


MR FABHAR HOSSAIN

CE 15, 1500045

“Whoever travels a path in search of knowledge, Allah makes easy
for him a path to Paradise” (Sahih Muslim)

Special THANKS to-
My friend

SAYEM AHAMEED
CE 15,1500119



INDEX

CLICK ON THE TOPIC TO GO TO THAT PAGE

ABSSIR

TRANSPORTATION SYSTEM

TRANSPORTATION PLANNING PROCESS

TRAFFIC ENGINEERING

TRAFFIC VOLUME STUDY

SPEED STUDY

TRAFFIC CAPACITY STUDY

ORIGIN AND DESTINITION STUDY

PARKING STUDY

ROAD ACCIDENT

| TRAFFIC REGUTIONS | TRAFFIC SIGN & SIGNAL | ROAD MARKINGS |
| TRAFFIC ISLANDS | HIGHWAY LIGHTING |

ROAD INTERSECTIONS

TRAFFIC SYSTEM MANAGEMENT

HIERARCHY OF ROADS

TRAFFIC AND ENVIRONMENT

HIGHWAY MATERIALS




M.A.H SIR

INTRODUCTION
HIGHWAY DEVELOPMENT AND PLANNING

HIGHWAY ALIGNMENT AND SURVEYS

HIGHWAY GEOMETRIC DESIGN

DERIVATION + PROBLEMS
(HIGHWAY GEOMETRIC DESIGN)




CE 3205: Transportation Engineering

\, . Araffic: means movement ol persons (people) and vehicles on road.
ansport: means movement of persons (people) and goods from one place to another place.
L}ﬁmcporhuon. means the entire activity mvolvmg traffic and transport.

Transportation engineering deals with the lmnshlpmcm ol persons and Loods by any sorts ofvchlcle.
L Mol

The Transportation System

Definition and Scope: A transportation system may be defined as consisting of the fixed facilities, the flow
entities_and the control systent thal permit Qeogle and_goods to move from one place to another place
efficiently in order to participate in a timely manner in some desired activity.

Fived fadilitics: are the network ol links (c.g., roadway scgments, railway track and pipe) and nodes (e.g.,
mtersections, interchanges, transit terminals, harbors and airports) of the transportation system.

Hlow cntiries: are the vehicles (from bicyceles o large tractor-trailer), container units, railroad cars, etc.
Control system: counsists of vehicular control and fTow control for cfficicnt & smooth operation of vehicles.

Transportation Demand: Transportation systems are built to serve people in undertaking their economic,
social and cultural activities. Pcople do not normally travel or move their possessions for the sake of
movement but to fulfill certain needs, such as going to school, to work, to shop, or to visit with friends.
Transportation engineers accommodate these social activities by providing efficient ways to satisfy the
population’s needs for mobility. Transportaticn engineers often cooperate with other professionals (including
cconomists, planners and social scientists) for efficient ways from the consideration of safety, speed,

convenience, cconomic, protection of environmental quality and protection of individual rights.
—— ) .

MTransportation System Classification: Transportation system can be categorized according to the types of

technology they employ, type of service they provide, who is responsible for their operation and so forth.

The transportation system is further categorized into four major subsystems according to the medium on
" which the flow clements are supported and commonly referred to as modes.

Modes of transportation are:

1. Highways 2. Railways 3. Waterways 4. Airways 5. Beltways, Pipelines.

—

portance: As blood transportation through body arteries is essential for well being of the human being,
similarly a good transportation system is essential for well being of a nation. A good transportation system
comprises of good network of highways, railways, well-developed waterways and airways.

For rapid cconomicall industrial, social and cultural development of any country, a good system of
transportation is very essential.

\/xm,mw important roles played by transportation are: EX'Q

ot ®

I. It gives “place utility” to goods.

2. It gives “time utility™ to goods and people.

3. It bridges the space gap belween the consumer and the producer.
4. It gives facilitics for the exploitation of natural resources.

5. It gives facilities for the international trade and commerce.

6. Itis important for the defense of a country.

7. It determines the paticn rrowth of towns and cities.

S, Itis a promoler of tourism.

l{‘ll‘lﬁpnllnlmu system in Bangladesh: Transportation system in Bnngladcsh is good because it comprises a
pood network of highways, railways, well-developed waterways and airways.

lh!-hn.n\ ICinctuded the National highways, Regional highways, Feeder roads, Rural roads and Vlli:lj,c
roads. Road transpart has been growing very fast and many advantages offered by the road transport.
Railways: Itincluded the Broad Gauge line in the west zone and Meter Gauge line in the east zone. From the

SaTcty parmt of view and oThaT TaciticspubTics are atlracted to railway [FanSpOrT now X dys ™~
Warerways: Bangladesh has o long coast-line and henee the potentially for coastal shipping in cnormous.
The total lenpth of navigable inland waterway is notable. 50% of river waterways are suitable engine launch.
Apways: llan;'hdc:h has two levels of air-ines: (i) International Carrier, Bangladesh Biman (ii) Domestic’
Frunk Route Carrier, Bangladesh Biman and some private airlines.

N

Scanned by CamScanner



Transportation Planning Process

Introduction: Advancement in all spheres of life has been to a large extent mﬂucnf:cd by lfﬁ“lfp‘mat;g:'
Any change in the transportation system is reflected in number of impacts. M_()lor_vchlclcs broug| I'C(?m }
pleasure and convenience but created problems of congestion, lake of safety and dcl:'c”crd“on, v

cnvironment. To under stand the nature of these problems and formulate proposals for the safe and cfﬁc:_enl
movement from one place to another is the subject of transportation planning. The output of the plannl'r'l‘g
function should be in terms of (i) what needs to be done (i) what alternative approaches can be used (iii)

how well these alternatives mateh the community desires and (iv) what steps ultimately need to be .lakcn L
implement plans.

Both land use and lr:insporlalion are part of a dynamic system that constantly evolving (f:ﬂ?( 2e orty> )
due to changes in policy, technology, economics, and even culture/values among others. As a result, the
interactions between land use and transportation are the outcome of the many decisions made by rcsi(!cnls.
businesses and governments. The cycle interaction of transportation facilities and land usc is shown in Fig.1.
The most significant components of urban dynamics arc:

(1) Land use (i) Transport netwaork (iii) Movements (iv) Employment & workplace (v) Population & housing

Ahemmijor components ol the spatial imprint ( 7272w %09 >z ) of urban transportation are:
Pedestrian areps; Refer 1o the amount ol'space devoted to walking. This space islg%_lo‘Z_O_% of right of way.
Roads and parking arcas: On average 30% is devoted Lo roads while another 20% |'s'rcquircd for off-street parking,.
Cycling areas: Reserved Tances and purkmmuld be required for bicycles in urban arcas.

_ Transit systems: It share road space with automobiles, which often impairs (deteriorate) their respective efficiency.

Transport termin
e L

als: The amount of urban space required to support terminal facilities (ports, stations, yards etc.).

fiteraction between land use and t fansportation

e distribution of land use (residential, industrial or commercial) determines the locations of human activities

(diving, working, shopping. education or leisure). The *land use and transport feedback cycle” is shown in Fig.2.
The distribution o human_activities requires rips in the transport system (o overcome the distance.
Distnbution ofinfrastrocture in the transport system create opportunities thiat can be measured as accessibility.

Dhistribution of accessibility co-determines location decisions and so results in changes ol the land-use system.

Changed

§ land use Al - Transport .
' e system
/
. . / b2
Increased Increased ~
land value trip generation
v ; ‘
| Accessibility Activities
Increased Grealer ! /
accessibality tralTic
needs “
v ’ h ¢
' Added A
- transportation ) Land use
facilitics
| Fig.1 The land use transportation cyclc Fig.2 The ‘land use and transport feedback cycle’

y(eres in Tronsportation planning: Trnnsponati.on plannil)g process divided into five i.m;?ortant stages:
7. Surver: Information on the origins and destination oflhcjoum‘cys sh_ou.ld be collect within slucvly arca. .
3 nalvsis and model building: Data analysis is necessary to (lCSIg‘Il C.)(I.Sllllg.faC||lllC$. Model building is
impnrlﬁn! Tor forecast Tuture travel demands. The transport model is divided into four stages. Thesc are:

(0 Urip generation or the decision 1o make o journey (b) 'l'ri!; distribution or the selection of a suitable destination.
(-‘l Inlv n:sit-n!ucul or the uctual journey undertaken ina route (d) Maodel splitgr the method of travel used for the trip.
. . \ . )

.
i_Lorecasting: Forecasts are required regarding planning parameters, population, employment, & income distribution,

4. Evaluation; Numerical evaluation, accuracy of the resultant forecast, operational evaluation are necessary.
.k

native emerging [ s eV ion's is scleeted for implementation,
S, Programme adoption: The bestalternative emerging from the evaluation study is selee l
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Traffic Engincering

Gcncr:_d: _Tmfﬁc engineering is that phase of engincering which deals with the study of traffic, the
3 dclcrml.nnlmn ol its characteristics and the application of the knowledge so gained to achieve safe,
convenient, rapid wasd ecconomic transportation of persons and goods. '

Traflic engincering techniques are used to ensure that new traffic facilitics operate cfficiently and safely for
all the trafTic, including pedestrians, using them. Also it used to improve the operation of existing facilities.

The Traffic Problem: The behaviour of road traffic is now a complex interaction between four components
-~ the road user, the vehicle, the road and the environment. The degree.of complexity of traffic behaiour
depends on the variability and interaction between these four components. Variables arc discussed below.

MApplimtion of Traffic Data: The information obtained from traffic studies are used (1) to test and improve
the eMicieney ol existing road systems (2) to determine the need for new traffic facilitics and (3) to desigm
and Tocate traflic control devices.

-

CHARACTERISTICS

vad user charaeteristies: Road user is human clement includes the driver, w, cyclist, motor
Telist. bullock cart driver, cte. The factors or characteristics of road uscrs that influence the road safety are:
(i) Physical characteristics: Vision, hearing power, strength, general reaction to traffic situations (PIEV),
O Temporary physical characteristics like: Fatigue, alcohol, drugs, illness, etc.

(ii) Mental characteristics: Skill, Intelligence, experience, knowledge, literacy, etc.

(iii) Psychological factors: Impatience, attentiveness, Fear (&2, anger, maturity, home worries mind, etc.
WN p ’ - g ’ y

chicular characteristics:, A vehicle that represents the design standards is termed as design vehicle.
The factors or characteristics of vehicle that influence the road safety are:
(i) Dimensions:

) Width —affects the Tane width, width of shoulders, width of parking lots and road capacity.

1) Lenuth — aftects (h&aestign of horizontal elements, passing S.1), road capacily and parking facilitics.

