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ABSTRACT |

Computation And Layout Of Spiral Curves By

Electronic Means And Computer Programming

In order to set out horizontal curves in the field
using the Total Station Instrument (TSI1), mathematical
models have been developed for the design of simple
circular, compound, reverse and spiral curves. special
emphasis has been placed on the design of the differentgd

types of spiral curves such as double spiral, spiraled

compound and spiraled reverse curves.

Using these mathematical models, a major computer
program has been written to carry out the following tasks:
1- Conduct a traverse adjustment for the 1lines that 1link
between a series control stations points of
intersections.

2- Compute elements of any curve.

3- Compute absoclute coordinates for a group of peints on
each curve.

4- Compute the azimuth and length of the 1line that joins
the first point on the curve to.any other point aloeng

the same curve,

It is expected that this technique will serve to
set out these types of horizontal curves in an accurate,

quick and efficient way.

xy
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CHAPTER 1

INTRODUCTION

1-1 GENERAL

Horizontal curves are traditionally set out by
deflection angles as measured by theodolite, and chords as
measured by tapes. This method does not give a high degree
of precision due to many reasons among which :

1- chords are used instead of arcs, although computations
are based on arcs lengths.
2- Errors in taping

3~ Inaccurate theodolite readings and settings.

Moreover, the whole horizontal curve cannot be set
out from just a single instrument position. The instrument
has to be moved several times depending on topography and
type of curve. For example, if we have an equal-tangent
spiraled circular curve, then the theodolite has to be set
up over 3 points (TS,SC and ST). This means that more time

will be needed in order to set out all the points of curve.

With the rapid growth and progress in the development
of computers and electronic surveying instruments, new
techniques have to be developed for the design and setting
out of horizontal curves. Such new techniques will help to

accomplish the surveying work, required in the design and
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setting out process of horizontal curves, in an easy, quick

and efficient manner.

As an example for such new techniques, if the
coordinates of all points on the horizontal curve are
determined, then it is possible to locate all these points
from just a single instrument position, in an efficient and

accurate manner, using the Total Station Instrument (TSI)

When the TSI is used, then all the curve points can
be fixed from one instrument position, that can be the
point of intersection PI, or any other point of known
coordinates, whether this point is situated on the curve or
not. After orienting on a given control point whose
coordinates are known, it is only needed to feed the TSI
with the computed absolute c¢oordinates of all curve
points, then the reflector has to be moved about until the

coordinates of the reguired point are obtained.

1-2 OBJECTIVE OF THE RESEARCH

The objective of this research is to develop
procedures and advanced surveying computer programs in the
subject of design and setting out of simple circul ar,
compound, reverse and spiral curves. These newly developed
procedures and programs will conform to the conditions
and potentials of the country, and accordingly this work

will contribute in finding a substitute for some of the
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market surveying programs that are bought from foreign

countries,

1-3

1...

SCOPE OF INVESTIGATION

In order to develop computer programs in the subject
of design and setting out of horizontal curves,
mathematical models have to be developed. Such mathemat-
ical models present the method of computing the absolute
coordinates of points on the horizontal curves. Special
concentration will be given to the different types
of spiral curves. Mathematical models will be developed
for design of the following types of horizontal curves:
a—- Simple Circular curves.

b- Spiraled Circular curves.

c¢— Double Spiral curves.

d- Compound curves.

e~ Spiraled Compound curves.

f- Simple Reverse curves.

g— Spiraled Reverse curves.

The main purpose of this research is to turn the above
mentioned mathematical models inte a major computer

program that is capable to perform the following:

a- Compute the absolute coordinates for all points on
any type of horizontal curve, thus making it possible

to set out such curves in the field by the TSI.
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b - Compute the curve elements such as tangent length,

C—

curve length, external distance, shift,....ets.

carry out an entire traverse adjustment process, if
necessary,'in order to determine the coordinates of
the points of intersections (PIs). This will be
needed if the PI coordinates are not furnished as
in the case of connecting traverse. The design pro-
cess of the curve can not proceed if the PI coordi-

nates are not given.

As an additional feature, the computer program will
include an output in the form of a table that shows
the distance and azimuth of the 1line joining the
the first point on curve to any other point along the
curve. Such table will be wuseful for checking

purposes.
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CHAPTER 2

LITERATURE SURVEY

2—1 Introduction

The transition (Spiral) curves are in?roduced between
tangent and circular curve or between two circular arcs of
different radii, in such a way that the change of curvature
will be brought about in a gradual way. These spiral curves
have been found necessary on high-speed railroads from
the standpoint of comfortable operation and of gradually
bringing about the full superelevation of the outer edge

on curve {1,2].

When a moving vehicle traveling on a straight portion
of a highway enters a circular curve, a full centrifugal
force developes at once which tends to overturn the moving
vehicle. The suddeﬁ change of curvature from zero on the
tangent to a certain wvalue at the beginning of the
circular curve will cause discomfort to the passengers and
results in jolting the moving vehicle,

| 436035

In traveling from a straight line through a circular
arc the steering change can not be obtained without a
transition. This transition can be effected within the
limit of normal lane width in the case where the curvature

is not sharp and the speed is low. In such situation there
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will be no need for spiral. However, the absence of
transition curves on high design speed roadways that have
sharp curves, will force the driver to'reduce hislspeed
and, will possibly result in encroachment on the adjoining
lanes which mandate an extra lane width to keep the vehicle

in their lanes {3,4]»

When a spiral 'is inserted between a straight and

circular arc the curvature and centrifugal force will vary

linearly from zero at the beginning of the spiral, to a

fixed value at it’s Jjunction with the circular arc [1].
To maintain smooth driving, it will be thus necessary to
insert a transition curve between the straight portion and

the circular arc or between the two arcs of different radii

The insertion of the spiral will provide a road that
appears continuous without breaks. Such breaks may prevent
the driver from looking beyond them and therefore forcing
him to reduce his speed. In addition the spiral can bhe
easily adapted to the contours of the ground especially in
mountainous terrain and such better adaptation to the
terrain results in less excavation and consequently less

construction cost [5].

The use of spiral curves will provide a convenient way
to bring about the necessary change in cross slope from the
normal crowned section on the straight to the fully
supérelevated section on the circular curve. This change in

cross slope will be effected on the entire length of spiral
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in a manner closely fitting the speed-radius relationship

of the moving vehicle [1,3].

In conclusion, the introduction of spiral curves in

horizontal alinement offers th following advantages

1- It eliminates the discomforts caused to the passengers
by sudden change of curvature.

2- It reduces overturning aﬁd side slipping of moving
vehicles that is caused by the sudden change 1in
centrifugal force.

3~ It minimizes encroachment on adjoining lanes and
enhances uniformity in speed.

4- Tt facilitates the introduction of superelevation 1in
proportion to the rate of change in curvature.

5—- It facilitates the transition in width when pavement
widening is to be applied around circular curve.

6- It enhances appearance of the highway.

2-2 TYPES OF TRANSITION CURVES
1— Cubic parabola: This is the most widely used in practice
because of its simplicity. The basic equation of the

cubic parabola 1s of the form ({see Fig. 2-1) [1]:

(2.1)
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X,Y: coordinates of points on the cubic parabola.
R : radius of circular curve (meters).

L_: length of the spiral curve

The Lemniscate: Its basic equation in pelar coordinates
is of the form (see Fig. 2-2):

p? = K’sin 2W ‘ (2.2)
Where
P : the polar radius
W : the peolar angle
K : constant
This type of transition curves is used mainly in rugged
terrain where it is difficult to fix the points using

the ordinary coordinates [1].

The Clothoid (Spiral): This type is most commonly used
and preferred because of its geometric properties.
The curvature of the clothoid varies linearly from zero
at the tangent end of the <clothoid to the degree of
curve of the circular arc at the circular curve end
(see Fig. 2-3}.
The basic equation of the clothoid is

C=L *R (2.3)
Where
C : constant
R : radius of circular curve

L : the clothoid (spiral) length [1)
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Figure {2-1):

Cubic parabola [1]
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Figure (2-2};

Lemniscate[1)

45°

Figure (2-3):

Clothoide [1]
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10
2-3 SUPERELEVATION

When a vehicle moves from a straight to a curve, it is
subjected to an outward radial (centrifugal} force. This
force is countérbalanced by the vehicle weight component
related to the roadway superelevation, and by the side
frictional force between the tyres and road surface. The
superelevation is aftained by raising the outer edge of the
rocad pavement above the inner edge. From the laws of
mechanics it can be shown that

2
v £ (2.4)

T127.12*R 7 s

Where

e : Superelevation rate

V : Design speed (km/hr)

R : Radius of curve (m)

f; Coefficient of side friction.

If the width of roadway (b) 1is given, then the amount of

superelevation (H) 1is given by

H=b e (2.5)

The transition curve is inserted between the straight
and circular curve so that the superelevation is applied
gradually from zero at the point of commencement of the
transition curve (TS} to its full value at the junction of
the transition curve and circular curve (SC). The maximum
value of superelevation rate that can be used in highway
design is 0.12. Superelevation value of 0.08 is generally

desirable [1,3].

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



2-4

11

THE SPIRAL LENGTH

Several methods are used for determination of spiral

length among which are the following :

1_

By using an arbitrary length of say 50 or 100 or 150m,

based on previous experience and aesthetic appearance[1]

By using a maximum relative profile gradient of
superelevation (e.g 1/250,1/200,...etc) along the spiral
length (1,3,6].

Let H be the amount of superelevation in centimeters.

—é_ be the relative profile gradient superelevation.

L be the spiral length.
then
S * H

L. = —1pp (2.6)

By using an arbitrary rate of superelevation per unit
of time [1,6}.
Let V be the design speed in km/hr.

H be the amount of superelevation in cm.

L. be the spiral length.

5

A Dbe the time rate (A varies from 2.5 - 5 cm/sec)

then
H = time rate * time taken to travel distance L
LS
S5 * —
H A 7
*
L - B *V (2.7)
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4- The minimum length of spiral reguired is determined on

the basis of a limited rate of change in radial
acceleration.
The radial accelération increases from zero at the start

of spiral to V’/R at the joint with circular arc,

therefore
v%/R
Rate of change in radial acceleration = a = —
V¥R
- LV
- RL

Thus the length of the spiral curve is given by this

equation:

L = 3 (2.8)

where
R :radius of circular curve (m).

V :design speed (km/hr)

The factor a is an empirical value indicating the
comfort and safety. Values ranging from 0.3 to 0.9
m/sec3 have been used for highway design and a value of

0.3 m/sec’ for railroad operation(1,7].
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Tangent

{Ts Tumhhntmvelﬂﬂhs:)

Circular Curve {Rads R}

Figure (2-4}):

Simple Spiral{the basic formula 1r=LR)

y

0o

Figure (2-5):

Simple Spiral (differential element)
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2-5 SIMPLE SPIRAL

The basic law of simple spiral is that the radius at
any point on the spiral 1is inversely proportional to the
distance measured along it from the point of change from
tangent to spiral curve (TS). Since there is an inverse
relation between fadius and degree of curve ,it can be
stated that the degree of curve of the spiral increases at
a uniform rate from zero at the TS to the degree D_ of the
circular arc at the point of change from spiral to circular

curve (SC) [1,2].

. Referring to fig. 2-2, one can write [1]

L *R=1r=K (2.9)
Where
L: Total spiral length

R : Radius of circular curve

K : Constant

considering a differential element of the spiral (rig. 2-5)

then
4l = r de
dl 1 gl
46 = 7= = T

=

By integration we obtain,

g = -t (2.10)

at point SC where r = Rand 1 = L_ the maximum value of
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@ that is called the spiral central angle is obtained and

is denoted by ¢.

L
¢ = 2“’R (2.11)
or
L, & D,
¢ = (2.12)
Where

D, is the degree of curve of the circular arc based on arc

definition of 30 m or 100 ft..

When equation (2.10)} is divided by equation (2.11) and the

resulting equation is solved for 6 ,it will be found that:

8 = ( T Yy * ¢ (2.13)

Which means that the spiral angle at any point on the
spiral curve is directly proportional to the square of the

length ratio measured from the TS

For a differential element of length dl and a central angle
of d8, the following equations can be written (rig. 2-s):

dx = dl cos @

dy = dl sin 8
Expressing the sine and cosine as power series, then wve

have

2 4
dx = dl (1 - & +f1’_

5] ;= negligible terms )

e’ e°
dy = dl ( 8 — 30t T negligible terms )
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By substituting the value of 6 from eq. 2.13 in the

the above egquations we get

2 4 4 8
dx = dl (1 — —Q_—l + ra—i——l— — negligible terms }

8
s

2 Lt 24 L
s

By integration we get

2 s 4 9 :
X =1 - b 1 + negligible terms )
10 L° 216 L°
s 1 5
L 2
If we substitute the value of ¢ = (—p) * @ from

eq. 2.13 into the above equation then we get

x=1(1--2+ & _— ......0 (2.14)

g
y =1 (_%_ - & L8 .. ) (2.15)

The above two equations give the local coordinates of
any point along the spiral curve at a distance 1 from the
TS station .Note that x is measured along the tangent
starting from TS ,and y is the offset from the tangent. The
angle ¢ in equations (2.14) and (2.15) 1is measured in
radians. When it is required to compute the local
coordinates of point SC then we substitute L5 for 1 and

¢ for 6 in equations (2.14) and (2.15), thus we get:

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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_ ¢ ° ¢ *
X =L (1 T0 T GAE T — crrreceeses } (2.16)
¢ ¢’ $ °
Y=L (S it tgamg — eeereees ) (2.17)

From rig. 2-6,it can be seen that

X =X—R * sin ¢ (2.18)
S =Y—-—R* (1 —cos ¢ ) _ (2.19)

Where

Xo: the distance measured along the tangent from the TS
to the unshifted point of curvature (PC}.

S : the shift through which the circular arc must be

shifted inward to make room for the insertion of the

spiral [1,2]

2—-6 SPIRALED CIRCULAR CURVES

2-6-1 Equal-tangent spiraled circular curve (symmetrical)

Referring to rFig. 2-7, the following symbols are used:

L
s
TS
sC
CS
ST
O

Es

: spiral length .

pocint of change from back tangent to left spiral.

[

point of change from left spiral to circular curve.
: point of change from circular to right spiral curve.
: point of change from right spiral to forward tangent
: center of circular curve

external distance

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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S the shift of the original circular curve due to the
insertion of the spirals

X = the distance between points TS and the PC éf the
unshifted circular curve

X&Y: local coordinates of point SC relative to point TS.
The X-coordinate is measured along the tangent

and the Y-coordinate is perpendicular to the tangent

spiral central angle, ¢ = L_/2R
R : radius of circular curve

T tangent length [1]
In this case the left and right spirals connected to
the circular curve are of egual length . This will result

in a symmetrical curve with equal tangents (Fig. 2-7).

The tangent distance Jis computed using the following

equation:
T = (R + 8) tan % + X (2.20)
Where
XD=X—R*sin¢ (2.18)
S =Y — R * (1 — cos ¢) (2.19)

2 4
X = L (1—L P ) (2.16)

s 10 216 T

3 5
Y = L_ (_2; - % PO cl) (2.17)

1320

The angle subtended by the intermediate circular arc

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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is equal to (A — 24) in degrees.

The external distance E_ is computed as follows

_Es = (R+S) * (sec—%u -~ 1) + 8 (2.21)

i

2.6.2 Unequal-Tangent Spiraled Circular Curve(Unsymmetrical)

In this case the left and right spirals connected to

the circular curve are of unequal length. This will result

in an unegual tangents lengths [5].

Referring to Frig. 2-8, if the 1lengths of left and
right spirals are Ls: and L_, respectively, then
$1 = L_ /2R

51

¢2 = L__/2R

Similarly

S1 = Y1 — R (1 — cos 1)

52 = Yz - R (1 — cos é2)

X =% —R sin ¢1

X = Xz — R sin (bz

o2
Where
2 a
_ _ H; 1
X1 =1L (2 0 T 31te o )

3 5
viop (=88, & )
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2 4
_ _ %2 b2
X2 = L”_2 (1 5 + g e )
3 5
- bz _ _ ¢2 g2 - _
¥2 = L_,( —3 2 YT T )

In order to find the tangent distance, Wwe note from
Fig. 2-8 that the line joining the center O of the ‘circular

are to the PI, will not bisect the total central angle A4,

thus

Ti = X__ + (R#51) tan —g— + 4 (2.22)
A
Tz = on + (R+52) tanb—i— - d (2.23)

Where & is the displacement due to the unsymmetrical
arrangements of the spirals and circular arc. The

displacement d is found from the following eguation [5]:

|s2 — S1]° -
sin A (2.24)

The central angle of the c¢ircular arc is equal to

(A — ¢1 — ¢2).

2-7 DOUBLE SPIRAL CURVE

The double spiral curve joins two straight lines
without the insertion of intermediate circular arc. It

consists of two spirals having the same radius at their

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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sharp ends. The two spirals can be of equal or unequal
length.
2-7~1 Equal-Tangent Double Spiral Curve (Symmetrical)

In this case the two spirals are of equal 1length, thus

the tangent distances are also equal [8,9].

referring to rFig. 2-9,” we have

a- Spiral central angle , ¢ = -%#
2 ‘q
- = — _QL_ _i*ﬁ _
b X = LS (1 ) + 516 cerens)
=
P SN ¢
Y =L { 3 e + 1336 — "t ccc- )

c- The tangent length is computed as follows .

T =X+ Y tan w%— (2.25)

d- The external distance is then computed,

. = Tcos 472 (2.26)

2-7-2 Unequal-Tangent Double Spiral Curve (Unsymmetrical)

In this case, the left and right spirals are of
unequal lengths which results 1in different tangents

lengths. Referring to rig. 2-10, 1if the length of left

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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spiral L_, is given and if the angle ¢1 between the back

and common tangents 1is also = known, then the following

steps will be followed [4]:

a- 2 = A — $1

b- Compute the radius at common tangency point SS,
$1 = L__/2*%R
51
or

R = L“/Z*q)l

c~ Compute the length of second spiral,
d2 = L52/2*R
thus

L,=2R b2

d- Compute the parameters X1, Yi, Xz and ¥z for the two

spirals using equations (2.16) and (2.17):

1 10 216
3 5
_ b1 ¢ 1
vi =L ( —3 47 Y 4330 — T )

2 4
X2 = L (1——‘}“—+-5“‘— ...... )

e~ Find the length of common tangent as follows,

NJ = Yi/sin ¢1 + Yzsin $2
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By solving the triangle PNJ we get
t1 = PN = NJ sin ¢2/sin &

tz = PJ = NJ sin ¢1/sin A

f~ Compute the distances ts and t« shown in rig. 2-10.
t3 = X1 — Yi/tan ¢1

ts = Xz — Yz2/tan ¢2

g- The tangents lengths can be determined as follows:
™ = t1 + t3 (2.27)

T2 = t2 + ta (2.28)

2-8 SPIRAL APPLIED TO EXISTING CIRCULAR CURVE

Suppose that we have an existing circular curve of
radius R, and that the central part of this curve is to be
maintained. The ends of the circular curve are to be
replaced with spiral curves in order to improve the

alinement of the curve (2].

To permit a spiral to be inserted between the original
tangents and the circular arc, the existing circular curve
must be compounded with a sharper curve, as shown in Fig.

2-11 and Fig. 2-12.

Given the spiral central angle desired ¢ , then we have

Shift = 0 = Y — R (1 — cos ¢ )

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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5

A
>

Unshifted
Circular

Figure (2-11): Spiral Applied To Existing Circular Curve [2]

TS

Figure (2-12): Showing Part of Figure (2-11)
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therefore

Y=R (1—-cos ¢)

If we have a spiral of unit length and a central angle
of ¢ , then the local coordinates of its end points with

respect to the TS are the following

i S
Xt =1 (1 - ) + 51E ey
3 5
_ ¢ _ _¢ ¢
yr =1 (— a2z~ tTEze )

The length of the spiral needed is

Y _ R(l-cos ¢)
s Y1 - Y1

(2.29)

The radius of the sharpened circular arc is

Re = LB/24)

The distance A from the original PC to the TS point is

found as follows

X =Ls x1

A =X —R sin ¢ (2.30)

Finally the new tangent length is

T = A + R tan A/2 (2.31)
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2-9 SPIRALED COMPOUND CURVES

When two arcs of different radii are joined fogether
as in the case of compound curve, there will be an abrupt
change in curvature. Such change in curvature may be easd
by introducing a combining spiral. This combining spiral
will provide a gradual change in curvature from one arc to

the other.

