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ABSTRACT:

Tacheometry is used to measure the lengths of traverse sides, to check the more accurate taped
distances in order to uncover gross errors or mistakes and to determine differences of elevation
between points. It's most general use is found in the compilation of planimetric and
topographic maps by field methods alone, by which distances, elevations and directions to
points are to be determined from field control points whose positions have been established by
a higher order of accuracy.

The principles of stadia measurement by use of the transit or theodolite or total station is one
of the main method of tacheometry. This paper presents the principles of stadia measurement
and a computer program MSM (Modeling the Stadia Measurements). The program is
formulated and written by using the Visual Basic language, Version 6. This version of the
language is objecting oriented provided with comprehensive tools to simplify the task of
programming and to provide the programmer with wide range of options for design of the user
interface system.
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1. INTRODUCTION

The term tacheometry in surveying is used to denote the procedures for obtaining horizontal
distances and difference in elevation by rapid indirect methods. The procedure is sometimes
referred to as stadia, optical distance measurement or telemetry [4].

The stadia method is a rapid and efficient way to measure distances accurately enough for
trigonometric leveling, some traverse, and the location of topographic details. Furthermore, a
two-or three-man party can replace the three-or four-man party required in transit-tape surveys.
The term stadia comes from the Greek word for a unit of length originally applied in
measuring distances for athletic contests. The word denoted 600 Greek feet, or 606 ft 9 in. by
present-day American standards.

The term "Stadia" is now applied to the cross wires and rod used in making measurements, as
well as to the stadia method itself. Stadia reading can be taken with modern transits,
theodolites, levels, and Total Station [1].

2. BASIC PRINCIPLE:

Stadia is based on similar triangles between the object, the focal point of lens, and the reticle
of the instrument. The relationship is shown in Figure (1).

Level Rod
| f uw
Ty te— MW
N —
| b - d LW
Figure (1): Sketch depicting basic geometric principles of stadia.
If we let
e ab=i,and
e I=UW-LW
il = d =d-= Al L e (1)
ab | ab
then

If f/ ab = K, then d = KI and the horizontal distance, D, from the instrument to the rod is:
D = Kl 4 € (2)

3. MEASUREMENT BY STADIA FOR HORIZONTAL SIGHTS

The stadia method is based upon the principle that in similar triangles homologous sides are
proportional. Thus in Figure (2), which shows an external-focusing telescope, light rays from
points A and B passing through the center of the lens the form a pair of similar triangles AmB
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and amb. Here Ab=R is the rod intercept (stadia interval) and ab is the interval between the
stadia wires [4].

Standard symbols used in stadia measurements, and their definition, are as follows:

f = focal length of the lens (a constant for any particular compound objective lens). It can be
determined by focusing upon a distant object and measuring the distance between the center
(actually the nodal point) of the objective lens and the reticle.

f1= distance from the center (actually the nodal point) of the objective lens to the plane of the
cross hairs when the telescope is focused on some definite point.

f2= distance from the center (actually the nodal point) of the objective lens to definite point
when the telescope is focused on that point. When f2 is infinite, or very large, f1=f2.

i= interval between the stadia wires (ab in figure (2)).

f/i= stadia interval factor, usually 100.

c= distance from the center of the instrument (spindle) to the center of the objective lens. It
varies as the objective lens moves in and out for different sight lengths but is generally
considered to be a constant [3].

C=c+f. C is called the stadia constant although it varies slightly with c.

d= distance from the focal point in front of the telescope to the face of the rod.

D= C+d = distance from the center of the instrument to the face of the rod.
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Figure (2): Principle of stadia, external-focusing telescope.

4. INCLINED MEASUREMENT

When collecting measurements using stadia as presented earlier, the requirement of having
horizontal sights is limiting in normal terrain. Thus, the stadia formulas need to be developed
for inclined measurements. In Figure (3), the geometric relationships of an inclined stadia
measurement can be seen. In this figure, the desired position of the rod is perpendicular to the
line of sight as shown by r'. Since it is impractical in the field to hold the rod in this manner, a
correction to the readings on the level rod r must be determined. From simple geometric
relationships, it can be shown that the altitude angle of the line of sight, o, is the same as the
angle between positions of r* and r. For small vertical angles, we can make the assumption that
the angle at the intersection of the upper wire line of sight and r' is 90°, and thus a simple right
triangle relationship can be developed between the reading on the rod r and the corrected
reading on the rod r' as :
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Making this correction to Equation (1), the slope distance between the instrument and the rod
is [4]:

S = KICOS(0) F € oo 4)

The Equation (3) can now be used to compute the horizontal distance between the instrument
and the rod as [5]:

H = KECOSH(0) F C oot (5)

Since theodolites and total stations read zenith angles, we can use the trigonometric
relationships of sin (a) = cos (90-a) to derive a similar equation for zenith angle reading
instruments as:

where z is the zenith angle of the line of sight. Similarly an equation for computing V is:

V =Kl cos(a) sin(o) = KICOS(Z) SIN(Z)  onvivviniei i (7)
Note that in Equation (6), the term C sin (o), or alternatively C cos (z) has been dropped since
for small altitude angle or large zenith angles the value of the trigonometric functions is very

small, and thus so is their product with C [4].