() Height — affects the elearance provided under structures Tike bridge, tunnel, clectric service lines, ctc.
(i) Weight: aftects the design oT pavement thickness, design of bridges, ruling and limiting gradient etc.
= Vehicle Dimensions (Recommended by IRC)

Dimensions Particulars ' Max. dimensions (m)
Width All vehicles 2.50
Height (a) Single-decked vehicle 3.80
(b) Double-decked vehicle o 4.75
{(a) Single-unit truck with two or more axles (SU) CQ 11.00
Length (b) Single-unit bus with two or more axles (BUS) do 12.00
(c) Semi-trailer tractor combinations (WB-40) _J—Uﬂ—;l 16.00
e fypy-—ss. o i, oo i ol
() Tractor and trailer combinations (WB-30) 18.00
railegl

(iii) Speed: affects the design of curves, design of intersection, super-elevation, skid resistance, S.D, etc.
(iv) Power: affects the total resistance 1 traction consisting of inertia, rolling and grade resistance.

Tv) Draking systeni: affects the stopping; sight distance, overtaking sight distance and traffic capacity.
(vi) Lighting system: affeets the safe tu ning, cfTective night operation, number of accidents at night.

3. Road characteristics: The factors o1 characteristics of road surface that influence the road safety are:

(1) Friction: affects the safe speed, distace (stopping, starting & turning), super-clevation, skid resistance.

(u‘)—mﬂvm’nn characteristics: afte s the night visibility ol road. Dark surfaces give poor visibility. . .
- e altects the cost of veh cle operation, comfort ol driver & passengers and driver's safety,

e AP The camber required would depend on the ability of the surface to drain off water.

<hils When Tonpitudinal movement o “wheel is greater than circumferential movement of wheel and the

Cuetse is Slip. Three types skid are (i) 'v'l}_l,lizhl skidding (i) Impending skidding and (iii) Sideway skidding.

"JP
A uvironmental factors: The factors hat influence the road safety are:
() Atmogpheric_gondition (weather ane visibility) (i)_Land, its use and activities (iii) Fixed facilities for
traffic (divider, flyover, terminals) and ( v) Traflic streams andits characteristics e.g. mixed (rAiMe TIow.
T — "

L EXEIT

@)
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TRAFFIC SURVLEYS

Systematic traffic studics and scientific analysis are cssential to, l'CLl'l_lCU lllf: Pbe'!ff”l Urdwzli%;tgil(,];:tl:y Zzg
accident. Traffic surveys are carried out relating to (i) road users (i) vehicles (1“()j e 2 planning of r0d
v) environment. The data obtained from the above surveys help in (1) payement esign 2) ptem kil

network (3) geometric design (4) traffic regulation and control and (5) design the drainage sys 8€S.

raffic volume study o lected period. It
Jeatfic volume is the number of vehicles that pass a given line of road per unit time at any sc ccted peri ‘h
ts express in vehicles per hour or vehicles per daD For mixed traflic, it is the normal practice to convert the
Now into equivalent passenger car unit (PCU).

) B g : R . PR - v 1
@ \)&(zt\hwd trattic low characteristics are much complex when compared with flow of passenger cars only.

b@ Estimation of trattic volume is ditficult unless (he interaction ol mixed traffic bring to a common unit.

Passenger car is considered as a standard common unit called PCU. The PCU factors based on their relative
50\ interference & space requirements value are given in table below. It is not an absolute but relative value.
) . /
/(’chiclcs Bicycle | M. cycle, Car, | Light commercial | Rickshaw, | Bus, Minibus, | Tractor- | Tonga | Bullock
/ ' Scooter Tempo, | vehicles, Tractors | Van, Auto Truck, trailers cart
Pickup Handcart
PCU 0.5 0.75 1.0 ) 2.0 3.0 4.5 4.0 0.0

inie headiwayy is the time interval between the passes of successive vehicles moving in one way stream and

. measured from head to head as they pass a point on the road.
/g‘_@aj headway: is the distance between suceessive vehicles moving in onc way strcam and measured from
heagrat any instance, Maximum flow is attained at the speed when the time hecadway is the minimum.

faflic flow characteristics: At road intersection, traffic maneuvers are (i) Diverging -Zp -..?

) )
) Mo . i) Crossine - _ V) Weavine : :
a/w&l (1) Merging \.\\b- F—fh (11i) Crossing —£-¢» p-_i_ (iv) cavmgﬁ iﬁ

9) Aﬂ/ Traffic flow study is essential at large intersection for (i) the proper geometric design (ii) the decision of
(}é/\o‘ traflic regulatory measures (iii) the design of traffic control system and (iv) identification of conflict points.

m.\‘ of trafic volume study: : s
-, N . f .. . . . T e
N (1) To establish relative importance of any road (ii) Helps in designing new routes and new facilities. (iii) For

the planning, designing and regulation phasc of traffic engineering. (iv) Helps in design ol T0ad pavements,
bridges and culverts.(v) Used Tor studying cconomic use ol roads and tax collection CVY ( R ITF oretT).
W—mnﬁnqmc!hods: (i) Manual counts (ii) Moving car method and (iii) Automatic counter,
Traffic volume gives the following information:
(i) Hourly, daily, yearly and seasonal traffic volume variations (i1) Volume and direction of traffic
(ii)Variation of flow on different parts of a road system (iv) Proportion of cars, heavy and slow vehicles etc—
_ -portion’ot

-_—

/Pﬂ.venmlion of traffic volume data:
(1) Average daily traffic (ADT): is the average flow of traflic only for a few days like 7 days, 15 days ctc.
" (2)Annual average daily traffic (AADT): the average flow of traffic for one year c.i 1/365 of annual flow.,
&\ e\\x (3) Peak hourly volume: is the maximum number of vehicles moving at particular period of time.
Q\?\ (5 (4) Design hourly volume (DITV): is the 30th height hourly volu -ic that will exceed only 29 hrs. out of 8760 .
\\\5 hrsc i year (Figs 3) and all others hourly volume will be less than this value when only motor traffic is
03 involved. Road facilities provided considering peak hourly v:lume will be uncconomical and those are
considering AADT will be inadequate for most of the time in the ycar but those are considering DHV is
’\7 found to be satisfactory for both economic and adequacy point: of view. This volume on a percentage basis
@\B\ varics very little from year to year. Traffic congestion on such road is expected for 29 hours out of 8760 hrs,

- Lragiic projection factor (TP is the factor that gives the ul imate volume at the end of design period in
terms of current traffic. For the projection of traffic to soi-e future years the following clements are
considered: (i) Normal traffic growth — due to general increas: of vehicles (i1) Generated traffic — due to
construction of new facilities (i) Development traffic — due 1 improvements in the adjacent area and (iv)
Current traffic - that would immediately usc a new road, whet opened to traffic. Equation for calculation of
TEPast A= PO+ 1) "™ ¢ Where A = Number of vehicles/day i design, P = Number of vehicles/day-at last
census, ©oAnnual rate ol inerease in traltic, n - Construction . riod in years and x = Design period in years,

(1)
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1. Speed study

Speed s the rate of movement of traffic. In planninga road system, it is essential to know the distribution
and performance of the traffic on existing road. The main object of speed studies is to determine/carry out:
(1) Speed trends (ii) Capacity & cconomy studies (iii) Planning traffic control & regulation measures (iv)
Accident studies (v) Comparison among drivers & vehicles under specified conditions (vi)Geometric design.
Design speed is the maximum speed maintainable throughout the journey compatible with safety and
comfort when weather and traffic conditions are favourable & the geometric features are controlling factors.
Spot speed is the instantaneous speed of a vehicle at a specified location.
Average speed is the average spot speed of all vehicles passing through a particular section or spot.
. X ”
(1) Time mean speed is the average of a number of spot spced (Radar speed meter) e.i; V, = [):;:,7\./;] +n
(2) SMS is the average of spot speeds measured over a space (Time-lapse camera) e.i; Vy=nd + [¥;_, t;].= -7"’—
Prob. Five spot speeds 10, 12, 15, 18 and 20 m/s recorded within scction of 80 m. Calculate TMS and SMS. £,
TMS ve=Fv+n=75+5=15m/s and SMS, v, = nd t=nd = Ydiv=n+3Y1/v=5+0.3555=14.1 m/s.
Running speed is the average speed over a given route while in motion = Length of course + Running time.
Travel speed is the effective speed with which a vehicle traverses = Distance + Total time (including all delays).
Speed depends upon (i) Geometrice features (ii) TrafTic characteristics & conditions (iii) Time, location and weather.
931l percentile speed: The speed below which 95% of all the vehicle travel, uscd as a design speed in geometric design.
15th percentile speed: Speed below which 15% of all the vehicle travel, is used Lo as the lower speed limit on highway.

Example: Following data was collected while counting spot speed studies at certain stretch of a road.
Determine (i) Upper and lower values of speed limits Jor regulation of mixed traffic and
_ (1i) The design speed for checking the geometric design elements of the road.
Table: Frequency distribution of spot speed data
Speed elass limit, kph | 26-30 | 30-34 | 34-38 | 38-42 | 42-46 46-50 | 50-54 | 54-58 | 58-62 | 62-64

Mid-point speed. kph 28 32 36 | 40 | 44 | 48 | 52 56| 60 | 64
Numberolvehicles |9 |7 707 |79 75 |60 | .33 17 6 | 3
Ak!’ﬂ@qucncv. S | 25 20.4 21.7 20.7 18.2 9.1 4.7 1.6 0.3 0.8
Cumulat Frequencey, %o 2.5 229 4.0 05.3 83.5 92.0 97.3 98.9 99.2 100.0

85th pereentile speed: The speed below which 85% ofall

i . oo

the vehieles travel or 15% of the vehicles exceed this | 95tk Percentage ‘
speed at the spot. These 15% drivers are considered to ; 00F _ _speed=S5.5 K.R 4, s
ivi under existin
be dr_n_mg fastgr than tl)e safe speed dg ; g { aol 85h Percenage |
conditions. This speed is used for determining " speed=46.5 KPH |
the speed limits for traffic regulation. < 80 I
27 |
2 Co
3 Z 60| I |
;. 7 tical N | E," 50 th Peilcentage |
<t heoretical Norma a speed=
20} —1 /) Oistribution Curve :‘50 _____ 788 I’“-’”- |
8} . | :
S 165 . Rdof- I !
¥ _
] { & P
S s | I
)
o 10F . ‘g |
2 4 Sk :
c — -
g4 g I |
S 4 S 0F | |
Q! : ] ]
‘t ! | E
072726 30 34 36 42 46 50 54 56 62 6¢ L 226 0B U603
V=Speed in K.P.H. ) _ . V=_peedin/k.p M) .
. . . Fiﬂ4 . lllllalol.'mm. . ) [ lg.s ! Histogram and eumulative frequency curve, '
Frequency distribution curve ol spot speec Cumulative distribut’ on curve of spot speed

Modal specd is the speed at which max mum percent of the vehicles travel thrcugh the particular road
section. [t is the peak value of the frequenc 7 distribution curve. ' .
I. Upper speed limit for regulation = 85¢() percentile speed of 46.5 K.P.H. Fip.4 VF' 5 )
2. Lower speed limit for vegulation = 151 percentile speed of 32.4 K.P.11. 18- 18- :
3. Speed to check th geometric design ele.nents =95 (h percentile speed of 55.5 K.P..

