~ Discuss the scope of aerial surveys in preliminary survey for hishwag 18 X3!

. Explain how the final location and detailed survey of a highway are carrieq 3y ;.;

. Give the details of drawings to be prepared in highway project

. Discuss the general principles in the re-alignment of a highway and explain hu

HIGHWAY ALIGNMENT AND SURVEYS L
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What are the steps to be followed ?

T

_|-'.-

recommended scales and size of the drawings. il
Explain briefly the various stages of work in a new Highway Project .; 2

. What are the conditions which necessitate taki : - Vi 3
king up of a re-alignment Project of

highway.
1
waork 1s carried out. J|

@ Chapter4

Highway Geometric Design

4.1 INTRODUCTION
4.1.1 Importance of Geometric Design

The geometric design of a highway deals with the dimensions and layout of visible
features of the highway such as alignment, sight distances and intersections.

The geometrics of highway should be designed to provide optimum efficiency in
traffic operations with maximum safety at reasonable cost. The designer may be exposed
to either planning of new highway net work or improvement of existing highways (o meet
the requirements of the existing and the anticipated traffic.

It is possible to design and construct the pavement of a road in stages; Pm it is very
expensive and rather difficult to improve the geometric elements of a road in stages at 3
later date. Therefore it is important to plan and design the geometric features of the road
during the initial alignment itself taking into consideration the future growth of u-ai:fir:
flow and possibility of the road being upgraded to a higher category or to @ higher design

speed standard at a later stage.
Geometric design of highways deals with following elements :

(i) Cross section elements
(ii) Sight distance considerations
(iii) Horizontal alignment details
(iv) Vertical alignment details

(v) Intersection elements _
idth of pavement. formation

ent are included. The sight
and vertical curves and at

. . -
Linder cross section elements, the considerations for the

isti lope of pavem
rface characteristics and cross 5 _
m_"j e rdis isible ahead of a driver al horizontal

The change in the road directions are made pos . pavemen 1 G o
Super-elevation 15 provided by raising the outer eract
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centrifugal force dev . arves. In order to introduce the centrifuga) g,
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y influenced by the topography, locality and trape.
characteristics and the requirements of design speed. Tl'n:: factors which contrg] l
geometric design requirements are speed, road user and vehicular characteristics, degio
wraffic, traffic capacity and benefit-cos! considerations. However, speed is the fappne
which is important governing most of the geometric design elements of roads, as may ¢ =h
seen from the subsequent articles of this chapter.

Highway geometrics are greatl

.. ORI
I Ny " _5 ,I.

4.1.2 Design Controls and Criteria

The geometric design of highways depends on several design factors. The important
of these factors which control the geometric elements are : >3

(i) Design speed .
(i) Topography :
(111) Traffic factors
(iv) Design hourly volume and capacity
(v) Environmental and other factors.

(i) Design Speed

The des;i | i E
gn speed is the most important factor controlling the geometric design

clements of highways. The desi ‘
_ : n speed ' Fr- :
eguiremens of the highway Inglndf:edj ﬁ]‘: r:;c:ded taking into account the overall
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: : errain with general cross slope of 10 to 25% is 80 kmph and that on mountainous ;
:_’:u‘ with cross slope 25 to 60% is 50 kmph. As the speed standards affect every gt;r:::;
~ Idesign E.EIE?II;EHL topography also affects the geometric design of roads. Further in hilly
* | terrain, it 1S necessary to allow for steeper gradients and sharper horizontal curves due to
- the construction problems.

(iii) Traffic Factors

The factors associated with the traffic that affect geometric design of roads are the

| vehicular characteristics and human characteristics of road users. It is difficult to decide
| the design vehicle or the standard traffic lane under the mixed traffic flow condition
~ prevalent especially on urban roads of developing countries. This is a complex problem.
o . The different vehicle classes such as passenger cars, buses, trucks, motor cycles, etc. have

~ different speed and acceleration characteristics, apart from having different dimensions
| and weights. However, it is often necessary 1o consider some standard vehicle as the
- design vehicle. The important human factors which affect traffic behaviour include the

physical, mental and psychological characteristics of drivers and pedestrians.

(iv) Design Hourly Volume and Capacity

The traffic flow or volume keeps fluctuating with time, from a low value during off-

peak hours to the highest value during the peak hour. It will be uneconomical to design
the roadway facilities for the peak traffic flow or the highest hourly traffic volume.

Therefore a reasonable value of traffic volume is decided for the design and this is called
the design hourly volume. This value is to be determined from extensive traffic volume

studies as discussed in Art. 5.2.3. The ratio of volume to capacity affects the level of
service of the road.

(v) Environmental and Other Factors

The environmental factors such as aesthetics, landscaping, air pollution, noise
pollution and other local conditions should be given due consideration in the de:sig_;n on
road geometrics. Some of the arterial high speed highways ami_ expressways are designed
for higher ‘speed standards and uninterrupted flow of vehicles by providing grade

separated intersections and controlled access.

4.2 HIGHWAY CROSS SECTION ELEMENTS

4.2.1 Pavement Surface Characteristics

on the pavement type which 1 decided based on the
volume and composition of traffic, subgrade, and

d cost considerations. The important surfi!r::
light reflecting characteristics

The pavement surface depends

availability of materials and ﬁmds,_ Ve
climatic conditions, construction facilities an

characteristics of the pavement are the friction Unevenness,
and drainage of surface walter.

Friction

The friction between vehicle tyre and pavement surface is one of the factors

determining the operating speed and distance requirements in stopping and accelerating

: ; ; rve. the lateral friction developed
the vehicles. When a vehicle negotiates a hnnzun;al ﬂ::: e oueriting spobl £ caional

retardation abilities of vehicles. The
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While a vehicle negotiates a horizontal curve, it the EEII';TETHE'.'I'I‘ Iﬂnl‘.:t: IS preater lh.q :
the counteracting forces (1.e. lateral friction and -:un'!pu.m:m r:.u? gravity due 1o supe_;?
clevation) lateral skidding takes place. The lateral skid 15 anmdcrcd L‘Hﬂ%‘,ﬂl’l‘lﬂi as the ::
vehicle poes out of control leading to an accident. The n:l:t:nmnm:n _Im::r_nl Ekld*cueiﬁm:. %
15 gr:m:r:ﬂly equal to or slightly higher than the forward skid coefficient in braking tests.

Slip occurs when a wheel revolves more than the v:nrr_rzspnnding lnngi.mdifml movement =
alone the roads. Slipping usually occurs in the driving wheel of a vehicle when the
vehicle rapidly accelerates from stationary position or from slow EF#E{.'I+ on pavement =
curface which is either slippery and wet or when the road surface is loose with mud.

Factors affecting friction or skid resistance

The maximum friction offered by pavement surface or the skid resistance depends
upon the following factors :

(i) Type of pavement surface namely, cement concrete bituminous, WBM, eanh |
surface elc.

(ii) Macro-texture of the pavement surface or its relative roughness.

(iii) Condition of pavement namely, wet or dry, smoothened or rough, oil spilled, mud =
or dry sand on pavement. 8T

-_'

(iv) Type and condition of tyre i.e. new with good treads or smoothened and worn out
[VTE. o

(v) Speed of vehicle
(vi) Extent of brake application or brake cfficiency

(vi1) Load and tyre pressure
(viif) Temperature of tyre and pavement, and ‘
(ix) Type of skid, if any

d i
LAk = 1
'y =
T

EMJHE type of aggregate used and the mix design of pavement surface course affect I f
resistance of the pavements, particu larly in the case of old or worn out PE"EF“E“E--,;_

The coeflicient of friction reduces considerably when

or wel. The coefficient of fricti -
lon also decreases sligh ith 1 * fure,-
lyre pressure and load, Smooth and WO 1Y with dnrease ey

pavement then new tyres with treads hm L IF;:E s offer higher friction factors on 90 e
- 3 » ecause o at T
pavements new tyres with good treads large areas of contact. But on WSS

P

give higher friction factors than worn out tyféS=is

L T

e
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the pavement surface is SMOO¥S
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This 15 becouse the lubricuting effect of water on the wet pavement is reduced as the water
entrapped between the tyre and pavement escapes into the treads of the tyre. Hence new
tvres are more dependable than smooth ones in adverse surface and other conditions
prone to skidding, such as wet pavements. The minimum anticipated value of coeflicient
of friction under worst possible pavement condition is generally taken for design
purposes. The friction coefficient decreases with skid speed, which in turn depends on
the speed of vehicle and brake efficiency.

For the calculation of stopping distance, the longitudinal friction coeflicient values of
0.35 to 0.40 have been recommended by the Indian Roads Congress, depending upon
speed. See Art. 4.3.2. These values have been suggested keeping in view the minimum
coefTicient of friction in the longitudinal direction on wet pavements and after allowing a
suitable factor of safety. Further when a longitudinal friction coefTicient of 0.40 5
allowed for stopping the vehicle, the resultant retardation is 3.93 m/sec” which is not too
uncomfortable to the passengers.

In the case of horizontal curve design, the Indian Roads Congress has recommended
the lateral coefficient of friction of 0.15. This low value of transverse skid resistance has
been suggested considering the worst possible surface condition such as mun:l_ on
pavement surface at horizontal curve with super-elevation, during the rains, as It 1s
essential to prevent possible lateral skid, even under adverse pavement conditions.

Pavement unevenness

Higher operating speeds are possible on even pavement surfaces with Ies5 unf:iu!aiiufns
than on uneven and poor surfaces. Pavement surface should hence h.r.- rna_mmmed W!lh
minimum possible unevenness so that the desired speed can be mainta.me-::l in r:milt'unmt}
with other geometric standards. Pavement unevenness also affects vehicle operation cost.
comfort and safety. Fuel consumption and wear and tear of tyres and other moving parts
increases with increase in pavement unevenness. Loose road surfaces increase the

‘ractive resistance and hence causes increase in fuel consumption. Uneven surfaces also
increase fatigue and accidents.

The pavement surface condition is commonly measured by using an equipment called
Bump Integrator, in terms of unevenness index, whiu:h_ is I'.hv.: cumulative meiaure of vertical
undulations of the pavement surface recorded per unil horizontal length ol the road. For
example, unevenness index may be measured in cm per km. It has been shown from the
tects that it is desirable to keep the unevenness index low, and preferably less than IS_ﬂ
cm/km for good pavement surfaces of high speed highways. A value of 250 cm&m 15
satisfactory upto a speed of about 100 kmph. Value more than 350 cmvkm is Eﬂnﬂjldl:ﬂ.'d
very uncomfortable even at speed of 50 kmph. (See Art. IEII_A.Z for evaluation of pmr.nfm
curface condition). Pavement undulations are also some times measured using a straight
edee in terms of the extent of number of depression or ruts along and across the pavement.

An Unevenness Indicator has been designed am_i patented by the Central Road R;aemth
Institute. New Delhi. This equipment is useful to indicate unevenness values from 3 to 20 mm.

The unevenness or undulations on pavement surface may be ::m:lsed I:I}r '.*inm::sn:”aiillr;
such as : (i) inadequate or Improper compaction of the fill, ;igrl‘.:lj e and pa .-:E ' ;;1 -
i cienti ‘ :-ac including the use of boulder sONEs |
Y un-scientific construction practices IRCite c of | MKs ¢
i i " T:Et::urs:: over loose subgrade soil (iii) use of inferior pavement mm;*r;agl:v::i;
i:l u:*ng r surface and subsurface drainage (v) use of Improper Eﬂﬂ;{mi::;ﬂ;t}z;u; it
Pﬂfir rﬁzint:nance practices and (vii) localized failures due to combina ,
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é!J-:TSUE”}" thLT camber is provided on the straight roads by raising the center of the
Chitiagcway with respect to the edges, forming a crown or highest point on the center line.
At horizontal curves with super-elevation, the surface drainage is effected by raising the -
outer edge of pavement with respect to the inner edge while providing the desired super-
elevation. The rate of camber or cross slope is usually designated by 1 in » which means
that the transverse slope is in ratio | vertical to » horizontal. Camber is also expressed as =

a percentage. [f the camber is x%, the cross slope is x in 100. i

The required camber of a pavement depends on :
i
i
ent surface i |
macadam or 8
ross slope IS =

ke

(i) the type of pavement surface, and

(ii) the amount of rainfall

A flat camber of 1.7 to 2.0% is sufficient on relatively impervious pavem
cement concrete or bituminous concrete. In pervious surface like water bound
earth road which may allow surface water to get into the suhgralec soil, steeper ¢
required. Steeper camber are also provided in areas of heavy rainfall. i

The minimum camber needed to drain off surface w@er may be adu;:ited_k;ﬂnzlf
view the type of pavement surface and the amount of rainfall in the locality. gl

cross slope is not desirable because of the following reasons :

: ble side thrust and a drag e
vehicles causes uncomforta ement edges 15

< Also the thrust on the wheels along the pav onl & e
f the tyres as well as road surface. s f:-l:"-"-?i'-

(i) Transverse tilt of _
steering of automobile

more causing unequal wear 0

1 P
. ".I .:.'_
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" vehi g dunng overtaking
iscomlort causing throw of vehicle when crossing the Crown g

hi . cans i chs.
(111 problems of toppling over of highly laden bullock cans and tro
cross ruts due to rapid flow of water.

(iv) Formation of |
st of the vehicles to travel along the center line

(v) Tendency of mo

ane of cross slope | -
- ne shape in the cross section.
at the middle and stecper

y have 1o frequentls

n a parabolic elliptic or straight h
that the profile is flat

fast moving vehicles as the

The camber Is give para
parabolic or elliptic sl:lﬂptf 5 given SO
owards the edges, which is prEFEI‘I:Ed by fast
cross the crown line during overtaking operation on 4 lWo

lane highway. See Fig. 4.1a.

fc) Combination of straight and parabolic shape

Note : vertical scale are enlarged in the above sketches
Fig. 4.1 Shapes of Cross Slope

When very tlat cross slope 1s provided as in cement concrete pavements, straight line
shape of camber may be provided as shown in Fig. 4.1b. Steel tyred wheels of animal
drawn vehicles can cause considerable damage to the pavement surface due to high
stresses.  The wheel does not have full contact increasing further the contact stress under
these steel tyred wheels when the vehicle travels along the center of the pavement with
straight camber. Some times a combined camber with parabolic. central portion and
straight line camber at the edges as shown in Fig. 4.1 c is preferred.

| Th:: values of camber recommended by the IRC for different types of road surfaces are
given in table 4.1. A range of values are given with a view that in localities with lower
rainfall, a flatter chamber and in places with high rainfall, a steeper camber can be adopted.

Table 4.1 Recommended values of camber for different types of road surfaces

Sl Range of camber in
No. Types of road surface areas of rainfall ranee
Eemem concrete and high type bituminous surface |1 in 50 (2.0 %) 1o | in 60 (1.7 %

Thin bituminous surface

3. |Water bound macadam. and pravel pavement
4,

1 n40(2.5%) to 1ins50(2.0 %)

1 In33(3.0%) 10 |ind40(2.5 %o)

I n25(4.0%) to 1in33(3.0 %)
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The cross slope for shoulders should be 0.5% steeper than the cross slope of ntljﬂiﬁ-:' ;: i HIGHWAY CR N S
pavement, subject to a minimum of 3.0% (and a maximum value of 5.0% for u?ﬂﬁ  obtained as shown in Fig. 4.2a. In the cuse o mu}:ﬁ f:, i for the
shoulders). | im0 1 68 m would be © 3 ;_I,l:.i.I“"“:: between two lanes of tralli would :

| ;: S width 0.7 my @ minimu
i "fl' WL -

| - - in Fig 4.2b.
Providing camber in the field widest vehicles on the road, as shown in Fig

- i
= o TN i i
LT T N
y © PEEER

For providing the desired amount and shape of camber, templates of camber h
are prepared with the specified camber.  These are used to check the lateral profile g HL '_
linished pavement duning construction.  Depending on the shape of the camber :hus'&ﬁ' =
the camber board may be prepared. Forming a atmig\hl line camber is very simple, In the ‘Aks

case of parabolic camber, the general equation y = x™/a may be adopted,

™ i
-3

|

L]
=
Fa—rdil

Here a - nW/2 for a pavement of width W and cross slope | in n. gL
e
\ |

Hence. y - o 4 ]':‘. i

Example 4.1 - (6] <IMGLE LANE PAVEMENT
LAl C=. - -

~In a distnict where the rainfall is heavy, major district road of WBM pavement, 3.8 m '--
wide, and a state highway of bituminous concrete pavement, 7.0 m wide are to be -_

constructed.  What should be the height of the crown with respect to the edges in these
Iwo cases ?

Solution
For WBM road

A (B) YWD 'ANE PAVEMENT

l:mwid:: a camber rate of | in 33 as the rainfall is heavy. Rise of crown with respect 1o
edges
; Fig. 4.2 Lateral Placement of Vehicles

The number of lanes required in a highway depends on the predicted trafhic volume

and the design traffic volume of each lane. The width of pavement is increased on

For bituminous concrete road horizontal curves as discussed in Art. 4.3.5.

Provide a cross fall of | in 50, In some highways, fraffic separators or medians are provided between two scts of

traffic lanes intended to divide the traffic moving in opposite directions. In such

highways the road width depends on the pavement width (or the lane widths and number
of lanes) and the width of traffic separators. The width of carriageway for various classes
of roads standardised by Indian Roads Congress are given in Table 4.2,

Table 4.2 Width of Carriageway

Class of road Width of carmageway |
O)[Sigelne 1 Sae
_(i1) | Two lanes, without raised kerbs 70m |
m T'wo lanes, with raised kerbs 75 m i

Intermediate carriageway (except on important roads § S m |

m Multi-lane pavements 3.5 m per lane ;
Notes -

Rise of crown with respect to the edges

4.2.3 Width of Pavement or Carriageway

'

The pavement or carriageway width depends on the width of traffic lane and numbe '3
of lanes. The carriageway intended for one line of traffic movement may be called a*
traffic lane. The lane width is determined on the basis of the width of vehicle and the
minimum side clearance which may be provided for the safety. When the side clearancé =
is increased (up to a certain limit) there is an increase in operating speed of vehicles
hence an increase in capacity of the traffic lane. Keeping all these in view a width of 375
m 15 considered desirable for a road having single lane for vehicles of maximum WId

y-

2.44 m. For pavements having two or more lanes, width of 3.5 m per lane is considercd ==
sufficient.

'F—-A

(i) The width of single lane or village roads may be decreased to 3.0 m

(11) On urban roads without kerbs the single lane width may be decreased o
3.5 m and in access roads to residential areas to 3.0 m

(1i1) The minimum width recommended for kerbed urban road 1 5.5 m to make
allowance for a stalled vehicle.

[

L

The maximuq't width of vehicle as per IRC specifications is 2,44 m. For dﬂtﬂ“ﬁj?"_ 3
Art. 5.2, If a single lane carriageway of width 3.8 m is provided, a side EIEETE“F'?'.-* 1
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RS Arathic separators used mis
dividers or aren separators. P :
mechamcal separator should he
vehicle encroach. no part of v

be 1 the form of pavement markings N
avement marking is the simplest of all these. 8
| desiened in such a manner that even if WHEI; "'J'."
chicle body should be damaged. .

ATCa senar; 2 : s BT CEEmiie 4 -
o *t:n:f::mf*? mﬂ:!:- bLI medians, dividing islands or parkway strips dividing the
difections ot trathe tlow. It is desirable to have wi ' T

. Ide area separators of 8 1o 14 wid
a W : - ; ; m Width
Bur the width should be decided in conformity with the availability of land and its cost- &

rnmum o1 6 mois required to reduce head light glare. The glare can be reduced i
narrower strips by planting trees or shrubs. - L

| the IRC tﬂcﬂmmends a minimum desirable width of 5.0 m for medians of rural
hi .-.':hwa}s. which may be reduced to 3.0 m where land is restricted. On long bridges the
width of the median may be reduced upto 1.2 to 1.5 m. The medians should normally be

of m:uifurm width on a particular road, but where change in width is unavoidable. a
transition of 1 in 15 to | in 20 must be provided. "

On urban highways with six lanes or more, medians should invariably be provided
The munimum recommended width of medians at intersections of urban roads are 1.2 m
for pedestrian refuge, 4.0 to 7.5 m for protection of vehicles making right tum and 9.0 10’
|2 m for protection vehicles crossing at grade. The absolute minimum width of median iy,
urban area is 1.2 m and desirable minimum is 5.0 m. 3

4.2.4 Kerbs 4
Kerb indicates the boundary between the pavement and shoulder; or sometimes islands

or foot path or kerb parking space. It is desirable to provide k:rhsr on ur!:afn
(See Fig. 4.3). There are a variety of kerb designs. Kerbs may be mainly dmdr._d_-.' e
three groups based on their functions. oo

iy
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FOOT FATH Yo LANE SAWFMENT —— —— TRAF FIC SEPARATOA —] =
T
Fig. 4.3 Kerb and Traffic Separator R
. ".-1- :
(i) Low or mountable type kerbs wh ich though encourage traffic to remats feg

through traffic lanes, yet allow the driver to enter lh::’ shoulder ¢_
difficulty. The height of this type of shoulder kerbs IS about l: rhﬂﬂlll' |
pavement edge with a slope or batter to help vehicles climb the Kerd €52l

type of kerb is provided at medians and channelization schemes and 18 g

for longitudinal drainage system. SR

PHGHWAT 1L HLY L NI

(i1) Semi-dnerrier fypre kerlr i5 provided on the pesiphery of a rostesy ahpre the
nedestrian trafTio is high. This type of kerh hag a height of sbai? 13 om snove The
pavement edge with a batter of 1 . | on the wp 7.5 tm
cncronchment of parking vehiclet, but al asnfe amsraency i i petdiBle 16 drive -
this Kerb with some difficulty

(iii) Barrier type kerb 15 provided in built-up arezs adjacemt f2 foet paths »ab

considerable pedestrian traflic. The height of kerb stone iz zhout 77 om ghres T
pavement edge with a steep hatter of 1.0 vertical 25 horzontal

In rural roads submerged kerbs are sometimes provided at pavement edge Detwess
edge and shoulders. These kerbs provide lateral confinement and stabiliny 10 the prasaier
base course and flexible pavements.

4.2.5 Road Margins

The various elements included in the road margins are shoulder, parking lane. fromizge
road, driveway, cycle track, footpath, guard rail and embankment slope.