Depending on the type of compound curve and on the
number of required spirals, several cases may arise such
as:

a- 2-Centered compound curve with one spiral.
b- 2-Centered compound curve with 3 spirals.
c- 3-Centered compound curve with 4 spirals.

d- 3-Centered compound curve with 5 spirals (2].

2-9-1 Two-Centered Compound Curve With One Connecting Spiral

Referring to rigures 2-13, 2-14 and 2-15 the following

notations and symbols will be used [2]:

Di,R1 : Degree of curve and radius of left circular arc.

Dz,Ra : Degree of curve and radius of right circular arc.

Ls : Length of combining spiral.
$ : Nominal spiral central angle.

s : The radial shift, that is the distance one branch

1s moved inward or outward at C (Figure 2-14)
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Ry
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. A :&1 +A2
AN
A
Q4 K Az ?
N — J
e Unshifted
// - el SN
T, 4 /\ ~ T
Circular Circular
e

\\
/ N

e —

Figure (2-13): Two-Centered Compound Curve With One spiral Curve
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The arc length of AP (Figure 2-13 )

Central angle of arc AaP.

Central angle of left half of the spiral (Fm-zdd)
Central angle of right half of the spiral (rig 2-1a)
Local coordinates of point SCz with respect to point
Ci1S as origin and line AV as X--axis (Flgures 2-13

and 2-14})

Deflection angle to any point on the spiral.

The total tangents lengths of the whole spiraled
compound curve (Fig. 2-13).

The tangents lengths of the combining spiral AB:
{Fig. 2-14)

Central angle of the unshifted 1left circular arc
{Fig 2-13)

Central angle of the unshifted right circular arc.
Total deflection angle at PI (fig 2-13}

Central angle of shifted left circular arc,= A1 — $1

Central angle of shifted right circular arc,= Az — ¢z

The following steps will be considered in the design

process of the spiraled compound curve {2]:

1- Compute the radial shift S (rig. 2-13)

¢r = L /2%R

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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3 5

_ b2 ¢ $2>
Y2=1L_( —3 42t )
St = Y1 — Rt (1 — cos ¢1)
S2 = Y2 — Rz (1 — cos ¢2)

Therefore

Radial shift =8 = | 81 — 52 |

Compute the tangents Ti and Tez.

Considering the traverse PI,PC,01,02,PT,PI in Fig.
2-13 , We can write,

ZX = 0

Tt + T2 cos A —R2sin A+ ( R — Rt — 8 ) sin A1 = 0

2¥Y =0

Tz sin A + R2cos A — (Re— Rt — 8 ) cos A1 = 0

These two equations will be solved for Ti and Tz ,thus

we get

To — { R2a — R;-—.S ) cos A1 — Rz cos A (2.33)
sin A

Tt = R2 sin A — Tzacos A — (Re — Rt — 8 ) sin At {2.34)

For the combining spiral, derive a formula for the angle
between the tangent at any point P and the tangent at

point A (CS)

a- Consider the case where we proceed from flatter to
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Figure (2-14):

Combining Spiral

(R1>R2) [2]
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sharper arc (Ri>Rz or Di1<D2) as shown in rig. 2-13,

. L L
+ s 5
Spiral central angle = ¢ = ¢2 ~ ¢1 = BT T
LS
= g (P2 — D)

Since the degree of curve D, is proportional to the

distance from point A (CS), then we have

D=Di1 +%k 1 (2.35)

At point B (SC), D = D2 and 1 = LS, thus we have

K = — 2~ (2.36)

By substituting the value of k in equation (2.35), we

get

1
L

s

D = D1 +

+ (D2 — D1} (2.37)

Now, if we consider a sector at P , then we can write

or
de . ,
D = 30 * a1 (in radlan)
Substituting the D wvalue 1in equation (2.37) and

rearranging, we get
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1 1

de = 30 (D1 + (D2 — D1)* Ls ) da
By integration we obtain
1 1 1
@ = 55— * (D1 + 5—* (D2 — D1) * /) (2.38)
5
LS
At point B (5C), 1=Ls and 8 = ¢1 + ¢z 60 * (D1 + Da2)
LS
but ¢ = o * (D2 — D1)
thus ]
(D2 — D1) = 60 * ——%}w;
s
Equation (2.38) can now be written as
D1 1 1 P
o = =5 — + 4} * ( Ls ) (2.39)
or
1 12
e=_Ri + ¢, * T ) (2.40)

k-1

Consider the case where we proceed from the sharper
to flatter arc (Ri<Rz or D1>D2) as in Fig. 2-15. In
this case the following equations are used :

D=D1 —k 1

D1 1 1
6 = 30 _¢'*( L)
or
2
1 1l
Q_W.& q)*( L)
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4- Compute the local X and Y coordinates for any point P on
the combining spiral with reference to point A (CS) as
origin and tangent line AV as X-axis [2].

a- Consider the case where Ri>Rz (Di<Dz) as shown in Frig

2-14,
1 1 1
assuming j = [% * (D2 — D1) / D1)] / L
then
D1 1 .
g = 30 * (1 + j*1)
or
D: 1
6 = ;0 * (1 + k)
where
K=3j *1

We have also from equation (2.39}),

Dt 1 2

e R A s

s

For the differential element at P in rig. 2-14

dx

dy

By expan

= dl sin ©

= dl cos O

sion of sine and cosine

functions and then
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substituting in the above differential equations , we

get

dy = dl { 8 —

dx = dl ( 1 —

Finally, by substituting equation (2.40) in the above
2 equations then by integration and rearranging, we

get the following two important equations :

x = 1 —2%(-%)213 — 2 k7] +4L!(%; 1°
*[——é-+ g kK + g k2+%k3+—:9‘-k4]+....
+ negligible terms (2.41)
v = (17 kot (B ek ek
I k3]+5—1!(2—é)516[é+3 K+’
+ ;0 k® + 10kd ilk5]+" negligible terms (2.42)

These two equations give the local coordinates x & ¥y
of any point P on the combining spiral with respect
to point €S as an origin and the tangent through

it as an X-axis {2].
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b- Consider the case where Ri<R2 (D1>D2) as shown in Fig

2-15,
D1 *1 .
= — %
e 30 (1 J*1)
Di1*1
=30 (1K)
where

j =13 * (2-Di) / D]/ L,
K = — j*1

Thus equations (2.41) and (2.42) for x & y can be

used but with negative value of k.

2-9-2 Two-Centered Compound Curve With Three Spirals

This type of horizontal curves consists of a
succession of spiral—-circular-spiral-circular—spiral
curves. In Fig.2-16 a non—-spiraled compound curve 1is
shown, and the same curve provided with three spirals is

shown as well.

If the length of entry spiral is denoted by L, and
that of the exit spiral by Ls:' then the 1length of
conhecting spiral is the difference between the exit and

entry spirals lengths, or in symbols [9]:
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Spiral 1
Lsq

Spiral 3

Lso

Figure (2-16): Showing Two-Centered Compound Curve And Also

The Same Curve Provided With 3 Spirals
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The following steps will be considered in the design

process of this type of curve

1- By examining Ffig. 2-17 we can compute the values of the

shown angles as follows:
A = M + Az
b1 = L51/2 R1
$z2 = L_,/2 Ra
$3 = Lsalz R1
$a = L_,/2 Rz
also
81 = $1 + ¢3 + A1

Az = ¢z + $a + B2

Where
1 and B2 are the central angles for the left

right circular arcs.

and

2- The radial shift that must be applied to the circular

arcs, to permit the insertion of the spirals is

computed.

S1 = Yt — Rt { 1 — cos ¢1)

S2 = Y2 — Rz ( 1 — cos ¢z )

where

51 & S2 are the shifts of the entry and exit spirals.

now
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Circular

TS,

«—Spiral 2

Spiral 1

Spiral 3 —
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vion (2 1’ 41

a1 (-2 _ 92" | _¢2°

3- The tangents lengths are computed in the following way:
a- The length of common tangent NJ is found first (rig.
2-18) ,
A1 Az

NI = (R1 + S1) tan — + (Rz + S2) tan —

b- By solving the triangle PNJ ,compute length of PN,

sin A=z

—_ *
PN NJ =I5 R
sin M1

= 3
PJ NJ SIh A

c- The tangent length of the unshifted circular arc is
then computed,
A
t1 = N-PC = (R1 +81) tan —
d- Compute the distance X , between the unshifted PC
of the left circular arc and the point TS: (beginning

point of curve),

X L= PC~TS1 = X1 — R1 sin ¢1
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e- The overall tangent length is thus, equal to the sum

of PN, ti1 and X01 .

Tt = PN + t: + X
ol

A1 Az sin Az
T1 = [(R1 + S1) tan—E— + (Rz + Sz} tan > 1* =In A

A1

+ {(R1 + S1)* tan 5

+ X1 — Ri*sin ¢1 (2.44)
The other tangent Tz, is computed in a similar manner.

4— Find the length of circular arcs,

i =@ * Rt * (A&r — $1 — ¢3 ) /180
Iz = m * R2 * (A2 — ¢2 — $a ) /180

5- For the combining spiral that connects the two circular
arcs, the local coordinates of point SaCz with respect
to point Ci1S2 as an origin and the tangent at 152 as an

X-axis can be found as follows:

From Fig. 2-16, the radial shift S is found first,

S =85 - 5

Then from Fig. =2-18, So0lve Traverse €61S,V,5:2C2,02,01,

C1S2 for x and ¥y

X X =20

(R2 — Rt — §) sin ¢3 + Rz sin (¢3 + ¢4) — x =0
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C1 82

Fiqure (2-18):

Showing how to compute coordinates of the end
point of the combining spiral of the Two-centred

compound curve with 3 spirals.
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X = (R1 — Rz — §) sin ¢3 + Rz sin (§3 + ¢a) (2.45)

2Y=0

Rt — (Rt — Rz — S) cos ¢3 — Rz cos (¢3 + ¢4) —y =0

y = Rl — (Rt — R2 — 5) cos ¢3 — Rz cos (¢a + ¢4} (2.46)

The values of x and y represent the local coordinates
of the end point of the intermediate spiral with respect

to its beginning point [2,9]7.

2-10 SPIRALED REVERSE CURVES

This type of curve consists of a succession of spiral -
circular - reverse spiral - circular - spiral curves. the
S-curve that connects the two opposing circular arcs is
made of two spirals having at their common point of origin
the radius R equals infinity and a common tangent (Fig.

2-19 and 2-20) .

The two spirals of the S—curve generally have similar
parameters so that a steadily reversing route is obtained.

, L. _, and

Refering to fig (2-~19),and assuming that L . L o

52

L, represent the length of spirals. Assuming also that

=

the distance between PI1 and PIz is fixed and equal to AB.

Then any of the following 2 cases will be resulted[5]:
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Spiraled Reverse Curve (Detailed) { 5)

Figure {(2-20):
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Case 1 : L53 not equal Lsq (Fig. 2-20)

It will be assumed that L :'L , L 3,R1,Rz are given
5

52 -]

and it is required to find qu . We compute the parameters

of each spiral (¢1,¢z,¢3,}(1,X2,X3,Y1,Y2,Y3,XO X X

1! - o3’

51,82,53) using the following equations:

2 4
_ I I
X=1L_ (1 P )
3 5
_ ¢ $ $
Y =1L (=5 23 V1330 o)

X =X ~-Rsin¢

S =Y —R (1 — cos ¢}

The next step is to compute tangent distances using

equations (2.22) & (2.23),

S2 — 51

= + + F
T1 X (R1 51) tan Ai1/2 STH R

ol

52 —~ 51

T2 = Xo2 + (R.'l + SZ) tan 61/2 - _SJ'_W

Since the distance between PI1 and PIz is known, then

Tz = AB — T2

The length of the fourth spiral will be determined using

the governing tangent length T3. But before that the shift

5S4 must be found. We have
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Ts = X _ + (R2 + S3) tan f2/2 + -—3=53
03 sin Az

S4=-S53

assuming H= —a—0—
g s1in Az

then

H = T3 — XO — (R +S3) tan Az/2

3

Note that all variables are known except H (see the

section of unequal-tangent spiral circular curve (2-6-2)).
S+ = H gin A2 + S3

Now from Sa, the length of spiral L . will be found by

the following method:

3 s
_ ¢4 _ ¢ _
Y==5L (3 a3 T 1320 cee)
¢ = L_/2R
therefore .
L L,
Y=L ( - gF e ) (2-47)
s 6 R 336 R

The amount of shift is computed by the formula below:
S =Y —-R (1 — cos ¢§) (2.19)
The cosine function is then expanded,

cos ¢ = 1 - g Pt

ol
|
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since b = L /2*R , then we have
LS2 LS4
cos ¢ =1 — + F e
3
8 R 192 R

Now Dby substiﬁuting the values of Y from equation
(2.47) and cos ¢ from the above equation into equation

(2.19}), we get

L L L L
S =L (—— — — ot -+) —R(1 -1+ - -
® 6R 336 R 8 R 192 R
oo negligible terms

By rearranging and omitting the negligible terms we get

L’ 'y
S = s s X (2.48)
24 R 2688 R
In this case, S = 84, L, =L , R=Re

5 sd

Therefore LSd can be found by solving the above equation

by trial and error [4,1].

Case 2 : where the spiral length L =1L

Iin this case L53 will be assumed equal to L, thus
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but ¢ = L_/2R

therefore

L 2

5

40 R*

X=1s (1 - + ....negligible terms..)

Also Xo = X — R sin ¢

Expanding the sine function as below we get

sin = - ——ii—_ + _mﬁi__ -
¢ = ¢ - 55 3

= - t ......negligible terms

Substituting the values of sin ¢ and X in the equation of

Xo to get:

Lsz Ls L 3

Xe =L (1- + ..) — R { — = + )
s 40 R® 2 R 48 R
L LS3

= s , F ..negligible terms (2.49)
2 240 R
However
T = (R + S) tan A/2 + Xo

Substituting the S value from equation (2.48) and the
Xo value from eqg (2.49),1in the above equation we get the

following equation:
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Ls2 L ¢ L L
T =(R + - 2 ,) tan a/2 + —2— — = (2.50)
24 R 2688 R 2 240 R °
In this case T =Ti=Te=2aB -T2 and L =1 =1 |,
5 53 s 4

Therefore the equation will be solved for Ls by trial and

error.
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CHAPTER 3

MATHEMATICAL MODEL

3-1 Introduction

In this chapter, the following mathematical models for the
design of horizontal curves will be discussed, in addition
to traverse adjustment :

1- Simple Circular Curves.

2—- Spiraled Circular Curves.
a- Egual-Tangent Spiraled Circular curves

b— Unequal-Tangent Spiraled Circular Curves
3- Spiral applied to an Existing Circular Curve

4- Double Spiral with no intermediate circular arc.
a- Equal-Tangent double spiral curve.

b- Unegual-Tangent double spiral curve.

5- Compound Curves.
a- Two-Centered compound curves,

b- Three-Centered compound curves.

6—- Spiraled Compound Curves.
a- Two-Centered compound curve with 1 connecting Spiral

b- Two-Centered compound curve with 3 connecting Spirals
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7= Reverse Curves.
a- Simple Reverse Curves.

b- Spiraled Reverse Curves.

3-2 TRAVERSE ADJUSTMENT

In order to design the above mentioned types of
horizontal curves by fixing coordinates, it is necessary to
know the coordinates of the point of intersection PI, and

the azimuths of the back and forward tangents of the curve.

If a series of points of intersections that
constitute a suggested route of a certain highway are
given, then the absolute coordinates of these PIs should be
established using the ordinary traverse adjustment. For
this case, we have a closed connecting traverse that must
be connected at the start and end points with ground
control points of known coordinates or a combination of

control points and sides of known azimuth [17.

The process of computing the absolute coordinates for
a series of PIs that make the traverse, proceeds as follows

(sce Fig. 3—1) :

1- Determine what type of ground control is available.
Two types of ground control are usually possible:

a- Two control points of known coordinates are given at
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each of the start and end of the connecting traverse.

For this case the control azimuths Zo and Zn are

computed at the starting and ending sides of the

traverse. The azimuth is computed as follows :

-1 AX
Z = tan T (3-1)

b- One contrel point of known coordinates and one

control side of known azimuth are given at each of

the start and end stations of the traverse

Measure the length of all courses (Li,Lz2,L3,...Ln-1) and
the clockwise horizontal angles ( o1,a2,%3,...an ) . The
horizontal angle is measured from the preceding course

to the next one.

Compute the unadjusted azimuth of all courses . The
azimuth of any course can be computed using the formula

shown below (see Fig. 3-2):

Zi = Zi1-1 + o1 + 180 (3.2)
where
Z1 : azimuth of course 1.
Zi-1 . azimuth of preceding course.
o : clockwise angle measured from preceding course

{(i-1) to the next course 1i.

If 2: > 360 then

(Zi)rinal = 24t — 360
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Azimuth of side 1] =
Azimuth of side ji =
Azinuth of side jk =
or

Azimuth of side jk =
If Zjx > 360, then

(Zsx) rinal = Zjx — 360

Figure (3-2): Azimuth Computations Of Traverse Sides

VAS|
Zij

Zix

Zik

+

180

Zij + 180 + o

Zi] — 180 + «

60
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4— Determine the closure error in azimuth.The closure error

is the difference between the computed and known azimuth

of last control side.

closure error = £ = (Zn)computed — {Zn)known {(3.3)

where n is the number of measured angles.

Compute the adjusted azimuth of all courses.The adjusted
azimuth of any course is found by the following formula:
(Z1)adjusted = {Z1)umnadjusted — % * £ (3.4)
Where

i : The number (order) of measured angle.

n : Number of all measured angles.
Compute preliminary coordinates of the points of inters-

ections PIs . For any PI ,the preliminary coordinates

are computed as follows (see Fig. 3-3)

Xj = X1 + Lij * sin(Z:1j) (3.9)

Yj = ¥y + Lty * cos(2ij) {(3.6)
Where
(Xj,Y¥3) : Reguired coordinates of point |
{Xi,Y1) : Coordinates of preceding point i
L) : Length of course 1)

21 : Azimuth of course ij
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A

S
Length of side ij = Lij = ( AX® + AY? )“2
Azimuth of side ij = 21 = tan 2¥
Xj = Xt + AX = X1 + Lij * sin 21y
Y; = ¥t + AY = ¥i1 + Lij * cos Zi}

Figure (3-3):

Coordinates Computations Of Traverse Points

62
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7—- Find the closure error for the X & Y coordinates. Since

the coordinates of last control peint of the traverse

are known,then

closure errorr for X = £x = (Xn) computed— (Xn) known (3.7)

closure error for Y = €y = (Y¥n)computed—{¥n)knowun {3.8)
The linear error of closure is computd as follows

£ = ( ex + ey ) (3.8)
Compute final adjusted coordinates of the PIs. The final

coordinates of any point is computed using the following

two equations :

(Xj) final = (Xj) preliminary — 1 * £x (3.10)
L

(¥3$) final = (Yj) preliminary — % * £y (3.11)

Where

1 : Cumulative length of courses up to point j .

L : Total length of all courses from start to end of the

traverse .

Compute final length and azimuth of all courses using

the final adjusted coordinates (see Fig. 3-3).

AX = | X5 - X1 |

AY = | Y5 -~ Yi |
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L = ( AX° + Ay? )@ (3.12)
-1 AX
Z = tan T

To determine the quadrant of the course, any of the

following cases may be choosen:

a- If AX » 0 and AY > 0 then Azimuth =2

b- If AX and AY < 0 then Azimuth = 180 - Z

v
=

c— If AX < 0 and AY > 0 then Azimuth = 360 - Z

d- If AX < 0 and AY < 0 then Azimuth = 180 + Z
10- Compute the deflection angle at each PI (see Fig. 3-4).

Deflection angle = A = | 25 — Zi {(3.13)
Where
Zj : Azimuth of forward tangent at PI.

Z1 : Azimuth of backward tangent at PI.

If the deflection angle is greater than 180 , then

A final = 360 — A

Having determined the final absolute coordinates of
all PIs and the azimuth of all courses, then it can
be proceeded to the design of horizontal curves using the
established coordinates. In the following séctions,
mathematical models and procedures will be developed for
design of all the types of horizontal curves mentioned

earlier, using coordinates method.
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Figure (3-4): Showing How To Compute Deflection Angle At PI
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3-3 SIMPLE CIRCULAR CURVE

Given :-

a- X & Y coordinates of PI (Xe1,Ypr1),.

b- Azimuth of back & forward tangent (Az1, Azz).
c- Deflection angle A, at the PI.

d- Radius or degree of curve for the circular arc.

