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PART-A

< SHORT QUESTIONS WITH SOLUTIONS

gt. Whatare the characteristics of pavement surface?

ﬂ’ml_ L Woctal Pager M
The important characteristics of a pavement surfaces are as follows

;. Fnction uncvenness ‘ ‘

s Light reflecting and

1, Drainage of surface water,

02. What are the various fa

Amswer : '
The fo

ctors which effects unevenness of pavement surface?

. Modat Paper (. 300
llowing are the factors which effects the unevenness on pavement surfaces,

I Incomplete compaction of fill, subgrade and pavement layers
2. Operations of unsuitable construction equipments

3. Weak preservation practice

4 Inappropriate surface and subsurface drainage

< Function of inferior pavement material

6. Localized failure due to combination of causes

X

Without the scientific method, the construction is carried out b
soling layer over loose subgrade soil.

Q3. Whatis skid resistance?
Answer :

y involving the operations of boulder stones and bexc)

Model Paper-ill, Qtic)
Skid resistance is a measure of the friction between the pavement surface and the vehicle tyre on wet paver
¥

purpose of safety, the friction coefficient or the skid resistance offered by the pavement surface is significant under di ferent surface
and driving conditions. Therefore, for achieving adequate or improved highway safety, designers and maintenance engineers
must ensure that the pavements maintain adequate skid resistance.

Q4. What are the factors on which the skid resistance depends?
Answer :

ments. For the

Model Paper-it, Qt(c)
The factors on which the skid resistance depends are, .

Type of pavement surface such as cement concrete bituminous, WBM, surface of earth etc

Macro-texture of the pavement surface o

Different conditions of pavement such as wet or dry, rough or smooth, oil spilled, mud or dry sand on the pavement
Tyre's condition and its type

Vehicles speed

Extent of brake application

Pressure and load of tyre

Skid type

Tyre and pavements temperature "

1, Type of apgrepate used and the mix design of pavement surface.
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Q5. Whatis aideal transition curve?

" Answer : ‘ - | Model Papar., Qg

A curve is said to be an ideal transition curve, if it satisfies the following requirements,

1. Consistent rate of change of centrifugal acceleration

2. Length should be inversely proportional to radius.
Q6. What are the sight distances that are considered by IRC in highway design?
Answer : .

The'following are the sight distance that are to be considered by IRC (Indian R

—

Model Paper., g 3
oad Congress) in highway design_

1.” Intermediate sight distance
2. Head light sight distance,
1. Intermediate Sight Distance

Intermediate sight distance is equal to two times the stopping sight distance and it is adopted to provide limited Overtaking
chance to fast vehicles.

2. Head Light Sight Distance

Head light sight distance is the distance observable bj' the driver during the night driving under the lighting of the vehic|
head light. Head light sight distance is critical at up-gradients and ascending stretch of the valley curves.

Q7. List the various assumptions in the analysis of safe Overtaking Sight Distance.

Answer : - \ ' ~ ’ : et May-17, (R13), Q1(¢)
For the analysis of safe overiaking sight distance on highways the following assumptions are considered:

. The speed of overtaken vehicle (¥,) should be less than design speed of the road (¥) i.e,, ¥, =¥V —16. \
When the overtaking vehicle reduces its speed, it observes the other overtaking vehicle entering into overtaking section,
Before overtaking, the vehicle should follow the forward vehicle until it understands the clear roadway for overtaking.

By increasing the speed to design speed, overtaking must be done and then vehicle must retumns fastly to its own lane.

—

b B Sl R R

While the overtaking vehicle returning to it own lane. It will be alongside of the vehicle coming in the opposite direction,
Q8. Explain super elevation. What are the factors on which the design of super elevation depends?

Answer :
For counteracting the centrifugal force and reducing the tendency of the vehicle to overturn or skid, the pavement’s outer

_edge is raised with reference to the inner edge, which provides a transverse slope throughout the length of the horizontal curve.

The transverse inclination to the pavement surface is known as super-elevation or cant or banking.
Super elevation (e) is expressed as the ratio of height of outer edge with reference to horizontal width.
The design of super elevation depends on the following factors,
1. Vehicle’s speed on the curves
2. Radius of horizontal curve -

3. Lateral frictional resistance between vehicle tyres and road surface.

QQ. " Calculate the absolute minimum and ruling minimum radius of horizontal curve for a design speed of
80 kmph. '

Answer :
Given that,
Design specd,' V= 80 kmph

Absolute minimum radius% R, = %
o™ —;;% = 3019 metres
Look for the SIA GROUP LoGO @ on the TITLE COVER beforé you buy
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ne

édtans
_ Ruling minimum radius, R

o H16)2
rullng 27'.5 -

- (’“)'H(n)2
215

962

21.5

v
/

= 335.13 metres,

c,|culate the extra width required for a two lane highway having a horizontal curve of radius 200m
av the deslign speed Is 80 Kmph.

Mayp AT, (R13). GE)
pswer ! '

Radius of horizontal curve, R = 260 m
Design speed, ¥V = 80 kmph
Number of lanes, n =2"
Let, length of pavement width, / =7 m (since given two lane)
Extra widening required on a horizontal curve given by,
W, =W, +W,
o My oV
- 2R 95/R
_ 27 80
2x200  9.54200
=0.245 + 0.595

=0.840 m

e

Q11. What are the transition curves? Explain the functions.

. Answer : ‘ April-13, (R15), Q1(d)
" For answer refer Unit-11, Q38 and Q40.
x .
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2.4 -  TRANSPORTATION ENGINEERING [UNTU-HYDERAgp,
Mgelit 'PART-B
© ESSAY QUESTIONS WITH SOLUTIONS

2, 1 IMPORTANCE OF GEOMETRIC DESIGN - DESIGN CONTROLS AND CRITERIA

Q12. Explain the importance of geometric design. List out the varlous geometric elements to be considerey
in high way design.

OR
What are the design i |ssues in highway geometrlcs?
. Answer g i} j
Importance of Geometric Design

(i) The geometric design of highway deals with the amlngemcnt of dimensions and layouts of highway elements like ahgnmem,
sight and intersections. ;

(i)  The geometric desxgn of highway provide maximum efficiency in traffic operations along with greatest safety at suitaple
cost.

(iii)  The designer of highway improve the existing highwéy {o overcome the necessity of existing traffic and prevent them_

(iv)  Itis important to plan and design the geometric features of the road during the starting stage of alignment by considering
the future growth of traffic and possibility of road extension to provide a standard speed at a later stage.

(v)  The geometric design of highway is able to design and built the pavement of road in stages.

The various géometric elements considered in design of highway are as follows,

M‘7'16- (R1 3], Q1(C]

(a) Elements of cross section of road
'(b) - Details of horizontal alignment

(c) Intersection elements 4

(d) Examining the sight distance

(e) Details of vertical alignment.

Q13. Explain the factors which control the geometric elements.
: : sar e ol o s SADRN Model Paper-l, Q4(a)
OR | |

" Howdo you frame design controls in geometrics of highway explain from each feature with specification?
' : May-16, (R13), Q1(d)

Answer :
The factors which controls the geometric elements are as follows,

1. Design speed
Design hourly volume and capacity
Topography

~ Traffic factors

S o S

Environmental factors.

1. Design Speed

Design speed is used to control the geométric design elements of highway. Depending upon the type of road the speed is
designed, i.e., the speed varies when the class of road is of national highways, major district roads and village roads. This

design speed is further improved based on terram and topographical conditions,

2, Design Hourly Volume and Capacity

Traffic volume changes with change in time. During off peak hour the volume of traffic is minimum when compare to
peak hour traffic. The design of roadway resources are proven to be uneconomical for maximum hourly traffic flow (Peak
Traffic Volume). Therefore, before designing the road a suitable value of traffic flow is considered which is known as
design hourly volume. The value of design hourly volume is adopted from traffic volume studies as per art 5.2.3.

—
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UN Topogrgphy
g condition of \9Pogaphy efcts the geometric design of high\h Depending upon the topographical condC
et of 10% rl(:a ]s estal')hs}.l vanous design standards. For 8 National/state highway on plain terrain with geners
" s_lo;;eo 0 25% Sh o d{)n aintain a design speed of around 100 kmph and on rolling (errain with general €TosS oo,
;wc; speed of 050 a;;‘;h ‘i:stl:i dets'gnlspeed of 80 kmph, whercas 0n mountain terrain with a crOS-‘:‘ Sll‘:l’c "I f‘i r[i;ontnT

es! opted. In hi g i i ients and sharpe

2urVes due to problem in construction . Hly terrain it is essential t0 provide stecper gradients

‘ “.,mc Factors

' » . l . -
. different vehicles used on road and human characteristic of road users are the traffic factors which effects the geom etn;
have variable speed an

des °f roac}. The (;Iﬂ'el:ent Vehi(‘:les like passenger cars, buses, trucks and motor cycles €t¢, To
scceleration along with different dimensions (size) and weight which makes the design of road complex Pr?bl?m- i
overcome this problem a standard vehicle is consider whose weight and size are taken into account while designing the

road.

The Ph}'sical, mental and psychological characteristics of driver and pedestrians are the human factor
design of road and traffic behaviours. |

s which affects the

Environmental Factors
| conditions effects

aesthetics and other loca
d controlled access

The environmeatal factors like landscaping, air pollution, noise pollution,
de of intersections an

the geomgtric des.i gn of road.‘ These can be controlled by providing separate gra
in the design of high speed highways and expressways.