Shoulders are provided along the road edge to serve as an emergency lane for vehicle
compelled to be taken out of the pavement or roadway. Shoulders also act as serice
lanes for vehicles that have broken down. Refer Fig. 4.4, which gives cross secnon
details of roads in embankment and cutting. The width of shoulder should be adeguaz= 1o
accommodate stationary vehicle fairly away from the edge of adjacent lane. It is desirable
to have a minimum shoulder width of 4.6 m so that a truck stationed at the side of the

shoulder would have a clearance of 1.85 m from the pavement edge. The minimum
shoulder width recommended by the IRC is 2.5 m.
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Th_ﬂ shoulders should have suflicient load bears
even in wetl weather. The surface of the shoulde
sO that vehicles are discouraged to use the shou

lder as a repy| - tmﬂh .
of the shoulder should preferabl ‘ sHiar traflic lane,
fictinge preferably be different from that of the pavement 531:5?},

Parking lanes are provided on urban roads to

only parallel parking should be allowed as

allow kerb parking. As far as “11
clearance availahle between . .

it is safer for moving vehicles, ;hf'*:
| djacent lane i

parking. The parking lane should

parallel parking. L

Lay-byes are provided near ' - : : .
. : public conveniences with guide maps to e
stop clear off the carriageway. Lay-byes should normally be of 3 0 ::ETZ:SZT-

L
et

30 m length with 15 m end tapers on both sides.

—II

Bus bays may be provided by recessin
Bus bays should be located atleast

i
|

R
B
|

r_.

g the kerb to avoid conflict with moving traf J
: g traffi
75 m away from the intersections. 433

BIVE access to properties along an important highway:
‘ _ press way or free way. The frontage roads may run parallel to .
the highway and are isolated by a separator, with approaches to the through facility only
at selected points, preferably with grade separations. T3

Drive ways connect the highway with commercial establishment like ﬁJEI-stﬂtiﬁns,!.
service-stations etc. Drive ways should be properly designed and located, fairly away |
from an intersection. The radius of the drive way curve should be kept as large as ©
possible, but the width of the drive way should be minimised to reduce the length of cross
walks.

43

\ =

Cycle tracks are provided in urban areas when the volume of cycle traffic on the rﬂan:[
is very high. Refer Fig. 4.10. A minimum width of 2 m is provided for the cycle track?

'

i
il
and the width may be increased by 1.0 m for each additional cycle lane. The layout of th | 4
cycle tracks should be carefully decided in large highway intersections and traffic mtar:e;- -‘
]
{

Footpath or side walks are provided In urban areas when the vehicular as well as

b

pedestrian traffic are heavy, to provide protection to pedﬂstria_ns and to dec_r ¢
accidents. See Fig. 4.3, 4.9 and 4.10. Side walks are gﬂnﬂral_]y provided on either slde:_ g.f,l
the road and the minimum width should be 1.5 m and the width may be increased based.

The footpath should be provided with a surface i |
adjacent traffic lane so as to induce the pedestrian (05

L

on the pedestrian traffic volume.

mooth as or even smoother than the o
isct:ﬂp on to the footpath. The cross fall should be 2.5 to 3.0 percent. RS

St
Guard rails are provided at the edge of the shoulder when the road is cu_nﬁliiru:?;“ - *5
61l so that vehicles are prevented from running off the emba_nkment: elslizmz E:ﬁfd -
height of the fill exceeds 3 m. Various designs of guard rails are in use. .

(painted with hlack and white strips) are installed at st_litah!e intervals ::::Eair:é ﬁ. 1'ri
efigﬂ of the formation at horizontal curves of roads running On :m:an}unﬁ g \Fﬂhi‘:!ég}“
areas so as to provide better night visibility of the curves under head lig fﬂ . _ .:
. f salc) Ve Sate
Embankment slopes should be as flat as possible for the p;;}?;?;: ;ﬁinl.
movement and also for aesthetic reasons. Though from the slope stadl conomie.
slope may be possible, the slope may be‘, kept as flat fifetic i =
considerations. Road side landscaping can 1mprove the aes
. Line road travel more pleasant.

HIGHWAY CROSS SECTION ELEMENTS LE

47.6 Width of Roadway or Formation

Width of formation or roadway is the sum of widths of pavements of Carmageway
including separators if any; and the shoulders. I-‘n:tnnauun or roadway width is the 1op
width of the highway embankment or the bottom width of highway cutling excluding the
cide drains, as shown in Fig. 4.4. The width of roadway standardized by the Indian Roads

Congress are given in Table 4.3.
Table 4.3 Width of Roadway of various classes of roads

Roadway width, m at | |

Sl. Road classification Plain and Mnumainﬂuﬁ.and E
Na. Rolling terrain Steep tefrain
National & State Highways - 62 rl |

ingle lane . - . |

(a) Sing =y 2 80 | !

2 |

by Two lane

l

Maijor District Roads |

{:} Single lane 4.75 l

| b} Two lanes 9.0 . '|
3. | Other District Roads ;
{ﬂ] Eil'IEIE 7.3 4.75 II

b) Two lanes 9.0
4. | Village roads-single lane

Notes (i) In multilane highways, roadway width should be adeq%lat: for the requisie
number of traffic lanes besides shoulders and central median.

4.00 1

(ii) The minimum roadway width on single lane bridge is 4.25 m.

4.2.7 Right of Way

Right of way is the area of land acquired for the road, along its_alignmem. The width
of this acquired land is known as land width and it depends on the importance nflih:: road
and possible future development. A minimum land width has been prescribed for each
category of road. A desirable range of land width has also I:ner:n sugge#d for ‘each
catepory. While acquiring land for a highway it is desirable to acquire more width of land
as the cost of adjoining land invariably increases very much, soon after thn_: new highways
is constructed. Also road side developments start taking place making it difficult later on

to acquire more land if required for future widening or for other improvements. In some
cases the lower width within the suggested range may have to be E!ﬂﬂpltﬂ in view of high
cost of land and other existing features. This is particularly true in urban and industrial
areas.

The land width is govemned by the following factors :

(i) Width of formation depending on the category of highway and width of roadway
and road margins.

(ii) Height of embankment or depth of cutting which is governed by the topography and
the vertical alignment.

(iii) Side slopes of embankment or cutting which depend hﬂn‘ the height of the slope,
s0il type and several other considerations including acsthetics.




r'l'l-hl_-u.lw_—l:—' | T -

T T

| 2. |Major District Roads 25 [25-30] 20 |15-25 £
' 3. |Other District Roads 1S | 15-5[ 15 |15-20 ﬂ b
4. |Village Roads 17 | 17,18 1N 1INn.1% 9 i
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(iv) Drainage systems and their size, which depends on the rainfall, topography ot
off. o S

(v) Sight distance considerations on horizontal curves, as there is restrictiop tnl B

"'h-ll-.&:l_. I r'l. I' T "a .-I.

. A
visibility on the inner side of the curve due to obstruction such as building stry, 4
etc. At sharp curves it is desirable to acquire a wider strip of land.in order tq avoid 3
obstructions to visibility. Refer Fig. 4.5. s

R =
F =

(vi) Reserve land for future widening is to be planned in advance based on En'liﬂipaté& 3
future development and increase in the traffic. e -

! "
v 1

1 - . '-Il i
bl = i

e,

BUILDING OR OTHER
OBSTRUCTION

Fig. 4.5 Obstructions to Visibility at Horizontal Curve

The values of normal and range of land width standardized by the IRC for various
categories of roads in rural areas and in different terrains are given in Table 4.4 (a).

It is desirable to control the building construction activities on either side of the road
boundary, beyond the land width acquired for the road, in order to reserve sufficient space =
for future improvement of roads. Therefore, it is necessary to disallow the building &
activities upto “building line” with sufficient setback from the road boundary. In 5:':
addition, it is desirable so exercise control of the nature of building upto further set back =
distance upto the “control lines”. The overall width requirements between the building .k
lanes and between the control lines on either side of the road, recommended by the IRC
for different classification of roads in rural areas at different terrain conditions are giw_::qf*
in Table 4.4 (b). It may be seen from Tables 4.4 (a) and 4.4 (b) that the normal land =
width required for the National and State Highways on open plain terrain is 45 m and the
maximum land width required is 60 m, the corresponding width between the building =
lines is 80 m and that.between the control lines is 150 m, thus allowing set back distances =
of 10 and 45 m beyond the road boundary lines with the maximum recommended road

width.

Table 4.4 (a) Recommended land width for different classes of rural roads (metre)”

R -

Mountainous and| &=
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Plain and rolling terrain

o
2

o
e
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Open
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Range | Normal | Range | Normal
_1. |National and State Highways| 45 [30-60| 30 [30-60] 24
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Table 4.4 (b) Recommended standards for building lines and control lines

Pain and Raling tari
s I'IHI IIIII'IIII:!! :I! 'I I IIIIIIIIII I]HIllllﬂl||H||I|IIIH'.Iillllllilil
Road Overall width Dverall wadth Distance betwsen
Classilication | between building | between control butlding line and road
fings, m lingy, m oundary (sel-back), m Bt g areas

NABSH [ s | w0 | sws | w5 | dws

MOR___ | 50 [ w0 | 3ws | 3wt | dus
0.0 . — T . " T i T
0 T [ 3ws | 3ws | tws

MNote : *If the land width 15 equal to the width between building lines indicated in this
column, the building lines should be set back 2.5 m from the road land boundary,

The recommended land widths for different classes of urban roads are, 50 1o 60 m for

arterial roads (high types of urban roads meant for through traffic, with controlled access),
30 to 40 m for sub-arterial roads, 20 to 30 m for collector streets (urban roads and streets

meant for collecting traffic from local streets and feed to the arterial and sub-arterial
roads) and 10 to 20 m for local streets.

4.2.8 Typical Cross Sections of Roads

Some of the typical cross sections of rural roads of different categories and urban
roads are shown in Fig. 4.6 to 4.10.

S0Ap Ay ST ‘e
Rt gl |
{

LONGCITUDINAL -." . o L
ORAIN

L_L___ium WIDTH 18 OR 34 ____l

Fig. 4.6 Cross Section of VR or ODR in Embankment in Rural Area

fer v\ Lonerrvonmss

FOAD wAT

T

LAWD WIDTM MW

Fig. 4.7 Cross Section of Major District Road in Cufting in Rural Area

'.., { ,'rf‘

i

— T U

Fig. 4.8 Cross Section of National or SH in Rural Area
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4.3 SIGHT DISTANCE

4.3.1 Introduction

__"1- ..r .r.

Y il
mE B w

The safe and efficient operation of vehicle on roads depends, among other factor n':m:
ﬂ'fe road length at which an obstruction, if any, becomes visible to the driver in the i
direction of travel. In other words the feasibility to see ahead, or the visibility is very
important for safe vehicle operation on a highway.

OBSTRUCTION
TO ViS10OM -

CPOSS ROADS

Sight distance available from a point is the actual distance along the road surfacﬂ,:ﬁ :
which a driver from a specified height above the carriageway has visibility of stationary _'
or moving objects. In other words, sight distance is the length of road visible ahead to the

driver at any instance.

Restrictions to sight distance may be caused at horizontal curves, by objects F
obstructing vision at the inner side of the road or at vertical summit curves or at =

L

intersections. These are shown in Fig. 4.11. -
Sight distance required by drivers applies to both geometric design of highways and

for traffic control. E
Three sight distance situations are considered in the design : =

5 RS

LC) SIGHT DISTANCE(S O ) AT INTERSECTION

Fig. 4.11 Sight Distance Consideration
(i) Driver entering an uncontrolled intersection (particularly m}ﬁiyallisud intersection)
has sufficient visibility to enable him to take control of his vehicle and to avond
collision with another vehicle.
Apart from the three situations mentioned above, the following sight distances are
considered by the IRC in highway design :
¢ distance — This is defined as twice the st!:ippirl__g sighl. distance.
When overtaking sight distance can not be provided, intermediate sight distance 1s
provided to give limited overtaking opportunities (o fast vehicles.
(i) Head light sight distance — This is the distance visible to a driver cllunn%. E;Ig::
driving under the illumination of the vehicle head lights. LTHS sight distance 1s crili
up-gradients and at the ascending stretch of the valley curves.

(i) Stopping or absolute minimum sight distance

(ii) Safe overtaking or passing sight distance, and
(iii) Safe sight distance for entering into uncontrolled intersections | '
. AR

The standards for sight distance should satisfy the following three conditions : - o
(i) Driver travelling at the design speed has sufficient sight distance or length 'I :
visible ahead to stop the vehicle, in case of any obstruction on the road ",,E-i 3
without collision. e

(i) Driver traveling at the design speed should be able to safely overtake, f'ﬁi:‘-".
intervals, the slower vehicles without causing obstruction or hazard to 4 e
opposite direction. el 1P

B ) ek e e okt i e T
sy TR ISEEETL SIS L

e i iy, ]

(i) Intermediate sigh

i
_Il_-. T L
. =

- a e Ty

- I'.u:l'rl'-i .

= . ' - .=
e
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4.3.2 Stopping Sight Distance (SSD) | _1

The minimum sight distance available on a highway at any spot should be of Euﬂ'in:; -;1
length to stop a vehicle traveling at design speed, safely without collision with any o ent
obstruction. The absolute minimum sight distance is therefore equal to the stopping '=

distance, which is also some times called non-passing sight distance.

H

g
J_'l."l'-'!i

The sight distance available on a road to a driver at any instance depends on 5
(1) features of the road ahead,

(11) height of the driver’s eye above the road surface.
(111) height of the object above the road surface. ¥

The features of the road ahead which affect the sight distance are the horizontal i
alignment and vertical profile of the road, the traffic condition and the position of
obstructions. At vertical summit curves the height of driver’s eye and the object above |'
road level are more important factors affecting the visibility. The height of an object to. ""
be c?nsiden':d for stopping a vehicle depends on what might be a source of danger to the 3
moving vehicle. For the purpose of measuring the stopping sight distance or visibility

ahFad. IRC has suggested the height of eye level of driver as 1.2 m and the height of the |
object as 0.15 m above the road surface. g

g ‘-'.-II —I.I-I-._ll

. ",
.. LT
1

|'I.-I".' PR el . &

ey i ':.-!- e

g
e e e————

Hence the stopping distance available at a summit curve is that distance measured
alnn_g the rna‘d surface at which an object of height 0.15 m can be seen by a driver where
eye is at a height of 1.2 m above the road surface. Refer Fig. 4.11 (b).

The distance within which a motor vehicle can be stopped depends upon the factors
listed below :

(a) Total reaction time of the driver
(b) Speed of vehicle

(c) Efficiency of brakes
(d) Frictional resistance between the road and the tyres and

(e) Gradient of the road, if any

Total reaction time

Reaction time of the driver is the time taken from the instant the object is visible to &
the driver to the instant the brakes are effectively applied. The amount of time gap
depends on several factors. During this time the vehicle travels a certain distance at the
original speed or the design speed. Thus the stopping distance increases with increase I ===
reaction time of the driver. The total reaction time may be split up into two parts. N

| s _._!- -
(i) perception time ST

(ii) brake reaction time R

The perception time is the time required for a driver to realise that brakes m“ﬂ |
applied It is the time from the instant the object comes on the line of sight of the driVel *-as
the instant he realises that the vehicle needs to be stopped. The perception time ﬁr HE
from driver to driver and also depends on several other factors such as speed ﬂf :,.
vehicle, distance of object and other environmental conditions. LS

AL .
: e
' ...-. e i

driver, the type of the problem :
brake reaction time of the driver is taken together.

SIGHT DISTANCE ﬂ:i
e reaction time also depends on several factors including the skill of the

The brak s and various other environmental factors. Often the total

PIEV Theory : According to this theory the total reaction time of the driver is splhit

nto four-parts, viz., time taken by the driver for :

(i) Perception
(ii) Intellection
(iii) Emotion, and

(iv) Volition |
Perception time is the ume required for the sensations rm:l?wed by the eyaih Or gars rdtsﬂ
be transmitted to the brain through the nervous system and spinal chord. [n other words,

it is the time required to perceive an object or situation.
ituation. It is also the tme

required for comparing the different thoughts, regrouping and registering new Sensations.
sensations and disturbance such as

Emotion time is the time elapsed during emotional at !
fear, anger or any other emotional feelings such as superstition etc. wEth reference to !’.l.'lt
situation. Therefore the emotion time of a driver is likely to vary considerably depending

upon the problems involved.
Volition time is the time taken for the final action.

It is also possible that the driver may apply brakes or take any avniding_acti.un by the
eflex action. even without thinking. The PIEV process has been illustrated in Fig. 4.12.

BRAIN

P-PERCEPTION
|=INTELLECTION

& E-EMOTION
§ V. VOLITION
a
<
L
]

ETIMULUS RESPONSE

REFLEX ACTION

Fig. 4.12 Reaction Time and PIEV Process

The PIEV time of a driver depends on several factors such as ph::rsin:al and
psychological characteristics of the driver, type of the pmb!er_n involved, :nwmnme:ntal
condition and temporary factors (e.g., mutiv? of the trip, traw:el speed, fat;rgw
consumption of alcohol, etc.). The total reaction time of an average driver may vary Tm
0.5 second for simple situations to as much as 3 to 4 seconds or even more in compiex

problems.

Speed of vehicle

The stopping distance depends very :?mu:_h on the paph
the total reaction time of the driver the distance mOVE Y

speed of the vehicle. First, during
e vehicle will depend on the
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:::‘#;: | hﬂ'ﬂm{: the braking distanve o the distance maved by the viehi
} g I.M.h- S, -'tt.u_:tum coming woastop depends also on the il.:ﬂlilﬂl
e0ee 1ty evident that mgher the spead, higher will be the

titiciency of brakes

wi: tw-btm“g E!““""“‘-'} Nosad o be 100 percent if the wheels are
:*:‘:L::"ltnt:ll:.‘;l::‘ t:::a!nlhmﬁum On upphfmt_nn of the brakes. This wlIrIL result j o Sl
skidding i ‘:mm-'-;' dum:i'.m :c‘:l“"‘:“f“}' undesirable, except in utmost cmergency :
Hence to avoid skid the he. CANBErOUS, as 1t is not possible to control o skidding vehiare
s O1d skad, the braking forees should not exceed the frict; E"ﬂ:hi e,
vheels and tyres. ¢ irictional force between tha

; Finee

Frictional resistance between road and tyres

|- = |
w
L 54

The fricuonal resistance develo ed betwee
depends on the type and condition nli?thr: road ;;F;?:idﬂ:; -
4.11. 'The braking distance increases with decrease in
a d?ﬂlgn friction coefficient of 0.35 10 0.4 dependin
finding the braking distance in the calculation of sto

apart from having sufficient safety factor,
comtortable for passengers.

tyres or the skid resistanca
the tyres as discussed In art'i'fi M oad
skid resistance. IRC has specified
g upon the speed to be used for
Y1 stopping sight distance. This value.
PEMNILs a rate of retardation which is fairly

Analysis of stopping distance .

The stopping distance of a vehicle is the sum of -

¥
(1) the distance travelled by the vehicle during the total reaction time know ag. !'
lag distance and q

(1) the distance travelled by the vehicle after the application of the brakes, to a dead

|
i
|
stop position which is known as the braking distance. |

Lag distance

During the total reaction time or PIEV time the vehicle may be assumed to proceed
forward with a uniform speed at which the vehicle has been moving and this speed may
be taken as the design speed. If *v' is the design speed in m/sec and ‘t’ is the total =
reaction time of the driver in seconds, then the lag distance will be ‘v.t’ metres. =

1000
ﬁﬂﬂﬁlﬂ
t =0.278 V.t meters. o

The total reaction time of driver depends on a variety of factors and a value of 2. L
secs. Is considered reasonable for most situations. The IRC has also recommended the:
value of reaction time t = 2.5 secs. for the calculation of stopping distance. Rt

If the design speed is V kmph, then the lag distance works out to V x

.II
S

-
iR IR
1] | I_.-I.

= =g ;
Eg

Braking distance TS
The coefficient of friction ‘f depends on several factors such as the type and conditiof

of the pavement surface and tyres. Also the value of f decreases with increase [r.ls Ei

IRC recommends the following f-values for design : ' e

201030 40 | 50 | 60 | 65 | 80

Longitudinal coefficient of friction. f | 040 |0.380.37]0.36 0.36 Eﬂ"

Jone in stopping the vehicle and the kinetic energy.

o |
weight of the vehicle.

SICHT DISTANCE Ty

Assuming o level roadd. the braking distance ay be ohtained by equating the waork

loped and the braking distance is /, then work

e : ‘ orce deve |
|1 s the maximum frictional T W | where W is the total

o against friction force in stopping the vehicle 1s |~ ™

The kinetic energy at the design speed of v m/sec will be

-
Wwv*
Lny® =
5 MV 7
»
Wv"
Hence FNC b = ==
=B
f = i.-.
or 2t
Here | = braking distance, m
v = speed of vehicle, m/sec.
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 .
Stopping distance = lag distance + braking distance
‘H’E
l.e., sDbm = vt+ —— 4.
2gf G5
If speed is V kmph, stopping distance
SD 0 v’ :
¥ m = -ETEY + ¥ _
t 254f (4.2) |

Equation 4.1 and 4.2 are the general equations for stnpping distance at level.
Stopping distance at slopes

When there is an ascending gradient of say, + n% the component of gravity adds to the
braking action and hence the braking distance is decreased. The component of gravity

acting paralle] to the surface which adds to the braking force is equal to W sin a =
Wian o = Wn/100.

Equating kinetic energy and work done.

2
100 : g2
2
| = y
n
2el f+—
g[ mu]
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, descendin di
Sravity now opposes the braking force, He:]ng distance i, SIGHT DISTANCE

: conds
o g f driver as 2.5 s¢
i L and reaction ume O
iction as 0.37

e -_EE_ Assume coefficient of fr
jon : ing distance
e . e . 1ance (Eq. 4.4) = lag distance +braking
zg(f_fgﬁj T
Hence the general equat S0 _ 13.9 m/sec

: i0 - . e
grﬂ'd.tﬂl'“ and mﬂ::f I}E Wit n 4, fﬂ'r StﬂpPMg dlStﬂﬂEE ma:f 17

en as - now be mndiﬁl.ad”:' 5':1;'55?:-. ]
SD 2 . = 25,8 =98,f=037
= v R .
8(1x0.01n) Stopping distance = 13925+ 505 537

the stopping distance may 418 be calculated from Eq. 4.2 as follows -

h]l:mativel}'. o
1254 {
2 Sp = 0278V +V
SD,m = 0278 vi+ = v .02 4
)n = 0278 xS0%25+ S —=g

As’the Stopping Sight Distance SSD '
required ' |
Necessary to determine the critical valye ﬂ;l the s,

roads with gradients and two way traffic flow.