Using Equations (2) and (6), an expression for the elevation difference between ground at the
instrument station and at the rod can be derived as [5]:

AEIBV = hi V- MW (8)
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Figure (3): Inclined stadia measurement.
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4.1 STADIA TRAVERSES

In a transit-stadia traverse, distances, horizontal angles, and vertical angles are measured at
each corner. Reduction of stadia notes as the survey progresses provides elevations to be
carried from hub to hub. Average values of stadia distances and differences in elevation are
obtained from a foresight and a backsight on each line. An elevation check should be secured
by closing on the intial point, or on bench marks near both ends for an open traverse [1].

4.2 TOPOGRAPHY

The stadia method is most useful in locating numerous topographic details, both horizontally
and vertically, by transit or plane table. I n urban areas, angle and distance readings can be
taken faster than a notekeeper is able to record the measurements and prepare a sketch [4].

4.3 STADIA LEVELING

The stadia method is adaptable to trigonometric leveling. The h.i. is determined by sighting on
a point of know elevation, or by setting the instrument over such a point and measuring the
height of the horizontal axis above it with a stadia rod [2]. The elevation of any point can then
be found by computation from the rod intercept and the vertical angle. If desirable a leveling
circuit can be run to establish and check the elevations of two or more points [6].

5. PRECISION

A ratio of error of 1/500 can be obtained for a transit-stadia traverse run with ordinary care.
Short sights, a long traverse, and careful work may give ratios up to 1/100. Errors in stadia
work are usually the result of poor rod readings rather than incorrect angles. An error of 1 min
in reading a vertical angle does not appreciably affect the horizontal distance. The same 1-min
error produces a difference in elevation of less than 0.1 ft on a 300 ft sight for any vertical
angle [4].

6. MODELING THE STADIA MEASUREMENT

The stadia measurement is modeled by Visual Basic language as software named MSM
(Modeling the Stadia Measurements). The program is formulated and written by using Visual
Basic, Version 6. This version of the language is objecting oriented provided with
comprehensive tools to simplify the task of programming and to provide the programmer with
wide range of options for design of the user interface system. Figure (4) shows the flowchart
of this software.

The input data for each one of these forms and the link between these forms are described in
the following sections with the aid of flowcharts, which provide description for the logic and
the steps followed in the development of the program.

7. PROGRAM MENUS AND INPUT FORMS

In Visual Basic programming the term FORM is usually used to refer to the graphical area
appeared on the screen, which is used to hold objects that may be fields or tables containing
values, graphics or text boxes for input the required data values. The form interface is used
because most people are familiar with paper form. These forms are written in such away to be
are user friendly and allow the data input to the program interactively. When the program
(MSM) is run, the user presented with the form shown in figure (5).

This form displays program name and version, if the user select "Traverse and Leveling"” from
the main program menu interface displayed on the screen. The main Form of (MSM) also
contains the cases of plotting the traverse and the cases of the plotting profile, as shown in
figure (5).

The cases of plotting the traverse are classified into eight cases (number of sides =(3), number
of sides= (4), number of sides= (5), number of sides= (6), number of sides= (7), number of
sides= (8) ), as it is clear in figure (5) and the cases of plotting profile classified into five cases
(number of stations = (3), number of stations = (4), number of stations = (5), number of
stations = (6), number of stations = (7),), as shown in figure (6).
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MSM
Modelina the Stadia Measurements

v

v

Traversing

v

Eight cases are depended on
number of sides equal 3 or 4 or 5
or6or7or8or9or10.

'

Input Data for each case

v

v

Leveling

v

Five cases are depended on
number of stations equal 3 or 4
or5or6or7.

'

Input Data for each case

v

1. Points of traverse (p1, p2, p3 ......... ).
2. Sides of traverse (L1, L2, L3......... ).
3. Lengths of sides (S1, S2,S3 ......... ).

4.Known coordinates (EP1, NP1), Height Instrument
(H.I), Constant (K), Elevation of first point (Elev.pl)
and Midhhair.

5.The Azimuth of sides (Az1.Az2, Az3,.....).

6. The Vertical Angles of sides (Vanglel, Vangle2,

Vangle3 .......... ).
v

Output Data for each case

'

1. Horizontal and Vertical Distances for each side.

2. Difference in elevation for each side.

3. Adjusted elevation of the traverse stations.

4. Departures and Latitudes for each side.

5. Total correction for Departures and Latitudes.

6. Correction for Departures and Latitudes for each
meter from length of sides.

7. Correction for Departures and Latitudes.

8. Corrected Departures and Latitudes.

9. Adjusted coordinates (Easting and Northing).

'

Use Output Data (Adjusted
coordinates  (Easting  and
Northina)) and scale.

v

Plotting Traverse
I

1. Rod (Rod 1, Rod 2, .........), Stations (sta.l, sta.2,...... )
and Intervals (S1, S2, ....) for Backsight.

2. Rod (Rod 2, Rod 3, .........), Stations (sta.2, sta.3,...... )
and Intervals (S1, S2, ....) for Foresight.

3. Vertical angles (Vanglel, Vangle2, ......... ) for
Backsight .

4. Vertical angles (Vangle2, Vangle3, ......... ) for

Backsight .
5.Constant (K) and Elevation of point (TBM3).

v

Output Data for each case

'

1. Vertical Distances for Backsight.
2. Vertical Distances for Foresight.
3. Backsight.

4. Foresight.

5. Height Instruments.

6.Z,Q, and N.