Procedure (see Flg. 3-5):
1- Compute tangent length,

T = R tan A/2 (3.14)

2- Compute external distance,

E =R (sec A/2 - 1) (3.15}

3- Compute the lengths of circular arc and long chord,
Lc = 1T R A/180

Long chord = 2 R sin A/2

4- Compute X & Y coordinates of PC & PT, using eqs (3.5) &
(3.6),
Xpe = Xe1 + T sin (Az: + 180)
¥pc = Yprl + T cos (BAz1 + 180)
XpT = Xp1 + T sin (Azz)

YPT = YP1 + T * cos (Az2)

3~ Compute the X and Y coordinates for a group of points on
the circular arc. The arc is divided into equal parts so

that, ¢ = R/20 , where c is the length of each part. In
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Figure (3-6): Showing How To Compute Coordinates For Points

on The Simple Circular Curve
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this case, 11 = ¢, 12 =2¢, 13 = 3C ,.veueroens 1n = L.

a- For any point P, find deflection ahéle a (Fig. 3-

S lp 180
P T IR T

o
1

Compute the chord length from PC to P,

d =2 R sin ap

c- Compute azimuth of line PC—P (see rig. 3-6),

Az = A=z + dp

d- Compute absolute coordinates of point P,
Xp = Xpe + d sin (Az1 + op)

Yo = ¥Ype + d cos (Azt + op)

6- Compute the coordinates of center point O,
Xo = Xpc + R sin (Az1 + 90)

Yo = ¥pe + R cOs (Az1 + 980)

7- Find the mid-ordinate distance [1],

M=R— R cos A/f2

3-4 SPIRALED CIRCULAR CURVES
3-4-1 Equal-Tangent Spiraled Circular Curve

Given:

a- The X & Y coordinates of PI (Xe1, ¥rI).

&)

(3.17)

(3.18)
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Azimuths of back & forward tangents (Az1 & Az22).
Deflection angle A, at the PI.

Radius of circular curve R, or its degree of curve.
Length of spiral curve L_, if not given then the design
speed and rate of change of radial acceleration will be

given.

Procedure (see Fig. 2-7):

1_

Compute Tangent length using equation (2.20),

T = (R+S} tan

Where:

B
il

X — R sin ¢

o))
[

Y — R (1 — cos ¢)

$ =L /2R

5

X =L (1 - —Qi + —jlj )

s 10 216 "ttt

Compute length of circular arc,
Le = m™ R (A — 2¢) 1/180

Compute External distance using equation (2.21}),
Es = (R+5) (sec Af2 — 1)+8
Find deflection angle for any point P on the left spiral

at a distance lp from TS (Fig. 2-7 & 3-8).

a- Find the spiral angle €, for each point on the spiral
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using equation 2.13 (see Fig. 3-7),

b- Find

c~ Find
3-8) ,
d- Find

5- Compute

a- Find

& = (1p/L_)°* ¢

xp and yp from equations (2.14) & (2.15)

2 4
8 2

X =1 (1 - 15 T ST )
3 5
e 8 8

yrp = 1 (+§ﬂ = a3 vt i33p — et )

the length of chord from TS to point P {see Figq.

Sp = (Xp2+ ypZ)O.S

deflection angle from back tangent (rig. 3-8),

op = tan ' (yp/Xp)

absolute coordinates of points on 1left spiral.
coordinates of point TS using egs (3.5) & (3.6),
Xrs = Xp1 + T sin (Az14+180)

Y15 = ¥p1 + T cos (Az1+180)

b- For any point P on the left spiral at a distance 1lp

from TS, find the azimuth of line TS--P (rig. 3-9),

Az of TS—-—-P = Azi1 + op

c~- Compute absclute coordinates of point P,

Xp = XTs + Sp sin (Az21 + op)

Yp = ¥1s + Sp cos (Azi + P}
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-« X3 >
> X2 >
TS
A
1 N
b
8 Y2
1 [ o
PL < ya
8, //
3
3 Y
/2 2 -1 Y
81: X1+y1 . °-<1=tan T'
2 2 -1 ¥2
8, = x2+y2 , c>-<2=tan Yz
/.2 2 -1 Yy
Figure (3-7): Deflection Angles For Points On The Left

Spiral Of The Equal-Tangent Spiraled Circular

Curve

TS

Xp

5C

Figure {(3-28):

Spiral

Length Of Chords From The TS To Any Point On
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Figure (3-9): Showing How To Compute Coordinates For Points
Oon Left Spiral Of Equal-Tangent Spiraled

Circular Curve
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SC & CS Of The Spiraled Circular Curves



6—- Compute absolute coordinates of point SC.

74

a- Compute X & Y parameters for point SC as mentioned in

step 1 (see Fig. 3-10).

b- Find the length of chord TS-ScC.

d = (X2+ YZ)O.S

c—~ Compute the deflection angle «

-1
o = tan

Y/X
d- Compute final absolute coordinates of point SC.
Xst = X1s + d sin (Aztta)

¥Ysc = ¥Yts + d cos (Aﬂ+d)

Compute absolute coordinates for a group of points

the circular arc (Fig. 3-11),

a- Determine azimuth of tangent at ScC,

Az of tangent at SC = Az1 + ¢

on

b- For any point P, on the circular arc that is located

at a distance 1 from SC,

90
o = —
s

1
R

c—- Compute the length of chord SC - P,

d =2 R sin «

d- Compute Azimuth of chord SC — P (see Fig. 3-11),
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Figure (3-11): Showing How To Compute Coordinates

Of Points

On Circular Arc Of Equal-Tangent Spiraled

Circular Curve

Figure (3-12): Showing How To Compute Coordinates Of Points

On Right Spiral O©Of Equal-Tangent

Circular Curve

Spiraled

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



76

A2=Az1+¢+0.'

e- Determine absclute coordinates of point P,
Xp = Xsc + d sin (BAz1 + ¢ + «a)

Yp = ¥sc + d cos (Bz1 + ¢ + «)

8- Compute coordinates of point ST,
XsT = Xp1 + T sin (Azz2)

¥stT = Ye1 + T cos (Az2)

9~ Compute coordinates for a group of points on the right
spiral using the same procedure employed for the left

spiral (see Fig. 3-12).

10- Using the computed absolute coordinates, find azimuth
and distance of the line joining the TS to any point on

the curve,
d = (AX° + AYH)®

Azimuth = tan —AY

3-4-2 Unequal-tangent spiraled circular curve

Given :
a- X & Y coordinates of PI (Xr1,Yr1}.
b- Azimuths of back and forward tangents at PI (Az1 & Az2).

c- Deflection angle A, at the PI.
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d- Radius of circular curve R, or its degree of curve.

e- Length of left and right spirals, le & L ,

Procedure (see rig, 2-8):

-

1- Compute tangents lengths
a- Compute the spirals central angles,
P11 = L51j2R ; g2 = L52/2R

b- Compute parameters X1,¥1, X2, and Y2 using equations

(2.16) and (2.17) as shown below

2 4
_ _ 4 1
X1 = le {1 10 + 316 - )
g
_ ¢ ¢’ $1
M=kl -t e )

3 5
Yz = L _{ ¢2— i; + $2

¢c- Compute the abscissas X , X and shifts S:1 and s:2

ol o2
using equations (2.18) and (2.19) as shown below

X

ol

X02 = X2 — R sin ¢=

I

X1 — R sin ¢1

51 = Y1 — R (1l-cos ¢1)

S2 = Yz — R (1l-cos ¢2)
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d- The tangents lengths are then determined using equat-

ions (2.18) and (2.19)

T1 = X + (R + 51) tan A/2

ol

Tz = X . + (R + S82) tan A/2
L)

n (Sz2 — 51)

s1n A

(52 — S1)

sin A

2- Compute the length of circular areg,

LC=TIR(:’_\—¢1—(|>2)/ 180

3- Compute the abhsolute coordinates of main points TS, SC,CS

and ST.

Point TS
Xrs = ¥Xp1 + T1 sin (Az1 + 180)

¥Yrs = ¥r1 + T: cos (Az1 + 18B0)

> o = tan” ' Yi/Xa

3- Xs5¢ = XTs + d sin (Az + )

¥s¢ = Y15 + & cos (Az1 + a)

Point ST
YstT = Xp1 + Tz sin (Azz)

¥st = Yp1 + Tz cos (Azz)
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d- Point CS (see Fig. 3-13)

1- find length of chord sc — cs

D=2Rsin (A - ¢1 — ¢2)/2

2- deflection angle « = (A — ¢1 — 2) /2

3- find azimuth of tangent at ScC,

Az=Az1+¢1

4- Xcs = Xsc + D sin (Az1 + 1 + «a)

Ycs = Ysc + D cos (Az1 + ¢1 + )

Compute coordinates for a group of points on left
spiral, circular arc and right spiral as described

earlier, in the case of equal-tangent spiraled circular

curve.
After computing coordinates of all points, find the
azimuth and distance of the line joining TS to any point
on the curve,

d = (ax® + ayH% S

Azimuth = tan = —=&
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Figure (3-13): Showing How To Compute Coordinates

of Point

CS Of The Unequal-Tangent Spiraled Circular

Curve
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3-4-3 Spiral applied to existing circular curve

Given: -

a~ X & ¥ coordinates of PI (Xe1,Yr1).

b

Azimuth of back & forward tangents (Az1 & Az2).
c- Deflection angle A, at the PI.
d- Radius of circular curve or its degree of curve

e- Spiral central angle §¢.

Procedure: (see Figures 2-11 & 2-12)

1- Find length of spiral as shown in eq (2.29),

__R(1l —cos ¢)
s Y1

where y1 is the offset distance of point SC for a spiral

of unit length.
2- Find the tangent distance,
T = A + R tan A/2

Where

A =X - R sin ¢

X =L x1

x1 is the tangent distance of point SC for a spiral of

unit length

3- Find length of remaining circular arc,
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Lc = m (A — 2¢) R/180

4- Compute coordinates of main points TS, sSC, CS, ST as

described for equal-tangent spiraled circular curve,

6- Find the azimuth and distance of the line joining TS to

any point on the curve.

3-5 DOUBLE SPIRAL CURVES

3-5-1 Equal-tangent double spiral curve

Given :

a- Absolute coordinates of PI (Xp1, YpP1).

b

Azimuth of back and forward tangents at PI (Az1 & Az).
c- Deflection angle A, at the PI.

d- Length of spiral L .

Procedure (see Fig. 2-9):

1~ Find the tangent length using equation (2.25):

Where
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A
b = -3
2- Find external distance using equation_(2.26),

- Y
s C0S Af2

3- Find coordinates of point TS using eqgs (3.5) and (3.6),
Xts = Xp1 + T sin (Az1 + 180)

Y1s = Yri + T cos (Az1 + 180)
4- Find coordinates of common tangency point SS,

Xss = X1s + d sin (Az1 + «)

Yss = ¥15s + d cos (A=z1 + o)

Where

d=(x2+Y2)0.5

o = tan” ¥Y/X

5- Find coordinates of point ST,

Xst = Xr1 + T sin (Azz2)

¥sT = Yrr + T cos (Azz2)
6~ Find coordinates for a group of points on left and right
spirals as shown earlier in the case of equal-tangent

spiraled circular curve.

7- Find the distance and azimuth of the line joining TS to
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any other point on the curve,

d = ( ax% + ay? )°®

-1 AX

Az = tan —AY

3-5-2 Unequal-Tangent Double Spiral Curve

Given :

a- The absolute coordinates of PI-(XH,YPU.

b~ Azimuth of back and forward tangents at PI (&z1,Az2).
c¢- Deflection angle A, at the PI.

d- Length of left or right spiral (L, oxr L__).

d- The left or right spiral central angle {¢$1 or ¢2).

Procedure (see Fig. 2-10}:

1-

2-

84

Compute either ¢1 or ¢2 according to what given in the

problem using the following relation:

A =1 + ¢2

Find the unknown spiral length as follows,
L =2¢R
Where R is the radius at the common point 85, and

computed from the given ¢ and Ls of either spiral. ¢

in radian.

is

is
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3- Compute X1,Y1,X2 and Yz using egs (2.16) and

shown below

2 4
_ _ 1 1
X1 = le (1 10 t ST e )]
3 3
_ 1 o b1
Y1 = le( 5 350 "
X2 = L (1 — -2, %2 )
- g2 lq 21 "ttt
_ 2 2’ 2°
Ye=L {(—3 - —53 1320 "

85

(2.17) as

4~ Compute tangent distances using eqs (2.27) and (2.28),

Ty = t1 + t3

Tz = t2 + ta
Where

tz = X1 — Yi/tan ¢1

ts = X2 — Ya2/tan ¢2

t1 = PN = NJ * sin ¢z2/sin A

tz = PJ = NJ * sin ¢i/sin A

Y1 + Y2
sin §1 sin ¢z

NI =

2- Compute ccordinates of the main points TS,
{See Fig. 3-14),

a- point TS

Xrs = Xp1 + T1 sin (Az1 + 180)

55 and ST
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Figure (3-14): Showing How To Compute Coordinates For The

Main Points O0Of Unequal - Tangent Double

Spiral Curve
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¥rs = ¥r1 + T1 cos (Azt + 180}

b- point S8
Xss = X15 + di sin (Az1 + a1)

¥ss = ¥1s + di1 cos (Az1 + 1)

¢l = tan —_

c- Point ST
Xst = Xpi + T2 sin (Azz)

Yst = ¥Yel + T2 cos (Azz2)

3- Find the coordinates for a group of points on the left
and right spirals in the same manner described for the

spiraled circular curve.

4- Find the distance and azimuth of the line that joins TS

to any other point on the curve.

d = (AX° + ayH®*®

Az = tan | AX/AY
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3-6 COMPOUND CURVES

3-6-1 Two-Centered Compound Curve

Given: -

a- Absolute coordinates of PI (Xpr,Yr1).

b- Azimuth of back & forward tangents at PI (Az1 & Az2).
c- Deflection angle A, at the PI.

d- Radii of left and right circular arcs,‘R1 & Rz

e— A1 or Az

Procedure (see Fig. 3-15)

1- Find tangents lengths
NJ = R1 tan A1/2 + Rz tan Az/2
PN = NJ sin A2/ sin A

PJ = NJ sin A1/ sin A

Therefore
T: = PN + R1 tan Ai/2

Tz = PJ + Rz tan Az/2

2- Find length of both circular arcs,
Li = m Rt A1/180

L2 = m R2 Az2/180

3~ Find coordinates of point T using eqgs (3.5) and (3.6),

Xpc = Xp1 + Ts1 sin (Az1 + 180)

88
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Figure (3-15):

Two-Centered Compound Curve
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Yre = YP1 + Tst cos (Az1 + 180)

4- Find coordinates of common point K (ﬁgia-m),
The chord MK =ad = 2 R:1 sin A1/2
Azimuth of chord TiK = Az + Mf2

Hence
Xk = X1t + d sin (Azr + A1/2)

Ye = ¥11 + d cos (A1 + A1/2)

5- Find coordinates of peint PT
XpT = Xp1 + Ts2 sin (Az2)

YPT = YP1 + Ts2 cos (Az2)

6- Find coordinates for a group of points on left circular

arc as shown for the simple circular curve.

7- Establish azimuth of tangent at point K

Azimuth = Az1 + M1

8~ Find coordinates for a group of points on right circular

arc as follows:

a- For any point P a distance 1p from K,

1p * 180
2Rz i

op =

d = 2 Rz sin ap

b- Coordinates of point P are then computed

X = Xx + d sin (Az1 + A1 + ap)
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Figure (3-16): Showing How To Compute Coordinates

Points On The 2-Centered Compound Curve

For
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Y = Yk + d cos (Az1 + A1 +ap)

9- Compute the coordinates of center points O: & 02 for
each arc,
Xo1 = Xpc + R1 sin (Azi + 20)

Yor = ¥epc + R1 cos {Az1 + 90)

Similarly
Xo2 = Xpr + Rz sin (Az2 + 90)

Yoz = ¥YpPT + Rz cos (Az2 + 90)

10- Find the azimuth and distance of the line joining the

point T1 to any other point on the compound curve[l,2,6]

3-6-2 Three-Centered Compound Curve

Given :

a- Absolute coordinates of PI (Xr1,Yrr).

b- Azimuth of back & forward tangents at PI (A=l & Azz)
c- Deflection angle A, at the PI.

d- Radii Ri,R2 and Rs.

e- Any palr of the 3 deflection angles At, Az and As.

Procedure (see rig. 3-17)

1- Find tangents lengths [1,2,5],

NK = Ri1 tan Ai1/2 + Rz tan Az/2

KL = Rz tan A2/2 + R3 tan Az/2
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KJ = KL sin A3/sin Aa
JL = KL sin Az/sin Aa

NJ NK + KJ

By solving the triangle PNJ we obtain

PN = NJ sin As/sin A

PJ NJ sin Ai/sin A
Therefore, the total tangents lengths are
T1 = PN + R1 tan Ai1/2 (3.21)

T2 = PJ + JL + R3 tan A3/2 (3.22)

2- Find the length of circular arcs,
In = m R1 A1/180
L2 = nm Rz A2/180
Lz = 1 R3 A3z/180

Where L:,Lz and L3 are the lengths of left , middle and

right arcs respectively.

3- Compute the absclute coordinates of main points PC,T1,

T2 and PT using egs (3.5) and {3.6):.

a- Point PC

Xrc

Xe1 + Tt sin (Az1 + 180)

Yec = Yr1 + T1 cos (Az1 + 180)

b- Point T2

X1t = Xpc + di sin (RAz1 + A1/2)
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¥T1 = Yec + di cos (Az1 + A1/2)
Where

di1 = 2 Rt sin #1/2

¢~ Point T2

Xtz = Xm1 + d2 sin (Az1 + A1 +Az2/2)

Y12 ¥11 + d2 cos (Azt + A +A2/2)
Where

dz = 2 Rz sin Az/2

d- Point PT
XpT = XPI + T2 sin (Az2)

YpT = YPr + T2 cos (Azz2)

Compute the coordinaes of center points of each arc as

described for the 2-centred compound curve.

Establish the azimuth of tangents at Tz and Tz,
Azimuth at T1 = Az1 + A1

Azimuth at T2 = Az1 +A1 +A2

Compute the absolute coordinates for a group of points

on each arc, using the same procedure employed for

the simple circular curve.

Use the computed absolute coordinates to determine the
distance and azimuth of the line joining the peint T: to

any other point on the compound curve.
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3-7 SPIRALED COMPOUND CURVES

3-7-1 Two-centered compound curve with 1 connecting spiral

Given

a- Absolute coordinates of PI (Xe1,Yr1).

b- Azimuth of back & forward tangents at PI (Az1 & RAz2)
c- Deflection angle A, at the PI.

d- Radil Ri and Rz or degrees of curve Di and Dz.

e~ Deflection angle A1 or A=.

f- Length of connecting spiral, LS
Procedure (see Fig. 2-13):

1- Compute spiral central angle for each half of the spiral

LS
¢1 = 2R1
LS
b2 = —5;

2- Compute the radial shift of the connecting spiral,

Y1=L(¢'1_¢13 b

ve = 1 ( 22 $2° $2°

St = Y1 — R1 (1 — cos 1)
Sz = Y2 — Rz (1 — cos ¢2)

S=|82—S1[
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3- Compute the tangents lengths using eqgs (2.33) and (2.34)

(Rz—R1—5} cos A1 — Rz cos ﬁ

T2 = sin A

Tt = Rz sin A — T2 cos A — (Re—Ri1—S) sin A:

4- Compute the lengths of circular arcs,

Ln = Rt (A1 — $1}) =7 Rt B1/180

Lz = m Rz (A2 — ¢2) m Rz B2/180

5- Compute the coordinates of points PC,PT and Ci5 (sce

Fig. 3-18) using eqgs (3.5) and (3.6) :

a- Point PC

Xpc

Xe1 + T1 sin (Az1 + 180)

YPC

Yr1 + Tz cos (Az1 + 180)

b= point 18
Xcis = Xpe + d sin (Az1 + 81/2)

Ycis = Ype + d cos (Az1 + B1/2)

Where
Bi = A1 — ¢

d = 2 Rt sin ((A1—¢1)/2)

c—- peoint PT
XpT = Xp1 + Tz sin (Azz)

Ypr = ¥Yr1 + T2 cos (Azz)
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6- Compute absolute coordinates for a group of points on
the connecting spiral (Flg. 3-19):
a- Find the spiral central angle,

L
¢, =2 — ¢ = —5 * (D2 — D1)

b- For any point P on the spiral at a distance 1 from

Ci15,

o 1 . D2-Di , 1
2 1D} L

Where

D1 = 30 in radians
R1

Dz = 30 in Radians
Rz

The local coordinates x and y of point P are computed

using eguations (2.41) and (2.42) as shown below :

l ,Di.z .3 2 1 .2

%= l=-75G 1 5+ 7K+ 5K)
1 Di.a 5 1 4 6 _ 2z 4 3
*arme) L Pt g KA K - K
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D1 2 1 1 1 D1 3 .4 1
3 3 2 1 3
+ - K + — K™ + — K'Y 4.0 iaaa.,

where K = 3 1 (Ri>R2)

K=- 31 (Ri<R2)

c~ Find the length and azimuth of the line joining point

CiS to point P on the connecting spiral,

q = ( xpa + yp2 )0,5

-1 ¥p
= ta T
[0 n Xp

The Az.of the line C15—P is equal to (see Fig. 3-19) ,

Azi +81 + o

d- Finally compute the absolute coordinates of point P

using equations (3.5) and (3.6)

Xp = Xc1s + d sin (A=z1 + a + B1)

Yp = ¥cis + d cos (Az1 + a + B1)
7- Compute coordinates of peint SCz,

Xscz = Xpr + d sin (Rzz + 180 — «)

¥sca = Ypr + d cos (Azz + 180 — )
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Figure (3-19):

Showing How To Compute Coordinate For Points
On The Combining Spiral Of The Two-Centered

Compound Curve With One Spiral
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Where
a = (A2 — $2)/2 = B2/2

d = 2 Rz sin ((A2 — $2)/2) = 2 Rz sin Bz/2

8- Compute coordinates for a group of points on the left

and right circular arcs in the same way described for

simple circular curve.

