“These human pathways WOUIC T :

" specific purposes leading to ca
for drinking water, etc.

/ Invention of wheel in Mesopotamian civilization led to

development of animal drawn vehicles

/ To provide adequate strength to carry wheels, new ways
tended to follow sunny drier side of a path

/ After invention of wheel, animal drawn vehicles were
developed and need for hard surface road emerged

/ Traces of such hard roads were obtained from various
ancient civilization dated as old as 3500 BC

/ Earliest authentic record of road was found from Assyrian
empire constructed about 1900 BC
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| Earliest large scale road construction is attributed to
Ror:nans who constructed an extensive system of roads
radiating in many directions from Rome

¥ Romans recognized that fundamentals of good road

construction were to provide good drainage, good material
and good workmanship

¥ Their roads were very durable, and some still exist
¥ Roads were bordered on both sides by longitudinal drains
¥ Next step was construction of agger

¥ This was a raised formation up to a | meter high and
I5 m wide and was constructed with materials excavated
during side drain construction

¥ This was then topped with a sand Ieveling-cgurm:%_‘ - v
¥ In case of heavy traffic, a surface course of large 2 )




"/ They mixed lime an

they added graveltot
/ Thus concrete wasa m
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of construction than [2VISH

Roman practice

/ He developed a cheaper mgtth)df
and locally unsuccessful revival O

/ Pavement used 200 mm pieces of quarried stone of a rlnor:
compact form and shaped such that they had .at eas
one at side which was placed on a compact formation

/ Smaller pieces of broken stones were then compacted into
spaces between larger stones to provide a level surface

/ Finally, running layer was made with a layer of 25 mm sized
broken stone

Y All this structure was placed in a trench in order to keep
running surface level with surrounding country side
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British engineer John Macadam Introducec Wiiat &t
- . . . T i e S Ry
considered as first scientific roa ‘metho

d construction m
/ Stone size was an important element of Macadam recipe

v/ By empirical observation of many roads, he came to
realize that 250 mm layers of well compacted broken
angular stone would provide same strength and stiffness

/ A better running surface than an expensive pavement
founded on large stone blocks

/Thus he introduced an economical method of road
construction

/ The mechanical interlock between individual stone pieces
provided strength and stiffness to course




¥ But inter particle friction abraded sharp interlocking faces
and partly destroy effectiveness of course

¥ This effect was overcome by introducing good quality
interstitial finer material to produce a well-graded mix |

¥'Such mixes also proved less permeable and easier to
compact | M

-




¥ But inter particle friction abraded sharp interlocking faces

- and partly destroy effectiveness of course '
" Y This effect was overcome by introducing good quality
interstitial finer material to produce a well-graded mix e
“Such mixes also proved less permeable and easier to

compact ,L b a{ |

- 17.5mm Broken Stones. 100mm thick
~ Surface Course 20mm. S50mm thick




¥ Particularly true for any engmeenng work as planmﬂg
basic requirement for any new project or an expansion
program

¥ Highway planning is also a basic need for highway
development

v Planning is of great importance when funds available are
limited whereas total requirement is much higher

v Planning helps best utilization of available funds has to be
made in a systematic and planned way


ASUS
Sticky Note
Necessity of Highway Planning
20,19,17,16,15,14,13,11,10,9,8,7


¥ To arrive at road SYStem and lengths >f different categori
of roads which could provide maximum utlhty and cou!" De

constructed within available resources during plan period
under consideration

¥ To fix up date wise priorities for development of each road

link based on utility as main criterion for phasing road
development program

¥ To plan for future requirements and improvements of roads
in view of anticipated developments

¥ To workout financing system



ASUS
Sticky Note
Objectives of Highway Planning
20,19,17,16,15,14,13,11,10,9,8,7


Challenge

Historic
o Multimodal
Environmenta Scenic Consideration

Q"f'"-" Characteristics



Roads which are negotiable during all weathers, |
major river crossings where interruption of traffic is

permissible up to a certain extent

except at



Roads which are negotiable only during fa weather
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e Fair-wéaﬂt
~ Based on carriage way
® Paved roads with hard surface

Provided with a hard pavement course (stones, Water
bound macadam (WBM), Bituminous macadam (BM),_.

concrete roads) | o lﬂ




» Based on carriage way
# Paved roads with hard surface

# Unpaved roads

Roads whlch are not provuded wnth 3 hard course of least




® Fair-weatherroads

~ Based on carriage way T
® Paved roads with hard surface
® Unpaved roads

~ Based on pavement surfacing

0 Surfaced roads




~ Based on carriage way il —
® Paved roads with hard surface
® Unpaved roads
» Based on pavement surfacing
® Surfaced roads
® Unsurfaced roads




v/ Separate class of highways with superior facilities, design
standards and high speeds (120 km/hr)

¥ Meant as through routes having very high volume of traffic

¥ Provided with divided carriageways, controlled grade
separationsat crossroadsand fencing. Ay o

v Should permit only fast moving vehides w5

v’ Parking, lozdtns and fmﬂaaﬂ.f{i { pedestrian
_ trafficlsnotallowed: - iy,




" Main highways running through a country connecting major 8
ports, foreign highways, capitals of large states and large
industrial and tourist centers including roads required for
strategic movements
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/ Arterial roads ©
fonel Cuarters

A?J1

highw ays of adjacent sEates, cistrict

an!;r!'.:}nl cities within s ate

/ Adso sarve 3% rain artenes v and frorn digtrict rornd$
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= Major district road (MBR)' e 1
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v Important roads within a district serving areas of
production and markets, connecting those with each other
or with major highways

¥ Has lower speed and geornetnc desngn speaﬁcanons than"
NHorSH .