(a) Stopping sight distance when there are two lanes = stopping distance = 61.4 m

SSD for the descending gradient on I‘.I:m"- _f - *
. . (b) Stopping sight distance for two-way traffic with single lane = 2 [stopping distance]

: The minimum stopping sight distance hence should be equal to the stopping distan.. =2x61.4 122.8.
in one-way traffic lanes and also in two-way traffic roads when there are two or more
traffic lanes. On roads with restricted width or on single lane roads when nvu-w::y-" Example 4.3

movement of traffic is permitted, the minimum stopping sight distance should be equal to
TWICE the stopping distance to enable both vehicle coming from opposite directions to
stop. The SSD should invariably be provided throughout the length of all roads and
hence this is also known as absolute minimum sight distance. When the stopping sight.
distance for the design speed is not available on any section of a road, the speed should be

Calculate the minimum sight distance required to avoid a head-on collision of two cars
approaching from the opposite directions at 90 and 60 kmph. Assume a reaction time of
2.5 seconds, coefficient of friction of 0.7 and a brake efficiency of 50 percent, in either
case.

restricted by a wamning sign and a suitable speed-limit regulation sign: However this Solution
should be considered only as a temporary measure and wherever possible, the stretch of , Stopping distance for one of the cars (Eq. 4.1).
the road should be re-aligned or the obstruction to visibility removed so as to prc -L:°-_= -. ,
atleast stopping sight distance for the design speed. -+ f SD metres = vt+ %

g

The safe stopping distance values calculated in the similar manner for various
speeds and recommended by IRC are given in Table 4.5. o

Table 4.5 Stopping sight distance values for different speeds

Vi = 90 kmph, v= % =25 m/sec

60 kmph, v = % = 16.67 m/sec

Il

Va

disgs the brake efficiency is 50%, the wheels will skid through 50% of the braking
nce and rotate through the remaining distance. Therefore, the value of coefficient of

fricti
=|;l;? developed f may be taken as 50% of the coefficient of friction, i.e., f=0.5 x 0.7

Example 4.2 fm I
Calculate the safe stopping sight distance for design speed of 50 ::nph e
way traffic on a two lane road (b) two way traffic on a single plane road. L Aisel
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Ihe stopping distance for the first car SD, J SIGHT DISTANCE 2.
2 i 65°
= 25x%x25+ 25 - o = 0278x65x25+ =914 m
2x9.8%035  1936m 254%0.36
i _}:'I:_I' o
. : . WL : = = 4=182.8m
For second car, SD, = G s lﬁ.ﬁ?z gt (ii) Intermediate sight distance 2SSDh=2x9]
_ . Zx98x0.35 =822m | 4.3.3 Overtaking Sight Distance (OSD)
Sight distance to avoid head-on collision of the two approaching cars If all the vehicles travel on a road at the design speed, then theoretically there should

be no need for any overtaking. In fact all vehicles dn‘nnt move at the r.!ﬁigntd speed ,a",d
this is particularly true under mixed traffic conditions. In such circumstances, 1t '15
necessary for fast moving vehicles to overtake or pass the slu_w moving vehicles. It rnt;i
not be possible to provide the facility to overtake ‘slﬂw moving veh;:_les thmughuul;r

| ghway at a d : ; B length of aroad. In such cases facilities for u_ve:rtakmg slow vehicles with adequate salety
for a design speed of 80 kmph. Assume other data yJA Cesonnding Efad'mt “ff :_' should be made possible at frequent distance intervals.

SD)| +SD=1536+822 = 235.8 m.
Example 4.4

Solution The minimum distance open to the vision of the driver of Hr‘thh.iElE 'intﬂpding 10
overtake slow vehicle ahead with safety against the traffic of opposite dlreclm: 1::Ir known
1 i | A i : , : - T,
- En;:l reaction time t may be taken as 2.5 seconds and design coefTicient of fri { oS as !?gb]mm:mum avertaking sight distance (OSD) or the safe passing sight distance
) B 1 TS B! available.

The overtaking sight distance or OSD is the distance measured along the center of the
road which a driver with his eye level 1.2 m above the road surface can see the top of an
object 1.2 m above the road surface. Refer Fig. 4.13.

V = 80 kmph; n=-2%=-0.02, G =9.8 m/sec’

vy = E_[I = 22.2 m/sec
3.6

SSD on road with gradient is given in Eq. 4.3 and 4.4.

_ 1z m I 2 ™ .
- 2 72 22 —— o Dal-2
v = (AXING SIGHT e
From Eq. 4.3, SSD = VI o s %) 22X 23 5 5 8(035-0.02) T oisrance o
VERTICAL
A)MMIT CURYE

= +762=131.7msay 132 m
o ‘Fig. 4.13 Measurement of Overtaking Sight Distance

Alternatively, using Eq. 4.4 some of the important factors on which the minimum overtaking sight distance

V2 | required for the safe overtaking manoeuvre depends, are :
e
SSD = 0278 V.t+ 254 (f £0.01)n (2) speeds of (i) overtaking vehicle (ii) overtaken vehicle and (iii) the vehicle coming

from opposite direction, if any.

(b) distance between the overtaking and overtaken vehicles; the minimum spacing
depends on the speeds.

(c) skill and reaction time of the driver

Eﬂ'z o = 32 '?r' h:
=55.6+764=132m =
————————— Vith

e (d) rate of acceleration of overtaking vehicle

le 4.5 , jate sight distAREE
. . of (i) Head light sight distance and (i) IntermedZa 2o g SRR (¢) gradient of the road, if any
ue |

tably all the data requi

| S .
design speed of 65 kmph. Assume Sul e Analysis of Overtaking Sight Distance

Figure 4.14 shows the overtaking manoeuvre of vehicle A traveling at design speed,

Calculate the val
for a highway with a

Solution and another slow vehicle B on a two-lane road with two-way traffic. T!1ird !:'Ehiclr. C
v = 63 kmph comes from the opposite direction. The overtaking manoeuvre may be split up into three
¢ = 0.36,1= 7 5 8eCS Operations, thus dividing the overtaking sight distance into three parts. dy. d2 and dj.
Assume

t
L
2
-
[
-
-
-1
# =
<
—
4.
I
-
r
-

b T e T T e oy o, T A E e
a . . . ok - E—— - I'_ ¥ LI} i .?... T L -
s« La Asetnniirte BT S P g g e P R : i
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bl e

X' du :
ng the reaction time t ': ﬂ
- X .

. N
X

(1) dy is the distance travelled by overtaking vehicle
the driver from position Aj to A»,

N
(i) da is the distance travelled by the vehicle A from A ;

. i i o A3 duri
overtaking operation, in time T sec. 3 Curing the a¢

-

I 5
LT K
-.::'1'

wE
l o CE dul-inﬁ =

L

-_‘_
i i Pyl T
l-; =

(1) dj is the distance travelled by on-coming vehicle C from C
overtaking operation of A, i.e. T secs.

=
1

o,
:—ll
i

Certain assumptions are made in order to calculate the values of di, d2 and d;

In Fig. 4.14, A i1s the overtaking vehicle originally travelin
or V kmph; B is the overtaken or slow moving vehicle m

vh m/sec or Vy, kmph; C is a vehicle coming from o
v m/sec or V kmph. In a two-lane road the

frequency of vehicles from the direction and the
instant.

g at design speed v ?

oving with uniform spesq
pposite direction at the design speed

overtaking sight distance available at any

Fig. 4.14 Overtaking Manoeuvre

(1) It may be assumed that the vehicle A is forced to reduce its speed to the speed v;, o "
the slow vehicle B and moves behind it allowing a space s, till there is an |
opportunity for safe overtaking operation. The distance travelled by the vehicle A

during this reaction time is d; and is between the positions A and A>. This distance |

will be equal to vp x t metre where ‘t’ is the reaction time of the driver in second.d
This reaction time “t’ of the driver may be taken as two seconds as an average value,

as the aim of the driver is only to find an opportunity to overtake. Thus,

di=vpt=2vp, m

5 |

(i) From position Ay, the vehicle A starts accelerating, shifts to the adjoining lang®

overtakes the vehicle B, and shifts back to it original lane ahead of B in position

in time T sec. The straight distance between position Az and Aj is taken as dp. Thes

minimum distance between position Ay and B; may be taken as the minim__"ﬁ

spacing ‘s’ of the two vehicles while moving with the speed vp m/sec. :
minimum spacing between vehicles depends on their speed and is given by empiri€ss
formula : T

s=(0.7 vy +6), m

E
% 1 -
ESAE TS 1y -

The minimum distance petween By and A3 may also be assumed equal*'tl‘-*__"ﬁ;. .
mentioned above. If the time taken by vehicle A for the overtaking operation ==

position Az to A3 is T second, the distance covered by the slow vehicle b Uﬂ""*"“{
speed of vy m/sec. =b = vy/T m. | 07

ke H B Y o S
.....

I
overtaking vehicle A. This time T may be calculated by equating the distance d; 10

(vpy T+ %2 & TI}. using the general formula for the distance travelled by an uniformly
accelerating body with initial speed vy m/sec and “a’ is the acceleration in m/sec

opportunity to overtake depends on the I

Therefore, T = 2 sec, where 5 = (0.7 vy + 6)
a
Hence, d = (vpT+2s),m

(iii) The distance travelled by vehicle C moving at design speed v m/sec during the

Hence, dy = vxT
Thus the overtaking sight distance

In kmph units, equations (4.5) worksout as :

SIGHT DISTANCE 97

Now the time T depends on speed of overtaken vehicle B and the acceleration of

!

2
dy = (b+2s)= [vbT+ %]

2
b = vb.T, and therefore 25 = %

overtaking operation of vehicle A i.e. during time T is the distance d; between
positions C) to Cj.

OSD = (dy +d>+dj)
= (vpt+vyT+25+ V) {4.3)

OSD = 0.2BVpt+028VyT+2s+028V.T (4.6)
Here Vi = speed of overtaking vehicle, kmph

t = reaction time of driver = 2 secs.

V = speed of overtaking vehicle or design speed, kmph

T = 4%3.65 L 14.4s
H A \l A

s = spacing of vehicles = (0.2 Vp + 6)

A = acceleration, kmph/sec.

given, the same may be assumed as
v - 4.5) m/sec amd v 1s the

In case the speed of overtaken vehicle Vp 15 not
(V - 16) kmph where V is the design speed in kmph or v = (
design speed in m/sec.

The acceleration of the overtaking veh

.l is 10 be specified. Usually this depends on

J : le 4.6
the make of the vehicle, its condition, load and l.hv: speed. .ﬁ;s ﬂ:;.!dni::fr:::ﬁud: Tﬂh, tT]-m
may be used for finding the maximum acceleration of vehicles speeds

- (en corresponding to
average rate of acceleration during overtaking manocuvre My be taken PORCIE
the design speed.
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Table 4.6 Maximum overtaking acceleration at differey . : -f*— *_: SIGHT DISTANCE

A, kmphisec

: : that . .
construct highways In sf.mh a way '« seldom practicable and there may

‘ded. In such ZONES where
-y medtd ould be installed

: : sts sh
: ossible, sign po 1 | T
ot safe or is not P I before such restricted zones Stare
' 5 should be given @t

ign speed
I:Efna: :::rgking are called overtaking

a0 [ 110 | 445
63

0T B | s —om—
B N

At overtaking sections, the minimum overtaking distance should be (d; + d;':f I |
when t:.vn*way traffic exists. On divide highways and on roads with one way trag. B overtaking zones; this di . arly the end of the
regulation, the overtaking distance need be only (d; + d3) as no vehicle is EHPEMbde | (d; + dy + d3) for two-way roads. S'm‘;‘;ﬁl od ahead at di

dicating “No Passing™ or C _ i
E:tt the Evﬂrtaking opportunity for :ﬁel;:r::: Eean
frequent intervals. These ZONes whic

zones. * 41d be sufficient for safe :

stances specified above. The

the opposite direction. On divided highways with four or more lanes, IRC suggests thatp be indicated by appropriate sign pos's ! 4 be three time the safe overtaking distance L.€..
IS not necessary to provide the usual OSD; however the sight distance on any highya minimum length of overtaking Zone ETH+ d- + d3) for two-way roads. Itis desirable that
should be more than the SSD, which is the absolute minimum sight distance. = 3 (dy + da)-for one-way roads an:;;Z ﬁlue ti:ws the overtaking sight distance.

}-. the length of overtaking zones 1s

A
¢ | ificati itions of the si
| Figure 4,15 shows an overtaking zone with specifications for the positions gn

Effect of grade in overtaking sight distance

o
b

Appreciable grades on the road, both the descending as well as ascending, iﬂcrﬂﬂ.ﬂﬂf
\sight distance required for safe overtaking. In down grades though it is easier for ..E
overtaking vehicles to accelerate and pass the overtaken vehicle may also accelerate --u":-1
cover a greater distance ‘b’ during the overtaking time. k

pnﬁts.
M
!

v

On up grades, the acceleration of the overtaking vehicle will be less and hence passin-:.
will be difficult; but the overtaken vehicle like heavily loaded trucks may also decelerate
at steep ascends and compensate to some extent the passing sight distance requirement;
Therefore the OSD at both ascending and descending grades are taken as equal to that ﬂ
level stretch. However, at grades the overtaking sight distance should be greater than the j

(35D = Overtaking sight distance
= (d; + d3) for one way traflic
= (d, + d; + dj) for two way traffic
Sp, = Sign post “over taking zone ahead”
§p, = Sign post “end of overtaking zone”

Fig. 4.15 Overtaking Zones

minimum overtaking distance required at level.

The IRC has specified the safe values of overtaking sight distance required for various
design speeds between 40 and 100 kmph. These values have been suggested based on the |
observation that 9 to 14 seconds are required by the overtaking vehicle for the actual
overtaking manoeuvre depending on the design speed. This overtaking time may be
increased by about two-third to take into account the distance covered by the vehicle from !
the opposing direction in the case of two-way traffic road, during the overtaking:
operation. The OSD values thus obtained for various design speeds are rounded off ;4
the IRC and tne recommended values of OSD on two lane highways are given'ii

Table 4.7. | NS
Table 4.7 Overtaking sight distance on two-lane highways for various spetdgﬂ ,

Soeed kmok Safe overtaking sight |
ki i 2

40 | 90 1 60 15| 165 4
0| 100 [ 70 || 25 .
“_IE-IEI-IM

I T X S I Y A 1

Criteria for Sight Distance Requirements on Highway

The absolute minimum sight distance required throughout the length of the road is the

SSD which should invariably be provided at all places. On hm:izunta‘l curves the
obstruction on the inner side of the curves should be cleared to provide the required set

back distance and absolute minimum sight distance. The common obstruction to clear
vision on horizontal curves are buildings and other structures, trees, advertisement boards,

cut slopes, etc. On vertical summit curves the sight distance requirement may be fulfilled
by proper design of the vertical alignment as given in Article 4.5. lﬂt uncontrolled
intersections sufficient clearances to the sight lines may be given to provide for SSD.

Intermediate Sight Distance

Sufficient overtaking sight distance should be available on most of the road stretches.

On horizontal curves the overtaking sight distance requirements can not always be
fulfilled especially on sharp curves, if the safe overtaking sight distance requirements are

high. In such cases overtaking should be prohibited by regulatory signs. In case of
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SIGHT DISTANCE

~ | ) The details of the overtaking zone are shown in Fig. 4.16

Pt e

%
.

s & = S Pou "Easd of Overtskmg Jone™

N Fig. 4.16 Overtaking Zone (Example 4.6)
| Example 4.7

_' Calculate the safe overtaking sight distance
| all other data suitably.

o
l

| _'.I: Solution

for a design speed of 96 kmph. Assume

0SD = (d;+dy) forone-way traffic
= (dy + dy + d3) for two-way traffic
Vv = 96 kmph
Assume Vp = V - 16 = 80 kmph and

A 2.5 kmph'sec. (from Table 4.7); t= 2 secs.
dy = 028Vpt= 028 x80x2=448m

d; = 028V T+125
5 = {D.Iﬂ+ﬁ}-ﬂ1:5ﬂ+ﬁ-ﬂm

. '14.4.-. . ’14.&:: L
A 2.5

d; = 028 x80x11.3+2x22=29Tm

Acceleration, a = 0.99 m/sec per sec.

Dy = wvp.t (Adoptt=2secs)=11.1 x2=222m
d = wT+2s

s = (0.7vp+6)=(0.7x11.1+6)=13.
| (0.7 vp + 6)=(0.7 x11.1 ) §m dy = 028V T=028x9x11.3=3037m

r e fE - BB
a 0.99

d = 11.1x747+2x138=1105m I

0.S.D. on one-way trafficroad = di+d2 = 341.8 m; say 342 m
0.S.D. on two-way traffic road = dy + d; + dy = 645.5 m; say 646 m

4.3.4 Sight Distance at Intersections
dy = v.T= 19.4 x 7.47 = 1449 m

0.SD = d;+d2+d3

more important at uncontrolled Mimﬂm The sight | |
= 222 +110.5+ 144.9=277.6 m, say 278 m f the intersections. The area of unobstructed sight formed by

other objects at the corners o
the lines of vision is called the sight triangle. See Fig. 4.17.

The design of sight distance at '
conditions :

(b) Minimum length of overtaking zone = 3 (OSD)
= 3 (d; + dz + dj) for two-way
=5 x(0SD)=5x278< 1390 m

Desirable length of overtaking zone



T e |

LS

i)

L)

(1i1)

From safety considerations, the sight distance at smcomtrolied interseclio™ = pp
therefore Il all the above three conditions. The higher of the
aken #l upslgnalised intersections at grade, except at rofanses. The IRC

HIGHWAY GEOMETRIC DESIGN

Fig. 4,17 Sight Distunce at Intersection

f‘-Hitf*I:rm the upproaching vehicle to change speed © The sight distance should ’
stticient 1o enable either one or both the approaching vehicles to change speed
avod collision,  The vehicle approaching from the minor road should slow down,
The total reaction time required for the driver to decide to change speed may
assumed as two seconds and at least one more second will be needed for making the
change in speed. Hence the two sides AC and BC of the sight triangle along the
ntersection approaches upto the conflict point C should be atleast equal to the
distance covered by a vehicle traveling at design speed in two seconds. But this'

sight distance being too less, should be increased in all possible cases. B

:-; L] =

o

Enabling approaching vehicle to stop : In this case, the distances for the
approaching vehicle should be sufficient to bring either one or both of the ;-:_
a stop before reaching a point of collision. Hence the two sides AC and BC ;
sight triangle should each be equal to the safe stopping distance. In
uncontrolled intersections one of the two cross roads is a preference highway ora”
through road or a major road. Thus it is the responsibility of the drivers on the
minor road who would cross or enter this main road, to stop or change speed lo°
avoid collision. The traffic of the minor road is generally controlied 5
appropriate traffic sign. In such a case the sight distance for 2 minor road should be
atleast equal to the SSD for the design speed utivfim ma:l. The sight fistances
requirement of stopping is higher than that of condition (i) above and hence I : +

as vehicles can stop if necessary.

i
} rl:.I
I-I

-

—

=
=

-H-
1-
b

l.r-|I

Enabling stopped vehicle to cross a main road : This case is applicable when S8
vehicles entering the intersection from the miner road are :t:qm'ulled by stop S=L-
and so these vehicles have to stop and then proceed to cross the mam road. In
a situation, the sight distance available from the stopped position of the _
should be sufficient to enable the stopped vehicle to start, sccelerate and GOS8 8
main road. before another vehicle travelling at its design speed on I E::ﬁ

reaches the intersection. The time T required for the stopped vehicie mf he i

main road would depend upon (a) reaction time of the dniver (b) Wif‘!ﬂl 0 S
road (¢) ncceleration, and (d) length of vehicle. Thus the mmimumm sight G5 _-gﬂ |

. . - ﬂ-__*
fulfil this condition is the distance travelled by a vehicle on the malm road oA
speed during this time * T,

:

=
¥
<1 I:

-T‘.:I-.J-II ::::.I-_.l‘! .

i.-"] |:.

] |
E o i
a d|
L ]

i gl F

-

AT - e
m!.:t "M Fearl g ot 5

oy L
] e e L 'I..._
= b e

--.I-.-ll IL -I-'.'I.' IEI—-I

- iy 2 ‘-! I|II|_1-

.1 _:l: '|_| Lo

o 0T MRS i
|_| - i " rllnl:l'll.l

r-: |t =

L min *
| major road. The visibility distance available zlong the minor road should be sufficient 1o

| enable the drivers stop their vehicles. The visibility distance zlong the major road

= depends upon the time required for the stopped v:hi:lts approaching from the miner road
0 evaluate the gaps between the vehicles on the major road, to accelerate and 16 Cross the
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ot uncontrolled intersections, suflicient vistility should be provsded such thae the sigt
Jistance of each road is atleast equal v the S50 comrespemding, vo the desiyn speet of Ge
coad, 1f the sight triangle available s less than the desirabic minimen sizz O W

snavoidable reasons, the vehicles approaching the lesersection may e wamet of
controlled by suitable signs.

At rotaries the sight distance should be at least equal 16 the wafe somrnny divpvre lor
he design speed of the rotary. At signalized intersections, the above (hree requmrernenis

are not applicable.

AL priority intersections where a minor road crosses a2 majm; fqad, the tr2fic on e
or road may be controlled by stop or give-way sign 1o give priority 1o the trzffic on the

major road safety. IRC recommends that a minimum visibility dm of 15 m along zhe
minor road and a distance of 220, 180, 145 and 110m along the major and corresponimg
1o the design speeds of 100, 80, 65 and 50 kmph respectively may be provided.

. 4.4 DESIGN OF HORIZONTAL ALIGNMENT

' 4.4.1 General

Often changes in the direction are necessitated in highway alignment due to oblizatory

" points as discussed in Chapter 3. Various design factors to be considered i the

horizontal alignment are design speed, radius of circular curves, nype and length of
transition curves, superelevation and widening of pavement on curves.

The alienment should enable consistent. safe and smooth movement of vehicies

" operating at design speeds. It is hence necessary 10 avoid those s.harp curves &

" curves which could not be conveniently negotiated by the \’ehlcl_ﬁ at design spesd.

" Improper design of horizontal alignment of roads wnurld necessitate speed changes
* resulting in increased vehicle operation cost and higher accident rate.

* 4.4.2 Design Speed

The overall design of geometrics of any highway is a function of the design speed.
The design speed is the main factor on which geometric design elements depends. The

" sight distances, radius of horizontal curve, superelevation, extra widening of pavement.

length of horizontal transition curve and the length of summit and valley curve are all

dependent on design speed.