2,2 HIGHWAY CROSS-SECTION ELEMENTS - SIGHT DISTANCE ELEMENTS - STOPPING
SIGHT DISTANCE

SIGHT DISTANCE, OVERTAKING SIGHT DISTANCE AND INTERMEDIATE

4, Whatis camber and what is its need on pavement? What are factors on which ¢
IRC recommendations. )

a amberis chosen? Give

Answer :
Camber

Camber is defined as the rise given to the centre of
cross fall or cross slope of the road. I

carriage way (crown) with reference to its edges. It is also called as

Crown

_ Camber
//‘ Road edge
 Figure :

Itis usually provided on the straight roads by raising the center of the carriage way with respect to the edges, which forms
acrown (highest point on the centre line). During the provision of expected super elevation by raising the outer edge of pavement
with reference to the inner edge, the drainage surface gets affected very badly. Camber is expressed as percentage.

Need of Camber on Pavement
f surface water into the subgrade soil through the pavements. When the water enters in the

I. It prevents the penetration 0
nt’s life gets adversely affected.

subgrade and if the soil gets soaked, then the paveme

2. Standing water on the pavemerits Jeads to skidding as it causes slippery. These conditions causes lack of skid resistance
and the vehicles cannot operate at high speed. Therefore, for increasing the skid resistance, camber is provided.

3. The traffic is divided in two directions.

4. The penetration of water into the bituminous pavement layers is prevented.

5. Itisalso provided for improving the appearance of roads.

The amount of camber to be provided depends on the following factors,
(a) Type of pavement.

_ (b) Intensity of rainfall of locality.
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as cement concrete or bituminous concrete, a flat camber of 1.7 2.0% is
the previous surface such as bound macadam or earth road. -

2.6
(a)  Type of Pavement
On the impervious pavement surface such
sufficient. Steeper cross slope is provided on
(b)  Intensity of Rainfall of Locality ' :

In the areas where heavy rainfall occur, steeper camber is provided. The recommended values of camber for differep,

types of road surfaces are tabulated below,
S.No. Type of Road Surface

Range of Cambeﬁn‘xr—eas of Rainfall Range
Heavy to Light

1. | Earth - ' ' 1in 25 (4.0%) to 1.in 33 (3.0%)

2. | Water bound macadam and grav;l | 1in33 (3.0%) to 1 in 40 (2-5%)

3. | Thin bituminous surface ' 1in 40 (2.5%) to 1 in 50 (2.0%) -

4 Cement concrete and high bituminoﬁs surface | 1in 50 (2.0%) to 1 in 60 (1.7%)

Q15. Explain PIEV Theory and the total reaction time of driver.
Answer : ' '
PIEV Theory

—

May-17, (R13), Q4

The total reaction time of the driver is explained clear]y with the help of PIEV thCOTY- In this theory, the total reactiop,

time of driver is divided into four categories. They are,

(i)
(ii)
(iii)
(iv)’
U]

(i)

(iii)

(iv)

Perception time
Intellection time.
Emotion time.
Volition time.
Perception Time

The time required by the eyes or ears of driver to transmit the situation to the brain throug
cord is termed as ‘Perception time’. ‘

h nervous system and spinal

Intellection Time
The time required by the driver to figure out the situation and analyses the di
is called ‘Intellection time’.

fferent thought, and register new sensations

Emotion Time . .
The time taken by the driver in emotional situations and other mental disturbances like fear, anger or superstitions etc is
called ‘Emotion time". It varies from driver to driver based on situation or problem faced.

Volition Time

The time taken by the driver for the application of brake is called *Volition time’. 0

The PIEV theory in detail is shown in the following figure.
Brain

I-E

Stimulus Response

P

Reflex action

P — Perception
I -Intellection
E — Emotion

V - Volition.
. - __/

Look for the SIA GROUP LOGO )3 on the TITLE COVER before you buy

J

"

Scanned with CamScanner



2 Highway Geometric Design ( 2.7

UN Jction Time of Driver
¢

o fhe time taken by the driver from the instant e views the object 1o the instant he effectively apphes brakes is called

e iver’. This time eap dene , , ; . o 15
on fime of derLr‘ ”'IIH time gap depends on various factors like design speed of the road, etc, The total reaction tim
'KL’"G into (WO calegories i.e,

i 0 perception time

(i) Brake reaction time

I,ﬂ-ccpllon Time

The time taken by the driver from the instant object is visible to driver to the nstant he realises that brakes must be ap-

) - “" . . . . 3 s
lied is termed as “perception time™. It varies from driver to driver and depends on various other factons i st o€
object speed of the vehicle and environment

prake Reaction Time

al conditions.

il e, v ¥ , , A WAL TR
( This time 18 2 part of total reaction time which depends an factors such as skill of the driver, different profiems imvo -

and other environmental conditions.

m}e the sight distance situations thatare considered in the design? What are the conditions which
are to be satisfied by the standards of sight distance?
nswer * - x
The sight distance situations that are considered in the geometric design are as follows,
|.  Stopping or absolute minimum sight distance.
9. Overtaking sight distance.
3. Safe sight distance entering into the intersection.
Following are the couditions which are to be satisfied by the standards of sight distance.

() Inthe case of any obstruction on the road ahead, driver travelling at a design speed should maintain a sufficient sight
distance to avoid collision.

(b) Without creating obstruction or hazard to the traffic coming from the opposite direction, the driver should safely overtake
the slower vehicles.

()  When the driver enters the unsignalised intersection, he should maintain a sufficient visibility for controlling the vehicle
in order to avoid collision with the other vehicles.

Qi7. What is stopping sight distance? What is the need to have SSD and factors on which it is based?
Answer : Model Paper-i, Q4(b)

Stopping Sight Distance

It is defined as the minimum distance required to stop a vehicle safely without its collision with other vehicles or
obstructions. Generally, the absolute minimum sight distance is referred as the stopping sight distance. Mathematically, the
stopping sight distance of a vehicle moving over a road is the sum of “‘lag distance” and “breaking distance”. “Lag distance™ is
the distance covered by the vehicle during the total reaction time. “Breaking distance” is the distance through which a vehicle
moves in forward direction after applying the brakes. The lag distance depends upon thg ability and reaction time of driver and is
given by PIEV (Perception, Intellection, Emotion and Violation)' theory. The braking distance, on the other hand, depends upon
the friction characteristics between the road surface and the vehicle. -

Need of SSD

The main requirement of providing the stopping sight distance is to prevent the colli.s'{on between different vehicles or a
vehicle with an obstruction. Such collision may lead to serious accidents and may cause serious injuries to passengers besides
damaging the vehicle. The stopping sight distance is also important to easily locate the obstructions (like speed breakers) and

fnce reduce the speed of the vehicle sufficiently resulting in low impact.

Factors on which the SSD Depends

The stopping sight distance depends upon,
Features of the Road Ahead

(2)  Horizontal alignment

L,

(b)  Vertical alignment
(€)  Traffic conditions
() Location of obstruction.

‘ : -
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2, Heigilt of the Drivers Eye
This again is selected on the basis of,
(a) Straight road
(b)  Vertical summit.

3. Height of the object measured from the surface of the
road.

4. The Distance of Stopping of the Vehicle After Reallsing
the Obstruction

THis depends upon,

(3)  Total reaction time of driver
(b)  Vehicle speed

(¢) Efficiency of brakes

(d) Frictional foree developed between the tyre of
vehicle and the road surface

(¢)  Gradient (either upward or downward) of the road.

Q18. Derive an expression for computing SSD on a
level road.

Answer :
Expression for Computing SSD on a Level Road
Lag Distance

~ During the reaction time, the vehicle is assumed to
move with normal speed. If the total reaction time of driver is
*t” seconds and design speed is ‘v’ m/sec then the lag distance
will be the product of design speed and the total reaction time

. Lag distance = v.r metres.
Braking Distance

The type and condition of tyres and pavement surface
are the factors on which the coefficient of friction ‘f° depends.
With increase in speed, the value of ‘f decreases.

It the road is level, then the braking distance can be
achieved by equating the kinetic energy and the workdone in
vehicle stopping.

If the maximum frictional force developed is */” and ‘d”
is the braking distance, then the workdone is,

Frxd =uWd
At the design speed, the kinetic energy will be,

wv?
2 2g
W2
2g

V2

20

Where,
v — Speed of vehicle in m/sec
d - Braking distance, m
1t~ Design coefficient of friction
9.8 m/sec’,
Therefore, the stopping distance i,

SD= Lag distance + Braking distance

p
¥
ie., SD= [I‘YJ + T

g ey

If the speed is taken as v kmph, then the 10Dping

distance,

dia f;'

SD=10278%vxr+ 2
25-lp

Hence, for stopping distance at level road. equations (]
and (2) are the general equations.

Q19. What is overtaking sight distanca?m
about the overtaking zones.

Answer : Model Pagar.il, gs(y)
Over Taking Sight Distance

The least distance accessible to the vision of the driver
of a vehicle. Planning to overtake slow moving vehicle along
with safety against the traffic of opposite direction is known
as over taking sight distance. When all the vehicles travelling
on a road maintain the same design speed then the purpose of
overtaking is avoided (not required).