(5)
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Travel Time and Delay Study:

1 a roule ¢ srminc the locations, types
Purpose: (1) To evaluate the quality of traffic movement along a route and dclelmmu lh((].. l.oc lltlg)ct}zrcya[:]d
and extend of traffic delays by using a moving test vehicle. (2) To compare operational conditions

. - l )
after roadway or intersection improvements have been made. (3) To monitor level of service for loca

government comprehensive plans. (4) To develop recommendations for improvements such as traffic signal
retiming, safety improvements, turn lane additions and channelization enhancements. (5) To find amount,

locations, duration, frequency and causes of delay in the traffic stream, as well as the amount of time spent in
actual motion from point to point along a given route. : )
Fixed delays: Traffic is held up duc to some obstruction like tralfic signals, stop signs and_lcvcl c;ossmgs.
Operational delays: Duc to congestion, turning, crossing, merging, pedestrians, double parking, accidents.

“ s stu

dvis carried out 1o analyses the following:

(1) Congestion (ii) Congestion indices
On the basis of this study, spots of tr
Applications: (1) Enables the tr
improvements may be essential t
to monitor the roadway’s level o

(it) Efficiency of road (iv) New facilitics and (v) Economic studies.
alfic congestion, their causes and remedics can be casily suggested.
aflic engineer to define problem locations where design and operational
o increase operational efficiency and safety. (2) Enables the traffic analyst
f service for local government comprehensive plans,

3. Traffic capacity study
Trajjic capacity of a lane is the ability of the |

given time period under o
Trafhic densine is the

ane o accommodate traffic (
perating conditions (prevailing roadway and traffi
number of vehiceles occupying aunit length of Tane at ;

Importance of traflic capaginy Study:
() It governs the number of lancs, width of |
(i) It assessed the adequacy

maximum hourly rate) during a
¢ conditions). Unit is vehicles/hr.
vgiven instant. Unit is Vehicle/km,

ancs, intersections and weaving sections.
or deficiency of a highway networks by comparing with the present volume.
(iii) It helps to make plan for improvements in the geometric features, junctions, control devices and TMM.

Basic capacity is the maximum number of
under the most ideal roadway and traffic conditions. (Uninterrupted flow, passenger cars only,
Possible capacity is the maximum number of vehicles that can pass a point on a lanc

prevailing roadway and traffic conditions. (Disrcgard the effect in delaying and restriction
Practical capacity or Design capacity is the
during one hour under the prevailing roadway

passenger cars that can pass a point on a lane during one hour
clear S.D, wide lane).

during one hour under

of movement of driver).
maximum number of vchicles that can pass a point on a lane

and traffic conditions, without unrcasonable delay or hazard.
Capacity on the basis of theoretical formula:

Basic capacity / hr./ lane; C = 1000 V/S, where V—
moving vehicles. e.i, S =(S.D.+L)=[(0.278V(+ 0.01

Speed, in Krt, S — Average spacing in metres of
\_’2) + 5] where L = Average length of vehicle = 5 m.

Level of service (LOS): denote the level of facility one can der
characteristics and traffic volumes. Factors consicered in ev
(2) Speed & travel time (b) Traffic interruptions (¢) Freedor

ive from a road under different operating
aluating the level of service are --

1 to mancuver (d) Driver comfort (e) Economy

Operating conditions for the six levels of service sclected by the Highway Capacity Manual (. Fig.6 " ) are:
At Free tlow, with low volumes and high spceds. Driver zan maintain their desired speeds with little or no
delay. Operating speed is =100 KPIH for rural highways an’ overall travel speed is >80 KPI1 for urban streets,
B: Zone of stable Mow. Drivers still have reasonable fre:-lom to sclect their speeds and lane of operation.
Operating speed about Y0 KPH for rural highways and the n.vvcrnll_ l_r:lvcl speed is Z80 KPH for urban streets,
C: Stll in the zone of stable flow but speeds & mancuverability are more closely controlled by higher
volumes. Operating speed is75 KPH for rural highway§ a loverall travel speed is.230 KFPH for urban streets.
D: Approaches unstable flow, with tolerabie operating speeds. Drivers have_ little freedom to maneuver. .
Operating speed is 60 KPH for rural highway s and avera ;> overall travel speed is 25 KPH for urban streets.

E: Operating speed lower than in level D. Flow is unsta:le & there may be stoppagcs of momentary duration
Operating speed is50 KPH for rural highways and avera se overall travel speed is 25 KP_H for urban strects.

Fi Foreed flovs operitions at low speed. Stoppages occir for short or Ion.g periods of time due to congestion,
Operating speed is < 50 KPI1 far rural highways and oy :rall travel speed is below. 15 KPH for urban streets

Factors affecting eapacity and level of service: . _
(D) Lane width, () Lateral elearance, (3) Shoulders, (1) Surface condition, (5) Aligniment, (6) Grade ctc.

(6)
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/o ¥— Say. AADT = 4200 veh/day
ﬁf" o 1" hourly volume = 1000 velv/hr, = 24% of AADT — 00 hr. traffic jam
/’ < 19| 10" houtly volume = 750 vel/hr, = 18% ol AADT =» 09 he, traflic jam
/ f_ . 20™ hoarly volume = 670 veh/hr, = 16% of AADT — 19 hr. traflic jam
o . 60™ hourly volume = §90 vel/hr, = 1% of AADG — 59 hr. trallic jam
&b BH- 150" hourly volume = 500 vel/hr, = 12% of AADT — 149 hr. tralfic jam
Q- Aol L B (I S Iy
c BEEE ': ‘
S A\ ] —- Traffic Volume, PCU/hour -
O o - . - m e
1 20-1[-\- = l : o . 4100 5’100' I.2|M ./fap 2?!0
3 —\P» XCEEDE ; - : :
E -°~"9_3 <0 "Tl PER ! T LOS: LEVEL OF SERVICE
16 : CENT 0F a,
TN VERGE Fuuigy wmna"“- = A l
> i U”’GH INTR  lioss8 ~ 1
O 12— EXCEF[]E 1 ;_._._H.HA—F,E'_QF_L &, Mﬁ Loss_ _ - - : l
= l CiAT g5 p;nrw { o L0SC ! i
= S IS ,-_‘-.-A\ VT OF IHL‘(.nn';g — v yr T matatihet | ( I
£ i v [Tosv r
e 1 O B B e (e —~~| —-====-l=- v [Tose” - - TTTTT7
= _+ | 1 i oh e
3 T | N £ r
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4. Origin and Destination (O&D) study

cation i here the tri
Orioin is defined as the place where the trip begins and destination 1s deﬁnedtsss::hfriplsa(\::it: < forence ts
end:. It is not only necessary to know how many trip$ are m;.1de, but also group ed arz ) landuse Fihe
the zones of their origin and destination. Other informatlol} yielded bylthe O&D stu yI e of the day
zones of origin and destination (i) household characteristics of the trip-making family (iii
when the journeys are made (iv) trip purpose and mode of travel. -

The specific uses or purposes of this study: .

) 'I‘oldctcrmine the T\[l)o. (I:f by-passable traffic that enters in a town and thus establish the need for a !))'/[_)ass.
(ii) To determine the extent to which the present highway system is adequate and to plan for new facilities.
(iit) To plan public transportation system in the citics.

(iv) To establish over or under bridge sights according to the traffic demand.

(V) Ao provide wide roads along the maximum desire lines of travel.

Methods used for collecting O&D data:
1) Drivers-interview (ii) License plate method (iii) Return post card method
iv) Home interviews (v) Tag on car method (vi) Distributing cards in schools and college.

his study is carried on to get the answer of the following questions:

(1) Why people travel — (purpose of trip)  (ii) When people travel — (time and duration)

(111) How the people travel — (mode of travel) (iv) Where the people want to go — (origin and destination)
(v) Where and why people stop — (o determine concentration of vehicles that needs of parking facilities).

Data collected by O&D study. can be presented in the following forms:
(i) Graphical form by desire lines (shown in Fig.7 ) (ii) Tabular form and (iii) In the form of Pie chart.

" s Parking study

Out of 8760 hours in a year, the car runs on an average for only 400 hours, remaining 8360 hours when it is
parked. As the city grows, the use of land increases considerably creating problem for space for parking
purposes. The demand of parking space. is one of the major problems in big cities. Vehicles if improperly

parked cause lot"of problems like — traffic congestions, accidents, obstruction to fire-fighting operation,
environment pollution cte. Certain terms associated with parking are:

Parking Accumulation: is the total number of vehicles which are parked in an arca at a specificd moment (hrs. /day).
Parking Volume: is the number of vehicles parking in an arca for a unit time and measured as vehicles/day.
Parking Load: is the total sum of vehicle hrs of parking and represents as vehicle-hour for 2, 4 0r 6 hrs. AM/PM
Parking Duration:'is the length of time a vehicle remain in parked position

Parking Index: is the ratio of number of bays occupiced to the theorctical number of bays available.

Parking Turn-over: is the ratio of number of vehicles parked during a period to the actual number of parking spaces.

Following aspects should be investigated during parking studies: :

(1) Parking demand: The parking demand is estimated and recording the peak demand for parking facilitics.

(2) Parking space inventory: Existing parking facilities and open spaces for adopling as parking places are recorded.
(3) Parking practices: Study to know, how many people would like to bring their cars if parking facility is provided

(4) Parking characteristics; (i) present practice of parking (ii) parking pattern (iii) accidents involved during parking'

Parking systems

(1) On=street (curb) parking: Parked along the curb which is very convenient for peoples but causcs of traffic jams.
Common methods of on-street parking are (i) Parallel parking (i) Angle parking & (iii) Right anglc parking (. Fig.8 )

To ensure safety and convenience, it is desiravle to prohibit parking at following locations: d
(i) Near intersections (i) Near level crossings (iii) Near pedestrian crossings (iv) Narrow streets (v) Near structures, etc.

(2) Off-street parking: When parking places are provided away from the road curb. Methods of on-street parking:
() Surface car parks (i) Multi-storey car parks (iii) Rool parks (iv) Mcchanical car parks (v) Underground car parks. *

(3) Peripheral parking schemes: Parking facilities are provided! at the periphery of the town. They are:
(1) Park and walk (ii) Park and ride and (iii) Good-bye (kiss) and ride.

(8)
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6. Roagd Accident

: ad nccident is an accident which occurred or originated on a road open to public traffic resulting in cither
fijury or loss of life, or damage to property, in which at least one moving vehicle was involved.

The primary objective of traffic engincering is to provide accident free, safe and quick traffic movements on
the road. The accident problem is of very complex nature as so many factors are involved in its occurrence.
The increase in road traffic has been followed by a steep increase in the road accident. Every day as many as
140,000 people arc injured on the world’s roads. More than 3000 die and some 15000 are disabled for life.
Nearly 12,000 people are killed (02.10.2010) on the roads every year in Bangladesh. Age of 80% of these
killed are § ta 45 years. Families struggle with poverty when they lose a bread-winner.

