Al ELEMENTS OFA COMPOUND CURVE

In Fig. 2.1, T,DT, is a two centred
compound curve having two circular
arcs T,D and DT, meeting at a common
point D known as the point of compound
curvature (P.C.C.). Ty is the point
of curve (P.C.) and T, is the point of
tangency (P.T.). Oy and O, are the
centres of the two arcs.
Ry = the smaller radius (T,0y)
R, = the longer radius (T909)
DD, = common tangent
A, = deflection angle between
the rear and the common
tangent
A, = deflection angle between the
common and the forward
tangent
A = total deflection angle
ts = the length of the tangent
to the arc (T\D) having a
smaller radius
t;, = the length of the tangent to
the arc D T\, having a longer
radius

Fig. 2.1

Two Centred Compound Curve.

T = tangent distance T, B corresponding to the shorter radius
T, = tangent distance BT, corresponding to the longer radius

From Fig. 2.1, we have

tS=T1Dl =D1D=Rstan?,-A1
t, = TuD, = D,D =Ry tan 1 4,

2.1 ()l
(2101
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CURVE SURVEYING |l: COMPOUND AND REVERSE CURVES 47

A P Al + AZ ...(2.2)
| From triangle BD,D,, we have
’ smA sin A
DyB = D\D, -~ 2 = (tg+1;) n;
A sin A
and D =DD‘s1n1= 1
2B 2 §inA (ts +21) sin A
Ts=T;D,+D,B =tg+(ts+1,) Smiz 2.3 (@)]
sin
A
and Ty =TyDy+ DB = t; + (tg + 1,) .0 - .[2.3 (®)]
sin

EEN RELATIONSHIP BETWEEN THE PARTS OF A COMPOUND CURVE

There are seven quantities of two
centred compound curve, i.e. A, Rg,
Ts, Ay, Ry, T;, and Ay. When four of
these, including an angle, are given
or assumed, the other three may be
determined. Usually, the lengths
of the two radii, Rg and R, are
established from the plan and the
angle A is measured in the field. The
fourth quantity out of A;, Ay, T's and
T} is usually selected from the plan.
The calculation of the rest of the three

quantities may be made as explained
) below:

Case (1): Given: A, Rg, R;, A
(or A,)

Required: A, (or A,), Tg and T}.
This is the most common case.

From equation 2.2, A, = A — A,

or A; = A - Ay)

From equations 2.3 and 2.1, we
have

TS = Rg tan l_gAl + (RS tan '}‘2-'\1

Fig. 2.2 Calculation of Ay, A, and T,.

Rt /\) sin A,
+ an % —_—
L 4 sin A
Lo, SInA,
and TL R[ tan \/ + (I{L‘ L(ln ) ./\] + /{/, tan Y -\2) \5“1’[\
g
.1\5_
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48  SURVEYING—II

Case (2): Given: A, Ry, R, and T
Required: A, Ayand T,

In Fig. 2.2, prolong the short curve T,D to a point D' until it has the central angle A. Its
tangent B'D’ will then be parallel to the tangent BT,

Then T\B'=B'D' = Rgtan } A (1)
Draw BP perpendicular to B'D’".
Prolong B'D’ to meet Oy Ty in Q. Draw O,S perpendicular to O,T'.

Then Ty,Q = BP = BB' sin A= (T\B - T,B') sin A = (T — Rg tan § A) sin A .(2)

Also, B'P = BB' cos A = (Tg— Rg tan § A) cos A -(3)

Now, 0,8 = 0,T, - T,Q - QS =R, - BP - Ry .(4)

From triangle 0,0,S, cos A, = _(72;9' ...(H)
Ry, - Rg

Ay =A-A, ..(6)

and O:S = (R, - Ry) sin A, A7)

T, =BT,=PQ=QD'+B'D'-B'P=0,S +B'D'-BP
Thus A,, Ay and T are determined
from (5), (6) and (8) above.
Case (8): Given: A,Rg, R; and T,
Required: A, A, and T
In Fig. 2.3, prolong the long curve
TyD to a point D' until it has a central
angle D'O,T, = A. Its tangent B'D’ will
then be parallel to the tangent BT,.
Then T,B'=B'D'=Rjtan ;A
(1)
Draw BP perpendicular to D'B'.
Prolong BT, to meet D'O, in Q.
Draw O,S perpendicular to D'O,.
Then, D'Q =BP=BB'sin A
= (ToB' - Ty,B) sin A
=(Rytan $ A-Tp)sinA
52}

Also, B'P=BB'cos A
=(Rptan $ A-Tp)cos A ...(3)
Now, 0,S=0,D'-D'Q-@QS
=R, - BP - Rg (4) Fig. 2.3 Calculation of A4, A, and Ts.
0,S
R; - Rg ...(6)

From triangle 0;0,S, cos A; =
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Ay=A-A, ...(6)
0.8 = (R, - Rg) sin A, +(7)
and Ts=T\B= QB-QT,=D'P- 0,S
=D'B'+BP_0,S (8}
Thus, A, A, and T'5 are determined from (5), (6) and (8) above.