The design speed of roads depends upon (i) class of the road and (i) terrain. The
speed standards of a particular class of road thus depends on the classification of the

® terrain through which it passes. The terrains have been classified as plain, rolling,

mountainous and steep, depending on the cross slope of the country as given below |

___ Rolling
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The design speed (rullin ini |
| g and minimum) standardized by
of roads on different terrains in rural areas are given in ’Fnt?li T {E: -

Speeds are the guiding criteria for the geometric design. However
speeds may be accepted where site conditions or cconomic conside |

Table 4.8 Design.Speeds on Rural Highways

Major District Roads
Other District Roads
| Village Roads

like buses. trucks and vehicles pulling trailer unit
limits are specified for different categories ©
and on some stretches of rural highway when wa

The recommended design speeds for difterent classes of urban roads are :
(i) for arterial roads 80 kmph,
(ii) sub-arterial roads 60 kmph,
(iii) collector streels 50 kmph and
(1v) local streets 30 kmph

minimum dect
: . rations warrapg . £
ruling design speeds suggested for the National and State I{i@wa;:n:f our h{ ;

passing through plain terrain is 100 kmph and through rolling terrain is 80 kmph. 3

80 | 65 | 65 | 50 | 40 |30 | 30 | 201
65 | 50 | 50 |40 | 30 |25 25 |20}
50 |40 | 40 [ 35| 25 [20 [ 25 | 3207

Speed restrictions have been imposed for heavy vehicles (other than passenger r..ujr '\ " Of the vehicle Jbove the
s under Motor Vehicles Act. Also spegg gravity

f vehicles by regulatory signs on m:han 0ad
rranted due to safety considerations. . -

vide change in direction 1o & :
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: Wt
of the vehicle, p/W 1s kno

2
fus equal 10 ¥ /K-

the

the weight

iMerent ot £ ifugal force to .
Elu.q g . of the centrilugd . i 161
: e patio o . - fugal ratic
The mllng % 0 [he rdf vatio O the fﬂ!ﬂﬂffjﬂtfﬂr. [he cenlrl H ] curve has w0 elfects
34 I . il horizonts
. rce acting ona v heels and
The .;;gnlrlﬁlﬁﬂl o sutwards aboul the ouler wheels

(o averiurn the vehicle o
laterally, outwards.

(1) Tendency

(i) Tendency 19 skid the vehicle
|

The analy S| :

ckidding of the vehic

below -
(i) Overtur? ing effect

les nego

e 10 overid

icl :
hat tends the Ve justrated in FIE 4.18.

syation 15 |

1 ¥ - i " iy .:- I
g e ih i, | i | gy o &
o o il i Y e -|-'-t"ql|"l&'|" = pad

The centrifugal force 1

| forisocsy m::cemrifugal force P is P » I this IS l:;!ere h is the heigh of the center :f
. moment due . 1e W and is equal o W.b/2, . :dth of the wheel base or 1€

=
&
S
-
ﬁ
=3
0
-
o
=
L

wheel track af the vehicle.

- _: M : L

g b | )i

:uj
g
k14

o

rning due (o Centrifugal Force
hen Ph = Wb/2, or when

when the centrifugal ratio

Fig. 4.1 8 Overtu

for overturning will occur W

The EEI““ibri"m e danger ﬂf overtuming

| p/w = b/2h. This means that there IS

: lan to pro et
. . bway curve is a curve inp : ~ve. the centrifugal] 3 .
A hn_nzun:“ﬂl hlgg \{’hen a1 vehicle traverses 2 huﬂzﬂl:;ﬂ ﬂ:hl:ﬂlﬂ | - P/W or v*/gR attains a values of b/2h.

oot ]‘mﬂ ; IE r{:.Itti:ards through the centre of gravity ot e ¥ o : (ii) Transverse skidding effect :
acts horizontally © ds on the radius of the horizontal curves €& | ok i thi et sush the vehicle outwards in
The centrifugal force developed depen This centrifugal force is Eﬂumeractﬂdﬂ“_l - The :entnl’uﬁ?l force E;-': 312 centrifugal force P developed exceeds the maximum
. otiating the curve. ces and the pavement '~ the transverse direction. oo the vehicle will start skidding in the

eced of the vehicle neg. d between the ty ; at = ible transverse skid resistance due to the ﬁ'“-'_-‘f”"[- ek G
:IE]EHSFEFSE frictional resistance develope along the curve and to maintain the stabl ,. ﬁiﬂsl‘u’l:; ; .;E:c[inn. Refer Fig. 4.19. The equilibrium condition for the uUansverse skid

e to change the direction

hicl B
enables the venl by e P is giY

the vehicle. Centri

Here

=
I Il

I

<

' resistance develeped is given by :

P=Fa+Fg=f(Ra+Rp)=IW
" In the above relation, f is the coefficient of friction between the tyre and the pavement
..1 surface in the transverse direction, R and R are normal reactions at the whq:.tls. Aand B
“such that (R4 + Rp) is equal to the weight W of the vehicle, as no superelevation has been

(iprovided in this case.

" Since P = f W, the centrifugal ratio P/W Is eﬂual to ‘f. In other words wh;: l}:
‘centrifugal ratio attains a value equal to the coefficient of lateral friction there 1s a dang

2ol lateral skidding.
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iINNER SIDE
OF CuavE

SHADED AREAS SHOW THE PRESSURE UNDER
THE INNER AND DUTER WHEELS A AND B

Fig. 4.19 Skidding Effect due to Centrifugal Force

Fig. 4.20 Superelevated Pavement Section

Thus to avoid overtuming and lateral skidding on a horizontal curve, the centrifugal E Analysis of superelevation
naly

ratio should alwavs be less than b/2h and also *f.

The forces acting on the vehicle while moving on a circular curve of radius R metres

The vehicle negotiating a horizontal curve with no superelevation has to |
= 2 Pu fully depen v at speed of v m/sec are

on the coefficient of friction *f" to resist the lateral skidding. The centrifugal force may:
De enough to cause overturning or lateral skidding of the vehicle if either the speed of the |
vehicle is high or the radius of the curve is less. In such a case the vehicle would skid and?®
not overturn if the value of *f" is less than b/2h, On the other hand the vehicle would®
overturn on the outer side before skidding if the value of b/2h is lower than ‘. Thus the:
relative daneer of lateral skiddine and overturning depends on whether f is lower of

hizher than b2h.

If the pavement is kept horizontal across the alignment, the pressure on the X
wheels will be higher due to the centrifugal force acting outwards and hence the reaction

-

Ry at the outer wheel would be higher. The difference in pressure distribution at inner™
and outer wheels has been indicated in Fig. 4.19. When the limiting equili:
condition for overtuming occurs the pressure at the inner wheels becomes equal to zero,

- 4
i LB

{i) the centrifugal force P = szfgﬂ acting horizontally outwards through the center of
gravity, CG
(i1) the weight W of the vehicle acting vertically downwards through the CG

(ii1) the frictional force developed between the wheels and the pavement counteractions
transversely along the pavement surface towards the center of the anve.

The centrifugal force is thus opposed by corresponding value of the friction developed
and by a component of the force of gravity due to the superelevation provided
. Figure 4.21 shows the cross section of a pavement with all the forces acting on the vehicle
i resolved parallel and perpendicular to the inclined road surface. Considering the

' equilibrium of the components of forces acting parallel to the plane, (P cos 8) the
component gf centrifugal force is opposed by (W sin 0) the component of gravity and the

Irictional forces Fa and Fp.

- i -
A

4.4.4 Superelevation

In order to counteract the effect of centrifugal force and to reduce the tendency
vehicle to overturn or skid. the outer edge of the pavement is raised with respect 10 !
edoe. thus providing a transverse slope throughout the length of the horizontal curve. T8

For equilibrium condition,

PcosO=WsinB+Fup+Fp

transverse inclination to the pavement surface is known as superelevation or cant or bankifigs
The superelevation ‘e’ is expressed as the ratio of the height of outer edge with rts;xﬂ =
horizontal width. From Fig. 4.20 it may be seen that superelevation, s v

NL

p= — =lanf

ML :

o . . of
In practice the inclination @ with the horizontal is very small and the value O ge

seldom exceeds 0.07. Therefore the value of than @ is practically equal to sin 6. - A

" E T - .- ve EIEVANES.
Hence, e = tan 0 = sin 8 = — which is measured as the ratio of the rnlstll e

oy :

i - e
of the gputer f:dgﬂ. E to width of pavement, B. This 1s more convenient o measule - o '{j'-"*:’_fhi_i'
height of outer
dgﬂ - — HL: '_.I i'j-_“i_rl:".}'

e 5

g |
R
o BRI e, o
= |
¥ e =)
; O ¥ L 1
i 1 By '...
§ |||I

2 %

. |

|'|
-
-

If e is the superelevation rate and E is the total superelevated
total rise in outer edge of the pavement with respect to the inner €
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The limiting equilibrium is reached when the full values of the frictional force ;|

developed and the values of Fa and Fg reach their maximum value of f x Rp and £ p

|

respectively where ‘T is the coefficient of lateral friction and Ra and Rg are the norma !
reactions at wheels A and B.

2 2
e = ¥ YV
Therefore, Pcos® = Wsin@+ f(Ra+ Rp) gR 127R
= Wsin0+f(WcosB +PsinB) If '5uperfieva]llit;n IS pn:lwidu-d according to this formula, the pressures on the outer and
: inner wheels will be equal; but this will result in a very high value of superelevation. As
L., P(cosO-fsinB) = WsinB+fWcosb Ty high pereicvation

considerable role is played by the lateral frictional resistance in counteracting the
centrifugal force, it is always taken into account. In places where superelevation is not

I

Dividing by W cos B,

p provided due to practical difficulties, i.e. where e =0 and f = — = —— and the
— (1 —ftanB) = tanOG+f ZR 127R

W frictional force has to fully counteract the centrifugal ratio. In some types of intersections

® tan 0+ [ it is not possible to provide superelevation and in such cases the friction counteracts the

-ﬁ - m centrifugal force fully; with no superelevation, the allowable speed of vehicle negotiating,

-

: a turn should berestricted to the condition,

The value of coefficient of lateral friction, ‘" is taken as 0.15 for design purpc sl
(See article 4.1.1). The value of tan 0 or transverse slope due to superelevation seldom
exceeds 0.07 or about 1/15. Hence the value of ftan O 1s about 0.01. Thus the value of |
(1 — ftan 8) in the above equation is equal to 0.99 and may be approximated to 1.0. '

v V2

= @R

.orV= JI27TfR

It is possible that at some intersections, a negative superelevation is unavoidable.

P = Thus the superelevation ‘e’ required on a horizontal curve depends on the radius of the
R w o Sk et curve R, speed of the vehicle V and the coefficient of lateral friction or the transverse skid
resistance f. Therefore, in order to assess the superelevation e required, the speed is taken
P v as equal to the design speed of the road and the minimum value of transverse skid

But W - ;'E resistance f for design purpose is standardised equal to 0.15.

3 Example 4.8
v- it + -

Therefore, e+f = EE The radius of a horizontal circular curve is 100 m. The design speed is 50 kmph and

the design coefTicient of lateral friction is 0.15.
(a) calculate the superelevation required if full lateral fric’.on is assumed to develop.
(b) calculate the coefTicient of friction needed if no superelevation is provided.

(c) calculate the equilibrium superelevation if the pressure on inner and outer wheels
‘should be equal.

Here = rate of superelevation = tan 0

e

f = design value of lateral friction coefficient = 0. 15
v = speed of the vehicle, m/sec
R

= radius of the horizontal curve, m *
Solution

[

2
— : ity = 9.8 m/sec : - .
g acceleration due to gravity 8 e (a) Superelevation is given by the relation

If the speed of the vehicle 1s represented as V kmph, the Eq. 4.8 may be wrlt

-
.I',: e
1 e SRS L
T

. A, e jon 4.7 & 4.8)
follows . e+ = T Equﬂtl
2 2 ,
E+f = E'_m_.._._ﬂ_ = __L ;’ b'.'H" Here 50
9.8R 127R f = 0.5 V=50kmphorv=—= m/sec.
e e+l = TR . R = 100m

v = speed, kmph '
R = radius, surfaces ,




1R E (3 15 1RGN

ho superelovation i< provided, © © 0 and fiiction factor developed.,

\- 30

- =09l7
12TR 127100

o) For the pressure on inner and outer wheels to be equal or for equilibriug
superelzvanion counteracting centrifueal force fully, £=0 and '

‘i': q :
LA . AT
127R 127100

]
I

i.2.. 2quilibrium superelevation rate is | in 3.1. However this rate of superelevation be ng
very high, cannot be provided. '

Maximum superelevation

o

As per Equation 4.7 and 4.8. the value of superelevation needed increases
increase in speed and with decrease in radius of the curve, for a constant value of
coefficient of lateral friction ‘. From the practical view point it will be necessary lo°
limit the maximum allowable superelevation to avoid very high values of ‘e’. Thisls
particularly necessarv when the road has to cater for mixed traffic, consisting of fast and.

slow waflic. i

In the case of heavily loaded bullock carts and trucks carrying less dense mat:riﬁﬁ_
straw or cotton, the centre of gravity of the loaded vehicle will be relatively high an

N EER |
L

will not be safe for such vehicles to move on a road with a high rate of superelevatit

Because of the slow speed, the centrifugal force will be negligibly small in the case gl
bullock carts. Hence to avoid the danger of toppling of such loaded slow movig
vehicles, it is essential to limit the value of maximum allowable superelevation. Indis
Roads Congress had fixed the maximum limit of superelevation in plain and .';-'-
terrains and is snow bound areas as 7.0 percent taking such mixed traffic W&

consideration. However, on hill roads not bound by snow a maximum
upto 10 percent has been recommended. On urban road stretches with o

Il=] 8
W
Ill s |
o

intersections. it may be necessary to limit the maximum superelevations to 4.0 perce
keeping in view the convenience in construction and that of tuming mOVEMEEEEE

vehicles. e
e

Minimum Superelevation 8

_. I'll-..::.'-':rI
I'r |'_
{0 UasEiY
- "|_|

From drainage considerations it is necessary to have a minimum cross slope K ake
off the surface water. If the calculated superelevation from Equation 4.8 .?i%,.:'.f"f:

equal to or less than the camber of the road surface, then the minimum superel o i
be provided on horizontal curve may be limited to the camber of the surface. "= e g

the elimi_nariun of the crown a uniform cross slope equal to the camber 1S m_ﬂlﬂllﬂ_r'.,g," 5
outer to inner edge of pavement at the circular curve. In very flat curves with : ,{
e 4 ;:-".; I.-'.

1 EL

e :'rrHr:I!I;'nf laree devs .'rnj_'.p‘.r WL B arp
ity e retainicd on the curyes [ Hitauh 1
sinthe ontet ballof the pavement due 1 | M
vith this negative superelevaiinn wiotld % .I _
cocllicient on such curves, The IRC recommendation. gims 9 sadii of e o
curves beyond which normal cambered secting may b o it i o _' S
iy required for curves, are presented in Table 46 ¢ o

cross slope
Table 4.9 Radii bevond which Sq perelevation is no! requlrerd

Design speed | Radius (metre) of horizontal curve for camber of
(kmph) 1% | 3% | 25% | 2% | i fm

20 . 50 | 60 | 70 [ 90 | ;.

Y 119 140 i
30) 100 | 30 _ I&D—._}E“,_____:‘,E"
: 220 1 :?ﬁ : Eiﬂ_'

ERll 120
556 650
. 950 | 1160 |
. 1400 | 1700
| 220 F 2000

Superelevation Design

Design of superelevation for mixed traffic conditions is complex problem. 23 differeme
vehicles ply on the road with a wide range of speeds. To superelevate the pavemen: unte
the maximum limit so as to counteract the centrifugal force fully, neglecting the lateral
friction is safer for fact moving vehicles. But for slow moving veicles thus may gue
inconvenient. On the contrary to provide lower value of superelevation thus relving more
on the lateral friction would be unsafe for fast moving vehicles. As a compromise and
from practical considerations it is suggested that the superelevation should be provided w
fully counteract the centrifugal force due to 75 percent of the design speed. (by neglecune
lateral friction developed) and limiting the maximum superelevation 1o (.07 {except oo
hill roads, not bound by snow where the maximum allowable value is 0.1).

Steps for superelevation design :

Various steps in the design of superelevation in practice may be summanzed as grven
below -

Step i) The superelevation for 75 percent of design speed (v msec or V Kmphi s
calculated neglecting the friction

(0.75v)" : (0.75V)?

il gR g I27R
Le., ok v (4.9}

225R |
Step (i) 1f the calculated value of ‘e is less than 7% or 0.07 the ﬁluc S0 bbti? ;[-:
provided. If the value of *c" as per equation 4.9 exceeds 0 07 then proy

maximum superelevation equal to 0.07 and proceed with steps (1) oF (v

BN i o e (B

fa
"
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Step (iii) Check the coefficient of friction developed for the maximum value of e = (. ﬂ? . |

at the full value of design speed, i 38 ;.
"l"z SR _-
g "

' 2 |
= -0.07
127 R

If the value of f thus calculated is less than 0.15, the supere:levalim} of i?.{l? i; 2
safe for the design speed. If not, calculate the restricted speed as given in SIEQ_ T
(iv). : |

Step (iv) As an alternative to step (ii1), the allowable speed (vy m/sec. or Va km;_:h][ al':_
the curve is calculated by considering the design coefficient of lateral friction
and the maximum superelevation, i.e., :

e+f = 0.07+0.15

calculate the safe allowable speed,

Va = Jﬂ.ﬂgﬂ = J2.156 R m/sec

or Va = +27.94R kmph (4;11;"_.

e

If the allowable speed, as calculated above is higher than the design speed, then the
design is adequate and provides a superelevation of ‘e’ equal to 0.07. If the ailnwt_tl_:lr
speed is less than the design speed, the speed is limited to the allowable speed V, km "*
calculated above. > _!-._-_-

Appropriate warning sign and speed limit regulation sign are instalied to restrict =-:_'_
regulate the speed at such curves when the safe speed V; is less than the design speed V&
For important highways, it is desirable to design the road without speed rcstri:timéé at
curves, as far as possible. Hence if site conditions permit, the curve should be re-aligned:
with a larger radius of curvature so that the design speed could be maintained (See
Art. 4.4.4 and Table 4.10 for radius of horizontal curve). i

Example 4.9

- - :

A two lane road with design speed 80 kmph has horizontal curve of radius 480 m5
Design the rate of superelevation for mixed traffic. By how much should the outer edg&s =
of the pavement be raised with respect to the centre line, if the pavement 1S rotated witl
respect (o the centre line and the width of the pavement at the horizontal curve is 7.3 m. -4

Solution i S

-.'-
|
L

For mixed traffic conditions
force for 75% of design speed.

I-I.. ; : -

the superelevation should fully counteract the centrt <

o
AEN R -
3 ¥
is .

Hence using Equation 4.9,

' [}
m L ]

I
Fa r!
I-.I -'
4
'3 Ty -
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v? 802

B &= =

225R  225x480

Since this value is less than 0.07, the superelevation of 0.059 may be adopied.
The total width of pavementB = 75m.

=0.059

Raising of outer edge with respect to centre

HJ': T!S

Example 4.10

Design the rate of superelevation for a horizontal highway curve of radius 500 m and
speed 100 kmph.

Solution

For mixed traffic conditions, superelevation is given by Eq. 4.9,

vl
E =
225R
V = 100 kmph
R = 500m
100%
= — _ =0.089
© T 225x500

As the wvalue is greater than the maximum superelevation of 0.07, the actual
superelevation to be provided is restricted to 0.07.

Check for coefficient of lateral friction developed for full speed using Eq. 4.10.

 —

y. L
Y e
127R 127500

= 0.157-0.07=0.087

As the value is less than 0.15, the design is safe with a superelevation of 0.07.

0.07

Example 4,11

The design speed of a highway is 80 kmph. There is a hurizur!tal curve of radius 200
M on a certain locality. Calculate the superelevation needed to maintain this speed. If the

maximum superelevation of 0.07 is not to be exne:ded,'cal:ulate mﬁ_mgximllsmrm:?w?hti_
speed on this horizontal curve as it is not possible (o Increase the radius. Safe limit o

transverse coefficient of friction is 0.13.
Eulutiu_n

The problem may be solved by considering 72 p-:n:f:t dE:siﬁla speed for findmg_ the
superelevation or counteract the centrifugal force fully using £6- 5.7




A

& =
= ..:SR _'.—_' —.-.;_.
= _'If'l_| |
- LANe
= 3 =0.142 e
6. 225x 200 &

and also as the radius can not be increased, the speed has to be restricted.

the full value of design friction coefTicient on 0.15. This is given by the Eq. 4.11.

be retained at the horizontal curve.

negative superelevation at the outer half of the pavement due to the normal :ﬂthI} A

Ny ek, (T arer M-
b . =l P L e E L2 |

B = L} 1 i

e, '__H-'-"' T
] -

i

R r
o R

\aximum allowable value of ¢ is to be limited to 0.07.

Check for the value of friction developed,

2
£ 5 e si00)
127R
2
_ _80° _407=0.18
127 %200

As this value is greater than the maximum allowable safe friction coefficient of 0.1

Hence the maximum allowable speed (V, kmph) on this curve is obtained by assuming

V, = +J27.94R =74.75 kmph

Hence the speed may be restricted 10 less than 74 or say 70 kmph at this curve,

Example 4.12 4

A major District Road with thin bituminous pavement surface in low rainfall area -.::.
borizontal curve of radius 1400 m. 1f the design speed is 65 kmph, what should be 23

superelevation 7 Discuss.

i
Solution

Using Eq. 4.9, : P
. :

g = R, SN =0.0134 s

225R  225x1400 W

The superelevation value required is only 0.0134 which is even less than the norma; |
cross slope required to drain off the surface water. The recommended camber ﬁ:l'_. di
hituminous pavement in low rainfall area (Table 4.1) is 2% or 0.02. The radius b 0NSE:
which no superelevation is required for a speed of 65 kmph and 2% camber is 950 ms
per the IRC (See table 4.9). As the radius of the horizontal curve in this case is 1400 MgEs

there is no necessity of providing superelevation; therefore the normal camber of 2% i

However, check for safety against centrifugal force at design speed along with 18 &

o

Net transverse skid resistance = —¢+ f==0.02 + 0 15 = (.13 L

2 2
Centrifugal ratio = —L —E—-— = (1,024

127R  127x1400

e

a
i
™ -'I.-
L
5 s
. RS
Ll d = =
e, I
A
u
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As this value of 0.024 is considerably lower than the nel transverse skid resistance of

0.13 available at the curve, this horizontal curve with normal cambered section is aui
cafe for a design speed of 65 kmph, section is guite

Attainment of Superelevation

Introducing superelevation on a horizontal curve in the field is an important feature in
construction. The road cross section at the straight portion is cambered with the crown at
the centre of the pavement and sloping down towards the edges. But the cross section in
the circular curve portion of the road is superelevated with a uniform tilt sloping down
from the outer edge of the pavement up to inner edge. These may be seen from sections
at A and E of Fig. 4.24. Thus the crowned camber sections at the straight before the start
of the transition curve should be changed to a single cross slope equal to the desired
superelevation at the beginning of the circular curve. This change may be conveniently
attained at a gradual and uniform rate throughout the transition length of the horizontal

curve. The full superelevation is attained by the end of transition curve or at the
beginning of the circular curve.

The attainment of superelevation may be split up into two parts :
(a) Elimination of crown of the cambered section
(b) Rotation of pavement to attain full superelevation
Elimination of crown of the cambered section

This may be done by two methods. In the first method, the outer half of the cross
slope is rotated about the crown at a desired rate such that the surface falls on the same
plane as the inner half and the elevation of the centre line is not altered. (Ref. Fig. 4.22a).