7. Adjusted Elevation of stations.

A 4

Use Output Data (Adjusted
Elevation of stations) and scale.

'

Plotting Profile

End

Figure (4): Flowchart of work steps.
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Figure (6): The main page of Leveling.

7.1 TRAVERSING
Traversing design is described in eight cases of the following:
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Casel: number of sides = (3).
Case2: number of sides = (4).
Case3: number of sides = (5).
Case4: number of sides = (6).
Caseb: number of sides = (7).
Case6: number of sides = (8).
Case7: number of sides = (9).
Case8: number of sides = (10).
These menu items are described in the following sections.

Casel: number of Sides = (3)

If the user selects this option, the form shown in figure (5) is displayed on the screen. First the

user input information's the requirements of the first traverse and is listed below:

1. Points of traverse (P1, P2, P3)).

2. The sides of traverse (L1, L2, L3).

3. Lengths of sides (S1 S2, S3).

4 Known coordinates (EP1, NP1), Height Instrument (HI), Constant (K), Elevation of
first point (Elev.pl) and Midhair.

5. The Azimuth of sides (Az1, Az2, Az3).

6. The Vertical angles (Vanglel, Vangle2, Vangle3)

When the user input the required data as displayed in figure (7/a), the program begins the

calculation of the elements (Horizontal Distance for each side, Vertical Distance for each side,

Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure

of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for

Departures and Latitudes, Correction for Departure and Latitude for each meter from Length

of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures

and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum

Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) as shown in

figure (7/b).
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w lravarse (3 sides) r- H'ti ”&l
Input Output
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Yangie) I Aoy [ min [ noo Dop2 [ NumCorrDeps |
. Dop) [ Corveiod Lntliudon
Calenlation | Comlatl |
NumDops |
Linthtwta of Shilon T el
Back [ Next | Latl | Comlaty |
Lo [ HumConban |
¢ o 3
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Figure (7/a): Traverse (3 Sides).
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&, Traverse (3 sides)

Input Output
Points of Traverse The Sides of Traverse Horizontal Distance for each side
Pl [x Ll B Hiistancel  [324 357174162038
- L2 Be Hiistance2  [621 186756317448
B¢ L3 ca Hdistance3  [508.272472028533
Lengths of Sides o Sumbdistances [1454. 41640449802
51 ’T m HI IT Vertical Distance for each side
52 fza  0m K 100 Alphal B 7ssIEEE
3 T Mithair |15z Alpha? [41 803REAA030Z74
Known Coordinates HePl [300  m s AT ETE
Difference in Elevation for each side
2l L DEL 7R
NE1 [ DE2 (a1 Bn3easA0G0Td
The Azimuth of Sides DE3 ,m
Azl fae g 16 g 0 Adjusted Elevation of the Traverse
Az2 ’T deg IF min ’T sec ST
a3 R g, o L 0 . AQjElevP?  [32576451635612
The Vertical angles AdjElevP3 ’m
Vanglel IT deg ,r min ,F sec MJ'HM: ,ﬂ(ﬂwck
Vangle2 IT deg ,F min ,F sec Denl . i
Vangled Iz_ deg ,T Hiin ,F sec * ,m
Dep2 [155. 182635966232
‘ Calculation | Dep3 -508.21871295393
: i SumDeps  [281053191646234
Latitude of Sides
Back | Next | Ll (1S90
. Lai2 [E01 490877844725
Plotting Traverse | Lai3
[7 29206E54045362
Save SumLats  [535 257652679774

EEX

Total Corvection for Departures and ~ Adjusted Coordinates (Easting and

Latitudes
TCDeps  [251053191848234 CorrEP2
TClats |53 7escerard | ContEP3
Correction for Depariure and Latitude  CorrEP1
for each meter firom Length of sides CorNP?
KD 1.93241214124807E-( CorrNFF
KL ’m CorzNP1
Correction for Depariures

CorrforDepl |5 27951185717053
CorrforDep2  |12.0038353375517
CorrforDep3  |3.52191296010107

Correction for Latitudes
CorrforLatl  [133667439115728
CorrforLat?2  |-255 515110697395
CorrforLat}  |-209,072102756645

Correcied Departures
CorrDepl ’m
CorrDep? ’m
CorrDep3 ’m

SumCorrDeps lﬂi
Correcied Latitudes
CorrLatl -129.508333840225
Comlat?  [345 372767147327
Comlatd  [216.464368307102

SumCorrLats |

Morthing)
(531 21006372503
[698.396794028679
[2000 Check
[70.4316011657747
416 46436830712
[2000 Check

Figure (7/b): Traverse (3 Sides) Input and Computation [4].

The results of all elements (Horizontal Distance for each side, Vertical Distance for each side,
Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure
of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for
Departures and Latitudes, Correction for Departure and Latitude for each meter from Length
of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures
and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum
Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) are saved in a
text file as shown figure (7/c). Following that the transition traverse design process is
considered completed the program enabled the user to go to the design of the next traverse in
the alignment irrespective of its case (3 sides or 4sides or 5 sides or 6 sides or 7 sides or 8
sides or 9 sides or 10 sides) or can exit the traverse design if it is the last traverse in the

alignment.
File Menu

The menu items available under the file menu are Open, Save as, Save, Close, Print, and

Exit.