Case (4): Given: A, Ts, T}, and Ry,
Required: A, A, and R;.

Refer Fig. 2.2,

As in case (2), we have

T\B'=B'D'=Rgtan i A (1)
T2Q=(TS—RStan%A) sin A ...(2)
and B'P = B'B cos A = (Ts - Rg tan $4) cos A 0(3)
Now, 0,S=QD'=QP+PB -B'D = T, +B'P-B'D' ..(4)
Join DD’ and prolong it to pass through 7,
Evidently, £T,D'Q = LA,
tan 1A, = % = % W)
Ay =A-A, ..(6)
0,8
R; -Rg=0,0,= m
R, =Rg+ 95 ()
sin A,

Thus, A,, Ay and R;, can be computed from (5), (6) and (7) above.
Case (5): Given: Ts, T, and R,

Required: Ay, Ay and Rg

Refer Fig. 2.3. As in case (3), we have

TyB' =B'D' =R tan 3 A (1)

D'Q =BP= (R tan 2A-T})sin A (2

and B'P = BB'cos A= (Ry tan 1 A—T,) cos A .(3)
NOW, OIS — QT] = QB = TlB =D'P - TlB =D'B' + B'P— TS (4)
Join DT, and prolong it to pass through D',
Evidently, /D'T\Q = 14,
D'Q BP
G T i, ol sl
tan 5 A, o7, 0,8 (5)
Ay=A-A,

-..(6)
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" developed 10 § ]
2. Knowing T and T,, locate points T and T3 by linear
i tion. '
e gth of curves lgand L. Calculate the chainage of Ty, D and T as usual.
for setting out the curve by

3. Calculate the len
angles etc.

4. For the first curve,
Rankine’s method.
e first branch of the curv

5. Set the theodolite at T, and set out th
d the last point p (P.C.O) shift the theodolite to D and se

r set to 360‘3—%1—) reading, take a backs
duced and if the theodo

calculate the tangential

with the vernie

telescope. The line of sight is thus oriented along T,D pro
e directed along the common t

A
now swung through —51—, the line of sight will b

Thus the theodolite is correctly oriented at D.

7. Calculate the tangential angles for the second branc

from D, till T is reached.

8. Check the observations

Ao { b

—\: or | 180°‘—£\
el 2

|
J

(1g0e2ri22
2

e as already explained.
t it there.

ight on T1 and plunge the
lite is

angent DDs.

h and set out the curve by observations

by measuring the angle T1DTs, which should be equal to

afndle 2.1: Two strai / ;
7, and BD.}DI(;;Z];(Z)%};;;%({Q;I;EC are mte?rsected by a line D,D, (Fig. 2.1) Th
and that of the second arc is 800 3°24 respectively. The raduus of the fir Scz:. s ke
metres. If the chainage of intersection point Barc is 600 metres
int B is 8248.1 metres

find the chainages of the ta ]
ngent points and the pot
point of compound
curvature.

Solution:
LBDIDQ = Al = 40° 30"
/_/BDZ'DI — AZ = 360 24,
.e A=A1+_\)__40°3'
2 O ] s -
For the first branch, the central angle = A, = 40 ; 36° 24’ = 76° 54’
= =4y =¢ ° 0.
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CURVE SURVEYING Il: COMPOUND AND REVERSE CURVES 51

A
ts =T, D, =D\D = Rg tan —- = 600 tan 20° 15' = 221.4 m

For the second branch, the central angle = A, = 36° 24’

tp =TyDy = D,D = R, tan % =800 tan 18° 12" = 263 m

D\Dy; =D, D + DD, =221.4 + 263 = 484.4 m
me H'idngle BDIDZ’ we have

BD, _ DD,

sinA,  sinA

Length of the second arc = by =

sinA, sin 36° 24’
BD1 = D1D2 ok 484 .4 x m =295.1m
R.A ntx 600 x40° 30’
Length of the first arc = /, = 22821 _ =424.1
gt “=1= 1500 180° N
nRA,  mxBO0X36°24'
180° 180° = ARCSEE

