factor in traffic flow at grade. Relative speed is the
vector difference In the velocities of two vehicles in the same flow and is the sum of the
speeds of approaching vehicles from opposite direction. It is the speed of convergence of

vehicles in separate traffic flows as they approach a point of potential collision. Relative
speed is dependent on the absolute speeds of the intersecting vehicles and the angles

hetween them. When the angle of merging is small, the relative speed will also be low.
if there is a collision between two vehicles at small angle at about the same speed or at

iow relative speed, the impact would be much less than when vehicle collide at high
relative speed. As the relative speed increases, the judgement of drivers regarding time
and distance is likely to be more inaccurate, thus increasing the possibility and seventy of
accidents. Thus in intersection design care has to be taken to keep the relative speed low.

Manoeuvre areas are those areas where, in actual manoeuvre, there 1s a puu:n:i;fj
collicion and also those like channels of approach and departure where the manoeuvre is
- Muenced. Elemental manouvre areas are those formed h}rrunl_v two single one-way
lanes of flows when they diverge, merge or cross, these being the simplest of thesr.:
manoeuvres. But in multiple manoeuvre areas where more than two one-lant one-was

flows are present, traffic operations are much more :nm;m;eﬂ:: a[tl'd hence I:JEI to F::':::?;
In | | ion. The point where*the possible of two vehicles i 1
R ibestocting (A < ible conflict points is the conflict

called conflict points and the area containing all pns.s“ it or bt
area. In intersection design the conflict area, especially the mal

ict 5 ' nimum.
more than one vehicle is subjected to conflict cimultaneously, should be m

5.4.2 Intersection at Grade

All road intersections which meet at aboul the sa
like merging, diverging, crossing, and weaving Hﬂhﬂnn
intersections may be further classified as Uf a
Intersections. '

1o level allowing traffic manoeuvres

lled intersections at srade. These
; slized, channelized and rotary

grade are:

d be as small a5 possible.

f approach of vehicle shou .
proaching the intersection.

The basic requirements of intersection al
(i) At the intersection the area of conflict shoul
(if) The relative speed and particularly the angle 0 |

(i) Adequate visibility should be available for vehicles 3P

(V) Sudden change of path should be avoided. coavement chould be adequately

|d be small,

provided.

V1) Proper signs should be provide
driverg_

d on the I'Dﬂd ap

Vi) Good lighting at night is desirable-
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anﬂlriJni and l:‘_'I-TIiSIE are Iﬂrgt,‘ separate .

<o 11 the number of - . S Provision sheri:. -
(viin) 11 the nu passage i intersections with high volume of finﬂm-ﬁ :

made for their sale
mrafl,

Tha VArIOus form

|
T J*r

¢ of intersections are shown in Fig. 5.33. i

TEE CROSS STACCERED
\' X "-l. | = E
-
isbwED SEEWED CROSS SEWED, STACCEMED t:

wyE muLT PLE

Fig. 533 Forms of Intersections
Unchannelized intersections

an:h:n m-:::‘?::::n area is paved and there is absolutely no restriction to vehicles touse
o Pt ] TSeclion area. I_'IE!'IE_E the unchannelized (all-paved) intersections are the
; z:frt ass of ntersection, easiest Iﬂ*lht': design, easiest in the design; but most complex
e i ﬂpcli-lanunsrresuhmg‘ in maximum conflict area and more number of accidents,
i controfled by traffic signals or police. When no additional pavement width for
Wi d=nidm::1nenF 's provided, it is called plain intersection. But when the pavement i§ -
inte;se 1 e mt:rsar:r;l.mn area, by a traffic lane or more, It 1S known as ﬂﬂ'ﬂ‘ |
unchm;:::?;g;j These have been illustrated in Fig. 5.34 alongwith common types of
crossing and m:ztfgr;ﬂmtif- The arrows indicate the path of traffic flow, tumhﬂc.:_::__ |
S5t OF Birming vehtoles are wos o It may be seen that the conflict area is quite large 8 =
R ovstoms E \ ©5 are not restricted or controlled. One of the crossing vehicles will
p while the other proceeds. o

shown in Fig. 535 Ch. T ; | _ﬁ,
d"'ff“ﬂﬂﬂ!lilaﬁn;i Eglﬂn:;!lmmn may be either partial or complete with divisiona =
" ooians. From traffic operation point of view there is 2 Tﬁ :'.;E‘ |

control on the traffic enter:
: : :Tlng and Ieavi‘n : s STk
Intersections : . E the intersection and hence chann€ 750

dare l:IJIIEIdEr:d 5-|_|ptrln-r o lht a“. vé dan . 511

DESIGN OF 1N ERSECT O
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Fig. 5.34 Unchannelized Intersections
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The advantages of channelized intersections may be summed up as follows . e
(i) By canalization vehicles can be confined to definite paths.

(i) Angle of merging streams can be forced to be at flat angles so as 1o Calse m_._;_ 4
disruption.

(iii) Both the major and minor conflict areas within the intersection can

considerapir.
decreased, as shown in Fig. 5.32. o

(iv) Angle between intersecting streams of traffic may be kepl as desired EXiT CUSVE OF
way.

L -_-_.:' :-..:i.:‘ I“-_
Ina f'a___ rable LARCED DADASS

AR ¥
(v) Speed control can be established over vehicles entering the intersection. :_ i
X CENTRAL _
(vi) Refuse islands can be provided for pedestrians within the Intersection area. - ISLEND - g
E . - _ ¢ meRkow
(vii) Points of conflicts can be separated. £ ; TS By el WIDE?

e = -

(viii) The channelizing islands provide proper place
traffic control devices.

&
=

for installation of signs and other

=
e .'.' -
L=

Sy
— « g a
L :
~ 1 /""1 i
D
Rotary intersection

: ! :
D | |
WEAVING —a 8 \ :
T ANGLE __ F |
A rotary intersection or traffic rotary is an enlarged road intersection where all gy ol |
converging vehicles are forced to = -

1€ vehicle move round a large central island in one direction
(clock wise direction) before they tive
directions radiating from the central

can weave out of traffic flow into their re: Dectiv
2 | island (see Fig. 5.36). The main objects of provid

a rotary are to eliminate the necess

and to reduce the area of conflict.

sMALLER EBADIUE

i

ity of stopping even for crossing streams of vehicles

ir
|
i

The crossing of vehicles is avoided by allowing all

ound the rotary and then to diverge out to the c ‘?

ying

om the right and a diverging operation to the lefl. H

Design Factors of Rotary g

conflict is eliminated and converted into wes g -
L — l_.i

MAanoeuvre or a merging operation fr

Various design factors to be considered i arg H ’
; . N a traffic rotary peed, shape of ceniral =
island, radius of rotary roadway, weavin ; £ ' ‘

| _ g angle, weaving distance, width of ro@ry
roadway, I:EE[II..IE of €ntrance and exit curves, channelizing islands, camber and.
superclevation, grade, lighting and signs.