Under mixed traffic condition the fast moving vehicle
overtake the slow moving vehicles, this process is not applicable
through out the length of the road therefore overtaking of slow
vehicles with sufficient safety should be adopted at frequent
distance intervals. The distance for overtaking sight should be
measured along the centre of the road and vision of the driver,

it must be equal to 1.2 m from drivers eye to the road surface.
eYE LEVEL

"‘ Y‘— OVERTAXING SIENT T
QISTANCE ‘7
r" | vERTICAL /

AT Cuat T

Figure: Showing the Overtaking Sight Distance
Overtaking Zones

Certain zones must be provided along the length of
the road for overtaking the vehicles infront of the considert'ti
vehicle. These zones are known as “Overtaking zones -
Sign posts should also be positioned at the starting point of
the overtaking zones for their indication. The distance to b
provided for different overtaking zones is as follows,

(@) 3(d, +d)- for one way roads

(b)  3(d, +d, +d) - for two way roads.
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N

Vs preferable to PTovide the lengqn ofovergm
(1o 3 times the overtaking gigp Ning zone
o

istance,
5 W where,
. ; - Distance covered by OVertaking y, *hi
! ' ime (1) sec. = Yehicle dygyy,,
Y time ng the
\ _
\ d,- Distance covered by Overtaking vepig
q . . O -
A\ actual overtaking operation ¢ during g1,
\"

i

l

\Pcrmdw_ ‘1" seconds (reaction time)

R - NTS
’ NEERING STUDE
“TRan ALL-IN-ONE JOURNAL FOR ENGI ‘

d,- JDistance covered by the vehicle Comipy
the opposite direction during ng from,

operations, e 0"“i‘ﬂking
state factors on whijcp the overt
't Qv distance depends, Explain brleny aking sight

circumstances the neeq to
“Overtaking prohibiteq" is requireq.

An,wcr :
The factors’on which the overt

aking sighy gj
S Sig Stance
\qds are as follows,
J‘.ﬁndb

| Speed of overtaking vehicle, overtaken vehicle apg the
~ yehicle reaching from the

Opposite side

y  Reaction time of the person driving the vehicle and his
skills

;. Clear distance between the Overtaking and overtaken
vehicle

i Presence of gradient (cither upwards of dow

nwards) on
the road

5. Therate with which the overt

Need of Sign Board

aking vehicles accelerate,

In the construction of highways, the length of road
visible to the driver should be safe cnough to overtake a vehicle
asily. However, some situations may notallow the overtaking
ofvehicles on the road. Under such circumstances, where the
overtaking of vehicles is not safe, sign boards with “overtaking
prohibited” written on them should be located before the zone
starts,

—

@1. Derive an expression for cal'culating the
Overtaking sight distance on a highway.

Answer .

Derivation of Expression for Calculating the Overtaking
Sight Distance

Consider a vehicle A passing over a ‘“’O‘l‘me. two way
d as shown in the figure. Vehicle B is the vehicle to _bc
ertaken and vehicle CLis the vehicle coming from o‘pposne
Tection op other lane. The total overtaking distance ‘d” may -
fasumed (o pe equal to the sum of distances d,, d,, d,.

IA‘C., d- ‘ll + (/1 + (/1
“'ht'h"

. iicle in time
_ , overtaking vehicle in
d - Distance travelled by overtaking

d,~ Distance travelled by overtaking vehicle in the
period of ‘7" g

¢conds (actual time of overtaking)
d, —~

1= Distance travel)eq by vehicle on opposite lane
during time * T™seconds,

Initially, it is assumed (h
With design Speed Mm/s) ang
uniform speed of V. (m/s)

at the vehicles * A’ and *C’ move
vehicle *B' move with a low

Beflore overtaking the vehicle ‘B’ vehicle ‘A’ is assumed
(0 move behind the vehicle at some safe distance ‘A’ at an
uniform speed of V. (m/s), During this time, the vehicle ‘A’

travels a distance of ‘d," and change its position from ‘A" to
U vmrrs 1 g
A, This distance is therefore given as,

P2
(fl } ol

- Where,

- (1).

! = Reaction time of driver (=2 sec).

Afler travelling a distance ‘d,’, the vehicle ‘A’ accelerate
itself, move to the opposite lane and return to its actual lane
in time ‘P seconds. During this time, the vehicle changes its
position from point ‘A,"t0 *4.” and the straight distance travel
is ‘d,". The final distance between the vehicles of final positions

(8,and 4,) is also assumed to be */1’ (i.e., the minimum spacing
between two vehicles).

The spacing *h’ s calculated using the formula
h =(0.7 ¥, +6)

The distance travelled by vehicle *5* during the time
period of *T” seconds is given by,

b=Vv,T
Distance, dy = (b+2h)
But the distance ‘d,’ depends upon the speed of overtaken

vehicle *B” and acceleration of vehicle *4°,

1
Sody =ut+—ap
d:. ut 5 ar

- (@)
Equating equations (3) and (4) (by substituting the values

1
(/: = VET'FE(IT"

of(av and «b’) X

L
V,T+2h= V,T+ > a

1
or 2h =5 al*

4 4h
a

or =T¢

orr T=

- (5)

=
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Where, =091 . 021, Caleulate the stopping m\\n'
(URR B Mag g
) donlqn .ppp_d of 100 kmph Taka h '\"
d, =V, T4 2n () reaction time 2.5 ssconda ang the Cm:q'm"
Thercfore, the distance travelled by the other vehicle of friction = 0.35. Shany

c duﬁng the time penod of 7™ seconds e given as

d=(r~n A7)

(™ 1tis moving with a gpeed of 1"'km h)

The overtaking sight distance * " is given by,
d=d +d +d,

g(‘rﬁn 4 ("'r-l. 2’” i (’ﬂ

d=T+V,Tah T
- (8)

V, = Speed of vehicle in m/s
7 — Reaction time of driver
V"~ Design speed in m/s

$h

T-J—
Yur '

Where,

% — Spacing between vehicles
-a@ —Acceleration in m/sec?.

Q22. The stopping sight distance required for a
highway is 80 m. Find the required set back
distance from centre line of a circular curve of

radius 300 m assuming the length of the curve

is greater than the sight distance.
Answer :
Given that,
Stopping sight distance, § =80 m
Radius of curve, R =300 m

The half central angle subtended at the centre is
given by, '

Answer
Given that,
The design speed. 7= 100 kenyp),
Reaction timeé, f = 2.5 secondy
CoeMcient of friction, f=0 13
The stopping sight distance =+
Where,
d - Distance travelled in meters
d, - Braking distance in meters
d=vi
=0278 x V=1t
=0.278 x 100 « 2.5

d,=69.5 m
V‘.’
a= 254 f
100°
T 254x0.35
d,=11248m

- Stopping sight distance = d, + d,
=69.5+112.48
=181.98m

~182m

'024. Calculate the OSD required on a Naﬁ;n—al

highway with a design speed of 100 kmph. Taks
the rate of acceleration as 1.75 kmph/sec and
assume any other data required suitably.

a S ; Answer :
2° 2R radians. Given that,
80 Design speed, ¥ = 100 kmph
" 2x300 Rate of acceleration a = 1,75 kmph/sec
=0.133 radians Difference in speed, m = 16 kmph (assuming)
=0.133 x 180 Speed of overtaken vehicle,
T Vy=V-m
ri 3 V,=100-16
.. Set back distance, m = R — R cos 5 V, =84 kmph
=300 - 300 % cos 7.620° Hoadwey,
S =020V,+6
=300 -297.350 =020 x 84+ 6
Sm=2.65m =228m :
Look for the SIA GROUP LOGO Q} on the TITLE COVER before you buy
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Highway Geometric Design 2.11
o2
V’:us -
Timés r= a Acceleration, 4=
’N.-NZIT a= 111 miee’
Vs J=V, +
T = 13.7 seconds S 138
( p o= paaction time = I aeit)
Dis“‘ncc“' '
d= 0.56(V = m) = 3% m
=0.56(100 - 16) =V T+1%¢
,i|=47.04m ¢=(07F *6)
4.=028V,T+28 (071256
=0.2S‘s4"|3.7+:(22_s) =475 m
e
d..=36732 m [ = “ d
- a
d,=0281T e
=0.28 x 100 x 13.7 I AENS)
= 420 sec

d,=383.6m
Overtaking Sight Distance (OSD),
0SD=d,+d, +d,
=47.04 + 367.82 + 383.6
0SD = 798.46 m

S

5. The speed of overtaking and overtaken vehicles
are 90 kmph and 45 kmph respectively on a
two way traffic road. If the time taken by the
overtaking vehicle is equal to 7.5 seconds and
reaction time of the driver is equal to 2 seconds,
calculate the safe overtaking sight distance.

Answer : Model Paper-lll, Q5(b)

Consider the design speed as the speed of overtaking
vehicle 4. :

¥=90 kmph
V; ﬂ =25 m/sec
=35 <
4
V= §%= 12.5 m/sec
V=u+ar

Where, initial velocity of vehicle # =0
S V=at
25=ax15

:\\( 1 = time taken by overtaking vehicle = 7.5 sec)

d,=(12.5 < 320) * (2 < 14.75)

=525+295
d,=82m
d=VxT

=25 x 420
d =105m

. Safe Overtaking Sight Distance (OSD),

0.S.D is given as,
0S.D=d +d,~d,

25+82+ 105

212 m

Q26.

