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Introduction
e When two straight lines (in real life like highways, railway lines) intersect at some angle, then a curve
is provided in between them which meets the straight lines tangentially.

e Curves are in fact arcs with some definite radius and a center i.e. they are part of a circle. It is due
to the curves only that the change in direction is made possible a very smooth task.

Classification of Curves

(a) Horizontal Curve ‘ (b) Vertical Curve

Horizontal Curve

Horizontal curve joins the two intersecting lines which lie in a horizontal plane. e.g. Curve provided to
connect two roads meeting at an angle. Horizontal curves are further classified as:

(a) Simple circular curve (b) Compound curve
(c) Reverse curve (d) Transition curve
(e) Combined curve (f)  Broken-back curve

Vertical Curve

Vertical curve joins the two intersecting lines which lie in a vertical
plane. e.g. Curve provided to connect two roads at the lower most
point of a valley. Vertical curves are further classified as:

(a) Summitcurve

(b) Sagcurve

Horizontal Curves

Simple Circular Cyrve A
¢ Asimple circular curve has the property that it connects two ’
straight lines with a curve of constant radius at all the points
on the curve and connects the two straight lines tangentially. o
InFig. 1.1, T, TT, is a simple circular curve, Fig. 11.1 Simple circular curve



11.3.2 Compound Curve

* Many a times it is not possible to provide a curve of constant
radius to connect the two straight lines. In that case, we provide
more than one curve of different radii to connect them.

*  When all the curves turn in the same direction then the resulting
curveis called as compound curve. In Fig. 11.2, T, Tand TT,are
the two curves of different radii R, and R, respectively which tak?
turn in the same direction.

=~

Fig. 11.2 Compound Curve
11.3.3 Reverse Curve .
~* Inthis type of curve, the two curves of different radii A,
and R, take turn in opposite directions as shown in
Fig11.3: S
2+ These'types ‘of curves are also called as serpentine
- curve or the S curve because of their shape.

R T .

Fig. 11.3 Reverse Curve

11.3.4 Transition Curve

*  While going through a straight roéd, ifa
curve is suddenly encountered, we feel a
jerk. In order to avoid such a sudden jerk,
it is essential that the fransition from the
straight line to the carve takes place T
gradually and NOT suddenlyA Thus a curve
of varying radius is provided which takes
off from the straight line, turns gradually and
finally meets the curve iie. attains the same
radius as that of the curve. This type of curve
is called as transition curve as shown in
Fig. 11.4. Itis also called as easement o

curve,

Transition curve

Fig. 11.4 Transition Curve

11.3.5 Combined Curve ,

Circular * ltis a combination of simple and transition
curves and is invariably provided in all types
of highways and railways.

11.3.6 Broken-back Curve

* Thisis a very old type of curve used in the
pastwherein a straight line was provided in
o betweenthe circular curves as shown inFig. 11.5.
e Thistype of curve is not suitable for high speed
maneuvering and is not used these days.
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Fig. 11.5 Broken-back curve
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11.4 Vertical Curves

11.4.1 Summit Curve n
This type of vertical curve is provided in the fol!owing situations:

+9,% -g,%
(a) An upgrade is followed by a downgrade as

H
 shown in Fig. 11.6 !
Difference in gradient=g, +g,

Fig. 11.6 Upgradient meeting a down
gradient

(b) A steeper upgrade is followed by a milder | -
upgrade as showniin Fig. 11.7. :

Difference in gradient=g, - g,

Fig. 11.7 Steeper upgradient meeting a
.- milder upgradient

—-9%
(c) Amilder downgrade is followed by a steeper

downgrade as-shownin Fig. 11.8.

Difference in gradient = — (g, — g,)

Fig. 11.8 Milder downgradient meeting a
steeper downgradient

11.4.2 Sag Curve o
This type of vertical curve is provided in the following situations:

(a) A downgrade is followed by an upgrade
as shown in Fig. 11.9.

Difference in gradient = — (g, + g,)

Fig. 11.9 Dowﬁgrad/entmeeting an
upgradient




(b) A steeper downgrade is followed by a
milder downgrade as shown in Fig. 11.10.

=~ %%
Difference in gradient = - (g, — g,)

Fig. 11.10 Steeper downgradient meeting a
milder downgradient

(c) Amilder upgrade is followed by a steeper
upgrade as shown ih'Fig. 11.11.

