W\ ): Engineering & Cadastral Surveyin




Introducing engineering survey, work areas,
engineering units

» Engineering survey is that branch of surveying that
seeks to provide the best ways to solve the
problems facing the surveyor in engineering
projects that are implemented in the manner of
(ground survey).

» The interest of this type of surveys appears “clearly
in the calculations (the areas and volumes of the
vast lands, determining the paths of roads,
including horizontal and vertical curves, as well as
many construction surveys that are usually
attributed to the surveyor).




work fields

» 1- Areas

> This part deals with calculating regular and irregular
areas, whether they are on the ground or on the map.
It is also concerned with the different methods of
calculating areas (mathematically) or using devices
and tools such as (the planometer), and software may
be used in this field.

» 2— Volumes

> The same applies to volumes, some of which are
regular and irregular, and we mainly emphasize the
volumes resulting from the earthworks of road
surveys and their longitudinal sections and cross-
sections, in addition to the volumes resulting from
contour maps, which are represented in cutting
heights and filling in depressions.




» 3- Road survey:

o Road survey works are numerous and extensive, and may
overlap with road and bridge engineering works. In all, they
are of two types; The first: the technical works related to the
road such as (traffic volume, number of lanes, acceleration
and deceleration lanes, shoulders and lateral inclination to
overcome the central force when bending, construction costs

and others) and the second type is specific to road
planning and engineering trajectory identification; Such as
(determining the coordinates of the track, vertical curves,
horizontal curves...), where the surveyor’'s work s
concentrated in the second type based on the data of the first
type (artworks).

0 4- Vertical curves: They are of two types (convex and
concave) and are represented in bridges and tunnels, as well
as their use in plains and slopes on the one hand, and hills
and heights on the other. It will be discussed in detail later. ..

0 5- Horizontal curves: - They are of three types: (simple,
compound, and transitional), as shown in the figure.

I\ \\“. o
X \\ \ )
W\ : N ™
\ \ W\
A% RRS
\\




b- Compound. c- Reverse.




» Structural survey: It deals with the following

0 locating and aligning the buildings.

o Verticality of columns (electricity, buildings...)
o Barrages, water and sewage pipes.

o locating and aligning bridges.

o locating and aligning the electrical and telephone lines
and determine their integrity.

2 And other construction works.




Courses contain

» first Chapter :-Areas Measurement

» Second Chapter :- Volumes Measurements
» Third Chapter:-Vertical curve

» Fourth Chapter:-Horizontal curve

» Fifth Chapter:-Construction Surveying

» Sixth Chapter:-Angles and Direction

» Seventh Chapter:-Unknown Measurements
» Eighth Chapter:-Forward & Backward Intersection
» Ninth Chapter :-Subdividing of Lands

» Tenth chapter:- Resection

» Eleventh chapter :- Project
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Area units commonly used

» 1 km2 = 1,000,000 m2

» 1 km2 = 100 Hectare

» Tkm2 = 400 Dunam

» 1 km2 = 10,000 Olk (Acre)

» 1 Dunam = 2500 m2 = 25 Olk

» 1 Hectare = 4 Dunam = 100 Olk = 10,000 m?2
» 1 Olk = 100 m2




A-Uniform Figures Areas

. Triangles Areas
1) A=05*"H*B
2) If you know the three sides

A ="Vs (s-a) (5-b) (5-c)

a+b+c
S=
2 a
S iscircumference of a tringle

, a? + b — c2\’
“ 2XDb

a, b, c=siges of triangles

OR
A_b
2

\




4) If two adjacent sides and an included angle are
known,

A=05%*a*b*sin<C

a, b = sides of triangles
= angle between C

tow sides
5) If you know a side and two angles

_b2 tan A X tan C
2 ltanA + tan C

A

sin rule

a b C
sin<A sih<B sin<C




» COS ruie

c?=a’+b?—=2%xaxbxcos<C

2) Circle Areas
» A =m X R?
area of a circle sector

r

Asector = =~ % R? where 0" angle in radiand

Or ity
2w 6 . _
Acector = 360 X > R“ where 0 angle indeggre

circumference of a circle
D=2XmTXR
Circle sector length

21

Lsector = 6" x R* OR Lsector = 360 X 0" X R*




1- The area of the triangle part (4,) A .

A, =1xthOR /‘
= 0.5 xRZxSINe ““

where C is the length of the chord { - ,/
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The area of a circular segment or =
segment (45 ), which is (the part \<— |
between the hypotenuse and the
arc)

1

= r2( 0008727 ¢° — %can")

2
RZ
~ (8 —sin6)



» The area of the outer segment
(4, ), which is (the part between
the arc and the tangents)

A4=R."_r'_—_;-R.L

=R2(tan£o-——g’-’)
2 2

Area of sector and outer segment (4z )

As;=R*xtan% or=RXT

Area of secant and exterior segment (4 )
where (T ) is the length of the tangent




» Area for part of the ring (4,)
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The area of the circular ring (4,)

Ar =1 X (R1)* X (R2)’




Area of Ellipse
A=r*a*b

Area of Parabola

A=23*h*h

square aread

1
A=a? or A=§><b2

p—




Rectangle area
a
A=aXb v
fe—5—
The area of a parallelogram.

That is, each two opposite sides are parallel and
equal in measure

A=DbXc
m'=axbx$Nﬁc




Rhombus space

each two opposite sides are parallel, and all
sides are equal in measure, and the diagonals
are perpendicular

A=DbXc

1
or=§xdxf=b2xSIN0

frapezoid area

Only two sides are parallel

a+b
A=hx—73 or
hXc




The area of the quadrilaterals

b
A=05Xaxbxsind or = > X (hy + hy)




Method of measurements and
computation of areas

1. Field Measurement
2. Map Measurements

v Field Measurement
» Subdividing to Triangles

» Dividing the piece into triangles This method is used
when the ground is flat and free of beams, where the
piece is divided into triangles so that the lengths of its
sides can be measured or some of the lengths and
angles confined using the tape only. As in figure 1-1a

» Or use the flat board with the tape (where the angles
confined by the protractor are measured from the
diagram drawn on the plate in Figure 1-1b




Figure 1-1 a Figure 1-1 b
If the segment’s borders are irregular, the adjacent parts can
be divided into small triangles (as in Figure 1-1 c ) or by
following the method of addition and deletion (as in Figure 1-1
d) or erecting columns from the ribbing line or scanning near
the zigzag borders to those borders as shown in the immediate
method (where all lengths are measured using the tape).




Figure 1-1 ¢ Figure 1-1d

The area of a castle land was evaluated by dividing it into two triangles,
where the lengths of the three sides of the first triangle and the lengths of
two illustrated ministerial sides of the second triangle were measured, as

shown in the figure below. It is required to calculate the area of the plot of
land in meters.




Solution /
For the first tringle

a+b+c
S= >

30+35+40

A ="Vs (s-a) (s-b) (5-¢)

first tringle

A; =/[52.5 % (52.5 —30) x (52.5 — 35) x (52.5 — 40)]

A; =508.33m*?




» For the 2" tringle

A=05%*a*bh *sin<C
A=05*20*40 *sin 84
= 397 81 m*

Atotal=A1+A2=508.33+397.81
=906.14 m?

» The area of land parcels or regions is often needed as part of a
volume calculation, for

» instance to determine the amount of fertilizer to be applied to a
paddock or to determine runoff for stream flow analysis. The
legal title description of a land allotment shows the area as well
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as the dimensions, for example:

Land parcels are not always contained by regular
straight line or circular arc boundaries, especially
when they front water courses or rldge lines. Methods
for surveying these

fI?olimdarles and computing the enclosed areas are as
ollows

2- Setting Out Offsets
3- Setting Out Offsets at Reqular Intervals N

a) Average Offset
Formula.




b) Trapezoidal Rule

» This law is used when the segment boundaries are straight or broken,
or when the equal interval between the columns is short so that the
curved boundaries approach to the straight lines between the

columnes.
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g 1
c) Simpson's Rule
This law is used in the form of arcs or curves, which give more
accurate results than the trapezoid law.

Ai.z3=Axmot A(JKQR)“
:Z{zd(hz_hl+h ﬂJer(h +h, 3]
3 2 2 3

1 h4
he N3 ha




—%[zm —2h, —2h, +3h, +3h,]

d
A3 = _[h1 4h2 h3]

S

A3—>5 — g[hs + 4h4 + hs]

d
Atotal — g[hl + h5 + 4(h2 + h4)+ Z(hS)]
The Simpson's Rule become

=iy Ay bt ) 20 )

n = odd number



EX:— Find the area of the fig
Trapezoidal) methods .

SOL/
1- Method . Average

. Below by using (Average &

R UEA S S— th,
d , )L
7+16+20+9+13+23+8+12
A=( -

A= 945 m?

)* 70



2— Trapezoidal Method :

A= d ("™ +h24+h3 4 snssnnthn-1 )
2

7+12
A=10( > +16+20+9+13+23+8)

A= 985 m?