;
|

These are briefly explained here.

e AT

'EN spzed for traffic rotarjes i ja is taken as %%
. . es in India 1s t e e e
kmph for rotaries in rural area when one or more of converging roads is/are important. Iﬂh -

areas, a speed 30 kmph is adopted for design. ﬂﬁ,}g;

' - j:..tz:— .'I
shape of tI'Ee central island depends on the nmnb?_:?

(1) Shape of central island - The :
and the lavout of the Intersecting
curves of large radii, without
conditions are circular, ellipt
advantages and limitations (see Fig. 5.37). Whe
roughly right angles ie.. al
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« cuitable. The island may be often elongated to accommodate j, th'el
ap> I‘ rersecting roads; and to allow for the greater trafTic flow ﬂlgng the g Ot fo, -
:ﬂT;;‘i on. Two much e[ungﬂliﬂﬂ and tangent shape are also not desirab)a 2 ]th
wendency of traffic in this direction [0 move much faster. Tyrhlne shape forges H
in speeds of vehicles entering the rotary and enables speeding up of vehicl '-ng

however at night, the head light glare is a limitation of the design, i.:

...F
i

#
g e

(ili) Radius of rotary roadway Thv_: one-way rotary road round the central 1.-_;__;:.;-1
different radii at different points depending on the shape of the central islang

Adequate superelevation cannot be provided on the rotary roads and he

10 neglect the superelevation and to take friction only into consideration
and 4.9 to arrive at the allowable radius of the curve,

NCE it ig gt
in the ;,r f

L §h

|
! S
B

_ V2 I
127f

i
I
S T

.
u

1
i

_ |

The values of the design coeflicient of friction ‘f are taken as 0.43 and ﬂ.4‘?f-" %

e

speeds 40 and 30 kmph respectively, after allowing a factor of safety of 1.5. The IRChy
suggested the radius of entry curve to be 20 to 35 m and 15 to 25 m for ruta:‘y_-.

speads of 40 @d 30 kmph. The recommended minimum radii of central island are
times the radius of entry curves. Though these radii are for the rotary roady =

e ll"i..:l [

practice it is convenient to design the central island to conform to the above radii,

“\.J} Weaving angle and weaving distance : The angle between the path of a .T -.
entering the rotary and that of another vehicle leaving the rotary at adjacent mai hus
crossing the path of the former is termed as the weaving angle (See Fig. 5.36). Vehicles
entering the rotary from a road and leaving towards another radiating road have li! S5

merge into the one-way traffic flow in the rotary . 1and a0
rﬂﬂd“’ﬂ i nil
then weave out to dh"ﬂfgﬂ ﬁﬂm this ﬂﬂ Y around the EEI“IHI 5 e

S : W to the required road outlet. The wes '”
operation including merging and diversin can tak Riggre
islands of the adjacent intersecting lcgs_g ; ® piace hetween the two GOSN

weaving length. A0l his Jength of the rotary roadwiy i g

#l

o {1
._;!.l "'_ .I.I
e
ikl v

- '-.'1-

For smooth flow of traffic

the diameter of central islan

the weaving angle should be small but not less than I:"*'--. |
freedom of movement on I

d required will be 1o

(V) Width of carri

: ageway al ent a : ,
and exit -::lf_a rotary is governed by ﬂ::: :;i::t”; f The carriageway width at the entrai®

or that leaving the rotary to the road. The min tl'-ﬂﬂi':: entering the rotary ﬂ*um_thﬂ

: ffic enter; ' hﬂ'ﬂ* B
round the one way rotary ma:dway for atleast 3 short dli[slzagn::t:: tr:fi lfl:nﬂr kerb |u!¢ﬂf1ﬁ
from section to section. The min; - 1€ actual width of the rotary roadway nw"”uﬂg%f'
island and adjoining kerb is the effective width the roadway between edge of the

i
&

, ing |
section and this by and large determines the HPEEEILEFE;EE t:aadway or of the wed rﬁ%. |
ry.
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The width of non-weaving section ¢; of fhe ,
atry 1o the rotary Hnr.! should generally be quﬁ:‘ 1‘:’-‘3 be equal 1o the widest single

w = |[(E1+ey)
[ 3 +3,5]n1 (5.26)

(vii) Entrance ::md exit curves : ThF curve traced by the inner rear wheel of vehic]
Jetermines the radius and shapes to which the kerb line is to be set. A \rchi:l:tmﬂm‘ Ing @

cotary has to slow down to the design speed of the rotary and therefore the radius of the
entrance curve should be the same as the minizium recommended radius of the central
icland. For the design speed of 40 kmph the suggested radius at entry curves is 20 to 3§
m and for 30 kmph, 1510 25 m. It has been seen that the buses and trucks can take right

angled tum easily at these curves at the design speeds, Where practicable three centred
entry curves may be provided instead of simple circular curve.

Vehicles leaving the rotary would accelerate to the speed of the radiating roads and
hence the exit curves should be of a larger radius than entry curves; one and a half to two
times radius of entry is considered reasonable.

The normal pavement width at entrance and exit should be equivalent to two lanes in

order to prevent clustering of mixed traffic at the approaches, Extra widening has to be
provided at the entrance and exit curve.

The pavement width at entrance curve will be higher than at exit curve as the radius of
the former is less than the latter.

: : ‘practi ' is dependent on the
(viii) Capacity of the rotary : The practical capacity of the rotary is
minimum capacity of the individual weaving section. The capacity is calculated from the

formula ;
Qp = 280 W (1+e/W)(1=p/3) (527)
’ (1+ WL)
where Qp = practical capacity of the weaving section of a rotary in peu per hour.