The outer half of the cross slope is brought to level or horizontal (by rotating about the
crown line) at the start of the transition curve or at tangent point T.P. See cross section at
B in Fig. 4.24. Subsequently the outer half is further rotated so as to obtain uniform cross
slope equal to the camber, as shown in Fig. 4.22 (a) and in cross section C of Fig. 4.24.

LEVELS OF
CQUTER EGEE r

ISR EOCE
fa) Ouier edge rotated about the crown

Fig. 4.22 Elimination of Crown of Cambered Section

{b) Crown shifted ourwards (dingonal cromn method)
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i e viomi of the camber s eliminated, the superelevation available AN
i wsgenal b the camber But the superelevation 1o be provided at the beg; ~.;".‘- |
wie wwne oy be greater than the camber in many cases when (b ing of
o Rl e Jesiom

AT At iy Mo than the minimum.  Hence the pavement section will

el pa Bl leoreh il

. . . . hﬂv - .- ||I.'E' ' I.:

ot flreher Ll the desired banking is obtained. Clobe
. - . ‘ _.:..!.
As an example, if the specitied camber in a bituminous pavement surface is “Bﬁﬂﬁ |

e desien superelevation is 0.07, the camber is first eliminated resulting in = %
wirrelevation of 0.02 and then the cross slope is further increased till it mtain,%hg
wperclevation of 0.07. 1f the designed superelevation is ‘e and the total w r
pavement at the horizontal curve is *B'. the total banking of the outer
pavement with respect to the inner edge is equal 10 E = Bee,

1dth of '_ ;i :
edge

There are two methods of rotating the pavement cross section to attain the full
superelevation after the elimination of the camber. e

(i) By rotating the pavement cross section about the centre line, depressing the inne

edge and raising the outer edge each by half the total amount of superelevation, i.e
by E/2 with respect to the centre. :

(ii) By rotating the pavement cross section about the inner edge of the pavement section
raising both the centre as well as the outer edge of the pavement such that the outes
edze is raised by the full amount of superelevation, E with respect 1o the inner edge. &

The two methods are shown in Fig. 4.25.

Methad (1) Rotating about the inner edge |

Vethod (i) Rotating aboul cenire line

Fig. 4.23 Rotation of Pavement Section to attain Full Superelevation

jon | ine, the
in the first method as the pavement section is rotated about tt;}e cz:;geai:;::ﬂ] he vt
prutflllﬁ of the centre linesremains unchanged; the outer edge Is ban er pages

. : ing the earth work. The disadvantage 01 &
l n an advantage In halanﬂln_ﬂ [ . eneral leyes
dEP":';"-'_d Ezucllllzliﬁi:gﬂ problem due 10 depressing T:hﬂ et Eqﬁf :?Elﬁwr;it:lﬂ E‘.;H hen ¥
methd ::1 e problem is of greater significance In arzﬂ-'-_ "'"i'” embankment of 1
m;grﬂl;iae ias:gin cutting or in level terrain. If the subgrade 15 ‘11 be B
Su

e i re will ot ik

2d has a significant gradient 10 facilitate longitudinal drainage, the g
ro as

drainage problem.

ond method of rotating ahnl:ru
hig: hrgaifi'all areas. when the road 15 not taken

- [ Wi
- -r
o 1

: e entire pavement wi il
drainage problem. H:I:: ti}:imf:r edge by additional earth fill e :a? the method
raised with respect 10 Hi€ red as a disadvantage © .-

pavement IS also raised, whicl? may bz conside
vertical alignment of the road is altered.

! : es 15 S __;__'_";'-_;':.
ent of supereleva ' W in Fig s s M
T:E 'milml curve including the straight, transition and ¢ |

the horizo
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Fig. 4.24 Attainment of Superelevation

Fig. 4.24 a. Elimination of the crown of cambered section, antainment of uniform slope

and the two methods of rotating the pavement section to attain full superelevation hive
been illustrated in Fig. 4.24b. The outer half of the cambered section is raised t© 2

horizontal position between A and B at the same raic of mn*adu:in:m of m:kum
along the transition curve of length L. Thus at the tangent point B there is no regaing
superclevation.

When the pavement is rotated about the inner edge, the length AB is given by

¢BN _ el
2 2¢

where ¢ and e are the rates of camber and ﬁup-erclﬂllimli i:mﬂ::“‘;:‘ﬂ: iﬁ:mhf
N is the rate of raising the outer edge of pavement along

- and the diviance
At point C the pavement attains uniform Cross slope W:ﬂn “:;:'“Eh:d o
BC = AB. The pavement is further rotated at the same

superelevation.
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s e fraANSILION =50 he stra :
?:E:Ean may be ““m;";i abegt Jinning of the circular curve.
third 3

B
he atained grﬂdunH}' over the ﬁllll length of :1 *
on shoulé on 1 available at the starting point of the r‘,a?'f
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- :
centre line and outer edge by the 'LLI&-"JE* In the above equations,

3 : bt
i ~ It may be seen that in the centre |, Melh g | |

Fig. 4.24¢ ling g vand V = ruling design speeds, in m/sec and kmph respectively
| V' = minimum design speed, kmph

ﬁ;: vertical profile of the pavement centre ethog o

il curve. But bY rotating about inner edge, the leye|. . Sy

rzo E = rate of superelevation; the maximum value of e is taken as 0.07 at all
the regions except at hill roads without snow where it is taken as 0.1

i \ vels of i
hroughout the t;:' ror edges are raised above the original vertical profjle uf '1;;!‘-;.1?-;.
: d that ©
centre ling an
f = design value of transverse skid resistance or coefficient of friction,
taken as 0.15

1-_._I- =

1c] the outer Edgﬂ the pavem 2 r
.+ iroduced by raising : Nt at g e
vation is 1n and rolling terrain and 1 in 60 on “‘“““minuu'sg

| g -‘-I- " {
e 3}

|
Rl A !
L
™,
fi

exceeding 1 10 150 in plain o of the Indian Roads Congress. Hence the o0

g = |
B L

errain 2 P‘r:;:;dﬁd ‘o introduce the total superelevation E will depend .‘,‘1' o = acceleration due to gravity = 9.8 m/sec’
transition cu .4 value of E. Thus the length of transition curye pag: | - u e =] |
: ) inroducing superelevation o te of 1 in 150 will be 150 E, if th 'Lul According to the earlier specifications of the IRC, the ruling minimum radius of ﬂ:u:
introduce a total superelevation FEatara » 7 HIC Pavemen horizontal curve was calculated from a speed value, 16 kmph higher than the design
rotated about the inner edge: 3% ;*I-If'-ﬁ A speed ie., (V + 16) kmph. However now the calculations are based on the ruling and
v minimum design speeds given in Table 4.8.
445 Radivs of Horigomim LR et line and absolute minimum values of radii of horizontal curve of various classes
For a certain speed of vehicle the centrifugal force s dependent on the ":;-“i::_-_;' : of E:!:i]n d?fﬁ':rent terrains (as per the latest IRC specifications) are given in Table 4.10.
horizontal E‘INE‘ To kmi;i?;fuﬁ;z;:;g ?ﬂlfﬂ‘: TI . Table 4.10 Minimum radii of horizontal curves for different terrain conditions, m
X should be kept COTPo i o o R [ — Mounimnous temmin___|__ Stecplemain _____J
2 2 . _+.. | of roads affected by sn areis ffected by sno .
‘o 1 e e T T
: him s [ T T T
gk 1ZR o 330 | iss [ 80 [ S0 [ % | eo | so | 30 | 60|
4 In this equation, the maximum allowable superelevation rate has ,.
percent or 0.07 and the design coefficient of lateral friction 'f" s taken as (1
! Art. 4.1.2 - ; ini inimum radii correspond o the
¢ RIS RO T Note - The values of ruling mimmum and ahaa‘iulﬂ minim
vz Vz : --'E" ruling and minimum design speed values given in Table 4.8.
Hence, e+f = 0074015=022= — = —— (SN
r gR  127R s . Example 4.13 L
F R . cosnm and absolute minimum radius of ho
: T * o . e Calculate the values of ruling minimun ) ; dar
& ﬂanlzih; ::;lﬁ'nu spfhﬂd thg dﬂmded_fnr a highway, then the minimum radius ;; P curve of a National Highway irr plain terrain. Assume ruling design speed and minimumi
:: m the above relationship, R design speed values as 100 and 80 kmph respectively.
Th ine mini : . . od v mise
.. ulf the ruling minimum radius of the curve for ruling design speed V TS Solution e
PrS given by e S : 4.12 or 4.13 for ruling design speed of
[ ’ Ruling minimum radius 15 calculated using Eq. paae
V2 100 kmph with the maximum values of ¢ = 0.07 and f=0.19.
R ' =
I - (e+f)g _ V2 ] __,_1“_02__—- = 357.9 m say 360
( Ruling = To7e+) 127(0.07+0.19)
! - ien of V™ = 80
Also, 2 =il the minimum design ©
' Reuling = _L_ The absolute minimum radius 15 calculated from
127 (e+f) - ERER kmph, using Eq. 4.14.

2
-U'll - __.__.EP.—-—-—'—'- ,:zzq.'l m say 230 m
Rmin = T37(esf) 127(007+015)

: design speed V kmph is adopted ble 4.8) InSIEE g
peed V' kmph, the absojyye minimum radrilus n{; iﬂuggnnml curve ot G
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On hnnm:?;:ﬂﬁé]:?f ;‘;,Jman the normal width. The qh]ect of p;n:wdmg extra 4
::ﬂiﬂinm;u?pmmm on horizontal curves are due 10 the following reasons : |

(2) An automobile has a rigid wheel base and only the front wheels can be tu

| | horizontal curve,
.« vehicle takes a turn to negotiate a | : g
};l;;:;“}h ﬂ::.- same path as that of the front wheels. This phenomenon is called off tracking,

j eed when no lateral slipping of . | deni i
Hﬁmliallfk{al I.t:::]E;Ef:;ﬂwdhzsl:{;nw;wdf:f?ﬁ::T path on the curve as compared with =~ The widening required to account for the off-tracking due to the rigidity of wheel
wheels [ane p '

. ding front wheels. This means that if inner front wheel takes a -, based isﬁcalied mechanical widening (W,,) and may be calculated as given below. Refer
those of the correspondl ® - heel will be off the = Fig. 4.25.

, tal curve, Inner rear wiec Ve

o the inner edge of a pavement at a horizontal ol

uavemﬂnl on the inner shoulder. The off-tracking depends on _lhﬂ 131“5“" i‘:‘“ﬂ;‘;
Ea.s.: of the vehicle and the turning angle or the radius of the horizontal curve NESHESS

This is illustrated in Fig. 4.25.

E

£ 121 ]

o : and absolute minimum radius gf ; i

Therefore provide rulling minimum radius . ik T“I‘*”;hh*;q”;mdl“l e w"i:_"ﬁi ﬂ:ﬁﬁ the pavement at the horizontal curves W, depends on i
230 m. | = cal factor which i Pt uted R and the it
¢ on Horizontal Curves psycholog) 18 function of the speed of the vehicle and the radius of the curve % :

4.4.6 Widening of Pavemen 0 3 e g - [t has been a practice therefore to provide extra wi ~ 1
when they are nol of very large radii, It 1S common to - -urves when the radius is less than ahuutgﬂﬂ iy a width of pavement on horizontal ;! |

il

Analysis of Extra Widening on Curves

Sty i

The extra widening of pavement on horizontal curves is divided into 1
(i) mechanical and (ii) psychological widening. into two parts

Mechanical widening

i i ki . 5 e
# Ej

g e e I e e S e iy, R

k]

Ry = radius of the path traversed by the outer rear wheel, m

ro Ay

Rz = radius of the path traverse by the outer fmm.whezl. m

. e el
- -

Wm = off-tracking or the mechanical widening, m
| = length of wheel base, m

Wm = 0C-0A=0B-0A=R;-R,

From A OAB,0A” = OB®-BA’
Rlz = H.IIHP
But Ri = Ry—-Wp
e (Ra-Wm)® = R’ -1
i . LB I{f -2Raz Wp + wmz = Rf =
g P = Wn@R2-Wn)
e S @.15)
Fig. 4.25 Mechanical Widening on Horizontal Curve - 2R, - W,
; , - : d lateral 2 - |
ﬁic{t?:n j::wil;;::; I;;gehfl:-u:h aﬁl.:'lll;'hea:;mf: :EZ;?;TES};hEum?m:? :::E' ""’.{ = ;_R (approximately) r

centrifugal force, some transverse skidding may occur and the rear wheels may take patis
on the outside of those traced by the front wheels on the horizontal curves. Hnwﬂ@lf;
occurs only at excessively high speeds. 4

RN
(c) The path traced by the wheels of a trailer in the case of trailer units, is also HASSEE
to be on cither side of the central path of the towing vehicle, depending on the

ricidity of the universal joints and pavement roughness.

Here R is the mean radius of the curve. The mechanical widening calculated abqu :5
required for one vehicle negntiﬁting a horizontal curve along one traffic lane. Hence in a

road having ‘n’ traffic lanes, as “n’ vehicles can travel simultaneously, the total
mechanical widening required is given by

B -...+.l

I .
W' - . (4.16)

(d) In order to take curved path with larger radius and to have greater ll.l*isit:il_'__ .L 5_
curve, the drivers have tendency not to follow the central path of the lane, but (o Us& g
outer side at the beginning of a curve.

Psychological widening

Extra width of pavement is also pmﬁﬂtﬂ for ps:fi:hﬂlﬂgiﬂﬂl Tﬂﬁsﬂrﬁfi:l:tl; :Eélt:mpr;wi:::
for greater maneuverability of steering at higher speeds, to atiow for Tic pa

i i =
R
gty 1

(¢) While two vehicles cross or overtake at horizontal curve there is a psycholOBS=Es

-l-ghE?'. .:'r._'
lendency to maintain a greater clearance between the vehicles, than on StralST= s
increase safety. S
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\ ide greater clearance for crosei.
requirements for the overhangs of vehicles and to provide grf rossing ‘; |

T

* idening i fore im ;

s the curves. Psychological widening 1s there Portant jn

wi?hv:nhc::ffhzﬁ one lane. An empirical lE”u:z-rrr:mlﬂr hES.hEE.n recommended by E ;
pavemen> dine the additional psychological widening "Wy, which 1s cependent on the =

.!Im?gt::nﬂipéed Vgnf the vehicle and the radius R of the curve. The psychological WIdEn'lﬂE-::'fé
esi i

- .-.-_-. ".'E‘.E_ :
is given by the formula i

e

Bigle

1=

I L TR

B = | : .-.. T ...=.'.-.|

. '"ﬁ"ld:i-rl-'-rurrhhuﬂ-lu-ﬂn-n-hi.:--hm.:.-'—|-I-.-|.-l-

L0 . Ll e Lra 1g 1 = : i 3
TS - L

=
¥
1

- @17

Wee = o
®  954R g
Hence the total widening We, m required on a horizontal curve is given by : I

Ll
2R

4=

i.e., We =

V
9.54R

Hencen = number of traffic lanes.

' al
= th of wheel base of longest vehicle, m. The value of / may norm
" lhe:fakﬂn as 6.1 m or 6.0 m for commercial vehicles, if not known.

} R !
) e L il ; . b LA s
R I SR ——-.'ill:i.-l""'-l-.l..l-.-luln.lpl el . ...L-l:l'bp'.!:-.:ﬂll.u-_.-._“.uh‘m 5 pul

V = design speed, kmph
R = radius of horizontal curve, m

The extra width recommended by the Indian Roads Congress for single and two lang
pavements are given in Table 4.11.

Table 4.11 Extra width of pavement at horizontal curves !

———Tcurve (m) [ Uplo 20 20 t0 40 | 41 to 60 [ 61 to 100] 101 to 300 | Above 300}

v —
Extra width (m) -- I |
Two-lane 5 | 15 T

1.5 &

Nil |8

Sngle-dane | 09 | 06 _ U
Note : For multi-lane roads, the pavement widening Is t:a_l:ulated by adding half !
extra width of two-lane roads to each lane of the multi-lane road. b

Fig. 4.27 Widening of Pavement on Sharp Curve

Example 4.14

Calculate the extra widening required for a pavement of within 7m on a horizontal
curve of radius 250 m if the longest wheel base of vehicle expected on the road is 7.0 m.
Design speed is 70 kmph. Compare the value obtained with IRC recommendations.

Solution

Extra widening required W= Wy, + Wi,
Methods of introducing extra widening

. | J oA VY (4.18)
The widening is introduced gradually, starting from the beginning of the t A 2R 954JR
curve or the tangent point (T.P.) and progressively increased at uniform rate, till } i Hence, n=2 (v laas foe pavement widlh of 7.0m)
value of designed widening *W,' is reached at the end of transition curve whe _'..:_ '
values of superelevation is also provided, as shown in Fig. 4.26. The full value ; | = 70
width ¥, is continued throughout the length of the circular curve and then ':;;f;:'._ R = 250m
eradually along the length of transition curve. Usually the widening 1s equally di by V = 70kmph

i.e.. W,/2 each on inner and outer sides of the curve. But on sharp curves of hill roacs =

3 2x7°
extra widening /¥ may be provided in full on inside of the curve.

70
i
We = 33250 954250

= 0.196 + 0.466 = 0.662 m _
en the radius of the curve is 101 to

On horizontal circular curves without transition curves, two-thirds the WIGEHHSEE
provided at the end of the straight section, i.e., before the start of the circular € s
the remaining one-third widening is provided on the circular curve beyond thﬂ 'ﬁh :
point as in the case of superelevation. In such cases, the widening 1S Fm""dﬁq
inside of the curve. Refer Fig. 4.27. e

The IRC recommends extra widening of 0.6 m wh
300 m. (See Table 4.11)

T

' "I:'-
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Example 4.15 S
Find the total width of a pavement on @ horizontal curve for a new national high-,-.ﬁy: s
he aligned along a rolling terrain with a ruling minimum radius. Assume necessary ';__.; 4

Sole g 18
Assume the following data -. !:
(i) National highway on rolling terrain, ruling design speed, V = 80 kmph 1
(ii) Normal pavement width, W = 7.0 | | "
(iii) Number of lanes n =2 N
(iv) Wheel base of the truck [=6m y;
=t

(v) Maximum value of superelevation e = 0.07
and skid resistance f=0.15

Rating = v - ___Hﬂi =
ling = oge+f)  127(0.07+0.15)
= 229 m, say 230 m
e V 2% 67 80
Extra widenin W = —* = oy S
N : ) IR 954R 2x230 95 J250

0.157 +0.555=0.712 m

W+ We=70+071=771Im

Total pavement width on curve

-
=5

4.4.7 Horizontal Transition Curve =

A transition curve has a radius which decreases from infinity at the tangent point 108 :
designed radius of the circular curve. When a transition curve is introduced bet veend
straight and circular curve, the radius of the transition curve decreases becomes minimum
at the beginning of the circular curve. The rate of change of radius of the transition Curye

will depend on the equation of the curve or its shape. o

Object of Providing Transition Curves

Suppose a curve of radius R takes off from straight road, and a vehicle travels on tis
road: then due to the centrifugal force which suddenly acts on the vehicle just after ! "
tangent point, a sudden lateral jerk is felt on the vehicle. This not only causes discomiof
to the passengers, but also makes it difficult to steer the vehicle safely. Refer Fig. 48
If a transition curve BC of length L, is introduced between the straight AB and He

radually 3

circular curve CD of radius R, the centrifugal force will also be introduced gra Sl
the radius of the transition curve decreases gradually from infinity. The rate at which B
force is introduced can be controlled by adopting suitable shape of the transition cUYSE

and by designing its length, so that the vehicle can have a smooth entry from the straiz

i -

to the circular curve at the design speed. B

.‘.-'I; .".;I . I
P |'| 2

A transition curve which is introduced between the straight and a circular .
W G R /]

help also in gradually introducing the designed superelevation and the extrd 7
necessary. - e
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Fig. 4.28 Transition Curve in Horizontal Alignment

Thus the functions of transition curves in the horizontal alignment of highway may be
summed up into the following points :

(a) to introduce gradually the centrifugal farce between the tangent point and the
beginning of the circular curve, avoiding a sudden jerk on the vehicle.

(b) to enable the driver tum the steering gradually for his own comfort and security.

(c) to enable gradual introduction of the designed superelevation and extra widening
of pavement at the start of the circular curve.

(d) to improve the aesthetic appearance of the road.

In a good highway alignment it should be possible to maintain the design speed even
on horizontal curves. The radius is first designed as discussed in article 4.3.4 and then a
suitable shape of the transition curve is selected and 11s 'ueng}h s dea?gncﬂ. The 'id.-:m'
shape of a fransition curve should be such that the rate of introduction of I:Eptni‘ugal
force or the rate of change of centrifugal acceleration should be consistent. T‘I'fts means
that the radius of the transition curve <hould consistently decrease from infinity at the

tangent point B (refer Fig. 4.28) 10 the radius R of the circular curve at point C, the end of
the transition curve of length L. In an ideal transition curve the length L, should be

inversely prugﬂrtinna'. to the radius R i.e., (Ls = I/R) or Ls R is a constant. The spiral
transition fulfils this requirement.

Different Types of Transition Curves

The typés of transition curves commonly adopted In horizontal alignment are -

(a) Spiral (also called clothoid)

(b) Lemniscate

(¢) Cubic parabola
' ' own in Fig. 4.29. All the three curves

es of these three curves are sh o of 4°, and practically there 15 no

ction ang
0 f:t:; these CuUrves. the radius decreases as the length

The general shap
follow almost the same path upt
significant difference even upto 0%,
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Fig. 4.29 Different Types of Transition Curves

increases.  But the rate of change of radius and hence the rate of change of centrifugal =
acceleration is not constant in the case of lemniscate and cubic parabola, especially at
deflection aneles higher than 4°, In spiral curve the radius is inversely proportional to the
lenath and the rate of change of centrifugal acceleration is uniform throughout the length

L

of the curve. Thus the spiral fulfils the condition of an ideal transition curve.

The Indian Roads Congress recommends the use of the spiral as transition curve in the
horizontal alignment of highways due to the following reasons : |

(i) The spiral curve satisfies the requirements of an ideal transition.

(ii) The geometric property of spiral is such that the calculations and setting m'.'lt?;
curve in the field is simple and easy.