F
—



% Other district road (ODR)
and_‘providing-t_‘hgmﬂg

v Roads servmg rural areas of production




% Other (!1smct road (ODR)
% Village road
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Equivalent axle load (EAL) is less than 104 or Lommcrcml
vehicle per day (CVPD) is less than 50 B p o e

e il * .




Equwalent axle load
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% Heavy traffic

Equivalent axle load (EAL} is more than 10° or commercial
vehicle per day (CVPD) Is more than 300




k v City roads which are meant for thre ms.{h trattic usually on A t
Continuous route

« Generally spaced at less than 15 km in developed business
centres whereas in less important areas may be 8 kmapart

v Also divided highways with fully or partially controlied

- access, parking, loadmg and unloadmg actwrtles are carefully

regulated
: Pedestrians are_ ermit jedl.to emssthem-atlntersectiun&qniv
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v City roads which provide lower level of travel mobliity than §
arterial streets |

v Their spacing may very from 0.5 km in
districts to 3 to 5 km in sub-urban areas

v Loading and unloadingare usually restricted
Pedestrians are allowed to Cross these highways at

intersections

central business
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v City roads which are construc‘.ed for collectlng and
distributing traffic to and from local street and also to
provide an access to arterial and sub-arterial streets

¥ Located in residential, business and industrial areas

v Accessible from building along them

¥ There are few parking restrictions except during peak hours
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v City roads which provide an access to residence, business

and other buildings
o ‘ Traffic carried either ongmates ox;
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Rural highways aré tHo&

(villages) R

v Urban highways are those passing through large cities
and towns, i .e. urban areas
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Freeways

v Access-controlled divided highways

¥ Most freeways are four lanes, two lanes each direction,
but many freeways widen to incorporate more lanes as
they enter urban areas

v Access is controlled through use of interchanges, and
type of interchange depends upon kind of ntersecting
road way (rural roads, another freeway, etc.)




Accessibility

C\Ollector Street

"

\“\\Local Street

\\ﬁnen'ais
%




7 Whole area 15 divided into rectangulay blocks of pll}ti, with
streets intersecting at right angles

¢ Main road which passes through centre of area should be
sutficiently wide and other branch roads may be
comparatively narrow

/ Main road s pfavmd a dlmt zppmmwmdq
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¥ Main radial roads radiating from central business area are
connected together with concentric roads







% Radialo
® Hexagonal pattern

v In this pattem centre area is provided with a network of
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* Radialo
* Hexagonal pattern

v In this pa




% Radialo

* Hexagonal pattern
* Minimum travel pattern
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Planning surveys
~ Highway planning phase includes
® Assessment of road length requirement for an area

(it may be a district, state or whole country)

® Preparation of master plan showing phasing of
plan in annualand or five year plans



ASUS
Sticky Note
Planning Surveys consists of following Studies


v Population and its distribution in each village, town or
other locality with area classified in groups

¥ Trend of population growth
+ Agricultural and industrial products and thenr lnstmg m‘

classified groups, area wise
] ndustnal andagncultwahdevglppment?
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ASUS
Sticky Note
Planning Surveys consists of following Studies


v Sources of income and estimated revenue from taxation &

on road transport

v Living standards
v Resources at local level, toll taxes, vehicle registration and

fines
¥ Future trends in financial aspects
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/ Traffic volume in vehicles per day, annual average daily ™
traffic, peak and design hourly traffic volume

v Origin and destination studies

v’ Traffic flow patterns

v Mass transportation facilities

v Accidents, their cost analysisand causes
/ Future trend and growth in traffic volume and goods

traffic, trend in traffic pattern

/ Growth of passenger trips and trend in ice of
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v Topographic surveys
v Soil surveys
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' giving direction to h‘fghway s called
¥ Two components '

® Horizontal alignment - includes straight and curve path
® Vertical alignment - includes level and gradient

¥ Alignment decision is important because a bad alignment
will enhance construction, maintenance and vehicle
operating cost, and increase in accident rate

¥ Once an alignment is fixed and constructed, it is not easy to
change it due to increase in cost of adjoining land and
construction of costly structures by the roadside


Rashadul Islam
Sticky Note
What is Alignment?


§ 'Mignment between two terminal stations should be 'Shm'-
and as far as possible be straight
v Em due to some pramcai cmsﬁeratmn& devmm m N

.'_‘,-v...- ‘,"



Rashadul Islam
Sticky Note
Basic Requirements of Ideal Alignment
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v ~ Alignment should be easy to construct and mamtain
¥ It should be easy for operation of vehicles

¥ Maximum extend easy gradients and curves should be
provided = . | . A
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Sticky Note
Factors affecting alignment
17,14,12,11,09
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®» Economics

B
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v Alighmeht finalized based on above factors should also be
~economical | e

i g e













v Different sets of geometric standards are followed in hrli
‘roads wnth reference to gradlent curves and speed




ing into
t2king
ive length
of 2 road is its effectiv
¥ Resisting length

consideration f m
against

or total work done

o Reﬂstng lulgﬂ'l of a road nny be m
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® Resisting length i
¥ Resisting length of a road is its effective length taking m

cnnslderaﬁonfortatal work dme againstres ances
.. ength gf aroad r | i from tc
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~ Stages of engineeringsu;-;-_-. ——
® Map study
® Reconnaissance
® Preliminary surveys
® Final location and detailed surveys

otails of stages of engineering surveys === 55




.