\/Al of Road Accidents: The causes ol road accidents arc many and varied. They can be grouped as:

(1) Road Factors aud its ¢ffect on road accidenis
(1) Design spead (i) Control ol aceess (i) Pavement width (iv) Pavement surface (v) Shoulders
(vi) Herizontal curve (vii) Vertical alignment (viii) Median width (ix) Sight distance (x) Intersections, ctc.

" (Y Vehicle Factors and its ¢ffect on road accidents
1 is said that vehicles are the biggest culprits that cause scrious accidents. The vehicle factors that influence

the road safety are: (i) Vehicle body and its features (ii) Tyers (iii) Braking system (iv) Lighting system
(v) Steering system (vi) Vehicle inspection and maintenance (vii) Mixed traffic (viii) Overloading.

(3) Road Users and its effect on road accidents

*Driver (4 wheel vehicles): The driver is the key factor in most of the accidents. He is the human element in
charge of the machine. He drives ity steers it, accclerales it, decelerates it, and stops it. The driver
characteristics that influence the road salety are: (i) Driver judgment, skill and cmotional makc-up
(ii) Age of drivers (iii) Gender (sex) ol the drivers (iv) Marital status (v) Training of drivers (vi) Fatigue
(vii) Alcohol & drugs and the driver (viii) Use of crash helmets (ix) Use of safety belts, etc.

*Motor-cyele and Scooter Riders: The rider of a motor cycle or a scooter is very much vulnerable to
accidents because he is totally unprotected. Compulsory regulatory measures for safety to these riders are:

(i) Provision of rear view mirrors (ii) Provision to cover the rear wheel (iii) Driver and one pillion rider
(iv) No pillion rider during learning (v) Proper foot rest for the pillion (vi) Rider must wearing the crash
helmet (vii) Stoppage or standing at the extreme left of the carriageway (viii) Carefully merging, diverging
and crossing (ix) No competition with car or other motor-cycle (x) No talk with pillion rider.

*Cyclists: Cycles are a major mode of traffic in citics, towns and even in the rural arcas. Cycles become
popular in recent times, mostly because of (a) consumes no encrgy (b) occupices less space (c¢) free of noise
and pollutants. But a large number ol accidents are associated with it. Usual causes for cycle accidents are:
(1) Improper turns (2) Violation of traffic laws (3) Doublc riding (4) More than two cycles remain abreast
(5) Towed by other vehicles (6) Defective brakes (7) Lake of night lamps or reflector (8) Avoid foot-ways

*Passengers: Bac characteristics of passenger are — (i) Alighting from or getting into moving vehicles
(ii) Mounting on roof and hanging at side of the vehicle (iii) Pushing or walking on roof (5) Keeping hand
and head outside (6) Talking with driver (7) Excited the driver mentally and disturb the drivers attention.

*Pedestrians; A large number of road accidents involve pedestrians. In Bangladesh, the pedestrians constitute
45% of the fatalitics from road accidents. This figure indicate that the scriousness of the pedestrian safety
problem. Factors that affect the pedestrian safcly arc:

Personal factors: Carclessness. illiteracy, violation of rules and regulations, play on road, cte.

Road factors: Geometric featu 'es, interseclions, crossing lacilitics, footways facilities, road light, ctc.
Time factors: Dark period and day in a week when traffic is heavy, special rush days inf a year, etc.
Other factors: Age. gender, sozial conditions, drunken pedestrian, familiarity with the locality, etc.

(4) Environmental Factors: Elements of weather that involved in road accidents are -
(i) Factors that make the roads slippery like — Snow, ice, rain water, etc.
(ii) Factors that restrct the normal visibility of road uscrs likc - Fog, smoke, heavy rainfall, cte.  »

(5) Other Factors: Ribbon development, advertisement boards, trees, attractive views, material on road, etc |
4 ! b b *
) ()
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. ; ies are as follows:
Accident Studies: The various steps involveq in the traffic accident studies

! i o i + accident) (b) Location of
(1) Collection of accident data: (a) General (date, time, persons involved u:j llu. Fgglcond)iti(() n)s () Primary
accident (c) Details of vehicles involved (d) Nature o_f accident (e) Road and tra
‘causes of accident (g) Accident costs () Driver conditions.

: o i ake legal actions
() Accident report: “Ihe accidents should be reported to police authoritics who would take legs
especially in more serious accidents involving injurics or damage Lo propertics.

(3) Accident records: The accident records are maintained giving all particula.rs of the a.ccidenls, lqcatlon _
and other details by means of (a) Location file, (b) Spot maps and (c) Collision diagrams (Fig. 9,and Fig.10).

Accident Investigations: Following investigations may be carried out to analysis the accident properly:

(1) Recording general observations: Skid length of pavement, relative position of vehicles & objects.
(2) Driver tests: Analysis of breath and spinal fluid for alcohol content, tests on driver characteristics.
(3) Vehicle tests: Test on the (a) condition of brakes & steering (b) essential accessories (c) details of dents.
. (4) Probable causes of the accident: Accident types, site conditions, position of vehicles & objects involved.
(5) Cost analysis: Injurics and fatalitics of persons involved, damage of vehicles & propertics, traffic delay.

casures for the Reduction in Accident Rates: The measures to decrease the accident rates are:

Engincering Measures:
(a) Road design (b) Preventive maintenance of vehicles (c) Accident records “before and after” the
introduction of preventive measures to study the efficiency (d) Road lighting at intersections.

Enforcement Measures: ]
(a) Speed control (b) Traffic control devices () Training and supervision (d) Medical check (e) Special
precautions for commereial vehicles () Observance of law and regulation.

Educational Mcasures:

(@) _Education of road users: The passcngers and pedestrians should be taught the rules of the road, correct
manner of crossing cte. by introducing necessary instruction in the schools

(b) Propaganda and Exhortation: By Proper adult education and training, Related advice by religious leader,
feachers and society leaders. Related programs in the electronic media, news paper and magazine. Make
poster of the serious accidents and use of imaginative and catching slogans.

(¢) Safety_drive: lmposing traffic safety week, special provisions should be made for giving knowledge of
traftic rules to the common man by the help of traffic police.

Driving and driver related laws may be like this:

* Minimum age of professional driver must be at least 20 years.* If a driver is a criminal or drinker or violets
the rules, his driving license must be withdrawn.* The conductor and the helper must have license for their
Job.* The driver must not exceed the speed limit and must park their vehicle in definite area.  * Eye-sights of
drivers should be re-examined at interval of one year* Drivers and helpers should wear uniform, so that they
can casily be identified. * 1 faulty vehicles running on road with valid fitness, licensing authority personnel
should be punished. '

Following improvement of infrastructure of communication is required;

* There should be divider on every highway.* More fly-over and underpass should be established quickly.

* Parking-bay should be made in multiple place of the city.* Road intersection should be reduced as:
minimum as possible.* Shops on the footpath and markets, kacha bazaar beside the highway should be
removed.* There should be no right turn on main road from any sub lane and some road may be one way.
* Buses in the main road should be encouraged rather than small vehicles. * Every roadside shopping mall
should have their own bascment-parking place.* Every pedestrian sheuld use the foot over-bridge. * Free
footpath should be ensured for the pedestrian.* Carriageway at major ir*ersections should be widening. -

“TqT A e 7 At b
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TRAFFIC OPERATIONS

For the safe traffic operation on highways, it is essential to impose adequate traffic regulations and traffic
control devices. The public should be assured that these regulations and controls are for their interest.

1. Traffic Regulations
¢ed: The motor vehicle is a machine in charge of a human being. It is necessary to formulate the suitable

regulations for safe and efficient movement of traffic and pedestrians. Most of the countries have uniform
traffic laws operating in all parts of the country so that the laws are understood everywhere and are obeyed.

(i) Regulation of Speed: High speeds are always associated with accidents. Speed limits selected should be
‘realistic’ e.i. should be appropriate to the conditions at site so that they are not disregarded by the drivers.

In Bangladesh, the traffic is mixed in character. In many towns, streets are narrow and pedestrian traffic is
heavy. Speed limits in urban areas are 25 to 30 km/hr. (heavy to medium vehicles). Speed limits in rural
areas are 50 km/hr. for vehicles with one trailer & 60 km/hr. for heavy vehicles (Bus/Truck) without trailer.
Before selecting any particular speed limit, the following Tactors should be considered: (a) Speed of traffic,
(b) Road conditions, (¢) Environment of the road (d) Traffic and (e)Tralfic accident rates,

For success of speed regulation measures, strict enforcement of law is needed. Motorists who violate the
speed limit must be arrested and penalties must be imposed. A distinctive coloured motor cycle with

speedometer used to follow the violator for detecting the speed violation.

(i) Regulation of Vehicles: The regulation of vehicles broadly covers the aspects are -

(a) Vehicle Registration (b) Construction and equipment of vehicles (c) Size, weight and loads of vehicles

(d) Lighting of vehicles (e) Inspection of vehicles (f) Insurance.

(i) Regulations Concerning the Driver: cover the following aspects - (a) Licensing of the driver (b) Age of

drivers (c) Requirements of physical fitness of drivers (d) Disqualification and endorsement of licenses.

(iv) Regulations Concerning Traffic: Any city will have to develop a system of rules and enforce them

strictly to regulate mixed traffic: Cycles, Motor cycles, Scooters, Rickshaws, Animal vehicles, Pedestrians.

(v) General Rules Concerning Traffic: (a)”’Keep to the left” rule (b) Overtaking rules (c) Priority rules at

intersection (d) Turning rules (e¢) Hand signals () Rules intended to promote pedestrian movement on footway.

(vi) Parking Regulations: It is said that proper parking policy is the key to the traffic problems of a town.

(a) Space controls (b) Time controls (d) Restrictions on loading and unloading (e) Curb space for bus stops

(f) Exclusive parking spaces for taxis (g) Peak hour parking prohibitions (h) Parking control by fees.

(vi) Enforcement of Regulations: (a) Traffic police forces have a vital role to play in traffic law enforcement

(b) The courts have the final say in the matter of punishing the offenders by interpreting the law.

(vii) Regulations Concerning Traffic Flow: Traffic movements at junctions involve a numper of points of

conflict. These generate delay, congestion and accident hazards. One-way road system can overcome these problems.
S — Cross conflict point M — Merging conflict point D — Diverging maneuvering point

4 "[} —Jﬂ .‘ J%
/ fM- MQ | JM L

—r

|5 s] w

—TT

32 conflicts with Two-way traffic 15 conflicts with One-way Regulation on One Road § conflicts with One-way Regulation on Both Roads .
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2. Traffic Controls \

control devices.