EX Find the area of the fig. Below by using Appropriate
Method .

Sol: . 0+21
=10(

25

21+11

+7+12+25)+15 ( )

A= 755 m?




Ex : Find the area of the fig. Below by using (Simpsons
Rule) .

31
27
25
22
9

Sol/

|
20 I
|
|

I
| | 1
| I I 16
I | | I I
I | | I I I I
| | | I I I I
I
l | | | | |

12 12 12 12 12 12

12
A= N (25+16 )+4 (27+31422)+2(20+19)
A= 1736 m?




2- Setting out Offset at Irregular Intervals

This method is used in the event that it is not possible to

erect columns at equal intervals due to the nature of the

land or the presence of obstacles. Its law can be
formulated as follows:

2 A=d1 (h1-h3) + (d1+d2)(h2-h4) + (d1+d2+d3)(h3-h5) +

(d1+d2+d3+d4)(h4-h6) + (d1+d2+d3+d4+d5)((h5-h7) +

+ X |
5 = A

(d1+d2+d3+d4+d5+d6)(h6+h7) =—>>




Ex : Find the area of the fig. Below by using Appropriate
Method .

Sol. 15
12 1.3
10 5

s, D

8 13 4 S 6
2 A=d1 (h1-h3) + (d1+d2)(h2-h4) +
(d1+d2+d3)(h3-h5) + (d1+d2+d3+d4)(h4-h6) +
(d1+d2+d3+d4+d5)(h5+h6)
2A=8(10-15) + (8+13)(7-12) + (8+13+4)(15-13) +
(8+13+4+9)(12-5) + {8+13+4+9+6][13|+5]

By = g ] Sy m?




3-Using Coordinates

If the corners of the boundaries of a closed plot of land are known, then it is
possible to calculate twice the area of that plot by using the coordinate law.
Twice the area = the algebraic sum of the product of the x-coordinate
(dispersal coordinate) for each point * the difference of the y-coordinate
(inclusion coordinate) for the points before and after that point.

Note:- It starts from a certain point and in a certain direction until returning

to the same point (the starting point). pa
{132,322

Example:-

from corrected coordinates for a 3 oy
closed traverse is shown in figure

bellow.

Calculate the area of land by

using coordinates rule. R

Pa
(20,10




X axis (East axis)

Y axis or (North axis)




2A = [(19*15)+(32*24)+(27*20)+(10%17)+(22*11)] —
[(11%32)+(15*27)+(24*10)+(20%22)+(17*19)] =
2005 —1760)

A= 2;15 =122.5m?

4-Using Double Meridian Distance Method (DMD)

This method is used when the horizontal and vertical components of the
sides of the polygon are known and it may be called the composite method.
&

%* Meridian distance for point = the distance of the point from the north
line.
o

** Meridian distance for line = the distance of the midpoint of the line from
the north axis.
* Double the distance of the longitude of the (Double-meridian-Distance

for line) line = is the sum of the distances of the starting and ending
points of that line from the north axis.

‘‘‘‘‘‘‘‘‘‘



v

Point longitude distance P

=P P NAL
»  Straight meridian distance 3
AB=C" C TrTTTT T T *
» Double the longitude B

distance of the straight
line AB=A"A+B’B

»  Twice the area = twice |
the longitude * height -

2A=(A"A+B'B)*A" B’

» The formula for calculating
twice the area of the
general longitude is:

D.M.DM‘ = Dep&m‘é‘d‘ + D.M.D Gibeal) alial) + Depmé‘d‘

So the law for the first side becomes: -
D.M.D = Dep of the first side

The last side is:—

Last leg D.M.D = - Dep



Rules for calculating area by
methods (DMD .)

] ) Find twice the longitude distance of the first side (DMD
= the horizontal component of the side.

2) Find twice the longitude distance of any other side
([_)dMD) = twice the longitude distance of the previous
side +

The horizontal component of the previous side + the
horizontal component of the present side.

3) Twice the longitude distance of the last side = - (the
horizontal component of the other side).
Notes to verify work:

1 - The sum of the vertical components of the sides of the
polygon = zero.

2 - The sum of the horizontal components of the sides of
the polygon = zero.

3 — Twice the longitude distance of the last side = - (the
horizontal component of the last side).




£y Find the area of the Fig. below by using DMD
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Side Length AZ Dep. Lat.

(m)
AB 150 0°00’ 0 150
BC 140 74" 56' 135.19 36.39
CD 135 125 31" 109.88 -78.43
DE 117 202" 39' -45.06 -107.98

EA 200 270 00" -200 0




EE_IEE_

BC ]35.19 ]35.19
CD 109.88 380.26
DE -45.06 445.08
EA -200 200

3 0 -

A= \‘722964\=36482 m?

1 50
36.39
-78.43
-107.98
0

0

491 9.56
-29823.80
-48059.74
0

-72962



Example:-
From Dep. And Lat. To the closed traverse is shown in figure bellow.

Calculate the area of the closed traverse by using D.M.D.

Ol sic | oo | owo | ot | 2nvea

B +4 +4 +13 +52
+9 +4 +4 +9 = +17 -5
-4 +9 +17-4=+22 -17 -374
-3 -4 422 -3 =+15  +12 mEAkiL

-6 -3 +15-6 = +6 -3

Sum

A=|-245/2|

122.5 m?



Q1/ Find the area that surrounded by a dark line of the fig (1) Below in (mz) :
using appropriate method .

Q4 Find the area of the land that have the following coordinates, by using DMD
method s A (S0,30) , B403) , C(03.38) , D(941) , E (56,33).

‘




Area of Cross Section

» The longitudinal section of a land surface along the central
line obtaining by using the longitudinal leveling process,
where the levels calculated at intervals of every 100 m, and
they are usually called stations or chains or distances. Then
the longitudinal section of the land line is drawn and called
(Ground Line). Then draws in the profile the longitudinal
section of the construction line called (Grade Line).

» After that, we take the cross sections which are perpendicular
to the longitudinal section using the Cross-section-
levelling process. Cross-section- levelling Calculates the
levels of points on either side of the center line for short
distances, especially in the changes in the nature of the land,
it is calculated for each full station per 100 m. If necessary,
and when the terrain changes, the settlement between the full
stations is used, and it is called partial stations, then the
cross-sections of the full stations and the partial stations are




EX :Find the Missing (Elevation & Horizontal Distance) for the fig. Below , if
the side slope (1:4).

Sol
1- Elev. of Point (F).

1 DY Dx= ? 6m C=31.5m 6m
= = Dy=3.5m 14
4 14

ELEV. OF (F) = 31.5-3.5 =28 M
2- Dist. (Dx) from Point (A).

1 5.1
4 ) DX

3 Dx=20.4 m

A

26.4m
Dist. From (A) to Centre line = 6+20.4 =26.4 m

The Coordinates :

A0, 26.4), B20.4, 31.5), C(26.4 , 31.5) , D(32.4, 31.5),
_ F46.4, 28),G(26.4, 29.2)




The cross-sections are of three main forms:
A. Cutting section

Where the ground level
is higher than the grad
level.

G ?
Ound(@vl
&

Cutting section
|

Grad| Level

B. Filling section

Where the ground level is Croo
lower than the grad level

L evel

Filling section




C. Side-Hill section

Where the ground level is higher than
the grad level on one side and lower
than it on the other.

Groo Lewve
|

Side slop is known for any cross section the ratio N
between the unit of the vertical distance to the

unit of the horizontal distance and usually write (
% Jor1l:S
1) FOR A LEVEL SECTION COMPUTATION

d = (Ground Level — Grad Level)

Lrad Lewvel

d =+ then depth of cut | T
d=- then depth of fil 1|
1_ 4 |
<= side slop >
I Grounc level
- LR R’ K
|

AX




1;S= ; — Adx then |Ax=S.d
b+ (b+2S.d)
A=_ > _d =) A=d (b +S.d)

2. FORA THREE-LEVEL SECTION COMPUTATION

b/2= half of grad line.
d = depth of cut or fill.
d, =depth of cut or fill to the right side. 0/? 0/?

d, = depth of cut or fill to the left side.
X, = horizontal distance from ¢ to the

point of right side.

X, horizontal distance from ¢ to the
point of left side




Atotal :%[g(dr _I_dl )_I_d(xr -+ XI ):|

3. FORA MULTI-LEVEL SECTION COMPUTATION

_Fig T Tan, Fang X5 ap¥ong X1 a, 11
A= yli’Z XJ’?,X Y4 X Y5 XJ’(, X;)'7 Y1

P7¢x7.y7> PIOdyD

|
|
! P3(x3,y3

Po(x32,y2) Peixe,ye»

P4{x4,y4>
|

PO, y6)



4. COMPUTATION A CROSS SECTION IF KNOWN
A SIDE SLOPE FOR THE GROUND

xXe

D

&

i e
Y X1 B
7z
&
1
C

Calculated by the rate of approach

If we get the height (y) and the two miles as in the
triangle ABC, the distance x1 can be calculated, which is
calculated by summing the two miles, then flipping the
result and multiplying it by the value of y.