When ""Open™ is selected, an existing design text file can be selected to open and made

available to the user for seeing the calculated results or edit an existing file as shown in figure

(7/d).
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o When "'Save As™ is selected, a new file is created. The current file is then copied to the
new file on the disk or location specified by the user.

o When ""Save" is selected, an edited open file can be saved at any existing disk drive as
shown in Figure (7/e).

o When "Close™ is selected, to close opened text file.

o When “Print” is selected, to print text file.

o When "EXxit" is selected, the program terminates, and the user is returned to the
operating system level.

=, Farmz6 N =1]E

File  Edit  Forrat

Horizontal Distanos lor eack side
Hdiztmncm onm =324 9571 74152038
Hdistarnoe bwo =E527.18575831 7448
Hdiztmrcm threm=504 87 22259585399
rertioal Distance for each side
Alphe onm =25 76491635613
Alpha o =47 803683803027 4
Adphe threm=-45. E508320694 86
Drifference ik Elevation for each side
onm =25 7491 E35E1 3
DE two =47 B0368928030274
DE thrmm=-45 ESO83208948E6
Drepartune of Sides
Dmparturs orm =324, 53D557EE7525
Drapartune by =155, 78283596652
Dmparturs threm=-504, 81 EEEEEEBEEE
SumnD epartiiies =24 FOG3IZ7H242905
Latitudm of Sidmx
Latituide o =41 5304027550285
Latitucls bvwo =601 . 490877844725
Latituide thiee =7 34287 2697 36847
Sumbmtitudex =598, 3071 05428859
Total Cormection for Drepariuies and Latiiudes
TCOmpx =24, FOS43275242095
TCLaks =98, 3071 05428852
Diffmrance in Elevation for mach xicds
TCDeps =24, FOG43275242905
TCLatx =598.3071 05428859
Correotion for De[:h.arturae and Latitudes for eack meter from Lenoth of Sides
KO =1, 70262 FE248E-02

KL =-0,47 2336624891 276
Cormction for Departurss
CorforDepn] =5 153287 7571330711
Conforlemp? =10 5765105337896
ConforDens =2 5351 0470033882
Cormction for L-tltud-x

Latitude of Side

Corforlatl =-1 33.591 Fad4424058
Corforlats =-2155.138057 257 763
Corforlatd =-208.1 77309653032

Figure (7/c): The Result of the Output.

Open l"? |f§"<_|
Look n |3 DCPMSM ~|  a= E e mme
-~

My Rocont
Documents
>
Dwxltop
Ll
My Documents
8

My Computer

g e e | =1 o]

My MNmtwwork Files of lype | Vst Filas (™ 11 ) ~ Cancel
Places ——

I Opean as jead only

Figure (7/d): Open file dialog box.
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Figure (7/e): Save file dialog box.
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Case2: number of Sides = (4)

If the user selects this option, the form shown in figure (5) is displayed on the screen. First the
user input information's the requirements of the second traverse and is listed below:

1. Points of traverse (P1, P2, P3, P4).

2. The Sides of traverse (L1, L2, L3, L4).

3. Lengths of sides (S1, S2, S3, S4).

4 Known coordinates (EP1, NP1), Height Instrument (HI), Constant (K), Elevation of
first Point (Elev.pl), Midhair.

The Azimuth of sides (Az1, Az2, Az3, Az4).

6. The Vertical angles (Vanglel, Vangle2, Vangle3, Vangle4).

When the user input the required data as displayed in figure (8/a), the program begins the
calculation of the elements (Horizontal Distance for each side, Vertical Distance for each side,
Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure
of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for
Departures and Latitudes, Correction for Departure and Latitude for each meter from Length
of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures
and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum
Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) as shown in
figure (8/b).

o

= Traverse (4 sides) E@@
Input Output
Points of Traverse The Sides of Traverse Horizontal Distance for each side Latitude of Sides CortDepd |
no[ L1 |— Heistancel | lai [ SumComDeps [
[ L2 — Histance? | La — Corvected Latitudes
P3 ’— L3 ’— Hdistance3 '7 Lat3 '7 CorrLatl ’7
Mmoo L4 |— Hiistanced | latl  cemla [
Lengths of Sides Knowns SumHdistances [ Sumlats [ Cormrlat3 |
51 ’— m HI l— Vertical Distance for each side Total Coxrection for Departures and CorrLad ’7
2 [ m K [ Alphal — Latitudes SumCortlats |
53 [ m  Midhair [ Alpha? — LEDer Adjusted Coordinates (Easting and
$4 [ m  HePl [ m | Aph R e Northing)
S— [ [—— e [
. . . . orT] r—
I?:l [ Dl.:;ence in Elevation for each side ED EE— ContEpa
The Azimuth of Side DE2 = CorrEP1 Check
HHUES § Correction for Departures CorxNP2 ’7
Azl l_ deg l_ min l_ sec DES CorforDepl [ T
a2 l_ deg l_ nin l_ sec DEL CorrforDep2 '7 CorrlNP4
a3 [ irg o e Adjusted Elevation of the Traverse (oo E— ore
] l_ teg ,_ . l_ o . station ComforDepd CorrNP1 ,—Check
AfjEle®2 [
The Vertical angles AdjEleP3 '7 Correction for Latitudes
Vangle L e = S e sifleps [ (Comfrad
Fangls? BN TR Aot N P AGElPl [ Check CoTrlaf -
fane ey l_ deg ’_ Tin ’_ sec Depariure of Sides Ceniiriall ,7 e
Fangled R deg ’_ in ’_ sec Depl — Cinsailly
Corrected Departures
Calculation | Dep? w0
Dep3
Back Next Depd — CorrDep2
Plotting Traverse | SumDeps e

Figure (8/a): Traverse (4 Sides).