. i ' i fic are called traffic
The various aids and devices used to control, regulate and guide the traf; e,

: ; A ec
Requirements of traffic control devices are: attention, meaning, time for response and resp

In order to facilitate people traveling from one country by road in gnother country u{hf:re the langdu:;ge ma]y
be different, standardization of traffic signs assumes considerable importance. Realizing the need for such
standardization, the U.N (1949) has evolved a code of system for signs, signals and markings to convey
messages, rather than lettered messages. The most common of these devices are:

(i) Traffic Signs: Traffic sign is a device mounted on a fixed or portable support to convey a specific
information by means of words or symbols. The signs should be placed such that they could be seen and
recognized by the road users easily and in time.

Importance of Traffic Signs:

(i) They give timely warning of hazardous situations where they are not self evident.

(ii) They help in regulating traffic by imparting massages to the drivers about the need to stop or give-way.
(iii) They give information as to highway routes, directions and points of interest.

Types of Traffic Signs: Traffic signs have been divided into three categories according to Motor Vehicle Act.

]
(a) Warning Signs(Danger signs): These signs convey to the drivers, the conditions ahead where some
cautions is required. The shape of the sign is equilateral triangle with one point upward as shown below.

RIGHT HAND CURVE ZIG-ZAG ROAD NARROW BRIDGE ' scHooL
(b) Regulatory Signs (Mandatory signs): These signs are used to inform the drivers of certain laws,
regulations and prohibitions. Violation of signs is a legal offence. Shape of sign is circular as shown below.

DIRECTION SIGN SOUND HORN LEFT TURI_\I PROHIBITED * _,;HORN PROHIBITED
(c) Informatory Signs: These signs are used to guide the drivers with information to make travel casier, safe
and pleasant. These signs are digplayed on rectangular boards of specific size as shown below.

o

RS ~
N

SIRAJ GONJ

JAMAL PUR|

/ .
EATING PLACE  LIGHT REFRESHMENT, RESTHOUSE ADVANCE DIRECTION SIGN
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(ii) Traffic Signals: Traffic signals are such control devices which can alternately direct the traffic to stop
and proceed at level intersections (place of accidents & congestion) using red and green traffic light signals.
Yellow period is a transition interval between red to grecn & green to red. The main requirements of traffic
signals are to draw attention, provide meaning and time to respond and to have minimum waste of time.

The cycle length is the time required for one complete sequence of signal indications as shown figure.
Phase is a part of the cycle length allocated for specific traffic movement.
Interval is the time for which any division of the signal cycle continues to reflect the same coloured light.

1. Traffic control signals

(@) Manually operated signals: A police man from his cabin gives red & green lights to the traffic as needs.
(b) Fixed-time signals: are set to repeat regularly a cycle of red, amber and green lights. Phase time is fixed.
(c) Traffic actuated signals: Timings of the phase and cycle can be changed according to the traffic needs.

2. Pedestrian Signals: They are meant to give right of way to the pedestrizns to cross a road during the walk
period when the vehicles shall be stopped by red signal. The green walking man represents cross indication.

Example: An isolated signal with pedestrian indications is to be installed at right-angled intersection with Road 1of
18 m wide and Road 2 of 12 m wide. The peak volume (V) per hour for each lane of Road 1 and Road 2 are 275 PCU
and 225 PCU respectively. The approach speeds are 55 kmph and 40 kmph, for Road 1 and Road 2 respectively.

Design the timings of traffic and pedestrian signals on the basis of pedestrian crossing time.
Solution:

Design of traffic signals

(i) Based on the approach speed; yellow periods:

For Road 1 with 55 kmph, yellow period Y1=4 sec For Road 2 with 40 kmph, yellow period Y2 = 3 sec.

(ii) Based on the pedestrian walking speed of 1.2 m/sec, the pedestrian clearance time is calculated:

Pedestrian clearance time (interval) for Road 1 = width of road/walking speed = 18/1.2 =15 sec and pedestrian

clearance time for Road 2 = width of road/vvalking speed = 12/1.2 =10 sec.

(iii) Adding 7 sec for initial walk-period, minimum red time for Road 1 = (15+7) sec and that for Road 2 = (10+7) sec.

(iv) Minimum green times based on pedestrian criterion: Road 1 = (10+7) —4 =13 sec & Road 2 = (15+7) — 3 =19 sec

(v) Based on approach volume, the green time (G) calculated is increased for Road I with higher volume as: G1/G2 =

V1/V2, here green time for vehicles on Road 2 = G2 = 19 sec, therefore, GI1 = (275/225) x 19 =23.2 sec

(vi) Total cycle length = G1+Y1+R1 = GI1+Y14G2+Y2 =232 + 4 + 19 + 3 = 49.2 sec. Signal cycle time should be

multiples of 5 sec and so the cycle time (length) = 50 sec. The extra (50 - 49.2) = 0.8 sec distributed proportionally as:

Corrected green time G1 =23.2 + (275 + 500) x 0.8 = 23.64 sec & corrected G2 = 19 + (225 + 500) x 0.8 = 19.36 sec

Red time for Road 1, R1=G2 + Y2 =19.36 + 3 =22.36 sec & that for Road 2, R2 =Gl + Y1 =23.64 + 4 =27.64 sec
0.

Design of pedestrian signals

Do not walk (DW) period of pedestrian signal at Road 1 (PS1) is red period of traffic signal at Road 2.

For PS1, DW1 = R2 =27.64 scc and for PS2, DW2 = R1 =22.36 sec.

Pcdestrlan clearance intervals (Cl) are of 15 and 10 sec respectively for Road 1 & Road 2 fox crossing from (ii) above.

The walk time (W) is calculated from total cycle length.

For PS1, W1 =50 — (27.64 + 15) = 7.36 sec and for PS2, W2 = 50 - (22.36 + 10) = 17.64 sec.

Details of design timings phase diagx am is shown in ﬁﬁure below: . _6'__ _
je——— Cyclc lenglh = 50 ‘ PSI|O ol ps1
TS Green % L’%//////// )
Gl =23.64 sec Yl 4 sec =22.36 sec
PS2{ NN 7 AN/
W2=17.64sec ClI- 2 =10 sec DW?2 =2230 sec -
PHASE-1
lzm
82 (7 7 //I [y _1% oTs2
R2 = 27.64 scc =19.36 sec Y2 =3 sec PS3.
PSIPZZ27777777777) [ sy
DW!1 =27.64 scc W1 =736sec CI-l1=15scc T
PHASE-2
Road 1
€ pgn —
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Example: At right angled intersection of two roads, Road 1 has four lanes with_ a total \fvidth of 12.0 m and Road 2 has
two lanes with a total width of 6.6 m. The volume of traffic approaching the intersection during design hour are 900 \
and 743 PCU/hour on the two approaches of Road 1 and 278 and 180 PCU/hour on the two approaches of Road 2. A

Design the signal timings as per IRC guidelines.

Solution:
Design traffic on Road 1 = higher of the two approach volume per lane = 900/2 = 450 PCU/hour
Design traffic on Road 2 = higher of the two approach volume per lane = 278/1 = 278 PCU/hour
Z128 PCU/hora
(i) Pedestrian green time for Road 1 = width of road/walking speed + initial walking time =12/1.2 + 7 =17 sec/person
Pedestrian green time for Road 2 =width of road/walking speed + initial walking time= 6.6/1.2 + 7=12.5 sec/person

(ii) Green time Afor vehicles on Road 2, G, =17 seconds i.e. pedestrian green time for Road 1.
Green time for vehicles on Road 1, G, = 17 x 450/278 = 27.5 seconds.

(iiii) Total cycle time required for each phase = (amber + G, + inter-green period) + (amber + G, + inter-green period)
=(2+17 +2) + (2 +27.5 + 2) = 52.5 sec. Signal cycle time should be multiples of 5 sec & so cycle time = 55 sec

The extra 2.5 sec (55 — 52.5) per cycle apportioned to the green time for vehicles of Road 1 and 2, as 1.5 and 1.0 sec

and so corrected G, = 27.5 + (450/728) x 2.5 =29.0 sec and corrected G, = 17.0 + (278/728) x 2.5 = 18.0 seconds.

(iv) Vehicle arrivals per lane per cycle on Road 1 = 450/55 = 8.2 PCU
Minimum green time for clearing vehicles on Road 1 = 6 + (8.2 — 1.0)2 = 20.4 sec < green time G, = 29.0 sec. OK.
Vehicle arrivals per lane 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 sec < green time G, = 18.0 sec. OK.

Optimum cycle time, C, = (1.5 L + 5)/(1 - Y) where 1. = Lost time per cycleand Y =y, +y,.

Approach road width (Curb to median or centre line), m 3.0 3.5 4.0 4.5 5.0 5.5 >5.5
Saturation flow values, PCU/hr. per meter width : 1850 | 1890 | 1950 | 2250 | 2550 2990 525

L = Amber time + inter-green time + time lost for initial delay of first vehicle = [2 +2 + (6 — 2)} 2 = 16 sec
Saturation flow S, for Road 1 = 525x 6 =3150 PCU/hr. Saturation flow S, for Road 2 = 1850 + 40 (0.3/0.5) = 1874 PCU/Ar.

For Road 1, y; = Normal flow/Saturated flow =900/3150 = 0.286 & for Road 2, y, = 278/1874 = 0.148, then Y = 0.434
Co=(L.5SL+5)(1-Y)=(1.5x16+5)/(1-0.434) = 51.2 sec. T':orefore the designed cycle time 55 sec is acceptable

The details of the signal timings are given below: Pedestrian clearance intervals (CI) =10 sec from (i) e.i 12/1.2 = 10.

jge——— Cyclelength=55sec — 3
TSl Green s\ A
G1 =29 scc Al=4 sec R1=22sec
Ps2| AR N R )
W2 =125 sec Cl-2=10sec DW2 =325 sec
PHASE-1
182 A | R
R2 =33 sec G2=18sec A2=4sec
P\ BRI
DW1 =28 sec Wi1=17sec CI-1=10sec
PHASE-2
(16)
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i1) Road Marking

Road or traffic markings are made of lines, patterns, words, symbols or reflectors on the
pavement, kerb, sides of islands or on the fixed objects within or ncar the roadway. This special
signs are used to control, warn, guide or regulate the traffic. The markings are made using paints
in contrast with colour and brightness of the pavement or other back ground.

(ﬁ) Colour of Road Markings ( given in Table 14.1)
() Types of Road Markings
1. Pavement or Carriageway Markings: Some common types of pavement markings are:

(i) Centre Lines:- These broken line are meant to separate the opposing streams of traffic on
undivided two-way roads. On rural highway, line width 0.1 m, segment length 4.5 m & gaps 7.5
m. These lengths reduced to 3m and 6 m at horizontal curves and approaches to intersections. On
urban roads, line width 0.10 m to 0.15 m, segment length 3 m and gap 4.5 m. On undivided
roads with at least two traffic lanes for each direction of traffic flow, the centre line marking
shall consist of two solid continuous lines (Fig. 14.1).

(i) Lane Lines:- Thesc broken line are drawn to designate traffic lanes. These are used to guide

the traffic and to properly utilize the carriage way. It is offence to cross such a line (Fig. 14.1).