When the two slopes are in opposite directions, as in the triangle ABC,
we add the two slopes as in the following equation

—1
1:1 Ty = X,
S n

When the two slopes are in the same direction as in the triangle ACD, we
subtract the two slopes as in the following equation

[ jl
Y ) &
S n

Then we calculate the area of the triangles and the area of the
trapezoid and add them to get the area of the cross section




VOLUMES

Just as there are various methods for measuring areas,
the processes of finding earth volumes vary according to
the previous measurement methods, as well as the
nature of the land for which earth volumes are required
to be calculated. The process of calculating earth
volumes for roads is different from those volumes that
are calculated for depressions and heights that can be
represented by contour lines.

1) AREA FORMULA -AVERAGE END

As shown in the figure below. The size of the road
section is calculated using the following relationship:




s LT

Ny i

Ny . i
wl_ .

£

Al+An
Tvo..=L(2— +A2+A3+.......+A(n-1) )

This method is used if the spaces between the stations
change, where the segment whose period changes are
taken and calculated individually as in the following

ationship:




2) PRISMOIDAL FORMULA

It is used in the event that the number of syllables is
odd (3, 5, 7 ...... ) and its mathematical relationship is
similar to ( Simpson's rule) to be used in calculating

dareas.




Ex : For the data below , find the total volume of (Cut & Fill)
by using average & Prismoidal methods .

St. Area (m?) Veal. (m?)
Cut Fill Cut Fill

>+00 12

6+00 16

7+00 22

8+00 9

9+00 & 6/3*100 = 15/3 *100 =
15 200 00
19
21
24




Sol.: (For Cut)

Vol.of cut = 100 [(12+6)/2 + 16 + 22 + 9)] = 5600 m3

T vol. of cut =5600 +200 =5800 m3

1) BY PRISMOIDAL FORMULA

Vol. of cut = 100/3[ (12+6) + 4(16+9)+2(22)] = 5400 m?
T vol. of cut =5400 +200 =5600 m?




B. ( For Fill)

1.by Avg.- End =T vol. of fill=

=100[(15+24)/2+19+21]= 5950+500 = 6450 m?

2- by Prismoidal: Vol. of fill (6 =—>> 8) =
% x [15+21]+4(19)]=3730 m3

Vol. of fill (8 =—2> 9)=100x[(21+24)/2]= 2250 m3
“Tvol. of fill = 3730 +2250 + 500 = 6480 m? “

.



3) APPROXIMATE METHOD FOR COMPUTING VOLUME
FROM PROFILE:

This method is used to calculate volumes when the
ground level on the side of the road line is equal to the
level of the land on that line.

The size of the cutting and filling was also found without
finding the areas of the cross-sections of the stations. As
for the method of finding the volumes, it is done by
following the following steps, and as in the figure:

A

() g
! |




1- Finding the area of the closed segment (Ac) by one of
the familiar methods for calculating the areas of shapes
(palmetres, AutoCAD, coordinates method).

2- Finding the drilling area distance (Lc), which is the
calculated distance from the sum of the drilling stations.

3- Calculate the average drilling depth (dc) by dividing
the drilling area (Ac) by the drilling distance (Lc).

AcC Af
LcC Lf

4- Calculate the area of an ideal drilling cross-section (ac)
using the following relationship:

| ac = dc (bc + sc x dc)




5-The total volume of drilling is calculated by multiplying
the drilling distance (Lc) by the area of the drilling cross
section (ac .).

T VOL. OF CUT = AC * LC
-— >

Ex : Compute the ( Vf & Vc ) by using approximate

method if :
Ac=472m?*, Lc=324m,bc=12m, 1/sc=1:2
Af=318m?,Lf=356m,bf=10m, 1/Sf=1:3
Sol : (1) Cut dc=‘:_—c=> 472/324 = 1.46 m
C

ac =dc(bc +Scxdc) => 1.46 (12 + 2 x 1.46) = 21.78m?



Vc =ac x Lc=——> 21.78 x324 = 7058 m?

@) Fill  df= % ——3> 318/356 = 0.89 m

af = df ( bf + Sf x df) =——=> 0.89 (10 + 3 x 0.89)
=11.28 m?

Vf = af xLf =—>11.28 x356 = 4014m?

Note: The question may be in the form of a longitudinal
section equipped with levels and stations, through which
the coordinates of the points of the section can be

calculated.. Then the area is calculated using the
coordinates method, as in the following example;:



Ex : Compute the volume of Cut & Fill by using
approximate & Average method for the fig. below , if you
know Road width = 10 m, Side slope = 1:2 .

NN

o o o o o o o
S =] =) S = =) S
St ¥ ¥ T ¥ ¥ ¥ ¥
' o N <t © ) o N
Groundelev. (Cuty(m)|¥ € & o 2
T 0
© < < wvw wvw ©

6
11

Ground elev. (Fill) (m) ()
Grade elev. (m) o
ERRRERRRRRRRRRRR R T~ -




A VOli1iaymoe ot hovvryoass? — M1t ooy Vol W emntT hotoht o

* This method 1s used 1if there 1s a network of squares
in which corners level (elevation) are available before
and after cutting (that is, the depth of cut known at
the corners)

* The concept of the method i1s to find the average
depth (average digging depth) and given the areas of
the squares. The depth can be multiplied by the
known area to find the volumes of the cubes, as
follows:




AU 2 hp M M op
A A
h2 hy hy, hg ho
A A
L ¥/ S 1Y S .Y SO L
A A
ho hy, hy, hg h
A
h1 h?2 h7 hy
5
hi+22h2432h3+4 2 h4
T vo=A*(ENLF2Zh2435h3+4 Thay o

4




Ex : For the fig. below , find the vol. Of cut if you
know the side length of the square = 10m

Sol : 3.2 5.1 4.8 X
2h1422h2432h3+4 2 h4

T vul.=A*( ) P

4 3.5 ' 33 153

3.9 3.1 e 3.9
Twol.
=100
x [(3.2+4.5+2.7+3.9+3.8)+2><(5.1+4.8+2.3+3.7+3.9+3.5)+3><(4.2)+4><(4.3+4.6+4.1)
4

T vol. Cut = 3232.5 m?



Note: Squares or rectangles can be divided into
triangles by adding diagonals. The division is in the
direction of the least cutting slope (the hypotenuse
connects the two cutting depths with the least
difference within one square) as in the following
figure:

h’,--_.._ hl hag h2 h?

s

230 180 160 180 210
h w‘.‘\ -4
~ 7N
h h B/ N o b “\
fh ' 2 2\ hZ 220\ 200N\BO 1150 \|1.70
1S < A
h 251N \ /
z hf - l \ \ /
h, > N\hy  [2fo 190N200\d0 i

h6 "’
/ 2] %
N
. ¥ Lo 170 \J1.60




The mathematical relationship 1s as follows:

T vol. Of cut= ‘

%x(2h1+2xzhz+3x2h3
+4xzh4+5x2h4+6
xzh6+7x2h7+8

xzhg)



Ex : Compute the total volume of borrow — pit by
using triangle method

Sol.: > hl1=[1.5+1.5] =32 =
Y. h2 =2[1.2+1.8+1.5+1.2+1.3] 12|  19/h3 1.8

=14 ¥ h8
3Y h3 =3[1.9+1.1] =9 i 14 \|A47
4y h4 = 4[1.3+1.0+1.8+1.6] = -

22.8 ha -

5% h5=5[0] =0 |

6> h6 =6[1.4+1.9] = 19.8

7Y h7=7[0]=0 15 11 16
8 h8 =8[1.7] = 13.6 L

1/2 x15x15
j P — —— [3+14+9+22.84+0+19.840+13.6]

Tyor. == 3082 m?



5- Volume from Contour lines :

Be calculating the areas of earthen quantities through
the area defined by the contour line and the period
Contour and as in the mathematical relationship
similar to the (Trapezoidal) method for measuring
areas, and the (Average) method for calculating
volumes, as follows:

Note: the increase in the level of the contour
line inward means (hills), the increment
outward (low).

Al+A
Tum.=E.I(2—n +A2+A3+....... +A{n-1})



C;,‘_’f.\? ‘ngk Vol i 02 A Contouwy M ;'Q— Y om Wnoys e
Clz=2m ‘% TRe aren Suvrounded by W Gnlouy waf

So!,
’g’

—

/ UD‘- - 2{‘?' e +55+ Y2+ 7o +1.2*l5]

2z

—

-

ITV«:I.: u05 m3




Ex2 2 @mplde b potal Vol £ et £ Ly A He apes
IOU“MOI&} bwa, COV\'(‘W el as -fzuc;u,a! O

-

(_..Dnjb_d:'d_’&u. l 2o lz5 [{z-
Arm boundeol?| 6o

e -

25 | e s | Seo I
| (3o 2o 2Zle| 2ue | 26» L3 lo_l

'M’ was To bulr) Wfq,lj'ﬂvfu JC-’QU,((JO m) o_f a lq/t

- | 19\A
will  climengion (Zox2a) m .