W = width of weaving section (6 to 18 m)

on between the ends of channelizing islands in

= : i
p = proportion of weaving traffic given by
p = —D%C _intherange 041019

a+b+c+d i

a = leftturning traffic moving along lef m::mm s
d = right turning traffic moving along "i]:s b whileenering he rotary
b = crossing/weaving raflc Wrn e m:ud; 1t while eaving the 10130
C = crossing/weaving traffic turning f€
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Come corrections have been suggested in the calculated capacity valueg de

++ and internal angles and the pedestrian trat‘f'!c in the rotary inte

Cars. light commercial vehicles and three wheelers = .0 - A
Buses. medium and heavy commercial vehicles = 2.8
Motor cycles, scooters = (.75

Pedal cycles = 0.50
Animal drawn vehicles = 4t06

and exit of the rotary to prevent undesirable weaving, and ‘ g
conflict. Further these channelizing islands help ing1 g the ps o
speed to the design speed of the rotary and to serve as convenient place fo
traffic signs and as a pedestrian refuge. The shape and size of channelizin g
governed by the radius of the rotary the radii of the entrance and exit :mil;}-”r'i

angles and layout of the radial road and rotary. The channelizine i g
. e J a o R
provided with kerbs 15 to 21 cm high. elizing islands are _J...:___L

D'LIE;u}l Sight distance, grade -
ossible and i §3-
Etinimuina:?g}l: Sinst:i: quﬁumﬂﬁs 5:111'3 Sggppinfg distance for the design spﬁd-kn;ﬁ% A
i : m for des;j =3
E:Fﬂarc:;i}i:i:]l: lissp:lf'e;a ::: [? locate a rotary on ievl;e] ;;Eu]:tds.pe!:{ri:a;f;s?:r Hh]-;dljcgladtﬁ:
horizontal. gle plane, with the slope not exceeding 1 in 50 with f[z
L T il

The sight distance in the rotary should be as large

i |
m .. I|
._Il

| s lapey o Fig. $.36). Additional lights ‘B’ may B
provided near the entrance cyrye if th b ml diﬂn't_etﬂr. Light ‘C" may alﬂ_.l.,gge__u-
arge in number. o

st 425 2 One of the main use of traffic rotay O
: a;-; Fﬂqﬂslrlan'i are allowed to enter ““"f":ﬁkﬂ:i

Provided and vehicles are controlled bY ;ndﬁ
Hence as far as possible pedes constant problem for traffic contro! atldﬂé |

" II.
=
=8

b
=
[ =

h
! |l-|'I"

Il...-.:.l.
I-II -
i L
|._; SRy .'.".E_
abf X L,
. oy -
il _-l.
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from the general lrgﬂ‘m utilizing the rotary, In India the problem s very rypical as
rotaries are needed in urban areas where the number of pedestrizns and cyclhists are also
high, making the problem complex. If the number of cyclists are less than %0 per hour.,
they may be permitted to mix up with the other traffic using the rotary ; if they are maore,
a separale cycle track to segregate cyclists will be desirable. If there are a large number
of pedestrians, separate foot path with guard rails should be provided 2round the rotary
on the outer side to prohibit them from entering the rotary. However, if they are aliowed
o cross along thE_F-EﬂEHrian crossing near the channelising islands, there wouid be
problems of stopping the stream of fast vehicles entering and leaving the rotary,

Provision of :ruﬁsing facilities to pedestrian h}' subway or over bridpe 15 possible
solution, but the proposal would however be costly.

Conditions when traffic rotary is justified

Construction of a traffic rotary needs large area which may be available in rural areas
at reasonable cost. But in India generally the volume of fast moving traffic is very low in

rural areas. There are various other points to be considered before the construction of a
traffic rotary can be justified.

The American Association of State Highway Officials, now AASHTO have suggesied
that the lowest limit of traffic volume when a traffic rotary is justified is bout 500 vehicles
per hour on all intersecting roads put together and the maximum limit beyond which rotary
may not efficiently function is about 5000 vehicles per hour. However, if a large proportion
of traffic is urning traffic, provision of rotary even outside these limits 15 justified.

However the IRC suggests that the maximum volume of traffic that a rotary can
efficiently handle is 3000 vehicles per hour entering from all the legs of the intersection.

Keeping in view the mixed traffic conditions, it is recommended by the Indian Roads
Congress that traffic rotaries may be provided where the intersecting motor traffic 15
about 50 percent or more of the total traffic on all intersecting roads or where the fast

traffic turning right is as least as 30 percent of the total traffic.

Advantages and limitations of trafTic rotary

Various Advantages of Rotary

d " C Ll i B m d- B

(i) Crossing manoeuvre is converted into weaving or merging IVEIEINg
operations. Hence there is no necessity of any of ll.tE'\'thll:IH. even those wh;:
have to go in cross directions, to stop and proceed within a traffic merhus
journey is more consistent and comfortable when compared with any other

intersection at grade.

(i) All traffic including those tuming
equal opportunity as those turning left.

right or going straight across the rotary have

oy rotary than at a
(iii) The variable cost of operation of automobile is less at .:d n';ﬂtui Arrbarte
signalized intersection where the vehicles have :::Tnpﬂ'te it or proveed seraigh
distance to be traversed by vehicles which are fo crossing the rotary

it . in the process of .
across is higher, still the fuel cﬂﬂs_llff_lbd - o stop-proceed operation at &
intersection is likely to be less. This 18 m‘:ﬁ“‘:‘ﬂgw 375 metre at 3 uniform
signal is likely to consume fuel required for 3

speed without stopping.
(iv) There is no necessity of traffic polic

rotary could function by itself as a “‘.m
of all controls. The maintenanc

M

¥ m
L g o o p o o o p e R B
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(v) The possible number of accidents and the severity of accidents I
because of low relative speed. Furﬂ}er weaving, merging and di'-’ﬂrginm"
are easier and less dangerous operation than crossing. Check op sﬂﬂtdg Nanoe.
automatically enforced by proper design. -4 ofy

(vi) Rotaries can be constructed with advantage when the number of inters, 7:
is between four and seven. 1;_‘-;.:_"'-'3"_'.,

(vii) The capacity of the rotary intersection is the highest of all other " i
grade. The rotary can accommodate a total traffic upto aboyt 3000 3
hour and enable radial streets to carry traffic almost to their ful} Eapar:it; hicles pey

1
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Various Limitations of Rotary R L
e :

(1) Rotary requires comparatively a large area of land and o
. a S0 Whﬂrﬂ S 1c D e 'y
costly as in built up areas, the total cost may be very high. pace is limit

L
=

e NS
¥

] ki S it S |
= -

(1) Where pedestrian traffic is large as in urban areas th rotary by itself cannot conte r
c h I I . 'r.‘ i =
Eu: traffic and hence has to be supplemented by traffic police. 1';}_ the E’:hiﬁ.ﬂ. i

h
.-
el el
= -

(i1) In places where there is mixed traffic and large number of cyclists and ped trians,

the design of rotary becomes 1 ans,
: 00 : gk
become complex. elaborate and operation and control of h 14

(iv) Where the angle of intersecti A
rsection of two roads is too a e

1 : cute OTe
than seven Intersecting roads, rotaries are unsuitable or when there are | ore