Features norrnally considere - n elements,
sight distance consnderatlon honzontal curvature,
gradients, and intersection

* Design of these features is toa great extend influenced by
driver behavior and psychology, vehicle characteristics,
traffic characteristics such as speed and volume

v Proper geometric design will help in reduction of accidents
and their severity

 Therefore, objective of geometric design is to provide
optimum efficiency in traffic operation and maximum safety

at reasonable cost

¥ Planning cannot be done stage wise like that of a
pavement, but has to be done well inadvance




oss-section elements - inc ides cross SIOPE,
widths of roads and features in road margins

v Sight distance considerations - includes  Cross slope,

various widths and features in the road margins

v Horizontal alignment details - includes features like super
slevation, transition curve, extra widening and set back

distance
/ Vertical alignment details - includes gradient, sight distance

and design of length of curves
/ Intersection features - includes layout, capacity, etc.

- !
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Sticky Note
Elements of Geometric Design


Defined as highest continuous speed at which individual
vehicles can travel with safety on the highway when weather

conditions are conducive
" Different from legal speed limit which is speed limit imposed
to curb a common tendency of drivers to travel beyond an

accepted safe speed
Also different from desired speed which is maximum speed at

which a driver would travel when unconstrained by either

traffic or local geometry
Single most important factor that affects geometric design

Directly affects sight distance, horizontal curve, and length of

vertical curves
Since speed of vehicles vary with driver, terrain etc., a

design speed is adopted for all geometric design



Rashadul Islam
Sticky Note
Factors depending geometric design


v It is easier to construct roads with required standards for a
plain terrain

¥ However, for a given design speed, construction cost
increases multiform with gradient and terrain

v Therefore, geometric design standards are different for

different terrain to keep cost of construction and time of

construction under control




v It is of crucial importance in highway design, is traffic data
both current and future estimates

¥ Traffic volume indicates level of services (LOS) for which

hlghway is hning planned and directly affects geometric




® Vehicle

v Dimensions, weight of axle and operating characteristics of a
vehicle influence design aspects such as width of pavement,
radii of curve, clearances, parking geometrics etc.

+ A design vehicle which has standard weight, dimensions and
aperating characteristics are usec ;;E,_r_; shway «1 n

,—r'-l_ -]




® Vehicle w—

® Human

Important human factors that influence geometric design are
physical, mental and psychological characteristics of driver and
estrians like reaction time




® Vehicle

® Human
® Design Hourly Volume and Capacity

v/ General unit for measuring traffic on highway is Annual
Average Daily Traffic volume, abbreviated as AADT

v Traffic flow (or) volume keeps fluctuating with time, from a
low value during off peak hours to highest value during peak

hour
¢ It will be uneconomical to design roadway facilities for peak




® Vehicle
® Human
® Design Hourly Volume and Capacity
® Environmental

Environmental factors like air pollution, noise pollution,
landscaping, aesthetics and other global conditions should be

given due considerationsin geometric design of roads




® Vehicle

® Human
® Design Hourly Volume and Capacity

® Environmental
® Economy

v Design adopted should be economical as far as possible
v It should match with funds allotted for capital cost and

maintenance cost




® Vehicle

® Human

® Design Hourly Volume and Capacity
® Environmental

® Economy
® Other factors

Geometric design should be such that aesthetics of region is not




Cross sectional elements —

¥ Features of cross-section of pavement influences life of
pavement as well as riding comfort and safety

v Of these, pavement surface characteristics affect both of
these

v Camber, kerbs, and geometry of various cross-sectional
elements are important aspects to be considered in this
regard
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Pavement surface characteristics

~For a safe and comfortable driving four aspects of
pavement surface are important

® Friction between wheels and pavement surface
#® Smoothness of road surface

® Light reflection characteristics of top of pavement
surface

® Drainage of water




of vehicles
v Lack of adequate friction can C3use€ skidding or slipping

of vehicles

v Frictional force that develops between wheel and
pavement is load acting multiplied by a factor called

coefficient of friction, and denoted as [

v Choice of the value of f is a very complicated issue since it
depends on many variables

v Coefficient of longitudinal friction is 0.35-0.4 depending on
speed and coefficient of lateral frictionis 0.15

¥ Former is useful in sight distance calculation, and latter in
horizontal curve design




v Sklddmg happens when path tra |
is more than circumferential movement of wheels due to

their rotation
¥ When brakes are applied, wheels are locked partially or fully,
and if vehicle moves forward, longitudinal skid takes place

v May vary from 0 to 100 percent

Lateral skid
v Takes place while a vehicle negotiate a horizontal curve, if

centrifugal force is greater than counteracting forces (lateral

friction and component of gravity due to superelevation)
v Considered dangerous as vehicle goes out of control leading

to an accident
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which means that transverse slope
honzontal

v Camber is also expressed as a percentage
¢ If camber is X%, cross slopeis x in 100

¢ Required camber of a pavement depends on - type of pavement
surface and amount of rainfall

7 A flat @amber of 1.7 to 2.0% is sufficient on relatively impervious
pavement surface like cement concrete or bituminous concrete