\ vol. <f [.p=5 (‘" ZXe R VI 50 —  —
N = + Bo+ 200 +2le \ AN i §
£ > X ) (.\L - QS‘— /

Tuel. = 3UG0 >
&Fu

] Vel. & Uoe —2US = (6o m" ’ 2Zonle N oon

Yoo —5206 = 2o v

/Vol- - 5 L&o+ 8o + Yo — 1 200 m

Note: In general...
The change is direct between the level of the contour line

and the area means (low). The change is inverse between
the level of the contour line and the area means (high).




((): 2) Use Table (1) & Figure (2) 20d 0 calculate
: total volume of cut and fill when the ground
SOmx250m) is to be Jevelod 3t 33m. The conOUrs  Constractica
w28 are measured 0n 3 map scaled 1:2500 as follows,

Lot Mo

Table (1)

|catour tne | 280 | W0m | 32m [ 0 | 3t | 36 | 30 ]
| 9 | 2 | 3¢ ; 5}

f\n lll((!!)‘ 7 !-0 f ”J

| w)l,w/J'(cm‘) uwu-JJ/x
¢ lcmt-a-2Swm—olemds £2S.m- ll2$'oo{‘«ddb-*
b/423 §25 00,4 HA30 S-OOQOmAA.?Z- Y3750 m*™

4332 3%Soom s A34=31250m #HA3g=2(22F
A38=15625m

Qa a
Vc-Z[ Qahagg famj*r" 3;{- sqx,:]

Figure 3)

(250:2505(33-28) 2 -
= - 206250 - Y0625 = 65625 wm’




Mass — Haul Diagram

The soil transfer scheme 1s a method for studying the quantities
of earth resulting from excavations of the longitudinal sections of
roads. It gives a general idea of the volumes of the available soil
quantities and the areas of excavation and backfilling, as well as
the method of balancing the excavation and backfilling
quantities, and thus it is possible to calculate the costs of
transporting soil and the requirements of this work.

Ex : Compute an area of cross-section by leveling work ,
then compute the total vol. Of cut & fill by using Avg.
method , then draw the Mass — Haul Diagram after

adding (10%) to the fill volume, use the data showing in
the fig. Below .



Elevation

7000
6000
5000
4000
3000
2000
1000

L 4 1 111

-1000 -
-1000 —

w [
4

10 [ 14400 =

16400 —

20400 p—

Aron of Cut (m2)

Area of fill (m2)

i1
15
14
12

16

Vol of Cut (Mm3)

1250
1450

Vol of fill (m3)

Vol. of flll + 10%.

220 | 200 | 330

935 | 850

1430|1300
1430 1300

1585 1450

1540 1400

13751250

Camulative Vol
(m3) E

1700

205§

4053
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=
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LECTURE 7 : VERTICAL CURVES

Steps of rout surveying

Reconhnaissance

— Preliminary survey .
_ocation survey .

— Construction survey .




Types of vertical Curves

Vertical curve:-

Using to connected two lane have changeable gradient in the vertical
level, that to using gradual change in vertical movement.

L2 [ A2




Types of vertical Curves

0 gl,92 : percent grade

Q. L : Length of vertical curve %*iw

P.V.C
3+00

P.V.T

L

Q r : Rate of change 'of grade per station.
Q Ay: Difference in elevation between tangent & curve .

O Ae : Difference in elevation at P.V.l
Q A : Algebraic difference in grade .
O P.V.C : Point of Vertical Curvature .
O P.V.l ;: Point of Vertical Intersection .

Q P.V.T : Point of Vertical Tangency .




A-Geometric Method

2-r = %,Whe’re L length

of curveby stations ... ....(2)

r .
3- Ay = Exxz,wherexls

the distance of station from
start or end

P.V.C
AXL 3400 ‘

4- Ae = 5 where L length
of curveby stations .....(4)

PV.T

5—elevPVI—elevPVC %x% (5) , where L




6- elev.P.V.T =-elev.P.V.I +%x— (6) , where L
is in meter

(6) , where L is

(6) , where L

st.P.V.T =st.P.V.C+ L

Parabola eqguation (vertical curve eqguation)

y=aX2+bX+C @ x=0 -—- y = Elev.PVC
c = Elev.PVC




&Y _2ax +b
. _dy =0,
@ X:O _____ dx
Y = 2a
Cl 2
@X 2y =T a=(r2)
_____ >
- ) &Y _ X, +9g, =0
= X
' %2 4+ g,x + Elev.PVC d )
= — X 1 .
y 2 _——rx2+glxo+EIevP C
g Yo 5 o
1
Xs




Where (X,) Represents the horizontal distance measured in stations
from the beginning to the lowest or highest point and by substituting
it with the following equation we get the level of the lowest or highest
point on the curve

Tvpe of vertical curve:-

1.convex curve 2. concave curve

Azgz_g]:(_) A292_91:(+)
Computation Methods of Vertical Curve:-Engineering Methods:-
Using difference elevation dependent on (r) value:-

1. Calculate the PVT, PVI, PVC terminals with their levels

2. Calculate the value of Ae, r/2,r, A,

3. Plan a table in which stations and levels are placed, as shown in the figure

4. The stations are divided according to what is required

5. Calculate the levels of the points on the first tangent using the g1 plane, PVC and the
distances between the starting point and other points in the direction of PVI

6. The levels of the points on the second tangent are calculated using the g2 ratio, PVVT and the
distances are calculated from PVT towards PVI




station

Tangent Elev.

Difterence Elev
Ay= (1/2)%°

PVC

Elev PVC

PVI=13+70

PVI=16+20




Analytical method

Using parabola equation (or vertical curve equation)

In this method, the levels of points are calculated directly on the curve
using equation No. 7 and using the table shown below.

Station X y = %xz +g,X + Elev.PVC
PVC 0 Elev.PVC
PVI X=(Lsa/2)
X=Lg,, Elve.PVT OK.




Ex : compute the elevation of main & full stations on
vertical curve , if the station P.V.| = 34+20, L= 500 m,

Elevation
PV.I=31.70 m.

Sol: (1)
L
St.P.V.I = St.P.V.C+E

L
St.P.V.C=St.P.V.I—E

P.v.C

- St.PV.C= (24"'20) T (2"‘50) | 500 ‘

St. P.V.C = (31+70) .

(b) St. P.V.T=St. PVl +(Lj2) = St P.V.T = (34+20) +(2+50)




(2) a:

lev.P.V.I = el PVC+g1XL
elev.P.V.I = elev.P.V. t00 % 2

P.V.C
2495 m

31+70
32+00
33+00
34+00
34+20
35+00

elev. P.V.C = elev. P.V.I - (g1/100)x(L/2)
elev. PV.C = 31.7- (2 7/10Mv(?2EM alav

PV.C=24.95M P :lelevP.V.T = elev.P.V.I1 + 82 x =

o — 100

L|

2

elev. P.V.T = 31.70-(3.5/100)x(250)
elev. PV.T = 22.95m

36+00

36+70



(3) A=9g2-gl1 = (-3.5) - (+2.7) = -6.2
(4) r=A/L=-6.2/5 =-1.24
(5) Ae = AXL/8 = -6.2x5/8 = -3.88m

Station Tangent Elev. (m) Ay = (lr/Z}XXZ Curve Elev.(m)
P.V.C. S | 24.95 | g I 0.00 24.95
2.7 31+70 1.24/2
X (+2.7/100) x30 =+0.81 O "
s | 32400 25.76 Ay =F 0.62]x(0.3)=-0.06 [—=> 25.70
100 (+2.7/100)x100 = +2.7 L
33+00 28.46 Ay = -0.62x(1.3)= - 1.05 27.41
(+2.7/100)x100 = +2.7 d
2.7 34+00 31.16 Ay = - 0.62%(2.3) =- 3.28 27.88
}I( (+2.7/100)x20= +0.54 ! :
20 . Ay = - 0.62x(2.5) =- 3.88
100 f ;;I{i e e 27.82
80— 14y =-0.62x (2.5) = 3.88
X | (-3.5/100)%80 == -2.8
35 35+00 28.90 IAy =-0.62x(1.7)= -1.79 27.11
\ (-3.5/100)x100=-3.5 |- N _
36+00 25.40 Ay =0.62x(0.7) = -0.300—=> 25.10
‘ (-3.5/100)x70 = -2.45 ‘
P.V.T.
36470 ""T“ 22.95| wsmas | 1 0.00 22.95




2-CONCAVE

IJ

3+00




@mpute the elevations of main and full stations of vertical curve if , L=400m
Sthtion P.V.I. =20+10 , Elevation P.V.L. = 40.50, g1 =-4.5% , 22=3.9%

Solution® | L & Hagh
' = )

P.v.C\
Station P.V.C. = Sta. P.V.I. - L/2 . .
Sk, P.V.C. = (20+10)— (2+00) = 18+10 - | Py
Station B:V.T.=Sta. P.V.L.+ L2 - = s
Sta. P.V.T. = (20+10) + (2+00) = 22+16 - N
Yevation P.V.C. = Elevation P.V.I. +g/100)x(L/2)] \/
Bleva, P.V.C. = 40.50 +(4.5/100)<200 = 49.50 L4
evation P.V.T.=Eleva. P.V.L + (gz/l@ﬂ)X(L/Z)
eva, P V T 49 50 + (3.9/100)%200 = 48.30 m
A= 5-gi|=39-(45) =184 ,Fr=Al[=+48/4=+21m , *r2=105m
Ac Axng +8 4x4/8 =+4.2 ' it s




Station

Ta{'ngem Elevation ‘('m)

| —_——"——

PV.C.
PVEL
2040

22+00

PV.T.