(V1) Where there are a large number of cycle and animal drawn vehicles, the extra lengtl

to be trav i '
! ersed by crossing and right tumn traffic is considered troublesome and there

IS a tendency to violate the traffi :
central island. regulation of clock wise movement around €=

ope of intersection causes least delay and hazard to ghe crossing traffic and in generalBE

much superior to intersections at A s =
efficient operation. €race from the point of view of traffic safety 8850
T e b ..-."':'

A hl.g,h“'ﬂ}f g[ﬂdg mmtinn is achi E'e
. : chieved by m ; et o
inlersecting roads : €ans of vertical level. Separation S558
iruers:ctiﬂﬁ. The g::yd;:epamm?r . fhus climinating a) crossing mnfliﬂs_'ﬂ!-‘-
of route at the grade separaliu:?sn:rﬁﬂ;;m;r hj' "N over bridge or under pass T
. }r ll'l[El'[:h el Y ;Inl:;:':-_l
!Ir::erztlfanga_ ramps may be classified as direct, sem; -dire:tng: fa:.nlmes consisting ;f 7 s
e direct interchange ramp involves diverging 1o right -;ln JEct 3 S in “:El =
?f;p:-dlfﬂ:: ;]men:h;ng,e ramp allows diverging to lefi o rsri e ‘ann:llmerg,mg' ﬁ'un?dﬁf_]:_ W
:“ﬁlrfct. method of interchange ramp, a simple diverging Efl“g it from the o8
e ::!l.‘h. are mfuiwd which are simpler and less |'tﬂzan§ O lhe IEH_ and a merging t r:.
merging from right: but the distance to be 1 ous than diverging to the right 855

rav e :
ersed in indireer Interchange is more. -

-
-
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DIRECT SEMI- DIRECT INDIRECT
Fig. 538 Interchange Ramps
The grade separated intersections have the following advantages and limitations.

Advantages of Grade Separation | .
Maximum facility is given to the crossing traffic. As the roads are separate, this

avoids necessity of stopping and avoids accidents while crossing.

is increased safety for turning traffic and by indirect im.r.'r:hm_ig: ramp even
right turn movement is made quite easy and safe by converting into diverging to left
and merging from left. ‘
There is overall increase in comfort and convenience to the motorists and saving in
travel time and vehicle operation cost.

The capacity of the grade operated intersection can practically approach that of the

two cross roads.
Grade separation 15 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

(vi)
roads. *
(vii) Stage construction of additional ramps are possible after the grade separation
structure between main roads are constructed.

Disadvantages of Grade Separation L.
(i) Itis very costly to provide complete grade separation and interchange facilities.

built up or urban area or where the

f grade separation is costly, difficult

(ii) Where there is limited right of way l?ke
topography is not favourable, construction ©

and undesirable. | d ’
(iii) In flat or plain terrain, grade separation may introduce undesirable crests and sags

the vertical alignment.

Grade separation struciures
The various types of bridge structures used 1o *upm_m*dﬂu nﬂgmdﬁ ﬁ-nrr:r t:; E
intersecting highway may be T-beam bridge arch bridge, MBIC Pl - 7y olang if
prestressed concrete bridges. Ther:l::ﬂlﬂﬂ T;:;Tl:;zm be 5.2 metre. The type of
| anticipated, the €€ P and other
double decked vehicles are Ieﬁt 4 depending upon the design, construction

the bridge structure should be s :
considerations like site conditions and aesthelics.
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embankment and an overbridge across nm'.-l!u:r !lighwny, itis called an i ) 3 Z.‘f’:
contrary if the highway is taken by Li.cprr:ssmg it below the ground Jeve lo f s, o
road by means of an under-bridge, it is known as under-pass. rOS3 anoer:” '

The choice of the over-pass or under-pass depends on topography, Vertical o H :
drainage, economy, aesthetic features and preferential aspects for one o  th Hhﬂ.' Sl -
The advantages and disadvantages of over-pass and under-pass are briefly list:d] W

| 0w

Advantages of an Over-pass

4o
e
Troublesome drainage problems may be reduced by taking the major high o
the cross road. For the same type of structure when the wider road is t::lc=u:'lllllllm:'Ir , =5
span ol the bridge being small, the cost of the bridge structure will be less. l:

pass of major highway, there is an aesthetic preference to the main through "ﬂﬂu

less fc:t:*Iing of restriction or confinement when compared with the under-pass, Fumm
expansion or lateral expansion or construction of scparate bridge structure fm: di o
ded

iRt {

highway is possible,

¥

il
]

—

|.| .I.I:_.
. .I-
[ =

R i
= A -
R
A o |
Xt

In rolling terrain if the major road is to be taken above, the vertical profile \l'ill hmf

have rolling grade line. If the major highwav ; i}
: jor highway is 10 be take
embankments and by providing steep y n over by construct

speed reduction on heavy vehicles. Also there will be restrictions to sight distance unless . |

Disadvantages of an Over-pass

gradients, the increased grade resistance may cayse. B
long vertical curves are provided.

Advantages of an Un der-pass

canTt?: I;EIE IE'l Wﬂr:j'i.ing 10 traflic in advance due to the presence ot an under pasi': rich”
o i aimnte. Wiy e major highway is taken below, it s advantageous 9%
gt rallic from the cross road can accelerate while descending

:Llrt:“r:mp md'thE major highway and the traffic from the major high:fa:héﬁlddcu* e
ascending the ramp to the cross roads, The under-pass may be of advantage urr:_'.? 2

the main highway is taken alon icti 7
: g the exist - : * -
alignment and cross road is depressed and takrng uﬁ:r:laed:ll without alteration of its dales-

Disadvantages of an Under-pass

and the road at the under-pass is 10 t
nd level. It may be necessary even * .
ogging problems exist. Afno

al sight distance even at e

under-pass the over head structure may restrict the vertic

:ﬁ::fg E:E:: an s ; nder-pass. There is a feeling of restriction to the traffic at the sides. ==
b >SN a’ong the under-pass and unless the clearance i sufficiently large, this M8y

affect the capacity at the intersecti - S ST
hridge Strichire 5t the undfr.pmlmn. ThErt': 15 NoO pusslhm[}r uf’smgg :ﬂngw:tiun

Interchanges = S

e
interchange facilities is essential 10 S
!“:“ there is intolerable congestion &8¢ =5

' e .:.'_ i

Grade separated intersection with o
* _ omple
develop a highway with full control of a:cesl::. t‘i’

ph feemt 4

N b

R~ J§
f b i
_.1 &

=i,
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Fig. 5.39 (a) (b) & () T
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{d) MAL CLOVEQ LEAP