The result of all elements (Horizontal Distance for each side, Vertical Distance for each side,
Difference in Elevation for each side, Adjusted Elevation of the Traverse Stations, Departure
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of Sides, Sum of Departures, Latitude of Sides, Sum of Latitudes, Total Correction for
Departures and Latitudes, Correction for Departure and Latitude for each meter from Length
of Sides, Correction for Departures, Correction for Latitudes, Sum Correction for Departures
and Latitudes, Corrected Departures, Corrected Latitudes, Sum Corrected Departures, Sum
Corrected Latitudes and Adjusted Coordinates (Easting and Northing of Points)) are saved in a
text file. Following that the transition traverse design process is considered completed the
program enabled the user to go to the design of the next traverse in the alignment irrespective
of its case (3 sides or 4sides or 5 sides or 6 sides or 7 sides or 8 sides or 9 sides or 10 sides) or
can exit the traverse design if it is the last traverse in the alignment.

w. [raverse (4 sides)
Input

Poinis of Traverse

The Sides of Traverse

Pl F L1 lr
n B 12 BC
I 13 o
Pd |1)7 14 lr
Lengihs of Sides Enowns
51 far m HI 152
52 5.24 m K 100
53 5.09 m Midhair 152
54 11 m HePl [og  m
Enown Coordinates
o0 ST
NP1 |m7
The Azimuth of Sides
Azl lF deg ’? min ’F SEC
Azl IT deg ’? min ’F seC
Azl lF deg ’r min ’F 58C
Axd lF deg ’r min ’F 58C
The Vertical angles
Vanglel ,T deg ’? Hiin ’F 5eC
st ,T deg ’r min ’F sec

Vangle3 ,'s_deg ’Vnﬁn’Fsec
Bl ,':_deg ’Tm.m Wsec

Back Next
Plotting Traverse |

Output
Horizonial Distance for each side
Hdistancel  [324.957174152038
Hdistance2  [621.186758717448
Hdistance3  [505 03005174651
Hdistanced  [510.1266B0568631

SumHdistances |2051 30066473453

Vertical Distance for each side

Alphal 2576437636813
Alpha? [41.8036838030274
Alpha} |-44.7765317851198
Alphat [-23.0832295343819
Difference in Elevation for each side
DE1 [25.76491635613
DE2 |#1.6036898020274
DE3 |-44 7765317851198
DE4 [-23.083229534389

Adjusted Elevation of the Traverse

station
AdjFlevP2  [325.76491635613
AdjFlevP3  [367.568606159157
AdjFlevPd  [322.792014374038
AdjflePl  [300 Check
Departure of Sides

Depl [324 930557837925
Dep2 [165.182836966232
Depd [504.976E35651 754
Depd [29.4500114780522

SumDeps

4 5867963045401

LEX

Latitude of Sides CortDepd  [z509z3604243377
Latl [415904027550286  SumCorrDeps [0
Lai? [601.4908776844725 Corrected Latitudes
Lai} 7 3451080943246 CorLatl |5 91060497934983
Laid 503 415509456101 Corlat?  |504 839161518036
Sumlats  |-11.1106334301381 Corrlatd |4 62792534629767
Total Correction for Depariures and CorrLad ,m
Latitudes SumCorrLats ,07
TCDeps  |-45O676363045400  pgjucied Coondinaies (Fasting and
TCLats  [11.1106334301381 Northing)
Corvection for Departuve and Latitude ~ CorrEP2  [524.2074633905261
for each meter from Lengih of sides CoreE3 ’m
KD 2 23518223333935E - ComEP4  [171 GureaTETERE
KL BI04DIEEIBEE D g 20 Check
Correction for Departures CortNP2 ’m
CorrforDepl  |.0.723088932654006 ComNP3  [G10 745700457386
CorrforDep2  |-1,39225374229351 CotNP4 (3612604115163
CorrforDep}  |-1.123733901782 CorrNP1 20 Check
CorrforDepd |1 3576430537149
Correction for Latitudes
CorrforLatl |1 75156470444698
Corrforlat?  [334528367331133
Cortforlat} |2 7221807480679 Sa_[ve
Corrforlatd  [328356830441295
Corrected Departures
CortDepl  [324.207468905261
CorrDep2  [153.800582223938
CorrDep3 ’m

Plot

Figure (8/b): Traverse (4 Sides) Input and Computation [4].

ting Traverse

When this option is selected the figure shown in (8/b) presented to the user. The user has to
input the following information:

Corrected Easting of points (EP1, CorrEp2, and CorrEp3,..........ccooviviiiiiiiininnnn.. ).
Corrected Northing of points (NP1, CorrNp2, and CorrNp3,.......c.cevviiiiiiiiininnnnn, ).
Scale (S).