(iii) Route Direction Arrows:- are used to guide effectively the traffic in the correct direction
and lanes, Arrows must be elongated in the direction of traffic to be properly legible (Fig. 14.11)

(iv) Stop Lines:- are solid white lines provided transversely to the carriageway and used to
indicate the point behind which vehicles are required to stop in conpliance with a STOP sign as
shown in Fig. 14.7.

Table 14-1 _ _
Colour of Roads Markings as per Indian Practice ———

Colour Uses :

White All carriageway markings except those intended
for parking restrictions.

Yellow (i) Markings intended for parking restrxcm.()ns
(ii) Continuous centre and barrier line markings.

Alternate bands

of white and

Kerb and object markings.

black.
CENTRE LINE
10cm ELAIER . —_— MARKING FOR ) ’ : _
THICK LINE TWO-LANE Fig. 14:11. designs for route direction arrows.
RURAL HISHWAY {055 OF CARRIAGE WAY AND FOOTPATH N\
CENTRE LINE - -
Fm|+5BIm MARKIES FOR NOT LESS THAN1.25 m
1648 6m L——‘ — - = = TWOLENE NOT MORE THAN 9.0'm
TH-ICK LINE URBAN ROAD l 20cm ] 4 .
[ — .
;\ TZO cm '
o _
13 m |4.5(3)m 2703m f
10cm . — r

10 cm THICK SIX LANE
LINES WITH DIVIDED URBAN
10 cin GAP e —— _ ROAD '

THICK LINE LONGITUDINAL STOP StGN
- —_ — — —  TRAFFIC

MARKINGS FOR

NOTE : FIGURES IN BRACKETS TO BE USED ON CURVES
AND APPROACHES TO INTERSECTIONS

Fig. 14-1. Centre line and lane markings.

UPTO 30m

Fig. 14.7. Details of a stop line.

®
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(v) Cross Walk Lines:- Pedestrian crossings (2m wide) are very important for their safety as
shown in Fig. 14.9

(vi) Parking Space Limits:- For proper utilization of parking facility, markings are made.

(vii) Bus Stops:- Kerb length reserved for buses to stop are marked by continuous yellow line on
kerb indicating * parking prohibited’ or marked by the word ‘BUS’.

2. Kerb Markings: These may indicate certain regulations like parking regulations. Also the
m.a.rk.lr-lgs on the kerb and edges of islands with alternate black and white line increase the
visibility from a long distance. During night time they prove very helpful.

3. Object Markings: Hazardous obstructions near the road, like supports for signs & signals,
level crossing gates, traffic islands, narrow bridges culvert head walls, trees etc.

4. Refllector Unit Markings: Hazardous obstructions are indicated by fixing reflector units
reflecting yellow light at night. Reflector unit should be visible from 150 m distance

(§V Traffic Islands

Traffic islands are raised areas constructed within the roadway to establish physical channels
through which the vehicular traffic may be guided to travel and avoid conflict. Based on the
function, islands are classify as : '

1 Divisional Islands:- are provided to separated opposing flow of traffic in a road having
four or more lanes. It reduces the possibilities of head on collision and other accidents. The
width should be large to reduce the head light glare during night driving.

2 Channelizing Islands:- are normally of triangular shape and used to guide the motorists at
turning points. Channelizing islands are very useful as a traffic control device, particularly, at
intersections having large areas. Minimum area desirable size of this island should be 5 sqm in
area and preferable length of one side of triangle should be 4 m. The various uses of properly
designed channelizing islands are listed below :

(1) The arca of possible conflicts between traffic stream is reduced.
(i1) They establish the desired angles of crossing and merging of traffic streams.
(iii) They are useful when the direction of the flow is to be changed.
(iv) They serve as refuge islands for pedestrians.
¢

3 Central Island or Traffic Rotary:- Rotary (Central) island is an enlarged highway
intersection wherc all the approaching, vehicles from all the converging roads are forced to move
around a large centrally situated islandbefore they weave out into the desired radiating road. It is
usually circular in shape but can be elliptical or any other shape. R Un Odpuss SAEA chiretion
Functions : (i) They segregate vehicular traffic from pedestrian traffic.(ii) They segregate
traffic into specified paths. (iii) They reduce the conflict area (iv)They increase the traffic
capacity of the road and (v) They increase traffic safety.
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(V) Highway Lighting

To promote the safe and efficient movement of vehicular and pedestrian traffic along the
roadway proper lighting is essential. The rate of highway accidents and fatalities that occur
during night travel is many times higher than that during day time travel. One of the many
reasons of increased accident rate during night may be due to the poor visibility

at night. Highway lighting is more important at intersection, bridge site & level crossings.

During night driving, the visibility of objects on road varies with the absolute level of brightness
of the object and the relative brightness of the road surface and the object. During night objects
are discerned (B2977- 27 221> (svanr /&Zg\;_{wz) by three ways:

- A
Silhouette (i;;::ﬁﬁg ) :- When the brightness of the object is less than that of the background.
Reverse Silhouette:- When the brightness of object is more than that of the background.

Surface Detail:- When the variations in brightness and colour of the object surface without
regard to its background.

The various factors that influence the night visibility are:
1. Size of the object 2. Brightness of the object 3. Brightness of the background
4, Reflecting characteristics of the pavement surface 5. Glare on the eyes of the driver _
6.Time available to see the object 7. Amount and distribution of light flux from the lamp.

Design factors of highway lighting
1. Lamps:- Road lighting lamps may be as follows :

Tungsten filament lamps: 1t is the cheapest lamp but have low light producing efficiency.

Fluorescent lamps: Long life, good visibility, least dazzling but low output per lamp.

Sodium vapour lamps: Yellow coloru, costly but these are preferred at large intersections

Mercury vapour lamps: Bluish white colour, costly but more pleasing to the eye.

2. Luminaire distribution of light:- should be downward so that higher percentage of lamp
light is utilized and should cover the pavement between the kerbs and the adjacent area. The
unit of illumination in the metric system is lux or lumen per square metre. It is suggested the
average level of illumination on road side should be 20 to 30 lux on urban roads carrying fast
traffic, about 15 lux for mixed traffic and 4 to 8 lux on secondary road

3. Spacing of lighting units:- The spacing of lighting units is influenced by the electric
distribution poles, road layout and type of side features. Spacing should be 3 to 5 times the
mounting height on straight roads and less than this on sharp curves. From economy point of
view, large lamps with high mounting and greater spacing should be used.

4. Height and over hang of mounting:- The mounting height of lamp governs the distribution
of light, shadow and the glare effect. Usually the mounting height varies from 6m to 10m. Over
hangs (< 2 m) would keep the poles away from the road edges. :

5. Lateral placement:- If poles are too close to the carriageway, free movement of traffic is

obstructed, decreasing the capacity of the road. The horiz_ontal clearance required for lighting
poles are given below: - :

@
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(a) For roads with raiged kerbs > Minimum 0.3 m an'd desirable 0.6 m
(as in urban roads) from the edge of raised kerb.

(b)) For roads without raised > Minimum 1.5 m from the edge of carriagewla)' . or
Kerb (as in rural roads) minimum 5.0 m from the centre line of carriageway.

6. Lighting layout:- On straight roads the lighting layout may be of the following types:

—/30 to 60 mfe- —30t0 60 m}e—
o o o o
= % % & o %
Single side system Staggered system

—>{30 t0 60 mj«— —5130 to 60 mje—
3 e R
3 © ° _°7 { o 4 %

—t

Central system Opposite system

Ao
‘ 50 m
. On vertical curve

o} - e
k—50m —savi—k— sam—

On horizontal curve

U

-

On intersection
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1.5 Road Intersections

Road Junctions or Road Intersections are the placgs where two or more roads cross each other at
different angles, Different types of movements (through, turning and crossing) are involved at
road intersections. There is no problem in traffic movements on straight roads. But intersections
are points of traffic hazards which affect safety, speed, efficiency, capacity and cost of operation

of the whole road. Pedestrian movements at intersection produce increased potential hazards and
delays.

1.5.1 Intersection at grade or level: These include all roads which meet at more or less the
same level. The traffic manoeuvres like merging, diverging & crossing are involved here.
Types of level intersection according to the system of intersecting roads at intersection are:

IRV N/
T 2Nl / /\<

Tee Cross Wye  Skewed Skewed-cross Staggered Multiple

1.5.2 Unchannelized Intersection:- There is no provision of any direction island or central
island. To avoid frequent accidents, heavy traffic at such intersections can be controlled by
installing traffic signals or with the help of traffic police. No additional pavement width for

turning is called plain intersection and with additional pavement width is called flared
intersection.

S A N
L J&“T”“w\w’—

Tee (plain) Tee (flared) Cross (plain) Cross (flared)

1.5.3 Channelized Intersection:- is achieved by introducing islands into the intersectional area,
thus reducing the total conflict area available in the unchannelized intersection. Channelization
may be either partial or complete with divisional and directional island and medians. The
advantages of channelized intersection are as follows:

(i) Vehicles can be confined to definite paths. (i) Points of conflicts can be separated.
(iii) Refuse islands can be provided for pedestrians. (iv) Angle of merging kept minimum.

\ N @ ]
g L3
I
A, =4, B
A\ N ©)
A = O an
ZZzir?e o AN N 77z V/\ 'V
e S N S, @ 1
Tee (Complete channelization) Cross (Complete ¢ hannelization)
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1.5.4 Rotary Intersection:- By provision of rotary, necessity of §topping at road intersection is
eliminated. Traffic from all the converging roads keeps on moving round the central 1s_land in
clock wise direction and adopts its road of desire to move out of rotary without stopping any
where. On rotary, crossing conflicts are completely eliminated.

' Circular Elliptical Turbine Tangent

Advantages: (i) Traffic handling capacity is the highest  (ii) It is more safe (iii) All vehicle

get equal preference (iv) Operational cost of vehicle is less (v) There is no need of traffic police
or signal (vi) Number of accidents are low.

Disadvantages: (i) Requires a large area of land and hence it is costly in built up area. (ii) If the
vehicular traffic have to stop to allow pedestrian to cross, the main purpose of rotary if defeated.
(iif) If large number of pedestrians and cyclists are involved, design and operation of rotary

becomes very complicated. (iv) When there are more than seven intersecting roads, rotaries are
unsuitable and unjustified for very low traffic volume.

1.5.5 Grade separated intersection:- The intersecting roads are separated by passing one road
over or below the other and thus eliminating the crossing manoeuvres. This intersection causes
least delay and hazard to the crossing traffic and much superior to intersections at grade from the
point of view of traffic safety and efficient operation. Transfer of route at the grade separation is

provided by interchange facilities consisting of ramps. Interchange ramps may be classified as
direct, semi-direct or indirect as shown '

|

7alixel

Direct Semi-direct

A

Indirect (Traversed distance is more)

Advantages : (i) Maximum facility is given to the crossing traffic. (ii) There is increased safety
for turning traffic. (iii) They provide comfort and convenience to the driver and saving the travel

time & operation cost. (iv) It is essential part of controlled access highway like expressway and
freeway. (v) It can be designed for any angle of intersection

Disadvantages : (i) It involves very large areas. (ii) It involves lot of expenditure in providing

bridges under passes and interchange ramps. (iii) Unnecessary rising grades and sags are
introduced in vertical alignment.

