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1(a) Describe briefly the effect of centrifugal force on horizontal curve having no super

Answer any FIVE FULL Questions OUT OF SI X .

elevation.

When a vehicle traverses a horizontal curve, the centrifugal foree acts honzontally
outwards through the centre of gravity of the vehicle, The centrifiugal foree developed
depends on the radius of the horizontal curve and the speed of the vehicle negotiating
the corve. This centrifugal force 15 counteracted by the transverse frictional resistance
developed between the tyres and the pavement which enables the vehicle to change the
ditection along the curve and 10 maintain the stability of the vehicle. Centrifugal force
P is given by the equation:
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Y V;_; (Eq, 4.9)

Horn
Here

P = centrifugal force, kg ’

W = weight of the vehicle, kg

R = radius of the circular curve, m

y = speed of vehicle, misec

g = aceeleration due to gravity =9.8 mlsec”

The ratio of the centrifugal foree to the weight of the vehicle, P/W is knovm2 as the
‘centrifugal ratio® or the ‘impact factor”. Therefore centrifugal ratio, (P/W) = (v7/gR),
The centrifugal force acting on a vehicle negotinting a harizomal curve has the

following twa effects:
(i) Tendency to overturn (he vehicle otitwisrds about the outer wheels and

(i) Tendency ro skid the vehicle lalerally, outwards

The analysis of stability of those two conditions a@nm overturning and transverse
skidding of the vehicles negotiating horizontal olrves without superelevation are given

below:
(0) Overturning effect
The centrifugal force that tends the vehicle to overtum about the outer wheels B on

harizontal ourve without superelevation is illusirated in Fig. 4.18, Leth be the height
afthe centre of gravity of the vehicle above the road surfice and b be the width of the

wheel base or the wheel track of the vehicle.

The overturning moment due fo ceatrifugal force, = Fh

This is registed by the testoring moment due 1o weight of the vehicie W and i5 equal
o (Wh/2).

The equilibrium condition for overtuming will occur when Pl = Wb/2, or when
P/W = (b 2h). This means that there is danger of overturning when the centrifugal

mtio P/W or v*/gR attains a values of b/Zh.
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Fig. 4.18 Overturning offect due to centrifugal foree

(1)) Transverse xkidding effect

The centrifugal foree developed has also the tendency to pushi the velifele ontwards
in the transverse direction. The forees developed under this condition are shawn in
Fig, 4.19. 11 the centrifugs! Totee developed exceeds (he maximim transverse friction
foree or transyverse skid resisiince connterncting tie centrifignl (oree, the vehicle will

sinrtskidding in the transverse direction.
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The equilibrium conditipu for the tnsverse skid resisiinee developed is given by:
P = Fa+P=[0(Rp+Rp)=IW

In the above selation, [ is the coefficient of [riction between the tyre and the
pavemant surface in the transverse direction, Ra andd Ry are nommal renetions at the
wheels A and B such that (Rx + Rp) is equal 1o the weight W of the vehiole, as no
superelevation has been provided in this case,

Since P = f W, the centrifugal ratio P/W is equal to *f". In otlier words when the
centrifugal ratio attnins & value equal to the coefficient of [ateral friction, [ there is a
danger of lateral skidding.

This to aveid both overtuming and lateral skidding on o horizontal curve, the
centrifugal matio should always be less than (B/2h) and also trunsverse friction
soefficient, L.

The vehicle negotiating a horizontal curve with no superelevation has to fully
ond on the coefficient of friction, 1o resist the lateral skidding. If either the speed
of the vehicle is high or the radius of the curve is less, the centrifugal force may
increase 10 an extent to cause overturmng or lateral skidding of the vehicle. In'such a
<iruation, if the friction coefficient, [is léss than (b/2h), the vehicle would skid and not
overturn, On the other hand if the value of (b/2h) is lower than f, the vehicle woild
overtumn on the outer side before skidding, Thus the relative danger of lateral skidding
and overturning depends on whether f is lower or higher than (b/2h).

If the pavement is kept honzontal across the alignment, the pressure on the outer
wheels will be higher due to the centrifugal force acting outwards and hence the reaction
Rp 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 equilibrium
condition for overtuming oceurs the pressure at the inner wheels becomes equal to zero.

(b) Define Overtaking sight distance.

“The mitinurn distance open to the viston of the driver of  vehicle intending to overtake
slow vehicle abesd with safety against the traffic of opposite direction is knowr} as the
minimum overtaking sight distance’ (OSD) 6r the ‘safe passing sight distanice” available.
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The overtaking sight distance, OSD is the distance measured along the centre of the
road which a driver with his eye level at 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.