Answer @

Determine the safe overtaking sight distance
required for a two lane, two-way traffic road,
given the speeds of overtaking and overtaken
vehicles are 100 kmph and 70 kmph respectively.
The acceleration of overtaking vehicle is 2.4
kmph/sec, spacing between vehicle is 20 m,
reaction time of driver is 2 sec adn speed of
vehicle coming in the opposite direction is 80
kmph. |

April-18, (R13) Q5(a)
Given that,
Overtaking speed, V= 100 kmph

100
=— =777 -
15 27.77 m/sec

"XTRUM ALLIN-ONE JOURNAL FOR ENGINEERING STUDENTS
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Overtaken speed, V, =70 kmph

70 :
= 7= =19.44 m/sec

36
Acceleration,
a=2.4 kmph/sec
24 ,
= 3—3 =0.666 m/sec?
d = V, x t(Given, r=2 secs)
=1944x2
* d=38.88m

d,=V,xT+2§ (1)
§=(0.7xV,+6)
=(0.7x 19.44 + 6)

< §=19.608 m

’4xS
Tr=
a
_ /4 X 19.608
0.666

- T=10.85 sec

Now substituting the values of V,, T and § in equation
(1), we get, - ‘

d,=(19.44 x 10.85) + (2  19.608)
<. d,=250.14m
d,=V.T
=27.77 x 10.85
< d,=301.304m

Overtaking sight distance for two way traffic, 0.S.D =
dl + d2 + d3

=38.88 +250.14 + 301.304
<. 0.8.D=590.3245 m

Q27. There is a horizontal curve of radius 50 m on
a stretch of hill road with a gradient of 5.0%.
. Determine the grade compensation.
Answer : :
Given that,
Radius of horizontal curve, R =50 m
Gradient, n=5.0% :
30+R

* TRANSPORTATION ENGINEERING NTU-HYDERp,
Ap)

~

R

L5
50

= 1.5

:3'5%

Maximum limit of grade compensatiop = ’s

. Compensated gradient = 5,0 _ 1.5

2.3 DESIGN OF HORIZONTAL ALIGNME
-DESIGN OF SUPER ELEVATIgp “:r
EXTRA WIDENING D

Q28. List out the design elements to he Considy
at the horizontal alignment and eXplain, o
(a) Overturning effect
(b) Transverse skidding effect.
Answer : Moda| Paper.y, Qay
The following are the various design elements
considered in the horizontal alignment are,

1. Design speed

lhat are

2. Radius of circular curves

3. Type and length of transition curves

4.  Super elevation and

5. Widening of pavement on curves.
(a)  Overturning Effect

The overturning of vehicle are caused due to centrifigy|

force on horizontal curve without super elevation, This

overturning moment is equal to product of force ang

height of the centre gravity of the vehicle above the road

surface. ¢ :

<. Overturning moment = P x h

This overturning moment is withstand by restoring

moment due to weight of the vehicle which is equals to,

Restoring moment = W.5/2

Where,

b — Width of the wheel base
W — Weight of vehicle

When ph = Wh/2, the equilibrium conditions for
overturning are developed. Therefore the centrifugal force ratio
is equal to ‘b/2 h a overturning effect is produced.
(b) _ Transverse Skidding Effect

Transverse skidding effect are developed when the
centrifugal force has the tendency to move the vehicle
outwards in the transverse direction. When the force
develop maximum transverse skid resistance due 10

) friction the vehicle will, skid in transverse direction.
Grade compensation= R Therefore, the equilibrium conditions for transversé
30450 ~skidding resistange is given as,
50 P=F, +F,
80 /(R +R)
Grade compensation = — =1.6% 4. "B
- 50 P=pw
. - R
v -Look for.the-SIA GROUP LOGO L_‘@ on.the TITLECOVER before you buy, - .
/
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U fhefet
W b _ Centrifugal force

R,- Normal reaction at wheel 4
R, _Nomal reaction at wheel B
f- Friction
W - Weight of yehicle

erefor® v{‘nodcﬂ cel:llt']h-lfugf‘:ll force ratio (P/w) is equal to friction (i.c. lateral coefficient of friction) transverse skidding
ffect are P uces. Therefore to neglect the effect due to overturning and transverse skidding on horizontal curve, the
cmuifugal force should be less than ‘5/2/4’ and friction * r

INNEP SIDE
ar Cumve

Figure: Showing the Transverse Skidding Effect -—

/-"‘-i. l f g .
_ with the help of a neat sketch, explain the attainment of super elevation in the field.

o

u,wﬂ' : .
Attainment of super elevation is classified into tivo parts, .

May-17, (R13), Q5(a)

Elimination of the crown of the cambered section.
Rotation of pavement to attain full super elevation.
Elimination of The Crown of The Cambered Section

It is carried out in 2 methods.

In the first method, the outer half of the cross slope is rotated about the crown such that the surface falls on the plane of
poer half, The rise of the centre line is constant. The outer half is again rotated to attain uniform cross slope equal to camber as

shown in figure.

- ‘ Crov.m _______ Levels of
Outer edge rotated about the crown _._'_-_‘_'_‘_ e Pl outer edge
ien LTS
- 2
:
: Outeredge
: :
hifted oatward ' Position
Crown shifted outwards of crown __.1

The second method of elimination is done by shifting the crown outwards. As a result the width of inner half increases.

This methoq is known as diagonal crown method.

3
Rotation of Pavement

The super elevation of the section is equal
%‘m” tfuth:s. super elevation is more than cam
Ol camber
\ .

PEcTRN au-m-oﬁla JOURNAL FOR ENGINEERING STUDENTS - SIA GROUP Q}

to camber if we eliminate the crown of camber. But initially in the design of
ber in many cases. So we need to further rotate the pavement to elimate the

.
S
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TRA

Itis done in two methods

() Rotating the pavement section about centre 1ine

Aa%
!
(i) Rotating the pavement scction about innet ¢die.

(1) Rotating about Owitet edpt (i) Rotating about

cemet line o~ o p inner edge
12 Outep ,,
Tien

'
! - '
Inner edge T aae /"
snsanssss apsflonas lisaaa™" - caansacs
kY " ! O

1 sch

|

Al

\ ]

ER \/,_// Tnner edu
or providing axtra width np =
Q30. What is extra widening of the pavement? What are the reasons for p hof p”"’"ﬂ;n,
at horizontal curves?

.....
‘e

Modal p
Answer : e, o
Extra Widening of the Pavement . | ;

¢ width of the normal pavement on the horizonty|

The width of the carriageway is increased, more than th

increased width is called as extra widening of the pavement.
t depends on the sharpness of the

CUPYme
. Ty
curve (i.e., the provision for we
The value of extra widening of the pavemen X Wy
would be greater for sharper curves).

al curves,
Following are the reasons for prov uhng_ extra width of pavement at horizontal ¢
ay from the edge of the carriage way.

1. While driving on curves, drivers have a tendency to keep aw

2. Due 1o the psychological effects, the clearance between the vehicles while crossing each other over horizonty| CUrve )
be greater than that on a straight road.

3. More space of road is occupied by the vehicle due to turning the front steering wheels, while negotiating 4 horizonty)
curve.

4. Vehicle occupies more width of road in the off tracking position (rear wheels not tracing exactly as the front iteering
wheel).

5. At very high speed of vehicle more width of road is covered due to the occurence of outward slipping of rear wheels,

For better visibility and large radlus curved path drivers have a tendency to follow outer edge of the pavement 2t e
initial points of the curve.

7. Extra width is required at curves by the trailer units.

Q31. Derive an expression for finding the extra widening required on horizontal curve.

Model Paper-, Q5(a)
OR
Develop the equation form for Extra widehing at transition curve.
Answer : May-186, (R13), Q5(3)
The extra widening of pavement on horizontal curves is classified into two parts. They are,
1.  Mechanical widening
2. Psychological widening.
Mechanical Widening on Horizontal Curve
Figure: Mechanical Widening on Horizontal Cur;la | -

Look for the SIA GROUP LoGo d/} on-the TITLE COVER before you buy;-i. °
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hay Geometric Design : j 2.15

\ Hid ; ma—
“Nﬂ‘zpe‘ﬂ be the radius of the path traversed by the outer rear wheel, (m)
o the » radius of the path traversed by the outer fron wheel, (m)

LY e mechanical widening (m)

W

e  length of wheel base (m)

figure mechanical widening w_ is given as,

fOC OA=0B-04=R,-R,

frof“

on 8 OAB' 0B*= 04* + BA?
oA = 0B - BA*
g2 =R
From equatiori (), w,=R,—R,
R=R,-w,
By qubstituting the value of R, in equation (2), we get,
®R-wy=R-F
R -2Rp + W = Ry =1
~w (2R, -w)=-F
F=w (2R,-w)

Where, R — Mean radius of the curve.