3721




Number 2 Volume 15 June 2009 Journal of Engineering

When these data are input the computer program and when the user selects "plotting
traverse™ button to begin by drawing the points are illustrated in the below figures

(9/a),(9/b),(9/c),(9/d),(9/e),(9/1),(9/g) and figure (9/h) . The program output result is saved for
later use by the user in a text file.

= Flottinge Tiaverae (3 Poinis)

=1
Cormrected Easting of Points Cormrected MNorthing of Points Scale
EF1 [1ooo MNE1 [Tooo Hanas [1s00
ClorrEP2 (1306 985 Clarr P2 1658, 998 Vnax 1200
ClorrEPE [8a7 694 CorrMNPE [127z 838
B
ﬁ || Plotting Traverse |I
—
[
Back
’
A

Figure (9/a): Plotting Traverse (3 points) Input and Plotting.

- Platting Traverss (<4 Poin in}

=[P 5=
Clovrected WMagting of Points Clorrected M aorthing of Poinks Bl
(T LY | IREEISIES raEE 1 IRIEISIES AR [1a00
Corrhe |1 208 027 CorrHea [1aGe 025 Wanmn |1 500
e P R |07 ans Clap o TIER EECREEE
e R [GEE, = 5m e T A [ W Tom
e ™
—_— -
e - Floidinge Trmavenrses |
" o
o o
A
X o Baclc
i 5

Figure (9/b): Plotting Traverse (4 points) Input and Plotting.

= Pt Rottiongy | rossens (5 Pointnd

[ 1IF ]
Clopvectied Hasting of Poinis Cloprecied Movilng of Poinis el
[Fooo rEr L [Moon Ianvian |1 =00
IEREETENTEE Clanre T3 IT4EE . Sa& Vann 4
EriBEL] e TS EEENREE)
‘EELR-F3 o TR A |Eom mms
e # . Clara T [ s

7" =
-_-_-__-_- “ Floidinngs "Tswve s o |]
ﬂ _-_-_-_-_I_:I:I_-_-"-- e |

Figure (9/c): Plotting Traverse (5 points) Input and Plotting.
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B PR AR Fraovwmrrmer (0 PPodada g (==
orremcted Hamting of FPoints Clorrected MNorthing of FPoinis e mle
(RNEISTS] TE 1 RNEISTH] T IRLETSTE]
ERETEEE] [T o e ] [ Az a0 W oanna |4 i
la et e R [Fe# A
[aEa, 7oy L lavim cma
[Fai @98 g aa T ICEEREETH
Clipna B ERE-EN=R]Y Clap a1 | EinG, = G

" Plﬂtﬂ.‘l‘l! ECERR e e I

EE LS B |

Figure (9/d): Plotting Traverse (6 points) Input and Plotting.

= Flotting Traverss (F Poinis) =1l
Corrected Easting  of Poinis Corrected Novihing of Points Henle
IRIEIRTE] 1ol | IRIRIRIES Hmnw 1 w0
EERE T T3 [TarzEaa Vo R
EIERLT e e TR EEINCEE]
|&ad a6 Tl it |287 G52
[EIERRE R ] Cara TS ICEEREEF
EEERTTE] Caer TR [=14 man
[#17 mvra o TIET [Ema 704

|| Plodiing Traverss |]

ey B
._____.-""-/ Emcic |

o

Figure (9/e): Plotting Traverse (7 points) Input and Plotting.

= Bloiiing Traveras (0 Poinie)

Covvected Basting  of Poinds o ted Poctling of Poioais Bl
(R TR 1 R asamn REEC]
oo a7 e EEECREE Vo |4 #En
FETENETT DT E [Fra e
REL T4 e PR [=FF o
T P (B a7
e s oy CorsTar e S0 oAy
[4Ew oo i T [GEF. 3=n
[Gao aoa e TR [aaz ana

] Pllull'-l:l.rl.m R RET R T I

o EE TS S |

Figure (9/f): Plotting Traverse (8 points) Input and Plotting.
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= Platting Tiawveree (% Pointa)

Corrected Eansting of Poimnts

wr [Tooo
s e O] [1inEa ans
Clanwen T [1 a0 200
[ e ] [7= a=3
[ameees her ] FIEN-CE]
o 51 a4 dra
Tl T [557 az0
[ L iTt] [=71 =37
oI CEEN=ETH]
.---F-F —
.:—-'-d-'-:-:-T-_ T
e
o @
Lol
. 1'-'—\_
_'___.-"_p__ T e
i;__'_.

Corrected Northing of Poinds

T4E* 1 [Mooo
(= et ] [Hass aan
Canwe T R [7o&. 7.
e T A [ZE7 am1
Cer TS [GeF ara
[E T [dan ana
Tl TR T (651124
Carw T ETEREES]
L=t e i [ 0aq ari

e mle
MWannx [TEoo
Vamm [H a0

|| Flottnes Traverss ||

RET Tuf 0 ]

[ =

Figure (9/g): Plotting Traverse (9 points) Input and Plotting.

Correcied Hagting  of Poinis

REEIRIE]
[H025 258
|57 248
[EIENETETE]
[N F]
EFE AL
EEXCET
EEEREEG]
[E7a maa
|77 nas

Corrected Mocthing of Poinis

|10
1555 Ean
[B13 263
[1atain
[417 108
EEEREEE]
[a4as ons
EGENEr
AENFL]
|BaF Fu¥F

Claenn TG

CoarrTSI I

Henle
FHanmmn [1 000
Ve [ a0n

|| Plotting Traverss ||

Back |

Figure (9/h): Plotting Traverse (10 points) Input and Plotting.