\

+9:% N

Difference in gradient = 9,-9;

Fig. 11.11 Milder upgradient meeting a

steeper upgradient
11.5 Simple Circular Curve-A Detailed Overview
11.5.1 Elements of Simple Circular Curve
Point of intersection (V)
_\‘ ~— Deflection angle (A)

~ Point of tangency
(PT)

Apex cistance

Central angle (4)

Fig. 11.12 Elements of a circular curve

As.show? inFig. 11.12, let two straight lines AV and BVintersect at point Vwhich is called as the
;.)omt‘ of intersection being abbreviated as PI. The external angle between these two
lines is referred to as the deflection angle, A. The internal angle between these two

lines is called as th_e intersection angle or the angle of intersettion, 6. Thus obviou
A+6=180°

intersecting
intersecting
sly,

L(11.1)

The point from where the curve begins (T,) is called as the point of curve being abbreviated as PC
and the point where the curve ends (T,) is called as the point of tangency being abbreviated as PT.
Tangent Length: The lengths VT, and VT, are called as tangent lengths which are in fact being
equal in lengths. This is due to the fact that:
“Tangents drawn from an external point to a circle are equal in lengths.”
Length of arc: The arc length 7,CT, are called as the length of the circular arc where point Cis the
summit of the curve and it lies on the angle bisector of the angle T, 0T, and also bisects the curve
T.CT,.
Long chord: The line joining the point of curve (T,) and the point of tangency (T,) is called as long
chord.
Mid ordinate: The line joining the summit of the curve (C) and mid-point of the long chord (D) is
called as the tnid ordinate i.e. the length CD as shown in Fig. 11.12.
Central anqle: The angle subtended at the center 'O’ i.e. £T, 0T, is called as the central angle. The
central angle is always equal to the deflection angle (A) i.e. -

£T,0T, = A
Normal chord: If there are two stations at the end of a chain which forms the chord of a curve then
this chord is called as the-normal chord or the fuli chord.
Sub-chord: Any other chord which is shorter in length than the normal chord is called as the sub-
chord. It generally occurs at the start and the end of a curve.
Apex distance: The distance from the point of intersection (V) and the summit point (C) is called as
the apex distance.

11.5.2 Degree of Curve

The two importan't parameters of a circle (or the
circular curve) are its center and the radius.

Length of curve

Often the center of the curve which is to be laid out
on a highway or for a railway is inaccessible and in
such cases, the radius of the curve has no
importance.

In order to set out a curve in such situations, we
define the degree of curve. This degree of curve is R o
defined either on the basis of arc or the chord.

Arc definition of degree of curve: According to
this, the degree of curve is the central angle
subtended by an arc of length 20 m or 30 m as the
case may be.
Let R = Radius of the curve :
D = Degree of the curve as per arc definition for a 30 m arc length i.e. a 30 m arc length
subtends an angle of D° at the center.

Fig. 11.13 Arc definition of degree of curve

n
Now, = D—— radians
r 180

) ) Arc 30
and Q(nn radians) = Radius = )
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= —_— =
180 -
N ) A - 30)(180:1718.9:1719:D=1719

Dr D D R
If however, degree of curve (D) s defined with 20 m arc length then,
20 x 180‘__114549:11& N
Dr D D
*  Chord definition of degree of curve: According to this, the
degree of curve is the central angle subtended by a chord of
length 20 m or 30 m as the case ;‘nay be.
Let R = Radius of the curve
D = Degree of the curve as per chord definition fora 30 m
chord length i.e. a 30 m chord length subtends an
angle of D° at the center. o

Now, in AT,0M as shown'in Fig. 11.14

1146
= R = =?

(11.2)

~(11.3)

Length of curve

sin2 _ ML_1s
2 OoT, R
A= 15 » T D = Degree of curve
- . B sin D LT Fig.’v‘l 1.14 Chord definition of
2 : degree of curve -

Now for very small angle 8, sing~ 6
where 8 is in radians.
Here angle Dis very small and so,

D D o .
smg = 5 (where Dis inradians)

But in the present case, angle Dis in degrees.
15 15

_15x2x180 _1718.9. 1719

So, R = DD = Dr D =———D
sin— = x—
2 2180
1719
= D = = ) [Same as Eq.(11.2)]
4
Similarly for a 20 m chord length,
R = 10 ___ 10 '_1OX2X180_1145.9~1146
2 D, Dn D D
2 2 180
1146
= D = = [Same as Eq.(11.3)]

11.5.3 Mathematical Expressions for Elements of Simple Circular Curve

Length of the curve: The length of the curve T,CT, is denoted as ‘7’ where,
= RA

RAT

180

where A is in radians

where Ais in degrees

Point of intersection v) -—\ i
~—Deflection angle (A)

@\‘-"«\ Angle of intersection (8)
& .
Point of curve & Point of Tangency (PT)
[ IANg Mid-ordinate /,:

Apex distance

Central angle (A)

- ..Fig. 11.15 Elements of a c/rcu{ar curve

Now for 30 m arc or ctiord définitign,

1719

- —. = 2= (114
Thus, _ =D 10" D 14
Similarly for 20 m arc or chord definition, . - o ;

1146 An _ 204 -(115)

ST D "0 D
Length of the tangent:

: A
Tangentlength(T) = TV =T,V = R.tan(-Z—) -(116)

Length of long chord:

Length of fong chord (L) = T\DT,=2T,D
FromADT,0,
sin[é) L%
2) " R
= D = Hsin(%)
in| & 17
= L = 2T,D=2Rsin 7 L(11.7)

Apex distance:

A
Apex distance (VC) = VO-CO = RSGC(—?-)— R= R[SGC(E)— 1] ..(11.8)
Mid-ordinate:
A AY)) ¢
Mid-ordinate (O,) = CD=CO-DO=R-R. cos(§)= H(1 - cos(—z—)] ..(11.9)