The above estimated mechanical widening is required for individual vehicle negotiating a horizontal curve aleng an
pividual traffic lane. : :

When number of the traffic lanes are ‘n’

" The mechanical widening required is given as, _

.n12
w, =—

" 2R
Mychological Widening on Horizontal Curve

IRC recomniended an empirical formulae to calculate the psychological widening which is to be additionally provided,
brbetter clearance and overtaking of vehicles on the curves. -
' 14
Ao
" 9.5JR
Where

V - Design speed (kmph)
The total extra widening is given as,
W=w+w
m ps

nI2 | . |
\ " 2R 95‘/— ‘ _ p

“TRUM ALL-IN-ONE JOURNAL FOR ENGINEERING STUDENTS -
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S

TRANSPORTATION ENGINEERING [UNTU-HYDERABAp, |

Q32. Draw the typical cross-sections of M.D.R In embankment, O.D.R cutting a city road and a nations, |
highway in cutting, clearly indicating the width of pnvomont road and land,

Answer :
Typical Cross-Sections of Roads
M.D.R in Embankment

Pavermen

b damaf

Longidinal 180m

i fe————]|

Read way

Wikh of bnd = 30 m

0.D.Rin Cutting

Figure (1): M.D.R In Embankment

e

J¥m
Povement

' 13whm I
Road way width

City Road in Cutting

18 10 24 m widh of nd

Figure (2): 0.D.R in Cutting

Under ground
Dramage sysem

30m | ‘ 73m Pavement | 30m |

B Foot path ’

National Highway in Cutting

A 3

Foot path

Figure (3): City Road in Cutting

Longitudinal
dan -

Pavement

120m
Road way

-
. AN

30 m wikh of hind

Figure (4): National Highway in Cutting

On.l
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OR
| veIOIP the equation form fpr Super elovatiop,

doS'Q"'
_ ‘May-18, (R13), Q4(a)
ate of Super Elevation

‘dﬂ
4 oo for R

¥ apicle moving over a horizontal curve is s)
A.‘ b ected to the following forces,
S S

10Wn in

¥

(2) Self weight (7¥) (vertical)
®) Centrifugal force (horizontal)

(¢) Frictional force (along the pavement surface in
transverse direction).

Due to the super elevation (or cant) provided at the outer
iof the road, the centrifugal force is counter balanced by
‘sfictional forces developed at wheels and a component of
eght of vehicle. The components of weight of vehicle and
=rfugal force along and across the inclined surface of road
zdsoshown in the figure,

Applying equilibrium along the inclined surface of road,

Pcosa—Wsina—F,—F,=0 - (1)
For limiting values of frictional forces,

F,=fR) 4 Cw (@)

F,=fR,) - (3)

Where, = Coefficient of lateral friction.
Substituting the values of F,and F, in equation (1), we get,

Pcosa—Wsina—jRA—jR,ﬁO e (4)

ijelltEonsiderin'g equilibrium of forces in direction
“%ular to the inclined surface of road,

R,+R,= Wcosa + P sino. w (3)

Sbstituing equation (5) in equation (4), we get,
Peoset -  sing — AW cosar + P sino) = 0

Y |

" Pleosoi— f5ing) = W sinoc + f W cosct - (6)

i' ,ZH [ .quaﬂonforﬁndingmesum
&Iliﬁp‘ﬁ:lﬂr::, if thé deslgn coefficient of 1:::?::

2.17
Dividing equation (6) “I¥ coset™ on both sides,
Meorna = fama] Wana I’_‘X‘”“ a
Weoaa Weoaar  HWeosa
r /
or — (| - flan «#) = tanct
(1 flan )
o Lalsnetf (7
W 1-/ftanat
For design purposes,
S=0.15, =007 and ftan ct =001
| ~ftance=1-0.01
Equation (7) reduces to,
) «
-ﬁ-;:tnn(l#[“r*f (3)
Where,
¢ - Rate of super elevation = tan («
) Wyt
P - Centrifugal force = ——
gR
2
or il wr(7)
W gR
Substituting equation (9) in equation (%), we get,
2
v
=&+ . (10)
gR 4
Where,

v — Vehicle speed (m/sec)
~ & —Acceleration due to gravity (m/sec?)
R —Radius of curve (m)

If speed of vehicle (v) is represented in terms of km/h,
equation (10) changes to,

Lo o2kt 3
etf= 9.8R (V' 2=9.8 m/sec?)
or e+f=127R (1)

If coeflicient of friction is neglected (or taken equal to
zero) equation (10) further reduces to, -

en¥
gR
. or € T127R - (12)

The above expression represents that rate of super
elevation in terms of speed of vehicle and the radius of
horizontal curve.

N~
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2.18

. Answer ; May-186, (R13), Q4(b)

.. - Oncurves, super-elevation is provided to counteract with
the centrifugal force and the remaining is counteracted by the
lateral friction.

The equation for super-elevation is,

! _ Vz
| etR= R

e (D)
Where,

e — Rate of super elevation
¥V — Speed of the vehicle in kmph
R —Radius of the curve inm

H — Lateral friction coefficient (0.15)

If the super-elevation counteracts with entire centrifugal
force, then coefficient of lateral friction, p = 0, Then,

s B
€= 1278 - (2)

As per IRC, the super-elevation counteracts with the
centrifugal force developed by 75 percent of design speed and
. the remaining 25 percent is taken care of surface friction.

; Then, /
~(0.75v)?
e= gR

Where,

p—Rate of super-élevation

£ — Acceleration due to gravity (m/s?)
R - Radius_of the curve (m)

v — Velocity of the vehicle (m/s).

As per IRC, the ben'niss;ible e, values are,

| (1)  Forplainand rolling terrain including snow bound areas
itis 7% (1 in 16). '

(i)  For hilly areas not bounded by snow it is 10% (1 in 10).

(iii)  For urban area with frequent intersections it is 4%

(1 in 25).

If the super-elevation is less than the road camber,
then the normal camber should be provided instead of super
elevation. In general, snowy curved surfaces provide low
coefficients of side friction which results in sliding down of
heavy vehicles even if they ar travelling at low speeds. So,
lower yalues of e___should be adopted in such cold and snow
falling areas.

- . TRANSPORTATION ENGINEERING [JNTU-HVD?
Q34. Presenton engineering surveys to be conducted | Q35, A two-line highway with desigp, Spee J
for highway construction? .

kmph Is allgned with a horizop of 12
radius 200 m. What Ig the .up:{:‘.‘:" of
required to maintain this speeqd? I the may 'ltlgn
super-elovation rate of 0.07 and ¢oq c{.m

‘lateral friction of 0.15 is to be Provideq 'I“ of
with limiting the radius to 200 m, alop

Calcy| 9
allowable speed, Ao thy

Answer (April-18 (R15) Q4(s) | Modes Papary Qs
* 4%y)

Given that,
The design speed of highway, ¥ = 120 kmph
Radius of horizontal curve, R = 200
Maximum allowable vahe of ¢ is to be limited 1o 0.07

The above problem can be solved by assuming 75,
design speed in order to estimate the supe relevation z;
counteract the centrifugal force completely using the following
equation,

VZ
T 25R

© 120
T 225200

e

-+ =032 [ Maximum allowable valye of e
: is to be limited to 0.07)

The value of friction developed is to be checked.

: 2
SR

-0.07

1202
127 X 200

=0.5669 - 0.07

-0.07 - 0.07

~ S =0.4969
As this value is greater than the maximum allowable
safe friction coefficient of 0.15 and also the radius cannot be
increased, the speed is to be limited.

The maximum allowable speed [¥(kmph)] on the given

curve is obtained by considering the complete value of design

friction coefficient of 0.15.
v Thus, maximum allowable speed is given as,
Ty
= /27,94 X200
V.= 74.75 kmph

&
Therefore, the speed can be restricted to less than 74 of
say 70 kmph at this curve. ‘

—
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\ 2 pighway Geometric Design 2.19
s _
' he rate of su |
\ W per elevation fo
Q Uﬁ' I?"jzgntal highway curve of radius 500 m ,rn; - i
| 0’ r od 100 kmph. Coellicient of lateral friction,
| sP® »
4 127R
F Given thatu z
RE500,% - _______100 —-0.067
' 3 ‘ = 127 %400
, speed, ¥ =100 kmph
| =0.197 - 0.067
| . 0.75V)*
IR v rerrn o % f=013<0.15
| - : i d as the coefficient
2 There is no need to restrict the speed a°
— QI5x100y of lateral friction i.c.. 0.13 s Jess than the maximum allowable
121 %300 value of 0.15.
o URVES
' 2.4 DESIGN OF TRANSITION C
i i ¥ - DESIGN OF VERTICAL ALIGNMVEEF;I’ -
i " ~ VERTICAL CUR
As this value is greater than the maximum super GMD'ENTS VER
Q38. Write short notes on transition curves.

jonof 1in 13, the actual supe relevation is restricted to

067

=0.157 - 0.067
=0.09<0.15

. Design is safe with 1 in 15 superbelcvation.

7 Calculate the rate of super elevation to be
provided at a horizontal curve of radius 400 mon

aplain terrain for a design speed of 100 kmph. Is
there a need for restricting the super elevation?
Ifso, what is the restricted super elevation rate
and find out whether there is need to restrict

the speed or not?
iwer ¢
Given that, * |
Radius of curve, R=400 m
Design speed, V=100 kmph

ek |

7119

Rate of super elevation,

- 0.757)% . (0.75><100)2
T T127R 127x400

=0.111
e=1in9>1inl5

. The restricted super elevation rate = 1 inl5... —--
——

Answer :
Transition curve is an easement curve having variable

radius to reduce super clevation. This curves are introdpt_:cd
on both sides of circular curve. The main purpose of trans:tfon
curve is to permit the moving of vehicle from tangent section
to the curved section and again to the tangent section In a safe
and comfortable manner. Therefore the motoristy follows 2
easy path and the centrifugal force increases or decreases when
the vehicle enters and leaves the circular curve respectively. In
transition curves the radius of curvature varies from infinity to
designed radius, and decrease the disturbance of vehicles on
the wrong path (opposite direction) so that a constant speed is
maintained and the safety of vehicle at the curve is maximum.

Based on the requirement different types of transition

curves are adopted which are as follows,
1. The lemniscate
2. Spiral and

3. . Cubic parabola transition curve.

Circular

A Curve

Transition
Curve

0

Figure
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~~

Q39. V\{hy the transition curves are needed on
highway horizontal alignment? Which types of
curves more suitable for highways?