Fig. 5.39 (d) Types of Interchanges
5.5 DESIGN OF PARKING FACILITY

to other vehicles passing by, resulting in congestion and accidents. In shopping centers,

public places and localities with offices there i 4
- . gty IS a shorta : = .
design of parking facilities is essential in cities and large tf:;f g el Pm? v

Parking facilities may be broadly divided into two types :

(i) On-street or kerb parking, (ii) Off-street parking
5.5.1 On-Street or Kerb Parking

on the kerb which may be designed for- =
those who could find a suitable space 0 |
stop; but for others who could not find a i1

In this type of parking, vehicles are
parking. Kerb parking is quite cunvﬂniem:rd
park their vehicles near the place they wish to
parking space it is a problem and often they
place and walk down to the destination. Unl
designed in advance while planning a new

ed in the kerb parking. See Fig. 54“.’
“Brees. Angle parking accommodates

A,ng[e pa_lrking or parallel pﬂrking may be allow
Angle parking may be at angles 30, 60 or 99 d
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T P xene
r-:1\rﬂ AN [T
\ AV A Ay .

KRR #2542
.

b i

a5 ANGLE PARKING

|;-: $.29.2.%,2.920
KERS

N - NUMBER OF LHuLES
L .CURD tEHEI'H,,lIETHE'I-

M5 '-HIHDEU'HEIIHF spACE

NOTE: ALL HHHEI.HI-!I“‘ ARE

'II!I' ANMGLE PARKING IN MET l
rking

Fig. 5.40 Various Pafterns of Kerb Pa be parked is with an
j | ; : { can

more vehicles per unit length of kerb and mxfmﬂ;im;hind unparking manoeuvre
angle of 90 degree. The width of road required. i the parking angle up 10 a maximum

also is more with angle parking and it increases Wi L motorists than the Pm—;llel

al gpe angle. Angle parking is more u:umt:i‘ll'iu ihe through mf:ﬁ; resulting in more

Parking, but it produces much ,
“CCidents than the parallel parking. ﬂul
degree angle is considered the best Hog®
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* arking is generally preferred when the width of kerb parkin :'f;

m'idE;rﬂ}E:hEdalmit urﬁ limited. But the parking and unparking “méiiﬁfﬂ ! {l.:

difficult needing a few forward and reverse movements h-el‘qre parking properly [ 2

taking out. Parallel parking may be with ?qual spacing, facing the same direc r befy

be two cars placed closely with open intervals between two-car

Fig. 5.40,

UNILS, as shoyy ¢ B

l.. ._.
T el T
[l i_= L. |

[ |
Ll

§.5.2 Off-Strect Parking B

-

- ._
i

et -
o

When parking facility is provided at a separate place away from the kerb, it is knnas
as off-streer parking.  The main advantage of this method is that there g no .: b R
congestion and delay on the road as in kerb parking. But the main draw back | I}
the owners will have to walk a greater distance after parking the vehicle, It s !l ';-"..;;_-_-_-.‘__
possible to provide the off-street parking facility at very close intervals especis Yoo A0
business centers of a city.  Two basic types of ofl-street parking facilitics uru'l"" g
parking lots and mualti-floor parking garages. |5}

Parking lots may be convenient where sufficient space is available at compi Vel
llljﬁ’ cost, The parking of vehicles may be done by owners or drivers of the cars and then:
this is called self parking system. 11 the vehicle is leR by the driver at the entrance spaee.

and again collected from there, the parking and delivering operations being carrled ¢ *ﬁ :
Yt

attendants, it is called attendant parking system. Most important advantage of atten
parking is less space required to store and manocuvre the same number of cars, '

ma i
s
L C

' Fia L 2 :!' 'y’
Multi-storeyed parking garages ave restored to when the Noor space avallnble for the
parking parage is less and is very costly. It is possible to construct multl-store J:':.l:'
gnmgnnilu.pmh.n arge number of cars at o time, [0 iy necessary Lo pruvidu the Inle [j
ttavel facility for the vehlcles, which may P |

y | he cither by elevators or by ramps. IS
mechanized garages the elevator may be designed 10 move both in vertleal and I
hortzontal directions to carry mul d

place the vehicle In the nppro il and o
deliver It back, 10 mmpy are pproprinte parking s 1 B

provided for driving the vehlcles to and from the parking
stall, the space requirement |
nmechanical break down

come to o stand sl

- I.__I_ - I-- = _-.I:I -
T e AN O

-
-

s

& Eddndih

i

S ]

will be crensed considerably, On thie other hand, -"J;,l;'-‘“.'
O power ladlure, the fetloning of the elevator system would

parages, the basie tenftic operntions consist of five

steps, namely, entrance neceptance, storn ¢
' P 4 l.i : - Pl LS
Ro dellvery nnd exit. Hence some deflnite ! s

% 1Im|n.flml i front ol .”_“' parking 1ot or garage for vehicles during entranco nCCEPHE e
and-exit operations.This space provided in eallod roservolr area, the slze of WSS
depends on the average rate of arrival of vehicloy to bo parked during peak houf, S

average Hime required o dispose ofl one en e

- Fand the number of mployed 10

storage-operations, imber of attendanty employe ¥
s

Both b the parklng Tots s e
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oceur durlng nlght drlving ls 8 ﬁ"
nt duting day driving,  One OF e

uringg night mny be attributed 1o poof MEEES
visibility. - Highway Tighting Is particularly morg lmnunnnrnl Intersectionn, I::I |

level cromsings snd in places whiere there |y vesttlcton of teaffe (o movements: LA
ol rural resds Tas ol yel become Conmmi

lesn umber of pedestlang and other sl

The rate of highway nceldents and fatalithes i

Hmes higher In tetmn of vehicle-kHomele, than 1)
varlous catses of lncrensed aceldent rate

dge ! - {t',,

i
i f.' -
==

1 e Tl 1|
" evidently duo 1o the cost conslderatlon 22 % .,
F ";T‘- !

Wotmllle uslng 1he fciity mt nlght, Qn s

_"-:I
i -
= S Rl _iFe
il e
" SR
- L
% Erlal T
u L LR
- y = i
[ g
- il
r K o
. i E .

rail]

oy g

HIGHWAY LIGHTING 251

roads where the density of population is also high, road lighting has other advantases |
ecling of security and protection. Thus even though head lighs of sehicies may be

cufficient for safe night driving, still road lightin may be . A
1o the road users. ghting may be considered s an added facility

During night driving the manner in which objects are visible varies with both the
absolute level of brightness and the relative brightness of the road surface and the ohject.
When the brightness of the object is less than that of the background, that is when the

object appears darker than the road surface, discernment is principally by silhouette. If
the brightness of the pavement is uniformly increased, discernment by silhouctie i3

enhanced. Hence it is obvious that night visibility on concrete and other light coloured
pavements are better than on black top surfaces. A light coloured, rough textured

pavement surface that can reflect light back is considered most desirable. Surface that
becomes mirror like or shiny when wet (such as smoothened black lop road surface)
should be avoided as practically no light reflects back from them.