(11.10)

11.6 Setting Out a Simple Circular Curve
The ohainagé of point of curve (P.C.) i.e. T, may not be a full chain multiple and mostly it will be some full
chain multiple and a fraction of a full chain length. The next point after T, will be at full chain length and
so the all other points except the last point i.e point of tangent (P.T.) or T,. Thus the first and the last chord
of the curve whose lengths are lesser than the full chain length are called as sub-chord.
The methods of setting a simple circular curve are broadly classified as:

(a) Linear methods: In this method, only a chain or a tape is used and no angle measuring
device/instrument is used.
(b) Angular methods: In this method, angle measuring device like theodolite is used with or without a
chain or tape. Angular méthods are more precise and thus are always preferred but they are time
consuming. L Ll
* Before setting outa curve in the field firstly the point of intersection of the straight lines (P.1.), the
point of curve (P.C.) and the point of tangency (P.T.) are located. Among these, firstly P.1. is
located and a theodolite is set up at P. V. and levelled. The telescope of the theodolite is directed
towards one of the straight line and transited by 180° . The telescope is then swung towards the
other straight line. The deflection angle (A) is being noted from the horizontal scale reading of the
theodolite. The' length of the tangent is calculated from Eq. (11.6).

¢ Points T,and T, are then established at the tangent length (7) from the point of intersection, (P. 1.)

11.6.1 Linear Methods of Setting a Simple Circular Cutve
(@) Offsets from the long chord
(c) Radial offsets from the tangent
(e) Offsets from the chord produced

(b) Perpendicular offsets from the tangent
(d) Successive bisection of arcs or chords

11.6.1.1 Offsets from the Long Chord

As shownin Fig. 11.6, two straights T, Vand T, Vintersect at
point of intersection, V. It is required to set out a curve of radius R

between the points T, and T,,. O, is mid-ordinate and O, is the offset
at point Pat a distance x from the mid-point M of the long chord.

Now from AOMT,,

OT2 = OM2 + MT2
(Pythagoras theorem) -
= OM = |Jor? -7
2 R \ R
= OM = R2 — (LJ ) \‘\
2 |
Also, ‘ CM = 0C-OM i\

/ LY . ©
= 0,= A~ i —(5) Fig. 11.16 Offsets from the long chord

Thus offset PP, is given by,
PP, = MG = OG- OM
= 0, = /q2_x2_(ﬁ_oo) L(1111)

The Eq. (11.11) gives the exact expression for the required offset at a distance x from mid-point Mon the
long chord.
This relationship can be approximated also by expanding the square root term as,

0 = \RZ—«\Q‘(R”Oo)

2\4
= 0, = H[L‘?)?-moo
= 2

= O, =R 1—?+.“. -R+0,

& : )

‘ - x2 -
= o=|R BT R -R+0, .“(neglecting higher order terms)
. . X2

R 0= 03 (11.12)

Thus by putting different values of x, offset O, can be found out both exactly and approximately as per
requirement from Egs. (11.11) and (11.12).

11.6.1.2 Perpendicular Offsets from the Tangent )
This method of setting out a simple circutar curve is particularly suitable

for curve of small radius and small deflection angle. Let there is a point Pon T v
the initial tangent T, Vat a distance x from T,. PP, is the perpendicular offset A _Lox
from point P. Obviously point P, is required to lie on the curve. Py
" Now from AP, EO,
' P,0% = P,E2 + EO?
= R? =2+ (R-0)?
R
2_ 2
. R-0,- B2
= Q\': R—-\'/RZ—'.\’Z
(Exact expression for perpendicular offset) (11.13) !
23 (0]
Also 0, = p,_/?(p;L 2
; LA Fig. 11.17 Perpendicular
2 offsets from the tangent
= O = R-RI1- — T+
* 2R
! 2
= 0, = gﬁ (Approximate expression for perpendicular offset) ... (11.14)

Thus by substituting different values of x, perpendicular offsets can be found out.
Note: If the versed sine of curve (mid-ordinate) is less than 1/8th of chord then the curve approximately very close
to circle.



NOTE Ifthe clrve is set out using the approximate expressions. then thed resultant curve will be a parabola
and nota c:rcular curve Butfor very flat curves whose radius is very |arge then approxlmate expressions will

" give. circular curve only

11.6.1.3 Radial Offsets from the Tangent
As shown in Fig. 11.18, PP, is the radla! offset where the 1

point Pis located at a distance x from the point of curve T,. v Tl‘——
Now from APT, O, A= v
PO? = PT? + T,02
(R+0)2=x%+ R?
= O, =VR?+x* =R R
(Exact expression for radial offset) ..(11.15)
Now, O =R +x*-Rr
1
2\=
2
= 0= R1+%°-R
* ( R ] o
= 0 - ﬁ Fig. 11.18 Radial offsets from the
2R tangent
(Approximate expression for radial offset) ..(11.16)

11.6.1.4 Successive Bisection of Arcs or Chords

*  Asshown inFig. 11.19, the long chord T, T, is
bisected at point M. Also mid-ordinate is equal
to A(1-cos(A/2)). Thus point C gets established
which is located at a distance equal to mid-
ordinate from the point M. T, Cand T,C are joined
and bisected at points M, and M, respectively.