Answer : Model Paper-ll, Q4(a)

_ Let a car is travelling on the road in which a curve of
radius ‘R’ is taken off from the straight road. A lateral jerk is
felt on the vehicle due to centrifugal force which suddenly acts
on the vehicles after a tangent point. This creates a discomfort

, to the passenger and also in steering the vehicle.

Figure
~ Let OR be the transition curve of length ‘L’ and PQ be
the straight and RS is the circular of radius ‘r’.

In between the straight 4B and circular curve CD a
 transition curve ‘BC” is introduced. i} s vy ress,

‘The function need of transition curve in horizontal

| (i)

alignment of highway are,

% Itenables the driver to tum the steering gradually
with his own security and comfort. Ty

%+ Tohave an aesthetic appearance of road. ‘

< Inorderto avoid Jerk on the vehicle the centrifugal

force is introduced in between the tangent point
and beginning of circular curve.’

< Itprovides designed superelevation and extra widening
of pavement at the straight of the circular curve.

There are three types of transition curves.
1.  Spiral or clothoid .

2. Lemniscate
3. Cubic porabo:la.‘.

From the above three curves, spiral curve is the ideal
transition curve which is suitable fer highways.

The use of spiral as-transition curve in horizontal
alignment of highways is recommended by IRC.

1. The geometric property of spiral is simple and easy for
the calculations and setting out the curves.

2
.

TRANSPORTATION ENGINEERING WNTU-HYDERAR,
A

The spiral curves satisfies the ideal 1z D) ;
nsigio
n

. requirements.

The equation is written as,

|
RaL

R.L.= R.L = Constant

L= m.w/ﬁ

Here,
0 — Tangent deflection angle

m — Constant

= J2RLg

Q40.

What are the objectives of providing transpo
curves on horizontal curves? Explain. pjs cug"‘
the methods of computing the langth of
transition curves.

Answer :
Objects of Providing Transition Curves on Horizonta] Curvey

The different objectives of providing transition Curves

on horizontal curves are listed below,

(@)

(i)

@iv) -

Transition curves provide a smooth and easy means for
the vehicle to travel from straight roads to circular cyrye
and vice-versa.

" They help to attain the actual curvature of the curve at

Junction point, gradually increasing from zero at the.
tangent point.

They help to obtain the full super-elevation, gradually
increasing from zero at the tangent point to a specified
value on the main circular curve.

They-help to introduce an extra-widening of pavement

-~ at the start of the circular curve.
Methods qf Computing the Length of Transition Curves

The length of transition curves is calculated by following

methods,

@)

(i) By super elevation rate

(ii) - By time rate

(iii) By rate of change of radial acceleration.
By Super Elevation Rate

Consider the rate of introduction of super elevation as
“l'in n” of th.2 curve length.
Let super elevation be ‘4’ cm. Therefore, the length of
transition curve is expressed as, -
L,=nh
Where,
2

h= ——

R and the value or ‘n” ranges from 300 to 1200.

—
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2.21

')
[l (el
o be the time rate of application of super elevation in

cm/s€C

' be the length of transition curve in metres
' be the super elevation in cm
o be the speed of the vehicle in m/sec.

{f the time rate of super elevation i.e., ‘x’ cm is applied
at 1 5€C, then the time rate of application of complete.

super elevation of ‘4’ cm is L seconds.
X

h _
\ sosay — =1
! x

Now,
Distance = Speed X Time

=y Xt

=yX —

Where, | h=——

gR

3
L, =gv—- metre.
xgR

i) By Rate of Change of Radial Acceleration

For the calculation of the length of transition curve (L),
this is the most scientific method. It provides comfort
condition for the passengers of the vehicle when the
time rate of change of radial acceleration is 0.3 m/s* per
second.

It ‘v is the speed of the vehicleona curved path of radius
‘R’ then the radial acceleration is,

2

e
R
‘ ‘ vi/R
~ Rate of change of radial acceleration= """ ~ o
2
A . (A)
oR .
If ‘L’ is the length of the transition curve and *v" is the
| speed of the vehicle then the time taken,
| < . (®)

t=—

v

Equating equations (A) and (B),

v _L
ol V
e
oR
L= v
L,=L= 43R

The length of the transition curve is directly proportiot'{al
to the velocity and inversely proportional to radius of the cir-

cular curve.

If the speed of the vehicle is v’ in km/hr.
yx 1000

= [n/S
V= 73600
\
A i, s— m/s
V=36

- Length of the transition curve,

3
e U
b 0.3R(3.6J

* 14R

. Q41. Define vertical curve. Explain the classification

of vertical curves.

Answer : Model Paper-ll, Q4(b)

Vertical Curve

When two different or contrary gradients meet mna
road alignment, they are connected by a curve in a vertical
plane known as vertical curve. The provision of these curves
is for securing safety, adequate visibility and comfort to the
passengers.

" Vertical curves are passengers divided into two types.
They are as follows,

(a) -Summit curves
() Valley curves.
(a) Summit Curves

If the point of vertical intersection is above the road
surface, then the curves obtained are known as summit curves
or crest curves. These curves are developed when an ascending
road intersects a descending road or when an ascending gradient
meets another ascending gradient or when a descending gradient
meets another descending gradient.

Due to the movement of traffic on the summit curves,
an upward centrifugal force is developed which reduces the
pressure or tyre and springs. The problem of discomfort to the
passengers reduces as the length of the summit curve designed
lf?‘r acli:;quate sight distance would be long enough to reduce the
shocks.

D oSN— o
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Following are the situations for w hich summit cury

9

e w

¢s are provided,

During the intersection of rising slope of grade

When a rising grade meets another rising prade.

When a rising grade meets a horizontal road.

When a falling grade meels a steeper falling grade.

‘-1\)*“‘

Figure (1): Summit Curves

(b)  Valley Curves g

A vertical turve which has concavity upwards or convexity down\\}ards, then it is known as valley curve.

The available sight distance at valley curve decreases during night driving because of head lights, but in day light the
problem for sight does not occur. At the valley curves, the centrifugal force acts downwards which gets added to the weight of
the vehicle. Transition curve is the best shape of valley curve for the development of centrifugal force downwards. The preferreq
shape of vertical valley curve is the cubic parabola..”

Impact free movement of vehicles at design speed is one of the most significant factor that is to be considered in the design
of the valley curve. From the considerations of cross drainage, the lower point in a valley curve may be located.

| ' \< .N'=‘nl‘_ -nz=‘01 it

- Figure (2): Valley Curves

and falling grade.

N=N, N-0

T

O
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Tollowing are the situations for which the valley curves

m;:nn“ the intersection of falling gradient and raising
L gﬂde

The meeting of falling gradient with another falling
- mdlem

The contact of a falling gradient with horizontal road

when a rising gradient meets a steeper raising grade.

O‘/D'JEE:E the equation forms for designing the

; different vertical curves.

: \pswer May-16, (R13), Q5(b)

" The vertical curves are to be provided in the vertical

gignment in the highways at the intersections to ease off the

werical profile for high speeds. The vertical curves prov |dcd
a3 highway are divided into two types. They are,

W Summit curves

(i) Sagrcurves.
il Summit Curves
" The summit curves are also called as crest curves with

yoward convexity. It is important to consider sight distance in
order 10 determine the length of the curve.

| Casel , :
When sicht distance is less than the length of the curve (Z).
The vertical curves are designed in the form of parabolas.

Consider two grade lines at grades + G, and — G, intersecting
- ‘0" The algebraic difference between the grades is given by,

G=G,—-(-G)
=G, +G, i « ()
Let £ and E, be the starting and ending points of the
cxve. Now, any point (P) on the parabola will be at a horizontal

@stance of “x” from E , and at a vertical distance of y from the
grade line for a parabola,

| _ y =2 212)
QE,= OR + RE,

G

(£)+a(4)

L
= é(Gl +Gy) = 7(G)
Atthe end point of curve, E;

y =»% andx=1L

h, ~ Height of driver’s eye above the curve

— Object height on the curve

S, - Distance between the apex and driver

of the curve

S, — Distance between the apex and object
of the curve.

; S
L g

(' From the property of parabola)

‘Sn= \fa;l_
S:= Y C’l:
S=S|+S:

/C/h, +V2)
2L — —
S= v T(‘/ hl + V‘ }l:) (...

Ons . =y . .
quaring both sul;m and rewriting the above equation,
we get,

From equation (3))

L = (I \-
¢ lr‘

}h)~ e ()

As per IRC, safe stopping distance =

0.15 m. Height of
from i ~
the equation (2) driver’s eye above curve = | 2 m
LG _ P
FL-L Then,
2L S
=T - () L= |
- 14 e (5)
M ALL-IN-ONE ]OURNRL FOR ENGINEERING STUDENTS |
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Case 2 Sag Curves . o

When the sight dlstance is greater than length of the

curve (L)

)
G=G +G,

L hlA hz
= >+=+==
$=7276,'%,
Lk, h
$=276 =0,

For sight distance to be minimum

GI  (G-G)

4o =0

=0
h(G-G)=h,G}

h(G*-2.G.G, + G})=h,G?

G}(hy— h)+2GG,h — b, G*=0

On solv;ng the above equation we get,

6. 2Gh +Gy/hh,

2 (hy - h|)
Substitute G, in equation (6), we get,
. _L_ h,
2 G,/h, h=hG G /;, ;, }, G
hy - h, G- ;,2

On simplifying the above equation, we get,

Leag. 20/m VR +/_>2

- (8)
As per IRC, height ofobject *h,’=0.15m
Height of driver’s eye ‘4’ = 1.2m
Then,
44
L=2§5- & 2(9)

distance.