7.2 LEVELING

Leveling design is described in five cases of the following:

agrownE

Casel: number of Stations = (3).
Case2: number of Stations = (4).
Case3: number of Stations = (5).
Case4: number of Stations = (6).
Caseb: number of Stations = (7).
These menu items are described in the following sections.

Casel: number of Stations = (3)

If the user selects this option, the form shown in figure (6) is displayed on the screen. First the
user input information's the requirements of the first leveling and is listed below:
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orwbpPE

Stations (Stal, Sta2), Rod (Rod1, Rod2) and Interval (S1, S2) for Backsight.
The Vertical angles (Vanglel, Vangle2) for Backsight.
Stations (Sta2, Sta3), Rod (Rod2, Rod3) and Interval (S2, S3) for Foresight.
The Vertical angles (Vangle2, Vangle3) for Foresight.
Known Elevation of point (TBM2) and Constant (K).

When the user input the required data as displayed in figure (10/a), the program begins the
calculation of the elements (Vertical Distances for Backsight, Vertical Distances for Foresight,
Elevation of the Stations, Backsight and Sum of Backsight, Foresight and Sum of Foresight,
Height Instrument, Z, Q and N) as shown in figure (10/b).

| | eveling (3 Stations)

Input
Backsight
Station Rod Interval
sal [ Rll [ & SI [ &
s [ R [ & 2 [ #
The Vertical angles
Vagel [ o | min | s
Vangle? ’_ deg l_ min ’_ 5eC
Foresight
Station Rod Interval
s [ Rl [ f 2 [
sm3 [ Rs [ & §8 [
The Vertical angles

Vanglel I_lleg ’_mm ’_sec
Vangle3 I_dzg ’_mm ’_sec

Knowns
K *
HeTBM2 [ # Calculation

Save

Qutput
Vertical Distances for Backsight
Vil R
V2 D
Vertical Distances for Foresight
V2 D
Vi3 .
Backsight
BS1 [ f
B2 [ #

SmBS | Check

Z= (SumBS$ - SumFS)

=BX

Q = Elev Final point (TBM3) - Elev First Point (TBM2) Check

N=(Z-Q)

Back

Height Instrument
HIl fi
HI2 fi
Elevation of Stations
ElevTF1 fi
ElevTF2 fi
Foresight
F52 fi
F53 f
SumFS [ Check
Check
Check
Next

Plotting Profile |

Figure (10/a): Leveling (3 Stations).

The results of all elements (Vertical Distances for Backsight, Vertical Distances for Foresight,
Elevation of the Stations, Backsight and Sum of Backsight, Foresight and Sum of Foresight,
Height Instrument, Z, Q and N) are saved in a text file. Following that the transition leveling
design process is considered completed the program enabled the user to go to the design of the
next leveling in the alignment irrespective of its case (3 stations or 4 stations or 5 stations or 6
stations or 7 stations) or can exit the leveling design if it is the last leveling in the alignment.
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ui [ eveling (3 Stations) Q@@
Input Output
Backsight Vertical Distances for Backsight Height Instrument
Station Rod Interval vl DoRmmiaeaE R HIl [141048339192069  f
Sl Mz  Redl g5 &SI [ g Vil2 ®IT5E099e f HR 146309667032920
Sl - P1 Rz fas 82 i f Vertical Distances for Foresight Elevation of Stations
The Vertical angles V2 504107089060 EeTPl  [1431 52086281527 &
el ’F deg ’F min |F see vi3 BN R EevTF2  [152055489156247 &
Vangle2 ’Tdeg ’ijnlfsec : 3
Backsight Foresight
Foresight BS1 T RE R Fs2 -213410708905804 &
Station Rod Interval BS?  [momoisosEm & F$  [sremaniazmot R
S 1 Rl f3 R 82 e f SumBS  [24.955607438647% Check SumFS  [78733284123822 Check
S}  [M3  Red3 fp2 £t SF [sp4
Z= (SumBS - SumFs) 103.75489156247 Check
The Vertical angles

(0 = Elev Final point (TBM3) - Elev Fivst Point (TBM2) [10275489156247 Check

Vangle2 ’1_ deg ’F min ’F sec N=(Z-Q) ’Ui(jheck
Vangled .5 deg ’T min ’F sec
Knowns
K 100
ElevTBM? [14158 i Back Next

Plotting Profile |

sSave

Figure (10/b): Leveling (3 Stations) Input and Computation [4].