When the brightness of an object is more than that of the immediate background.
discernment is by reverse silhouetie. The objects adjacent to the roadway, projections
above the pavement surface such as island or vehicles may be seen by this process of

reverse silhouette. When the pavement surfice is very dark like black top surface, the
object which are relatively brighter In colour are seen by this process,

Thus the various factors that influence night visibility are :
(n) amount and distribution of light flux from the lamps.
(h) size of object.

(¢) brighiness of object.

(d) brightness of the background,

(¢) reflecting charncteristics of the pavement surface.
(1) plare on the eyes of the driver, and

() time nvallable to see an object,
Design fctors of highway Hghting

Virlous factors to be considered In the design of road lighting are
(1) Lomps
(1) Laminalre disteibution of light

(1) Spacing of Highting units
(W) Height and over hang of mounting

(V) Lateral placement

VD) Lighting layouts

rl”ﬂ'j‘”.'
I on seveial considerations in
The choleo of the Iamp, its type, size and colour depends LAEVEE a1 14 th

suirfnce.
illtlon 1o distribution of ight flux on the Fn“m:;:: sificlent uniformity of VIR
West lamp sizo In o luminalre which will pro
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o

brightness; but this depends on the spacing of the lamps also. The varioy
in use for highway lighting are filament, fluorescent and sodium or

lamps. The cheapest amongst these, is the filament lamp.  Sodium
preferred at large intersections.

Luminaire Distribution of Light

To have the best utility of the luminaire or source of light, it is necessary to have nen "
distribution of light. The distribution should be downward so that high percentage of lan
light is utilized for illuminating the pavement and adjacent area. The light distribu
selected should be the one which would produce maximum uniformity of pa
brightness, The distribution from the luminaire should cover the pavement betw
Kerbs and provide adequate lighting on adjacent area i.e. 3 m to 5 m beyond the
edge. The illumination 1s necessary for traffic signs and other objects on the road.

:m.‘ il
pavement

There are five typical luminaire distributions (see Fig. 5.41) which meet most 'ﬁf".
highway lighting requirements.

=2l ]
e

[ Fal'Y '!""'_:':-'h

(e
It s suggested that the average level of illumination ori road side may be 20 to 30 [;x .
on important urban roads carrying fast traffic and about 15 lux for other main roads.

[ |
-}
"".'I

~a %1

ty of illumination in most of the existing

k!

carrying mixed traffic and in arterial roads. In secondary road it may be 4 to 8 lux
depending on traffic. However the actual intens; R

roads may be lower than the above values.

} -
- HE
]

A

-
1

The Indian Standards Institution recommends an average level of illumination of 30~

[“'fi on Important mﬂfiﬁ carrying fast traffic and 15 lux on other main roads, the ratioof
minimum to average illumination being 0.4. R

Spacing of Lighting Units
w2 T

The spacing of lighting units is often influenced by the electrical distribution pol . ‘T; u

property lines, rt_::ad layout *ﬂnd type of side features and their illumination. Large lamps
with high mountings and wide spacings should be preferred from economy point of view, ==

Height and Overhang of Mounting

* | | - : :%L ii )
The dlﬁltrlhutl‘ﬂﬁ of light, shadow and the glare effect from street lamps depend also “‘L‘g’
the mounting !1E!ght. The glare on eyes from the mounted lights increases with the Fﬂw .":'
of the lamp directed towards the eye and decreases with increase in height of mﬂlmﬁng.-‘-:i

Usual mounting heights range from 6 m to 10 m. h; - where f
. , , higher values being preferred Al

pnssll':lle at least for important urban roads. The minimum vertical clﬂﬁg Fce n:quiﬂ! d fo}?gﬁg |

electric power lines upto 650 volts has been e

specified nt e
by the Indian Roads Congress. S b S 5|ufﬂl‘-'§}_,

i .,-':[ 4 g l'.' "
Over hangs on the lighting poles would kee edgts
: P the poles away from the pavement €05=% ==
but still allow the lamp to be held above the kerb or ¢ s enables
better distribution of light on the pavement b o T B

: , and less glare on eyes of road users. The
effect of mounting height and over hang on the length of shadow i; shown in Fig. 5.42- =

is desirable to have higher mounting heights and necessary overhang projections. |
Lateral Placement o AR

The street lighting poles should not be installed close 1o the pavement edge. If EY C8

are too close to the carriageway, free movement of 1 - g oG
capacity of the roadway. Indian Roads Congress raffic is obstructed, decreasins ~ B

i h 1 ; IE B
required for lighting poles as given below s specified the horizontal ¢ A
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I  Two-way lateral distribution (for narrow roads)
(for narrow roads)

11 Narrow asymmetric lateral gistribution

11 Medium width asymmetric lli;:r-ll distribution
(for roads with medium width E ISR
IV Wide asymmetric lateral distribution (for verv wide highway

' i centre of
V  Normal symmetrical distribution {for mounting af
highways and al intersections)

Fig. 5.41 Typesof Luminaire D

irable

(8) |For roads with raised kerbs  |M _m:mum 0.3 mand
as in rural roads ‘
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S

LENGTH OF SHADOW

Fig. 542 Effect of Mounting Height of Overhang on Length of Shadow
Lighting Layouls
On straight roads the lighting layout may be of the following types :
(a) Single side
(b) Staggered (both sides) t
fc) Central U

Single side lighting is economical to install; but it is suitable only for narrow roads

Due to cost considerations even on two lane roads often single side lighting is adc '-'-"‘;:.- )

For wider roads with three or more lanes the staggered system or the central lighting
system may be adopted. These systems of lighting have illustrated in Fig. 5.43, The

spacing of the lights in each of these systems is decided based on various :unsidﬁrﬂt_iﬁ' 1§
including location, lamp size, height of mounting and lighting requirements. "

g ———————p

() STACGEENED

-_rt

! T
—___g_.*__-_*__—
TPALING DO TD G0 =
(E) CHMTmay

Special care should be taken while locating the lights on curves. Lights are installed

o1 BN
e

a closer spacings on curves than on straights. The lights are located on the outer i€ EEE
the curves to provide better visibility. The layout of light at horizontal curves is ShoW! "2
Figure. 5.44. At vertical summit curve lights should be installed at closer intervals I€EEEEs

the summilt.
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Fig. 5.44 Lighting Layout on Horizontal Curves