AsperIRC,h =h,=12m -

While considering overtaking (or) intermediate snom

The sag curves are also cal]ed as valley curves with
concavity upwards. The important factor to be considereq j,
determining the length of the curve is the.comfort of driver,

P
R
Where,

= (1)
a - Radial acceleration in m/s?
y— épeed inm/s

R - Radius ig m

As the radial acccleralion increases from zero to ‘4 in

(3) a Igngth of —é‘—

Where,
L - Length of sag curve
Rate of change of radial accleration *B’ is given by,

CyE L Lx36 .
B=TR™ "2V

Where,
V- Specd in kmph

V3
B = 23yLR m/s - (2)

As per IRC, the recommended value of ‘B’ is 0.6 m/s!

for design. Then,
() &

) .

V3
L=1r
> (LR)= V—4 At

For a transition curve,

L=(RLG)" L@

Where, G — Algebraic difference between the grades of
straights.

Substituting equation (3) in equation (4), we get,
o 12
L= (ZHG ;

VSQGI/Z

L= "5g— .09

Case (i)

When the sight distance (S) is less than length of the

curve (L)
When
s G =-G,-(+G) .. (9)
_ GS? o
L>S, L= .. (10) As the sag curve represents a parabolic (y = ax’)
9.6 G ‘
L <S =2 -_— = e I —
| : L=25--F (11) 57 ' _—(-73
Il Look for the SIA GROUP LOGO [_‘@ on.the TITLE COVER before you buy , -
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2.25

UNIT |,‘.___ S

¢ Sag curve

GS*
+ = = —
h+Stan a = ax? L
on rearranging the above equation, we get,
. GS*
L= ZFh+stana) - (8)
Asper RC,4=045m, a=1°
___ GS :
L=135+0.035 = (9)

cose () .
when sight-distance (s) is greater than length of the

h+Stana=(s——§-)G

.5+0.0358
AsperIRC, h=07s, L=25— 1222055 (o)
a=1° )
Q43. What are the factors governing a good vertical
alignment?

Answer : ‘

~ Following are the factors governing a good vertical

dlignment, ‘

@  The longitudinal profile should'be co-ordinated with the
horizontal alignment ,

®  Exactly similar profile should be followed by slabs of
bridges in both sides as in the case of roads

©  In vertical alignment, a short valley curve can be
dangerous, which also gives a bad appearance

4 Single long curve should be considered rather than taking
two vertical curves in the similar direction, separated by
a short tangent RS 4

and conlinuous, stecpest

. ' g
(¢)  On grades which are-1ong | cttom and fatten the

grades should be placcd at the
grades close to the top - -
i 1d be smooth with gri
lected grade line shou '
- Z?:nséis and ionsislcnl with the category of road and

et ' f large
(g) Interseclions on grades should bc. :wovdc:(}l1 or a";aCh
extent. In case if they are unavoidable, the appro?

1 n
cadients and the gradient through the intersectio
should be flattened to the maximum extent
should be avoided

file which is of hidden type
O e us and gives a bad

as far as possible as it can be dangero

d compensation in

. appearance.

Explain curve resistance an
gradient on horizontal curves.

Q44.

Answer :

Curve Resistance |

When a vehicle is driven through rear whe.e1§. it moves
along a horizontal curve. This causes the variation in the
direction of rotation of rear and front wheels. Therefore, the

tractive force is lost.

1—

: P
Figure: Curve Resistance for Turning Vehicle

Consider a and b as rear driving wheels that provide
tractive force ‘f* in pg direction. The vehicle is steered by
turning the front wheels c and d, which causes the vehicle to
move along a horizontal curve. Then s would be the tangential
direction to the horizontal curve.

Thus, available tractive force in this direction = £ cos
< Actual tractive force.

The value of T cos o will further reduce in the case of
sharp turning radius and increased turning angle. Therefore due
to turning of vehicle on a horizontal curve, the tractive force
is lost which is known as curve resistance. It is dependent on
turning angle ‘o’.

Curve resistance = (T — T cos @)

or

=Tl-cosq)

A AtA B e

PECTRUM ALLIN-ONE JOURNAL FOR ENGINEERING STUDENTS

S

SIA GROUP {

Scanned with CamScanner



I

2.26

ul

Compensation in Gradient on Horizontal Curves

When there exists a horizonta] curve in addition to
the gradient, resistance to fraction dye to gradient and curve
increases. Therefore, in such situation, the total resistance duc
to grade and curve should be maintained below the resistance

. due to the maximum value of the given gradient. This maximum
value is considered as ruling gradient in certain cases and
limiting gradient for the terrain in some exceptional cases for
the purpose of design. If a road with maximum permissible
- gradient is to be subjected to sharp horizontal curve, then the
_gradient has to be reduced. This reduction in gradient is for the
purpose of compensating the loss of tractive force due to curve
and is termed as grade compensation.

30+R°/
0

Grade compensation =

Subject to maximum value of %

Where, A
R —Radius of circular curve (m)
If the gradients are flatter than 4%, then according to
IRC, the grade compensation is not required.’ .
Q45. Write short notes on gradient.
Answer :: |

Gradients are determined for designing the vertical
curves while aligning a highway, generally vertical gradient
are neglected due to easy climbing of grade and increasing the
vehicle movement cost. Before concluding the gradient, the
engineer has to consider all elements like cost of construction,
practical problems in construction at the site and vehicle

* movement cost etc.

Gradient is the rate of increase (or) decrease along the

 length of the road with respect to the horizontal curve, generally

gradient expressed as 1 vertical unit to x horizontal units. When
‘o’ is minimum then angle of gradient is ‘tan o’ which is equal to
circular measures, complete gradient angles within the practical

- range are considered to be minimum. Therefore, the gradient

value is equal to the tangent of angle with the horizontal.
ie., n% =tanQ

This rising gradient are consider to have positive sign
and are denoted by + n, +n, whereas the falling gradients are
denoted as — n,, — n, etc. This falling gradients have negative
sign. At the intersection of two grades the change in direction
of angles represents the “deviation angle (N) which is equal to
algebraic difference between two grades,

 iie,, Deviation angle, N = ZBAC+ £BCA
: =+n,—(~n)
N=n +n,
Where, ‘
n, — Rising gradient of AB
1, - Falling gradient of BC.

L Y
TRANSPORTATION ENGINEERING [JNTU-HYDERABAD] J

X

Figure (1): Gradient 1 in x

-
-

| Figure (2): Deviation Angle

Q46. Explain the ruling, maximum andm
gradients.

Answer : Model Paper.m, qs)

Ruling Gradient (Design Gradient)

The ruling gradient is defined as the range of maximym
gradient in which the designer try to design the vertical profije of
aroad. In the design of vertical alignment, the gradients under
the ruling gradient are selected as a normal course. This type of
gradient is generally preferred for the purpose of design, The

" various factors that are considered in the selection of ruling

gradient are as follows:

1.  Terrain type

2. Grade length

3. Speed

4.  Vehicles pulling power

5. Existence of horizontal curves.

The ruling gradient values recommended by IRC are,

(a) 1in 30 on plain and rolling terrain
(b) + 1 in 20 on mountainous terrain
(c) 1in 16.7 on steep terrain.

Maximum Gradient

The maximum gradient is considered as the steepest
gradient that can be provided on any type of road.

Exceptional Gradient

. In certain cases, a gradient have to be provided that .
should be even steeper than the limiting gradient. This type
of gradient is called as exceptional gradient. It is generally
provided in undesirable conditions. It should not exceed 50-60
m in 1 km length of the road. The exceptional gradient values
recommended by IRC are as follows,

(@) 1in 15 for plain and rolling area
(b) 1in 12 for hilly areas.
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v 1 mit

/Aﬁa summit curve is formed when an ascending gradient of 1in 25 me

g curve of 1 In 100. Find the length of the summit curve to provide the requirad stopp
for 8 design speed of 70 kmph.

ats another ascanding
ng sight distance

wer
A“’ Gi\'cn ‘h:“«v

1 1
"t T o

s 5 11
iqation angle, N= ———
Devt S TR

N=0.03

speed, V=70 kmph
stopping Sight Distance (SSD) is given as,
2
254x f
Assume, 1 = 2.5 sec, f=0.35 for ¥ =70 kmph
By substituting the above values in equation (1), we get,

SSD=0278 xTO0x25+ —L
’ T 254%0.35

SSD=0.278 x Vx ¢+

SSD=104 m
Assuming, L <SSD
The general equation for the length of the parabolic summit curve, when it is less than the sight distance is given as,

: N
= 2;(]04_4_4
0.03

=61.33m<104m
Therefore, length of summit curve, L =61.33 m
48, There is a horizontal curve of radius 50 m on a stretch of hill road with a gradient of 5.0%. Determine
the grade compensation.
Answer : ' ’
Given that,
Radius of horizontal curve, R =50 m
Gradient, n =5.0%

30+R
R

30450

)

Grade compensation=

Grade compensation = i 1.6%
. . 75
Maximum limit of grade compensation = 33
-
50
| =1.5%
Compensated gradient = 5.0 - 1.5 =3.5%

According 10 TRC a minimum 4% compensated gradient should be provided.
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Q49." A vertical summit curve Is formed at the In-
tersection of two gradients, (+) 2.5 and (<) 4.5
percent. Design the length of summit curve to
provide a stopping sight distance for a speed
of 80 kmph. Assume suitable data.