After computing the absolute coordinates of all points
on the curve, find the azimuth and distance of the line

joining the PC to any point on the curve,

d = { AX? + ay® )**®

3-7-2 Two-centered compound curve with 3 spirals

Given:

Absolute coordinates of PI (Xpr,YrI).

Azimuths of back and forward tangents at PI (Az1 & Az2)
Deflection angle A, at the PI.

Radii Ri and R2 or degrees of curve D: & Da.

A1 or A-z.

Length of entry spiral le and exist spiral Lsa. If not
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given then the design speed and rate of change of radial

acceleration will be given.

Procedure (see Fig. 2-17):

1-

Find length of intermediate connecting spiral using
equation (2.43),

L =|L . -1 |
s 2 s 3 51

Find the central angle of each spiral,

Entry spiral , $1 = L /2R

Exit spiral , ¢z = Ls3j2 Rz

Intermediate spiral , ¢3 = L /2 Ri and ¢4 = L_,/2 Rz

Compute the parameters, X,Y,Xo and S for the entry and

exit spirals,using eqs (2.17),(2.18),(2.19) and (2.20).

2 4
- ¢ 1
X1 = le (1 - ) + AT )

P TR YL R 1L

s 2 10 21l "7t
3 s
_ b2 bz 2
Y2 = L 0 — 42 Y13 T )
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X = X1 — Rt sin ¢1
X = X2 — Rt sin ¢z
St = Y1 — Rz (1l-cos ¢1)

S2 = Y2 —~ Rz (l-cos ¢2)

Compute length of tangents using equation {(2.44), (see

Filg. 2-16) :

Common tangent, NJ =(R1 + Si) tan % +(Rz + S2) tan %
Back tangent, T1 — NJ —Sil 42 (Rt + S1) tan 2L 4 ¥
! sin A 2 al
Forward tangent ,Tz =NJ sin A +(Rz + Sz) tan A2 +X
g ! - sin A 2 02

Find length of circular arcs,
Central angle of left circular arc, 1 = Ai— $1 ~ ¢3

Central angle of right circular arc, Bz = A2 ~p2 — ¢a

Therefore
In = m Rt #1/180

Lz = 1 R2 R2/180

Compute the absolute coordinates of the main points TS,

S1C1,C182, 82Cz2, €283 and S3T using equations (3.5) and

(3.6) as follows:

a- Point TS
X1s1 = Xp1 + T1 sin (Az1 + 180)

Y151 = Ypr + T2 cos (Az1 + 180)
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b- Point Si1Ci
Xs1c1 = Xrs1 + di1 sin (Azt + a1)

¥sic1 = Y151 + dl cos (Az1 + o1)

Where
dr = ( X1°+ v1? )>®
-1 Y1
ot = tan %

c- Point CiSz (see Fig. 3-20)
Xcisz = Xsict + d sin (Az1 + $1 + B1/2)
Ycist = ¥sict + d sin (Az1 + $1 + B1/2)
where

d = 2 R1 sin B1/2

d- Point SzCz
The local coordinates x and y of point S22 with
respect to Ci1Sz2 as an origin and the tangent at CiSz
as an X-axis, are evaluated using the following two

equations (eqs (2.4%) and (2.46)):

X = (R2 — Rt — 8) sin ¢3 + Rz sin (¢3 + ¢a)

Yy =Rt — (Rt —R2 — S) cos ¢3 — Rz cos ($3 + ¢s)

The length of chord between S2Cz and CiS2 is equal

d=(x + y )

The deflection angle between the tangent at Ci182

and the above chord is found as follows :
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A = tan ~? %
The azimuth of the tangent at Cis: 1s Azl + ¢1 + B
The azimuth of the chord between ¢CiS» and SzC2

is

equal to (see Fig. 3-20) Az + ¢1 + B1 + A

Therefore the final absolute coordinates of point

S2C2 are found as follows:

Xsacz = Xeisz + d sin (Azt + d1 + B1 + A)

Ysacz = Ycisz + d cos (A1 + ¢1 + B1 + A)

e- Point SaT
Xs31 = Xp1 + T2 sin (Azz)

¥s3T = ¥Ypr + T2 cos (Azz)

f- Point c:283

Xcas3 = Xsat + d sin (Rzz + 180 — o)

¥c253 = YsaT + d cos (Az2 + 180 — )

where

d=( %%+ v2?)

- 2
|:>f.=tar11 Y

g~ Point SzC2

Bz = Az — d2 — ¢
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TS,

Figure (3-20): Showing How To

Compute Coordinates For

Points On The Combining Spiral Of The Two-

Centered Compound Curve With 3 Spirals
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d =2 Rz sin Bz2/2

Therefore
Xsacz2 = Xcess + d sin (Azz2 + 180 — ¢z - Bz/2)

Yszcz = Yeas3 + A4 cos (Azz + 180 —-¢2 — B2/2)

6~ Compute absolute coordinates for a group of points on

each curve in a similar manner.

7- Compute the distance and azimuth of the line joining TS

to any other point on the curve.

3-8 REVERSE CURVES

3-8-1 Simple Reverse Curves

Given:-

a- Absclute ccordinates of PIi1 (Xei1,Yp11),

b- Absolute coordinates of PIz (Xrrz,YeIiz2).

c~ Deflection angle A1, at the PIi.

d- Deflection angle A2, at the PIz.

e- Azimuth of back and forward tangents at PI (Az1 & Azz).
f- Azimuth of forward tangent at PIz (Az3).

g- If R1 is not equal to Rz, then Ri1 or Rz should be given.
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Procedure (see rig. 3-21):

1- Compute the unknown radius,
a- If R1i = Rz = R, then
T: = R tan Al/2

Tz = R tan Az/2

109

The distance AB,between PI1 & PIz is found using

given cocordinates,

AB = PI1 — PI2 = (AX® + AY 2) %°
Therefore [1]
AB = T1 + T2 = R (tan 2“ + tan 32)
R AB
tan A1/2 + tan Az/2
b- If R1 is not equal to Rz
Ty = R1 tan Ai1/2
Tz = AB — T
T2z = AB — R1 tan A1/2
Therefore
Ra — T2 _ AB — R1 tan Ai1/2
T tan A2/2 T tan Az /2

2- Find length of circular arcs,

Lc1r = 1 Rl A1/180

(3.23)

(3.24)
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Lez2 = m Rz Az/180

3- Find coordinates of main points using equations {3.5)

and (3.6):

a—- Point PC

Xpc = Xe11 + T1 sin (Az1 + 180)

¥pc = ¥Ypi1 + T1 cos (Rz1 + 180)

b- Point PR

Xer = Xpn1 + T1 sin (Az2)

Xpr = Ypi1 + T1 cos (Azz2)

c— Pocint PT,

XpT = Xeiz + T2 sin (Az3)

Ypr = Yriz + T2 cos (Az3)

4- Find coordinates for a group of points on each circular
arc in the same manner described for simple circular

curves.

5- Find the azimuth and distance of the line joining the PC

tc any other pcint on the reverse curve.
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3-8-2 Spiraled Reverse Curves

Given:-

a- Absolutes coordinates of PI1 and PI=.

b- Azimuths of back and forward tangents at PI: (Az1 & Azz2)
c-Azimuth of forward tangent at PIz (Az3).

d

Deflection angle A1, at the PIi.

e- Deflection angle Az, at the PIz.

f- Radii R1 and R=.

g- Lengths of spirals Lsi' L52 and L53 if L53 1s not equal
L_, or length of spirals L  and L__ only, if L = L

1 53 5 4

Procedure (see Figures 2-19 & 2-20):

1- Find the parameters of the first and second spirals

using equations (2.11),(2.17),(2.18),(2.19) and (2.20) :

s1
$1 = 2 R1
L,
$2 = < g
2 a
_ b1 $1
Xi=L (1 - —fr % )
_ o1 _ ¢’ 1®
Yi = Lsi( 3 3 + i35 " )
2 4
_ $2 $2
Xe = L__ (1 - —ti— + 2 .. )
_ b2 _ _ &2’ 2”
Y2 = L_( — 42 T Tizzo Tt )
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2- Compute the tangents lengths for the left part

spiraled

(2.23):
T™

Tz

3- Find the

AB
where
AX

AY

= ¥1 — R1 sin ¢1
= X2 — R1 sin ¢z
= Y1 — R1 (1l-cos ¢1)

= Y2 — Rz (l-cos ¢z2)

reverse curve using equations

= X_, + (R +.81) tan A1/2 + —o_— 5!

= X__ + (R + S2) tan A1/2 — Sz_— S

distance between PI1 and PIz,
= PI1 — PIz = ( AX® + AY?®) %%
= | Xer1 — Xeiz |

= Yri1 — Yriz
I |

4- Compute length of fourth spiral L4
=3

Case 1

L53 1s not equal L54

a- Compute parameters of third spiral,

$3

= L53/2R2

_2a T =
sin Al

2 T 2
s1ln A1

113

of the

and
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b- The length of backward tangent of the right part of

114

X = X3 — Re sin ¢
o3

S3 = Y3 — Rz (l-cos ¢3)

the spiraled reverse curve is

Tz = AB — Tz

S4 — 83

T3 = X + (Rz +83) tan Az/2 +——§Iﬁ—33—

o3

. 54 — 83
Letting H = —gr—F5=-
Hence

Tz = X 5 + (Rz +83} tan A2/2 + H
or

H = T3 — Xo3 — (Rz2 + S3) tan Az/2

The only unknown in this equation is H, from which
the shift of fourth spiral Si4, can be computed as

follows:

S4 = H sin A2 + S3

The length of the fourth spiral can now be computed

using equation (2.48):

54 54

24 R 2688 R

This equation will be solved by trial and error
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Case 2: L =L

For t his c ase Sa = 854, thus we have an

equal-tangent spiraled circular curve. The unknown in

this case is the length of spiral.
Tz = AB — Tz

The length of spiral can be computed by egquation (2.50):

2 4 3
Ls3 Lsa Az Lsa Lsa

— 3) tan > + - .
24 Rz 2688 Rz 2 240 Rz

T3 =( R +

This equation will be solved by trial and error in order

to get L

5—- Compute lengths of circular arcs

Li =m Rt ( &1 — $1 — 2 ) /180

Lz =m Rz { A2 — ¢3 — ¢a ) /180

6~ Compute absolute coordinates of the main points TSi1,

51C1, €152, 5SS, 83C2, Ca25¢ and SaT:

a= Point TS:
Xrs1 = Xp11t + T1 sin (BAz1 + 180)

¥1s1 = Yen1 + T1 cos (Az1 + 180)

b- Point Si1Ca
Xsict = X151 + d sin (Az1 + «)
¥sic1 = Y151 + d.sin (Az1 + «}

Where
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d =( x1%+ v1%)%°3

a = tan ' Yi/X1

Point Ci1S2
Xcisz = IXsu:i + di sin (Az1 + ¢1 + A/2)
Yeisz = ¥s1c1 + di cos Azt + @1 + A[/2)
Where
A=A — $1 — 42

di = 2 R1 sin A/2

Point SS
Xss = Xp11 + T2 sin ({Azz2)

¥ss = Yri1 + T2 cos (Azz2)

Point S3C2
Xs3cz = Xss + d sin (Azz — «)
¥Ysacz = ¥ss + d cos (BAz2 — a)
Where
d = ( X32 - ya? )o.s
o = tan ' Y3/X3
Point C2Sa

Xcass = Xs3cz + di sin (Rzz — $3 — A/2)

Ycasa = ¥s3cz + di cos (BAzz — ¢3 — A/2)

Where
A = A2 — $3 —¢a

di = 2 Rz sin a/2

116
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g~ Point SaT
Xs4T = Xpiz + T4 sin (Az3)

¥sat = Yriz + T4 cos (Az3)

7- Compute the absolute coordinates for a selected group of
points on each curve using the same manner enployed in

the design of simple circular and spiraled circular

curves,

8— Compute the azimuth and the distance of the 1line that

joins the point TS: to any other point on the spiraled

reverse curve.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



118

CHAPTER 4

APPLICATION (Solved Examples)

4-1 EXAMPLE ONE

4-1-1 Part One (Traverse adiustment)

Given: The c¢onnecting traverse shown in Fig. a-1,is tied
to the control points 0 & 1 at the start, and is
tied also to the control points N & N+1 at the end.
The absolute coordinates of the 4 control points are
presented in Fig. ¢-1. The length of all courses
togather with the measured clockwise horizontal
angles at the points of intersections(PIs) are given
in the same figure.

Required:

i~ Make a complete traverse adjustment.

2—- Compute the adjusted coordinates of all the PIs.

3~ Compute the final length and azimuth of each course.

4- Compute the deflection angle at each PI station.

Solution

1- Compute the azimuth of contreol sides 0—1 and N—N+1.

n is the number of measured angles, in this case ,n = 8.

= tan
1

1 X1 — Xo 86005.65 — 86233.67
Y1 — Yo 63521.79 — 63961.22
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X Y

87766.35 67819.97 N +1

X Y
86233.67 6©63961.22
0
&
1 -2 Jpr,
708.07
X 8

86005.65 63521.79

X Y
88812.31 67718.06

N

Figure (4-1): Connecting Traverse Of

Example 1 (Part 1)
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= 207° 257 29

S1 0 XNe1l — Xn 87766.35 — 88812.31
NeNe1 YN — ¥ 67819.97 — 67718.06

= 275° 337 54~

2= Compute the unadjusted azimuth of all sides.
The féllcwing formula is used
Az of side i = Az of side i-l+clockwise angle from side
i—-1 to side i + 180
If the answer is‘'greater than 360 degrees,then subtract

360 degrees from the total.

Az of side 1—2 = (207°257297"+61°44700" "4+ 180°)— 360°

= 89° 09° 2977
Az of side 2—3 = (89 09 29 + 109 13 00 + 180) — 360
= 18° 227 2977

Az of side 3—4 = (18 22 29 + 179 40 20 + 180) — 360

e

= 18° 02 49

Az of side 4—5 = (18 02 49 + 145 44 10 + 180)

-

= 343° 46~ 59

Az of side 5—6 = (343 46 59 + 327 52 30 + 180) — 720

= 41° 39" 29~
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Az of side 6—7 = (41 39 29 + 183 00 50 + 180) — 360

- P

= 44° 407 19
Az of side 7—N = (44 40 19 + 169 10 30 + 180) — 360
= 33° 50 49~

Az of side N—N+1 = (33 50 49 + 61 44 20 + 180 )

-

= 275° 357 (9

Find the azimuth closure error.

-

The computed azimuth of side N—N+1 = 275° 35~ 09

The known azimuth of side N—N+1 275° 337 547

The closure error = £ = Computed Az. - Known Az.
e =275 35 09 — 275 33 54
= 00° 017 157~

Compute adjusted azimuths of all sides,

-

correction per angle = ¢/N = ( 60° 01 157 7)/8

The correction that has to be applied to each side is

found by using equation (3.4):

2|
p o —
*
™

correction = — (

The following table shows adjusted azimuth of all courses,
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Table (4-1): Adjusted Azimuths Of Example 1
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side [Unadjusted Azimuth |correct.|Adjusted Azimuth
0—1 / 207° 257 2977
12 89° 09~ 2977 -9 89 °09 "20 7
2—3 18 22 29 - 19 18 22 10
3—4 18 02 49 — 28 18 02 21
4—-5 343 46 59 —~ 38 343 46 21
5—6 41 39 29 — 47 41 38 42
6—7 44 40 19 — 56 44 39 23
7—N (8 30 50 49 — 66 33 49 43
N—N+1 275 35 09 - 75 275 33 54

5- Compute the preliminary coordinates of all points ,

Here, we usge the feollowing two equations

Xy = Xi + Lij * sin (Az of side ij)

Yy = Yi + Lij * cos {Az of side ij)

where Lij is the length of side.

X(1) =

V(1) =

X(2) =

Y(2) =

X(3) =

Y(3) =

86005.65

63521.79

86005.65

63521.789

86713.64

63532.23

(given)

(given)
+ 708.07%sin(89° 0%~ 207J =
+ 708.07*cos (89 09 20 ) =
+ 696.21%sin (18 22 10) =
+ 696.21*cos (18 22 10) =

86713.64

63532.23

86933.05

64192.96
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X(4) = B6933.05 + 556.81*sin (18 02 21) 87105.48

64722.40

Y(4) = 64192.96 + 556.81%*cos (18 02 21)

X(5) = 87105.48 + 771.76*sin (343 46 21) = B86889.81

Y(5) = 64722.40 + 771.76%cos (343 46 21) = 65463.41

X(6) = 86889.81 + 1028.39%sin (41 38 42) = 87573.19

Y(6) = 65463.41 + 1028.39%cos (41 38 42) = 66231.90

X(7) = 87573.19 + 1076.82*sin (44 39 23) = 88333.04

Y{7) = 66231.90 + 1076.83%cos (44 39 23) — 66997.88

X(N} = X(8) = 88333.04 + 866.77*sin (33 49 43 )
— 88812.58
Y(N) = Y(8) = 66997.88 + 866.77*cos (33 49 43 )

= 67717.91

6- Compute the closure error in the X and Y coordinates,
€x = X(N) computed — X (N} known
= X(8) computeda — X (8) known

= 88812.58 — 88812.31 = 0,27

€y = Y(8) computed — Y (8} knewn
= 67717.9 -~ 67718.06 = — 0.15
Linear error = ({ £x° 4+ ey )0'5 = 0.31

Relative linear error =

y length of side/linear error
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18000

7- Compute the final adjusted coordinates,

correction to the X— Coord. of point i =

where

=
L

5704.83 ] 0.31

1 : the cumulative length of courses up to point 1i.

L :

Similarly

correction to the Y—Coord. of point i =

the total length of all courses

1
* £y

Therefore the following table gives the final adjusted

X--coordinates of all points

Table {4-2): Adjusted X-coordinates Of Example 1
point| cummulative preliminary correct.| Adjusted
No distance X=-=Coord to X X--Coord
1 0 86005.65 0 86005.65
2 708.07 B6713.64 -0.03 86713.61
3 14G4.28 86933.05 ~0.07 86932.98
4 1961.09 87105.48 ~-0.09 87105.39
5 2732.85 86889.81 -0.13 86889.68
3] 3761.24 87573.19 -0.18 87573.01
7 4838.06 88330.04 -0.23 88329.81
8 5704.83 88812.58 -0.27 88812.31

Similarly the final adjusted Y-Coordinates are obtained

from the following table:
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point preliminary correction Adjusted
no Y-—-Coord. to Y Y—--cood

1 63521.79 0 63521.79

2 63532.23 0.02 63532.25

3 64192.96 0.04 64193,00

4 64722.40 0.05 64722.45

5 65463.41 0.07 65463.48

6 66231.90 0.10 66232.00

7 66997 .88 0.13 66998.01

8 67717.91 0.15 67718.06

8- Compute the final azimuth and 1length of all courses,

based

on the adjusted coordinates,

the following two formulae are used

Az of side 1ij

dij =

= tan

( ( X3 — Xu

)2

1 X — %t
¥y — Yi
+ (Y5 — Y1 )°

)

0.