: T 4950
18410

{OF00. 12 1 447 1

L 20400« ] v o

el 435
21400 | ’

212410

405
4545 -
4.5

40.95
-0.45

40.50
44.01

+3.9
47.91

- +0.39

48.30

2

Ay =(r/2)*X . - (m)

‘Curve Eleva.

4
7

2

LAy = 1.05%(0.9) = +0.85
B o

AN

L Ay =1.05%(1.9) = +3.79

430
et

s Ay =1.05%(0.1) = +0.01

0.00

00.00 : -

& Ay =1.05%x(1.1) =+1.27
4 o I

. 44.74

44.70
45.28

47.92

4830

T
4950




ANALYTICAL METHOD OR PARABOLA METHOD

In this method, the levels on the curve are calculated
directly through the parabola equation.

Ex: use the following fig. to calculate the curve P.V.I
elevation of full stations .

-1+ A g2-gl -3-15
Sol : ,—A_B"8_ = —1.875

L L 2.4
Joyak  P.V.T
-1.875 41+60 | |
Yisz400) =~ — X (0.4)* + 1.5(0.4) + 36.5 = 36.952 4 S
-1.875 )
FHR"‘””J = T bt {1.4] + 1. 5{1.4] + 36.5 = 36.787 m

-1.875

Vis1+00) =~ X (2.4)* + 1.5(2.4) + 36.5 = 34.772m

44400

(=3 o o
o o o
-+ + -+
i o o
- - -




Finding the highest point (in a convex curve) and the lowest
point (in a concave curve) in the analytical way.
_—8l

r
X, Y, =§x,§ +g,X, +elev.P.V.C
r

Xo= is the distance in stations from the start to the highest
or lowest point on the curve.

yo =( point level) .

- 1 :
Sol : [r, =—=| =-15/-1875 (0.8) Station

I

For the previous

example, the plane of St. Of highest pomt = (41+60) + (0+80) = (42+40)
the lowest point on :
the curve would be: o =5 X:+g, X, +elev.P.V.C

-1.875

Y, = X (0.8)* +1.5(0.8)+36.5 = 37.10m

2




Q : Compute the volume of Cut & Fill by using Average method for
the fig. below , if you know : Road width = 12 m, Side slope = 1: 3.

St /A
S / ’ «”////////////
L A
! | | 1 ——
Stations g ,‘% ‘%2 g 2 % g‘
Groundelev.(m) [¥ £ & & T 2 o 2 ~ 2 0 @
Grade elev.(m) |




UNSYMMETRICAL CURVE VERTICAL :

_ 82-81
rhe=——X 1 X1
ZL 1 2
82_81 L,
Fg = [ X [.||Pve =
1 | : iF'."ml".T
8.-81 L b
r —_ x AR :. i1 E, i.
: L L, . — 22—

Elev.P.V.C = EIE’IJPFI‘I‘W{:Il) Elev.P.V.T = EIEFPUI+m(IE)

T T
y; = Elev.P.V.C 4+ g4 (x,) + El (x1)?| |y, = Elev.P.V.T(Ogy (x3) + f (x5)?




NOTE: The sign surrounded by a circle above was placed
in the negative direction because the calculations are in
the direction of the left.. That is, the point whose level is

required to be found has a negative slope (—gz)

In order to obtain an increase from the point (P.V.T), a
negative sign must be placed for an object attributed to
(y), so it increases with respect to (P.V.T). In other words,
this The reference depends on the desired affiliate site

StP.V.C=St.P.V.I - [, ||StP.V.T=S8tP.V.I + 1,




EX:_ calculate the elevations of the half stations for the
asymmetric vertical curve shown bellow using the
analytical method

P.V.l St= 34+60
elev. =32 .50 m




Sol:-
St.pvc =S5t.PVI—L; =12+60—-1+ 00

=11+60
St.pvt =S5t.PVI+ L, =12+60+ 2+ 00 =14 + 60

g1 2
. = .PVI X L; = 34. X 1
elev.pvc = elev. PV o0 < L 34.5 100 00
=32.5m
elev.pvt = elev. PVI — Iz X L, = 34.5 i x 200
100 100




» for any point in first part Elev = 7”2_1 (x)% + g, (x) + elev.pvc

» for any point in second part Elev = %2 (%)% + g, (%)

+ elev. pvt

Saion 1 Eew [Nows

P.V.C
11+60

12+00
"12+450

PV,
12+60

13+00
13+50
14+00
14450

14+60
PV.T

.

0.9

1.00
2.00

32.5 Equatlon of the first part l
+ 32.5 = 32.98

32.98
32.68
32.5

31.62  Equation of the second part [,

30.295 Putted to rise form
pvt
28.720 —1
o (0.1)2{' (—4)(0.1)
26.895 2

+ 26.5 = 26.895
26.5



EX:_ calculate the elevations of the half stations for the
non-symmetric vertical curve shown bellow using the
geometric method , then find the station and elevation of
lowest point of it

l2 =100m

P.V.l St= 5+00
elev. =32 m




Sol.

_(— [ 1.5
rzézz ( 4)=2_4 r1=rx—2=2.4x—=3.6
Ll 2.5 , l4 1

1
rn=rX—=24X—=1.6
: L 1.5

If we work in the direction from left to right and the
Axis don't rotate

St.PVT = St.PVI —1;, =54+ 00— 1+ 50 = 3 + 50
St.PVC = St.PVI+1;, =5+ 00+ 1+ 00 = 6 + 00

Elve. PVC = St.PVI+ 2~ x|, =32 + — x 100 = 36 m
100 100

Elve. PVT = St.PVI + 22 x I, =32 + = x 150 = 35m
100 100




If the solution track the direction from left to
right with Axis rotation the solution be as
bellow

r=é=2_(_4)=2.4 r=r><l—2—24><£—3.6
L 2.5 1 L 1
rz—rxll 24X — =16
L 1.5

St.PVC =S5t.PVI—-1;,=54+00—14+00=4+00
StPVT=StPVI+l2=5+OO+1+50=6+50
Elve. PVC = St.PVI + 22 x I, = 32+ix100=36m

Elve. PVT = St. PVI + 22 x I, :32+—><150—35m




_2—-(%

g2 — 1
Ae = X l; X = X1x15=1.8
e="x1 Jhxk 2 X 2.5 m
-
Tl elev
AV, = — X X2
N1=5 74 P.V.C
4+00
4+50 36 ‘ﬂ' 36 34.45
— 2
100 -2=34 % (0.5)2=0.45
Y P.V.I 34-2=32.0 1.8 32+1.8=3
5+00 3.8
5+50 33 EX (1)220_4 33+0.8=3
-IOO _] 2 3-8
6+00 34.0 1.6 34+0.2=3

05)2=02 2
35.0

o XN|.




» The lowest point can found by checking from
two sides

» from the P.V.C station xy= —2% = _;_64) = 1.111

r1
> 1 that is not ok

» from the P.V.T station xo=—22 = —=2) — 125

TZ 3.6
< 1. 5 that is ok

»YO— x(xO)z—gZXxO elev P.V.T

» Yo = =2 x (1.25)% — (+2) X 1.25 + 35 = 33.75 M
) Lowest point station= 36+50-(1+25)=35+25




N

Compute the Cut & Fill to the

Vertical Curve

Working in this way required adding columns to the previous tables
representing (excavation depth, area section width at each station, the
total size required between each two stations), and this means that the
demands

The addition will be:

1 - Depth of excavation: an appropriate calculation is required between
the natural ground stations (by subtracting the natural ground level from

The plane of the curve, we will get the depth of excavation.

2- Width section areaq: it requires knowledge of (S & b) represented by the
side inclinatfion of the excavation and the width of the roads, Through the
mathematical relationship A=d (b+sd), the cross-sectional areas of the
stations can be obtained.

3- Volumes: It can be calculated using the average method, using the
areas of two consecutive sections and the distance between them.



Tang. Elev. | Ay=(r/2)X

Curve
Elev.

Ground
Elev.