7 In pervious surface like WBM or earth road which may allow
surface water to get into subgrade soil, steeper cross slope is
required

/ Steeper camber are also provided in areas of heavy rainfall




reasons | | T

¥ Transverse tilt of vehicles - causes uncomfortable side thrust

and a drag on steering of automobiles, unequal wear of tyres
and road surface

¢ Discomfort causing throw of vehicle when crossing crown
during overtaking operations

7 Problems of toppling over of highly laden bullock carts and
trucks

7/ Formation of cross ruts due to rapid flow of water
/ Tendency of most of vehicles to travel along centre line

‘
A
e - i



a Parabolic camber y=2x “nw







% Combination of straightanﬂ'ﬁ‘a . ;
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— Straight—}— Parabola—— Paraboly —f~ SUAGHt —|
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¢. Combination of straight and parabolic camber
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Camber for differenttypes of road surface

Surface type Heavy rain Light rain
Concrete/Bituminous 2% 1.7%
Thin bituminous 2.5% 2.0%
Gravel/WBM 3% 2.5%

Earthen 4% 3%



“ Metalled potion of road over which vehicles are intende
move T
v Different types of carriageway according to material used
for construction
Traffic lane

ovement is

v Cammiageway intended for one line of traffic m
called a traffic lane
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Sticky Note
Carrage Way


vidth of traffic lane and number of [anes G

Width of a traffic lane depends on width of vehicle and
clearance

v Side clearance improves operating speed and safety

¥ Maximum permissible width of a vehicle is 244 m and
desirable side clearance for single lane traffic is 0.68 m

¥ This require minimum of lane width of 3.75 m for a single
lane road

¥ However, side clearance required is about 0.53 m, on either
side and 1.06 min center

/ Therefore, a two lane road require minimum of 3.5 m for
each lane
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Double Lane
Lane width for single and two lane roads




Class of road Width of carriageway (m)

Single lane 375
Two lane, no kerbs 20
Two hn:, nysed kerbs 75
INSIDRCRE TR 5.5
Mult-lane 3.5 for each lane




| | ,n-uﬁ-u\_hw_ |
® Channelize trafficinto streams

® Shadow crossing and turning traffic
® Segregate slow traffic
® Protect pedestrians

¥ May be in form of pavement marking, physical dividers or
area separators

¢ Pavement marking is simplest of all traffic separators

¥ Mechanical separator should be designed in such a manner
that even if wheels of vehicle encroach, no part of vehicle
body should be damaged

v Area separators may be medians, dividing islands or
parkway strips, dividing two directions of traffic flow
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Kerb



indicaty boundsty between carrisge way and shouder or
iskands o loctpaths

¢ Otterent vypat of forks are

‘ | fode 7 7 -'rJ“,".
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¢ Uaigned to ducouage eeticles drom |
 Pronded yen Where s considers
traffic
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® _ow or mountable kerbs
® Sem Darrier type kerbs
® Barner type verds
® Submerged herds
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v Provided  along road edge and are oteaded o
accommadation of stopped vehicles
(M. -Mtuwl\ldlt













#Lay byes
# Bus bays
# Frontage roads/service roads
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road, alonglts alignmientes TS asagaTs D

v It should be adequate to accommoate alf Uos&suuon-:f
elements of highway and may reascnably provide for future
development

/To prevent ribbon development along highvways, control lines

and bullding lines may be provided

¥ Control line Is a line which represents nearest limits of future
uncontrolled building activity inrelation to a road

¥ Bullding line represents a ling on either side of the road,
betwcenwhlchand roadno building activityIs permitted at all
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v In other words feasibility to see ahead or wsub’llty is very
important for safe vehicle operation on a highway

v Sight distance available from a point is actual distance along
road surface, which a driver from a specified height above

carriageway has visibility of stationary or moving objects
v In other words, sight distance is length of road visible ahead
to driver at any instance

----- tal
curves, by objects obstructing vision at inner side of road or
at vertical summit curves or at intersections

v Sight distance required by drivers applies to both geometric
design of highways and for traffic control
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Sight Distance
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v Restrictions to sight distance may be caused at honzontal
curves, by objects obstructing vision at inner side of road or
at vertical summit curves or at intersections

v Sight distance required by drivers applies to both geometric
design of highways and for traffic control
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v Restrictions to sight distance may be caused at horizontal

curves, by objects obstructing vision at inner side of road or

-~

at vertical summit curves or at intersections

v Sight distance required by drivers applies to both geometric
design of highways and for traffic control
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at \ferchal summit curves or at intersections
v Sight distance required by drivers applies to both geometric
design of highways and for traffic control




v/ Overtaking sight distance (OSD) for safe overtaking

operation
v Safe sight

intersections
» Apart from three situations mentioned above, following sight

distance for entering into uncontrolled

distances are considered
v Intermediate sight distance - defined as twice of S5D; when