5

For example the length of side 3—4 is equal to

d3s = ((87105.39-86932.98)°+(64722.45 — 64193.00)3%)° "

= 556.815

Similarly

Az of side 3—4

I

tan

18°

-1

02

87105.39 — 86932.98

64722.45 — 64193.00

-

14
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The following table shows the final azimuth and length

of all courses.

Table (4-4):

Final Azimuths

Example 1

And Lengths

Side Final Length Final Azimuth
1—2 708.037 89 °09 "13 °°
2—-3 696.214 18 21 58.5
3—4 556.815 18 02 14
4—5 771.788 343 46 12
5-—6 1028.379 41 38 31
6-—7 1076.809 44 39 12.5
7—N(8) 866.763 33 49 32

9- Compute the deflection angles at the points of interse-

ctions (PIs) of

the traverse,

Deflection angle at point i eguals the absolute differ-

ence in azimuth beween the backward and forward sides.

If the difference is » 180 then the answer must be

subtracted from

The deflection

The deflection

360,

angle at point

angle at point

The deflection angle at point

since the answe

r is mere than

The deflection angle at point

w
I

£
It

89°09720° 7 18°22710"°
70° 477 10”7 °

18 22 10 — 18 02 21
00 19 49

343 46 21 — 18 02 21

325 44 00

360 00 00 — 325 44 00

Of Sides Of
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= 34 16 00
The deflection angle at point 5 = 343 46 21 — 41 38 42
= 302 07 39 { >180 )

= 57 52 21

The deflection angle at point 6 = 44 39 23 — 41 38 42
= 03 00 45
The deflection angle at point 7 = 44 39 23 — 33 49 43

= 10 49 40

4-1-2 Part Two (Design Of Equal-Tangent Spiraled

Circular Curve)

Given the connecting traverse of part 1 whose final
adjusted coordinates have been computed, it is required to

design an ggual-tangent spiraled circular curve at point 4

(see Fig. 4—2) .

Given Data :

X--Coord. of PIa 87105.39

Y-—-Coord., of PIs = 64722.45

Azimuth of backward tangent at PIa = Azt = 18° 02 147~
Azimuth of forward tangent at PIs =Az2 = 343 46 12
Deflection angle at PIsa = A = 34 16 00

Length of spiral curve = 150 m

Radius of circular curve = 600 m
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A,,=343 46 12

Right Spiral
Lg=50 -

R =g0q

Left Spiral
Lg =150

A

z1 =

: I
Circular Curve —5 P, (87105.39, 64722.45)

18 0214

Figure (4-2):

Equal~-Tangent Spiraled Circular Curve Of

Example 1 (Part 2)
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Solution (see Fig. 2-7)

1- Compute the tangent length,

spiral central angle ¢ =

129

1590

2 R

= 0.125 radian

2*600

= 07° 09~ 43

The local coordinates of point SC with respect to TS as

an origin and the back tangent as an X—axis, are found

as follows

The

X =

[

2 4
¢ ¢
LS ( 1 — 15 T 16 — ctc et )
2 4
0.125 0.125
150 (1 - 10 216 )
149.766 m
3 5
¢ ¢ ¢
Ly O3+ 73 1320 it )
3 5
0.125 0.125 0.125
150 { 3 - 42 + 1320 )
6.243 m

distance Xo and shift S5 will be now computed,

X — R sin ¢

149.765 — 600* sin (07° 097 437 7)

74.960 m

Y—-—R (1~ cos ¢ )
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= 6.243 —~ 600 * (1 — cos 07 09 43 )

= 1.562 m

Therefore the length of tangent is computed as follows:

Tangent length = T = Xo + (R+S5) tan —%&
= 74.960 + (600 + 1.562) tan —32 %6 00

= 260.408 m

Compute the absolute coordinates of point TS

X1s = Xp1 + T sin (Az1 + 180)

[

87105.39 + 260.408 * sin (18° 02 1477 + 180°)

= 87024.759 m

¥rs = ¥Yp1 + T cos (Az1 + 180)
= 64722.45 + 260.408 * cos (18 02 14 + 180 )

64474.84 m

Compute the absolute coordinates for a group of points

on the left spiral curve.

a- Compute the partial spiral angle 6 , for each arc

length of the spiral,

let 1 = R/40 = 600/40 = 15 m
Thus
11 = 15 , 12 = 30 , 13 = 45 (1a = 80 m

& = () * ¢
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Therefore 8 for each point on the spiral is computed

as follows

61 = (15/150)° * 0.125 = 0.00125 radian
82 = (30/150)% * 0.125 = 0.005 radian

03 = (45/150)° * 0.125 = 0.01125

similarly

84

]

0.020
s = 0.03125.
86 = 0.045
87 = 0.06125
Os = 0.080
89 = 0.10125

810 = 0.125

b- Compute the local coordinates of the points on the
left spiral, assuming that point TS is the origin and

the tangent PI—TS is the X--axis (see rig. 4-3).

2 4
g1 81
X1 = .11 * ( 1 - 10 4 W )
3 5
61 a1 81
= * —

yr =11 * (— 22~ Y —1370 )
hence

2 3
X1 = 16 * (1 — 0.00125 4 0.00125 ) = 14.99 m

10 216
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3 5
yi =15%( 0.02125 _ 0.2(2}125 + OiggéZS )= 0.006 m
2 4
gz g2
) * _—
X2 1z (1 16 + 5T )
3 5
ez 8z B2
yz = la * (== = —5— + —q3357 )
hence
2 4
0.005 0.005 _
x2 = 30 * (1 - —== + e ) = 29.999 m
3 5
0.005% 0.005 0.005
e * _— =
y2 30 { 3 a5 + 1330 ) 0.05 m
2 4
0.01125 0.01125
= * — —
X3 45 { 1 10 + 516 ) 44.999 m
3 5
0.01125 0.01125 0.01125
= * — _
ys = 45 * { 3 42 * —1330 )= 0-169 m
In a similar way
X4 = 59,998 m . vi = 0.399 m
X5 == 74.993 ’ ys = 0.781
X6 = 89.982 . y6 = 1.35
x7 = 104.961 ’ YT = 2.144

X8 = 119.923 . ys = 3,198
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Compute the length of chords that

133

X9 = 134.858 ) yo = 4.61

Xi0 = 149.766 . yio = 6.243

Compute deflction angle for each point on left spiral

as measured from the back tangent PI-Ts ( rig. 4-3),

a1 = t_an" ii = tan ™ %g = 00° 01 22.5°°
oz = tan” L2 tan”’ % - 00 05 44

o3 = tan”’ ii — tan™' “gi%ggg = 00 12 55
Likewise,

a4 = 00° 227 5277 . as = 00° 357 4877

as = 00 51 34

g = 01 31 39

X0 = 02 23 13

Note that oo is roughly equals 2 _ 07 09 43

- -

= 02° 23" 13

connect point TS

to any other point on the left spiral (see rig. 4-3),

2 2 o]

st =( x17 + y1° ) 2

® =(14 999°% + 0.006%)° %= 14.999 m
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TS

)

(@)

(3)

TS
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Figure (4-3):

Left .Spiral Of Example 1 (Part 2)
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sz =( x2° + y2° )%°= (29.999% + 0.05% )52 29.999
s3 = ( x3° + y3° )9 °=(44.999%+ 0.1695 )% %= 44.999 m
similarly

54 = 59,999 . 85 = 74,997

S6 = 89.992 ' s7 = 104,983

ss = 119.966 59 134.896

510 = 134.936

Note that si10 is the distance between points TS & SC

e- Compute the azimuth of all the chords that connect

point TS to any point on the spiral (see Fig. 4-3) ,

Az of chord TS——PI = Az1 = 18° 02 14~ °

Az of chord TS-—-1 = Az1 — @1

=18 02 14 — 0C 01 22.5=18° 00~ 51"~

Az of chord TS--2 = Az1 — o2

= 18 02 14 — 00 05 44 = 17 56 30

Az of chord TS5--3 = Az1 — a3
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=18 02 14 — 00 12 55 = 17 49 19

Az of chord TS--4 = Azl

similarly

Az

Az

— 4

= 18 02 14 — 00 22 52 = 17 49 19

of chord TS—--6 = 17°

of chord TS--7 = 16

of chord TS--8 .= 16

of chord Ts—--9 = 16

Az of chord TS--10 = 15

10 40
52 01
30 35
04 46
39 01

Note that the azimuth of chord TS-10 is equal to the

azimuth of the line joining TS and ScC.

Compute the

points on the left spiral,

X1

Y1

Xt

Xz

Y2

X3

¥3

= XTs + 51 *

= Y15 + 51 *

= 87024.759

= 64474.840

= 87024.759

= 64474.84

= 87024.759

= 64474.84

sin (Az of Ts--1)

cos (Az of T5--1)

+4-

<4

14.999*% sin(18°00°51.5" ")

14.999

29.999

29.999

44,999

44,999

*cos (18 00 51.5 )

* sin (17

* cos (17

* sin (17

* cos (17

absolute coordinates

56

56

49

49

for a group of

87029.398

64489.103

30 )= 87034.000

30 )= 64503.380

19 )= 87038.531

19 )= 64517.680
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X4

Y4

Xs

¥s

Xs

¥s

X7

Y7

Xs

Ys

Xs

Yo

X10

Y10

X10=Xs5c=87024.759+149.896
Y10=¥sc=64474.840+149.896

Therefore

87024.759%9

64474.84

87024.759

64474 .84

87024.759

64474,84

87024.759

64474 .840

87024.759

64474.840

87024.759

64474.840

Xsc =

Ysc =

the

59.

59.

74,

74.

89.

a9,

104.983

104.983

118.966

119.966

134.936

134.936

999

999

997

997

999

999

X1s + s10 * gin

¥1s 4+ s10 * cos

*

sin

cos

sin

Cos

sin

Ccos

sin

Ccos

s1in

Ccos

sin

cCos

(17

(17

(17

(17

(17

(17

(16

(16

(186

(16

(16

(16

39

39

26

26

10

10

52

52

30

30

04

04

137

22 )= 87042.957

22

)= 64532.012

26)= 87047.237

26)= 64546.390

40)

40)

01)

01)

35)

35)

46)

46)

Az of TS--10)

Az of TS--10)

sin(15 39 01)
cos(15 39 01)

following table

shows

I

the

87051.337

64560.818

87055.220

64575.307

87058.851

64589.860

87062.132

64604.492

87065.196
64619.179

final

absolute coordinates for points on left spiral.
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Table (4-5):

Final

Coordinates

For

Spiral of Example 1

Points

on

138

Left

Point No,. X-=coordinate Y-coordinate
TS 87024.759 64474.840
1 87029.398 64490.790
2. §7034.000 64503.,380
3 87038.531 © 64517.680
4 87042.957 64532.012
5 87047.237 64546.390
6 87051.337 64560.818
7 87055.220 64575.,307
8 87058.851 64589,.860
9 87062.132 64604.492
16(5C) 87065.196 64619.179

4- Compute the coordinates for a group of peoints on the

circular curve,

a— Determine the central angle B, of the circular arc,

B

b- Compute the length of circular curve

L

A -2 ¢
34 16

19° 567

00 — 2 * 07

-

34

T * R * 3/180

T % 600 *

208.840 m

(19 56

09 43

34) /180
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c- Compute the deflection angles for a group of points

on the «circular curve. The deflection angle is

measured from the tangent at point SC (see Frig. a-1).

The circular arc is divided into equal parts so that

1 = R/20 = 600/20 = 30 m
Thus we have
ly =30 , l2 = 60 ,13 =90 ,1a = 120 ,15 = 150 ,

ls = 180 , 17 = 208.84 — 6 * 30 = 28.84 m

The deflection angle is computed using the following

equation :

180 1
2 R

Therefore we have

L s
=220 s 22 280, 80 _ 45 51 53
similarly

a3 = 04 17 50 , as = 05 43 46.5
as = 07 09 43 . as = 08 35 40

a7 = oSt = 180 , 208.84 09 88 17

2 m 600
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Notice that a7 = ase = g/2
d- Compute the length of chords that connect point SC
to any other peint on the circular arc (rig. 4-4),
The chord iength d is computed by this egquation
d =2 * R * sin «
thus we have
di =2 * R * sin a1 = 2 * 600 * sin (81 25 57 )

= 29,999 m

d2 = 2 * R * gin a2 = 2 * 600 * sin (02 51 53 )

= 59.974

da =2 *# R *# sin a3 = 2 * 600 * gin (04 17 50 )

= 89.916
Similarly
de = 119.800 , ds = 149.609
de = 179.327 , d7 = 207.788

e— Compute the azimuth of all chords that connect peint

5C to any point on the circular arc (see rig 1-a),

Az.of tangent at SC = Az of back tangent(Azi) — ¢

-

= 18° 027 1477 — 07° 09~ 43

= 10 52 31
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thus we have
Az of chord SC--1 = Az of tangent at'SC - o1
= 10 52 31 — Q7 09 43

= 09° 26 34

Az of chord SC--2 = Az of tangent at SC — a2
= 10 52 31 - 062 51 83
= 08 00 38

Similarly

Az of chord SC--3 = 10 52 31 — 04 17 50
= 06 34 41

Az of chord 5C--4 = 10 52 31 — 05 43 45.5
= 05 08 44.5

Az of chord SC--5 = 03 42 48

Az of chord SC--6 = 02 16 51

Az of chord SC--7 = Az 0f chord SC--CS =00 54 14

f- Compute absolute coordinates for a group of points on

the circular curve,

Remember that Xsc = 87065.196 and Ysc = 64619.179

X1 = Xs¢ + di1 * sin (Az of chord SC--1)

= 87065.196 + 29.999 sin (09° 26" 347 7)= 87070.118

Y1 = ¥sc + d2 * cos (Az of chord SC--1)

= 64619.179 + 29.999 cos (09 26 34 )= 64648.772

X2 = Xsc + d2 * sin (Az of chord SC--2)
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™

Tangent at
S5C
10 52 31 ;r
10 52 31 - /
10 52 &Y

Tanget at SC

(2)

Figure (4-4): Circular Curve Of Example 1 (Part 2)

142

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



143

87065.196 + 59.974 sin (08 00 38 )= 87073.554

¥sc + d2 * cos (Az of chord SC--3)

64619.179 + 59.974 * cos (08 00 38)= 64678.568

Yz =

Similarly

X3 = 87065.196 +
¥ = 64619.179 +
X4 = B7065.196 +
Ya = 64619,179 +
Xs = 87065.196 +
¥s = 64619.179 +
X6 = B7065.196 +
Y6 = 64619.179 +
X7 = Xsc = 87065
Y7 =

89.916

89.916

115.80

119.80

149.609

149.609

179.327

179.327

sin (06 34 41)= 87075.497

cos (06 34 41)= 64708.503

sin (05 08 44.5)=87075.94

cos(05 08 44.5)=64738.496

sin (03 42 48)=87074.885

cos (03 42 48)=64768.474

sin (02 16 51)=87072.333

cos (02 16 51)=64798.364

.196 +207.788 sin(00 54 14)=87068.474

Xsc = 64619.179 +207.788 cos(00 54 14)=64826.941

The following table shows the final absolute coordin-

ates for points on the circular curve
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Final Coordinates

Arc Of Exanmple 1

144

For Points On Circular

Y--Coordinate

.Point No X--Coordinate

sC 87065.196

1 87070.,118

2 87073.554

3 87075,497

4 87075.940

5 87074.885

6 87072.333
7(CS) 87068.474

64619.179
64648.772
64678.568
64708.503
64738.496
64768.474
64798.364
64826.941

5- Compute absolute coordinates of points on right spiral.

a~ Compute absolute coordinates of point ST

Given Az.of forward tangent (PI-ST)= Az2=343°46° 12" "

Azimuth of line

= 163

ST-PI =(180 + 343 46 12 ) — 360

46 12

XsT = Xp1 + T sin (Az of line PI--ST)

YsT = Yr1 + T cos (Az of line PI--ST)

XsT = 87105.39 + 260.408 sin (343 46 12) = 87032.608

YST = 64722.45 + 260.408 Cos{343 46 12)= 64972.480

Since the left and right spirals are of equal length,

then the local coordinates for points on the right

spiral relative to point S§T

are the same as for
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left spiral. Consequently, the deflection angles and
chords lengths for the points on right spiral are
identical to those on left spiral. This means that we
can use the same values a1,a2,a3,....010 and si, sz,

$3,....310, as computed for the left spiral.

Compuﬁe the azimuth for the line joining ST to all

points on right spiral (see Fig s-5),

Az of chord ST—--1 = Az of S8T--PI + a1

=163 46 12+00 01 22.5 =163 47 34.5

Az of chord ST--2 = Az of ST--PI + a2

= 163 46 12 + 00 05 44 163 51 56

I

Az of chord 8T--3 = Az of ST--PI + g3

= 163 46 12 + 00 12 55 = 163 69 07

Similarly

Az of chord ST--4 = 164 09 04

Az of chord ST--5 = 164 22 00

Az of chord ST--6 = 164 37 46

Az of chord ST--7 = 164 56 25

Az of chord ST--8 = 165 17 51

Az of chord ST--9 = 165 43 40

Az of chord ST-10 = Az of ST-CS = Az of ST-PI + wio

= 162 46 12 + 02 23 13

= 166 09 25
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163 46 12 4 <2
163 46 12 + X4

Right Spiral

Figure (4-5): Right Spiral Of Example 1 (Part 2)
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d- Compute absolute coordinates for a group of points on
the right spiral,
X1 = XsT + s1 * sin (Az 0Of ST--1)
= 87032.608 + 14.999 sin (163 47 34.5)= 87036.794
Y1 = YsT + s1 * cos (Az of ST--1)

= 64972.48 + 14.999 cos (163 47 34.5) = 64958.077

Xz = 87032.608 + 29.999 sin (163 51 56 ) = 87040.944

Y2 = 64972.48 + 29.999 cos ( 163 51 56 ) = 64943.,663

X3 = 87032.608 + 44.999 sin (163 59 07 ) = 87045.023

Y3 = 64972.48 + 44.999 cos (163 59 07 ) = 64929.227

X4 = 87032.608 + 59.999 sin (164 09 04) = 87048.994

Ya = 64972.480 + 59.999 cos (164 09 04 ) = 64914.760

Xs = 87032.608 + 74.997 sin (164 22 00) = 87052.818

¥Ys = 64972.480 + 74,997 cos (164 22 00) = 64900.257

X6 = 87032.608 + 89.992 sin (164 37 46) = 87056.460

¥e = 64972.480 + 82.992 cos (164 37 46) = 64885.707

X7 = 87032.608 + 104.983 sin (164 56 25)= 87059.886

Y7 = 64972.480 + 104.983 cos (164 56 25)= 64871.102

X8 = 87032.608 + 119.966 sin (165 17 51)= 87063.055

Y8 = 64972.480 + 119.966 cos (165 17 51)= 64856.442

Xo = 87032.608 + 134.936 sin (165 43 40)= 87065.916
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Yo = 64972.480 + 134.936 cos (165 43 40)= 64841.709

X10 = Xcs = XsT + s10 sin (Az of chord ST--CS)

= 87032.608 + 149.896 sin (166 09 25)= 87068.,473

Y10 = Yes = ¥Yst + si0 cos (Az Of chord ST--CS)

= 64972.608 + 149.896 cos (166 09 25)= 64826.938

As a check notice that the absolute coordinates of
point CS are the same whether they have been computed
from right spiral of from the circular curve.

The following table gives the final absclute coordin-

ates for points on right spiral.

Table (4-7): Final Coordinates For Points On Right

Spiral O0f Example 1

Point No X-~Coordinate Y-—-Coordinate
CS 87068.473 64826.938
9 87065.916 64841.709
8 87063.055 64856.442
7 87059.884 64871.102
6 87056.461 64885.707
5 87052.818 64900.527
4 87048.994 64914.760
3 87045.023 64929.227
2 87040.944 64943.663
1 87036.794 64958.077
(ST) 87032.688 64972.480
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(87032. 688 64972.480) ST

(87036.794 64958, 077)

(87040. 944 64943, 663)

(87045. 023 64929, 227)

(B7048.994 64914, 760)

(87052.818 64900, 527)

(87056. 461 64885. 707)

(87059. 884 64871.102)

{87063. 055 64856. 442)

{87065. 916 64841, 709)

(87068, 473 64826, 938}

{87072. 333 64798. 364)

{87074. 885 64768, 474) 5
O
|-|.