Depth(m)

_fill| Cut_

| Area(mi

Vqlume(nﬁ |

fill | cut

fill

Cut |

EX:-Compute the total vol. of cut & fill, if the ground Exelevation is constant that equal to

P.V.C

P.V.I

St. (15+20)

P.V.T

s

340 m

- TR R T A O R RE A A AR
Ground Elev.
(41.00 m)

Elev. (41.6 m)
P A A T T




‘Solution®

sta. P.V.C. = Sta. P.V.I. - 1L./2
sta. P.V.C. = (15+20) — (1+70) = (13+50)
sta. P.V.T.= Sta. P.V.I. + L./2
sta. P.V.T. = (15+20) + (1+70) = (16+90)

Elev. P.V.I. =Elev. P.V.T.+(g2/100)*(L/2)
Elev. P.V.L = 41.60 + (1.6/100)x170
Flev. P.V.I. = 44.32m

/

‘Elev. P.V.C. = Elev. P.V.L. - (g1/100)%(L./2)
Elev. P.V.C. = 44.32 — (3.8/100)%170 = 37.86m

‘A=g2—g1=-1.6—-(+3.8) =-5.4m
r=A/L =-5.4/3.4=-1.59m — r/2=-1.59/2=-0.8m
‘Ae = AXL/8 = -5.4%X3.4/8 =2.3m




Ay= (r/2)};

»

Station | Tang.  Elev.(m) Curve | Ground | Depth (m) | A=d(b+Sxd)(m) Volume(m)
Elev.
(m) | Elev.(m) |Fill | Cut Fill Cut Fill Cut
P.V.C. 37.86 0.00 37.86 41.00
13+50 3.14 80.26
2681.75
+(3.8/100)%50=+1.9 3
14+00 39.76 Ay=-0.8%(0.5)=-0.20 | 39.54 41.00 1.44 27.01
4063 900.3
+(3.8/100)x100= +3.8 2
15+00 43.56 Ay=-0.8%(1.5)=-1.8 | 4176 41.00 | 0.76 12.19
296.10
(3.8/100)%20=+0.76
P.V.L
15+20 44.32 =.23 42.02 41.00 | 1.02 17.42
1738.40
(1.6/100)x80= -1.28 #
16+00 43.04 Ay=-0.8%(0.9) =-0.65 | 42.40 41.00 1.40 26.04
1587.66
~(1.6/100)%90= -1.44
P.V.T.
16+90 41.60 0.00 41.60 41.00 | 0.60 9.24




*Compute total volume of cut and fill if ground elevation at station P.V.C. =
32.50m and slope of ground elevation +1% , width of road 9m and side slope

1:2 and vertical curve on road having :
*Sta. P.V.C.=1560 , L=300m
*Elev. P.V.C.=36+40 ,

#g1=-28% , g2=+2.0%

£7
o/
BT 72 S A

L=300m

*Solution*

*r=AlL=4+48/3=+1.6 — r/2=+1.6/2=40.8m
*Ae = AXEL/8 = +4.8%X3/8 = +1.8m

*Station P.V.IL. = Sta. P.V.C. + L/2
Station P.V.L = (15+60) + (1+50) = 17+10
*Station P.V.T.= Sta. P.V.I. + L/2
Station P.V.T. = (17+10) + (11+50) = 18+60
*Elevation P.V.L = Elev. P.V.C. — (g/100)x(L/2)
Elevation P.V.I. = 36.40 — (2.8/100)x<150 = 32.20m
*Elevation P.V.T. = Elev. P.V.L + (g2/100)x(1L/2)
Elevation P.V.T.=32.20 +(2/100)<150 = 35.20m

\




Station Tang. Ay=(®/2)X | Curv| Ground Depth (m) =d(b+S>'<d)(m) | Volume(m)
Elev.(m) e Elev.(m) |
Elev. Fill |Cut Fill Cut Fill Cut
(m) ;
! P.V.C. 36.40 0.00 36.40 32.50 3.90 =3.9(9+2%
ke 3.9)=65.52
" ; ; 2014
? i (17100)>x40 =2.51(9+2
- (2.8/100)%40=-1.12 ’ I =0.40 %2.51)
- 16+00 35.28 Ay= 0.8%(0.40) = +0.13 |35.41 | 3290 ; 251 =35.19
: | | 1830.0
| (1/100)x100 |
=.2.80 : =+106 !
17+00 3248 Ay= 0.8%(1.40) =+1.57 | 34.05 33.90 0.15 =1.40
7.0
(1/100)x10 E
=.-0.28 =+0.10
P.V.L _
17+10 32.20 =+1.8 34.00 34.00 0.00 0.00 0.00 280 .
(1/100)x90
(2 /100)x90=+1.8 S : =0.90
18+00 34.00 Ay=0.8%(0.6)=0.29 | 34.29 34.90
0.61 =623 273.
(1/100)%60 3
+(2.0/100)x60=+1.20 =0.60.
P.V.T.
18+60 35.20 0.00 35.20 35.50 0.30 2.88
Check THill= | TCut=
3851 553




HORIZONTAL CURVE P ;

= 1-CIRCULAR CURVE

Horizontal curves are used to connect two paths associated with a PG,
changing Turn right or left at the horizon level gradually.

a) Simple circular curve

b) Compound Circular Curve



c) Reverse Circular Curve

2) TRANSITION OR SPIRAL CURVE




SIMPLE CIRCULAR CURVE:-

Symbols and Characters. -

P.1. = Point of Intersection {V. (Vertex)}
P.C. = Point of Curvature {B.C. (Beginning of Curve)} T
P.T. = Point of Tangency {E.C. (End of Curve)}

1. = Tangent Length

R./= Radius of Curve

. = Chord Length

L. = Length of Curvature

E. = External Distance

M. =Middle Distance The degree of curvature is the angle subtended

by an arc or (chord) of length 10 m
D = Degree of Curvature (Degree of Curve)




E = R( =

COS 5

¥ B

575

R(m)

m.R.A
180

10A

8 1 b4

D

A

T =Rtan —
2

A . A
MZR(']-EDSE) CzZRSlnE

Sta.P.T = Sta.P.C +

Sta.P.C = Sta.P.1 — T

Sta.P.T =S§ta.P.I- T+ L
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---------- (Sl Al g 51 L)

L=A.R (L A g3 () ------1a
L=(10* A /D) (Al Ll g3l (k) -----1c

AR *27/360  (claodlb A3 (uld) ——-—-1b

R RS0 573 Al Ay gl 3 (ubid 2
— — CdeD el A Q) W) /b ) -
D*27l' D ( OJ 3 .0\9 wu) a.

573
R

D (b il 40 3 (ulf) -----2b




From triangle (PC. PI. O.)

JAN T
tan — = —
2 R

From triangle (PC. P. O.)

K =R*cos(A/2)
R—M= R*cos(A/2)
M = R[1- cos(A/2)]

T=R*tan(A/2)  --—---—---

C =2R*sin (A/2)  --------------

K = (R-M) cos _K
2

K=(R-M>



From triangle (PC. PI. O.)

é:(R—FE)

R
R+E =R*sec(A/2)

E=R[sec(A/2)-1] -------------- 6

Note: - It is not permissible to calculate PT from (Pl + T) because the
length of the two tangents is not equal to the length of the curve.

el > L > C

secC

sta.PC = sta. Pl — T
sta. PT' = sta. PC + L



Example 1:-

A simple circular curve is to connect two tangent that intersection at angle A of 52°
36" at station (14+80), radius of curve equal 250m.

Compute values of (C,L, T, M, E, D, PC and PT).

Solution.
10 2xzR L
_ S L = =R 5o03¢
D 360 A 180
=229.56Tm
D#1800 /rR=573 /260=2° 17’ 31"
=2R*sin (A/2)

=2*%2560%s1n26°18 =221.64m
T=R*tan(D/2)
=250*tan26°18 =123.56m
E =R [sec(A/2)-1]
=250(sec26.3-1) =28.87m
M =R [1- cos(A/2)]
=250(1-co0s26.3) =25.88m
PC=PI-T =1480—-123.66=13+66.44
PT=PC+1L=1366.44+229.61=16+856.956




Example 1:-
At a simple circular curve:
R=388m, C=287m, sta.PT=562+50.
Calculate (D, A, L, T, E, M, sta.PC,
and sta.PT).

Solution:
10 27TR L

D 360 A
T= R¥tan(A/2)

D=1800/ (n*388) = 1.48° = 1o 29 =388*tan2l.7° =154.4m

C=2R.sin(A/2) E=R [sec(A/2)—1]

sin(A/2) =C/2R A =2sin(C/2R) =388 [secll.7° —1] =29.69m
A =2sin~1 [287/ (2*388)] =48.4c = M= R [1—cos(A/2)]

430 24° w ;gfg;[1200827.70] =27.6m

2] = =5260—293.9=49+56.1

(L/A)=nR/180 Sta. PI=PC+T

L= (43.4*n*388),/180 =293.9m —4956.1+14.4=51+10.5




| HORIZONTAL CURVES/SIMPLE CIRCULAR CURVE

1- Tangential angles Method or Deflections Angles
Method:-

The projection of any point on the ground requires a
distance and direction from a known point, so if the
point P.C is the required point, then the projection of

t
C
t

C

ne points of the curve requires the calculation of the
istance of the chord C from point P.C in addition to

ne direction @ to that point calculated from the
ontact line

STEPS TO WORK IN THIS WAY:

1- Determine the length of the first arc: it represents the distance that
must be added to station P.C in order for the first station after station P.C
to become a multiple of 20.