: 7
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ass:- When the major highway is taken above by raising its profile above the
ound level by embankment and an over-bridge across another highway.

vantages: (i) Drainage problem may be reduced (ii) Cost of bridge structure is less for small
span of efoss road. (iii) There is aesthetic preference and less feeling of restriction (iv) Future
€XpgrsSion or construction of separate bridge structure is possible.

Disadvantages: (i) In rolling terrain, the vertical profile of major road will also have roll_ing
grade ling, (ii) Embankment with steep gradient increase the grade resistance (iii) Long vertical
curve réquired for clear sight distance.

/5.6 Under-pass:- When the highway is taken by depressing it below the ground level to cross
another raad by means of an under-bridge.

antages: (i) If main road is retained at ground level and cross road is depressed, under pass
roves advantageous. (i) If main road is depressed, below cross road, traffic from cross road
will reach prain road with increased acceleration and traffic from main road will reach cross road
with retardation.

dvantages: (i) Drainage problem is very troublesome. (ii) Rise of underground water table
uring monsoons may further complicate the drainage problem. (iii) There is a feeling of
restriction to traffic at the sides. (iv) The over head structure may restrict the vertical sight
distance. (v) There is no possibility of stage construction for the bridge.

,\}45'.7 By-pass:- is an arrangement for diverting a traffic flow to avoid unnecessary hazards.

\-!/-.{S-Fly-ovcr:- is a bridge ove. a large road intersection for safe traffic flow avoiding conflict.
1.5.9 Interchanges:- Grade separated intersection with complete interchange facilities is
essential to develop a highway with full control of access. Some of the types of interchanges are
shown in Figure 5.39. Of all these complete full clover leaf fulfils all the requirements of turning

traffic involving the simplest traffic manoeuvers, viz; diverging to the left and merging from the
left by providing four indirect ramps.

4&
~ XN Py
— . =
E""__,_‘_.__. —— - ——
=

<——""—7'z:”‘7/

\\ > »

~

)[

(@) QIAMOND Le) PARTIAL CLOVER LEAF

i~

@ W) PAL CLONER W
Figure 539 (0) & ()  Types of Interchanges

(b) Rotary Interchanges
Flgure 5.39 () & (b) Types of Interchanges
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Transportation System Mandgement (TSM)

As the traffic dm\the gxfsting road system in the cities grows, congestion becomes a serious problem.
Medium and long solution like widening of roads, providing flyovers and constructing by-passes and
urban expressways are costly. Simple and inexpensive solutions can tide over (srayrex®giscéey) the crisis for
some times. TSM is a package of short term measures to make the most productive and cost-effective use of
existing transportation facilities. Some of the well-known traffic management measures are:

(]LRestrictions on right-turning movements: Right —turning traffic can cause serious loss of capacity. Heavy
right-turning traffic can control by (i) to incorporate a separate right-turning phase (ii) to introduce an early
cut-off or late start arrangement (iii) to ban the turning movement altogether.

L =

-_— ———]

= —
~,

Diversion to an

- Diversion beyond
alternative intersection

the junction

Diversion to the left
before the junction

P —

Prohibited right turning schemes.
(2) One-way streets: These streets are those where traffic movement is permitted in only one direction. They
afford the most immediate and the least expensive method of alleviating the traffic conditions in a busy area.

. o \
Crossing conflicts =16 Crossing conflicts = 4 1

\ jQﬂﬂging + diverging = Oy \A Merging conflicts =2 )
D§ :/ = - .
—_ - | -

[ \f | ¢ \ Crossing conflicts =7 F

g : i . Merging conflicts =4

AN

(@) N (b) _ (c)
Vehicular points of conflict with 2-way streets and one-way streets.

(3) Tidal-flow operation: Method is to allot more than half the lanes for one direction during the peak hours.

(4) Closine Side-streets: It may be possible to close some of these side-streets without affecting the traffic.

(5) Exclusive Bus-lanes: A lane can be reserve exclusively for bus where the carriageway is adequate width.

(6) Traffic aids:

(a) Roadway Delineators: are intended at turning point to‘provide visual aids to drivers at night.

(b) Hazard Markers: are intended to define obstructions like guardrails and abutments at road sides.
(c) Object Markers: are used to indicate haz?rds a'nd obstructions within channelising islands.

(d) Speed Breakers: humps painted with white pal.nt are .used to contro'l speed near crowded area,

(e) Rumble Strips: are corrugated surfaces producing noise and a physical sensation on the steering.
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() Guard-Rails: are needed for guiding pedestrians to subways, footbridges and surface crossing. )
(g) Safety Barriers: arc intended to prevent vehicles that accidentally lca.ving. the highway.
(h) Barricades: are required [or controlling and diverting traffic on construction zones.
(i) Traffic Attenuators: are required to absorb the irpact energy of vehicles that go out of control.

el, wn'

(12)
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Hierarchy of Roads

i i rete.
Road: is a convenient way for communication from one p!aqe to another and may ’bC blts:nblgﬁ:if?irts(;;]dces.
Street: is a road within the town, which has defined by buildings construc'ted alon&i]one:bliC i el
Highway: is a roadway of standard width, meant for all sorts oftrfifﬁc & include a p?towns B ities
Bypass road: is an arrangement for diverting a traffic flow to avo.Id congested areas o Aol
Boulevard (Avenue): is a very wide road in a city with trees on either side and used as processiona 3

Needs of highway classification: (i) For a designer, it enables him to relate the.‘geometrl_c and struct.ural
design standards. (ii) For a planner, this provides a basis for long-term planning. (iii) Also l'[.SCI'VCS various
administrative needs. Based on location and function, two broad categories of road are:
(i) Urban — falling within the municipalities and (ii) Non-urban (Rural) — located in areas other than urban.

Urban roads are classified as under:

Expressways: A divided arterial highways for heavy volume of motor traffic at high speeds, with full
control of access and provided with grade separation at intersections. Parking & pedestrian are not permitted.

Arterial Streets: A divided highways for through traffic with fully or partially controlled access. Parking,
loading and unloading activities are usually restricted. Pedestrians are allowed to cross only at intersections.

Sub-arterial Streets: A street with lower leve] of mobility & access to adjoining areas is more than arterial
streets. Parking, loading-unloading are restricted & regulated. Pedestrians are allowed to cross at intersection

Collector Streets: A collector street provided for collecting and distributing the traffic to and from local
streets. Full access is allowed from abutting properties. A few parking restrictions except during peak hours.

Local Streets: A local street provided for access to residence, business or other abutting property. A local
street may be residential, commercial or industrial. it allows unrestricted parking and pedestrian movements,

Rural roads are classified as under:

National Highways: are the main highways running through the length and breadth of the country connec-
ting ports, foreign highways, capitals of States large towns and industrial areas and roads for strategjc value.

State Highways: are the other main trunk or arterial roads of a State, connecting up with the National high-
ways or highways of adjacent State and linking the district headquarters and important cities within the State.

District Roads: are roads traversing each district, serving areas of production & markets & connecting these
with each other or with NH/SH. M.D.R. is for higher order of traffic and O.D.R. is for lower order of traffic.

Village Roads: are roads connecting villages or groups of villages with each other and to the nearest district
road, NH or SH or Railway or navigational routes. They are in essence road from the village to a market.

Based on construction materials, classifications of road are:

(1) Earth road (2) Gravel road (3) Brick road (4) Soil stabilized road (5) Water Bound Macadam (WBM) road
(6) Bituminous road (7) Cement concrete road.

THE ROAD IN BANGLADESI1

Category Length Definition ]
National Highway (NI1) 3163 Km | Connecting capital city with district headquarters, ports & international highways
Regional Tighway (RH) 2911 Km | Connecting different regions with each other which arc not connected by the NH
Ieeder Road Type-A (FRA) | 9996 Km | Connecting Thana headquarters to the arterial network ( )

Feeder Road Type-B (FRB) | 17058 Km Connccting growth centers to the RHD network or to the Thana headquarters
Rural Road Category-1 (R)) | 56136 Km Connecting Union headquarters/local markets with the Thana headquarters
Rural Road Category-2 (R,) | 48874 Km Connecting villages and farms to local markets/Union headquarters

Rural Road Category-3 (Ry) | 61286 K1 | Roads within villapes

\IIO\LIIG.MN—U}
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and the Environment

The automobile is the outstanding (3%, »n.c mesm = ) inventions of man. Problems of traffic have a direct
impact on the environment in which we live. The traffic engineer has a great responsibility in ensuring that
the road traffic does not spoil this environment. The environmental area is an area having no extraneous
(@myrsees ) traffic, and within ' which considerations of environment predominate over the use of vehicles.
‘The areas should be safe, reasonably free from noise and generally agreeable.

The detrimental effects of traffic on our surroundings are discussed below:

(i) Road safety: Everybody wants a road safety i.e, movement on roads should be free from accidents.
Safety of road users has been seriously endangered by the motor vehicle and because of its great
importance this subject is discussed in separate chapter as Road Safety.
Factors involved in road accidents are (1) Road Factors (2) Vehicle Factors (3) Road Users (driver, scooter
and motor-cycle riders, cyclists, passengers, pedestrians etc.). (4) Environmental Factors (5) Other Factors.
(ii) Noise: Noise is unwanted sound intruding ((7;,7)@4@_:1 2/@Ar) upon the quiet life and privacy of the
urban dwellers. The detrimental effects of traffic noise can bé considered under the following major groups:
(a) Subjective effects: Such as annoyance (discomfort), dissatisfaction, disturbance, bother and noisiness.
(b) Behavioural effects: Such as interference in speech, T.V. programs, studies, student mind in class room.
() Physiological effects: The startle (Q%‘Ga Fkasqav) phenomena that can results in harmful effects on body.
The generation of noise by traffic (1) Noise generated by various parts of the vehicle; (2) Noise contributed
by the interaction between vehicles and road surfaces (3) Noise dependent on speed, flow & traffic density.
Motor cycles and scooters are noisier than car; commercial trucks & old vehicles are a main source of noise
Sound level is recorded by the sound level meter and expressed as the decibel (dB). In order to account for
the ear’s response at low and high frequencies, different weighing filters, A, B and C are used. Normally,
noise having a level of not more than 60 dB (A) will be rated by many as quiet. Noise level of 90 dB (A)
and above will be rated by many as extremely noisy. Acceptable noise levels inside the building in
suburban and busy urban areas are 45 dB(A) & 50 d3(A) for day time and 35 dB(A) for night respcctively.
Control of Traffic Noise: (1) Changes in design of vehicles and tyres (ii) Elimination of noisier vehicles, etc.
(iii) Air Pollution: Pollution of the atmosphere by fumes and smell emitted by the motor vehicles makes
the urban streets extremely unpleasant. The source of the pollutant: (1) The major source is the exhaust gas
emitted*by the internal combustion engine (2) Evaporative losses from the fuel tank & the carburetor and
(3) losses from the crank case. ,
Small doses of carbon monoxide, oxides of nitrogen and lead compounds does not appear to be a danger to
health but the increase in the concentration may ultimately affect the well-being of the residents. Smog is a
result of the combination of smoke and fog and can cause hazaids to driving and irritation to the eyes.
Measures for Conirolling Air Pollution:
(1) Reducing the pollutants at the source by improving the vehicle design and maintenance.
(2) Use of small cars instead of bigger ones and patronage of public transport system (tubes and railways).
(3) Use of alternative fuels, bypasses and ring roads (4) Staggering work hours, to reduce peak hour traffic.
(iv) Vibration: A vehicle moving on road surface induces following types of vibration in the surroundings:
(1) Vibrations generated in the contained air between the buildings may be annoying to the people.
(2) Surface vibrations set up on the superstructures (3) Underground vibrations set up in the substructures.
(4) Vibration due to irregular road surface causes of cracking of plaster, rattling of doors, windows & glass.
Vibrations with 10-15 mm/sec (peak particle velocity in the vertical direction) (i) considered unpleasant by
people & unacceptable to some people walking on bridges (ii) cause architectural damage and possible
minor structural damage.
Ameliorative (\gqﬁm&;) Measures: (1) Improvement of road surface (2) Reducing the number of heavily
loaded vehicles (3) Enforcing a minimum space between adjacent buildings (4) Provision of wider roads.
(v) Visual Intrusion and Degrading the Acsthetics: Buildings seem to be rise from a plinth of cars..-
Service stations, garages and petrol filling stations have sprung up along the road and added their mite to
the degradation of the general scene. matd
(vi) Severance ( -7gley=r7—  ):isthe psychological, cultural and physical disturbance caused by a traffic
facility on the neighborhoods, the land, the society and its life style. Land crisis is problem of rehabilitation.
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Highway materials are the engineering materials used for the construction of highway
pavement. Materials generally used for road constriiction are soil, aggregates and binders.

HIGHWAY MATERIALS *

Soil: In a broad sense, soils include all earth materials, organic and inorganic, occurring
in the zone overlying the rock crust of the earth.

Sub-grade soil:(is the natural soil used for the preparation of foundation layer of road to
receive the other layers of the road.)Therefore this soil should possess sufficient strength
and stability under adverse climatic and loading conditions. Pavement defects such as the
formation of waves, corrugations, rutting, shoving, etc. in flexible pavements and mud

pumping, cracking, etc. in cement concrete pavements are developed due to poor sub-
grade.

°

The desirable properties of soil as a highway materjal are :

(1) Stability  (2) Incompressibility (3) Permanency of strength
(4) Minimum volume change (5) Good drainage and (6) Ease of compaction.

Aggregate: is an inert material which forms a substantial part of concrete. Different type
of aggregates are khoa, stone chips, gravel, cinder, slag, sand, ctc.  =rs3, G , g

Aggregates form the major portion of pavement structure and they form the prime
materials used in pavement construction. Aggregates have to bear stresses occurring due
to the wheel loads on the pavement and on the surface course they also have to resist
wear due to abrasive action of traffic. Therefore the properties of aggregates are of
considerable significance to the highway engineers.

The desirable properties of aggregate as a highway material are :

1. Strength. The aggregate to be used for roads should be sufficiently strong to withstand
the stresses due to traffic wheel loads. The strength of coarse aggregate is determined by
Aggregate Crushing Value (ACV) test.

2. Hardness. The aggregates used in the surface courses are subjected to constant
abrasion due to moving vehicles. The mutual rubbing (Attrition) of stones also causes
wear in the aggregates. The hardness of aggregates is tested by Los Angeles Abrasion
Value (LAV) test. 2 . : n .

<

m

3. Toughness. Aggregates in pavements are also subjected to impact due to moving

wheel loads. The toughness of aggregates is determined by Aggrepate Impact Value
(AIV) test. ) :
AlY)test

4. Durability. Aggregates used in pavements have to withstand the adverse action of

weather such as physical and chemical actions of rain and ground water and effects of
atmosphere etc. The durability of aggregates is determined by soundness test.

5. Shape. Aggregate particles may have. r-(")'unded, cubical, angular, flaky or elongated
shapes. Too flaky and too elongated aggregates should be avoided as far as possible due
to their less strength. Angular or rough textured aggregates should: be preferred due to

their more interlocking capacity. Shape of the particles are evaluated with reference to
Flakiness Index, Elongation Index and Angularity Number. ;

6. A(.]hesqin “fith l?itumen. Aggregates used in bitumincus pavements should have more
afﬁmty with bituminous material than water, otherwise bituminous coating on aggregatcs
will be stripped off in the presence of water. The static immersion tesl is very commonly

used to determine the adhesion of bituminous binder to an aggregate in the presence of
water, '
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BITUMINOUS MATERIALS : As per ASTM, “Bituminous materials are the mixlu're
of hydrocarbon of natural or hydrogenous origin or a combination of both, _fgund n
gaseous, liquid, semi-solid or solid form and completely soluble in carbon disulphide™.

Bituminous binder used in road construction works are bitumen and tar.

BITUMEN: As per ISI, Bitumen may be define as “a non crystalline solid or viscous

material having adhesive properties derived from petroleum, either by natural or refinery
process and completely soluble in carbon disulphide.”

In British terminology, Bitumen is define as a pure bitumen i.e there is no inert materials
Bitumen obtained by refinery processes from petroleum is called Petroleum Bitumen and
bitumen found as a natural deposit is called Natural Bitumen. Asphalt is a natural or
mechanical mixture in which bitumen is associated with a substantial proportion of inert
matter. If found in lakes, it is known as Lake Asphalr. If found as a naturally occurring
calcareous rock, it is known as Rock Asphalt.

In American terminology, the materials coming under the two British terms ‘Bitumen’
and ‘Asphalt’ are commonly known as “Asphalt”.

Manufacture of Bitumen : Bituminous materials are a component of petroleum crude.
They are obtained as end-product in, fractional distillation of crude petroleum. For
bitumen refining, two different processes are used (i) Steam and vacuum: distillation
method and (ii) Solvent extraction method. -

From crude petroleum, the volatiles are separated in a fractionating column (Fig. below).

3 ' ] g:‘ —— Gasoline or Naphtha

——» Kerosine

. A — Heat Exchange
B — Tube Stil] srom 423
C — Fractionating Column

— Diesel oil

v

T

—— Light lubricating oil

AN RN Y

_ —[{eavy lubricating oil
re—— Steam

¥ Bitumen

A I Crude oil |

Straight run bitumen: Bitumen which has been produced by distillation process to a - ©
definite viscosity or penetration without further treatment. This bitumen mostly used for

road construction and before use its viscosity has been reduced by heating,

p—————

Penctration grade bitumen: is a bitumen whose degree of hardness can be measured by
the standard penetration test. b

Air-Blown-bitumen: is a bitumen obtained by further treatment of straight run bitumen
by running it, while hot, into a vertical column and  blowing air through it. Tt is a very
usc(ul clement in roofing materials, battery hoxes, water prooling paints and joint filleg®

iat.}i'
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Cutback B_ltum_en: is defined as the bitumen, the viscosity of which has been reduced
by a_volatile diluents) For use in surface dressings, bituminous macadam and soil-
bitumen stabi 1z_ntion, 1Lis necessary to have a fluid binder which can be mixed relatively
at low temperatures. Hence to increase fluidity of the bituminous binder at low
temperatures, the binder is blended with a volatile solvent. After the cutback mix is used
in cons_truction work, the volatile gets evaporated and the cutback develops the binding
properties (called curing). Depending upon the diluents used, there are three types of cut-
backs : (i) Rapid Curing (RC) are manufactured by blending bitumen with highly volatile
so_lvent like gasoline or naphtha (ii) Medium Curing (MC) are made by fluxing bitumen
with some what less volatile solvent like kerosene and (iii) Slow Curing (SC) are ».
manufactured when bitumen is blended with a high boiling point light oil which contains
little or no volatile constituent.

Bitumen Emulsion: is a combination of bitumen ( 30% to 60%), an emulsifying agent
(0.5% to 1%) and water (remaining portion). When heated bitumen and water are mixed
together and agitated, the bitumen disperses in water in the form of spherical globules of
about 2 micron diameter. To prevent bitumen spheres from coalescing, an emulsifying
agent is added in the emulsion which remains dissolved in water. Emulsifying agents
usually adopted are soaps, surface active agents and colloidal powders. Depending upon
the stability of the protective coating of emulsifying agent the emulsion may be classified
as Rapid Setting (RS), Medium Setting (MS) and Slow Setting (SS).

When road aggregate mixed with emulsion is applied on the road, it starts breaking. The
first sign of emulsion break is reflected when its colour changes from chocolate brown 1o
black. As the emulsion starts breaking it starts binding the aggregates. When full water
gets evaporated, it develops its full binding power.

Emulsions are used in bituminous_road constructions, especially in maintenance and
. . e———————— & .
patch repair works. The main advantage of emulsion is that it can be used in wet weather
. . . . . .y - e
even when 1t 1s raining. Also emulsion have been used in soil stabilization.

Tar: is the viscous liquid obtained when natural organic materials such as wood and coal

are carbomzed or destructively distilled in the absence of air. Based on the MATCTITHIOM . =
which tar is derived, it is referred (o as wood tar or coai e ) the latter is moie widcely

used for road work because it is superior. Composition of tar can be diagrammated as:

Tar _ tféﬁd oil + Middle oil + Heavy oil + Pitch
Light road tar Middle oil + Heav{e"oil + Pitch
Heavy road tar Heavyroil + Pitch
Pitch - . Pitch

Based on their viscosity and other properties, road tars are classified in five grades:

RT -1 is used for surface dressing under exceptionally cold weather.
RT -2 isused for surface dressing under normal climatic conditions.
RT -3 is used for surface dressing, renewal coats, premixing chippings and light carpet
RT -4 isused for premixing tar macadam in base course.

RT -5 isused for grouting purposes.

»

. Dark brown to black Tolour 1. Dark brown to black colour
27 Produced from crude petroleum 2 Produced by distillation of wood or coul
3~ Free carbon content is less 3" Free carbon content is more
+ Bitumen does not have any toxicity 14 Tar possesses phenol which is toxic
\A/Sctling time is less than tar L5 Setting time is more than bitumen
w-b-tUseful for road construction v6-Useful for roofing materials & joint filler
w7 Hardens very slowly v7Hardens at much faster rate than bitumen
8. Soluble in carbon disulphide 0S8y 8. Soluble in carbon disulphide.
~Costlier than tar .9~ Cheaper than bitumen.
Glumen B (¢
.v-—"—_—-—'_—__ n —
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