(87075, 940 64738. 496) ab n
0
~

(87075, 497 64708, 503) E‘
o1

(87072.554 64678.568)

{B7070.118 64648.772)

(87065.196 64619.179)

{87062.132 £54604. 492)

(87058. 851 64589. 860)

{87055. 220 64575. 307}

{87051.337 64560.818)

(87047. 237 £4546. 350)

(87042.957 64532.012)

{87038, 531 64517. 680)

{87034. 000 64503. 380)

(87029.398 64490, 790)

(87024.759 64474. 840) TS

Figure (4-6): Final Absolute Coordinates For All Points Of

The Equal-Tangent Spiraled Circular Curve Of

Example 1 (Part 2)
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rig. 4-6 shows the location of all the points on the whole

curve togather with their final absolute coordinates.

4-2 EXAMPLE 2

Design of 2- centered compound curve with one

connecting spiral.

Given (Fig. 4-7):

a- X coordinate of PI 1000 m.

b- Y coordinate of PI = 1000 m.

-

c- Azimuth of back tangent, Az = 45° 00~ 00

d- Azimuth of forward tangent, Az2 = 105° 00~ 00~ ~

e—- Radius of left c¢ircular arc, Rt = 200 m

f- Radius of right circular arc, Rz = 400 m

g- Length of connecting spiral, Ls = 100 m

h- Angle between back tangent and the common tangent of the
unshifted c¢ircular arcs at their point of tangency,

-

A = 30° 00~ 0O

Required

a-~ Compute elements of the curve.

b- Compute absoclute coordinates of main points PC,C1S8,8C2& PT
c- Compute absolute coordinates for a group of points on the

connecting spiral curve.

Sclution

1- Find central angles for each curve,
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Figure ([(4-7}:

Two~-Centered Compound Curve With 1 Spiral Of

Example 2
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A = Az2 — Az1 = 105 00

= 60°

00 — 45

00~

-

00

a0

00
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Az = A — A1 = 60 00 00 -~ 30 00 00 = 30° 00" 00 °
p1 = zsRl = 53905 = 0.25 radian = 14 19 26
$2 = 2L;2 = —gges = 0.125 radian = 07 09 43
Central angle of left circular arc= g1 = A1 — $1

Central angle of right circular arc=g:

2- Compute the tangents lengths.

30 00 00 — 14 19 26 .

15 40

34

=A2 — ¢2

=30 00 00 — Q7 09 43

22 50

17

The shift S necessary to insert the spiral is computed.

as feollows

similarly

Y2

Lo $1° $1° )
s 3 42 1320

3 5

3 5
100% ( 0.325 _ o.igs N Oiigg

)= 4.162 m
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81 = ¥1 — R1 (1 — cos ¢1)

= 8.296 — 200 (1L — cos 14 19 26.2)= 2.078 m

S2 = Y2 — Rz (1 — cos ¢2)

= 4.162 — 400 (1 — cos 07 09 43 ) = 1.041 m

The radial shift s

Il

S1 — 51

= 2,078 — 1.041 = 1.037 m

The tangents lengths will be computed now by solving the

traverse PI,PC,01,02,PT,PI (scc Fig. 4-6)

Ri + (R2 — R1 — 8) * cos At — Rz * cos A
T2 = :
sin A

200+(400-200—1.037)*cos 30 0 0 — 400*cos 60 0 O
sin 60 0 0

= 198.26 m

Tt = R2 sin A — T2 cos A — (R2 — R1 — 8) sin A1
= 400*zin 60— 198.96*cos 60— (400-200-1.037) sin 60
= 147.450 m

3- Compute the lengths of circular arcs,

Li =nm * Ri * 31/180 = m * 200 * 15 40 34/180

= 54.72 m

La =7 * R2 * 82/180 = * 400 * 22 50 177180

= 159.44 m
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4- Compute absolute coordinates of points PC & CiS

Xpec = Xpr + T1 sin (A=1 + 180)

Yec = Yp1 + T1 cos (Azi1 + 180)

li

Xpc 1000 + 147.45 * sin (4% 00 00 + 180) 895.740

Il

I

Yrc = 1000 + 147.45 * cos (45 00 00 + 180) 895.740

The length of chord PC-~-C1S = 2 * R1 * sin (B1/2)

2*200 * sin (15 40 34 /2)
= 54,549 m

The azimuth of chord PC--CiS= Azi + B1/2
= 45 00 00 +( 15 40 34 /f2)
= 52° 507 1777

Therefore

Xcts = 895.740 + 54.549 * sin (52 50 17) = 939.210

Ycis = 895.740 + 54.549 * cos (52 50 17) = 928.690

Compute absoclute coordinates of points on the connecting
spiral.
Let us first compute local coordinates of the end point
of the spiral SCz, with respect to beginning point 18,
The point €18 will be the origin and the tangent at CiS$
is the X--axis
By solving the traverse Ci18,V,SC2,02,01,C1S shown in
Fig. 4-7, we o¢btain
X = Rz sin (1 + ¢2) — {(Rz2 —R1 — S) sin ¢1

=400*sin(14 19 26+7 9 43)+(400—200—1.037)*sin 14 19 26

= 97.28 m
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Y = Rt — Rz cos(¢1 +¢2) + (R2 — R1 — S) cos
=200—-400*cos (14 19 26+07 09 43)

+(400-200—1.037) *cos 14 19 26
= 20.57 m

The length of chord C¢iS-SCz = d =(x2 + ya)&s = 99.43 m

' 20.57/97.28 = 11° 56~ 24"~

A = tan | y/x = tan
The Az.of chord CiS5--SCz = Az1 + 81 + A
= 45 0 0 + 15 40 34 + 11 56 24
= 72° 36 587~
Consequently, the absolute coordinates of point SCz2 are

as follows,

Xsc2 = Xca1s + d sin (Az of chord Ci1S--8C2)
¥scz = Ycis + d cos (AZ of chord Ci1S—--SCz)
Xscz2 = 939.21 + 99.43*%sin (72 36 58) = 1034.100

Yscz = 928.69 + 99.43*%cos (72 36 58) = 958.400

As a check, let us compute the absclute coordinates of

point SC2 backward, starting from point PT.

XeT = XpI + T2 sin (Az2)

= 1000 + 198.96*sin{(105 00 00) = 1192.18
Yrr = ¥YP1 + T2 cos({Azz)
= 1000 + 198.96*cos (105 00 00) = ©48.51
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The chord PT--SC2

2 * Rz * sin f2/2

=158.3859

The Az.of chord PT--SCz = Az2 + 180 — (32/2

2 * 400* sin(22 50 17/2)

157

105 0 0 + 180 — (22 50 17)/2

273° 347

527

-

Therefore the absolute coordinates of point 5Cz are

Xsce

Ysea

Xscz

Ysce

It can

I

Xer + d * sin' (Az of chord PT--SCz)

Ypr + @ * cos (Az of chord PT--SC2)

1192.18 + 158.3859* sin (273 34 52)= 1034.100

248.510 + 158.3859* cos (273 34 52)= 958.400

be seen that these

two values

are

exactly the

same as those obtained from left direction (from CiS)

In order to compute coordinates for a group of points on

the combining spiral,use the equations (2.41) and (4.42)

as shown below:

y = 1%%(

D1

N
*f
30 X5

1

3

k)—

1 *( D1
6 30

3

)

-+

4

1

1

&6

*(_% +— k

k2

-4

0

1

3
— X

)
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where
x : The distance measured along the tangent at CiS

y : The offset measured from tangent at CiS

D1 : Degree of curve for left circular arc = ;?
D2 : Degree of curve of right circular arc = ;2

1 : The distance along the spiral to any peint P on the

curve
1 Dz2-D1 1
= ——
k 2 ( D1 ) * Ls

If the spiral is divided into 10 equal parts then,

1t = 10 , lz2 =20 , 12 = 30 ,......... lioc = 100 m
30 30

D = 500 = 0.15 rad R Dz = —400 "~ 0.075 rad
1 0.075-0.15 1

= — % %

K 2 ( 0.15 ) 100

K= —10.0025 1

Therefore

For 11 = 10 , K = — 0.025

For lza = 20 , K = — 0.050

For 13 = 30 , K = — 0.075 .ttt itennnnsn etc

By substituting the abeve K values in the equations of

X & y we get

For 11 = 10,
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1 0.15 3 1 1 1 2
= _ T % * k= — % —— %
X1 10 5 ( 30 ) 107 *( 3 5 0.025 + 5 0.0257)
4 " -
1 0.15 5 1 2 6 2
_— = * —_ — =
+ >4 ( 30 ) *LOTH( = 3* 0.025 + = *Q .025
1 3 1 4
- —_— % . + — % .
> 0.025 5 0.025 )
= 9.9%6 m
3
_ 2, 0.15.,, 1 1 . v 1 4, 0.15, 1,0, 1
¥1 107*( 30 )(—5 3 0.025) 3 ( 30 ) 10 Oﬁi
6 1 2 1 3
- * _— % —_ *
10 0.025 + > 0.025 = 0.025% )
= (0.245

The chord CiS-~1 =d = (x1° + y12)%" % = 9.999 n

The azimuth of chord Cis--1 is found as follows

-1 y1 0.245
X1 9.996

o P

01° 247 14

The Az. of chord CiS-1 = Az1 + f1 + «

= 45 0 0 + 15 40 34 + 01 24 14

= 62 04 48

Therefore the absolute coordinates of point 1 on the co-

mbining spiral are finally computed as follows:

X1 = Xcis + d * sin (Az of chord Ci15--1)

= 939.21 + 9.999 * sin (62 04 48 )
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= 948.045

Y1 = Yc1s + d * cos (Az of chord Ci1§5--1)
= 928.69 + 9.999 * cos (62 04 48 )

= 933.370

The same procedure will be used to compute the absolute

coordinates for points 2,3,4,5,.....10 on the combining

spiral.

For this purpose the following table is prepared

.
-

Table (4-8): Final Coordinates Of Points On Combining

Spiral.of Example 2

pt b4 Yy d o Az X-coord | ¥Y-coord
18 0 ] o C §60.676 1 939,210 | 928.690
1] 9.999 |0.245 | 9.999 | 1.404 | 62,080 | 948.045 | 933.370
2 | 19.97 | 0.97 1g.99 § 2.781 | 63.547 | 957.090 | 937.620
31 29.9 2.13 29.98| 4.075| 64.751| 966.330| 941,480
4 | 39.77 | 3.72 39.94 | 5.344 | 66.020 | 975.700 | 944.920
5] 49.57 | 5.7 49.89 | 6.571 | 67.247 | 985.220 | 947.990
6 | s9.29 | 8.05 59.83 | 7.732 | 68.408 | 994,84 950.710
7 ]| 68.92 | 10.74 | 65.75 | 8.857 |é9.533 | 1004.560| 953.080
8 | 78.46 | 13.74 | 79.65 | 9.933 |70.600 | 1014.340| 955.140
9 | 87.90 | 17.02 | 89.53 {10.96 [71.635 | 1024.180|956.900
SCz}97.26 }20.56 [99.40 [t1.94 |72.612 |1034.090[958.400

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



161

CHAPTER 5

THE COMPUTER PROGRAM

5-1 OBJECTIVES OF THE COMPUTER PROGRAM

The mathematical models presented in Chapter 3 will be

converted in this chapter to a computer program that will

carry out the following tasks :

1-

Make a full traverse adjustment for the connecting
traverse that links the points of intersections of any

route. This will include :

a- Azimuth adjustment of all traverse sides.

b- Computation of preliminay coordinates of all PIs.

c- Computation of closure error for both azimuth and
coordinates, and computation of relative and linear
error of closure for coordinates.

d- Computation of final adjusted absolute coordinates of
all points of intersections.

e- Computation of final adjusted length and azimuth of
each course.

f- Computation of deflection angle at each PI.

Note that the type of ground control available for
either the coordinates or azimuth, should be established

in advance, in order to proceed with the adjustment
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process. Where the coordinates of a series of PIs are

already adjusted and given, then no adjustment will be

needed for either the azimuth or the coordinates. For
this case the program will compute directly the length

of course , and the back and forward tangent at each PI.

Computation of the elements of all types of horizontal
curves presented in Chapter 3. These elements include

tangent length, shift, curve length........ ete.

Computation of the absolute coordinates for points on
any type of horizontal curve. The coordinates are first
computed for the main points (e.g. TS, SC, C€S..), then
the coordinates for a group of points on each component
of the whole curve are computed. For the circular curve
the points are spaced at R/20 m, where for the spiral

curves, they are spaced at R/40.

To design any type of horizontal curve, the following

data should be given or computed beforehand:

a- Absolute coordinates of PI (Xp1,Yr1}.
b- Azimuth of back tangent (Az1).
c- Azimuth of forward tangent (Az2).

d- Deflection angle (A).

Depending on the type of curve desired, other pertinent
data should be input to the computer such as radii, the

spiral length, ..... etc.
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4- Computation of the azimuth and 1length of the 1line
that joins the beginning point on the curve (PC or TS)
to any other point on the curve. This will serve as a

supplementary aid to the surveyor.

5-2 HOW THE COMPUTER RROGRAM WORKS

The way in which the computer program works is
illustrated diagrammatically by means of a flow chart shown
in rig. s5-:. The program is self-explanatory and easy to
use. Furthermore, the program is flexible and expandable,

so that it can be modified according to the user need.

5-3 APPLICATIONS Oﬁ THE COMPUTER PROGRAM

The output presented in Appendix B is obtained by
running the program several times in order to get an

example on each individual case presented in Chapter 3.
The following examples are given

1- Traverse Adjustment: Example 1 (part one) that was done
manualy in Chapter 4,is solved by the computer program
in Appendix. It can be noted that the computer output
gives identical results.

2- Equal-Tangent Spiraled Circular Curve: Example 1 (part

tweo} in Chapter 4 1is repeated by the computer program as

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



165

shown in Appendix. Identical results are also obtained.

3- Unequal-Tangent Spiraled Circular Curve.

4- Spiral applied to an Existing Circular Curve.

5- Equal-Tangent Double Spiral Curve.

6- Unequal-Tangent Double Spiral Curve.

7- Simple Circular Curve.

8~ Two-Centered Compound Curve.

9- Three-Centered Compound Curve.

10- Two-Centered Compound Curve with One connecting Spiral:
Example 2 that was solved manualy in Chapter 4 was
carried out again by the computer program, as shown in
Appendix . The same results are obtained.

11- Two-Centered Compound Curve with Three Spirals.

12- Simple Reverse Curve.

13- Spiraled Reverse Curve.

5-4 GENERAL REMARKS

1- For all types of curves, the absolute coordinates of the
point of intersection PI, should be given. These coord-
inates can be either given by the program itself
(traverse adjustment process), or they must be given
externally when it is applied to an individual case of

curves.

2- The deflection angle A&, for each curve is computed with
the knowledge of the azimuths of the back and forward

tangents. Once again, these azimuths will be given
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either by the program itself (traverse adjustment
process) ,or they must be given externally for individual

case of curves,

The length of spiral curve may be given directly, or
indirectly by inputting the design speed and the rate

of change of radial acceleration.

All units are in meters.

If the azimuth of the back tangent is smaller than that
of the forward tangent, then the azimuth of the line
that Jjoins the beginning point of the curve (PC or TS)
to any other point on the curve, will increase gradually
while proceeding along the curve and vice versa. This

be defined by the computer program.

Absolute coordinates for the central points of circular
arcs are computed by the program. These coordinates may
be used when obstacles block the line of sight from the

PC to the points on the curve.

For the simple reverse curves, two cases are dealt with

a- The two opposing circular arcs have one common radius.

b- The two opposing circular arcs have different radii.

For the spiraled reverse curves, two cases are
considered:

a- The 2 spirals of right part of the reverse curve
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are egual in length (L = L)
5 s
b- The 2 spirals of the right part of the reverse curve

are not equal in length (L53 # LM}.

In both cases, the length of two spirals located on the

left side of the the curve could be either egual or not.

The basis on which the values of the radius or degree of
curve, and the spiral length is selected will depend on
the geometric design criteria of design, of the highway

standards.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

The following summary and general conclusions may be drawn

from this study

1- The computer program that has been developed in Chapter
5 serves as an aid to the design process of these curves

by the coordinates method.

2- The design of horizontal curves by the coordinates
method, gives more flexibility to the surveyors when
they set out the route in the field. This means that the
curve points can be set out either by the traditional
method using the theodolite or by using the TSI.It means
also that the curve can be setout starting from any
point whose coordinates are already established. This
point could ke the PC (TS), PT (ST) , PI , the center
point of circular arc, or any other point of known

coordinates.
3- The design of herizontal curves by coordinates is an
exact procedure that gives an accurate location of any

point along the desired curve.

4- When the horizontal curve is designed by the coordinates
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methoed, then the use of the TSI will be the best method
for setting out this curve, because it leads to more
precision, speed and economy. This is in particular
true in the case of spiraled reverse and spiraled

CDITIpOUI'ld curves.

In addition to computation of the coordinates of curve
points, the computer program will give all the informat-
ion that may be needed for setting out of curve. This
includes all curve parameters such as curve length,
tangent distance; shift, external distance,....... ets.
It gives also the azimuth (WCB) of the 1line of sight
that connects the first point on the curve (PC or TS)

to any other points on the curve.

This study had covered many types of complicated spiral
curves, such as the unequal-tangent spiraled circular
curves, the unequal-tangent double spiral curves, the
spiraled compound curves and the spiraled reverse
curves. These types of curves are occasionally needed in
the design of horizontal alinement of highways and

railways.

The computer program that was developed in this thesis
can serve as a substitute for some other programs that
are available in the market. This program is designed
in such a way that it suits the country needs and
conforms to its specifications. Moreover, this computer

program encompasses variety of cases and outputs, which
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are rarely included in other computer programs.

g- The authors hopes that this research will be helpful
and useful to all those who are interested in this
field, especially to Jordanian civil and surveying

englneers, and surveyors.
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EXAMPLE 1

khkhkhkkkhkhhkhkhhbhkhkhkkkhxxk

TRAVERSE ADJUSTMENT
hkkdhkdkkdhokdekhokdokkkokkokkok

INPUT:

Number of traverse points = 8

173

Two control points are given at start and end of traverse.

Coord. of control point "0" = (86233.68 ,
Coord. of control point "1i" = (86005.65 ,
Coord. of control point "N" = (88812.31 ,
Coord. of contreol point "N+1" = (87766.35

e L e v T kT e

Length of Side 1 = 708.07
Length of Side 2 = 696.21
Length of Side 3 = 556.81
Length of Side 4 = 771.76
Length of Side 5 = 1028.39
Length of Side 6 = 1076.82

Length of Side 7

866.77
Angle at Point 1 = 61 24 00
Angle at Point 2 = 109 13 00
Angle at Point 3 = 179 40 20
Angle at Point 4 = 145 44 10
Angle at Point 5 = 237 52 30
Angle at Point 6 = 183 00 49
Angle at Point 7 = 169 10 30

Angle at Point 8 = 61 44 19

63961.22)
63521.79)

67718.06)

67819.97)
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OUTPUT:

Azimuth of first control side "Q--1%" = 207 25 30
Azimuth of last control side "N--N+1" = 275 33 52
Closure error in Azimuth = 00 01 17

Table (l-a): Computer run showing adjusted azimuth for an

example on connecting traverse

ADJUSTED AZIMUTHS

Azimuth of Side 1 = 89 09 20
Azimuth of Side 2 = 18 22 11
Azimuth of Side 3 = 18 02 21

Azimuth of Side 4

343 46 21

Azimuth of Side 5 = 41 38 41
Azimuth of Side 6 = 44 39 22
Azimuth of Side 7 = 33 49 42

Azimuth of Side 8 = 275 33 52

Table (1-b): Computer run showing preliminary coordinates

PRELIMINARY COQORDINATES

X1l = 86005.65
Y1l = 63521.79
X2 = 86713.46
Y2 = 63532.23
X3 = 86933.05
Y3 = 64192.96
X4 = B87105.48
Y4 = 64722.40
X5 = B6889.81
Y5 = 65463.41
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X6
Y6

X7
Y7

X8
Y8

mn

87573.19
66231.90

88330.03
66997.88

§8812.57
67717.91

Closure error in X--Coordinate

Closure error in Y--Coordinate

Linear error

Relative error

Table (1l-c}):

0.00005215

0.2568

-0.148

Computer run showing adjusted coordinates.