St. (P.C) = (15+25) S First St. = (15+40)



And then assign the following stations for each (20m) until

reaching the last station, which represents the remaining
distance.

Calculating the angles of deviation (deflection) from the contact
line, as shown in the following figure:

L
%) é() D (3
L,
“ = — D 4 2D -
0
i
&, — 2
P.I io ”
_A_Bi o =3 ;'—' - —" , -« [5)
B, = 0: (1) Pi=—3 =73 +20+3 5 . A s
—... (1) 3
2 i o A
o, D o SRR i '
_— = — Y
I 10 N \
8i
0 ’n ¢:= 2 *D
=207 N
\_..\ \ 0n
D1 2 20 (2 o : ."‘\
P.C :
o=?® 1 97=2D /
B =3 ~Lé&
’/ A §
.—"-‘_ 2
SR
\_‘-.._*

C,_2R .Sin ¥, | C,_2R.Sin O C;_2R .Sin V3 | C;,_2R .Sin O,
2 2 3 | 4 4|

\\\\\\\\\




Furthermore, the values of - can be calculated from the
above law. Thus, by the theodolite device, the points can
be projected by horizontal angles, after pointing the
device to the Pl point, then the device is zeroed, after
that we rotate the device according to the calculated

(X values.
D _|*360° :|*573

d=1*—=
10 271R R

Central angle subtended by an arc of length ( )

- 1 d The angle of deviation = () the central angle
2 corresponding to that arc

D

o =|*—
20




The values of * can be calculated from the above law.
Thus, by the theodolite device, the points can be
projected by horizontal angles, after pointing the device
to the Pl point, then the device is zeroed, after that we
rotate the device according to the calculated - values.




the accounts:-

1.Compute the elements of the L, T, M, E, and C curves

2. Calculation of PC, PT, MC curve stations

3. Calculation of substations based on the division
period

4. Calculate the distance of each station for the PC
starting point

5. Calculate the tangent angle for each station, and the
tangent angle for the last station should be A /2

6. Makes a chart of accounts

7. Projection at the site according to the angles fixed in
the table. Note: The period of the main stations must
be mentioned, whatever the period of division




8. The theodolite device is installed on the PC point and
directs the line of sight towards Pl and the horizontal
angle zeroes

NOTE: - If there is an obstacle towards PI, we start
from PT and confirm the reading of the device (A/2),
then we return to Pl until we obtain an angle of (o 00’
00"0), then we proceed to work, and to ensure the
correctness of the work, we measure the distance
between the PC And PT must be equal to the calculated
value of T

NOTE: Distances are measured from the previous
stations and are equal to the lengths of the arcsThe
following table shows the method of projecting a simple
horizontal curve by tangent angles




distance

away from the
v from the

Station [|previous point . Notes
c starting

point |

Sta. PC.

Sta. MC.

Sta. PT.




Ex: Setting out a simple circular curve by using a tangential angles
method and length of (Total & single) chord , if you know :

D=4" 48" , A=45 18 , St P.=27+25
D 573 R 573 573 119 38
e ey e e = 1
R D 4° 48’ =

A
T = Rtan 5 = 119.38 tan 22° 39’ = 49.82 m

TRA m X 119.38 x 45° 18’
st — 94.39MmMm
180 180

A
C=2R.Sin§ =2 X 119.38 X Sin 22° 39" = 91.95m

St.P.C = StP.1 — T = (27+ 25)— (0+ 49.82) = (26 + 75.18)
SEPT=StPC I L= (267510 (0+9430) = (2716957




| Total Chord (m)

Single Chord

$20m=2D/2 —
| S

C
2D

* Deflection Angle~A/ 2= zf 39

Total Chord = C=91.95m

Station Def. Angle C=2R Sinangle | C=2R Sin angle
P.C 0 00 0.00 0.00
2647518
l 0 l [ l‘
26+80 ", D NG o o iz ¢‘=;BD
2 20 2R Sin1 9.4 2RSinl 9.4
482 I = oS =
e X} 48 =1 94 |=4.82m =482 m
20
Oi =i s WD S = . . €= 2R xSin0,,,.]
27400 +D=194+4 48 |2RSinS 574 2R Sin4 48 |
& e 2D
=5 574 == 24.78 = 1998 |Pzom = 5~
()1 T——y < - R
27420 +2D=194+2x |2RSin 10 454 2R Sin 4 48
£48=10 45.4 = 44.56 = 19,98
&
27440 3D
¥ o a
=15 334 | = 6407 19,98
Oi oA '
27460 | =4 4D =20 21.4 = §3.06 - 19,98
2
O Cng
P.T (7, J- + 4D +
27+69.57 2 =
1 %
L 41> +—=—D
2 = —IRSin2 17.8 4
o +» 9357 o - |=90195m —0.57 il b il T I
20 21.4+ x4 48
S
-22 39,2
A % Check ®
o e— Check ¥ C=9195m
2
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_— Single Chord _
,/l 3 =




The process of shedding by the method of total strings is
done through: zeroing on (P.l), then directing on each
point through the angles, then measuring all the strings
from point (P.C). . As for the method of single strings, it

is done as before with regard to angles, but the strings
are counted from point (P.C) to the first point, then from
the first to the second, then from the second to the
third... and so on.

2- TANGENT OFFSET METHOD

This method is called the coordinate method, as it depends on the
basis of measuring horizontal and vertical distances from a point
of origin. The columns are installed as follows:




* Determine the x-axis, and it is in the direction of
(P.C)—> (P.l), and it represents the x-axis
distance from point P.C.

* The y axis is identical to the radius, and the point
(P.C) represents the first point of origin.

* The same process is applied from point (P.T), which
represents the second point of origin.

* The y distance is measured perpendicular to the
tangent and at every sigmoidal distance.

The y distances are calculated according to the
following relationship:

Yy = R[1 —J-l — 2




P.I

Y RS
Point =R| | - — | —
ial o |seafi- (2T
(1) | x = Yy =
(2) [ x; = Y2 =
(3) | x5 Yy =
(4) Xy e

SIXV-X

P.T




OR this method is used most of the time if it is not possible
to determine the center of the curve because of an
obstruction.

1. Determine the starting and ending points of the curve.

2. We divide the tangent into a group of equal distances,
and these distances represent the x-axis.

3. We establish columns of division points on the x-axis.

4. We cut the columns built on the x-axis by the value of y
calculated in the table shown below and from the law shown
below as well, and prove it with arrows.

5. To ensure accuracy in projecting the curve, we establish
columns on the second tangent, thus the points are
doubled and the curve is more accurate.




PI

PT



3- CHORD OFFSET METHOD

1. - In this method, the chord between (P.l & P.T) is first
determined, then it is divided into a number of equal
parts.

2. Fixed default distances are fixed from the middle of
the string towards the right and left (representing the
X-coordinates).

3. The columns that represent the y-axis are calculated
from the points established in the previous step and
using the relationship the following mathematical, as
shown in the figure.




-

X4

C— ~N b




OR
1. The chord is drawn between the starting and ending

points of the curve (PC, PT) and determines its
straightness by means of signs.

2. Divide half of the string into an appropriate number of
parts, and with the same number we divide the other half
of the string.

3. We prove the locations of the points by measuring the
lengths of the segments from the midpoint of the
hypotenuse (which represents the x-coordinate).

4. We measure the lengths of the columns built on those
parts that represent the y-coordinates and calculated
from the table shown below by the law shown below as
well.

5. Columns shall be erected by tape and by the triangle
method, or by one of the previously studied methods.

) AW\ N \\'\ RN
CLAARANRRRRRA R AN
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(K#yp = R =x°
K +y=vR2—X2

Pl AP

y=\/R2—x2—K --------- 1

PT

“R-M e 2a / | / 2

K=R*cos(A/2)-----2b
K =yR?-(C/2] ——2c




DETERMINED CENTER OF CURVE METHOD

A. If PC, PT and R are known and the radius
value is less than 30 m.1. We identify PC and
PT on nature, then open the bar from PC as
far as the value of R, and then draw an arc on
the ground.2. We repeat the operation from
PT and from the intersection of the brackets
we determine the center (0).3. From point
(O), we open the bar by the value of R, and
then define the simple circular arc as in

figure (a).