OSD cannot be provided intermediate sight distance Is
provided to give limited overtaking opportunities to fast

vehicles
v Head light sight distance - distance visible to a driver during

night driving under illumination of vehicle head lights; is cntical
at up-gradients and at ascending stretch of valley curves
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conditions:

v Driver travelling at design speed has sufficient sight distance
or length of road visible ahead to stop vehicle, in case of any
obstruction on road ahead

v Driver travelling at design speed should be able to safely
overtake, at reasonable intervals, slower vehicles without
causing obstruction or hazard to traffic of opposite
direction

v Driver entering an uncontrolled intersection has sufficient
visibility to enable him to take control of his vehicle and to
avoid collision with another vehicle




for dnvers to see_ a.n ob; _‘ roaaway anead

bring their vehicles to safe stop before colliding with

object

/ Distances are derived for various design speeds based
on assumptions for driver reaction time, braking ability of

most vehicles under wet pavement conditions, and friction
provided by most pavement surfaces, assuming good,

tyres

/ A roadway designed to criteria employs 3 horizontal and
vertical alignment and a cross section that provides at least
minimum stopping sight distance through entire facility

- b

- | &




v Height of dnver’s eye above road surface - at summlt curves
more important factor affecting visibility

/ Height of object above road surface - indicates what might
be a source of danger to moving vehicle




» Distance within whch 2 motor
Jependy upon
Total reaction time of driver
® Speed of vetudle
® Effcency of brakes




Total reaction time of driver

“ It is time taken from instant object is visible to dnver to
Instant when brakes are applied

Amount of time gap depends on several factors

During this time vehicle travels a certain distance at original
speed or design speed
Thus stopping distance increases with increase in reaction
time of dnver

ny of the studies show that drivers require about 1.5 to

under normal conditions

However, taking into consideration vanability of driver
charactenstics, a higher value is normally used in design for
example 2.5 secs.







» Tota! reactiont may be splity
o perception time
® Brake reaction time
t is time from instant brake 12 applied bY driver t0 instant

-

. L

vehicle 15 deadly stopped
veral factors including skill of driver, tYP& of







® Perception

v It is time required for
sensation received by eyes or
ears to be transmitted to brain
through nervous ‘system and

spinal chord
v In other words, it is time g

required to perceive an object
or situation

P.PERCAPTION
[=INTELLECTION

C-EMOTION
V. vOLITION

\smu

arLEr ACTION




® Perception
® |ntellection

PorURCEPTION
v It is time required for :::::,‘::""
understanding sityation Ve VOUTiow
v It is also time Fequired for
comparing different thoughts,
dEiromil

regrouping and registering v
new sensation S ACTION
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Intofourparts aedin

® Perception

® |Intellection m PURCAPTION

’
. Emot'on [=INTELLEETION
E.EMOTION
. . . - ¥OUIT0

It is time elapsed during S o

emotional  sensation and

disturbance such as ‘fear, — ——

anger or any other emotional -

. ops €y ACTION
feelings such as superstition R —

etc. to situation

¥ Emotion time of a driver is
likely to vary considerably
depending upon problems
involved




® Perception
® Intellection

P PARAPTION

® Emotion = NTELCEC TIow
ot C-EM0T10M
*® Volition V. VOUITION

L
It is time taken for final action

STy \""“

SEFLEY ACTION




® Perception
® |ntellection

PPN
® Emotion |=INTELLECTION
_— [.EMOTI0N
® Volition V. YOI TION
SriLus et sronil

MG mco_n

v It is also possible that driver may apply brakes or take any

e e e




» PIEV time of a driver depends on several factors such as
#® Physical and psychological characteristics of driver

#® Type of problem involved

#® Environmental condition
® Temporary factors (motive of trip, travel speed,
fatigue, consumption of alcohol, etc.)

» Total reaction time of an average driver may vary from 0.5

second for simple situations to as much as 3 to 4 seconds or

even more in complex problems




Efficiency of brakes

v Efficiency of brakes depends upon age of vehicle, vehicle
characteristics etc.

v If brake efficiency is 100%, vehicle will stop at moment
brakes are applied

v But practically, it is not possible to achieve 100% brake
efficiency

v Therefore sight distance required will be more when
efficiency of brakes are less

/ Also for safe geometric design, it is assume
have only 50% brake efficiency

d that vehicles




Frictional resistance between tyre and road

v Frictional resistance between tyre and road plays an
important role to bring vehicle to stop

v When frictional resistance is more, vehicles stop
immediately

v Thus sight distance required will be less

v No separate provision for brake efficiency Iis provided while
computing sight distance

v This is taken into account along with factor of longitudinal
friction
v Value of longitudinal friction is between 0.35 to 0.4




Gradient of road

v It also affects sight distance

v While climbing up a gradient, vehicle can stop immediately
v Therefore, sight distance required is less

v"While descending a gradient, gravity also comes into
action and more time will be required to stop vehicle

v'Sight distance required will be more in this case




Analysis of stopping sight distance
v Stopping sight distanceis sum of
® Lag distance - distance travelled by vehicle during total

reaction time
® Braking distance - distance travelled by vehicle after
application of brakes to a dead stop position




Lag distance
¥ During total reaction time or PIEV time vehicle may be

assumed to proceed forward with a uniform speed (design
speed) at which vehicle has been moving

v If design speed is V kmph and ¢ is reaction time then

1000

Lag distance =V X

— X t = 0.278Vt meters
oUXxXoOU

v Total reaction time of driver depends on a variety of factors

and a value of 2.5 seconds is considered reasonable for
most situation
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For  level road this is obtained by equating work done in
stopping vehicle and kinetic energy of vehicle

v If Fis maximum frictional force developed and braking

distance is [, then work done against friction in stopping
vehicle is

v

FI = fWl
where W = total weight of vehicle

v Kinetic energy at design speed of v m/sec will be
1 . wp?