*  Now the perpendicular offsets C,M, and C,M,
will be equal to A(1- cos(A/4)). These offsets give \
points C; and C, on the curve. Now join T,C, N |
C,C, CC, and C,T, and bisect term. Determine A : B
new mid-ordinates which will give points on the
curve. All these points when joined will give the

et (9]

7

2

S T

Fig. 11.19 Successive bisection fo arcs or
chords

required curve in the field.
11.6.1.5 Offsets from the Chord Produced -

¢ ltis generally used for setting out the highway curves when theodolite is not available.

® AsshowninFig. 11.20, T, ais the first sub-chord denoted as C,.

e From the point of curve, T,a length equal to first sub-chord (C,=T,a’) is marked on the tangent
through 7,.

e From point &', draw perpendicular to get point ‘a’ on the curve. T,ais joined and produced by a
distance C, (which is equal to full chord length).

*  Setout perpendicular offset b’b from point b’ to get
point ‘b’ on the curve. Points aand b are joined and
produced by a distance C3 (equal to fuli chord length)

and the process goes on.
Now, £a'T,a = 8§, = Deflection angle of the
first chord
Thus, O, = aa=(T,a)8, = C,3,
£T,0a = 2/aT,a’'= 23,
Ta = R(23,)
=ha_g
"T 2R 2R

Putting this value of 8, in the expression for 0,

- 01) [}
% C1(2F? (2/?

Fig. 11.20 Offsets from chords produced

Now, ab’ =ab=C,
0, =b'b=b'Q+ Qb
b’'Q = 05
@ =0y

" C, c;
05 = C,8,= 02(2;‘} [%J

’ 0; -cs_cz(c‘)

2R
Thus 0, =0+ 0y
GG G _ G
= = C
B 2/? ZR( 1+Cs)
Similarly, 0y = §(02+Ca)
And the last sub-chord is given by,
[
On = é%(CZ + 03)
G
0, = ﬁ(cnﬂy.(;nq) ‘ .(11.17)

11.6.2 Angular Methods of Setting a Simple Circular Curve
(a) Rankine’s method of deflection angle
(b) Two theodolite method
(c) Tacheometric method

11.6.2.1 Rankine’s Method of Deflection Angle

¢ This method is quite suitable for setting out a circular curve of large radius and large length.

e From geometric theorem on circle, the deflection angle to any point on curve is the angla subtended
atthe PC(T,) between the tangent and the chord from PC o that Point. This deflection angle is one-
half of the angle subtended by the arc at the center.



In Fig. 11.21, point of curve (PC)is T, and a, b,

*C.... are the point on the curve with 8,,3,,8,,.. the respective

deflection angles between chord and respective tangents at

Ti.8,b...etc. Ay, A, ... etc. are the total deflection angles to
the points a, b, ¢ ... etc.

Thus, £T,0a = 2£VT,a= 23,
Now, R@25,) = Curve T,a=c,
cy )

§ = Y- radians

s _ €1 180
= 6‘ = 2Rx - degrees
= 1718‘87%‘- minutes
Similarly,

= 171887% minutes

For the first chord T;2; deﬂéoﬁdn éngiéé A1‘A=’;Tanger:ltlalb‘véngle 5
For point ‘b on curve, A= ZVber e

Angle subtended by ¢hord ‘ab’ at on e
o TV=czaTp=s,
Thus, 8= LVTb= LVT 2 zaTb
I =8, +38,=4, +5,
A=A, +3,
As a check, for the fast point T,
A, = LVIT, = %

11.6.2.2 Two Theodolite Method

¢ ltis the most preferred method of setting out a
circular curve when the ground is undulating, rough
and s also not suitable for the linear measurements.

* Inthis, nolinear measurements are done. instead
two theodolites are used which gives more
precision. It is based on the principle that:

“The angle subtended by a tangent and a chord at
apointon a circle is equal to the angle subtended
by the chord in the opposite segment.”
Thus in the Fig. 11.22
£VTLa= 3 =/al,T,
ZVT,b =8,= £bT,T,

Procedure:

Step 1. Set up the theodolite at point of curve, T, and other theodolite at point of tangent, T,

Step 2. Set the Vernier A of both the theodiolites to zero.

Step 3. Direct the theodoiite at T, towards Vand theodolite at Tytowards T,.

Step 4. Setangle 8, in both the theodolites so as to direct the line of sights towards T,aand T,athereby
locating the point ‘a’ on the curve. The point ‘a’ is the point of intersection of the two lines of
sight.

Step 5. Similarly establish point ‘6’ by seiting an angle 8, in both the theodolites.

Step 6. Repeat the above steps with different values of § to get different points on the curve.

Drawback : Itis expensive and time consuming but at the same time it is the most precise method as

well. All the points are established independently and thus error in locating a particular point is not

carried forwardto other points.