! [ due to ntial conflicts of vehicular and pedestrian uﬁfﬁ:, more
illu‘::tir::::::.nﬂss“:;st:imd* FanTi:mple intersections, in urban area, the illumination should
be atleast equal to the sum of illumination values for two roads which form mx
intersection. See Figure 5.45. A detailed trafTic -.:n!um: and flow sl.1.||!:lg,r should be ma
1 the cases of compound intersections before deciding the layout of lights. TI'!n: lighting
unit should be located near the pedestrian r.:mssir!g., rihannellzlng islands and signs. The
lighting layout for traffic rotaries has been shown in Fig. 5.46.

ta) 7+ INTERBECTION k) CROFS SOADE

Fig. 5.45 Lighting Layout for Intersections

Design of highway lighting systems

STI rilization coefficient charts are
; of luminaire distribution, the u - surface where
vor vaﬂﬁuj Eﬁinminn of average lux of intensify over e mdbmmm:-' lighting poles
available for de ting height, width of paved area and s;::at;:["iﬂ S 45,
lamﬁn[umen.ﬂll'l:“ tﬂ,iul utilization coefficient chart is given in FIE. 2
are known.

The following relationship 1 used for computations :
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05
STREEY
SIDE
24

o2

HOUSE SIDE
o

COEFFICIENT OF UTILIZATION

0 1 2 3 4
WIOTH OF AREA

QATI0O GOUNTING HEIGHT

Fig. 5.46 Coefficient of Utilization

TRAFFIC ENGINEERING S

. .':." l-
R

. Lamp lumen x Coefficient of utilization x Mai tor-
Spaciiigs= p tion x Maintenance

Average Lux x Width of road N

- -
i

The coefTicient of utilization is obtained from the appropriate chart, a_s_*'f[; .

and an average value of about 80% may be assumed.

: _|: f"_

=

Example 5.16
Design a street lighting system for the following conditions |
street width — 15 m
Mounting height — 7.5%m 5

Lamp size — 6000 lumen
Luminaire type - I

Calculate the spacing between lighting units to produce average Lux = 6.0 1 | 257

Solution e

The ratio Pavement width 15
Mounting height 5
From Fig. 5.46, coefficient of utilization =

0.44
Assume a maintenance factor = (.8

|- 2P 44 "Jf".'-
cient of utilization x Mgintgnancﬁ_

il

Average Lux x Width of road v

[‘_&m“““-ﬂ} =232

Epa:in g = L-EI.[I']'p ]UmEH % Coeffy

The maintenance factor takes into account the decrease in efficiency of lamp witha

wilh i
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5.7 TRAFFIC AlvD TRANSPORTATION PLANNING
5.7.1 Traffic Planning

: (

Rising trends in growth of population and traffic around cities and the steady growth
of national productivity create a continuing demand for improvements in highway
facilities.

The problem of traffic accidents and congestion in urban roads is being viewed with

grave concern in the recent years. The main causes for this problem are improper
planning of road net-work and other roadway facilities and poor traffic planning. Hence

waffic functions now occupy a good position in Corporation and Municipalities, The
functions and duties of traffic engineering units were initially limited to traffic surveys
and control devices. But now this branch of engineering has developed considerably and
include many other activities like design, regulation, planning and administrative
functions. In municipal organizations a full fledged traffic engineering unit can be
entrusted to look after public safety. Such a traffic engineering unit may have several
division such as :

(a) Field studies

(b) Accident analysis

(¢) Traffic control devices

(d) Design and planning

(e} Special investigations

(f) Economic analysis and decision theory in engineering design, and

() Administration

Traffic engineering units should have a proper place in highway :!:parrfrncnls qr'fuhQE
Works Department of the States. The financing for traffic engineering activilies is
another problem. Obviously, the travelling public is more cnn:t:mad about their s?fc and
quick movements and hence a provision can be made to divert part of the income
obtained from the road users in the form of taxes, parking charges, tolls etc. towards these

activities.

5.7.2 Urban Transportation Planning Process

_ The transportation planning process is developed in a series of stages :
(i) Inventories

(if) Trip generation

(iii) Trip distribution

(iv) Model split

(v) Traffic assignment

(vi) Plan preparation and evaluation

fnveniories

E - & - &
Information related to land use, economic activity, population, travel characteristics
n

ceries of surveys. For this purpose the
: siae gre collected through a SeTies © :
and trans_[mrt_atm;t ﬁml:'“smdy is sub-divided into @ number of smaller zones as shown m

les are normally followed for zoning :
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(i) Zones should be homogeneous in land use.
(ii) Zones should be of homogencous traffic generating characteristics,

e L
P
e
b '1-':'1!':!
; I' 'I—.I-r.l-l'-. l!-
! ¥ Lt =
- | bl'._|-

(iv) Zones should not be large enough 10 .pmduce errors resulting from the IH.EF
that all activities occur at zonal centroid, UMptigy

(ii) Zones should conform to enumeration districts, natural and physical hﬂfﬂtﬁ;ﬁ

T

(v) Zones should preferably have a geometrical shape for easy dﬂﬂl‘m:“! e
centroids.

" 8 ? '|,:-:H’
Detailed surveys are than organised to assess the existing activity levelg et
transportation facilities. Normally Home interviews surveys, Population data, Home gty

'

trends. Socio-economic characteristics of the population, Land use and ecopamt
activities. Traffic volume census; Travel time studies and a Physical _,”-:E_‘i;;‘::::-:_i;.'l
highway net work are carried out. Some of the surveys are explained in Article 5,2_; -

The information collected are analysed with respect to past trends and
expectations forming the basis for further travel demand analysis. o

L1 E'|‘-:i'1-‘b.'II -1 T, ¥
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Trip Generation

5

l'._*n' .

This is the first stage of the travel demand forecasting process. Trip generation
concerns with the estimation of number of trips produced in or attracted to a given zone 23
The Trip is defined as the “One-way movement having single purpose rbj
b:mecg a pu*im of origin and a point of destination”. Two popular methods o ;;‘,'-jé,-i,'-','j:‘."_-'-é
generation estimation are Ll

Multiple Regression Analysis
Category Analysis

_In Multiple Regression Analysis a functional relationship is expressed betw E y;
trips per zone and various socioeconomic activity levels in that zone, [t is usually a lineff
mode; of the form : | k!

e ' :__1--:;t -_::'_.'..
Yy = bot+byxp+.., ... ...+bgxg r{ L0
where : '

y = dependent variable-trips produced or attracted in a zone. ol i

Xhs K i Xk = independent variables that cause generation of trips. |

bo, By, ... ... by = regression coefficients which are to be calibrated from the basé Y¥&

data obtained in inventory studies.