pe
or = T meters
g/
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SD = v 4= methis
2gf1

If speed is V kmph, stopping distance

.
SD=0.278Vt + T, meters




» Stopping distance = lag distance + braking distance

SD=vt + i meters
2gf

If speed is V kmph, stopping distance

o
meters
254/

SD=0.278Vt +

f=design coefficient of friction
=0.4 to 0.35 depending on speed, from 30 to 80 kmph
g = acceleration due to gravity
= 9.8 m/sec”




RS there ks oy cending gradient of say, + n% component
of gravity adds to braking action

v Hence, braking distance is decreased

v Component of gravity acting parallel to surface which adds to
braking force is equal to

T RREITTI.. L.
Sina = ana—-loo

¥ Equating kinetic energy and work done

( W+Wn : 1 Wp?
f 100)

__zg
2

v

(f+—)

100

or |l =




¥ Hence equation is given by
_ Wn wv?
( W — —-)z = —

100 249
UZ
or L =
a(f——)

v Hence, general equation for stopping distance may now be
modified for n% gradient and may be written as

2
v
SD = [Ut + ZQUi0.0ln)] meter
v If speed is V kmph and gradientis n %
2
SD=0.278Vt + —— meter

254(f+0.01n)




v On single lane roads when &fo-way movement of traffic is
permitted, minimum stopping sight distance should be
equal to twice stopping distance

¥'When stopping sight distance for design speed is not
available on any section of a road, speed should be
restricted by a warning sign and a suitable speed-limit
regulation sign (temporary measure)




Analysis of Overtaking Sight Distance

¢ A traveling at design speed, and another slow vehicle B on a
two-lane road with two-way traffic

¥ Third vehicle € comes from opposite direction

7 Overtaking manoeuver may be split up into three
operations, thus dividing overtaking sight distance into
three parts, d, ,d, and d;




Analysis of Overtaking Sight Distance

¥ d, is distance travelled by overtaking vehicle A during
reaction time t sec of driver from position A to A,

7 d, is distance travelled by vehicle A from A,
actual overtaking operation in time T secs.

7 dy is distance travelled by o s vehi

to A3 during

LY = 2

ad ‘{r : 4:':.1 1

T 'fl:_};,_' .,I;




Analysis of Overtaking Sight Distance

7 A is overtaking vehicle originally traveling at design speed v
m/sec or V kmph

7 B is overtaken or slow moving vehicle moving with uniform
speed v, m/sec or V, kmph

v Cis a vehicle coming from opposite direction at design
speed v m/sec or V kmph

7 In a two-lane road opportunity to overtake depends on
frequency of vehicles from direction and overtaking si sh

distanceavailableatanyinstant

e il




Analysis of Overtaking Sight Distance

Al A‘; Bl 81 A3

-
» - -
#___ '.‘m
-~ Sesssrs s e L — —— b

BESem = aee e - .‘

/ It may be assumed that vehicle 4 is forced to reduce its
speed to speed v, of slow vehicle B and moves behind it

allowing a space s, till there is an opportunity for safe
overtaking operation

B
I e 1
1 - B




Analysis of Overtaking Sight Distance

Al A B A
3

cn*g_q_,

b L - -

v From position A, vehicle A starts accelerating, shifts to
adjoining lane, overtakes vehicle B, and shifts back to it
original Iane ahead of B in posmon A3 in time 'I’ secs. |




Analysis of Overtaking Sight Distance

* Minimum distance between B, and 4; may also be assumed
to s as mentioned above

7 If time taken by vehicle A for overtaking operation from
position A, to A; is T second

v Distance covered by slow vehicle B traveling at a speed of

v, mjsec

i N ng l et
= -l _-'._'.._ S -w-i-ll‘ﬂfgi— m == “




Analysis of Overtaking Sight Distance

/ Time T depends on speed of overtaken vehicle B and

acceleration of overtaking vehicle A
/ This time T may be calculated by equating distance d, with

initial speed v, m/sec and a is acceleration in m/sec*
TZ

a
dz - (b - 25) - (UbT+—2-—)
b




Analysis of Overtaking Sight Distance

d]_ = UhT + 23
wheres = (0.7v, + 6)




Analys:s of Overtakmg S:ght Dlstance

v Distance travelled by vehicle € moving at design speed v
m/sec during overtaking operation of vehicle A i.e. during
time T is distance between position C, to (,

d; =vXT
0SD = (d, +d, +d3)
= (vpt +vpT + 25 + vT)
v In kmph units 05D = 0.28V,t + 0.28V,, T + 25 + 0.28VT

T = /1:45 where A = acceleration in kmph/secs = (0.2V, + 6)




‘Analysis of Overtaking Sight Distance

A, B,

/ In case speed of overtaken vehicle V;, is not given then
assume (V — 16) kmph, where V is design speed in kmph




Analysis of Overtaking Sight Distance




Overtaking zones

¥ Itis desirable to construct highways in such a way that length
of road visible ahead at every point is sufficient for safe
overtaking

¥ This is seldom practicable and there may be stretches where
safe overtaking distance can not be provided

¥ In such zones where overtaking or passing is not safe or is
not possible , sign posts should be installed indicating “No
Passing” or “Overtaking Prohibited” before such restrict ed
zones starts 2t