The equation of the spiral may be written as :
L. R = L.. R.=constant

Therefore, L= m JE {4_.'1 ,:_ i!:
-7} CI

Here m is a constant equal to \/2RL and 8 is the tangent deflection angle in radius.

r.-..
-..J'.-

Calculation of Length of Transition Curve

- -* | [ ]

|
ey
o o

The length of transition curve is designed to fulfil three conditions, viz. : (i) I'El_ﬂ'-:

Yope i

change of centrifugal acceleration to be developed gradually (ii) rate of inlmdu':tim'.lf_L
the designed superelevation to be at a reasonable rate (iii) minimum length by f_l_,__

1

empirical formula. e

(i) Rate of change of centrifugal acceleration : At the tangent point the centrifugal
acceleration (v'/R) is zero at the radius R is infinity. At the end of the tranﬁitifﬂj o
radius R has the minimum value R,. Hence the centrifugal accclerﬂtlﬂﬁrf
distributed over a length L, of the transition curve. The centrifugal *_'.’:f"
should be developed at such a low rate that it will not cause discomfort for: o

passengers of a vehicle traveling at the design speed (v m/sec). It is :vidﬂl{f' o
larger the length of transition, lower will be the rate at which the centrifée=
acceleration is introduced. e

et

[ IS0 V5 1 O E Rk
| et the fength of tantition curve e 1 b= o
. . 3 3 LTE I 14 i b ! :_"__ '
|-'-||"i'!'“'l'r ”“..' Er‘l“'.r””lj” hl”';_‘;th ﬂl IJIHqu'I"I. i1 ERIIEy '-.F-hl"" X y
. - d . wrdiasl MRG0 v Ofnmyeae
naximusm centritignl acceleration of v i 1« b T 3 v
|!..I||_|-!r'| ' L.”'HI hi:r-' & '.E‘H ||.'i“" -'.if!rl I]'|'1-l_'l,r.__-r_:|1-l_|-_.r___.|: _:.--- ._.'I_.___II_-:__ | ey

3

i
§ 4 -

r' .' . d
Rt RL,
v
T
. v
C = e (m/sec’
L H l "'"..-’

The maximum allowable value of the rate of change of centrifupal scoelieration
without producing discomfort or undesirable oscillation. is dependent on the speed and

varies inversely with the radius. The IRC has recommended the following equation for
finding the value of C for the design speed V kmph

g0
(75+V)

C =

m"s::i. [0.5<C <0.8) (£.21}

.., the minimum and maximum values of C are limited to 0.5 and 0.8 respectively.

Once the value of *C’ is decided based on the design speed as given above the leneth
of transition curve L can be calculated from the Eq. 4.20 which may be rewritten as -

Vj
= N p— . e
“~ ® e
[f the design speed 1s V kmph;
v
Ly = ——
(3.6)° CR
3 el
i.ﬂ‘., L'l- = M = ﬂ:u':l?i. I.ﬂ._?_'i}
46.5CR CR
Here,
L, = length of transition curve, m

C = allowable rate of change of centrifugal acceleration, m'sec’ as given in
Eq.4.21.

R = radius of the circular curve, m.

(i) Rate of introduction of superelevation : In open country if a high value r“*
superelevation is to be introduced, it is not desirable to raise the outer edee of a

pavement at a larger rate than | in 150 relative to the g:md-: of the centre lm:..
Hence the length ugf' transition curve should be m!ﬂast I:"-rﬂ times the tumu: amz:l? by
which the outer edge of the pavement is to be raised with r:!-p-ci'-'-l " ‘ centre hine
However. the transition curve length may be reduced 'b}ﬁ;l::;::ﬁ :ﬂ&:‘“ '?“W R
differential gradient of 1 in 100 in built up arcas and | 1n |

TR G STEw T A0 ) Ry
Iy - E | o .||

i
- 1

i =
----
1

= i S e, g
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od about the inner edge and not the centre ling, then the total lifting
at

pavement 15 ol dge has to be considered in calculating (ha:

i & E
of outer edge with respect 10 u:jm:r
leneth of transition curve required.

v L il

— Eq. 4.9 for a highway curye B
- . of superelevation designed as per o . e
Let ¢ be the rate of s P'-"h W Let ‘W' be the extra widening provided at the =

havine normal pavement widt . O i e 1
ir t:‘l;r curve so that the total width B of pavemel |
circ

= E. If it is assumed thay"

vement with respect to the inner edge = e.B = ¢. {"-;hf N Wl.ﬂe LeRdpirarses,
F: avement is rotated about centre line after neqtra 1Zing 1 by o e il ;_ |
tul.'4;-:r:niit:.:.n|| slienment of the centre ling) then the maximum amou |

| = E/2. Hence allowing a rate
is 1o be raised at the circular curve with respect 10 lh!.z '::er:ll:re E/ :
of change of superelevation of 1 1n N (where mimm

el il iy Py 22

1=

m value of N = 150 to 60 asi

discussed above). the length of transition curve Ly 15 given by : J I:::_.
_ EN _eN wewo (4.24a)!

- - 2 ,.

—

i
l:-- el

' nsition
However if the pavement 1 rotated about the inner edge, the length of tra

is given by :

o

According to the IRC <tandards, the length of hnnzﬂn. I
d not be less than the value given by the following: *ﬁu
|

1_

’f

L. = EN=eN(W+We) (4.24b)

(iiiy By Empirical F ormula - .

transition curve Ls s‘huui | e e l{;

equations for the terrain classifications : i
i

o

u

(a) For plain and rolling terrain : ;

3.7V (4258)

R 2
(b) For mountainous and steep terrains; |
i (4.256)
l—l'_s. - -_Il_ _l._-. i

The length of transition curve for the design sht_mld hﬂllhe _hzg.hESIL of the three i
mentioned above. Therefore, the design steps are given helow : &

of e
(a) Find the length of transition curve based on allowable rate of Ehaﬂgﬂ“‘._: |
centrifugal acceleration (Eq. 4.21 and 4.22 or 4.23). o

o

(b) Find the length of wransition curve based on rate of change of supe g
(Eq. 4.24 or 4.25). :

R
h

"
||lF
LT

(¢) Check for the minimum required value of L as per Eq. 4.25a or 4.25b. | , ;
| engul £

(d) Adopt the highest value of Ly given by (a), (b) and (c) above as the design ; f
Lransition curve. T

ey " J
e

“n ‘ - f o

The minimum length of transition curves for various values of rﬂd!UE ﬂa;ldri.'* :
desion speeds recommended by the IRC for plain and rolling terrainis il

mountainous and steep terrains are given in Table 4,12,
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Table 4.12 Minimum transition length for different speeds and curve radii

Platn and rolling terrain

o Mountainous and steer ErTain
urve  1__Design sped (kmphy | Curve | Design spsod Gongh
Radius m’ﬁ-uns’l Hadius Rim) 41 30§25 El

ition length, m Transition length, m :
“-ﬂﬂn-l-ﬂﬂ - INAT 30 ]
RN . s T E1E ]

5 25 - | - INAI25120 1

100 | - |- INA[70[45[35[ 3@ | -1 - {30251 15
- |80 |45]30 0 | - INAI2S|207 15

201 50 [ -T40T20015715
25120 55 1 -T40t207181 45

i N INAT 0T IsTis st
=_3ﬂﬂ 2% [NR &R st ha
360 ﬁﬂlﬁﬁl 90  [45[25]15115
55 30| 20
95

600 |80[35|20] - | - 150 (301151151 - | -
700 |70035]20} - | - 170 | 25|15 INR| - | - |

800 [60 30 [NR| - | - [ -] 200 [20[15] - [ - |-
900 [55(30| - | - | - | -| 250 [1s[is|- |- |-
1000 [50[30] - [ - [ - [ -] 300 [iS|NR| - |- |-

—1500 [35] - |-l -[-1-1 o [~R|-[-[-]-1
— w800 (301 - [~ |- -[-

2000 NR|-f-f-]-1]-
Note : NA — Not applicable; NR — Transition not required

The leneth of transition curve Lg required on a horizontal highway curve therefore
depends upon the following factors :

(i) Radius of circular curve, R
(ii) Design speed, V

(iii) Allowable rate of change of centrifugal acceleration, C (which is also dependent on
the design speed)

(iv) Maximum amount of superelevation, E which depends on the maximum rate of

superelevation, e and the total width of the pavement, B at the horizontal curve

(v) Whether the pavement cross section is rotated about the inner edge or the centre
line, after the elimination of the camber.

(vi) Allowable rate of introduction of Eupﬂl‘l:]c"f?ﬁﬂl‘l, which depends on the lerrain,
location and environmental conditions of the site.

Setting out of transition curve

rovided on both ends of a circular curve, the

When transition curves are to be proviee ity
fﬂ'"{}wing_ pmggﬂmgma}rh.e adupl&d. Refer Fig. 4.28. Let Fﬂmbclht onginai circu

- g IR B h :
curve of radius R. PP’ and QQ' are equal to the shift § of the transition curve gIven By
the formula : .
(4.26)

= le
- 24R

= o ': -.L:.!I-l ':-.:.J
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here Ly is the length of rransition curve and R is the radius of the circular curve, g FE
:n; TE Q' D are the two transition curves, each of length Ls and C D is the shifted ':il‘ﬂul_é.,;;

curve. The length of BP* and P'C are appmximalely equal to Ly/2. The points B aud'

[n order to set out the transition spiral, the design details such as the radius of NG

1ati L v
circular curve R, length of transition curve L., total deviation angh': A, langent dev:ri n
angle of the transition 85, central angle of circular arc A, tangent distance, apex distanga

erc. are determined. The curve may be laid either by off-set merhnf:l or by : :
deflection angle method. The details of calculating the off sets/detlection angles nd
setting out the curve in the field are not given here; they are available in the books g =
Surveying.

Example 4.16 |
Calculate the length of transition curve and the shift using the following data :
Design speed = 65 kmph

Radius of circular curve = 220m

B
A
. i
r
i

Allowable rate of introduction of superelevation (pavement rotated about the centre ling) .
= | in 150
Pavement width including extra widening = 7.0m

1l
R )
Solution o !E,."F :

. | U
(a) Length of transition curve L as per allowable rate of centrifugal acceleration C: 2

| r |

Allowable rate of change of centrifugal acceleration as per Eq. 4.21,

80 80
(75+V) (75+65)

. -
| |

C = =(0.57. m/sec’

This value is between 0.5 and 0.8 and hence accepted.

3 3 S
0.0215 V7 _ 0.0215%65" _ 1m0y e
CR 0.57x220 .

_—
——

(b) Length L by allowable rate of introduction of superelevation E

Superelevation rate ¢ = v’ = i =(0.085 .
225R  225x220 o 2

As this value is greater than the maximum allowable rate of 0.07, limit the
e = 0.07. Check the safety against transverse skidding for the design speed of 65 km-f;"i <
Vi 65 e
127R 127 %220

= 0.15-0.07=0.08

As this value of f is less than the allowable value of 0.15, the SUPErﬂlﬂvatiﬂﬂ. rate 252
0.07 is safe for the design speed of 65 kmph. |

f = - 0.07

<= U
. :

*I
i o
" |
A
"

remain as tangent points to the new compound curve B PCDQ'E. - 3

. 'r.
¥

S
F

:i
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i3]
|'um| width ol the pavement at the Curve, B= 74 i

Total raise of outer edge of pavement with respect (o the centre line

- E_eB _ 007475
2 2 2
Rate of introduction of superelevation, ] in N = I in 150

*{).26 m

EN
Ls = T=ﬂ-351150=39m

(¢) Minimum value of L as per IRC (Eq. 4.25)

27V: 27465

s

R 220

Adopt the highest value of the three i.e., 51.9 or say 52 m as the design length of
transition curve.

=519m

L2 522
= =0.
4R 24x200 olm

Shift§ =

Example 4.17

A national Highway passing through rolling terrain in heavy rain fall area has 2
horizontal curve of radius 500 m. Design the length of transition curve assuming suitabie
data.

Solution

For a National Highway on rolling terrain, the following data may be assumed as per
standard practice :

Design speed, V = 80 kmph
Normal pavement width, W = 7.0m

Allowable rate of change of centrifugal acceleration, (range of value 0.5 10 0.8)

- - 2 .o

(75+V) 75+80

As the value of C is between 0.5 and 0.8 it is accepted for design.

Allowable rate of introduction of superelevation = 1 in 150, pavement to be rotai=d

about the inner edge to effect better drainage in heavy rain fall area.
(a) Length of transition curve by rate of change of centrifugal acceleration :

VP _oosV? | 00215x80° _ 0
s CR CR 0.52= 500
(b) Length of transition curve by the rate of introduction of supc_reieﬂﬁm :
= _...\f-- = __E.{E—-—- - [Lﬂi? {": ﬂﬂﬂ'?. U.Ha}
© T 7J25R  225x500
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Extra widening at curve (assuming two lanes and wheel base of 6 m) g
1 p.
o2,V 2%6 D -04Sm
We = T2 "95JR 2x500  9.54/500

Total width of pavement = B=7.0+045=745m

L: = 745 % 0.057 x 150=63.7m

(¢) Check for mimimum value of Ls by Eq. 4.25 3,

. 2
NS 2.7=80 _146m
R 500

LS=

e I
=

|

I

Adopt the highest of the above three values = 63.7 say, 64 m. Therefore, the desjgy
length of transition curve is 64 m. ‘

LY i

4.4.8 Set-back Distance on Haorizontal Curves |

' : i ' ' long the inner side of the
the desien of horizontal alignment, the 5!ght d1stan-:e‘ alos i

.,-_-upl..f:::s. should %: considered. Where there are sight obstruction like buildings, cut
or tree on the inner side of the curves, either the uhstrunnur!_i shnu_lcl be removed or
Id be changed in order to provide adequate sight distance. 1t may SO

- + ighway cross section to maks
make some adjustments in the normal hig _ o
ol J possible 1o provide the adequate sight

|
rl II.

alignment shou

times be possib : : s |
up small deficiencies in sight distance. If it 15 not

T | I.--I':j
‘ctance On curves on existing roads, regulatory an , stalled
td:cunt]‘n] the traffic suitably. In case of new highways for the design speed and distance

ition | ' hould be checked and necessany

irem the actual condition In the ahgl_'lm-:nt shoul ind neceSl
;ii?::fne:rtlsmbe made in a manner most fitting to provide adequate sight d .:_---.,|
Specific study 1 usually necessary for each site condition. i |

As discussed in Art. 4.3, the absolute minimum si_ght distanc; ':htch Eu
stopping sight distance should be available at every section of the Ighwai.:i l
oint. Thus it is essential that in horizontal alignment, special care should T- e
provide for the stopping sight distance; these values may be adﬂptm_,‘l as gw;:;;ﬂ ; .
for the design speed. Overtaking sight diEIEI:IEE requirements are gwenf mh _ jﬁ'"i-':';f
clearance distance or seél back distance required from the cenire line of a horizontal CUls

d cautionary signs should be instal

to an obstruction on the inner side of the curve 1o provide adequate sig_ht -
depends upon the following factors :

(i) required sight distance, S | :

(i) radius of horizontal curve, R i
"eu il

(iii) length of the curve, L¢ which may be greater or lesser than S.

i "l L i I!
| N 1
| in r

§ L Lhat]

Refer Fig. 4.31. Let C be the obstruction to vision on the inner side of acé
highway curve of radius R, ABC the line of sight and arc AB be the sight distance =

"_1. |
(a) Le> S

B o R
- ol

Let the length of curve L. be greater than the sight distance S. The angle S™“ay

by the arc length S at the centre be a. On narrow roads such as singlé 1;':: ,I.
sight distance is measured long the centre line of the road and the angle SUPE R
centre, a is equal to S/R radians. 5

e £
- :
-'-| S 3
1 .'--

[ | n M -
wad |_. 2o
- | L i
.'E o L P
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Therefore half central angle is given by -
2 S 1808
1 EH md[ﬂﬂﬁn EHR d-cgfm

The distance from the obstruction to the centre is R co
: s i, 2
distance, m required from the centre line is given by : Therefore the set-back

i (L
0= Relee o (4.272)

In the case of wide roads with two or more lanes, if d is the distance between the

centre line of the road _and the centre line of the inside lane in metre, the sight distance is
measured along the middle of the inner side lane and the set-back distance, m’ is given
by :

1
1

m' = R—{R—d)cﬂsi (4.27b]
where i' s 180 §

2 2n(R -d)
(b) Le<S

If the sight distance required is greater than the length of curve Lg, then the angle o

subtended at the centre is determined with reference to the length of circular curve. Le
and the set-back distance is worked out in two parts as given below : See Fig. 4.33.

a _ I180L,
2 2 (R ~d)
m' = R-(R-d)cos % * (E_EL‘}Ein% (4.28)

The clearance of obstruction upto the set-back distance is important when there is cut
slope on the inner side of the horizontal curve. The method of calculating the set-back
distance is illustrated in Examples 4.19 and 4.20.

4.4.9 Curve Resistance

The automobiles are steered by tumning the front wheels, but the rear “ht?ls :I_n not
turn. When a vehicle driven by rear wheels moves on a horizontal curve, the dtm_:tmn of
rotation of rear and front wheels are different, as shown in Fig. 4.30 and so there 15 some

loss in the tractive force.

A and B are the rear driving wheels which give 2 tractive force T in the direction PQ.
The front wheels C and D are turned 50 as 10 SIe€T the \"thlt!-t along a hon_znmal curve.
the tangential direction of which is RS. Hence the fraclive force nfmlablr: m 1h;5
direction = T cos o which will be less than the actual tractive force, T applied. Obviously

when the turning radius is sharp, the turning angle will be high and the value of T cos @

would decrease. Thus the loss of tractive force due to turning of a vehicle on 2 horizontal

curve, which is termed as curve resistance Wi
and will depend on the tuming angle a.

llh-::qualtu{'r-Tt:niuianH - COSs (1)

L it Lk g B W

|

L=y

k] R s et 12 =
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Fig. 4.30 Curve Resistance for Turning Vehicle

Tumning along the horizontal curve is effected due to the lateral friction developed |

between the front wheels and the pavement. At sharp curves, if the spﬂ:eq IS higﬁ ere
may be even sliding along the tangential direction PQ. Thus while a vehicle driven by

il

rear wheels turns along a horizontal curve, there is increased resistance and if the samy

speed as on straight is to be maintained, a higher tractive :ffm_-t is needed. But in h
vehicles with front driving wheels, this problem does not exist. Most of the .h.ﬂ .
commercial vehicles have rear driving wheels and henl.?t': on sharp curves th additiona
curve resistance should also be considered while designing the geometric features of

highways. This problem of curve resistance is acute on hill roads as the curves are oftegs
sharp and in addition, the roads have steep gradients, The compensation in 1

needed for such a case has been explained later in Art. 4.5.2.

4.4.10 General Examples on Horizontal Alignment

Example 4.18 1
While aligning a highway in a built up area, it was necessary (o provide a hurizq___ .f
circular curve of radius 325 metre. Design the following geometric features : ; _

(i) Superelevation
(ii) Extra widening of pavement
(iii) Length of transition curve
Data available are T

Design speed = 65 kmph, Length of wheel base of largest truck = 6 m, ]
width = 10.5 m N

Solution

i
=
(i} Superelevation rate, ¢ 4

RO

From practical considerations of mixed traffic conditions, superelevation tﬂ

counteract centrifugal force should be designed with 75% of design speed. HE’_’”_. -

R=325m.

225R  225x325 i

As this value is less than 0.07, it is safe for the design speed.
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Hence provide superelevation rate = 0.058

(i) Extra widening of pavemen, W,

nl* v

i

2R 95JR

3 as the pavement width is 10,5 m
6m

3% 67 65

+-
2x325 9.5.325

= 0.166 + 0.380 = 0.546, say, 0.55 m
(iii) Length of transition curve, L,

(a) By rate of change of centrifugal acceleration :
Allowable rate of change of centrifugal acceleration C is given by :

10 80

15+V  76+65
(As this value is between 0.5 and 0.8, accepted for design)

C = =0.57 m/sec’

0.0215V’ _ 0.0215x65°
CR 0.57x325

(b) By rate of introduction of superelevation, E : Total superelevation, E=B x e.

L, = =31.9m

Total pavement width including extra widening on curve,

B = W+W:=1054+055=11.05m
e = 0058

E = 11.05x0.058=0.64dm

Assuming that superelevation is provided by rotating about the centre line, the total
superelevation to be distributed along the length of transi!inrrl curve = E2. The rate of
introduction of superelevation may be taken as | in 100, being built up area.

0.64

Length of transition curve Lg = i 100 =32 m

(c) By IRC formula, the minimum length
P 2
e 27V _ 27%65" _451m

e ——

R 325

Superelevation rate,

Adopting highest of the above three values, length of transition curve Ly = 35 m.

Example 4.19

A State Highway passing through a rolling terrain has a h
equal to the ruling minimum radius.

orizontal l:unrc: of radius
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(i) Design all th ' ;

. : ini -ba e
(ii) Specify the minimum set  earve up to which the buildings etc. obst

highway on the inner side of
vision should not be construclte

throughout the circular Curve.
sight distance.

Solution
The various geometric elements to be designed are

(a) Ruling minimum radius
(b) Superelevation

(c) Extra widening
(d) Length of transition curve

(e) SSD, ISD and set-back distance

(a) Ruling minimum radius of curve for ruling design speed of 80 kmph :

vi oo 80°
Rruling m 127(0.07 +0.15)

= 220 m,say 230 m

(b) Design value of superelevation :

2 2
= ~—Eq—-=ﬂ.134

 —
=

225R  225x230

E:I.'

As the value is higher than the maximum supere
0.07. The curve should be safe for the full speed
radius has been adopted. However check 1

. 2
[ = . —e= ..A -0.07=0.149
127 R 127 %230

(Less than 0.15 and hence safe)

(c) Assume two lane pavement, i.e., n =2 and /=6 m. Extra widening of pavement, _'

L

nl/* V
W o
2R 054VR
2% 6°

50
i
2x230 95 -J.'!Eﬂ

Provide an extra width of 0.71 m and a total width of pavement B = 7.71 m.

(d) Length of transition curve is designed by calculating the values hnsed,ﬂ",.{!}u
of change ot centrifugal acceleration C (ii) rate of introduction of the ﬂm“‘m
superelevation E and (iii) minimum length formula; the highest of three values IS a09¥E

at the design length L,

d so that Intermediate sight distance is availabja"

Assume the length of circular curve greater than th, .

| v?
SER = 210278 Vit+
o 254f
=
Ik 802
! -'=.- = 2102 / e tts - | = b=
£ [ TEHED:25+254IME] 2x127.6=255m

levation of 0.07, limit the value ufl:{
of 80 kmph as the ruling minimum
he transverse skid resistance developed :

i i
il AN

=0.157 +0.555 =0.712m: =

b
E .:I: .'
Yy +‘.:_.1:-.|:-

L |b m .
= sl
i -
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| 80 80
C = e
(1) 154V 75480 o

'}

e |
i
=1

CR 0.52 %230

(i) Total amount of superelevation E i.e., the raising of the outer edge of the pavement

with respect to inner edge =B x e = 7.71 x 0.07 = 0.54 m. As the terrain is rolling.
assume the pavement to be rotated about the centre at a rate of | in 150.

Ly = % xN= 228310 _ 4050
(iii) Minimum value of L, as per IRC is given by :
2 2 |
iy = 2.7Ve  2.7x80% 751 m

R 230

Adopting the highest of the three values, design length of transition curve =92 m.
(e} Intermediate Sight Distance =2 55D

(f) Refer Fig.4.31. The length of circular curve is assumed greater than the desired sight
distance SD. The minimum clearance or set-back distance needed m = CD and half the

central angle-a’/2 = angle AOD.