SUMMIT CURVE

Fig. 4.13 Measurement of overtaking sight distance
2(8 Thedesign of ahighway is 80 kmph. Thereisahorizontal curve of radius200mon  [8] Coz| L3
acertain locality. Safe limit of transverse coefficient of friction is 0.15.
(a) Calculate the superelevation required to maintain this speed.
(b) If the maximum superelevation of 0.07 is not to be exceeded, calculate
the maximum allowable speed on this horizontal curve as it is not
possible to increase the speed.
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(b) Write the expression for ruling radius and absolute minimum radius for a horizontal
curve.
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3 Explain how superelevation is attained on field. [10]
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4 (a) Calculate the length of the transition curve and the shift for the following data:
Design speed = 65 kmph
Radius of circular curve =220 m
Pavement width including extra widening =7.5m
Allowable rate of introduction of superelevation (pavement rotated about

the center line) = 1in 150
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(b) Write the expression for extrawidening in pavement.
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Q_ = 60 m-

The speeds of overtaking and overtaken vehicles are 70 kmph and 40 kmph, [10]
respectively on atwo way traffic road. The average acceleration during overtaking
may be assumed as 0.99 m/s2.
(a) Calculate safe overtaking distance
(b) What is the minimum length of overtaking zone?
Givandats!
Speed ni nyaemaking vehizle, Vo= 70 kiphy thercfors v = 10/3.6 = 19,4 mjies
Spezil ul'cvernien velivle, Vi = 40 lomph, therefone w, = 40/2 6= 1 1,1 nv/ses
Average scieleration during overtaking, o = 0.99 migac’
(4) Ovenabing wght Uititee for two woy mffie, yide Eq 47, QSD
S rdyvdy) = (it T+X 4+ Tim
Reaction fime for oveitsiing t = Jgee
di = wi=llixi=232m
ds = wTe2s
) (07w + o071l =8)=138m

T = J,:‘_’ - f.i?'_s. O’"’m
. J 0.5%

G = W)= 7474 2 3 E=1105m
di = VI~ 194%747=1449m

]
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OSD = di+dp+dy=222+1105+144.9= 277.6m,
say278'm
(b) Minimum length of overtaking zone = 3 (OSD)=3x278 = 83dm

Desirable length of overtaking zone: = §x (0SD)=35x 278 = 1390
(¢) The details of the overtaking zone arc shown in Fig, 4,16

278 m

834 o 1390
s
F;P‘——H*"‘—-L P2

i”—/i——ﬂ%b——ﬁgf:

278 m 278m  278m

SP1-SIGN POST, "OVERTAKING SIGN AHEAD"
$P2 - SIGN POST, "END OF OVERTAKING ZONE'

Draw aneat sketch of the overtaking zone and show the positions of sign posts.

Derive an expression for Overtaking sight distance. [10]
Al A2 81 B2 A3
[(B- [0 B~[C0 [J
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Fig, 4.14 Overtaking manoeuvre
The overtaking manoenvre may be split up into three operations, thus dividing
ovirtaking sight distance, OSD into three parts, d|, dy and d3.

- dy is the distance (m) travelled by the overtaking vehicle A duning the reac]
time t (secs) of the driver, from position Aj (o Az before starting to overt
the slow vehicle B

- dy is the distance (m) travelled by the vehicle A during the actual overtal
aperation during T (sees) from position Az to Ay

- dy is the distance (m) travelled by on-coming vehicle C during the ac
overtaking operation of A during T (secs) from paosition Cy to C3

Assumptions made in the analysis :
Assumptions maile to calculate the values of d, dy and dy (m) are given below;
the overtaking vehicle A is forced to reduce its speed from li.:r. dllasign sp?ud v
(mfsec) to vy (mi/sec) of the slow vehicle B and move behind if, allowing
space s (m). till theré is an opportunity for safe overtaking operation
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i i ' i ahead, decides within g
when the driver of vehicle A finds sufficient clear gap ahcad, ¢ee gy
rcac::fon time t (s¢C) to accelerate and overtnke the veliicle B, during which the

vehicle A moves at speed vy, (msec) through u distance d;, from position Ay fo A,

the vehicle A accelérates and overtakes the slow vehicle B withina distance d,
during the overtaking time, T (sec) between the position Az 10 A3..