FINAL ADJUSTED COORDINATES

X1
Y1

X2
¥2

X3
Y3

X4
Y4

A5
Y5

X6
Y6

X7
Y7

X8
Y8

nn o

86005.56
63521.79

86713.61
63532.24

86932.99
63192,99

87105.39
64722.45

86889.69
65463.48

B7573.02
66232.00

88329.81
66998.01

88812.31
67718.06
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Table (1-d): Computer run showing final length and azimuths

of traverse sides.

FINAL LENGTH AND AZIMUTH OF SIDES

Length of side 1 = 708.038
Azimuth of side 1 = 89 09 14
Length of side 2 = 696.215
Azimuth of side 2 = 18 21 59
Length of side 3 = 556.82
Azimuth of side 3 = 18 02 12
Length of side 4 771.787

Azimuth of side 4

343 46 13

Length of side 5 = 1028.377
Azimuth of side 5 = 41 38 30
Length of side 6 = 1076.805
Azimuth of side 6 = 44 3% 12
Length of side 7 = 866.767
Azimuth of side 7 = 33 49 132

Table (1-e): Computer run showing deflection angles at PIs.

DEFLECTION ANGLES AT POINTS OF INTERSECTIONS

Deflection Angle at PI 2 = 70 47 14
Deflection Angle at PI 3 = 00 19 47
Deflection Angle at PI 4 = 325 44 01

Deflecticn Angle at
Deflectien Angle at

Deflection Angle at

PI 5 = 302 07 43
PI 6 = 03 00 41

PI 7 = 10 49 490
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EXAMPLE 2

khkkhkhkhkhhhkhhdhhkhhdhhhhhkhhhkhrhhhkkhkhkhdhhrkhkdhir

DESIGN OF EQUAL-TANGENT SPIRALED CIRCULAR CURVE
dhhkhk ARk hhhhhkhkkhhhkhkkkhhhhhhrhhdhhhkhdkdkddhhhkkrkk

INPUT:
X--Coordinate of PI = 87105.39 m
Y-=-Coordinate of PI = 64722.35 m

Deflection angle at PI = 43 16 02
Azimuth of back tangent = 18 02 12
Azimuth of forward tangent = 343 46 10
Length of spiral = 150 m

Radius of circular arc = 600 m

OUTPUT:

Degree of curve = ¢2 51 53
Tangent length = 260.4119 m
Spiral central angle = 07 09 43

Shift of the circular arc = 1.5616 m

The distance X along tangent to point SC = 149.7658 m

The offset Y from tangent to point SC = 6.243 m
The distance Xo from shifted PC to TS = 74.961 m
Central angle of circular arc = 19 56 35
Length of circular arc = 208.846 m

External distance = 29.489 m
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Table (2-a): Computer run showing coordinates for group of

points on Equal-Tangent Spiraled Circular

curve,
POINT NO X--COORDINATE Y--COORDINATE
TS 87024.76 64474.84
1 8§7029.40 64489.10
2 87034.00 64503.38
3 87038.53 64517.68
4 87042.96 64532.01
5 87047.24 64546.39
6 87051.34 64560.82
7 87055.22 64575.30
8 87058.85 64589.86
9 87062.19 64604.48
10 87065.19 64619.18
sC 87065,19 64619.18
12 87070.12 64648.77
13 87073.56 64678.57
14 87075.49 64708.50
15 87075.94 64738.49
16 87074.88 64768.48
17 87072.33 64798.36
CSs 270682, 48 64826,94
19 87065.93 64841.73
20 87063.06 64856.45
21 87059.89 64871.11
22 8§7056.46 64885,.71
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23 87052.82 64900.26
24 ‘ 87048.99 64?14.77
25 87045.02 64929.23
26 87040.94 64943.67
27 ‘ 87036.80 64958.08
ST 87032.61 64972.49

Table {(2«b}): Computer run showing the length and azimuth of

the line joining TS to any point on curve.

POINT NO AZIMUTH DISTANCE
1 18 01 11 15.001
2 17- 56 30 30.002
3 17 49 23 45.000
4 17 39 14 59.997
5 17 26 21 74.998
6 17 10 41 §9.991
7 16 52 02 104.981
8 16 30 38 119.966
9 16 06 14 134.940
10 15 39 01 149.897
11 15 39 01 149.897
12 14 37 00 179.747
13 13 28 10 209.493
14 12 05 00 239.109

15 10 59 07 268.578
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is

17

18

19

20

21

22

23

24

25

26

27

28

09

08

07

06

05

05

04

03

03

02

01

01

00

41

21

04

24

43

03

24

46

09

33

58

25

54

14

53

40

10

50

59

43

26

11

13

38

37

14

297.884

327‘002

354.809
369.194
383.526
397.828
412.096
426.350
440.597
454.846
469.108
483.392

497.710
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EXAMPLE 3

khkkdhkkkkhkhkhkhkhkkhhhkhkhkrAhkhhhkhkhkhkhkhkhkhhkhkhkhhkhkhkhkhkhkhkhkkhkk

DESIGN OF UNEQUAL-TANGENT SPIRALED CIRCULAR CURVE
Hhkkkkhkhkhkhkkhhhhdhhk kA kk kR Ak kAR R Ak hkkkkkkkkhhkk

INPUT:

X--Coordinate of PI 1000 m
Y--Coordinate of PI = 1000 m
Deflection angle at PI = 50 00 00
Azimuth of back tangent = 45 00 00
Azimuth of forward tangent = 95 00 00
Radius of circular curve = 400 m

Length of left spiral = 100 m

Length of right spiral = 150 m

OUTPUT:

Left spiral central angle = 07 09 43

Right spiral central angle = 10 44 34

Length of circular arc = 224.0659%9 m

Back tangent length = 238.679 m

Forward tangent length = 260.830 m

Distance X along back tangent to point SC = 99.844 m
Distance X along forward tangent to point CS = 149.474 m
Offset from back tangent to point SC = 4.162 m

Offset from forward tangent to point CS = 9.351 m
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Table (3-a): Computer run showing coordinates for group of

points on

curve.

Unequal-Tangent Spiraled

POINT NO X——COORDINATE Y—--COORDINATE
TS 831.228 831,228
1 838.302 838.296
2 845.394 845.347
3 852.521 852.362
4 859.700 859.323
5 B66.948 866.212
6 8§74.282 8§73.010
7 881.717 879.697
8 889.268 886.253
9 896.949 892.656
sC 904,772 898. 886
11 920.867 910.754
12 937.535 921.804
13 954,734 932.006
14 072.422 941.337
15 990.554 949.771
16 1009.058 957.289
17 1027.9685 963.871
18 1047.158 969.501
19 1066.260 974.165
20 1086.260 977.852
21 1106.075 980.551
CS 1409,557 973.556
23 1120.079 981.858

Circular
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25

26

27

28

29

30

31

32

33

34

35

36

ST

1130.058

1140.048

1150.046

1160.045

1170.045

1180.041

1160.033

1200.019

1210.000

1219.975

1229.945

1239.912

1249.876

1259,838

982.504
982.934
983.164
983.211
983.091
982.821
982.418
981.898
981.279
980.5786
979.807
978.988
978.136

977.267
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Table {3-b): Computer run showing the length and azimuth of

the line joining TS to any point on curve.

POINT NO AZIMUTH DISTANCE
1 45 01 2s 10.000
2 45 05 43 20.000
3 45 12 53 36.000
4 45 22 54 39.999
5 45 35 48 49.998
6 45 51 133 59.995
7 46 10 11 69.988
8 46 31 40 79.977

9 46 56 00 89.959
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10

11

12

i3

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

47

48

49

50

52

53

54

56

57

58

60

61

62

62

63

63

64

65

65

66

67

67

68

68

69

70

70

71

23
25
34
47
03
20
40
00
21
43
06
29
10
27
09
50
31
11
51
30
09
46
23
59
33
07
39

11

13

15

05

10

05

59

13

43

57

51

15

05

27

32

00

15

09

35

26

37

03

38

20

03

44

20

48

04

99.931
119.831
139.660
159.405
179.052
198.588
218.001
237.278
256.408
275.378
294.176
312.790
595.585
325.767
334.938

344.070

353.170°

362.242

371.293

380.330

389.357

398.382

407.410

416.448

425.501

434.575

443.675

452.806
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EXAMPLE 4

khkkhkhkhkhkhkhkkhkhkkhhkhdhhhhhkhkhAA ko hkkkhhkdhhihnk

DESIGN OF EQUAL-TANGENT DOUBLE SPIRAL CURVE
Kk kdkkkdkhhhhkhhkkkhhk ok kkhkkkhhkrhhkkkhhkk

INPUT:
X=Coordinate of P1 = 1000 m
¥Y-Ceocordinate of Pl = 1000 m

Deflection Angle = 30 ¢ O
Azimuth of Back Tangent = 30 0 0
Azimuth of Forward Tangent = 60 0 0

Length of spiral curve = 170 m

OUTFPUT:

The distance X along the tangent to point S5 =168.836 m

The offset Y to point SS

14.763

The spiral central angle 15 0 O
The tangent length = 172.7942 m
Radius at common point SS = 324.676 m

External distance = 15.283 m
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Table (4-a): Computer run showing coordinates for group

Point No .X——Coordinate Y--Coordinate
TS 913. 603 850.356
1 917.604 857.283
2 921.614 864.206
3 925.639 871.120
4 929.689 878.019
5 933.770 884.900
6 937.891 891.756
7 942.060 898.584
8 946.284 905.378
9 950.571 912,132
10 954.928 918.842
11 959.363 925.500
12 963,882 932.101
13 968.493 938.639
14 973.201 945.106
15 978.014 951.496
16 982.938 957.802
17 987.977 964.015
18 993.138 970.127
19 998.426 976.131
20 1003.844 982.016
21 1009.397 987.774
ss 1010.807 989.193
23 1016.532 994.781

186

of

points on Equal-Tangent Double Spiral curve.
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24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

ST

1022.387

1028.361

1034.447

1040.636

1046.919

1053.289

1059.737

1066.258

1072.844

1079.489:

1086.186

1092.930

1099.714

1106.534

1113.384

1120.259

1127.154

1134.065

1140.985

1149.644

1000.232
10q5.552
1010.744
1015.814
1320.766
1025.606
1030.340
1034.974
1039.5186
1043.971
1048.347
1052.651
1056.890
1061.072
1065.204
106G6.295
1073.351
1077.382
1081.395

1086,397
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Table (4-b): Computer run showing the length and azimuth of

the line joining TS5 to any point on curve.

Point No Azimuth Distance
1 30 0 39 8.000
2 30 2 39 16.000
3 30 5 658 24.000
4 30 10 37 32.000
5 30 16 36 40.000
6 30 23 54 47.999
7 30 32 33 55,998
8 30 42 31 63.996
9 30 53 48 71.993
10 31 6 26 79.988
11 31 20 23 87.981
12 31 35 39 895.970
13 31 52 186 103.956
14 32 10 12 111.936
15 32 29 27 119.909
16 32 50 2 127.875
17 33 11 57 135.830
18 i3 35 11 143.774
19 33 59 44 151.70Q4
20 35 54 45 134.455
21 36 27 22 141.332
22 37 0 2 148,195
23 37 32 137 155.046

24 38 5 0 161.885
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26

27

28

29

30

31

32

33

34

35

36

37

38

38

40

41

42

43

38

39

39

40

40

41

41

42

42

43

43

43

44

44

45

45

45

46

46

37

40

10

41

10

39

35

28

54

19

43

28

49

10

40

49

53

46

47

48

46

58

26

21

47

22

59

168.713
175.530
182.338
189.138
195.930
202.716
209.496
216.272
223.045
229.817
236.587
243.358
250.130
256.905
263.683

270.466

277.255

284.050

294.744
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EXAMPLE 5

LR R EREE RIS ST RL I IR L EEE TT R Y R R RR R T S Ry

DESIGN OF UNEQUAL-TANGENT DOUBLE SPIRAL CURVE
hkkdkkhkhkkkhkk ko hhh ke hkkhkrhhkhhhk ok k kR nh &

INPUT:

X- Coordinate of P1 = 1000 m
Y-Coordinate of P1 = 1000 m
Deflection Angle = 30 0 O

Azimuth of Back Tangent = 30 0 O
Azimuth of Forward Tangent = 60 0 0
Length of left spiral = 100 m

Left spiral central angle = 10 0 ©

OUTPUT:

Length of right spiral = 200 m

right spiral central angle = 20 0 0

The left tangent length = 135.779 m

The right tangent length = 169.228 m

The distance X along tangent to point SS = 99.695 m

The offset Y from tangent to point SS = 5.805 m
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Table {5-a): Computer run showing coordinates for group

Point No X--Coordinate Y~-Coordinate
TS 932.110 882,411
1 935.612 888.473
2 939.124 894.528
3 942.657 900.571
4 946.221 906.596
5 949.825 912.596
6 953.481 918.566
7 957.199 924,497
8 960.986 930.384
9 964.854 936.218
10 968.812 941.992
11 972.867 947.697
12 977.030 953.325
13 981.306 258.866
14 985.705 964.311
S8 986.98s6 965, 848
16 991.549 971.155
17 996.237 976.354
18 1001.042 981.444
19 1005.956 986.429
20 1010.975 991.309
21 1016.091 996.086
22 1021.298 1000.764
23 1026.590 1005. 346
24 1031.963 1009.833

191

of

points on Unequal-Tangent Double Spiral curve.
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

ST

1037.709

1042.925

1048.505

1054.144

1059.838

1065.582

1071.373

1077.205

1083.076

1088.980"

1094.915

1100.877

1106.863

1112 .869

1118.893

1124.930

1130.977

1137.033

1146.557

1014.230
10;8.540
1022.767
1026.914
1030.985
1034.985
1038.919
1042.790
1046.603
1050.362
1054.074
1057.742
1061.371
1064.966
1068.533
1072.076
1075.600
1079.112

1084.615
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Table (5-b): Computer run showing the length and azimuth of

the line joining TS to any point on curve

Point No Azimuth Distane
1 30 00 58 7.000
2 30 03 55 14.000
3 30 08 48 21.000
4 30 15 40 28,000
5 30 24 29 34.999
6 30 35 1se 41,998
7 30 48 01 48.996
8 31 02 43 55.993
9 31 19 22 62.987
10 31 37 59 69.977
11 31 58 34 76.963
12 32 21 06 83.943
13 32 4% 35 90.916
14 33 12 02 97.878
15 33 19 56 99.865
16 33 48 48 1056.811
17 34 19 05 113.743
18 34 50 22 120.661
19 35 22 21 127.565
20 34 25 37 159.618
21 34 52 49 167.512
22 34 59 49 169.483
23 35 28 36 177.350
24 i35 58 22 185.194
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

36

36

37

38

38

i9

39

40

40

41

41

42

42

42

43

43

44

44

45

28

59

30

02

33

04

35

05

35

04 -

33

01

28

55

20

45

09

32

00

50

46

57

13

25

27

10

30

21

39

20

21

37

07

48

38

34

34

00

193.017
200.818
208.599
216.362
224.108
231.839
239.557
247.263
254,960
262.650
270.335
278.017
285.698
293.381
301.066
308.757
316.456"
324.163

333.813
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EXAMPLE 6

hkhhhhhkkkkhkhhkhhkhhhkhkkhkhkhhtthdhdhdhdhddkdhkkkkkikikikdkkik

DESIGN OF SPIRAL APPLIED TO EXISTING CIRCULAR CURVE
Kkkkhkkkkhhkk Ak kkkkkkh kA Ak hhhkhkkhhhhhr Rk krk b hhkhk

INPUT:
X-Coordinate of P1 = 1000 m
Y~Coordinate of Pl = 1000 m

Deflection Angle A =25 0 O
Azimuth of Back Tangent = 40 0 0O
Azimuth of Forward Tangent = 65 0 0

Radius of existing circular curve = 400 m

OUTPUT:

Spiral central angle = 7 30 0

Length of circular curve = 69.813 m

Radius of sharpened circular curve = 299.937 m

Length of spiral = 78.52356 m

The distance from the original PC to TS = 26.178 m

The distance along the tangent to point SC = 78.389 m
The offset distance from tangent to point SC = 3.420 m
The tangent length = 114.856 m

External distance = 9.711 m
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Table (6~a):

points on the curve.

Point No X--Coordinate Y--Coordinate
TS 926,172 912,015
1 932.605 919.671
2 939.071 927.299
3 945,601 934.873
4 952.227" 942.362
5 958.980 949.738
6 965.887 956.969
7 972.976 964.021
SC 976,608 972.121
9 991.685 985.259
10 1007.400 997.626
11 1023.713 1009.193
cs 1032,983 1015,37¢9
13 1043.015 1017.548
14 1051.682 1022.535
15 1060.471 1027.306
16 1069.356 1031.895
17 1078.314 1036.337
18 1087.326 1040.671
5T 1104.095 1048.540

196

Computer run showing coordinates for group of

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



197

Table {(6-b): Computer run showing the length and azimuth of

the line joining TS to any point on curve.

Point No Azimuth Distance
1 40 2 25 10.000
2 40 9 44 20.000
3 40 21 53 29,999
4 i 40 38 b5 39,998
5 41 0 48 49.994
6 41 27 34 59.984
7 41 59 11 69.966
8 40 0 2 78.464
9 41 48 40 98.268
10 43 29 42 118.014
11 45 6 25 137.688
12 45 be 22 148.637
13 47 54 41 157.447
14 48 38 2 167.235
15 49 21 18 176.998
16 50 3 44 186.743
17 50 44 46 196.478
18 51 23 53 206.212
19 52 30 O 224.268
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EXAMPLE 7

hhkkkhkkkhkkhkhkhhhhhhhhhhkhkhhkkdkhhkhk

DESIGN OF SIMPLE CIRCULAR CURVE
TokkdkhkrAhAkkhhkhhhhhkkhkkhkkkkrhkhhk

INPUT:
¥X-Coordinate of P1 = 1000 m
Y-Coordinate of P1 = 1000 m

. Deflection Angle = 50 0 0
Azimuth of Back Tangent = 20 0 0Q
Azimuth of Forward Tangent = 70 0 0

Radius of curve = 400 m

OUTFUT:

Degree of curve 4 17 49

Tangent length = 186.5231 nm

Length ef circular curve = 349.065 m

External distance = 41.351 m

Long Chord = 338.094 m

Mid-Ordinate distance = 37.476 m

The X-~Coordinate of center Point 0 = 1073.013

The Y-~Coordinate of center Point 0

1200.603

198
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Table (7,a): Computer run showing coordinates for group of

points on the Simple Circular Curve.

POINT NO X——-COORDINATE Y--COORDINATE
PC 936,205 824.726
1 943.513 843.341
2 951.741 861.567
3 960.870 879.360
4 970.877 896.674
5 981.737 913.466
6 993.423 929.695
7 1005.905 945.319
8 1019.152 960.300
9 1033.132 974.600
10 1047.809 988.183
11 1063.146 1001.016
12 1079.105 1013.066
13 1095.647 1024.304
14 1112.730 1034.701
15 1130.311 1044.231
16 1148.,346 1052.870
17 1166.791 1060.598
PT 1175.274 1063.795
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Table (7-b): Computer run showing the length and azimuth of

the line joining PC to any point on curve.

POINT NO AZTIMUTH DISTANCE
1 21 25 56 19.958
2 22 51 53 39.983
3 24 17 49 59.944
4 25 43 4s6 79.867
5 27 9 43 99.740
6 28 35 39 119.551
7 30 01 38 139.286
8 31 27 32 158.935
9 32 b3 29 178.485
10 34 19 26 197.923
11 35 45 22 217.238
1z2 37 11 19 236.416
13 38 37 16 255,447
14 40 03 12 274.318
15 41 2% 09 293.018
16 42 55 05 311.535
i7 44 21 02 329.857
18 45 00 00 338.095
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EXAMPLE 8

LR RS A RS EESE SRS ERETIELE R TR TR ERORY

DESIGN OF 2-CENTRED COMPOUND CURVE
R N L s I

INPUT:
Y-Coordinate of P1 = 1000 m

Y-Coordinate of P1

1000 m
Deflection Angle = 60 00 00

Azimuth of Back Tangent = 45 0 0
Azimuth of Forward Tangent = 105 0 0

R1

400 m
R2 = 600 m

Deflection angle of left arc A1 = 30 00 00

y of Jordan - Center of Thesis Deposit

OUTPUT:
Length of back tangent P1--T1 = 261.880 m
Length of common tangent Nj = 267.949 m

Length of Forward tangent P1--T2 = 315.470 m

ved - Library of Universit

Length of left arc = 209.439 m
Length of right arc = 314.159 m
Length of long Chord of Left Arc = 207.055 m
Length of Long Chord of Right Arc = 310.583 m

The X-~Coordinates of Center Point 01 = 1097.665

The Y-~Coordinated of Centre Point 01 1097.665

The X--Coordinates of Centre Point 02

579.556

The Y--Coordinates of Center Point 02 = -155.291
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Table (8,a): Computer run showing coordinates for group of

points on Two-Centered Compound curve.