11.6.2.3 Tacheometrie Method

e This method is Very similar to-Rankine’s method of .
deflectionangle. =t )

¢ The theodolite at.T, is used as a tacheometer and
tacheometric observations are made.. ;

® ltis less precise than-Rankine's method but here-in"
this method, the chaining operatio,n‘irs‘co‘mpletely
eliminated. . _ ha oA

° Point on the curve is established by setting the
deflection angle inthe tacheometer and meastring the .. .
distance of the paint on the curve by placing a staff =~
onit. )

¢ The points a, b, ¢, .... So obtained are joined by T,

Fig. 11.23 Tacheometric method

and the chord lengths are given by:
T,a = L, ="2RsinA,
Tib = L, = 2RsinA,
Te=1y= 2Rsina,

TT=1L,= 2RsinA = 2Rsin(4/2) = Length of the long chord
e Therequired staff intercepts for measuring the distances are obtained from the tacheometric formula
as:

D= (i_)s+(f+d)

(for horizontat iine of sight)

f
| D= (7)5'0082 8+(f+d)cose (for inclined line of sight)
11.7 Curve Passing Through a Fixed Point

Many a times it becomes indispensable to pass a curve from a fixed point say P as shown in Fig. 11.24.
Let the point P be at a distance ! from the point of intersection V and at an angle 6 from the initial tanaant



Now in AIPQO, o=0-4T,VO

A
= 6-90°-2
* ( 2)

ov= Rsec(%) -(11.18)

(90° - A/2)

Now ﬂ = .0F
sinB  sina

Rsec(A/2) R T
s sino

sinP = sinasec(gj .(11.19)

Thus from the known values of ¢ and A, B can be determined. Fig. 11.24 Curve passing through a

Nowin AVOP, Y =180°- (o + B) fixed point
In A0AP, 0n = Rcos(%ﬂf)
InAPBY, PB=1sin@
Thus, OA=0T,-T,A=OT,-PB
OA = R-1sino
Therefore, Rcos(Af2+y) = R~ 1sing

Now, 8, yand / are known and thus R can be determined.

11.8 Compound Curve .
¢ Acompound curve is the combination of two or more simple circular curves of different radii.
¢ Thus because of two different radii, the two centers will also be different.

°  Because of different length of tangents, compound curve allows the fitting of location of a topography
with enhanced refinement as compared to simple circular curve.

¢ Asfaras possible, where simple circular curve can be used there compound curve should not be
used.

11.9 Elements of Compound Curve

As shown in Fig. 11.25 the two straights AV and BV intersect at point of intersection V. T,DT, is the
compound curve having two circular arcs of radii A, and R,. The two compound curves meet at the point of
compound curvature D. MN is the common tangent to the two curves making angles of A, at Mand A,atN.

Thus, deflection angle (A) = A, + A,

VM VIV MN

In AVMIN, s e
sina,  sina, snn[180°—(A1+A2)]
ins N sin 2
Thus, o MNsina, _MNsina, (11.20)

Tosin(A,+4,) sinA

MNsinA; — MNsina,

and W = — =— .(11.21)
sin(Ay+4,) sina
Common Tangent MN
MD = R, tan% = MT,
ND = R, tanézé = NT,
Thus, - MN = R, tanﬁh‘?2 'ranA~2
2 2
A A
= Ritan—l+R,tan=2 -(11.22
1ansr+ Ry tan— ( )
tengths of tangents VT, and VT,
VI = MT, + MV
Ay MNsinA .
VI, = Aitan—te———=2 (4423 Fig. 11.25 Compound curve
2 sinA
VT, = NT, + NV
‘ Ay,  MNsinA
= Rptan—2+——1 (44
V7, , tan > + oA (11.24)

In general, in 2 compound curve, there are a total of seven elements viz. A, A,, A, R, R, VT, and VT,.
If any of the four elements are known (with at least one angle and two lengths), the three other unknowns can be
determined from the above derived equations. :

11.10 Reverse Curve

Réverse curve consists of two curves with their centres on opposite side of the common tangent at the
Point of Reverse Curvature (PRC). The radii of the two curves may be same or different.

Uses: Revefse curve is used in the following situations:

(a) When the two straight lines are parallel to each other.

(b) When the angle between the two straight lines is very small.

11.10.1 Elements of Reverse Curve

Total straight VA and VC include a total
deviation angle of A. O, and 0O, are centres of two
curves with corresponding radii R, and R,
respectively. BE is common tangent which is
perpendicular to 0, Oz

Join 7,7, and draw 0,G L T, T, and
OF LT.T,

In ABVE Ay = A+A,

= A
INAT, VT, & =A+3,

v Y
..(11.25) H Ty(PC)