' - o1
] - 2k . e oy, T o 3 -=';-:--;-""' - j
¥ But over opportunity for vehicles
- d ¥ B e - P . = -,-‘_ . - Py 1:__ i p— "'-'.'— = h— = - :
' h&v JIVElDN dt Ireqguer nervails - .
L = A g A e o) b lls 4 Bt ¥ . hapls a7 | - “; -

tint

e " - g Sl -‘ b 4
11847l _.,] 1 d) 'r-.l"l el ! !
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¥ Sign posts should be installed at sufficient distance in
advance to indicate start of overtaking zones

¥ This distance may be equal to (d, + d,) for one-way rc
and (d, + d, + d,) for two-wayroads

v mmdMuﬁMﬁ

‘f-i.-l- ‘*"l-*'f'




0SD = Overtakings
- (a.od;)llmlﬂ"m‘

« (d ohbﬁ)hmwm
“gver taking on¢ ahead”
~end of overtaking 200¢”




Example 4.6 and 4.7
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/Sight line is obstructed by structures or s S
corner of intersections

¢ Area of unobstructed sight formed by lines of vision is called
sight triangle




v Enabling approaching vehicle ta--- S ——
¥ Enabling stopped vehicle to cross a main road

Sight Distance at Intersection




7 Presence of horizontal curve imparts centrifugz
is 3 reactive force acting outward on a vehicle negotiating

/ Centrifugal force depends on speed and radius of horizontal
curve and is counteracted to 3 certain extent by transverse
friction between tyre and pavement surface

/ On a curved road, this force tends to cause vehicle to Overrun
or to slide outward from centre of road curvature

/ For proper design of curve, an understanding of forces acting
on a vehicle taking a horizontal curve is necessary

F
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s

provided at horizontal curve to comteracthcentrrﬁjga orce,
by raising outer edge of pavement with respect to inner
edge, throughout length of horizontal curve

¢ When outer edge is raised, a component of curve weight will
be complimented in counteracting effect of centrifugal force

7 In order to find out how much this raising should be,

following analysis may be done a
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Mechanical widening

¥ Widening required to account for off tracking due to rigidity of
wheel base is called mechanical widening (W)

Lg’

/7 7 Ry = radius of the path traversed by the outer rear wheel. m
AL |
// i Ry = radius of the path traverse by the outer front wheel, m
/74 ,{"' Wm = off-tracking or the mechanical widening, m

/! = length of wheel base, m

11— -
' i ‘-““-‘h"“'-.
e ——— F3° (Ra-Wm)' = Rp’-7
& Ry’ =2 Ry W+ W2 = Ry2=P
Wm = OC-OA=OB-0A=R;~-R, 2 2 Y%m ’;\ 2
2 2 2 2
A OAB,OA* = OB’ -BA W =
2 Rz_,‘g 2R2-wln
By N 2 .
Ry = R2-Wgqp = — (approximately)
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Mechanical widening

¥ Widening required to account for off tracking due to rigidity of
wheel base is called mechanical widening (W,,)

27 o R radius ofthe path vaversed by the outr ear wheel,m
// /s R2 = radius of the path traverse by the outer front wheel, m
& 1 / :
[t 1} Wm = off-tracking or the mechanical widening. m

/I = length of wheel base, m

5
I -
" "’--.___“‘ 2
il ——— e e =% (Ry-Wm)® = Rp*-7
- Ry’ =2 Ry W+ W = Rp'-F
In a road having n lanes 1 2 Wm l;
l
nl? we = Ry-Wa

Wa * 2R 2
2R



speeds to allow for extra space requ1remen€sfr-f fo gS‘
of vehicle
/To provide greater clearance for crossing and overtaking
vehicle
v/ An empirical relation ‘ ideni
| p on for psychological widening, W, at
horizontal curves v

w =
AT ~

v Hence total widening required on a horizontal curve is given
by We = Wm+ Wps V = design speed, kmph

R = radius of honzontal curve, m
n = number of traffic lanes

| = length of wheel base, m




speeds to allow for extra space requlre“ ents for overhangs

of vehicle
vehicle

v An empirical relation for psychological widening, Wps at
horizontal curves V

s 9.5JR

v Hence total widening required on a horizontal curve is given
by We = Wt \V,. V = design speed, kmph

R = radius of horizontal curve, m
n = number of traffic lanes

! = length of wheel base,m
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(tangent point) to desired radlus of circular curv other
end ( curve point)

» There are five objectives for providing transition curve and
are given below:

® To introduce gradually centrifugal force between tangent
point and beginning of circular curve, avoiding sudden
jerk on vehicle which increases comfort of passengers

#® To enable driver turn steering gradually for his own
comfort and security

® To provide gradual introduction of super elevation
® To provide gradual introduction of extra widening
#® To enhance aesthetic appearance of road




Type of transition curve

% Spiral (also called clothoid)
® Lemniscate

® Cubic parabola

Details of different types of transition curve > S

P )




Length of transition curve

® Rate of change of centrifugal acceleration
® Rate of introduction of super-elevation
® By empirical formula