POINT NO X~—COORDINATE Y--COORDINATE
T1 814,823 814,823
1 829.312 828.606
2 844.473 842.647
3 860.266 853.914
4 876.653 " 865.377
5 893.592 876.006
6 911.041 885.776
7 928.957 894,661
8 947.294 902.640
9 966.007 909.692

10 985.050 915.800
K 994,138 918.350

12 1023.298 925.387

13 1052.773 930.958

14 1082.489 935.049

15 1112.373 937.650

16 1142.350 938.753

17 1172.344 938.357

18 1202.281 936.463

19 1232.086 933.074

20 1261.684 928.000

21 1291.002 921.853

T2 1304.721 918. 350
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Table (8-b): Computer run showing the length and azimuth of

the line joining T1 to any point on curve.

POINT NO AZIMUTH DISTANCE

1 46 25 56 19.998
2 47 51 53 39.983
3 49 17 49 59.944
4 50 43 46 79.867
5 52 09 43 99.740
6 53 35 39 119.551
7 55 01 36 139.286
8 56 27 32 158.936
9 57 53 29 178.485
10 59 19 26 197.923
11 60 00 00 207.055
12 62 03 38 235.980
13 63 59 04 264.778
14 65 48 43 293.428
15 67 34 10 321.905
16 69 16 27 350.190
17 70 56 18 378.262
18 72 34 04 406.104
19 74 10 38 433.696
20 75 45 48 461.020
21 77 19 55 488.06

22 78 04 03 500.718
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EXAMPLE ¢

hkkkhkhkdkhkkkkkhkhhkkkthththhrhhkhkhrhkkkkn

DESIGN OF 3-CENTERED COMPOUND CURVE
AkhRkkkkkkhhkhkhhkhhhhhhhkkkkkhhhkrdk

INPUT:
Y-Coordinate of P1 = 1000 m
Y-Coordinate of P1 = 1000 m

Deflection Angle = 60 00 00
Azimuth of Back Tangent = 4% 0 0

Azimuth of Forward Tangent = 105 0 0

Rl = 600 m
R2 = 400 m
R} = 200 m

A1 = 25 00 00

Az = 20 00 15

OUTPUT:

Az = 35 00 0O

Ay = 15 00 00

Length of back tangent PI-PC = 296.776 m
Length of first common tangent NJ = 247,255 m
Length of second common tangent KL = 96.861 n
Length of forward tangent PI-PT = 204.748 n
Length of first arc = 261.799 m

Length of second arc = 139.626 m

Length of third arc = 52.359 m

Coordinates of center point 01 = (1214.412,365.884)

Coordinates of center point 02 = (1036.808,575.877)

fi

Coordinates of center point O3 (1146.008,753.822)
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Table (S-a): Computer run showing coordinates for group of

POINT NO X~—-COORDINATE Y--COORDINATE
PC 790.148 790,148
1 811.882 810.822
2 834.623 830.384
3 858.313 848.78%
4 882.893 865.979
5 908.302 881.923
6 934.475 896.577
7 961.349 909.905
8 988.855 921.873
T1 1009, 200 929.873
10 1028.157 936.067
11 1047.408 941.479
12 1066.906 945.923
13 1086.602 949.386
14 1106.446 951.861
15 1126.389 953.341
T2 1146.008 953,822
17 1156.004 953.572
18 1165.974 952.823
19 1175.895 951.576
20 1185.742 949.835
21 1195.489 947.605
PT 1157.772 547,007

points on the Three—Centered“Compound curve.
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Table (9-b): Computer run showing the length and azimuth of

the line joining PC to any point on curve.

POINT NO AZIMUTH DISTANCE
1 46 25 56 29.997
2 . 47 51 53 59.976
3 49 17 49 89,916
4 50 43 46 119.800
5 52 09 43 149.610
6 53 35 39 179.326
7 55 01 36 208.930
8 56 27 32 238.403
9 57 30 00 259.728
10 58 29 17 279.179
11 59 32 02 298.470
12 60 37 36 317.587
13 61 45 28 336.515
14 62 55 14 355.241
15 64 06 38 373.752
16 65 18 01 391.696
17 65 55 48 400.697
18 66 35 41 409.523
19 67 17 29 418.163
20 68 01 03 426.608
21 68 46 15 434.849

22 68 57 09 436.763
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EXAMPLE 10

‘k*********************************************************

DESIGN OF 2-CENTRED SPIRALED COMPOUND CURVE WITH 1 SPIRAL
**********************************************************

INPUT:
X--Coordinate of PI = 1000 m

Y--Coordinate of PI

1000 m

Deflection angle at PI = 60 00 00
Azimuth of back ‘tangent = 45 00 00
Azimuth of forward tangent = 105 00 00
Ri = 200 m

Rz = 400 m

Length of connecting spiral = 100 m

At = 30 00 00

-.——-—.__--.———_—-—..._-_—_—_._—._-.—....-._——_—-—-.—-.-..——._——_.———._

OUTPUT:

Az = 30 00 00

Length of back tangent = 147.448 nm
Length of forward tangent = 198.962 m
Length of left circular arc = 54.719 m

Length of right circular arc = 159.439 g

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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Table (10-a): Computer run showing coordinates for group of

points on 2-Centered Compound with 1 spiral.

POINT NO X-—-COORDINATE Y-COORDINATE
PC 895,739 895,739
1 902.984 902.630
2 910.564 909.151
3 918.460 , 915.284
4 926.654 921.01s6
5 935.123 926.330
cls 939,211 928.690
7 948.046 933.371
8 957.094 937.628
9 966.324 941.473
10 975.710 944.923
11 985.226 947.994
12 994.850 950.707
13 1004.564 853.081
14 1014.349 955.139
15 1024.192 956.902
Sc2 1034,106 958.397
17 1053.979 960.629
18 1073.939 961.864
19 1093.935 962.100
20 1113.919 961.336
21 1133.83% 959.574
22 1153.646 956.819
23 1173.291 953.078
PT 1192,183 $48.505
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Table (10-b): -Computer run showing the length and azimuth

of the line joining PC to any point on curve.

POINT NO AZIMUTH DISTANCE
1 46 25 57 9.999
2 ‘ 47 51 53 19.992
3 49 17 49 29.972
4 50 43 46 39.933
5 52 09 43 49.870
6 52 S50 16 54.549
7 54 16 00 64.438
8 55 40 38 . 74.201
9 57 03 34 84.107
10 58 24 27 93.885
11 59 43 02 103.627
12 60 59 12 113.334
13 62 12 51 123.008
14 63 23 54 132.653
15 64 32 18 142.272
16 65 38 12 151.894
17 67 42 10 171.029
18 69 38 29 190.073
19 71 29 17 209.011
20 73 15 58 227.828
21 74 59 30 246.509
22 76 40 33 265.042
23 78 19 39 283.413

24 79 54 26 301.104
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EXAMPLE 11

Akkhkkhhhkhkhkhkhhkdkhbhhhhhkhkhhdddkhkhkhhhkhdhrhhkhhkhhhkhhhhdkhkdhkdkik

DESIGN OF 2-CENTRED SPIRALED COMPOUND CURVE WITH 3 SPIRALS
Kkkkdkkrkhkhkkhkrh ko h Ak kkkk ke ke kkkhkkkrkkhkk ki hk ki

INPUT:
X-—Coordinate of PI = 1000 m
Y-=Coordinate of PI = 1000 m

Deflection angle at PI = 60 00 00
Azimuth of back tangent = 45 00 00

Azimuth of forward tangent = 105 00 00

Ri = 300 m

Rz = 500m

Length of entry spiral = 238 m
Length of exit spiral = 143 n

A = 35 00 00

OQUTPUT:

Az = 25 00 00

Length of connecting spiral = 100 m

Length of back tangent PI-TS1 = 317.075 m
Length of forward tangent PI-S3T = 320.623 m
Length of common tangent NJ = 208.281 m
Length of left circular arc = 14.259 m

Length of right circular arc = 96.666 m
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Table {11-a): Computer run showing coordinates for group of

points on 3-Centered Compound with 3 Spirals.

POINT NO X=~COORDINATE Y-COORDINATE
TS1 775,794 775.794
1 786.406 786.395
2 797.051 796.962
3 807.763 807.462
4 818.574 817.861
5 829.515 828.122
6 840.616 838.210
7 851.906 848.086
8 863.410 857.710
9 875.154 867.041
10 887.158 876.036
11 899.438 884.648
12 912.010 892.828
13 924.882 900.528
i4 938.058 807.694
15 951.538 914.272
S1c1 963, 459 919, 453
C1s2 976,779 924.542
18 983.383 926.865
19 990.006 929.147
20 996.653 931.391
21 1003.328 933.598
22 1010.035 935.768
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24

25

26

27

28

29

S2C2

31

32

33

€253

35

36

37

38

39

40

41

42

43

44

45

S3T

1016.779
1023.565
1024.538
1036.113
1047.837
1059.679
1071.605
1073,.599%
1098.,566
1123,.563
1148.529
1170,091
1181.989
1193.849
1205.671
1217.454
1229.200
1240.910
1252.588
1264.,238
1275.865
1287.474
1299.,072

1309.698

937.000
939.996
940.292
943.500
946.084
948.037
949.356
949.514
950.752
950.740
949.479
947.378
945.817
943.994
941.936
939.665

937.207

.934.588%

931.824

928.947

925.979

922.942

919.861

917.017

212
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Table (11-b): Computer run showing the length

and

213

azimuth

of the line joining TS1 to any point on curve

POINT NO AZIMUTH DISTANCE
1 45 01 48 15.000
2 45 07 13 30.000
3 45 16 15 45.000
4 45 28 53 59.995
5 45 45 08 74.995
6 46 04 59 89.982
7 46 28 27 104.972
8 46 55 32 119.946
9 47 26 13 134.902
10 48 00 30 149.835
11 48 38 24 164.734
12 49 19 53 179.589
13 50 04 57 194.386
14 50 53 35 209.111
15 51 45 48 223.746
16 52 33 56 236.340
17 53 29 41 250.042
18 53 57 18 256.741
19 64 24 04 263.447
20 54 50 05 270.166
21 55 15 25 276.901
22 55 40 08 283.656
23 56 04 19 290.435
24 56 28 00 297.242
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

56

57

57

58

59

59

61

63

65

66

67

68

68

69

70

71

71

72

73

73

74

75

31

12

57

45

35

44

32

17

oo

28

17

04

52

38

24

09

52

35

17

57

36

11

21

32

17

11

54

36

24

42

56

‘58

13

59

4]

36

15

00

45

27

00

21

24

02

298.217
309.564
320.946
332.052
342.970
344.770
367.140
389.294
411.215
430.013
440.343
450.624
460.866
471.082
481.281
491.475
501.675
511.892
522.137
532.419
542.748

552.266
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EXAMPLE 12

kkkhhkkhkkkhhkkhhhkhhhkkhkrrhkkkdhk

DESIGN OF SIMPLE REVERSE CURVE
hhkdkkkkdkkkkhhkkkhkkkwrkkkhhkhohkdhk

INPUT:

X--Coordinate of PI 1

1000
¥--Coordinate of PI 1 = 1000
Deflection angle at PI 1 .= 50 00 00

Azimuth of back tangent at PI 1 = 85 00 00

Azimuth of forward tangent at PI 1 135 00 00
X--Coordinate of PI 2 = 1200

Y--Coordinate of PI 2 = 800

It

Azimuth of forward tangent at PI 2 80 00 00

Deflection angle at PI 2 = 55 00 00

Radius of left circular arc Ri = 200 m

OUTPUT:

Radius of right circular arc = 364.182
Length of back tangent = 93.262

Length of common tangent = 282.843
Length of forward tangent = 189.581
Length of left circular arc = 174.533

Length of right circular arc = 349.589

Coord. of center point of left arc = (1106.332,1009.303)

Coord. of center point of right arc = (1323.461,676.538)

215
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Table (12-a): Computer run showing coordinates for group of

points on Simple Reverse curve.

POINT NO X--COORDINATE Y-COORDINATE
PC 907.093 991,872
1 917.073 992.194
2 927.071 992.617
3 937.073 992.239
4 947.024 991.363
5 956.928 989.999
6 966.751 988,124
7 976.469 985,770
8 986.057 982,932
9 995.491 979.619
10 1004.748 975.838
11 1013.804 971.600
12 1022.637 966.914
13 1031.225 961.793
14 1039.548 956,249
15 1047.579 950.295
16 1055.305 944.948
17 1062.705 931.223
PR 1065, 946 934,054
19 1078.983 921.646
20 1092.617 $09.897
21 1106.818 898.836
22 1124.543 888.490
23 1136.763 818.884
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25

26

27

28

29

30

31

32

33

34

35

36

37

FT

1152.440

1168.534

1185.007

1201.817

1218.925

1236.298

1253.864

1271.610

1289.483

1307.439

1325.434

1343.424

1361.365

1379.214

1386.701

870.042

861.985

854.733

848.304

842.713

837.975

834.100

831.098

828.576

827.740

827.393

827.935

829.366

831.680

832.920

Table (12-b): Computer run showing the length and

PCINT NO AZIMUTH DISTANCE
1 86 25 56 8.999
2 87 51 52 19.992
3 88 17 50 29,972
4 90 43 46 39.933
5 92 09 43 49.870
6 893 35 39 59.775

217

azimuth

of the line joining PC to any point on curve.
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10

11

i2

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

95

96

97

99

100

102

103

105

106

107

109

110

112

113

114

115

lle

116

116

116

115

115

115

114

113

113

112

111

110

01

27

53

19

45

11

37

03

29

55

21

00

13

50

58

44

11

24

25

15

58

33

03

27

48

04

17

27

35

36

32

29

26

22

19

16

12

09

05

02

00

21

13

38

16

42

26

07

51

18

47

21

51

01

25

iz

47

31

69.643

79.468

89.243

98.962
108.619
118.208
127.724
137.159
146.509
155.767
164.928
169.047
185.682
202.828
220.328
238.068
255.958
273.929
291.928
309.907
327.832
345.669
363.392
380.975
398.398
415.640
432.684
449.513

466.111
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482.463

41 01

109

36

44 31

108

37

498.557

505.261

20 10

108

38
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EXAMPLE 13

KhkAkhhkhkhhkhhkhhhkhkhkxkktthrkhkkhkrkhhh

DESIGN OF SPIRALED REVERSE CURVE
Akhkkhkkhkkk kAR Ak kAR A KAk h ko k%

INPUT:
X--Coordinate of PI 1 = 1000
Y-~Coordinate of PI 1 = 1000

Deflection angle at PI 1 = 50 00 00

Azimuth of back tangent at PI 1 = 85 00 00

220

Azimuth of forward tangent at PI 1 = 135 00 00
X--Coordinate of PI 2 = 1300

Y--Coordinate of PI 2 = 700

Azimuth of forward tangent at PI 2 = 80 00 00
Deflection angle at PI 2 = 55 00 00

Radius of left circular arc R:i = 200 m

Radius of right circular arc Rz = 400 m
Length of spiral 1, ILsi1 = 150 m
Length of spiral 2, Lsz = 100 m

Length of spiral 3, Ls3 = 150 m

OUTPUT:

Length of spiral 4, Lsa

183.018 m

Length of left circular arc = 49.533 n

Length of right circular arc = 212.464 m

Back tangent of left part of reverse curve = 1
Forward tangent of left part of reverse curve

Back tangent of right part of reverse curve =

436035

66.712 m
= 147.502 m

276.762 m

Il
L
—
KN
'_l
[#)]
ey
=
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Table (13-a): Computer run showing coordinates for group of

points on Spiraled Reverse curve.

Point No X--Coordinate Y--Coordinate
TS1 833,923 985.470
1 838.904 985.905
2 843.885 986.1336
3 848.868 986.759
4 853.851 987.16%
5 858.835 987.653
6 863.821 987,935
7 868,809 988.283
8 873.799 988.602
9 878.791 988,887
10 883.785 989.135
11 888.78¢C 989.342
12 893.778 989.502
13 888.777 989.613
14 903.776 989.670
15 908.776 989.668
15 913.776 989.603
17 918.774 989.472
18 8923.770 989.271
19 928.76é 988.994
20 933.749 988.638
21 938.730 988.199
22 943.702 987.673
23 948.664 987.056
24 953.613 886.345
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26

27

28

29

30

S1cC1

32

33

34

35

c152

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

958.547

963.462

968.357

973.228

978.071

982.882

982.882

992.396

1001.745

1010.904

1019.852

1028.163

1032.432

1036.637

1040.781

1044.864

1048.889

1052.857

1056.772

1060.636

1064.451

1068.222

1071.951

1075.643

1¢79.301

1082.928

1086.530

1090.110

10983.673

985,534
984.620
983.601
982.471
981.228
579.869
979.869
976.793
973.245
969.234
964.771
560.104
957.501
554.797
951.998
949.113
946.146
943.105
939.994
936.821
933.589
930.306
526.975
923.603
920.1924
916.754
913.286
909.795

906.287

222
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54

55

88

57

58

59

60

61

62

63

64

65

66

a7

68

69

70

71

S3c2

73

74

75

76

77

78

79

80

81

g2

1097.223

1100.763

1104.300

1121.373

1118.457

1125.566

1132.709

1139.899

1147.146

1154.462

1161.857

1169.342

1176.924

1184.615

1192.421

1200.351

1208.410

1216.606

1216.606

1233.411

1250.737

1268.540

1286.776

1305.399

1324.364

1343.622

1363.125

1382.825

1402.672

902.766
899.235
895,701
888.631
881.574
874.540
867.542
860.592
853.702
846.885
840,154
833.521
827.002
820.610
814.360
808.268
B02.349
796.619
796,619
785.779
775.792
766.684
758.477
751.191
744,845
739.455
735.035
731.594

729.143

223
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Ca54

84

85

g6

87

88

89

g0

91

82

93

94

95

S6

97

98

99

100

101

102

S4T

1415,092

1427.710

1437.705

1447.705

1457.704

1467.698

1477.685

1487.661

1497.626

1507.577

1517.514

1527.437

1537.346

1547.241

1557.125

1566.998

1576.862

1586.719

1596.570

1606.419

1609, 392

728.118
735.911
735.604
735.520
735.648
735.974
736.485
737.168
738.010
738.997
740.117
741.357
742.704
744.144
745.665
747.253
748.897
750.583
752.298
754.030

754.554
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Table (13-b): Computer run showing the length and azimuth

of the line joining TS: to any point on curve

Point No Azimuth Distance -
N7y
1 85 01 54 10.000 g;
2 85 04 18 15.000 Q
n
3 85 07 38 20.000 '@
-
4 85 11 56 25.000 —
ke
5 85 17 11 40.000
o
6 85 23 23 34,999 &
7 85 30 33 39.999 (?
8 85 38 40 44,998 &
O
9 85 47 44 49.996 <3
(V-
10 85 57 46 54.994 O
.4—'
11 86 08 45 59.990 %
12 86 20 41 64.986 .é
13 86 33 34 69.979
)
14 86 47 25 74.971
15 _ 87 02 13 79.960
16 87 17 58 84.945
17 87 34 40 89.927
18 87 52 19 94.904
19 88 10 56 99.877
20 88 30 30 104.843
21 88 51 00 109.801
22 89 12 28 114.752
23 89 34 53 119.693
24 89 58 14 124.624

25 90 22 32 129.542



26

27

28

29

30

31

32

33

34

35

36

37

ig

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

S0

91

91

92

92

93

94

95

96

97

98

S8

59

99

100

100

101

102

102

103

103

104

104

105

105

106

106

107

107

47

13

41

09

09

08

09

14

21

26 -

01

36

11

46

21

57

32

06

40

14

48

21

53

25

56

27

57

26

54

47

59

07

12

12

03

59

29

09

24

12

15

28

45

59

06

01

40

59

55

24

22

48

39

51

23

12

16

33

134.447
139.337
144.210
149.065
149.065
158.711
168.266
177.724
187.077
195.889
200.469
205.022
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788.589
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