1

i
o>
\

Fig. 11.26 Reverse curve



= A=3-3, -(11.26)
FromEgs. (11.25) and (11.26)
Aj-4,=8,-5, ~(11.27)
Now, O,G || OF
: A~8,=A,-5,
= A-4,=8,-3, which is same as (11.27)
InAT,GO,, LG = R;sing,, 0,G=R, cos 3,
InAT,FO,, LF=R,siné, O,F= R,cos 8,
GF = O\H=(R, + R,)sin (4,-5,)
Thus, N, = TG+GF+I—T
= A sin§, + (R, + Ay) sin (A, - 62)+F1’23ir182
Also, OH = O,F + FH e
= OF+FH j’, SRR
L =0,F+0,G . =
= R,0088,+R, cos §, ki (11.28)
INAO,O,H 2H (R +R,) cos (A2 82)’ (11.29)

FromEgs. (11. 28)and(11 29) e . :
R,C088,+ R, cos 8, = (H’1 +/92’) COSV(AQ-BZ);
SN R,cos8,+R206852
TRAR) » -(11.30)

cos(A =8, = L‘cos(gaigz;mwz
1 2

= cos (Aging)

Similarly,

(11.31)

‘ A vertical curve has an up gradlent of +1 45% whlch is followed by a down
gradient of -1.15%. The rate of change of is 0.35% per chain length of 20 m. What is the length of
vertical curve?

Solution:
Given 9y = +1.45%
9 =-1.15%
r=0.35% per chain length of 20 m

Length of vertical curve, [ = 91292
;

_ 1.45-(-1.15)
- 0.35
=7429x20m= 14858 m |

=7.429chains of 20 m length

2" A parabohc vertical curve of length L is formed by joining on uphxh gradient of
+D% wnh a downhill gradient of -q%. After a few years, for renovation purpose, the uphill gradient was
reduced to r% and downhill gradient was increased to s%, but as far as possible, the original curve is

r+s)
ined. Show that length of new vertical curve, is
reta gt (p 1 q)
Solution:
Let L, = New length of vertical curve

The equation of parabolais, y = kx?
Itis assumed that chord length is equal to curve length

d
Now . d—i = 2kx
1 ay
= ' = 2k dx
Thus, L= ~1—(p+ q) and L'=i(f+ s)
2k 2k
L (r+s)
L T (p+q)
L(r+s)
= o= P+9 Hence proved.

_ ‘, A curcular curve of radzus 250 misto be mserted between two afra.aht meetur‘o
ata dnﬂecnon angle of 70°. What is the degree of curve by arc definition and by chord definition? Also
find the length of curve, tangent length, length of long chord, apex distance and mid-ordinaie.

Solution: }
Length of curve by arc definition /1(,\':‘) A=70°
RD =30m : S
(Assuming 30 m arc length) -
RDn
= Te0 30m
(Converting Din radians to Din degrees)
N D= 180><30degrees
R N4
= D = 6.875 degrees o

Length of arc by chord definition

éin(g] = JRE (Assuming 30 m chord length)
J

= — (For small angles, sing ~ 8 where 6 is in radians)
e




30 f

= D= T 6.875degrees

180
Lengthofthe curve (L) = R (Ain radians)

= %(A indegrees)
= 250x70x 2 =
80 305.43m

a

70
= 25 — =
2) Otan( 5 ) 175.05m

Tangent length (7) = Rtan(

Length of long chord (L) = 2Hsin[%)= 2% 250x sin(%}: 286.79m

Apex distance = R(sec(%)— 1): R[sed(é—ojq): 55.19m
Mid-ordinate = R(1 - co:s(-g—D= 250(1 - cos(?)): 45.21m

L ERRRE A vertical curve of parabolic profile is required to join two grades of 0.8% and |
-1.4%. The rate of change of grade is -0.2% per 100 m. Find the reduced level of pegs if R.L. of point
of intersection is 190.50 m. The chainage of point of intersection is 2340 m.
Solution:
Length of the curve is given by,

[ = QZA— 4 %100 2340 m chaingage

g
_ -14-08

100 =
02 X 1100m

Length of curve on either side of summit = 112ﬂ =550m
Chainage of first tangent point 7, = 2340~ 550 = 1790 m xtm) | yim) | Rim) |
Chainage of second tangent point T, = 1790 + 1100 = 2890 m Tl 430 | 0281 | 186331 |
0 60 | 0444 | 186.544
ALOf T, = 190.5- 22 %550 = 1861 m Jo 20| 06s9 185929
100 120 0.816 | 186.916

14 150 0.975 | 187.075
and RLof T, = 190A5—ﬁx550 =182.8m 180 1.116 | 187.216
210 1.239 | 187.339

Equation of vertical curve i
q curvers, 240 | 1344 | 187.444

(%-9)2. o _ 270 | 1431 | 187.531
Y=1%000 [ Ti00" 300 15| 187.600
330 | 1551 | 187651
= - ~14-08 , 08 360 | 1.584 | 187.684
200x1100° 100 300 | 1599 | 187.699

=, y=-1x105x2 + 8 x 103y : |
1100 -3.3 187.8

<. RL of any point on vertical curve=RLof T, +y

A compound curve is composed of two arcs of radii 305 m and 520 m. The
resulting deflection angle due to the combined curve is 110° and that due to first arc of radius 305 mis
50°. If chainage of first tangent point is 5056.5 m then find the chainages of other salient points.