" the distance da is split up into tliree parts (as shown in Fig. 4.14), (i) s?aqipg
s (m) betwean Az and By (i) distance b (m) travelled by the slow./“veluchf B
between B and Bz during the overtaking manoguvre of A and (iii) spacing
s (m) between By and A3
during (his overtaking time T (sec), the veficle C coming from opposite
direction travels through a distance d3 from position Cy to Cz

EARE MW ANMEE LM T WA UM NS S NASM VRSN S me e ses fromm s g e )

Determination of the components of OSD

(a) Fromiposition A to Az, the distance, d, (m) travelled by overtaking vehicle A,

at thé reduced speed vy (nVsec) during the reaction time, t (sec) = vy t (m).
The IRC suggests that this reaction time ‘t* of the driver may be taken as
20 sec as an average value, as the mim of the driver is only to find an
- opportunity to-overtake. Therefore, d) = 2vy, (m),

+ (b) Fronf position Ay, the vehicle A starts accelerating, shifts to the adjoining lane,

overtakes the vehicle B, and shifts back to it original lane shead of B in
position A3 during the overtaking fime, T (sec). The straight distance between
position Az and Aj is taken as dy (m), which is further split into three parts,
viz.,dy = (s+ b+ 8), a3 shown in Fig, 4.14

(e) Thz: minimum(dista’nc‘c between position A, and By may be taken as the
.« minimum ;paczqg s (m) between the two vehicles while moving with the speed
3 Vb (fn/st;ec). The minimum spacing between vehicles depends on their speed
- and is given by empirical formula, s = (0.7 vy +6), m



(d) The minimum distanee between Bj and Ay ma

(€)

‘opezation from position Az to Ay is T (sec),

— - NWEToTD Mgy

y also be assunyed cqual 1o 5 (m)
by vehicle A for the overtaking

the distance covered by the slow
=b=wT (m). Thus the distance

a3 mentioned above, If the overtaking tinye

vehicle B travelling at a speed of Vi (m/sec)
d! ':(b + 25)0 m
Now the time T dcpcgds on speed of overtaken yehisle

' | ( ¢ B and the average
aguclztntxon ‘2’ (m/sec”) of overtaking vehicle A, The overtaking time T (sec)

12 a T%), using the

ot 2
overtaking in m/sec* .

2
@ = (br2g)= [VbT{» iJ
2

| i Vi) is not given, the same may be
In case the speed of overtaken vehicle (vp or Vi J " ‘may
assumed as 4.§pml’s'e'c or 16 kmph less than the dzsign speed of the highway.

Therefore, vy = (v —4.5) mfsec or Vi = (V ~ 16) kmph where v is the design spesd in

msec and V is the design speed in kmph. | -
celera i i i ing 1 factors as
) tion of the overtaking vehicle varies depending on sw:ra ors such :
ﬂmnn;fka:cénﬂ mn';:i- of the vehicle, its condition, load and the Fpﬂﬁd, acmal amganug
also depends on the characteristics of the driver. As a general guide Table 4.8 may be vse

for finding the maximum acceleration of vehicles at different speeds, The average rate of

acceleration during overtaking manoenvre may be taken corresponding to the désign speed.

Table 4.8 Maximum overtaking acceleration at different speeds
|

Maximum overtaking
Spieed acceleration ~
V, kmph | v, m/sec | A, kmph/se¢ |a, m/sec
25 6.93 5.00 1.41
30 8.34 4.80 ; 1.30
40 11.10 445 1.24
! 50 | 13.86 4.00 L1
65 18.00 3.28 0.92
80 | 2220 | 256 | 072
100 27.80 182 0.53




(@

Vi

b = T, and therefore 2s = %

Therefore, T = Ji_s secs, where s = (0.7 v+ 6) m
- : .

Hence, dy = {(w,T+2s), m

The distance travelled by vehicle C moving at design speed v (mfsec) ﬂlil_fﬂs !
the overtaking operation of veliicle A i.e. during time T (sec) is the distance
dz_.(m] between positions C; 15 Ca. Hence, d3=v T (m)

Thus OSD = (4 + htd)=(wt+wT+2s+vT)m (Eq.4.7)

Iy kenphi units, Eq 4.7 works out as: .
OSD. = 028 Vit+0.28 Vi T+ 25+ 028 V.T (Eq. 4.8)

Here _ y

= initial speed of overtaking vehicle, kmph

reaction time of driver =2 se¢ ]
speed of overlaking vehicle or design specil, kmph

_ J4x3.ﬁs = J14.4s
A A

spacing of vehicles = (0.7 vy +6)m = (0.2 Vy+ 6) m
average aceeleration during overtaking, kmpl/sec.