I'}

I —

N

X &R - 537
%
¢

Fig. 4.31 Clearance on curve or Set-back Distance
for Desired Sight Distance (Example 4.19)

of the pavement and the centre line of the
i I:t:vﬂ"il"'t".'l'l'lI‘.E.‘I'UZ at the curve (being a two-

L
=
i

i
| 1]
I-.'- JJI

-....'.il .

The distance d between the centre i ‘ ]
inside lane may be taken as one-fourth the width o

lane pavement) = 7.71/4 = 1.93 m.

.1
. ':T " T

TN e

S e Mgy SO Y L



138

Therefore the minimum_ set
vicion for an 1SD of 755 m is 36.6 m.

Example 4.20

There is a horizontal highway curve of radius

highway. Computer the se
of the curve so as to provide for

(a) stopping sight distance of 90 m

(b) safe overtaking sight

The distance between the centre line

Solution

(a) Refer Fig. 4.32. The stopping
circular curve length of 200 m

139
a 1808  _ 180x255  _ 390
E I [F.,—r,ﬂ 2:!{130-!.93}
a
cet-back distancem’ = R-—(R—d)cos -
= 230 -(230 - 1.93) cos 312°=36.6m B \\
: : e \ [ 4
-back distance or clearance required to provide a c AR \ ; /e
\ | .F.:?
g \ | e
' \1‘?‘?4 rq‘_"
X o v
400 m and length 200 m on this& \"\'i?
t-back distances required from the centre line on the mneris de . _
3. (NOTE: NOT T0 SCALE)
Fig. 4.33 Minimum Set-back Distance when SD is
distance of 300 m Greater than Length of Curve (Example 4.20b)
I i
< of the road and the inner lane is 1.9 m. o _ 180L. _ 180x200 _ (4368
2 2Zn (R-d) 2n(400-1.9)
sight distance (SSD) of 90 m is less than he Set-back distancem’ = CF=CG + GF
' @ (S=L;) . o
g S b
- | - 400 - (400 - 1.9) cos 14.39° + L2 —200) i 14390
L .
™ / = 144+124=268
||
\ : ‘s Minimum set-back distance required from the centre line of the roads on the inner side
ot/ =E’5g.__: ;IE * of the pavement to provide an OSD of 300 m = 27 m.
,
‘t,ilm 4.5 DESIGN OF VERTICAL ALIGNMNET
0

Fig. 432 Minimum Set-back when SD is less
than Length of Curve (Example 4.20a)

Required clearance from the centre line to provide SSD of 90 m is 4.4 m. ="

(b) Refer Fig. 4.33. The overtaking sight distance of 300 m _is greater th;n: |
curve length which is 200 m. Therefore the required set-back distance is CF = V28

HIGHWAY GEOMETRIC DESIGN

g _ 1805 _ _ﬂ__:?ﬂ_ =6°29 of a road would have level stretches as well aslslﬂpeﬁ or grades. In order !ﬂ“:lﬂ:;SmIl:ﬂbm?
2 2z (R-D) 2= (400-1.9) vehicle movements on the roads, the changes in the grzfi:li: should be smoothened ou i
o the vertical curves. The vertical alignment is the elevation Of F;’ﬂmf of I::;FIHE;IE:: ;

- : * rtical curves, and 1
m = R-(R-d)cos 5 the road. The vertical alignment consists of grades and ;e I s i s

GF) and is given by Eq. 4.28.

S

-
e

4.5.1 General

While aligning a highway it is the general practice {0 follow the general topography or
profile of thg: lagnd. But the natural ground may bﬁr level only at some P]acaﬁ and
otherwise the ground may have slopes of varying magnitudes. Hence the vertical profile

the vehicle speed, acceleration, deceleration, stoppin

= 400-(400-1.9)cos6° 29" = 44m comfort in vehicle movements at high speeds.

4.5.2 Gradient . | thr, .
. length of the road with respect 1o .
Gradient is the rate of rise or fall along the ﬁ unit to x horizontal units). Some

s, - soflinx '“ verll :
horizontal. It is expressed as a ralio © ie nin 100.
times the gradient is also expressed as a percentage. o

- o U
e
| '_ e~ 8
-
-.-

- i
o el
I-.'-{I .
- i B " e
i i

300m,L.=200m,R=400m,d=19m

......

_-..{ -1
1ty
L
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LI

When the angle of gradient, a is small (Refer Fig. 4.34a) the gradient which js | in ﬂ. r- 14

or tan @ is approximately equal to the circular measure or a in radians (). All Eﬂgtﬁ;’,‘:“-" Al
within the practical range ot aradients on roads may be treated as small. Hence !:‘-l'ﬂiiiﬂnﬁ"—r :'; I
which are gencrally represented as *n" percent, would mean that this is the value of e+
tangent of the angle made by the gradient with horizontal, i.e,, n% = 1an q,. Theu

DESIGN OF vicg:
PN OF VERTICAL ALsGaMNG+
The selection of ruling pradient { 141
Or | |
[aclors such as type of terrain, the ltr:;ll‘furrm uf dﬂlg,n & Catnple
vehicles and presence of horizongal Curves a,"l the grade,
it may be possible to adopt a fig oradic € considered |n

some lime not even possible to adopy [';I:: but in bl roads |

v job 45 several

May nit be cconomicyl of

TR WY BACEE L T T o i Lt T R

b

. q :
=) levels to be covered in short lengyhy of road amne gradient becayse of targe difference m :
ascending gradients are given positive signs and are denoted as + nj, + n3 CLC.. and e : i _ '

o oradi ey i d e ﬂﬂdE 3 A vﬂh:g!: which travels with CErain speed on g | :
descending gradients are given negative signs and are denoted as — n3, — ng etc, The effort put in, would lose speed at grades i evel ground, with the cume N :
angle which measures the change of direction at the intersection of two grades is calleg in length of grade. With the maximym E ?Fﬂd Wwould steadily decrease witt, CICane ;
the Jeviarion angle N which is equal to the algebraic difference between the two grades, sustain the same speed even on long s:ntmE: ut"‘tg power, the vehicle would be abie 10 :
In Fie. 4.34b the deviation angle, g the maximum power developed by the englise E“;:; l; ::hv::n'mn Bradient This is when :

= ; - € pow |

B Ihﬂr resistances to motion on the grade a this speed, Thﬂrcfﬂ?.: ;Ir:qmr:d 3 Overcosme :
N = /DBC=/BAC+ /BCA e which should be aﬂﬂpltd al a i'l.liiﬂg gradient h}’ the des I5 g:_rad:m?. s the one .i

ey J.':IEEEE.I"I Epﬂfﬂ. But the pi'ﬂhlﬂrn iEI’!:IZlI: _ ; igner for this 'ur.l-hlclc and the =

= “m-(-n)=m o

&
g ]
&
)
3
&
3

3 of hauling power and varying tractive resistances and mmerc

1 : . the

g ;:-am:::ular have _tn carry different amount of load, Further in [ndi?duz " m:d:‘:.'tk*. -
: be given to the pulling power of animal drawn vehicle, es = e

pecially the bullock cans
Thus it is not possible to lay down precise s : -
- tandar : .
the mixed traffic and for the country as a whole. ds of ruling gradient applicable for

where ny is ascending gradient of AB and — n3 the descending gradient of BC.

il

=
gy,

The IRC has recommended ruling grad

, : lent values of 1 i '
terrain, | in 20 on mountainous terrain and | I'in 30 on plain and roliing

in 16.7 an steep terrain.

limiting gradients are used in view

o gl ll."ll"---l L e

Where topography of a place com

necessary to exceed ruling gradient and adopt limiting gradient; but care should be taken

to separate such stretches of steep gradients by providing either a level road or a road

ih] DEVIATION AWELE, W with easier grﬂdr:.

Fig. 4.34 Measure of Gradients .

While aligning a highway, the gradient is decided for designing the vertical cu ', |
Very steep gradients are avoided as it is not difficult to climb the grade, but also the =
vehicle operation cost is increased. The engineer has to consider all aspects such as &)
construction costs, practical problems in construction ar the site and the vehicle operation &

'l
cost in such alternative proposals before finalising the gradients. . A

It} some extra ordinary situations it may be unavoidable to provide still steeper
gradients atleast for short stretches and in such cases the steeper gradient upto
exceptional gradients may be provided. However the exceptional gradient should be
strictly limited only for short stretches not exceeding about 100 m at a stretch.

The maximum length of ascending gradient which a loaded truck can operate without
undue reduction in speed is called critical length of grade for a design. A reduction in
speed of about 25 kmph may be considered reasonable limit. The critical length for
design depends on several factors such as size, power, load and grade ability data of the

Gradients are divided into the following categories : g

|

o 1

Ruling gradient A truck, its initial speed at the beginning of the ascending grade and the desirable limit of E
‘i i O the minimum speed at the end of the grade so as to avoid unreasonable interference with I |

imiting gradient R the movement of other vehicles. The critical length of ascending gradients should %

Exceptional gradient therefore be limited to lower values at steeper gradients. |

Minimum gradient The maximum values of gradients recommended by the IRC at different termains are s

| given in Table 4.13.
The terms are explained below :

. e . . -, iy The road can be level, with little or no gradient. In such cahiﬁ_r:;{;l :: Wﬂm#
Ruling gradient is the maximum gradient within which the designer attempts to desig =S of drainage. Though the surface water can be drained off 10 the 3 e

: ; el : ertaimn
the vertical profile of a road. Gradients up to the ruling gradient are adopted as a NOTMIEEEEE Proper camber on the pavement curface and cross slope on shoulders, a certal

in desi cal al ae | * de drains, deponding on the &
course in design of vertical alignment and accordingly the quantities of cut and -. i longitudinal slope is essential, to drain (he water along the side drains, epending ; £
surface of the drains.

balanced. Hence ruling gradient | : : | flattef =
: lent 1s also known wever Tausass
eradicts ry be Drefares | as design gradient. Howe oo
ad y be preferred where ever practicable. e

B -. .I & .II :::I: :.__._:

o

ki g

. f-a—_1ll'.|.l|_‘.="|..i.|-|r e r
ii :
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Table 4.13 Gradients for Roads in Different Terrains 8

Ruling | Limiting | Experimenta] .';'._;
radient | gradient | pradient |

3.3 per cent | S per cent| 6.7 per cemt
(1in30) [ (1in20)] (linl5

"Mountainous terrain, and steep terrain| 5 per cent | b per cent 1 per cent
iﬁmim: slevation more than 3,000 mj (11n 0y [(Vin 16.7) (1 in 14.3) B
i:lbi}'ﬂ;[hf.' macan sca ll:\Ffl : -h:; ..‘
'Steep terrain upto 3.000 m height above| 6 per cent 7 per ;::r;t {31 ;?Erlr.;::;t i .
‘mean sea level (1in 16.7) |(1in 14. - .
Suppose the road is with zero eradient passing through level land and open side draing
are provided with a gradient of say | in 300. It may thf:n be necessary to deepen ﬂ“; :
downstream end of the drain by about 3.3 m for one kllumet_erilengtt} of road. Thu ;
course is not possible from practical considerations. chcelu IS desl_rﬂhl:: to hﬂ.'d't! :
certain punimum gradient on roads from drainage point of view, provided tnpﬂgraplf% |
favours this. The mimmum eradient would depend on rain fall run off, type of soil,
topography and other site conditions.

Terram

'Plain or rolling

dm.ins or sutter: but on inferior surfaces of drains a slope of 1 in 200 or 0.5 percent may; .
be n:edad-whzre as on kutcha open drains (soil drains) steeper slopes upto | in 100 or 1.0 &

percent may be needed.

Compensation in Gradient on Horizontal Curves | ;

At horizontal curves, due to the tuming angle « of vehicles, the EUI:“E_;EEI_:_-} |
developed is equalto T (1 —cos ), as explained in Art. 4.4:‘}'. When therel is a horizontal i
curve in addition to the gradient, there will be increased IEEIS!{EHEF' :ﬂ frm:mn[ :l: tﬂe el

: : e hat in such cases the total resistance duc rad and
oradient and curve. It 1s necessary | : . lue of thell
- stance due to the maximum Vvalue e
curve should not normally exceed the resistanc ken as the ruling *

_ . * e this maximum value may be taken as the 2
oradient specified. Fer design purpose, this T ) ‘" When
e , : limiting gradient for the terrain. P
oradient and in some special cases as ) -
borizontal curve is to be introduced on a road which has already 1?'3 rl?aTn“::l £
permissible gradient, then the gradient should be decreased to compensate lor e G

ractive effort due to the curve.

This reduction in gradient at the horizontal curve Is called grade :nmpFns?u::I.: |
i intended to off-set the extra tractive effort involved at the curve. This, IS g

from the relation :

1N
= s
ol I

-
ity -
- ]

I,""
.-

g , subject to a maximum value of 75/R, W ' 2

Grade compensation, percent =

e
Ii.lf- . 1

R i< the radius of the circular curve in metre.

According to the IRC the grade compensation is not necessary fﬂl‘ Efadie:::'ﬁﬁr“ |
than 4.0 percent and therefore when applying grade compensation CormectiOry 2
eradients need not be eased beyond 4 percent. |

Example 4.21 e

N T . rve O
While aligning a hill road with a ruling gradient of 6 percent, a horizontal ‘:“*

ot o e o RS L

141
solution

Grade compensation M - _:“,'r‘_',fﬂ o | A
i i) '

Maximum himit of grade compensation = 7SR = 7960 ~ | 2%%,
Therefore, compensated gradient = 60 - | 18 = 4 7425,

4.5.3 Vertical Curves

Due to changes in grade in the vertical alignment of highway, o neLewiary s
introduce vertical curve at the intersections of different grades to smocthen wat the
vertical profile and thus ease ofT the changes in gradients for the fast musng vehiucles

The vertical curves used in highway may be classified into two categories
(a) Summuit curves or crest curves with convexity upwards
(b) Valley or sag curves with concavity upwards.
Summit curves

Summit curves with convexity upwards are formed in any one of the case Hustrated
Fig. 4.35. The deviation angle between the two interacting gradients 15 cgual o e
algebraic difference between them. Of all the cases, the deviation angle will e

maximum when an ascending gradient meets with a descending gradient 1o N = 1y -
(= n2) = (ng + m).

-~
,--f. MelM l."'
.
..ﬂ';
.H‘-
(c!

Fig. 4.35 Summit Curves

' v3] force wiil
When a fast moving vehicle travels along 2 summit curve, the ceatrifugs

s and spring of
act upwards, against gravity and hence a part of the pressure on the tyres and sprmg

; . { discomtont (0 passchgars
the vehicle suspensions is relieved. S0 Lhﬂdi*:?;::‘"pﬁ'r; roads are guite small and
on summit curves, particularly hﬁﬂﬂ“f':': :dnqu!“-' sight distance. the lenigth of the curve

if the summit curve is designed to ha - 5.
would be long enough to case the shock due to change 18 Eﬁ“

The only problem in designing 5um=rlt1i!l v
The stopping sight distance OF the abso :l :;n
provided at all sections of the road )
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possible safe overtaking sight distance or at least intermediate sight distance, equal’ a

arc: also a parabola is very easy for arithmetical manipulation for computing ordinates

-

s ’ r 1l . \ : 145 -+
twice the stopping sight distance should also hr:+ﬂvmt¢hlr: on lhes&icum:a for imporan . E ST it
highways, except when restrictions to overtaking have been strictly imposed g i Length of urve for stopping sight distance (SSp)
sections concerned. : iy % | Two cases are to be considered in deciding the length
Types of summit curves c 3 (i) When the length of the curve is greater than the sight distance (L > SSD;)

; . Ry =e. . ‘ . e

As the design of summit curves (except low summit or Aumps which do not interfe R (ii) When the length of the curve is less than the sight distance (L < SSD)
with sioht distance) are governed only by considerations of sight distance, transjtjgn® (i) When L > SSD
curves are not necessary. Circular summit curve is ideal as the sight distance availat .‘ﬂ 2 I o
throughout the length of circular curve is constant. From this view point, transition ‘% e general equation for length L of the parabolic curve is given by :
may be said to be even undesirable to be used on summit curves. This is because the f ' e
radius of curvature and heﬁncf: the sight filsian;ﬂ would vary Frf:tm point to point aln_ng_" 14 L = m (4.29) i
length of curve. The deviation angles in vertical curves of highways are very small ang. 1 J2h)
so between the same tangent points, a simple parabola is nearly congruent with a circular 1 Here = length of summit curve, m

-

The use of simple parabola as summit curve is found to give good riding comfort tog S = HQIZ:FTE sight distance, (SSD), m
Because of these reasons in actual practice a simple parabolic curve is used as summits N = deviation angle, equal to algebraic difference in grades, radians or

curve instead of the circular arc. tangent of the deviation angle.

H = height of eye level of driver above roadway surface, m
h = height of subject above the pavement surface, m

The value of H, the height of driver's eye above roadway surface is taken as 1.2 m in
India as discussed in Art. 4.3.2. The height of object ‘h* above the pavement surface for
the purpose of safe stopping distance is taken as 0.15 m as per the IRC standard.
Substituting these values in equation 4.29 the length of summit curve is obtained as :

There may be situations where the problem of sight distance does not arise as in the case
when the road goes over a fuump. This may be due 10 the presence of a culvert, the top of
which is above the general level of the road by less than about a metre thus causing a |
but relatively small summit or hump on the road profile. In such a case the problem 15/
discomfort to the passengers and so the most suitable curve Wf:nuld be transition curves. n
either side of this hump. For proper design of humps, the vertical profile should consist
'wo transition curves on either side of the hump with a level strip in between. e L

. Y . N§?
Length of summit curve T I.e. e 7 (4.30)
' . curves are generally adopted, the equation which is givenby: = '
Parabolic summit cu g y adop ;1 . (ii) When L < SSD
y =2 <> with value of a = _N_ _-‘ 1';. The general equation for the length of the parabolic summit curve, when it is less than

the sight distance is given by :

4L .
Here N is deviation angle and L is the length of the curve. _Sin-::e _l:he summi!: :J {
long and flat, the length of the curve "L is taken as equal to its horizontal projection Aft I R A (4.31)

(Refer Fig. 4.36) as it is practically equal to the actual length of the curve. N

AR Here the description for L, S, N, H and h are the same as in EqL}iﬁﬂn '4_'.'!9. By
= substituting the values of H = 1.2 and h = 0.15 m the length of the curve is obtained as :

J2H ++/2h)’

-
g reemem g, LT (4.32)
LA -~ = "' o PP i N
v = - S Thus to design the length of vertical summit curve providing, for stopping nr}hsuh::
L 3 5.0 ?j,’:—"* : minimum sight distance, first the safe stopping Elsh[ﬁ:mmﬂ;f Enmd:f:mé
" v LENE T _n:ﬁ:_?-?:%u:;!r: v calculation as given in Ar. 4.3.2, and equation 4.2 or e

given in Table 4.5, By using any of the twa appropriate funnTaillll:ﬂ by _lriﬂ:nfl:gi::du:_.?&::j
the required length of symmit curve is then calculated. minim

parabolic summit curve may be calculated from the relation R = L/N.

Length of summit curve for safe overtaking sight distance (OSD) or Intermediate

Sight Distance (ISD) 2 o
Two cases to be considered in deciding the length are : | i

Fig. 4.36 Length of Summit Curve

1} SR
While designing the length of the parabolic summit curves, it is necessary 10 "-‘T; , |
the stopping sight distance (SSD) and overtaking sight distance (OSD) separalels g8

- = I 3 3 - ] : ctOP¥*EE
mentioned earlier, it is essential to provide sight distance at least equal 0 the SEFE s

; i ; : - i am__-: !j 1
distance at all points on a highway so as to avoid accidents due to inadeqU By o
distance. e
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distance (1. = S) e . e Table 4.14 Minfmum e
) When the lkength of the curve s less than the overtaking or Intermeding R0

- T vyl sEe— . - o il - P

e N My iy

Design speed Maximum grade ¢

(!
_i";',;!é"l_'}__ JMM‘M“'“ m (for

distance (L = 5)

o Whenl =S AR LI O 7 S B
. - IS icable in this case also, Dut in this case, the vnf .2 y— '

Fhe same Eﬂﬁ:ﬁ‘ Lq. 4.29 18 ﬂpphuihlf in this Lll"i*h “. | © uey 50) | iy :
of 1 and *h both are taken equal to 1.2 m. Substituting h = H in the Eq. 429 g - ARE G
e e e — 1
simplitying. T s B0 O % -
50 |

2 - [ T Y ¥ i — —_—
L - e 60

S H . The highest point on the summit curve is a di
| i oty _ s a distance L ny/N from the tangent
A< discussed in Art. 4.3.3 the height of the eye level of the driver as well as the he ﬂ}f first grad . HL- Thlzs 's obtained by assuming the sm-nmﬂ;1I pomt on
of the approaching object are taken as 1.2 m. Substituting the value of H, the height oft 0 equaion : ¥ = a x° and by differentiating the height

ing - : y with respect 1o ¢
sve level of driver above the pavement surface equal to 1.2 m. equating 10 zero for the highest point. The summit istance & and

vertical curve may be plotied by

finding the ordinate value Y,, Y, Y; ... for diffe
e : : v T Ty rent len
N S2 o tangent point, by taking measurements along the tangent len $ Xi, X3, X5 ... from the
0.6 = Valley curves
: - " Valley curves or sag cury fi :
= the lencth of parabolic summit Curve, . & ¢S are formed in any one of the cases illustrated
Heres o ' went of the deviation angle, | o5 2ol 0 all the cases the maximum possible deviation angle is uhulxlrlud a4
N = deviation angle, radians or tangent o descending gradient meets with an ascending gradient.

g = overtaking or intermediate sight distance, (OSD/ISD) 11

(ii) Whenl <8 o - * ;,:_.}‘

The same general equation 4.31 may be used. By substituling H = h and simp '”J 3

when L 1S less than OSD/ISD : | i

&H TR
= 28— — 3
ke N ] _ji.-

Here acain substituting the value of H as 1.2 m, the equation reduces 10 . v 2

] 9.6 @ 2

L N ‘

are as in Eq. 4.33. L

Here L, Sand N ; 7 safe or. caulos

: .cal summit curve providing for Be
Tni:]? " iiﬂf:lu?iﬂ! iEEtEv‘:it::irr:]g:ﬂr intermediate sight distance 15 :;]1:1 r f ::
3:: avaiilliagt;]: data as given in ArL 4.3.3 and Eq t!.ﬁ or fmqmj tl}zrffﬂ_;i; e e
aiven in Table 4.7 or twice the S5D value as given In Tﬂhlz 4— 3:4 the require 4
ISD. By using any of the two appropriate formula 4.33 ?rtlh Eur;e 4 , i
summit curve is then calculated. The minimum radius of the ¥ L _
the relation R = L/N as before. | gy ' *
When the deviation angle is f.iinall, the lengﬂ_'l I:'tf surnniut Ellthl';"ﬂl eiﬂglh g ﬂ |
less than the sight distance. In very §ma_ﬂ deviation angles, cbléin of sight reSEE
times works out as a negative value indicating that there 15 n0 p . i .-
at the summit curve. .
The minimum lengths of vertical curve for different speeds and for H= 1t

: : UW‘F:Z R ot
' * Irc \FEI’IIEHI S NS
eade chanee values (in percent) which do not require VEIHRE - e

(c) (d)
Fig. 4.37 Valley Curves

There is no problem of restriction to sight distance in valley curves during day light
However, during night driving under head lights of vehicles, the sight distance available at
valley curve is decreased. The most important factors considered in valley curve design are.,
| (1) impact-free movement of vehicles at design speed or the comfort to the passengens and (u)
availability of stopping sight distance under head lights of vehicles for night driving  The
lowest point in the valley curve may be located from considerations of cross dramage.