Chainage of P.I. = 8248.1 m
Subtract Tg = 516.5

Chainage of T = 7731.6
Add length /; = 424.1

Chainage of P.C.C. = 8155.7
Add length [, = 508.2

Chainage of T, = 8663.9
E‘{9@4./2: The following data refer to a compound circular curve which bears to the right:

Total deflection angle 93°
Degree of first curve 4°
Degree of second curve 5°

Point of intersection at 45 + 61 (20 m units)

Determine in 20 metre units the running distance of the tangent points and the point of
tompound curvature, given that the latter point is 6 + 24 from the point of intersection at back
angle of 290° 36’ from the first tangent.

Solution: (Fig. 2.1)
Let

and

From Eq. 1.8,

R, = Radius corresponding to 4° curve

R, = Radius corresponding to 5° curve
1146

R = R metres
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52  suRVEYING_

1146
Ry == —=2865m

1146
and Ry=——=2292m

BD =6 + 24 in 20 m units = 6.24 x 20 = 124.8 m
ZT\BD (external) = 290° 36’

<T\BD (internal) = 360° — 290° 36' = 69° 24’
From triangle T,BD,

sin B\D  sinT,BD

BD — T\D
A AN
and T\D = 2R, sin — =573 sin >
. Al
Hence S sin69° 24’
s 5738in%
2
24. :
or (sin %) = 15738 X sin69° 24’
A 1/2
or sin ?1 (152388 X s1n 69° 24’ j
A
From which, ? = 26° 50', or A, = 53° 40’

Ay = A=Ay =93°—53° 40’ = 39° 20
A
t; = TyDy = R, tan —- = 286.5 tan 26° 50’ = 144.9 m

A.
t = ToDy = Ry tan —* = 229.2 tan 19° 40' = 81.9 m
sinA,
sin A

sin 39°20’ _5
Sin93° 88.9m

=144.9 + (144.9 + 81.9)
Length of the first arc =/,

A 53° 40
AN D
D, 4°

Length of the second arc =/,

Ay 39°20°

=], X20="5—x20=1573m
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CURVE SURVEYING Il: COMPOUND AND REVERSE CURVES 53

Chainage of P.I.
Subtract T

912.2 m =45 + 610 (in 20 m units)
288.9 = 14 + 445

Chainage of P.C. = 623.3 = 31.165
Add !/, = 268.3 =13.415

Chainage of P.C.C. = 891.6 = 44.580
Addl,= 157.3= 7.865

Chainage of P.T. = 1048.9 = 52.445.
QM 2.3: Acompound curve is to consist of an arc of 36 chains followed by one of 48 chains

radids and is to connect two straights which yield a deflection angle of 84° 30'. At the intersection,.
point the chainage, if continued along the first tangent, would be 86 + 48 and starting point of

the curve is selected at chainage 47 + 50. Calculate the chainage at the point of junction of the
two branches and at the end of the curve.

Solution: (Fig. 2.2).
Here, Rg, R;, A and T are given. In order to calculate the chainages of various points, we
will have to first determine A; and A,.
Ts = 86.48 — 47.50 = 38.98 chains.

Asin Fig. 2.2, prolong the shorter arc to a point D’ so that its central angle is equal to
A = 84° 30". The tangent D'B’ will then be parallel to initial tangent BT,. Draw BP perpendicular
to B'D'.
Then T,Q = BP = BB' sin A
=(T\B-TB') sin A = (T - Rgtan $A) sin A
= (38.98 — 36 tan 42° 15') sin 84° 30’ = 6.26 chains
0,8 = 0,T, -TyQ - QS =R; - T,Q - Ry
=48 —6.26 — 36 = 5.74 chains

A 0,8 5.74

Cos = =

27 R, -Ry 48-36
Ay = 61° 24.

A, =84°30'-61°24' = 23° 6’

nRg A, mx36x23°6
Length of the first arc =/, = =

= 14.52 chains

180°  180°
d _y _nR,‘Az_nx48x61‘°24’_5144 hai
Length of the second arc =/, = 180° - 180° = 51.44 chains

Chainage of P.C. = 47.50 chains
Add length of the first arc = 14.52

Chainage of P.C.C. = 62.02
Add length of the second arc = 51.44

Chainage of end of curve = 113.46
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84  sURVEVING-I

Example 24 A compound curve is to connect two straights having a deflection angle of 90°,
As determined from the plan, the lengths of the two tangents are 350 metres ‘and 400 metres
: respectively. Calenlate the lengths of the two arcs if the radius of the first curve is be 300 metres.