Answer :
Given that,
n = +28
28
=== =0.02§
100
n,=-4.5
.5
=00 -0.045

Speed. 7= 80 kmph
Deviation angle, N' = 0.025 — (- 0,045)
=0.07
Stopping Sight Distance (SSD) is given as,

re

284X f
Assuming 7= 2.5 sec, f=0.35 for V' = 80 kmph,
By substituting the above values in equation (1), we get,

SSD=0278 x Vx 4+

(1)

80°
SSD=0.278 x80x 2.5 + m
SSD=128m
Assuming L < S5D
The general equation for the length of the parabolic
summit curve, when it is less than the sight distance is given by,
. L=25-24- O
By substituting the values of S eV IN €quation (2), we get,
44
L=2x 1.28— (m)
=256 -63

" L=193m>128m

As this value is greater than SSD of 128 m, assume L is
greater than SSD,

L>SSD :
The general equation for the length of parabolic summit
curve, when it is greater than the sight distance is given by,

NS?

L=—

4.4

By substituting the values of N and S in equation (3),
we get,

..(3)

0. 2
;- 0.07x128
44

Q50. An ascending gradient of 1 in gy
descending gradientof 1in 110, A summ; Clln,‘
\ )

8o

I8 to ba designed for a speed of 70 kmy,,

to have an overtaking sight distance of

Calculate the true length of summis Curye.
Answer @

Given that,

| |
- —_— . n==a
"= *% 10

; .

Overtaking sight distance, OSD = 460 m

L
1o

I
Deviation angle, V= o0

2

)~

0

Speed, V=70 kmph
Assume, [ < OSD
The general equation for the length of the paraboli,

summit curve, when it is less than OSD is given a5,

L = 25s——

J ()

Substituting the values of s and V in equation (1), e aet,

6x99
= 2><46O-96x

=4448m
L~ 445m <460 m

. The true length of summit curve, L = 445 m.

Q51.

Calculate the length of vertical valley crm
required between -1/30 and +1/25 grades for 3
speed of 80 Kmph to satisfy comfort and head.

light sight distance requirements.
Answer : May-17, (R13), Qs(p)

Given that,

Speed, V = 80 kmph

5
V—SOXE

=22.2 m/sec

m/sec

30

: 1
Ascending gradient, n = +75—

Descending gradient, n =

-

Assume, allowable rate of centrifugal acceleration C =

0.6 m/sec?

Deviation angle, N = n-n,

R

L=261m>128m 30 %
-11
Therefore, length of summit curve =261 m T 150 -

©Look for the SIA GROUP LoGo aPp
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U,Jlf aion for Comfort

A 172
0 L =2 M‘I

c

2
_ 11 222
150" 0.6

=2(1337.24]
=2[36.568)

=73.14m
Condition for Head Light Sight Distance
il pssume, £ = 25 |
Coefficient of friction, /= 0.35

stopping sight disténce (SSD)= vt + 3‘87

22;22
=222 22
X215+ 558035
» =1273m
If L > SSD,
__N§?
L=15+0355

_ 11x127.3?
- 150(1.5+0.35x127.3)

=199.5m
Therefore, assumption is correct.

The highest value obtained from the above conditions is taken as the length of valley curve.
L =199.5
=~ 200 m

Q52. Calculate the |ength of transition curve using the following data:

Design speed =65 Kmph, Radius of circular curve = 220m, pavement width including extra widening =
7.5 m, allowable rate of introduction of super elevation (pavement is rotated about the centerline) is 1

in 150.
Answer ; ' May-17, (R13), Q4(b)
Given that,
Design speed, ¥ = 65 kmph
R‘adius of a horizontal curve, R, =220 m
The rate of super elevation about centre line = 1in 150

Width of pavement, B = 7.5 m

() Length of transition curve as per rate of centrifugal acceleration is given by,

\4
L= TR, '
0.0215 7
- = T CR, _
x’E\ .
CTRUM ALLIN-ONE JOURNAL FOR ENGINEERING STUDENTS SIA GROUP {j
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80
C=73+y
80

T 75465

80
T 140
C=0571

The minimum and maximum values of C are limited to 0.5 and 0.8.

Hence, adopt C =0.57

0.0215+°
Ls - C.RC

_ 0.0215%65%65%65
B 0.57x220
=47.08 m

(b) Length of transition curve by allowable rate of super elevation.

_(0.751)?
€= TR

_ 0.75x0.75%65%65
- 127x220

=0.085
The value of super-elevation obtained is high and should be restricted to 0.07.

5

/=1’

65% . v
= Tz7x220 ~ 007

=0.15-0.07

=0.081
The value of friction (f) obtained is less and should be restricted to 0.15.

4

Due to supe}-elevation raise of pa‘vemeht =0.07x7
=049m
E eB 0.07x7.5

Raising of outer edge = i R
EN

Length of transition curve, L = 3
=0.26 x 150

=39m

' 2.7V
(¢) AccordingtoIRC, L, = —¢

2.7%65°
220

=519m

=0.26 m

" Consider highest value among the obtained three values,

Length of transition curve = 51.9
~52m ' '
" “Look for the SIA GROUP L0GO )} ‘off thé TITLE COVER before you by
!‘/
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1
W' highway passing through rolling
053. ‘.rrl"‘ in heavy rain fall area has a horizontal

v of radius 500 m. Design the length of
tr.,,.nlon curve assuming suitable data.

"cr ' Model Paper-l, Q5(b)
Givcn ‘hnt!

R=500m
Assume design speed, V= 80 kmph
Normal pavement width, B =7 m

Allowable rate of change of centrifugal acceleration,

3
A+V

73
64480

S

73

P —

144

C =0.507 (1in 150)

@) Length of transition by allowable rate of change of
centrifugal acceleration is given by,

yi

L= _C?
py3

"~ 46.5CR

80°
7 16.5%0,507 % 500

512000
T 11787.75

=4343m

®)  Length by allowable rate of distribution of super-elevation,

Assuming number of traffic lanes = 2
And wheel base = 6 m,
Total pavement width, B=W+W,
_ nl* P 14
=W+oR T 9sVR
2%6° 80
e =
=T+5%500  9.54/500
=7+0.072+ 0.376
B=7.448m

L =7.448 X 0.05 x 150
=55.86m

Q54. A highway is designed for a speed of 7o-kmpih

- and a horizontal curve of 350 m radius IS

planned at a location on the road. Th? road is

a two lane road and the super elevation is to

be provided by rotating the pavem?nt about the

inner edge. The rate of introduction of super

elevation is 1 in 160. Compute the length of

transition curve to be provided if the longest
wheel base expected is 6.3 m. '

Answer :
Given that,
Design speed, V=70 kmph
Horizontal curve radius, R =350 m
Number of traffic lanes, n =2
Length of wheel base, /= 6.3 m
Assuming, normal pavement width, W=7 m

Length of transition curve by allowable rate of distribu-
tion of super-elevation is given by,

L=Ex150 (Assume total rise wrt inner edge). |
L=Ex 160
sl e Where,
L (0751} 2SO
127R .
o= (0.75V)?
_ (075x80) 127R
127 x 500
_ (0.75x70)?
- 20 127 %350
63500
=0.0§ e =0.062
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Total pavement width,
B=W+W,

nl?
=W+ —4
d 2R

%
9.5%vR

=7+2x—3-

70
—_
2x350 9.5%x+/350

S B=751m
~ E=17.51x0.062
=0.466 m
Length of transition curve,
L=Ex 160
=0.466 x 160
~L=746m

- Qs5.

* the transition curve with circular curve of

Find out the minimum length of transition
curve required and the shift required to join

radius 200 m, for a road Passing through rolling.

(b) L, by allwable rate of introduction of SUper.e]eVatio

D)
m,
VZ
225R

652
225 % 200

=0.0939 (> 0.07)

c =

Il

So, adopt e = 0.07

Check for frictional resistance,
2

“127R ¢

65%
127 % 200

0.0963 (< 0.15)

J

-0.07

Hence Ok.
The value of e = 0.07 is safe for design speed 65 kmph

Total raise of outer edge w.r.t. centre line:

E _ew
terrain. Given design speed 65 kmph, carriage 7_'_ 2
way width 7.5 m, rate of super elevation 1in 150
and the road is rotated about the center line to _007x7.5
achieve super elevation. oo 2
Answer : April-18, (R15) Q5(b) =0.26 m ‘
Given that, ' g -Here, width of pavement (w) = 7.5 m
Design speed, V= 65 kmph linN=11in150
Radius of circular curve, R = 200 m. 7' EN
Type of terrain = Rolling | Vo2
Carriage way width, W=7.5 m =0.26 x 1‘50 =39m
Road rotate about center line, 6 =1 in 150 (c) By empirical formula,
Assume, super-elevation, e = 0,07 [ 2.712
(@)  Length oftransition curve as per allowable rate of change ' R
of centrifugal acceleration (C); z! 2.7 X 652
__80 ~ T 200
T5+v
=57.0375
__80 3
75+65 Adopt highest valye of three,
=0.57 m/s? -
. L [ it1 = . = 57 m
It lies between 0.5 & 0.8, (hence OK) eeth of transition curve (£, = 57.037
s 2
V3 o t
= Sh ﬂ, S=—
L= sk . 0T R
65° _ 572
46.5 X 0.57 X 200 24 %200
o =51.80m = 0.676 m
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