Solution:
In AVMN
) exp ZA = ZVMN + £LVNM
- ' 110° = 50° + LVNM
= ZVNM = 60°
InAT,MPO,
ZT,MP = 180°~ £V,MP
= 180°-50° = 130°

ZO,T,M = ZMPO, = 90°

Now v

L0, T\M+ LT,MP + £MPO + £PO, T, = 360°
= 90°+130° +90° + LPO, T, = 360°
= £PO,T, = 80°
Similarly, In AT,NPO,
£PO,T, = 60°
Tangent length MT, = MP = R,tan(50°/2) = 305tan25° = 142.22 m
Tangent length NT,= NP = R,tan(60°2) = 520tan30° = 300.22 m
From sine law in AVM,N

W W MN
sin60° ~ sinB0° _ sin(180°— 4)
W W MP+ PN

sin60° ~ Sin50°  sin(180° - 110°)

VM = (MI.D+ PN)Sin 60° = (142.22+ 300.22)S|n60° ~407.75m
sin70° sin70°

VN = (MP + f’l\l)sin50° _ (142.22+ 300.22) sin50° ~360.68m
sin70° sin70°

Given chainage of T, = 5056.5m
Chainage of V = chainage of T, + T,V
= 5056.5 + (T,M + MV)
= 5056.5 + (142.22 + 407.75) = 5606.47 m

Lengthofarc T,P = 305 x (50° x %) =266.16m
" Lengthofarc PT, = 520 (60° xé%) =54454m

Chainage of P = Chainage of T, + Length of arc T, P
= 5056.5 + 266.16 = 5322.66 m




Chainage of 7, = Chainage of P + Length of arc PT,
= 5322.66 + 544.54
= 5867.2m

Exartiple; 1'_ 6 The WCB of lines AB, BC and CD are 24°50’. 86°30’ and 159°47" respecnvely
If length of line BC is 550 m then find the radius of curve which is tangential to three lines and also find
the tangent lengths.

" N
Solution:
Deflection angle A, = 86°30"-24°50
= 86.5°-24.83°=61.67°
Deflection angle A, = 159°47’ - 86°30°

= 159.78°-86.5° = 73.28°
AB = BT = Rtan(A,/2)

o .= Rtan(61.67°/2) = 0.59695 R

i TC = CD= Rtan(4,/2) :

ik = Rtan(73.28°/2) = 0. 74375 R

Tangent length

Tang_ent length

Now given : BC = 550m
= L BT+TC =550
= 059695 R+0.74375R = 550

= -~ R=41023m
: AB = BT=0.59695(410.23) = 244.89 m
TC = CD= 0.74375(410.26) = 30511m

“Examiple 117 Two straight parallel roads distant 10 7 m c/c apart are to be connected by a
reverse curve of same radius such that maximum distance between tangent pointis 41.5 m. What is the
allowable radius?

Solution: ° ‘
AF+ FE+EG=415m"
Now AF = FB = Tangent length (T) A
= Rtan(a/2) <x c
and DB = DC=Tangentlength (T) ] T
= Rtan(a/2) R ~B | L 107m
AF+FE+ EG = 415m Ah ; L
= T+ TcosA+TcosA+T=415 A F E iG
= 2T(1 +cosA) = 415 — 415m ;
415
= Rtan(A/2) (1 + cosA) = - = 20.75
= Fftan( )2003 (A) = 2075
2 2 )
. A '
= 2F¢’sm(2Joos( ) = 2075 (D)
= RsinA = 20.75
Also DE = DFsinA=2TsinA () (@

= 10.7 = 2Tsin A = 2 sin AR tan (é)

= Rsinz(%) = 1(2'—7= 25675 (i)
Dividing equation (i) by equation (i),
tan(é)
.- 2 2.675
2 T 2075
* (A

= ‘tan(g) =.0.25783
= A=2892
Also RsinA = 20.75 {From equation (i) (a)]
= Rsin28.92° = 20.75
= ) R=4291m

X | There are two stralghls AB and Cth.ch mtersect at V The AVBC 45° and
ZBCV = 105°. A reverse curve is proposed to connect the two straights such that the two reverse
curves meet on line BC. The length of line BC is 803 m, radius of curve for straight AB is 815 m,
chainage of Bis 2394.7 m. Compute the radius of curve for straight CD, both the lengths of arcs and
chainage of point D.
Solution:
Let radius of curve for straight
AB= R, =815m
and radius of curve for straight
CD = RZ

A
Now BT= R, 1anf ~‘J
L2

= 815tan(45 \ 337.58 m
2

AB = BT=337.58m
TC = BC-BT=803-337.58 = 465.42m

{A
But TC=CD= R, tanL%)
< )
| .
- 46542 = R, tan(7; )
- R, = 606.55m

816x45°x 1t
Length of curve AT = RA = ————— = 640.099 m ~ 640 m

180°




Length of curve D= R4,

- SOEEXTEXT 03672 m 704 m
180°
Total length of curve = 640 + 794 = 1434 m
Chainage of A = Chainage of B— AB
= 2394.7 -337.58 = 2057.12m
Chainage of D = Chainage of A + Arc length of A } Arc length TD
= 2057.12+ 640 + 794 = 3491.12 m

intersection Q and subtends and angle of 28° with straights PQ at Q?