Solution: (Mg, 2.9)

Given; Tq =360 m
‘ T, = 400 m
F A= 90°

R = 300 m
Required to find Ay, Ay and R,

T\B' = B'D' = Rg tan -:1&-/\ = 300 tan 45° = 300 m
T)Q = BP = (T~ Rgtan 4 A) sin A = (350 - 300 tan 45°) sin 90° = 50 m
B'P = BB' cos 90° = zero
0,8 = QD' = QP + PB' - BD' = T;, + 0 — 300 = 400 — 300 = 100 m
T.Q BP 50
l 9 = —— e 1 seewus gy
tan 34 = o0 = QD ~ 100 = 00

1A, = 26° 34’

or Ay = 53° 8’ *1
Ay =A-A,=90°-53°8 = 36° 52 1
0,8 {
Albo. RL - Rs = Sin A2
0,8 100
‘ ) R, = =300 + ~——— =
;‘ ' g ® 3tk sin A, b sin 53° 8’ 435m
_mRg A, m(300)(39°52)
Length of the first arc = T 180° =193.1 m
| ol nR; A, m(425)(53°8) 8942
Length of the second arc = 180° - 180° - 2m

Example 2.5: A 200 m length of straight connects two circular curves which both deflect to the
right. The radius of the first curve is 250 m and that of the second curve is 200 m. The central
angle for the second curve is 27° 30". The combined curve is to be replaced by a single circular
curve between the same tangent points. Find the radius of the curve. Assume that the two tangent
lengths of the earlier set are equal.

Also, determine (a) central angle of the new curve, (b) central angle of first curve of radius 250 m.

Solution:  Fig. 2.4 shows the two curves T;A and BT, separated by the intervening straight
AB of length 200 m. The data of the two curves are such that the tangent lengths 7',D and DT,
are equal, where D is the point of intersection of the tangents. This is an essential condition
to replace the two curves and the straight by a single circular curve without the change in the
direction of original tangents and also without shifting the original tangent points. Naturally,
the central angle (A) for the new curve will be the original angle of intersection between the

two tangents.
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CURVE SURVEYING Il: COMPOUND AND REVERSE CURVES 55

Fig. 2.4

Let O be the centre of the new curve and R be its radius. The centre will coincide with the
point of intersection of the external radius vectors 7,0, and T,0, (both produced back) of the
two original curves.

Join O,0,. Draw O,C perpendicular to O,A.

Then 0102 = \’Olcz + 02C2 ’

A R T A O S

,. But 0,C=0,A-0,B =250-200=50m
L and 0,C = AB = 200 m
0,0, = /(50) + (200)2 = 206.2 m
0C 50

_ -1_-1- _ -1 .57 _ 140 01
| 6 = tan O2C—tan 200—142
From triangle 0,00,,
’ 101020 = 180°— (9 +90° + AQ) =180° — (14° 2" + 90° + 27° 30!) = 48° 28’
Now, 0,0 =R - 250 and 0,0 = R - 200
s Applying cosine rule,
g 0,0% = (0,0,)* + (00,)* - 20,0, .00, cos 48° 28’
% oF (R — 250)% = (206.2) + (R - 200)% — 2 x (206.2) (R — 200) cos 48° 28’
; ~ From which, R =430.6 m
| E——
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In order to calculate central angle A of the new curve, consider triangle 0,0,0, in which we
have
20,050 = 48° 28’
0102 = 206.2 m
0,0 =R - 250 = 430.6 — 250 = 180.6 m

Applying the sine rule,
00, 00
sin A~ sin 0,0,0
sin A = (())11%)‘ x sin 0,0,0 = ?8)“(6)52 x sin 48° 28’ = 0.8547
% A = 58° 43’
Now from triangle DD,.D,,
A=A+ A,y

Ay=A-A, =58 43— 27°30 = 31° 13",
REVERSE CURVES

EXN ELEMENTS OF A REVERSE CURVE

1. Sudden change of cant is required from one side of P.R.C. to the other.

2. There is no opportunity to elevate the outer bank at PR.C.

3. The sudden change of
direction is uncomfort-
able to passengers and
is objectionable.

4. Steering is dangerous
in the case of highways
and the driver has to
very cautious.

It is definitely an advantage
to separate to curves by either
a short length of straight or a
reversed spiral. The clements
of a reverse curve are not
directly determinate unless
some condition or dimension is
specified as, for example, equal

Fig. 25 Roverse Curve (a,

> Ay).
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