Nsist | |
vertical curves e
— 1 i SR 5
v Usu§lly dr?wn as a profile, which is a graph with elevation as
vertlcafl axis and horizontal distance along centre line of road
as horizontal axis

v Just as a circular curve is used to connect horizontal straight
stretches of road, vertical curves connect two gradients

v When these two curves meet, they form either convex or
concave

v Former is called a summit curve, while latter is called a valley
curve




Rate of rise or fa 12 t
ri t I ; J | g L r . .___‘ ‘_. ~ .J 15 ._J | - - S ‘
v While aligning a highwa ient | n
. y, gradient is deci igni
i g ecided for designing

v Before‘ finalizing gradignts, construction cost, vehicular
operation cost and practical problems in site also has to b
considered o

v Usually steeg gradients are avoided as far as possible
because of difficulty to climb and increase in construction

cost




considerable B ©
v This is particularly important in roads where proportion of
heavy vehicles is significant

v Due to restrictive sight distance at uphill gradients speed of
traffic is often controlled by these heavy vehicles




opresentation of gradient ‘ :

/ Positive gradient or ascending gradient is denoted as +n
and negative gradient or descending gradientas —n

v Deviation angle N:

when two grades meet, angle which measures change of
direction and is given by algebraic difference between two

gradesn; - (—ny) = n; + n,




—

“On contrary, speeds of the heavy cle:
reduced when long gradients as flat as ‘two percent IS

adopted
v/ Although, fiatter gradients are desirable, it is evident that
cost of construction will also be very high

/ Steeper gradients are permitted for short duration
/ Gradients are divided into following categories

® Ruling gradient

® Limiting gradient

® Exceptional gradient

#® Minimum gradient
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| JEPENUSC alll, “1ENgin. or grade, speed, pulling

power of vehicle and presence of horizontalcurve

“ In flatter terrain, it may be possible to provide flat gradients,

but in hilly terrain it is not economical and sometimes not
possible also

v Ruling gradient is adopted by designer by considering a

particular speed as design speed and for a design vehicle with
standard dimensions

v But our country has a heterogeneous traffic and hence it is

not possible to lay down precise standards for country as a
whole

¥ Hence, some values for ruling gradient for different types of
terrain are recommended

-
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v Exceptional gradient arm lm

unavoidable situations

v They should be limited for short stretches not exceeding
about 100 metres at a stretch

v'In mountainous and steep terrain, successive exceptional

gradients must be separated by a minimum 100 metre
length gentler gradient

v At hairpin bends, gradient is restricted to 2.5%
%
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important
v Camber will take care of lateral drainage

v/ But, longitudinal drainage along side drains require some
slope for smooth flow of water

/ Therefore, minimum gradient is provided for drainage
purpose and it depends on rain fall, type of soil and other
site conditions

v A minimum of 1 in 500 may be sufficient for concrete drain
and 1 in 200 for open soil drains are found to give

satisfactory performance




Critical length of grade \\mq,/

v Maximum length of ascending gradient which a loaded
truck can operate without undue reduction in speed is
called critical length of grade

v A speed of 25 kmph is a reasonable value

v This value depends on size, power, load, grad-ability of
truck, initial speed, final desirable minimum speed




ey are formed when tv :
following four ways: e

® when a positive gradient meets another positive gradient
#® when positive gradient meets a flat gradient




hey are formed dients meet in
following four ways: e <O

® when a positive gradient meets another positive gradient
#® when positive gradient meets a flat gradient

#® when an ascending gradient meets a descending gradient

#® when a descending gradient meets another descending
gradient

-1 B




consideration

v That is, a driver should be able to stop his vehicle safely if
there is an obstruction on other side of road
v Equation of parabola is given by y =ax”, where a = ~\—,

—

where N is deviation angle and L is length of summit curve

v In deriving length of curve, two situations can arise depending
on uphill and downhill gradients when length of curve is
greater than sight distance and length of curve is less than
sight distance

v Let L is length of summit curve, § is SSD/ISD/OSD, N is

deviation anglz, H is driver's eye height (1.2 m), and h is
height of obstruction (0.15 m)







» Length of summit curve for safe OSD or ISD
Case I. Length of summit curve greater than OSD or ISD( L > §)

NSZ
L —_

L_NSZ
|~ 8H

=" 956

Case II. Length of summit curve less than OSD or ISD ( L < §)

e 8H e 9.6 |
L= N l B N
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following four ways:

® when a descending gradient meets another descending
gradient




following four ways: e e

® when a descending gradient meets another descending
gradient

® when a descending gradient meets a flat gradient




following four ways: . oot OO
® when a descending gradient meets another descending
gradient

® when a descending gradient meets a flat gradient
® when a descending gradient meets an ascending gradient

-

—(ny + ny)
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following four ways: ' TS

® when a descending gradient meets another descending
gradient

® when a descending gradient meets a flat gradient
® when a descending gradient meets an ascending gradient

® when an ascending gradient meets another ascending
gradient




For comfort condition L = 2[7:_

where L is total length of valley curve, N is deviation angle in

radians or tangent of deviation angle or algebraic difference in
grades, Vis design speed in kmph, and C rate of change of

centrifugal acceleration in m/sec® (= 0.06 m/sec’)
v Minimum radius of valley curve R = “z";'v'




L=2h1+25tana

NN
where L is length of valley curve in metre, N is deviation angle

in radians, h; is height of head light beam, « is head light
beam inclinationin degrees, and S is stopping sight distance

v If average height of head light is taken as h,= 0.75 m and
beam angle Inclination is @ = 1° then

PR
~ 1.5+ 0.035S




v If average height of head light is taken as hi= 075 m and
beam angle Inclination is @ ~ 1°, then

—

1.5+ 0.035
LL——:ZS-—( N )

—_—

Maxlmum Iength of valley curve ogtalned between above twd
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