Solution:

Join M and O. From M, draw a perpendicutar ML on PQ meeting PQ at L. Similarly draw another

perpendicular from Mas MN meeting PO at N.

Now, tan o =tan 28°—Ml:— M = NP
' N el (PQ-PL) ~ (PQ-FL)
R-Rcos® R(1-cose)
N A - A ) e
Htan(—)—NM Rtan(—J—Rsme =28 A=SO°
2 2 . ,\'
__ 1-cos# . o :
tan A —-sin®
2
Now, 4MOO=(90"—§)-—0,=90°—((1+-§J

£QMO =180°- ZMQO - £QOM

e

A A
=00°+o+=—-=+6
573

=90°+ (00 + 0) .
From sine law in AOMQ '
om oQ
sinZMQO ~ sinzOMQ
A
. p ) Rsec( 2)
] AN Sin[90° + (o + 6)]
Sin|90° —| o+ =
{ ( 2 ﬂ / A
cos(o.+6) = cos(a + 5) . sen(;)
Also  * PO = PN+ NO = LM+ NO = QM sino. + Rcost

Two straights PQ and QR meet each other at Q at an angle of 120°, What is the“
radius of curve required if it has to pass through a point M which is 55 m away from the point of

Leto =28°

Q.1

Q.2

Q.3

' Objective Brain Teasers

= R = QMsino. + Rcos® i
5 ) oM = R(1-.cose)
sino.

_ QM-sino. _ 55sin28°

or = =20

(1-cos6) ~ (1-cose)
From cos(o. + 6) = cos(u + %) -sec [%)
= CoS(B + 28°) = c0s(28° + 30°)sec15° = 0.5486 1
6 +28° = c0s™(0.54861) = 56.73°
= 0 =2873°

555sin28°
~ T-cosz2s73° ~20975m

The ratio of radius and apex distance of a curve Q.5 Thelength of long chord and tangent of a circular
of radius A deflecting through A is: curve of radius R will be equal if angle of

deflection is:
(a) 1-sec] 4 (b) sec 4 -1
2 2 - n
@ 3 (b) =
A 3 6
(© taﬂ(a)ﬂ (d) None of these
2n 9 T
For a curve of 100 m radius and normal chord 10 © 3 : (@ 4

m, the deflection angle by Rankine's formula is:
(a) 2°51.53’ (b) 1°21.53"
(c) 2030 (d) 1°21.65

Q.6 The total deflection angle for a simple circular

T ) ) .
curve is ) radians. A tangent is drawn which
The radius of a simple circular curve is 400 m

and 120° deflection angle the mid-ordinate is: has alength of 150 m between the two tangents

(a) 400m (b) 600m

. T . .
(c) 200m (d) 800m and this makes an angle of 7 radians with the

The length of first sub-chord is S, and that of back tangent. The radius of the curve is:

second chord is S,. The deflection angle of (8) 305m (b) 450m
second chord in minutes is: (c) 225m (d) 181m
1718.87 Q.7 A curve which is tangential to four sight lines
@ R Si(Si+5:) and consists of area of different radii. This curve
is known as:
(b) 171:'87 (8:+52) (@) two centered compound curve
1718.87 (b) four centered compound curve
(© A (S~ 31) (c) onecentered compound curve

(d) Datainsufficient (d) three centered compound curve



Qs

Qg

The radius of a circular curve is five times the
length of transition curve. The spiral angle is:
(@ 0.1rad. (b) 0.2rad.

(c) 0.05rad. (d) 0.02rad.

The chainage of PT. is 1435 m. A simple circular
curve of 400 m radius was set out with 20 m
chain by the method of deflection distances. The
offset required at last chord is:

(@) 0.66m (b) 0.61m

(c) 0.68m (d) 0.50m

Q.10 Overturning of vehicles can be avoided by:

(k) 2. (2
(d) 7.(d)

(@ Providinga compound curve
(b) Providing a transition curve
(c) Providinga rever_sé curve
(d) Data not sufficient

3. (¢)
8. (a)

4. (b)
9.(a)

5. (c)
10. (b)

Ans.

Ex.2

Ex.3

Ans.

Two straight T, Vand T,Vintersect at Vwith g
chainage of (390 + 14). The angle of deflection
is 115°. For aright hand circular curve of 380 m
radius, compute the chainage of tangent points
if 20 m chain was used.

(360 +31.6) (398 + 45.15)

Two straight intersect at a chainage of
4305.42 m. The angle of intersection is 132>,
Compute ali the necessary data to set out a 5°
simple circular curve to connect the two
straights. Use different method of setting out
é'simple circular Use 20 m and 30 m chord
length.

Acircular curve passes through a point A which
is"15 m from point of intersection of two
tangents. 3540 is the chainage of point of
intersection with corresponding intersection
angle of 28°. Determine the radius of curve and
chainages of tangent points.

490 m, 3417.83m, 3657.29m

REEE