At the valley curve, the centrifugal force acts downwards adding to the pressure on the

Spri i i ' that due to weight of the vehicle.
springs and the suspensions of the vehicle in addition to that ‘
Hence the allowable rate of change of centrifugal acceleration should govern the design

:I.‘l.' ..I_-I
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. = ley curve,
of head light sight distance is higher and therefore governs the design. where L total length of valley

N = deviation angle in radius or tangent of the deviation angle or the algebraic
difference in grades.

=

The valley curve is made fully transitiona: by providing 't;u s;n;iﬂlur ‘:;gn:i:::glcci's j_'

[ [ [ . fer Fig. 4.8, er e

| lenoth (without a circular curve in between). Re 8, wher .

32]?2: ncu:\rf ﬂl‘ttﬂtai length L and AB and BC are two equal transition Curves each of
I;nglh L. = /2. having the minimum cadius R at the common point B.

A 43 }
T i

of the valley curves. Obviously the best shape _Uf valley curve 'is a transition cyrye | were N is the deviation angle, v is speed in m/sec and C i;.r. the allowable rate of change i 145
gradually introducing and increasing the centrifugal force acting d“““‘-‘-'ard_s_,. __ .1"‘;:51; . wr.;er'-“ir"gnl acceleration which may be taken as 0.6 m/sec’. 4L
parabola is generally preferred in vertical valley curves. As the deviation angjeg o y ” i
small, the path traversed by the three types c_af transition curves, Viz. spiral, lemniscate grx V kmph = e m/sec '-:\21 o
cubic parabola are almost the same as explained in Art. 4.4.7. Ii' e : ='. i

During night driving the visibility ahead is dependent on the head light of the vehicles ¥ 5 NV? ' .

when the road lighting is not adequate or has not been provided. There is restriction op : 0.6x3.63 -
the sight distance at valley curves as the head light gets intercepteid thmﬁ:gh the ':i . i |; 5
light may be slightly inclined upwards. Therefore the head light sight distance available" Ls = 0.19(NV’) o
at valley curves should be atleast equal to the stopping sight d'tsmn-ge. However, eredy L = 2L.=038 {ij}m (4.36) } [
no problem of overtaking sight distance at valley curves during night as other vehicles ol b i il
with head lights can be seen from a considerable distance. Hence the total length of valley curve is given by equation : ; jl
1 (B

Length of valley curve R A1z \n RS
The length of valley transition curve is designed based on l.h]E IwWo i:ritr:ria :-'-ij_". ; [ =g [Eﬂ_] =(.38 {NVE'] ‘%l ;‘
allowable rate of change of centrifugal acceleration of 0.06 m/sec” and (ii) the h“fi .1 'i s
sight distance, and the higher of the two values is adopted. Usually the second criterion g

design speed, kmph

v Lt v . .
The minimum radius (R metre) of the valley curve for cubic parabola is given by:

1
- .. | |
] -
n

e e e e s

e L (4.37)
TR 2N

. : e
(2) The length of valley curve for head light sight dfﬂm::g may I::rd:t:unnﬂ;:;e: ;;1]; —

rwo conditions : (i) when the total b’lr.ngl.h of valley r.:un:f:m ; Iﬁr:

sight distance SSD and (ii) when L is less than SSD, as gl

e e e e i s e S — e N
! oty g - e | s ::.' |'..JI|.
bl e o l

...|.'

. . W

T TR S e

" = b | ."I-I
r e ._._t....
il .I 1

(i) L > 8SD

ight sight distance
The length of valley curve L s assumed to be greater th;l; I]'t:;c;i l;ﬂ;;;:g:f g
which should be atleast equal to gSD. as shown in Fig. 4.39. ,

i

Fig. 4.38 Length of Valley Curve

RE 4 _ . SR T- le up".l.l'arl:ls.
ndition is given by equatio 42250 sht be hy and th : of light be inclined at an ang :
. . . : Y'Yl . fﬁtﬂﬁﬂd Plﬂn.ﬂn uft-hE hﬂﬂm : A aint
s for comjor! tion s given by eQUEET L ?[l'h:sightl :;:tam:: available will be minimum when the vehicle is at the lowest point on

(1) The length of (ransition curve

: . e
' -d 1o be of parabolic shape, with equation y
3 ﬂ!F sag curve. If the valley curve 15 assumed 10 para
[, — g e, 1
) CR L t >
= ™
Value of R (al length Ly) = LJ/N ~
4 ,  Nv’
= _L- « N Or ]_,‘ = _.E-
L ClL,

o
"
eyl |
n\%
LI
o R
e |
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It the average height of the head light is taken as h,
& = 1%, by substituting these in the above equation,

where, L = total length of valley curve, m (L > S)
S = SSD,m

N = deviation angle = (n, + n.). with slopes — n, and + n,

(i) L <8SD
Refer Fig. 4.40.

HIGHWAY GEOMETRIC DESIGN iy |
2 DESIGN OF VERTIC o=
N§* VERTICAL ALIGNMNET '
(2hy +2Stan o)

Lu-

¢xumple 4.22

A vertical summit curve is formed at the intersection of two gradients, + 3.0 and - 5.0

p-.*l"-!'-‘“'- [Jesign the length of summit curve 1o provide a stopping sight distance Tor a

*0.75 m and the beam st
Wgle esipn speed of 80 kmph. Assume other data

NS solution

L = -y
(1.3+0.0355) (438)

v!
2541
As there is ascending gradient on one side of the summit and descending gradiem on

the other side, the effect of gradients on the SSD is assumed to get compensated and
hence ignored in the calculations.

(i) S8D = 0278Vi+

Assuming t = 2.5 sec and f=0.35 for V = 80 kmph,

Let the vehicle be at the start of the valle curve - : .
point TP, for minimum sight distance. Therefore, 3 i i L SSD = 0278 x80x2.5+ ﬁfm
e .
» = 55.6+72.0=127.6,say 128 m
(i) Deviation angle N = 0.03 -(-0.05)=0.08 |

Fig. 4.40 Head Light Sight Distance when L <S

hy+Stana = ( '——]H

The lowest point

facility. The lowest point on

the grades, if the gradients on f:i
lowest point lies on the side

Assuming L = S5D (Eq. 4.50),

NS? _ 0.08x]28°
4.4 44

= 297.9m(> 128 m)

L=

L Therefore length of summit curve =298 m

This value is higher than the minimum specified length of 50 m at 80 kmph speed as
per Table 4 14.

2
(2 h; +2Stan a)

L = 285-
N Example 4.23
: 1 i in. ' | in 120. A summit
ituting hy =0.7S mand = 1°, when L <35 An ascending gradient of 1 in 100 meets a descending gradient of | in I2C
Substituting h, | curve is to be designed for a speed of 80 kmph so as to have an overt g sign e

N Solution

on the valley curve is to oe located for providing the cross drainagt 3 . 1 L L

the valley curve will be on the bisector of the angle between - | 100 120

ther side are equal. When the gradi_nnts'm not Eq;l:lﬂlr ne I .
of flatter grade, and this point is at a distance . el L [‘1_16) -
This is obtained by = 100
: IfL>0sp

Xo =L ...fn!."'.'ZN from the tangent point of the first grade n;.
assuming the valley curve to be a cubic parabola given by the equation;

_ 2N i practically coincides with the spiral transition

i

312

angles of valley curves;
horizontal distance x and

The minimum length of valley curve, may also be obtained from Table 4.14.

y= bx’, Whﬂ';':‘: "
- From Eq. 4.33 length of summit curve,

:-H-E

-.'I
- L]

curve for small de

the vertical distance y is differentiated with respect 1o _ o6 600x96

i west point on the curve.
equated to zero to obtain the lowest po As this value is less than OSD of 470

iy e B UL Pty et e § | L
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e
. -I_-I'_l_ - 4

T

-
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e o1

i B |
d-.--l.h,-q.jﬁh"'_l‘....
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IfL>0S8D
From equation 4.34 length of summit curve,

L= 28S-—
N

0.6x 600

= 2%470- =416 4m,say417m

This value is less than 440 m.
Therefore, the length of summit curve =417 m.

Example 4.24

A vertical summit curve is to be designed when two grades, + 1/50 and — 1/80 meet un’ :-
a highway. The stopping sight distance and overtaking sight distance required are 180
and 640 m respectively. But due to site conditions the length of vertical curve has to be =
restricted to a maximum value of 500 m if possible. Calculate the length of summit curve
needed to fulfil the requirements of (a) Stopping sight distance (b) Overtaking sigh't'-rf_

distance or atleast Intermediate sight distance and discuss the results. i

Solution " i

|
1 ( 1 ) 13 |
4 e | —— ] = —
50 80 400

(a) Requirements of stopping sight distance

N =

SSD = 180m
Assume L > SSD
2
L = E.S_ = M = 239_3 m
4.4 400x4.4

..I"- :l- _-

As this length is greater than SSD the assumption is correct.

The length of summit curve required is 240 m which i
maximum limit of 500 m.

(b) Requirement of overtaking sight distance

s less than the prescribed =
v 1 '_ :

OSD = 400m
Assume L > OSD 2 : |
- L NS* _ 13x640° _ 1187 m &
9.6 400x9.6 . einl
ined is hi ight distance, 1enEHE
As the length of summit curve obtained is higher than the sight dist R

required is 1387 m. . | i L
in problem if the length of the summit curve 15 restricted to a

than 500 m, it is not possible to provide the required 0.S.D. of 640 m. )
[ ,:l.'; .

4. - i i
Therefore, to provide limited opportunities for overtaking, 'Intm'l:‘m;:i?b‘lje.gh g
(ISD) equal to rwice the SSD of 180 x 2 = 360 m may be provided If P L

i

As suggested

&

t Distan® =

2 ko sl e kY T T Pt b et
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e st .4 13 360°
96  400x9.6

As this value is greater than the SD of 360 m, the assumption is correct. It is possible

(0 provide the ISD of 439 m to allow limited overtaking operations and the length of
cymmit curve in this case is less than the maximum available length of 500 m.

=439 m

gxample 4.25

A valley curve is formed by a descending grade of 1 in 25 meeting an ascending grade
of 1 in 30. Design the length of valley curve to fulfil both comfort condition and head

light sight distance requirements for a design speed of 80 kmph. Assume allowable rate
of change of centrifugal acceleration C=0.6 m/sec’.

Solution
H = - _1- - L B _I_l_
25 30 |50
V = 80 kmph, v=_380/3.6=22.2 m/sec
(i) Comfort Condition
From Eq. 4.34,
| l
3 12 1T
L = 2 RV =2 M s i
C 150 0.6

(ii) Head Light Sight Distance Condition

Neglecting the ascending and descending gradients at the valley curve usir:g Eq. 4.1
and assuming t = 2.5 secs. and f=0.35, SSD=vit+v2gf=222x25+ (222 x98 x

0.35)=127.3 m

If L > SSD, using Eq. 4.38
2
1 NS? _ 11x127.3 - 199.5m
(1.5+0.0358) 150(1.5+0.035x127.3)

: b v ion is correct. The valley
As this value is higher than the 55D of 127.3 m, the assumption IS O
curve length based on head light sight distance being higher than that based on comfort

condition, the design length of valley curve is 199.5 or say, 200 m.

REFEREHEEE

| Matson, T.M, Smith, W.S., Hurd, H.W. Traffic Engineering, McGraw Hill Book

Co. Inc., New York.
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3 Explain camber. What are the objects of camber ? Discuss the fact

154 HIGHWAY GEOMETRIC DESIGN - 1
R PROBLEMS ‘i
3 Specification and Standard Committee, Widths of Highway Pavements, juue ﬂ | iason 155 i
Indian Roads Congress, Vol. XI-1 and 4. 1946-47. oumal s § Writc snoft 10}3 OR.: i R
- . ‘,11 | fﬁ{: 5C tors il ":5:"' .
4 Specifications and Standard Committee, Policy Concerning Mayim. (a) Tra para ‘
Dimensions, Weights and Speeds of Motor Vehicles in India, Journal, Indian fm.lm"i; (b) Kerbs :'
Congress, Vol. X111-2 and 4, 1949. ’E‘i (c) Roads margins
5 Specifications and Standard Committee, “*Dimension and Weights of Road D“’ﬂﬂnlr (d) Pavement unevenness | Eq f
Vehicle™, Journal Indian Roads Congress, Vol. XVII-2, 1953-54. | f"if (¢) Shoulders :;’Ié‘i
6 Geometric of Roads, Indian Roads Congress, 1966 (Reprint from Transm ¥ ) Width of formation (o foad way) 5 )
Communication Monthly Review, May 1966). R ) : .
] [g} ngh[ ﬂfwa}". !;
7 Specifications and Standards Committee, “Standards for Sight Distances fiy ; : : gi-s
- =% - 1 Draw the typical cross sections of the following roads indicat: - |
Highways"”, Journal Indian Roads Congress Vol. XN-1 and 4, 1950-51. o ~avement, roadway and land i indicating the width of | |i ;
8§ AASHO. A policy on Geometric Design of Rural Highway, American Association : e
of State Highway Officials; Washington. g~ | (a) M.D.R. in embankment
. v D.R.1 tt) gL
O Specifications and Standards Committee. Horizontal and Transition Curves for (b) O D R ?u o ‘ E
Highways Journal, Indian Roads Congress, Vol. XI-3 and 4, 1946-47. (c) National highway in embankment in rural area |68
10 Design Tables for Horizontal Curves for Highways, Indian Roads Congress, = (d) National highway in cutting
IRC 38-1970, Now 1970. . 4 (¢) A city road
11 Ives, HC.. Highway Curves, John Wiley and Sons, Inc., New York. . (f) A divided highway in urban area :
12 Specifications and Standards Committee, Vertical Cures for highways Journal 8 Explain sight distance and factors causing restrictions to sight distance. Explain
Indian Roads Congress, Vol. XVI1-1 and 4, 1951-32. the significance of stopping, intermediate and overtaking sight distances. HE
13 Indian Roads Congress, Recommended Practice for Sight Distance on Rural 9 What are the factors on which the stopping sight distance depends ? Explain ,
Highways, IRC : 66-1976. briefly ?
|4 Indian Rouads Congress, Recommendations about the Alignment, Survey and 10 Explain total reaction time of driver and the factors on which it depends. Explain ﬁ-E
Geometric Design of Hill Roads, IRC : 52-1981. “PIEV™ theory. t;
|5 Indian Roads Congress, “Geometric Design Standards for Rural (Non Urban) 3 Il Derive an expression for finding the stopping sight distance at level and at grades. 3‘}
Highways”, IRC : 73-1980 . W 3 12 Calculate the stopping sight distance for a design speed of 100 kmph. Take the 'Ia:
16 Institute of Traffic Engineers, “Transportation and Traffic Engineenng Hand . total reaction time 2.5 second and the coefficient of friction = 0.32. jr
Book™, Prentice Hall. s 5 13 Find the stopping sight distance for a design speed of 65 kmph. Assume suitable L% a
17 Indian Roads Congress, “Geometric Design Standards for Urban Roads in Plains™, .'g.:'-. data. What are sight distance requirements at a gradient of 1 in 40. N | d;l
IRC : 86-1985. 2 (Hint for Solution : Assume total reaction time as 2 5 second and dmﬁmnﬂ ,E; :_':_'
= of friction as 0.36: find the stopping sight distances for level, ascending
PROBLEMS g descending grades). ey 4
A : SS— 14 State factors on which the overtaking sight distance depends. Explain brict: 1 i
| What are the objects of highway geometric design.?, List:the.variols & P 15 Deri * . the overtaking sight distance on a highway. 3‘{'
elements to be considered In highway design. g g . rive an expression for calculating ria R e 2 }E
g . 1 o . - 7 What 15 ' (e e
> Explain the role of pavement surface characteristics in highway. 8970y . Dy e Fane sigas o b nsaled sd thei posins 8
State the factors affecting friction between pavements and tyres of vehi | I neat sketch an AP canph respectivedy ﬁ :
ors on which 1€ =5 ! The speeds of overtaking and overtaken ‘ﬂtic:l.i kmph per second. calculate the g

amount of camber to be provided depends. Specify the recommen

b o B -
fangﬁ 4 c
] e r. "
F [P o -
lhﬂ ™
gl = b

If the acceleration of the overtaking vehicle

e
I Ry T
L =

specifications for width of carriage way for various classes of roads.

S safe passing sight distance for
camber for different types of pavement surfaces. 1§ (a) one g
| fFects of providing steep €rosS 55 S TWEY. St i
4 Discuss the effects of shape of camber and the effects ol p e IRCEE (5} tWoriny it 2
5 Enumerate the factors governing the width of carriage way. Statt_ el ;' _

L
= =y f.ﬁ g

& i
=,
£
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18 In problem 17, what should be the length of overtaking zone, Show the ani; £
signs by means ol o sketch. Ib" ,_:';

Em -

19 Find the safe overtaking sight distance for a highway having a de
100 kmph. Assume all data suitably,

[Hint for Solution © Assume speed of overtaken vehicle = (100 = 16) kmph; AR
anccelerntion of overtaking vehicle = 1.6 kmph/sec, as given in Table 4.6],

20 Discuss the factors to be considered in deciding the sight distance at inlurﬁucliﬁh;,:'-"
21 (a) Enumerate the design elements to be considered at the horizontal nligllmnnt;_' T

(b) What are the cffects of speed on horizontal alignment design 7 Whﬁlg
design speeds for different classes of roads specified by the IRC ? i

e
22 (a) Explain superelevation.  What are the factors on which the design off
superelevation depends 7 i

(b) Explain maximum and minimum superelevations. A

24 Enumerate the steps for practical design of superelevation ? B

25 Design the superelevation required at a horizontal curve of radius 300 m for sptﬂ 3
of 60 kmph. Assume suitable data. e
X

26 Calculate the maximum allowable speed on a horizontal curve of radius 350 m if

the maximum allowable values of lateral coefficient of friction is 0.15 and rate of ]i
superelevation is 0.07.

27 A radius of 250 m has to be provided at a locality due to site restrictions in a 3
National Highway with design speed 100 kmph. Design the superelevation, Should
there be restriction in speed 7

:
r n
"

28 Explain with the aid of neat sketches the methods of eliminating camber an'_'-:

introduction of superelevation. B

29 What is the basis of calculating absolute minimum radius of horizontal curve ? A
What do vou understand by ruling minimum radius of curve 7 o el

30 Calculate the absolute minimum and ruling minimum radius of horizontal curve

-

for a design speed of 80 kmph. 22

]

31 State the objects of widening pavement on horizontal curves 7 What are the factors
on which the design of widening depends ? Explain. fl ‘-.:

32 Derive an expression for finding the extra widening required on horizontal curve.

e =3
e
1!

iiaple
33 (a) Why should the psychological widening be added to the mechanical widemr:l‘jg_}'{ 5

(b) How is the widening of pavements introduced in the field ? : " 5 ~I.-
(¢c) What is off-tracking ? Explain with sketches. '+ 3] _::__!-f |
(d) Determine the off-tracking of a vehicle with wheel base 7.0 M whl

negotiating a horizontal curve of radius 100 m. e -

radius 700 mie

LY R

34 Calculating the extra width of pavement required on a horizontal curve of =Gm.

on a two lane highway, the design speed being 80 kmph. Assume wheel base

L
mm
I-.1

o

15

30

40

4l

6

47

48

49

30

kmph. Sugges! suitable method of provid

PROBLEMS

iInous terrain, 4 circy |
[ i MOUNEAINOUS | reular curve of r
cransiton of 20 m on both ends, Caley adivs 50 m and length 40 m has

ate extra widening if the design speed 15 30
Ing the widening on a two lane pavement,

what are the objects of providing transition curves on the horizntal alipgnment

highways ? Explain.

List the various types of transition curves used in highways, What is an ideal
(ransition curve 7 Explain.

Discuss the factors 1o be considered while designing the length of transition curve.

Derive an expression for finding length of transition curve on horizontal alignment
of highways.

The radius of a horizontal curve is 400 m, the total pavement width at curve is

7.6 m and the supetrelevation is 0.07. Design the transition curve length for a speed
of 100 kmph, Assume pavement (o be rotated about the inner edge.

Calculate the length of transition curve for a design speed of 80 kmph at horizontal

curve of radius 300 m in a rural area. Assume suitable data.
(Hint for Solution : Solve the problem as in Example 4.16).

(a) Explain curve resistance and compensation in gradient on horizontal curves.

(b) There is a horizontal curve of radius 60 m on a stretch of hill road with a

gradient of 5.0%. Determine the grade compensation.

Explain with sketches how sight distance is restricted on horizontal curves and

how the desired sight distance could be obtained.

! : : : l . Find the required set
The stopping sight distance required for a highway is 80 m |
back dir?tl:nce from centre line of a circular curve of radius 300 m assuming the

length of the curve is greater than the sight distance.

ing-si | ired on a highway is 250 m. Find the required
The overtaking sight distance requi e ut‘a%:ti}r:ular i 450w and

clearance of obstruction from t:er_:ntrf: of a ¢l
length 180 m. Assume two lane highway with d = 1.9 m.

A national highway passing through a
equal to the ruling minimum radius.

absolute minimum sight distance, Supertl
transition curve. Assume necessary dala suitably.

Enumerate the various design factors coniro
highwﬂys. |
oy R o

(a) Explain ruling, maximum and ‘;;'*fﬁtm“ﬂ gradien
* C for plains and hill. |
recommended by IR p L g,

(b) State the various considerations in deciding

. g at shou
The ruling gradient of a hill road is | In 20. Wh

gradient and compensated grad
allowing for curve resistance ?

. Explain summit and valley curves and
while two different gradients meel.

horizontal cury

{he various

flat terrain has a horizontal curve of radius
If the design speed is 100 kmph, calculate
levation, extra widening and length of

lling the vertical alignment of

Specify the values

|d be the compensation in
e of radius 80 m after

o5 when .ﬂ';cﬁﬂ are formed

wﬁmﬁlﬂmﬁﬁm-ﬂmm& :
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