As an example in one of the Indian cities. the following relationship was nmhliﬁﬁ_' _
y = 1197.32 +0.0957 x, s ;
where X| = I'll.lmhﬂr uf Wﬂrkﬂrs in “'IE-' zone (M Tt “-';:"I'_I
Xy = nu-mbm- of ﬂhi:]ﬁ in lhE — Py _. Bl L

andy = number of trips produced for work purposes in a zone
“kﬂ?n ::izssumpliﬂn that this model remains stable over time the future number i?-f". e
Y 10 be generated can be predicted by substityt; i ote of the Xl RS
b e e i send | _ Ing the future estimates 01 ™"~ S
, pendent variables in the tquation. B
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| | ing | idered rather than zonal tnp
atepory analysis, the household trip making is cons _
ma:n?r::.': II:'I'I'tll:El ;fucﬂdurc s to divide the households into a et of categorics and 0

! In England 102 different categones
« the base year Irip rates to each category. _
i:n;ﬂ:::rz:ﬂl:used hj;scd on 6 income classes, 3 car ownership levels, and 6 house hn!d

‘ of in
" To predict the future trip generation, the expected numbet ¢ households £
:Lr:;lz::gmy al: the design year are¢ 10 be multiplied by the corresponding tnp rate

summed up over the zone.

Trip Distribution | iy
Trip distribution is the stage where the trips generated and attracted

- method this procedure is the
are distributed 1o any other Zone. The most Im :'1' : ﬁ:ﬂ thes mp:ﬂ;ﬂ“m any 1We Zones
Gravity Model Thistge ?m; nnuﬂ:hE?:?Ei; generated in the z2one i, the number
i and j are directly proportional to the n . function of distance of
L?r:fi;:fma::ted {npzunﬂ j, and are inversely proportional to some .

separation between the zones.

The model i5 as follows :
i L - EEJE}
I J

Here Ty = number of trips from zone i 10 ZOne |
| G; = Tnps generated in zone i

Aj = Trips attracted to zone ]

F.. = Empirically derived ‘friction factor’ calculated on area wise basis
J
n = number of zones in the urban area.

i 1 a com
Existing data is used initially to calibrate the mode pmmﬂﬁ:urs Fi ltn‘nuﬁ F‘::u
program. Assuriing these parameters to be same at 3 ;vﬂdam.uﬂ k H“ﬁmn
interchanges are computed by substituting the future trip generat model

Muodel Split

between the

The proportion of total trips between any two zones l::::ﬂ::ﬂ: Sihnﬂ;i T

srivate vehicles and the public transportation system lﬁim D e
models so far developed have been ﬂtﬁlgl‘leﬁ! to dr.h:rmt“ _—
and bus modes. Several approaches are available to so

' de
times and costs of travel by car mo
points. With the help of diversion Curves |
within the O-D pair is then determined.

Traffic Assignment

' ion planning is th i |
stape in the transportation p o o | -
bﬂr\:z:nn::; lquD-D pairs on different highway routes. A TYPIEE B -

iven (-D pair 15
- : t route between the given €
“All-or-Nothing" procedure. In this the shories ic identified. All the trips between

il : the given O-D pair o g OD
identified. All the nps hw ) ‘ ly the trips between any
these two zones are then assigned (0 this path. Eth:.:: b!;r e other complex methods are

' tes. A
pairs are assigned 10 respective shortest rou

i * g n“‘
also available and give more realistic trafTic assignme
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Plan Preparation and Evaluation

j .
)

5 =
e

The steps described above will enable the various land use Stratepies ooy
1 Irlqd:‘: ;:ll ‘b[‘." E‘\P!_Grtd l'ﬂ. \,-E'I'} :.!,EH'IETHI IEI!'I'I'IE.. a sl ﬂf ﬂhjﬂti\rts HIE “ -. _
Wb :

various land use and wransportation plans ore developed. The benefits and | ,f,_ e

he caused by any alternative and the net returns with the estimated investmac, . |
comrparad. "\n economic criterion is used to choose the best ﬂilﬂmaﬁ; t"hy'“_ﬂ._.
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Example 5.17 ¥
The following information was obtained from a transportation survey ﬂfa_mw

Traffic zone | Population in the zone | Total trips generated |
l number (thousands) (in hundreds)
5

| B S
2 ._I
35

5
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by

ml
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1

- . : r 3 :_
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Develop a linear regression model for estimating the trips generated from a 1r

population in a particular zone increases to 40,000, predict the expected trip generation
from that zone. s

- L Ny
_I_q" r:l.. .: - ¥

-

= : - ; . - i ...rl
(i
Lad WLl

(a) In this case there is one independent variable population and the prob .:"""'.
develop a linear equation of the type. REE

}'E bﬂ+h]}1] Ly~

Total number of trips in hundreds per zone, being the dependent \

+1'I -
-..-! =
-. I-
I
|
1 i

Here v =

F . L

ot
st
—

%1 = Population of a zone in thousands, being the independent variable. ¢

=4
|

Regression constant or intercept term. o= EI 1Y 5‘?- B

by = Regression coefficient

Also the correlation coefficient r, which tells about the goodness of fit is ODIBITEE i

nEy? -(Xy)?

Here n = total number of observations

Y = Summation of the variable over all the observations

i o
-----
" !
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It is convenient 10 prepare a tabular form for computations .

m—- Y
|
Y] 26 1 12 1 312 676
ﬂ-l--m-ﬂﬂ
!l-ilm-
If-m“ ffj
s |z |12 | 24 1 4
ﬂ-.l.-ll-'ﬂ-
—7 | 20 | 9 | 180 | 400 T
n=8] Ix=2I5 mmm = 1398

Substituting these values in the formulae given earlier

8x286]1-215x104

5 = 0.469
Bx35919-(213)

-I =

bg = (104 -0469 x215)8= 0.396

Therefore, the trip generation model is
y = 0396+0469x

The correlation coefficient for this model is

112
5919 (215
R | (it e }i =0.82
8x1398—(104)" |

The linear regression model is given by :
y = 0396 +0469x, 1= 0.82

(b) The future population of a zone =40,000
x = 40 for use in model

The total trips generated, y = 0.396 + 0.469 x 40 = 19.16 in hundreds = 1916
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