Case2: number of Stations = (4)

If the user selects this option, the form shown in figure (6) is displayed on the screen. First the
user input information's the requirements of the second leveling and is listed below:

1. Stations (Stal, Sta2, Sta3), Rod (Rodl, Rod2, Rod3) and Interval (S1, S2, S3) for
Backsight.

2. The Vertical angles (Vanglel, Vangle2, Vangle3) for Backsight.

3. Stations (Sta2, Sta3, Stad4), Rod (Rod2, Rod3, Rod4) and Interval (S2, S3, S4) for
Foresight.

4. The Vertical angles (Vangle2, Vangle3, Vangle4) for Foresight.

5. Known Elevation of point (TBM2) and Constant (K).

When the user input the required data as displayed in figure (11/a), the program begins the
calculation of the elements (Vertical Distances for Backsight, Vertical Distances for Foresight,
Elevation of the Stations, Backsight and Sum of Backsight, Foresight and Sum of Foresight,
Height Instrument, Z, Q and N) as shown in figure (11/b).
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w Leveling (4 Stations) I; “ID”,"I
Input | | Output
Backsight Vertical Digtances for Backsight Height Instrument
Station Rod Interval val T HIL P — 1
Stal | Rodl | 81 [ ft vaz 1 ® 2 I ol
Stz | Roaz | 52 [ [ V&) — HD E—
Wiy B Sa) l m ] 8 Vertical Distances for Foresight Elevation of Stations
The Vertical angles vaz [T ElovIPl [T
Vanglel [ qeg I im0 ke Va3 ] m Blevi?? | T
Vangle |  dog [ min | noe Vi [ | ElovIT) o
Vangled - [T g T min T o Backsight
Foresight Bsl [ n
Station Rod Interval n&2 | ft
Sz [ Rea2 [ = | | EE) [ f
Smd | Rodd | 83 [ fit SumBb8 | Check
Sad [ Remd [ s4 [ Foresight
The Vertical angles Fs2 |— R
Vangle2 [ e |_ o ]'_ R FN) T
Yangled l oy l min I weo Th4 I i
Vangled [ P il e Sum¥FS | Check
RS Z= (SumBS . SumF§) [ Check
® — Q = Elov Final point (THM4) - Elev Flest Polnt (THM3) | Check
e . Calculation | N-Q [ Cheek
Back | Next
saye Plotting Profile

Figure (11/a): Leveling (4 Stations).
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= Leveling (4 Stations)

Input Output
Rt Vertical Distances for Backsight Height Instrument
Station Rod Interval vl 228339192868951 & HI1 1410.48339192869  ft
Sal - [Bus Rodl — Jo-6 St s u vaz B HI2 1463 0ope7aazazs R
Stz TPl Rodz — Jas 52 6.32 f Va3 5.99608345001652 i HIY 1503.55880210245 i
Stad TF2 Rod? 10 53 3.88 ft Vertical Distances for Foresight Elevation of Stations
ESNERE riieallan =l e vz A5.0410703305304 & ElevTP1 1431 52446251927 #t
Vanglel [0 4. 5 g 00 Va3 Eooteniioiazaz | # ElevTP2 1520 55489156247 ft
Vangle?  [3 gog B min PO e V4 1.91344439266929 £ ElevTF3 151047224645512  #
Vangle3 "1— deg lF Tiin lF Sec Backsight
Foresight BS1 5.316B0B07131049 £
Station Rod Interval BS2 3.2722155099553 fi
Sta? |10 Red2 g3 82 4.62 fit BS3 -16.9960394E0016E £
Sa3 [z Rel3 |2z S3 504 fi SumBS [7.6595179786313 Check
Stad  [TBM4 @ FRodd s s4 [s06 A Foresight
The Vertical angles Fs2 -21.3410708305004  fi
Vangle2 |1 g0 B2 i 00 e FS3 57.458213233242
Vangle} 6 g [0 g 00 . Fs4 £.31344433266383  ft
Vangled [p deg 13 i 00 e SumFS [85712728516492 Check
— Z=(5umB5 - SumF5) |33.672246435123¢ Check
K [wo Q = Elev Final point (TBM) - Elev First Point (TBM3) [33,672246435123 Check
HeTEM3 [aisg & Calculation N=(Z-Q) 0 Check
Back Next
Save .
_ save_| Plotting Profile |

Plotting Pro Figure (11/b): Leveling (4 Stations) Input and Computation [4].

When this option is selected the figure shown in figures (10/b) and (11/b) presented to the
user. The user has to input the following information:

. Distances (D1, D2, and D3,........ouiitiiii e ).
. Elevation of Stations (ElevTBM2, ElevTP1, and ElevTP2,..............ooooiiiiiiinn.l. ).
o Scale (S).

When these data are input the computer program and when the user selects *'plotting profile™
button to begin by drawing the points are illustrated in the below figures
(12/a),(12/b),(12/c),and figure (12/d) . The program output result is saved for later use by the
user in a text file.

= Plotting Profile (3 Stations) |'- ||t |M|
Dristances Elevation of stations Scale
Bl [100 Elev THM2 {416,000 Hmun [1000
N2 [200 Flev'TT 1 [14291 B2 Ymunn | 2000
Da (300 Elav'TP2 1620 Bhn

Plol:u.uﬁ Profile |

Back |
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Conclusions:

From the results obtained in research, the following conclusions can be made:-

1. The stadia measurement is modeled by Visual Basic language as software named MSM
(Modeling the Stadia Measurements). The program is formulated and written by using Visual
Basic, Version 6.

2. The software that were developed in this research has been tested by performing the stadia
measurements method and proved to be efficient.

3. The solutinn nrnhleme nf travarcinn and levelina in maniial methnd ic mnre Comp|ex if
compared to  Figure (12/c): Plotting Leveling (5 Stations) Input and Plotting.

4. The developed program (MSM) needs less time as compared to the manual method in order
to solve the problem.
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