B. If the value of R is known and the directions of the
two tangents.1. Determine the direction of the two
tangents and let the lines AB and AC be on the
ground.2. Move a certain distance on the line AB, and
et it be greater than the value of R.3. A column of
ength R is erected from the point fixed on line AB4.
-rom another point, with a distance greater than the
first, on line AB, another column of length R is
erected.5. Connect the ends of the two columns, so we
get the line DE.6. Repeat the process from 1 to 5 on
line AC to get line FG as shown in Figure (b).7. From the
intersection of straight lines DE and FG, we get a point
(O), which represents the center of the curve and by
means of the bar, and from point (O) at the opening of
the bar with a value of R, we get the curve.




C. If the value of T is known and the directions of the
two tangents.1. | measure a distance T from Pl on lines
AB and AC to get PC and PT.2. From these points PC and
PT, establish perpendiculars to lines AB and AC.3. From
the point of intersection we get the center (0).4. We
calculate the value of R from the length of the shaft
between O and PC or PT.5. By opening the tape from the

center with a length of R, we get the required curve as
in Figure C.

PT

A PT

PC ’C

Figure A




COMPOUND CIRCULAR CURVE:-~

A compound circular curve consists of two or more
simple circular curves. The centers of the curves

being on the same side of the curve. Such is shown
in fig. below.




OR: compound circular curve is that curve that consists of two
segments of two or more circles, each with a radius and a center, and
the direction of rotation of the two curves is unified. The calculations
of each curve are identical to the calculations of the simple circular
curve, given that each of them represents a simple curve, except that
there are a number of common elements between the two curves, as

shown in the figure and the following relationships:

Ta=Ti1+a|Ty = T2+b
P.I A
A= A1+ Az ||C.T=Ti1+Tz
Ti1+ Tz a b
Sin (180 — A) SinAz Sin A:
T+ Tz ]
= Sin (180 — oy < Sinaz
>I T, + Tz ] P.C
) > Sin Ax

T Sin (180 — A)
StP.y = StP.C+Ty||StP.C.C=5tP.C+L

StP.T= StP.CCHL|[SP.C= StPI-T,
St P.12 = St.P.C.C + T2

T GUASARRRRRRRRRRRRRRRRRRRRR R T~ -,



* The tangents (Ta, Tb) are used for the purpose of fixing the
two stations (P.T, P.C) from the station (P.).

* The station (P.C.C) is the Point of Compound Curvature.

* C.T: represents the length of the common tangent (T1+T2),
and is collinear

TO UNDER STAND THIS RELATIONSHIPS WE CAN SAY

For computation compound cirrcular curve: —
a )Compute elements for all curves at alone, that
using A, R, for a first curve and A, R, for a

second curve.

b)To compute length of a first major tangent (T,)

and length of a second major tangent (T,) that
1s following: —
1. compute length of common tangent

C.T.=T, +7T,




a )Compute total deflection angle A for compound
curve, which equal (A=A +A)

b)Compute distance (a) between sta.PI to sta.
PI, and distance (b) between sta.PI to sta. PI,
by using sin rules.

For triangle (PI, PI PI,)

m+T,) a b

sin(180 —A) sinA, sinA,

(T, +T,)
~ sin(180—A)

*SINA, ————— ——— 1

(T, +7T,)
sin(180 —A)

b —

*sin A, 5




1. compute length of a first major tangent (T,)

Ta :T2+ a 0 —————————— 3
1. compute length of a second major tangent (T,)
Tb :T7+ a  —-————————— 4

Using T, & T, for set—out sta.PC & sta.PT from
sta. Pl when set—out compound curve.
a )Compute major stations (PC, PCC, PT) after

known sta.Pl.

sta. PC=sta. PT + T, @ ——————————— 5

sta. PCC=sta.PC + L, @ ——————————— 6
sta. PI'=sta. PCC + L, @ ——————————— 7
sta. PI,=sta.PC + T,  ——————————— 8

(_1St&.P_/_2:Sta.PC + T, @ @——————————— 9




Example :
Compute stations for compound circular curve. If known:-

Sta.PI=28+50 R,=500m D,=38"20
D2:4] ° 30,
SOLUTION:
T, = B00*TAN(19° 10°) = 173.79M
= (II*500*38.333)/ 180 = 334.52M
T2 = 750*TAN(20° 45°) = 284.16M
L, = (TI*760*41.5)/ 180 = 56543.23M
(L+T,) __a _ b

sin(180 —A) sinA, sinA,

(173.79+284.15) ~a b
sin(180 —79°50')  sin41°30"  sin38°20'




A= (467.94*SIN(41° 30°')/ SIN(79° 50°)=308.28M
T,=173.79+308.28=482.07 M

B= (457.94*SIN(38° 20°')/ SIN(79°

50’ )=288.56 M

T,=288.66+284.16=572.71
STA.PC=PI - T,

= (28+50)—(4+82.07) =23+67.93
STA.PI,=PC - T,

= (23+67.93)—(1+73.79) =26+41.72
STA.PCC=PC - L,

= (234+67.93)-(3+34.52) =27+02.45
STA.P,=PCC - T,

= (27+02.45)-(2+84.15) =29+86.60
STA.PT=PCC - L,

= (27+02.45)-(5+43.23) =32+45.68




Ex 2:- compute station and coordinates of main points for a
compound circular curve if :-

A,=49°30", A,=28°24",C,=383.50 m, C,=383.50 m,
E.=7.5 m ,Sta. P.C.C=(31+47),P.C.C(1500,800),

Berg P.C > P.I=N30°45'

Solution :-
A
C =2R X sin(z)

C, 383.5

Rl — —
. A °30’
251n(71) 2sin( 49230 )

= 458.01m




A
T =R X tan(=) L_”AR 10 A
> = or 3=
] 180
Rt 4580
an(~-) tan( ——) 1 180
|22 X 49°30' X 458.01
=211.15m N 180 x 7

=395.69m




A A2 0 -
T = R tan > *To=Ratan——=237961tan 14 12=6021 m
2
— A | A2 S
€ = 2R Sin = #C=2R2 8in——=2x237.96 Sin 14 12=116.75 m
) AL
——T04 [TR2 A2 3.14159 x 237.96 x 28 24
L= 180 OI'T "‘YL?.z z - 5 —”795 m
180 180
C.T=T1+T2|*CT=Ti+T2=211.15+6021=27136 m
T1+T2 (. GT a b
Sin(180-4) Simde Sindif Sin(180-A)  SinAe S

. .
C.t % Sin A2 271.36 Sin 28 24

a= S o - e K0 TN
Sin (180 - A) Sin (180 — 77 54)

b

C.t < Sin A1 271.36 Sin 49 30

b= = — : > S =211.03 mn
Sin (180 - A) Sin (180 — 77 54)

e -



Ta=Ti1+a=211.15+ 132=343.15m
Tb="T2+b=60.21+211.03=271.24 m

Sta. P.C. = Sta. P.C.C — L
Sta.P.C. = (31+47) — (3+95.69) = (27+51.31)

Sta.P.I.=Sta. P.C. + Ta ,
Sta.P.I. = (27+51.31) + (3+43.15) = (30+94.46)

Sta. P.T. = Sta. P.C.C. + 12
Sta.P.T.=(31+47) + (1+17.95)

- (32464.95)

P.I A

180-4




Sta. Side Length (m) A7 Dep. Lat % Y
L x Sin AZ) |Lx Cos AZ
P.C.C (C1) o 1500 800
| 2 e S N 383.50 23530 | -316.05 | -217.22
P.C (Ta) ot 1183.95 582.78
P.C—P.1 343.15 3045 175.45 2924.90
P.1 (T'b) a v \ 1359.40 | 877.68
PI-PF 271.24 10839 | 257 - 86.74
P.T 11 (C2). & i | 1616.40 | 790.94
P.T-R.C.C 116,75 274 27 | - 116.40 9.06
P.C.C 1500 800
— 500 300 3
A 30
- !
AZP.C.C-DP.C —Alp'c_,p‘[ +E+ 1800 - 300 4’5 +—+1800 @ 8° 14

Atpy pec = Back Azyy pyp =

= (180° + 108° 39) - ——

iy e = i, A3 4TI 54

i e,



\

P.I

180-A

fngleat (P.1)=(160°- 1) = 102" 0'|| angte at p.1) = = = 14° 12

Angle at (P.C) =

A
=

2

— 24° 45'||Angleat (P.C.C) = 1ﬂtlf*+“E = 218" 57"

v =360° 00




=D rensw and compats siations o2 coordinates of main ]1-:-i_'|1.:l-5| fior 3 compound circelor cores
iF; A =554 , o =224 | Ta=165m I3 =130 ., St= PO — @7 e326) , PO, —
{1750, 000} , Barpg PO, — P =11 A% 50 E

e olbatiom ™

L]
180 = F.n [80 = 155
R ——————————— - —
Il s 3B = 24 A
=1 =38745m o
al = E4
=Ty =— K1 Lan — 3RT. &9l ———
= =

=Ty =EFI.TTm
|
L = I L3 —

=2 3ERT.AS N 12 X
2

B B | e T o R P

Sy e= A, =TS = SR AE — 294 EA4

573 5T
Pz — - —a—""3E2 m
R B 1 =0
ﬂ.!lJ = s
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